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COVER-View of southeastern foothills of Sangre de Cristo Mountains north from Hermit 
Peak. Light band is Quaternary sediments lying on Precambrian rocks in Sapello Valley 
(left) and Quebraditas Valley (right). Most of the wooded areas are underlain by 
Pennsylvanian rocks. (Photograph by J. Michael O'Neill.) 
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FRONTISPIECE-Hermit Peak, a famous landmark of the southeastern Sangre de Cristo Mountains. View to the north from 
NW¼SW¼ sec. 24 T17N R14E south of Gallinas Creek. Altitude of the highest (central) part of the peak is about 10,250 ft 
(3,125 m). The southwest (extreme left) side is bounded by the narrow, 2,000 ft (600 m) deep, canyon of Porvenir Creek. Most 
of the peak is granite, schist, and quartzofeldspathic gneiss of Late Proterozoic age. Highest part is capped by a veneer of 
west-dipping Mississippian and Lower Pennsylvanian sedimentary rocks. Banded outcrops in the middle foreground are 
steeply southeast-dipping limestone and shale of the Middle Pennsylvanian Porvenir Formation on the ridge between 
Canovas Canyon (left) and Gallinas Creek. 

Hermit Peak is said to resemble the face of a reclining man; forehead at the left and chin at the lowest peak at the right. 
This resemblance may account for the names of Porvenir Creek and of the village of El Porvenir southeast of the peak. The 
Spanish words El Porvenir can be translated as ''The Future", or "He of the Future", perhaps an allusion to the Biblically 
prophesied future return of Christ. 

The peak has had a strong religious significance to Hispanic residents of the region. A trail along the top of the highest 
central part is marked by large, hand-hewn wooden crosses, erected by the Sociedad de/ Ermitano (Society of the Hermit), that 
represent the Christian Stations of the Cross. The last station, at the eastern brink, is marked by three crosses. 

The name of Hermit Peak is derived from the brief but well-remembered residence there of a singular man. Giovani 
Maria de Augustino (or Agostini) was born in Novara, Italy, about 1800. He wandered through Europe, South and Central 
America, Mexico, Cuba, and Canada. In 1863 he travelled west with a wagon train along the Santa Fe Trail from Council 
Grove, Kansas, to Las Vegas, New Mexico, walking all the way. From 1865 or 1866 to 1867, he lived a solitary life in a small 
cave at the western side of the highest part of Hermit Peak (just below the "bridge" of the "nose"). He became venerated as 
a holy man, and legend says that, by striking the ground with his oak staff, he caused the spring to appear that still exists 
near his cave. He is said also to have healed the sick during his visits to nearby villages. Later, he wandered into southern 
New Mexico where in April 1869 he was murdered by unknown assailants at his last abode, a cave in the Organ Mountains. 
Accounts of the hermit are given by Callon (1962, p. 317-321) and Campa (1963, p. 161-196). 
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ABSTRACT-The Sangre de Cristo Mountains of south-central Colorado and north-central New 
Mexico are the physiographic expression of a southerly trending Cenozoic structural uplift that 
plunges gently south to die out in the Great Plains south of Santa Fe and Las Vegas, New Mexico. The 
uplift is bounded on the west by Neogene downfaulted and downwarped basins of the Rio Grande 
depression and, on the east, mainly by broad Laramide (latest Cretaceous through Eocene) basins that 
have sharply folded western Limbs. In Colorado, where the uplift is narrow, Precambrian and strong
ly folded Paleozoic rocks are sliced by easterly yielding Laramide thrust faults, and the uplift is short
ened at least 5 mi (8 km). Tn New Mexico, where the uplift is widest, it consists of as many as four 
northerly trending zones of broad, west-tilted, basement-cored anticlinal blocks that are bounded by 
eastward-yielding Laramide reverse and thrust faults. The eastern-frontal faults caused 0.5-3.5 mi 
(0.75-5.5 km) of shortening and overthrusting across parts of the west limbs of the Laramide Raton 
and Las Vegas Basins. The uplift was modified in Neogene time by local igneous-intrusive doming 
and normal faulting related to the Rio Grande rift. 

The Sangre de Cristo uplift incorporates marine and nonmarine sedimentary rocks of parts of two 
major late Paleozoic basins and Precambrian rocks of parts of several late Paleozoic uplifts. In 
Colorado, Pennsylvanian and Lower Permian rocks as much as 13,000 ft (4,000 m) thick, were deposit
ed in the Central Colorado Basin whose eastern part is in the subsurface of the Laramide Huerfano 
Park-Raton Basin of Colorado and northern New Mexico. Precambrian rocks in some Laramide thrust 
plates in the western part of the uplift probably are parts of the late Paleozoic Uncompahgre uplift that 
bounded the west side of the Central Colorado Basin. 

From the New Mexico State line south to near Eagle Nest, Paleozoic rocks are mainly absent from 
the Sangre de Cristo uplift. Near Eagle Nest, thin nonmarine Lower Permian and Triassic rocks lie on 
Precambrian rocks of the northwesterly trending, late Paleozoic Cimarron arch that formed a south
ern boundary of the Central Colorado Basin. Farther south in New Mexico Mississippian rocks are 
present and Pennsylvanian and Lower Permian rocks are widely exposed in the uplift. The 
Pennsylvanian and Permian rocks of the uplift were deposited in the Taos trough and in the Rainsville 
trough whose eastern part is in the subsurface of the Laramide Las Vegas Basin. The rocks are about 
10,000 ft (3,050 m) thick at outcrops but thin eastward in the subsurface, and locally are absent entire
ly from the late Paleozoic Sierra Grande uplift. The rocks thin southward, also, onto the Pecos shelf 
and locally are only 300-1,000 ft (100-300 ml thick on intrabasinal uplifts. In the western part of the 
Sangre de Cristo uplift south of Taos, a large Cenozoic-uplifted block of Precambrian rocks was part 
of the late Paleozoic Brazos and Caiioncito uplifts at the western margin of the Pecos shelf. 

Southeastern Sangre de Cristo Mountains-An area in New Mexico extending from near Bernal 
at the south to near Mora at the north was mapped for this report. Precambrian (Early Proterozoic) 
basement rocks of the northern part of the mapped area are quartzite, quartzofeldspathic gneiss, mica 
schist, and amphibolite that occur in large, Proterozoic folds intruded by synkinematic gabbro and 
tonalite and by scattered bodies of younger Proterozoic granite and thick pegmatites. Farther south, 
granite stocks occur, and the metamorphic rocks generally are folded more tightly and welded by the 
intrusives. The Proterozoic rocks were eroded to a regionally nearly flat surface that was formed main
ly in late Precambrian and was modified only slightly in early Paleozoic time prior to deposition of 
Mississippian rocks. In Pennsylvanian and Early Permian the northern Proterozoic terrane became 
mainly the deep parts of the Taos and Rainsville troughs; however, the southern welded terrane 
became a shallow, tectonically unstable shelf. Metamorphic and igneous rocks of both terranes local
ly were sources of Pennsylvanian and Permian elastics. 

Mississippian rocks of the map area and the subsurface of parts of the Cenozoic Las Vegas Basin 
are the Espiritu Santo Formation and the overlying Tererro Formation, which constitute the Arroyo 
Peiiasco Group. The group is as much as 110 ft (34 m) thick, but it is absent locally because of uncon
formity with overlying rocks and, probably, nondeposition in the northwest part of the area. The 
Osagean Espiritu Santo Forn1ation is 0-33 ft (0-10 ml thick. It consists of the basal Del Padre 
Sandstone Member, 0-15 ft (0-4.5 m) thick, and an overlying carbonate member that were deposited 
during and after transgression of a shallow sea. The Espiritu Santo is unconformable with the overly
ing Tererro Formation. The Tererro Formation has three members. The Macho Member, at the base, is 
a late Osagean or early Meramecian age limestone breccia, 0-30 ft (0-9 m) thick, that formed as karst 
during subaerial weathering of the Espiritu Santo. The unconformably overlying Manuelitas Member 
is Meramecian limestone pebble-and-cobble conglomerate, calcarenite, and sandy and silty limestone 
deposited in a transgressing shallow sea. The Manuelitas erosionally overlaps the Macho Member and 
the Espiritu Santo Formation to lie on Precambrian rocks at places to the south and northwest. The 
Manuelitas is 3-50 ft (1-15 m) thick; variations result mainly from filling of sinkholes in the Macho 
Member but partly from an erosional upper contact. The Cowles Member, the early Chesterian upper 
part of the Tererro, is crossbedded sandy calcarenite, siltstone, limestone, and marly shale deposited 
in a transgressing shallow sea. The Cowles is 0-40 ft (0-12 rn) thick. Locally, it is absent because of ero
sional unconformity with overlying rocks. During the widespread deposition of Mississippian rocks 
in north-central New Mexico the repeated shallow submergences and emergences mainly were 
responses to epeirogeny or eustatic sea-level changes with only small local tectonic influence. 

The Sandia Formation of Pennsylvanian (Morrowan through late Atokan) age lies unconformably 
on the Arroyo Peiiasco Group and locally on Precambrian rocks. The Sandia is a heterogeneous assem
blage of gray shale, black carbonaceous shale, fine- to coarse-grained sandstone and conglomerate, 
and subordinate generally thin fossiliferous limestone and some thin coal. It is present throughout 
most of the southern Sangre de Cristo Mountains and in the subsurface of most of the Las Vegas Basin, 
but it wedges out southward depositionally on the Paleozoic Tecolote intrabasinal uplift of the Pecos 
shelf and on the Paleozoic Sierra Grande uplift. The Sandia Formation thickens northwestward, 
reflecting the depression of the newly forming Taos and Rainsville troughs. To the south the Sandia is 
only 10-33 ft (3-10 m) thick; whereas, in the central part of the map area, it is about 1,000 ft (300 m) 
thick on the Paleozoic Manuelitas saddle of the Pecos shelf. The thickening is intraformational, but it 
is not uniform because the northerly trending Bernal, Hermit Peak, and Tecolote intrabasinal uplifts 
and the complementary San Geronimo Basin were forming on the Pecos shelf. In the northeastern part 
of the map area near Mora, the northerly trending El Oro-Rincon intrabasinal uplift began to rise in 
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latest Morrowan or Atokan time, probably o n  east-yielding reverse faults, to partly separate the sub
iding deep basin into the eastern Rainsvi lle trough and the western Rociada Basin and the Taos 

trough. The Sand ia is mor than 5,000 ft (1 ,525 m) thick in the Rain ville trough and 1 ,400-3,300 ft 
(425-1,000 m) thick in the Rociada Basin. 

The Sandia Formation in the southern half  of the area is coastal-plain deposits of sandstone and 
shale that contain thin estuarine marine limestone and shale. The late Atokan upper part is mainly 
marine shale and thin limestones. As the Sandia thickens northward into the Rociada Basin and the 
Manuelitas saddle it contains progressively more gray marine hale that contains medium to very 
coarse grained p bbly sandstones and some biodastic and shaly limestones. The elastics were derived 
from mainly metamorphic Precambrian terranes on the Sierra Grande uplift and possibly the Brazos 
and Pedernal uplifts. The intrabasinal Tecolote and Bernal uplifts were local sources of elastics. 

In the Rainsville trough the lower half of the Sandia Formation is dominantly gray shale that con
tains limestones, some sandstone, and some thin coal beds. The upper part contains shale, limestones, 
thin coal bed , and thick units of micaceous fine-grained to very coarse grained pebbly sandstone, 
much of which is feldspathic to arkosic. These sandstone units probably were eastward-prograding 
fans derived from Precambrian rocks of the El Oro-Rincon uplift and deposited in the rapid ly sub
siding Rainsville trough where they interfinger with sediments derived from the Sierra Grande uplift .  

In the Rociada Basin west of the El Oro-Rincon uplift, the northward-thickening Sandia is domi
nantly shale, although it contains thick, pebbly sandstones scattered throughout .  Farther north, in the 
eastern part of the Taos trough, the upper half of the Sandia is mostly dark-gray shale that contains 
some limestone and is an ea tern distal marine fades of sediments derived primarily from the Brazos 
uplift. 

The Porvenir Formation of Pennsylvanian (early through late Desmoinesian) age lies general ly 
conformably on the Sandia Formation, but locally on the Espiritu Santo Formation and Precambrian 
rocks on the southern part of the Tecolote uplift. The Porvenir consists of three laterally intergrading 
fades. These are ( 1 )  a shallow-marine carbonate fades in the southern half of the area and the sub
surface of the adjacent part of the Las Vegas Basin; (2) a shallow-marine sandstone-shale-limestone 
facies on the Manuel itas saddle and in the Rainsville trough; and (3) a dominantly shaly facies of 
deeper water origin in the Rociada Ba in. Hemicyclic sequences in the carbonate facies suggest tec
tonic control of sedimentation. Hemicyclic sequences in the sandstone-shale-l imestone facies suggest 
episodic rapid subsidence and progradation of coarse elastics derived from Precambrian rocks of the 
El Oro-Rincon uplift. 

The carbonate fades of the Porvenir Formation is only 100-600 ft (30-180 m) thick on the northern 
part of the Tecolote uplift and i absent from its outhem part and from the Sierra Grande uplift 
because of unconformity with overlying roe.ks. Adjacent to the Bernal uplift, the carbonate facies is 
locally only 500 ft (150 m) thick because of angular unconformity with the overlying Sangre de Cristo 
Formation, but the facies thic.kens northward intraformationally in the San Geronimo Basin and 
grades into the shaly facies that is about 1 ,600 ft (485 m) thick in the southern part of the Rociada 
Basin. The shaly fades grades northeastward into the sandstone-shale-limestone facies that is only 
550-680 ft ( 165-207 m) thick in the Rainsville trough where the upper part is missing locally because 
of unconformity with the overlying Alamitos Formation. 

The San Geronimo and Rociada Basins, the Manuelitas shelf, and the Rainsvi lle trough sub ided 
throughout most of Desmoinesian time although local unconformities in the Porvenir indicate episod
ic shoal ing and slight erosion. The Bernal, Tecolote, and Hermit Peak intrabasinal uplifts were sub
merged during early and middle Desmoinesian, but all were mainly emergent in late Desmoinesian, 
as was the Sierra Grande uplift. The El Oro-Rincon uplift was active episod ically throughout 
Desmoinesian. 

The Alamitos Formation of Pennsylvanian and earliest Permian age lies mainly on the Porvenir 
Formation, but on the Precambrian of southern parts of the Tecolote uplift. The Alamitos consists of 
greenish-gray, gray, and red shale and interbedded fossiliferous limestone, feldspathic to arkosic sand
stone, and pebble conglomerate that were deposited in and near fluctuating shallow seas during accel
erated local tectonic activity. To the south, the Alamitos is late Desmoinesian through early 
Wolfcampian age. To the north, the formation is late Desmoinesian, Missourian, and possibly Virgilian 
age. In the subsurface of the Las Vegas Basin the Alamitos Formation is overlapped southward by the 
overlying Sangre de Cristo Formation on the margin of the Sierra Grande uplift. The Alamitos is 
absent from most of the Tecolote and Bernal uplifts because of depositional thinning, intraformation
al unconformities, and angular unconformity with the Sangre de Cristo Formation. In the intervening 
San Geronimo Basin the Alamitos thickens northward intraformationally from a wedge edge to abou t 
600 ft ( 180 m). The Alamitos is about 1 ,800 ft (550 m) thick in the Rociada Basin but thins northeast
ward onto the Manuelitas saddle where it is at least 1 ,075 ft (328 m) thick. Farther north the Alamitos 
is locally only 100-200 ft (30-60 m) thick where the Desmoinesian part is overlain unconformably by 
the Sangre de Cristo Formation on a Paleozoic anticline. orth of the anticline the Desmoinesian and 
Missourian parts of the Alamitos are about 1 ,050 ft (320 m) thick in the Rainsville trough at Mora 
River, but only about 630 ft (192 m) thick in the subsurface to the northeast. 

The Alamitos Formation is heterogeneous laterally. Precambrian rocks of the northern part of the 
Bernal uplift probably were sources of some feldspathic sediments of the mainly shaly Alamitos in the 
San Jo Basin to the west and in parts of the San Geronimo Ba in to the east. LocalJy derived feld
spathic l imy andstone and feldspar-pebble and limestone-pebble conglomerate beds occur in the 
Alamitos on the Tecolote uplift and its western flank. The Sierra Grande uplift was the source of shale, 
feldspathic sandstone, and conglomerate of the Alamitos in subsurface areas to the east. 

In the Rociada Basin much of the Alamitos is thick, mainly nonmarine, pebbly arkoses and unfos
siliferous red shales that are fans probably derived from Precambrian granite of the Hermit Peak 
uplift. Sparse limestones in the upper half are coarsely biodastic and sandy, indicating nearshore 
deposition. To the east, on the Manueli tas saddle, feldspathic conglomerates are present, but much of 
the shale is gray and marine, and the limestones are thicker and finer grained . 

At Mora River about half of the Alamitos Formation is greenish-gray marine shale containing lime
stone nodules and thin fossiliferous limestones. Interbedded feldspathic to arkosic, micaceous, con-



glomeratic sandstones and red shale are mainly nonmarine fan and fan-delta deposits, derived from 
Precambrian rocks of the El Oro-Rincon uplift, and spread eastward into the Rainsville trough and 
southward onto the Manuelitas saddle. Near Los Cisneros, north of the map area, the Alamitos con
tains thin marine limestones but is dominantly alluvial-fan deposits of quartzose, feldspathic, and 
arkosic conglomeratic sandstone and some interbedded red shale derived from the El Oro-Rincon 
uplift. To the east, in the subsurface, the Alamitos contains finer grained sandstones, limestones, shale, 
and traces of gypsum and anhydrite that are not seen at the outcrops. North and south of Mora River 
the Alamitos is overlain by nonmarine alluvial-fan deposits, locally as much as 700 ft (215 m) thick, 
that are assigned to the lower part of the Sangre de Cristo Formation. However, they contain proba
ble Late Pennsylvanian palynomorphs and probably are age equivalent to the mainly marine, 
Virgilian upper part of the Alamitos farther south. 

The Sangre de Cristo Formation, of Late Pennsylvanian and Early Permian age, lies on the 
Alamitos Formation except to the south where it lies on older Pennsylvanian and Precambrian rocks 
on the Tecolote uplift, Precambrian rocks on the Sierra Grande uplift, and the Porvenir Formation at 
places on the Bernal uplift. The Sangre de Cristo consists of red, purple, and some greenish-gray shale 
and sandy shale and interbeds of thin to thick, feldspathic to arkosic sandstone, pebbly arkosic con
glomerate, and some unfossiliferous, bedded limestones and limestone nodules. The formation is non
marine except for a bed of fossiliferous sandstone near the base west of Sapello. To the south, the 
Sangre de Cristo is Early Permian (Wolfcampian) age. To the north, near Mora River, most of the for
mation is Wolfcampian, but the lower part is probably Late Pennsylvanian (Virgilian) age. North of 
the map area, the lower part contains a probable Wolfcampian megaflora. The Sangre de Cristo is 
overlain by the marine Yeso Formation that also is Early Permian (Leonardian) age. The Sangre de 
Cristo Formation is as little as 180 ft (55 m) thick on the Sierra Grande uplift and about 300 ft (90 m) 
thick on the southern parts of the Tecolote and Bernal uplifts. To the southwest it is 900-1,000 ft 
(275-300 m) thick in the San Jose Basin, and it is 690-960 ft (210-290 m) thick in the southern part of 
the San Geronimo Basin. To the north it is at least 1,500 ft (457 m) thick on the Manuelitas saddle and 
2,500-3,000 ft (760-915 m) thick in the Rainsville trough. The variations are intraformational, reflect
ing continuing local tectonic activity during deposition of the Sangre de Cristo. 

Throughout the map area the Sangre de Cristo Formation contains lower and upper zones of feld
spathic to arkosic sandstone, conglomerate, and shale interbeds. Both zones interfinger irregularly 
with a medial shaly part that constitutes most of the formation and contains feldspathic sandstones 
and some limestone. A greater proportion of the Sangre de Cristo is shale to the south and southwest 
than to the north. In the northern half of the area, the uppermost part contains many lenses of well
rounded pebbles to cobbles of varicolored quartz, quartzite, and some chert. In the Rainsville trough 
north and northeast of the map area the lower third of the Sangre de Cristo contains many beds of 
limestone and limestone nodules and, in the subsurface, some gypsum. 

The Sangre de Cristo Formation was deposited in alluvial-fan, stream, floodplain, and local shal
low lacustrine environments. Sediments of the lower sandstone and conglomerate zone were derived 
mainly from Precambrian rocks of the Sierra Grande uplift but partly from the Bernal, Tecolote, 
Hermit Peak, and El Oro-Rincon uplifts. Although these intrabasinal uplifts and the local basins con
ti.nued to be tectonica!Jy active, they were buried by the medial and upper parts of the Sangre de 
Cristo during regional deep depression of the Pecos shelf and the Taos and Rainsville troughs and the 
pronounced rise of the major basin-margin uplifts. Sediments of the medial and upper parts in the 
southern part of the area probably were derived mostly from Precambrian rocks of the adjacent Sierra 
Grande uplift during recurrent elevation and pedimentation of that area, although some sediments 
may have been derived also from the Brazos and Pedernal uplifts. The medial and upper parts in the 
RainsviJle trough were derived from sources of sediments that included the San Luis(?) uplift and 
Cimarron arch to the north and the Sierra Grande and Brazos uplifts. The relative importance of these 
uplifts as sediment contributors is not known. By the end of Wolfcampian time the tectonic cycle that 
began in Early Pennsylvanian (Morrowan) was completed, the basins were filled, and sediments 
lapped back onto basin-marginal uplifts. Later Permian (Leonardian) marine sedimentation was influ
enced mainly by regionally more uniform epeirogenic movements or eustatic sea-level changes. 

The late Paleozoic intrabasinal uplifts of the southeastern part of the Sangre de Cristo Mountains 
were mainly northwest- and north-northwest-trending, easterly verging, asymmetric, basement-cored 
anticlines, some of which probably were bounded on the east by west-dipping reverse faults. These 
uplifts and the complementary, asymmetric, local structural and depositional basins correspond gen
erally, but not in all details, with larger Cenozoic faulted anticlines and synclines. The asymmetry of 
the Paleozoic structures and their right-stepping echelon patterns suggest they were produced by 
northeasterly oriented compressional and transpressional forces similar in orientation to the regional 
compressional forces that produced the Cenozoic structures. 

Regional implications and speculations-The northerly trending Precambrian and Cenozoic 
Deer Creek and Pecos-Picuris faults of the southwestern Sangre de Cristo Mountains were also, at 
times, the western boundary between the Paleozoic Pecos shelf and Taos trough and the Paleozoic 
Cafioncito and Brazos uplifts. The Pecos-Picuris fault is postulated in the literature to have extended 
northward and to have been the eastern boundary of the Uncompahgre uplift in Colorado. However, 
isopachs, fades distribution, and gravity data suggest that the northwest-trending Taos trough did not 
terminate at this fault but, instead, extended into the area that is now the downfaulted Neogene San 
Luis Basin near Taos. The northwestern part of the trough may have separated at least the southeast
ern part of the Brazos uplift from the San Luis(?) and Uncompahgre uplifts of the areas farther north 
in New Mexico and Colorado. 

Fades changes and sediment-transport directions in Morrowan through Desmoinesian rocks of the 
Taos trough suggest a sediment-shedding late Paleozoic intrabasinal uplift, similar to the El 
Oro-Rincon uplift, in the area northeast of Taos and west of Eagle Nest where probable Upper 
Pennsylvanian bouldery conglomerate lies unconformably on Precambrian rocks. Thick 
Pennsylvanian rocks west of Eagle Nest were deposited in a local basin between this uplift and the 
major, northwest-trending, late Paleozoic San Luis(?) uplift, part of which was situated farther north 
in the Sangre de Cristo Mountains in New Mexico where Paleozoic rocks are absent. The southern 
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margin of the San Luis(?) uplift northwest of Eagle Nest is the northwest-trending Cenozoic 
Comanche Creek fault that probably was active in Late Pennsylvanian and Early Permfan time. The 
San Luis(?) uplift probably connected to the northwest with the Uncompahgre uplift of Colorado prior 
to Neogene disruption by the Rio Grande rift system. 

To the southeast, the San Luis(?) uplift probably was connected with the northwest-trending late 
Paleozoic Cimarron arch north of the Rainsville trough. On this arch thin sections of the Sangre de 
Cristo Formation and Upper Triassic rocks lie with sedimentary contact on the Precambrian. During 
Pennsylvanian and Early Permian time parts or most of the San Luis(?) uplift and Cimarron arch 
structurally separated the Taos trough and Rainsville trough from the Central Colorado Basin. 

The fault-bounded block of Precambrian rocks, now the southern part of the Cimarron Mountains 
south of Eagle Nest, may have deformed partly independent of the main Cimarron arch. In Early and 
Middle Pennsylvanian the block was on the northern limb of the Rainsville trough, but it became a 
source of sediments of the northern part of the trough in Late Pennsylvanian and Early Permian time. 
The southern Cimarron Mountains block is bounded on the south by the Cenozoic northwest-trend
ing Saladon Creek fault and, on the east, by the Cenozoic northerly trending Fowler Pass fault. These 
faults probably were active also in Late Pennsylvanian, Permian, and possibly Triassic times. Just west 
of the Moreno Valley southwest of Eagle Nest, the Precambrian is overlain locally by the Sangre de 
Cristo Formation and locally by Triassic and Jurassic rocks, indicating that the southern Cimarron 
Mountains block extended northwestward that far and was bounded at the south by a probable north
west extension of the Saladon Creek fault. 

Gravity data and scanty well data suggest that the Cimarron arch extends southeastward in the 
subsurface to merge with the Sierra Grande uplift, which underlies most of the northeast part of New 
Mexico. Southeast-trending structural culminations, marked by gravity anomalies and partly by over
lap of Permian (Leonardian) rocks onto the Precambrian, extend across the Sierra Grande uplift 
through the Bravo dome, and into the late Paleozoic Amarillo uplift of the Texas Panhandle. Fades 
relationships on the margins of the Sierra Grande uplift indicate that it was a sediment-shedding pos
itive feature at times throughout Pennsylvanian and into Early Permian (Wolfcampian). 

The Cenozoic Sangre de Cristo Mountains lie within the chain of northwesterly trending late 
Paleozoic Ancestral Rockies uplifts and basins that extended from southeastern Oklahoma across 
north-central New Mexico and Colorado to die out in eastern Utah and southern Wyoming. The pale
ostructural styles of the uplifts and basins are not known well, but large segments of the margins of 
asymmetric uplifts and basins were faulted. On the southeast, the late Paleozoic Wichita uplift of 
Oklahoma was thrust possibly 6-12 mi (15--22 km) northward across the southern limb of the 
Anadarko Basin. To the northwest, the asymmetric late Paleozoic Uncompahgre uplift in Utah and 
western Colorado was thrust southwestward almost 3 mi (4.8 km) across the northeast limb of the 
Paradox Basin. Other large faults at the southwest margins of the Frontrange and Wet Mountains 
uplifts in Colorado may have been buttressing high-angle upthrusts. The overall regional pattern sug
gests orogenic welts and furrows produced by northerly and northeasterly oriented compressional 
forces. 

The late Paleozoic west-northwest structural grain of Oklahoma and Texas changes to northwest 
and north-northwest in New Mexico and Colorado. This change suggests that the crust west of about 
105° longitude shifted northeastward. This western crustal segment included areas that are now the 
Sangre de Cristo uplift, the Rio Grande rift, and the eastern Colorado Plateau. The shift might have 
been caused by compressional forces applied to the crust from the southwest. On the other hand, the 
shift might have resulted from intraplate movements in the mantle that dragged the crust and creat
ed intracrustal northeast-oriented compression. 

Introduction 

Purpose and scope 

Pennsylvanian and Lower Permian rocks of the Sangre de 
Cristo Mountains and adjacent areas in north-central New 
Mexico (Fig. 1) are heterogeneous marine and nonmarine 
deposits that accumulated in and on the flanks of structural
ly deep late Paleozoic basins that subsided between large 
uplifts of the Ancestral Rocky Mountains. The facies and 
thicknesses of rock-stratigraphic units change rapidly later
ally, reflecting their deposition in active tectonic environ
ments near sources of terrigenous elastic sediments. The dis
tribution of some major facies and the northward thickening 
of parts of the rocks have been known generally since 
regional-stratigraphic studies by Read et al. (1944), Read and 
Wood (1947), and Brill (1952). Biostratigraphic studies by 
Sutherland (1963) and Sutherland and Harlow (1973) 
extended a general knowledge of parts of the rocks north
ward in the central and western part of the mountains to the 
vicinity of Taos, New Mexico. 

Lower Perrnian rocks have been subdivided and mapped 
only in the southern and southeastern margins of the moun
tains. Therefore, many aspects of stratigraphic variations, 
depositional history, and paleotectonics are poorly known. 

A main objective of the present work was to determine, 
document, and paleontologically date the highly complex 
variations in thickness and lithofacies that occur in Lower 
Pennsylvanian through Lower Perrnian formations between 
the southern, Pecos shelf and the deep northern Taos trough 
and Rainsville trough. In the southeastern part of the Sangre 
de Cristo Mountains between Bernal and Mora, New Mexico 
(Fig. 1; Plate 1) entire stratigraphic sections of Mississippian, 
Pennsylvanian, and Lower Permian rocks are preserved, and 
exposures are mainly continuous between the Pecos shelf 
and the Rainsville trough. The thin, Paleozoic rock-strati
graphic units, established at the south by Northrop et al. 
(1946), were mapped northward and westward, concurrent
ly with biostratigraphic study, through several facies 
changes into the thick, lithologically more complex rocks 
and the more complex Cenozoic structure near Mora. More 
than 160 collections of fusulinids were studied as part of the 
work. 

In the topographically and structurally high central parts 
of the mountains only parts of the Pennsylvanian rocks are 
preserved from Cenozoic erosion, and Pennsylvanian and 



Plate 1 is a synthe is of previously published mapping 
and the detailed (1 :24,000 scale) and reconnaissance map
ping done for this report. The mapping and biostratigraphic 
studies for this report established a more complete regional 
Paleozoic stratigraphic framework than existed previously. 
This framework is useful for interpreting general deposi
tional environments, sources of elastic sediments, paleotec
tonics, and Cenozoic structur . The framework should be 
useful also for future detailed analyses of highly complex 
local la te Paleozoic depositional environments that are con
sidered only briefly in this report. 

The present study also included reconnaissance of other 
parts of the Sangre de Cristo Mountains, study of logs and 
some samples from wells in the Las Vegas Basin east of the 
mountains, and examination of geophysical data. Regional 
implications of the findings, and some new hypotheses 
about regional stratigraphy and paleotectonics, are dis
cussed in a final section of the report . 

All the upper Paleozoic rocks are vertically and lateral ly 
heterogeneous, and at places pronounced lithologic changes 
occur in relatively small distances. Therefore, this report pre
sents much docum ntation and discussion of many units 
that cannot be portrayed adequately by general ized descrip
tions. Al o, parts of the report contain more discussion and 
documentation of Cenozoic structure than might be expect
ed in a report concerned primarily with Paleozoic rocks. 
However, there are many places where these rocks cannot be 
interpreted reasonably withou t at least a general under
standing of the present tructure, and vice versa . 

Fieldwork and literature research for this report were 
completed by 1988, and the authors have not attempted to 
update the report to take into account the later l iterature. It  
is appropriate, nevertheless, to reference the 1 990 guidebook 
of the New Mexico Geological Society on the southern 
Sangre de Cristo Mountains (Bauer, Lucas, Mawer, and 
McIntosh, 1 990, eds.)  which contains information relevant to 
this report. 
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Previous work 

Stevenson ( 1 881 ) published the first geologic map and 
summary of the Sangre de Cristo Mountains and the Raton 
and Las Vegas Basins in Colorado and New Mexico. His text 
on the sou theastern part of the mountains describes 
Paleozoic stratigraphic sections, lists Paleozoic fossi ls, and 
gives extensive descriptions of structure. This classic report 
of the Wheeler Survey deserves special mention because of 
Stevenson's overall acuity of observation and his generaJJy 
correct portrayal of much previously unexplored geology. 

The modern Paleozoic and Me ozoic stratigraphic 
nomenclature of the southern part of the Sangre de Cristo 
Mountains and Las Vegas Basin stems mainly from the 
reconnaissance mapping and stratigraphic studies of north.
central  New Mexico by Read et al . (1 944) whose work 
extended into the southwestern part of the mapped area 
(Plate 1 )  of the presen t report, and also from the detailed 
mapping and stratigraphic studies by Northrop et al .  (1946) 
in the southeastern part of the area and the adjacent Las 
Vegas Basin.  More recent mapping is referenced on the index 
map of Plate 1 and is cited at appropriate places in this 
report. 

The general geology of the southeastern part of the 
mountains was discussed (Baltz and Bachman, 1 956; 
Lessard and Bejnar, 1 976) in guidebooks of the ew Mexico 
Geological Society. Road logs of the area (Baltz and Read, 
1 956; Lessard , 1976; Budding, 1979; and Baltz and O'NeiJJ , 
1990) also are in guidebooks of this society. Paleozoic rocks 
of the Sangre de Cristo Mountains are mentioned briefly in 
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studies of the subsurface of adjacent parts of the Great Plains 
by Foster et al. (1972) and Roberts et al. (1976). 

A historical summary of the nomenclature and age 
assignments of Paleozoic rocks, from principal reports on 
the New Mexico portion of the Sangre de Cristo Mountains, 
is shown in Figure 2. 

Cenozoic regional structural setting 

The Sangre de Cristo Mountains of south-central 
Colorado and north-central New Mexico are the physio
graphic expression of a southerly trending Cenozoic struc
tural uplift that is slightly sinuous but is generally accurate 
and slightly concave to the west (Fig. 3). This is the south
ernmost uplift of the Southern Rocky Mountains; south of 
Santa Fe and Las Vegas, New Mexico, it plunges gently 
southward and southeastward to die out in the Great Plains. 
Throughout its length the uplift is bounded at the west by 
downfaulted and downwarped basins of the Rio Grande 
depression, which are the principal structural and physio
graphic expressions of the Neogene Rio Grande rift system. 
On the east the uplift is bounded, mainly, by broad 
Laramide structural basins that are asymmetric, having 
steeply dipping western limbs and axes that lie in their west
ern parts. 

In Colorado, where the uplift is narrow, much of the 
Laramide (latest Cretaceous through Eocene) deformation 
was accomplished by uplift and folding of Paleozoic sedi
mentary rocks that were faulted and crowded eastward 
against the sharply folded Mesozoic and lower Tertiary 
rocks of the west limbs of the Laramide Huerfano Park and 
Raton Basins Oohnson, 1969; Tweto, 1979a). The Paleozoic 
rocks and the Precambrian rocks within the western part of 
the uplift are sliced by lengthy, northwest-trending, easterly 
yielding thrust faults. Lindsey et al. (1983, p. 225-226) calcu
lated that folding and thrusting within the sedimentary 
rocks i.ndicates a minimum shortening of about 5 mi (8 km) 
in the northern part of the mountains in Colorado, and pos
sibly 9 mi (14 km) a little farther south. 

Plate 2 shows the principal Cenozoic structural features 
and gravity anomalies of north-central New Mexico, some 
of which are discussed in various sections of the report. The 
block diagrams of Plate 2 generally portray the accumulated 
deformation of the Precambrian basement that has occurred 
since a widespread veneer of Mississippian marine rocks 
was deposited on an erosion surface cut on the Precambrian 
rocks. �though much of the deformation was Cenozoic, a 
substantial part was Pennsylvanian and Early Permian, and 
some was Mesozoic. 

In northern New Mexico the Sangre de Cristo uplift 
northeast of Taos consists of fault blocks of Precambrian 
rocks that are overlain by remnants of thin lower Tertiary 
sedimentary rocks and by eroded but extensive remnants of 
middle Tertiary volcanic rocks. The Precambrian rocks have 
been crowded against, and probably have overridden, the 
west limb of the Raton Basin, mainly along a frontal zone of 
Laramide eastward-yielding reverse and thrust faults (Clark 
and Read, 1972; Dane and Bachman, 1965). The Laramide 
shortening may have been 3.5-5 mi (5.5-8 km). The 
Precambrian rocks are intruded at places by middle Tertiary 
granitic plutons and much of the uplift is shattered by 
Neogene normal faults of the Rio Grande rift system and by 
the Questa caldera (Lipman and Reed, 1984; Reed et al., 
1983). The west side of the uplift in Colorado and as far 
south as the Picuris Mountains in New Mexico is a complex 
zone of Neogene faults that have mainly down-to-the-west 
displacements totaling many thousands of feet. The 
Neogene San Luis Basin is tilted eastward and its eastern 
margin is dropped along these faults. The northeast-trend-

ing Embudo fault (Plate 2) south of Taos, New Mexico, is a 
hinge fault, probably having some left-lateral strike-slip, 
that accommodated the tilting of the San Luis Basin relative 
to the block of Precambrian rocks of the Picuris Mountains 
(Baltz, 1978). 

The eastern front of the Sangre de Cristo uplift is stepped 
southeastward in the Cimarron Mountains southeast of 
Eagle Nest, New Mexico, by a large northwest-plunging 
anticline whose core of Precambrian rocks is a fault-bound
ed, Laramide-upthrust block (Wanek et al., 1964; 
Goodknight, 1973). The Precambrian rocks are overlain 
locally by thin Permian rocks and by remnants of thin Upper 
Triassic rocks, indicating late Paleozoic, and probably, early 
Mesozoic uplift (Baltz, 1965). The block is truncated at the 
south by a northwest-trending fault that mainly is concealed 
by upper Tertiary volcanic rocks. This fault throws the 
Precambrian rocks against thick Permian rocks of the Las 
Vegas Basin on the south and probably has a history of 
repeated displacement from Late Pennsylvanian to Neogene 
time. The exposed part of the fault south of Eagle Nest was 
named the Saladon Creek fault by Smith and Colpitts (1980). 

The Saladon Creek fault, or other unmapped faults hav
ing generally the same trend, may extend northwestward 
across the main part of the Sangre de Cristo uplift, causing 
downwarping and down-to-the-south dropping of the 
Precambrian basement. For many miles south of this zone 
the surface rocks of the uplift are mostly of Pennsylvanian 
age. These rocks, eroded remnants of which are as much as 
6,000 ft (1,800 m) thick, were deposited in a deep part of the 
late Paleozoic Taos trough, and the area southeast of Taos is 
the uplifted relic of part of that basin. 

South of the Cimarron Mountains, the lengthy but rela
tively low Ocate anticline (Bachman, 1953) lies in the north
western part of the Laramide Las Vegas Basin. This anticline 
is east-verging and its east limb is broken in places at the 
surface by normal faults that have displacements of a few 
hundred feet down to the east and to the west, also. Well 
data (Plate 3) indicate that the anticline is basement cored 
and at least part of it is broken by an eastward-yielding 
reverse fault that may die out upward in folded sedimenta
ry rocks. The surface rocks are mainly Permian, but they are 
overlain and concealed at many places by upper Tertiary 
and Quaternary basaltic rocks (O'Neill and Mehnert, 1988). 
A thick Pennsylvanian section is present in the subsurface. 

The main part of the Sangre de Cristo uplift from the lat
itude of Taos southward to the vicinity of Mora has not been 
mapped in detail. Reconnaissance examinations indicate 
that the east front in the Rincon Range (Plate 2) is a large, 
asymmetric, east-verging, basement-cored anticline whose 
eastern limb is broken by west-dipping reverse or thrust 
faults. From Mora south to about Las Vegas, in the mapped 
area of this report (Plate 1), the east front is a series of east
verging, basement-cored, asymmetric anticlines whose steep 
eastern limbs are broken by west-dipping listric reverse and 
thrust faults (Baltz and O'Neill, 1984, 1986; Baltz, 1972). Two 
other similar, but structurally higher, zones of basement 
blocks bounded by eastward-yielding thrusts and reverse 
faults occur in the interior part of the uplift west and south
west of Mora. The present understanding indicates only 
modest amounts of shortening on any of these faults. Near 
Mora the shortening in the frontal zone may be a little more 
than 2 mi (3.5 km) (Plate 1, secs. A-A' and B-B'). To the 
south the shortening probably is several thousand feet on 
any fault zone (Plate 1, secs. F-F' and G-G') and a little more 
than 2 mi (3.5 km) in total across interior and frontal zones. 

From Las Vegas south, the Creston anticline at the eastern 
front is east-verging, basement-cored, asymmetric, and 
plunges gently southeast (Northrop et al., 1946). This anti
cline was an area of Pennsylvanian and Early Permian 



uplift. West of Las Vegas the interior zone passes into a 
southwest-tilted basement block bounded by reverse-faults; 
the block plunges southeast and passes into the northeast
verging Serafina monocline near Bernal. This block also was 
an area of Pennsylvanian and Early Permian uplift. 

East of Santa Fe, where the Sangre de Cristo uplift reach
es its maximum width, (Plate 2), the central part is an asym
metric syncline that plunges south and has a sharply folded 
west limb. The surface rocks of the syncline are 
Pennsylvanian and, at the south, Permian. The western part 
of the uplift that constitutes the Santa Fe Range is a south
plunging block of Precambrian rocks that probably was anti
clinal originally. A thin section of Mississippian, 
Pennsylvanian, and Lower Permian rocks occurs on its 
southern margin northwest of Lamy (Booth, 1976, 1977) and 
a faulted sliver of Pennsylvanian rocks occurs within the 
block a little farther north (Budding, 1972). Remnants of 
eroded, west-dipping Mississippian and Pennsylvanian 
rocks occur at places along the western foothills of the block 
from the vicinity of Santa Fe (Spiegel and Baldwin, 1963) 
northward to the latitude of Nambe (Sutherland and 
Harlow, 1973). At least parts of this block were areas of 
Pennsylvanian and Early Permian uplift. The west side of 
the block merges, through west-facing warps and faulted 
anticlinal bends, into the eastern limb of the Neogene 
Espanola Basin (Baltz, 1978). 

The Precambrian rocks of the Santa Fe Range are bound
ed at the east by northerly trending major high-angle faults. 
The Deer Creek fault (Plate 2) at the south may be a reverse 
fault that dips west (Budding, 1972), although at places 
where it is exposed it is nearly vertical. On the south it pass
es into a very complex system of folds and faults, and its 
trend extends southward near Lamy into down-to-the-west 
faults that mark the faulted-monoclinal boundary between 
the Galisteo Basin and the Glorieta slope (Stearns, 1953). The 
Larami.de Galisteo Basin is underlain by a late Paleozoic 
basin; whereas, much of the Glorieta slope is underlain by 
the Paleozoic Pedernal uplift (Kottlowski, 1961). Booth 
(1976) found that Precambrian, Pennsylvanian, and 
Permian, as well as Cenozoic, deformation occurred in the 
faulted area east of Lamy. 

To the north the Deer Creek fault has been traced, as a 
zone with many splays, into the Pecos-Picuris fault (Plate 2) 
mapped by Miller et al. (1963, plate 1) and Moench and 
Robertson (1980). In places this fault zone forms the bound
ary between Precambrian and Pennsylvanian rocks, but at 
other places is entirely within Precambrian rocks. At the 
north end of the Santa Fe Range, the fault lies within 
Pennsylvanian rocks, and its trace is concealed for a few 
miles by Cenozoic deposits. It has been correlated north
ward with a major north-trending fault in Precambrian rocks 
in the eastern part of the Picuris Mountains (Montgomery, 
1963). The Pecos-Picuris fault apparently is a Precambrian 
high-angle fault, or fault zone, with a complex subsequent 
history. Montgomery (1963) reasoned that 23 mi (37 km) of 
right-lateral, strike-slip displacement occurred on the fault 
in Precambrian time. Sutherland (1963) postulated that the 
fault marked the eastern margin of the Paleozoic 
Uncompahgre uplift and that vertical movements occurred 
on the fault in Mississippian and Pennsylvanian time. He 
suggested that post-Pennsylvanian, presumably Laramide, 
down-to-the-east vertical movements of thousands of feet 
occurred, also. 

Lisenbee et al. (1979) wrote that the Deer Creek fault and 
other structures mapped by Booth (1976) near Lamy were 
parts of a northeast-trending fault system that connects with 
the Tijeras fault east of Albuquerque (Plate 2), and Chapin 
and Cather (1981, 1983) suggested the possibility of very 
large Lara.mide right-lateral, strike-slip displacement on this 
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system and on the Pecos-Picuris fault. However, no direct 
evidence of Laramide strike-slip motion on the Deer Creek 
fault or the faults farther south along the edge of the Glorieta 
slope has been reported. The only place where such move
ment might have occurred would be along a hypothetical 
segment of the "Tijeras-Cafioncito system" of Lisenbee et al. 
(1979) that is concealed by alluvium in the broad valley of 
Galisteo Creek near Lamy. However, Booth (1976) has 
shown that, in at least one place, steeply dipping beds of 
Triassic and Jurassic rocks exposed on terrace margins on 
opposite sides of the Galisteo Creek valley project into each 
other along strike. Therefore, it is unlikely that a fault with a 
major Cenozoic strike-slip component exists beneath the 
valley of Galisteo Creek. Furthermore, the Tijeras fault on 
the northwest side of the Tijeras Basin east of Albuquerque 
has an apparent horizontal, left-lateral separation on the 
Dakota Sandstone of only about 3,000 ft (Ferguson et al., 
1996). This seems to preclude large amounts of Cenozoic 
stripe-slip displacement even if the Tijeras fault connects 
with faults at Cafioncito, which the present writer (Baltz) 
believes is unlikely. Instead, it seems more likely that the 
Tijeras fault connects northward (beneath the Tertiary Tuerto 
gravels) with the north-trending Rosario fault (Plate 2), rep
resenting a Neogene reversal of vertical throw (down to the 
west) on the northern segment. 

Much of the compressional deformation that produced 
the Sangre de Cristo uplift is contemporaneous with the 
Laramide orogeny as shown by the stratigraphic relations 
and fades of uppermost Cretaceous and lower Tertiary rocks 
in the east-flanking Raton Basin (Johnson and Wood, 1956), 
the Galisteo Basin southwest of Santa Fe (Stearns, 1953), and 
the San Juan Basin (Baltz, 1967) to the west in the Colorado 
Plateau. This compressional phase produced a large geanti
cline, or an anticlinorium, that included the present Brazos 
uplift (Plate 2) and areas now parts of the San Luis Basin 
(Baltz, 1965, 1967) as well as the present Sangre de Cristo 
uplift in New Mexico and Colorado. Part of the geanticline 
foundered in Neogene time to become the San Luis Basin 
(Baltz, 1965, 1978) in Colorado and New Mexico. 

The remaining Sangre de Cristo uplift was modified in 
Miocene time by doming, sagging, and some faulting; in at 
least the area northeast of Taos this deformation was coeval 
with intrusions of intermediate to granitic magmas. In late 
Miocene, Pliocene, and Pleistocene time the present Sangre 
de Cristo uplift was modified at places throughout its length 
by normal faulting, and its western margin was outlined by 
the attendant development of the Rio Grande depression 
during a general, epeirogenic uplift of the western Great 
Plains, the Southern Rockies, and the Colorado Plateau 
(Baltz, 1978). At the eastern margin of the uplift near Eagle 
Nest, New Mexico, northerly trending, down-to-the-west 
Neogene faults delineate the Moreno Valley and the western 
part of the Cimarron Mountains (Clark and Read, 1972). 
Farther south, in the area of this report (Plate 1), down-to
the-west late Tertiary(?) and Quaternary faults, partly super
posed on Laramide thrusts, occur north and south of Mora 
and in the Quebraditas fault zone as far south as the Sapello 
River (Baltz and O'Neill, 1984, 1986, 1990). 

Pre-Mississippian erosion surface of north-central 
New Mexico and south-central Colorado 

At most places in the Sangre de Cristo Mountains in New 
Mexico, the erosion surface at the base of Mississippian 
rocks is remarkably flat and locally smooth, regardless of the 
lithology of the Precambrian rocks on which it is cut. The 
local relief generally is no more than a few inches, and sel
dom more than a foot. The surface mainly is underlain by 
firm, unweathered, Precambrian rocks, but at places the 
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rocks are strongly weathered for several inches or several 
feet below the surface. At places the surface is underlain by 
patches of de ply weathered, greenish, nonlaminated, non
sorted, sandy, silty clay that may be remnants of a fossil 
regolith. Such regolith is thickest in the upper Pecos Riv r 
ar a (Baltz and Read, 1960; Sutherland, 1 963, p. 24). 

In the Rincon Range northwest of Mora, where the sur
face is cut on Precambrian quartzite, local relief is as much 
as 60 ft ( 18  m), as shown by thickening and thinning of the 
basal sandstone of the Mississippian (Baltz, 1 969, fig .  3). 
Sutherland (1 963, p. 24--25) reported that, in the western part 
of the mountains, the thickness of the basal Mississippian 
sandstone (the Del Padre Sandstone of his terminology) 
varies from 0-754 ft (0-230 m) where it l ies on the predomi
nantly quartzite rocks of the Early Proterozoic Ortega 
Quartzite of Montgomery (1 963 ) .  However, Armstrong 
(1 967, p. 9) suggested that sandstone assigned to the Del 
Padre by Sutherland (1 963, p. 25) at the Rio Chiquito locali
ty of maximum thickness (754 ft) may be partly or wholly of 
Pennsylvanian age. At Rio Pueblo west of Tres Ritos, part of 

the 64 ft (20 m) of rocks assigned to the Del Padre by 
Sutherland (1963, p. 25) are below a well-exposed channeled 
w1c01lformity (Baltz and Read , 1 960, fig. 8, p. 1 758) and are. 
quartzite and schist of Precambrian age. However, there i 
no question that pre-Mississippian rel ief of a few tens to pos
sibly 1 00 ft (30 m) existed a t  other places on low hills and 
shallow val leys in the Precambrian quartzite terrane , as 
Sutherland (1 963) reported . Nevertheless, in regional per-
pective, the pre-Mississippian erosion surface seems to 

have been remarkably flat, not only in the Sangre de Cristo 
Mountains, but also in the Nacimiento, Sandia, and 
Manzano Mountains of  north-central ew Mexico. This sur
face bevels a wide variety of Precambrian rock types and 
large structural features. (See Armstrong et al ., 1 979, figs. 
3-4.) 

The pre-Mississippian erosion surface may be primarily 
an exhumed late Precambrian feature, or it may be a com
pound surface that was modified in early Pa leozoic time. 
Baltz and Read (1 960, p. 1 768) and Craig and Varne (1 979, 
p. 375) suggested that the area of part of north-central and
north astern ew Mexico was part of the southwe t-trend
ing Tran continental arch (the "continenta l backbone"
described by King, 1 951 ,  p .  30). This arch might have been
uplifted in Late Devonian time and older sedimentary rocks,
if present, were removed by erosion from axial regions .  In
the subsurface of northeasternmost ew Mexico and south
ea tern Colorado thick Ordovician carbonate rocks and the
overlying Mississippian carbonate rocks all thin northeast
ward toward the late Paleozoic Sierra Grande and Apishapa
uplifts in a manner suggesting they have a pre-Pennsylvan
ian history as a slightly positive area (Maher and Collins,
1 949; Foster et al ., 1972; Rob rts et a l . ,  1976; Mapel et al . ,
1 979) .  I n  the northern part of the Sangre de Cristo
Mountains in Colorado, carbonate and some thin elastic
rocks of Ordovician age lap sou thward across Cambrian
rocks, and the younger part of the Ord ovician laps fa rther
south than the older part (Ro s and Tweto, 1 980, p. 54) .
These rocks and overlying Devonian and Mississippian car
bonates and thin elast ics a l l  wedge out southward beneath a
pre-Pennsylvanian unconformity. In the San Juan Mountains
in Colorado and in the ubsurface of the San Juan Basin in
northwestern New Mexico, carbonate and some thin elastic
rocks of Cambrian(?) and Devonian ages underlie th
Missi ippian but wedge out southeastward onto the posi
t ive area (Loleit, 1 963; Parker and Roberts, 1 963) .

In the mountain ranges o f  southern New Mexico and in 
the subsurface of the southeastern part of the State, sedi
mentary rocks of Cambrian, Ordovician, Si lu rian, and 
Devonian ages wedge ou t gently northward benea th 
Mississippian rocks. However, the wedgeout is not a simple 
offlap relation because (1 ) a l l  the formations thin northward 
depositional ly; (2) there are inter- and intraformational 
unconformities; and (3) the Devonian erosionally overlaps 
al l  older rocks (Kottlowski, 1 963a, 1 975, fig. 2) and, in turn is 
overlapped regionally northward by the Mis issippian. 
These relations also suggest that the centra l and northern 
New Mexico region had a long history as a positive area but 
i t  probably was not a major source of terr igenous elastics 
because the Mississippian and older Paleozoic rocks in 
southern ew Mexico are predominantly carbonates. 

The cutting of the pre-Mississippian surface of north-cen
tral New Mexico and south-central Colorado required the 
erosional destruction of entire mountain ranges of highly 
deformed Precambrian rocks. If a major part of this erosion 
occurred in early and middle Paleozoic time the debris 
would likely be preserved in Paleozoic sedinlentary rocks 
on the flanks of the posit ive area. Such debris is not known 
to exist, although some thin wtits of Paleozoic sandstone 
and shale might have been derived from this area or from 



multiple sources. Therefore, it seems probable that the 
pre-Mississippian erosional surface was formed mainly in 
late Precambrian time and that the surface was modified, 
but not extensively, by episodes of weathering and slight 
erosion of the broad positive area in Paleozoic time before 
the Mississippian rocks were deposited. 

Late Paleozoic basins and uplifts 

In Colorado the Pennsylvanian and Lower Permian rocks 
of the Sangre de Cristo Mountains were deposited in a nar
row zeugogeosyncline (Brill, 1952) that was part of the late 
Paleozoic Central Colorado Basin (Mallory, 1975, fig. 62). 
Thjs basin occupied the area of the present Sangre de Cristo 
uplift and the western parts of the Laramide Huerfano Park 
and Raton Basins of Colorado and northern New Mexico 
(Fig. 3). The Pennsylvanian rocks of the uplift are reported to 
be more than 5,500 ft (1,675 m) thick by Bolyard (1959, 
p. 1904) and are locally of Morrowan, Atokan, and
Desmoinesian age. The Upper Pennsylvanian and Lower
Permian Sangre de Cristo Formation is about 5,700 ft 
(1,740 m) thick in Colorado at its principal reference section
described by Lindsey and Schafer (1984). The total upper
Paleozoic section in the northern part of the mountains in
Colorado may be locally as much as 13,000 ft (4,000 m) thick
(Lindsey et al., 1986, p. 542). The Central Colorado Basin was
bounded at the west by the late Paleozoic (and early
Mesozoic) Uncompahgre uplift of Colorado. The eastern
part of this uplift foundered and is buried in the Neogene
San Luis Basin of the Rio Grande depression (Baltz, 1965,
1978; Tweto, 1975, 1979b); therefore, the Paleozoic eastern
margins of the uplift are uncertain. Lindsey et al. (1986) pre
sented evidence that some Precambrian rocks in the western
part of the northern Sangre de Cristo Mountains are east
ernmost parts of the Uncompahgre uplift that were trans
ported eastward tectonjcally in Laramide thrust plates. At
the east, the Central Colorado Basin was bounded by the
ancestral Wet Mountains-Apishapa uplift (Bolyard, 1959;
Johnson, 1959).

In New Mexico, the Pennsylvanian and Lower Permian 
rocks were deposited in a broader basin (Fig. 4) which was 
separated from the Central Colorado Basin by the north
west-trending Cimarron arch (Baltz, 1965, p. 2049). On this 
arch thin sequences of the Upper Pennsylvanian and Lower 
Permian Sangre de Cristo Formation and, locally, Upper 
Triassic rocks lie on the Precambrian in the southern 
Cimarron Mountains south and southeast of Eagle Nest 
(Wanek et al., 1964; Clark and Read, 1972; Goodknight, 
1976). 

About 5 mi (8 km) northwest of Eagle Nest, the Sangre de 
Cristo Formation lies on Precambrian rocks at small out
crops (Wanek and Read, 1956, p. 93), as it does at several 
places southwest of Eagle Nest (Clark and Read, 1972, 
plate 1), suggesting a northwesterly trending extension of 
the Cimarron arch. Farther northwest, in the main part of the 
Sangre de Cristo uplift in New Mexico, Paleozoic and 
Mesozoic rocks are absent except for a few small patches of 
the Sangre de Cristo Formation (McKinlay, 1956), and the 
Precambrian rocks of this area probably are a Laramide
deformed part of the Paleozoic San Luis(?) uplift, which may 
have continued northwest into the Uncompahgre uplift of 
Colorado. Evidence for, and speculations about, the postu
lated paleogeographic conditions are presented in the last 
section of this report. 

South of these uplifts the western part of the basin, the 
Taos trough of Sutherland (1963, fig. 17), occupied the area 
of most of the Sangre de Cristo Mountains. The eastern part 
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of the basin, the Rainsville trough of this report, is in the sub
surface and is generally coincident with the Laramide Las 
Vegas Basin. At the east, in the subsurface, the basin is 
bounded by the ancestral Sierra Grande uplift. Data from 
widely spaced wells indicate that Pennsylvanian rocks are 
absent generally from this uplift and that the Sangre de 
Cristo Formation, locally only a little more than 100 ft (30 m) 
thick, rests on the Precambrian and is absent from some 
areas (Foster et al., 1972; Roberts et al., 1976). However, the 
wells are so widely spaced that they do not preclude that 
Pennsylvanian rocks are present in downwarped or down
faulted blocks at places on the uplift. 

At the west the Taos trough was bounded mainly by the 
northwest-trending ancestral Brazos uplift whose southeast
ern part included Cenozoic-uplifted Precambrian rocks of 
the western part of the Sangre de Cristo uplift south of Taos. 
In the literature these rocks usually are considered to be a 
south-trending prong of the Uncompahgre uplift of 
Colorado. However, gravity and other data, discussed in the 
last section of this report, suggest that the Taos trough 
extended northwest into the area of the Neogene San Luis 
Basin near Taos and may have separated at least the south
eastern part of the Brazos uplift from Paleozoic uplifts far
ther north. To the southwest the Pecos shelf was bounded by 
the structurally lower Cafioncito uplift southeast of Santa Fe 
where Pennsylvanian rocks are only about 300 ft (90 m) thick 
and the Sangre de Cristo Formation also is about 300 ft thick 
(Read and Wood, 1947; Booth, 1976). The northerly trending 
Cenozoic Deer Creek and Pecos-Picuris faults probably 
were active in the late Paleozoic and, at times, were the east
ern boundaries of the Cafioncito and Brazos uplifts. 

Pennsylvanian rocks of the Taos trough now are bow1d
ed partly by Cenozoic-uplifted Precambrian rocks in the El 
Oro Mountains and Rincon Range at the east side of the 
Sangre de Cristo uplift near Mora (Plate 2). As will be dis
cussed later, the ancestor of the El Oro-Rincon uplift (Fig. 4) 
of this report probably was also a northerly plunging, late 
Paleozoic, sediment-shedding uplift. The deep part of the 
Paleozoic basin in the subsurface east of this uplift is here 
called the Rainsville trough. Pennsylvanian (Morrowan 
through Missourian) rocks of the western part of the 
Rainsville trough are as much as 7,300 ft (2,225 m) thick, and 
the Upper Pennsylvanian and Lower Permian Sangre de 
Cristo Formation is as much as 3,000 ft (915 m) thick 
(Plate 3). Morrowan through Desmoinesian rocks 
(Sutherland, 1963) of the Taos trough are as much as 6,000 ft 
(1,800 m) thick. Younger Paleozoic rocks are not present in 
the Taos trough, presumably because of Cenozoic erosion. 

In the south-central part of the Sangre de Cristo 
Mountains Lower and Middle Pennsylvanian rocks thin 
rapidly south from the Taos trough onto the Pecos shelf 
(Sutherland, 1963). On the southern part of the shelf south of 
Pecos, Morrowan through Virgilian rocks are about 2,200 ft 
(670 m) thick and the Sangre de Cristo Formation is 500 to 
locally 3,000 ft (150-915 m) thick. The Pecos shelf merges 
southward into the late Paleozoic San Jose Basin between the 
late Paleozoic Pedernal and Sierra Grande uplifts. The San 
Jose Basin forms a structural saddle between the shelf and 
the deep late Paleozoic Cuervo-Tucumcari Basin at the 
southeast. 

In the southeastern part of the Sangre de Cristo 
Mountains, Pennsylvanian and Lower Permian rocks thin 
rapidly southward from the Taos trough onto the eastern 
part of the Pecos shelf that is marked by northwesterly 
trending late Paleozoic intrabasinal uplifts and complemen
tary structural and depositional basins of the mapped 
(Plate 1) area of this report. 
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Summary of Precambrian basement rocks in the southeastern Sangre de Cristo Mountains 

Precambrian basement rocks are exposed widely in the 
southeastern part of the mountains but, in this region, they 
have been lithologically differentiated and mapped only in 
the northwest part of the area of Plate 1. Figure 5 is a gener
alized map of these rocks. A brief discussion of the 
Precambrian rocks is appropriate because of later discus
sions of some of these rocks as probable local sources of late 
Paleozoic elastic sediments. 

Montgomery (1963) did the first regional reconnaissance 
mapping and description of Precambrian rocks of much of 
the southern part of the Sangre de Cristo Mountains, includ
ing the area west of 105°30' of Figure 5. He assigned pre
dominantly metasedimentary rocks, including very thick 
quartzites, to his Ortega Formation, and he assigned 
mixed metavolcanic-metasedimentary rocks to the Vadito 
Formation, which he believed to overlie the Ortega. In the 
area of Figure 5, north of the latitude of Gascon, 
Montgomery (1963, plate 1) assigned metasedimentary 
rocks to the lower quartzite member and Rinconada Schist 
Member of the Ortega Formation; he assigned mixed 
metavolcanic-metasedimentary rocks farther south to the 
conglomerate and schist members of the Vadito Formation. 
According to Montgomery (1963, p. 9), the composite thick
ness of the metamorphic rocks exposed in the western part 
of the Sangre de Cristo Mountains may have been originally 
about 20,800 ft (6,340 m). The metamorphic rocks were fold
ed sharply and were intruded by synkinematic and 
postkinematic igneous rocks ranging from ultramafic to 
granitic. Plutonic granite, granodiorite, and quartz-mon
zonite rocks of the region were called, collectively, the 
Embudo Granite by Montgomery (1953, 1963). 

Parts of Montgomery's (1963) map area were remapped 
by Moench and Robertson (1980) in a reconnaissance of the 
Pecos Wilderness and some adjacent areas in the Sangre de 
Cristo Mountains. They did not adopt a stratigraphic termi
nology for Precambrian rocks, but classified them by litho
logic types. Generally, the Vadito Formation of Montgomery 
was included in the Pecos greenstone belt of Robertson and 
Moench (1979) and Moench and Robertson (1980). They 
included Montgomery's Ortega Formation in their quartzite 
terrane that lies north of the Pecos greenstone belt. 

Grambling and Codding (1982) mapped details of the 
Precambrian rocks of the upper Pecos River-Rio Valdez-Rio 
Mora area in the northwest corner of the area of Figure 5. 
They used Montgomery's terminology, slightly revised, but 
cast doubt on some structural and stratigraphic interpreta
tions of Montgomery (1963) and Moench and Robertson 
(1980), concluding that the Ortega is younger than the 
Vadito. The Precambrian rocks from about Mora southeast 
to near Rociada (Fig. 5) were mapped as generalized litho
logic units without stratigraphic terminology by Budding 
and Cepeda (1979) who discussed their metamorphic petrol
ogy and their structure in the El Oro anticline, which they 
called the El Oro gneiss dome. 

The absolute ages of the Precambrian metamorphic rocks 
of the southern Sangre de Cristo Mountains are not well 
known because of the paucity of radiometric dates. 
According to Robertson and Moench (1979, p. 172), rocks 
included by them in the Pecos greenstone belt are probably 
1,700-1,800 m.y. old, and, therefore, Early Proterozoic. 
Rubidium-strontium dates of quartz-monzonite plutons in 
the western part of the mountains range from 1,673±41 m.y 
to about 1,400 m.y. (Long, 1974), with some pegmatites 
dated as young as about 1,300 m.y. The Embudo Granite of 
Montgomery in the Picuris Mountains is dated as 1,673±41 m.y 
(Fullager and Shiver, 1973) by rubidium-strontium. Register 
and Brookins (1979) concluded that the Embudo Granite on 

the western margin of the Santa Fe Range to the south has a 
rubidium-strontium age of 1,465±50 m.y. 

Precambrian rocks east of the Cenozoic Harvey thrust 
fault and Gascon fault (Fig. 5), from Hermit Peak to north of 
Mora, were mapped in detail and described mainly by J. M. 
O'Neill (Baltz and O'Neill, 1984, 1986). Because these rocks 
mainly are separated by Paleozoic rocks from the 
Precambrian outcrops along the western margin of the area, 
and because of poorly understood Precambrian structural 
and stratigraphic relations along and west of the Gascon and 
Harvey faults, an informal, local stratigraphic classification 
was used by Baltz and O'Neill. The lithologies, stratigraphy, 
possible regional correlations, and structure of the 
Precambrian rocks are discussed in considerable detail by 
O'Neill (1990). 

The quartzofeldspathic gneiss of El Oro Mountains (Baltz 
and O'Neill, 1984), the oldest rocks in the Hermit Peak-Mora 
area, are exposed in the core of the Precambrian El Oro anti
cline. These rocks are layered, but strongly sheared and 
deformed, units of orange-tan, brown, and gray quartz-feld
spar-mica gneiss, migmatitic gneiss, and thin to thick inter
layers of gray micaceous quartzite. 

The gneisses are overlain (in probable upright position) 
by the mica schist and amphibolite of Las Quebraditas (Baltz 
and O'Neill, 1984), which consist, generally, of upper, mid
dle, and lower quartz-muscovite schist units separated by 
two units of amphibolite and hornblende gneiss. The upper 
schist contains interlayers of fine-grained metasedimentary 
quartzite, and the upper amphibolite contains interlayers of 
semi-translucent, gray to purple, magnetite-bearing 
quartzite. The mica schist and amphibolite of Las 
Quebraditas thin northward, and are absent a short distance 
northwest of Mora. 

The stratigraphically uppermost unit, the quartzofelds
pathic gneiss of Rociada (Baltz and O'Neill, 1984), is com
plexly interlayered metasedimentary and metavolcanic 
rocks. The lower part, north and east of Upper Rociada, con
sists of micaceous quartzite and quartz-plagioclase gneiss, 
and local amphibolite, calcsilicate rock, and marble. The 
upper part, southward to the vicinity of Hermit Peak, and 
also east and southeast of Mora, is complexly interlayered 
pinkish-tan and orangish quartzofeldspathic gneiss, felsite, 
and amphibolite. 

From Rociada south to Rito Colorado and the lower parts 
of Beaver and Hollinger Creeks, the upper part of the quart
zofeldspathic gneiss of Rociada is intruded intricately by the 
metagneous rocks of Sapello River (Baltz and O'Neill, 1986). 
Gabbro is common as concordant and discordant bodies 
ranging from thin sills and narrow dikes to bodies as much 
as 2,500 ft (760 m) wide. At places, just north and south of 
Sapello River, ultramafic rocks occur as small plugs and as 
cores of large gabbro bodies. In the same area, the quart
zofeldspathic gneisses are intruded also by dikes, sills, and 
large bodies of tonalite. In places the tonalite grades into 
gabbro, but in other places appears to be younger than the 
gabbro. Both the gabbro and tonalite are mainly synkine
matic with respect to the major folding of the metamorphic 
rocks but parts are postkinematic. Gabbro also occurs as 
small dikes and sills in the older metamorphic rocks north of 
Sapello. 

From Rito Colorado south (Fig. 5), nonfoliated granite, 
thick granitic pegmatites, and migmatite of granite and 
quartzofeldspathic rocks of Rociada form much of Hermit 
Peak. These igneous rocks are postkinematic. Small bodies 
of similar granite are exposed intruding gabbro and quart
zofeldspathic gneiss of Rociada west of Cebolla Pass 1-2 mi 
(1.6-3.2 km) southwest of Mora. Other small exposures of 
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granite (the Embudo Granite of Montgomery, 1963) occur in 
the westernmost part of the area (Montgomery, 1963; 
Moench and Robertson, 1980) and the upper part of Gallinas 
Creek (Baltz, 1972). 

Pegmatite dikes (partly mapped by Baltz and O'Neill, 
1984, 1986) are common and locally abundant in much of the 
area. Postkinematic pink alaskite is probably related to the 
granites, although some synkinematic light-gray to light-tan 
pegmatites, particularly just east of Mora, probably are relat
ed to gabbros and, at some places, to tonalites. Very thick 
and lengthy alaskite pegmatites are commonly associated 
with the mica schist and amphibolite of Las Quebraditas, 
especially on the east flank of the El Oro anticline from Mora 
south almost to the San Miguel County line (Baltz and 
O'Neill, 1984). Thick, pink, alaskite pegmatites are common 
also in the quartzofeldspathic gneiss of El Oro Mountains. 

The stratigraphic relations of the rocks mapped by Baltz 
and O'Neill to those mapped by Montgomery (1963) are not 
well known. The mica schist and amphibolite of Las 
Quebraditas in the upper parts of Maestas and Sparks 
Creeks, are parts of the rocks mapped as the Vadito 
Formation by Montgomery. Probably, the southern terrane 
of the quartzofeldspathic gneiss of Rociada also is equiva
lent to rocks mapped in the Vadito by Montgomery (1963) 
and in the Pecos greenstone belt by Robertson and Moench 
(1979). 

North of Mora, at the east side of the Rincon Range 
(Plate 2) outside the area of Figure 5, quartzofeldspathic 
gneisses and thick, highly micaceous quartzites occur as 
northerly oriented east-verging Precambrian anticlines. 
Pegmatites, and some amphibolite, also are present there. 
We do not know the relationship of these rocks to those of 
areas at the south, except at the south end of the Rincon 
Range at Mora (Fig. 5). 

Practically nothing has been published about the 
Precambrian rocks south of the area of Figure 5, and we have 
only general observations of these rocks. In the western part 
of the area from Gallinas Creek south (Plate 1), interlayered 
amphibolite, quartzofeldspathic gneiss, felsite, and some 
quartzite are strongly deformed and commonly have been 
migmatized by mainly granitic pegmatites. Small granite 
stocks occur. In the eastern part of the mountains, from 
Montezuma north to Canon Bonito, similar migmatized 
rocks and granite gneisses are exposed on what is possibly a 
Precambrian dome. West and southwest of Aqua Zarca, sim
ilar amphibolite and gneiss are exposed, and include thick 
brown quartzite. These rocks are intruded by pink peg
matitic granite. At the small inlier on the Ojitos Frios anti
cline south of Ojitos Frios, brown quartzite is exposed. 

In a general way, the structure of Precambr.ian rocks 
eems to have influenced sub equent structural develop

ment of the southeastern part of the mountains. From about 
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Sapello River south the exposed Precambrian metamorphic 
rocks generally have been welded into strong, structural 
units by tight folding, migmatization, and the intrusion of 
plutons that are mainly granitic, but also are gabbros and 
tonalite. North of Sapello River the Precambrian metamor
phic rocks are in large, more open folds and, at least at the 
present depth of exposure, they contain only scattered, rela
tively small bodies of plutonic rocks. The Cenozoic structur
al relief increases generally northward, and the major 
Cenozoic structural trends change, more or less in the vicin
ity of the area of change in Precambrian structure. (See Plate 
1.) 

In Pennsylvanian and Early Permian time, the southern 
terrane of "welded" Precambrian rocks was the site of rela
tively shallow shelf deposition and intrabasinal uplifts and 
intervening local basins, whereas the northern terrane of 

more open Precambrian folds was the site of deeper basins 
and different fades of Pennsylvanian rocks. The large 
Cenozoic-uplifted block of migmatites and granite in the 
southwestern part of the area (Plate 1) was also a 
Pennsylvanian-Early Permian uplift as was the general area 
of the Cenozoic Creston anticline and La Sierrita dome in the 
southeastern part of the area. The area of coarse-grained 
granite of the eastern part of Hermit Peak was probably a 
Late Pennsylvanian-Early Permian uplift. The eastern parts 
of the Precambrian El Oro anticline and the northerly trend
ing folds of Precambrian gneiss and quartzite in the Rincon 
Range probably were the sites of a Middle and Late 
Pennsylvanian and Early Permian uplift as well as being a 
major Cenozoic-uplifted block. Evidence of these paleotec
tonic relations is presented in later sections of the report. 

Mississippian rocks 

Arroyo Penasco Group 

The term Arroyo Peiiasco Formation was applied by 
Armstrong (1955) to rocks in the Sangre de Cristo Mountains 
that had been called the lower limestone member of the 
Sandia Formation by Read et al. (1944) and Northrop et al. 
(1946). The name Arroyo Penasco was derived from the type 
locality in the Jemez Mountains region of northwestern New 
Mexico (Armstrong, 1955; Fitzsimmons, Armstrong, and 
Gordon, 1956). 

Baltz and Read (1960) subdivided Armstrong's (1955) 
Arroyo Peiiasco Formation of the Sangre de Cristo 
Mountains into two new formations, the Espiritu Santo 
Formation and the overlying Tererro Formation. Sutherland 
(1963) recognized the Espiritu Santo and Tererro Formations 
in the western part of the mountains, but he separated the 
basal sandstone from the Espiritu Santo and named it the 
Del Padre Sandstone. 

Armstrong and Mamet (1974) accepted the Espiritu Santo 
and Tererro Formations, raised the term Arroyo Penasco to 
group status to include both formations, and redefined the 
Del Padre Sandstone of Sutherland (1963) as the Del Padre 
Sandstone Member of the Espiritu Santo Formation. The 
overlying carbonate rocks of the Espiritu Santo are not 
named. This revised terminology now is applied to the 
Mississippian rocks of the southeastern Sangre de Cristo 
Mountains (Baltz and Myers, 1984). A graphic summary of 
the nomenclature changes is shown in Figure 2 of the pre
sent report. 

Outcrops of the undivided Arroyo Peiiasco Group in the 
southeastern part of the mountains are shown on Plate 1. 
Localities of measurement, thicknesses, and the lines of cor
related sections of the Espiritu Santo and Tererro Formations 
are shown in Figure 6. The graphic sections are shown in 
Figures 7 and 8, and an explanation of lithologic symbols 
used in the sections is shown in Figure 9. Several sections are 
described at the end of the report. 

The Espiritu Santo and Tererro Formations both are rec
ognizable in cuttings from wells in the Las Vegas Basin east 
and northeast of Las Vegas (Fig. 18), and the Arroyo Penasco 
Group, probably including both formations, is present at the 
Amoco Production Co. no. 1 Salman Ranch "A" and "B" 
wells (Plate 3) east and northeast of Mora. The Arroyo 
Penasco probably is present farther north at the Continental 
no. 1 Mares-Duran well (sec. 14 T23N R17E). In the north
western part of the Las Vegas Basin the Arroyo Penasco 
Group is present at the True Oil Company no. 34 Arguello 
well (sec. 24 T23N Rl 7E), but the group probably is absent at 

the True Oil Company no. 21-25 Medina well (sec. 25 T24N 
R16E). (See Fig. 72, page 150, for location of wells.) 

Espiritu Santo Formation 

Definition 
The name Espiritu Santo Formation was applied by Baltz 

and Read (1960, p. 1752) to the sandstone, sandy limestone, 
calcarenite, and dolomitic limestone that overlie 
Precambrian rocks near the confluence of Holy Ghost Creek 
(formerly called Espiritu Santo Creek) and Pecos River at 
Tererro Post Office in the west-central part of the Sangre de 
Cristo Mountains north of Pecos. At its type locality the 
Espiritu Santo is about 30 ft (9 m) thick and is overlain 
unconformably by limestone breccia assigned to the Macho 
Member of the Tererro Formation. 

At the type locality the basal part of the Espiritu Santo 
Formation, the Del Padre Sandstone Member, is fine- to 
coarse-grained sandstone about 11 ft (3.4 m) thick. The Del 
Padre Member is overlain by medium- to dark-gray lime
stone and ferruginous, dolomitic limestone that contain 
minor amounts of sandstone and sandy limestone. The car
bonate beds contain some thin layers of black chert and scat
tered nodules of concentrically banded chert. The highest 
part of the formation at the type locality is a calcarenite that 
contains limestone pebbles and cobbles, quartz sand, and 
chert fragments. Parts of all the carbonate rocks are conspic
uously recrystallized. The entire carbonate part of the 
Espiritu Santo Formation is about 19 ft (5.8 m) thick at the 
type locality. The Espiritu Santo Formation in the southeast
ern part of the mountains is lithologically similar to, but gen
erally slightly thinner than, the formation along the Pecos 
River. 

Distribution and thickness 
In the southeastern part of the Sangre de Cristo 

Mountains, the Espiritu Santo Formation is distributed 
widely, but is absent locally because of (1) erosion prior to or 
during deposition of the Tererro Formation; (2) erosion of 
the entire Arroyo Peiiasco Group in Late Mississippian and 
Early Pennsylvanian time; and (3) erosion of the Arroyo 
Penasco and Pennsylvanian rocks in Late Pennsylvanian 
and Early Permian time (Fig. 6). 

In the southern part of the area, near the eastern front of 
the mountains about 1.6 mi (2.6 km) northeast of Tecolote 
Peak (Plate 1), Pennsylvanian rocks overlap the entire 
Arroyo Penasco to lie on Precambrian rocks. On the Ojitos 
Frias anticline south of Ojitos Frios, the Espiritu Santo is 
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FIGURE 9-Explanation of lithologic symbols used in graphic sections of Mississippian, Pennsylvanian, and Permian rocks. 

ab ent and the Tererro Formation lies unconformably on the 
Precambrian. West of Tres Hermano Creek, along the ea t 
side of the Bernal fault, the Espiritu Santo i ab ent, or is so 
thin as not to be recognized, and the Tererro probably lies on 
the Precambrian where this part of the section was observed. 
(See Fig. 20, lacs. 1, A, and 2, later in the report.) To the north, 
at outcrops east of El Barro fault, the entire Arroyo Penasco 
Group is absent at San Pablo Creek and Penn ylvanian rocks 
lie on the Precambrian. At Santillanes Creek (Joe. 1, Fig. 7) 
the Espiritu Santo is absent, and the Tererro lies uncon
formably on the Precambrian. 

We have no data on the distribution of Mississippian 
rocks in most of the southwestern part of the area southwest 
of El Barro Peaks between Sebadilla Creek and Tres 
Hermanos Creek. The contact of Precambrian and Paleozoic 
rocks in this area, as shown on Plate 1, was adapted mainly 
from mapping by Read et al. (1944) who showed the Lower 
and Middle Pe1msylvanian Sandia Formation (undivided) 
overlying the Precambrian. Inasmuch as those workers clas
sified Mississippian rocks as the lower member of the 
Sandia, rocks of Mississippian age may be present at places. 

On a peak about 2 mi (3.2 km) northwe t of Bernal, the 
Tererro Formation is present, although poorly exposed (lac. 
1, Fig. 20), but the Espiritu Santo seems to be absent. West of 
Barillas Peak outside the area of this report, along the U.S. 
Forest Service road about 2 mi (3.2 km) east of Apache 
Canyon ( E¼ sec. 1 T15N R13E, USGS Lower Colonias 
quadrangle), both the Espiritu Santo and the Tererro are pre
sent, but their thickne es were not determined. (USGS 
topographic quadrangles mentioned in thi report are locat
ed on an index map on Plate 1.) 

In the northwest part of the area, on upper Sapello River, 
Johns Creek, and Daily Creek, Mississippian rocks are 
slightly metamorphosed in fault slices and poorly exposed. 
The Espiritu Santo is mainly absent and the Tererro 
Formation lies on Precambrian rocks. In the northwe tern 
corner of the area, north of the Mora County line and west 
of the Gascon fault, rocks equivalent to the Sandia 
Formation are reported by Sutherland (1963, plate 1) to lap 
northward across the Tererro and carbonate rocks of the 
Espiritu Santo and rest on the Del Padre Sandstone Member. 
Moench and Robertson (1980) show the wedgeout of the 



Mississippian occurring farther south, and their contacts are 
hown on Plate 1 of this r port. We have not observed these 

r ock and have no additional data. Sutherland (1 963, p. 
39-40) sugge ted that, in the northwestern part of the area 
underlain by the Early Pr terozoic Ortega Quartzite (Fig. 5), 
Mi i ippian rocks may never have been deposited. 

In mo t of the eastern part of the mountains, from Agua 
Zarca north, the Espiri tu Santo Formation is present at ou t
crops and range from about 1 0  ft (3 m) thick at Montezuma 
(Joe. 1 2, Fig. 8) to about 33 ft ( 10  m) thick about 2.7 mi (4.3 
km) southwest of Mor a (Ar mstrong, 1 967, fig. 32) .  
T hroughout this area, the Del Padre Sand tone Member i s  
present generally, but commonly i t  is only 2- 3 f t  (0 .6-1 m )  
thick; at a few places it laps o u t  against small knobs o f  
Precambr ian rocks. Sou thwest o f  Mora, the Del Padre i s  
1 0- 1 5  ft (3-4.5 m )  thick and forms a well-defined ledge 
beneath the poorly exposed carbonate part that is only 
10-15  ft (3-4.5 m) thick. 

At the ea tern front of the moun tains north of Gallinas 
Cr ek both formations of the Arr oyo Penasco Group were 
removed by La te Mississippian and Early Pennsylvanian 
erosion i n  two areas where the Lower and Middle 
Penn yl vanian Sandia Forma tion laps ea twa rd onto 
Precambrian rocks (Pla te 1 ) . One of the e a reas, north of 
Montezuma, extends from about the mouth of Canon del 
Agua to nor th of Canon Bonito (Ba l tz, 1 972) .  The other a rea
is known from two small outcrops (just north of Joe. 5, Fig. 
7) south of Rito Cebolla (Ba l tz and O' eill, 1 986) .

Li thology 
Bal tz and Read (1 960, p. 1 756) recognized four informal 

lithologic uni ts wi thin the Espiritu San to Fo rma tion.  Their 
basa l ands tone is now the Del Pad re Sandstone Memb r. 
The overlying carbonate part includes, in ascending order: 
(1 ) sandy lime tone and dolomitic limestone that commonly 
con ta in concentrically banded chert nodules; (2) limestone 
tha t con tain len es of horizontally banded chert; and (3) 
upper si l ty, sandy limestone. All these units are known to be 

present toge ther only in the region northwest of the area of 
this report wher the Espiritu Santo is rela tively thick. They 
a re shown in Figure 1 0  where probable correla tion are 
shown by dash d line . 

l n  the sou th ea stern part of the moun tains, the Del Pad re
Sandstone Member (Fig. 1 1 )  i buff, grayish-oli ve, and ta n, 
fine- to ve ry coarse gra ined sa ndstone that con ta ins granules 
a nd ,  co mmonly, sma ll  pebbles. The sa ndstone i s  well 
cemen ted by silica a nd calci te and at places is an ortho

quartzite .  Bedding is pa ra llel to gently inclined a nd loca lly
slightly undula tory; beds are pa ra llel laminated, inclined 
lamina ted, and cross lamina ted. Beds are 6-1 2 inches (1 5-30 
cm) thick.  The sand is dominantly quartz, but at some places 
a minor amount of feldspar is present, as are flakes of mica 
and fragmen ts of amphibolite, and other metamorphic
rocks. 

A common characteristic of the sa nd is its sorting into 
three distinct gra in -size grou ps . The ma trix i well  sorted,
fine to medium, subangular to subrounded and . Scattered 
through the ma trix are lenses and individual grains of coarse 
to granule-size, subrounded to well- rounded quartz; at 
some places as mucl1 as 25 p rcent of the sandstone is com
posed of these larger grain sizes. Pebbles ranging up to 1 
inch (2 .5 cm) diameter occur in lenses or scattered through 
the rock. Pebbles as large as 2.5 inches (6 cm) diameter occur 
at places, mainly in the northern part of the area (for exam

ple, Joe. 5, Fig. 7 where they are locally derived). Many of 
the e pebble are subrounded quartzite, but the larger peb
bles in the northern part of the area commo nly are angular 
to su bangular white vein quartz. 

Usually, the sediments of the Del Padre do not directly 
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FIGURE 1 0-Stratigraphic sections of the Tererro and Espiritu Santo 
Formations in the western and central parts of the Sangre de Cri to 
Mountains northwest of area (Plate 1 )  of this report. Locality 1 3  is 
described near the end of thi r port. Modified lightly from Baltz 
and Read (1 960, p. 1 769). Location of Taos and Tr s Ritos are shown 
on Plate 2. Lithologic symbol explained in Figure 9. 

reflect the l ithology of the immed iately underlying 
Precambria n rocks, except for locally pre ent minor con
stituents. Proba bly the ed iments were derived partly from 
the Early Proterozoic Ortega Quartzite in the northwestern 
part of the area (Fig. 5), from hills of Precambrian quartzites 
in the Rincon Range farther north and northwest (Baltz, 
1 969, fig. 3), and from other local sources. Some of the angu
lar vein-quartz pebbles might have been derived from lag 
deposits on the pre-Mississippian surface. 

The Del Padre Sandstone Member is mainly the littoral 
deposit of a shallow, transgressing sea . Sutherland (1 963, 
plate 8C) reported irregularly bedd ed bouldery conglomer
ate in the Del Padre lying on the Ortega Quartzite in of the 
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FIGURE 11-Del Padre Sandstone Member of Espiritu Santo 
Formation lying on Precambrian gneiss (p~g) and overlain by 
recrystallized dolomitic limestone of the Espiritu Santo. Roadcut, 
New Mexico Highway 65, north side of Gallinas Creek canyon at 
locality 10 northeast of Trout Springs. Sandstone is fine-grained to 
very coarse-grained, contains granules and small pebbles, and is 
about 3 ft thick. 

northwestern part of the area (Fig. 5). These conglomerates 
might be a partly nonmarine proximal facies on the margin 
of the residual quartzite highlands that were uplifted slight
ly during deposition of the Del Padre. 

The carbonate part of the Espiritu Santo conformably 
overlies the Del Padre and correlates with the carbonate 
rocks at the type locality and elsewhere in the Pecos River 
area. Most of the carbonates in the area of this report are the 
sandy dolomitic limestone unit of Baltz and Read (1960, 
p. 1756). They (Figs. 7, 8) correlate with unit 1 (Fig. 10) of the 
carbonates of the Taos-Tres Ritos areas farther north. The 
rocks of unit 1 in the area of this report are gray to dark-gray, 
fine- to coarse-grained, dense limestone and dolomitic lime
stone (Fig. 12). Some of the rocks are ferruginous, containing 
tiny pyrite crystals and limonite pseudomorphs after pyrite; 
some of the carbonate is sideritic, and insoluble residues 
from some beds contain carbonaceous material. At places 
the lower beds contain thin lenses of calcareous quartz sand
stone identical to that in the underlying Del Padre. Scattered 
quartz sand and granules occur also in the lower beds. 
However, at many places, the upper beds or all of the unit 
contain little or no sand or sandstone. Bedding generally is 
parallel to subparallel; beds average about 5 inches (13 cm) 
thick, and some beds are finely laminated. Bedding is com
monly undulatory and some sandy beds are ripple marked. 

At some places the carbonate rocks of unit 1 contain thin 
irregular bands, several inches long, of black chert. At many 
places distinctive smooth, slightly prolate, chert nodules 
occur within the carbonate beds. These nodules are internal
ly concentrically banded; the bands alternate light and dark 
gray. The nodules range in size from about 0.25 inch (0.6 cm) 
to 6 inches (15 cm) in longest dimension. 

Parts, or in places all, of the carbonate rocks are conspic
uously recrystallized. Generally, the recrystallization has not 
obliterated the primary sedimentary structures, and some of 
the rocks fracture along curved cleavage surfaces as much as 
5 inches (13 cm) across that cut across relict lamination. 
Some beds, that originally were elastic limestone, are now 
very coarse grained to sugary textured, although crossbed
ding still can be seen. In some beds the recrystallization has 
disrupted original sedimentary structures, and small parts 
of the rocks are masses of large crystals and locally contain 
radiating masses of white calcite. Although the recrystalliza
tion is common and characteristic, it has not occurred in all 
the beds at all localities. 

At localities 2, 3, 9, and 12 (Figs. 7, 8), the highest part of 
the carbonates consists of thin beds of slightly recrystallized 
sandy limestone and calcarenite that lie with slight erosion
al unconformity on the carbonates of unit 1; at some places 
these upper beds contain limestone pebbles and angular, 
detrital-chert fragments. The stratigraphic position of these 
remnants and their unconformable relation to underlying 
rocks suggest a correlation with unit 2 (Fig. 10) of areas far
ther north and with similar thin remnants in similar strati
graphic position in the Pecos River area. 

The lithology of the carbonate part of the Espiritu Santo 
of the area of this report indicates deposition in relatively 
shallow water that almost surely was marine, as is indicated 
also by rare small crinoid columnals and a few broken pro
ductoid brachiopods. However, the paucity of megafossils 
suggests that the water was highly saline, as do pseudo
morphs of gypsum grains (Armstrong, 1967; Ulmer and 
Laury, 1984). At places thin, wavy laminations and undula
tory bedding suggest thin algal-mat structure, and some 
insoluble residues contain large amounts of carbonaceous 
material. Armstrong (1967) liberally interpreted similar fea
tures in the stratigraphic position of the Espiritu Santo as 
stromatolitic throughout a wide region of northern New 
Mexico. The erosional unconformity and the limestone-peb
ble conglomerates in the upper part (unit 2) indicate shoal
ing of the sea, or perhaps a period of subaerial exposure and 
slight erosion followed by resumed marine deposition. 

Contact with overlying rocks 
The contact of the Espiritu Santo Formation and the 

Tererro Formation is unconformable throughout the area of 
this report. At many places (Figs. 7, 8) the carbonates of the 
Espiritu Santo are overlain by limestone breccia, assigned to 
the basal part of the Tererro (Fig. 13), that was produced 
mainly by subaerial solution and karsting of the upper part 
of the Espiritu Santo, as will be discussed more completely 
later in this report. 

The breccia is absent from many places where the 
Espiritu Santo is overlain unconformably by well-bedded 
limestone-pebble and cobble-conglomerate and calcarenite 
of higher parts of the Tererro. Exposures of this erosional 
unconformity can be seen in road cuts on New Mexico 
Highway 65 along Gallinas Creek between localities 3 and 
10 and at other places. Just west of Montezuma (loc. 12) the 
breccia is absent but, several hundred feet west, it intervenes 
between the Espiritu Santo and the overlying part of the 
Tererro. 

In the northern part of the area south and north of Mora 
River the breccia generally is absent and the Espiritu Santo 
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FIGURE 12-Carbonate rocks of upper part of Espiritu Santo Formation lying on Del Padre Sandstone Member of Espiritu Santo Formation. 
Precambrian gneiss (~g) crops out at base. Roadcut at locality 10. Limestones are ferruginous, dolomitic, conspicuously recrystallized, and 
exhibit some curved cleavage faces several inches across; ellipsoidal, concentrically banded chert nodules (en) are in ledge near middle of 
unit. Upper carbonate bed lies on notch-forming calcareous shale (sh) above a slightly channeled disconformity. Upper bed is overlain by 
poorly exposed, brush-covered breccia of Macho Member of Tererro Formation. Total thickness of the carbonate rocks of the Espiritu Santo 
is about 12 ft (3.7 m). Thickness of Del Padre is 2.5 ft (0.75 m). 

is overlain unconformably (locs. 6, 7) by higher units of the 
Tererro Formation. In the northwestern part of the area some 
outcrops show the Espiritu Santo and the breccia both miss
ing and the higher part of the Tererro lying on the 
Precambrian. In the southern part of the area south of Ojitos 
Frios (Plate 1) and near Santillanes Creek (loc. 1), good expo
sures show that the breccia and the Espiritu Santo both are 
absent and the fossiliferous higher part of the] Tererro lies 
directly on Precambrian rocks. 

Age 
The Espiritu Santo Formation was assigned a 

Devonian(?) age by Baltz and Read (1960, p. 1758-1759). No 
identifiable megafossils were found in the Espiritu Santo by 
these writers, nor have any been reported since. Baltz and 
Read based their assignment on the stratigraphic position of 
the Espiritu Santo unconformably beneath the Tererro, 
which contains Mississippian megafossils, and on a general 
lithologic similarity to rocks of known Late Devonian age in 
Colorado. Sutherland (1963, p. 25, 27) also concluded that 
the Espiritu Santo in the western part of the mountains is 
unconformable with the Tererro Formation, but he believed 

that the lithologic correlation of the Espiritu Santo with 
Devonian rocks of Colorado was tenuous and inadvisable, 
and concluded that the Del Padre and the carbonate rocks of 
the Espiritu Santo could be any age from late Precambrian to 
Early Mississippian. 

Armstrong, in a series of reports (Armstrong, 1955; 
Armstrong and Holcomb, 1967; Armstrong, 1967; 
Armstrong and Mamet, 1974), argued that there was no 
unconformity present within the pre-Pennsylvanian rocks of 
the Sangre de Cristo Mountains. He expressed changing and 
evolving opinions of the age of these rocks, based on studies 
of microfossils. Originally, Armstrong (1955) classified all 
the Arroyo Pefiasco (including the Espiritu Santo) as Late 
Mississippian (Meramecian). Later, Armstrong (1967, p . 22) 
reported a sparse microfaunule of Early Mississippian 
(Osagean) age in chert nodules in Baltz and Read's (1960) 
Espiritu Santo in the Sangre de Cristo Mountains at Tererro, 
Agua Zarca, Rio Pueblo, and Ponce de Leon Springs. He 
noted that the foraminifera are rare and poorly preserved, 
and queried the identifications at several localities. In later 
more comprehensive regional studies of the microfossils 
(Armstrong and Mamet, 1979, p . 205; Armstrong et al., 1979, 
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FIGURE 13----Recrystallized carbonate rocks of upper member of Espiritu Santo Formation (Mes) ov rlain by thin breccia of Macho Member 
of Tererro Formation (Mtm). Roadcut at locality 10. Dark-gray bed at lower right is about 3 ft (0.9 m) thick and i ame a top bed of Espiritu 
Santo in Figure 12. Breccia of Macho M mber lie on a thin, notch-forming hale ( h), apparently the relict base of the overlying unit from 
which part of the br ccia wa derived. Slightly collap ed bedded limestone of basal part of Manuelitas Member ( hns) of Tererro Ii on 
eroded surface of Macho Member. At right side of view, basal part of Manuelitas contains 1-3-inch (2.5--7.6-cm) limestone pebble and cher
tified small crinoid columnals and Lies in a channel cut in Macho Member. 

fig. 2) the Espiritu Santo is indicated as being Osagean 
(Toumai ian) and a being w1conformabl with the Tererro 
Formation. 

The pre ent writer do not have any fo il data, and we 
a ign the Espiritu Santo in the outheastern part of the 
mountains to the Early Mi is ippian (0 agean) on the ba is 
of the microfo sil zonation of Arm trong and Mamet (1979). 

Tererro Formation 

Definition 

The name Ter rro Formation was appli d by Baltz and 
Read (1960, p. 1759) to lime tone breccia, cry talline lime
stone, cakarenite, and cakareou iltstone that uncon
formably overlie the E piritu Santo Formation on Pecos 
River ju t we t of Tererro Po t Office in the we t-central part 
of the Sangre de Cri to Mountain . (The correct Spani h 
spelling is Terrero, but the post-office name was used 
because the town no longer exists.) At the type locality the 
'Ti r rro is about 117 ft (36 m) thick and is overlain uncon
formably by the Sandia Formation of Early and Middle 
P nnsylvanian ag . Three members of the 'Ti r rro wer 
named by Baltz and R ad. At th type locality th se are as 

follow , in a cending order: Macho Member, consisting of 
massive, Jedge-form.ing limestone breccia about 30 ft (9 m) 
thick; Manuelitas Member, con i ting of calcarenite, lime
stone-pebble conglomerate and crystalline limestone, about 
37 ft (11 m) thick; and Cowles Member, consisting of silty to 
andy calcarenite and overlying calcareous siltstone and 

interbedded silty limestone, about 50 ft (15 m) thick. The 
three members ar separat d by erosional unconformitie . 

The Tererro Formation in the southeastern part of the 
mountains is bthologically imilar to the type locality and all 
thr e member are pre ent at places, but the formation is 
generally a little thinner than in the Pecos River area. 
Armstrong and Mamet (1974, 1979) described an additional 
member of the Tererro Formation, the Turquillo Member, 
named for a locality in the Rincon Range north of Mora. This 
member, in the Rincon Range, lies on the Macho Member 
and beneath the Manuelitas Member and is described 
(Armstrong and Mamet, 1979, p. 203-204) a being a thick
bedded mudstone-wackestone rich in foraminifer . In the 
area of th pres nt r port the Turquillo Member wa aid to 
b 2.5 m thick at Agua Zarca, 3 m thick at Gallina Canyon, 
and 4.5 m thick at Mora River. We were not able to identify 
the Turquillo Member with a surance a a lithologic unit in 



the present area, and we do not use the term. Apparently, 
rocks biostratigraphicalJy equivalent to the Turquillo are 
present at places in the lithologically complex sequence that 
we include in the Manuelitas Member. 

Distribution and thickness 

The Tererro Formation is widely distributed in the south
eastern part of the mountains, but it is absent at places near 
the eastern front of the mountains and at two localities east 
of El Barro fault because of Late Mississippian-Early 
Pennsylvanian and Late Pennsylvanian-Early Permian ero
sion (Fig. 6). The Tererro is absent from the northwest part of 
the area west of the Gascon fault either because of 
pre-Pennsylvanian erosion, or because it was never deposit
ed there on the quartzite terrane of the Ortega Quartzite 
(Fig. 5). 

In measured sections, the thickness of the Tererro ranges 
from about 3 ft (1 m) near Montezuma (loc. 12, Fig. 8) to 
about 90 ft (27 m) east of Rociada (Joe. 4, Fig. 7). The thick
ness varies considerably within these limits because of vari
ations in thickness of the individual members; however, the 
formation thickens slightly northward and westward. At 
wells in the Las Vegas Basin (Fig. 18) the Tererro is 50-70 ft 
(15-21 m) thick. 

Macho Member 

The Macho Member is a breccia composed mostly of peb
ble-size to large-boulder-size (2-4 ft; 0.6-1.2 m) angular to 
slightly rounded limestone blocks that are randomly orient
ed in a matrix of silt- and sand-size limestone fragments and 
fine-granular calcite. The breccia clasts are mostly medi
um-gray, fine- to coarse-grained limestone, and silty or 
sandy limestone. Sand- to pebble-size, angular, detrital-chert 
fragments are common in the matrix; less commonly, cob
ble-size angular chert clasts are part of the breccia. At a few 
places (for example, locs. 10 and 3 and just south of Joe. 2) 
the lower part of the breccia contains a few clasts of concen
tricalJy banded chert nodules and recrystallized limestone 
similar to unit 1 of the Espiritu Santo Formation. However, 
at most places the part of the Espiritu Santo that remains 
beneath the Macho Member is highly resistant to solution 
and has not formed part of the breccia. Many of the breccia 
clasts are similar to limestone of units 2 and 3 of the Espiritu 
Santo that are present in areas farther north (Fig. 10). In par
ticular, banded light- and dark-gray and banded tan- and 
cream-colored chert, similar to chert lenses in unit 2 farther 
north, occurs at places in the Macho as clasts and interlay
ered in limestone clasts (Fig. 14). At places the upper part of 
the breccia includes a few well-rounded pebbles and cobbles 
of limestone that probably are, genetically, parts of the over
lying Manuelitas Member. These limestone gravels appear 
to have collapsed slightly into spongy areas of breccia and 
mingled partly with the Macho Member breccia. 

The Macho Member is overlain with erosional unconfor
mity by the Manuelitas Member. Evidence of the uncon
formable surface is well displayed at many places where 
lenticular basal beds of the Manuelitas thicken and thin 
across the irregular top of the breccia. At places these basal 
beds of the Manuelitas also collapsed slightly into the brec
cia and are beveled and overlain with slight angular uncon
formity by stratigraphically higher beds of the Manuelitas. 
Such complex relationships are displayed in road cuts at 
locality 10 (Fig. 15). Additional evidence of the unconformi
ty is that, at places, the breccia thins and is cut out in a few 
hundred feet (for example, between locs. 3 and 10 and west 
of Joe. 12) and the Manuelitas Member rests unconformably 
on an irregular surface on the Espiritu Santo Formation. 

In the southern part of the area the Macho Member is 
generally no more than 10-15 ft (3-4.5 m) thick. South of 
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Ojitos Frios and near the Bernal and El Barro faults, where 
the Espiritu Santo is generally absent, the Macho also is 
absent, and the Manuelitas Member lies on Precambrian 
rocks. The Macho is thickest in the west central part of the 
area, being about 30 ft (9 m) thick at locality 8, and some
what thicker to the northwest at places between Gallinas 
Creek and lower Hollinger Creek. To the north, at places in 
the vicinity of Mora River (locs. 6-7) the Macho is absent. In 
the northwest in the upper Sapello River-Maestas Creek 
area the Macho mainly is absent as is the Espiritu Santo 
Formation. 

Manuelitas Member 

The Manuelitas Member is composed of varied propor
tions of limestone-pebble and cobble conglomerate, cal
carenite, sandy and silty limestone, marly shale, some oolite, 
and fine-grained crystalline limestone. The calcarenite is cal
cite sand whose grains have been transported far enough to 
become rounded, whereas in thin sections the oolite grains 
show evidence of accretionary banding. The elastic rocks 
weather buff or light yellowish gray, and the crystalline 
limestones weather medium to light gray. Where it is litho
logically complex, the member weathers to series of small 
upward-retreating ledges, but where it is more homoge
neous (locs. 1, 7, Fig. 7), it forms more massive ledges. 

As much as 50 percent of the calcarenite and oolitic-lime
stone beds of the Manuelitas is quartz silt and coarse to 
granule-size, subangular to rounded, quartz sand. Pebbles 
of quartzite and vein quartz are present at places. In the 
southwestern part of the area, at Santillanes Creek where the 
Manuelitas rests on Precambrian rocks (Ioc. 1, Fig. 7), the 
lower part of the member is a highly calcareous, 
coarse-grained quartz sandstone containing fragments of 
crinoids and brachiopods and quartz pebbles. The overlying 
rocks of the member at Santillanes Creek also contain a large 
proportion of quartz sand in calcarenite beds and as 
interbeds of calcareous sandstone. 

Gray to pink masses of opalescent chert are common as 
replacement features in the Manuelitas Member and are one 
of its distinguishing features. Commonly, the chert is oolitic 
to pisolitic; the oolites occur singly, as joined clusters, and as 
outer boundaries of larger masses of chert. Some of the chert 
is internally concentrically banded, but some is internally 
structureless, megascopically. Oolitic chert is common in cal
carenite beds where it has replaced tiny fragments of crinoid 
columnals, calcareous oolites, and calcite sand grains. 
Oolitic chert is found sparingly also in the crystalline lime
stones. 

Brown-weathering chert commonly occurs in irregular 
stringers and along fractures. On the Ojitos Frios anticline 
south of Ojitos Frios, blue and brown chert occurs as patch
es that replace highly fossiliferous brachiopod-bearing parts 
of limestone beds. Angular detrital chert, derived from the 
erosion of underlying rocks, is scattered through the lower 
part of the Manuelitas Member at places. 

The Manuelitas Member is well bedded, although some 
of the beds are lenticular, and some persist only for a few 
tens of feet before they wedge out or are cut out by 
intramember erosional unconformities. At places these 
unconformities are slightly angular because of slight col
lapse of early-deposited beds of the Manuelitas Member into 
the underlying breccia of the Macho Member, as previously 
discussed. 

At many places, distinct shallow sinkholes occur in the 
breccia of the Macho Member (Fig. 15); at these places repet
itive sequences of several lithologic types occur in the 
Manuelitas. This can be seen at many places but is exempli
fied best east of Rociada at locality 4 (Fig. 7), which is the 
type locality of the Manuelitas Member (Baltz and Read, 
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FIGURE 14---Lirnestone breccia of the Macho Member of the Tererro 
Formation. Roadcut at locality 10. Knife is 4 inches (10 cm) long. 
Clasts beneath knife are parallel-banded chert. Light-colored clasts 
in lower part of photograph are coarsely recrystallized limestone. 

1960, p. 1762). A description of locality 4 is given at the end 
of this report (p. 190). In the sinkhole at locality 4 the 
Manuelitas is 45-50 ft (14-15 m) thick, but nearby, outside 
the sinkhole, the member is only about half as thick. Angular 
unconformities between sets of beds near the edges of the 
sinkhole indicate a greater amount of sediment accumula
tion in the sink probably because of episodic collapse at the 
base of the Manuelitas and consequent lowering of the local 
base level of deposition. Some of the beds at locality 4 prob
ably are equivalent to intramember disconformities and ero
sional unconformities in areas outside the sinkhole. 

The predominantly elastic lithology, the crossbedding 
and lenticularity of beds, and the marine fossils of the 
Manuelitas Member indicate deposition on a flat, shal
low-marine shelf that was subjected to relatively strong tidal 
and wind-driven currents. The Manuelitas sea advanced 
onto an irregular karst terrane of the Macho Member, and 
wave and current action locally scoured and removed parts 
or all of the breccia. Some of the upper part of the breccia 
was reworked into limestone pebbles and cobbles and was 
deposited in depressions, and perhaps in former solution 
cavities. The breccia may have been mainly uncemented 
blocks because it is penetrated intricately to depths of 10 ft 
(3 m) or more by irregular stringers of marly shale and cal
carenite of the Manuelitas. Some of these stringers contain 
crinoid columnals and unbroken brachiopod shells. 

Low-lying Precambrian terranes, such as at locality 1 in 
the southwestern part of the area, and probably the Early 
Proterozoic Ortega Quartzite in the northwestern part of the 
area (Fig. 5), contributed quartz silt, sand, granules, and at 
places, pebbles which were widely distributed through the 
shallow sea. Fossiliferous lime muds accumulated in areas 
protected from strong current action to produce the thin 
fine-grained limestones. Part of the calcite sand of the cal
carenite beds was produced from reworking the Macho 
Member, but part was biogenic as manifested by the com
mon presence of rocks formed of small, abraded crinoid 
columnals. 

At measured sections, the Manuelitas Member ranges in 
thickness from about 3 ft (1 m) near Montezuma (Joe. 12) to 
about 50 ft (15 m) east of Rociada (Joe. 4). No systematic vari
ation has been detected; the differences in thickness appar
ently are due mainly to local conditions of deposition and 
partly to the unconformable contact with the overlying 
Cowles Member. 

Cowles Member 

The Cowles Member, the uppermost unit of the Tererro 
Formation, lies unconformably on the Manuelitas Member 
and is overlain unconformably by the Lower and Middle 
Pennsylvanian Sandia Formation. In the southeastern part 
of the mow1tains, the Cowles is absent from places because 
of Late Mississippian and Early Pennsylvanian erosion (locs. 
2, 5, 12, and elsewhere near the eastern front of the moun
tains). At measured sections the thickness ranges from about 
6 ft (1.8 m) at locality 10 to 38-40 ft (11-12 m) at localities 4 
and 7. 

Where fully preserved, the Cowles consists of two litho
logic units: a basal, silty to sandy calcarenite; and an upper 
siltstone unit that commonly contains interbeds of calcaren
ite, thin crystalline limestone, and, at a few places, marly 
shale. The lower unit is medium gray on fresh surfaces, but 
weathers yellowish gray to bght brown. The upper unit 
commonly weathers olive green; it weathers olive gray 
where limestone is not present. The lower calcarenite unit 
weathers to form a strong ledge; the upper siltstone unit 
weathers to an upward-retreating slope with small ledges 
formed of interbedded thin limestones. 

The lower unit is fine-grained, well-sorted calcarenite 
that consists partly of abraded fossil fragments. This rock 
contains a large proportion of quartz silt and fine quartz 
sand; insoluble residues are as much as 50 percent quartz. 
Mainly, the quartz is distributed throughout the calcarenite, 
but in places distinct layers of thin calcareous siltstone and 
fine-grained sandstone are interbedded with the calcarenite. 
The unit is conspicuously and characteristically crossbedded 
and cross-laminated; beds generally are 2-3 ft (0.6-1 m) 
thick. Chert is uncommon except as replacement bodies near 
the upper contact at places where the lower unit is overlain 
by the Sandia Formation. However, the rocks are generally 
siliceous and hard. Silica along bedding and laminations 
commonly stands in relief on weathered surfaces (Fig. 16). 

The upper unit of the Cowles that is preserved at a few 
localities in the southeastern part of the mountains, varies 
from noncalcareous, shaly siltstone and thin-bedded, very 
fine grained sandstone at locality 4 east of Rociada, to silt
stone and interbedded thin, irregular lenses of calcarenite at 
locality 3 north of Gallinas Creek. 

At many places the contact of the Cowles and Manuelitas 
Members is irregular and apparently eroded. At a few places 
limestone-pebble conglomerate containing angular chert 
fragments is at the base of the Cowles. The surface of uncon
formity cuts across slightly tilted and collapsed beds of the 
Manuelitas, and the Cowles is not involved in the collapse. 
At a few places minor solution occuned along joints and 
fractures in the uppermost part of the Manuelitas, and the 
openings were filled with sediment of the Cowles. 
Armstrong (1967, fig. 15, p. 21) reported that, at Manuelitas 
Creek east of Rociada (Joe. 4, Fig. 7), sinkholes were formed 
after deposition of the Cowles and prior to deposition of the 
Sandia Formation, but our observations of this locality indi
cate that the Cowles extends unbroken (except for recent 
slight slippage along joints) across the collapsed portion of 
the underlying Manuelitas Member. 

The Cowles Member was deposited in a shallow 
marine-shelf environment under apparently relatively uni
form conditions throughout much of the Sangre de Cristo 
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FIGURE JS-Contact of Macho and Manuelitas Member ofTer rro Formation. Roadcut at loca]jty 10. Massive rock (Mtm) i limestone br c
cia of Macho Member; bedded limestone and calcareous shale (Mtms) are the Manuelitas Member. Lower beds of Manuelita Member thick
en right to left into a paleosink in the Macho and are s]jghtly brecciated becau e of continuing collapse of th Macho during Manuelita 
depo ition. Matrix and tringers of sandy calcisiltite between breccia blocks in the paleosink were deposited probably in earliest phase of 
Manuelita sedimentation. Upper part of Manue]jtas bevel mo t of lower part right of the paleosink and continues unbrecciated across the 
exposure. Small ledge of cro -laminated Lim tone (Mtc) at upp r left i lower part of Cowles Member of the Tererro. Recent solution cav
ity near base of outcrop is 1 ft (30 cm) high. 

Mountain . Probably, the Early Proterozoic Ortega Quartzite 
in the northwest pait of the aiea and other quaitzite terranes 
farther north were the main SOUices of the quaitz silt and 
sand of the member. The unconformity at the base of the 
member probably represents a brief withdrawal of the sea in 
which the Manuelitas Member had been deposited. If so, the 
highly crossbedded sandy calcarenite of the lower part of 
the Cowles are littoral depo its repre enting the last trans
gression of the Mi sissippian sea in this region. 

Contact with overlying rocks 
In mo t of the area the contact of the Cow le Memb rand 

the overlying Sandia Formation em structuially general
ly conformable, but the contact i er ional as hown by the 
thickening and thinning of the upper part of the Cowles. The 
contact at many place is channeled deeply enough to cut 
out the upper part of the Cowles ( ee Fig . 7 and 8). At some 
places the basal part of the Sandia contains limestone peb
bles and angular detrital chert. The hiatu repre ented by 
the unconformity seems relatively short because the Cowles 
i Late Mississippian ag ( Mly Chesterian, according to 
Arm trong and Mamet, 1979), and the lower part of the 
Sandia is Eaily Pennsylvanian (Morrowan) ag . 

In the eastern part of the mountains north of Tecolote 
P ak, north of Montezuma, at Canon Bonito, and just south 
of Rito Cebolla (Plate 1; Fig. 6), the contact of the Tererro 
Formation and the overlying Sandia Formation is clearly a 
lightly angular unconformity because the Sandia bevels 

gently across the entire Arroyo Pefiasco Group to rest on 
Precambrian rock . Sirnilaily, in the northwest part of the 
aiea the contact may also be very gently angular (Miller et 
al., 1963, plate 1), although nond position of pait or all of the 
Arroyo Pefiasco Group may be involved also. 

In the southwestern part of the area, at places adjacent to 
El Bairo and Bernal faults, the abrupt local truncation of the 
Arroyo Pefiasco Group (Plate 1) suggests angulaI unconfor
mity between the Sandia and Tererro, perhap on the crests 
of very low northwesterly trending anticlines. In the south, 
anoth r angulaI unconformity i apparent on the Ojito 
Frios anticline where the uppermost part of the Alamjtos 
Formation of Middle P nnsylvanian to earliest Permjan age 
locally cuts out the underlying Porvenir and Sandia 
Formation to lap onto the Manuelita Member of the 
Tererro, which, in turn, is overlapped by the Sangre de 
Cristo Formation, here entirely Lower Permian. 

In outcrops on the hill immediately south of ew M xico 
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FIGURE 16-Contact of Manuelitas and Cowie M mbers of Tererro Formation. Road cut just west of locality 10. Massive ledge of limestone 
is upper part of Manuelitas M mber (Mtm ) and contains scattered small brachiopods, crinoid columnals, and other fossils. Irregular ledge 
of cross-laminated sandy limestone and the underlying thin-bedded limestone and marly shale are lower parts of the owles Memb r (Mtc). 
Contact (arrows) is a slightly irregular surface marked, at right, by a con picuou notch weathered in thin marly hale of the ba al part of 
the Cowie . Cliff of th Manuelitas Member is about 11 ft (3.4 m) high. 

Highway 283, about 1 mi (1.6 km) west of Aqua Zarca 
(Plate 1), the Middle Pennsylvanian Porvenir Formation laps 
across the Sandia Formation, truncates the Tererro, and rests 
unconformably on the Espiritu Santo Formation. A little far
ther south, north of the head of Canada de! AJarnito, the 
basal part of th Porvenir contains lime tone-pebble con
glomerate and angular chert fragments and pebble and lie 
unconformably on Pr cambrian rocks and on a local rem
nant of the Espiritu Santo. 

Age 
The Tererro Formation i Late Mi sissippian. Armstrong 

and Mamet (1979) reported that, at the type locality of the 
Tererro and elsewhere, breccia blocks of the Macho Member 
contain microfossils of Early Mississippian (0 agean) age 
irnilar to those of the Espiritu Santo, but that the interda t 

matrix contains Meramecian microfossils similar to the 
Meram cian microfossils of the Manuelitas Member. They 
reported that th microfossils of the Cowles Member are 
early Che terian. 

The Manuelita Member in the southeastern part of the 
mountains commonly contains megafossils, but generally 
they are spar ely di tributed and difficult to collect. Three 
small collection from the vicinity of Gallinas Creek were 

reported previously by Baltz and Read (1960, p. 1765-1767). 
The fossils were identified by J. T. Dutro, Jr., and Helen 
Duncan. They are listed here for th sake of complet ness 
and because the Mississippian megafaunas of this region are 
so poorly known. 

Collection USGS 16686-PC. orth side of Gallina Creek 
canyon, 4.3 mi (6.9 km) west of Montezuma powerhou e, 

ew Mexico Highway 65, locality 3, Figure 8 of this 
report. 

Zaphrentites? sp. 
Syringopora cf. S. aculeata Girty 
Fenestella cf. F. tenax Ulrich 
Linoproductus aff. L. laevicostus (White) 
Spirifer sp. (two small sp cies) 
Torynifer? sp. 
Aviculopecten? sp. 

Collection USGS 16687-PC. orth ide of Gallina Creek 
canyon, 300 ft (90 m) east of turnoff to Trout Spring , 

ew Mexico Highway 65, about 4.8 mi (7.7 km) we t of 
Montezuma powerhou e. Thin ledge-forming lime tone 
5-8 ft (1.5-2.4 m) above basal conglomerate of Manuelita
Member exposed in road cut.

Zaphrentoid coral, indet. 
Fenestella sp. 



Linoproductus? sp. 
Spirifer sp. (small, as in 16686-PC) 

Collection USGS 16688-PC. South wall of Gallinas Creek 
canyon, about 300 ft (90 m) southwest of steel bridge on 
New Mexico Highway 65, about 0.4 mi (0.6 km) west of 
Montezuma powerhouse. Collected from poorly exposed 
gray limestone cropping out above breccia of Macho 
Member. About 400 ft (120 m) west of locality 12, Figure 
8 of this report. 

Productella aff. P. ptjXidata Hall 
Avonia? sp. 
"Productus" sp. 
Linoproductus? sp. 
Torynifer? sp. 
Crurithyris? sp. 
Nucleospira? sp. 
Dielasma aff. D. formosum Hall 
Naticopsis (Jedria) sp. 
Straparollid gastropod, indet. 
Phillipsia sp. 
Ostracodes, indet. 

An additional collection was obtained from the 
Manuelitas Member where it is mainly gray limestone that 
lies on Precambrian rocks on the west flank of the Ojitos 
Frios anticline (Plate 1), about 2 mi (3.2 km) south of Ojitos 
Frios. This collection was identified by J. T. Dutro, Jr. (writ
ten comm., 1980). 

Collection USGS 27812-PC. 
Echinoderm debris, indet. 
Fenestrate and ramose bryozoans, indet. 
Cystodictya? sp. 
Spirifer cf. S. bifurcatus Hall (abundant) 
Cleiothyridina? sp. 
Composita sp. 
Eumetria? sp. 
Punctate spiriferoid fragment, indet. 

Concerning collection 27812-PC, Dutro said that the 
Spirifer is closest to S. bifurcatus Hall, which originally was 
described from the early Meramecian Salem Limestone. 
Although the species identification is not certain, a 
Meramecian age is suggested. 

Origin of Macho Member 
The physical characteristics of the breccia of the Macho 

Member, its stratigraphic relations to overlying and under
lying rocks, and its origin have been controversial (Baltz and 
Read, 1960; Sutherland, 1963; and Armstrong, 1967). Baltz 
and Read (1960) originally described the Macho Member of 
the southern part of the mountains as nonbedded, random
ly oriented, angular blocks of limestone, derived mainly 
from the upper part (units 2 and 3, Fig. 10 of this report) of 
the Espiritu Santo Formation. According to them, the Macho 
formed only thin and discontinuous units in areas to the 
north where the upper parts of the Espiritu Santo still exist 
beneath the Tererro. They concluded that the breccia had 
formed mainly during a period of very sUght uplift and 
northwest tilting, subaerial exposure, and karst formation. 
Preceding and during the incursion of the Manuelitas sea, 
collapse of cavernous parts of the Espiritu Santo were said to 
have formed breccia. The advancing Manuelitas sea com
pletely eroded parts of the breccia, and reworked and rede
posited it as conglomerate, calcarenite, and calcareous mud 
of the Manuelitas Member. Further local collapse of spongy 
or cavernous breccia, because of the weight of accumulating 
sediments, was thought to have caused the irregularities in 
thickness and bedding in the Manuelitas Member. The 
Manuelitas sea was thought to have withdrawn briefly, and 
the Manuelitas Member was slightly eroded and weathered. 
The sea transgressed again, and the Cowles Member was 

37 

deposited unconformably and relatively uniformly across 
the region. The breccia of the Macho was stabilized by pre
ceding events, and the Cowles is not involved in collapse. 

Sutherland (1963, p. 27-28) wrote that the Macho 
Member in the upper Pecos River region is a limestone con
glomerate composed of rounded to subrounded, nonorient
ed limestone pebbles to boulders and that it includes round
ed boulders of chert and quartzite, one more than 4 ft long. 
He reported that the Macho has poorly developed irregular 
bedding, but locally has bedded limestone lenses in the 
lower part, and that the contact with the Espiritu Santo 
Formation is invariably sharp, continuous, and undulating. 
Sutherland (1963, p. 28) cited evidence for these contact rela
tions mainly from exposures at the mouth of Jacks Creek in 
the Pecos River area, a locality that was not examined by 
Baltz and Read (1960). Sutherland reported that he had not 
found any boulders that show definite similarity to the dis
tinctive lithologies of the recrystallized part of the Espiritu 
Santo (unit 1 of Baltz and Read and of the present report). 

Sutherland (1963, p. 39) concluded that, prior to the depo
sition of the Macho, small solution features developed here 
and there on the eroded surface of the Espiritu Santo, but no 
extensive karst topography was formed. He concluded that 
the Macho is consistent in lithologic character over much of 
its areal extent, but that the mechanics of deposition are not 
clear. He believed that Meramecian rocks were deposited on 
the Espiritu Santo, partly or completely lithified, and elevat
ed above sea level. With the readvance of the sea, this unit 
possibly was subjected as a cliff to wave action, which part
ly rounded the resulting eroded fragments and deposited 
them mainly in situ. Partial contemporaniety of deposition 
of the Macho and Manuelitas Members was considered like
ly. During deposition of the Manuelitas, marine deposition 
was thought to have been interrupted repeatedly by varia
tions in sea level that exposed the area to erosion and 
allowed recurring development of karst topography. 
According to Sutherland (1963), the emergence-submer
gence characteristics then changed to sustained deposition 
as the Cowles Member was laid down. 

Armstrong (1967, p. 18) described the breccia of the 
Macho Member as composed of rounded to angular frag
ments of limestone ranging in size from silt to blocks thirty 
feet across, stating that the lithology of the majority of clasts 
is the same as that of the overlying beds (the Manuelitas 
Member). He described the contact of the breccia with the 
underlying carbonates (Espiritu Santo Formation) as an 
even, almost flat surface, citing the same outcrops at Jacks 
Creek that were previously cited by Sutherland (1963). 
Armstrong (1967, p. 8) did not believe that unconformities 
existed within the pre-Pennsylvanian sequence, and he 
interpreted the brecciation as resulting from solution, by 
meteoric ground-water, of bedded and nodular gypsum and 
the subsequent collapse of interbedded dolomites and over
lying limestones. He postulated that these events occurred 
after the deposition of all the Mississippian rocks and after 
the pre-Pennsylvanian erosion surface had developed, citing 
evidence of relations at a sinkhole at Manuelitas Creek gap 
(loc. 4, Fig. 7 of the present report). 

Baltz (1969) reviewed much of the regional evidence and 
varied interpretations; therefore, the following summary is 
concerned with the salient points of evidence of origin of the 
breccia, mainly in the light of relations observed in the 
southeastern part of the mountains. 

l. The contact of the breccia of the Macho Member and
the underlying Espiritu Santo is at places smooth, at
places highly irregular, and at places transitional. The
position of the contact varies stratigraphically in terms
of the underlying units of the Espiritu Santo (Figs. 7, 8,
10). We interpret this as being the result of differing
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depths of solution during subaerial weathering of the 
Espiritu Santo. Some of the places where the contact is 
relatively smooth probably represent smoothly 
floored solution cavities developed at the top of the 
recrystallized dolomitic limestones of the lower part 
(unit 1) of the Espiritu Santo that seem to have been 
highly resistant to solution. Evidence of this resistance 
to solution can be seen where present-day caves and 
solutional cavities are developed only in the rocks 
overlying the Espiritu Santo as, for example, near its 
type locality (Baltz and Read, 1960, fig. 9). 

The undulating, smooth contact at Jacks Creek, 
cited by Sutherland (1963, p. 27-28) and Armstrong 
(1967, fig. 4) as the contact of the Espiritu Santo and 
the Macho, is actually the contact of units 1 and 2 of 
the carbonate part of the Espiritu Santo. The thin-bed
ded lenses above the contact, that Sutherland (1963, 
p. 28, plate. lOC) assigned to the Macho, are slightly
brecciated remnants of unit 2 of the Espiritu Santo
from which the Macho was derived. These remnants
grade upward into progressively more brecciated
beds that are overlain by the main mass of breccia of
the Macho.

2. In the Pecos River area and the area of this report, the
breccia consists of randomly oriented nonbedded
angular clasts similar to limestone of units 2 and 3
(Fig. 10) of the upper part of the Espiritu Santo that are 
preserved farther north in the mountains. In particu
lar, some of the chert clasts and chert stringers within
limestone clasts are light gray and cream, parallel
banded, and are similar to banded chert in unit 2. The
finding of Osagean (late Tournaisian) microfossils in
the Espiritu Santo and in breccia blocks of the Macho
Member in the Pecos River area, the area of this report,
and farther north by Armstrong and Mamet (1979,
p. 201-203, 208-209) supports the lithologic inter
pretation that the Macho was derived from the upper
parts of the Espiritu Santo. Generally, the breccia does
not contain clasts of the strongly recrystallized
dolomitic limestone of wut 1 of the Espiritu Santo,
which, of course, is still present beneath the breccia.
However, at a few places (for example, at Joe. 10,
Fig. 8) concentrically banded nodular chert and some
clasts of strongly recrystallized limestone, similar to 
those of unit 1, are present in the lower part of the 
breccia.

3. The upper part of the breccia at places contains bed
ded rounded pebbles and cobbles that occur in erosion
channels and solution pockets in the more angular
breccia. These gravels are reworked and transported,
and depositionally are related to the Manuelitas
Member. Stringers of sediment of the Manuelitas
Member extend downward into the breccia and form
part of its matrix. This lithologic interpretation is sup
ported by the finding of Meramecian (Visean) micro
fossils in the matrix in the Pecos River area, in the area
of this report, and elsewhere by Armstrong and
Mamet (1979, p. 203,207, 209-210). Additionally, dear
ly recognizable finer grained bedded rocks of the
Manuelitas Member have slumped slightly into the
upper part of the angular breccia at places. These rela
tions probably account, at least partly, for the presence
of Meramecian microfossils in brecciated beds that
were assigned to the Macho at a few places in the 
upper Pecos River area by Sutherland (1963) and 
Armstrong (1967).

4. An erosional unconformity separates the Macho
Member from the overlying Manuelitas Member. This
is seen in many places where bedded rocks of the

Manuelitas lie on a clearly defined surface on the brec
cia. This surface has a relief of a few inches to several 
feet; basal beds of the Manuelitas thicken and thin 
depositionally in response to the relief on the surface 
(for example, see Fig. 15). Where early-deposited beds 
of the Manuelitas have collapsed slightly into sink
holes in the breccia, they are beveled by yow1ger beds 
that also lie with erosional unconformity on the brec
cia outside the collapsed areas. Such relations are clear 
at the type locality of the Tererro Formation (Baltz and 
Read, 1960, fig. 9) as well as in the southeastern part of 
the mountains. At places the breccia has been eroded 
completely, and the Manuelitas lies directly on the 
Espiritu Santo. Good outcrops in the Gallinas Creek 
area along New Mexico Highway 65 show that the 
Manuelitas locally cuts out the Macho, and that the 
Manuelitas and Macho rocks are not fades equivalents 
that were deposited partly simultaneously as was pos
tulated by Sutherland (1963, p. 40). Additional new 
evidence of this unconformity is presented by the out
crops south of Ojitos Frios (Plate 1) and at Santillanes 
Creek (Joe. 1, Fig. 7) and elsewhere in the southwest
ern and northwestern parts of the area where the 
Macho Member and the Espiritu Santo Formation 
both are absent, and the Manuelitas Member laps onto 
Precambrian rocks. As described earlier in this report, 
the Manuelitas contains much quartz sand and quartz 
pebbles derived from Precambrian terranes from 
which older Mississippian rocks must have been 
absent. 

5. The Cowles Member is erosionally unconformable on 
the Manuelitas Member and is not involved in the
local collapse features that characterize the Manuelitas
Member, a relation reported also in the Pecos River
area (and elsewhere) by Baltz and Read (1960) and by
Sutherland (1963, p. 28). The reported (Armstrong,
1967, fig. 15) collapse of rocks equivalent to the
Cowles Member into a sink hole at the type locality of
the Manuelitas Member (Joe. 4, Fig. 7), that was said to
indicate post-Mississippian formation of the breccia,
instead is the result of slight slippage of the Cowles on 
joint surfaces as a result of present-day erosional
processes.

In conclusion, we believe that the evidence from the 
southeastern part of the mountains (and elsewhere) indi
cates (1) that the breccia of the Macho Member was pro
duced by subaerial weathering and karsting of the upper 
part of the Espiritu Santo Formation and that the breccia 
existed prior to the deposition of the Manuelitas Member of 
the Tererro Formation; (2) that the breccia was eroded par
tially and was slightly reworked by waves and currents of a 
transgressing Manuelitas sea; and (3) that additional local 
collapse of the breccia occurred during deposition of the 
Manuelitas Member. These events were completed prior to 
deposition of the Cowles Member. The causes of the local 
syndepositional collapses of the Manuelitas Member are still 
not clear. Baltz and Read (1960) suggested that the collapses 
of the lower part of the Manuelitas were related to local, 
relict, spongy or cavernous conditions in the breccia and 
were caused primarily by the weight of accumulating 
Manuelitas sediments, an interpretation that is supported by 
the fact that the breccia commonly is thinner in the collapse 
areas than in the immediately adjacent places. 

Armstrong (1967) interpreted evidence, mainly from 
thin-section studies of rocks now included in the Espiritu 
Santo, to indicate that ground-water dissolution of a 
5-30-ft-thick bed of gypsum occurred in Late Mississippian
or Early Pennsylvanian time and caused the collapse of the
rocks that formed the breccia of the Macho Member. Later, 



Armstrong and Mamet (1979, p. 205) also mention that evap
orites might have been present in the Espiritu Santo and that 
their dissolution may have produced the breccia. However, 
they interpret the breccia as a product of subaerial erosion of 
the Espiritu Santo whereby percolating groundwater 
formed a karst with a thick blanket of collapse breccia that 
formed a chaotic land surface prior to transgression of the 
Manuelitas sea, an interpretation similar to that of the pre
sent report. 

Ulmer and Laury (1984) reported the results of studies of 
diagenesis of the Arroyo Penasco Group at places in the 
Sangre de Cristo Mountains, including Trout Springs, 
Montezuma, and Mora River localities within the area of this 
report. They, also, interpreted evidence from thin-section 
studies that pseudomorphs after gypsum grains indicate the 
carbonates of the Espiritu Santo originally contained gyp
sum nodules and "horizons" that were altered extensively 
during diagenesis to produce dolomites and dedolomites. 
They indicated that the rocks from which the breccia of the 
Macho Member were derived also originally contained 
interbedded gypsum "horizons" that were dissolved during 
subaerial weathering, resulting in collapse and brecciation. 
The depth of solution and brecciation was said to have been 
controlled by the paleo-water table; rocks below the top of 
the water table were recrystallized rather than being brec
ciated. 

Ulmer and Laury (1984) indicated (p. 93 and fig. 4) that 
the Espiritu Santo and Tererro Formations are continuously 
present throughout much of the southern part of the moun
tains and that the breccia of the Macho Member of the 
Tererro is present everywhere except in the high central part 
of the mountains. These reported distributions of strati
graphic units do not accord with the data of Baltz and Read 
(1960), Sutherland (1963), Armstrong and Mamet (1974, 
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1979), or with the data of this report. Ulmer and Laury's 
(1984) concept of apparently widespread gypsum "horizons" 
in the pre-breccia rocks of the Espiritu Santo does not seem 
to accord well with the regionally varying stratigraphic posi
tion to which brecciation has occurred in the Espiritu Santo 
(for example, between the localities of Figs. 8 and 10) unless 
the stratigraphic positions of the postulated gypsum hori
zons also varied regionally. 

The petrographic work of Ulmer and Laury (1984) 
appears to establish the widespread former occurrence of 
crystals and grains and, possibly, small nodules of gypsum 
as minor constituents of some of the carbonates of the 
Espiritu Santo Formation. The presence of these evaporite 
constituents could have facilitated early stages of solution of 
the Espiritu Santo during subaerial weathering, perhaps 
abetting solution along joints and bedding. However, the 
former existence of extensive gypsum beds is not estab
lished and is not a condition necessary for the production of 
limestone karst. 

Mississippian Paleotectonics 

The regionally widespread presence of the thin Arroyo 
Penasco Group (Armstrong et al., 1979) indicates that, in 
most of Mississippian time, north-central New Mexico was 
a shallow-marine shelf. Submergences and emergences 
probably were mainly responses to epeirogeny or eustatic 
sea level changes with only small local tectonic influences. 
The local absence of both the Espiritu Santo Formation and 
the Macho Member of the Tererro in the southeastern part of 
the Sangre de Cristo Mountains (Fig. 6) suggests that some 
areas that became Pennsylvanian and Permian uplifts also 
were uplifted very slightly in mid-Mississippian time. 

Pennsylvanian rocks 

Sandia Formation 

Definition 
Throughout most of the southern Sangre de Cristo 

Mountains, the Arroyo Penasco Group is overlain uncon
formably by a heterogeneous assemblage of gray shale, car
bonaceous shale, fine- to coarse-grained sandstone and con
glomerate, and subordinate amounts of generally thin lime
stone. These rocks are the Sandia Formation of Early and 
Middle (Morrowan and Atokan) Pennsylvanian age. The 
Sandia is overlain by the Middle Pennsylvanian Porvenir 
Formation of the Madera Group. At a few localities the 
Sandia lies directly on Precambrian rocks, and near Agua 
Zarca southwest of Las Vegas, it is overlain with angular 
unconformity by Lower Permian rocks of the Sangre de 
Cristo Formation (Plate 1). On the Ojitos Frios anticline 
northwest of Tecolote, the Sandia is absent, apparently hav
ing been overlapped by younger Pennsylvanian rocks and 
the Sangre de Cristo Formation. 

C. L. Herrick (1900, p. 114-115) applied the name "Sandia
series" to "a siliceous series with a few limestone bands 
whose fossils seem to be of undoubted Coal Measure age" in 
the Sandia and Manzano Mountains of central New Mexico. 
The Sandia was described by Herrick as being overlain by 
limestone containing shale and having a fauna similar to 
that of his "Upper Coal Measures" in Ohio. C. H. Gordon 
(1907, p. 808-811) provided more detailed observations of 
equivalent rocks in the Magdalena Mountains of central 
New Mexico (p. 807), reviewed the published nomenclature, 
and (p. 816) classified Herrick's (1900) units as being in the 
Magdalena Group. He used the terrn Sandia Formation for 

the lower part of the group, and the term Madera Limestone 
for the upper part of the group. 

No type section for the Sandia Formation was specified 
by Herrick. However, the regional map of north-central New 
Mexico by Read et al. (1944) included generalized sections of 
these rocks in parts of the Manzano, Sandia, and southern 
Sangre de Cristo Mountains, thereby generally specifying 
the contacts and lithologic contents of the Sandia Formation. 
Read and Wood (1947) also included graphic sections and a 
summary of ages, as then known, for the Sandia and for 
other Pennsylvanian and Permian rocks. 

Baltz and Myers (1984) reviewed the history of nomen
clature of the Pennsylvanian rocks and the results of map
ping and paleontologic work in the Sandia Mountains 
(Kelley and Northrop, 1975) and the Manzano Mountains 
(Myers, 1969, 1973; Myers and McKay, 1976) that further 
established the rock-stratigraphic and age limits of the 
Sandia Formation in its type region. Baltz and Myers (1984, 
p. 18) concluded that the general heterogeneous character,
the stratigraphic relations to bounding rocks, the thickness
variations, and the minimum age (late Atokan) of the Sandia
of central New Mexico are similar to those features of the
Sandia Formation in much of the southern margin of the
Sangre de Cristo Mountains; therefore, the term Sandia
Formation was retained for the southeastern Sangre de 
Cristo Mountains. Usage of the terrn Magdalena Group was
discontinued for the southeastern part of the Sangre de 
Cristo Mountains (Baltz and Myers, 1984, p. 13-14), as usage 
of Magdalena Group had been discontinued previously for
the central New Mexico region (Myers, 1973, p. F4). A sum
mary of the stratigraphic nomenclature and age assignments
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FIGURE IS-Correlation of subsurface Mississippian, Pennsylvanian, and Lower Permian rocks of southern part of Las Vegas Basin with 
surface rocks of Sangre de Cristo Mountains. Line of diagram shown on Plate 4A. About 7 mi (11 km) southeast of locality of well 4, the 
Sangre de Cristo Formation lies on Precambrian rocks at Phillips Petroleum Company no. 1 Leatherwood well (sec. 2 Tl5N R18E). Lithologic 
symbols are explained in Figure 9. In lower part of log of well 2, NS designates interval from which no samples were reported. 
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of the Sandia Formation and equivalent rocks in the Sangre 
de Cristo Mountains of New Mexico is shown in Figure 2 of 
this report. 

The Sandia Formation mapped for this report (Plate 1 )  is 
generally the upper elastic member of the Sandia of Read et 
al. (1944) and Northrop et al. (1 946) and is the Sandia 
Formation of Baltz (1 972) and Baltz and O' eill (1 984, 1986). 
The Sandia corresponds to the Morrowan and Atokan lower 
part (units 25-96) of the La Pasada Formation of Sutherland 
(1 963, p. 59--60) at its type locality along Pecos River in the 
sou thwestern part of the Sangre de Cristo Mountains. 

Distribution and thickness 

The Sandia Formation is present throughout most of the 
outheastern Sangre de Cristo Mountains and the subsur

face of the adjacent part of the Cenozoic Las Vegas Basin, 
except where Cenozoic erosion has removed it from struc
turally and topographically high parts of the mountains. 
Southwest and southeast of Las Vegas it is absent from out
crops and from the subsurface Sierra Grande uplift partly 
beca use of nondeposition and partly because of Late 
Pennsylvanian and Early Permian erosion.  Outcrops of the 
Sandia Formation are shown on Plate 1, and the thicknesses 
are shown by isopachs on Plate 4. Localities of measured 
sections of the Sandia are shown in Figure 1 7. 

The Sandia Formation is thinnest at the south (Plate 4). 
Near the southernmost exposures northwest of Bernal 
(loc. 1 ,  Fig. 1 7) the Sandia is about 33 ft ( 10  m) thick. In the 
eastern part of the mountains, north of Tecolote Peak 
(Pla te 1 ), the Sandia is only 8-20 ft (2--6 m) thick. About 
1 .2 mi (1 .9 km) west of Agua Zarca the Sandia thins south
ward abruptly and is overlapped by the Porvenir Formation, 
which locally rests on the Espiritu Santo Formation and on 
Precambrian rocks (Plate 1 ) .  

The Sandia thickens northward depositionally and, in the 
north-central part of the area near Manuelitas Creek and 
Rito Cebolla ( locs. H and C, Fig. 1 7), the Sandia is about 
1 ,000 ft (305 m) thick. From locality C northward in the east
ernmost part of the mountains the Sandia thickens rapidly; 
about 6 mj (9.7 km) to the north it is more than 5,000 ft 
(1 ,525 m) thick at locality J (Fig. 1 7) north of Mora River. At 
locality J an unknown amount, possibly 500-600 ft 
(150-1 80 m), of section is cut out near the base by the 
Cenozoic Romero fault (Plate 1 ) . Paleontologic data from 
localities C and J indicate that the age span (Morrowan 
through Atokan) is the same at both localities and that the 
northward thickening of the Sandia is intraformational .  

In the Las Vegas Basin, data from wells south of Sapello 
River indicate that the Sandia thickens northwestward away 
from the northwest flank of the buried Sierra Grande uplift 
(Fig. 18). Although the Sandia is truncated by younger rocks 
on the flank of the Sierra Grande uplift, the northwest thick
ening probably is mainly intraformational. The Sandia is 
thicker in the basin than it is at adjacent outcrops in the 
mountains. This suggests that a shallow, north-plunging 
structural and depositional trough existed in what is now 
the western part of the Las Vegas Basin. 

The Amoco Production Co. "A" no. 1 Salman Ranch well 
(Plate 3) is the only well that penetrates Pennsylvanian rocks 
of the Las Vegas Basin in the northeastern area of Plate 4. 
This well on the east flank of the Cenozoic Ocate anticline 
(Plate 2), penetrated about 5,090 ft (1 ,550 m) of rocks refer
able to the Sandia. However, about 310 ft (94 m) of the 
Sandia seems to be repeated by a reverse fault at a depth of 
about 6,000 ft (1 ,830 m). Some steep dips (from a d ip-meter 
log) below the probable position of the fault cause some 
apparent thickening. Therefore, the original thickness may 
have been a l ittle less than the 4,700 ft (1 ,432 m) shown on 
Plate 4. The Amoco "B'' no. 1 Salman Ranch well (Plate 3), 

near the surface crest of the Ocate anticline about 2 mi (3 km) 
north of the "A" well (north of the area of Plates 1 and 4), also 
penetrated a reverse fault that repeats the lower part of the 
Sandia, the Arroyo Pefi.asco Group, and a thin slice of 
Precambrian rocks (Plate 3). The Sandia above the fault at 
the "B" well is about 4,000 ft (1 ,220 m) thick. The apparent 
differences in thickness of the Sandia between the wells, and 
the surface section (loc. J )  at Mora River, suggests tha t  the 
area of the present Ocate anticline was a low anticline that 
was active during deposition of parts of the Sandia. 

Farther north in the Las Vegas Basin, between Ocate and 
Black Lake, the True Oil Co. no. 34 Arguello and no. 21-25 
Medina wells penetrated about 4,600-4,700 ft (1 ,400-
1 ,430 m) of rocks similar to the Sandia Formation, but at 
these localities, the Sandia contains a smaller proportion of 
sandstone than farther south. About 14 mi (22 km) northeast 
of the Amoco wells, the Shell Oil Co. no. 1 Mora Ranch well 
east of Ocate penetrated about 1 ,800 ft (550 m) of rocks refer
able to the Sandia, indicating eastward thinning of the for
mation toward the Sierra Grande uplift. (See Fig. 72 for loca
tion of wells.) 

The patterns of thickening and thinning of the Sandia 
Formation at outcrops in the mountains indicate several 
Paleozoic intrabasinal uplifts and basins that have some cor
respondence to Cenozoic structural fea tures. In this report 
separate names are given to Paleozoic intrabasinaJ uplifts 
and complementary local basins (Plate 4) to distinguish 
them from their Cenozoic counterparts. North of 
Montezuma the Sandia thickens westward from the 
Cenozoic La Sierrita dome into the Cenozoic Las Gallinas 
and Las Dispensas synclines (Plates 1 and 4). The Sandia 
also thickens northward from the dome toward Manuelitas 
Creek. At the south, west of Agua Zarca, the Sandia thickens 
westward from the Cenozoic Creston anticline toward the 
Cenozoic Chapelle syncline. These established relations of 
Paleozoic and Cenozoic anticlines and synclines were used 
as general guides for establishing isopachs in the south-cen
tral part of the area where the Sandia is concealed by 
younger rocks. In the south-central part the Sandia is rela
tively thin at exposures along El Barro fault but probably is 
thicker west of the ridge of Precambrian rocks, which sug
gests that low, northwest-trending anticlinal folds devel
oped in the area of Cenozoic uplift during deposition of the 
Sandia. On the Cenozoic structural block that includes 
Hermit Peak, the isopachs trend northeast at a high angle to 
the isopachs east of the block, and the formation is thinner 
than to the east and north. These relations suggest that the 
Hermit Peak block subsided less than the adjacent areas dur
ing deposition of the Sandia. 

In the northwestern part of the area, the Sandia 
Formation thickens northward. North of the San 
Miguel-Mora County line the Porvenir and the top of the 
Sandia have been eroded except for one area of probable 
Porvenir Formation north of Gascon (Plate 1 ), and the data 
are insufficient to show more than a minimum thickness of 
about 1 ,600 ft (490 m) .  

According to Sutherland and Harlow (1973, p. 1 16-1 18), 
rocks of Morrowan and probable Atokan ages are overlain 
by lower Desmoinesian rocks of the La Pasada Formation on 
the divide at the head of Rio Valdez (Fig. 1 7) not far west of 
the northwestern part of the area of Plate 4A. The Morrowan 
and probable Atokan rocks of their section 47 correspond 
generally to our Sandia Forma tion and are reported to be 
abou t 2,1 30 ft (650 m) thick. This control point provides 
some guidance for positioning the isopachs to determine the 
restored total thickness of the Sandia in the northwest part 
of the area. 

About 2 mi (3.2 km) north of the northwestern part of the 
area of Plate 4 the Sandia is capped by limestone of the basal 
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FIGURE 19-Local slightly angular unconformity (arrows) in lower part of Sandia Formation in roadcut on ew Mexico Highway 65, 
Gallinas Creek canyon. Outcrop is near middle of locality 3, Figure 17. Ledge-forming channel sandstone in upper part of outcrop gently 
bevels underlying shaly rocks toward the right (east). Base of sandstone shown by arrows. Sandstone is 2-6 ft (0.6--1.8 m) thick. 

part of the Porvenir Formation on a flat-topped ridge near 
the top of the north wall of Osha Canyon, a minor tributary 
of the North Fork of Rio la Casa. These outcrops lie in the 
axial part of the syncline east of the Gascon fault in secs 29 
and 30 (projected) T21N R14E. (USGS Holman quadrangle). 
The lithologic assignment of these rocks to the Porvenir is 
confirmed by the early Desmoinesian fusulinids Beedeina aff. 
B. arizonensis and Wedekindellina aff. W. minuta (f10334),'
which occur along a Forest Service road about 10 ft (3 m)
above the base of the limestone. The thickne s of the Sandia
Formation between these outcrops and the vicinity of
Cleveland, where the base of the formation is exposed
(Plate 1), is estimated to be about 3,300 ft (1,000 m). The esti
mate is based on construction of cross sections of the lower
part of the formation near Cleveland and on field-reconnais
sance measurement with topographic maps of the remain
der of the formation along Rio la Casa and its North Fork.

The difference in thickness of the Sandia Formation at Rio 
Vaidez (2,100 ft) and along Rio la Casa (3,300 ft) suggests 
that the block west of the Cenozoic Gascon fault did not sub
side as much during deposition of the Sandia as did the 
block to the east. If so, the differential movements of 
Pennsylvanian time may have occurred along an east-facing 
monocline or along a precursor of the Gascon fault. 
'USGS fusuUnid collection. Localities of collections are described in 
Appendix lU. 

North and northwest of the area of this report a thick sec
tion of the Sandia Formation is exposed dipping ste ply 
west from its contact with the Arroyo Peftasco Group in the 
high parts of the Rincon Range. The middle part of th 
Sandia dips steeply west across the upper valley of Mora 
River, and the upper part dips gently west along the slopes 
of Holman Hill and nearly to the top of the drainage divide 
traversed by ew Mexico Highway 518. Thick limestone 
beds at and just east of the Mora-Taos County line along 
Highway 518 (Highway 3 on USGS Holman quadrangle) are 
the basal part of the Porvenir Formation and contain the 
early Desmoinesian fusulinid association of Beedeina aff. B.

arizonensis and Fusulinella aff. F. juncea (f10150, f10151), as do 
the lower beds of the Porvenir in the area of this report. 
Estimation of the thickness from topographic maps shows 
that the Sandia is probably more than 3,000 ft (900 m) thick, 
as it is at Rio la Casa. 

The restored thickness of 1,600-2,500 ft (490-760 m) for 
the Sandia in the northwestern part of the area of this report 
(Plate 4) presents problems for positioning isopachs because 
the formation is more than 5,000 ft thick in the adjacent east
ern part of the mountains near Mora River (Plate 3). The 
problems are compounded south of Mora River becaus 
Cenozoic faults (Plate 1) obscure the stratigraphic relations 
within the southward-thinning Sandia Formation. However, 
the upper 1,950 ft (595 m) of the Sandia in the eastern part of 
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the mountains, from about Rito Cebolla northward past the 
northern part of the area, contains thick units of micaceous 
sandstone and feldspathic to arkosic conglomerates. The 
lithologies of these rocks (Plate 3) suggest that their sedi
ments were derived from the Precambrian rocks of the east
ern part of El Oro Mountains near Mora and the Rincon 
Range to the north. The hypothetical zero isopach in the El 
Oro-Rincon area of Plate 4 indicates our interpretation of a 
possible west-tilted block with local angular unconformities 
in Pennsylvanian rocks on its western flank and with 
Precambrian rocks exposed to erosion on its eastern flank, at 
least late in Sandia time. For these and other reasons to be 
discussed later in the report, we suggest that, during depo
sition of at least the upper part of the Sandia, a major reverse 
fault or faults were active at the eastern margins of the pre
sent El Oro Mountains. 

Inasmuch as the age span of the formation (Morrowan 
through Atokan) seems to be the same where the formation 
is thin (sec. D, Fig. 20) as where it is thick (sec. C, Fig. 22), 
multiple intraformational unconformities and disconformi
ties probably are present at many places across the south
eastern part of the Sangre de Cristo Mountains. Direct evi
dence of small intraformational unconformities can be 
observed at a few places (Fig. 19) and some relatively abrupt 
thickness variations seem to require local angular unconfor
mities. However, the exposures are generally poor, and the 
Cenozoic structure is complex enough in various hogback 
belts that we have only a modest understanding of the 
details of internal thickness variations, mainly because of a 
lack of paleontologically controlled stratigraphic markers. 

General lithology 
Throughout the area the Sandia Formation is dominantly 

shale that contains interbedded thin to thick sandstones and 
granule to pebble conglomerates and subordinate amounts 
of generally thin limestone beds. A primary characteristic of 
the formation is its vertical and lateral heterogeneity that 
indicates highly complex marine and nonmarine environ
ments of deposition. 

The shales of the Sandia Formation are lithologically var
ied. Clay shale and argillaceous siltstone are common 
throughout the Sandia in units ranging in thickness from a 
few inches to about 50 ft (15 m). These rock types grade ver
tically and laterally into each other. The shales are mainly 
gray to dark gray, but olive brown, yellowish gray, and 
orangish gray are common colors of weathered surfaces and 
even fresh surfaces of some of the rocks. Calcareous shale, 
thin shaly limestone beds, and marly clay shale containing 
limestone nodules also are present at intervals throughout 
the formation. Carbonaceous material is common in many of 
the shales; it ranges from pervasively distributed micro
scopic fragments to megascopic plant fragments on bedding 
planes. Although parts of the shales are nonmarine many of 
them contain marine megafossils and interbedded thin fos
siliferous marine limestones. 

Thin, discontinuous coaly shale and shaly coal beds (a 
few inches to several feet thick) are present throughout the 
formation at places, especially in the lower part of the 
Sandia in the southwestern part of the area and in the sub
surface at the northeast. None of the coal observed appears 
to be of sufficient purity, thickness, or lateral continuity for 
mining, although the thicker units of coaly shale have been 
prospected at places in the southwestern part of the area. 

Sandstone beds ranging from a few inches to as much as 
30 ft (9 m) thick are present in the Sandia, in varying pro
portions to the shales, throughout the area. At the north, 
multiple sets of sandstone are very thick, ranging up to 
450 ft (135 m) in the vicinity of Mora River. Grains range 
from very fine to pebbles and cobbles. In the southern half of 

the area, the clasts of many of the thick sandstones are, char
acteristically, irregularly shaped but subrounded, medium 
sand to granules of gray, translucent quartzite and vein
quartz; these sandstones commonly contain small, sub
rounded pebbles that also are quartzite and milky vein 
quartz. The sandstones are cemented mainly by silica, but 
partly by clay and iron-oxide. Flakes of muscovite and 
weathered, gray and yellowish-gray feldspar grains are 
minor constituents of the sandstones in the southern part of 
the area. The sandstones of the Sandia commonly weather 
light to medium brown; fresh colors often are light yellow
ish gray to light brownish gray. Limonite-replaced fossil 
wood ranging from small fragments of twigs and leaves to 
logs are present in many sandstones throughout the area. 
Many logs are recognizable as Calamites sp. and 
Lepidodendron sp. 

From about Manuelitas Creek northward in the eastern 
part of the mountains the sandstones are feldspathic, and at 
Mora River some sandstones in the upper part of the forma
tion are arkosic; some pebble conglomerates in the upper 
part of the formation contain ragged, fresh-appearing, 
white, yellowish-gray or pink, angular feldspar granules 
and feldspar pebbles that are commonly 0.25--0.5 inch 
(0.6-1.3 cm) across and range up to 1.5 inches (3.8 cm) 
across. 

Bedding of the sandstones ranges from very thin to mas
sive. Some units are parallel to subparallel bedded and 
sheetlike; others are inclined bedded and lenticular, and oth
ers are crossbedded, irregularly shaped, channel deposits 
that thicken and thin abruptly. Some of the sandstones are 
terrestrial, but others are marine. 

Fossiliferous marine limestones commonly are scattered 
vertically through the Sandia, although they are a small por
tion of the formation. Generally, the limestones are thin, 
ranging from a few inches to 2 or 3 ft (0.6-0.9 m) thick. 
Locally, units of limestone, 15-30 ft (4.5-9 m) thick, occur in 
the lower and upper parts of the formation. The limestones 
range from shaly to relatively massive, and most are well 
bedded. Sandy limestones are common, and in places they 
grade laterally into calcareous sandstone. A common and 
characteristic limestone type in the Sandia is micrite that 
contains usually unbroken brachiopods, gastropods, and 
other fossils "floating" in the matrix. Phylloid algae occur in 
limestones in places, some limestones are finely banded 
stromatolites, and some bioclastic limestones are 
shallow-water bank deposits. All the limestones weather 
gray or yellowish gray, but they are commonly dark gray 
and occasionally black on fresh surfaces, reflecting a large 
content of organic matter. At places the upper 50-100 ft 
(15-30 m) of the formation contains thin, coarsely bioclastic 
limestones that weather light yellowish brown to light 
orangish brown and contain fusulinids. 

Areal stratigraphy and lithology 
Southern half of area-Northwest of Bernal, at expo

sures near the Bernal and El Barro faults (locs. 1, A, 2, Fig. 
20), the Sandia generaIJy consists of a thin, coarse-grained, 
basal sandstone overlain by shaly siltstone and sandstone 
with a few limestone beds, in turn overlain by gray clayey 
shale with interbedded thin marine limestones. Commonly, 
the lower shaly siltstone and sandstone are carbonaceous. At 
places, coaly shale occurs at or near the base of the formation 
as in the canyon east of locality A (Fig. 17). About 0.6 mi 
(0.95 km) north of locality 1 (Fig. 17) the Sandia is composed 
almost entirely of coarse-grained sandstone about 100 ft 
(30 m) thick that might be derived locally from the 
Precambrian, but about 0.8 mi (1.3 km) farther north, the 
upper part of the formation again contains gray shale and 
thin limestones. Just north of San Pablo Creek (SW¼NE¼ 
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sec. 14 TlSN R14E, USGS San Geronimo quadrangle), where 
the Arroyo Pefiasco Group is absent, sandstone in the lower 
part of the Sandia contains nodular clasts of concentrically 
banded chert similar to nodules of the Espiritu Santo 
Formation, suggesting at least a small nearby area of uplift 
and erosion of Mississippian and possibly Precambrian 
rocks in Early Pennsylvanian. 

To the north, in the vicinity of Caho Lucero Creek, the for
mation thickens generally northeastward and becomes more 
complex internally; in particular, at locality D, it includes a 
lower unit, predominantly shale, which contains Morrowan 
megafossils (collection 27487-PC). In USGS EI Porvenir 
quadrangle between Caho Lucero Creek and locality D, the 
basal part of the Sandia contains coaly shale and shaly coal 
at Topside Canyon (NW¼ sec. 4 T16N R14E) and near 
Encinoso Canyon (SW¼ sec. 27 T17N R14E). Coaly shale 
occurs at the base of the Sandia also in the upper part of 
Gallinas Creek (SE¼ sec. 8 T17N R14E). 

northwest of Agua Zarca, the Sandia is about 120 ft (36 m) 
thick. Lenticular conglomeratic sandstone is present at the 
base at a few places, but the formation is mainly 
olive-brown-weathering clayey shale with interbedded silt
stone and thin fine-grained sandstone. These rocks contain 
thin carbonaceous-shale layers and fossil-plant impressions. 
The upper quarter of the formation contains a few limestone 
nodules, calcareous gray shale, and a few 2-inches- to 1-ft 
(5-30-cm) thick beds of gray fossiliferous limestone. About 
1 mi (1.6 km) west of Agua Zarca the Sandia is 0-20 ft 
(o-6 m) thick and is almost entirely conglomeratic sand
stone, as it is farther southwest where it is overlapped by the 
Sangre de Cristo Formation north of Tecolote Peak (Plate 1). 

Near the eastern front of the mountains, at exposures 
along New Mexico State Road 283 about 2.3 mi (3.7 km) 

Throughout the southern part of the area, the upper gray 
shale with interbedded limestones forms a marine unit that 
is conformable with the overlying Porvenir Formation. 
About 1.3 mi (2.2 km) northwest of locality 1 (Fig. 17), the 
unit contains late Atokan fusulinids (Joe. f10306). These 
rocks were deposited during transgression of the sea across 
most of the southern shelf that culminated in Desmoinesian 
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time when the mainly marine Porvenir Formation was 
deposited. 

locality G (Figs. 21 and 85) bevels down, westward, across 
underlying beds, locally eliminating most of the lower part 
of the formation; the Sandia is only about 100 ft (30 m) thick 
a few hundred yards west of locality G, but the lower part 
thickens northwestward toward locality B (Figs. 17 and 21). 

Gallinas Creek-The Sandia Formation is exposed wide
ly in the Gallinas Creek area (Fig. 21) where it forms )edgy 
slopes beneath a caprock of limestones of the Porvenir 
Formation. Exposures commonly are poor because of exten
sive colluvial cover; however, enough exposures exist to 
determine the general character of the formation. A three
fold stratigraphic subdivision exists. The lower part is gen
erally shaly but contains thin fossiliferous limestones, some 
sandstone, carbonaceous shale, and some thin coal, as at the 
powerhouse at Montezuma. The medial part contains shale 
and several ledge-forming sandstones and conglomeratic 
sandstones. The upper part is gray clayey shale and calcare
ous shale, and interbedded thin, gray fossiliferous lime
stones and some sandstone. South of Montezuma, the thick, 
conglomeratic sandstone near the middle of the Sandia at 

A similar sequence, 30H00 ft (90-120 m) thick, is present 
in the Johnson Mesa area west of locality D (Figs. 17 and 21) 
and on El Cielo Mountain between Gallinas and Porvenir 
Creeks southwest of Hermit Peak (Fig. 17). Shales in the 
lower part commonly are carbonaceous and at places coaly. 
However, north of Porvenir Creek the Sandia thickens to at 
least 900 ft (275 m) in hogbacks along the southeast side of 
Hermit Peak and the shaly units throughout the formation 
become much thicker northward to where the formation is 
cut out by the Hermit Peak fault (Plate 1). 

Near the eastern front of the mountains, north of 
Montezuma, the Sandia thins rapidly north of the mouth of 



Ca1'\on del Agua and consists mainly of sandstone and some 
shale (probably the middle and upper parts of the forma
tion) that is about 100 ft (30 m) thick just south of the point 
where it is cut out by the Montezuma fault (Plate 1). Farther 
north the Sandia is exposed again west of the Montezuma 
fault, is about 300 ft (90 m) thick, and is lithologically gener
ally similar to the Sandia near Montezuma. However, north 
of Canon Bonito, where the formation lies on the 
Precambrian, the basal part is feldspathic conglomerate 
whose clasts are similar to underlying Precambrian granitic 
gneisses. 

Beaver Creek-Manuelitas-In the central part of the 
area, north of Hermit Peak and Canon Bonito, the Sandia 
Formation thickens to 900-1,000 ft (275-300 m) and contains 
thick units of gray shale (Fig. 22). To the west, in exposures 
along the Cenozoic Beaver Creek syncline from Hollinger 
Creek northward past Sparks Creek (Plate 1), thick pebbly 
sandstones in the lower part of the Sandia (Joe. 4, Fig. 22) are 
similar to the medial zone of sandstones in the Gallinas 
Creek area (Fig. 21), and the thickening of the formation 
seems to have occurred mainly in the rocks equivalent to the 
upper shales, sandstones, and thin limestones of Gallinas 
Creek. The shales in the Beaver Creek syncline are generally 
gray to dark gray, calcareous clayey shale and silty clayey 
shale. Thin- to shaly-bedded, fossiliferous, marine lime
stones occur in the shales, and a few thick beds of gray bio
clastic and sandy limestone occur. Ledge-forming, medium 
to very coarse grained quartz sandstones, 10-20 ft (3---{) m) 
thick, are interbedded with the shales at stratigraphic inter
vals of 20-200 ft (6--{)0 m). These sandstones are parallel bed
ded to inclined bedded and form sheet-like bodies, some of 
which can be traced or correlated for more than a mile 
(1.6 km) and probably are more extensive areally. 

The same general lithologic character persists northward 
in the Cenozoic Sparks syncline (Plate 1) and the syncline 
east of the Gascon fault (the Paleozoic Rociada Basin, 
Plate 4A), where the northward-thickening Sandia is more 
than 1,600 ft (490 m) thick. The formation is dominantly 
shale but contains interspersed thin to thick fine-grained to 
conglomeratic sandstones. North of the area of this report 
(Plate 1), along New Mexico Highway 518 west of Holman, 
the upper half of the Sandia is mostly dark gray shale that 
contains some thick limestones but only a small proportion 
of sandstone. The Sandia in that area probably is more than 
3,000 ft (900 m) thick. 

To the east, in the hogbacks east of Rociada (Joe. H, 
Fig. 87), the overall lithology of the Sandia is similar to that 
of the Beaver Creek area, but we are uncertain whether the 
basal sandstones are equivalent to the medial sandstones of 
the Gallinas Creek area or whether the medial sandstones 
are not represented east of Rociada. The Sandia east of 
Rociada contains a greater proportion of limestone than to 
the west. At places east of Rociada, the upper part contains 
one or two relatively thick units of light-gray finely bioclas
tic limestone that are lithologically similar to some of the 
limestones of the overlying Porvenir Formation. 

In the eastern part of the mountains on the Paleozoic 
Manuelitas saddle (Plate 4A), the Sandia Formation is 
exposed extensively on the flanks of the Cenozoic Cerro de 
la Cruz anticline (Plate 1), but the lowest part of the forma
tion is not exposed in this area. A composite section, the base 
of which is not exposed, was measured from Manuelitas 
Creek southwestward up the north side of Cerro de la Cruz 
(Joe. 5, Figs. 17, 22). The Sandia is at least 680 ft (207 m) thick. 
The exposed part of the formation is similar to the section 
farther west, consisting mainly of gray and dark-gray shale 
that contains a small proportion of interbedded thin to shaly 
bedded fine-grained sandstone and thin, dark-gray, com
monly carbonaceous, bioclastic to micritic limestones. 
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Ledge-forming sandstones are widely dispersed, strati
graphically, through the shale. The sandstones are medium 
to very coarse grained; beds of granule to small-pebble con
glomerate are present. These rocks are mainly quartzose, 
although traces of mica and deeply weathered yellowish
gray feldspar are present in some beds. 

In the vicinity of Manuelitas, a zone of ledge-forrning 
sandstones with interbedded shale occurs in the upper part 
of the Sandia, approximately 150-200 ft (4�0 m) below the 
top; the sandstones are parallel to subparallel bedded, 
sheet-like, and form a persistent zone (Fig. 23) that can be 
traced around the north side of Cerro de la Cruz and around 
the north side of the anticline north of Manuelitas Creek. On 
the north side of Cerro de la Cruz, sandstone of this zone is 
irregularly bedded and cross-laminated and contains 
numerous limonite-replaced wood twigs. An unusual con
glomerate that contains large limestone clasts forms a 
prominent, vertical ledge about midway up the north slope 
of Cerro de la Cruz. This conglomerate occurs also in the 
ridges of the Sandia east of Manuelitas but may wedge out 
west and north of Manuelitas. The matrix of this rock is very 
fine to coarse quartz sand and granules; quartzite and vein 
quartz pebbles as much as 2 inches (5 cm) diameter are 
abundant. About 35 percent of the lower 6-8 ft (1.8-2.4 m) of 
the rock is clasts of limestone that range from tiny pebbles to 
boulders 1 ft (0.3 m) across. The limestone pebbles and boul
ders are in irregular layers in the poorly sorted sand, and the 
clast size becomes smaller upward. Many of the limestone 
clasts are dense micrite, but other clasts are finely banded 
stromatolite, and a few are fragments of Chaetetes. Some of 
the limestone cobbles and boulders are highly irregular in 
shape and do not appear to have been transported for more 
than a short distance; they may have been ripped up from 
subjacent beds of the Sandia. The quartz pebbles, however, 
were derived from a Precambrian terrane. Crossbedding 
and laminae are inclined toward the northwest suggesting 
that the source terrane of Precambrian detritus was at the 
southeast or south, possibly on the northern part of the 
PaJeozoic Tecolote uplift near Canon Bonito where the 
Sandia is onJy about 300 ft (90 m) thick and lies on 
Precambrian rocks. 

The upper 200 ft (60 m) of the Sandia is a generally shaly 
interval that contains areally varying proportions of thin to 
shaly, light-gray limestones and lenticular coarse-grained 
sandstones. Much of the shale is dark gray, and some is car
bonaceous, especially near the top of the formation. Ledge
forming sandstones are most common in the upper shaly 
interval on the southeast limb of Cerro de la Cruz anticline 
north of Sapello River and, locally, southwest of Las Tusas 
(Plate 1) in the area closest to the northern part of the 
Paleozoic Tecolote uplift (Plate 4). 

Rito Cebolla-Near the eastern front of the mountains, 
on the northeast slopes of Fragoso Ridge a short distance 
south of Rito Cebolla (loc. C, Figs. 17, 22), Precambrian rocks 
are exposed in two small canyons on the east flank of the 
Woods anticline (Plate 1). The Espiritu Santo Formation is 
present in the southern of the two canyons. This is the only 
place in the eastern part of the mountains between Canon 
Bonito and Mora River where the entire Sandia Formation is 
exposed; it is about 1,000 ft (305 m) thick. The lithology is 
similar generally to that at the southwest except that sand
stones in the lower and upper parts are more feldspathic at 
locality C than they are farther south. Morrowan megafossils 
(collection 28676-PC) occur in marly shale and interbedded 
thin limestone 100-150 ft (3Q--45 m) above the base, and late 
Atokan fusulinids (Joe. f10132) were found at locality I 
(Figs. 31, 46) at the north side of Rito Cebolla in thin coarse
ly bioclastic limestone about 75 ft (23 m) below the top of the 
Sandia. 



48 

SOUTHWEST NORTHEAST 

� 5 mi (8 km)----..@---6.2 mi (10 km)-{I)-4.9 mi (7.9 km)�2.3 mi (3.7 km)-© 

North side of Hogbacks at north North side of Cerro Northeast side of Fragoso Northwest side of Fragoso 
Beaver Creek side of Manuelitas de la Cruz and south Ridge SAPELLO QUADRA CLE Ridge MORA QUADRA CLE 

El/4 sec. 16 and Creek east of side of valley of -:�.-.-.-.-.-:- _._._._., 
SWl/4 sec. 9 Rociada Manuelitas Creek _,.,.-.-.,.r.•-·-·.·.·,_________. 
Tl 8N R 14E ROCIAOA QUADRA CLE SAPELLO QUADRA CLE :>ase of ROCIADA QUAORA CLE sandstones 

of Fragoso 
Porvenir Formation 

Ridge 

, , {B. all. i,-.a.,-��,---',f.-1 B. all. {B. cf. 

r I r I r I ' 
:i����ensis t;•j·;-•i''ii"· � L�%�ts "' '"' IA 0 

t'�f.nensis 

1-�1 �1-'-r-1 �1 -+------b--e..._.....,....,_....,,.. __ �---t="=-=b-,,-¥-------1t-.:.:_'"""'�_,__.=....._-... �_.-----1,�;����l"i!,., cabezasensis �-----=-I 
I _-_-_--: ------- - "" 1102s1 

i:2=�� 

·.·.-,:-:-.·.-,:-:·.·.-_:-:·.·.-,:)

,__ __ _ 
....... 

:,:•·,·:.:-·.·:.:-·.:.:-·. 

1----

·-···-···-
'."::•:·.·:;•:·.·.-

----

:;�-\;: '!' ,.o:;�·-\;: � :sg 

·:;f:Oi.�.�;}f:�i.�.�➔ 

/�:V.t�ff;�:V��:i 

..... , 
.,, ,I,, . . . , 
• I •• • r-,-:.L,:-;U 

Precambrian 

1-- • • • 

i-::.:._-;-....:..-------: 

-----�--------
_---:. 

---=-1 

p�---� 
I 

----

-----.. -• --\ 

C 

0 

0 
LL 

al 

-0 
C 
al 

Cl) 

,q 
1 1 , 1 1 Tererro

==-=-=-= ·. . oo. .,,.eo!"', approximate 

-_-_-_---: 

------_-_---:

�� 
=·.:.:....-...:.:.-:--: I 

r--••·-···---- -

-···-···-. -.-. -.·. ', 

.;fu.�_•ei:o:l'if/, 

( 

1-_-_-_---: 

···---·-··· 24460-PC 

:�i•f::-�-:/}) 
24459-PC 

::::::==::::=:=
1
�⇒

(
· --24458-PC 

Bottom of 
Manuelitas Creek 

. . . . . . position of ,-,;:,-.- -.. -.- ·. · ·.· ·?.-F. all juncea �===��:;1
:::::

' 
f 1 0132 

north side of 
Rito Cebolla 

<:ll6'lll.5lll?:- �I 

·:·-1\·-:t'.::\l
.a������g_�(): 

·:·-�'.IJ:·,rt,i;i-:'.?.:··t:t .. 1 
'.-�;:,::·.-;.::.·.-;.:::'?:.:: 
·.-:,::·,-;.;-::-:::,·.·:;: 

stratigraphic 
inlerval of

� 28676-PC p::::::i=C::r) collected just 
north of 

location C 

.:...:.:..:...:..·---.:..· .... 

� 
§i2;3�S·a-- Formation Espiritu 

Santo 
Formation ? ? 

rocks 

�::�:3 . .. c· ·c, . ·: \ 

�"---� · .. _-... ,; 

'I, 

. ,,
.,_; 0m...,0.;°<i>'"0'l: 

fl 
200-

100 -

m 

�so 

� 25 

o-�o

Abbreviations of 
fusulinid genera 

B. Beedeina 
F. Fusulinella 
W. Wedekindel/ina 



49 

FIGURE 22-Stratigraphic ections of Sandia Formation, B aver Cr k to Frago o Ridge. Localities of measurement and Line are shown in 
Figure 17. Lithologic symbols are explained in Figure 9. 

FIGURE 23-Subparallel-bedded, coarse- to granule-grained conglomeratic sandstones and interbedded gray shale of locally persi tent 
zone in upper part of Sandia Formation, north side of Manuelitas Creek about 0.5 mi (0.8 km) northwest of Manuelitas. Zone is about 200 ft 
below top of formation. Sandstone beds are 10-20 ft (3-<i m) thick. 

The lower ledge-forming sandstones at locality C (Fig. 
22) and in low cliffs north of Rito Cebolla and west of the
Sapello fault (Plate 1; Fig. 88) are mainly coar e grained to
conglomeratic; about 20 percent of the clast is granule size.
About 5 percent of all clasts is yellowish-gray feldspar. The
clasts are angular to subround, with the coarser grains being
mainly angular. The grain size increases upward and, near
the top, the clasts are mostly granules and pebbles as much
as 0.25 inch (0.6 cm) diameter. Bedding is subparallel to
slightly inclined.

Much of the higher part of the Sandia at locality C is 

poorly exposed or is concealed by colluvium. Wh re con
cealed intervals can be een nearby, they are mainly gray 
shale that contains some thin sandstone and some thin 
micritic limestone. A relatively thick limestone, below the 
middle of the Sandia at locality C, contains traces of fin 
algal banding, angular limestone breccia, and scattered 
crinoid colurnnals. This unit has undulatory bedding that 
forms small mounds and is stromatolitic. Near th middl of 
the formation, thick gray shale contains several beds of 
coarse-grain d sandstone and granule conglomerate that are 
well sorted and whos bedding is parallel to gently inclined. 

and t nes in thick unit of gray shale near mid di of Sandia Formation. Sandstones form small ledge on slope and 
top of bench in middle ground. Slopes ar mainly hale. Bedding of sand ton is subparallel to gently incl in d. Hill north of Rito Cebolla 
about 2 mi (3.2 km) w t of New Mexico Highway 51 . 
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These sandstones correlate generally with similar sheetlike 
sandstones in thick shale near the middle of the Sandia 
north of Rito Cebolla (Fig. 24). 

The upper part of the formation at locality C contains a 
unit of conglomeratic sandstone, about 75 ft (23 m) thick 
(unit 33, described in section C), that is composed of very 
coarse to granule-size, angular to subangular quartz clasts 
and quartz pebbles as large as 1 inch (2.5 cm). These rocks 
contain a trace of yellowish-gray, weathered feldspar. The 
unit is irregular bedded to crossbedded with scour-and-fill 
structures. The unit thickens northwestward and, a little 
more than 2 mi (3 km) to the northwest, it is more than 120 ft 
(35 m) thick on the west limb of the Capulin syncline 
(Plate 1) north of Rito Cebolla, and on the axis of the adjacent 
anticline south of the stream at locality F (Figs. 17, 22). At 
locality F the unit (unit 2, described in section F) is coarser 
than farther east and about 20 percent of the clasts, includ
ing pebbles as large as 0.25 inch (0.6 cm), are yellow to yel
lowish-pink feldspar. The unit at locality F contains lenses 
and scattered pebbles, 0.5-2 inches (1.3-5 cm) in diameter, of 
subangular to subround vein quartz, and, near the base, 
limestone pebbles. The unit probably is a southeastward 
thinning fan of detritus eroded partly from underlying sed
imentary rocks but mainly from Precambrian rocks that may 
have been exposed in the area of the present El Oro 
Mountains. Similar rocks occur in about the same strati
graphic position at Mora River farther north (Joe. J7, Fig. 26). 

The highest part of the Sandia Formation in the vicinity 
of Rito Cebolla consists of gray shale, interbedded thin gray 
fossiliferous limestone, and thin feldspathic and micaceous 
sandstone. This part of the section, which thickens slightly 
northwestward between localities C and F, is well exposed at 
places in the axial part of the Capulin syncline north of Rito 
Cebolla. 

The Sandia in the fault-bounded triangle north of Rito 
Cebolla (Plate 1) is stratigraphically and lithologically simi
lar to the Sandia at locality C (Fig. 22) except that the forma
tion is thicker north of Rito Cebolla. At least 1,500 ft (460 m) 
of Sandia is exposed in hogbacks on the west limb of the 
Capulin syncline just north of Rito Cebolla but the lower 
(western) part is cut out by thrust faults and the total thick
ness is not known. About 2 mi (3.2 km) north of Rito Cebolla 
the triangular structural block is terminated by a mainly 
concealed, northeast-trending, strike-slip fault (Baltz and 
O'Neill, 1984; Plate 1) that throws the lower part of the 
Sandia north of the fault against the upper part of the Sandia 
south of the fault. The Sapello fault north of Rito Cebolla has 
thrust the lower and medial parts of the Sandia across the 
upper part and locally cuts out the lower part of the 
Porvenir Formation. The great northward thickening and 
pronounced fades changes of the Sandia take place mainly 
within this area of complex Cenozoic structure between 
locality C and Mora River. 

Mora River area-North of Mora River (Paleozoic 
Rainsville trough, Plate 4) the Sandia Formation is exposed 
in a series of north-northeast-trending hogback ridges and 
intervening strike valleys that form an outcrop belt in some 
places as much as 7,500 ft (2,290 m) wide. The rocks dip 
east-southeast, generally. However, near the river and at 
outcrops along New Mexico Highway 518 (formerly New 
Mexico 3), the rocks are crumpled and the lower part of the 
section is disrupted by the northern extensions of the 
Guajalote and Sapello faults and by the Romero fault 
(Fig. 25; Plate 1). 

A short distance north of the river the rocks generally dip 
60-75° east-southeast. To the west the dips are locally verti
cal to overturned; at places the overturned beds dip west at
angles as low as 45-50° in a belt just east of the Romero fault
(Plate 1). From the upper drainage of Canon del Agua north,

the main part of the Sandia is sharply folded and broken by 
several reverse faults (Plate 1, sec. A-A'). In order to map the 
Cenozoic structure of this area and to determine a place suit
able for measuring the thickness, the Sandia was subdivid
ed into informal units north of Mora River by mapping the 
bases of five distinctive ridge-forming sandstones that were 
designated informally as the "a-e" sandstones (Baltz and 
O'Neill, 1984). A detailed geologic map of this area (Fig. 89) 
shows the offset localities of measurement 01 through J7) of 
a composite section of the Sandia Formation (Fig. 26; Plate 3) 
at locality J. The section was measured in this manner in 
order to avoid, as much as possible, areas where the rocks 
are faulted or extensively concealed. Thjs section is desig
nated as a principal reference section for the Sandia 
Formation; it is described near the end of this report 
(Appendix TI). 

The Sandia is at least 5,030 ft (1,530 m) thick at locality J 
(Fig. 89), with an unknown amount cut out near the base by 
the Romero fault. The lower part, more than 700 ft (215 m) 
above the base, contains Morrowan megafossils (collection 
27164-PC) similar to megafossils (collection 28676-PC) 
100-150 ft (30-45 m) above the base of the formation at local
ity C south of Rito Cebolla (Fig. 22). Fossils were not
obtained at locality J from the sparingly fossiliferous upper
part of the Sandia. However, the Sandia appears to be main
ly conformable with the overlying Porvenir Formation
whose lower beds contain abundant early Desmoinesian
fusulinids. Therefore, the upper part of the Sandia probably
is late Atokan age at Mora River, as it is at the north side of 
Rito Cebolla where late Atokan fusulinids are present near
the top.

The thickness of the Sandia Formation at locality J is con
siderably greater than previously reported thicknesses of the 
entire Pennsylvanian section (including rocks overlying the 
Sandia) at Mora River. Foster et al. (1972, p. 16) reported that 
the total thickness of known Pennsylvanian rocks at Mora 
River is 3,655 ft (1,114 m); they noted, however, that part of 
the section may have been cut out by thrusting, a suggestion 
that is substantiated by later work (Baltz and O'Neill, 1984). 
Isopachs by Roberts et al. (1976, figs. 4 and 5) indicated that 
the total thickness of the Morrowan and Atokan rocks near 
Mora is on the order of 2,000 ft (610 m). Casey (1980a, fig. 6) 
also indicated that Morrowan and Atokan rocks thin greatly 
eastward across the Pennsylvanian depositional basin 
through the Mora River area. 

The difference in thickness of section J and the previous
ly reported thicknesses probably is due mainly to previous 
measurements having been made near Mora River. There, 
the Guajalote and Sapello faults are obscured by Quaternary 
alluvium, and the effects of these faults on cutting out part 
of the section are not as apparent as in outcrops south of 
Mora River. 

North of Mora River, the Sandia Formation, below the "d" 
sandstone (Fig. 26; Plate 3), consists of thick units of gray to 
dark-gray shale and interbedded fossiliferous limestones 
and thin to thick sandstones. Thin coal beds and carbona
ceous shale occur sparingly. Some of the limestone units are 
thicker than they are in areas to the south. These thicker 
limestones commonly are light to medium gray, highly fos
siliferous, and bioclastic; they contain brachiopods, bry
ozoans, crinoid columnals, algae, and other fossils. The thin
ner limestones mainly are dark gray, micritic, and sparingly 
fossiliferous; some are fetid. 

The sandstones in the lower part range from fine to very 
coarse grained. Pebble conglomerates are present sparingly 
and contain angular to subangular quartz sand and granules 
and small quartzite pebbles as they do farther south. Most of 
the sandstones in the lower part of the Sandia are nonfelds
pathic or contain only traces of weathered, yellowish-gray 
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FIGURE 25-Crumpled beds of lower part of Sandia Formation, along New Mexico Highway 518 on north ide of Mora River valley about 
2.5 mi (4 km) southeast of Mora. Beds at left (we t) ar on east limb of a yncline whose west limb is overridden by Precambrian rocks of 
the Romero fault about 1,000 ft west of area of photograph. Beds at far right dip steeply east forming th crumpled east limb of an anticline. 
Syncline and anticline are in the northern part of a plate of the lower part of the Sandia that has been thru t eastward along the Guajalote 
and Sapello faults (Plate 1) who e concealed traces are in an alluviated strike valley about 700 ft east of area of photograph. South of Mora 
River the crump! d plate of the lower part of the Sandia cut out successively higher parts of the Sandia. (See Baltz and O' eill, 1984; Plate 
1 and Figure 89 of this r port; and Baltz and O' eill, 1990 fig. 3.15.) 

feldspar. Sandstone "c" is the stratigraphically lowest unit in 
which feldspar is a major constituent (about 10 percent). 
Many of the sandstones are micaceous, particularly those 
that ar fin to medium grained. Most of the sandstones are 
parallel bedded to inclined bedded. 

Beginning at about the base of the "d" sandstone, the 
upper 1,950 ft (595 m) of the Sandia is a facies that is strik
ingly different from most of the Sandia farther south. 
Although thick parts of this interval are dark-gray shale con
taining micritic thin limestone, much of the interval is sand
stone and conglomerate in units 50-450 ft (15--137 m) thick. 
The sandstones range from fine to coar e grained and some 
units are granule-and-pebble conglomerate; bedding ranges 
from very thin and parallel, to thick and crossbedded. Many 
andstones are micaceous; as much as 25 percent of some 

finer grained beds is muscovite flakes. The coarser grained 
sandstones and conglomerates generally are feldspathic to 
arkosic; feldspar content ranges from 5 to 30 percent. 
Feldspar occurs in all clast sizes up to small pebbles and, 
occasionally, pebble 1 inch (2.5 cm) across. Generally, the 
feldspar are weathered, white to yellowish-gray, and prob
ably are mo tly plagioclase. Pink potas ium feldspar is com
mon only above the "e" sandstone. Most clasts (quartz and 
feldspar) are angular to subangular; some feldspar dasts are 
highly irregular and ragged in shape. Vein-quartz granules 

and pebbles are common; fragments of granite pegmatite 
and dark-colored igneous rocks occur sparingly. Fossil plant 
fragments occur in some intervals, particularly in fine- to 
medium-grained sandstones; thin carbonaceous to coaly 
hale lenses are interbedded in the upper parts of ome of 

the conglomeratic sandstone unit . Upward-coar ening 
sequences occur; upward-fining sequences occur also. 

This interval (sandstone "d" and above) is present at out
crops just south of Mora River, but it is cut out progr ssive
ly southward by the Sapello fault, which throws a plate of 
southeast-striking rocks of the middle or lower part of the 
Sandia against progressively higher beds of the upper part 
of the Sandia (Fig. 89). A short di tance south of La Canada 
de! Guajalote the upper part of the Sandia and the lower 
part of the Porvenir Formation both are cut out by the 
Sapello fault (Baltz and O'Neill, 1984; Plate 1). 

Our reconnaissance indicates that the thick upper inter
val containing sandstones p rsists northward in the hogback 
ridges at least 6 mi (9.6 km) north of the area of this report, 
and possibly farther north to the vicinity of Guadalupita. 
The stratigraphic position of these rocks of the Sandia can be 
confirmed at places, as just south of the sharp north bend of 
the dirt road west of Los Cisneros (USGS Lucero quadran
gle), where they are overlain by oolitic lime tone containing 
the fusulinid Beedeina arizonensis (f10303) that occurs al o 
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near the base of the Porvenir at many places farther south. 
At the Amoco "A" and "B" no. 1 Salman Ranch wells 

(Plate 3), in the adjacent part of the Las Vegas Basin, the 
Jjthology of the Sandia Formation is similar to that at out
crops. At these wells the lower third of the Sandia is mostly 
dark-gray carbonaceous and calcareous shale that contains 
thin, mainly micritic limestones, some coaly beds, and 
quartzose to slightly feldspathic sandstones. The sandstones 
commonly are slightly micaceous and some are highly mica
ceous, containing muscovite flakes that range up to very 
coarse grain size. Chips of quartz-muscovite schist and gar
netiferous muscovite schist occur in well samples from some 
beds. Generally, the sandstones are fine to medium grained, 
but some range up to very coarse grained. 

The upper two-thirds of the Sandia at the wells also is 
mostly dark-gray carbonaceous and calcareous shale but 
contains some thin limestone and coal and thick units of 
sandstone. The thick sandstones are fine to coarse grained 
and commonly are feldspathic and micaceous. The feldspar 
grains probably are predominantly plagioclase, are nearly 
all white, and are generally slightly kaolinized. Pink potas
sium feldspar is present in trace amounts mainly in the 
upper part of the Sandia. Fragments of muscovite schist and 
green schist are common. Although thick sandstones are 
common in the upper 1,900 ft (595 m) of the Sandia at the 
wells, the proportion of sandstone to shale probably is less 
than in the equivalent interval (sandstone "d" and higher) at 
the outcrops at Mora River. 

In general, the sandstones of the upper two-thirds of the 
Sandia at the Amoco wells seem to be finer grained than 
many of the sandstones at outcrops to the west where gran
ules and pebbles are common constituents. However, this 
apparent finer grain size may be partly an artifact of the 
well-drilling method whereby clasts larger than very coarse 
size were ground to smaller sizes by the bit before they were 
transported to the surface. 

Contact with overlying rocks 
The Sandia Formation is generally conformable with the 

overlying Porvenir Formation. At many places in the south
ern part of the area as far north as Sapello River, the upper 
part of the Sandia contains calcareous shale and some 
interbedded thin, fine-grained to micritic limestones that 
contain late Atokan fusulinids at a few places. This upper 
part of the Sandia forms a transition zone, several feet to sev
eral tens of feet thick, beneath the light-gray, thick, 
ledge-forming limestone beds of the basal part of the 
Porvenir. Although the contact is generally conformable it 
marks, at most places, an abrupt upward change to the thick 
bioclastic and biostromal limestones of the Porvenir. In the 
southeastern part of the area, about 1.2 mi (1.9 km) south
west of Agua Zarca (Plate 1), the Sandia thins southward 
abruptly and is overlapped by thick limestones of the 
Porvenir that lie on the Lower Mississippian Espiritu Santo 
Formation and, a little farther south, on Precambrian rocks. 
Whether the overlap is a result of local unconformity 
between the Sandia and Porvenir is not known because we 
have no fossils to determine the series age of the Sandia in 
these outcrops. The basal limestones of the Porvenir west of 
Agua Zarca contain early Desmoinesian fusulinids as they 
do elsewhere in the region. The contact may be, simply, a 
depositional onlap by the Porvenir onto an area where the 
Sandia was never deposited. 

North of Hermit Peak, the upper 50-100 ft (15-30 m) of 
the Sandia is mostly dark-gray shale. At places, these shale 
beds contain lenticular sandstones and interbedded thin 
limestone. In the Beaver Creek syncline, the basal part of the 
Porvenir is a thick unit of thin-bedded gray limestone and 
some interbedded shale, but on the ridge north of Daily 

Creek and the ridge north of Sparks Creek the basal part 
contains biohermal limestone mounds, overlain by coarse 
bioclastic limestone and coarse sandstone and 
limestone-pebble conglomerate. The contact between the 
Sandia and Porvenir (Baltz and O'Neill, 1986), where it can 
be observed directly, is conformable and probably transi
tional through a few feet. Farther east, in the hogbacks 
southeast and east of Rociada, the contact is an abrupt 
change from dark-gray shale of the Sandia to gray, bioclastic 
and biostromal, thick limestone of the Porvenir. 

In the eastern part of the mountains from Manuelitas 
Creek north to Rito Cebolla, the uppermost part of the 
Sandia generally consists of gray to dark-gray shale with a 
few thin interbeds of fine-grained to micritic limestone and 
some thin sandstone. These rocks are overlain by a basal 
gray limestone of the Porvenir that locally contains banded 
stromatolitic limestone, low-mounded stromatolites and 
large biohermal and stromatolitic mounds. At places the 
lower part of the Porvenir contains thin limestone-pebble 
conglomerates. Northwest of Manuelitas (northeast of San 
Isidro cemetery, USGS Sapello quadrangle) the lower part of 
the Porvenir, above the basal limestone, contains a zone of 
thin, sandy limestone-pebble conglomerate that thickens 
eastward to become a massive sandstone that, directly north 
of Manuelitas, cuts out the lowest beds of the Porvenir and 
channels into the upper part of the Sandia. Traced north
eastward to the vicinity of the north end of Cerro de la Cruz 
anticline, this sandstone thins and again becomes sandy 
limestone-pebble conglomerate within the Porvenir. 
Therefore, the unconformable contact of the Sandia and 
Porvenir north of Manuelitas does not represent an erosion
al break between deposition of the two formations but, 
instead, is an intra-Porvenir unconformity. Similarly, on the 
west flank of the Bahai anticline, near the county road south 
of the confluence of Canon de! Rocio and Manuelitas Creek, 
the basal limestone zone of the Porvenir is missing, but it is 
present on Cerro de la Cruz and to the southeast. This rela
tion probably represents channeling by sandstone within the 
lower part of the Porvenir that rests on dark-gray shale of 
the upper part of the Sandia near the county road south of 
Canon de! Rocio. 

Directly north of Rito Cebolla (Joe. I, Figs. 31, 46) the basal 
part of the Porvenir is a steeply dipping thin unit of sand
stone and medium-gray, fine-grained limestone that is dis
tinguishable from the Sandia mainly by its stratigraphic 
position and by the occurrence of late Atokan fusulinids 
(£10132) in the underlying Sandia Formation. About 0.6 mi 
(0.95 km) north of Rito Cebolla the lower part of the 
Porvenir is cut out by the Sapello fault. Farther north the 
entire Porvenir is cut out by the fault and the upper part of 
the Sandia is thrown against the Alamitos and Sangre de 
Cristo Formations (Baltz and O'Neill, 1984; Plate 1); there
fore, we have no data on the nature of the contact in that part 
of the area. 

Farther north, about 2,000 ft (600 m) south of La Canada 
de! Guajalote, the upper part of the Sandia and the basal part 
of the Porvenir are exposed again east of the Sapello fault. 
The fusulinid-bearing lower Desmoinesian basal part of the 
Porvenir from here north past Mora River is a complex zone 
of intergrading oolitic and bioclastic sandy limestone, 
coarse-grained lenticular limestone, and, at the base, a unit 
of very fine grained sandstones and interbedded thin gray 
limestones. This sequence probably is generally con
formable with the Sandia northward to at least locality J. 
North of locality L, tracing of individual beds within the 
lower part of the Porvenir shows that a sandstone about 85 ft 
(26 m) above the base of the Porvenir channels through the 
underlying beds of the Porvenir and rests unconformably on 
gray shale of the Sandia. From Canon de! Agua northeast-



ward for about 1 mi (1.6 km) the basal beds of the Porvenir 
are absent and stratigraphically higher sandstone beds lie 
directly on the Sandia; but farther north, near the northern 
margin of the area, the basal limestone part of the Porvenir 
again is present. The areas of local unconformity between 
the Sandia and Porvenir north of Mora River are intra
Porvenir and involve less than 100 ft (30 m) of the Porvenir 
and no more than several tens of feet of the Sandia. The 
unconformity is similar, therefore, to the previously 
described local intra-Porvenir unconformity north of 
Manuelitas. 

Age and fossils 

The Sandia Formation is Early and Middle 
Pennsylvanian age and, from at least Gallinas Creek north, it 
contains rocks equivalent to both the Morrowan and Atokan 
provincial series of the Midcontinent. Our fossil collections 
are adequate to establish this overall age span, but the col
lections are not extensive enough to determine paleonto
logic or lithologic boundaries between Morrowan and 
Atokan. South of Gallinas Creek, where the Sandia is rela
tively thin, Atoka.n rocks are present and it seems likely that 
at least local veneers of Morrowan rocks were laid down and 
protected Upper Mississippian rocks from weathering and 
erosion during part of Early Pennsylvanian time. However, 
we cannot confirm the possible presence of Morrowan rocks 
in the southern part of the area by paleontologic data. 

Megafossils-Morrowan brachiopods occur in the lower 
part of the Sandia Formation at Mora River (Joe. J) where it 
is very thick, near Rito Cebolla (loc. C) where it is moderate
ly thick, and in the Gallinas Creek area (loc. D) where it is 
relatively thin. The faunas at these localities are listed below. 

Collection USGS 27164-PC, from about 700 ft (213 m) 
above the faulted lower part of Sandia Formation, locali
ty J1 (Fig. 26) north of Mora River (Fig. 89). Identified by 
J. T. Dutro, Jr. (written comm., 1978). 

Linoproductus nodosus (Newberry) 
Sandia cf. S. welleri (Mather) 
Tesuquea formosa Sutherland and Harlow 
Spirifer goreii Mather 
Anthracospirifer curvilateralis tanoensis Sutherland and 

Harlow 
Hustedia cf. H. gibbosa Lane 

Collection USGS 28676-PC, from interval 100-150 ft 
(30-46 m) above base of Sandia Formation, about 600 ft 
(180 m) north of base of locality C, south of Rito Cebolla 
(Fig. 88). Identified by J. T. Dutro, Jr. (written comm., 
1983). 

Schizophoria oklahomae Dunbar and Condra 
Derbyia? sp. 
Neochonetes sp. 
Plicochonetes? sp. 
Buxtonia grandis Sutherland and Harlow 
Tesuquea? sp. 
Pulchratia? cf. P.? picuris Sutherland and Harlow 
Sandia? sp. 
Desmoinesia? sp. 
Linoproductus nodosus (Newberry) 
Spirifer goreii Mather 
Anthracospirifer sp. 
Composita sp. 
Punctospirifer morrowensis Sutherland and Harlow 
Spiriferellina cf. S. campestris (White) 
Collection USGS 27487-PC, from lower part of Sandia 

Formation about 140 ft (43 m) above base, locality D (Fig. 
20), Johnson Mesa road south of Canovas Canyon (Fig. 
81). Identified by J. T. Dutro, Jr., in consultation with John 
Pojeta, (written comm., 1979). 

Rhipidomella trapezoida Sutherland and Harlow 

Schizophoria sp. 
Derbyia? sp. 
Neochonetes? sp. 
Tesuquea formosa Sutherland and Harlow 
Antiquatonia sp. 
Linoproductus sp. 
Krotovia? sp. 
Pulchratia? sp. 
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Anthracospirifer cf. A. tanoensis Sutherland and Harlow 
J. T. Dutro, Jr. noted (written comm., Jan. 11, 1983) that 

these collections are similar to the Morrowan brachiopod 
assemblages described by Sutherland and Harlow (1973) 
from the lower part of their La Pasada Formation in the 
western part of the Sangre de Cristo Mountains. According 
to Dutro, the collections from the southeastern part of the 
mountains also appear to represent the age of the upper part 
of the type Morrowan of Arkansas and Oklahoma. 

Three collections of brachiopods were obtained from the 
interval 10-40 ft (3-12 m) above the base of the Sandia at 
locality B north of Gallinas Creek on the ridge northwest of 
Hot Springs (Fig. 17, 21). These collections were identified 
by R. E. Grant, in consultation with E. L. Yochelson and 
Mackenzie Gordon, Jr. (written comm., 1971). The faunas are 
listed in stratigraphically descending order. 

Collection USGS 24491-PC 
Antiquatonia? sp. 
Anthracospirifer sp. 
Composita sp. 
Neochonetes cf. N. granulifer (Owen) 
Phricodothyris sp. 
Punctospirifer sp. 
productid indet. (Juresania or Echinaria?) 

Collection USGS 24490-PC 
Anthracospirifer sp. 
Beecheria? sp. (fragment) 
Composita sp. 
Desmoinesia cf. D. muricatina (Dunbar and Condra) 
Derbyia sp. 
Hystriculina? sp. 
Phricodothyris perplexa (McChesney) 
Schucherte/la sp. 

Collection USGS 24489-PC 
Hystricu/ina cf. H. wabashensis (Norwood and Pratten) 
Composita sp. 

The poorly preserved nature of many specimens does not 
allow for species identification. The stratigraphic position of 
the collections suggests they might be either Morrowan or 
Atokan. 

Several brachiopod collections were obtained from the 
upper 110 ft (34 m) of the Sandia Formation in the Gallinas 
Creek area. This part of the section is well exposed north of 
Gallinas Creek in the western part of locality 3 (Figs. 17 and 
21) about 0.75 mi (1.2 km) southeast of Gallinas. Collections
from here were identified by R. E. Grant (written comm.,
1971) and are listed in descending stratigraphic order.

Collection USGS 24471-PC 
Composita sp. 
Hystriculina sp. 

Collection USGS 24470-PC 
Antiquatonia sp. 
Composita sp. 
Phricodothyris perplexa (McChesney) 
buxtoniid indet. 

Collection USGS 24469-PC 
Chonetinella sp. 
Derbyia? sp. 
Desmoinesia? sp. 
Hystriculina sp. 

These brachiopod collections from locality 3 do not provide 
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a firm basis for determining the age of the upper part of the 
Sandia. However, they are associated at this locality with 
Fusulinella aff. F. juncea and Fusulinella aff. F. famula (f10286, 
f13151), which indicate late Atokan age. 

Two other collections from the interval 50-75 ft (15-23 m) 
below the top of the Sandia Formation at locality B (Fig. 17, 
21) were identified by R. E. Grant (written comm., 1971). 

Collection USGS 24493-PC 
Composita sp. 
Juresania? sp. 
Orthotetacean (Derbyia or Schuchertella sp.) 

Collection USGS 24492-PC 
Anthracospirifer sp. 
Composita sp. 
Hustedia sp. 
Chonetinella? sp. 
Antiquatonia? sp. 
Chaetetes sp. 
Trilobite pygidium indet. 

Stratigraphic position and correlation with locality 3 sug
gests these fossils are Atokan. 

Three brachiopod collections were made from the Sandia 
Formation at locality 5 (Figs. 17, 22) northeast of Cerro de la 
Cruz from the interval 500-570 ft (150-174 m) below the top 
of the formation. These collections, also identified by R. E. 
Grant (written comm., 1971), are listed in descending strati
graphic order. 

Collection USGS 24460-PC 
Antiquatonia cf. A. hermosana (Girty) 
Composita sp. 
Mesolobus sp. 
Orbiculoidea sp. 
Reticulatia cf. R. rugatia Sturgeon and Hoare 

Collection USGS 24459-PC 
Cancrinella boonensis (Swallow) 
Chonetinella flemingi (Norwood and Pratten) 
Fimbriaria sp. 
Kozlowskia sp. 
Orthotichia? sp. 
Phricodothyris perplexa (McChesney) 

Collection USGS 24458-PC 
Antiquatonia cf. A. costellata Sturgeon and Hoare 
Composita cf. C. trilobata Dunbar and Condra 
Desmoinesia? sp. 

According to Grant (written comm., May 4, 1971), collection 
24458-PC does not warrant a firm age determination for this 
part of the Sandia, but both the upper collections suggest 
Desmoinesian age. However, the basal part of the overlying 
Porvenir Formation was mapped southward from locality 5 
at Cerro de la Cruz (Baltz and O'Neill, 1986) to places where 
it contains early Desmoinesian fusulinids, and early 
Desmoinesian fusulinids occur in the lower part of the 
Porvenir east and southeast of Cerro de la Cruz. Therefore, 
the stratigraphic position of all three megafossil collections 
well below the base of the Porvenir suggests that they are 
Atokan. 

Fusulinids-Fusulinids were collected from many places 
throughout the area of this report from Pennsylvanian and 
Lower Permian rocks. The localities of collections were 
given U.S. Geological Survey fusulinid-collection numbers, 
for example, f10306, which are referred to at places in the 
text. These localities are described in numerical (not strati
graphic) order in a description of fusulinid localities near the 
end of this report (Appendix III). Photomicrographs of iden
tified genera and species from all the Pennsylvanian and 
Lower Permian formations are shown on Plates 6-14. 

Fusulinids are rare in the Sandia Formation, but those we 
found in the upper part all indicate late Atokan age. South of 
Gallinas Creek the only fusulinids we found in the Sandia 

were in the upper part just east of the Bernal fault at the east 
side of the main valley in the SE¼ sec. 21 T14N R15E (USGS 
Villanueva quadrangle) about 1.3 mi (2.2 km) northwest of 
locality 1. Here, Fusulinella aff. F. devexa (f10306) occurs in 
shaly limestone about 90 ft (27 m) below the top of the 
Sandia. The occurrence of species of Fusulinella (collections 
f10286, f13150, f13151) near the top of the Sandia at locality 
3 north of Gallinas Creek has already been mentioned. Some 
specimens of Fusulinella are shown on Plates 6 and 12. 
Farther north, Fusulinella cf. F. devexa (f10307) was found in 
thick limestone about 120 ft (37 m) below the top of the 
Sandia north of the county road in Sanguijuela Arroyo. At 
locality I (Fig. 46) at the north side of Rito Cebolla, 
Fusulinella aff. F. juncea (f10132, Plate 12) was found in bio
clastic limestone about 75 ft (23 m) below the top of the 
Sandia. 

Inasmuch as the contact of the Sandia and Porvenir 
Formations is mainly conformable and locally transitional 
through a few feet, there might be some minor local varia
tion in its mapped stratigraphic position. Additionally, 
minor miscorrelations of the contact might have been made 
across covered areas, areas of Cenozoic faults, or areas of 
local minor interfingering of the two formations. 
Nevertheless, the available fusulinid data from the upper 
part of the Sandia and the abundant fusulinid data from the 
basal parts of the Porvenir indicate that, regionally, the 
rock-stratigraphic boundary is near the Atokan-Desmoines
ian biostratigraphic boundary. The fusulinids from the 
Sandia correlate with the upper Atokan assemblage sub
zones of F. devexa and F. whitensis at the top of the Sandia in 
the Manzano Mountains (Myers, 1988a). (See Fig. 54 later in 
the present report.) They also correlate with fusulinid zone I 
(upper Atokan) of the La Pasada Formation of Sutherland 
and Harlow (1973, p. 10) of the western part of the Sangre de 
Cristo Mountains. 

Paleotectonic interpretations 
During deposition of the Sandia Formation, intrabasinal 

uplifts and intervening local structural basins began to 
develop on the southern shelf and in the deep northern part 
of the Rowe-Mora Basin. These structural features were 
recurrently active later in Pennsylvanian and Early Permian 
and directly influenced the facies and thicknesses of all the 
upper Paleozoic rocks. 

Bernal uplift-The name Bernal uplift (Fig. 4) is applied 
here to a Pennsylvanian structural feature that occupied the 
area that is now part of a large Cenozoic uplift in the south
western part of the area (Plate 1). As shown by isopachs of 
the Sandia Formation (Plate 4), the Bernal uplift probably 
consisted of north-northwest-trending echelon or subparal
lel low anticlines and intervening shallow synclines during 
deposition of the formation. We do not have thickness data 
for the Sandia of the western part of the uplift, but the 
Sandia probably thickens slightly westward into the San 
Jose Basin. This is suggested by a thickness of 320 ft (98 m) 
of Sandia measured by Read et al. (1944, loc. 22) west of the 
northern part of the uplift near Vallecitos Creek and Cow 
Creek (secs. 7 and 18 T16N R13E, west of the area of Plate 4). 
The existence of the Bernal uplift is illustrated more clearly 
by stratigraphic relations of younger Pennsylvanian and 
Lower Permian rocks, as will be discussed later. 

At some exposures along the Bernal and El Barro faults 
(Plate 1), coarse-grained to pebbly sandstone of the Sandia 
cuts out the underlying Arroyo Peflasco Group to lie direct
ly on Precambrian rocks. This suggests that Precambrian 
rocks of parts of the Bernal uplift contributed minor 
amounts of elastic sediments to adjacent areas during early 
phases of deposition of the Sandia Formation. However, the 
uplift, or at least parts of it, were the sites of deposition of 



sediments derived from other sources, at least in late Atokan 
time, as suggested by the finer grained nature of the upper 
part of the Sandia (Fig. 20) along the eastern margin and by 
the thin section of the Sandia deposited across the southern 
part of the uplift. 

San Geronimo Basin-At least the northern part of the 
Cenozoic Chapelle syncline and the Las Gallinas syncline 
(Plate 1) were the sites of a structural basin during deposi
tion of the Sandia Formation. This Pennsylvanian feature is 
here called the San Geronimo Basin (Plate 4). The San 
Geronimo Basin was a broad asymmetric syncline with a 
gently dipping east limb. The syncline plunged north and 
merged with the deeper Rociada local basin and Manuelitas 
saddle in which mainly marine shaly fades of the Sandia 
were deposited. The deepest northern part of the San 
Geronimo Basin was bounded at the west by the Hermit 
Peak structural block that did not subside as much as the 
adjacent basins. 

Tecolote uplift-A Paleozoic uplift in the southeastern 
part of the mountains, first reported but not named by 
Northrop et al. (1946), was called the Tecolote arch by May 
et al. (1977, p. 5). We refer to it as the Tecolote uplift (Plate 4). 
The Tecolote uplift occupied the area of the Cenozoic 
Creston anticline and La Sierrita dome (Plate 1). Although 
control points are scanty, the isopachs of the Sandia 
Formation, especially near Montezuma, suggest that the 
eastern part of the Tecolote uplift had a series of northwest
trending right-echelon low anticlinal culminations on which 
the formation thinned. From Montezuma north, the places 
where the Sandia Formation is thinnest are transected by the 
Cenozoic Montezuma fault, suggesting that the northeast
ern part of the Tecolote uplift of Sandia time is buried in the 
adjacent western part of the Las Vegas Basin. At the south, 
also, the eastern part of the uplift seems to be in what is now 
the western part of the Las Vegas Basin. (See interpretation 
on cross section J-J', Plate 1.) 

At the south, where the Sandia Formation is last exposed 
north of Tecolote Peak, the formation is locally entirely 
coarse-grained to pebbly thin sandstone that cuts out the 
Arroyo Penasco Group, indicating that the Precambrian of 
this part of the Tecolote uplift was a source of coarse elastics 
during part of Sandia deposition. Southwest of Agua Zarca 
the Sandia is overlapped locally by the overlying Porvenir 
Formation confirming that the Tecolote uplift existed prior 
to Desmoinesian time. No subsurface data are available for 
many miles farther south that might give evidence of the 
nature and extent of the Tecolote uplift or might indicate 
whether the uplift was an Early Pennsylvanian source of 
sediments for the area of this report. 

At the front of the mountains, from north of Montezuma 
northward to Canon Bonito, the Sandia Formation mainly 
bevels the Arroyo Penasco and lies on Precambrian rocks. At 
Canon Bonito the Sandia is about 300 ft (90 m) thick, and the 
clasts of its basal conglomerate are similar to underlying 
Precambrian rocks. As previously discussed, limestone- and 
quartz-pebble conglomerate, farther north near Manuelitas 
(Joe. 5), lie on at least a local unconformity about 300 ft 
(90 m) below the top of the Sandia. The basal part of the 
Sandia at Canon Bonito may be equivalent to the conglom
erate within the Sandia at locality 5; if so, the lower part of 
the Sandia at locality 5 may be cut out southward toward the 
Tecolote uplift by an unconformity. This interpretation sug
gests also that coarse-grained to conglomeratic sediments 
derived from the Precambrian of the Canon Bonito area 
might be present in the Sandia in the western part of the 
Cenozoic Las Vegas Basin along the buried east flank of the 
Tecolote uplift. 

Scanty well data (Fig. 18) in the southern part of the 
Cenozoic Las Vegas Basin suggest that a shallow north-
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plunging local structural basin existed east of the Tecolote 
uplift and northwest of the adjacent part of the Sierra 
Grande uplift during deposition of the Sandia and younger 
Pennsylvanian rocks, all of which were removed by erosion 
before deposition of the Sangre de Cristo Formation on the 
margin of the uplift. Precambrian rocks of the Sierra Grande 
uplift probably were sources of elastics in Sandia time and 
later. 

On the west flank of the Tecolote uplift south of Ojitos 
Frios, the core of the Cenozoic Ojitos Frios anticline locally is 
Precambrian rocks overlain at the west by the Upper 
Mississippian Tererro Formation and at the east by the 
onlapping Sangre de Cristo Formation. The Paleozoic anti
cline lies en echelon with the Tecolote uplift. Its Early 
Pennsylvanian history cannot be determined. 

Hermit Peak uplift-Isopachs of the Sandia Formation 
on the Cenozoic Hermit Peak block indicate that the block 
subsided less than adjacent areas to the east and southeast 
during deposition of the formation (Plate 4). Possibly, the 
Paleozoic Hermit Peak uplift was bounded by precursors of 
the Cenozoic Hermit Peak and El Porvenir faults (Plate 1), as 
suggested by the considerable changes in thickness of the 
Sandia across these faults. However, Precambrian rocks of 
the eastern part of this uplift probably did not contribute 
sediments to adjacent basins during Sandia deposition, 
because much of the Precambrian is granite, and the coarse 
elastics of the Sandia adjacent to the block are not feldspath
ic, or only slightly so, but are mainly quartzose. The Sandia 
thickens northwestward across the Hermit Peak block into 
the Cenozoic Beaver Creek syncline in the northwest part of 
the area, indicating that the block was tilted northwest. 

Manuelitas saddle-North of the vicinity of Canon 
Bonito the Tecolote uplift plunged northward into what 
probably was a broad structural saddle in the area of the 
Cenozoic Cerro de la Cruz anticline (Plate 1) in the eastern 
part of the mountains. This Paleozoic feature, here called the 
Manuelitas saddle (Plate 4), may have been a low structural 
divide between the deeper Rociada Basin at the west and the 
southern part of the deep Rainsville trough at the northeast. 
Wells have not been drilled to Paleozoic rocks in the Las 
Vegas Basin east of the saddle and its structure and extent 
there can only be surmised. The Sandia Formation exposed 
on the saddle is a mainly shaly and marine fades, although 
it contains some units of probable nonmarine carbonaceous 
shale and conglomerate. At the northern margin of the sad
dle near Rito Cebolla, the Sandia begins to thicken rapidly 
northward and contains thick feldspathic conglomerates 
probably derived from the area of the Cenozoic El Oro 
Mountains. 

Rociada Basin-North of Hermit Peak, in the Cenozoic 
Beaver Creek and Sparks synclines and the syncline east of 
the Gascon fault, the Sandia Formation thickens northward 
into a northerly trending, deep Paleozoic local basin here 
called the Rociada Basin. West of the area of this report this 
basin was bounded by the Paleozoic Pecos shelf, now incor
porated in the western part of the Sangre de Cristo 
Mountains (Fig. 4), where the Morrowan and Atokan parts 
of the La Pasada Formation are much thinner (Sutherland, 
1963, fig. 10) than in the Rociada Basin. Northwest of Mora 
the Rociada Basin merged into the eastern part of the deep 
Taos trough. The eastern part of the Rociada Basin probably 
was bounded by a Paleozoic west-tilted basement block in 
the area of the present El Oro Mountains and Rincon Range. 
The Sandia Formation in the Rociada Basin and eastern part 
of the Taos trough is a mainly marine shaly fades. 

El Oro-Rincon uplift-From the vicinity of Mora north
ward almost to Black Lake (Plate 2) the Cenozoic eastern 
structural front of the Sangre de Cristo Mountains is a west
tilted basement block whose eastern boundary is a complex 
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zone of west-dipping reverse and thrust faults. This block 
separates the uplifted Pennsylvanian rocks of the Taos 
trough at the west from the subsurface Pennsylvanian rocks 
of the Rainsville trough in the Cenozoic Las Vegas Basin at 
the east. In the area of this report, from about Rito Cebolla 
north, lithologic and thickness data suggest that the area of 
the Cenozoic uplift was a fault-bounded intrabasinal uplift 
also in Pennsylvanian time. The inferred Paleozoic uplift is 
here called the El Oro-Rincon uplift (Plate 4). 

In the northern part of the area of this report the rapid 
thickening of the Sandia Formation north of Rito Cebolla 
(Joe. C) suggests that faulting helped to produce the 
Paleozoic Rainsville trough (Plate 4), but Cenozoic structur
al complications in the eastern part of the mountains are 
such that none of the older faults has been identified clearly. 
A precursor to the northern part of the Cenozoic Sapello 
fault, or an older fault that was overridden by the Sapello 
fault, could have been involved. A concealed probable fault 
that cuts out a large amount of the Precambrian section just 
east of El Oro Mountains (Baltz and O'Neill, 1984) might 
have been active. The lithology of sandstones of at least the 
upper part of the Sandia near Rito Cebolla (secs. F and C, 
Fig. 22) and at Mora River (Fig. 26) seems to indicate that a 
source of fresh and coarse Precambrian detritus was not far 
distant. The coarseness and the angularity of many clasts, 
particularly the feldspars, and the poor mineralogical sort
ing and micaceous nature of some beds makes it unlikely 
that the sediments were transported from far-distant 
sources, such as the Uncompahgre or Sierra Grande uplifts, 
or even the Cimarron arch (Fig. 4). The Precambrian rocks 
exposed in El Oro Mow1tains and the southern part of the 
Rincon Range north of Mora (Fig. 5) are likely sources for the 
sediments of some of the upper part of the Sandia. The 
quartz-mica schists of Las Quebraditas could have provided 
an abundant supply of muscovite and fine to coarse quartz 
sand. Thick, pink granitic and gray gabbroic pegmatites that 
occur throughout the Precambrian, especially on the east 
side of El Oro Mountains, could have been sources for the 
locally abundant angular feldspar and vein-quartz granules 
and pebbles of the upper part of the Sandia. The quart
zofeldspathic gneisses and interlayered coarse, micaceous 
quartzites and pegmatites in the core of the El Oro anticline 
(Baltz and O'Neill, 1984) could have been a source of plagio
clase as well as potash feldspar and coarse quartzite sand. 

If the general area of the Cenozoic El Oro Mountains was 
the source for these sediments it was a relatively narrow 
uplift because the Arroyo Pefiasco Group and the lower part 
of the Sandia Formation are still preserved just west of El 
Oro Mountains. However, the Sandia is thinner in the 
Rociada Basin west of El Oro Mountains than it is in the 
Rainsville trough to the east. The suggested model (Fig. 27) 
is that the El Oro Mountains block was tilted west, and that 
its eastern margin was an asymmetric anticline on which 
Precambrian rocks were exposed to erosion episodically. 
According to this model, the eastern part of the block was 
slightly elevated episodically along west-dipping reverse 
faults as the adjacent Rainsville trough was depressed dur
ing deposition of at least the upper 1,900 ft (580 m) of the 
Sandia at Mora River. Grus, eroded from an island on the El 
Oro Block, contributed to the episodic eastward building of 
progradationa1 fans and deltas into the Rainsville trough. 
Some of the finer grained material may have had more dis
tant sources, or may have been transported sufficient dis
tances by long-shore currents to sort it mineralogically. At 
times, both the Rainsville trough and the El Oro block prob
ably were submerged in deeper water in which shale, some 
sandstone derived from other more distant sources, and thin 
limestones were deposited. Some of the coarse sandstones in 
the lower part of the Sandia west of Ledoux and arkosic con-

glomerates of the upper part in the Rociada Basin also might 
have been derived from the El Oro area and spread west
ward. 

This model (Fig. 27) requires that disconformities and 
relatively sharp angular unconformities existed in the 
Sandia on the west flank of the El Oro block before most of 
the Sandia was removed by Cenozoic erosion. The strati
graphic relations envisioned would be similar to those of the 
west limb of the Tecolote uplift west and southwest of Agua 
Zarca where each of the Pennsylvanian formations thins 
eastward relatively abruptly and all are truncated by the 
Sangre de Cristo Formation, which also thins eastward inter
nally (cross sections Hand I, Plate 1). The area immediately 
east of the El Oro block, where multiple unconformities are 
shown in Figure 27, was uplifted in Cenozoic time, and the 
rocks were mostly removed by erosion; therefore, we cannot 
demonstrate that all the unconformities occurred here in 
Pennsylvanian time. (Compare Fig. 27 with cross section 
B-B', Plate 1.) Nevertheless, the stages shown in Figure 27 
are an explanation of events that might have occurred and
that could explain the great northward changes of thickness
and fades of the Sandia from about Rito Cebolla north.
Additional evidence of the existence of the Paleozoic El Oro
uplift during deposition of younger rocks will be presented
later in this report.

The zone of thick, generally arkosic and micaceous sand
stones of the upper part of the Sandia persists northward 
from the area of this report in outcrops at the east side of the 
mountains. This suggests that additional sources of coarse 
Precambrian detritus existed in micaceous quartzite, quart
zofeldspathic gneiss, and pegmatites at the eastern edge of 
the several Precambrian structural blocks that constitute the 
Cenozoic Rincon Range north of Mora (Plate 2). The litholo
gy of many of the sandstones of the Sandia in the Amoco 
wells in the Las Vegas Basin (Plate 3) suggests a source ter
rane of mica schists, quartzofeldspathic gneisses, and 
quartzites, such as those in the Rincon Range. 

Puzzling aspects of Sandia stratigraphy west and north
west of Mora might be explained if the Rincon Range struc
tural blocks were elevated during deposition of the Sandia 
Formation. The lower part of the Sandia on the west flank of 
the El Oro Mountains and the Rincon Range contains thick 
sandstones interbedded in thick shale bodies, but the middle 
and upper parts, exposed farther west, are predominantly 
shale, although they contain some sandstones. The sand
stones in the upper part of the Sandia west of Mora dimin
ish northward in thickness and amount. Near Holman Hill 
and Chacon, west of the Rincon Range about 12 mi (19 km) 
northwest of Mora (Plate 2), the upper 1,200 ft (365 m), or 
more, of the Sandia is mainly dark-gray organic-rich shale 
(Baltz and Read, 1956, p. 50-51, 76) that is overlain by lime
stone equivalent to the Porvenir Formation. The organic-rich 
shale fades is in the northern extension of the Rociada Basin 
that merged into the Taos trough (Fig. 4). The shale fades is 
laterally equivalent westward to predominantly coarse 
sandstones and shale of part of Sutherland's (1963, fig. 10, 
sec. 60) Flechado Formation at Rio Pueblo in the western 
part of the mountains. The shale fades northwest of Mora is 
equivalent, also, to the zone of thick, coarse sandstones in 
the upper part of the Sandia east of the Rincon Range and at 
Mora River. 

The sandstones of the Flechado Formation in the western 
part of the Taos trough were derived from the west, pre
sumably from parts of the ancestral Brazos (or 
Uncompahgre) uplift. In this connection, Casey (1980a, 
p. 184-188) has described coarse sandstones and boulder
conglomerates of Atokan and earliest Desmoinesian ages in
the western part of the Sangre de Cristo Mountains. He
interprets these rocks as braided stream, distal-fan, and
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FIGURE 27--Cross sections showing hypothetical stages of Pennsylvanian evolution of southern part of El Oro-Rincon uplift. Pattern 
shows sediments deposited during each stage. Wavy lines represent unconformHies; dashed lines represent bedding. EOF, El Oro fault; SF, 
precursory Sapello fault. Line of section extends east from vicinity of Ledoux near line of cross section B-8'. Thickness of rocks younger 
than the Sandia Formation are hypotheticaJ in the Rociada Basin, because only the lower part of the Porvenir Formation is preserved (west 
of section). 

fan-delta sequences that were built eastward into the Taos 
trough from the Uncompahgre uplift and that grade east
ward into basinal shales. These interpretations are consistent 
also with the stratigraphic relations described for this area 
by Baltz and Read (1956, p. 50-51, 76). Therefore, it does not 
seem likely that coarse detritus of the upper part of the 
Sandia could have been transported eastward from the 
ancestral Brazos uplift across the eastern part of the Taos 
trough, where mainly thick shale was accumulating, to the 
Rainsville trough where stratigraphically equivalent coarse 
to conglomeratic sandstones were deposited. 

If the area of the present Rincon Range had stood as a 
gently west-tilted uplift whose eastern edge was elevated 
episodically along west-dipping faults during deposition of 
at least the upper part of the Sandia, the uplift might have 
been both the east limb of the shale-fades basin and the 
source of f irst-cycle debris shed eastward in the manner pos
tulated for the El Oro Mountains area. Alternatively, if the 
coarse sediments of the upper part of the Sandia in the 
Rainsville trough were derived from the Sierra Grande uplift 
at the east, or from the Cimarron arch at the north, the 
Rincon uplift might have been a barrier that prevented the 
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coarse sediments from reaching the organic-rich shale facies. 
If the Rincon Range Precambrian blocks were structural

ly high in Pennsylvanian time, they must have plunged 
northward as they do today (Plate 2). North of Mora the 
western parts of the Precambrian blocks are overlain by the 
Arroyo Peftasco Group and thin remnants of the Sandia 
Formation, and, about 18 mi (29 km) north of Mora, the 
northernmost block of Precambrian rocks plunges north
ward on a large Cenozoic anticline southwest of Black Lake 
and becomes overlain completely by the Sandia Formation 
that  is, in turn, overlain by thick Desmoinesian rocks equiv
alent to the Porvenir Formation. 

Notably, in the adjacent northern part of the Rainsville 
trough between Ocate and Black Lake, rocks equivalent to 
the Sandia are predominantly shale that contains a much 
smaller proportion of sandstone at the True Oil Company 
no. 21-25 Medina and no. 34 Arguello wells than at the 
Amoco "A" and "B" wells in the southern part of the trough. 
(See Fig. 72 for location of the True wells. )  Additionally, the 
sandstones described in logs of the True wells by American 
Stratigraphic Company are generally finer grained than 
sandstones farther south, although some coarse-grained 
sandstones are present. This northward change to a finer 
grained facies of the entire Sandia in the northern part of the 
Rainsville trough accords with a Pennsylvanian northward 
plunge of Precambrian rocks of the Rincon Range and with 
the northward disappearance of this possible source of first
cycle sediments. The northward facies change in the 
Rainsville trough also suggests that northerly uplifts, such 
as the Cimarron arch (Fig. 4), were not the primary sources 
of coarse elastics of the southern part of the trough in 
Morrowan and Atokan time. 

Summary of depositional environments and source areas 
The general northward thickening of the Sandia 

Formation, its local variations in thickness and facies, and 
the coarseness and angularity of dasts of many of its sand
stones all indicate that the formation in the area of this 
report was deposited in areas of locally strong and recurrent 
tectonic activity. Thick gray shales were deposited in deep 
marine water, but many of the sediments were deposited in 
relatively shallow water as shown by the stratigraphic recur
rence of algal, stromatolitic, biodastic, and sandy limestones 
and coarse-grained marine sandstones. Scour-and-fill struc
tures in some sandstones, upward-coarsening progradation
al sequences, and thin coal beds indicate infilling and recur
rent local aggrada tion to subaerial deposition. These factors 
suggest that the supply of elastic sediments, probably from 
multiple sources, was generally adequate to fi ll, or nearly 
fill, the depositional basin throughout recurring episodes of 
subsidence. 

The southern two-thirds of the area of this report was 
part of the gently north-tilted Pecos shelf on which the 
Bernal, Hermit Peak, and Tecolote intrabasinal uplifts and 
the San Geronimo local basin began to develop in Morrowan 
and Atokan time. Most of the Sandia on the shelf was 
deposited in streams, floodplains, and swamps on a coastal 
plain that was episodically partly inundated by shallow
marine estuaries as the shelf was depressed . During deposi
tion of the lower part of the Sandia, Precambrian rocks of 
parts of the Bernal uplift were minor local sources of coarse 
gravelly sand, as was the Precambrian of the southern and 
northern parts of the Tecolote uplift .  Precambrian rocks of 

the Sierra Grande uplift may have been major sources of 
gravelly sand, as suggested by the coarse facies of the Sandia 
at the Continental Oil Co. no. 1 Leatherwood-Reed well (loc. 
4, Fig. 1 8) on the margin of the uplift. In late Atokan the shelf 
was mainly submerged in a shallow sea, and gray shale and 
thin limestone and minor amounts of sandstone were 
deposited. As the Sandia Formation thickens northward 
onto the Manuelitas saddle and into the Rociada local basin, 
it contains progressively more gray, calcareous marine shale, 
thicker fossiliferous limestones, and sheetlike mainly marine 
sandstones. In the area sou thwest of Sapello the proportion 
of marine and nonmarine sandstone in the upper part 
decreases northward as the Sandia thickens away from the 
northern part of the Tecolote uplift toward the Manuelitas 
saddle. The facies is mainly marine, but some sandstone and 
carbonaceous shale probably were deposited subaerially as 
coastal-plain swamps and streams prograded episodically 
into the structurally deepening areas. As the Sandia thickens 
northward into the mainly marine shaly facies of the 
Rociada Basin the total amount of sandstone in the upper 
two-thirds becomes less, and, traced northward into the 
eastern part of the Taos trough northwest of Mora, the main
ly marine upper two-thirds contains very little sandstone. 
These relations suggest that the major sources of coarse elas
tics of these deep-basinal areas were in southerly directions. 

The sandstones and conglomerates of the Sa ndia 
Formation of the southern shelf, Rociada Basin, and south
ern part of the Manuelitas saddle are dominantly quartzose, 
as are those of the lower half of the formation in the 
Rainsvi!Je trough. Coarse elastics of the equivalent 
Morrowan and Atokan lower part of the La Pasada and 
Aechado Formations on the Pecos shelf and Taos trough of 
the western part of the mountains are almost entirely quart
zose (Sutherland, 1963, figs. 1 2, 1 3) .  Quartzite granules and 
pebbles are abundant throughout the region and many beds 
are slightly micaceous. All these sediments appear to have 
been derived from Precambrian metamorphic terranes, 
probably mainly from quartzites of the ancestral Brazos 
uplift at the west, the Pedernal uplift at the south, and the 
Sierra Grande uplift at the east (Fig. 4). Very little is known 
about the Precambrian of the Sierra Grande uplift but meta
morphic rocks occur on its flank southeast of Las Vegas at 
the Continental Oil Co. no. 1 Leatherwood-Reed well .

Samples from the lower 540 ft ( 165 m) of this well, below the 
Arroyo Peftasco Group, are quartzi te, quartz-mica schist, 
greenstone, and alaskitic granite, similar to Precambrian 
metamorphic rocks and pegmatites tha t crop out on the 
southern part of the Tecolote uplift. Conglomerates of the 
Sandia Formation at the well are primarily quartz and 
quartzite. 

On the northern part of the Manuelitas saddle and in the 
Rainsville trough, the upper half of the Sandia Formation 
contains thick fine-grained to conglomeratic sandstones that 
are generally micaceous and feldspathic to arkosic .  
Plagioclase and potassium-feldspar dasts commonly range 
in size up to granules and small pebbles.  This facies appears 
to have been derived locally from metasedimentary and 
metavolcanic rocks and pegmatites of the eastern part of the 
El Oro-Rincon uplift. The sandstones probably were 
deposited as eastward-prograding marine and nonmarine 
fan deltas whose distal parts mingled in the episodically 
subsiding Rainsville trough with mixed marine-nonmarine 
sediments derived from the Sierra Grande uplift at the east. 
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Pennsylvanian and lower Permian rocks 

Madera Group 

The term Madera was proposed first by Keyes (1903) for 
Upper Carboniferous limestones above the "Sandia series" of 
Herrick (1900) in the vicinity of La Madera in the Sandia 
Mountains of central New Mexico. C.H. Gordon (1907) pro
vided better descriptions of these rocks, and he classified 
rocks above the Sandia Formation as the Madera Limestone. 
Read et al. (1944), Read and Wood (1947), and Northrop et 
al. (1946) extended the usage of the term Madera Limestone 
to the southern Sangre de Cristo Mountains. Baltz and 
Myers (1984) reviewed nomenclature problems and region
al correlations, retained the term Madera, and raised it to 
group status for the southeastern part of the Sangre de 
Cristo Mountains. The Madera Group in this region includes 
the Porvenir Formation and the overlying Alamitos 
Formation. In the southern margins of the mountains these 
rocks are lithologically similar to the Madera Group of the 
Manzano Mountains of central New Mexico (Myers, 1973, 
1982) and have the same age span of Middle Pennsylvanian 
(early Desmoinesian) through Early Permian (early 
Wolfcampian). A summary of stratigraphic nomenclature 
and age assignments of the Madera Group and equivalent 
rocks in the Sangre de Cristo Mountains of New Mexico is 
shown in Figure 2 of this report. 

Porvenir Formation 

Definition 
The name Porvenir Formation was applied by Baltz and 

Myers (1984) to the mainly marine limestone, gray shale, 
and sandstone that conformably overlie the Sandia 
Formation and are overlain with local angular unconformi
ty by the Alamitos Formation in the southeast
ern part of the Sangre de Cristo Mountains. The name was 
derived from the U.S. Forest Service El Porvenir 
Campground on Porvenir Creek south of Hermit Peak 
where these rocks form hogback ridges in the west-central 
part of the area of this report. The type section is along the 
U.S. Forest Service Johnson Mesa road south of Gallinas 
Creek near the center of sec. 23 T17N R14E (Joe. D of the pre
sent report). Baltz and Myers (1984) described the general 
lithology of the type section and illustrated it graphically but 
did not include a detailed descriptive section. Therefore, a 
detailed description of the type section (sec. D) is included 
near the end of the present report (Appendix II). A geologic 
map of the type locality is shown in Figure 81 (Appendix I). 

The Porvenir Formation consists of three laterally inter
grading facies: (1) a southern, dominantly carbonate facies; 
(2) a northern sandstone-shale-limestone fades; and (3) a
northwestern, dominantly shaly facies (Fig. 28). Throughout
the southern two-thirds of the area, the Porvenir Formation
is composed of thin to massive limestones and interbedded
thin to thick gray shales and minor amounts of sandstone,
all generally similar to those of the type locality (sec. D,
Fig. 29). In the eastern part of the mountains, mainly north
of Sapello River, the Porvenir consists of limestone, sandy
and oolitic limestone, gray shale, and thin to thick quartzose
and feldspathic to arkosic sandstone (secs. E, F, K, Fig. 29). In
the northwestern part of the area, generally north of Hermit
Peak, the southern carbonate facies of the Porvenir thickens
northward into a fades consisting of gray shale containing
subordinate amounts of thin to thick limestone, shaly lime
stone, and relatively minor amounts of sandstone. Only the
lower part of this shaly fades is preserved in the Beaver
Creek and Sparks synclines (Joe. 2, Fig. 30). In the hogbacks

south and east of Rociada the entire Porvenir Formation is 
present (sec. H, Fig. 30) and the shaly facies there grades 
northeastward gradually into the northern sandstone
shale-limestone facies south of the San Miguel-Mora 
County line. In the subsurface of Las Dispensas syncline 
(Plate 1), the shaly facies grades eastward into the northern 
sandstone-shale-limestone fades (sec. E, and Joe. 3, Fig. 30). 
AU the facies of the Porvenir Formation intergrade gradual
ly and intricately over distances of several miles, and each 
fades contains some lithologic units that are typical of, and 
can be traced into, the other fades. 

The Porvenir Formation is Middle Pennsylvanian (early 
to late Desmoinesian) age; its fusulinids are within the zone 
of Beedeina (formerly, the genus Fusulina). The Porvenir is the 
lower gray limestone member of the Madera Limestone of 
Read et al. (1944), Northrop et al. (1946), and Read and 
Wood (1947); the lower member of the Madera Formation of 
Baltz (1972); and the Porvenir Formation of Baltz and 
O'Neill (1984, 1986). The Porvenir is equivalent to the upper 
carbonate part (units 97-179) of the La Pasada Formation of 
Sutherland (1963, p. 56-60) at the type locality of the La 
Pasada along the Pecos River in the southwestern part of the 
Sangre de Cristo Mountains. 

Distribution and thickness 
The Porvenir Formation is present in much of the south

eastern part of the Sangre de Cristo Mountains (Plate 1) and 
probably was present in most of the area (except at places on 
Paleozoic uplifts-Fig. 28; Plate 4) prior to Cenozoic uplift 
and erosion. In the southeastern part of the area the Porvenir 
is absent south of Ojitos Frios where it is truncated by the 
overlying Alamitos Formation and southwest of Agua 
Zarca, where it is truncated by the Sangre de Cristo 
Formation. 

The Porvenfr Formation is present in the subsurface of 
the Las Vegas Basin at the J. D. Hancock no. 1 Sedberry well 
(Fig. 18) where it is represented by the southern carbonate 
fades. It was encountered also by the Union Land and 
Grazing Co. no. 1 Fort Union well drilled on Turkey 
Mountain dome (Plate 2) northeast of the area of this report. 
At this well it is intruded by thick sills of Tertiary 
quartz-monzonite(?) porphyry, confirming the reasoning of 
Hayes (1957, p. 954-955) that this large dome was elevated 
by an underlying intrusive body. In the subsurface east of 
Turkey Mountain and southeast of Las Vegas the Porvenir 
and underlying sedimentary rocks are truncated by the 
Sangre de Cristo Formation on the northwest flank of the 
Paleozoic Sierra Grande uplift (Northrop et al., 1946; Baltz, 
1965; Foster et al., 1972; Roberts et al., 1976). 

In the subsurface of the northern part of the Las Vegas 
Basin, the northern sandstone-shale-limestone fades of the 
Porvenir is present at the Amoco "A" and "B" no. 1 Salman 
Ranch wells where it is about 500 ft (150 m) thick (Plate 3). 
Fossils were not found in cuttings from these wells and the 
upper and lower contacts are assigned on the basis of litho
logic correlation with outcrop areas and partly by electric
log correlations between wells. Northeast of the area of this 
report, the Shell Oil Co. no. 1 Mora Ranch well (sec. 5 T22N 
R19E) penetrated about 550 ft (170 m) of rocks also similar to 
the northern fades of the Porvenir. 

Farther north in the Las Vegas Basin, the Continental Oil 
Co. no. 1 Mares-Duran well penetrated rocks similar to the 
northern fades of the Porvenir and the True Oil Co. no. 34 
Arguello and no. 21-25 Medina wells penetrated 700-800 ft 
(215-245 m) of rocks similar to the Porvenir, but correlations 
are tenuous because of the likelihood of much caving of well 
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cuttings. (See Fig. 72 for location of wells.) Samples from the 
True Medina well contain Desmoinesian fusulinids at 
reported depths of 7,190-7,480 ft, and Atokan fusulinids 
similar in age to those of the upper part of the Sandia 
Formation in samples from reported depths of 7,610-7,750 ft 
that were identified by W. E. King (oral comm., 1990). Our 
tentative lithologic correlations suggest that these samples 
may represent cavings as much as 3,500 ft (1,100 m) below 
their original stratigraphic positions. Nevertheless, the 
Desmoinesian fossils show that rocks equivalent in age to 
the Porvenir are present in that area. 

The thickness of the Porvenir Formation in the area of 
this report is shown by isopachs on Plate 4. The formation 
thickens generally northward across most of the area; the 
maximum known thickness in the area is 1,614 ft (492 m) at 
locality H (Fig. 31) east of Rociada. Part of the northward 
thickening is intraformational, for example between the type 
locality Ooc. D), where the Porvenir is 1,065 ft (324 m) thick, 
and locality H. 

In the southwestern part of the area, adjacent to the 
Paleozoic Bernal uplift (Plate 4), the entire Porvenir is pre
sent at places but is several hundred feet thinner than at the 
type locality. Part of the southward thinning is intraforma
tional, but part is the result of unconformity with overlying 
rocks. A thickness of about 600 ft (180 m) is estimated for the 
Porvenir between Bernal and Blanchard. This estimate is 
based partly on data from the Rockwell no. 1 Des Marias 
well that was spudded in upper beds of the lower part of the 
Porvenit and was reported to bottom in Precambrian rocks 
at a depth of 552 ft (168 m). At the surface south of this well 
the lower part of the Porvenir is overlain unconformably by 
the Sangre de Cristo Formation. 

In the subsurface of the Paleozoic San Jose Basin south 
and southwest of the area, rocks equivalent to the Porvenir 
thicken southwestward as shown by scattered wells. (See 
Figure 72 of this report and Foster et al., 1972, fig. 7, for total 
thickness of Pennsylvanian rocks.) At the surface in secs. 7 
and 18 T16N R13E, west of the area of this report, Read et al. 
(1944, loc. 22) show that rocks of the carbonate facies of the 
Porvenir are about 850 ft (260 m) thick. 

At the surface in the southeastern part of the area only 
the lower 115-550 ft (35-168 m) of the Porvenir is present in 
the area of the Paleozoic Tecolote uplift. At places on this 
uplift the Porvenir is overlain unconformably by the 
Alamitos Formation and at other places by the Sangre de 
Cristo Formation (Fig. 32). To the south the Porvenir is 
absent because of the unconformities. 

In the northwestern part of the area, in the Cenozoic 
Beaver Creek and Sparks synclines (Plate 1), only the lower 
1,000 ft (300 m) and less of the Porvenir is preserved from 
Cenozoic erosion; therefore, the thicknesses at outcrops east 
and northeast of Rociada provide the main basis for deter
mining the isopachs in this part of the area. However, the 
Porvenir in the Beaver Creek and Sparks synclines is part of 
the shaly facies, probably indicating that a subsiding basin 
(the Rociada Basin of Plate 4) existed there during deposi
tion of the Porvenir and that the formation was at least as 
thick there as it is east of Rociada. 

In the eastern part of the mountains, between Sapello 
River and Manuelitas Creek, the Porvenir is 1,155-1,200 ft 
(352-366 m) thick at localities E and 3 (Fig. 31). These rocks 
are on the Paleozoic Manuelitas saddle between the Rodada 
Basin at the west and, possibly, a Paleozoic trough at the east 
in the western part of the Cenozoic Las Vegas Basin north of 
Sapello. 

From about Rito Cebolla north, the Porvenir thins. At 
locality I (Figs. 46 and 88), just north of Cebolla Creek, most 
of the Porvenir is cut out by the Sapello fault (Plate 1), but 
about 0.5 mi (0.8 km) north of there most of it is present east 
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of the fault, as shown by fusulinid data, and is about 900 ft 
(275 m) thick. Northward from there to La Canada del 
Guajalote the lower part of the Porvenir is cut out by the 
Sapello fault and its total thickness is not known. At Mora 
River the Porvenir is 680 ft (207 m) thick (sec. K, Figs. 46 and 
89), and near the north edge of the area it is about 550 ft 
(168 m) thick. Our fusulinid data from this northern part of 
the area indicate that the upper part of the Porvenir is absent 
because of unconformity with the overlying Alamitos 
Formation. As was previously discussed, intraformational 
unconformities in the lower part of the Porvenir also dimin
ish its thickness locally north of Mora River. Therefore, it 
appears that uplifting occurred on the west flank of the 
Rainsville trough during and after the deposition of the 
Porvenir (Fig. 27C, D). 

The data from the Amoco no. 1 "A" and "B" Salman Ranch 
wells (Plate 3) are interpreted to indicate a small amount of 
uplift, in late Desmoinesian, of the area of the Cenozoic 
Ocate anticline. Th.is interpretation is similar to the postulat
ed uplift of this area during deposition of the Sandia and is 
subject to the same uncertainties because of lack of other 
nearby subsurface data. 

At outcrops west of Los Cisneros (USGS Lucero quad
rangle), about 5 mi (8 km) north of the area of this report, the 
upper part of the Porvenir is present as shown by late 
Desmoinesian fusulinids Ooc. 4, Plate 3). The basal and mid
dle parts are present also, but the total thickness is not 
known because of Cenozoic structural complications west of 
Los Cisneros. 

Southern carbonate facies 
Lithology and stratigraphy-The lithology of the 

Porvenir Formation in the Gallinas Creek area (Fig. 33) is 
typical of the carbonate fades of the southeastern Sangre de 
Cristo Mountains from about Canon Bonito south. A three
fold stratigraphic division of the carbonate facies (Fig. 29) 
occurs where the formation is completely preserved: (1) a 
thick lower part characterized by thick limestones and 
interbedded shale; (2) a medial part that is mainly shale and 
shaly sandstone; and (3) a thin upper part that has a wide
spread, basal "marker" zone of sandy bioclastic limestone. 

At the type locality (sec. D, Fig. 33) the lower 590 ft 
(180 m) of the Porvenir consists of thick, ridge-forming gray 
limestones (Fig. 34) and intervening nonresistant units of 
gray, calcareous, silty, clayey shale, shaly limestone, nodular 
limestone, and minor amounts of ledge-forming to shaly 
sandstone. Thin units of carbonaceous to coaly shale occur 
at several horizons (Fig. 35). The limestones generally con
tain abundant brachiopods, some pelecypods, crinoid 
columnals, bryozoans, echinoid spines, zaphrentid and 
chaetetid corals, some filamentous and phylloid algae, and, 
sporadically, fusulinids. Some of the shale and sandstone 
contains marine fossils, and some sandstones contain fos
sil-plant debris. Ledge-forming sandstones near the top of 
the lower part contain traces of subrounded, fine to medi
um, yellowish, weathered feldspar clasts. One or two 
ledge-forming sheet-like bodies of slightly feldspathic sand
stone occur in similar stratigraphic position through a large 
part of the western Gallinas Creek area (for example, Joe. 1, 
Fig. 33). 

The medial part of the Porvenir in the carbonate fades at 
the type locality is mainly gray- to light-olive-brown-weath
ering calcareous shale and clayey siltstone that contains 
some interbedded fine-grained shaly sandstone and some 
thin, gray limestone beds. Thin beds of highly carbonaceous 
shale occur at several horizons. This shaly medial part of the 
Porvenir is about 340 ft (104 m) thick at the type locality and 
its equivalent in all three fades is recognizable, on a zonal 
basis, through much of the central part of the area (Fig. 36) 
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from near the San Miguel-Mora County lin southward to 
the vicinity of locality la (Fig. 31) west of Tres Hermanos 
Creek. However, it is not po sible to correlate the lower con
tact precisely throughout this region, especially in the north 
where thick feldspathic to arkosic sandstones occur within 
the interval (Fig. 29). The medial and upper parts of the 
Porvenir are absent because of unconformity with the over
lying Alamitos and Sangre de Cristo Formations in the east
ern (sec. G, Fig. 33) and outhern (Fig. 32) parts of the area, 
and in som places in the southwestern part west of Bernal 

The upper part of the Porvenir Formation in the carbon
ate facies at the type locality (D) consists of a basal cro s
bedded sandy limestone that is overlain by shale, siltstone, 
thin fossiliferous limestone, limestone-pebble conglomerate, 
and nodular limestone. The upper part is about 175 ft (53 m) 
thick at the type locality. The distinctive basal unit of the 
upper part contain fragments of crinoid colurnnals and 
other fossil debris that do not appear to have been trans
ported far, but much of the unit is crossbedded calcarenite 
that is composed of well-rounded, fine to coarse calcite sand 
containing angular coarse quartz sand and granules. This 
unit is designated, informally, as a "marker" zone. The mark
er zone, ranging in thickness from 10 to 70 ft (3 to 21 m), is 
present in all three facies throughout much of the central 
part of the area from near the Mora-San Miguel County line 
southward to Tres Hermanos Creek southwest of Tecolote. 
The marker zone is recognizable not only by its lithology, 
but also because the stratigraphically lowest occurrence of 
the late Desmoinesian fusulinid Beedeina sulphurensis is with
in or just below it. A few hundred feet south of the type 

locality, the "marker" zone grades laterally into highly cal
careous coarse-grained sandstone as it does at a few other 
places but, generally, the zone is crossbedded calcarenite 
that contains angular quartz sand and granules. 

In the Gallinas Creek area, the carbonat facies of the 
Porvenir Formation thins eastward toward the Tecolote 
uplift (Fig. 33) because the upper and medial parts of the 
Porvenir are beveled by the Alamitos Formation. Part of the 
thinning might be the result also of local unconformity at the 
base of the marker zone, because sandy calcarenite, possibly 
equivalent to the marker, lies on the lower part of the 
Porvenir at locality 1. However, we did not find fusulinids in 
these calcarenite beds at locality 1, and the identification of 
the marker is questionable there. North of Montezuma the 
lower part of the carbonate facies of the Porvenir is pre
served from Cenozoic erosion on La Sierrita dome. There, it 
is lithologically similar to the Porvenir at locality G. Along 
the east front of the mountains the Porvenir is partly to com
pletely cut out by the Montezuma fault northward past 
Canon Bonito (Fig. 32; Plate 1). 

At the east front of the mountains, at locality G, a short 
distance south of Montezuma, the Porvenir is about 550 ft 
(168 m) thick and correlates entirely with the lower part of 
the carbonate facies at the type locality. The lower part of the 
Porvenir thins southward because of unconformity with the 
Alamitos Formation and the Sangre de Cristo Formation 
(Fig. 32). 

About 2.6 mi (4.2 km) northwest of Agua Zarca on New 
Mexico State Road 283 (Plate 1), ledge-forming limestones 
and interbedded thin shales of the lower part of the carbon-
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FIGURE 34-Limestones of basal part of Porven.ir Formation (!Pp) at its type locality (D) along U.S. Forest Service Johnson Mesa road. Units 
49, 48 are about 18 ft (5.5 m) thick. Thick, calcareous, clayey shale and interbedded thin limestones of upper part of Sandia Formation (IPs) 
are exposed poorly on slope at right. 

ate fades of the Porvenir are exposed. The basal thin lime
stones contain the fusulinids Beedeina sp. and Fusulinella cf. 
F. famula (£10308), indicating correlation with the basal part
of the Porvenir elsewhere in the area. The Porvenir is only
about 220 ft (67 m) thick and, about 3.5 mi (5.6 km) north
w st of Agua Zarca, it is overlain unconformably by feld
spathic sandstone and calcareous sandstone of the Alamitos
Formation (Plate 1). Farther west, west of the north end of
Ojitos Frios anticline, the Porvenir thickens westward
beneath the Alamitos. At outcrops on ew Mexico State
Road 283, at the top of the bluffs just east of Caiion Mesteno,
the marker zone containing Beedeina sulphurensis (f10309)
crops out just below the Alamitos and just above calcareous
dark-gray shale of the medial part of the Porvenir. Traced
southward from there, the Porvenir is beveled gently down
to shales of the medial part by the Alamitos Formation.

Along the west side of Tecolote Creek southeast of its 
confluence with San Pablo Creek (Plate 1), the Sangre de 
Cristo Formation bevels gently southeastward down to the 
lower part of the Porvenir, and the rocks that crop out south
ward past Ojitos Frio are lime tone , shale, and minor 
sandstones, almost entirely of the lower part of the carbon
ate facies. About 1 mi (1.6 km) northwest of Ojitos Frios, on 
the cliff above the west side of Tecolote Creek, a thick unit of 
coarse-grained calcareous andstone is present locally at the 
top of the Porvenir. Similar thick sandstone occurs also at 

the top of the Porvenir about 2 mi (3.2 km) north-northeast 
of Ojitos Frios. These sandstones probably were derived 
locally from the Tecolote uplift and might be equivalent to 
part of the medial unit or to the marker zone. 

In the southwestern part of the area, on the west limb of 
the Chapelle syncline, the carbonate facies of the Porvenir 
Formation consi ts of thin to thick limestones, shale, and 
minor amounts of sandstone lithologically generally similar 
to the type locality. At Cabo Lucero Creek and Falls Creek all 
three parts of the Porven.ir are present. Farther south at 
Santillanes Creek and San Pablo Creek only the lower part, 
about 500 ft (152 m) thick, is present unconformably b neath 
the Sangre de Cristo Formation. Still farther south, at locali
tie la and lb (Fig. 31) west of Tres Hermanos Creek, all 
three parts of the Porvenir are present. The basal part con
tains Beedeina aff. arizonensis (f10335) and the marker zone 
contains Beedeina sulphurensis (£10337). 

ear the southern margin of the area, on both limbs of 
the Serafina monocline, thick limestones, shales, and thin 
sandstones represent only the lower part of the carbonate 
facies of the Porvenir Formation. Beedeina rock-t;montana 
(f10311), representative of upper horizons in the lower part, 
was found in a quarry on the Bernal-Blanchard road about 
1 mi (1.6 km) west of Bernal in sandy bioclastic limestone 
estimated to be about 100 ft (30 m) below the top of the 
lower part of the Porvenir. Higher limestone and shale beds 

FIGURE 33-Stratigraphic sections of the Porvenir Formation, Gallinas Creek area. Locality D is the type section. Lithologic symbols are 
explained in Figure 9. Localities of measurement and line of sections are shown in Figure 31. 



70 



71 

FIGURE 35-Limestone and carbonaceous shale of the lower part of the Porvenir Formation at its type locality (units 94-89 of type section, 
D). Massive bioclastic limestone (unit 92) in center is about 25 ft (7.6 m) thick, is mainly structureless internally, and may be the core of a 
small bioherm. otch-forming bed tratigraphically below (to right oO the limestone are 0.5 ft thick, medium- to coar e-grained sandstone 
(unit 91) underlain by highly carbonaceous to coaly dark-gray hale that grade downward into yellow-weathering claystone (unit 90). 

FIGURE 37-Bed (delineated) of low, biohermal mounds in lower part of Porvenir Formation just south of Ojitos Frio . Limeston s contain 
colonies of Chaele/es and phylloid and filamentous algae. Mounds are 1-3 ft (0.3-1 m) high. 

of the Porvenir are poorly expo ed and are locally concealed 
south of the quarry and the railroad where the Sangre de 
Cristo Formation lie unconformably on the lower part of 
the Porvenir. 

Limestone petrology-The limestones of the carbonate 
faci s are texturally and structurally divers , almost bewil
deringly so. Shaly b dded limeston and interlayered shale 
and thin lenticular limestone are common. odular lime
stones and shale containing limestone nodules also are com
mon. Thin, micritic limestones ccur throughout the section, 
but most of the lime tone are bioclastic, ranging from very 
fine to coarse grained; coquinas of crinoid columnals, bra
chiopods, and even fusulinid tests occur here and there. 
Coarse, crinoidal limestones are especially common north of 
Blanchard in the southern part of the area. 

A common typ of limestone is highly fossiliferous and 
well-bedd d but massive weathering and ledge forming. 
Parallel, but undulatory, bedding commonly is caused in 
part by local low (generally 1-3-inch) mounds of Chaetetes 
and at ome places by Syringopora or by algal-bound 
mounds of crinoidal and other debris. The calcareous mate-

rial in these rocks accumulated mainly because of 
upward-building and entrapment of fine bioclastic debris by 
sedentary organisms. The e rocks are classified as 
biostromes; at some places they are broadly lenticular 
biostromal banks. 

Conspicuously mounded lime tones are common in the 
lower part of the Porvenir Formation. These range from 
beds only a few inches to a few feet thick (Fig. 37) to distinct 
bioherm 20--30 ft (6-9 m) thick. The low-mounded rocks 
commonly contain Chaetetes and algal remains and, at 
places, fine to coarse crinoidal and other fossil debris. 
Mounded phylloid-algaJ limestone and interspersed cross
bedded, sandy, elastic limestones are well expo ed at places 
east and north of Blanchard. 

A small, complex bioherm is well exposed in a quarry in 
eastward-dipping beds of the lower part of the Porvenir at 
locality G on the ridge south of the Montezuma powerhou e 
(Fig. 38). This quarry was mapped by plane table to study 
the stratigraphic details of the bioherm and its overlying 
rocks. The bioherm can be traced south of the quarry, but 
because of poor exposures its southern limit was not deter-

FIGURE 36-Calcareous gray shale and thin-bedded limestone in medial part of Porvenir Formation, east limb of Las Gallinas syncline, 
north side of Gallinas Creek. Highest ledge in outcrop is thin-bedded lime tone. Exposure is roadcut on ew Mexico Highway 65 about 
2,300 ft (0.7 km) west of bridge across Porvenir Creek. Outcrop is about 25 ft (7.5 m) high. 
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mined. The depositional sequence that includes this bio
herm begins with a thin quartzose sandstone exposed on the 
ridge west of the quarry (see sec. G, Fig. 33). This sandstone 
is mainly fine grained but contains coarse grains and small 
quartz and limestone pebbles. The sandstone is overlain by 
thin micaceous siltstone that in turn is overlain by coquinas 
of coarse crinoid fragments, brachiopod fragments and com
plete shells, and micaceous, sponge-spicule-bearing lime
stone. These units contain phylloid algae. Bedding is undu
latory to low-mounded and lenticular. These sub-bioherm 
rocks are units 42 through 46 in descriptive section G (p. 
217-218) and are exposed on the sloping west floor of the 
quarry and on the ridge to the west.

The core of the bioherm (Fig. 38) is mainly dense, massive 
limestone almost 30 ft (9 m) in maximum thickness. The core 
thins northward and its northernmost exposures appear to 
have been eroded and slightly brecciated, probably by wave 
action, prior to the deposition of overlying beds. An undu
latory erosional surface can be traced across the east and 
south walls of the quarry at the top of the core rock and 
below a bed of bioclastic limestone. At places, this contact is 
partly obscured by recrystallization, but its trace is mainly 
apparent. Most of the core is structureless, but in the south 
wall of the quarry several sloping bedding planes and atten
dant thin beds of finely bioclastic limestone indicate spatial
ly and temporally varying centers of growth. Part of the core 
rock is composed of mainly articulated brachiopod shells, 
crinoid columnals, a few horn corals, clumps of Chaetetes 
and syringoporid corals, bryozoans, echinoid debris, a few 
siliceous sponge spicules, gastropod shells, foraminifers, 
worm tubes, and filamentous and phylloid algae. The cal
careous alga Eugonophyllum johnsonii was identified as 
occurring at this locality by Konishi and Wray (1961, p. 662). 
Toomey (1980, p. 255) identified phylloid-algal plates 
assigned to Ivanovia tenuissima Khvorova as being common 
to abundant in the core rock of the bioherm. Although many 
of the fossils are broken, they show little evidence of abra
sion. Many fossils are randomly oriented, suggesting distur
bance by wave or current action and, probably, bioturbation 
prior to cementation. 

The matrix comprises 40-70 percent of the rock. Polished 
sections show that much of the matrix is composed of vary
ing proportions of fine to very fine grained fossil fragments 
and pellets and micritic calcite. Texturally, parts of the 
matrix are very fine grained, finely banded, sinuous bodies 
that appear to represent lime mud that "oozed" around the 
larger fossils. Some fine-banding may represent encrusting 
algae. Insoluble residues are less than 5 percent by weight 
and consist of quartz sand, glauconite grains, sili
ceous-sponge spicules, lacy chert, and a small fraction of 
light-gray clay. The limestone appears to be almost entirely 
lacking in dolomite. 

Much of the matrix is recrystallized. Patches as much as 
0.8 inch (20 mm) across are clear sparry calcite that is in opti
cal continuity with some of the enclosed fossils. Other patch
es are fine- to coarse-grained, sucrose, white to light-brown, 
crystalline calcite. Reticulating stringers of ocherous yellow 
silica are common in microfractures; in places lacy or spongy 
networks of silica replace part of the matrix and some of the 
small fossils. 

A complex sequence of beds occurs above the core. On 
the north flank, bedded marly clay containing rudely bed
ded limestone pebbles and concretionary nodules lies 
unconformably on the core. Many of the nodules are articu
lated brachiopods surrounded by accreted algal? calcite. 
Zaphrentid corals and large crinoid columnals are common 
also. Pebbles of dense gray limestone similar to the matrix of 
the biohermal core range up to 2.5 inch (6.4 cm) diameter. 
The stratigraphic relations (sec. A-B, Fig. 38) suggest that the 
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pebbles and some of the fossils were swept off the bioherm 
by wave or current action and deposited in mud accumulat
ing on its flank in a late, shallow-water stage of its develop
ment, probably during and after the time when the uncon
formity developed at the top of the core. 

The highest beds of the bioherm and the overlying beds 
are coarse bioclastic (mainly crinoidal) limestone that con
tains some quartz and glauconite sand grains. Fusulinids are 
common in these beds and some thin beds are composed 
primarily of unbroken and well preserved fusulinid tests. 

Another similar, but smaller and stratigraphically higher 
bioherm, is exposed in a large quarry about 200 ft (60 m) east 
of the locality of Figure 38. Other similar rocks that may be 
bioherms have been observed at other places in the southern 
carbonate fades (for example, Fig. 35), but exposures gener
ally are poor or discontinuous, and the details cannot be 
observed as well as in the two quarries just south of 
Montezuma. 

Toomey (1980) has studied the petrography and paleon
tology of the western bioherm (Fig. 38) near Montezuma 
and classified it as a phylloid-algal mound complex. His 
observations of the structure and stratigraphy of the bio
herm agree generally with those presented here. However, 
he suggested (p. 253) that the westernmost exposures in the 
south wall of the quarry (C, Fig. 38) represent the western 
end of the complex and mark an open, seaward-facing side 
on a shelf bordering a basin (p. 264). Although the preserved 
part of the core is thickest in the southeastern side of the 
quarry (B, Fig. 38), there is no way to determine where the 
western limits of the core may have been originally because 
the east-tilted rocks are beveled and eroded away along the 
east-sloping present-day land surface. Additionally, the east
sloping bedding in the westernmost exposures (sec. B-C) 
indicate that there was more than one center of growth dur
ing development of the core and, west of the present quarry, 
it might have been as thick as, or thicker than, it is in the 
quarry. Rocks equivalent to the Montezuma bioherm have 
been eroded from areas immediately to the west on the crest 
of the Cenozoic Creston anticline. However, on the west 
limb of the anticline at locality 1 (Fig. 33) and at the type 
locality of the Porvenir (sec. D), rocks in approximately the 
same stratigraphic position as the Montezuma bioherm are 
biostromal limestones, indicating that shelf-depositional 
environments continued westward from Montezuma. 

Toomey (1980) also suggested (p. 253) that the northeast 
part of the present quarry (A, Fig. 38) was "in a more 
shelfward location." The northern flank of the core was erod
ed prior to the deposition of the overlying marly shale and 
nodules, suggesting that wave or current action was rigor
ous at least temporarily on its north flank. This does not nec
essarily imply a more shelfward position than the other 
parts of the bioherm, in our opinion. Biostromal and, proba
bly biohermal, limestone occurs in the lower part of the 
Porvenir about 0.5 mi (0.8 km) north of Montezuma, indi
cating similar depositional conditions in that direction. To 
the east, the Montezuma bioherm is overlain by stratigraph
ically higher rocks of the Porvenir, and there is no way to 
determine its extent in that direction. 

Inasmuch as the lower part of the Porvenir is lithologi
cally generally similar throughout the Gallinas Creek area 
and at the well that penetrated it in the adjacent part of the 
Las Vegas Basin (no. 2, Fig. 18), we know of no specific evi
dence that would show that distinct shelf margins existed in 
the vicinity of Montezuma in early or middle Desmoinesian 
time. The Tecolote uplift subsided a little slower than areas 
to the north and northwest, but our stratigraphic data indi
cate that it was tectonically uplifted mainly after the deposi
tion of the lower part of the Porvenir. 
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Shaly fades 
In the belt of hogbacks southeast of Hermit Peak, the 

Porvenir Formation thickens northward from the type local
ity. This thickening is accomplished mainly by a northward 
increase in the proportion of shale in the lower part of the 
formation. In the hogbacks northeast of Hermit Peak the 
Porvenir is completely repr sented at Sapello River and at 
Manuelitas Creek (s c. H, Fig. 39) where it is 1,614 ft (492 m) 
thick. At these places, ledge-forming limestones at the base 
of the formation contain Beedeina arizonensis ,  (£1 0338, £10139) 
of early Desmoinesian age and the upper part contains 
Beedeina sulphurensis (fl01 42) of late Desmoinesian age, indi
ca ting that the age span of the thickened formation is the 
same as at the type locality. The medial shaly part is recog
nizable, although i ts base may be stratigraphically higher 
than at the type locality. The upper part also is present 
although, at Sapello River, the marker zone either was not 
deposited or is represented by sandstone. At locality H, the 
lower part of the Porvenir contains several coar e-grained to 
conglomeratic sandstones that contain traces of weathered 
yellowish-gray feldspar. Near the top of the lower part, two 
pebbly, arkosic sandstones contain chalky-weathered feld
spar clasts that are as large as 0.25 inch (0.3 cm) diameter. 

The rocks of the Porvenir Formation northeast of Hermit 
Peak at Sapello River and Manuelitas Creek are classified as 
the eastern part of the shaly fades, but some of the lime
stones are similar to those of the carbonate fades, and the 
feldspathic and arkosic conglomeratic sandstones are simi
lar to those of the northern facies . Thus, the Porvenir in this 
area i transitional between all three facies. 

To the we t, at Beaver Creek, about 1 ,000 ft (305 m) of the 
shaly facies of the Porvenir was preserved from Cenozoic 
erosion (Joe. 2, Fig. 39) . The lower 300 ft (90 m) consists of 
thin, gray limestone and interbedded siltstone, calcareou 
shale, and shaly limestone that commonly weather to platy 
rubble. The remainder of the section is mainly gray shale 
and calcareous shale that contains stratigraphically widely 
spaced thin to thick limestones and a few thin, sheet-like 
sand tones. To the north, in the Beaver Creek syncline and in 
the Sparks syncline betw en Maestas and Sparks Creeks, 
only the lower 250-400 ft (75-1 20 m) of the Porvenir is pre
served. The lithology is generally similar to the section at 
Beaver Creek, but the proportion of shale is probably greater 
than at Beaver Creek. 

Fusulinids were not found at the base of the Porvenir at 
Beaver Creek, but, farther north in the Beaver Creek and 
Sparks synclines, Beedeina arizonensis and Fusulinella aff. F.

famula (f1 0312)  occur near the base on the ridge north of 
Sapello River. North and south of Maestas Creek (f1 031 3, 
£1 0339) and on the ridge north of Sparks Creek (£1 0314)  B.

arizonensis occurs near the base of the formation (Baltz and 
O'Neill, 1986) .  These early Desmoinesian fossils confirm the 
lithologic correlation of the shaly fades of the Porvenir in 
these isolated outcrops with the Porvenir elsewhere in the 
area . 

The limestones of the shaly facies are similar to the gray, 
bioclastic limestones in the southern carbonate facies, but 
they do not commonly form thick, massive units as they do 
farther south. Algal limestones and biostromal limestones 
are present, but bioherms are uncommon. However, on the 
west limb of the Beaver Creek syncline just north of the 
ridge crest north of Daily Creek, and on the east limb of the 
Sparks syncline just north of Sparks Creek, biohermal 
mounds as much as 15 ft (4.5 m) high are present locally near 
the base of the formation. These mounds were eroded part
ly and are overlain by local limestone-pebble to boulder
conglomerate and coarse-grained sandstone. These litholo
gies and stratigraphic relations are similar to those of the 
basal part of the Porvenir in the sandstone-shale-limestone 

fades northwest and north of Manuelitas where biohermal 
mounds occur and where an intraformational unconformity 
occurs in the lower part of the formation. 

An outlier of rocks in the trough of the Sparks syncline 
north of Gascon (Plate 1; Fig. 28) probably is an erosional 
remnant of the shaly fades of the Porvenir. This remnant is 
about 400 ft ( 120 m) thick. The basal part, about 80 ft (25 m) 
thick, is oolitic limestone, thin-bedded sandy limestone, 
shale, and, a sandstone that locally contains abundant peb
bles and cobbles of gray limestone. Stratigraphically higher 
rocks are mainly gray shale that contains thin gray lime
stones and thin coarse-grained sandstones. Near the middle 
is a ledge-forming unit of thin-bedded gray limestone abou t 
10 ft (3 m) thick. These rocks are correlated with the lower 
part of the Porvenir because of stra tigraphic posi tion and 
general l ithologic similarity to outcrop of these rocks to the 
outh and southeast, bu t no fusulinids were found to con

firm the correlation . 
Su therland and Harlow (1 973, p. 6-7) reported that the 

percentage of shale increases northward in the 
Desmoinesian part of their La Pasada Formation in the high 
part of the mountains east of Truchas Peaks and mainly west 
of the area of the pre ent report (Plate 1 ) .  According to 
Sutherland and Harlow (1 973, p.  1 1 6- 1 17) fossiliferous 
Desmoinesian rocks, about 365 ft ( 1 10  m) thick, are present 
in the eroded upper part of their La Pasada Formation on the 
ridges near the head of Rio Valdez in the northwest corner of 
the area of Plate 1 of the present report. They described these 
rocks as being mainly shales that contain thin limestones 
and a few thin sandstones. These Desmoinesian rocks 
apparently belong to the shaly facies of the Porvenir, which 
suggests that the Paleozoic Rociada structural and deposi
tional basin extended northwestward across this area in at 
least part of Desmoin sian time. Because the Desmoinesian 
rocks have not been mapp d in the northwesternmo t part 
of the area they are shown on Plate 1 and in Figure 28 only 
in their general location, described by Sutherland and 
Harlow (1 973). 

In the belt of hogbacks east of Rociada, the Porvenir thins 
northeastward from locality H, and thick feldspathic sand
stones appear in the lower and upper parts of the formation 
as i t  grades into the northern sandstone-shale-limestone 
facies. The marker zone can be recognized at places in these 
hogbacks to the vicinity of the Mora-San Miguel County 
line where it either wedges out or grades into coarse sand
stone. In the subsurface of the Cenozoic Las Dispensas syn
cline east of local ity H, the Porvenir thins depositionally 
onto the Paleozoic Manuelitas saddle (Pla te 4) and grades 
laterally into the northern sandstone-shale-l imestone facies 
(Fig. 30 and sec. E, Fig. 39) . 

Northern sandstone-shale-limestone fades 
General description-In the central part of the area, at 

about Canon Bonito (Fig. 28), thick, coarse-grained quart
zose and feldspathic sandstones occur near the middle of the 
Porvenir Formation. The relative proportion of sandstone · 
and conglomeratic sandstone throughout most of the forma
tion increases northward, as does the feldspar content and 
the thickness of many sandstone beds. Northwest of Sapello, 
sandstones and conglomeratic sandstones are major con
stituents of the Porvenir Formation, about equal in propor
tion to shales, but limestones are minor constituents of all 
but the lower 200-250 ft (60-75 m) of the formation (secs. E 
and 3, Fig. 39) .  The lower 200-250 ft (60-75 m) of the forma
tion as far north as Cerro de la Cruz, near Manuelitas, is 
mainly thick, ledge-forming, biostromal limestones and 
interbedded gray shales of the southern carbonate facies. 
Farther north, a basal limestone zone persists but much of 
this lower interval becomes predominantly shale that con-



tain interbedded thin to thick l imestones and minor 
amounts of sandstone that are considered to be the lower 
shale-limestone unit of the northern facies (secs. E and 3, Fig. 
39). The Porvenir Formation in the eastern part of the moun
tains maintains this general character northward past the 
area of this report, although from about La Canada del 
Guajalote north past Mora River, the lower shale-limestone 
unit is thin because of intraformational unconforrnities 
(Fig. 29). 

Baltz and Myers (1984) designated a composite strati
graphic section at Cai1on del Homo (sec. E, Fig. 39 of the pre
sent report) as the principal reference section of the northern 
sandstone-shale-limestone fades of the Porvenir Formation. 
A description of the reference section and a geologic map of 
the reference locality northwest of Manuel i tas (Fig. 83) are 
included near the end of the pre ent report. A description of 
the Porvenir and a geologic map of the Mora River area 
(sec . K, Fig. 89) also are i J1cluded near the end of the report 
as an additional reference section and reference locality of 
the northern facie of the Porvenir. The basal part of the 
northern facies in the lower Manuel itas Creek-Sapello area 
contains Beedeina arizonensis and other early Desmoinesian 
fusulinids (f1 0340, f1 0341 ,  and f1 0283), and the upper part 
contains the late Desmoinesian Beedeina su lphu rensis 
(£1 0292),  con.firming the strata) equivalence of the northern 
facies to the other facies of the Porven.ir. 

Lower Manuel itas Creek-Sapello-The basal part of the 
northern sandstone-shale-limestone facies near Manuelitas 
is a mainly persistent zone of l imestone, as much as 50 ft 
( 1 5  m) thick, that contains low mounds of filamentous- and 
phyl loid-algal limeston and small, low bioherms. Rocks of 
this kiJ1d are well developed at local i ty El (Fig. 39) and el e
where nearby (Fig. 40) . Two mall  i olated circular ou tcrops 
of the Porvenir, shown on Plate 1 northeast of ew Mexico 
Highway 94 about 1 .5 mi (2.4 km) northwest of Manue]j tas, 
are large biohermal mounds, one of which is about 60 ft 
(18 m) in diameter and 32 ft (9.8 m) high (Fig. 41 ) .  Similar 
large mounds occur near the base of the Porvenir near the 
east front of the mountaiJ1s 1 .5-2 mi (2.4-3.2 km) northeast 
of Manueli tas. 

The ba al lime tone zone is as much a 40 ft (1 2 m) thick 
near Canon de Duran northwest of Manuelitas and on the 
fla nks of the Padil la an ticl ine (Pla te 1 )  northeast of 
Manuelitas. At most places at least part of the zone is 
thin-bedded fi lamentous- or phylloid-algal limestone, but 
other parts are thin, paral lel-bedded, sparsely fossiliferous, 
fine-grained l imestone. At places some of the limestone is 
partly or entirely replaced by gray to white chert in which 
stromatolitic banding is sti l l  apparent. A thin sandstone con
taining limestone pebbles occurs within the basal zone east 
of Canon de Duran. This sandstone thickens northeastward 
and cuts downward through the underlying limestone so 
that about 1 .2 mi (2 km) north of Manuelitas it cuts com
pletely through the basal part of the Porvenir to r st uncon
formably on gray shale of the Sandia Formation.  Traced 
northeastward, the sandstone thins, and, near the north end 
of Cerro de la Cruz anticline, it i again a thin limestone-peb
ble-bearing sandstone within the Porvenir. 

South of locality E, along the county road southwest of 
the confluence of Canon de! Rocio and Manu litas Cre k, 
the basal limestone zone is absent locally, and stratigraphi
cally higher coarse-grained sandstone of th Porvenir lies 
unconformably on dark-gray shale of the upper part of the 
Sandia Formation. South ai1d east of Manuelitas Creek, on 
the west slopes of Cerro de la Cruz, limestones are present at 
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the base of the Porven.ir, as they are southward past Sapello 
River. 

Above the basal zone north of Manuelitas Creek, the 
lower shale-limestone unit of the northern facies (loc. El , 
Fig. 39) is about 170 ft (52 m) thick, and is composed of 
dark-gray shale that contains some thiJ1 sandstones and gray 
limestones, some of which are r markably parallel bedded, 
fine-grained, and sparingly fossiliferous. Limestone beds of 
this kind are exposed just east of Canon de Duran .  Other 
limestones at places in this unit are stromatolitic. An ou tcrop 
of low stromatolitic mounds and mtermound breccia of 
algal-mat fragments occurs near the top of the lower shale
limestone unit on the ridge about 1 ,000 ft (300 m) east of the 
axis of Woods anticlme (Pla te 1 )  abou t 1 ,300 ft (400 m) south 
of the Mora County Une (Figs. 42, 43). Shale that formerly lay 
on these beds has been erosionally stripped, leaving the scat
tered mounds in growth position in an area of about half an 
acre. 

Stratigraphically above the lower shale-limestone unit is 
a sequence of coarse-grained to conglomeratic, feldspathic 
sandstones that was called, informally, the sandstones of 
Fragoso Ridge by Baltz and Myers (1 984). At loca lity El 
these sandstones are almost 100 ft (30 m) thick. They are sub
parallel to crossbedded, and consist mainly of very coarse to 
granule size, subangular to subrow1ded, irregularly shaped 
clasts and subangular to subroun.ded pebbles some of which 
are as much as 0.5 in.ch ( 1 .3 cm) diameter (Figs. 44, 45) .  In the 
lower part of the unit abou t 20 percent of the cla t in al l 
grain sizes is yel low, wea thered feldspar; higher beds are 
also feldspathic, but less so than tho e of the lower half. 
Mo t beds are at least sl ightly micaceous, and thin lenses of 
fmer grained shaly micaceous sandstone are interbedded at 
places. ortheast of locality El ,  these sandstones rise struc
turally and topographical ly on the we t flank of the Woods 
anticline (Plate 1 )  and form the caprock of Fragoso Ridge 
sou th of Ri to Cebolla. At the northwest corner of the ridge 
along s ction F (Fig. 46) the unit is a l ittle more than 210  ft 
(64 m) thick. This northward thickening occurs probably 
b cau e shaly and sandy intervals above the andstones at 
locality El grade northward into sandstone and shaly sand
stone (Fig. 29). 

On the east l imb of Cerro de la Cruz anticline northwest 
of Sapello (Plate 1) feldspathic sandstone correlative with 
the sandstones of Fragoso Ridge occurs at locality 3 (Fig. 39) 
and probably at least as far outh as exposures just north of 
Sapello River where calcareous sandstones occur in the 
lower part of the carbonate facies of the Porvenir Formation . 

ortheast of locality 3, on the east l imb of the Padilla ai1ti
cline, the sandstones of Fragoso Ridge are present in the 
hogback belt, and they are well exposed in the synclme west 
of the Padilla anticline abou t 0.5 mi (0.8 km) sou th of the 
Mora County line. The sandstones are expo ed in the hog
backs at the ea t margm of the mountams from the county 
line north to a little south of Rito Cebolla where this part of 
the Porvenir is cut out by the Sapello fault. 

On the west limb of Cerro de la Cruz ai1ticline the sand
stones of Fragoso Ridge thm southwestward to pa t the 
upper part of Sanguijuela Arroyo where thin, probably cor
relative, sandstones are interb dded wi th shale and lime
stone of the carbonate facies. In the western belt of hogbacks 
just west and northeast of Tierra Monte (Plate 1 ) , 
coarse-grained sandstone and interbedded shale that prob
ably are correlative with the sandstones of Fragoso Ridge 
occu r m the lower part of the Porvenir, but they thin south
westward toward Rociada into the shaly facie of the forma-

FIGURE 39-Stratigraphic ections of the Porvenir Formation, Beav r Creek-Manuelitas Creek-Sapello area . Localities of measurement and 
Line are shown in Figure 31. Lithologic symbols are expla ined in Figure 9 .  Section 2 and section H are representative of the shaly facies. 
Section E is the principal reference sect ion for the northern sandstone-shale-limestone facies. 
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FIGURE 40------Low, biohermal-lime tone mounds near base of northern sand tone- hale-lim 
are on north ide of anon del Rocio near its mouth northwest of Manuelitas. 

tion wh r th ir id ntification b comes uncertain. Several 
feld pathic conglomeratic sandstone in the lower part of 
the shaly facies at locality H east of Rociada probably are 
equivalent to parts of the sand tone of Fragoso Ridge (Fig. 
30). 

In the Lower Manuelitas Cr ek-Sapello area, the part of 
the Porven.ir Formation between the andstones of Frago o 
Ridge and the marker zone is silty to sandy, gray to 
light-olive-gray-weathering shale that contain thin to thick 
feld pathic and quartzose sandstones and conglomerates. 
Some of the andstone are calcareous. Thin gray limestone, 
sandy limestone, and some nodular limestones form subor
dinate amounts of the interval Oocs. E3, 3, Fig. 39). The rocks 
of this stratigraphic interval are laterally equivalent to some 
of the lower part and to the medial part of the southern car
bonate facies of the Porvenir (Fig. 29). West of Cerro de la 
Cruz anticline sandstones of this stratigraphic interval per-
i t into the carbonate facies a far outh as the upper part of 

Canon Bonito (Fig. 28). Near the eastern front of the moun
tains also, the sandstones thin southward and become rela-

tively less conspicuous at about Sapello River as they grade 
into the carbonate facies outh of Las Tusas. orth of 
Manuelitas Creek, thick feld pathic sandstones and thin 
lime tone interbedded in gray shale occur in the upper half 
of the Porvenir northward past the area of this report. 

The marker zone of the upper part of the Porv nir is pre
sent in much of the Lower Manuelitas Creek-Sapello area. It 
i coarsely biodastic limestone that contains medium to 
coar e sand and granules of angular quartz, and it is com
monly crossbedded and cross-laminat d. It is present we t 
of Cafioncito on Manuelitas Creek and at locality E3. It wa 
traced northwestward from locality E3 pa t New Mexico 
Highway 94 wher it forms a well-expo ed we t-dipping 
ridge. The marker zone was identified also in the hogbacks 
north of Tierra Monte almost to the San Miguel-Mora 
County line. 

On the east limb of Cerro de la Cruz anticline the marker 
zone was identified in outcrops about 1,200 ft (365 m) we t 
of the junction of ew Mexico Highways 94 and 266. Here, 
the marker is tltlcker, more coar ely biocla tic, and sandier 

FIGURE 41-Sketch of partly slumped, circular, biohermal mound near base of Porvenir Formation east of San I idro Cemetery and church 
near mouth of Canon de Duran 1.5 mi (2.4 km) northwest of Manuelitas. Bioherm is stratigraphically quivaJent to thin-bedded basal lime
stones of the Porvenir at break in slope at north side of valley in the background. Light-gray shaJy siltstone, expo ed on brushy slope just 
east (right) of mound, i upper part of Sandia Formation. Thin-bedded substratum of bioherm i coarse crinoidal limestone containing horn 
corals and brachiopod fragments that grades upward into fine-grained algal limestone, thin shale, and nodular algal limestone. The bioherm 
is about 32 ft (9.8 m) high. The lower 2-3 ft (0.6-0.9 m) is brachiopod-bearing unduJatory-bedded limestone. Upper part is dark-gray car
bonaceous limestone that is nearly all recrystallized and whose primary structures are mostly obliterated. Fragm nts of banded algal lime-

tone occur in the upper part, suggesting that at least part of the mound originally was a tromatolite. 
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FIGURE 43----Breccia of algal-mat fragments from lower shale-Jim ton unit of Porv nir Formation at locality of Figur 42. Slab is 6 inche 
(15 cm) wide. Many of the thin fragments are concave and appear to have been produced by desiccation followed by fragmentation by 
wave or curr nt . Photograph by H. E. Malde. 

FIGURE 42-Small tromatolitic mound from lower part of Porvenir Formation south of Mora-San Miguel County line, 
3 mi (4.8 km) north-north a t of Manuelita . Concentrically banded mound (top of picture) is about 6 inches (15 cm) high. 
Stratigraphic po ition of the tromatolitic rocks is near the top of the lower shale-limestone unit, not far below ba e of the 
sandstones of Frago o Ridge. Photograph by H. E. Malde. 

than it is to the we t, and it contains abundant shells of 
thick-walled brachjopods ome of which ar unbroken. The 
inclined bedding, coar ene s, and thick-walled fo ils sug
gest that it i a beach or nearshore depo it. In poradic out
crops to the north the unit become andier; it is tentatively 
corr lated with crossbedded, calcareous, slightly feldspatruc 
sandstone and sandy limestone at locality 3 (Fig. 39). North 
of there, along th east front of the mountains, the marker 
wa not recogniz d, although about 3 mi north of Rito 
C bolla Beedeina sulphurensis (f10290) was found, indicating 
that the upper part f the Porvenrr i pre nt at least that far 
north. In the Lower Manuelitas Cr ek-Sapello River area the 
marker zone may be lightly unconformable on the under
lying part of the Porvenir (Fig. 30). 

Fragoso Ridge-Rito Cebolla-On the ea t lope of 
Fragoso Ridge (Plate 1; Fig. 88), the ledge-forming ba al 
lim stone zone of the Porvenir Formation is fairly well 
exposed and was trac d around the southwestern, outhern, 
and eastern margins of the erosional amphitheater that occu
pi s the ere tal part of the Woods anticline near the Mora 

County line south of Rito Cebolla (Plate 1). At these outcrops 
th lim stones generally are thin bedded and highly fossilif
erous. At places, they contain banded, low-mound d, stro
matolitic limestone, parts of which are replaced by light
gray, banded chert. At mo t places on the eastern and north
ern slopes of Fragoso Ridge the basal limestone zone is con
cealed by Quaternary colluvium or is poorly expo ed. It wa 
ob erved on the eastern flank of Fragoso Ridge at locality C 
(Fig. 22) and near the northwest end of Fragoso Ridge 
(Fig. 84) at and near locality F (Fig. 46). The overlying lower 
shale-limestone wlit is mainly concealed on the east- and 
north-facing slopes of Fragoso Ridge, but a few outcrops 
how that it i similar to the wlit farther south. 

At locality F the ba al limeston unit is at least 20 ft thick 
and i lithologically complex. The lower part at locality Fis 
stromatolitic limestone that ha been replaced largely by 
gray to white chert in which the algal banding can till be 

een. This is overlain by bioclastic limestones containing 
interbeds of oolite and some angular pebbles of limestone a 
large as 0.5 inch (1.3 cm) diameter. Fu ulinids, including 

FIGURE 44-West-dipping, coars -grained to pebbly, feld pathic sand tone near ba e of sand tones of Fragoso Ridge. Locality E1, roadcuts 
at north side of ew Mexico Highway 94 about 1.7 mi (2.7 km) northwest of Manuelitas. Crossbedding is sinu oidal and gen rally i 
inclined outhwe t (left}. 
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view of sandstone near ba e of sandstones of Fragoso Ridge at locality of Figure 44. Knife is 4.5 inches (11.4 cm) long. 
Lower part of knife i on haly, micaceous, carbonaceous sand tone. Rock above is cemented grus of very coarse sand and granules that con
tains pebble a large a 0.5 inch (1.3 cm) diameter. Most clast are irregularly shaped and subangular. About 20 perc nt of la t in all izes 
is yellowish gray, weathered feldspar. 

Beedeinn nrizonensis (f10291), occur in the biocla tic beds, 
indicating their correlation with the basal part of the 
Porvenir el ewhere. 

Fragoso Ridge is capped by the basal part, as much as 
70 ft (20 m) thick, of the sandstones of Frago o Ridge, and 
stratigraphically higher parts of the unit crop out on the dip 
slopes southwest of the crest of the ridge. At locality F, the 
unit is 210 ft (64 m) thick and con ists of coarse-grained to 
conglomeratic, feldspathic, rnicaceous sandstone with thin 
interbeds of fine- to coarse-grained, micaceous sandstone 
and a minor amount of thin shale and shaly sandstone. The 
sandston s of Fragoso Ridg were trac d southea tward 
from th ridg across the er st of the Woods anticline, just 
outh of th Mora-San Miguel County line, into th hogback 

ridge near the eastern front of the mountains where they 
are overlain by upper parts of the Porvenir. The entire 
Porvenir is cut out locally by the Sapello fault south of Rito 
Cebolla (Plate 1; Fig. 88). 

Above the sandstones of Fragoso Ridge at locality F, the 
Porvenir consists of gray shale and interspersed thin gray 
limestones and fine-grained to conglomeratic, mainly feld
spathic and micaceous sandstones. Some of the conglomer
atic sandstones in the upper half are highly feldspathic, con-

taining yellowish-gray to pink feldspar. Subrow1d to suban
gular feldspar clasts constitute 10-25 percent of the e rock 
and commonly range in size up to pebbles 0.25 inch (0.6 cm) 
in diameter. Shales in the lower part of thi interval are 
mainly gray calcareous claystone, but higher in the ection 
they are mainly light olive gray silty shale . Some hale con
tains marine fossils or fossiliferous limestone interbeds. 

The limestones in the interval ab ve the and tones of 
Fragoso Ridge at locality Far predominantly ilty to andy 
and coar ely biocla tic; ome bed are coquina of fragment-
d brachiopods, bryozoans, and other fo ils. Near the mid

dle of the formation is a cro bedded, andy, bioclastic, and 
oolitic lime tone. This limestone contains algal debris, bra
chiopods, a trac of crinoid colurnnals, and many fu ulinids. 
Lenses of angular quartz granules are interbedded. The unit 
is similar to the marker zone but eem to be stratigraphi
cally too low to correlate with the marker. The fu ulinids are 
abraded, many have accretionary calcite layer around them 
and probably are reworked. The fauna) as ociation, includ
ing Beedeina sp. and Fusulinelln p. (f10284), indicates very 
early Desmoinesian age, which does not accord with the 
stratigraphic position of the fo sils. Fusulinids from the 
upper part of the unit (fl 0285) are abraded and Fusulinelln

FIGURE 46-Stratigraphic sections of the Porvenir Formation, Fragoso Ridge-Rito Cebolla-Mora River area. Localities of mea urement and 
line of sections are shown in Figure 31. Lithologic symbols are explain din Figur 9. Lowest fusulinid collection (f10135) shown with strati
graphic ection K wa obtained from andy biodastic Limestone on ridge southwest of Mora River about 600 ft (180 m) south of locality K. 
Thi limestone is absent by unconformity at locality K, but it is pre ent again farther north. 
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sp. occurs with an w1determined species of Beedeina whose 
morphology suggests a mid-Desmoinesian age. The pres
ence of the abraded tests of Fusulinel/a well above their 
expected stratigraphic position suggests that they were 
eroded from a nearby uplifted area where the basal part of 
the Porvenir or the uppermost part of the Sandia was 
exposed during the deposition of upper parts of the 
Porvenir at locality F. 

The rocks of the upper 160 ft (49 m) of the Porvenir 
Formation at locality F are similar to those of the upper part 
of the Porvenir above the marker zone farther south, but we 
did not find fusulinids in this interval to confirm a litholog
ic correlation. A tentative correlation of the rocks at locality 
F with the marker and overlying rocks farther south is based 
mainly on stratigraphic position (Fig. 29). 

At the front of the mountains immediately north of Rito 
Cebolla at locality I (Fig. 46) the basal zone of the Porvenir 
Formation is a steeply dipping unit of sandstone, thin lime
stone, and thin shaly limestone that forms a low ridge west 
of the poorly exposed lower shale-limestone unit. The basal 
zone can be traced along sporadic outcrops about 2,500 ft 
(760 m) northward from locality I to where it and the lower 
shale-limestone unit are cut out by the Sapello fault (Fig. 88), 
which throws the middle or lower part of the Sandia 
Formation against stratigraphically high parts of the 
Porvenir. At locality I the poorly exposed lower part of the 
sandstones of Fragoso Ridge apparently is thrown against 
the uppermost part of the Porvenir by a branch of the 
Sapello fault (Plate 1; Fig. 88), but farther north the sand
stones of Fragoso Ridge and stratigraphically higher feld
spathic sandstones and interbedded shales and thin lime
stones crop out in prominent hogback ridges whose beds 
range in dip from vertical to overturned. The lithology is 
generally similar to that at locality F. About 2 mi (3.2 km) 
north of Rito Cebolla the Porvenir is cut out completely by 
the Sapello fault, which locally throws the Sandia Formation 
against the Alamitos Formation. North of there, overturned 
feldspathic sandstone, shale, and thin limestone of the upper 
half of the Porvenir are exposed again east of the Sapello 
fault. Beedeina sulphurensis (f10290) was found in the upper 
part of the formation about 3 mi (4.8 km) north of Rito 
Cebolla, confirming the stratigraphic position of the upper 
part. 

Mora River and northern part of area-In the eastern 
part of the mountains, from about La Canada de! Guajalote 
northward past Mora River (Plate 1; Fig. 89), the lower part 
of the Porvenir is a laterally and vertically heterogeneous 
assemblage of fine-grained to conglomeratic sandstone and 
micritic, coarsely bioclastic, and oolitic limestone. The basal 
part of the Porvenir at most places is a 20-30-ft (6-9-m) thick 
unit of gray, fine to very fine grained calcareous sandstone 
that contains alternating interbeds of gray silty limestone 
(sec. L, Fig. 26; sec. K, Fig. 46). The sandstone and limestone 
beds are 1-12 inches (2.5-30 cm) thick, parallel bedded, and 
sparingly fossiliferous; many limestone beds are lenticular. 
Locally, as about 800 ft (245 m) north of Mora River, some of 
the limestones are as much as 1 ft (0.3 m) thick and highly 
fossiliferous. This unit commonly weathers to a slabby, 
notched slope. It appears to be conformable with the under
lying Sandia Formation. 

The lower part of the Porvenir, above the basal unit, is a 
distinctive gray, sandy, bioclastic, and locally oolitic lime
stone, 15-30 ft (4.5-9 m) thick, that is present sporadically 
from just south of La Canada de! Guajalote northward past 
the area of this report. The limestone commonly consists 
mainly of coarse grained to very coarse grained crinoid 
debris; fusulinids, including Beedeina arizonensis (f10135, 
£10293), are abundant. The limestone generally is very sandy 
and at places, such as the ridge just south of Mora River and 

elsewhere to the north, it grades laterally into coarse-grained 
calcareous sandstone, which grades laterally back into lime
stone. The bioclastic limestone is not present immediately 
north of Mora River at locality K where it has been cut out 
because of channeling by overlying sandstone, but it is pre
sent on the ridge (sec. L, Fig. 26) about 1,500 ft (455 m) north 
of Mora River where it is conspicuously oolitic and cross
bedded. North of there for a short distance, an intraforma
tional unconformity causes a stratigraphically higher sand
stone to cut out the lower part of the Porvenir, but the basal 
unit and the sandy bioclastic limestone both are present at 
locality J7 (Fig. 26) on the drainage divide between Mora 
River and Canon del Agua where the limestone contains 
Fusuline/la aif. F. dosensis and Wedekinde/lina sp. (f10137). The 
fusulinids confirm the early Desmoinesian age of the lower 
part of the Porvenir near Mora River and its correlation with 
the basal part of the Porvenir farther south. 

From Canon del Agua northeastward about 1 mi 
(1.6 km), the basal beds of the Porvenir are absent and a 
sandstone bed above the intra-Porvenir unconformity lies 
directly on the Sandia. The stratigraphic position of the 
sandstone of the Porvenir is confirmed generally by the 
occurrence of Beedeina cf. B. rockipnontana (f10304) of middle 
Desmoinesian age a short distance above its top about 
2,000 ft (600 m) north of Cali.on de! Agua (Fig. 89). Farther 
north, both the basal fine-grained sandstone and limestone 
unit and the overlying bioclastic limestone again are present 
at the base of the Porvenir and, about 7,000 ft (2.1 km) north
east of Canon de! Agua, Beedeina aff. B. arizonensis (f10305) is 
present near the base. As previously mentioned, sandy 
oolitic limestone containing the same fusulinid (f10303) is 
present at the base of the Porvenir at an outcrop south of the 
creek and road west of Los Cisneros about 5 mi (8 km) north 
of the area of this report, which suggests that a unit of this 
general lithology was widespread at the time the basal beds 
of the Porvenir were deposited. 

At exposures along New Mexico Highway 518 just north 
of Mora river (sec. K, Fig. 46) the part of the Porvenir that 
lies on the basal fine-grained sandstone and limestone unit 
consists of olive-gray shale with interbedded feldspathic to 
arkosic coarse-grained to conglomeratic sandstone and thin 
silty gray limestone (Fig. 47). These rocks probably are 
equivalent to the lower shale-limestone unit of the Porvenir 
of areas to the south. However, the unit at Mora River is only 
about 55-75 ft (17-23 m) thick because of several intrafor
mational unconformities, one of which is slightly angular 
(Fig. 48). Tracing of individual beds northward from the 
roadcuts at Mora River indicates that an unconformity at the 
base of a sandstone within the lower part of the unit is the 
previously described unconformity that cuts out the under
lying basal parts of the Porvenir to northeast of Canon de! 
Agua. The lower shale-limestone unit can be recognized at 
places nearly to the north edge of the area of this report, 
although to the north it seems to be mainly cut out by anoth
er stratigraphicaJly higher intraformational unconformity at 
the base of the overlying sandstones of Fragoso Ridge. 

The sandstones of Fragoso Ridge at Mora River (sec. K) 
are partly ridge-forming, feldspathic, granule and pebble 
conglomerates that are lithologically similar to those of the 
unit farther south, except that at Mora River they are not as 
thick and massive and they contain a little more interbedded 
shale than farther south. Most of the sand is coarse to very 
coarse and is angular to subangular; quartz pebbles as large 
as 0.75 inch (1.9 cm) across are common. Feldspar content 
ranges from 5-20 percent. Many feldspar clasts are pink, 
fresh-appearing, and angular. Feldspar pebbles range in 
diameter up to 0.5 inch (1.3 cm). Most of the conglomerates 
and sandstones are crossbedded, but some sandstones are 
fine- to medium-grained, micaceous, and have thin subpar-
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FIGUR 47-Lower part of Porvenir Formation, ew Mexico Highway 51 at locality K, north of Mora River about 3.5 mi (5.5 km) south
ea t of Mora. Upper part of ba al and tone-lime tone unit (unit 212 of stratigraphic ection K) i poorly exposed on slope at lower left. The 
overlying bioclastic-oolitic limestone of areas to north and south is absent from these outcrops. Thin, coarse-grained sandstone, andy lime-
tone, and hale (unit 213-218 of ection K) underlie low ledg . Ledge-forming and tone at upper right is unit 219 of section K. These 

rocks, above the basal sandstone-limestone unit, probably are equivalent to parts of the lower shale-limestone unit of the Porvenrr in the 
Manuelitas Creek-Rita CeboUa area (Figs. 39, 46). Tree at left on outcrop of wlit 212 is about 15 ft (4.6 m) high. 

allel bedding. Shales in this interval generally are olive-gray, 
silty, and contain limestone nodules, some of which are fill
ings of fossil burrows, a few of which are lined with fusulin
id tests (Fig. 2 on Plate 11). The upper part of the lowest 
shale in th sandstones of Fragoso Ridg at locality K weath
ers to a distinctive purplish-red; southward to a littl south 
of La Canada de! Guajalote r ddish-brown to maroon
weathering shale occurs in th lower part of the sandstones 
of Frago o Ridge, but shale of this color wa not ob rved 
anywhere el e in the Porvenir south of there or north of 
locality K. 

orth of Mora River the sand tone of Frago o Ridge 
per ist and form hogbacks past the northern boundary of 
the area (Plate 1) of thi report. ear the northern boundary 
the unit is mostly crossbedded, feldspathic conglomerates 
that form a prominent hogback ridge. orth of the area the 
continuity of the ru1d tone of Frago o Ridge i not e tab
lished certainly. However, about 5.2 mi (8.4 km) north of the 
area of thi report, thick, conglomeratic and tones occur in 
the hogback ridge at and north of the road about 2,800 ft 
(850 m) west of Los Cisneros cemetery (USGS Lucero quad
rangle). These rocks, west of the ba e of locality 4, Plate 3, 
probably are equivalent to the andstones of Frago o Ridge. 
The sandstone are very coar e grained to pebbly, highly 
rnicaceous, and feldspathic; they are composed mainly of 
quartzit granules and pebbles but contain potassium and 
plagioclase feldspar granul s and pebbles as larg as 0.5 
inch (1.3 cm) across. Int rb dded shale is highly rnicac ous. 

The higher part of the Porvenir Formation, above th 
sandstones of Fragoso Ridge at Mora River (sec. K, Fig. 46), 
is a stratigraphic succession similar to the succ ssion of the 
lower part. The base of the upper succession is a thin lime
ston that is overlain by silty clayey shale. The shale grade 
upward into a unit of thin-bedded fin -grained calcareous 
sandstone that contains thin, lenticular, silty, gray limestone 
beds that are sparingly fossiliferou . This unit is similar to 
the basal fine-grained andstone and limestone unit of the 
Porveni..r. The upper fine-grained sandstone-lime tone unit 
is overlain by hale and interbedded thin brachio
pod-crinoid coquinas that, in turn, are overlain by bioclastic 
andy lime tones, some of which grade laterally into 

calcareou very coarse-grained to conglomeratic sand tone . 
These beds are overlain by ridge-forming, thick, 
coar e-grained feldspathic andstones and interbedded thin 
hale and lime ton s that ar similar to the and tone of 

Frago o Ridge. The highe t part of the Porvenir at Mora 
River i mostly gray clayey hale and silty shale that con
tain a few thin beds of gray finely bioclastic limestone and 
weathers to slopes and strike valleys. 

The upper sequence of the Porvenir, above the sand
stones of Frago o Ridge, persi ts to the northern edge of the 
area of thi report, but the details of its stratigraphy were not 
studied during mapping north of anon de! Agua. The 
upper s quence at Mora River correlates with part of the 
rocks above the sandstones of Fragoso Ridge in the 
Manu lita Cre k and Rito Cebolla area . However, the 
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FIGURE 48-Lower part of Porvenir Formation, New Mexico Highway 518 at locality K, north of Mora River. About 200 ft (60 m) east of 
view of Figure 47. Thick sandstone at lower left is unit 219 of section K. Local unconformity that is slightly angular (arrows) occurs in thin 
shale just below base of thin limestone (unit 223, section Kl in middle of outcrop. Beds below the unconformity in right side of view dip east 
more steeply than beds above. Channel sandstone in upper middle left (unit 225, section K) thickens westward (left) by cutting out under
lying beds. Left of the view the sandstone forms a prominent ledge and is sharply folded. This sandstone is correlated, tentatively, with the 
lower part of the sandstones of Fragoso Ridge. 

occurrence of the middle Desmoinesian fusulinid Beedeina 
rockymontana (£10149) at the top of the Porvenir at Mora 
River indicates that beds equivalent to the upper 
Desmoinesian marker zone and highest part of the Porvenir 
are not present at Mora River, probably because of uncon
formity with the overlying Alamitos Formation. 

In the subsurface northeast of Mora River, at the Amoco 
"A" and "B" no. 1 Salman Ranch Wells, the Porvenir 
Formation (Plate 3) is generally similar to the Porvenir crop
ping out from Mora River northward. The lower 70 ft (20 m), 
approximately, at the wells consists of gray, fine to very fine 
grained sandstone, highly calcareous gray siltstone, and 
some limestones, all similar to the basal part at Mora River. 
The overlying fine- to coarse-grained sandstones at the 
wells contain white to pink feldspar and are interbedded 
with gray to reddish-gray calcareous shales and thin lime
stones. These rocks probably correlate with the sandstones 
of Fragoso Ridge. The section above the sandstones at the 
wells is similar to the upper part of the Porvenir at Mora 
River. In general, the sandstones above the basal part of the 
Porvenir at the wells seem to be somewhat finer grained 
than at the outcrops. 

Vertical repetition of lithologies 
In the southern carbonate facies, the lower part of the 

Porvenir Formation contains complex sequences of rocks 
that are repeated vertically in the section. However, because 
of locally poor or discontinuous exposures, it is difficult to 
determine if the repetitions of various lithologies occur in 
orderly sequences, laterally or vertically. 

An area north of Gallinas Creek near the village of 
Gallinas (Figs. 49, 50) affords an opportunity to examine 
some of the details of lithologic repetition in the lower part 
of the carbonate facies of the Porvenir. Good outcrops exist 
in roadcuts, steep arroyos, and gullies; several key beds crop 
out well enough to be traced for about a mile (1.6 km). 

Figure 50 was constructed from detailed sections and 
from observations between sections during lateral tracing of 
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FIGURE SI-Limestone of unit A of Porvenir Formation. orth ide of ew Mexjco Highway 65 northwe t of Gallina at top of section 1, 
Figure 50. Middle part of limestone is partly recry taJlized. Ledge i about 30 ft (9 m) high. At lower right, limestone lies on thin carbona
ceous hale and interbedded thm lime tone of unit 

units near Gallina . The diagram how that everal units of 
distinctly different lithologie occur in mainly orderly suc
cession . Ero ional and slightly angular unconformities 
occur at several horizons, a sociated with gentle folds. The 
amplitudes of the folds are exaggerated greatly b cause of 
the exaggeration of the vertical scale of the diagram; in prop
er context, they are no more than minor wrinkles with struc
tural relief of only 30-40 ft (9-12 m) in about 0.5 mi (0.8 km). 
The erosional unconformiti s ar partly inferr d because 
some units thin and disappear betwe n measured s ctions. 
Howev r, som of the unconformities were apparent in out
crops where sharp undulatory contact or cha1U1eling was 
ob erved directly. The unconformity within the thick B unit 
at the top of section 3 was well exposed on the hillside, and 
the unconformity between units B and A in the lower parl of 
section 2 was observ d in outcrops near the highway west of 
Gallinas. 

The angular unconformity between units C and A at sec
tion 4 and in the upper part of section 5, also was observed 
in outcrops near th highway w st of Gallina (Fig. 53). Thi 
w1conformity at ection 4 wa traced ea tward to ection 9 
where the A unjt above the unconformjty contains the mid
dle De moine ian fusulinid Beedeina cf. rocktpnontana at a 
position about 70 ft (21 m) above the base of the Porvenir 
Formation (Joe. 1, Fig. 33). To the west and east in the 
Gallmas Creek area, the lowest occurrence of this fusulinid 
is a little more than 200 ft (60 m) above the ba e of the 
Porvenir (secs. D and G, Fig. 33). This suggests that the 
unconformity at Gallinas may cut out as much as 130 ft 
(40 m) of the lower part of the Porvenir on a broad anticline. 

The presence of unconformities withm the lower part of the 
Porvenir in this area is consistent with the previously 
described unconformities in the lower part of the Porvenir in 
the shaly fades near Daily and Sparks Creeks, and in the 
low r part of the northern sandstone- hale-facie north of 
Manu litas and n ar Mora River. 

Th units labeled A in Figure 50 are biostromal lime
stones. They generally contain abundant broken and com
plete brachiopods, crinoid columnals, bryozoans, horn 
corals, Chaetetes clumps, and other fossils. Algal fossils are 
common also. The matrix is finely bioclastic and micritic 
limestone. Beds are generally several inches to 1 ft (30 cm) 
thick; bedding is undulatory with local small mounds abun
dant. Commonly the rocks are recrystallized so that part of 
the bedding and internal structure is obscured. The upper 
parts of most of these units con ist of thin undulatory beds 
of fine- to medium-grained bioclastic material that is light
ly marly at plac s. Fusuljnids are common in ome of the 
bioclastic beds. In general, the lithology of the biostromal 
unit i im.ilar to that of the bioherm south of Montezuma, 
but the bio tromes are bedded throughout and lack massive 
core (Fig. 51). 

The biostromal limestones generally have sharp contacts 
with underlying rocks. Most of the basal contacts are dis
conformities or slightly angular unconformities. One of the 
units (A in the lower part of section 3) lies conformably on a 
fine- to coarse-grained quartz sandstone that channel 
slightly into underlying rocks. Th upper contact of the 
biostromal rocks s em to be mainly conformable with and 
locally gradational into overlying rocks. 
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FIGURE 52-Dark-gray shale and interbeddd lenticular fine-grained Jim stone (light color d) of Porvenir Formation, roadcut on ew 
Mexico Highway 65 west of Gallinas. Shale and limestone is unit Bin lower part of section 2, Figure 50; exposed part is about 15 ft (4.6 m) 
thick. Ledge-forming limestone (lowest unit A of section 2) at top of roadcut is unconformable on unit B and, to the northwest (left), cuts 
out the upper 3 ft (1 m) of unit B. 

The units labeled B in Figure 50 consist of thin dark-gray 
shales and interbedded thin limestones (Fig. 52). 
Proportions of limestone to shale vary laterally in some of 
the units but, generally, about 50 percent of the rocks is cal
careous, slightly carbonaceous clayey shale. Beds are mainly 
from 2 inches to 2 ft (5 to 60 cm) thick. The limestones are 
mainly composed of silt-size to fine-grained calcite clasts, 
but some are micritic. Some limestones have faint banding 
that suggests stromatolitic structures, and some are car
bonaceous, yielding macerated very fine carbonaceous frag
ments as insoluble residue. Fossils are sparse although a few 
brachiopods and gastropods occur at places. Bedding is 
undulatory, and the limestones thicken and thin rapidly 
along the outcrop. Most limestone is lenticular, ranging from 
flat discs 1-2 ft (3�0 cm) across to thin lenses as much as 
30 ft (9 m) long. The undulatory bedding is a depositional 
feature of the limestones because the intervening shales 
thicken and thin in re pon e to the topography of the tops of 
limestone beds. The tops of the B units seem to be con
formable with overlying carbonaceous quartz siltstone and 
shale where units B and Care in contact although, locally, in 
the upper parts of sections 1 and 2, a unit C sandstone chan
nels into the underlying unit B. 

The units labeled C in Figure 50 are mostly shaly quartz 
siltstone containing interbedded clayey shale and fine- to 
medium-grained quartz sandstones (Fig. 53). The sand
stones form stringers and lenses from 1 inch to 1 ft (2.5 to 
30 cm) thick that grade laterally and vertically into siltstone. 
The sandstones and siltstones are slightly micaceous. A 
westward-thickening channel sandstone occurs in the high-

est C unit at sections 1 and 2. This quartz sandstone ranges 
from fine grained to granule grained, generally coarsening 
upward. Several C units contain a few thin bioclastic lime
stones and some marly shal . The C units are characterized 
by being mainly highly carbonaceous. Very thin coaly layers 
are present, and recognizable fragments of carbonized twigs 
and leaves are common in some beds. Marine fossils are 
rare, but small brachiopods and gastropods occur in a few 
beds, for example, in the upper C unit at section 1. 

The general order of deposition of the repeated litholo
gies seems to have been A, B, C, where aIJ three units are pre
served completely between bounding disconforrnities or 
unconformities. In the lower part of section 7 (Fig. 50), a B 
unit overlies a C unit, but the two are separated by a lens of 
medium- to granule-grained quartz sandstone with 1 nses of 
calcareous sandstone that contain brachiopods and crinoid 
columnals. These thin calcareous sand beds may represent 
an aborted unit A. The sequence A, B, C is considered to be 
a hemicycle. The hemicycles are mostly or entirely marine, 
although most of the sediments of the C units were derived 
from terrigenous sources. 

Lithologic sequences similar to those near Gallinas have 
been observed at outcrops of th Porv nir at other places in
the southern carbonate fades, but much of the detail is 
obscure because of poor exposures. Without a considerable 
amount of additional study it is impossible to determine 
whether the individual hemicycles of Figure 50 are local or 
of greater extent. It is apparent from Figure 50 that detailed 
interpretations of individual section or isolated outcrops 
could lead to incorrect interpretations of vertical succe sions 
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FIGURE 53-Gray, carbonaceous, shaly siltstone, of Porvenir Formation forming slope in roadcut on New Mexico Highway 65 northwest 
of Gallinas. Shaly siltstone is unit C in section 4, Figure 50. Unit is overlain with angular unconformity by very thin sandstone and lime
stone of unit A, lower part of which forms irregular ledge about 7 ft (2 m) high at top of cut. Unit C dips west (left) more steeply than unit 
A and thickens westward. Unit C thins southeastward (right) and wedges out east of section 5, Figure 50. 

when the lateral stratigraphic variations and correlations 
cannot be determined with relative certainty. 

The hemicycles of the carbonate facies, as observed at 
Gallinas (Fig. 50), suggest a primarily tectonic control of sed
imentation on the northwest flank of the Paleozoic Tecolote 
uplift. This is indicated by the small folds and attendant 
unconformities and by the regional evidence of an active tec
tonic setting of the Pecos shelf during deposition of the 
Porvenir Formation. A general scheme that might explain 
the repetition of lithologies is as follows: 

1. Rapid depression of the basin, attended by slight 
wrinkling and folding, inundating widespread areas 
of shallow-water bank deposits. Transgression of, the 
deeper sea allowed wave and current action to scour 
the tops of pre-existing deposits and to create minor 
unconformities and disconformities. 

2. Continuing slow subsidence during which biostromal 
limestone (units A) and bioherms developed but, as 
subsidence continued, areas of organic upbuilding 
migrated toward shallower water. 

3. Deposition in quieter, deeper water of organic muds 
and calcisiltite (units B) winnowed or eroded from 
biostromal and biohermal limestone developing else
where in shallower water. 

4. Temporary cessation of subsidence. Infilling and 
upbuilding by highly carbonaceous terrigenous sedi
ments (units C) derived from marshes, estuaries, or 
lagoons near islands or low uplifts nearby. These sed
iments could have been swept out periodically by 

storms or they might represent prograding deposits of 
sluggish coastal-plain or island-margin streams. 

It does not seem necessary that every hemicycle, or part 
of one, at every locality in the carbonate facies began with a 
regional tectonic pulsation, because the local topography of 
the bottom, developed by slight folding and by buildups of 
bioherms or other banks, could have controlled the direction 
of distributive currents and provided shallow, local, restrict
ed, depositional basins. This might have caused one 
sequence to be deposited at one locality while another 
sequence was deposited nearby. Some of the thinner 
sequences of units B and C might be no more than the results 
of storms or seasons of storms. Nevertheless, the overall rep
etitions of lithologies of the carbonate facies of the Porvenir 
must have been ultimately the result of repeated episodes of 
subsidence of the Pecos shelf during which filling by sedi
ments was generally able to keep pace with subsidence. 
Other hemicyclic sequences occur in the carbonate facies of 
the Porvenir south of Montezuma. One of these sequences at 
the Montezuma bioherm was described previously. The gen
eral succession of sequences at Montezuma also requires 
repeated episodes of subsidence followed by upbuilding to 
shallow water levels during the overall depression of the 
basin. 

Other kinds of repetitive lithologic sequences occur in the 
northern sandstone-shale-limestone facies of the Porvenir. 
The sandstones of Fragoso Ridge at locality F near Rito 
Cebolla exhibit both upward-coarsening and upward-fining 
sequences. Interbedded shale, limestone, sandy limestone, 



and arkose in the upper part of the formation in the 
Manuelitas Creek-Rito Cebolla area also show repetitions of 
lithologies, but we have not studied these rocks in detail. 

At Mora River, the lower part of the Porvenir and the 
rocks just above the sandstones of Fragoso Ridge each are 
very fine grained sandstone and limestone deposited in 
quiet marine water. These are succeeded upward by sandy 
and oolitic limestones in turn succeeded upward by feld
spathic sandstone and conglomerate, parts of which were 
deposited in very shallow marine and nonmarine environ
ments. The highest part of the Porvenir is predominantly 
marine shale. Therefore, the section at Mora River may 
exhibit two hemicycles and the lower part of a third. These 
hemicycles seem to represent recurrent episodes of rapid 
subsidence followed by infilling and upbuilding to shallow
water conditions by progradational deposits near a source of 
coarse, terrigenous, elastic sediments. However, the orderly 
sequence was interrupted by slight local uplift and erosion 
prior to deposition of the partly nonmarine sandstones of 
Fragoso Ridge. 

The vertical repetitions of lithologies throughout the 
Porvenir Formation probably were primarily the results of 
recurrent tectonic activity of the local basins and intrabasinal 
uplifts, as weU as the major uplifts that are marginal to the 
entire Pennsylvanian basin. Our data are not sufficient to 
determine whether, or to what extent, the repetitions were 
influenced by other more widespread causes, such as cli
mate changes or world-wide eustatic changes of sea level 
that have been proposed, for example, by Wanless and 
Patterson (1951). 

Contact with overlying rocks 
In most of the area the Porvenir Formation is overlain by 

the Alamitos Formation. In the central part of the area, on 
the west limb of the Cenozoic Las Gallinas syncline from 
about Cabo Lucero Creek north, the contact generally is 
structurally conformable, although local scouring and chan
neling occurred at the base of the Alamitos. At many places 
the marker zone is present in the upper part of the Porvenir, 
but the interval between it and the base of the Alamitos 
thickens and thins somewhat, suggesting at least local dis
conformity. The hiatus at the contact probably is small 
because the late Desmoinesian fusulinid Beedeina sulphuren
sis occurs in the lower part of the Alamitos as well as in the 
upper part of the Porvenir. 

Northeast of Hermit Peak, on both limbs of the Cenozoic 
Las Dispensas syncline, and on the east limb of Cerro de la 
Cruz anticline between Sapello River and Manuelitas Creek, 
the contact is similar to that farther south, maintaining about 
the same stratigraphic interval above the marker zone. 
Beedeina sulphurensis occurs above and below the contact 
here as it does farther south. 

These places, where all or nearly all of the Porvenir 
Formation is present, are parts of the Paleozoic San 
Geronimo and Rociada Basins and Manuelitas saddle 
(Plate 4). Elsewhere in the area, the contacts of the Porvenir 
and overlying rocks are mainly low-angle unconformities on 
the Paleozoic uplifts and their flanks. 

Southwestern part of area-On the west limb of the 
Cenozoic Chapelle syncline, thin remnants of the Alamitos 
lying on the Porvenir were observed at a few places (Plate 1). 
At Cabo Lucero Creek and near the northwest corner of 
Tl4N RISE (loc. lb, Fig. 31), the marker zone of the Porvenir 
is present beneath the Alamitos, but, farther south, at Dead 
Horse Canyon the lower part of the Porvenir is overlain 
unconformably by the Alamitos. West of Bernal the lower 
part of the Porvenir, containing middle Desmoinesian 
fusulinids, is overlain by a thin remnant of the Alamitos, 
which contains Missourian fusulinids indicating unconfor-
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mity between the formations . At most places on the west 
limb of the Chapelle syncline the Porvenir Formation is 
overlain unconformably by the Sangre de Cristo Formation. 
At locality 1a and at Falls Creek (Fig. 31 ), the Sangre de 
Cristo lies on the upper part of the Porvenir, but elsewhere 
in this part of the area and west of Bernal, the Sangre de 
Cristo lies unconformably mainly on the lower part of the 
Porvenir. (See Fig. 58.) All these relations show that the 
Bernal uplift (Plate 4) was active in late Desmoinesian time 
after deposition of the Porvenir and, again, after deposition 
of the Alamitos. 

Southeastern part of the area-On both flanks of the 
Cenozoic Ojitos Frios anticline (Plate 1) the Porvenir is over
lain by coarse-grained to pebbly feldspathic sandstone and 
limy sandstone of the Alamitos Formation. At Canon 
Mesteno along New Mexico Highway 283 the medial and 
upper parts of the Porvenir are present and the marker zone 
contains Beedeina sulphurensis. However, the Porvenir thins 
eastward from Canon Mesteno and, a short distance east of 
La Reunion syncline, only the lower part of the Porvenir, 
about 220 ft (67 m) thick along Highway 283, is present 
beneath limy sandstone of the Alamitos. Therefore, the con
tact is locally an angular unconformity on the west flank of 
the Tecolote uplift. The Porvenir is, similarly, very thin far
ther southeast. These and other data show that the Tecolote 
uplift (Plate 4) was active prior to late Desmoinesian deposi
tion of the Alamitos. 

Along Tecolote Creek, west of the Cenozoic Ojitos Frios 
anticline, the Sangre de Cristo Formation cuts out the 
Alamitos and, southward, progressively cuts out the upper 
third to half of the Porvenir. South of Ojitos Frios, along the 
axis of the anticline, the Alamitos again is present uncon
formably on the lower part of the Porvenir. Southward, the 
Alamitos bevels down to Mississippian rocks, and, in turn is 
overlapped by the Sangre de Cristo, which lies on 
Precambrian rocks. Along the east side of Tecolote Creek just 
south of Ojitos Frios the contact of the Porvenir and Sangre 
de Cristo Formations is, at places, a sharp angular w1confor
rnity because the Porvenir is folded sharply into small anti
clines and synclines whose axes trend northwest. These 
folds, however, appear to be Late Pennsylvanian because the 
Alamitos Formation north and south of Ojitos Frios also is 
folded beneath the unconformity. 

About 1 mi (1.6 km) west and southwest of Agua Zarca 
only the lowermost part of the Porvenir is present, ranging 
from 0-175 ft (0-53 m) thick. It is overlapped southward by 
the Alamitos, which lies on Precambrian rocks and contains 
beds of pebbly arkose that indicate the southern part of the 
Tecolote uplift also was active in late Desmoinesian after 
deposition of the Porvenir and during deposition of the 
Alamitos. 

East-central part of area-On the east flank of the 
Cenozoic Creston anticline north of Agua Zarca, the lower 
part of the Porvenir is 0-300 ft (0-90 m) thick and is overlain 
unconformably by thin remnants of the Alamitos Formation 
at places from Agua Zarca Creek to south of Montezuma 
(Fig. 32); elsewhere in this part of the area the Porvenir, and 
locally the Sandia Formation, are overlain unconformably 
by the Sangre de Cristo Formation. From Montezuma to 
north of Canon Bonito the Porvenir is faulted against 
Permian to Triassic rocks and locally is cut out completely by 
the Montezuma fault. Only the lower part of the Porvenir is 
exposed here. Along the eastern front of the mountains 
north of Canon Bonito the contact with the Alamitos is poor
ly exposed but probably is unconformable because the 
Porvenir is only about 600 ft (180 m) thick and only the 
lower part of the carbonate facies seems to be present. North 
of La Sierrita dome, a short distance south of Las Tusas, 
limestone-pebble conglomerate occurs in the lower part of 
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the Alamitos, indicating an unconformable relationship. The 
relationships from Agua Zarca north to Las Tusas show that 
the northern part of Tecolote uplift was active in middle to 
late Desmoinesian. From the vicinity of Sapello River to 
north of Manuelitas Creek, where the northern fades of the 
Porvenir is as much as 1,200 ft (366 m) thick, the marker 
zone and upper part of the Porvenir are present, and the 
contact with the Alamitos is at least structurally conformable 
on the Paleozoic Manuelitas saddle. 

On the west flank of the Cenozoic Creston anticline and 
La Sierrita dome west and northwest of Gallinas the upper 
and middle parts of the Porvenir are missing locally because 
of angular unconformity with the Alamitos Formation (Fig. 
33), but, from the vicinity of Canon Bonito northward the 
marker zone and overlying beds are present beneath the 
Alamitos. All these described relations show that the north
ern part of the Tecolote uplift was active after deposition of 
the Porvenir, or, perhaps, during deposition of its upper 
part, but before deposition of the Alamitos. The Tecolote 
uplift of Desmoinesian time (Plate 4) seems to coincide gen
erally with the broad structural block of the Cenozoic 
Creston anticline and La Sierrita dome, although data are 
not available to determine where the eastern limb of the 
Paleozoic uplift lies in the subsurface of the western margin 
of the Las Vegas Basin. 

Northeastern part of area-Along the eastern front of the 
mountains north of Manuelitas Creek, the Alamitos and 
upper part of the Porvenir are cut out at places by the 
Sapello fault on the east flank of the Padilla anticline (Plate 
1). Farther north near the San Miguel-Mora County line 
both formations are present west of the fault, but exposures 
are so poor in the vertical to overturned beds that little can 
be discerned about the contact. Near Rito Cebolla the 
Porvenir is in fault contact with the Sangre de Cristo 
Formation (Plate 1), but, northwest of Buena Vista, Beedeina 
sulphurensis (£10290) was found in the upper part of the 
Porvenir, indicating that the upper part is present beneath 
the Alamitos, and the contact may be conformable. 

At Mora River the Porvenir is only about 680 ft (207 m) 
thick, and it continues to thin northward. At Mora River the 
highest beds of the Porvenir contain Beedeina rockymontana 
(£10149), indicating that the late Desmoinesian upper part is 
missing by unconformity on the western margin of the 
Rainsville trough. In some places, the contact can be seen to 
be a slightly channeled surface at the base of arkoses of the 
Alamitos. 

Age and fossils 
Fusulinid zonation and associations-The general zona

tion of fusulinids of the Porvenir Formation is shown in 
Figure 54. Near the base, the Porvenir at places contains 
Beedeina insolita (Thompson), 1948 shown on Plate 6. South 
of Montezuma (sec. G, Fig. 33), B. insolita (£10152) is associ
ated with Fusulinella sp. At about the same stratigraphic 
position Beedeina arizonensis (Ross and Sabins) 1965 is com
mon (Plates 8, 11) at many places, and north of upper 
Sapello River Beedeina aff. B. arizonensis and Fusulinella aff. F. 
famula Thompson (£10312) occur together. Beedeina hayensis 
(Ross and Sabins) 1965 (£10283), another early Desmoinesian 
form, occurs near the base of the Porvenir north of lower 
Sapello River. Wedekindellina excentrica Dunbar and Henbest, 
1942 is associated with B. aff. arizonensis (£10135, Plate 11) 
and Fusulinella aff. F. dosensis at Mora River (sec. K, Fig. 46), 
and Wedekindellina? sp. (Plate 12) is associated with 
Fusulinella aff. F. dosensis (£10137) north of Mora River. All 
these associations indicate that the lower part of the 
Porvenir is early Desmoinesian. 

The rocks that are stratigraphically above the highest 
occurrence of Beedeina arizonensis, but still are in the lower 

part of the Porvenir, contain a succession or grouping of 
fusulinids that is relatively distinct. The general ascending 
order is Beedeina aff. B. apachensis (Ross and Sabins), 1965 
shown on Plate 9; B. cf. B. pattoni (Needham), 1937 shown on 
Plate 11; B. cf. B. novamexicana (Needham), 1937 shown on 
Plate 10; and B. aff. B. socorroensis (Needham), 1937 shown 
on Plate 10. This succession (except B. apachensis) is demon
strated best in stratigraphic section K (Fig. 46) at Mora River, 
where it occurs just below and within the stratigraphic inter
val of the sandstones of Fragoso Ridge. Several species of 
Wedekindellina (Plates 10, 11) are associated with the Beedeina 
faunas at section K. 

About the lower third to lower half of the Porvenir, above 
the rocks in which Beedeina novamexicana and associated 
forms occur, is characterized by Beedeina aff. B. rockymontana 
(Roth and Skinner), 1930, illustrated on Plate 8. Beedeina aff. 
B. joyitaensis Stewart 1970, also found in this interval above 
the sandstones of Fragoso Ridge at section K (Fig. 47) at 
Mora River, is illustrated on Plate 10. Associated with B. rocky
montana are Wedekindellina sp. (Plate 12) and rare specimens 
of Frumentella? sp. (Plates 6, 8). Toomey (1980, p. 263) report
ed B. novamexicana, Frumentella sp., and Wedekindellina minu
ta in crinoidal grainstone above the bioherm exposed in the 
western quarry south of Montezuma at section G of the pre
sent report. We found B. rockymontana in these beds (£10154) 
and also, stratigraphically a little lower (£10153), in the core 
rock of the bioherm (Plate 6). These relations suggest that the 
ranges of these species of Beedeina overlap slightly. 

The upper part of the Porvenir, from a position just below 
the base of the lithologic marker zone to the top of the for
mation, is characterized by Beedeina sulphurensis (Ross and 
Sabins), 1965. This species, illustrated on Plates 8 and 9, is 
common at many localities and was found throughout the 
mapped area where beds of this part of the Porvenir are pre
sent. This late Desmoinesian species ranges upward into the 
lower part of the Alamitos Formation where it is also com
mon. 

Regional fusulinid-faunal correlations-The succession 
of fusulinids of the Porvenir Formation and underlying and 
overlying rocks in the southeastern Sangre de Cristo 
Mountains is compared in Figure 54 with fusulinid succes
sions in the Manzano Mountains of central New Mexico in 
the type region of the Madera Group. The faunal zonation of 
fusulinids of the Pennsylvanian and Lower Permian rocks of 
the Manzano Mountains and the adjacent Los Pinos 
Mountains was determined during detailed mapping and 
biostratigraphic studies of these ranges by Myers and 
McKay (1976) and Myers et al. (1986). Most of the following 
data and interpretations are summarized from Myers 
(1988a, 1988b), where they are discussed in greater detail. 

The Los Moyos Limestone, the lower part of the Madera 
Group in the Manzano Mountains, is shown by its fusulin
ids to be generally equivalent in age to the Porvenir 
Formation, although the uppermost part of the Los Moyos is 
slightly younger than the Porvenir (Fig. 54). The Los Moyos 
has four fusulinid-faunal subzones that span the 
Desmoinesian, and these same four subzones can be identi
fied in the Porvenir. Correlatives of these subzones have 
been recognized in the Midcontinent and elsewhere in the 
Western United States. 

The oldest subzone assemblage of Beedeina insolita of the 
Los Moyos is approximately equivalent to Ross and Sabin's 
(1965) assemblage subzone of B. hayensis, which includes B. 
hayensis, B. arizonensis, B. portalensis, and Fusulinella famula in 
southeastern Arizona. B. insolita originally was described 
from the top of the rocks that were called the Derry Series by 
Thompson (1948, p. 96-97) in south-central New Mexico. It 
is not known if representatives of this assemblage subzone 
occur in the Midcontinent region. 
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The next youngest subzone assemblage of the Los Mayos 
is that of Beedeina novamexicana. In this assemblage, B. 
novamexicana is associated with various slender species of 
Wedekindellina and probably is equivalent to the W euthysep
ta assemblage subzone of Ross and Sabins (1965) in south
eastern Arizona. The subzone of B. novamexicana contains 
forms similar to those of the fauna from the Wedekindellina 
zone of Dunbar and Henbest (1942, fig. 2) from the Stonefort 
Limestone Member of the Spoon Formation of southern 
Illinois. 

The assemblage subzone of Beedeina rockymontana of the 
Los Mayos probably is equivalent to the B. girtyi subzone of 
Ross and Sabins (1965). B. rockymontana originally was 
described from the McCoy Formation at McCoy in western 
Colorado by Roth and Skinner (1930). It has been reported 
from the Youghall Formation on the flanks of the Uinta 
Mountains in eastern Utah by Thompson (1945, p. 62-63). B. 
rockymontana seemingly marks a widespread and distinctive 
biostratigraphic zone in the Western United States (Ross and 
Tyrrell, 1965, p. 627). 

The assemblage subzone of Beedeina sulphurensis of the 
upper part of the Los Mayos contains fusulinids that are typ
ical of those found in the upper beds of the Desmoinesian 
Series in the Midcontinent and Southwestern United States. 
Its fauna is similar to that illustrated by Dunbar and Henbest 
(1942) from the upper part of the McLeansboro Group of 
southern Illinois and resembles the fauna figured by 
Thompson (1934) from the upper part of the Desmoinesian 
Series of Iowa. The B. sulphurensis fauna is similar to the fau
nas figured by Myers (1960) and by Stewart (1958) from the 
Capps Limestone Lentil of Plummer and Moore (1921) in 
central and north-central Texas, and it is equivalent to the B. 
eximia subzone of Ross and Sabins (1965) in southeastern 
Arizona. 

The lower part of the Porvenir Formation correlates with 
the predominantly carbonate upper part of the La Pasada 
Formation of Sutherland (1963) at its type locality north of 
Pecos in the southwestern part of the Sangre de Cristo 
Mountains. Beds 89-96 of Sutherland's type section of the La 
Pasada (1963, p. 59) are lithologically similar to the Sandia 
Formation and contain Fusulinella cf. F. devexa and F. cf. F. 
famula (zone I of Sutherland and Harlow, 1973, p. 10), both 
of which occur in the upper part of the Sandia Formation in 
the southeastern part of the mountains. Beds 97 and above 
of the La Pasada are similar lithologically to the carbonate 
facies of the Porvenir and contain Beedeina and 
Wedekindellina (zones II-IV of Sutherland and Harlow, 1973, 
p . 10) similar to those of the lower 500 ft (180 m) of the 
Porvenir. 

Megafossils-Megafossils were collected from the 
Porvenir, mainly in the Gallinas Creek area, to obtain a gen
eral sample of the fauna of the formation in the southeastern 
part of the Sangre de Cristo Mountains. Most of the collec
tions were made from the highly fossiliferous limestones of 
the lower part of the formation, but several collections were 
made also from the medial and upper parts. The identified 
genera and species are listed on Plate 5 and are calibrated 
with fusulinid occurrences throughout the Porvenir in the 
Gallinas Creek area. The collections represent only part of 
the total fauna and do not contain, for example, some of the 
brachiopods reported by Sutherland and Harlow (1973) 
from their extensive collections from Desmoinesian rocks of 
the southwestern part of the mountains. Several bra
chiopods not in our collections were reported by Toomey 
(1980, p. 257-259) from the Montezuma bioherm in the rocks 
from which we obtained fusulinid collections £10153 and 
fl0154 (Plate 5). These brachiopods are Antiquatonia her
mosana (Girty), Cleiothyridina pecosii (Marcou), Hustedia mor
moni (Marcou), Linoproductus planiventralis Hoare, and 

Orbiculoidea sp. The evidence of Desmoinesian age present
ed by all the brachiopods is consistent with the age indicat
ed by the fusulinids. 

Stevenson (1881, p . 304) reported several collections of 
brachiopods and a few pelecypods from the lower part of 
rocks now assigned to the Sandia Formation on Rito Cebolla 
northwest of the village of Cebolla (now called Ledoux) and 
from the rocks now assigned to the Sandia, Porvenir, and 
Alamitos Formations on Manuelitas Creek (Stevenson, 1881, 
p. 306-310) at the locality of section H of the present report. 
Evaluation of his collections was not within the scope of the 
present investigation, but they are mentioned because of 
their historical interest and because these fossils led to the 
correct deduction that the rocks were equivalent to the 
"Upper Coal-measure" division of the Carboniferous (White, 
1881). 

Paleotectonic and sedimentational interpretations 
Early Desmoinesian-At the beginning of Desmoinesian 

time the area of this report was submerged beneath a wide
spread shallow sea in which biostromal, biohermal, and bio
clastic limestones and shale were accumulating. These 
deposits represent a short-lived period of regional tectonic 
quiescence after the filling of the basin by the Sandia 
Formation, and they occur in several places that were, at 
other times, recurrently positive. In the western part of the 
Sangre de Cristo Mountains, lower Desmoinesian biostro
mal and bioclastic limestones containing Beedeina arizonensis 
(£10316) and equivalent to the basal part of the Porvenir 
occur in the Pecos River area and near Lamy on the 
Cafioncito uplift (Fig. 4). Clastic limestones also equivalent 
to the basal Porvenir and containing Beedeina portalensis 
(£10315) occur unconformably on the (Morrowan) lower part 
of the Sandia Formation at Rio Nambe north of Santa Fe on 
what probably was the west flank of the Cafioncito uplift. 
According to Casey (1980b, p. 29-32, 77-81), shallow-water 
marine carbonates and conglomeratic fan deltas were 
deposited in the western part of the Taos trough in Atokan 
to earliest Desmoinesian time, and primarily shallow
marine carbonate rocks were deposited in the eastern part in 
early Desmoinesian. 

In the area of this report the Tecolote, Bernal, and Hermit 
Peak uplifts (Plate 4) were not active in earliest 
Desmoinesian as indicated by the presence of lowest 
Desmoinesian rocks at the base of the carbonate facies on the 
uplifts as well as in the adjacent basins. The lower 
Desmoinesian biostromal limestones, local bioherms, and 
thin calcareous shales of the carbonate facies were deposited 
on the broad, slowly subsiding southern shelf (Fig. 4) in 
shallow water mainly within the photic zone, as shown by 
the common occurrence of filamentous and phylloid algae. 
Some of the bioherms built up to depths shallow enough to 
be partly eroded by waves or strong currents, and some bio
herms are overlain by thin carbonaceous to coaly shale, sug
gesting local subaerial conditions. Here and there, thin beds 
of fine to coarse quartz sand were deposited. 

To the north, on the Manuelitas saddle and in the Rociada 
Basin, the basal part of the Porvenir Formation also was 
deposited on a shelf. Thin-bedded biostromal to sparsely 
fossiliferous limestones, and local algal-bioherm mounds 
accumulated in a shallow subtidal environment. Stromatoli
tic limestones that contain algal-mat breccias, limestone peb
bles, and some quartz sand and granules were deposited in 
the shallow subtidal to tidal zone, as were the coarsely bio
clastic to oolitic limestone and coarse sandstone near the 
base of the Porvenir in the northern part of the area. 

Not long after the beginning of the Desmoinesian, local 
tectonic activity began to influence deposition of the 
Porvenir Formation as shown by (1) the small folds and 



unconformities in the lower part of the carbonate fades on 
the northwest flank of the Tecolote uplift at Gallinas; (2) the 
eroded bioherms, the limestone-pebble and limestone-cob
ble conglomerates, and the feldspathic, conglomeratic sand
stone, all near the base of the shaly fades north of Daily and 
Sparks Creeks and north of Gascon; (3) limestone-pebble 
conglomerate and feldspathic channel sandstone near the 
base of the northern fades west and north of Manuelitas; 
and (4) erosional and slightly angular unconformities and 
feldspathic coarse-grained sandstones and conglomerates in 
the lower part of the northern fades at and north of Mora 
River. In the area of the northern facies, parts of the basal 
limestones of the Porvenir Formation were briefly and local
ly eroded by shallow-marine currents and subaerial streams 
that were strong enough to transport coarse to pebbly sand 
from northerly source areas. After this episode the region 
subsided episodically and shallow-water limestone and 
shale continued to accwnulate as the lower part of the car
bonate fades. The lower part of the shaly fades and the 
lower shale-limestone unit of the northern fades accumulat
ed mainly in deepening water. 

Middle Oesmoinesian-Beginning with deposition of 
the sandstones of Fragoso Ridge, in about middle 
Desmoinesian time, northerly sources produced sheets of 
coarse to conglomeratic, micaceous, and feldspathic to 
arkosic sand. The marine and nonmarine sandstones of 
Fragoso Ridge were deposited as a complex-fan apron near 
an uplifted source of coarse elastics. These elastic sediments 
were spread across the Manuelitas saddle, but they lens out 
southwestward on the east flank of the deepening Rociada 
Basin in which the shaly facies was being deposited, and 
they lens out southward into the carbonate facies 
(Figs. 28-30). In the subsurface of the southern part of the 
Las Vegas Basin these elastic sediments die out southeast
ward from Sapello before reaching the carbonate facies at 
theJ. D. Hancock no. 1 Sedberry well (Fig. 18). 

North of Sapello River, for many miles, the subsurface 
extent of the sandstones of Fragoso Ridge is unknown but, 
in the Rainsville trough at the Amoco "A" and "B" wells 
(Plate 3), they are mainly fine to medium grained, indicating 
eastward fining from the outcrops between Mora River and 
Los Cisneros. 

The subsurface probable eastward fining of the sand
stones of Fragoso Ridge indicates sources to the west. 
However, the remnants of the shaly facies of the Porvenir in 
the Rodada Basin show that those sources were not west of 
the present El Oro Mountains. Short distances of sediment 
transport are indicated by the coarseness and relative angu
larity of the clasts in sonw heds at thf> surfrlcf>, f>Spf>cially the 
feldspars, which are common in granule and small-pebble 
sizes and which locally range up to 0.5 inch (1.3 cm) diame
ter. The locally poor mineralogic sorting and grus-like char
acter of some beds (Figs. 4, 45) also suggest short distances 
of transport. The Precambrian micaceous schists, quartzo
feldspathic gneisses (Fig. 5), and abundant pegmatites (Baltz 
and O'Neill, 1984) of the El Oro Mountains are lithologically 
appropriate to have been the sources in the area of this 
report. Farther north, Precambrian micaceous quartzites, 
quartzofeldspathic gneiss, and pegmatites of the eastern 
part of the Rincon Range could have been the sources of the 
abundant quartzite clasts, mica, and feldspars of the con
glomeratic sandstones in the lower part of the Porvenir that 
crop out west of Los Cisneros. 

At locality C south of Rito Cebolla, about 50 ft (15 m) 
above the base of the sandstones of Fragoso Ridge, a 17-ft (S
m) thick bed of feldspathic conglomerate contains numerous 
limestone pebbles, some as large as 2 inch (5 cm) diameter, 
indicating a source terrane that was partly sedimentary 
rocks. At the northwest side of Fragoso Ridge (sec. F, Fig. 46) 
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the middle and upper parts of the Porvenir contain 
reworked abraded fusulinids (Fusulinella sp.) whose normal 
stratigraphic position is near the base of the Porvenir or the 
top of the Sandia Formation. This suggests that the lower 
part of the Porvenir or the upper part of the Sandia was 
being eroded from a nearby area while higher parts of the 
Porvenir were being deposited at locality F. Therefore, in 
middle and late Desmoinesian time elastics of the Porvenir 
on the Manuelitas saddle may have been derived from 
uplifted conglomeratic sandstones of the Sandia as well as 
the Precambrian rocks on the southern margin of the El 
Oro-Rincon uplift in a manner similar to that illustrated in 
section C, Figure 27. 

The thinning of the Porvenir Formation northward from 
the vicinity of Rito Cebolla (Fig. 46) provides other evidence 
of Desmoinesian uplift of sedimentary rocks on the east 
flank of the El Oro-Rincon uplift. The thinning resulted from 
uplifting in the area east of Mora during deposition of the 
early Desmoinesian lower part of the formation, before the 
deposition of the sandstones of Fragoso Ridge, and after the 
deposition of the middle Desmoinesian upper part of the 
formation. The interpretation of the shape of the uplift 
(Plate 4) is tentative because all the thickness data are in the 
northerly trending line of hogbacks from Rito Cebolla north. 
The rocks beneath the slightly angular intraformational 
unconformity (Fig. 48) in the lower part of the Porvenir at 
locality Kat Mora River are tilted east more steeply than the 
overlying rocks. This is meager evidence because of the 
small area of the outcrop but, taken in the context of the 
other erosional unconformities within the lower part of the 
Porvenir from Mora River north, the angular unconformity 
may indicate uplift to the west. 

In middle Desmoinesian, the medial part (Figs. 29, 30) of 
the Porvenir Formation was deposited in the deepening San 
Geronimo and Rociada Basins and the Manuelitas shelf. 
Some of the shale and limestone, particularly to the south, 
was deposited in relatively deep unagitated water, but most 
of the sediments are sublittoral deposits of shaly silt and 
fine-grained sand. On the Manuelitas saddle, rocks general
ly equivalent to the medial part contain feldspathic to 
arkosic conglomeratic sandstones that were spread south
ward and eastward from the recurrently active El 
Oro-Rincon uplift as low, mainly marine fans. 

The medial part of the Porvenir is absent from the 
Tecolote uplift and from the Bernal uplift and most of its 
eastern flanks, at least partly because of late Desmoinesian 
uplift. On the northwest flank of the Tecolote uplift (Joe. 1, 
Fig. 33) sandy limestone near the top of the Porvenir con
tains ahradf>d specimf>ns of the f11s11linid Reedeina aff. R. 
apachensis (f13156) whose normal stratigraphic position is in 
the lower part of the Porvenir (sec. D, Fig. 33), indicating ele
vation, erosion, and reworking of older sediments at places 
on the Tecolote uplift during middle to late Desmoinesian 
deposition of the medial and upper parts in the flanking 
basins. To the south, in the canyon east of Canon Mesteflo 
about 2.3 mi (3.7 km) east-southeast of San Geronimo, shale 
of the medial part contains sandstones and sandy, bioclastic 
limestone whose northward-inclined crossbeds indicate 
derivation of sediments from the direction of the southern 
part of the Tecolote uplift. The occurrence of thick, coarse
grained, calcareous sandstones above the lower part of the 
Porvenir at a number of locations northwest and north
northeast of Ojitos Frios also indicate an emergent source of 
terrigenous sediments on the southern part of the Tecolote 
uplift probably in middle Desmoinesian. Therefore, some of 
the southward erosional beveling of the Porvenir on the 
Tecolote uplift (Fig. 32) probably occurred relatively rapidly 
in the latter part of middle Desmoinesian time. 

Late Desmoinesian-The late Desmoinesian upper part 
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of the Porvenir Formation, including the marker zone, is 
present generally in the San Geronimo and Rociada Basins 
and on part of the Manuelitas saddle. The marker zone at the 
base of the upper part seems to represent a short period of 
widespread, nearly uniform, shallow sublittoral conditions 
of deposition in the San Geronimo and Rociada Basins in 
late Desmoinesian time. In the southern part of the area the 
marker zone is mainly crossbedded, medium-grained, 
well-rounded calcite sand containing medium to coarse sub
angular to angular quartz sand, but it becomes coarser 
northward. On the Manuelitas saddle the directions of incli
nation of crossbeds in the marker zone at many places indi
cate southerly and southwesterly sediment transport. The 
marker zone appears to be slightly unconformable with 
underlying rocks on the eastern part of the Manuelitas sad
dle west of Sapello (Fig. 30), where a beach probably was 
present and where the marker grades northward into main
ly calcareous sandstone and feldspathic granule and pebble 
gravel (loc. 3, Fig. 30). This nearshore facies probably trend
ed northwestward toward the northwest part of Fragoso 
Ridge (loc. F, Fig. 29). 

The late Desmoinesian upper part of the Porvenir 
Formation, including the marker zone, is absent, probably 
because of nondeposition, from the Bernal uplift and most of 
its eastern flank, from the Tecolote uplift, and from the east 
flank of the El Oro-Rincon uplift near Mora River. By the 
beginning of late Desmoinesian, the uplifts were mainly 
emergent and had attained structural relief of probably 
500-600 ft (150-180 m) relative to the adjacent basins. The 
Hermit Peak uplift also may have been active in late 
Desmoinesian, as suggested by younger lithologic varia
tions of the Alamitos Formation. However, we have no 
direct evidence of this activity in the Porvenir Formation 
except for limestone-pebble conglomerate in the upper part 
at locality D (Fig. 33) that might have been derived from the 
vicinity of Hermit Peak or farther south. 

Alamitos Formation 

Definition 
The Alamitos Formation was named by Sutherland (1963, 

p. 36-38) and includes the interbedded arkose, shale, and 
marine limestone of Middle and Late Pennsylvanian age 
that overlie his La Pasada Formation in the southwestern 
part of the Sangre de Cristo Mountains in New Mexico. The 
Alamitos Formation is overlain by the Sangre de Cristo 
Formation, which consists of red beds and arkosic sandstone 
and conglomerate that are almost entirely nonmarine. T;yo 
measured sections were designated by Sutherland as type 
sections of the Alamitos Formation because near Pecos, New 
Mexico, no single section exposes the entire formation. His 
section 97, which includes the lower part, was measured on 
a ridge west of Pecos River northwest of Pecos. His section 
96, which includes the upper part, was measured in 
Alamitos Canyon northwest of Pecos. The total thickness of 
the Alamitos Formation at the type sections is approximate
ly 1,275 ft (390 m). 

At the type sections about 50 percent of the Alamitos is 
reported to be arkosic sandstone and conglomerate, about 21 
percent is fossiliferous limestone and sandy limestone, and 
about 29 percent is shale and siltstone. In some sandstone 
beds 30 to almost 60 percent of the clasts are mainly 
unweathered potassium feldspar (Sutherland, 1963, p. 36). 
Sutherland (1963, p. 38) reported that shales of the lower 
part are mainly gray, but that red shales occur in the middle 
and upper parts of the Alamitos Canyon section (96), and 
red to green shales occur at other places. Red shale occurs 
also near the base of the formation at the position of unit 6 
of Sutherland's section 97 west of the Pecos Valley. (See also, 

Brill, 1952, p. 846-849.) Sutherland (1963) reported that, at 
the type sections, 65 percent of the lower two-thirds of the 
formation is sandstone and conglomerate, and that 40 per
cent of the upper third is dominantly carbonate rocks. 
However, he pointed out that these general divisions are not 
consistent laterally, and that all lithologies show marked lat
eral and vertical variations. The type Alamitos was deposit
ed in and near fluctuating shallow seas adjacent to an uplift
ed source of very coarse terrigenous elastics, presumably the 
Brazos uplift (the southern extension of the Uncompahgre 
highland of Sutherland, 1963, p. 41-44). 

Sutherland (1963, p. 36-37) placed the basal contact of the 
Alamitos Formation at a lithologic change from limestone of 
the La Pasada to arkosic sandstone of the Alamitos where 
30-40 percent of the clasts are feldspar. The contact with the 
overlying Sangre de Cristo Formation at the type locality is 
gradational and was placed arbitrarily at the top of the high
est "well-developed" limestone by Sutherland (1963, p. 38). 
This limestone is a prominent unit at section 96, but sandy 
limestone and limy sandstone beds that bear marine fossils 
occur also in slightly higher rocks that were assigned to the 
lower part of the Sangre de Cristo by Sutherland at this sec
tion. The presence of marine beds above the type Alamitos 
does not contradict Sutherland's observations or his local 
arbitrary assignment of the upper contact, but it illustrates 
part of a problem of assigning, mapping, and correlating the 
contact of the Alamitos and Sangre de Cristo Formations on 
a regional basis where lateral and vertical transitions of 
lithology occur in short distances within the Alamitos. 

In the type area the Alamitos Formation is late middle 
Desmoinesian through Virgilian age (Sutherland and 
Harlow, 1973, fig. 8). Near the base, in units 9 and 11 of 
Sutherland's (1963, p. 66) type section 97, we found the mid
dle Desmoinesian fusulinids Beedeina rockymontana and 
Wedekindellina sp. (£10317, £10318) that occur in the Porvenir 
Formation below the marker zone in the southeastern part 
of the mountains. We were not able to determine whether 
the fusulinids are indigenous or whether they were 
reworked from older rocks during erosion that produced a 
possible local unconformity at the base of the Alamitos. 

In the southeastern part of the Sangre de Cristo 
Mountains, rocks above the Porvenir Formation that are 
lithologically similar to the Alamitos Formation at its type 
locality were assigned to the Alamitos by Baltz and Myers 
(1984). Although there are variations in thickness and litho
logic details between the type locality and the southeastern 
part of the mountains, the main bulk of the rocks in the 
southeastern part undoubtedly correlates with the type 
Alamitos, as shown partly by the mapping of the equivalent 
arkosic limestone member of the Madera Formation by Read 
et al. (1944) between Pecos and the southwestern part of the 
area of Plate 1 of this report. In the southeastern part of the 
mountains Early Permian (early Wolfcampian) fusulinids 
occur in the upper part of the Alamitos and late 
Desmoinesian fusulinids occur in the basal part. Therefore, 
the deposition of the Alamitos Formation in the southeast
ern part of the mountains may have begun a little later and 
at places continued a little longer than in the type area. 

The Alamitos Formation in the area of this report (Plate 1) 
is, generally, the arkosic limestone member of the Madera 
Limestone mapped by Read et al. (1944) and Northrop et al. 
(1946). It is the upper member of the Madera Formation 
mapped by Baltz (1972) and the Alamitos Formation as used 
by Baltz and Myers (1984) and mapped by Baltz and O'Neill 
(1984, 1986). 

Distribution and thickness 
The Alamitos Formation is present in much of the area 

(Plate 1) except in topographically high parts where it was 



removed by Cenozoic erosion and, locally, where it is absent 
because of nondeposition or erosion in Late Pennsylvanian 
and Early Permian time (Fig. 55). The thickness of the 
Alamitos in the mountains and in the subsurface of the Las 
Vegas Basin is shown by isopachs on Plate 4C. 

San Jose Basin and Bernal uplift-In the southwestern 
part of the area, north of San Jose, the position of the 
400-ft(122-m) isopach (Plate 4C) is estimated from cross sec
tions. Tentative correlations of the Alamitos Formation with
arkose, red and greenish-gray shale, and limestone at wells
southwest of San Jose indicate that the formation and the
total Pennsylvanian section (Fig. 72) thicken southwestward
in the subsurface away from the Paleozoic Bernal uplift into
the Paleozoic San Jose Basin. The eastward thinning of the
Alamitos toward the Bernal uplift is indicated by outcrops in
the southern part of the area (Plate 1).

Near the southern margin of the area, between Bernal 
and Blanchard (Plate 1), the Alamitos Formation is absent 
from nearly all of the Paleozoic Bernal uplift. Northwest of 
Blanchard, the lower part of the Sangre de Cristo Formation 
and the underlying Porvenir Formation are well exposed in 
roadcuts of Interstate Highway 25 and the parallel access 
road to the north, but the contact between the two is con
cealed by a few feet of Quaternary deposits. South of 
Blanchard the contact of the Sangre de Cristo with the 
Porvenir is concealed by Quaternary or Tertiary terrace 
gravel, but parts of both formations are exposed near each 
other at places. West of Bernal the lower part of the Sangre 
de Cristo Formation and upper beds of the Porvenir are well 
exposed on the east limb of the Cenozoic Serafina monocline 
south of the Atchison, Topeka, and Santa Fe Railway line, 
but the contact is concealed by Quaternary deposits; the con
cealed interval is about 25 ft (7.6 m). Although the actual 
contact of the Sangre de Cristo and Porvenir Formations was 
not seen at any of these places, nothing was seen in outcrops 
or float that suggested the presence of the distinctive litholo
gies of the Alamitos Formation. However, a thin (37 ft; 11 m) 
and poorly exposed remnant of the Alamitos is present on 
the east limb of the Cenozoic Serafina monocline west
northwest of Bernal (Plate 1), where the formation is 
exposed best in the northern part of roadcuts north of 
Interstate Highway 25 west of the Bernal exit. 

San Geronimo Basin-Northwest of Bernal the Alamitos 
Formation is absent, except for a few thin remnants, from the 
west limb of the Cenozoic Chapelle syncline (Plate 1), indi
cating that this was the eastern flank of the Paleozoic Bernal 
uplift in Late Pennsylvanian and Early Permian time (Plate 
4C). In the subsurface of the southern part of the Chapelle 
syncline the Alamitos Formation is inferred to be present, 
but thin (Plate 4C), because the formation is present, at least 
locally, on both flanks of the syncline farther north. 

From a little south of the junction of San Pablo and 
Tecolote Creeks the Alamitos thickens rapidly northwest
ward into the Paleozoic San Geronimo Basin. The thickness 
is about 600 ft (180 m) near San Geronimo and 645 ft (197 m) 
on the west flank of the Cenozoic Las Gallinas syncline near 
Gallinas Creek (Plate 4C). 

In the northern part of the San Geronimo Basin, west of 
Gallinas, the Alamitos thickens rapidly eastward from the 
Canon del Medio anticline into the Medina syncline and 
thins eastward on the eastern limb of the syncline. An out
lier of slightly folded Sangre de Cristo Formation extends 
across the Medina syncline (Plate 1), indicating angular 
unconformity with the Alamitos (Baltz, 1972, cross section 
F-F') and showing that the anticline and syncline are pri
marily Late Pennsylvanian and Early Permian features.
North of these structures the Alamitos thickens northward
into the southern part of the Paleozoic Rociada Basin (Plate
4C).
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Tecolote uplift and Sierra Grande uplift-On the west 
flank of the Paleozoic Tecolote uplift (Plate 4C) north and 
south of Ojitos Frios, the Alamitos is thin because of an 
intraformational unconformity and is absent locally because 
of unconformity with the Sangre de Cristo Formation. The 
Alamitos thickens northward to about 200 ft (60 m) in the 
Cenozoic La Reunion syncline north of Ojitos Frios (Plate 1), 
but it is cut out to the east by the Sangre de Cristo 
Formation, which laps eastward onto Precambrian rocks of 
the Tecolote uplift. 

At the eastern front of the mountains between Agua 
Zarca and Montezuma, thin remnants of the Alamitos are 
present unconformably below the Sangre de Cristo 
Formation at places on the Tecolote uplift (Fig. 32). The 
thickness and extent of the formation are unknown in the 
immediately adjacent part of the Las Vegas Basin. The 
isopachs that show a shallow Paleozoic basin here are an 
interpretation based on a general correspondence of major 
Cenozoic and Paleozoic features at outcrop areas. Farther 
east a thin section of rocks correlated with the Alamitos is 
present at the Continental no. 1 Leatherwood-Reed well 
(Fig. 18); but to the southeast at the Phillips no. 1 
Leatherwood well the Alamitos is absent, and the Sangre de 
Cristo Formation lies on Precambrian rocks on the northern 
flank of the Sierra Grande uplift. 

Along the front of the mountains between Montezuma 
and Canon Bonito (Plate 1) the thickness is not known 
because the Alamitos Formation is cut out by the 
Montezuma fault. However, the formation has thickened to 
about 600 ft (182 m) a little north of Canon Bonito, showing 
the general correspondence of this northern part of the 
Tecolote uplift and the northward-plunging Cenozoic La 
Sierrita dome. To the east, the Alamitos has thickened north
ward also in the subsurface of the Las Vegas Basin (Fig. 18, 
well 2). 

Manuelitas saddle and Rociada Basin-On the Paleo
zoic Manuelitas saddle (Plate 4C), a little more than half a 
mile northwest of Sapello, the Alamitos is at least 1,075 ft 
(328 m) thick in a section measured across a concealed part 
of the Sapello fault. An estimated minimum of 200 ft (60 m) 
of section may be missing, as suggested by the unfaulted 
composite thickness of about 1,270 ft (385 m) farther north
west along Manuelitas Creek. In hogbacks along the eastern 
front of the mountains near the San Miguel-Mora County 
line the Alamitos is at least 700 ft (215 m) thick, but it is 
thrown against the Sangre de Cristo Formation by the 
Sapello fault (Plate 1), and the actual thickness is not known. 

West of the Manuelitas saddle the Alamitos thickens into 
the northwestward-deepening southern part of the 
Paleozoic Rociada Basin. At Manuelitas Creek east of 
Rociada the Alamitos is 1,828 ft (557 m) thick, which is the 
maximum thickness known in the area of this report. The 
westward thickening probably is intraformational and not 
the result of unconformity with the Sangre de Cristo 
Formation. In the hogbacks northeast of Rociada the 
Alamitos thins northeastward and, as estimated from poor 
exposures about 2.5 mi (4 km) northeast of the area of max
imum thickness, the Alamitos is about 1,150 ft (350 m) thick. 
The Alamitos Formation is not preserved in the area north of 
Rociada, and nothing is known about the northern part of 
the Rociada Basin of Late Pennsylvanian time. 

Northern part of area and Rainsville trough-About 
1 mi (1.6 km) north of Rito Cebolla in the hogbacks at the 
east front of the mountains, the Alamitos is only 100-200 ft 
(30----00 m) thick. Fusulinid data show that these rocks are the 
lower (late Desmoinesian) part of the formation. Evidence of 
faulting was found (Baltz and O'Neill, 1984) at one place, 
about 2 mi (3.2 km) north of Rito Cebolla, where the Sapello 
fault cuts out the Alamitos completely. At other places the 
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FIGURE 55-Index map of southeastern Sangre de Cristo Mountains showing localities of measurement and lines of correlated stratigraphic 
sections of the Alamitos Formation and inferred areas of erosion and nondeposition. 
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FIGURE 56-Arkose in middle part of Alamitos Formation, north 
side of Gallinas Creek, near New Mexico Highway 65, west of axis 
of Las Gallinas syncline. Knife is 3 in. (7.6 cm) long. Rock is grus-like 
small-pebble conglomerate of angular to subround quartz and feld
spar clasts. Light-colored clasts are mostly pink potassium feldspar. 

upper and lower contacts can be seen, and the thin Alamitos 
apparently is overlain unconformably by the Sangre de 
Cristo Formation. 

Not far south of La Canada del Guajalote, the Alamitos 
begins to thicken rapidly northward. It is about 
1,050 (320 m) thick at Mora River where it is overlain con
formably by nonmarine rocks assigned to the Sangre de 
Cristo Formation. The lower part of the Sangre de Cristo at 
Mora River contains palynomorphs of probable 
Pennsylvanian (Virgilian?) age and probably is partly equiv
alent in age to the upper part of the Alamitos on the 
Manuelitas saddle. If the temporal position of the upper con
tact of the Alamitos farther south could be determined in the 
lower part of the Sangre de Cristo at Mora River, and the 
Pennsylvanian part of the Sangre de Cristo at Mora River 
was included with the Alamitos, the Alamitos at Mora River 
would be at least 500 ft (152 m) thicker than shown by the 
isopachs on Plate 4C. 

In the subsurface Rainsville trough to the east, the 
Alamitos is about 650 ft (192 m) thick at the Amoco "A" no. 1 
Salman Ranch well and about 580 ft (175 m) thick at the 
Amoco "B" well about 2 mi to the north (Plate 3). The appar
ent thinning eastward from outcrops to these wells suggests 
that the area of the Cenozoic Ocate anticline was uplifted 
slightly during or after deposition of the Alamitos. This 
interpretation is similar to that for the Sandia and Porvenir 
Formations and is subject to the same limitation; that is, no 
other nearby well data exist to show whether the Alamitos 
thickens eastward off the flank of the Cenozoic anticline. 

General lithology 
In the southeastern part of the Sangre de Cristo 

Mountains the Alamitos Formation is composed of com
plexly interbedded shale, limestone, and feldspathic to 
arkosic sandstone and granule to pebble conglomerate. The 
internal stratigraphy is heterogeneous laterally and vertical
ly and, although some generalizations can be made about 
gross regional variations, the fades are not as well defined as 
those of the Porvenir Formation. The Alamitos contains both 
marine and nonmarine rocks and is distinguished from the 
overlying Sangre de Cristo Formation partly because the 

99 

Sangre de Cristo, as mapped, does not contain marine rocks 
except at one locality west of Sapello . 

Throughout the area of this report, shale is the most 
abundant rock type of the Alamitos Formation, but the pro
portion of shale varies considerably from place to place. 
Generally, shale constitutes a greater proportion south of the 
vicinity of Gallinas Creek than it does north of Gallinas 
Creek. At some sections in the southern part of the area 60 
percent or more of the formation is shale; however, to the 
north where the Alamitos is thicker, no more than 45 percent 
of some sections is shale. The shale is lithologically diverse; 
silty to sandy shaly clay is the most abundant type, but cal
careous to marly shales containing limestone nodules or 
interbedded thin limestones and shaly limestones are com
mon, as are units of clayey shale that contain interlayered 
thin shaly sandstones. Some of the shales are light to dark 
gray, but olive green and olive gray are the most common 
colors. Many shale units weather maroon to purplish red. 
Many shale beds contain marine fossils or fossiliferous lime
stone interbeds, but some red shales are unfossiliferous and 
probably were deposited terrestrially. 

Thin to thick, fine-grained to conglomeratic, feldspathic 
to arkosic sandstone is interspersed with other lithologies 
throughout the Alamitos Formation at all localities. In hand 
specimens the megascopic feldspar of most beds ranges 
from 10 to 15 percent, but in some beds the feldspar is 
20-30 percent (Fig. 56). To the south most of the feldspar 
clasts are pink to reddish-pink orthoclase and appear fresh 
and unweathered, suggesting that they were eroded rapidly 
from Precambrian terranes, transported relatively short dis
tances, and buried quickly. This is suggested also by the 
common occurrence of feldspar granules and small pebbles 
that are irregular-shaped, subangular to subrounded, cleav
age fragments. To the north pink feldspar clasts are com
mon, but slightly weathered orange and yellow feldspar and 
a trace of white feldspar are present also. The yellow and 
white feldspars are partly plagioclase, probably derived 
from metamorphic terranes. 

Most dasts of the sandstones and conglomerates are 
light-gray quartz and quartzite, but granite, quartzofeld
spathic gneiss, and even amphibolite fragments also are 
common at places in the northern part of the area. Muscovite 
is a common minor constituent throughout the area, and 
some finer grained sandstones are conspicuously mica
ceous. Pebbles of quartzite and milky-white vein quartz are 
the main large constituents of the conglomerates. At places, 
such as in Las Dispensas syncline east and northeast of 
Hermit Park, large pebbles of gray, reddish-gray, and pur
plish-gray quartzite are common in some beds. Although 
many sandstones are conglomeratic, the largest pebbles are 
rarely more than 2 inch (5 cm) diameter. 

Some of the sandstones are fine to medium grained but 
most are coarse to very coarse grained and often contain 
granules. Sorting commonly is poor, and fine to medium 
sand is intermixed with or interlayered with the larger sizes 
in many beds. Commonly, the clasts of all sizes are irregu
larly shaped and subangular to subrounded. Bedding is sub
parallel to inclined planar, and many units are trough-cross
bedded. Thickness of the sandstones ranges from a few feet 
to as much as 120 ft (35 m). Some of the relatively parallel
bedded sandstones and some crossbedded sandstones are 
marine, as is shown by their fossil content or because they 
grade laterally in short distances into fossiliferous sandy 
Limestone or shale. Other sandstones are subaerial stream 
deposits as indicated by large-scale trough crossbedding, 
scour-and-fill structures, and channeled surfaces at their 
bases. 

The limestones of the Alamitos Formation generally are 
thinner than many of those of the Porvenir Formation. Most 
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FIGURE 57-Nodular and lenticular limestone (small ledges) and interbedded marly clay shale in upper part of Alamitos Formation, north 
side of Gallinas Creek in roadcut on New Mexico Highway 65 near axis of Las Gallinas syncline. Ledge at top of cut is limestone, 2-3 ft 
(0.6--0.9 m) thick. 

of the limestones are light gray to light olive gray and are 
bioclastic, ranging from fine grained to very coarse grained, 
and at places containing granule- to pebble-size fossil frag
ments. Some are relatively pure carbonate rocks, but silty to 
sandy limestones are more common, and at many places 
limestones grade laterally into calcareous sandstone or into 
shale. Some limestones contain abundant clasts of pink feld
spar as well as quartz clasts. A characteristic lithologic type 
is nodular to irregularly lenticular limestone interbedded 
with silty marly shale (Fig. 57). These units usually weather 
light olive gray. Nearly all the limestones and sandy lime
stones are fossiliferous, containing brachiopods, pelecypods, 
abundant crinoid debris, some gastropods and bryozoans, 
and at places abundant fusulinids. Encrusting and filamen
tous algae occur, as do small horn corals, but biohermal 
rocks were not observed in the Alamitos. 

Sutherland (1963, p. 36-38) and Sutherland and Harlow 
(1973, p . 7-8) reported that, in the type area of the Alamitos 
and elsewhere in the southwestern part of the mountains, an 
abrupt increase in percentage of feldspar occurs at the con
tact of the Alamitos and the underlying rocks. Beds of the 
upper part of the underlying La Pasada Formation to the 
south (equivalent to the lower part of the Porvenir of this 
report) and the Flechado Formation to the north are report
ed to sporadically contain 1-20 percent feldspar; however, 
feldspar constitutes 30 percent or more of the sandstone of 
the Alamitos in the southwestern part of the mountains. 

In the southeastern part of the mountains, specific feld
spar percentage is not a criterion for separating the Alamitos 
Formation from the underlying Porvenir Formation. In the 

southern part of the area of this report the basal beds of the 
Alamitos are conglomerate, sandstone, and locally, sandy 
limestone. A distinguishing feature of all those beds is that 
they invariably contain the stratigraphically lowest 
fresh-appearing, pink feldspar clasts. However, the percent
ages of feldspar vary laterally from a trace to an estimated 
10-15 percent. Although the carbonate facies of the Porvenir 
locally contains a few slightly feldspathic sandstone beds, 
the feldspar clasts are weathered and yellowish gray rather 
than fresh and pink, and the feldspathic rocks of the carbon
ate facies seldom are stratigraphically near the contact with 
the Alamitos. The formations are distinguished on other 
lithologic bases, also. The olive-gray- and red-weathering 
colors of shale of the Alamitos are distinctly different from 
the medium- to dark-gray-weathering colors of nearly all 
the shale of the Porvenir, and the stratigraphically lowest 
red shale is just above or only a few feet above the basal beds 
of the Alamitos at most places. 

In the northern part of the area, where the Alamitos 
Formation lies on the northern shale-sandstone-carbonate 
facies of the Porvenir Formation, the same combinations of 
criteria are useful to distinguish the contact because in 
places feldspathic conglomeratic sandstones of the upper 
part of the Porvenir are similar to some beds of the Alamitos 
and because percentages of feldspar in individual beds of 
both formations vary considerably, laterally. The basal part 
of the Alamitos at almost all places in the northern part of 
the area is thick (15-80 ft; 4.5-25 m), crossbedded, feldspath
ic, granule to pebble conglomerate. The feldspar content of 
the basal conglomerate varies considerably laterally from 5 



to 20 percent. At places megascopic feldspar is as much as 30 
percent, and the rocks are arkose. Unweathered pink feld
spar is invariably present and conspicuous, although at 
places, weathered yel lowish-gray to orange feldspar also is 
present. The stratigraphically lowest red- to maroon-weath
ering shale generally is near the base of the Alamitos and, 
north of Gall inas Creek, the basal conglomeratic sandstones 
of the Alamitos commonly contain lenticular red shale. At 
some ou tcrops shale is not present in the basal conglomer
ate, but lateral tracing for short distances usually discloses 
red shale interbeds. 

At a few places in the northern part of the area, thin pur
ple-weathering shale occurs near the top of the Porvenir, but 
the purple hue is distinctive and is of small lateral extent. 
The local occurrence of red shale in the Porvenir between La 
Canada de! Guajalote and Mora River has been described 
previously. The shale is in the interval of the sandstones of 
Fragoso Ridge, and the fusulinid data confirm that it  occurs 
well below the position of the Alami tos. 

The top of the Alamitos Formation in the sou theastern 
part of the mountains is mapped at the top of the highest 
fossi l iferous marine rocks or, locally, at the top of greenish
or reddish-gray shale that contains gray l imestone nodules 
and is slightly above and conformable with the highest fos
sil iferous marine beds. At places, particularly in Las 
Dispensa syncline east and northeast of Hermit Peak, the 
middle and upper parts of the Alamitos contain thick fluvi
atile arkosic conglomerates interbedded with unfossiliferous 
red shales. These rocks are l i thologicaUy similar to parts of 
the Sangre de Cristo Formation, and it is difficult to separate 
the formations in areas of poor exposures. Nevertheless, 
mapping and tracing of various units (Baltz and O'Neil l, 
1986) shows that the uppermost part of the Alamitos, above 
the fluvia tile conglomerates and unfossi l iferous shales, con
tains fossiliferous marine limestone, sandy limestone, and 
greenish-gray to gray shale that are distinct from rocks of the 
Sangre de Cristo. 

Areal stratigraphy and lithology 
Southwestern part of area-The Alamitos Formation in 

the southwestern part of the area, north of San Jose, was 
examined mainly in reconnaissance. It consists of gray, 
greenish-gray, and some red shale, fossi l iferous limestone 
and shaly to sandy limestone, and feldspathic to arkosic 
sandstone, all similar to the Alamitos in the Gallinas Creek 
area where the formation is relatively thick. The lower con
tact in the southwestern part of the area, as shown on 
Plate 1, was adapted mainly from the lower contact of the 
arkosic l imestone member of the Madera Limestone 
mapped by Read et al .  (1944). 

The upper part of the Alamitos Formation at places north 
and west of San Juan was examined in detail to determine its 
age and its relation to the overlying Sangre de Cristo 
Forma tion. Ou tcrops of the south-dipping upper part of the 
Alamitos on the east and north sides of a meander loop of 
Pecos River (Pecos River section, Fig. 55) about 1 .2 mi north
west of San Juan near the center of sec. 24 T1 4N R1 3E (USGS 
North San Ysidro quadrangle, just west of the area of Plate 1 )  
are particularly significant because some of the rocks con
tain Late Pennsyl vanian (la te Virgi lian) fusulinids. The gen
eral succession of beds is as fol lows: 

Unit Lithology 

Sangre de Cristo Formation (lower part) :  

Thickness 
(ft) (m) 

5. Sandstone, tan, medium- to coarse-

gra ined, arkosic. Forms prominent 
ledge on south side of Pecos River; 
north of river, forms several ledges 
with intervening lenticular red shale 
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interbeds. 30--40 9-12

Alamitos Forma tion (upper part): 
4. Shale, red and green. 10 3 
3. Interbedded lenticular arkosic sand-

stone, l imestone-pebble conglomer-
ate, sandy to oolitic limestone and
minor amounts of shale. On east side
of the river the lower 1 -3 ft (0 .3-0.9 m)
of the unit is sandy, oolit ic, bioclastic
l imestone that forms small ledges and
grades laterally into calcar ous fossil-
iferous sandstone. Unit weathers to
!edgy slope. Basal oolitic l imestone
contains broken and abraded tests of
the fusulinid Triticites bensonesis Ross
and Tyrrell (£1 0319) . 20 6 

2 . Shale, greenish-gray with red bands,
marly; forms slope. 30 9 

1 .  Limestone, gray, bioclastic, moderate-
ly fossi l iferous. Bedding is irregular; 
beds are 0.5-2 ft (0 . 1 5--0.6 m) thick. 
Forms resistant ledge rising gently 
northward from river level at east side 
of meander loop, and resistant ledge 
above Quaternary alluvium north of 
river. North of river the unit contains 
the fusulinids Triticites aff. T. whetsto-

nensis (£10320) and Oketaella? sp. 1 0+ 3+ 

The underlying main part of the Alamitos Forma tion was 
not measured. 

Near the southern margin of the area a thin section of the 
Alamitos Formation is present on the east flank of the 
Serafina monocline southwest of the concealed termination 
of the Bernal fault (Plate 1 ) .  The best exposure of these rocks 
is near the top of road cu ts a t  the north side of Interstate 
Highway 25 about 700-1 ,000 ft (21 5-300 m) west of the over
pass to Bernal. Here, the lower (western) part of the 
Alamitos strikes southwesterly, roughly paral lel to the road, 
but stratigraphical ly higher (eastern) beds wrap around a 
sou therly plunging anticl inal nose and strike in more 
northerly directions, as does the lower part of the overlying 
Sangre de Cristo Formation. South of the highway the 
Alamitos is mainly concealed by Quaternary deposits, bu t 
green to red shale and arkose and purplish-gray fossiliferous 
limestones of the formation crop out sporadically on the 
pifion- and juniper-covered gentle slopes to the southwest .  
The contact of the Alamitos and Sangre de Cristo 
Formations is concealed throughout this area, but it proba
bly is not faulted at the highway. South of the highway the 
lower part of the Sangre de Cristo strikes westerly as does 
the Alamitos, and the gentle dip of the Alamitos indicates 
that it  is thin as it is at the highway. Farther south, the 
Alamitos apparently is absent because of unconformity with 
the Sangre de Cristo Formation, as was discussed previous
ly. 

The outcrops of the Alamitos Formation along Interstate 
Highway 25 are on the southeast flank of the Paleozoic 
Bernal uplift and contain early Late Pennsylva nian 
(Missourian) fusulinids that are significant in determining 
the history of part of the uplift . A section (Bernal section, 
Fig.  55) measured in the sloping roadcuts north of the high
way is as fol lows: 
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Unit Lithology Thickness 
(ft) (m) 

Sangre de Cristo Formation (basal part): 
11. Conglomerate, light-gray to tan, feld

spathic. Matrix is very coarse sand and 
granules that are mainly angular to 
subangular gray quartz; about 15 per
cent of clasts is pink, angular feldspar. 
Contains many small pebbles of gray 
vein quartz and pink feldspar that 
range up to 0.25 inch (0.6 cm) diame
ter. Scattered throughout are dark-red 
and gray quartzite and vein-quartz 
pebbles as large as 1 inch (2.5 cm) 
diameter. Forms small ridge; 
basal several feet of unit concealed. 

Alamitos Formation: 
10. Shale, red, silty 

exposed slope. 
clay. Forms poorly 

9. Concealed. 
8. 

7. 
6. 

5. 

4. 

3. 

Limestone, brown- to purplish-gray
weathering, bioclastic, silty, sandy. 
Composed mainly of crinoid-colum
nal fragments, but also contains frag
ments of bryozoans, brachiopods, and 
echinoids; many fossil fragments have 
thick, banded, algal coatings. Forms 
small platy ledges. Contains the 
fusulinid Triticites cf. T. ohioensis 
(£10322). 
Concealed. 
Limestone, brown, bioclastic, silty. 
Composed of fragments of bra
chiopods, crinoid columnals, and bry
ozoans. Forms minor ledge that 
weathers to thin limestone plates that 
litter the slope. Contains Triticites aff. 
T. ohioensis (£10321). 
Shale, olive-green; contains interbeds, 
1-3 inch (2.5-7.6 cm) thick, of brown, 
bioclastic limestone. Poorly exposed 
Sandstone, dull-purple-weathering, 
feldspathic. Composed of angular to 
subangular, very coarse sand and 
granules; most clasts are quartz; about 
10 percent of clasts is angular, pink 
feldspar. Forms small ledge. 
Shale, purplish-red, silty clay. Poorly 
exposed. 
Thickness of Alamitos Formation: 

Porvenir Formation (part): 
2. Limestone, light-gray, nodular. Con

tains light olive gray shale interbeds; 
limestone nodules are 0.25-3 inches 
(0.6-7.6 cm) diameter and are about 60 
percent of unit. Poorly exposed in 
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gully near highway culvert. 5 1.5 
1. Limestone, light-buff-weathering, 

crinoid coquina. Upper 6 inches 
(15 cm) are oolitic. Weathers to mas-
ive, rounded ledge. 10+ 5+ 

About 300 ft (90 m) southwest of the measured section 
(south of the highway), purplish-gray crinoidal limestone of 

the Alamitos Formation crops out at places. The limestone 
contains large, well-preserved tests of Triticites aff. T. cele
broides (£10323) that also is of early Missourian age. 
Therefore, the thin Alamitos northwest of Bernal is equiva
lent to about the middle part of the Alamitos of areas farther 
north and is older than the late Virgilian upper part at Pecos 
River near San Juan. This indicates middle to late 
Desmoinesian and Virgilian erosion or nondeposition on the 
southern part of the Bernal uplift. 

South-central part of area-Along the west limb of the 
Chapelle syncline from Bernal north almost to Caba Lucero 
Creek, the Alamitos Formation was found at only two places 
(Plate 1; Figs. 55, 58) during reconnaissance and local 
detailed mapping. At most places the Alamitos is missing 
because of unconformity with the Sangre de Cristo 
Formation and, where the Alamitos is present, it is only 
55-60 ft (16-18 m) thick. At locality 2 (Fig. 58) west of Tres 
Hermanos Creek, small limestone pebbles occur along with 
pink feldspar clasts in the basal conglomerate. At locality N 
(Fig. 58), in the middle branch of Dead Horse Canyon, the 
basal part of the Alamitos is purplish-gray, coarse-grained, 
sandy, bioclastic limestone that contains angular to suban
gular quartz granules and some pink feldspar granules. 
Above the basal beds at both localities, the Alamitos consists 
of greenish-gray, olive-gray, and some red to purple shale 
interbedded with thin sandy fossiliferous limestones and 
some nodular limestone. The general aspect of these rocks is 
similar to the Missourian part of the Alamitos at the Bernal 
section, but we did not find fusulinids in the Alamitos on the 
west limb of the Chapelle syncline from northwest of Bernal 
to north of Cabo Lucero Creek. The presence of 
fusulinid-bearing outcrops of the marker zone of the 
Porvenir at locality 2 indicates only that the overlying rem
nants of the Alamitos are late Desmoinesian or younger. 

At Dead Horse Canyon (loc. N) and Falls Creek (loc. 5) 
most of the red shale, arkose, and thin limestone that previ
ously were assigned to the arkosic limestone member of the 
Madera (the Alamitos of this report) by Read et al. (1944, 
locs. 26 and 27) are unfossiliferous and are the lower part of 
the Sangre de Cristo Formation. Dense, light-gray, 
ledge-forming limestones well above the base of the Sangre 
de Cristo are unfossiliferous and are similar to other lime
stones observed elsewhere at several stratigraphic positions 
well above the base of the Sangre de Cristo. (For example, 
see Fig. 69.) The Alamitos is absent at Falls Creek. 

North of Falls Creek the Alamitos again is present, and it 
thickens rapidly northward. At Caba Lucero Creek (Joe. 0, 
Fig. 58) the Alamitos Formation is 291 ft (89 m) thick; it con
tains a thick unit of feldspathic sandstone, and its general 
aspect is more like that in the Gallinas Creek area (Joe. 6, 
Fig. 58). 

Northeast, east, and southeast of the upper part of Cabo 
Lucero Creek the Alamitos thickens rapidly into the south
ern part of Las Gallinas syncline (Baltz, 1972). At Tecolote 
Creek near Blue Haven Camp the lithology and thickness of 
the entire formation are generally similar to the Alamitos far
ther north near Gallinas Creek (loc. 6, Fig. 58). Late 
Pennsylvanian (Virgilian) fusulinids (£10277) occur about 
130 ft (40 m) below the top of the Alamitos southeast of Blue 
Haven Camp, and Early Permian (early Wolfcampian) 
fusulinids (£13212, f13213) occur near the top at locality 6 and 
east of the Chapelle syncline north of San Geronimo. These 
fossil occurrences are discussed in a following part of this 
report. 

Southeastern part of area-East of San Geronimo the 
west-dipping basal part of the Alamitos is exposed along 
Canon Mestei\.o (Plate 1) where it is a coarse-grained, mod
erately feldspathic, conglomeratic sandstone that contains 
pink feldspar and vein-quartz pebbles. Thin red shale occurs 



near the base where New Mexico Highway 283 crosses 
Canon Mesteno and thin red shale is present at the base 
about 0.5 mi (0.8 km) southwest of the highway. The 
ledge-forming conglomeratic sandstone is locally as much 
as 20 ft (6 m) thick, and it thickens and thins in response to 
a channeled unconformity at its base. The basal sandstone 
persists southward to the south side of Tecolote Creek where 
it and overlying greenish-gray to red shale, fossiliferous 
limestone, and feldspathic sandstones of the Alamitos are 
beveled and cut out by feldspathic to arkosic conglomerate 
of the Sangre de Cristo Formation a little more than 1 mi 
(1.7 km) southeast of the confluence of San Pablo and 
Tecolote Creeks (Plate 1). 

Near the crest of the hjil at the east side of Canon 
Mestefio, along New Mexico Highway 283, the basal con
glomeratic sandstone of the Alamitos Formation grades 
locally into sandy slightly feldspathic limestone and limy 
sandstone. Here, the Alamitos lies on the fusulinid-bearing 
marker zone of the Porvenir exposed in road cuts. To the 
east, widespread remnants of the basal sandstone of the 
Alamitos occur on the uplands south and north of the high
way (Plate 1) where higher beds mainly have been stripped 
away by Cenozoic erosion. Although the outcrops are 
obscured at places by Quaternary pediment deposits, the 
basal sandstone can be traced eastward to La Reunion syn
cline. In the easternmost outcrops in this syncline along 
Highway 283 the sandstone grades into sandy limestone 
containing pink feldspar that lies unconformably on the 
lower part of the Porvenir Formation. Remnants of the lower 
part of the Alamitos, including the basal conglomeratic 
sandstone, occupy the axial part of La Reunion syncline. The 
rocks above the basal sandstone are gray and olive-gray 
shale that contain interbedded sandstone, limy sandstone, 
and thin gray limestone. The late Desmoinesian fusulinid 
Beedeina sulphurensis (f10324) was found in limestone about 
75 ft (23 m) above the base of the Alamitos just east of the 
syncline axis about 0.9 mi (1.5 km) south of Highway 283. 
The presence of the fusulinids confirms the lithologic corre
lation of this part of the Alamitos with the lower part farther 
north. 

On the east flank of La Reunion syncline, about 1 mi 
(1.6 km) north of the county road to Ojitos Frios, the basal 
sandstone wedges out northward in a small area. Here, 
stratigraphically higher limestone and shale of the lower 
part of the Alamitos Formation can be distinguished from 
the Porvenir only by stratigraphic position. In the southern
most outcrops of the Alamitos in the syncline, the upper part 
of the formation is poorly exposed red shale containing 
interbeds of thin gray and olive-gray shale, limestone nod
ules, and thin fossiliferous limestone. The base of this upper 
part of the formation is thin conglomeratic feldspathic sand
stone containing limestone pebbles that lies unconformably 
on the lower part east of the syncline axis about 0.5 mi 
(0.8 km) north of the county road. Farther east the Alamitos 
is truncated entirely by the Sangre de Cristo Formation, as it 
is on the west flank of the syncline west of Tecolote Creek 
and northwest of Ojitos Frios (Plate 1). West of Tecolote 
Creek, northwest of Ojitos Frios, a small patch of lime
stone-pebble conglomerate of the Alamitos is preserved 
beneath the Sangre de Cristo Formation on the west flank of 
the Ojitos Frios anticline. 

South of Ojitos Frios the Alamitos Formation is exposed 
on both flanks of the Ojitos Frios anticline and at one place 
on the crest. On the east flank, at locality M (Fig. 59), the 
Alamitos is only about 70 ft (21 m) thick. The basal part, ten
tatively correlated with the (upper Desmoinesian) conglom
eratic sandstone at the base farther north, is lenticular 
coarse-grained to pebbly calcareous sandstone and sandy 
limestone, about 5 percent of which is sand, granules, and 
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small pebbles of subangular pink feldspar. The basal part is 
overlain by maroon and olive-gray marly shale, in turn over
lain by limestone-pebble conglomerate about 11 ft (3.4 m) 
thick (Figs. 60, 61) that contains thin lenses of bioclastic lime
stone. The limestones contain broken, thick-walled bra
chiopods and fusulinids (f10275) of Early Permian (early 
Wolfcampian) age. Inasmuch as the Missourian and 
Virgilian rocks are absent, an intraformational unconformity 
exists below the limestone conglomerate. The conglomerate 
is succeeded upward by poorly exposed red marly shale 
containing limestone nodules and concretions that is about 
43 ft (13 m) thick and is overlain unconformably by the 
Sangre de Cristo Formation. Immediately west of locality M 
the rocks are concealed by Quaternary pediment deposits, 
but on the crest of the Ojitos Frios anticline the Porvenir is 
overlain by poorly exposed red shale that probably is the 
upper unit of the Alamitos. These relations indicate that all 
but the uppermost part of the Alamitos wedges out locally 
on the east flank of the anticline, suggesting a local intrafor
mational angular unconformity. 

Southwest of locality M, scattered poor exposures of 
limestone pebbles on a broad Quaternary pediment might 
be remnants of the limestone-pebble conglomerate. About 
0.4 mi (0.6 km) south of section M, the basal conglomeratic 
sandstone of the Alamitos is exposed on the crest of the 
Ojitos Frios anticline and on its west flank. The sandstone is 
overlain by greenish-gray shale and interbedded thin fossil
iferous limestones and thin sandstones that are well exposed 
along the banks of the lower part of Canon Pino Real. These 
beds are overlain by thick red shale equivalent to the upper 
part of the Alamitos at locality M, but the limestone-pebble 
conglomerate is absent. The southernmost exposures of the 
Alamitos on Ojitos Frios anticline are the upper red shale 
unit that laps onto the Upper Mississippian Tererro 
Formation and in turn is overlapped by the basal conglom
erate of the Sangre de Cristo Formation which farther south 
lies on Precambrian rocks of the core of the anticline. 

The internal stratigraphic relations of the Alamitos 
Formation in the vicinity of the Cenozoic Ojitos Frios anti
cline and La Reunion syncline show that the southward 
thinning of the Alamitos on the west flank of the Paleozoic 
Tecolote uplift is mainly intraformational and is only partly 
the result of angular unconformity with the Sangre de Cristo 
Formation. The upper Desmoinesian part of the Alamitos 
seems to have been deposited widely, but Missourian and 
Virgilian rocks apparently are absent from the southeastern 
part of the area because of erosion or nondeposition. The 
Lower Permian (lower Wolfcampian) rocks indicate a final 
partial inundation by shallow seas. 

Southeastern front of mountains-Near the east front of 
the mountains west of Agua Zarca the Alamitos is preserved 
in a minor synclinal basin whose northwest-trending axis 
(Plate 1) is concealed beneath Quaternary alluvium along 
Agua Zarca Creek. The formation is composed of greenish
gray and red shale that contains interbeds of fossiliferous 
gray limestone, sandy limestone, and limy sandstone. 
Interbeds of arkosic, very coarse to conglomeratic sandstone 
also are common in the axial and southwestern part of the 
syncline. The conglomerates contain pebbles of vein quartz 
and pebbles of pink feldspar, some of which are as much as 
1 inch (2.5 cm) across. The clasts are angular to subangular. 
The east-dipping upper part of the Alamitos, exposed along 
New Mexico State Highway 283 about 0.6 mi (0.95 km) west 
of Agua Zarca, is a red-weathering shale containing abun
dant limestone nodules. This upper part is similar to the 
Wolfcampian upper shaly part at locality M south of Ojitos 
Frios and is overlain by ledge-forming gravelly arkoses of 
the Sangre de Cristo Formation. However, west of Agua 
Zarca, the Alamitos is about 200 ft (60 m) thick, which is con-
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siderably thicker than near Ojitos Frias. About 0 .6 mi 
(0.95 km) west of Agua Zarca and just north of Highway 283, 
sandy feldspathic limestone in the Alamitos stratigraphical
ly below the upper red shale unit contains abundant 
Beedeina sulphurensis (fl 0274), indicating that the lower 
(Desmoinesian) part is present here as i t  is in La Reunion 
syncline and local ly at locality M. 

Along the sharply folded southwest margin of the syncli
nal basin south of Agua Zarca Creek the Alamitos laps onto 
Precambrian rocks (Plate 1 ) .  North and south of Agua Zarca 
the Alamitos is overlapped by the Sangre de Cristo 
Formation, which l ies on Precambrian rocks at the south 
(Fig. 32). Therefore, the northwest-trending basin in which 
the Alamitos is preserved is a pre-Sangre de Cristo fold on 
the Tecolote uplift, indicating a structural history similar to 
that of the area south of Ojitos Frios. 

Gallinas Creek-The Alamitos Formation on the west 
l imb of Las Gallinas syncline in the western part of the 
Gallinas Creek area is as much as 645 ft ( 197 m) thick (locs . 
6, D, P, 7, Fig. 62) .  It contains fusulinids of late Desmoines
ian, Missourian, Virgilian, and Early Permian (early 
Wolfcampian) ages. More than half the formation is shale, 

but thick units of coarse-grained to conglomeratic, feld
spathic to arkosic sandstone are present throughou t, and 
thin fossil iferous limestones and sandy l imestones are com
mon. The basal part is thin, feldspathic, coarse-grained to 
granule conglomerate, grading laterally into sandy lime
stone. Both li thologic types contain the strat igraphical ly 
lowest fresh, angular to subangula r, pink feldspar sand and 
granules. The feldspar content ranges from 5 to 20 percent. 
Red shale commonly occurs just above the basal sandstone. 

Most of the formation is marine as shown by fossils in the 
shale and lime tone, but some trough-crossbedded, feld
spathic, conglomeratic sandstones and nonfossiliferous, red 
to purple, silty, sandy shales may be fluvial nonmarine sed
iments. Most of the sandstones seem to be broadly lenticular 
and some of them may have been deposited as marine, dis
tal parts of subaerial al luvial fans. The dasts of most of these 
sandstones are coarse grains and granules; some are pebbles 
ranging up to 0.25 inch (0.6 cm) in diameter; pebbles of vein 
quartz that are 1-2 inch (2.5-5 cm) in d iameter are scattered 
through some beds. Feldspar content varies laterally in most 
beds, but the general range is 10-15  percent; as much as 30 
percent of some beds is fresh-appearing, pink and tan potas
sium feldspar tha t  ranges from medium grains to 0.5- inch 
(1 .3-cm) pebbles. Some beds are moderately micaceous. 
Sorting general ly is poor, many clasts are irregularly shaped 
and subangular, and some thicker beds have a grus-like 
appearance (Fig. 56). 

Along the east margin of the mountains south of 
Montezuma the lower (late Desmoine ian) part of the 
Alamitos is preserved in the vicinity of Lime Canyon 
(Joe. G., Fig. 62; Fig. 85) where it lies unconformably on the 
lower part of the Porvenir Formation and is overlain uncon
formably by the Sangre de Cristo Formation. The Alamitos 
here is similar to the lower part of the formation in the west
ern part of the Gallinas Creek area. The basal part is feld
spathic conglomeratic sandstone that thickens and thins 
because of channeling at its base. In the upper part of section 
G red shale occurs above the sandstone. Notably, several 
units of feldspathic to arkosic sandstone and sandy l ime
stone at Lime Canyon have northerly inclined crossbedding 
and cross-lamina tion that suggest a southerly source of elas
tic sediments, probably the southern part of the Tecolote 
uplift south of Aqua Zarca. Northward from the vicinity of 
Montezuma, for about 6 mi (9 .6 km), the stratigraphic inter
val of the Alamitos is cut out by the Montezuma fault 
(Plate l; Fig. 32; Baltz, 1 972). 

Sapel lo River-Manuelitas Creek-In Las Dispensas 
syncline northeast of Hermit Peak the Alamitos Formation 
thickens northward and reaches its maximum thickness 
(1 ,828 ft; 557 m) in the area in the Paleozoic Rociada Basin 
(sec.  H, Fig. 63; Plate 4). As the thickness increases north
ward the proportion of thick feldspathic to arkosic conglom
erate increases throughout the formation, although most of 
the rocks are shale. The basal part of the Alamitos is cross
bedded feldspathic to arkosic conglomerate as far north as 
the northern end of Las Dispensas syncline north of the San 
Miguel-Mora County line, and locally is as much as 40-80 ft 
(1 2-25 m) thick. The conglomerate generally contains thin 
lenticular red shale interbeds and, at places, thick lenses of 
greenish-gray shale. 

The Alamitos Formation in the Cenozoic Las Dispensas 
syncline contains relatively thick units of olive-gray shale 
and thin highly fossiliferous marine limestones. However, 
some of the thick feldspathic to arkosic conglomerates are 
broadly lenticular deposits with channeled bases and prob
ably are nonmarine. Feldspathic conglomerates and gravel
ly arkoses, some of which contain limestone pebbles as well 
as quartzite, granite-gneiss, and granite pebbles, range in 
thickness from a few feet to as much as 1 20 ft (37 m). These 
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FIGURE 60-Limestone-pebble conglomerate in Alamitos Formation (PIPa) at locality M. Thin, ledge-forming limestone lens in mjddle of 
conglomerate (at top of pack) contains Early Permian fusulinids (f10275). SmaU ledge near top of view is ba al feld pathic conglomerat of 
Sangre de Cristo Formation (Psc). 

units have large-scale trough cros bedding, scour-and-fill 
structures, and some contain unfossiliferous lenticular, red, 
silty and sandy shale. Thick units of this kind are well 
exposed in the upper part of the formation near Deer Creek 
and Rito Chavez just east of Hermit Peak, and they are well 
exposed in the middle and upper parts of the formation on 
the north sides of Sapello River and Manuelitas Creek (secs. 
H and 8, Fig. 63) east of the axis of Las Dispensas syncline. 

The largest pebbles observed in the Alamitos are in lens
es in feldspath.ic to arkosic conglomerates in the middle and 
upper parts of the formation near Deer Creek, Rito Chavez, 
and Sapello River in Las Dispensas syncline (Plate 1). Fresh, 
pink, subangular, feldspar pebbles are mostly less than 
0.25 inch (0.6 cm) diameter, but they range up to 0.5 inch 
(1.3 cm). Purple and gray quartz pebbles are irregularly 
shaped but subrounded, and many are as large as 2 inches 
(5 cm) across. The lithology of the thick units of feldspathic 
to arkosic conglomerate suggests proximity to a source of 
Precambrian rocks. The bedding characteristics suggest that 
the conglomerates and at least part of the wtlossiliferous red 
shale are mainly subaerial fans that episodically were built 
rapidly into a subsiding marine basin. 

The upper part of the Alamitos Formation in Las 
Dispensas syncline is laterally varying gray, greenish-gray, 
and red shale that contains thin beds of fossiliferous lime
stone and thin to thick feldspathic andstone and pebbly 
conglomerate . Many of the limestones contain much feld
spathic coarse sand and granules; andy limestone and limy 
sandstone intergrade laterally. 

ear the eastern front of the mountains, generally 
between Sap llo River and Manuelitas Creek, the lower 
600 ft (180 m), approximately, of the Alamitos Formation 
consists of thick, ridge-forming, feldspathic granule to peb
ble conglom rates interbedded with gray and olive-gray
weathering shale and thin fossiliferous limestone (Joe. 9, Fig. 
63). Some conglomerate are notably poorly sorted; they 
contain angular to ubangular clasts of quartz, vein quartz, 
granite, and fresh-appearing pink feld par cleavage frag
ments ranging from medium grain to pebbles as much as 
0.5 inch (1.3 cm) aero s. Red hale occurs locally at the base 
of the sequence and at everal higher stratigraphic positions. 
Southwest of the junction of ew Mexico Highways 266 and 
94, Beedeina sulphurensis (f10325) occurs in limestone above 
red shale near the base of this sequence. This fusulinid 
(£10129, £10130) occurs al o at the junction of the highways, 
above the sequence, i.ndica ting that the lower part of the 
Alamitos west of the Sapello fault i late Desmoinesian. B.

sulphurensis (fl0138, f10326) occurs in the Alamitos west of 
the Sapello fault al o at the north side of the Sapello River 
valley about 2,200 ft (670 m) south-southwest of the high
way junction (Joe. 87705, Baltz and O'Neill, 1986). Notably, 
the De moinesian rocks here are as thick as the entire 
(Desmoinesian to Wolfcampian) Alamitos Formation in the 
Gallinas Creek area. 

ear the eastern front of the mow1tains west of Sapello, 
most of the upper part of the Alamitos Formation is con
cealed by Quaternary deposits (Fig. 86) and soil, and part is 
cut out by the Sapello fault (Plate l; Fig. 64). The parts that 
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view of upper unit of limestone-p bble con
glomerate in Alamitos Formation at locality M showing rude layer
ing. Contorted layering results from differential compaction of peb
bles in marly clay matrix. Hammer shows scale. 

can be ob erved are gray and olive-gray-weathering shale 
and interbedd d gray fossiliferous limestone, some red 
shale, and some feld pathic to arkosic sandstones. Gray 
shale near the top of the formation in road cuts near the junc
tion of Highways 94 and 266 and ju t east of the Sapello 
fault contain Late Pennsylvanian (probably Virgilian) 
mega fossils. 

orth of Manuelitas Creek, along the eastern front of the 
mountains, the lower sequence of arko ic sandstones, shale, 
and thin limestones of the Alamitos crop out at places as 
overturned beds in hogback ridges north and south of the 
San Miguel-Mora County line, but in most of this area the 
Alamitos and the lower part of the Sangre de Cristo 
Formation ar cut out by the Sapello fault as far north as Rito 
Cebolla (Plate 1). 

Rito Cebolla-Mora River-The Alamito is exposed fair
ly well on the terrace at the north side of Rito Cebolla (Joe. I, 
Fig. 65; Fig. 88); however, its top is faulted against the lower 
part of the Sangre d Cristo Formation, as indicated by 
greatly sheared and slickensided sandstone in the eastern 
part of the outcrop. The base is poorly exposed, but the 
Alamitos seems to lie in depositional contact on rocks tenta
tively a igned to the uppermost part of the Porvenir 
Formation. The rocks assigned to the Alamitos are only 
about 265 ft (81 m) thick with an unknown amount of the 
upper part (and lower part of the Sangre de Cristo 
Formation) faulted out. About 2,000 ft (600 m) to the north, 
the fault at the top of the Alamitos seems to die out (Fig. 88) 

and the formation is about the ame thick11 s as at Rito 
Cebolla. 

The lithology of the Alamito Formation at Rito Ceb lla 
i generally irnilar to the lower part of the formation farther 
south. At the ba e is a thick unit of very coarse grained to 
pebbly feldspathic conglomerate that contains yellowish
gray and pink subangular feldspar sand, granules, and peb
bles, some of which are as much as 0.5 inch (1.3 cm) across. 
The conglomerate contains scattered gray quartzite pebbles 
as much as 2 inch (5 cm) across. A bed of fossiliferous marine 
limestone occurs near the base of the conglomerate. Above 
the conglomerate is a persistent unit of gre nish-gray tor d 
and purplish-gray shale that contains interb ds of fossilifer
ous gray limestone and thin coar -grained to conglomerat
ic feldspathic sandstone. This general lithologic character 
persists northward, and late D smoine ian fu ulinid occur 
above the basal conglomerate (Fig. 65). 

The Alamitos Formation thin northward from Rito 
Cebolla because rocks younger than Desmoinesian are thin 
or absent. Although exposure are relatively poor in the hog
backs, there are outcrops of the entire formation and its 
upper and lower contacts that indicate the thinning is strati
graphic rather than being the result of Cenozoic faulting. 
South of La Canada del Guajalote the Alamitos begins to 
thicken northward. Most of the thickening occurs in the 
Desmoinesian lower part as shown by the occurrence of lat 
Desmoinesian fusulinids about 600 ft (180 rn) above the base 
of the formation at Mora River (sec. K, Fig. 65). The ate 
Penn ylvanian upper part aJ o is pre ent and thicken 
northward from near La Canada de! Guajalote to Mora 
River. 

At Mora River and farther north the Alamitos Formation 
is olive-gray shale interbedded with feld pathic and arkosic 
coarse-grained sandstones and pebble conglomerate and 
thin fossiliferous limestones (sec. K, Fig. 65). Red- to pur
ple-weathering hale occur near the ba e (Fig. 66) and at 
intervals higher in the formation. Many of the shales are 
silty and are commonly micaceous as are many of the finer 
grained sandstones. The top of the formation is at the top of 
a unit of olive-gray shale that contains the stratigraphicalJy 
highest marine fossils (coll ction 27356-PC) and also con
tains thin micaceous and tone bed and green claystone 
and ilty shale b d (Fig. 67). From La Canada de! Guajalote 
northward to the north edge of the area (Plate 1) the top of 
the Alamito was mapped (Baltz and O' ei!J, 1984) at the 
top of similar greenish-gray and green clay and shale bed 
that appear to be correlative, although expo ure are uch 
that the contact cannot be traced preci ely at some place . 

Although the Alamito at Mora River and to the north is 
partly or mainly marine, many of its beds (particularly, near 
the middle) are highly feldspathic to arkosic, crossbedd d 
conglomeratic sandstones that have channeled bases and 
scour-and-fill structures and are probably nonmarine. The 
clasts of the sandstones generally are very coarse to granule 
size; pebbles are commonly 0.1--0.5 inch (0.3-1.3 cm) in 
diameter, and occasionally are a much as 1-2 inches 
(2.5-5 cm) in diameter. Granules and pebbles are mainly 
subangular and are mainly quartzite, but fresh-appearing 
gray and pink feldspar commonly constitutes 10-15 percent 
of the clasts; in some beds 20-30 percent of the clasts is feld
spar. Granules and small pebble of green deeply weathered 
amphibolite schist, muscovite schist, and other metamor
phic rock fragments are common in some beds but general
ly are a small fraction of the dasts. Muscovite is a common 
constituent. The lithology of these rocks suggests a nearby 
source of Precambrian metamorphic rocks and granite or 
granitic pegmatites, probably tho e in the El Oro Mountain 
area. 

The Alamitos at the Amoco "A" and "B'' no. 1 Salman 



Ranch wells in the subsurface at the east is generally similar 
to the outcropping rocks from Mora River north (Plate 3). 
However, the feldspathic sandstones and arkoses seem to be 
somewhat finer grained at the wells, ranging from fine- to 
coarse-grained. Samples from the upper part of the forma
tion at the "A" well are contaminated by casing cement and 
fibrous material. These samples contain conspicuous 
amounts of small gypsum chips and traces of anhydrite, 
suggesting that anhydrite beds occur in the upper part of the 
Alamitos Formation locally. However, gypsum was not 
observed in this interval in samples from the "B" well, 
although it occurs stratigraphically higher in rocks assigned 
to the Sangre de Cristo Formation at the "B" well and at the 
"A" well also. The gypsum may be a product of hydration of 
anhydrite during drilling. Gypsum or anhydrite were not 
observed anywhere at outcrops of the Alamitos, but anhy
drite occurs in the southern part of the Las Vegas Basin at the 
Continental no. 1 Leatherwood-Reed well (Fig. 18). 

Contact with overlying rocks 
The nature of the contact of the Alamitos Formation and 

the overlying Sangre de Cristo Formation varies throughout 
the area of this report. ln the southern part of the area, along 
both flanks of the Paleozoic Bernal uplift, the contact is clear
ly a low-angle unconformity that bevels 400-600 ft 
(120-180 m) of the Alamitos in about 2 mi (3.2 km). 
However, in the adjacent Paleozoic San Geronimo Basin, 
roughly from San Geronimo to Gallinas Creek, where the 
Alamitos is relatively uniform in thickness and where its 
rocks are late Desmoinesian through earliest Permian age, 
the contact seems to be structurally conformable although 
the basal arkoses of the Sangre de Cristo channel slightly 
into the uppermost part of the Alamitos. In the southwestern 
part of the area, north and northwest of San Jose, the contact 
is a slightly channeled disconformity, and the youngest 
marine rocks of the Alamitos are Late Pennsylvanian 
(Virgilian). 

On the southwestern margin of the Paleozoic Tecolote 
uplift most of the thinning of the Alamitos is intraforma
tional between the late Desmoinesian lower part and the 
earliest Permian upper part, indicating nondeposition or 
uplift and erosion in Missourian and Virgilian time. North 
and south of Ojitos Frios the Alamitos is absent locally 
because of angular unconformity with the Sangre de Cristo 
on an echelon series of short, low, northwest-trending anti
clines and synclines that do not affect, or only slightly affect, 
the base of the Sangre de Cristo. At least the northern part of 
the area of the Cenozoic La Reunion syncline was a shallow 
syncline also in earliest Permian time. The Cenozoic Ojitos 
Frios anticline and La Reunion syncline, on which the 
Sangre de Cristo is folded, are superposed on the Paleozoic

echelon structures and represent Cenozoic rejuvenation of 
the general areas of the Paleozoic folds. However, the 
Cenozoic fold axes transect the older fold axes. 

The northwest-trending synclinal basin, in which the 
Alamitos Formation is preserved west of Agua Zarca 
(Plate 1), seems to be primarily a Late Pennsylvanian struc
ture on the central part of the Tecolote uplift. About 0.8 mi 
(1.3 km) southwest of Agua Zarca, the Alamitos on the south 
limb of the basin strikes at high angle to the northerly strike 
of the Sangre de Cristo Formation, indicating angular 
unconformity. Farther south the Sangre de Cristo overlaps 
the Alamitos to lie on Precambrian rocks. 

Along the eastern front of the mountains, between Agua 
Zarca and Montezuma, the Alamitos mainly is missing from 
the Tecolote uplift because of low-angle unconformity with 
the Sangre de Cristo. To the northwest, on both limbs of the 
Medina syncline west of Gallinas (Plate 1; Baltz, 1972), the 
Alamitos thins abruptly beneath the Sangre de Cristo 
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Formation, indicating that the syncline and the parallel 
Canon del Medio anticline both are primarily Late 
Pennsylvanian or Early Permian structures. 

In the Paleozoic Rociada Basin the contact generally is 
poorly exposed, but where seen it is a channeled disconfor
mity. At Manuelitas Creek (loc. H, Fig. 63) limestone pebbles 
occur in the basal arkosic conglomerate of the Sangre de 
Cristo. Megafossils near the top of the Alamitos suggest a 
Virgilian age, but the data are not adequate to determine 
whether latest Pennsylvanian or earliest Permian rocks are 
present. However, the upper part of the Alamitos is transi
tional from marine to nonmarine conditions in the sense that 
the highest marine shales and limestones of the Alamitos are 
very sandy. These factors suggest that deposition may have 
been continuous, or nearly so, from the Alamitos into the 
Sangre de Cristo, at least in the deep part of the Paleozoic 
Rociada Basin northeast of Hermit Peak (Plate 4) and possi
bly also on the Manuelitas saddle northwest of Sapello. 

In the northern part of the a�ea, at the front of the moun
tains north of Rito Cebolla, only thin remnants of the 
Desmoinesian part of the Alami!:Qs are present, and the con
tact with the Sangre de Cristo probably is an angular uncon
formity on a Late Pennsylvanian anticline (Plate 4) for about 
3.5 mi (5.6 km) north of Rito Cebolla. However, from there 
northward the Alamitos thickens internally, and at Mora 
River the upper part contains Late Pennsylvanian (probably 
Missourian) megafossiJs. From La Canada de! Guajalote 
north, where the uppermost part of the Alamitos at many 
places is green to olive-green shale and interbedded thin 
sandstones, the contact with the Sangre de Cristo probably 
is structurally conformable although locally disconformable 
because of slight channeling at the base of the rocks assigned 
to the Sangre de Cristo. 

At Mora River the lower 700 ft (215 m), approximately, of 
the Sangre de Cristo Formation is nonmarine, thick, 
ridge-forming, reddish- to purplish-brown-weathering 
arkoses and interbedded shale (Fig. 67; Plate 3). A 
microflorule collected from about 500 ft (150 m) above the 
base of this sequence is probably Late Pennsylvanian 
(Virgilian?) in age. This suggests that, although the sequence 
is nonmarine and is included in the Sangre de Cristo, most 
of it is equivalent in age to the upper part of the Alamitos at 
Manuelitas Creek and farther south. 

South of Mora River this Upper Pennsylvanian lower 
sequence of reddish-brown and purplish-brown arkoses of 
the Sangre de Cristo Formation thins, and about three-quar
ters of a mile south of La Canada de! Guajalote it is indistin
guishable from other arkoses and shales in the lower part of 
the Sangre de Cristo. This southward thinning, and the con
comitant southward thinning in the Alamitos, suggest 
wedge out of the Pennsylvanian lower part of the Sangre de 
Cristo on the north flank of the Late Pennsylvanian anticline 
north of Rito Cebolla (Plate 4C). If so, the stratigraphic rela
tions are similar to those in the southern part of the area 
where the post-Desmoinesian part of the Alamitos thickens 
intraformationally away from structural features that were 
tectonically active during its deposition. 

Previous reports (for example, Read and Wood, 1947, 
fig. l; Baltz and Bachman, 1956, fig. 2; Sutherland, 1963, 
fig. 6) presented regional-correlation diagrams that show the 
lower part of the nonmarine Sangre de Cristo Formation 
becoming progressively older northward because of deposi
tional intertonguing with the mainly marine upper part of 
the Madera (the part equivalent to the Alamitos Formation). 
The stratigraphic model of Baltz and Bachman (1956, fig. 2 
and p. 99-100) for the eastern part of the mountains was 
based on the recognition that thick arkoses become more 
common northward in all the Pennsylvanian rocks, and that 
north of Mora River marine shale and limestone containing 
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FIGURE 64-Trace of Sapello fault in road cut at north ide of ew Mexico Highway 94, just west of "Y" jw1ction with New Mexico Highway 
266, about three-quarter mile (1.2 km) we t of Sapello. Arrows point to west-dipping slickensided plane of thrust fault. Rocks above the 
fault are vertical, sheared shale and sandstone of Alamitos Formation. Rocks below the fault are overturned thick arko e, lime tone, and 
shale of Alamitos. Ju t w t (left) of view, lim tone of upper plate contain late De moine ian fusulinids (Beedeina aff. s11/p/111re11sis, f10129 
and f10130). Just ea t (right) of view in the footwall block, shale within a few feet of the stratigraphic top of the Alamito contains bra
chiopods (collection 27501-PC) that suggest Virgilian age. Map of area is shown in Figure 86. 

Late Pennsylvanian (probably Mi sourian) megafos ils 
occur well above the ba e of the arko es (Fig. 67). The por
trayed intertonguing relation hip (Fig. 68A) wa a diagram
matic convenience to explain the e fact in lieu of more 
detailed information on contacts and ages of various litho
logic units from Mora River south. The base of arkosic sand
stones within what is now the upper half of the Alamitos at 
Mora River, was consid r d to be the lithologic base of the 
Sangr d Cristo by Baltz and Bachman (1956), and the high
er marine beds were considered to be northward-thinning 
tongu of the arkosic limestone m mber of the Madera (the 
Alamitos) within the Sangr de Cristo. Later detailed map
ping and tracing of lithologic units (Baltz and O' eill, 1984, 
1986) and biostratigraphic tudie for the present report 
indicate that the earlier model is not correct in its simplified 
geometric details because Pennsylvanian intrabasinal tec
tonic features exerted local controls on depositional and ero
sional environments, at least as far north as the northern 
edge of the area of this report. The relations, as pr sently 
conceived, are shown in Figur 68B. 

Age and fossils 
Fusulinids-The ag span of the Alamito Formation in 

the southeastern part of the Sangre d Cristo Mountains is 
late Middle Pennsylvanian through earlie t Permian (Fig. 
54). Fusulinids that represent this entire age span are known 
to b present only in the south-central part of the area in the 
axial part of the Cenozoic Las Gallinas syncline from about 
Mineral Hill northward to about GalliJ1as Creek. In this part 
of the area fusulinids from the Alamitos include representa
tive of parts of the zones of Beedeina (Desmoinesian), 
Triticites (Mis ourian and Virgilian), and Schwagerina (Early 
Permian, Wolfcampian). 

The zone of Beedeina (Fig. 54) extends upward from the 
Porvenir Formation into the lower part of the Alamito . 
Beedeina cf. and aff. B. sulphurensis (Ros and Sabin ), 1965 is 
common in the lower bed throughout mo t of the area 
(Plate 6, 8, 9). The youngest species of Beedeina in the 
Alamito i B. acme (Dunbar and Henbest) 1942 (f10134, 
Plate 12), which was found slightly above the stratigraphic 
po ition of B. sulphurensis south of La Canada de! Guajalote, 

FIGURE 65-Stratigraphic ection of the Alamito orrnation at Rita Cebolla and Mora River. Stratigraphic po ition (below top of the 
Alamitos) of fusulinids collected between the sections are shown by arrows. Dashed line shows approximate correlation of highe t rock 
units in which late Desmoinesian fusulinids were found. Localities of measurement and line of sections are shown in Figure 55. Maps of 
localitie are shown in Figures 88, 89. Lithologic symbol are explained in Figure 9. 
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FIGURE 66----Lower part of Alamitos Formation at ction K, north side of Mora River valley. Roadcut on New Mexico Highway 518 about 
1.4 mi (2.2 km) northwest of La Cueva. Bed dip east (right) about 58° . Top of Porvenir Formation is concealed on slope at left. Ridge-form
ing feldspathic sandstones at road and at left are units 277-279 of ection Kat the ba of the Alamitos. Overlying b d to the right are oli 
ve-gray and purpli h-red-weathering shale and shaly and tone succe ded upward by ridge-forming coar e-grained to pebbly, feldspathic 
to arkosic conglomeratic sandstone of the Alamito . Fence posts are about 4.5 ft (1.3 m) high. 

wher the Alamitos i relatively thin. B. acme wa found also 
above the middle of the Alamito at Mora River (f10121, 
Plate 10), where the formation i much thicker. 

Fu ulinid of the zone of Triticites were found at only a 
few places and only in the south-central and southwestern 
parts of the area from Gallinas Creek south. The olde t Late 
Pennsylvanian fusulinids found in the Alamitos are the 
early Mi ourian Triticites nebrascensis Thompson 1934 found 
near the middle of the Alamitos (Fig. 81) ju t north of 
Gallinas Creek (f13215, Plate 7), and T. aff. T. celebroides Ross, 
1965, found in the thin remnant of the Alamitos southwest of 
the Bernal ection (f10323, Plate 14). Triticites cf. and aff. T. 
ohioensis Thompson, 1936, an early Missourian species, was 
also found in the thin r mnant of Alamito at the Bernal sec
tion (f10321, f10322, f10328, Plate 14). 

The olde t Virgilian fusulinid is Triticites aff. T. corona
doensis Ross and Tyrrell, 1965 that was found about 130 ft 
(40 m) below the top of the Alamitos a few hundred yards 
west of Tecolote Creek about 1.3 mi (2 km) outheast of Blue 
Haven Camp (f10277, Plate 13). Although this species was 
not found in the Manzano Mountains, its evolutionary 
development is close to that of T. aff. T. asperoides Ross, 1965, 
from the lower part of the Virgilian assemblage subzone of 
T. asperoides of the Manzano Mountains (Myers, 19886).

The next younger Virgilian fusulinid, Triticites bensonensis
Ross and Tyrrell, 1965 (f10319, Plate 14) was found in the 
upper part of the Alamitos at the Pecos Rivers ction west of 

San Juan. Thi form can be referred to Myers' (19886) assem
blage subzone of T. bensonensis (lower to middle Virgilian) of 
the Manzano Mountains (Fig. 54). However, at the P cos 
River section the T. bensonensis specimens are abraded and 
occur in a unit of oolitic and sandy limestone that contain 
limestone pebble conglomerate. This suggests that in latest 
Pennsylvanian time, they were reworked from stratigraphi
cally slightly older b ds, probably on the west flank of the 
Bernal uplift. This is suggested further by their occurrence, 
at this locality, stratigraphically above T. whetstonensis, 
which occurs above T. bensonensis in the Manzano 
Mountains (Fig. 54). 

The youngest Virgilian fusulinids found in the area of 
thi report are Triticites aff. T. whetstonensis Ross and Tyrrell, 
1965 and Oketae/Ja sp. that occur about 60 ft (18 m) below the 
top of the Alamitos at the Pecos River section we t of San 
Juan (f10320, Plate 14). These forms are considered to repre
sent late Virgilian age based on their stratigraphic po ition 
in the Manzano Mountains. 

ln the area of this report, Early Permian (early 
Wolfcampian) time is represented by two sp cies of Triticites 
that occur elsewhere within the lower part of the 
Wolfcampian zone of Schwagerina. Triticites cf. and aff. T.

creekensis Thompson, 1954 were found about 40 ft (12 m)
below th top of the Alamitos Formation (Fig. 81) near the 
typ locality of the Porvenir Formation, and also northwest 
of San Geronimo (f10128, f10278, Plates 7, 13, 14). Triticites
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FIGURE 67-Upper part of Alamitos Formation (1Pa) and lower part of Sangre de Cristo Formation (PWsc) at loca l i ty K, north ide of Mora 
River val ley. View north of ew Mexico Highway 518 abou t 1 . 1  mi (1 .8 km) northwest of La Cueva. Approx imate contact of formations 
shown by dashed line. Beds dip east (right) about 58° . Ridge-forming arkosic andstone cropping out above and left of barn is near top of 
Alamitos. Uppermost unit of greenish-gray, green, and red sha le  and in terbedded thin and tone of Alamitos crops out a long and right of 
ranch road that is above and left of barn. Stratigraphical ly highe t marine fo i l  (col lection 27356-PC) were obtained from outcrop (arrow) 
of l ight-gray ha ly i l t  tone at  right ide of road pa t point where it d i  appear from view. Marine fossils  (col lection 27163-P ) a l  o were 
obtained from lime tone expo ed on slope in foreground just west ( left) of view. The lower parts of the Sangre de ri to Formation are pur
plish-pink to reddish-brown weathering, conglomeratic feldspathic to arko ic sandstones and interbedded th in red-weathering hales and 
siltstones. 

(Leptotriticites) sp. was found in thin l imestone lentils in the 
upper part of the Alarnito (Fig.  59) on the ea t flank of
Ojitos Frios anticline south of Ojitos Frios (£1 0275, Plate 13 ) .
Here, i t  i s  associated with rare specim ns  of  Ozawninella
sp. (£1 0275, Plate 14). Triticites (Leptotriticites) sp. wa found
also in  l ime ton cobbl s in Quaternary pedimen t depo its
west of Agua Zarca .

Regional fusul inid-faunal  correl ations-The general 
uccession of fu ul inids of the Alamitos Formation in the 
outheastern part of the Sangre de Cri to Mountain i um

marized in Figure 54 where it is compared wi th fusu l inid 
ucce sion in the Manzano Mountain type region of the 

Madera Group. The following di cu ion i ba ed mainly on 
data from Myers (1 9886), which are discussed in greater 
detail in that report. 

Beedeinn sulphurensis and B. acme from the Alamitos 
Formation are equivalent to the upper D smoin sian ass m
blage subzone of B. sulphurensis of Myers (1 988a) and are 
typica l of fusulinids found in the upper b ds of the 
Desmoinesian Series throughout the United States. Their 
regional fauna) correla tions have been pecified previou Iy 
in the discu ion of the fu ul inid of the Porvenir Formation. 

Triticites nebrascensis and T. celebroides from the Alamitos 
Formation are equivalent in age to the lower Missourian 
assemblage subzone of T. nebrascensis in the Wild Cow 
Formation in the Manzano Mow1tains. This assemblage sub
zon is equivalent to the Triticites celebroides assemblage sub
zone of Ross ( 1 965, p. 1 ,159) from the lower part of th 
Gaptank Formation in western Texas. Th fauna is the same 
as tha t illustrat d by Myer (1 960, plate 1 6) from the 
Brownwood Shale Member of the Graford Formation in cen
tral Texa . In the Midcontinent region, T. nebrascensis is 
found in the Avoca Member of the Lecompton Lime tone of 

ebra ka and in the Cherryvale Shale of Mi ouri (Dunbar 
and Condra, 1 927; a de cribed by them, T. exiguus ) .  

Thomp on and Thomas (1953, p .  31 ) reported T. nebrascensis 
from about 1 75 ft (54 m) above the base of th Casp r 
Formation near Whea tl a nd Re ervoir in Wyoming. 
Thomp on, Vervi l le, and Bi ell ( 1 950) described a similar 
pecie , T. springvil lensis, from near the base of the 

Mis ourian portion of the Oquirrh Formation in the Wasatch 
Mountains of Utah. T. nebrascensis has b en fow1d abou t 18 ft 
(5.5 m) below the top of the Lead Camp Limeston in th San 
Andre Mountains in southern ew Mexico ( Bachman and 
Myer , 1 969). Beds near the top of the Pennsylvanian ection 
in the Joyita Hills in Socorro ounty, ew Mexico contain T.
nebrascensis (Kottlowski and Stewart, 1970) .  

Few, if any, species of Triticites older than T. nebrascensis 
have been reported from the Midcontinent region or the 
West rn Unit d States. Therefore, the assemblage subzone to 
which these sp cies are referred appear to define a wide
spread biostratigraphic zone tl1at appeared during early 
Missourian time. 

Repre entative of the assemblage subzone of Triticites 
ohioensis from the Alamitos Formation correlate with that 
Missourian assemblage subzone in the Wild Cow Formation 
in the Manzano Mountains. In western Texas, the a em
blage subzone of T. col/us (Ro s, 1 965) in the Gaptank 
Formation is probably equivalent to that of T. ohioensis 
(Myers, 1 9886). The a sernblage subzone fauna i equivalent 
to that of the Adams Branch Limestone Member of the 
Graford Formation of Texas (Myers, 1 960); to the T. ohioensis 
faw1a of the Bru h Creek Shale and Cambridge Limestone 
Memb r of the Conemaugh Formation in Galia County, 
Oh io (Thomp on, 1 936); to the Livingston Limestone 
Member of the Bond Formation in Edgar ounty, I llinoi 
(Dunbar and Henbe t, 1 942); and to the Winterset Member 
of the Denni Limestone in Iowa (Thompson, 1957). In the 
We tern United States, Ross and Tyrrell ( 1 965) have record
ed T. cf. T. ohioensis from about 800 ft (245 m) above the base 
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Figure 68-Diagram of concepts of stratigraphic relations of Pennsylvanian and Lower Permian rocks, Manuelitas Creek- Mora River. 

of the Horquilla Limestone in the Whetstone Mountains of 
Arizona. 

Missourian fusulinids younger than T. ohioensis have not 
been found in the southeastern Sangre de Cristo Mountains. 
On the basis of our present data, there may be a late 
Missourian fauna! hiatus between the highest occurrence of 
T. ohioensis and the lowest occurrence of the Virgilian T. coro
nadoensis (Fig. 54). This hiatus would be equivalent to the
upper part of the Missourian Kansas City Group and all of

the Lansing and Pedee Groups of the Midcontinent. Part of 
the time of the hiatus may also include the time of the 
assemblage subzone of Triticites asperiodes of the Manzano 
Mountains, which fauna resembles material from the 
Douglas Group and the lower part of the Shawnee Group of 
early Virgilian age in Kansas. The significance of the fauna! 
hiatus in the southeastern part of the Sangre de Cristos can 
be evaluated partly. On the Paleozoic Bernal uplift and its 
flanks upper Missourian and Virgilian rocks of the Alamitos 



are absent because of angular unconformity between the 
Alamitos and the Permian Sangre de Cristo Formation. On 
the Paleozoic Tecolote uplift and its flanks, Missourian and 
Virgilian rocks are absent because of intraformational 
unconformity between the Desmoinesian and Wolfcampian 
parts of the Alamitos Formation and because of unconfor
mity with the Sangre de Cristo Formation. Farther north, 
rocks of latest Missourian and earliest Virgilian ages might 
be absent, or they might be represented by nonrnarine rocks, 
or they might be present but unrecognized by us because of 
the scarcity of fusulinjd-bearing rocks. 

The oldest Virgilian fusulinids of the Alamitos in the area 
of the present report are representatives of the assemblage 
subzone of Triticites bensonensis and correlate with the 
assemblage subzone of that name in the Wild Cow 
Formation in the Manzano Mountains. They are similar to 
the fusulinid fauna of Ross's beds H and I in the Gaptank 
Formation of Texas (Ross, 1965, p. 1,160); to the faunas in the 
Gunsight Limestone Member of the Graham Formation in 
central Texas (Myers, 1960); to material from the Shawnee 
Group in Kansas (Myers, 1988b); and to material from 
50-120 ft (15-37 m) above the base of the Earp Formation in
the Whetstone Mountains, Arizona (Ross and Tyrrell, 1965,
p. 619).

Representatives of the assemblage subzones of Triticites
cullornensis and T. beedei of the Manzano Mountains were not 
found in the Alamitos in the area of this report, although T.

cf. T. cullomensis is reported from fusulinid zone VII in the 
Alamitos of the western part of the Sangre de Cristo 
Mountains (Sutherland and Harlow, 1973, p. 10). The inter
val of time represented by these assemblage subzones may 
represent a fauna! hiatus in the southeastern part of the 
mountains that includes part of the time during which the 
Douglas and Shawnee Groups were deposited in the 
Midcontinent region. Possible reasons for this apparent hia
tus are the same as those discussed previously. 

Triticites whetstonensis, the youngest Virgilian fusulinid 
found in the Alamitos Formation in the southeastern Sangre 
de Cristo Mountains is found in the assemblage subzone of 
that name in the Manzano Mountains in the La Casa 
Member of the Wild Cow Formation. Fauna! representatives 
of this assemblage subzone are not present in the type area 
of the Gaptank Formation in western Texas. However, simi
lar faunas are present in central Texas in the Breckenridge 
and Chaffin Limestone Members of the Thrifty Formation 
(Myers, 1960). The fauna is present in the lower part of the 
Earp Formation in the Whetstone Mountains in Arizona 
(Ross and Tyrrell, 1965). 

Triticites creekensis, an early Wolfcampian fusulinid, 
occurs in the upper part of the Alamitos Formation. In the 
Manzano Mountains, this fusulinid is referred to the assem
blage subzone of T. creekensis, where it is found in the upper
most beds of the La Casa Member of the Wild Cow 
Formation, and in the lower beds of the overlying Bursum 
Formation (Myers, 1988b). The type Triticites creekensis is 
from the Camp Creek Shale Member of the Pueblo 
Formation in central Texas; the fusulinid has been found 
also in the basal beds of the Wolfcampian part of the Bird 
Spring Formation at Arrow Canyon in Clark County, 
Nevada (Cassity and Langenheim, 1966). 

Triticites (Leptotriticites) sp. is the youngest fusulinid 
found in the Alamitos Formation. The genotype, 
Leptotriticites hatchetensis Skinner and Wilde, 1965 was 
described from the Wolfcampian part of the HorquiJla 
Limestone in the Big Hatchet Mountains of southwestern 
New Mexico, where it is associated with Rugosochusenella, 
Pseudoschwagerina, Paraschwagerina, and Pseudofusulina. The 
species found in the southeastern Sangre de Cristo 
Mountains is similar to, if not conspecific with, the genotype 
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(a subgenus of Triticites). It is found in the southern part of 
the Manzano Mountains in the uppermost beds of the La 
Casa Member of the Wild Cow Formation (Myers, 1988b) 
and in the Bursum Formation; it occupies a similar strati
graphic position in the southern part of Los Pinos 
Mountains (Myers, Sharps, and McKay, 1986). In both the 
Manzano and Los Pinos Mountains, Triticites (Leptotriticites) 
sp. is associated with Triticites creekensis. Leptotriticites was 
assigned by Skinner and Wilde (1965, p. 100) to the Lower 
Permian (Wolfcampian) of the South-central and 
Southwestern United States. 

The fusulinids of the Alamitos Formation in the area of 
this report are equivalent to those of fusulinid zones V-VII 
of the Alamitos in its type region (Sutherland and Harlow, 
1973, p. 10) in the southwestern part of the Sangre de Cristo 
Mountains. However, the lower part of the Alamitos 
Formation at its type locality contains middle Desmoinesian 
fusulinids including Beedeina rockyrnontana that may indicate 
that the lower part is slightly older than the late 
Desmoinesian lower part of the formation in the area of this 
report. Sutherland (1963, fig. 10) reported that the 
Missourian fusulinid Triticites cf. T. ohioensis occurs higher in 
the formation and that the Virgilian Triticites cf. T. cullomen
sis occurs near the top. Therefore, the uppermost part of the 
type Alamitos appears to be not as young as the youngest 
part in the area of the present report. South of the type local
ity, in the southwestern part of the mountains, near 
Cafioncito, Booth (1976, p. 31) found Triticites rhodesi 
Needham (identified by D. A. Myers) that indicates a late 
Virgilian age for rocks Booth assigned to the upper arkosic 
member of the Madera Formation, and Brill (1952, p. 846) 
reported T. rhodesi from the uppermost part of the Madera 
east of Rowe. Therefore, at least in the southwestern part of 
the mountains, rocks referable to the Alamitos are as young 
as latest Pennsylvanian but are not reported to contain Early 
Permian fossils. 

Megafossils from northern part of area-Megafossils 
were collected from throughout the Alamitos Formation in 
the northern half of the area, but they were not collected in 
a manner that would determine their complete stratigraphic 
ranges in the formation. The collections are listed on Plate 5 
in their relative stratigraphic positions as determined main
ly from stratigraphic sections, and as estimated at other 
places from field relations and physical-stratigraphic corre
lations. 

At many places throughout the northern half of the area 
the lower part of the Alamitos Formation contains Beedeina 
sulphurensis and Beedeina acme that fix the age of this part as 
late Desmoinesian. Identifiable fusulinids were not found in 
the upper parts of the Alamitos north of the Gallinas Creek 
area. Megafossils from the upper parts of the Alamitos at 
several localities near Sapello River and Manuelitas Creek 
are clearly post-Desmoinesian. However, many of the fossils 
are poorly preserved because of their occurrence in sharply 
folded rocks or because they occur as fragmented or abrad
ed specimens in sandy limestones deposited in high-energy 
environments. According to J. T. Dutro, Jr., and E. L. 
Yochelson (written comm., 1980), such specimens are diffi
cult to identify at the species level, an essential requirement 
to refine age designations in this part of the Pennsylvanian. 
Most invertebrate assemblages in the Missourian-Virgilian 
interval contain elements of the same groups of genera, and 
differences are due to minor evolutionary and environmen
tal changes. Recurring environments produce similar assem
blages. 

Collection. USGS 27501-PC was obtained from gray shale 
15-30 ft (4.6-9 m) stratigraphically below the top of the
Alamitos in the roadcut at the north side of the junction of
New Mexico Highways 94 and 266 northwest of Sapello
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(Fig. 86). It contains Jsogramma renfrarum Cooper, which was 
described from the Gonzales Limestone Member of the 
Graham Formation in the lower part of the Cisco Group in 
Texas, and it also contains Stegocoelia (Taosia) percostata 
(Girty) that was originally described from the upper part of 
the Magdalena Group in La Luz Canyon near Tularosa, New 
Mexico. These species, taken together, suggest a Virgilian 
age (J. T. Dutro, Jr., and E. L. Yochelson, written comm., 
1980). Bellerophon (Pharkidonotus) percarinatus (Conrad), 
found at this locality northwest of Sapello, ranges from 
Middle through Late (Virgilian) Pennsylvanian (E. L. 
Yochelson, written comm., 1980). Myalina (0rthomyalina) sp., 
which also occurs in this collection, has an age range of 
Desmoinesian through Early Permian (Wolfcampian), but 
the specimens were not preserved well enough for more pre
cise species and age designation (John Pojeta, Jr., written 
comm., 1980). 

Collection USGS 27489-PC was obtained from sandy 
limestone about 40 ft (12 m) below the top of the Alamitos 
on the north side of Sapello River a short distance east of the 
axis of Las Dispensas syncline (Joe. BM7903, Baltz and 
O'Neill, 1986). This collection contains Linoproductus cf. L.

platyumbonus Dunbar and Condra and Myalina 
(0rthomyalina) cf. M. (0.) slocumi (Sayre), which suggest a 
Missourian age, although both species are known to occur in 
older and younger Pennsylvanian rocks, and M. (0.) slocumi 
is known to range into Lower Permian rocks (J. T. Dutro, Jr., 
written comm., 1979). Myalina (0rthomyalina) cf. M. (0.) 
s/ocumi (Sayre) occurs also in collection USGS 27488-PC 
from about 50 ft (15 m) below the top of the Alamitos north 
of Manuelitas Creek about 1 mi (1.6 km) east of the axis of 
Las Dispensas syncline (Joe. BM7902, Baltz and O'Neill, 
1986). Sutherland and Harlow (1973, Fig. 9) reported 
Linoproductus cf. L. platyumbonus from rocks they show to be 
late Missourian age in the southwestern part of the moun
tains. 

Collection USGS 27824-PC was obtained from sandy 
limestone east of Hermit Peak near the crest of the east
trending ridge between Rito Chavez and Deer Creek about 
800 ft (240 m) east of the National Forest boundary 
(Joe. BM8003, Baltz and O'Neill, 1986). These rocks are esti
mated to be about 100 ft (30 m) stratigraphically below the 
top of the Alamitos. According to J. T. Dutro and John Pojeta 
(written comm., 1981) this collection contains Linoproductus 
specimens most of which appear to be Linoproductus cf. L.

prattenianus (Norwood and Pratten), and one of which may 
be L. platyumbonus Dunbar and Condra, as used by 
Sutherland and Harlow (1973). The collection also contains 
the bryozoan Rhombopora lepidodendroides Meek that was 
identified by 0. L. Karklins (written comm., 1981) who indi
cated that its known range is Late Pennsylvanian to Early 
Permian. 

In summary, the meager evidence from megafossils sug
gests that the upper part of the Alamitos probably is as 
young as Virgilian in the eastern part of the mountains west 
of Sapello, and late Missourian or possibly Virgilian east of 
Hermit Peak and on Sapello River and Manuelitas Creek. 
We were unsuccessful in obtaining identifiable fossils from 
the sandy bioclastic limestones that occur in the uppermost 
part of the formation in Las Dispensas syncline (sec. H and 
Joe. 8, Fig. 63); therefore, the possibility is not excluded that 
the highest part of the Alamitos there is Virgilian or younger. 
At any rate, the youngest marine beds from which megafos
sils were obtained here do not seem to be as young as the 
upper part of the Alamitos at locality P (Fig. 62) just south of 
Gallinas Creek where the Virgilian brachiopod Neospirifer cf. 
N. dunbari King occurs abundantly in collections USGS
27503-PC and 27504-PC, and the early Wolfcampian
fusulinid Triticites aff. T. creekensis, (f10128) occurs near the

same stratigraphic position in collection 27504-PC. The dif
ference in age may be the result of nonmarine deposition 
becoming dominant slightly earlier at the north than at the 
south. 

In the northern part of the area, from Mora River north, 
the Alamitos is only sparingly fossiliferous. Limestone near 
the middle contains Beedeina acme of late Desmoinesian age 
at several localities. A few fusulinids were found in shale 
interbedded with thick arkose in the upper part of the for
mation, but they were too recrystallized to be identified. 

A relatively persistent limestone about 180 ft (55 m) 
below the top of the Alamitos at locality K (Fig. 65) north of 
Mora River contains abundant brachiopods. Collection 
USGS 27163-PC from this locality (Fig. 89) includes Echinaria 
cf. E. semipunctata (Shepard), Antiquatonia sp. (see n. sp. A of 
Sutherland and Harlow, 1973), and Neospirifer cf. N. alatus 
Dunbar and Condra (J. T. Dutro, Jr., written comm., 1978). 
Similar assemblages were reported by Sutherland and 
Harlow (1973) from rocks in the Alamitos that they consider 
to be Missourian in the southwestern part of the mountains. 
Also at locality K, a small collection of pelecypods and frag
mented brachiopods was obtained from shale about 45 ft 
(14 m) below the top of the Alamitos. This collection (USGS 
27356-PC; Fig. 89) contains two specimens of Acanthopecten 
that may represent a new species but are close to A. car
boniferus (Stevens). The known range of A. carboniferus is 
Desmoinesian through Virgilian; therefore, these fossils do 
not indicate whether the rocks are Missourian or Virgilian 
(John Pojeta and J. T. Dutro, Jr., written comm., 1978). In any 
case, the occurrence of probable Pennsylvanian paly
nomorphs about 500 ft (150 m) above the base of the overly
ing nonmarine rocks assigned to the Sangre de Cristo 
Formation indicates that the upper part of the Alamitos 
probably is not youngest Pennsylvanian age at Mora River. 

Brill (1952, p. 819) reported a collection of brachiopods 
from rocks he considered to be the "W hiskey Creek Pass 
Limestone Member" that he assigned to the arkosic lime
stone member of the Madera Formation at Mora River. 
However, from his meager description we are not able to 
identify the rocks from which his collection was obtained, 
and we have not recognized Brill's Whiskey Creek Pass 
Limestone Member as a lithologic unit in the southeastern 
part of the Sangre de Cristo Mountains. 

The only other published report of identified marine 
megafossils in rocks possibly referable to the Alamitos in 
this part of the mountains is that of Tschanz et al. (1958, 
p. 349-350). They reported that northwest of Lucero, about
5 mi (8 km) north of the area of this report, sponges, corals,
crinoids, bryozoans, brachiopods, and mollusks occur in a
25-ft (7.6-m) thick limestone 140 ft below the top of the
Magdalena Group. They do not specify a precise locality, or 
localities, of collection of these fossils and some of their
descriptions of rock units and generalized stratigraphic sec
tions are sufficiently confusing to make the stratigraphic
positions of the fossils uncertain. Field examination indi
cates that Tschanz et al. (1958, plate 24) mapped the top of
their Magdalena Group at about the same position as did
Bachman (1953) and Zeller and Baltz (1954, plate 1) at the
north side of the road in the water gap west of Los Cisneros
(USGS Lucero quadrangle). This stratigraphic position is at 
about the top of the stratigraphically highest, thin, fossilifer
ous marine limestone in this vicinity and would be near the
top of the Alamitos as we consider it (Joe. 4, Plate 3 of this 
report). However, the rocks stratigraphically below this
limestone are identical to the rocks described by Tschanz et 
al. (1958, p. 353) as the basal "Red arkose unit" of their
Sangre de Cristo Formation, although their map includes
them in the Magdalena. If their collection came from the 
upper part of the interval mapped as the Magdalena, it is 



from the Alamitos. The brachiopod fauna is listed here, 
although its stratigraphic position is uncertain. This collec
tion included the brachiopods Meekella striatocostata (Cox), 
Linoproductus cf. L. platyumbonus Dunbar and Condra, 
Echinoconchus semipunctatus (Shepard), Neospirifer cf. N. latus 
Dunbar and Condra, and Composita subtilita (Hall). The 
Linoproductus and Neospirifer were said to suggest 
Missourian age (Mackenzie Gordon, Jr., written comm., 
1953). 

Tschanz et al. (1958, p. 354) reported that marine lime
stones occur also in the lower 950 ft (290 m) of the rocks they 
assigned to the lower part ("Red arkose unit") of the Sangre 
de Cristo Formation. These rocks were assigned to the lower 
part of the Sangre de Cristo also by Brown (1984, p. 116), 
who classified them as a unit of distal alluvial fans and 
floodplain deposits, but he did not mention the presence of 
marine beds. The collecting localities of these marine fossils, 
specified by Tschanz et al. (1958), are south of the alluviated 
valley and road west of Los Cisneros, except for BZ-21, 
which appears to be in error and probably should be BZ-22, 
which also is south of the valley (Zeller and Baltz, 1954, p. 3). 
Fossils from these limestones include Linoproductus sp., 
Myalina sp., Hypselentoma? sp., Pseudorthoceras cf. P. knoxense 
(McChesney), and indeterminate pelecypods and 
bellerophontid gastropods identified by Mackenzie Gordon, 
Jr., S. A. Northrop, and E. L. Yochelson. Yochelson (written 
comm., 1954) reported that the genus Hypselentoma was 
known only from the Upper Pennsylvanian in the 
Midcontinent region. Despite the previous assignments of 
these fossiliferous rocks south of the valley to the lower part 
of the Sangre de Cristo, we believe they are actually in the 
Alamitos Formation and are equivalent to rocks north of the 
valley and road that were mapped by all previous investiga
tors as the upper part of the Magdalena Group. 

The fossiliferous rocks south of the valley west of Los 
Cisneros strike north toward outcrops of the unfossiliferous 
lower part of the Sangre de Cristo Formation (of Plate 3, this 
report) north of the valley, but the fossiliferous rocks are con
cealed by Quaternary alluvium within the valley and the 
apparent stratigraphic relation cannot be confirmed by trac
ing. The assignment of the fossiliferous rocks to the Sangre 
de Cristo south of the valley by Bachman (1953), Zeller and 
Baltz (1954), Tschanz et al. (1958), and Brown (1984, fig. 2) 
probably is the resuJt of aJI these workers accepting what 
appears to be the correlation across the valley. However, 
near the sharp northward bend of the road 2,800 ft (850 m) 
west of Los Cisneros, fusulinid-bearing lower Desmoinesian 
oolitic limestone at the base of the Porvenir Formation just 
south of the creek terminates abruptly against stratigraphi
cally higher sandstone of the Porvenir north of the creek. A 
little farther west another thick, ridge-forming limestone 
also terminates northward against sandstone. These rela
tions suggest that one or more southeast-trending, left-later
al, strike-slip faults occur beneath the alluvium of the valley, 
and that they have juxtaposed the Alamitos south of the val
ley against the lower part of the Sangre de Cristo north of 
the valley. If so, this explains the northward termination of 
the fossiliferous Upper Pennsylvanian rocks south of the 
valley. They correlate with rocks we include (Plate 3) in the 
Alamitos north of the valley and with rocks north of the val
ley that were mapped in the upper part of the Magdalena by 
the previously cited investigators. This explanation also 
negates previous interpretations that large-scale intertongu
ing occurs between the Sangre de Cristo and the mixed 
marine-nonrnarine Upper Pennsylvanian rocks in this area, 
although we do not preclude the possibility of interfingering 
at the top of the Alamitos and the base of the Sangre de 
Cristo. 
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Paleotectonic and sedimentational interpretations 
The Alamitos Formation in the southeastern part of the 

Sangre de Cristo Mountains was deposited in complex, tec
tonically active environments (Plate 4). The marine rocks are 
mainly shallow-water deposits that contain terrigenous 
debris ranging from silt to granule and pebble gravel. These 
rocks are interlayered with nonmarine alluvial deposits of 
sand and pebble gravel. The local variations in thickness and 
lithology of the Alamitos indicate multiple sources of ter
rigenous elastics, some of which were in the area of this 
report (Fig. 55). 

The Tecolote uplift was active tectonically after the depo
sition of the lower part of the Porvenir Formation and prior 
to the deposition of the late Desmoinesian basal part of the 
Alamitos Formation (Fig. 32). Northerly inclined crossbed
ding and cross-lamination in pebbly arkoses in the late 
Desmoinesian lower part of the Alamitos south of 
Montezuma indicate sediment transport from southerly or 
southeasterly sources. The thin, slightly feldspathic sand
stone, quartz-pebble conglomerates, and sandy limestone at 
the base of the late Desmoinesian part of the Alamitos in the 
southern part of the area are coarsest in the southeast and 
were derived from emergent areas of Precambrian rocks on 
the southern part of the Tecolote uplift. The Precambrian 
rocks southwest of Agua Zarca are quartzofeldspathic 
gneiss, mica schist and gneiss, and quartzite, all intruded by 
coarse-grained granite and thick alaskite pegmatites. These 
rocks are lithologically appropriate to have been the sources 
of part of the elastics of the Alamitos. In particular, the abun
dant feldspar granules and pebbles in some beds southwest 
of Agua Zarca indicate this nearby local source. 

Subsurface data in the Las Vegas Basin suggest that the 
Sierra Grande uplift also was active and probably a source of 
elastics at this time because the Alamitos lies on a thin sec
tion of the Porvenir at the J. D. Hancock no. 1 Sedberry well 
(Plate 4, Fig. 18), but, farther south, the Alamitos lies on the 
Sandia Formation at the Continental no. 1 Shoemaker-Reed 
and the Continental no. 1 Leatherwood-Reed wells. It seems 
likely that the Precambrian of the Sierra Grande uplift was a 
source of elastics of the Alamitos in the area of the Las Vegas 
Basin and probably as far north as the Manuelitas saddle. 

Present data are inadequate to determine whether 
Missourian and Virgilian rocks of the Alamitos were 
deposited on the Tecolote uplift and northern margin of the 
Sierra Grande uplift and then were eroded, or whether these 
areas were intermittently uplifted during Missourian and 
Virgilian time and were not depositional sites w1til earliest 
Permian time when the youngest marine beds of the 
Alamitos were deposited. The latter hypothesis seems more 
likely because the Upper Pennsylvanian rocks thicken 
intraformationally away from the Tecolote uplift into the 
Paleozoic San Geronimo Basin. 

Some details of Late Pennsylvanian history and structure 
of the Bernal uplift are known. At the south, near Bernal, the 
middle Desmoinesian part of the Porvenir is overlain by 
lower Missourian beds of the Alamitos, indicating that the 
southern part of the uplift was emergent or was an area of 
nondeposition in late Desmoinesian and again in Virgilian 
time, as were nearby southern parts of the Tecolote uplift. 
The elastics of the Alamitos near Bernal are not as coarse as 
they are farther north and east and probably were derived 
from Precambrian rocks of the Tecolote or Sierra Grande 
uplifts. The San Jose Basin west of the Bernal uplift probably 
was the site of at least intermittent deposition throughout 
Late Pennsylvanian. Some sediments of the Alamitos may 
have been uplifted and eroded along the west margin of the 
uplift and redeposited farther west, as suggested by the pre
viously discussed fusulinid data at the Pecos River section. 

To the north-northwest, along the eastern flank of the 
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Bernal uplift, thin remnants of the Alamitos are known to be 
preserved beneath the Sangre de Cristo Formation at only 
three places; at two of these places (Fig. 58) the Alamitos lies 
on upper Desmoinesian beds of the "marker" zone of the 
Porvenir suggesting conformity between the formations. 
However, at and near Dead Horse Canyon, the Alamitos lies 
on Porvenir rocks that are stratigraphically below the posi
tion of the "marker" zone. In this part of the area also, the ter
rigenous elastics of the Alamitos are not as coarse and do not 
form as large a proportion of the formation as they do else
where. These factors suggest that the structural relief of most 
of the Bernal uplift was low (a few hundred feet) during 
most of Late Pennsylvanian time and that a relatively thin 
section of the Porvenir probably remained on the southern 
part of the uplift. 

The eastward thickening of the Alamitos into the San 
Geronimo Basin, and the fossils present there, indicate that 
at least the northern part of this basin subsided throughout 
Late Pennsylvanian and earliest Permian time. Mainly 
marine sediments accumulated episodically in the basin 
throughout this time, but some of the feldspathic and 
arkosic conglomerates and shales, particularly in the middle 
and upper parts, probably are nonmarine alluvial deposits. 
North and south of Gallinas Creek some conglomerates, 
both marine and nonmarine, contain large amounts of gran
ules and small pebbles of unweathered pink feldspar. The 
lithology of these rocks suggests proximity to a source of 
Precambrian rocks that may have been west or north of the 
present outcrops. One possible source is Precambrian quart
zofeldspathic gneiss and pegmatites west of the Cenozoic 
Blue Canyon fault (Plate 1) west of Johnson Mesa on what 
may have been the northern part of the Bernal uplift 
(Fig. 55). A more conspicuous source, as indicated by a 
northward thickening and coarsening of arkose units, is the 
eastern part of the present Hermit Peak structural block. 

The Manuelitas saddle (Plate 4) and the trough of the 
Rociada Basin on its west side are syndepositional structures 
as shown by the thickening of the Alamitos Formation into 
these features where deposition seems to have been mainly 
continuous in late Desmoinesian through Virgilian time. The 
coarseness, angularity, and poor sorting of some conglomer
atic sediments in the saddle and the trough suggest a near
by source terrane of Precambrian rocks. The coarse-grained 
granite, alaskite pegmatites, and included patches of 
metasedimentary and meta-igneous rocks exposed on the 
east side of the present Hermit Peak are lithologically appro
priate to have been the source of feldspar-rich sediments 
and quartzite pebbles if the Hermit Peak block was a nar
row, west-tilted, asymmetric anticline that was raised inter
mittently along a reverse fault adjacent to the deepening 
trough. The thick, crossbedded arkoses and interbedded 
unfossiliferous red shales of the Alamitos, especially those 
just east of the present Hermit Peak at Rito Colorado, Rito 
Chavez, and Deer Creek, appear to be alluvial fans, as do the 
thick arkoses and unfossiliferous red shales in the middle 
and upper parts of the formation in the Cenozoic Las 
Dispensas syncline at Sapello River and Manuelitas Creek. 
Even the uppermost marine limestones and shales in these 
areas contain much coarse sand and granules, and their fos
sils are thick-walled varieties, suggesting deposition in a rig
orous, nearshore environment. 

The lithology of the thick feldspathic conglomerates in 
the lower (late Desmoinesian) part of the Alamitos at the 
east front of the mountains west of Sapello also suggests 
nearby source areas, possibly to the west, or in the nearby 
part of the Sierra Grande uplift to the east. The upper part of 
the Alamitos near the eastern front of the mountains is poor
ly exposed and partly cut out by the Sapello fault but, where 
it can be seen west of Sapello, the upper part contains thick-

er limestones and a greater proportion of gray to olive-gray 
marine shale than does the upper part of the formation to 
the west. This suggests that the mainly Late Pennsylvanian 
upper part of the Alamitos in the eastern part of the area was 
deposited in a more seaward environment, although it, too, 
contains some thick feldspathic beds. 

The depositional model envisioned for the Alamitos 
Formation in the Manuelitas saddle is one in which subsi
dence was mainly continuous, and uplift of the Hermit Peak 
block was episodic. Lobate alluvial fans and mud-flat 
deposits prograded eastward episodically into the Rociada 
Basin and onto the saddle from the Hermit Peak island, but 
these deposits were inundated by shallow seas that trans
gressed back westward across the saddle as basinal depres
sion continued. Perhaps the Hermit Peak "island" itself was 
inundated at times and fine-grained sediments were derived 
from more distant sources. This model explains some of the 
fades distribution and directions of thickening and coarsen
ing of sediments in the Alamitos, but the model is not entire
ly satisfactory because thick conglomerates at the eastern 
front of the mountains also contain locally abundant fresh 
pink feldspar clasts that range from granules to small peb
bles. Some of these sediments may have been derived from 
as far away as the southern part of the Tecolote uplift and 
the adjacent part of the Sierra Grande uplift southeast of Las 
Vegas. On the Manuelitas saddle northwest of Manuelitas 
thick feldspathic sandstone and conglomerate in the lower 
part of the Alamitos may have had sources of Precambrian 
rocks in the area of the present El Oro Mountains. 

North of the Manuelitas saddle, the Pennsylvanian anti
cline between Rito Cebolla and Mora River (Plate 4C; Fig. 68) 
is inferred mainly from the thinning of the Alamitos in the 
linear belt of outcrops near the eastern front of the moun
tains. The internal stratigraphy of the Alamitos indicates 
that the anticline was active (Fig. 68B) during Desmoinesian 
and Late Pennsylvanian time and that it influenced the 
deposition of the parts of the Alamitos to the north and 
south. Therefore, most of the feldspathic and arkosic rocks at 
Mora River probably were not derived from the south. 

The coarse, poorly sorted nature of feldspathic to arkosic 
sediments of the Alamitos Formation at Mora River and far
ther north suggests another nearby source area of 
Precambrian rocks, as does the presence of thick units of 
crossbedded, broadly lenticular, stream-channel sandstones 
and conglomerates and unfossiliferous red shales that 
apparently are mainly nonmarine or mudflat deposits. The 
Precambrian rocks of El Oro Mountains contain thick quart
zofeldspathic rocks, quartz veins, and thick alaskite peg
matites that could have been a local source for the arkoses if 
these basement rocks formed an exposed core of an anticli
nal uplift or faulted anticline that was part of the older El 
Oro uplift (Fig. 27). The arkoses at Mora River contain com
mon but minor amounts of amphibolite fragments, mus
covite-schist fragments, and abundant mica that also could 
have been derived from the Precambrian rocks of the eastern 
part of El Oro Mountains. The model envisioned is, again, 
that of a narrow, west-tilted, asymmetric anticline, uplifted 
episodically along faults on its east side, to form a low island 
that shed first-cycle sediments (those derived directly from 
crystalline rocks). These formed alluvial fans or fan deltas 
that periodically prograded eastward or northeastward into 
the Rainsville trough and periodically were inundated by 
shallow seas as basin subsidence continued. Although local 
sources for the arkoses of the Alamitos seem likely, the silt, 
clay, and finer grained, better sorted sand in the formation, 
especially in the marine beds, could have been derived from 
greater distances and from multiple source areas. The model 
would require that eastward-merging angular unconformi
ties occurred in Desmoinesian and older sedimentary rocks 



(Fig. 27) that are not present now on the west flank of the 
anticline because of Cenozoic erosion. This postulated rela
tionship would be similar to the inter- and intra-formation
al unconformities in Pennsylvanian rocks that still are dis
cernible on the west flank of the Tecolote uplift. 

Thick feldspathic to arkosic sandstones in the Alamitos 
Formation are interbedded with marine shale and thin lime
stones at outcrops north of the area of this report at least as 
far north as Guadalupita (Loe. 4, Plate 3). The sediments of 
the northern areas may have been derived from 
Precambrian rocks of the eastern part of what is now the 
Rincon Range north of Mora, a possible source that was sug
gested previously in this report for some of the coarse sedi
ments of the Sandia and Porvenir Formations. The 
Precambrian rocks in the Rincon Range are mainly mica
ceous quartzites, but alaskite pegmatites and quartzofelds
pathic rocks also are present at outcrops in the eastern part 
of the valleys just east of the mountains and west of a zone 
of Cenozoic reverse faults (Plate 2; Bachman, 1953). 

Outcrops near Los Cisneros (Joe. 4, Plate 3) about 5 mi 
(8 km) north of the mapped area of this report, that previ
ously were discussed in connection with their fossils, pro
vide additional evidence suggesting a nearby source of 
detritus from Precambrian rocks during deposition of the 
Alamitos Formation. The Alamitos consists primarily of 
thick, very coarse grained to pebbly, sandstones that form 
massive ridges. These rocks contain abundant angular to 
subangular, unweathered pink feldspar clasts some of which 
range up to 0.75 inch (1.9 cm) diameter. Pebbles of granitic 
gneiss, schist, and quartzite are common, and muscovite is 
common in some beds. A small proportion of the Alamitos 
here is red to greenish-gray shale and siltstone and a few 
beds of gray shale. A few beds of gray limestone are inter
layered, and several of them contain Late Pennsylvanian 
marine fossils. 

The Alamitos near Los Cisneros is similar in some 
respects to the Alamitos at Mora River, but a considerably 
greater proportion is conglomeratic sandstone near Los 
Cisneros. These rocks are mainly alluvial-fans deposited on 
the western margin of the Rainsville trough adjacent to the 
El Oro-Rincon uplift. The proportions of sandstone and 
their coarseness decrease eastward in only about 6 mi into 
the Rainsville trough where the Alamitos may be mainly 
marine at the Amoco "B" and "A" no. 1 Salmon Ranch wells 
(Plate 3). 

If Precambrian rocks of the eastern flank of the El 
Oro-Rincon uplift were the sources of these sediments of the 
Alamitos Formation, the sediments should become finer to 
the northeast of the place where the Precambrian of the 
Rincon Range plunges northward beneath older 
Pennsylvanian rocks (Plate 2) and could not have been a 
source of Late Pennsylvanian first-cycle sediments. A section 
measured by May et al. (1977, loc. 2, plate 1) north of Black 
Lake suggests that this is the case. The lower 500 ft (150 m) 
of their section is mostly very fine to medium-grained sand
stone. Some brown, gray, and green shale is interlayered and 
at least two thin beds of fossiliferous marine limestone occur 
in the interval. This part of their section is similar to the 
Alamitos, although we have no paleontologic data to con
firm this correlation. Possibly, part of the overlying 950 ft of 
their section also is Alamitos. These upper rocks also are pre
dominantly very fine to fine-grained sandstone. The well 
nearest this section is the True Oil Co. no. 25-21 Medina, 
which is about 4 mi (6 km) southeast of the surface section. 
(See Fig. 72 for location of the well.) We are not able to iden
tify the Alamitos confidently from logs of the well, but the 
interval several hundred feet above a depth of about 3,600 ft 
may be equivalent to the Alamitos. It is mostly shale that 
contains some limestone and thin units of fine- to coarse-
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grained sandstone, which suggests that the area was farther 
to the northeast from a possible source of coarse elastics in 
the El Oro-Rincon uplift. 

Alternatives to our hypothesis of local sources of coarse 
to conglomeratic feldspathic and arkosic sediments of the 
Alamitos Formation in the El Oro-Rincon uplift include the 
more traditional views that they were derived predominant
ly from the Brazos (Uncompahgre) uplift (Fig. 4) west of the 
Rowe-Mora Basin (Sutherland, 1963, p. 41--44), or from the 
Sierra Grande uplift to the east, or from both. (See discussion 
in Foster et al., 1972, p. 15; and Roberts et al., 1976, p. 143.) If 
the coarse sediments had been derived from the Brazos 
uplift, the shortest distance of transport to the Mora River 
area would have been a little more than 20 mi (32 km). The 
exact areas of wedgeouts of Pennsylvanian rocks onto 
Precambrian rocks on the flanks of the Sierra Grande uplift 
are not known. However, using the scanty well data avail
able in the Las Vegas Basin, some approximate minimum 
distances of the wedgeouts from various parts area of this 
report are estimated. (See Fig. 72.) Tf the coarse sediments in 
the Mora River area were derived from the southern part of 
the Sierra Grande uplift in the subsurface southeast of Las 
Vegas, the shortest distance of transport would have been 
26-28 mi (41-45 km). If the coarse sediments in the Mora
River area were derived from the western part of the Sierra
Grande uplift east of the area of this report, the shortest dis
tance of transport would have been about 30 mi (48 km).
Actual distances of transport in streams crossing the subsid
ing and recurrently marine interior of the Rainsville trough
probably would have been considerably greater. If the dis
tribution of part of the coarse sediments was a result of shal
low marine processes, such as longshore currents, the dis
tances of transport also would have been greater.

The poor sorting, the angularity of clast shapes, the low 
degree of rounding, and the coarseness of many dasts in the 
arkoses of the Alamitos from Mora River north suggest that 
fluviatile or marine transporting mechanism did not operate 
on these sediments through great distances. In particular, 
the general abundance of clasts of unweathered feldspar in 
the size range from granules to small pebbles, some almost 
1 inch (2.5 cm) diameter, does not indicate long distances or 
times of transport before deposition, nor does the presence 
of abundant muscovite in some beds at the surface and in 
the subsurface. The large size of many feldspar clasts sug
gests they were derived mainly from pegmatites; therefore, 
the large bodies of granite in the western and northern parts 
of the mountains were not necessarily their sources. The 
argument is, admittedly, intuitive; we have no quantitative 
data to support it for the postulated Pe1msylvanian sedi
mentary environments. 

The Cimarron arch (Fig. 4) on the northeast side of the 
Rainsville trough also might have been a source of sedi
ments of the Alamitos. However, the northward change to 
predominantly shaly rocks in the subsurface does not indi
cate that the Cimarron arch was a major contributor of first
cycle coarse sediments to the western part of the Rainsville 
trough at this time (Late Pennsylvanian). On the other hand, 
if the arch and perhaps the San Luis uplift to the northwest 
(Fig. 4) were sources of sediments, the sediments have been 
decreased in grain size and sorted relatively well, or they are 
predominantly second-cycle clasts which were eroded from 
uplifted older Pennsylvanian sedimentary rocks. Because 
the intrabasinal uplifts (Fig. 55) do not seem large enough to 
have supplied the total volume of sediments of the Alamitos 
Formation, much of the finer grained sediment of the 
Alamitos in the area of this report probably was derived 
from the Sierra Grande uplift and possibly from other basin
marginal uplifts. 
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Sangre de Cristo Formation 

Terminology of earlier investigations 
The name Abo Sandstone was applied by Darton (1922, 

p. 181, 195-205) to the nonmarine, feldspathic to arkosic,
coarse-grained to conglomeratic sandstones and interbed
ded mainly red shales that lie on the Alamitos Formation
(upper part of the Magdalena Group of Darton) across the
southern part of the Sangre de Cristo Mountains from Lamy
to Bernal. Darton correctly assessed the Permian age of the
nonmarine rocks, and he noted their lithologic similarity to
the Abo in the Sandia Mountains and at its type locality at
the south end of the Manzano Mountains in central New
Mexico.

The name "Sangre de Cristo conglomerate" had been 
used by Hills (1899) for what he termed Carboniferous rocks 
in the mountains west of Trinidad, Colorado. Later, Melton 
(1925b, p. 811-812) subdivided these rocks into the "Upper 
Sangre de Cristo conglomerate" and the "Lower Sangre de 
Cristo conglomerate," specifying that the rocks are 
Pe1rnsylvanian and Permian. Melton (1925b, fig. 1) correlat
ed his "Upper Sangre de Cristo conglomerate" with the 
then-designated Abo Sandstone and overlying Permian 
rocks in the Las Vegas-Mora region in the southeastern 
Sangre de Cristo Mountains of New Mexico. He indicated 
that the "Lower Sangre de Cristo conglomerate," including 
his marine Veta Pass limestone member, of Colorado, is 
equivalent to the Magdalena Group of New Mexico. 

Darton (1928a, p. 255-269) continued to classify the main
ly marine rocks in the southern part of the Sangre de Cristo 
Mountains as the Magdalena Group and to classify the over
lying arkose and shale as the Permian Abo Sandstone. On 
the geologic map of New Mexico, Darton (1928b) showed 
the Abo Sandstone as persisting northward along the east
ern front of the mountains to the latitude of Mora. Darton 
(1928a) included several hundred feet of medium-grained, 
brick-red sandstones and interbedded red shale and thin 
dolomites and limestones in the upper part of his Abo, 
although he noted (p. 261) that these rocks might correlate 
with the then-designated Yeso Member of the Chupadera 
Formation (now abandoned) of central New Mexico. These 
finer grained upper beds in the southern part of the Sangre 
de Cristo Mountains were assigned later to the Yeso 
Formation (Needham and Bates, 1943; Read et al., 1944) that 
lies above the Abo at its type locality. 

Read et al. (1944) and Read and Wood (1947, p. 223) intro
duced the term "Sangre de Cristo Formation" for the rocks 
between the Magdalena Group and the Yeso Formation in 
the southern Sangre de Cristo Mountains in New Mexico 
and assigned the formation an age of Pennsylvanian and 
Permian(?). Since then, the term Sangre de Cristo Formation 
has been used in the literature of this region in New Mexico 
as a unit of Late Pennsylvanian and Early Permian age. 

Type region and type locality 
The rocks called by Hills (1899) and Melton (1925b) the 

Sangre de Cristo Conglomerate in the Sangre de Cristo 
Mountains west of Huerfano Park, Colorado, were reexam
ined by J. H. Johnson (1929). Johnson described a "Lower 
Sangre de Cristo Formation," and an "Upper Sangre de 
Cristo Formation," which were said to be separated, at least 
in some localities, by a local angular unconformity. The 
lower formation of Johnson (1929) is mainly marine, 
Pennsylvanian in age, and was said to correlate closely with 
the Magdalena Group of New Mexico. The upper formation 
is pebble-to-boulder conglomerate and interbedded mainly 
red shale. Johnson (1929, p. 10) reported that, at one locality, 
a limestone bed, probably several thousand feet above the 
base of the upper formation, contains marine fossils. The 

"Lower Sangre de Cristo Formation" was said to be 
1,800-2,600 ft (550-790 m) thick, and the upper formation 
was said to be 8,000-11,000 ft (2,440-3,350 m) thick. Johnson 
(1929, p. 10-12) wrote that "the general opinion among geol
ogists would place at least a considerable portion" of his 
"Upper Sangre de Cristo Formation" in the Permian, but he 
pointed out that the fossils he found provided inconclusive 
evidence. He reported that the Sangre de Cristo Formation 
was overlain unconformably by Jurassic rocks. 

Brill (1952) extended the terms Sandia Formation and 
Madera Formation northward from New Mexico into the 
Huerfano Park region of Colorado and applied them to fos
siliferous marine rocks that are, apparently, mainly the same 
as the Lower Sangre de Cristo of Johnson (1929). The 
yow1gest marine rocks assigned to the Madera in Colorado 
by Brill are Middle Pennsylvanian (Desmoinesian). Brill 
(1952, p. 828-832) reported that, in Colorado, the contact is 
obscure between his Madera and the overlying, mainly non
marine, red beds of his restricted Sangre de Cristo 
Formation. He noted (p. 834) that reptilian bones had been 
found in his restricted Sangre de Cristo Formation, and he 
assigned it to the Early Permian (Wolfcampian) on the basis 
of these fossils, although he suggested that, inasmuch as 
marine rocks of Missourian and Virgilian ages were not 
found in northernmost New Mexico and southern Colorado, 
the lower part of his Sangre de Cristo might be nonmarine 
Pennsylvanian. 

In later work in the Huerfano Park area, R. B. Johnson 
(1959) mapped the marine Pennsylvanian rocks as an 
WU1amed unit. Johnson (1959) wrote that these rocks are gra
dational into overlying red conglomerate and shale that he 
mapped as the Sangre de Cristo Formation. Johnson (1959, 
p. 93) wrote that gray nodular and crystalline limestones are
not abundant but are most common near the base of the
Sangre de Cristo Formation. The upper 50-100 ft (15-30 m)
of the Sangre de Cristo Formation, as mapped by Johnson
(1959), is fine-grained sandstone, siltstone, and shale; his
Sangre de Cristo Formation is overlain by the Middle
Jurassic Entrada Sandstone. Jolrnson (1959) assigned the
Sangre de Cristo to the Pennsylvanian and Permian, citing
C. B. Read for this age designation.

Inasmuch as a type locality for the Sangre de Cristo
Formation had never been specified, Bolyard (1959, 
p. 1922-1924) proposed a type locality near Crestone,
Colorado. He did not describe a continuous type section
because the rocks are faulted and because the rugged topog
raphy and inaccessibility make measurements difficult.
Bolyard (1959, p. 1924-1925) described a lower member and
the overlying Crestone Conglomerate Member that inter
tongues with his lower member. Bolyard's Crestone
Conglomerate Member is Melton's (1925b) "Upper Sangre
de Cristo conglomerate." Bolyard specified the base of the
Sangre de Cristo as "the lowest red beds characteristic of the
formation", indicating that the Sangre de Cristo is transi
tional downward into more somber colored and mainly
marine beds he assigned to the Madera Formation.
Although most of the Sangre de Cristo defined by Bolyard is
terrestrial, he included (p. 1924) limestone with marine fos
sils in at least one place. He did not specify or describe an
upper boundary for the Sangre de Cristo, but he mentioned
that the oldest overlying formation is the Middle Jurassic
Entrada Sandstone. Bolyard (1959, p. 1926) dated the Sangre
de Cristo Formation in southern Colorado as Middle
Pennsylvanian (late Desmoinesian) to Early Permian
(Wolfcampian).

De Voto et al. (1971) included thin stromatolitic lime
stones in the lower part of the Sangre de Cristo Formation of 
the northern Sangre de Cristo Mountains in Colorado. 
Although these limestones are not otherwise fossiliferous, 



De Voto et al .  (1971 , p. 155) considered them to be marine, 
but of Permian age, because of palynomorphs and other 
plant fossils from the lower part of the formation. They ten
tatively concluded (p. 161 )  that rocks of Missourian and 
Virgilian (Late Pennsylvanian) ages are not present beneath 
their Sangre de Cristo, but they pointed out the possible con
flict of this conclusion with vertebrate-fossi l data . In the area 
considered by De Voto et al. (1 971 ) the Sangre de Cristo 
Formation is overlain w1conformably by the Jurassic 
Entrada Sandstone. 

Lindsey and Schafer (1 984) measured and described a 
deta iled section of most of the Sangre de Cristo Formation at 
the type locality of Bolyard (1 959) west of the crest of the 
Sangre de Cristo Mountain in the USGS Electric Peak 
15-minute quadrangle in Colorado. They designated their
section as the principal reference section for the formation,
and described the lower member, 1 ,985 ft (605 m) thick, as
consisting of red conglomerate, sandstone, siltstone, and a
minor proportion of shale . The Crestone Conglomerate
Member, 3,71 5 ft (1 ,132 m) thick, consists of boulder con
glomerate, conglomeratic sandstone, sandstone, and minor
proportions of siltstone and shale. The lower member
interfingers with the Crestone Conglomerate Member and
grades lat rally and abruptly into the Crestone southea t of
the refer nee section . The top of the Sangre de Cristo is not
present at the reference section b cause of Cenozoic erosion .

According to Lindsey and Schafer ( 1 984), the Sangre de 
Cristo Forma tion at the reference ection i nonmarine and 
is conformable with the rn1derlying fossil i ferous Middle 
Pennsylvanian Minturn Formation .  However, to the north
west, their mapping indicates that the lower member of the 
Sangre de Cristo intertongue with the Minturn Formation, 
and the lower part of the Sangre de Cristo there (Lindsey 
and Schafer, 1984) contains abundant marine limestone. 
Southeast of the reference ection, the stratigraphically 
expanded (by intertonguing) Crestone Conglomerate 
Member lies unconformably on the Minturn and cuts out 
abou t 395 ft (1 20 m) of the uppermost part of the Minturn . 

The uppermost limestone bed assigned to the Minturn by 
Lindsey and Scha fer (1 984) contains the fusulinid Beedeina

p. of Desmoinesian age, and lime tones within their Sangre
de Cristo Formation contain other marine invertebrates that
are also a signed a Desmoinesian age. No other fossil data
were obtained at or near the reference section of the Sangre
de Cristo (Lindsey and Schafer, 1984); therefore, its age is
fixed only as De moine ian or Desmoinesian and younger.
Lindsey et al. (1986, p. 546-547) discussed the evidence of
age and concluded that an age younger than Middle
Pennsylvanian is possible for the upp r part of the Sangre de
Cristo Formation, mainly b cause the upper part is unfossil
iferous and undated.

At places along the eastern front of the Sangre de Cristo 
Morn1tains from west of Vermejo Park, ew Mexico, to the 
south end of Huerfano Park, Colorado, thin but lithological
ly distinct rock units lie between the Sangre de Cristo 
Formation and the Middle Jurassic Entrada Sandstone. 
Rocks in this position in New Mexico and for about 8 mi 
( 1 3  km) north of the Colorado line were separated from the 
Sangre de Cristo and were named the Johnson Gap 
Formation of Triassic(?) age by Johnson and Baltz (1 960) . 
These rocks in Colorado were mapped by Johnson (1 969). 
Other rocks in the same position in Colorado, bu t having 
slightly different lithology, were correlated by Johnson and 
Baltz (1960) with the Lykins(?) Formation of Late Permian 
and Early Triassic age. No fossils (other than unidenti fied 
wood fo sils) were forn1d by these writers in the Johnson 
Gap or Lykins(?) Formations, and their age assignments 
were based only on stratigraphic position and lithologic cor
relation. Later, Triassic plant fossils were reported from the 
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Johnson Gap Formation at Ricardo Creek just south of the 
Colorado border (Pil lmore and Lau rie, 1 976, p. 47). 
Therefore, the Sangre de Cristo in sou thernmost Colorado 
probably is not yorn1ger than Permian. Elsewhere, in south
ern Colorado the la test age of the Sangre de Cristo is known 
only to be older than the Middle Jurassic Entrada Sandstone 
tha t overlies it. 

Definition in area of this report 
The Sangre de Cristo Formation, as mapped for this 

report in the southeastern part of the morn1tains, consists of 
red, purple, and some greenish-gray shale that contains 
interbeds of thin to thick, reddish- to yellowish-gray, feld
spathic to arkosic sandstone, pebbly arkosic conglomera te, 
and a few gray to purplish-gray, nonfossiliJerous, bedded 
limestones and beds of limestone nodules.  Throughout the 
area the basal beds are pebbly, feldspa thic to arkosic, con
glomerates. The formation is beli ved to be entirely nonma
rine throughout the area xcept for a bed of fossi l iferous 
sandstone near the base at one locality west of Sapello. 
Throughout the area of thi report (and entirely across the 
southernmost part of the moun tains) the Sangre de Cristo 
Formation i overlain by the Lower Permian (Leonardian) 
Yeso Formation. The Yeso Formation consists of fine- to 
medium-grained, arkosic, mainly parallel-bedded, sand
stone and interbedded red shale, and locally contains a few 
thin beds of gray dolomite and limestone, and a few thin 
beds of gypsum. The Yeso i generally brick-red, and the 
color contra t with the maroon, purplish-gray, and yel low
ish-gray colors of the underlying Sangre de Cristo 
Formation. 

South of Gal.linas Creek, the Sangr de Cristo Formation 
probably is entirely Early P rmian (Wolfcampian) age. To 
the north, it may be entirely Permian a far north as the 
vicinity of La Canada de! Guajalote. From there north the 
lower part contains nonmarine rocks that are probably Late 
Pennsylvanian (Virgilian?), on the basis of a microflorule. 

orth of the area of this report, the Alamitos Forma tion 
i present as a recognizable stratigraphic unit beneath the 
Sangre de Cristo Formation at least as far north as Los 
Cisneros, as was discussed pr viously. Paleobotanical evi
dence from the lower part of the Sangre de  Cristo sou th of 
Guadalupita indicates that most of the formation is Early 
Permian age at I ast that far north . 

The general similarity of l i thology of the Sangre de Cristo 
Formation of th southeastern part of the mountains to parts 
of the Sangre de Cristo in its type region in Colorado sug
gests that the two are partly correlative. However, the lower 
part of the formation in Colorado contains marine rocks that 
are as old as Middle Pennsylvanian (about mid-Desmoines
ian) and, thus, are equivalent to the upper part of the 
Porvenir Formation. Part of the Sangre de Cristo Formation 
in Colorado may correlate with the Alamitos Formation, 
depending on varying interpretations of the ages of the 
scanty collections of vertebrate fossils in Colorado. In New 
Mexico an additional factor of uncertainty of correlations 
results from paleotectonic conditions whereby the entire 
Pennsylvanian and Permian section is missing from the 
ancient Cimarron uplift north of the area of this report. At 
places on thi uplift Triassic rocks lie with sedimentary con
tact on the Precambrian (Robinson et al., 1964, plate 3; Baltz, 
1 965, p. 2049, fig. 4; Goodknight, 1 976). 

We believe it would have been advisable to retain the 
name Abo Formation for the nonmarine Lower Permian 
rocks of the southern part of the Sangre de Cristo Morn1tains 
because these rocks are lithologicaUy sinular to and have 
generally the same age and stratigraphic relations to adja
cent rocks as the Abo in the mountain ranges of central New 
Mexico. However, we continue to use the name Sangre de 
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Cristo Formation in the area of the present report because 
this term has been used widely, and exclusively, in the liter
a ture of northeastern ew Mexico since the work of R ad et 
al. ( 1944) .  

Distribution and thickness 

In the belt of hogbacks along the east front of the moun
tains the Sangre de Cristo Formation crops out as steeply 
dipping beds, that are overturned at many places from 
about Montezuma north past Mora River and are broken by 
several major faults. The outcrop belt is nearly continuous 
except between Montezuma and Canon Bonito where the 
formation is cut out entirely by the Montezuma fault  
(Plate 1 ;  also see Fig. 32) .  In the southern part of the area the 
Sangre de Cristo Formation is exposed in broad areas of gen
tly dipping beds on the south-plunging Creston anticline, in 
the Chapelle syncline, and in a broad area of gently south
and southwest-dipping beds in the drainage basin of Pecos 
River. In the central part of the area erosional remnants of 
only the lower part of the formation are preserved, mainly in 
the axial parts of Las Gallinas and Las Dispensas synclines. 
The Sangre de Cristo is present at wells in the Las Vegas 
Basin, suggesting that it is generally present in the subsur
face (Plate 4D) except on the Paleozoic Sierra Grande uplift. 

The greatest known thickness of the Sangre de Cristo 
Formation in the area of this report is 2,575 ft (785 m) at 
Mora River and farther north (Plate 3) .  May et al . (1 977, 
plate 1 )  reported a thickness of about 3,050 ft (930 m) at 
Mora River, but they included in the lower part of their 
Sangre de Cristo Formation about 470 ft ( 143 m) of partly 
marine rocks that we assign to the upper part of the 
Alamitos Formation. (See Fig. 69. )  

Along the eastern front of the mountains and in the Las 
Vegas Basin the Sangre de Cristo Formation thins southward 
(Plate 4D). At Rito Cebolla, the Sangre de Cristo and the 
Alarnito Formation are in fault contact (Baltz and O' eill, 
1984) , and an unknown but probably small amount of both 
formations is missing. The Sangre de Cristo is at least 2,300 ft 
(700 m) thick on the north side of Rito Cebolla . From Rito 
Cebolla south to Manuelitas Creek the Sangre de Cristo is in 
fault contact with Pennsylvanian rocks, and its total thick
ness cannot be determin d .  

Northwest o f  Sapello the slightly overturned Sangre de 
Cristo Formation is in sedimentary contact with underlying 
and overlying rocks, but most of the middle part of the for
mation is concealed by alluvium in the valleys of Sapello 
River and Manuelitas Creek (Baltz and O' eill, 1 986). The 
minimum thickness of the Sangre de Cristo just south of 
New Mexico Highway 94 is estimated to be about 1 ,500 ft 
(460 m), but the formation may be thinned tectonically by 
squeezing and by a probable intraformational reverse fault 
that is concealed by the alluvium. 

Farther south, between Sapello River and Sanguijuela 
Arroyo, the base of the Sangre de Cristo Formation is cut out 
by the Sapello fault, but a short distance south of that arroyo, 
the formation does not seem to be faulted (Baltz, 1 972), 
al though exposures are poor. About 0.3 mi (0.5 km) south of 
Sanguijuela Arroyo i ts thickness is about 1 ,300 ft (395 m). 
Still farther south, in a small area just north of Canon Bonito, 
the Sangre de Cristo may not be faul ted (Ba l tz, 1 972), and it 
is about 900 ft (275 m) thick. Northrop et al. (1946, loc. 13)  
show a thickness of 920 ft near here, but they considered the 
base of the section to be faulted . If the Sangre de Cristo is 

only about 900 ft thick at Canon Boni to, it has thinned rapid
ly southward from Sapello River onto the northern part of 
the Paleozoic Tecolote uplift .  

The Sangre de Cristo Formation also thin rapidly south
eastward in the subsurface from Sapello to the J .  D. Hancock 
no. 1 Sedberry well in the Las Vegas Basin where the forma
tion is only about 560 ft ( 1 70 m) thick. The posit ions of the 
isopachs (Plate 4D) suggest that the subsurface thinning 
occurs on a northwest-plunging broad anticlinal uplift that 
may have been active tectonically during the deposition of 
the Sangre de Cristo. 

From Canon Bonito sou th past Montezuma the Sangre de 
Cristo Formation is cut ou t entirely or mainly by the 
Montezuma fault (Baltz, 1 972). May et a l .  (1 977, p.  8) indi
cated that the Sangre de Cristo is only a few hundred feet 
thick near Montezuma, possibly because of thinning on the 
Tecolote uplift . However, outcrops on the north face of the 
hill just south of Gallinas Creek at Montezuma (Baltz, 1 972) 
show that the east-dipping lower part of the Porvenir 
Formation is thrown against the sharply overturned upper 
part of the Sangre de Cristo along the Montezuma fault. The 
outcropping Sangre de Cristo east of the fault is greatly 
sheared, and its beds are dislocated internally along small 
faults. Southward from Montezuma, as the fault dies out, 
progressively more beds of the Sangre de Cristo and the 
underlying Alamitos and Porvenir Formations appear west 
of the fault (Baltz, 1972), and about 1 .5 mi (2.4 km) south of 
Montezuma, the formation is estimated to be about 850 ft 
(260 m) thick. 

Farther south along the eastern front of the mountains, 
isopachs of da ta from the stratigraphic sections of orthrop 
et al. (1 946) suggest two Early Permian structural culmina
tions and an intervening structural ag on the Paleozoic 
Tecolote uplift west of Aqua Zarca (Plate 4D) where the 
Sangre de Cristo ranges from about 300 ft (90 m) to 740 ft 
(225 m) thick. On the west slope of Tecolote Peak the Sangre 
de Cristo is about 350 ft ( 105 m) thick, and west of the 
Precambrian outcrop on Ojitos Frios anticline, the Sangre de 
Cristo is estimated from the topographic map to be about 
350 ft (105 m) thick. The formation thickens westward into 
the Chapelle syncline, and the preserved part is at least 
700 ft (21 0 m) thick between Dead Horse Canyon and Fisher 
Hil l (USGS San Geronimo quadrangle) west of San 
Geronimo where the upper part of the formation has been 
removed by Cenozoic erosion. Farther sou th in the Chapelle 
syncline, sections 23 and 25 of Read et al. (1 944) show the 
Sangre de Cristo thinning southward along Tres Hermanos 
Creek from about 960 ft (290 m) to about 650 ft ( 1 98 m) 
northwest of Bernal. 

In the south-central part of the area, on the north slope of 
Starvation Peak west of Bernal, the contact of the Sangre de 
Cristo Formation and the underlying Porvenir Formation is 
concealed by thin pediment deposits, but the thickness of 
the Sangre de Cristo is about 320 ft (98 m). West of Starvation 
Peak, the Sangre de Cristo thickens conspicuously toward 
Pecos River. The thickness west of the river is between 900 
and 1 ,000 ft (275 and 300 m), as determined from construct
ing a cross section from the base of the formation north of 
San Juan to the top near Punta de la Mesa de San Jose on 
Glorieta Mesa west of Pecos River (USGS North San Ysidro 
quadrangle). Well data show that, in the subsurface south of 
San Jose, the Sangre de Cristo is more than 1,000 ft (300 m) 
thick (Foster et al . ,  1 972, fig. 6) . 

FIGURE 69-Stratigraphic sections of the Sangre de Cristo Formation, eastern front of mountains. Locali ties and line are shown on Plate 4D. 
Lithologic symbol are explained in Figure 9. Locality 1 adapted from orthrop et al. ( 1946), sec. 4, measured along ew Mexico Highway 
283 about 0.4 mi (0.6 km) west of Agua Zarca. Local i ty 2 adapted from Northrop et al (1946), sec. 13, mea ured on north side of Canon Bonito 
about 5 mi (8 km) north-northwest of Montezuma . Locality 3 mainly adapted from May et a l .  ( 1 977, plate. 1 ), sec. 7, measured on north side 
of Mora River about 4 mi (6.4 km) southeast of Mora; upper and basal parts of section 3 are modified in the present report. 
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The thickness variations in the southern part of the area 
show that the Paleozoic Tecolote and Bernal uplifts, the San 
Jose and San Geronimo Basins, and probably an anticlinal 
feature in the subsurface of the Cenozoic Las Vegas Basin 
were active tectonically during deposition of the Sangre de 
Cristo Formation. Although the sediments of the Sangre de 
Cristo buried most or all of the uplifts, recurrent tectonic 
movements determined the areas of greater and lesser sedi
ment accumulation. 

West of the area of this report, along the northern edge of 
Glorieta Mesa, the Sangre de Cristo Formation thins west
ward from San Jose and near Rowe is only 513 ft (156 m) 
(Brill, 1952, p. 846) to 563 ft (170 m) thick (Foster et al., 1972, 
p. 13), indicating that an Early Permian anticline was west or
southwest of the San Jose Basin (Fig. 4). Farther northwest,
near Cafioncito, the Sangre de Cristo is more than 3,000 ft 
(915 m) thick (Booth, 1976, p. 36), indicating that a deep
Early Permian basin lay west of the Rowe area and just east
of the Paleozoic Cafioncito uplift where the Sangre de Cristo
is only about 300 ft (90 m) thick (Booth, 1976, p. 36).

General lithology 
In the southeastern part of the mountains the Sangre de 

Cristo Formation consists of red, purple, and greenish-gray 
shale and interbedded thin to thick, feldspathic to arkosic 
sandstones, and pebble conglomerates. The sandstones and 
conglomerates are similar generally to those in the Alamitos 
Formation, usually being very coarse grained to granule
grained and containing angular to subangular, pink feldspar 
clasts ranging from fine sand to pebbles. Lenses of quartzite 
pebbles and vein-quartz pebbles are common; 
limestone-pebble conglomerates occur at places, especially 
near the base, but are not common. Silica and clay are the 
main cementing agents of the sandstones, but some beds 
have calcareous cement. The color of fresh surfaces of sand
stones is usually yellowish-gray, but the weathered colors 
are commonly light reddish brown to coppery brown. 
Although thick to massive arkosic sandstones and conglom
erates are the most conspicuous bthologic types because of 
their resistance to weathering and erosion, much of the for
mation is composed of shale and siltstone and soft, fine- to 
coarse-grained sandstone in thin to thick beds that inter
grade with shaly sandstone and shale. 

Shales vary widely in lithology, ranging from claystone 
and siltstone to shaly sandstone. Some shales are gray to 
green, but most shales are reddish pink to maroon. In the 
lower hall, many of the shales are slightly marly and contain 
lenses and scattered nodules of light-gray limestone and 
limestone concretions. 

Limestone is common in the lower hall, mainly in the 
shales, and is present also in the upper hall, but it is a minor 
constituent. Distinctly bedded gray, micritic limestone 
occurs at places. A relatively persistent limestone bed, as 
much as 10 ft (3 m) thick, occurs in the lower third of the 
Sangre de Cristo north and south of Canon Bonito on the 
eastern edge of the mountains. Other notable occurrences of 
bedded, gray limestone are in the bottom of Falls Creek west 
of Mineral Hill, at locality N (Fig. 58) at Dead Horse Canyon 
southwest of San Geronimo, and in roadcuts west of Agua 
Zarca. Several light-gray well-bedded limestones occur not 
far above the base of the Sangre de Cristo along New Mexico 
Highway 94 west of Sapello and farther north. Some of the 
bedded limestones have an appearance of being marine, but 
the only fossils found were a few tiny fragments that appear 
to be fish ribs in the limestone north of Canon Bonito. The 
limestones of the Sangre de Cristo probably all are nonma
rine. 

Most of the limestones are nodular or are concretions in 
zones a few inches to 3 ft (1 m) thick. Irregular, botryoidal 

limestone masses are common at places. Internally, the 
masses are light-gray to white, dull-lustered patches of cal
cite, argillaceous calcite, and highly calcareous clay. Some of 
these limestones may have formed during diagenesis of sed
iments that were deposited as marly clay mud. Brown (1984, 
p. 116) suggested that some nodular limestones in the lower
part of the Sangre de Cristo north of the area of this report
originated as pedogenic caliche or in playa lakes.

The complex internal stratigraphy of the Sangre de Cristo 
Formation was not studied in detail; however, general 
observations of overaIJ lithologic variations made during 
our field work and comparisons of stratigraphic sections 
published by Read et al. (1944), Northrop et al. (1946), and 
May et al. (1977) permit some generalized conclusions. The 
Sangre de Cristo is shalier at the south than the north and, 
although thick sandstones and conglomerates occur at many 
stratigraphic positions throughout the formation at all local
ities, the thickest sandstones and sequences of sandstones 
occur mainly in the north, notably north of Rito Cebolla. 
May et al. (1977, fig. 5) gave a sandstone to shale ratio of 0.6 
for the formation west of Agua Zarca southwest of Las Vegas 
(loc. 1, Fig. 69); the ratio (including the upper part of the 
Alamitos of this report) at Mora River (loc. 3, Fig. 69) is given 
as 1.3. North of the area of the present report the ratio is 
given as 1.6. In general, the middle part of the formation is 
more shaly than the lower and upper parts. This character
istic, in the hogbacks at the eastern front of the mountains, 
causes the middle part to be eroded into strike valleys and 
to be poorly exposed. 

Areal stratigraphy and lithology 
Southern and south-central part of area-In the south

western part of the area near San Juan (Plates 1, 4), where the 
Sangre de Cristo Formation is about 900-1,000 ft (275-300 m) 
thick, the lower 100 ft (30 m) of the formation is mainly 
ledge-forming, broadly lenticular, stream-channel sand
stones, although about 30 percent is red clay shale. The basal 
part of this zone is light-gray, highly crossbedded medium
to coarse-grained feldspathic sandstone that is 30-40 ft 
(9-12 m) thick. At places angular limestone pebbles, 0.25--0.5 
inch (0.6-1.3 cm) in diameter, occur as lenses near the top of 
this sandstone. Locally, the basal sandstone forms a single 
massive ledge, but at places, the beds are split by lenses of 
red shale. About 10 percent of the basal sandstone is pink 
feldspar clasts, and the sandstone is finer grained than the 
conglomerates that generally occur at the base of the Sangre 
de Cristo elsewhere in the southeastern part of the moun
tains. 

The overlying rocks of the lower part of the Sangre de 
Cristo Formation near San Juan consist of three to four 
ledge-forming conglomeratic feldspathic sandstones 
interbedded with red shales. The sandstone beds average 
about 10 ft (3 m) thick and the shale units average about 20 ft 
(6 m) thick; sandstone and shale units both thicken and thin 
laterally. These sandstones are more typical of those of the 
Sangre de Cristo elsewhere in the area and are composed of 
angular to subangular coarse sand that contains granules 
and pebbles as much as 0.4 inch (0.9 cm) in diameter. 
Subangular pink feldspar clasts are abundant in all clast 
sizes including small pebbles. 

The medial part of the Sangre de Cristo Formation, which 
forms the main bulk of the formation southwest of San Jose, 
is about 60 percent red shale and siltstone. The shales con
tain many interbeds of lenticular medium to very coarse 
grained arkosic sandstone. The medial part in this area is a 
distinctive fades of the Sangre de Cristo that was deposited 
on flood plains and in clearly defined stream channels. The 
upper several hundred feet of the formation is less shaly and 
contains thick, medium to very coarse grained feldspathic to 



arkosic sandstones that are generally more persistent than 
many of the lenticular sandstones of the medial part. 

Eastward from Pecos River, the thinning of the Sangre de 
Cristo occurs mainly within the medial stream-channel and 
floodplain facies of the formation. Just we t and northwe t 
of Bernal, where the formation is about 320 ft (98 m) thick, 
the lower 100-150 ft (30---45 m) is ledge-forming, conglomer
atic, feldspa thic sandstones and interbedded poorly 
exposed red shales. The sandstones probably constitute only 
about 30 percent of the lower part, and general ly are 1 0--1 5  ft 
(3--4.5 m) thick. The conglomeratic sandstones in the lower 
part of this interval are composed mainly of coarse sand and 
gra nules but  commonly contain pebbles 0 .25-1 .5 inch 
(0.6--3.8 cm) diameter. The sand and granules are mainly 
subangular quartz, but 1 0-1 5 percent is pink feldspar. 
Pebbles are mostly gray and white subangular vein quartz, 
but red quartz is common, and a few pebbles of quart
zofeldspathic gneiss were observed . Subangular feldspar 
clasts are granules and small pebbles. Stratigraphical ly high
er in the lower part, some medium- to coarse-grained slight
ly feldspathic sandstones are similar to those at the base of 
the Sangre de Cristo near San Juan, but most beds west and 
northwest of B rnal are feldspathic to arkosic granule to 
pebble conglomerates . The upper part of the Sangre de 
Cristo exposed south of Bernal is red shale containing ledge
forming beds of very coarse grained feldspathic sandstone 
and is similar to the upper part near Pecos River. A general 
eastward coarsening of the lower part of the formation sug
gests a source terrane of Precambrian rocks to the east . 

Lee (1909, p. 35-36) described a "conglomerate-breccia" 
containing pebbles and cobbles of igneous and metamorphic 
rocks, red sandstone, and fossi l iferous Limestone as being at 
the base of what is now called the Sangre de Cristo 
Formation along the railroad 1 mi (1 .6  km) west of Bernal. 
He suggested that the sediments were derived from the 
uplifted mountains to the north. We were not able to find 
rocks of this description in the Sangre de Cristo. However, 
the description fit Tert iary or Quaternary terrace deposits 
that lie with angular unconformity on the Porvenir and 
Sangre de Cristo south of the railroad tracks west of Bernal 
and in roadcuts on the access road north of Interstate 
Highway 25 west of the crossover to Bernal .  It  is likely that 
the outcrops available to us are better than those observed 
by Lee. At any ra te, we do not know of any evidence near 
Bernal to suggest that the Bernal uplift supplied very coarse 
detritus to this part of the area during deposition of the 
Sangre de Cristo Formation. 

On the west l imb of the Chapelle syncl ine, about 3 mi 
(4.8 km) northwest of Bernal ,  fossiliferous l imestone pebbles 
and rounded l imestone boulders as large as 1 .5 ft (45 cm) 
across are present in the thin basal beds of the Sangre de 
Cristo Formation (Joe. 1, Fig. 58). Much of the overlying 
lower and middle parts of the Sangre de Cristo are red shale 
that contains interbedded thin feldspathic sandstones. 
Presumably, the l imestone pebbles and boulders were 
derived from the Porvenir Formation on a nearby part of the 
Bernal uplift .  

Farther north, on the north fork of San Pablo Creek, lime
stone pebbles were not observed in the thick, coarse arkoses 
of the lower part, although the Sangre de Cristo in the vicin
ity of San Pablo Creek l ies unconformably on the lower part 
of the Porvenir. In the lower valley of San Pablo Creek, east 
of San Pablo, the lower part of the Sangre de Cristo also con
tains thick beds of feldspathic to arkosic conglomerate and 
interbedded red shale, as it does in the upper reaches of the 
creek. These rocks may be fans locally derived from adjacent 
Precambrian granitic rocks of the Paleozoic Bernal uplift .  
Higher beds are thick shale and some interbedded feld
spathic conglomeratic sandstones. On the north fork of San 
Pablo Creek several beds of l imestone-pebble conglomerate 
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were observed an estimated 200 ft (60 m) above the base of 
the Sangre de Cristo. Some thick beds of medium- to coarse
grained sandstone in this part of the formation are moder
ately calcareous, and the inclined cross beds and laminae 
indica te sediment transport from the east ,  suggesting 
sources of calcareous sediment in the Pennsylvanian rocks 
on the Tecolote uplift. 

To the north, on the west l imb of the Chapelle syncline, 
the basal part of the Sangre de Cristo in the vicinity of Dead 
Horse Canyon (loc. N, fig. 58) is a pebbly coarse-grained 
feldspathic sandstone tha t  locally is only about 1 ft (0.3 m) 
thick, but that thickens northward . The pebbles are mainly 
white to gray vein quartz and quartzite, but some are pink 
feldspar. In this vicinity the lower 250 ft (75 m) of the forma
tion is mainly shale and contains two relatively persistent 
units of l imestone. However, farther north, at Santillanes 
Creek and Falls Creek, the lower part, about 200 ft (60 m) 
thick, contains thick feldspathic to arkosic conglomerates, 
interbedded red shales, and some gray and tan shale. From 
Falls Creek northeastward past Gall inas Creek this general 
character of the lower part persists, and the conglomera tes 
are thick, crossbedded, very coarse grained, pebbly rocks. 
Only the lower 200--250 ft (60--75 m) of the Sangre de Cristo 
is preserved in the outliers south of Gall inas Creek. The 
northward change of the lower part (Fig. 58) from the main
ly shaly rocks at Dead Horse Canyon to thick conglomeratic 
sandstone and shale at Santi llanes Creek and farther north 
suggests that these fan deposits were derived from local 
sources of Precambrian rocks, possibly in the structural 
block west of the Cenozoic Blue Canyon fault (Plate 1) on the 
northern part of the Paleozoic Bernal uplift, and possibly 
from the vicinity of Hermit Peak. 

The fol lowing section of the lower part of the Sangre de 
Cristo in Las Gall inas syncline, measured at locality 6 
(Fig. 81 ), describes the general l i thology of the lower part of 
the formation (Fig. 58) that is preserved in outl iers near 
Gallinas Creek, NE¼SE¼ sec. 23 and NW¼SW¼ sec. 24 
Tl7N R14E, El Porvenir quadrangle. Base of section is on 
north side of U.S. Forest Service Johnson Mesa road just west 
of intersection with road to Mineral Hi l l . Top is topographi
cal ly highest ridge east of Johnson Mesa road. 

Unit Lithology 

Sangre de Cristo Formation (lower part): 

Thickness 

(ft) (m) 

25. Sandstone, conglomeratic, feldspath
ic, light-brown-weath ring. Matrix is
subangular very coa rse sand and
granules; about 20 p rcent of clasts is
pink feldspar. About 30 percent of
rock is pebbles that range up to 1 .5
incl1es (3.8 cm) across. Pebbles are
irregularly shaped and subrounded .
Pebbles are gray vein quartz, purple
quartzite, black- and gray-ba nded
quartzite, resinous-yellow quartz, and
granite. Crossbeds are inclined mainly
southerly. Forms highest ledge east
of road. 1 5  4 .6 

24. Concealed; forms slop . 9.8 3 .0 
23. Shale, red; contains many irregularly

shaped gray l imestone nodules tha t
range from 0.5 to 1 .5 inches (0.6 to
3.8 cm) in longest dimension. Forms
slope. 6 .9 2. 1

22. Conglomera te, arkosic .  Matrix is gran
ules and pebbles as much as 0.25
inch (0.6 cm) diameter; 25 percent, in



130 

all clast sizes, is pink feldspar. Near 
middle and top are lenses of irregular
ly shaped pebbles of pink and gray 
vein quartz, 0.5-1.25 inch (1.3-3.1 cm) 
in diameter. Forms gently sloping 
ledge north of abandoned sanitary 
landfill east of road. 12.7 

21. Shale, red, poorly exposed on east
side of Johnson Mesa road. 21 

20. Sandstone, conglomeratic, feldspath
ic, medium-grained at base but coars
ening upward to very coarse and peb
bly. About 10 percent of sand and
granules is pink feldspar. Upper part
contains scattered, angular to sub
round pebbles of pink and gray
quartz, 0.25-0.5 inch (0.6-1.3 cm) in
diameter. Forms small ledge at south
side of Johnson Mesa road. 14 

19. Shale, red; contains some soft thin
sandstone. Poorly exposed at south
side of Johnson Mesa road. 19.5 

18. Sandstone, conglomeratic, feldspath
ic, light-yellowish-gray. Matrix is sub
angular to angular very coarse sand
and granules. Contains 1-2-inch
(2.5-5-cm) thick lenses of irregularly
shaped, subrounded pebbles of pink
and gray quartz as much as 1 inch
(2.5 cm) diameter. About 15 percent of
sand, granules, and pebbles up to 0.25
inch (0.6 cm) is pink feldspar. Forms
ledge north of Johnson Mesa Road at
sharp northward bend. 9 

17. Shale, red, clay. 23.8 
16. Sandstone, conglomeratic, arkosic;

matrix is very coarse sand, granules,
and pebbles as large as 0.25 inch
(0.6 cm) diameter. Clasts are irregular
ly shaped and subangular to sub
round. About 25 percent of clasts is
pink feldspar. Contains scattered peb
bles of gray, yellow, and tan quartz
that are irregularly shaped but round
ed and 0.5-0.75 inch (1.3-1.9 cm) in
diameter. Highly crossbedded. Lower
half is soft but upper half forms a
ledge on north side of Johnson Me a
road. 21 

15. Shale, red, clay. 4.8 
14. Sandstone, feldspathic, light-yellow

ish-brown. Lower part is medium
grained; upper part is coarse grained.
About 15 percent of clasts is pink
feldspar. Thin-bedded and soft. 5.3 

13. Shale, red, clay; slightly micaceous. 5.3 
12. Shale, light-greenish-gray, clay. 9.5 
11. Sandstone, light-yellow-brown; stained

by manganese and iron oxides. Clasts
are subangular to subround, coarse
sand and granules; contains a trace of
pink feldspar. Forms ledge. 1.0 

10. Shale, light-grayish-yellow. 4.4 
9. Sandstone, tan-gray, feldspathic.

Clasts are subangular to subround
very coarse sand and granules. About
10 p rcent is pink feldspar. Forms
small ledge on north side of Johnson

3.9 

6.4 

4.3 

5.9 

2.7 
7.25 

6.4 
1.47 

1.6 
1.6 
2.9 

0.3 
1.35 

Mesa road. 
8. Shale, red; exposed on south side of

4.8 1.45 

Johnson Mesa road. 8.7 2.6 
7. Sandstone, conglomeratic, feldspath

ic. Matrix is subangular to subround
very coarse sand and granules.
Contains numerous 1-3-inch (2.5-7.6-
cm) thick lenses of angular to suban
gular granules and pebbles as large as
0.25 inch (0.6 cm) of pink feldspar and
gray to pink quartz; about 20 percent
of all clasts is feldspar. Forms low
ledge on south side of Johnson Mesa
road; base concealed. 16.S+ 5.0+ 
Thickness of preserved part of
Sangre de Cristo Formation: 213+ 64.9+ 

Alamitos Formation (upper part): 
6. Interval concealed by colluvium at

head of north-draining valley at junc
tion of Johnson Mesa road and road to
Mineral Hill and San Geronimo. A few
exposures on slopes to the north sug
gest this interval is mostly shale and
sandy shale containing some coarse
arkosic sandstone. Part of the interval
may be Sangre de Cristo Formation
rather than Alamitos. 55 16.8 

5. Shale, red; contains some shaly, red,
fine-grained sandston and limestone
nodules; poorly exposed. Top is con
cealed in north-draining valley that is
the site of an abandoned Forest
Service road. Early Wolfcampian
fusulinids Triticites aff. T. creekensis

(f10128) were obtained from nodular
limestone exposed in gully on aban
doned road in this unit about 500 ft
(150 m) north of Johnson M sa road. 24 7.3 

4. Conglomerate, arkosic, greenish-gray
weathering, purple-stained. Clasts are
angular to subround granules and
pebbles as large as 0.25 inch (0.6 cm).
About 30 percent of clasts in all sizes is
pink feldspar. Forms poor! y exposed
ledge on north side of Johnson Mesa
road. 7 2.1 

3. Shale, light-greenish-gray; purplish
gray-weathering. Contains scattered
nodules of gray limestone. 8 2.4 

2. Shale, light-greenish-gray. Contains
many 1-inch (2.5-cm) thick beds of
limestone nodules. Contains a few
brachiopods. 6 1.8 

1. Limestone, gray, fine-grained, bioclas
tic. Contains a few fusulinids. Forms
small ledge on north side of Johnson
Mesa road. 0.3 0.1 

East of Hermit Peak the outlier of the lower part of the 
Sangre de Cristo Formation north of Rito Chavez contains 
red shale, but much of it is thick feldspathic to arkosic con
glomerates that are highly crossbedded and are similar to 
thick conglomerates in the underlying Alamitos Formation. 
The distinction between the two formations is the occur
rence of gray shale and sandy marine limestone in the 
uppermost part of the Alamitos. Farther north in Las 
Oispensas syncline, similar thick, gravelly arkoses occur in 



the lower part of the Sangre de Cristo, but the proportion of 
red shale may be a little greater than near Rito Chavez. The 
lithology suggests a nearby source of first-cycle, mainly 
granitic detritus for the lower part of the Sangre de Cristo (as 
we!J as for the Alamitos). This source may have been the 
mainly granitic rocks of the Hermit Peak area. 

Southeastern part of area-The basal part of the Sangre 
de Cristo Formation in the southeastern part of the area is 
feldspathic coarse-grained conglomeratic sandstone that 
contains subangular to subround quartz and feldspar peb
bles, and, locally (as at loc. M, Fig. 59), a few limestone peb
bles. Southeast of the confluence of Tecolote Creek and San 
Pablo Creek, the basal conglomeratic sandstone of the 
Sangre de Cristo is similar to the basal sandstone of the thin 
Alamitos Formation and to a stratigraphically higher sand
stone in the lower part of the Alamitos. Southeast of the con
fluence of San Pablo and Tecolote Creeks, near the place 
where the Sangre de Cristo truncates the Alamitos (Plate 1), 
the basal sandstone of the Sangre de Cristo is difficult to dis
tinguish from the sandstones of the Alamitos except by care
ful tracing. Farther southeast the basal sandstone of the 
Sangre de Cristo ranges from less than 10 ft (3 m) to 30 ft 
(10 m) thick and seems to be persistent through locally poor 
exposures to the places where it laps onto Precambrian rocks 
on the Ojitos Frios anticline. 

On the east limb of Ojitos Frios anticline, the basal con
glomeratic sandstone and the overlying shale and thin sand
stone units of the Sangre de Cristo Formation can be fol
lowed, nearly continuously, from the Precambrian outcrops 
northward past Tecolote Mountain to near the place where 
the Sangre de Cristo laps onto granitic Precambrian rocks on 
the Cenozoic Creston anticline (Plate 1). At this place, north 
of the Ojitos Frios road, the basal sandstone and some strati
graphically higher rocks of the Sangre de Cristo merge to 
become thick, irregularly bedded, arkosic conglomerate, 
indicating that Precambrian rocks of this part of the 
Paleozoic Tecolote uplift were a local source of coarse sedi
ment during deposition of the lower part of the Sangre de 
Cristo. 

The middle part of the Sangre de Cristo Formation, gen
erally poorly exposed in the southeastern part of the area, is 
mainly red shale containing thin feldspathic to arkosic sand
stone interbeds. This sequence is fairly well exposed on the 
east flank of Ojitos Frios anticline at and east of locality M 
southeast of Ojitos Frios (Fig. 55). At locality M, rocks above 
the basal sandstone include dark-red highly calcareous silt
stone and sandstone that contains pebbles of chocolate
brown calcareous siltstone and silty limestone. The cross
bedding of these rocks and the basal sandstone is inclined 
south-southeast, suggesting that the source of the sediments 
was on the Tecolote uplift to the north. 

The upper part of the Sangre de Cristo Formation in the 
vicinity of Tecolote Peak is a zone 150-200 ft (45----o0 m) thick 
in which thick ledge-forming coarse to conglomeratic, feld
spathic sandstones are interbedded with red shales. Some of 
these sandstones appear to be persistent and of relatively 
uniform thickness for distances of more than a mile, giving 
a "board-bedded" appearance to outcrops of the upper part 
of the formation. These rocks generally are similar to and 
probably correlate with the upper part near Pecos River in 
the southwest part of the area. Good exposures of the upper 
100 ft (30 m) of the Sangre de Cristo occur near Interstate 
Highway 25 west of the axis of the Cenozoic Creston anti
cline. Generally, the sandstones are feldspathic to arkosic, 
very coarse grained, and some are conglomeratic. They are 
commonly only 5-10 ft (1.5-3 m) thick; whereas, intervening 
red shale units are 20-40 ft (6--12 m) thick. In this vicinity the 
highest bed of the Sangre de Cristo is very coarse grained 
arkose that contains scattered, well-rounded, goose-egg-
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shaped pebbles of vein quartz and irregularly shaped but 
well-rounded quartzite pebbles. These pebbles are mainly 
0.5-1 inch (1.3-2.5 cm) in diameter, but some range up to 
3 inches (7.6 cm). The rocks may correlate with sandstones 
containing similar highly rounded siliceous pebbles that are 
near the top of the Sangre de Cristo at Montezuma and in 
the northern part of the area (Fig. 69; Plate 3). The highest 
part of the formation grades abruptly upward into the finer 
grained rocks of the overlying Yeso Formation. 

Eastern front of mountains-In the hogback belt along 
the southeast margin of the mountains the Sangre de Cristo 
Formation is poorly exposed at many places because of col
luvial and alluvial deposits of Quaternary age. Some of the 
best exposures are in road cuts on New Mexico Highway 283 
just west of Agua Zarca (loc. 1, Fig. 69). Here, the basal 
arkosic sandstone is pebbly, only 7-10 ft (2-3 m) thick, and 
is overlain by maroon siltstone and shale about 70 ft (21 m) 
thick. The general lithologic aspect of these rocks is similar 
to that of the lower part near locality M (Fig. 59) south of 
Ojitos Frios. Above the maroon shaly unit near Agua Zarca 
several conspicuous, ledge-forming, feldspathic and arkosic 
conglomeratic sandstones are interbedded with red shale, 
throughout an interval of 50 ft (15 m). The individual sand
stones are 10-15 ft (3-4.5 m) thick, and the poorly exposed 
shale interbeds are 10-20 ft (3-6 m) thick. Parts of the con
glomerates are highly arkosic, but other parts are only 
slightly feldspathic. Pink, white, and gray angular to suban
gular vein-quartz pebbles are abundant in short lenses and 
scattered through the sandstones. Most of the pebbles are 
0.1-1 inch (0.3-2.5 cm) in diameter, but they range up to 
2 inches (5 cm). Two beds contain subangular, pink feldspar 
pebbles that are as large as 0.5-0.75 inch (1.3-1.9 cm) diame
ter; about 40 percent of one thin bed is feldspar pebbles. The 
lithology of these rocks indicates a nearby source of 
Precambrian pegmatites, presumably the Precambrian rocks 
of the Tecolote uplift a short distance to the south that prob
ably also was the source of the feldspar-pebble conglomer
ates of the Alamitos Formation in this vicinity. 

The medial part of the Sangre de Cristo, about 350 ft 
(105 m) thick west of Agua Zarca (loc. 1, Fig. 69), is mostly 
red shale. However, it contains 3-5-ft (0.9-1.5-m) thick beds 
of feldspathic, granule- to small-pebble conglomerates, thin 
zones of limestone nodules, and at least one bed of gray, 
dense limestone. The upper part of the formation, about 
250 ft (75 m) thick, consists of red and purple shale and silt
stone containing thin, ledge-forming, medium to very 
coarse grained, feldspathic to arkosic sandstones. Some beds 
contain scattered 0.5-1-inch (1.3-2.5-cm) subanguJar vein
quartz pebbles. At least two beds of limestone and nodular 
limestone occur in this interval. 

Southwest of Agua Zarca the medial and upper parts of 
the Sangre de Cristo bury the Precambrian rocks (Plate 1), 
which were the local sources of sediments of the lower part. 
The sediments of the medial and upper parts of the Sangre 
de Cristo were derived from more distant sources probably 
from the Sierra Grande uplift to the east where the formation 
locally is only 180 ft (55 m) thick. At the Continental Oil Co. 
no. 1 Leatherwood-Reed well, where the Sangre de Cristo is 
about 200 ft (61 m) thick, it consists of thick upper and lower 
feldspathic conglomerates and a medial shale and sandstone 
unit that is about 100 ft (90 m) thick. The lower conglomer
ate contains fragments of granite and limestone. 

In the hogbacks north of Agua Zarca, the general litholo
gy of the Sangre de Cristo is similar to that at Agua Zarca, 
being predominantly red shale but containing interbedded 
coarse arkosic sandstones, some of which contain quartz 
pebbles. From Montezuma north almost to Canon Bonito the 
Sangre de Cristo is cut out by the Montezuma fault. 

In the hogback belt along the eastern front of the moun-
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tains, from Canon Bonito (Joe. 2, Fig. 69) north to Manuelitas 
Creek, the lower two-thirds of the Sangre de Cristo 
Formation is mainly red shale, but it contains thick 
ridge-forming, coarse-grained feldspathic to arkosic sand
stones and pebbly conglomerates, as well as easily eroded, 
arkosic sandstones and some bedded limestone and nodular 
limestone. Thin, gray limestones and nodular limestones 
that are interbedded with marly shale near the base occur at 
Canon Bonito and between Sapello River and Manuelitas 
Creek. From Manuelitas Creek northward a little past Rito 
Cebolla the lower part of the formation is cut out by the 
Sapello fault (Plate 1; Baltz and O'Neill, 1986). 

From Rito Cebolla northward to about 1 mi (1.6 km) 
south of La Canada del Guajalote, the lower third contains 
about equal proportions of shale and thin to thick, relatively 
easily eroded, feldspathic to arkosic, coarse-grained sand
stone and small-pebble conglomerate. Locally, some units of 
conglomerate are 100-200 ft (30-60 m) thick, but most are 
20-30 ft (6-9 m) thick. Stratigraphically higher parts of most
of the formation are poorly exposed or concealed, but,
where observed, they are easily eroded, coarse-grained feld
spathic sandstones and red to greenish-gray shales.

Northward from a little south of La Canada <lei Guajalote 
the lower part of the Sangre de Cristo Formation is a zone of 
ridge-forming, reddish-pink to purplish-pink feldspathic 
and arkosic conglomeratic sandstones interbedded with red, 
green, and gray shales. This lower zone distinctly thickens 
northward from the vicinity of La Canada del Guaja1ote, and 
it may be older than the lower part of the Sangre de Cristo at 
Rito Cebolla (Fig. 68). At Mora River (loc. 3, Fig. 69) the con
glomerates of the lower zone contain shaly sandstone, thin 
shales, and a few thin nodular, nonmarine limestones. The 
lower zone is about 700 ft (215 m) thick, and is overlain by 
more easily eroded arkosic sandstones and red shales that 
constitute the main bulk of the Sangre de Cristo Formation. 
Some units of conglomeratic sandstone in the lower zone are 
130-190 ft (40-60 m) thick. The lower zone appears to persist
northward to the edge of the mapped area of this report. As
discussed previously, the nonmarine rocks of the zone, or
most of it, may be the same age (Virgilian?) as the upper
most part of the Alamitos Formation in the Manuelitas River
area.

From Canon Bonito northward past the north edge of the 
area of this report, the uppermost part of the Sangre de 
Cristo Formation is a persistent zone of highly crossbedded 
very coarse grained to conglomeratic sandstones that exhib
it scour-and-fill structures (Fig. 69; Plate 3). Thin red and 
green shale interbeds occur. The sandstones are feldspathic 
but, at places, only moderately so. A distinctive characteris
tic of the sandstones is that they contain abundant lenses of 
well-rounded siliceous pebbles that are 1-4 inches 
(2.5-10 cm) in longest dimension. The pebbles characteristi
cally are resinous-appearing, yellow, greenish-gray, gray
ish-purple, brownish-gray, and dark-gray quartz and 
quartzite. Some white vein-quartz pebbles occur also, and a 
few chert pebbles were observed at places. Some of the peb
bles are nearly spherical; others are egg-shaped to discoid. 
The degree of roundness contrasts sharply with that of most 
of the pebbles in the underlying parts of the Sangre de 
Cristo. 

The persistence of the zone of well-rounded siliceous 
pebbles was established during mapping (Baltz and O'Neill, 
1984, 1986), but it is mainly poorly exposed, and its thickness 
was determined at only a few places. At Canon Bonito and 
Sanguijuela Arroyo it is 30-90 ft (9-27 m) thick. Good expo
sures of the zone occur a short distance south of Rito 
Cebolla, but its thickness was not measured. At Mora River 
the zone is about 170 ft (52 m) thick. The zone probably cor
relates with parts of the "variegated sandstone" and "con-

glomeratic sandstone" units of Tschanz et al. (1958, 
p. 350-353) near the top of the Sangre de Cristo near Los
Cisneros north of the area of this report, and the zone is
about 270 ft (82 m) thick there (Plate 3). The zone is similar
to the gravelly "valley fill" unit described by Brown (1984,
p. 120) that, east of Los Cisneros, is about 40 ft (12 m) thick
and constitutes the highest part of the Sangre de Cristo
Formation there.

In the mapped area of this report the zone of well-round
ed siliceous pebbles locally is overlain directly by fine- to 
medium-grained, well-sorted, brick-red sandstone of the 
Yeso Formation, but at other places a few beds of red shale 
and thin, coarse-grained, feldspathic sandstones intervene. 
On the basis of stratigraphic position, the zone in the north
ern part of the area probably correlates with part of the 
upper beds of the Sangre de Cristo in the southern part of 
the area. However, in the southern part of the area, distinc
tive, large, rounded, siliceous pebbles in the upper part of 
the formation were observed only just south of Montezuma 
and at a few places northeast of Tecolote. A conglomerate of 
large, well-rounded, siliceous pebbles occurs west of Tres 
Hermanos Creek in the SE¼SW¼ sec. 9 T14N RISE (USGS 
Villanueva quadrangle). This conglomerate is in the upper 
part of the Sangre de Cristo, but not in the uppermost part; 
therefore, its correlation is uncertain, and it may be a local 
facies. 

In the subsurface northeast of Mora, the lithology of the 
Sangre de Cristo Formation generally is similar to that at 
outcrops from Mora River north (Plate 3). However, the pro
portion of thick sandstones in the lower 700 ft (215 m) seems 
to decrease northeastward in the subsurface as well as 
northward along outcrops. Also, the sandstones in this 
lower interval in the subsurface seem not to be as coarse 
grained as the pebbly conglomerates at Mora River. Gypsum 
occurs in well samples from the lower interval, but gypsum 
was not seen anywhere at the surface. The zone of siliceous 
pebbles at the top of the Sangre de Cristo was recognized in 
samples from the Amoco "B" no. 1 Salman Ranch well. 

Contact with overlying rocks 
The Sangre de Cristo Formation is overlain with probable 

structural conformity by the Yeso Formation of Leonardian 
age. The fine- to medium-grain size and relatively good sort
ing of the sandstones, and the generally parallel bedding of 
the sandstones, siltstones, and shales of the Yeso suggest 
that it was deposited in an offshore, shallow marine envi
ronment. Thin dolomite and limestone beds occur in the for
mation throughout the area but are most common in the 
southern part. Dolomite and relatively thick gypsum occur 
in the Yeso in the southern part of the Las Vegas Basin at the 
Continental Oil Co. no. 1 Leatherwood-Reed well. No fos
sils have been reported in the Yeso in this part of New 
Mexico that would confirm a marine origin but, in central 
and southeastern New Mexico, the formation is marine. 
Most investigators have assumed that the contact of the 
Sangre de Cristo and Yeso is gradational or intertonguing, 
but little direct evidence of intertonguing has been given in 
the literature. Many outcrops show an abrupt transition, 
through several feet, from coarse-grained pebbly feldspathic 
sandstone of the Sangre de Cristo into fine- to med
ium-grained arkose and siltstone of the Yeso, but thin lenses 
of coarse sandstone in the basal part of the Yeso at places 
might indicate some interfingering of the two formations. 
However, in places, such as at Mora River, the contact is 
sharp and slightly undulatory, suggesting a disconformity. 

Exposures of the lower part of the Yeso on the west bank 
of Tecolote Creek at Tecolote reveal bedding structures that 
probably represent a littoral or shallow-water offshore envi
ronment. The Yeso lies on very coarse grained, pebbly sand-



stone that is the top of the Sangre de Cristo. The basal part 
of the Yeso, about 25 ft (7.6 m) thick, is gray sandstone that 
weathers brown. The clasts are well-sorted, coarse, angular 
to subangular quartz. Bedding is subparallel, and the beds 
are cross-laminated. The upper part contains fossil burrows. 
This basal sandstone is overlain by about 30 ft (9 m) of red, 
medium-grained, highly crossbedded sandstone that con
tains thin red shale laminae and a few scattered rounded 
pebbles of red clay shale. The beds are mainly 1-6 inch 
(2.5-15 cm) thick and occur in inclined concave-upward sets 
that are as much as 4 ft (1.2 m) high. Sets of beds truncate 
other sets and dip in opposing directions. The overall lithol
ogy and bedding structure suggests a bar deposit or tide
dominated sand ridge, such as those described by Johnson 
(1979, p. 235-236). The crossbedded sandstone is overlain 
disconformably by a tan, but red-weathering, coarse
grained, well-sorted sandstone that is subparallel bedded 
and cross-laminated. The beds are 3-4 ft (0.9-1.2 m) thick. 
The sandstone is about 20 ft (6 m) thick and thins slightly 
northward in the outcrop. These rocks are overlain by more 
characteristic brick-red, fine- to medium-grained, parallel
bedded sandstone and shale of the main part of the Yeso 
Formation. 

The deposits at the base of the Yeso Formation near 
Tecolote may represent beach or strandline deposits of a 
briefly static or slightly oscillatory transgressing sea, which 
would seem to be a necessary condition if marine rocks of 
the Yeso intertongue with nonmarine rocks of the Sangre de 
Cristo. However, we did not observe rocks of this kind else
where at the base of the Yeso. The thin, vertically transition
al deposits and disconformities that occur at many places 
suggest that the Yeso sea transgressed rapidly northward 
across most of the area, slightly reworking the uppermost 
part of the Sangre de Cristo. However, the hiatus at the con
tact may be small. 

The Yeso Formation is seen overlying the Sangre de 
Cristo Formation at poor exposures along the east front of 
the mountains as far north as Lucero (USGS Lucero quad
rangle) north of the mapped area of this report, but rocks 
lithologically similar to the Yeso are not present at the better 
exposures several miles north of Lucero. There, rocks 
assigned to the Sangre de Cristo are overlain directly by the 
Lower Permian Glorieta Sandstone that lies on the Yeso far
ther south. May et al. (1977, p. 5) wrote that they had traced 
the Yeso Formation northward as far as Guadalupita, but 
they did not describe its lithology in that area nor did they 
elaborate on their identification of the formation. 
Presumably, they correlated the Yeso with part of the upper 
"conglomeratic sandstone unit" of the Sangre de Cristo of 
Tschanz et al. (1958, p. 353). 

Several writers including Bachman (1953), Baltz and 
Bachman (1956, p. 101) and Baltz (1965, fig. 6) suggested that 
the Yeso disappears northward by gradation into the upper 
part of the Sangre de Cristo, but this suggestion was not 
based on detailed tracing because of a general lack of expo
sures north of Lucero. Some of the rocks north of Lucero that 
were assigned to the "conglomeratic sandstone unit" at the 
top of the Sangre de Cristo near Los Cisneros by Tschanz et 
al. (1958) might be beach or nearshore deposits, as they sug
gested, although some of the rocks contain clasts as large as 
pebbles. Brown (1984, p. 116, 120) also has interpreted the 
upper 100 ft (30 m), approximately, of the Sangre de Cristo 
near Los Cisneros as consisting of transgressive marine(?) 
sandstone enclosed by gravelly valley-fill deposits that 
resulted from a rapid rise in sea level prior to deposition of 
the overlying marine Glorieta Sandstone. Possibly, the sand
stone is equivalent to the Yeso, but we note that both the 
upper and lower gravel near Los Cisneros (Joe. 4, Plate 3) are 
similar to the widespread zone of well-rounded siliceous 

133 

pebbles at the top of the Sangre de Cristo at the Amoco no. 1 
"B" well (Plate 3) and in the mapped area of the present 
report where the Yeso Formation intervenes between the 
gravelly upper part of the Sangre de Cristo and the Glorieta 
Sandstone. Therefore, it is possible that the Yeso disappears 
northward by depositional wedgeout or because of discon
formity with the overlying Glorieta, rather than by grading 
into the upper part of the Sangre de Cristo. Additional work 
will be necessary to establish the relation of the Yeso of the 
area of this report to the rocks at the top of the Sangre de 
Cristo near Los Cisneros. 

Age and fossils 

In most of the southeastern part of the Sangre de Cristo 
Mountains the Sangre de Cristo Formation is Early Permian 
(Wolfcampian) age. No fossils were found in the Sangre de 
Cristo south of Sapello River. However, south of Gallinas 
Creek, it is no older than Wolfcampian because early 
Wolfcampian fusulinids occur in the upper part of the sub
jacent Alamitos Formation at several localities as far south as 
the vicinity of Ojitos Frios. To the southwest, Late 
Pennsylvanian (late Virgilian) fusulinids occur near the top 
of the Alamitos northwest of San Juan and just east of Rowe, 
indicating that the disconformably overlying lower part of 
the Sangre de Cristo probably is Permian. 

Throughout the entire mapped area of this report the 
Yeso Formation of Early Permian (Leonardian) age lies on 
the Sangre de Cristo. Fossils have not been reported from the 
Yeso in the Sangre de Cristo Mountains, but it is dated as 
Leonardian by Jithologic correlation and mapping to its type 
locality northeast of Socorro, New Mexico (Read et al., 1944; 
Dane and Bachman, 1965); thence, to the Leonardian Series 
of the Delaware Basin of southeastern New Mexico 
(Needham and Bates, 1943, p. 1661; Skinner, 1946, p. 1866; 
Hayes, 1964, p. 12, 17; Dane and Bachman, 1965; Harbour, 
1970). 

From GaUinas Creek northward to at least Manuelitas 
Creek the Sangre de Cristo Formation probably is entirely 
Permian because it lies on rocks of the uppermost part of the 
Alamitos whose megafossils (collection. 27501-PC) from 
west of Sapello are of Late Pennsylvanian (probably 
Virgilian) age. About 0.8 mi (1.3 km) west of Sapello (Joe. 
BM7701, Baltz and O'Neill, 1986) marine fossils were found 
in a feldspathic, limy sandstone in the lower part of the 
rocks that were assigned to the Sangre de Cristo Formation. 
Although the fossils are poorly preserved, they appear to be 
indigenous and not reworked. This is the only place in the 
area of this report where marine fossils were found in the 
rocks assigned to the Sangre de Cristo. The fossils disappear 
abruptly north of the collecting locality, and the sandstone 
wedges out or becomes indistinguishable from other sand
stones assigned to the lower part of the Sangre de Cristo. To 
the south the fossiliferous sandstone passes under alluvium 
in the valley of Sapello River and was not recognized farther 
south. Because of its restricted occurrence, this sandstone is 
not a useful datum for separating the Alamitos from the 
Sangre de Cristo, and the contact here is placed stratigraph
ically lower at the top of fossiliferous greenish-gray shale 
and limestone of the Alamitos that is overlain by conglom
eratic, arkosic sandstone, red marly shale, and locally pre
sent unfossiliferous, thin nodular to bedded limestone 
assigned to the lower part of the Sangre de Cristo. 

E. L. Yochelson (written comm., 1978) examined fossils
we collected from the sandstone west of Sapello, but he was 
unsuccessful in extricating the fossils from the extremely 
hard matrix. He reported that the pelecypods might be 
Schizodus sp. or Permophorus sp., but that naming them from 
cross sections only is not satisfactory. A bellerophontacean 
gastropod, possibly Bellerophon, is present also. Yochelson 
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commented that the fossils provide no evidence as to age, 
other than being of the kind that mjght be expected in the 
Wolfcampian. If the fossils are Permian, they are in rocks 
that were deposited probably during a rapid and short-lived 
northward transgression of the last stage of the earliest 
Permian (uppermost part of the Alamitos) sea of the south
ern part of the area. lf so, the deposits represent the north
ernmost evidence of that sea. 

In the northern part of the area, from Rito Cebolla north, 
the Sangre de Cristo is assigned a Permian and 
Pennsylvanian(?) age on Plate 1. This assignment is based on 
a sample containing palynomorphs that was collected about 
500 ft (150 m) stratigraphically above the base of the zone of 
ridge-forming purplish-pink arkoses of the lower part of the 
Sangre de Cristo at Mora River (Joe. 3, Fig. 69). The sample 
was collected from a thin carbonaceous shale and siltstone in 
massive arkoses at a roadcut on New Mexico Highway 518 
on the north side of Mora River about 2,500 ft (0.75 km) east 
of St. Joseph Church (Fig. 89). According to R. M. Kosanke 
(written comm., 1980, 1981) the sample contained the fol
lowing forms 

Convolutispora sp. 
Cyclogranisporites sp. 
(?)Densosporites (fragment of D. annulatus type) 
Illinites cf. 1. unicus 
lAevigatosporites crassus 
lAevigatosporites cf. L. medius 
Pityosporites sp. 
Punctatisporites sp. 
Raistrickia sp. 
Triquitrites sp. 
According to Kosanke, the evidence from this meager 

assemblage is not conclusive as to age because these paly
nomorphs occur elsewhere in both Pennsylvanian and 
Permian strata. However, assemblages of saccate forms typ
ical of the Wolfcampian are absent, and the sample probably 
is Late Pennsylvanian, based on the presence of lllinites cf. l. 
unicus and the heavy-walled lAevigatosporites crassus. If this 
is the case, these rocks could be Virgilian, based on their 
stratigraphic position above the underlying highest marine 
rocks of the Alamitos Formation that contain probable 
Missourian megafossils at Mora River. This collection of 
palynomorphs is the only paleontologic data known to us 
that suggests Pennsylvanian age of part of the Sangre de 
Cristo in the area of this report. 

The only other paleontologic evidence known to us con
cerning the age of rocks we assign to the lower part of the 
Sangre de Cristo Formation in this part of the mountains is 
a small collection of fossil leaves (Fig. 70) from the lower 
part of the formation in hogback ridges just south of the 
water gap of Coyote Creek south of Guadalupita, and about 
6.5 mi (10.5 km) north of the area of this report. This collec
tion, obtained from an abandoned copper prospect by Zeller 
and Baltz (1954, p. 3), is from above the stratigraphically 
highest marine limestone, which the present writers assign 
to the Alamitos Formation. The position of the fossil-plant col
lection, relative to the base of the Sangre de Cristo in the map
ped area of the present report (Plate 1), is not known with cer
tainty, but the collection probably is within several hundred 
feet of the base, south of Guadalupita, depending on inter
pretations of faults just west of the collecting locality. 

This fossil-plant collection was reported by S. H. Mamay 
(written comm., 1981) to contain three recognizable 
genera-Walchia, Taeniopteris, and Neuropteris. According to 
Mamay, the Walchia is confidently referred to W. piniformis 
(Schlotheim) Sternberg. There may be two species of 
Neuropteris; one specimen is a small-pinnuled form that may 
be related to N. rarinervis. The Taeniopteris is represented by 
several small fragments whose veination suggests T. mu/tin-

ervia Weiss, but more complete specimens would be neces
sary to confirm this assessment. Another fragment suggests 
the genus CaHipteris, but Mamay wrote that he must strin
gently qualify this last interpretation, " .. .lest the very 
appearance of the name Callipteris here unduly flavor possi
ble future applications of the content of this report." 

On the basis of the limited taxonomic determinations 
permitted by this collection, Mamay reported that the 
enclosing rocks could be either Late Pennsylvanian or Early 
Permian age. He noted, however, that the flora is similar to 
that of the Early Permian flora of the Abo Formation from 
the Spanish Queen Mine in the Jemez Mountains of north
central New Mexico that is iliscussed by Read and Mamay 
(1964, p. K-12, K-13). Mamay wrote, "Without any knowl
edge of the Spanish Queen flora, I think I would have called 
your collection Wolfcampian with a certain amount of reser
vation. However, the similarities between it and the Spamsh 
Queen material contribute to what I regard as a very strong 
case for Permian age for your material." Therefore, the main 
bulk of the (restricted, nonmarine) Sangre de Cristo, which 
is about 2,900 ft (880 m) thick south of Guadalupita, proba
bly is Permian; its lower part, below the position of the plant 
fossils, might be Late Pennsylvanian or Permian age. 

Paleotectonic and sedimentational interpretations 
The Sangre de Cristo Formation in the southeastern part 

of the mountains was deposited in a nonmarine environ
ment except for the estuarine(?) sandstone near Sapello that 
may represent a short-lived northward incursion of the shal
low early Wolfcampian sea of the southern part of the area. 
The initial tectonic-depositional events of Late Pennsylvan
ian and early Wolfcampian time were similar to and a con
tinuation of those of the Alamitos Formation, with intrabasi
nal uplifts supplying sediments to adjacent local basins. 
Later Wolfcampian events differed because of regional 
depression of basina1 areas and pronounced rise of the major 
sediment-shedding uplifts (Fig. 4) that caused intrabasinal 
uplifts to be buried by sediments derived from outside the 
area. However, the intrabasinal uplifts continued to be struc
turally active during regional depression of the Pecos shelf 
and the Taos and Rainsville troughs and controlled the local 
thickness of accumulating seiliments of the Sangre de Cristo 
so that the formation thickens northward from the Tecolote 
uplift and the southwestern part of the Sierra Grande uplift 
and the formation also thickens southwestward from the 
Bernal uplift into the San Jose Basin. By late Wolfcampian 
time the basin containing the Pecos shelf and the Taos and 
Rainsville troughs was filled with sediments of the Sangre 
de Cristo Formation, and even the Precambrian rocks of the 
basin-marginal main part of the Sierra Grande uplift were 
overlapped by thin deposits. This completed the orogenic 
cycle that began in this region in Early Pennsylvanian 
(Morrowan) time. Deposition of the marine Yeso Formation 
and younger Leonardian marine rocks followed more uni
form regional patterns (Foster et al., 1972, p. 11-12) that 
reflect broad epeirogenic movements or eustatic sea-level 
changes, or both. There is, however, a suggestion from the 
stratigraphic sections of Northrop et al. (1946) that the older 
tectonic features of the southern part of the area influenced 
small thickness variations of the Yeso Formation. 

In Late Pennsylvanian time, the sediments of the zone of 
purplish-pink feldspathic and arkosic conglomerates of the 
lower part of the Sangre de Cristo Formation north of Rito 
Cebolla were deposited mainly as medial parts of subaerial 
fans that prograded eastward and northeastward into the 
subsiding Rainsville trough. The sources of the sediments 
were Precambrian rocks in the rising southern part of the El 
Oro-Rincon uplift (Plate 4D; Fig. 27). In the Rainsville 
trough the arkoses are finer grained and are interbedded 
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FIGURE 70-P.lant fos il from lower part of Sangre de Cristo Formation. Collected from silty claystone in prospect pit in hogbacks just 
south of Coyote Cr k about 1.8 mi (2.9 km) southeast of Guadalupita (Zeller and Baltz, 1954, p. 3). W, Walchia piniformis leaves on small 
branches. 

with probable playa deposits of red and green shale, lime
stone, and some gypsum or anhydrite of the lower 
700-800 ft (215-245 m) of the Sangre de Cristo at the Amoco
wells (Plate 3). To the north, at Los Cisneros (Joe. 4, Plate 3),
the lower 800-900 ft (245-275 m) of the Sangre de Cristo con
sists of red, green, and some black carbonaceous shale that
contains arkosic sandstone and conglomerates and numer
ous nonmarine, thin, nodular and bedded limestones. These
rocks (transition unit of Tschanz et al., 1953; coastal-plain
unit of Brown, 1984) are distal-fan floodplain, paludal, and
lacustrine deposits also of the structurally deep part of the
Rainsville trough.

The tectonic-depositional conditions of the lower part of 
the Sangre de Cristo to the north were a nonmarine continu-

ation of the conditions postulated for the Alamitos 
Formation in that area (Fig. 27). On a regional basis, the tec
tonic activity is consistent also with conditions to the south 
where Upper Pennsylvanian rocks are absent from the intra
basinal uplifts, but Upper Pennsylvanian rocks were 
deposited in the adjacent structural basins. 

In Late Pennsylvanian(?) time the Precambrian rocks of 
the El Oro-Rincon uplift could have been only local sedi
ment-source areas because presently, southwest of Black 
Lake, they plunge northward beneath Pennsylvanian rocks. 
At outcrops north of Black Lake the 1,100 ft (335 m) of rocks 
assigned to the lower part of the Sangre de Cristo (above the 
highest fossiliferous marine limestone) by May et al. (1977, 
Joe. 3, plate 1) are predominantly fine to very fine grained 
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sandstone and shale. At the True Oil Co. 21-25 Medina well 
driI Jed sou theast of Black Lake (Fig. 72), possibly equivalent 
rocks in the depth interval 2,650-3,250 ft, are logged as pre
dominantly shale that contains some limestone and some 
relatively thin, mainly fine- to medium-grained sandstones. 
Samples are not reported from several thick intervals of the 
overlying part of the Sangre de Cristo at this well , but the 
intervals sampled are mostly shale that contains some coarse 
arkose and fine- to medium-grained andstone. The north
ward and astward fining accords with the concept of a 
northward-plunging El Oro-Rincon uplift . Even if the rela
tively narrow El Oro-Rincon uplift was bordered by thrust 
fau l ts (Fig. 27) it is not likely that it was the main source of 
the great volume of elastics of the mainly Wolfcarnpian mid
dle and upper parts of the Sangre de Cristo that are on the 
order of 2,000 ft (600 m) thick in the northern part of the area 
and even thicker farther north. By analogy with the southern 
part of the area, thi intrabasinal uplift may have been 
buried in Wolfcampian time by sediments derived from 
basin-margin uplifts . 

The Cimarron arch (Fig. 4), about 25 mi (40 km) north of 
the area of this report, probably rose in Late Pennsylvanian 
and earl iest Permian time and later, because remnants of 
probable Mississippian and Pennsylvanian rocks are on its 
southern flank (Smith and Colpitts, 1980) . However, thin 
sections of both the Sangre de Cristo Formation and Triassic 
rocks lie on the Precambrian at various places on the arch 
(Robinson et al., 1 964, plate 5; Baltz, 1 965, p. 2049; Good
knight, 1976) . The Precambrian granite and metamorphic 
rock of the Cimarron arch might have been a source of 
some of the ediments of the Sangre de Cristo of the north
ern part of Rainsville trough, but the general northward and 
northeastward fining of much of the formation suggests i t  is 
floodplain deposits consisting mainly of reworked Early to 
Middle Pennsylvanian sediments eroded from the sou thern 
flank of the arch, rather than being predominantly first-cycle 
sediments. 

A more traditional interpretation would be that, as the 
general basinaJ area subsided in Early Permian time, fans 
and floodplain deposits were built eastward from the Brazos 
(Uncompahgre) uplift, fill ing the Taos trough segment of the 
basin (Sutherland, 1 963, p. 44) and lapping into and fil l ing 
the RainsviUe trough. The Sierra Grande uplift may have 
contributed sediments from the east, also (Roberts et a l . , 
1 976, p. 1 43--144). However, present data, surface and sub
surface, are not adequate to determine the relative impor
tance of the Brazos, Cimarron, and Sierra Grande uplifts as 
contributors of the sediments of the Sangre de Cristo in the 
Rainsville trough. 

To the south, on the west side of the Paleozoic Manuelitas 
saddle and in the northern part of the San Geronimo Basin, 
the lower, probably Wolfcampian, part of the Sangre de 
Cristo contains thick, feldspathic to arkosic, conglomeratic 
sandstones and sorn interbedded red shales that represent 
medial parts of fans. The coarseness, relative angularity of 
clasts, and the freshness of feldspars in the sandstones sug
gest that Precambrian granite and metamorphic rocks of the 
eastern part of the Hermit Peak uplift were their source. The 
fans prograded eastward and northeastward into shalier 
floodplain deposits of the Manuelitas saddle and prograded 
southward into the northern part of the San Geronimo Basin. 
The Early Permian tectonic setting was a continuation of the 
intermittent uplift of the Hermit Peak block and the con
comitant downwarping of the Rociada Basin that occurred 
in La te Pennsylvanian time during deposi tion of the 
Alamitos Formation . Only the lower part of the Sangre de 
Cristo is preserved in this part of the area; therefore, the 
record of later Wolfcampian events is lost to Cenozoic ero
sion. 

In the eastern part of the Paleozoic Manuelitas saddle, the 
northward intraformational thickening of the Sangre de 
Cristo shows that there was differential subsidence b tween 
the saddle and the Tecolote uplift in Wolfcampian time, but 
the northern part of the uplift could not have been a source 
of first-cycle sediments. The Sangre de Cristo here is mainly 
floodplain deposi ts that contain distal parts of alluvial fans 
and some lacustrine limestones similar to those near Canon 
Bonito ( Joe. 2, Fig. 69) on the north flank of the Tecolote 
uplift. Pebbles of quartzite occur in coarse-grained feld
spathic to arkosic sandstones in the eastern part of the ad
dle, but the overall grain size of these rocks seem to be 
smaller than in some beds to the we t near Hermit Peak. 
Possibly, some of the sediments of the lower part of the for
mation in the eastern part of the saddle were derived from 
Hermit Peak, but a primary source was the rising Sierra 
Grande uplift to the southeast . The northern part of the 
Tecolote uplift probably was buried by the Sangre de Cristo, 
as was the southern part. 

To the south, in the western part of the San Geronimo 
Basin where the Sangre de Cristo Formation l ies uncon
formabl y on the Porvenir Forma tion near Falls Creek and 
Santillanes Creek, the lower part of the Sangre de Cristo con
tains thick feldspathic to arkosic pebble conglomerates that 
probably are medial and distal parts of fan that thin south
eastward into a shaly facies of the lower part at Dead Hor e 
Canyon (Joe. N, Fig. 58 ) .  This suggests that in early 
Wolfcampian time a source of Precambrian rocks was the 
nearby northern part of the Bernal uplift. Migmatized meta
morphic rocks containing granitic pegmatites in the struc
tural block west of the Cenozoic Blue Canyon fault (Plate 1 )  
may have been this source. South of Dead Horse Canyon at 
San Pablo Creek, the lower part of the Sangre de Cristo again 
contains thick arkos s tha t  may have b en derived from 
Precambrian granite west of the Cenozoic El Barro fault. 
Farther south (Joe. 1 ,  Fig. 58) thin conglomerate at the base 
of a mainly shaly facies of the lower part of the Sangre de 
Cristo contains limestone pebbles and boulders derived 
from the Porvenir Formation of the southern part of the 
Bernal uplift. 

In the southeastern part of the area, the lower half of the 
Sangre de Cristo Formation on the Tecolote uplift (Joe. 1 ,  
Fig. 69) and i n  the adjacent eastern part o f  the San Geronimo 
Basin is mainly siltstone and shale that contains bedded and 
nodular limestone. They were deposited on flood plains and 
in ephemeral lakes. Stream deposits of thin, feldspathic to 
arkosic sandstones and pebble conglomerates were derived 
from Precambrian rocks of the sou thern part of the Tecolote 
upli ft. Some of the sediment of the lower part of the Sangre 
de Cristo in the southern part of the area is second-cycle and 
reworked from the Alamitos Formation and the Porvenir 
Formation on the flanks of the Tecolote uplift, as is indicat
ed by limestone pebbles and calcar ous sil tstone pebbles in 
the basal sandstone and overlying beds of the Sangre de 
Cristo sou th of Oji tos Frios (sec. M, Fig. 59). 

In the Las Vegas Basin, at the Continental no. l 
Leatherwood-Reed well, the Sangre de Cristo Formation 
contains conglomeratic, feldspathic sandstone near the 
base and near the top and l ies on a thin section of the 
Alamitos Formation. At the Phillips no. 1 Leatherwood well 
the thin Sangre de Cristo also contains conglomeratic arkose 
and lies on Precambrian rocks. The stratigraphic relations 
between these wells (Fig. 1 8) are similar to those at the sur
face on the Tecolote uplift . Isopachs (Plate 4) sugge t that a 
northwest-plunging anticline, probably the southwestern 
part of the Sierra Grande uplift, was active tectonically dur
ing deposition of the Sangre de Cristo. This part of the Sierra 
Grande uplift shed first-cycle elastics to the north and west, 
eventually burying the Tecolote uplift. The first-cycle sedi-



ments probably were derived by successive episodes of 
uplift and pedimentation of Precambrian rocks of the Sierra 
Grande uplift, whereby southward-thinning parts of the 
Sangre de Cristo eventually began to lap back onto the ear
lier-eroded areas. Stream-channel and floodplain deposits of 
the middle part of the Sangre de Cristo Formation that bUiy 
the southern part of the Bernal uplift and thicken into the 
San Geronimo and San Jose Basins, probably were derived 
mainly from the Sierra Grande uplift during the postulated 
pedimentation events. 

The youngest part of the Sangre de Cristo Formation 
buries the Precambrian rocks of the Sierra Grande uplift 
southeast of Las Vegas (Plate 4). Foster et al. (1972, fig. 6) 
indicated by isopachs that the uplift east and northeast of 
Las Vegas also was bUiied completely by a veneer of the 
Sangre de Cristo, but Roberts et al. (1976, fig. 6) indicated 
that a broad area of the uplift east and northeast of Las Vegas 
was not overlapped by Wolfcampian rocks and, therefore, it 
might have continued to supply some first-cycle sediments 
to the area of this report until the end of Wolfcampian time. 
The zone of "board-bedded" fluviatile sandstones of the 
upper part of the Sangre de Cristo in the southern part of the 
area persists westward at the surface across the San Jose 
Basin and probably as far west as the Lamy--Cafioncito area 
where a thin section of the Sangre de Cristo lies on the 
Paleozoic Cafiondto uplift (Fig. 4). It seems likely that much 
of the sediment of this upper part of the Sangre de Cristo 
was derived from westerly sources in the Brazos 
(Uncompahgre) uplift and perhaps even from the Paleozoic 
Pedernal uplift. The Pedernal uplift was active in 
Pennsylvanian and Early Permian time, and the Yeso 
Formation laps onto Precambrian rocks (Kottlowski, 1961, 
p. 101-102).

The zone of well-rounded siliceous pebbles at the top of
the Sangre de Cristo Formation in the northern part of the 
area probably represents the deposits of a major river system 
or its basinal distributaries. The provenance of the pebbles is 
not known, but abundant clasts of quartzite and other meta
morphic rocks indicate that the major sources were 
Precambrian rocks. Common chert pebbles and a few lime
stone pebbles indicate that Paleozoic rocks also were 
sources. A general northward increase of pebble sizes sug
gests northerly soUices. Near Los Cisneros the size of well
rounded clasts ranges up to cobbles about 8 inches (20 cm) 
across. 

Float blocks of similar conglomerate occUI on the upper 
part of the Sangre de Cristo Formation at the Angel Fire ski 
course south of Eagle Nest. We did not determine the origi
nal stratigraphic position of these blocks, but their lithology 
suggests correlation with the zone of well-rounded pebbles 
to the south. 

Summary of depositional history and paleotectonics 
In early Paleozoic time, much of northern New Mexico 

and south-central Colorado was a structurally low, positive 
area on which sedimentary rocks older than Devonian or 
Mississippian probably were not deposited. This positive 
area was a part of the Transcontinental arch of King (1951). 
Structurally complex Precambrian crystalline rocks were 
beveled by a sUiface of very low relief that was cut mainly 
in late Precambrian and that was modified, probably only 
slightly, by uplift, weathering, and erosion in early 
Paleozoic. 

In northern New Mexico, the oldest sedimentary rocks on 
the positive area are the shallow-marine, sandy carbonates 
of the Mississippian Arroyo Pefiasco Group, which is as 
much as 110 ft (34 m) thick in the area of this report. A basal 
conglomera tic sandstone and other quartz sand were 
derived, probably by wave action, from low quartzite hills 
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on the pre-Mississippian surface. Widespread unconformi
ties within and at the top of the Arroyo Pefiasco indicate that 
the positive area was slightly emergent at times during 
Mississippian and earliest Pennsylvanian because of gentle 
epeirogeny or eustatic sea-level changes. Mississippian 
structUial activity in the area of this report was negligible, 
although the Arroyo Pefiasco thins internally on or adjacent 
to some places that became Pennsylvanian and Early 
Permian uplifts. 

From Early Pennsylvanian (Morrowan) through Early 
Permian (Wolfcampian), part of the early Paleozoic positive 
area in north-central New Mexico was warped and locally 
faulted down to form basins, whereas other parts became 
sediment-shedding uplifts of the Ancestral Rocky 
Mountains. The area of this report included, on the south the 
tectonically unstable Pecos shelf and on the north the deep 
Rainsville trough. The area also included the southwestern 
part of the ancestral Sierra Grande uplift that flanked the 
Rainsville trough to the east. The upper Paleozoic rocks are 
locally only 300 ft (90 m) thick on the southern part of the 
Pecos shelf, but they are about 10,000 ft (3,050 m) thick in the 
Rainsville trough 25 mi (40 km) to the north, indicating the 
magnitude of structural relief. The Pennsylvanian and Early 
Permian structures of the report area are shown in Figure 71. 

Northwesterly and northerly trending anticlinal uplifts 
and synclines on the shelf south of Sapello and Hermit Peak 
began to develop in Morrowan and Atokan, were slightly 
active in early and middle Desmoinesian, and were recur
rently active from late Desmoinesian until near the end of 
Wolfcampian time. The developing structures controlled the 
thicknesses and the fades of coastal-plain, marine-carbonate 
shelf, and alluvial sediments deposited there. Pennsylvanian 
rocks are absent from the southern part of the Tecolote uplift 
where the Permian is only about 300 ft (90 m) thick, but in 
the southern part of the San Geronimo Basin Morrowan 
through Wolfcampian rocks are about 1,900 ft (580 m) thick. 
To the north in this basin Pennsylvanian rocks alone are 
more than 2,000 ft (600 m) thick where only the basal part of 
the Permian is preserved. 

The Sierra Grande uplift was recurrently active from 
Morrowan through most of Wolfcampian and its 
Precambrian metamorphic and igneous rocks probably were 
sources of much of the elastic sediments of the entire area. 
Some of the finer grained elastics of the Pecos shelf may 
have been derived from the Pedernal uplift to the southwest 
and the Brazos uplift on the west (Fig. 4), but the intrabasi
nal uplifts of the shelf were emergent at times and restricted 
the transportation of sediments from these more distant 
basin-marginal uplifts. At times the Precambrian cores of 
parts of the intrabasinal uplifts were structurally high 
enough to be local sources of coarse elastics. 

Where the Tecolote uplift plunged north, the southern 
shelf merged into the structurally lower Manuelitas saddle 
and into the north-plunging Rociada Basin (Fig. 71). 
Morrowan through Wolfcampian rocks of the Manuelitas 
saddle are about 5,000 ft (1,500 m) thick and probably were 
thicker in the Rodada Basin where preserved Morrowan 
and Atokan rocks alone are more than 2,000 ft (600 m) thick. 
West of the area of Figure 71 the Rociada Basin was bound
ed by part of the Pecos shelf (Fig. 4) where Morrowan and 
Atokan rocks are about 400 ft (120 m) thick and lower and 
middle Desmoinesian rocks are about 900 ft (275 m) thick 
(Sutherland, 1963, fig. 10). North of the area, the Rodada 
Basin merged, around the north end of the Pecos shelf, into 
the Taos trough where Morrowan through middle 
Desmoinesian rocks are at least 5,700 ft (1,700 m) thick, 
(Sutherland, 1963), but younger rocks are not preserved. 

As the Pennsylvanian and Permian rocks thicken into the 
Rodada Basin and onto the Manuelitas saddle their fades 



138 

105°30' 
36°00' 

105° 15' 

35°45'

History of area west of Gascon fault (Plate 1) not known. 
Area probably was uplifted moderately, or did not subside 
as much as the Rociada Basin, in early Sandia time. 

5 mi 

0 5km 

105°00' 
EXPLANATION 

◄<'---it--? Anticline-Showing crestline and direction
of plunge. Query indicates extent unknown 

◄<---+l--? Asymmetric anticline-Showing crestline 
and direction of plunge. Short arrow indi
cates steepest limb; long arrow indicates 
gently dipping limb. Query indicates extent 
unknown 

-+-? Anticlinal bend-Showing axis and steep
est limb. Dashes and queries indicate pos
sible location 

◄<---<f--? Syncline-Showing troughline and direction
of plunge. Query indicates extent unknown 

◄<� ..... +�-? Asymmetric syncline-Showing troughline 
and direction of plunge. Short arrow indi
cates steepest limb; long arrow indicates 
gently dipping limb. Query indicates extent 
unknown 

• ·--? Cenozoic reverse fault inferred to have 
been active during parts of Pennsylva
nian and Early Permian time-Block on 
upthrown side. Query indicates doubt. Ar
row indicates strike-slip di rection 

Area known or inferred to have supplied 
sediments eroded from Precambrian 
rocks during parts of Pennsylvanian and 
Early Permian time-Queries indicate 
extent unknown 

1------1 Line of palinspastic cross sections 
(Figure 27) 

FIGURE 71-Paleotectonic diagram of outheastern part of Sangre de Cristo Mountains and adjacent part of La Vegas Ba in howing prin
cipal local geologic structure known and inferred to have developed in Pennsylvanian and arly Permian time. Fault that may have been 
active are shown without palin pa tic reconstruction. Present ea tern front of mountains shown for orientation 

change from those of the southern, Pecos shelf. The 
Morrowan through upper Desmoinesian rocks preserved in 
the Rociada Basin are mostly marine shale and thin lime
stone, but they contain fine-grained to conglomeratic sand
stone. The shale and part of the sandstone probably had 
sources in the Brazos and Sierra Grande uplifts, but some 
coarse elastics on the eastern margin of the Rociada Basin 
were derived from the El Oro-Rincon uplift. The mainly 
marine Morrowan through upper Desmoinesian rocks of the 
Manuelita saddle contain thick feldspathic conglomeratic 
sandstones also derived from the El Oro-Rincon uplift. The 
partly marine upper Desmoinesian through Virgilian rocks 
of the basin and saddle contain alluvial-fan deposits and 
other coarse, feldspathic elastics derived from the Hermit 
Peak and El Oro uplifts and probably the Sierra Grande 
uplift. Wolfcampian nonmarine rocks of the saddle are 
1,500-2,000 ft (460-610 m) thick and were derived partly 
from intrabasinal uplifts but mainly from multiple sources 
in the uplifts that bounded the main basins. 

North of the Manuelitas saddle Morrowan through 
Wolfcampian rocks thicken rapidly into the Rainsville 
trough where they are about 10,000 ft (3,050 m) thick. In 
Morrowan and early Atokan the Rainsville trough may have 
been coextensive with the Taos trough, and the mainly 
marine shale, limestone, and sandstone probably were 
derived mainly from the basin-margin uplifts to the west, 
north, and east (Fig. 4). Beginning in Atokan, and continuing 
until Wolfcampian, the El Oro-Rincon intrabasinal uplift 
was elevated episodically to separate most of the deep part 
of the earlier basin into the eastern Rainsville trough and the 
western Rociada Basin and Taos trough. Precambrian rocks 
of the eastern part of the El Oro-Rincon uplift shed fans of 
micaceous, feldspathic to arkosic elastics south onto the 
Manuelitas saddle and east into the Rainsville trough where 
they mingled with mixed marine-nonmarine sediments 
derived mainly from the Sierra Grande uplift to the east. The 
El Oro-Rincon uplift restricted Atokan sediment dispersal 
so that organic-rich shale was deposited west of the uplift in 



the eastern part of the Taos trough. In that area the shaly 
Atokan sediments were derived from the Brazos uplift and 
uplifts north of the Taos trough. In Wolfcampian, the El 
Oro-Rincon uplift probably was buried, as were the intra
basinal uplifts at the south, by nonmarine sediments derived 
from outside the area. 

Throughout Pennsylvanian time sedimentation was 
rapid enough to mainly keep up with subsidence of the shelf 
and major basins, as shown by repeated sequences of marine 
and nonmarine rocks. Despite repeated basin filling and 
repeated tectonic emergence of intrabasinal and basin-mar
gin uplifts, marine rocks of all the series of the 
Pennsylvanian and the lowest Permian (lower 
Wolfcampian) are present, indicating that connections were 
maintained with seas to the south and west. The seemingly 
rapid southward retreat of the earliest Wolfcampian sea 
across much of northern New Mexico may have been a 
result of epeirogeny or eustatic sea-level changes followed 
by nonmarine sedimentation in various basins that still were 
subsiding. By the end of Wolfcampian, the basins were filled 
and sediments had lapped back across parts of basin-margin 
uplifts as the orogenic cycle was completed. A rapid read
vance of the Leonardian (Yeso) sea back across northern 
New Mexico was a result of epeirogeny or eustatic sea-level 
change, or both. 

In the area of this report the Paleozoic intrabasinal uplifts 
have a right-stepping echelon pattern (Fig. 71). Isopachs and 
stratigraphic relations along the Bernal and Tecolote uplifts 
show that they were southwest-tilted, basement-cored 
blocks that had anticlinal culminations near their eastern 
margins and parallel asymmetric synclines on their eastern 
flanks. Depositional hiatuses marked by intraformational 
and interformational angular unconformities occur on the 
crests and hjgh on the flanks of the uplifts, but sedimenta
tion was nearly continuous in the deep parts of the flanking 
synclinal basins. The Hermit Peak and El Oro-Rincon uplifts 
have been modified greatly by Cenozoic tectonic activity, 
and Middle and Upper Pennsylvanian and Permian rocks 
have been eroded from their western flanks, precluding the 
determination of whether local angular unconformities once 
existed there. Nevertheless, their present west-tilted struc
tural configurations allow for that possibility, and both 
uplifts have northerly trending paleostructural and deposi
tional troughs on their eastern and western flanks. 

Paleozoic faulting seems necessary to have kept the 
Precambrian basement rocks of several uplifts shallow 
enough to recurrently supply sediments to the adjacent 
deeply subsided local basins. Palinspastic reconstruction 
suggests that the eastern flanks of these uplifts were broken 
by reverse faults (Fig. 27), but we are not able to distinguish 
possible Paleozoic faults from the Cenozoic faults, and it is 
likely that precursors of the Cenozoic Hermit Peak and El 
Oro faults, part of the Sapello fault (Plate 1), and unnamed 
faults at the east side of the present Rincon Range (Plate 2) 
were active in Paleozoic time. 
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The general geometry of the Paleozoic intrabasinal 
uplifts and synclines suggests they were produced by 
regional compression oriented northeasterly. The right-eche
lon pattern suggests coupling forces and local shallow to 
deep-seated, right-lateral shearing of basement rocks partly 
in response to transpression. 

A general correspondence between Paleozoic and 
Cenozoic (Laramide) anticlines and synclines is apparent 
(Plates 1, 4), especially in the southern half of the area, but 
the greater Cenozoic deformation has bridged gaps by fault
ing between the Paleozoic uplifts, and the Paleozoic syn
clines in the eastern part of the mountains and northeast of 
Hermit Peak were uplifted, tilted, and faulted. The 
Laramide compressional forces were oriented similarly to 
those of the Paleozoic and reactivated structural features at 
least as old as Pe1msylvanian. 

East of the mountains, subsurface data are too scanty for 
detailed comparisons of Paleozoic and Cenozoic structures, 
but the Cenozoic Las Vegas Basin coincides generally with 
the eastern part of the Paleozoic Basin. At least part of the 
Cenozoic Ocate anticline (Plate 2) in the northern part of the 
Las Vegas Basin seems to be situated on a low, 
Pennsylvanian intrabasinal anticline. 

The Precambrian basement south of Hermit Peak and 
Sapello seems to have been "welded", in Proterozoic time, 
into a tectonic unit that later deformed differently from the 
basement farther north. The Precambrian metamorphic 
rocks of the Paleozoic Bernal and Tecolote uplifts are folded 
sharply, migmatized, and intruded by granitic plutons, but 
these rocks are not known well enough to determine 
whether there is a direct relation of their local structure to 
Paleozoic and Cenozoic structure. This southern area of 
welded basement is the site of the relatively thin Paleozoic 
Pecos shelf facies and also has less Cenozoic structural relief 
than the northern part of the area. 

The Precambrian rocks of Hermit Peak are parts of an 
asymmetric east-verging anticline or dome whose east limb 
was the site of multiple plutonic intrusions ranging from 
ultra basic to granitic (Fig. 5). This area of Precambrian uplift 
and intrusion was rejuvenated along the west-dipping 
Hermit Peak fault in Paleozoic and Cenozoic times. 

North of Hermit Peak the Precambrian folds are more 
open and are less intruded by plutonic rocks. The 
Precambrian structure near Rociada probably is a north
westerly trending synclinal basin in the area of part of the 
Paleozoic Rociada Basin. The Precambrian El Oro anticline 
plunges north and south and has an overturned east limb 
similar to the Paleozoic and Cenozoic faulted anticlines of 
the same area. North of Mora, Precambrian rocks of the 
Rincon Range are folded into large, northerly trending, east
verging anticlines whose partly known axes generally paral
lel the Paleozoic El Oro-Rincon uplift and the Cenozoic 
faulted anticlines on the eastern margin of the mountains 
(Plate 2). 
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SPECULATIONS AND IMPLICATIONS FOR REGIONAL INTERPRETATION OF 
ANCESTRAL ROCKY MOUNTAINS PALEOTECTONICS 

By Elmer H. Baltz 

Figure 72 is a highly speculative isopach map of the 
mixed marine-nonmarine Pennsylvanian rocks of north-cen
tral New Mexico that integrates stratigraphic data and pale
otectonic features of the southeastern part of the Sangre de 
Cristo Mountains into a regional picture. The isopached 
interval includes also the thin (0-60 ft; 0-18 m) Lower 
Permian (lower Wolfcampian) marine rocks of the Alamitos 
Formation in the southeastern part of the Sangre de Cristo 
Mountains, but it excludes the nonmarine rocks of the lower 
part of the Sangre de Cristo Formation that may be Late 
Pennsylvanian (Virgilian) in the Rainsville trough. The 
excluded nonmarine rocks, as inferred from outcrops in the 
Mora River area, are 500-700 ft (150-215 m) thick. On the 
map, eroded parts of the Pennsylvanian rocks have been 
restored hypothetically in the high parts of the Sangre de 
Cristo Mountains, but palinspastic restorations were not 
made. 

Parts of Figure 72, especially to the north, present new 
possible paleotectonic interpretations that are highly specu
lative because Pennsylvanian lithostratigraphic and bios
tratigraphic units have not been mapped there, and the 
details of stratigraphic relations and structure are poorly 
understood. The new interpretations are hypotheses that 
may explain some problems of stratigraphy and paleotec
tonics and are offered to stimulate further investigations. 

Figures 4 and 72 show the Taos trough extending north
west of Taos into the area of a pronounced negative gravity 
anomaly in the Neogene San Luis Basin (Plate 2), and they 
show the Paleozoic uplift southwest of Taos as trending 
northwest and connecting with the ancestral Brazos uplift at 
a gravity high (Plate 2) between Precambrian rocks at Cerro 
Azul and the present Picuris Mountains. The figures show a 
hypothetical intrabasinal uplift north of Taos and also show 
the hypothetical San Luis(?) uplift as continuing northwest 
from the Cimarron arch to separate the Taos and RainsviUe 
troughs from the Central Colorado Basin of Pennsylvanian 
time. These interpretations differ from previous interpreta
tions in two major respects: (1) most previous interpreta
tions show the Pennsylvanian and Permian basins of north
ern New Mexico and central Colorado as bounded on the 
west by a single, north-trending, Paleozoic uplift that was 
part of the Uncompahgre uplift of southwestern Colorado; 
and (2) previous interpretations show the Pennsylvan
ian-Permian basins extending northward in New Mexico 
without interruption into the Central Colorado Basin. Figure 
73 illustrates a previous general concept of the paleotectonic 
setting of north-central New Mexico. The following parts of 
this report summarize and discuss various data and inter
pretations from the literature to provide the bases for the 
interpretations of Figures 4 and 72. 

Ancestral Brazos uplift

General concepts 

Melton (1925a, b) established the concept of a major sed
iment-shedding uplift west of the deep basin in which 
Pennsylvanian and Lower Permian rocks of the Sangre de 
Cristo Mountains were deposited in Colorado. He called this 
the San Luis uplift, which was thought to be in the subsur
face of the present San Luis Basin of the Rio Grande depres
sion. Later workers (Read and Wood, 1947; Brill, 1952; 
Sutherland, 1963; Baltz, 1965; Mallory, 1972a, b, 1975) 
inferred that Melton's postulated Paleozoic uplift and the 

Precambrian rocks of the western Sangre de Cristo 
Mountains south of Taos, New Mexico were southeastern 
parts of the Paleozoic and Mesozoic Uncompahgre uplift of 
Colorado. They included the area of the Cenozoic Brazos 
uplift (Plate 2) of New Mexico also with the Uncompahgre 
uplift. 

The northwest-trending Cenozoic Brazos uplift west of 
the Rio Grande depression in New Mexico (Plate 2) dearly 
was the site of a Late Pennsylvanian-Early Permian and 
Triassic-Jurassic uplift (Dane, 1948; Muehlburger, 1967; 
Smith et al., 1961) that shed sediments southwestward. In 
latest Cretaceous and early Tertiary time the ancestral 
Brazos uplift became the western part of a broad Laramide 
geanticline (or antidinorium) that included the present 
Sangre de Cristo uplift (Baltz, 1967, p. 19-20, 85-87). In 
Neogene time the part of the geantidine west of the Sangre 
de Cristo Mountains in New Mexico and Colorado was tilt
ed east and its eastern part foundered along normal faults to 
form the San Luis Basin of the Rio Grande depression (Baltz, 
1965, 1978; Tweto, 1979b, 1983). The repeated uplifting and 
erosion of the ancestral Brazos uplift have rendered most of 
its Pennsylvanian and Permian history unverifiable except 
near its northwest margin. Much of the northeastern part of 
the uplift is concealed by Tertiary volcanic rocks and sedi
ments of the San Luis Basin. 

In the western part of the Sangre de Cristo Mountains in 
New Mexico direct stratigraphic evidence of the existence of 
Paleozoic uplifts is scanty. Evidence of the low, Paleozoic 
Canoncito uplift is dear northeast of Lamy (Fig. 72) where 
Pennsylvanian rocks and the Sangre de Cristo Formation 
both are much thinner on the uplift than in adjacent parts of 
the basin to the east (Read et al., 1944; Booth, 1976). Several 
miles north of there thin remnants of Mississippian and 
Pennsylvanian rocks are present in a narrow north-trending 
faulted block within the Precambrian, but younger rocks are 
absent (Budding, 1972). North of this block Paleozoic and 
younger rocks are absent entirely from the high western part 
of the mountains as far north as the Rio Arriba-Taos County 
line, suggesting the presence of a Paleozoic uplift but pre
cluding direct evidence of it. 

In the foothills along the western base of the Sangre de 
Cristo Mountains, Mississippian rocks and thin remnants of 
the Sandia Formation (Morrowan and Atokan) and the 
Porvenir Formation (Desmoinesian) crop out sporadically 
from south of Santa Fe to the vicinity of Rio Nambe (Spiegel 
and Baldwin, 1963; Miller et al., 1963; Baltz, 1978, fig. 3). 
These rocks may have been on the western margin of the 
Canoncito uplift, as shown in Figure 72, but the original 
thicknesses of the Pennsylvanian rocks of the foothills are 
not known because they are overlain unconformably by 
Miocene to Quaternary sediments on the east margin of the 
Neogene Espanola Basin (Plate 2). From about Rio Nambe 
northward to about 2 mi (3 km) northeast of Cerro Pinon 
(Fig. 72) Paleozoic rocks are absent from the foothills, but 
pebble to boulder conglomerates with Precambrian, 
Mississippian, and Pennsylvanian clasts occur at the base 
and in the lower part of the Tertiary sediments, indicating 
that Paleozoic rocks were deposited at places in the western 
part of the mountains at least that far north. 

In the foothills at Rio Nambe and a little farther south, 
Sutherland and Harlow (1973, fig. 50) found that 
Desmoinesian rocks (which I assign to the Porvenir 
Formation) lie on Morrowan or thin Atokan(?) rocks (which 



I assign to the Sandia Formation). Sutherland and Harlow 
(1973, p. 111) believed that Atokan rocks had been cut out, or 
mainly cut out, by an east-directed thrust fault. I did not find 
evidence for the thrust fault during detailed remapping of 
the area of Sutherland and Harlow's (1973) figure 50. The 
outcrops on Rio Nambe illustrated by Sutherland and 
Harlow (1973, fig. 20) are broken by several small Neogene 
normal faults, but shale beds can be traced across the feature 
they delineate as a thrust fault, and massive bioclastic lime
stone of the Porvenir Formation, about 10 ft (3 m) above the 
postulated fault, lies on a slightly angular unconformity cut 
on the Sandia Formation. Stratigraphically higher lime
stones of the Porvenir contain large amounts of fine to 
coarse quartz sand that suggests a source terrane of 
Precambrian rocks. These rocks contain the early 
Desmoinesian fusulinid Beedeina portalensis (collection 
f10315) and are equivalent to the lower part of the Porvenrr 
Formation. About 0.5 mi (0.8 km) southeast of Nambe Falls 
the Sandia contains thick coarse-grained to conglomeratic 
sandstones and sandy limestones that suggest an uplifted 
source of Precambrian rocks that was not far distant in Early 
Pennsylvanian time. I interpret the outcrops near Rio 
Nambe and farther south to be the lower Desmoinesian part 
of the Porvenir Formation lying unconformably on the 
Morrowan or lowest Atokan part of the Sandia Formation 
near the western margin of the Cafioncito uplift or the south
ern margin of the ancestral Brazos uplift (Fig. 72). 

The primary evidence of major sources of first-cycle 
Paleozoic sediments east of the present Rio Grande is the 
lithology and facies distribution of Pennsylvanian and 
Permian rocks of the western part of the Sangre de Cristo 
Mountains. Highly arkosic and conglomeratic rocks of the 
Alamitos and Sangre de Cristo Formations in the south
western part of the mountains are thought (Sutherland, 
1963, p. 43-44) to have been derived mainly from 
Precambrian granitic rocks west of the Pecos-Picuris fault in 
northern Santa Fe County and southeastern Rio Arriba 
County (the ancestral Brazos uplift in Fig. 72). Morrowan 
through Desmoinesian quartzose and arkosic elastics of the 
Taos trough also are believed to have been derived from 
Precambrian metamorphic and granitic rocks west of the 
Pecos-Picuris fault in Rio Arriba and southeast Taos 
Counties (Sutherland, 1963, p. 41-42). 

Pecos-Picuris fault 

In New Mexico, in the western part of the Sangre de 
Cristo Mountains south of Taos, Montgomery (in Miller et 
al., 1963, p. 16-18) showed that Precambrian rocks are offset 
in right-lateral sense by a north-trending high-angle fault 
called the Pecos-Picuris fault. This fault, consisting locally of 
several closely spaced parallel faults, extends from the 
Picuris Mountains to south of the latitude of Pecos (Moench 
and Robertson, 1980), and it probably connects at the south 
with the Deer Creek fault (Plate 2; Fig. 72) of Budding (1972) 
and Booth (1976, 1977). According to Montgomery, 
Precambrian strike-slip movement on the Pecos-Picuris 
fault was about 23 mi (37 km). Montgomery noted that post
Pennsylvanian, probably Laramide or younger, vertical 
movements also occurred on the fault. 

Sutherland (1963, p. 39-44) reasoned that the Pecos
Picuris fault had vertical displacements also during 
Pennsylvanian time and that the Precambrian rocks west of 
the fault north of the Santa Fe County line were the southern 
part of the Uncompahgre uplift and were the principal 
sources of coarse elastics for the entire basinal area to the 
east until Late Pennsylvanian and Early Permian time. 
Sutherland (1963, p. 40) pointed out that an inferred 
north-south line, extending the trend of the Pecos-Picuris 
fault northward beneath the Cenozoic deposits of the San 
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Luis Basin, projects into a hypothetical north-south line 
within the San Luis Basin in Colorado that Mallory (1960) 
inferred might be the eastern edge of the Uncompahgre 
uplift there. Later, Mallory (1972b, fig. 1) called this hypo
thetical boundary, in its entirety in both states, the 
Pecos-Picuris fault. Baars and Stevenson (1984) and other 
writers also utilized this concept. 

The Pecos-Picuris and Deer Creek faults are shown in 
Figure 72 as the eastern boundary of Paleozoic uplifts south 
of Taos, New Mexico, but the northern uplift is considered in 
this report as being part of the nearby ancestral Brazos 
uplift, rather than being part of the ancient Uncompahgre 
uplift of Colorado. Paleozoic movements on the Deer Creek 
fault and the nearby Apache Canyon fault are likely because 
Pennsylvanian rocks and the Sangre de Cristo Formation on 
the Cafioncito uplift are much thinner than they are in parts 
of the basin that are immediately adjacent to the east (Booth, 
1976). Northwest of Pecos probable local unconformities 
within Pennsylvanian rocks occur adjacent to and east of the 
Deer Creek fault, and the Sangre de Cristo Formation local
ly laps onto Precambrian rocks east of the fault (R. H. 
Moench, U.S. Geological Survey, unpub. mapping and oral 
comm., 1986). A northwesterly trending Late Pennsylvanian 
anticline east of the fault probably is transected by the fault. 
Farther north, Cenozoic deformation and erosion have 
affected the western part of the Sangre de Cristo Mountains 
to the degree that direct stratigraphic evidence of a Paleozoic 
high immediately west of the Pecos-Picuris fault is scanty. 
Pennsylvanian rocks are shown to be present immediately 
west of the fault near the Rio Arriba-Taos County line 
(Miller et al., 1963, plate 1), suggesting that the ancestral 
Brazos uplift did not extend that far north, or that it was 
crossed by a westerly trending syncline south of the Picuris 
Mountains (Fig. 72). 

The inclusion of the Picuris Mountains (Fig. 72) in an area 
of Paleozoic uplift is likely but problematic. Morrowan and 
Atokan rocks of Sutherland's (1963) Flecha do Formation east 
of the Picuris Mountains are thick shales with interbedded 
conglomerates and minor amounts of limestone. These rocks 
are folded sharply, are overturned at places, and are faulted 
(Baltz and Read, 1956, p. 79; Sutherland and Harlow, 1973, p. 
122-124). The Pennsylvanian rocks are overlain with sharp
angular unconformity by basal conglomerates of the Picuris
Formation (Montgomery, 1953) of Oligocene or Miocene age,
indicating that the deformation mainly is Cenozoic, proba
bly Laramide. The Picuris Mountains were uplifted strongly
during deposition of the Picuris Formation and later
(Montgomery, 1953, p. 82--83). The published evidence clear
ly confirms only Cenozoic stages of deformation, although
Paleozoic highlands of the Brazos uplift may not have been
far away, as indicated partly by the presence of chert pebbles
and cobbles and other sedimentary rock fragments as well
as clasts of Precambrian rocks in the lower part of the
Pennsylvanian at places east of the Picuris uplift and the
Pecos-Picuris fault.

Sutherland (1963, fig. 10) found that, in the easternmost 
part of Rio Arriba County and the southern part of Taos 
County, rocks of Morrowan through Desmoinesian age (his 
Flechado Formation) thicken rapidly northward from the 
Pecos shelf into the Taos trough and contain large propor
tions of thick, coarse to conglomeratic, quartzose sandstone 
that was deposited as alluvial fans and deltaic deposits that 
interfinger easterly with marine deposits. The coarse clasts 
in these rocks are reported to be lithologically similar to 
Precambrian metasedimentary rocks in the Picuris 
Mountains. Sutherland (1963, p. 41, figs. 16-18) postulated 
that, in Early Pennsylvanian time, Precambrian metasedi
mentary rocks equivalent to those of the Picuris Mountains 
were also present farther south, mainly in northernmost 
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EXPLANATION 

-3000---? lsopach-Thi ckness in feet; intervol l,OOOft (obout 300ml 
except places to the southwest where intervol is 500 ft 
( 150 ml. lsopoch is solid line in outcrop oreas where dota 
(from Plate 41 are relatively abundant; short dashed in 
outcrop areas where upper part of Pennsylvanian rocks 
is eroded and original thickness is inferred; long doshed 
where Pennsylvonion rocks are in subsur face. Queried 
where locotion is highly uncerloin 

-------? Cenozoic reverse fault inferred to have been active
in parts of Pennsylvanian and early Permian time
Blocks on upthrown side; queries indicote possibly oclive 
foult ond foult segment. Polinspostic reslorolion not made 

---,.---? Cenozoic high-angle fault inferred to have been active 
in parts of Pennsylvanian and Permian time-Bor and 
ball on downthrown side; queries indicote possibly octive 
fault and fault segment 

_./_
P
_• .... --? Cenozoic fault inferred to have been active in Permian 

time and, possibly, early to middle Triassic time-Bar 
and ball an downthrown side; queries indicate segments 
where persistence of fault is not certoin 

Southern Cimarron Mountains block inferred to have 
been uplifted mainly in Permian and, possibly, early 
to middle Triassic time 

8
,__ 

___ .... s• Line of stratigraphic diagram (Figure 77) 

e2 Well drilled to Pennsylvanian or Precambrian rocks
Number refers lo wells in list 

11,.SlOO+ Locality of section and thickness (It) from Sutherland 
(1963) and Sutherland and Harlow (1973)-Plus symbol 
indicotes portiol thickness where top of Pennsylvonion 
rocks is eroded 

Tzoso Locality of section and thickness (ft) from Read and 
others ( 1944} 

x300 Locality of measurement and thickness (It) from Booth 
(1976) 

WELLS 

Colfax County 
1 .  Continentol Oil Co. No. 2 SI. Louis, Rocky Mtn. ond Pocilic R.R. 

Sec. 26 T31 N R21 E .  Totol depth 7,268 It (2,215 m); bottomed in 
Precombrion rocks 

2 .  Continental Oil Co. No. 1 SI. Louis, Rocky Mtn. and Pod/;c R.R. 
Sec. 24 T30N R22E. Toto I depth 5,185 It (1,580 m); bonomed in 
Precombrion rocks 

3. Condron No. 1 Moore 
Sec. 10 T29N R24E. Totol depth 4,075 It (1,242 m); bonomed in
Precombrion rocks 

4. Continental Oil Co. No. 4 SI. Louis, Rocky Mtn. and Pod/;c R.R. 
Sec. 17 T29N R22E. Totol depth 4,709 ft (1 ,435 ml; bottomed in
Precambrian rocks 

5. Continentol Oil Co. No. 1 Maxwell 
Sec. 11 T28N R22E. Total depth 2,947 ft (898 m}; bo1tomed in 
Precambrian rocks 

6. Kates No. 1 -A Souble 
Sec. 35 T27N R24E. Totol depth 2,520 ft (768 ml; bo1tomed in 
Precombrion rocks 

7. American Manufacturing Co. No. 1 WS. Ranch 
Sec. I T26N R20E. Total depth 3,825 ft (1,166 ml; bonomed in
Precambrian rocks 

8. True Oil Co. No. 21 -25 Medino 
Sec. 25 T24N R 16E. Totol depth 9.140 ft (2,786 m); boltomed in 
Precombrion rocks 

9. McDaniel Oil Lease Trust No. 1 McDaniel and Son 
Sec. 32 T24N R20E. Total depth 5,200 It (1,585 ml; bottomed in
Penn sylvonion{?) rocks 

10. Califor nia Oil Co. No. 1 F/oer,heim-Sto/e 
Sec. 15 T23N R24E. Totol depth 2,556 ft (779 ml; bottomed in
Precombrion rocks 

Mora County 
11. Continental Oil Co. No. 1 Mores-Duron 

Sec. 14 T23N R 17E. Total depth 7,765 It (2,367 ml; bottomed in 
Precambrian (?I rocks 

12 . True Oil Ca. No. 34 Arguello 
Sec. 24 T23N R l7E. Total depth 8,667 ft (2,642 ml; bottomed in 
Precambrian rocks 

13. Shell Oil Co. No. 1 Shell-State 
Sec. 35 T23N R22E. Total depth 5,040 ft (1,536 ml; bottomed in
Precombrion rocks 

14. Shell Oil No. 1 Moro Ranch 
Sec. 5 T22N R l9E. Total depth 9,690 It (2,954 ml; bonomed in 
Precambrian rocks 

15. Amoco Production Co. "8" No. 1 So/man Ranch 
Sec. 21 T21 N R 17E . Total depth 8,950 ft (2,727 m); bottomed in 
Precambrian rocks 

16. Amoco Production Co. "A" No. 1 Solman Ranch 
Sec. 3 T20N R l7E. Total depth 10,133 ft {3,088 m); bollomed in 
Precambrian rocks 

Moro County /cont.)

17. Union Land and Grazing Co. No. 1 Fort Union 
Sec. 2 T20N R l 9E. Total deplh 4,070 ft ( l ,24 l ml; bonomed i n
Pennsylvonion rocks and Ter tiar y igneous sills 

18. Cities Service Co. No. 1 Fort Union 
Sec. 33 T20N R l9E. Total depth 5,836 ft (1,779 ml; bollomed in
Pennsylvonion(?l rocks and Ter tiary ig neous sills 

19. Shamrock Oil Co. No. 1 McArthur 
Sec. 12 T19N R2l E. Total deplh 3,240 ft (988 ml; bollomed in
P1ecambrion rocks 

San Miguel County 
20. J.D. Hancock No. 1 Sedberry 

Sec. 25 T l  7N R l 6E. Total deplh 5, 13 l ft I 1,564 m); bonomed in 
Precombrion rocks 

21. Continental Oil Co. No. 1 Shoemaker-Reed 
Sec. 28 T 17N RI 8E. To1ol depth 4,519 ft ( 1,377 ml; bottomed in
Precom brion rocks 

22. Southwest Drilling Co. No. 1 Conchas 
Sec. 34 T l  7N R2 l E. Tolal depth 3,512 It (1,070 m); botlomed in
Precom brion rocks 

23. Continental Oil Co. No. 1 Leatherwood-Reed 
Sec. 15 T16N R l7E. Totol depth 3,911 ft ( I, 192 m); bollomed in
P,ecom brion rocks 

24. Phillips Petroleum Co. No. 1 leotherwood 
Sec. 2 T 15N R 1 BE. Tolal deplh 2,772 ft (845 m); bottomed i n
Precom brian rocks 

25. Tex Austin No. 1 fee 
Sec. 16 T 15N R 12E. Totol dep1h 1,835 ft (559 ml; bottomed i n
Precombrion(?I rocks 

26. Rockwell No. 1 Des Morios 
Sec. 33 T 14N RI 5E. Total dep1h 552 ft ( 168 ml; bollomed i n
Precambrian rocks. Porvenir Formation is  a t  surface 

27. Santa Fe Petroleum Co. No. 1 Stole 
Sec . 3 T 13N R l5E. Totol depth 1,727 ft (526 m); bottomed i n
Pennsylvanian rocks 

Santo Fe County 
28. Richfield No. 2 lee 

Sec. 14 T 14N R 11 E. Totol depth 2,725 ft (831 ml; bottomed i n
Precambrian rocks 

29. Toltec No. 1 Eaton 
Sec. 2 T13N R l0E. Total deplh 2,165 ft 1660 ml; ballamed i n
Precombrion rocks 

30. Adkins No. 1 Bosher 
Sec. 23 T 12N R 11 E. Toto I dep1h 977 ft (298 ml; bottomed in 
Precambrian rocks 

31 . Kelsey Clients No. 1 Crowe Butte 
Sec. 26 T ION R JOE. Totol depth 1,052 ft (321 ml; bottomed in 
Precomb,ion rocks 

Vegas. Isopachs (except south and southeast of Eagle Nest) represent thickness at beginning of deposition of nonmarine sediments of the 
Sangre de Cristo Fonnation (mainly Late Pennsylvanian time to the north, earliest Permian time to the south). Southeastern part of area 
(unnumbered wells) adapted from Foster et al. (1972, fig. 7). 
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FIGURE 73-Pennsylvanian tectonic setting of north-central New 
Mexico, as envisioned by Casey (1980a). For setting as envisioned 
for the present report, see Fig. 4. 

Santa Fe County and eastern Rio Arriba County, west of the 
Pecos-Picuris fault. This source was postulated to account 
for the metasedimentary detritus that comprises much of the 
Flechado Formation in adjacent parts of the Taos trough. 
Continuing Pennsylvanian uplift and erosion of the block 
west of the fault was thought to have caused stripping of the 
metasedimentary rocks south of the Picuris Mountains, 
eventually exposing underlying granitic batholiths that 
were the sources of arkoses of the Alamitos and Sangre de 
Cristo Formations preserved south of the vicinity of Pecos. 

An alternative hypothesis that might partly account for 
the abrupt appearance of thick beds of coarse metasedime1:1-
tary detritus of the Flechado Formation in southeastern Rio 
Arriba County (between sections 40 and 26 of Sutherland, 
1963, figs. 7, 10) is suggested by the presence of an uplifted 
block of Precambrian metasedimentary rocks (plate 1 of 
Miller et al., 1963) between the Pecos-Picuris and Jicarilla 
faults (Fig. 72; Plate 2). The Precambrian Ortega Quartzite is 
widely exposed in this block. Apparently, these rocks east of 
the Pecos-Picuris fault were not considered to be sediment 
sources by Sutherland (1972) because he considered the 
Jicarilla fault to be Laramide. However, in view of the rela
tion of some Pennsylvanian and Cenozoic structures estab
lished in the southeastern part of the mountains, this block 
between the two faults also might be a Paleozoic and 
Cenozoic structure. Section 40 of Sutherland and Harlow 
(1973, p. 106-109) indicates that the upper part of the La 
Pasada Formation just east of the Jicarilla fault includes con
glomerates of quartzite pebbles but also includes limestone 
pebbles and cobbles and shale pebbles. This sug?ests prox
imity to the southern part of an area of uplifted older 
Pennsylvanian rocks as well as Precambrian rock~. At sec
tion 26 (Sutherland and Harlow, 1973, p. 102-104), m south
ernmost Taos County about 6 mi (9.5 km) northeast of sec
tion 40, the upper part of the equivalent Flechado Formation 
is mostly coarse-grained sandstone and pebbly conglomer
ate in units 15-114 ft (4.5-34 m) thick that may be fans 
derived also from the Precambrian metasedimentary rocks 
in the block between the Pecos-Picuris and Jicarilla faults. 
According to the interpretation in Figure 4 (this report), the 

extensive Precambrian metasedimentary terranes of the 
Brazos uplift west of the present Rio Grande also could have 
supplied quartzose sediments to the western part of the Taos 
trough in Early and Middle Pennsylvanian._ . 

At the north edge of the Picuris Mountains, Precambrian 
rocks are dropped along the Neogene Embudo fault (Plate 2) 
and are buried deeply by Neogene rocks and sediments of 
the San Luis Basin. The extent of the Pecos-Picuris fault is 
not known north of the Embudo fault. The Pecos-Picuris 
fault may splay into other faults or may be terminated by 
some other structural mechanism, such as passmg mto 
northwest-trending Precambrian thrust faults. At any rate, 
the pronounced negative-gravity anomaly (Cordell and 
Keller, 1984) in the vicinity of Taos (Plate 2) suggests that a 
buried northern continuation of a Paleozoic uplift is not pre
sent north of the Picuris Mountains. 

East and southeast of Taos outcropping thick Morrowan 
through Desmoinesian rocks of the deep part of the Taos 
trough are terminated abruptly at the west side of the Sangre 
de Cristo uplift by Neogene normal faults (Plate 2) th~t 
throw the Pennsylvanian rocks against Cenoz01c volcanic 
rocks and sediments of the San Luis Basin. This is the only 
place in New Mexico where Precambrian rocks do not crop 
out to form the western backbone of the present Sangre de 
Cristo uplift. Even in the Cenozoic embayment south of the 
Picuris Mountains (Plate 2), Precambrian rocks are exposed 
at places beneath a veneer of Tertiary sediments. All these 
relations suggest that the Neogene faults near Taos cut trans
versely across the early Tertiary relic of the Taos trough and 
that Pennsylvanian rocks of the northwestern part of the 
trough may be buried by Cenozoic deposits in the area of 
pronounced low gravity in the San Luis Basin near and west 
of Taos. 

Just (1937, p . 49) reported that, west of the S~n Lui~ Basin, 
the Tertiary Carson Conglomerate, which hes on 
Precambrian rocks of the Brazos uplift, consists primarily of 
clasts of Precambrian and Tertiary volcanic rocks but that, at 
unspecified localities, it contains clasts of black chert "pre
sumably weathered from the Magdalena Formation." He 
suggested that the Magdalena once covered or occurred 
near the Petaca area (Fig. 4 of the present report). The Carson 
is now generally classified as the Los Pinos Formation of 
Oligocene and Miocene age in this region (May, 1984, p. 132). 
The report of Just (1937) is the only evidence known to me of 
the possible existence of Pennsylvanian rocks on the Brazos 
uplift, except on its northwestern margins (Muehlburger, 
1967; Smith et al., 1961). If Just's presumption is correct, the 
chert clasts might have been derived from a Tertiary-uplift
ed western part of the Taos trough, but it must be empha
sized that none of the more recent literature has mentioned 
possible Pennsylvanian detritus in Tertiary rocks and sedi
ments of this region. 

In the northern part of the Sangre de Cristo Mountains in 
Colorado, great thicknesses of bouldery conglomerate of the 
Crestone Conglomerate Member of the Sangre de Cristo 
Formation provide good evidence of a nearby major Late 
Pennsylvanian(?) and Early Permian uplift (Bolyard, 1959). 
At places northeast of the Great Sand Dunes National 
Monument, the Crestone Conglomerate Member laps onto 
Precambrian rocks within the Sangre de Cristo uplift 
(Johnson, 1969), indicating a late Paleozoic uplift within the 
range rather than concealed in the Neogene San Luis Basin 
to the west. De Voto et al.(1971) suggested that this uplift 
near Crestone, Colorado, was a west-northwest-trending 
fault block within the Paleozoic Central Colorado Basin, 
possibly an eastward projection of the Uncompahgre uplift 
(De Voto and Peel, 1972, p. 302,309). However, Lindsey et al. 
(1986) indicated that Precambrian rocks of the 
Uncompahgre uplift are allochthonous within the western 



part of the Sangre de Cristo Mountains in Colorado, having 
been transported an unknown distance eastward in 
Laramide thrust plates. 

In conclusion, I do not believe that the present incom
plete data and the varying local interpretations compel a 
regional interpretation that, north of the Picuris Mountains 
in New Mexico, the sole source of Pennsylvanian and Early 
Permian first-cycle sediments was the eastern margin of a 
single, north-trending, Uncompahgre structural block 
bounded in its entirety in New Mexico and Colorado by the 
Pecos-Picuris fault. The presently known structural and 
stratigraphic complexity suggest a more complex paleotec
tonic and paleogeographic situation. 

Taos trough 

The first biostratigraphic study of the area of the Taos 
trough was reported in 1945 by J. A. Young, Jr., in an unpub
lished doctoral dissertation. He measured a series of gener
alized stratigraphic sections extending eastward from out
crops of the Precambrian south and north of Taos to the 
upper part of Cieneguilla Creek north of Black Lake, thus 
embracing all, or nearly aU, the Pennsylvanian rocks of the 
region. He (p. 18) reported that the composite Pennsylvan
ian section exceeds 7,500 ft (2,280 m) in thickness. Young 
named three formations and described their faunas. His 
units are, in ascending order, the Cortado, Cieneguilla, and 
Osha Formations, all of which he considered to be of proba
ble Middle Pennsylvanian (Desmoinesian) age. (See Fig. 2 of 
the present report.) Inasmuch as Young's report was not 
published, his terminology did not become part of the for
mal nomenclature of the region. Nevertheless, he provided 
valuable data and stratigraphic concepts that have been use
ful to later investigators. 

Young (1945) found that the mixed marine and nonma
rine rocks of his Cortado and Cieneguilla Formations disap
pear northward from the Palo Flechado Pass-Oeneguilla 
Creek area north of Black Lake, and at Six Mile Creek about 
3 mi (5 km) southwest of Eagle Nest a nonmarine facies of 
his Osha Formation lies on Precambrian rocks. Young (1945, 
p. 81) believed that the sediment-shedding Uncompahgre
highland lay within the present Sangre de Cristo Mountains
in New Mexico and extended as far east as Wheeler Peak,
about 8.5 mi (14 km) west of Eagle Nest and north of the area
of thick Pennsylvanian rocks. His concept of a northern
highland is similar to that in Figure 72 of the present report.
Young (p. 28) ascribed a north-south facies change in his
Cortado Formation to a source of abundant elastic detritus at
the north. The cyclothemic rocks of his Cortado and
Cieneguilla Formations were interpreted to be offshore bars
and lagoonal, deltaic, and floodplain deposits, and his sec
tions of these units were interpreted to be a west-east tran
sect of the seaward margins of the shore zone south of the
Uncompahgre highland. His Osha Formation that rests on
Precambrian rocks southwest of Eagle Nest was interpreted
to be a nonmarine delta south of the Uncompahgre high
land. (Young's Osha now is assigned mainly to the Sangre de
Cristo Formation. See Figure 2.)

The general interpretations of Sutherland (1963) and 
Casey (1980a, b), concerning marine and nonmarine deposi
tional environments of the Pennsylvanian rocks in the Taos 
trough, were similar to those of Young (1945), but these later 
investigators placed the Uncompahgre uplift west of the 
present Sangre de Cristo Mountains. Casey (1980a, b) sug
gested that some of the Pennsylvanian terrigenous sedi
ments were derived from the Cimarron arch to the northeast 
and the Sierra Grande upWt to the east. 

Students from the University of Texas made detailed 
studies of Pennsylvanian (upper Atokan and Desmoinesian) 
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lithofacies in parts of the Taos trough, as discussed in fol
lowing paragraphs. The rocks studied correspond in age to 
the upper part of the Sandia Formation and part of the 
Porvenir Formation of the southeastern part of the moun
tains. According to Houle (1980, p. 51-52) paJeocurrent 
directions of the Atokan fluviatile rocks east of Taos show 
south, southeast, and southwest directions of sediment 
transport, and, near Rio Chiquito, a dominant south-south
west direction. Coxe (1981, fig. 13, p. 92) reported that pale
ocurrent directions of lower Desmoinesian fluviatile rocks 
near Rio Chiquito show a strong south-southeasterly direc
tion of sediment transport. Therefore, the paleocurrent 
directions suggest Atokan-Desmoinesian sources north
west, north, and northeast of the deep central part of the 
trough. 

According to McBryde (1979, p. 90-91, 127, 129-131), 
paleocurrent features in lower to middle Desmoinesian flu
viatile rocks at Tres Ritos (Fig. 72) and farther east indicate a 
predominant northward direction of transport, and at places 
northwesterly directions. McBryde (1979, p. 90-91) assumed 
that the primary source of sediments was the Uncompahgre 
uplift to the west and reasoned that the measured directions 
might be consonant with an easterly flow. On the other 
hand, the measured northerly and northwesterly directions 
of sediment transport, taken at face value, suggest that some 
first-cycle elastics were derived from the direction of uplift
ed Precambrian metasediments between the Pecos-Picuris 
and Jicarilla faults (Fig. 72) and the nearby granitic rocks 
west of the Pecos-Picuris fault. 

Alsop (1982, figs. 18, 20, 23, 25) found that, southeast of 
Tres Ritos, paleocurrent directions are predominantly 
southerly and southwesterly. Most of the strata that Alsop 
studied are equivalent in age to the lower part of the 
Desmoinesian Porvenir Formation, as shown by the fusulin
id Beedeina arizonensis (£10150 and £10151) we found in car
bonate rocks along New Mexico Highway 518 just east of the 
Taos-Mora County line. The thick shales east of the county 
line and stratigraphically below the fusulinid-bearing rocks 
are not an easterly deep-basin facies of the Desmoinesian 
rocks as was supposed by Alsop and by Casey (19806, fig. 26 
and secs. 82-83), but, instead are equivalent to the Atokan 
upper part of the Sandia Formation. Alsop (1982, p. 129) 
assumed that the elastic sediments of this area were derived 
primarily from the west from the Uncompahgre uplift and, 
secondarily from the Sierra Grande uplift, but the current 
directions, taken at face value, suggest sources to the north 
or northeast. 

Casey (1980b) summarized his work and the other 
University of Texas work on the Atokan-middle 
Desmoinesian rocks and concluded that areas to the west 
(Uncompahgre uplift), east (Sierra Grande uplift), and 
northeast (Cimarron arch) of the Taos trough all were 
sources of terrigenous elastics. He noted (19806, p. 169-176) 
that lower Desmoinesian or uppermost Atokan rocks east of 
Taos contain conglomerates whose clasts range up to small 
boulder size; most of the large clasts are Precambrian meta
morphic rocks, but some clasts are chert, Pennsylvanian 
sandstone, and silicified corals. These conglomerates 
become finer to the south and southeast, indicating a nearby 
northerly source of uplifted older Pennsylvanian rocks as 
well as Precambrian metavolcanic and plutonic igneous 
rocks. In Figure 72 this source area is interpreted to be an 
intrabasinal uplift north of Taos where Precambrian rocks of 
these kinds are present (Clark and Read, 1972, plate 1; Reed 
et al., 1983). Other data supporting the interpretation of an 
intrabasinal uplift north of Taos are presented later in this 
report. 

The lithology of Desmoinesian sandstones of the Palo 
Flechado Pass area on the northeast side of the Taos trough 
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was said by Casey (1980b, p. 176-177) to reflect an over
whelmingly granitic and gneissic source that he placed in 
the Cimarron arch. However, data from the northern part of 
the Rainsville trough, discussed earlier in the present report, 
suggest that Precambrian rocks of the Cimarron arch did not 
supply much first-cycle detritus at this time. An alternative 
source of granitic detritus would be the broad granitic ter
rane northwest of Eagle Nest (Clark and Read, 1972, plate 1) 
on the southeastern part of the San Luis(?) uplift shown in 
Figure 72. This detritus could have reached the northeastern 
part of the Taos trough through the structural sag north of 
the El Oro-Rincon uplift. 

The data from facies analysis and paleocurrent determi
nations in the Taos trough are consistent with results of the 
present study of the southeastern part of the mountains in 
that they suggest multiple sediment-source areas were 
recurrently active in parts of Pennsylvanian time. The data 
also provide evidence of uplifts north of the Taos trough in 
Atokan and Desmoinesian time. The Missourian, Virgilian, 
and Early Permian history of the Taos trough is unknown 
because rocks of these ages are not preserved except, possi
bly, in the southwestern part, south of Rio Pueblo, where 
arkoses were assigned to the Sangre de Cristo Formation by 
Sutherland (1963, fig. 10). The Late Pennsylvanian coarse 
elastics in the western part of the Rainsville trough are inter
preted in the present report to have been derived mainly 
from the eastern parts of the EI Oro-Rincon uplift and to 
intermix with first- and second-cycle detritus from the Sierra 
Grande uplift and, possibly, the Cimarron arch. From 
Atokan to Early Permian time, the recurrently active El 
Oro-Rincon uplift probably was a barrier that prevented or 
inhibited the spread of sediments from eastern sources into 
the Taos trough. 

Cimarron arch and southern part of 
Cimarron Mountains 

The Cimarron arch is a northwest-trending Paleozoic 
and, probably Early Triassic, feature whose existence is 
inferred partly from scanty weII data (Fig. 72) and gravity 
data (Plate 2). Surface stratigraphic evidence of the north
west part of the arch is present in the Cimarron Mountains 
southeast of Eagle Nest, but the complex Paleozoic through 
Cenozoic history is not understood completely. 

The part of the Cimarron Mountains southeast of Eagle 
Nest shown in Figure 74 is a northwesterly plunging, 
Laramide anticline (Ray and Smith 1941; Smith and Ray, 
1943) with an upfaulted core of Precambrian rocks. The 
Laramide uplift is bounded on the east and northeast by a 
synclinal bend in Cretaceous and lower Tertiary rocks on the 
southwestern flank of the Cenozoic Raton Basin (Plate 2). 
The uplift is bounded on the west by a generaIIy synclinal 
structure that has been tilted east and downfaulted along its 
eastern margin in Neogene time (Clark and Read, 1972, p. 
83). The tilted syncline underlies the Moreno VaIIey (Fig. 75). 
The Precambrian rocks of the uplift are truncated on the 
south by the southeasterly trending Saladon Creek fault (of 
Smith and Colpitts, 1980) and its southeastward extension 
(cailed the Lost Cabin fault by Wanek et al., 1964), which jux
tapose the Precambrian rocks against Permian rocks of the 
northwest spur of the Cenozoic Las Vegas Basin (Plate 2). 

The central core of the Laramide Cimarron Mountains 
uplift was raised along the southeast-trending Fowler Pass 
reverse fault that bends into a south trend (Plate 2) and 
becomes the southeast boundary of the uplift east of the area 
of Figure 74. The Fowler Pass fault is older than Oligocene 
or Miocene dacite porphyry bodies that intrude parts of the 
fault and its latest movements are younger than Cretaceous 
rocks that are folded east of the south-trending part of the 

fault (east of area Fig. 74). The vertical separation on the 
fault is probably only several hundred feet near Cimarron 
River (Goodknight, 1976, p. 138), but may be several thou
sand feet along the south-trending segment near Rayado 
Creek (Wanek et al., 1964). The south-trending segment of 
the Fowler Pass fault at Rayado Creek is a reverse fault that 
dips west at about 60° (Simms, 1965, p. 58). 

The Saladon Creek fault extends southeastward beneath 
Neogene volcanic rocks, merges with or truncates the Lost 
Cabin fault (Fig. 74), and probably extends southeastward 
(Wanek et al., 1964) to join the south-trending segment of the 
Fowler Pass fault beneath the volcanics. The relatively 
straight trace suggests that the dip of the fault is steep. Data 
from the True Oil Co. weII (no. 8, Fig. 72) indicate that 
Pennsylvanian rocks and the Pennsylvanian and Permian 
Sangre de Cristo Formation south of the Saladon Creek fault 
are about 9,000 ft (2,740 m) thick. Smith and Colpitts (1980, 
p. 14) estimated that the total stratigraphic separation on the
fault might be 10,000-12,000 ft.

The age and history of the Saladon Creek fault are not 
understood well, nor is its northwestern extent known west 
of Moreno Valley. Smith and Colpitts (1980, p. 14) classified 
the fault as being younger than Laramide age. Their map 
shows that movement along the segment east of Cieneguilla 
Creek (Fig. 74) is younger than part of the Neogene vol
canics in their "slump block", but farther east the fault is at 
least partly concealed by the volcanics. Farther southeast, 
Wanek et al. (1964) also show local fault contacts between 
the Neogene volcanics and the Precambrian, but elsewhere 
show the fault concealed by part of the volcanics. Therefore, 
it appears likely that the last displacements on the Saladon 
Creek fault are Pliocene and partly coeval with the vol
canics. 

In the Cimarron Mountains the primary evidence of the 
Paleozoic Cimarron arch is a relatively thin (100-200 ft; 
30-60 m) section of the Pennsylvanian and Permian Sangre
de Cristo Formation that lies with sedimentary contact on
Precambrian rocks just north of Cimarron River west of the
Palisades (Fig. 74). South of the river a few outcrops show
that the Sangre de Cristo was deposited on the Precambrian
in that area (Wanek et al., 1964).

Near the southeast end of the Cimarron Mountains, at 
Rayado Creek about 13 mi (21 km) southeast of Cimarron 
River, the south-trending segment of the Fowler Pass fault 
throws Precambrian rocks against the Sangre de Cristo 
Formation whose entire thickness is not known. According 
to Simms (1965, p. 12) the exposed part there is about 3,500 ft 
(1,070 m) thick. This southeastward thickening of the Sangre 
de Cristo suggests that the area east of the Fowler Pass fault 
was the south limb of the Cimarron arch in Permian time 
and probably also in Pennsylvanian time (Fig. 72). 

As shown in Figure 74, Upper Triassic rocks of the 
Dockum Group lie on the Sangre de Cristo Formation north 
of Cimarron River, but just west of the Palisades, the Triassic 
rocks lap eastward across the Sangre de Cristo to lie with 
sedimentary contact on Precambrian rocks (Wanek et al., 
1964). On the west side of the Cimarron Mountains, near 
Eagle Nest dam and farther south, remnants of the Dockum 
Group lie on Precambrian rocks (Wanek and Read, 1956, p. 
82-83; Clark and Read, 1972, p. 45; Goodknight, 1976, p. 
137-138). However, Smith and Colpitts (1980, p. 2-3; R. M. 
Colpitts, written comm., 1986) found thin remnants of prob
able Mississippian and Pennsylvanian rocks on the
Precambrian in the southwest part of the Cimarron
Mow1tains not far north of the Saladon Creek fault (Fig. 74). 
If this is correct, the presence of these rocks suggests that, at
least in Early Pennsylvanian time, the southern part of this
area was the north limb of the Rainsville trough.

The first published interpretation of the complex 



Paleozoic and Mesozoic stratigraphic relations of the vicini
ty of Eagle Nest was made by L. C. Graton (in Lindgren et 
al., 1910, p. 93-94). Graton reported that, near Comanche 
Creek west of the Moreno Valley (Fig. 74), conglomeratic red 
beds then called "Jura-Trias" (now, the Sangre de Cristo 
Formation) rest directly on Precambrian rocks, but that far
ther south Carboniferous strata (the Pennsylvanian 
Magdalena Group of present usage) are present between the 
red beds and the Precambrian. He reported that, near the 
head of Cimarron Canyon, Carboniferous, Triassic, and 
Jurassic rocks are absent and the then-called Dakota(?) 
Sandstone is on the Precambrian. (The Dakota(?), as then 
assigned in this area, apparently included rocks now classi
fied as the Jurassic Entrada Sandstone and Morrison 
Formation as well as the Cretaceous Dakota of present 
usage.) Graton concluded that "If the Carboniferous and 
Jurassic or Triassic were once present they can have been 
removed from under the Dakota(?) sandstone only by a 
faulting almost parallel to the stratification, and the charac
ter of the faulting which is known to have occurred seems 
certainly to preclude this supposition. It is probable, there
fore, that a portion of this region was an island of Precambri
an rocks during Jurassic and Triassic time, and that a still 
larger area had been exposed during Carboniferous time." 

Wanek and Read (1956, p. 82--83) interpreted the central 
block of Precambrian rocks in the Cimarron Mountains to be 
a nearly recumbent, east-verging, Laramide anticline bound
ed on the east by the west-dipping Fowler Pass reverse fault. 
They postulated that the Fowler Pass fault passes down
ward into a flatter thrust at depth. The Precambrian rocks 
west of the Fowler Pass fault were interpreted to be a diapir
like core of the anticline. Wanek and Read (1956) revived the 
idea of faulting nearly parallel to stratification that Graton 
had mentioned and rejected. They envisioned the upper 
boundary of the Precambrian core as a flat, west-dipping 
underthrust fault that cut gently across the overlying sedi
mentary rocks to bring the core or "plunger" into contact 
with overlying Triassic, Jurassic, and Cretaceous rocks at 
various places on the west limb of the core and beneath the 
Moreno Valley. The south side of the Precambrian core was 
said to be an approximately east-trending, unnamed major 
tear fault which, presumably, is the Saladon Creek fault of 
Plate 2 and Figure 74 of the present report. Their "plunger" 
concept is illustrated in Robinson et al. (1964, fig. 113, p. 116). 

Baltz (1965, p. 2049, fig. 4) suggested, as an alternative to 
the "plunger" hypothesis of Wanek and Read (1956), that 
Laramide deformation in the Cimarron Mountains may 
have occurred on a Paleozoic positive area, an idea similar to 
the earlier conclusion of Graton (in Lindgren et al., 1910). In 
the northern part of the Las Vegas Basin, Pennsylvanian 
rocks at the Continental Oil Co. no. 1 Mares-Duran well (no. 
11, Fig. 72) northwest of Ocate are more than 5,000 ft 
(1,500 m) thick, and the Sangre de Cristo Formation in that 
vicinity is probably about 3,500 ft (1,070 m) thick. Baltz sug
gested that the absence of the Pennsylvanian from most of 
the Cimarron Mountains and the northward thinning and 
local pinchout of the Sangre de Cristo at places in the moun
tains was the result of a Paleozoic uplift that he called the 
Cimarron arch. Additional evidence of the Cimarron arch is 
that the Permian Yeso Formation, Glorieta Sandstone, and 
Bernal Formation, all about 650 ft (200 m) thick at Mora 
River and farther north, are not present on the arch. These 
rocks wedge out northward depositionally, or they have 
been truncated by an unconformity at the base of the Upper 
Triassic Dockum Group. The Dockum Group, itself, thins 
northward from about 1,100 ft (335 m) near Ocate (Bachman, 
1953) to 340 ft (105 m) and less in the Eagle Nest area (Clark 
and Read, 1972, p. 46). This thinning suggests additional 
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uplift in the Cimarron Mountains (Baltz, 1965, p. 2058--2059) 
in latest Triassic or Early Jurassic time. 

The southern margin of the Cimarron Mountains is con
cealed by Pliocene and Pleistocene basalts (O'Neill and 
Mehnert, 1988) so that stratigraphic and structural relations 
between the mountains and the Las Vegas Basin cannot be 
seen. However, the relatively abrupt thinning of Paleozoic 
rocks suggested to Baltz (1965, fig. 4) that the southern mar
gin of the mountains is a major northwest-trending fault or 
zone of faults of Pennsylvanian or Early Permian inception 
that was recurrently active also in Mesozoic and Cenozoic 
times. This is the (then unnamed) Saladon Creek fault.

Clark and Read (1972, p. 45, 90--91) noted that the Upper 
Triassic Dockum Group on the northeast side of the 
Cimarron Mountains is in normal (sedimentary) contact 
with underlying Precambrian rocks, and they concluded (p. 
90--91) that a low arch in the vicinity of Cimarron extended 
into the Eagle Nest area in Middle to Late Pennsylvanian 
time and that some strata may have thinned over this arch. 
Nevertheless, they (p. 89-90) continued to reason that 
underthrusting of Precambrian rocks west of the Fowler 
Pass fault and under the Moreno Valley caused some of the 
thinning of various stratigraphic units above the 
Precambrian, in a manner similar to that envisioned by 
Wanek and Read (1956). (See eastern part of section 1, Fig. 75 
of the present report.) 

Goodknight (1976) found additional outcrops of rocks he 
assigned to the Dockum Group lying on Precambrian rocks 
in the western part of the Cimarron Mountains, and he 
reported that he found no evidence of flat faults between the 
Triassic and the Precambrian. He considered the mountains 
to occupy the approximate site of the late Paleozoic 
Cimarron arch. He concluded that the Fowler Pass fault 
probably is an upthrust rather than being a downward-flat
tening major overthrust as envisioned previously by Wanek 
and Read (1956). 

Some aspects of the geologic history of the southern 
Cimarron Mountains that I interpret from the published 
mapping and stratigraphic studies are summarized as fol
lows. At least the southwestern part of the present Cimarron 
Mountains was part of the Rainsville trough in Early and 
Middle Pennsylvanian time. The dominantly shaly fades of 
the Lower and Middle Pennsylvanian rocks in the subsur
face of the northern part of the Rainsville trough south of the 
Cimarron Mountains contains some coarse elastics that may 
have been derived from the rising northwest-trending 
Cimarron arch and from the San Luis(?) uplift. 

In Late Pennsylvanian and Early Permian time the south
ern part of the present Cimarron Mountains may have 
begun to develop independently from the Cimarron arch as 
a northeast-verging anticline or fault block bounded by pre
cursors of the Saladon Creek and Fowler Pass faults (Fig. 
72). The Sangre de Cristo Formation south of the Saladon 
Creek fault contains pebbles of Precambrian rocks and 
Pennsylvanian limestone and sandstone (Smith and 
Colpitts, 1980, p. 3) probably derived from the block during 
stripping of the sedimentary cover and exposure of the 
Precambrian core in Late Pennsylvanian and Early Perrnian 
time. 

The area immediately east of the southern part of the 
Fowler Pass fault was an area of Late Pennsylvanian and 
Early Permian deposition on the south flank of the Cimarron 
arch as shown by the thkkening of the Sangre de Cristo 
Formation southeastward from Cimarron River to Rayado 
(just southeast of the area of Fig. 74). Simms (1965, p. 12) 
described the Sangre de Cristo Formation in the Rayado area 
as micaceous arkosic conglomerates with interbeds of 
"extremely arkosic" sandstone and red micaceous arkosic 
shale. The feldspar clasts are angular and unweathered, and 
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pebbles and cobbles of granite gneiss occur in some beds. 
These characteristics suggest proximal and medial parts of 
fans derived from the Precambrian igneous and metamor
phic rocks of the Cimarron Mountains that were rising along 
the precursor of the outheast part of the Fowler Pass fault. 

ln the western part of the Cimarron Mountains, the near
ness of outcrops of the Upper Triassic Dockum Group to the 
Saladon Cr ek fault suggest that the fault was active in 
Permian time during the cutting of the unconformity on the 
Precambrian at the base of the Dockum Group. In Late 
Triassic time, most or all of the area of the Cimarron 
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DESCRIPTION OF UNITS 

Unconsolidated deposits (Pleistocene and Pliocene)-Alluvium, 
alluvial Ions, and terrace gravels of Moreno Volley 

Basalt flows (Pliocene and Miocene?) 

Intrusive igneous rocks, volcanic rocks, and volconiclostic
rocks, undivided (Miocene) 

Intrusive igneous rocks (Miocene or Oligocene)-Sills and 
d ikes in Paleocene. Mesozoic, and Paleozoic rocks northwest, 
north, and southeast of Eagle Nest 

Prevolcanic sediments and rocks (Oligocene or Eocene)
Poorly induroted reddish- to greenish-gray shale. sandstone, 
and conglomerate in fault block between East and Middle 
Forks of Red R iver 

Poison Canyon Formation (Poleocene)-West of Eagle Nest, 
may include lower port of Paleocene ond Upper Cretaceous 
Roton Formation 

Pierre Shale and Niobrara Formation, undivided (Upper
Cretaceous) 

Carlile Shale, Greenhorn Limestone, and Groneros Shale,
undivided (Upper Cretaceous) 

Dakota Sandstone (Lower? and Lower Cretaceous) 

[_j_�_:e_::_::1 
Morrison Formation (Upper Jurassic) and Entrodo
Sandstone (Middle Jurassic), undivided 

- Dockum Group (Upper Triassic) 

Songre de Cristo Formation (Lower Permian and Upper
Pennsylvanian?) 
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Equivalents of Modero Group {Upper and Middle
Pennsylvanian) and Sandia Formation (Middle and Lower?
Pennsylvanian), undivided 

-
Lower port of Sandia Formation (Lower? Pennsylvanian) 

� and Arroyo Pei'iosco Group {Mississippian), undivided
Erosional remnants northeast and south of Wheeler Peak and 
in southern port of Cimarron Mountains 

Precambrian igneous and metamorphic rocks, undivided
(Early Proterozoic) 

Mountains probably was buried by the Dockum Group 
whose sediments mainly are shaly (Robinson et al., 1964, fig. 
86, plate 2) and do not suggest a nearby major source of first
cycle elastics. However, this area was structurally higher 
than the region to the south in Late Triassic or Early Jurassic 
time because the Dockum Group is only about a third as 
thick as the Santa Rosa Sandstone and Chinle Formation of 
the Dockum Group in the Cenozoic Las Vegas Basin. 
Therefore, it is possible that part of the displacements on the 
Saladon Creek fault occurr d as late as Triassic time. 

The precursor of the Saladon Creek fault is shown (Fig. 
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72) extending northwest across the area of the present
Moreno Valley as the boundary of Precambrian rocks on the 
north and Pennsylvanian rocks on the south, a condition
that may be similar to the present structure (Plate 2) of that
area. By this interpretation, the Paleozoic-Mesozoic south
ern Cimarron Mountains block also extended west of the
Moreno Valley (Figs. 72, 75). Clark and Read (1972, plate 1)
and Dane and Bachman (1965) showed that, southwest of
Eagle Nest, small inliers of Precambrian rocks are overlain,
variously, by the Sangre de Cristo Formation, the Upper
Triassic Dockum Group, and the Middle Jurassic Entrada
Sandstone (Fig. 74 of the present report). Clark and Read
(1972, p. 90-91) interpreted the contacts of the Precambrian
with the various overlying sedimentary rocks as a flat
underthrust fault at the top of their postulated "plunger" of
the Cimarron Mountains. They reasoned (1972, p. 90) that, to 
explain the contacts as depositional, " ... too many unrecord
ed coincidental events of local deposition, warping, and ero
sion through late Paleozoic and Mesozoic times would be
required. The alternative explanation is by mechanical
means." They cited evidence from thin sections that the sed
imentary rocks at places along the contacts have mortar
structure and alinement of softer materials in response to
shear, thereby suggesting a flat fault between the sedimen
tary rocks and the underlying Precambrian.

Nevertheless, the relations in the Cimarron Mountains 
east of Moreno Valley, where Permian and Triassic rocks lie 
in depositional contact on the Precambrian, suggest that the 
outcrops west of the valley also represent residual hills ("b" 
in sec. 3, Fig. 75) on the southern Cimarron Mountains block 
that were overlapped by relatively thin sedimentary 
sequences of Permian, Triassic, and Jurassic ages. Slight 
shearing at places along the contacts of the Precambrian 
rocks and sedimentary rocks at places may be expected 
because of Laramide folding and faulting, and does not 
prove the existence of flat underthrust faults. 

The amount of Cenozoic displacement on most of the 
Saladon Creek fault appears to have been relatively small, as 
suggested by the relations of the fault to the Neogene vol
canics at the south end of the Cimarron Mountains. 
Laramide movement occurred on the southeastern part of 
the Fowler Pass fault, and the blocks north and south of the 
Saladon Creek fault rose at least partly in unison during 
Laramide orogeny. Therefore, the southeastern part of the 
Fowler Pass fault may cut across the Saladon Creek fault and 
be a continuation of the structure of the folded eastern mar
gin of the Laramide Ocate anticline of the Las Vegas Basin 
(Plate 2). The eastern part of the anticline is underlain at 
least locally by a west-dipping reverse fault (wells 2 and 3, 
Plate 3) that dies out upward into folded rocks at the surface. 
The Saladon Creek and Fowler Pass faults are covered by 
Neogene volcanics south of the Cimarron Mountains, and 
nothing is known to me from the published literature that 
would cast additional light on the relations. 

The Cimarron arch separates the Rainsville trough from 
the Paleozoic Central Colorado Basin (Fig. 72) as shown by 
the northward thickening of the Sangre de Cristo Formation 
into the Central Colorado Basin at the surface and in the sub
surface. For example, at Gold Creek (Fig. 72) near the front 
of the Sangre de Cristo Mountains northwest of Vermejo 
Park, the base of the Sangre de Cristo Formation is faulted 
against Precambrian rocks but the Sangre de Cristo is more 
than 5,700 ft (1,735 m) thick (A. A. Wanek, unpub. measured 
section, 1957). Pennsylvanian rocks older than the Sangre de 
Cristo are not present at the surface in New Mexico north of 
the exposures west of Eagle Nest (Fig. 74), but in Colorado, 
beginning a short distance north of the State line, north
ward-thickening Lower and Middle Pennsylvanian rocks 
occur in Laramide thrust-faulted slices in the Sangre de 
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Cristo Mountains (Johnson, 1969; Tweto, 1979a). These rocks 
were deposited in the Paleozoic Central Colorado Basin, 
which probably is the same basin in which thin sections of 
Pennsylvanian marine rocks occur at two wells west and 
southwest of Raton (Foster, 1966). The isopachs of 
Pennsylvanian rocks northwest of Vermejo Park (Fig. 72) are 
based on thicknesses measured at the surface in Colorado by 
Brill (1952). 

To the east the Cimarron arch probably connects in the 
subsurface with the Paleozoic Sierra Grande uplift. This is 
suggested by scanty well data and by a poorly defined 
southeast-trending gravity anomaly south of Cimarron 
River (Plate 2). Andreasen et al. (1962, fig. 4, p. 357) inferred 
from gravity and magnetic data that a northeast-trending 
structural depression, on the top of the Precambrian, lies 
between the northwestern part of the Cimarron arch and 
Springer, New Mexico, but the later gravity map of Cordell 
and Keller (1984) does not indicate a transverse basinal fea
ture across the gravity high that probably represents the 
buried Cimarron arch. 

Paleozoic basin and uplifts west of Eagle Nest 

West of Moreno Valley (Fig. 74), and west of the Paleozoic 
and Triassic southern Cimarron Mountains block, 
Pennsylvanian rocks are at least 2,900 ft (885 m) thick, and 
possibly as much as 5,000 ft (1,500 m) thick (Clark and Read, 
1972, p. 36). The Pennsylvanian rocks are lithologically sim
ilar to those of the Taos trough and the Mora River area. 
They are predominantly shale that contains interbeds of 
coarse-grained to conglomeratic sandstone and arkose and 
relatively minor amounts of limestone. Shales of about the 
lower two-thirds are gray. The upper third contains much 
greenish-gray and red shale and micaceous siltstone, some 
arkosic limestone, and pebbly arkoses that are a few feet to 
as much as 200 ft (60 m) thick. 

These rocks of a formerly deep Paleozoic structural basin 
(Fig. 72) have been uplifted, tilted east, and thrust eastward 
across Permian and Mesozoic rocks in a plate above the 
Cenozoic low-angle Six Mile Creek fault (Figs. 74, 75). 
Palinspastic reconstruction of the Paleozoic basin depends 
partly on interpretation of this fault and the fault farther 
north that is labeled the Six Mile Creek(?) fault in Figure 74. 

Clark and Read (1972, p. 84-85) indicated that, southwest 
of Scully Mountain, the slip on the Six Mile Creek fault is 
about 9,000 ft (2,700 m) but, on the west side of Scully 
Mountain, the fault dies out in steeply dipping beds of the 
Sangre de Cristo Formation. They considered the fault pos
sibly younger than the thick Cenozoic intrusives of Scully 
Mountain. The leading edge of the fault at places dips east 
10-34° suggesting that it might be a gravity slide from the
high part of the mountains to the west, but such an origin
was considered unlikely by Clark and Read (1972, p. 85)
because sedimentary contacts of the Pennsylvanian and
Precambrian rocks are exposed at places within the plate
indicating it is rooted, structurally. The east tilting may be
the result of Neogene uplift of the central part of the Sangre
de Cristo Mountains after the displacement occurred on the
fault. A possibility not discussed by Clark and Read is that
detachments might have occurred within the Pennsylvanian
rocks above the Precambrian, as suggested by the sharp
local crumpling of these rocks south of the Comanche Creek
fault (Fig. 74).

Reed et al. (1983) suggested that the Six Mile Creek fault 
is the downfaulted eastern part of the Blue Lake fault, a flat 
thrust that is exposed in the high part of the mountains 
south of Wheeler Peak (Fig. 76). Their interpretation requires 
that, between the Taos Cone fault and an unnamed normal 
fault to the east, the contact of Pennsylvanian and 
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interpreted by Reed et al. (1983). Adapted from Reed et al. (1983, part of fig. 2). 

Pr cambrian rocks i a part of the Blue Lake thrust fault 
rather than being a sedimentary contact as mapped by Clark 
and Read (1972, plate 1, p. 85). The interpretation of Reed et 
al. (1983) also indicates that the southernmost part of the 
plate above the Six Mile Creek fault is Pennsylvanian rocks 
thrust over Precambrian. Apparently, additional detailed 
investigations are needed to resolve the differing interpreta
tions. Figure 74 of the present report shows the interpreta
tion of Clark and Read (1972, plate 1) east of Taos Cone fault. 
The palinspa tic reconstruction of the eastern part of the 
Pennsylvanian basin (sec. 3, Fig. 75) probably would be sim
ilar using either interpretation, although some thick 
Pennsylvanian rocks would have been originally farther 
west than shown if the Blue Lake and Six Mile Creek faults 
actually are parts of the same fault. 

Definitive evidence of the structure responsible for the 
western termination of the Paleozoic-Triassic southern 
Cimarron Mountains block is now concealed by the Six Mile 
Creek thrust plate. The western margin of the block might 
have been a northwest-plunging anticline or anticlinal bend, 
as sugg sted at "b" in section 3 (Fig. 75), or the western mar
gin might have been faulted down to the west. The internal 
tratigraphy of the Pennsylvanian rocks of the thrust plate 

has not been determined; therefore, it is not known whether 
there are unconformities or facies relations that would bear 
on the paleostructural relation of the eastern margin of the 
Paleozoic basin to the outhern Cimarron Mountains block. 

The restoration of the western part of the Paleozoic basin 
(sec. 3, Fig. 75) i ba ed mainly on a lithologic correlation of 
dominantly red sedimentary rocks that lie on the 
Precambrian near Larkspur Point and Waterbird Lake on the 
drainage divide between Rio Lucero and Rio Pueblo de 
Taos. These rocks, assigned to the Alamitos(?) Formation in 

Figure 74, occur south of anticline "a" in section 3 (Fig. 75). 
Figure 77 is a north-south diagram through the area of out
crop of the Alarnito (?) Formation. 

Gruner (1920, p. 738-740) reported that the sedimentary 
rocks near Larkspur Point are arko es and thick red con
glomerates interbedded with sandy fo iliferous limestones 
and grayish-green to red shale . Conglomerate in the lower 
part of this section contains angular and platy clasts of gray 
slate, green chlorite schist, and gray quartz schist ranging in 
size up to angular boulders 3-4 ft (0.9-1.2 m) in diameter. 
Conglomerates higher in the sequence contain limestone 
pebbles in fossiliferous limestone matrices. The explanation 
for Gruner's (1920, plate XIII) map is not explicit, but the 
area of closely spaced patterning of Carboniferous rocks on 
the map, compared with his text description, indicates that 
outcrops of these rocks extend along the drainage divide 
from about 1 mi southwest of Larkspur Point northeastward 
to the vicinity of Blue Lake. 

Clark and Read (1972, p. 34 and section 1, p. 135-136) also 
described the rocks east and north of Larkspur Point (1Pa in 
Fig. 74) and assigned them questionably to the Late 
Pennsylvanian or Early Permian because of their dominant 
red color. Clark and Read (1972, p. 34) concluded as had 
Gruner (1920, p. 741), that the boulder conglomerates indi
cate a nearby source, especially because Precambrian chlo
rite schist, similar to the sedimentary clasts, is present 
beneath the conglomerates and also is present farther west 
where sedimentary rocks are absent. My interpretation of 
this probable westerly source of the coarse Precambrian elas
tics is shown in Figure 72 by the zero isopach northeast of 
Taos. 

The rocks near Larkspur Point that were described by 
Gruner (1920) and Clark and Read (1972) are assigned in this 



report to the Alamitos(?) Formation because they are partly 
marine and because the greenish-gray and red colors of the 
shales are similar to those of the Alamitos Formation farther 
south in the Sangre de Cristo Mountains. Red and purple 
shales and interbedded arkoses and marine limestones 
occur also in the upper part of the Pennsylvanian section 
east of the Taos Cone fault. Clark and Read (1972, p. 42) 
pointed out a possible correlation of these upper rocks with 
the upper arkosic limestone member (now, Alamitos 
Formation) of their Madera Formation to the south. 
Although fossil data are scarce, two species of brachiopods 
in the upper part of the Pennsylvanian sequence west of 
Eagle Nest suggest a Late Pennsylvanian (Missourian) age 
and support a correlation of some of these rocks with the 
Alamitos Formation. Clark and Read (1972, p. 38-39 and 
map 1) reported the occurrence of Neospirifer latus (Joe. 582) 
and Echinaria semipunctata (loc. 561, 444) in the Eagle Nest 
area. These brachiopods occur also in the Missourian part of 
the type section of the Alamitos (Sutherland and Harlow, 
1973, p. 13, 75). For all these reasons, the Alamitos(?) 
Formation of the Larkspur Point-Waterbird Lake area is 
shown as equivalent to Missourian and upper 
Desmoinesian rocks in the basinal areas of Figure 77. 

The presence of a probable equivalent of the Alamitos 
Formation lying on the Precambrian near Larkspur Point 
and Waterbird Lake implies angular unconformities 
between these rocks and the nearby thick older 
Pennsylvanian rocks in the Taos trough and the Paleozoic 
basin west of Eagle Nest (Fig. 77). This suggests that the 
large anticline west of the Taos Cone fault may be a 
Paleozoic structure rejuvenated in Cenozoic time. If the 
Larkspur Point-Waterbird Lake area and the Precambrian 
rocks to the west were uplifted recurrently in Pennsylvanian 
time, they probably were the sources of the Precambrian 
and Pennsylvanian clasts of coarse conglomerates in the 
upper Atokan and Desmoin sian rocks of the north limb of 
the Taos trough that were reported by Houle (1980), Coxe 
(1981), and Casey (1980b) as previously discussed in this 
report. The palinspastic reconstruction of Figure 75 suggests 
that, in Cenozoic t ime, the west limb of the Paleozoic basin 
and the Paleozoic uplift to the west were transported east
ward at least 2.5 mi (4 km) on the plate above the Blue Lake 
fault. In this interpretation the east-dipping remnants of 
Mississippian and Pennsylvanian rocks north of the trace of 
the Blue Lake fault (Fig. 74) were formerly on the west limb 
of the basin. 

The original northward extent of the Paleozoic basin is 
not known because all the Morrowan through 
Desmoinesian Pennsylvanian rocks of the Six Mile Creek 
thrust plate terminate abruptly at the northwest-trending 
Comanche Creek fault (Fig. 74). However, an Early to 
Middle Pennsylvanian basin margin southwest of the fault 
(Fig. 77) is suggested by outcrops southeast of Wheeler Peak 
Village where Pennsylvanian rocks are in depositional con
tact with Precambrian rocks (Clark and Read, 1972, p. 34; J. 
C. Reed, Jr., oral comm., 1983). Clark and Read (1972, p. 34)
found Fusulina sp. (now, Beedeina sp.) in limestone less than
100 ft (30 m) above the Precambrian. The position of this
Desmoinesian fusulinid in the lower part of the
Pennsylvanian was reconfirmed later by K. F. Clark (oral
comm., 1986). Therefore, Morrowan and Atokan rocks
equivalent to the Sandia Formation either are very thin or
are absent southwest of upper Comanche Creek (Fig. 77).

About 1.5 mi (2.4 km) south-southwest of the locality of 
the Desmoinesian fusulinids, J. C. Reed, Jr. (oral comm., 
1983), found a thick succession of east-dipping coarse
grained to conglomeratic sandstones and interbedded gray 
shales west of the East Fork of Red River in an area shown 
as mainly Precambrian rocks by Clark and Read (1972, plate 
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1). I observed these sedimentary rocks in reconnaissance and 
judged their lithology to be similar to the Morrowan and 
Atokan Sandia Formation of areas to the south. Although 
fossils have not been reported from these rocks, they proba
bly are a southward-thickening wedge of pre-Desmoinesian 
rocks, as shown in Figure 77. Clark and Read (1972, p. 42) 
also suggested that equivalents of the Sandia Formation 
may be present farther south. 

Comanche Creek area 

The Cenozoic Comanche Creek fault northwest of Eagle 
Nest (Fig. 74) throws Precambrian granitic rocks on the 
north against Pennsylvanian (Desmoinesian and probable 
Missourian) rocks and the Sangre de Cristo Formation on 
the south. The Pennsylvanian rocks south of the fault are the 
northernmost outcropping rocks of that age in New Mexico 
(except for whatever part of the Sangre de Cristo Formation 
may be Late Pennsylvanian). The next outcrops of 
Pennsylvanian rocks to the north in the Sangre de Cristo 
Mountains are about 1 mi (1.6 km) north of the Colorado
New Mexico border (Johnson, 1969). 

A patch of poorly exposed red beds on the Precambrian 
north of the Comanche Creek fault and west of Scully 
Mountain was assigned questionably to the Sangre de Cristo 
Formation by Clark and Read (1972, plate 1). A little farther 
north, folded beds of the Sangre de Cristo lie on the 
Precambrian in an inlier on the north side of Comanche 
Creek, but Wanek and Read (1956, p. 93) and Clark and Read 
(1972, p. 89-90) interpreted the contact there as a Cenozoic 
underthrust on a local "plunger" of Precambrian rocks. Parts 
of the basic studies of Clark and Read (1972) can be reinter
preted to indicate that a relict Paleozoic uplift is present in 
the vicinity of Comanche Creek as shown in Figures 72 and 
77. This uplift would have been a northwestern extension of 
the Cimarron arch and also a part of the San Luis(?) uplift.
The southwest margin of the uplift may have been an anti
dinal bend that was broken by a precursor of the Comanche
Creek fault that was active recurrently in Late
Pennsylvanian and Early Perrnian time.

Clark and Read (1972, p. 87) reasoned that the Comanche 
Creek fault (to which they did not apply a name) is a nearly 
vertical Laramide tear fault that bounds an eastward salient 
of the Blue Lake thrust fault and connects with the curved 
high-angle fault northwest of Scully Mountain that they 
called the Blue Lake fault, also. (I have labeled this curved 
fault the Six Mile Creek(?) fault in Fig. 74.) Clark and Read 
suggested that right-lateral, strike-slip displacement on the 
Comanche Creek fault is 2,000-3,000 ft (600-900 m). 

East of Wheeler Peak Village (Fig. 74), Clark and Read 
(1972, p. 86-87) connected the northwestern part of the 
Comanche Creek fault with a southwest-trending, high
angle and locally east-dipping fault that they considered to 
be a thrust. This fault is downthrown to the east and was 
considered to be part of the south-trending Taos Cone fault 
which Clark and Read mapped as mainly concealed by 
Quaternary deposits near the East Fork of Red River. At the 
south, the high-angle Taos Cone fault terminates the Blue 
Lake thrust fault northeast of Blue Lake, (Fig. 74). Clark and 
Read (1972, p. 86-87) wrote that the Blue Lake thrust 
becomes vertical at its juncture with the Taos Cone fault and 
that a later normal fault dropped the block east of the Taos 
Cone fault. 

Later mapping by Reed et al. (1983) determined that 
Pennsylvanian rocks are present, although poorly exposed, 
west of the East Fork of Red River in areas shown as 
Precambrian by Clark and Read (1972, plate 1). North of the 
junction with the Blue Lake fault, Reed et al. (1983) mapped 
the Taos Cone fault as a northwest-trending normal fault 

considerably west of the trace shown by Clark and Read 
(1972). The trace of the Taos Cone fault, as now mapped by 
Reed et al. (1983, and Fig. 74 of this report), makes it unlike
ly that a high-angle thrust fault connects the Blue Lake fault 
and the Comanche Creek fault in the manner conceived by 
Clark and Read (1972). The Comanche Creek fault (Fig. 74), 
therefore, probably is not a Laramide tear fault connecting 
parts of a Blue Lake thrust plate. 

If the Precambrian rocks west of the Six Mile Creek fault 
near the Taos-Colfax County line are part of the Blue Lake 
plate, the thrust would be broken by the younger Taos Cone 
fault and would be below the Pennsylvanian rocks east of 
Taos Cone fault, as suggested by Reed et al. (1983). In this 
case, the segment of thrust fault mapped (Fig. 76) just east of 
Taos Cone fault would be younger (Paleozoic) rocks thrust 
over older (Precambrian) rocks, rather than the older-over
younger situation on the Blue Lake fault west of Taos Cone 
fault. An alternative suggestion is that the Blue Lake thrust 
underlies a Laramide age, structurally high plate of 
Precambrian rocks that was broken near its eastern leading 
edge and dropped down to the west by younger movement 
on the Taos Cone fault. Although the apparent main dis
placement on the Taos Cone fault is down to the east, 
Pennsylvanian rocks east of the fault are at higher altitudes 
than the base of the Precambrian rocks of the Blue Lake plate 
a short distance north of the intersection of the Taos Cone 
and Blue Lake faults (north of secs. 1 and 2, Fig. 75). This 
relation could be interpreted to indicate Neogene down-to
the-west displacement on the Taos Cone fault during forma
tion of the Rio Grande rift. (See sec. 2, Fig. 75.) Northwest
trending faults, displaced down to the west, are present near 
Horseshoe and Lost Lakes west of the Taos Cone fault (Fig. 
74). A similar style is exhibited in the southeastern part of 
the Sangre de Cristo Mountains (Plate 1) where, between 
Mora and Sapello, the eastern parts of easterly-directed 
thrusts are broken by down-to-the-west Pliocene(?) to 
Pleistocene normal faults in the Quebraditas fault zone 
(Baltz and O'Neill, 1986). 

Taken at face value, the outcrops of the Sangre de Cristo 
lying on the Precambrian north of the Comanche Creek fault 
indicate the presence of a Paleozoic uplift. This is indicated 
also by the onlap of Desmoinesian rocks onto Precambrian 
rocks southeast of Wheeler Peak ViUage ("a" in Fig. 77). 
Clark and Read (1972, p. 89-90) presented some thin-section 
evidence that movement and grinding of rock materials 
occurred along the contact of the Precambrian and the 
Sangre de Cristo at the inlier just north of Comanche Creek. 
However, the well-exposed contact appears to be sedimen
tary, and slight concentric shearing during Laramide folding 
of the Precambrian and Sangre de Cristo also could have 
caused the microscopic features they described. The near
ness of the southern outcrop of the Sangre de Cristo 
Formation(?) of the uplift to the older Pennsylvanian rocks 
in the basin suggests a faulted margin in the position of the 
Comanche Creek fault. Therefore, this fault probably was 
recurrently active in Middle or Late Pennsylvanian and part 
of Permian time. The lower part of the Sangre de Cristo from 
Comanche Creek north contains thick beds of subangular to 
subrounded, pebbles and boulders of Precambrian rocks 
(Clark and Read, 1972, p. 43); the clasts indicate a nearby 
source area, probably the San Luis(?) uplift to the west, that 
had rugged relief and from which Pennsylvanian rocks were 
absent. Sediments of the Sangre de Cristo derived from this 
source buried the eastern part of the uplift near Comanche 
Creek. 

Clark and Read (1972, p. 44) reported that the Sangre de 
Cristo Formation at their locality 8 north of Comanche Creek 
may be as much as 5,300 ft (1,615 m) thick. However, most of 
the Sangre de Cristo at their section is concealed by 



Quaternary colluvial deposits and by alluvium in Comanche 
Creek where the structure is not known. May et al. (1977, Joe. 
1, plate 1) measured a section of the lower part of the Sangre 
de Cristo west of the alluvial valley of Comanche Creek and 
west-northwest of the G. Mutz Ranch. Near the middle of 
their section, two fault-bounded outcrops of granitic gneiss 
occur, and the basal part of the Sangre de Cristo apparently 
is repeated twice. It appears that the structure of the Sangre 
de Cristo Formation north of Comanche Creek may be more 
complex than is presently mapped, and the formation on the 
Paleozoic uplift possibly is much thinner than the 5,000 ft 
reported by Clark and Read. 

In summary, the complex structural and stratigraphic 
relations near Comanche Creek may be the combined results 
of Paleozoic and Cenozoic deformation. The high-angle, Six 
Mile Creek(?) fault north of Comanche Creek may be a root
ed, upthrust splinter of the Lararnide Six Mile Creek thrust 
fault. The style of the Six Mile Creek(?) fault is different from 
the southern segment because the thrust passes northward 
out of sedimentary rocks of the Paleozoic basin and cuts 
across the Comanche Creek fault into Precambrian rocks of 
the San Luis(?) uplift that were structurally high before 
Laramide deformation. Neogene rejuvenation of the 
Comanche Creek fault is indicated because it displaces 
Tertiary intrusive rocks and appears to displace the Six Mile 
Creek fault. 

San Luis (?) uplift 

From near Comanche Creek to about 1 mi (1.5 km) north 
of the New Mexico-Colorado border Lower and Middle 
Pennsylvanian mixed marine-nonrnarine rocks are absent 
from the Sangre de Cristo Mountains. However, in Colora
do, Lower and Middle Pennsylvanian rocks are present con
tinuously in the mountains for 60 mi (95 km) north of the 
border and are present even in fault slices in the high west
ern part near Sierra Blanca (Johnson, 1969; Tweto, 1979a; 
Lindsey et al., 1986). The absence of Pennsylvanian rocks 
(other than whatever part of the Sangre de Cristo Formation 
is Pennsylvanian) from the mountains in northernmost New 
Mexico suggests that at least part of that area was the north
west-trending continuation of the Paleozoic Cimarron arch. 
This continuation is shown in Figures 4 and 72 as the San 
Luis(?) uplift because it may be the southeastern part of the 
San Luis uplift that Melton (1925a, b) originally postulated 
as the western source of coarse Pennsylvanian and Permian 
elastics of the Sangre de Cristo Mountains in Colorado. If so, 
the San Luis(?) uplift of Figure 72 extended northwest in the 
area of the Neogene San Luis Basin probably as the buried 
uplift as indicated by a large high-gravity anomaly near the 
Colorado-New Mexico border between the Rio Grande and 
106° longitude (Fig. 4; Plate 2). This uplift extends north
ward in the subsurface of the San Luis Basin in Colorado as 
shown by a major gravity anomaly (Keller et al., 1984) that is 
marked locally by Neogene faults. Drill holes north of 
Alamosa, Colorado, show that Eocene(?) sedimentary rocks 
lie on the Precambrian rocks of the uplift (Baltz, 1965, p. 
2072; Tweto, 1979b, p. 40--42), indicating that it also was part 
of the previously discussed Laramide geanticline that, prior 
to Neogene time, included areas west of the Rio Grande as 
well as the Sangre de Cristo uplift. The area of the postulat
ed Paleozoic San Luis(?) uplift in Colorado was interpreted 
by Tweto (1979b, p. 41; 1983, Fig. 1) to be the southeastern 
part of the ancient Uncompahgre highland. The eastern and 
western margins of the Paleozoic uplift, within the San Luis 
Basin, are not known. 

In the high parts of the Sangre de Cristo Mountains in 
New Mexico northwest of Eagle Nest, small patches of 
arkosic sandstone, conglomerate, and greenish-gray to red 
shale are present here and there beneath Miocene volcanic 
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rocks and lying on Precambrian rocks. A few of these patch
es were assigned questionably to the Pennsylvanian and 
Permian Sangre de Cristo Formation by McKinlay (1956) 
and were shown as Pennsylvanian by Dane and Bachman 
(1965). Clark and Read (1972, p. 43, 52-57) considered them 
more likely to be Tertiary. McKinlay (1956, p. 12) considered 
other outcrops of gray to red sandstone, shale, and con
glomerates beneath Tertiary volcanics to be probably 
Tertiary and equivalent to the Vallejo Formation of Upson 
(1941) in the adjacent part of Colorado. In the Wheeler 
Peak-Latir Peak area west and northwest of Eagle Nest all 
these patches of rocks were assigned to the early Tertiary 
(Eocene or Oligocene) by Reed et al. (1983), and similar 
patches near the drainage divide west of Vermejo Park also 
are considered early Tertiary by C. L. Pillmore (oral comm., 
1982). The clasts of these sedimentary rocks were derived 
entirely from Precambrian sources (Reed et al., 1983). They 
probably were deposited near the end of Eocene time in val
leys or shallow structural depressions on residual highlands 
of the Laramide geanticline (Baltz, 1978, p. 223-224) after 
early Tertiary sediments had filled the adjacent Laramide 
Raton and San Juan Basins. 

Outcrops of arkosic sandstone and red shale about 5 mi 
(8 km) south of Costilla Lake in New Mexico (Fig. 72) were 
mapped by McKinlay (1956) and Dane and Bachman (1965) 
as the Sangre de Cristo Formation and still are considered to 
be part of that formation on lithologic bases. The outcrops 
are surrounded mainly by Precambrian rocks, and McKinlay 
(1956) suggested they are a fenster in a Laramide thrust 
plate However, P. W. Lipman (oral comm., 1982) found that 
the structure is more complex than envisioned by McKinlay, 
and that the Sangre de Cristo probably reached its present 
structural and topographic situation partly because of late 
Cenozoic faulting related to the Rio Grande rift. The base of 
the Sangre de Cristo is not exposed, and it is not known 
whether Pennsylvanian rocks are present beneath the 
Sangre de Cristo. These outcrops indicate that a Permian 
depositional basin extended west of the hypothetical margin 
shown for Pennsylvanian rocks in Figure 72, but the avail
able evidence does not permit an interpretation as to 
whether the Sangre de Cristo lapped onto the Precambrian 
of the San Luis(?) uplift, or whether the Sangre de Cristo was 
deposited in the Central Colorado Basin and was overrid
den by a Laramide thrust plate 

About 1 mi (1.5 km) north of the Colorado-New Mexico 
border, Pennsylvanian mixed marine-nonmarine rocks reap
pear along the east front of the Sangre de Cristo Mountains 
in sedimentary contact with Precambrian rocks, but mainly 
in thrust-fault contact with the Sangre de Cristo Formation 
(Johnson, 1969). The rocks in Colorado were classified by 
Tweto (1979a) as the Minturn Formation of Middle 
Pennsylvanian age. About 12 mi (19 km) north of the 
Colorado border, the Kerber Formation of Early and Middle 
Pennsylvanian age (Tweto, 1979a) wedges in above the 
Precambrian and below the Minturn Formation. The 
Pennsylvanian rocks are reported to be about 3,000 ft (915 
m) thick at Whiskey Creek Pass about 14 mi (22 km) north of
the Colorado border (Brill, 1952). Farther north at Crestone
Peak, Pennsylvanian rocks are thick in the deep part of the 
Central Colorado Basin (Bolyard, 1959, p. 1904, 1919-1920).
The northward wedge in of the Lower and Middle
Pennsylvanian Kerber Formation below the Minturn and 
the general northward thickening of the Pennsylvanian
rocks into the Central Colorado Basin suggest that an uplift,
or at least a low arch, existed south of the New
Mexico-Colorado border in Pennsylvanian time. The 
Pennsylvanian rocks in Colorado contain coarse grained to
conglomeratic first-cycle sediments that are generally
thought to have been derived from the San Luis-Uncompah-
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gre uplift to the west. Conceivably, some of these sediments 
may have been derived also from the San Luis(?) uplift (of 
this report) to the south and southwest, but no published 
data on the lithologies of the southernmost Pennsylvanian 
rocks exist to evaluate this possibility. 

Direct evidence of the Late Pennsylvanian-Permian exis
tence of the San Luis(?) uplift is present only where bouldery 
conglomerates of the Sangre de Cristo lie on the 
Precambrian near Comanche Creek northwest of Eagle Nest, 
New Mexico. Other evidence mainly is the thickening of the 
Sangre de Cristo northward from the Cimarron arch. For 
about 10 mi (16 km) north of the Moreno Valley (Fig. 74; 
Plate 2) the Cenozoic structural boundary of the Sangre de 
Cristo uplift and the Raton Basin in New Mexico is a north
northeast-trending reverse fault (Clark and Read, 1972) that 
throws Precambrian rocks against the Cretaceous Dakota 
Sandstone and rocks as young as the Paleocene Poison 
Canyon Formation, thereby concealing Paleozoic rocks and 
eliminating possible evidence of the San Luis(?) uplift. 
However, in northernmost New Mexico, a northerly trend
ing reverse or thrust fault juxtaposes the Precambrian and 
the steeply dipping Sangre de Cristo Formation (Dane and 
Bachman, 1965). At Gold Creek (Fig. 72) northwest of 
Vermejo Park and several miles south of the Colorado bor
der, the Sangre de Cristo Formation is at least 5,700 ft 
(1,735 m) thick (A. A. Wanek, unpub. section, 1957). About 
14 mi (22 km) north of the Colorado border, at Whiskey 
Creek Pass in the Sangre de Cristo Mountains, Brill (1952, p. 
821) measured about 9,500 ft (2,895 m) of rocks assigned to 
the Sangre de Cristo, which lie gradationally on 
Pennsylvanian (Desmoinesian) rocks. The Sangre de Cristo 
at Whiskey Creek Pass is faulted and folded internally 
(Johnson, 1969) and may not be as thick as thought by Brill 
(1952). Nevertheless, the Sangre de Cristo clearly thickens 
northward into the Paleozoic Central Colorado Basin from 
the exposures on the Cimarron arch. 

If a thick sequence of Pennsylvanian rocks had existed in 
the area shown as the San Luis(?) uplift in Figure 72, some 
record of its former existence might be expected in the lithol
ogy of the Sangre de Cristo Formation, but such evidence 
mainly is lacking. The thick beds of bouldery conglomerate 
in the lower part of the Sangre de Cristo north of Comanche 
Creek appear to have been derived from the nearby 
Precambrian terrane of the San Luis(?) uplift. No clasts con
taining Paleozoic fossils were reported in the Sangre de 
Cristo north of Comanche Creek by Clark and Read (1972) 
or by May et al. (1977), although both reports indicate that 
some conglomerates are calcareous. May et al. (1977, plate 1, 
sec. 1) reported sedimentary-rock fragments in several con
glomerate beds, indicating that some Paleozoic rocks existed 
in the source area. If these are fragments of Pennsylvanian 
rocks, their likely sources were the margins of the 
Pennsylvanian basin west of Eagle Nest. 

To the north, at Gold Creek the basal part of the Sangre de 
Cristo is cut out by a fault. The part exposed is predomi
nantly coarse sandstone and arkosic sandstone with thin to 
thick red and green shale interbeds and contains numerous 
pebble to cobble conglomerates and some boulder conglom
erates, all composed of clasts of Precambrian rocks (A. A. 
Wanek, unpub. stratigraphic section, 1957). The coarseness 
of the conglomerates suggests sources nearby at the west. A 
few thin conglomerates of limestone pebbles and cobbles 
probably represent intraformational unconformities and 
reworking of limestone beds of the Sangre de Cristo; con
ceivably, some of the limestone clasts were derived from 
Pennsylvanian rocks formerly to the west, but no fossils 
were found to confirm the age of the clasts. 

At the Whiskey Creek Pass section in Colorado, the 
Sangre de Cristo Formation lies transitionally on 

Desmoinesian rocks within the Central Colorado Basin and 
is similar lithologically to the Sangre de Cristo farther south 
except that, generally, the conglomerates may not be as 
coarse as those in New Mexico. The section of the Sangre de 
Cristo described by Brill (1952, p . 853-859) shows that the 
formation contains thin beds of limestone and limestone 
nodules scattered throughout, but it is not reported to con
tain recognized sedimentary detritus that would indicate a 
source terrane that included Pennsylvanian rocks. 

On the other hand, previous writers (Read and Wood, 
1947; Brill, 1952, plate 3; Baltz, 1965; Clark and Read, 1972, 
fig. 8; Mallory, 1972a, fig . 4) inferred that a basin containing 
Pennsylvanian rocks did exist in the area of the northern
most part of the mountains in New Mexico and that the 
Sangre de Cristo Formation was derived from the 
Precambrian of the Uncompahgre uplift farther west. In that 
case, the Sangre de Cristo would not necessarily contain 
Pennsylvanian detritus, and both the Sangre de Cristo and 
older Pennsylvanian rocks would have been eroded from 
the area of the mountains after Permian time. 

The thin layer of Upper Triassic rocks on the east side of 
the Sangre de Cristo Mountains in northern New Mexico 
and southern Colorado is predominantly fine- to medium
grained sandstone and shale that contain some thin, bedded 
limestone. Thin lenses of pebbles of quartz, chert, and lime
stone occur commonly near the base and, at some places, at 
higher stratigraphic positions (Johnson and Baltz, 1960; 
Robinson et al., 1964; Clark and Read, 1972; Pillmore and 
Laurie, 1976, p. 47-48). Some of the chert and limestone peb
bles appear to have been derived by erosion and channeling 
of limestones within the Triassic; other pebbles are similar to 
limestone of the unconformably underlying Sangre de 
Cristo Formation (Clark and Read, 1972, p. 46). Fossils have 
not been reported in the pebbles. Similarly, the fine- to medi
um-grained sandstones, shales, and thin limestones of the 
Jurassic formations are not known to contain the kinds of 
clasts that would suggest nearby sources of Paleozoic rocks. 
Sources of Triassic and Jurassic sediments of north-central 
New Mexico generally are thought to have been the Brazos 
uplift (Muehlburger, 1967) and the Uncompahgre 
(Maclachlan, 1972; Tweto, 1983) and Wet Mountains uplifts 
of Colorado. Onlapped upper parts of the Sangre de Cristo 
Formation on the Cimarron arch, the southern Cimarron 
Mountains block, and the San Luis(?) uplift also may have 
been sources of at least parts of the Triassic sediments. 

The Lower Cretaceous Dakota Sandstone on the east side 
of the Sangre de Cristo Mountains and in the adjacent Raton 
and Las Vegas Basins is composed mainly of fine to coarse 
quartzose sands. The lower part, probably equivalent to the 
Purgatoire Formation of Colorado, is fluviatile sandstone 
that commonly contains lenses and scattered pebbles of 
white to gray chert. Sediment transport directions in the 
southern and eastern parts of the Raton Basin are east to 
southeast (Asquith and Gilbert, 1976) and, in the Las Vegas 
Basin, easterly (Bejnar and Lessard, 1976). The mature sands 
of the Dakota are second cycle and probably were transport
ed for considerable distances. Bejnar and Lessard (1976) 
reported that some chert pebbles in the Las Vegas Basin con
tain bryozoans and fusulinids from a source terrane of silici
fied Paleozoic limestone. The probable sources of Dakota 
sediments are the Upper Jurassic Morrison Formation and 
patches of Pennsylvanian rocks on the Brazos and 
Uncompahgre uplifts and their margins. 

The lithologies of Triassic, Jurassic, and Lower 
Cretaceous rocks on the east front of the Sangre de Cristo 
Mountains north of Eagle Nest do not suggest that major 
Mesozoic orogenic events occurred nearby that would have 
caused uplift and stripping of thousands of feet of Permian 
and Pennsylvanian rocks from the area shown as the San 



Luis(?) uplift of Figure 72. In Late Cretaceous time the entire 
region was buried deeply by sediments derived from areas 
far to the southwest and west. Therefore, if a Pe1msylvani
an-Permian Basin had existed in the Sangre de Cristo 
Mountains in northernmost New Mexico, its destruction 
would have occurred in latest Cretaceous-early Tertiary 
time, and evidence of its former exjstence would be expect
ed in rocks of those ages. 

The oldest rocks of the Cenozoic Raton Basin whose 
stratigraphy and lithology directly reflect Laramide uplift of 
the Sangre de Cristo Mountains are the Raton Formation of 
Late Cretaceous and Paleocene age and the laterally mainly 
equivalent Paleocene Poison Canyon Formation. In the 
westernmost part of the Raton Basin the basal conglomerate 
of the Raton lies with angular unconformity on rocks as old 
as the Upper Cretaceous Pierre Shale 0olmson et al., 1956). 

Lee (in Lee and Knowlton, 1917, p. 66-167) examined the 
Raton Formation and underlying rocks in detail throughout 
most of its outcrop area in the Raton Basin. He reported that 
the basal conglomerate of the Raton at most places consists 
of quartz and chert pebbles of undetermined provenance. 
The basal conglomerate in the southwestern part of the 
basin east of Eagle Nest was described by Wanek (1963) as 
coarse-grained sandstone containing granules and subangu
lar to subround pebbles of granite, gneiss, and quartzite. 
Along the western rim of the basin west and northwest of 
Vermejo Park and in southern Colorado, Lee (Lee and 
Knowlton, 1917, p. 58, 148-156) found that the conglomerate 
contains cobble-size clasts at places. He reported that, on 
Vermejo Creek and farther north, the conglomerate contains 
clasts of Cretaceous rocks, the Sangre de Cristo Formation, 
Precambria11 rocks, and cherty limestone and chert that con
tain crinoids, brachiopod shells, and horn corals. The fossil
iferous clasts could have been derived only from 
Pennsylvanian rocks, and their relative abundance suggests 
that Pennsylvanian rocks formerly were present i_n the 
uplifted area west and northwest of Vermejo Park as they 
still are in the immediately adjacent part of Colorado. 
Therefore, the Late Pennsylvanian or Early Permian south
ern margin of the Central Colorado Basin probably lay west 
and northwest of Vermejo Park (Fig. 72). Pennsylvanian 
rocks may exist in the subsurface of the western part of the 
Raton Basin in northernmost New Mexico where they may 
have been overridden by Laramide faults. No palinspastic 
restoration is made in Figure 72; thus, the hypothetical zero 
isopach of Pennsylvanian rocks represents a Laramide
deformed boundary. The original edge of the Paleozoic 
basin probably lay farther west and had a more northwest
erly trend. 

To the south, west of Eagle Nest, in the area of Figure 74, 
sandstone, shale, and conglomerate probably equivalent to 
the basal part of the Raton Formation lie unconformably on 
the Dakota Sandstone. These rocks were mapped as the 
lower part of the Poison Canyon Formation by Clark and 
Read (1972, p. 51-52). West and north of Eagle Nest the 
Poison Canyon at the west margin of the Raton Basin is an 
arkosic conglomeratic fades that contains pebbles, cobbles, 
and boulders of Precambrian quartzite, granite, and gneiss. 
Clark and Read (1972, p. 52) reported that part of these clasts 
appear to have been derived from the granitic Precambrian 
block west of their Blue Lake fault (the Six Mile Creek(?) 
fault in Fig. 74 of the present report) north of Eagle Nest. 
Farther north, and to the east in the Raton Basin, much of the 
Poison Canyon consists of coarse arkosic sandstone and 
pebble conglomerates (Wanek, 1963). Part of this material 
might be second-cycle material reworked from the Sangre 
de Cristo Formation, but the bouldery conglomerates on the 
west, and probably most of the sediments, were derived 
from Precambrian terranes 0ohnson et al., 1956, p. 131). 
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None of the literature reports recognized clasts of 
Pennsylvanian rocks. These factors indicate that the 
Precambrian basement was exposed in the rising mountains 
in northern New Mexico after the initial Laramide uplift and 
erosional stripping of Mesozoic rocks and whatever 
onlapped parts of the Sangre de Cristo Formation that exist
ed in that area. Probably, there were no Pennsylvanian rocks 
present in the area labeled the San Luis(?) uplift in Figures 4 
and 72 because they were never deposited there or were 
eroded in Late Pennsylvanian time. 

Sierra Grande uplift 

The Paleozoic structure of the Sierra Grande uplift of 
northeastern New Mexico is poorly known because of the 
sparsity of wells drilled to the basement on parts of the 
uplift. Pennsylvanian rocks are known to be absent from 
many places (Figs. 72, 78) where the (mainly) Wolfcampian 
Sangre de Cristo Formation lies on Precambrian rocks. At 
most places the Sangre de Cristo is less than 500 ft (150 m) 
thick, and locally it is absent. The probable southern margin 
of the Cimarron arch is marked by a poorly defined high
gravity anomaly trending southeast from the Cimarron 
Mountains to south of Springer (Plate 2). Farther southeast, 
a prominent, broad, high-gravity anomaly (Keller and 
Cordell, 1983) on the Sierra Grande uplift extends southeast 
to the area of the Paleozoic Bravo dome near the Texas-New 
Mexico boundary. In this southeast-trending area, shown by 
an anticlinal axis in Figure 78, well data show the Sangre de 
Cristo is absent and the Precambrian is overlain by younger 
Permian (Leonardian) rocks (Roberts et al., 1976, figs. 6, 8) 
except at Bravo dome where thin Wolfcampian elastic rocks 
lie on the Precambrian. This area apparently is a broad struc
tural culmination represented by late Wolfcampian residual 
hills of the Sierra Grande uplift. 

Southwest of the culmination the Sierra Gr;mcle uplift is 
relatively narrow and has broadly scalloped margins with 
the Rainsville trough and the Cuervo-Tucumcari Basins as 
shown on isopach maps of the Pennsylvanian rocks (Roberts 
et al., 1976, figs. 4, 5; Foster et al., 1972, fig. 7; Krisle, 1959). 
The northeastern edge of the Cuervo-Tucumcari Basin may 
be a major northwest-trending Late Pennsylvanian or 
Permian fault or fault zone (Fig. 78) as suggested by proba
ble offset of the basement rocks near Tucumcari (Foster et al., 
1972, fig. 10), by relatively abrupt northeastward termina
tion of Pennsylvanian rocks, and by rapid southwest thick
ening of Wolfcampian elastic rocks, which are about 3,500 ft 
(1,070 m) thick in the northeast part of the basin. The trend 
of the probable fault or fault zone is uncertain because of dif
fering interpretations of structure-contours of the top of 
Precambrian rocks (Krisle, 1959). Probably, other Paleozoic 
faults exjst on the uplift or its margins (Foster et al., 1972, p. 
17), but evidence of their existence and trends is not defini
tive. Nevertheless, the narrowness and the scalloped mar
gins of the southwestern part of the uplift suggest that it 
might have originated in Pennsylvanian time as northwest
erly trending fault blocks, or anticlines, and intervening 
basins analogous to the uplifts and basins exposed at the 
southeastern margin of the Sangre de Cristo Mountains (Fig. 
72). 

Sutherland (1963, p. 44) suggested that the western mar
gin of the Sierra Grande uplift did not develop until Late 
Pennsylvanian or Permian time and that the eastward dis
appearance of Pennsylvanian rocks (of the Rainsville 
trough) may have resulted from post-depositional erosional 
truncation rather than from onlap. The Shell Oil Co. no. 1 
Mora Ranch well (no. 14, Fig. 72), drilled on the east limb of 
the Paleozoic basin after Sutherland's report, provides addi
tional information on the nature of the eastward thinning of 
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Pennsylvanian rocks. At this well the Sangre de Cristo 
Formation is about 3,400 ft (900 m) thick; the Alamitos and 
Porvenir Formations are about 1,500 ft (460 m) in combined 
thickness; the Sandia Formation is about 1,800 ft (550 m) 
thick; and Mississippian rocks are absent. The thicknesses 
and lithologies of the Sangre de Cristo, Alamitos, and 
Porvenir at the well are similar generally to those rocks near 
the east front of the mountains (Plate 3), but the Sandia at the 
well is much thinner than the more than 5,000 ft (1,500 m) of 
Sandia exposed at Mora River. The northeastward thinning 
of the Sandia indicates that the eastern limb of the basin was 
structurally much higher than the Rainsville trough in 
Morrowan and Atokan time, a situation analogous to the 
probable Morrowan and Atokan margin of the San _Luis(?) 
uplift and the basin northwest of Eagle Nest (Fig. 77). 
Therefore, it is likely that at least parts of the Cimarron arch 
and the Sierra Grande uplift were emergent at times in the 
Pennsylvanian and were sources of fine to very coarse sands 
and other sediments of the Sandia at the Shell well and 
sources also of the sediments of the younger formations. 
Subsurface data east and north of the Shell well are not ade
quate to determine the stratigraphic nature of the wedge?ut 
of the Pennsylvanian or the thinning of the Sangre de Cnsto 
Formation onto the uplifts. 

East of the Sierra Grande uplift, on the west margin of the 
Dalhart Basin (Fig. 78), pre-Pennsylvanian rocks and several 
hundred feet of black shale and interbedded sandstones of 
probable Morrowan and Atokan age (Roberts et al., 1976, fig. 
4, 7) wedge out westward beneath granite wash, �rk�sic 
sandstones, and sandy limestones of probable Desmomes1an 
through Wolfcampian ages. All these rocks grade eastward 
into shelf facies of the Dalhart Basin in which carbonate 
rocks are common or predominant. Adjacent to the Bravo 
dome Pennsylvanian and Permian granite wash and sand
stones wedge out eastward and southeastward into shelf 
deposits of the Palo Duro Basin (Roberts et al., 1976, fig. 4; 
Handford and Dutton, 1980). All these relations suggest that 
the eastern parts of the Sierra Grande uplift and the Bravo 
dome were emergent sources of coarse elastics in much, if 
not all, of Pennsylvanian and Early Permian time. . Part of the history of the southwestern part of the Sierra
Grande uplift and its relation to the Cuervo-Tucumcari 
Basin are uncertain. Foster et al. (1972, p. 15) noted that gray 
shale and interbedded arkose and arkosic conglomerate in 
the lower part of the Pennsylvanian section in the basin are 
similar to the Pennsylvanian rocks exposed in the Sangre de 
Cristo Mountains west of Mora, but they pointed out (p. 15) 
that, without supporting paleontologic data, correlation of 
these rocks with those of the Cuervo-Tucumcari Basin is 
problematic. They pointed out that, if these sediments in the 
Cuervo-Tucumcari Basin were an eastward-thinning wedge 
of Lower Pennsylvanian gray shales and arkoses derived 
from the Uncompahgre uplift, the Sierra Grande is younger 
than the Uncompahgre. In that case, the Sierra Grande uplift 
would have been the source of only the younger 
Pennsylvanian and Permian coarse, arkosic, red sediments 
of the Cuervo-Tucumcari Basin. However, data from the 
southeastern part of the area of this report (Figs. 18, 20, 3�) 
indicate that the Sandia Formation thins southward deposi
tionally onto the north flank of the Sierra Grande uplift and 
the southern parts of the Tecolote and Bernal uplifts, show
ing that these areas were active in Morrowan and Atokan, 
and that at least part of the Sierra Grande shed sediments to 
the north throughout Pennsylvanian. Therefore, it may have 
been a source of presumed Early Pennsylvanian sediments 
of the Cuervo-Tucumcari Basin also. The Pedernal uplift, 
known to have been recurrently active through 
Pennsylvanian and Early Permian (Kottlowski, 1961), also 
seems likely to have supplied some terrigenous sediments to 

the Cuervo-Tucumcari Basin and to the San Jose Basin and 
the Pecos shelf. 

Origin of ancestral Rocky Mountain uplifts and basins 

Figure 78 shows the major Pennsylvanian tectonic fea
tures of the area of this report (Fig. 72) in relation to other 
Pennsylvanian Ancestral Rockies uplifts and basins. West of 
the area of Figure 78, the Uncompahgre uplift plunges 
northwest and dies out in eastern Utah. To the north, the 
Frontrange uplift dies out in southern Wyoming, and to the 
south the Pedernal uplift broadens and extends southward 
entirely across New Mexico. The Amarillo-Wichita uplift 
plunges southeast but, along the same trend, faulted basins 
and the parallel Arbuckle uplift in Oklahoma and Texas 
intersect and interrupt a southwest-trending segment of the 
Paleozoic Ouachita fold and thrust belt beneath Mesozoic 
rocks and Cenozoic sediments of the Gulf Coastal Plain 
(Flawn et al., 1961, p. 171-172). 

All the features illustrated in Figure 78 were tectonically 
active also in Wolfcampian (Early Permian) time but, by the 
end of the Wolfcampian, sediments had mainly filled the 
basins and thin sedimentary beds lapped back across the 
Precambrian of most of the Defiance-Zuni, Peiiasco, and 
Sierra Grande uplifts, the northern Pedemal uplift, the 
Cimarron arch, and (Dixon, 1967; Maclachlan, 1967) all but 
the eastern parts of the Amarillo-Wichita uplift. Large parts 
of the Uncompahgre, Frontrange, Wet Mountains-Apisha
pa, Brazos, and San Luis(?) uplifts probably were not cov
ered by Wolfcampian sediments. 

Precambrian ancestry of most of the major faults of the 
Ancestral Rockies has been postulated by various writers 
and is confirmed in places in south-central Colorado (Tweto, 
1977, 1980b). Montgomery (1963) presented evidence for late 
Precambrian origin of the Pecos-Picuris fault in New 
Mexico. The Wichita uplift and Anadarko Basin have been 
interpreted as deformed parts of a late Precambrian �o 
Middle Cambrian aulacogen, a rifted trough on the margm 
of the North American craton. This concept, as it applies to 
the geology of Oklahoma, was summarized by Wickham 
(1978a) and modified by Brewer et al. (1983, p. 113-114). 

Regional-tectonic concepts 
The generally similar Mississippian through Early 

Permian erosional and sedimentational histories of the 
northwesterly trending Ancestral Rockies uplifts and basins 
have suggested to many geologists that the system _was pro
duced by a regionally unified structural mecharnsm. The 
patterns of late Paleozoic folds and faults of th� i:exas 
Panhandle and Oklahoma were interpreted to md1cate 
regionally distributed left-lateral shearing and left-lateral 
wrenching along high-angle faults (Nicholson, 1960, p. 
53-54; Walper, 1970; Wickham, 1978a, p. 36). Walper (1970)
included the Amarillo-Wichita uplift in what he called the
Wichita megashear, which he considered to be a zone of
major left-lateral displacements that extended nor!hwest 
across New Mexico to include the Uncompahgre uplift and 
Paradox Basin in Colorado and Utah. Baars (1976) proposed 
that a curving, northwest alignment of basement fractures 
continues from the Uncompahgre uplift and Paradox Basin 
across the Western United States to the coast of Washington, 
and he called his entire proposed transcontinental alignment 
the Olympic-Wichita lineament. However, Baars (1976) and 
Stevenson and Baars (1986, fig. 2) indicated that strike-slip 
displacements in the Olympic-Wichita lineament, including 
the southeastern part, are right lateral, and that the Paradox 
Basin is pulled apart because of late Paleozoic east-w�st 
extension and divergent right-lateral wrenchmg along its 
margin with the Uncompahgre uplift. 



Plate-tectonic concepts also have been applied to analysis 
of the northwesterly trending structures of Figure 78 and to 
other late Paleozoic uplifts and basins of the Western United 
States. Sales (1968, p. 2019, 2023-2024) proposed that the 
Ancestral Rockies and the Laramide Rockies foreland struc
ttues both were produced by eastward subduction of Pacific 
oceanic crust beneath the Cordilleran geosyncline that 
caused the geosyncline to be tectonically thickened enough 
to transmit compressional forces eastward to the Colorado 
Plateau. The cratonic crust in Colorado was thought to have 
been broken up along east- and west-dipping upthrusts 
because of east yielding at the eastern margin of the 
Colorado Plateau. Sales (p. 2024) suggested that, south of the 
Colorado Front Range, eastward yielding was accomplished 
by left-lateral wrench on the Wichita lineament. 

Later plate-tectonic explanations (Casey, 1980a, b; Kluth 
and Coney, 1981; Kluth, 1986) have postulated that tectonic 
forces were applied to the craton at the east and southeast 
from the area of the Ouachita fold and thrust belt. The "S"
shaped Ouachita belt is a late Paleozoic craton-margin oro
gen that rims the Gulf Coastal Plain from Mississippi to west 
Texas and Mexico. The parts that are exposed in Oklahoma 
and Arkansas and in the Marathon region of west Texas are 
northerly verging folded and thrust salients thought to be 
connected by a lengthy, northwest-concave segment that is 
buried by Mesozoic rocks and Cenozoic sediments of the 
Gulf Coastal Plain (Flawn et al., 1961, p. 165). By analogy of 
its facies with Appalachian facies and structural zones, the 
buried part of the Ouachita belt is thought to verge north
westerly toward the craton (Flawn et al., 1961, plate 2). 
Wickham (1978b) briefly summarized evidence which sug
gests that the northerly verging Ouachita Mountains part of 
the belt is on a former continental margin that was deformed 
by a collision of the North American plate with an island arc 
or another continent. 

Casey (1980a, b) suggested that a collision of the North 
American plate with an island arc or South America along 
the Ouachita belt caused the southwestern part of the North 
America craton to be shoved northwestward away from the 
rest of the main part of the craton, creating right-lateral 
shear couples along the Uncompahgre-Wichita trend and 
tensional features on other divergent Ancestral Rockies 
trends, such as the Frontrange uplift. Using this concept, 
Casey suggested that the Taos and Rainsville troughs of the 
area of this report (Taos trough of his usage) was a north
west-tilted rhomboid depression that may have been similar 
to a pull-apart basin. According to Casey, the basin formed 
in an area of tension between the Pecos-Picuris fault and 
unspecified faults of a northwest-trending Uncompahgre 
"lineament" along the south side of the Cimarron arch. He 
reasoned that tensional stresses responsible for vertical 
movements do not necessarily require large-scale lateral 
movements on through-going wrench faults and suggested 
that basin subsidence was accelerated by sediment loading. 
He suggested also that the Sierra Grande uplift was broadly 
arched by compressional stress in a right-lateral wrench sys
tem. 

Kluth and Coney (1981) compared the timing of deposi
tional events in late Paleozoic Basins of the Western United 
States with deformational events of the Ouachita belt. They 
concluded, as had Casey (1980a, b), that an assumed colli
sion with South America along an irregular margin caused 
the southwestern part of the North American craton to be 
shoved northwestward, creating changing complex patterns 
of stress that acted on pre-existing weak zones in the crust 
during southwestward-progressing suturing of the conti
nents along the Ouachita belt. 

In discussing the plate-tectonic hypotheses of Kluth and 
Coney (1981), Goldstein (1981) pointed out that late 
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Paleozoic continental collision at the south margin of the 
North American craton had not been proven and that there 
are noncollisional models for the Ouachita belt. Warner 
(1983) briefly discussed rock-mechanics problems of trans
mitting stresses across a deforming, weak, continental-mar
gin zone into the deep interior of the continent. Concerning 
kinematics of Ancestral Rockies deformation, Warner (1983) 
pointed out that wrenching by distributive shear during 
northwestward pushing of the Craton would produce hori
zontal greatest and least principal stresses, with the direc
tion of tectonic transport being subparallel to the axes of the 
uplifts. Warner (1983, p. 121) wrote: "One is at some loss to 
understand how uplift of northwest-trending basement 
blocks by dominantly vertical movements along marginal 
faults could have resulted from such a stress system." 
Warner concluded that, by analogy with the Laramide 
Rockies, under thrusting consistent with eastward-directed 
compression is a mechanism preferable to that suggested by 
Kluth and Coney (1981). 

Kluth (1986) expanded on the plate-tectonic model of 
Kluth and Coney (1981). Kluth (1986, p. 361) reiterated the 
interpretation that Ancestral Rockies deformation was pro
duced in response to the events that produced the 
Ouachita-Marathon orogeny because he believed that 
Pennsylvanian time was a period of relative quiescence 
along the western plate margin of North America. He (p. 
362-363) interpreted the marginal faults of some of the 
mountain blocks of the Ancestral Rockies as having both
vertical and horizontal motions. Wrenching and translation
were postulated to have been caused by distributive shear in 
a large area of the craton because there is no evidence for 
large-scale through-going megashears with great displace
ment in Pennsylvanian or pre-Pennsylvanian rocks. Kluth
postulated changing patterns of stress during southwest
ward continent-continent suturing, and suggested that a
northward component of stress, set up by plate collision in
the Marathon region of Texas, resulted in vertical move
ments along the Uncompahgre and Amarillo-Wichita
uplifts.

Tectonic styles 
As illustrated by the various differing concepts, the struc

tural mechanisms that produced the Ancestral Rockies are 
not clear, largely because basic details of local late Paleozoic 
structural style are poorly known or are conjectural. 
Formerly, the main boundary faults of the Wichita uplift 
were generally thought to be high angle and to have large 
components of left-lateral slip, but deep seismic profiles and 
well data have been interpreted by Brewer et al. (1983, p. 
113, fig. 2) to indicate that the Mountain View and Meers 
faults (Fig. 78) at the north side of the uplift are thrusts dip
ping 30-40° southwest. They suggested a total of 15 ±5 km 
(6-12 mi) of Pennsylvanian crustal shortening. According to 
Brewer et al. (1983, p. 114), a compressional stress in parts of 
Pennsylvanian time could have been north-northeast and 
south-southwest perpendicular to the uplift but, in Late 
Pennsylvanian, left-lateral oblique slip may have occurred 
in the parts of the system. Elsewhere, east of the present 
Rocky Mountains, very little is known about the late 
Paleozoic style of the Sierra Grande and Apishapa uplifts 
and their margins other than the existence of the Freezeout 
Creek fault zone on the east side of the Apishapa uplift and 
the Apishapa fault to the north. According to Tweto (1980a, 
p. 7) the Paleozoic Apishapa fault probably originated in
Precambrian time, but its Paleozoic style is not reported.

Near longitude 105°, in the vicinity of the present Rocky 
Mountains and farther south, the asymmetry of uplifts and 
basins begins to change from that farther east where the 
steep, faulted parts of the Amarillo-Wichita and Apishapa 
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DESCRIPTION OF UNITS 

Area where Pennsylvanian rocks ore thin and ore absent locally 
because of recurrent uplift of older Paleozoic and Precambrian 
rocks in Pennsylvanian and Early Permian time. Pennsylvanian 
rocks ore absent from most of the Wichita uplift east of 100° 

Area of uplifted Precambrian rocks where Pennsylvanian rocks 
mainly were not deposited or were eroded before or during 
Early Permian IWolfcompion) time. Boundary queried where 
poorly known or hypothetical 

Area added to Uncompohgre uplift in early Mesozoic time 
ITweto, 1983). Pennsylvanian and Permian rocks probably 
were present in some places before uplift and erosion in 
Triassic lime 

Area where Pennsylvanian rocks ore equal lo or less than 
1,000 ft 1300 ml thick 

Area where Pennsylvanian rocks ore more than 1,000ft l300m) 
thick 

15,000 local approximate thickness 1ft) of Pennsylvanian rocks 

FOLDS AND FAULTS ACTIVE IN 

PENNSYLVANIAN TO EARLY PERMIAN TIME 

-t--- Anticlines and uplift axes-Dashed in area of local uplifts 
and basins 

---t--- Anticlinal bend 

-+--- Synclines and basin axes 

---.---?- - Fault-Dashed where concealed; queried where uncertain. 
Bar and boll on downthrown side. Paleozoic style not certainly 
established 

___.__ & - Probable reverse or thrust fault-Dashed where concealed. 
Blocks on uplhrown side. Faults of Wichita uplift mainly after 
Brewer and others I 1983, figures 1, 2). Faults on southwest 
margin of Uncompohgre uplift adopted from White and 
Jacobson I 1983) 

A,__ _ ____.A' Line of structural profile !Figure 79) 
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Datum is top of Permian rocks in basins 

Pr-Post Wollcompion Permian rocks of Wet Mounloins-Apishopo uplift 

PIPr-Permian and Pennsylvanian rocks 

PIPMr-Permian, Pennsylvanian, and Mississippian rocks 

P-£r-ln Paradox Basin, Permian through Devonian and Cambrian rocks; in Eagle 
Basin, Permian through Devonian, Ordovician, and Cambrian rocks 

p£r-Precambrion crystalline basement rocks and other crustal rocks. Dashed lines 
above top of profiles ore restored pre-Pennsylvanian tops of Precambrian rocks 

FIGURE 79-Hypothetical structural profiles of Ancestral Rockies uplifts and basins. Lines of profiles 
shown in Figure 78. Profiles are lengthened to eliminate part of Laramide shortening. Reconstructed 
tops of Precambrian rocks (dashed lines) of uplifts are based on the assumption that cross-sectional 
areas of eroded rocks above the datum are about equivalent to cross-sectional areas of Permian and 
Pennsylvanian rocks of adjacent parts of basins on the profiles. 

In A-A', Uncompahgre uplift is assumed to have supplied all the late Paleozoic sediments of adja
cent deep part of Paradox Basin and s.outhwestern two-thirds of adjacent part of Eagle Basin. 
Frontrange uplift supplied sediments to Eagle and Denver Basins. 

In B-B', San Luis(?) uplift is a sumed to have supplied about two-thirds of sediments of Central 
Colorado Basin. Wet Mountains-Api hapa uplift supplied sediment to both flanking basins but is 
buried by thin post-Wolfcampian Permian sediments from San Luis(?) uplift. Basin at outhwest end 
of B-B' received sediments from Brazos and Peiiasco uplifts. 
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uplifts face north-northeast. In Colorado, the narrow Wet 
Mountains uplift and Central Colorado Basin probably were 
bounded by faults on both sides. The Taos and Rainsville 
troughs in New Mexico are deepest on the north and may 
have been bounded partly by the Saladon Creek fault at the 
north, the Pecos-Picuris fault at the west, and by folded 
structures at the south. The Uncompahgre and Frontrange 
uplifts of Colorado were gently tilted upwarps that had 
fault-bounded fronts on their southeast sides but were 
upwarped only gently on their northeast sides (Tweto, 
1980a, p. 6). The basinal areas in Colorado have been inter
preted as grabens and half grabens with the major faults on 
their northeast sides (De Voto, 1980, p. 71). 

In New Mexico the late Paleozoic Brazos uplift also may 
have had a southwest-facing monoclinal boundary. The 
Pedernal uplift, similar in some respects to the 
Uncompahgre uplift, was a huge upwarp that had a west
facing front, which may have been faulted, at least locally, in 
Pennsylvanian time (Bachman, 1975, p. 240), but the style of 
the faults is not known. The northeastern and eastern mar
gins of the Pedernal uplift were shallow shelves on which 
Pennsylvanian and Lower Permian rocks thicken irregular
ly eastward. 

The major late Paleozoic faults exposed along the Wet 
Mountains and Frontrange uplifts in the present Rocky 
Mountains in Colorado have been overprinted by Laramide 
and Neogene structure to the extent that most writers have 
not made direct statements concerning their Paleozoic 
styles, other than to observe that the faults mainly have 
Precambrian antecedents and that the vertical senses of dis
placements in late Paleozoic and Cenozoic times were the 
same. (See summaries in Tweto, 1977, 1980a, b; De Voto, 
1980.) In cross sections, the faults generally are portrayed as 
vertical, or high-angle reverse, or normal (De Voto, 1980; 
Tweto, 1983). Tweto (1980b, p. 43) reported that the Gore 
fault and other northwest-trending faults of the Frontrange 
and Wet Mountains uplifts are essentially vertical zones on 
which strike-slip and vertical movements occurred in the 
Precambrian, but whose motions were largely dip slip in 
Phanerozoic time. 

The boundary of the Central Colorado Basin and the east
ern Uncompahgre uplift is obscure. Precambrian rocks of the 
western part of the Sangre de Cristo Mountains northeast of 
Alamosa were interpreted as a late Paleozoic intrabasinal 
uplift by De Voto and Peel (1972) and De Voto (1980, figs. 3-5 
et al.), but Lindsey et al. (1986, p. 555) consider the 
Precambrian rocks to be fragments of the Uncompahgre 
uplift transported eastward by Laramide thrusts. Lindsey et 
al. (1986) noted that facies of the adjacent Sangre de Cristo 
Formation match the distribution of Precambrian source 
rocks and reported that Paleozoic or Laramide strike slip has 
not occurred along the fault boundary. They indicated (p. 
558) that the Paleozoic eastern boundary of the 
Uncompahgre uplift was destroyed by the Laramide fault
ing, but the boundary probably was a normal or reverse 
fault system. 

The southwestern late Paleozoic margin of the 
Uncompahgre uplift is concealed mainly by Mesozoic rocks 
and partly by Cenozoic volcanic rocks of the San Juan 
Mountains. The boundary of the uplift and the Paradox 
Basin is the buried late Paleozoic Uncompahgre and 
Gateway fault zones. Pennsylvanian and Permian rocks are 
10,000-12,000 ft (3,050-3,650 m) in total thickness in the sub
surface of the northern part of the Paradox Basin; however, 
locally in and near the fault zone, thin Permian rocks lie on 
the Precambrian and are truncated northeastward by 
Triassic rocks that lie on the Precambrian of the immediate
ly adjacent parts of the uplift (Stone, 1977, p. 23: Frahme and 
Vaughn, 1983, p . 201; White and Jacobson, 1983). 

Seismic profiles and well data from west of the Colorado 
River in Utah were interpreted by Frahme and Vaughn 
(1983, p . 209) to indicate that the Uncompahgre fault is a 
thrust that dips about 30° northeast. A well there complete
ly penetrates the overhanging Precambrian rocks and bot
toms in Cambrian rocks below the fault. They estimated that 
the vertical separation on the top of the Precambrian is about 
20,000 ft (9,100 m) and the northeast-southwest shortening 
is about 6 mi (9.5 km). However, White and Jacobson (1983, 
p. 37-38) apparently used about the same data to interpret 
the fault as dipping 50-55° northeast and having about 
14,400 ft (4,400 m) of displacement parallel to the fault plane. 

White and Jacobson (1983) interpreted faults of the 
Gateway fault zone in Colorado also as dipping about 50° 
northeast. They indicated that, as the Paradox Basin shal
lows to the southeast, part of the displacement is transferred 
basinward from one fault to several northeast-dipping 
reverse faults and faulted anticlines. The interpretation of 
White and Jacobson (1983) differs from that of De Voto (1980, 
fig. 13) who illustrated the Gateway fault as nearly vertical, 
and from that of Stevenson and Baars (1986, figs. 10, 11) who 
indicated diagrammatically that the southwest margin of the 
Uncompahgre uplift is a complex zone of high-angle normal 
and reverse faults produced by right wrenching. Analogy 
with conditions on the Uncompahgre fault in Utah seems to 
provide the best evidence for White and Jacobson's interpre
tation of reverse faulting in the Gateway zone. 

Southeast of the Paradox Basin the late Paleozoic margin 
of the Uncompahgre uplift and the relatively shallow ances
tral San Juan Basin is unknown because Paleozoic rocks 
wedge out northward beneath Triassic and Jurassic rocks in 
areas where Precambrian basement was warped up and 
added to the margins of the uplift in Mesozoic time (Fig. 78). 
Southwest of Alamosa (Fig. 78), just north of the New 
Mexico line, Pennsylvanian rocks are present locally in the 
subsurface in folds truncated by Triassic and Jurassic rocks 
(J.W. Osterhoudt, as reported in Tweto, 1983) suggesting 
that, prior to Mesozoic deformation, Pennsylvanian deposi
tional areas may have separated part of the Uncompahgre 
uplift from the ancestral Brazos uplift. 

On the edge of the Brazos uplift southeast of Chama, 
New Mexico, Muehlburger (1967, p. 10-14) found partly 
marine Desmoinesian rocks, about 400 ft (120 m) thick, that 
include eastward-thinning, basal gravelly beds that were 
deposited on a possibly southwest-facing monoclinal flank 
of the uplift. These rocks are truncated by Triassic rocks that 
lap northeastward onto the Precambrian. Farther southeast 
nonmarine Desmoinesian or Missourian rocks overlain by 
Permian rocks crop out several miles southeast of the 
Precambrian of the uplift (Smith, Budding, and Pitrat, 1961, 
p. 5), but the margin of the uplift is concealed by younger 
rocks. The metamorphic and igneous rocks of the uplift were 
folded sharply in Precambrian time along northwesterly 
axes and are broken by lengthy, northwesterly trending, 
mainly high-angle, normal faults. The history of these faults 
is not known because of the lack of pre-Cenozoic rocks on 
the uplift. The faults seem to have had predominantly dip
slip Phanerozoic motions (Barker, 1958, p. 72-73; 
Muehlburger, 1967, p . 63). According to Wobus (1984, p. 
197), faults of the Tusas Range (of the Brazos uplift) are gen
erally high angle, cut both Precambrian and Tertiary rocks, 
and many likely were developed during evolution of the Rio 
Grande rift. 

Interpretations of this report 
The tectonic patterns of Ancestral Rockies basins and 

uplifts (Fig. 78) change markedly at about 103° longitude 
where the Sierra Grande and Apishapa uplifts rise across the 
entire basin-uplift system of Texas and Oklahoma. This is 



near the vaguely demarcated eastern edge of the early 
Paleozoic northern New Mexico-southern Colorado posi
tive area from which rocks older than Mississippian are 
absent. (See plate 2 in Craig and Varnes, 1979; Ross and 
Tweto, 1980, p. 53-54.) Farther west, the structural grain of 
uplifts, basins, and folds is northwest and, at about 105° near 
the present Rocky Mountains, the grain is north-northwest. 
To the south in New Mexico, the trends of Paleozoic basins 
and uplifts are northerly also in the area between the present 
Great Plains and the Colorado Plateau that is marked now 
by basins and uplifts of the Rio Grande rift. In the eastern 
part of the present Colorado Plateau, the Ancestral Rockies 
trends again are northwest. 

These changing patterns and trends suggest a northeast
ward shifting of the crust west of 103°, throughout 
Pennsylvanian and Early Permian time, with consequent 
upbuckling and downbuckling of various areas as a result of 
northeast-southwest compression. The Frontrange and the 
Wet Mountains-Apishapa uplifts appear to have been 
upthrust buttresses that resisted the shifting and compres
sion and mitigated their effects on the Denver and Eastern 
Colorado Basins. To the northwest, where the Paradox and 
Eagle Basins are broad, northeast shortening occurred main
ly by overthrusting or underthrusting on the southwest 
margin of the Uncompahgre uplift. To the southeast where 
the Uncompahgre uplift is wider, shortening may have 
occurred by upbuckling and lateral expansion of the uplift, 
such as happened also in the Triassic and Jurassic. 
Additional shortening may have occurred as a result of Late 
Pennsylvanian and Early Permian down forcing of the deep, 
narrow Central Colorado Basin between opposed possible 
reverse faults on the west and in the Pleasant Valley fault 
zone on the east (De Voto, 1980, fig. 17). 

The late Paleozoic structure of the area of this report 
(Figs. 71, 72, 78) is interpreted to be the result of a northeast
oriented compressional force operating in a structurally 
transitional zone between the areas of the present Colorado 
Plateau and the present Great Plains. The Taos and 
Rainsville troughs and Pecos shelf were downbuckled and 
partly downfaulted, and the southern margin of this basinal 
area was deformed into northwest-trending anticlines and 
synclines. The San Luis(?) uplift and the Cimarron arch were 
buckled and partly faulted up between deep basins. The 
northeast compressional force seems to have been resolved 
into transpression that produced low right-echelon folds on 
the Tecolote uplift and right-oblique slip on reverse faults of 
other intrabasinal uplifts whose Precambrian structures 
were properly oriented. The Paleozoic styles of the north
west-trending Saladon Creek and Comanche Creek faults 
are not known, but they may have acted as upthrusts. The 
high-angle, Precambrian Pecos-Picuris fault, the Deer Creek 
fault, and other northerly trending faults of unknown histo
ry in the Santa Fe Range (Plate 2) are oriented to relieve 
stress by right shift that could have caused the Brazos uplift 
to encroach on the northwestern part of the Taos trough. 
However, there is presently no direct evidence that late 
Paleozoic strike slip did occ:ur on these faults. 

Figure 79 shows reconstructed profiles of uplifts and 
basins approximately as they might have been at the end of 
the Permian. The profiles, shown reduced in Figure 79, were 
reconstructed to estimate the amounts of regional crustal 
shortening if the deformation was compressional. The main 
assumptions for the reconstructions are given in the caption. 

The areas of both profiles were affected by Cenozoic 
deformation that partly was taken into account palinspasti
cally as shown. Other Cenozoic deformation was considered 
but was not used to restore the profiles. According to 
Heyman (1983, p. 46), Cenozoic arching of the 
Uncompahgre uplift south of Grand Junction produced 1-3 
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percent shortening of the top of the Precambrian basement 
in southeast-northwest direction. This regionally small 
amount of shortening, 0.33-1 mi (0.6-1.6 km), was not con
sidered necessary for restoration because the depositional 
edges of Pennsylvanian and Permian rocks at the northeast 
side of the uplift are only an approximation (Tweto, 1977, 
1983) at line A-A'. To the northeast, in the Eagle Basin, line 
A-A' crosses the Cenozoic Grand Hogback monocline and
the uplifted eastern part of the Eagle Basin between the
Cenozoic Sawatch and White River uplifts. Some regionally
small Cenozoic shortening probably occurred on the mono
dine and on several broad open folds to the east. However,
this was not taken into account palinspastically on the
assumption that the basement and the projected top of the
Permian in the Paleozoic basin would have been deformed
about the same and that this deformation would not greatly
affect estimation of the late Paleozoic shortening. Areas of
evaporite flowage in the Eagle Basin (Tweto, 1977; Tweto et
al., 1978) were not considered in the reconstruction of profile
A-A', nor were several Cenozoic normal faults.

The southwestern part of profile B-B' is drawn through
poorly known areas of structural complexity in the Neogene 
Rio Grande rift. Some Neogene extension occurred oblique
ly to line B-B' where it crosses the edge of the Neogene San 
Luis Basin north of Taos, but some Laramide and possibly 
Neogene shortening probably occurred in the upbulged 
Sangre de Cristo uplift; therefore, the Cenozoic deformation 
is not considered palinspastically in profile B-B '. The posi
tion and style of late Paleozoic faults at the west margin of 
the narrow Central Colorado Basin are not known in this 
area, but the margin was assumed to be a thrust for hypo
thetical reasons discussed previously. 

The amount of late Paleozoic shortening of the top of 
Precambrian rocks in line A-A' is only about 4 mi (6.5 km), 
which is about 2 percent. About half of the shortening occurs 
along the Gateway fault zone, as determined mainly from 
cross section D-D' of White and Jacobson (1983). The short
ening in profile B-B' is about 7 mi (11 km), which is about 4.4 
percent. These figures cannot be considered as accurate esti
mates of late Paleozoic shortening because of the many 
uncertainties in the data and the assumptions used to con
struct the profiles. Nevertheless, they may indicate at least 
the order of magnitude of shortening. The shortening along 
B-B' suggests that, if late Paleozoic right slip occurred on the
Pecos-Picuris fault (a possibility not yet established), the
amount need not have been more than 2-3 mi (3-4.8 km),
and less, if the northerly trending faults in the Santa Fe
Range to the west also participated in late Paleozoic strike
slip movements.

Conclusions 

The tectonic patterns of Figure 78, and what is known of 
the structural styles of various elements, suggest a north
eastward shift of intracratonic crust in the region west of 
about longitude 103° that began in Early Pennsylvanian 
time. By Late Pennsylvanian and Early Permian the rising 
Sierra Grande and Wet Mountains-Apishapa uplifts may 
have become buttressing elements that caused the main 
areas of compressional deformation and possibly some right 
wrenching to become concentrated in the north-south 
region adjacent to the present Rio Grande. This began a 
Phanerozoic structural differentiation of the Cenozoic Great 
Plains, Southern Rocky Mountains, and Colorado Plateau 
provinces. 

The postulated northeast-oriented late Paleozoic regional 
compressional force associated with the shift does not fit 
well with plate-tectonic concepts that require compressional 
forces to have been applied at either the western or the 
southeastern margins of the craton. If a craton-marginal 
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force was responsible for the shift it seems most likely to 
have been applied at the southwest. 

On the other hand, it seems possible that an intraplate 
shift of a laige segment of the craton might have caused 
compression in the crust, perhaps as a result of some mech
anism, such as regionaI!y minor horizontal and locally verti
cal movements of mantle, that carried or dragged the over
lying crust. Whatever the cause, it may have been reactivat
ed slightly in about the same direction in Triassic and 
Jurassic time, and also during Laramide orogeny when, 
according to some writers, the Colorado Plateau seems to 
have shifted slightly northeasterly, producing compression
al structures in the eastern part of the plateau and in the 
Southern Rocky Mountains (Kelley, 1955, p. 66; Baltz, 1967, 
p. 85; Chapin and Cather, 1983, p. 51-53).

As pointed out by Tweto (1975, p. 36-37), the distin
guishing characteristic of the Southern Rocky Mountain 

province (including adjacent eastern parts of the Colorado 
Plateau) is a Phanerozoic history of buoyancy relative to 
other parts of the continent. He concluded that this history, 
including differential buoyancy of large uplift and basinal 
tracts, must reflect inhomogeneity built into the continental 
plate at an early time. Whatever external forces were 
applied, there has been an evident local control of many tec
tonic features that date from the Paleozoic and Precambrian. 
A history of regional buoyancy applies also to the western 
part of the Great Plains that is underlain by the Apishapa 
and Sierra Grande uplifts and northern part of the Pedernal 
uplift and also the Zuni-Defiance uplift in the Colorado 
Plateau, all in the region of the pre-Mississippian northern 
New Mexico-southern Colorado positive area. Perhaps this 
entire intraplate region has been predisposed to behave 
nearly independently from tectonic events on distant conti
nental-crustal margins. 
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mapped only north of Mora River 

-a Arroyo Peiiasco Group (Upper and Lower Mississippian)
Tererro ond Espiritu Santo Formations 

Precambrian rocks, undivided (Proterozoic)-lgneous intrusive, 
metovolconic, and metosedimentory rocks 

FIGURE SO-Explanation for geologic maps (Figs. 81-89) that show localities of some measured sections of Pennsylvanian and Lower 
Permian rocks, southeastern Sangre de Cristo Mountains. 



MAP SYMBOLS 

Conlocls, fouhs, onticlines, ond synclines ore shown by solid lines where 
accurately located, dashed lines where approximalely localed, dolted 
lines where concealed, and queslion marks where probable 

Contact 

---.---• • • Normal fault-Bar and ball on downthrown side 

"""'17RJ--••• Normal fault inferred to be superposed on older
reverse fault-Bar and ball on downlhrown side of normal 
foult; (R) on uplhrown side of reverse foult 

---.-.@.• • • Normal fault inferred to be superposed on older strike-...__, 
slip fault-Slrike-slip faull: §;. relative horizontal movement 

::;: - -• • • High-angle strike-slip fault-Arrows indicate horizontal 
movemenl 

--- .a-••• Reverse fault-Blocks on upthrown side; dip inferred to 
be steeper thon 45° ot depth of exposure 

---'--- .&. -• • • Thrust fault-Triongles on overthrusl block; dip known or 
inferred to be less than 45° at depth of exposure 

+---t---• .. Anticline-Showing crestline and direction of plunge 

2r--··· Anticlinol bend-Showing axis ond steepesl limb 

+--f----••• Syncline-Showing troughline ond direction of plunge 

---d-----••• Syncline with overturned limb-Showing troughline 

_il__--••• Synclinal bend-Showing axis ond sleepest limb 

EB 

110137 
X 

27501-PC 

X 

BM7701 

X 

Strike and dip of beds 

Horizontol 

Inclined 

Verticol 

Overturned 

Locality of fusulinid collection-Showing USGS number 

Locality of megofossil collection-Showing USGS number 

Locality of megofossil collection-Showing field number 

1-_©_c ___ -ll Line of stratigraphic section-Letter indicates seclion 
described at end of report 

__ ©_6 ___ .... 1 Line of stratigraphic section-Number indicales graphic 
section only in this report 

xxxxxxxxxxx Correlative bed traced between ports of composite 
stratigraphic section 
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FIGURE 81-Ceologic map of upper Gallinas 
Creek area showing locality of stratigraphic 
section D of the Sandia and Porvenir 
Formations and stratigraphic sections P, 6, and 
7 of the Alamitos Formation. Symbols are 
explained in Figure 80. Adapted from Baltz 
(1972). Regional locations of sections shown in 
Figures 31 and 55. Locality Dis type locality of 
Porvenir Formation. 

FIGURE 82-Ceologic map of Gallinas Creek 
area northwest of Montezuma showing locality 
of composite section 1 of the Porvenir 
Formation. Symbols are explained in Figure 80. 
Adapted from Baltz (1972). Regional location 
of section is shown in Figure 31. 
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FIGURE 83-Geologic map of Canon del H.orno area northwest of Manuelitas showing localitie of compo ite princi
pal reference section (El, E2, E3) of Porvenir Formation. Symbols are explained in Figur 80. From Baltz and 0' eill 
(1986). Regional location of section shown in Figure 31. 
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FIGURE 84--Geologic map of western part of Fragoso Ridge southwest of Rito Cebolla showing 
locality of section F of Porvenir Formation. Symbols are explained in Figure 80. Adapted from 
Baltz and O' eill (1984, 1986). Regional location of ection shown in Figure 31. 
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FIGURE 85-Geologic map of Montezuma 
area showing locality of composite section G of 
the Sandia, Porvenir, and Alamitos Formations. 
Symbols are explained in Figure 80. Adapted 
from Baltz (1972). Regional location of section 
shown in Figures 31 and 55. 
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FIGURE 86-Geologic map of area northwest 
of Sapello showing locality of stratigraphic sec
tion 3 of the Porvenir Formation and strati
graphic section 9 of the Alamitos Formation. 
Symbols are explained in Figure 80. From Baltz 
and O'Neill (1986). Regional location of sec" 
hons shown in Figures 31 and 55. 



FIGURE 87-G ologic map of Manuel
itas Creek southeast of Rociada showing 
locality of stratigraphic section H of the 
Sandia, Porvenir, and Alamitos Form
ations. Symbols are explai11ed in Fig
ur 80. Adapted from Baltz and O'NeilJ 
(1986). Regional location of section 
shown in Figures 17, 31, and 55. 

FIGURE 88-Geologic map of eastern 
Rito Cebolla area and northeast part of 
Fragoso Ridge showing locality of strati
graphic section C of the Sandia Form
ation and locality of section I of the 
Porvenir and Alamitos Formation 
Symbols are explained in Figure 80. 
Adapted from Baltz and O' eill (1984, 
1986). Regional locations of sections 
shown in Figures 17, 31, and 55. 
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FIGURE 89-Geologic map of Mora River gap southeast of Mora showing locality of composite reference section Jl-J7 of the Sandia 
Formation; locality of reference stratigraphic section K of the Porvenir and Alamitos Formations; and locality of auxiliary section L of the 
upper part of the Sandia and lower part of the Porvenir Formations. Symbols are explained in Figure 80. Persistent sandstones "a"-"e" in 
the Sandia Formation were mapped to determine geologic structure and to determine places to measure a relatively completely exposed 
section of the formation . Adapted from Baltz and O'Neill (1984). Regional locations of sections are shown in Figures 17, 31, and 55. For dis
cussion of structure in this area see Baltz and O'Neill (1990, p. 81-83). 



APPENDIX II 

DESCRIPTIONS OF STRATIGRAPHIC SECTIONS 



Mississippian Tererro and Espiritu Santo 
Formations of Arroyo Peftasco Group 

Localities of sections (except loc. 13) of Tererro and Espiritu Santo Formations are shown in Figure 6. Additional detailed 
descriptions of these formations are given with descriptions of Pennsylvanian and Lower Permian rocks in stratigraphic sec
tions A-D, G, and J later in this report. All measurements were made in feet and tenths of feet and are converted to meters 
using the factor 1 ft = 0.305 m . Rounded to nearest centimeter for units less than 3 ft thick; rounded to nearest tenth of a 
meter for units 3 ft and more thick. 

Locality 4 

Rociada 7.5-minute quadrangle (1965). North side of gap in hogbacks, Manuelitas Creek, 1.4 mi (2.3 km) east-southeast 
of Rociada. Base of section is about half way between top and bottom of eastern part of large hill. Modified from Baltz and 
Read, 1960, p. 1772-1773. 

Unit Lithology 

Sandia Formation (lower part): 
16. Sandstone, conglomeratic, light-yel

lowish-brown. Composed of angu
lar to subangular, medium to very 
coarse, milky-appearing quartz 
sand and granules; contains scat
tered quartzite pebbles. Silica ce
ment. Crossbedded and cross-lami
nated. Forms blocky jointed ledge. 

Tererro Formation: 
Cowles Member: 
15. Siltstone, olive-green; weathers 

dark brown. Composed of quartz 
silt and a trace of fine quartz sand; 
slightly calcareous. Contains frag
ments of bryozoans. Grades abrupt
ly into underlying unit. Forms irreg
ular upward-retreating slope. 

14. Calcarenite and calcareous quartz 
siltstone, medium-brownish-gray. 
Composed mainly of fine to very 
fine calcite sand; about 40 percent of 
unit is quartz sand and silt in calcite 
matrix. Crossbedded and cross-lam
inated; beds are 1-4 ft (0.3-1.2 m) 
thick. Grades into underlying unit. 
Forms prominent, irregularly 
weathered, slightly rounded ledge. 

13. Siltstone, shaly, yellow. Composed 
of calcareous, ocherous, quartz silt. 
Contains small pebbles of limestone 
and chert. Finely cross-laminated. 
Erosionally unconformable on un
derlying unit which locally is tilted 
and beveled by unconformity. 
Weathers to conspicuous notch. 

Total thickness of Cowles Member: 

Thickness 
ft m 

28 

20 

12 

3 
35 

8.5 

6.1 

3.7 

0.9 
10.7 

Manuelitas Member (type section of Baltz and Read, 1960): 
12. Limestone, light-gray, fine to micro

grained. Contains scattered round 
quartz granules and, near the mid
dle, a 1-ft-thick bed of yellow silt
stone and limestone-pebble con
glomerate. Contains brown-weath
ering irregular chert bodies and 
some nodular gray chert. Beds are 
subparallel and average 2 ft (0.6 m) 
in thickness. Forms irregularly 
weathering vertical ledge. Contact 

Unit Lithology 

with underlying unit is erosional 
and irregular. This unit and under
lying units 11 to 3 were involved in 
episodic collapses into a large sink
hole in the Macho Member. 

11 . Calcarenite, quartz siltstone, and 
sandy limestone, interbedded; light 
gray to light yellowish gray. Beds 
near middle contain brown-weath
ering chert bodies with pisolitic sur
faces. Bedding subparallel; beds are 
0.25 inch-1 ft (0.6-30 cm) thick. 
Forms highly irregular upward-re
treating !edgy slope. Irregular ero
sional contact with underlying unit. 

10. Limestone, light-gray, very fine 
grained. Contains many tiny 
crinoid columnals and fragments of 
brachiopods. Irregular bodies of 
brown weathering chert, 0.25 
inch-4 ft (0.6 cm-1.2 m) long, are 
common, especially near top. Forms 
irregular vertical ledge. Contact 
with underlying unit is irregular. 

9. Siltstone and interbedded silty, 
marly shale, yellow-gray. Siltstone 
beds are 1-2 inches (2.5-5 cm) thick; 
shale beds are about 0.5 inch 
(1.3 cm) thick. Locally, unit thickens 
into sinkhole and contains lime
stone pebbles and cobbles. Forms 
low, rounded ledge with notch at 
base. 

8. Limestone, dark-gray, micrograin
ed, siliceous. Contains hackly 
weathering irregular bodies of 
brown-weathering chert. Beds are 
parallel and 0.5-1 ft (15-30 cm) 
thick. Forms prominent irregular 
ledge. Contact with underlying unit 
is highly irregular. 

7. Siltstone, light-yellowish-gray, mar
ly. Weathers to notch. 

6. Limestone, micrograined, very silty, 
and calcarenite; light-yellowish
gray. Contains limestone pebbles 
and cobbles near base. Cross-lami
nated; laminae are 0.25-0.5 inch 
(0.6-1.3 cm) thick. Forms rounded 
ledge. Erosional, irregular contact 
with underlying unit. 

Thickness 
ft m 

7 2.1 

7.5 2.3 

2.4 0.73 

1-8 0.3-2.4 

4 1.2 

0-0.5 0--0.15 

3-8 0.9-2.4 



Unit Lithology 

5. Limestone, medium-gray, fine to
micrograined, siliceous. Contains ir
regular patches of brown weather
ing, hackly chert. Forms prominent
vertical ledge. Slightly irregular
contact with underlying unit.

4. Calcarenite and silty limestone,
light-yellowish-brown, fine-grain
ed. About 15 percent of clasts is
quartz silt and fine sand. Cross-bed
ded; beds are 3-8 inches (7-20 cm)
thick. Forms irregular ledge with
slight notch at base. Slightly irregu
lar contact with underlying unit.

3. Conglomerate, medium-gray.
Rounded limestone pebbles and
small cobbles are in a matrix of fine
grained to granule calcarenite and
silty, sandy marl. Bedding is poorly
developed. Forms irregular slope.
Contact with underlying unit is ero
sional and highly irregular, having a
relief of as much as 6 ft (1.8 m).

Maximum total thickness of Manuelitas 
Member: 

Macho Member (part): 
2. Breccia, light-gray; angular blocks

of limestone as large as 2 ft (60 cm).

Thickness 
ft m 

3 0.9 

t3 0.9 

6.5 2 

49.9 15.1 

Unit Lithology 

across are randomly oriented in 
marly quartz siltstone and calcaren
ite. Some breccia fragments have 
been replaced by gray, granular sili
ca. Forms rounded ledge; base not 
exposed. Large sinkholes in unit are 
filled with collapsed part of overly-

181 

Thickness 
ft m 

ing Manuelitas Member. 4-10+3.1+
Maximum thickness of exposed part of 

Tererro Formation: 94.9+ 28.9+ 

Espiritu Santo Formation: 
Not exposed here. May be absent lo
cally. Poor exposures on ridge south 
of Manuelitas Creek show that the 
carbonate part is present but thin, 
and the Del Padre Sandstone 
Member is present and several feet 
thick. 

Precambrian rocks: 
1. Metaquartzite, pink to gray

ish-pink, fine-grained, slightly mi
caceous, slightly chloritic. Contains 
thin bands of quartz as much as 1 
inch (2.5 cm) long that may be de
formed pebbles. Slightly cross-lami
nated. Highly fractured. Dips steep-
ly southeast. Not measured 

Locality 9 

El Porvenir 7.5-minute quadrangle (1961). North of Gallinas Creek, in Santa Fe ational Forest north of Gallinas Cabin. 
Top of ridge in NE¼NE¼ sec. 14 T17N R14E. Measured by E. H. Baltz. 

Unit Lithology 

.Sandia Formation (lower part): 
10. Sandstone, conglomeratic, tan- to

light-brown-weathering, fine- to
very coarse grained; clasts are sub
angular to subround translucent
quartz. Contains a large proportion
of granules and smalJ pebbles. Thin
bedded and slightly crossbedded.

Tererro Formation: 
Cowles Member: 

9. Calcarenite, light-gray, fine-grained;
contains a large proportion of
rounded, fine to medium quartz
sand. Medium bedded; beds are
cross-laminated.

Manuelitas Member: 
8. Calcarenite and sandy limestone,

yellowish-tan and gray. Contains 
limestone pebbles and angular chert 
clasts. Grades into unit below. 

7. Limestone, medium-gray, micro
grained, partly sandy; contains in-

Thickness 
ft m 

5+ 1.5+ 

12.6 3.8 

4.5 1.4 

Unit Lithology 

terbeds of calcarenite. Contains a 
lens of oolitic limestone. Calcarenite 
and oolite contain fragments of 
crinoid columnals. Chert occurs as 
brown stringers, 1-6 inches 
(2.5-15 cm) long and 0.5 inch 
(1.3 cm) thick, and as pink oolitic 
masses. Units 7 and 6 appear to 
have collapsed slightly. 

6. Limestone, fine-grained, sandy, and
interbedded cross-laminated cal
carenite and limestone-pebble con
glomerate, yellowish-gray. Calcar
enite is cherty. Unit also contains
angular chunks of residual chert
that are as much as 3 inches (7.6 cm)
across. Unit probably is reworked
from formerly present breccia of
Macho Member.

Total thickness of Manuelitas Member: 

Macho Member: 
Absent 

Total thickness of Tererro Formation: 

Thickness 
ft m 

3 0.9 

5 1.5 
12.5 3.8 

0 0 

25.1 7.6 



1 2 

Unit Lithology 

Espiritu Santo Formation: 
5. Calcaren.ite, light-gray, sandy, cross

laminated; about 30 percent is
coarse quartz sand; basal part is
mainly l imy sandstone. Unit is re
crystallized but cross-lamination is
still apparent.

4. Limestone, light- to medium-gray,
dolomitic and sideritic; recrystal
lized. Contains scattered 0.25 inch
(0.6 cm) grains of chert and irregu
lar bodies of black-and-gray banded
chert. Beds are subparallel and
6-10 inches (15-25 cm) thick.

3. Limestone, medium-gray, medium
grained. Contains lenses of angular,
medium to coarse quartz sand and
some hematite concretions. Beds are

Thickness Unit Lithology 
ft m 

about 6 inches (15 cm) thick. 

Del Padre Sandstone Member: 
2. Sandstone, conglomeratic, pinkish-

tan to gray, fine- to coarse-grained;
contains numerous subangular to

3.4 1 subround granules and small peb-
bles of translucent quartz. Thin bed-
<led and slightly crossbedded.
Undulatory contact with underly-
ing rocks causes unit to thin locally
to only 3-4 inches (7-10 cm) thick.

Total thickness of Espiritu Santo Formation: 
9 2.8 

Precambrian rocks: 
1. Porphyritic granite, pink, medium-

to coarse-grained, slightly foliated.

Locality 10 

Thickness 
ft m 

2.2 0.67 

3 0.9 
17.6 5.4 

Not measured 

Montezuma 7.5-minute quadrangle (1961). Measured on north side of canyon of Gallinas Creek in road cuts along New 
Mexico Highway 65, 5.1 mi (8.2 km) (road distance) west of powerhouse at Montezuma, and about 800 ft (245 m) north
northeast of Trout Springs. Measured by E. H. Baltz. 

Unit Lithology 

Sandia Formation (lower part): 
14. Sandstone, pinkish-brown-weather

ing; composed of angular to suban
gular, very coarse sand and gran
ules of quartz. Contains many fossil
twigs, some of which are Lepidoden
dron sp. Base of unit is an erosional
unconformity; locally unit thickens,
cuts out underlying unit, and lies on
Tererro Formation. Forms ledge.

13. Shale, light-olive-gray-weathering,
marly. Contains interbeds of thin,
yellowish-brown siltstone and a
bed of very coarse grained sand
stone. Thickens westward.

Tererro Formation: 
Cowles Member: 
12. Calcarenite, light-gray, fine-grained;

contains much fine quartz sand.
Contains small clumps of limonite
weathering from pyrite. Beds are
2-3 inches (5-7.5 cm) thick and are
finely laminated. Crossbedded and
cross-laminated. Chert on bedding
and laminae stands in relief on
weathered surface. Forms promi
nent ledge. Unit thickens westward.

11. Siltstone, light-greenish-gray, cal
careous, shaly bedded; weathers to
form conspicuous notch. Sharp un
dulatory erosional surface at base.

Maximum thickness of Cowles Member: 

Thickness 
ft m 

5-14 1.5-4.3 

10 3 

4-12 1.2-3.7 

2 0.6 
14 4.3 

Unit Lithology 

Manuelitas Member: 
10. Calcarenite, light-gray; contains ir

regular masses of pink, oolitic to
massive chert. Forms ledge.

9. Limestone, medium-gray, micro
grained; contains fragments of
crinoid columnals. Forms ledge.
West of present-day cave in under
lying unit, this and overlying unit
grade into massive gray limestone.

8. Limestone, fine-grained, interbed
ded calcaren.ite, and thin, marly
shale; weathers light-brown.
Calcarenite is fine- to very fine
grained; as much as 30 percent of in
soluble residue is silt to medium
quartz sand; contains scattered
limestone pebbles and detrital-chert
fragments. Calcarenite contains
many patches of gray and pink
oolitic chert. Calcarenite beds are
1-8 inches (2.5-20 cm) thick; irregu
lar to crossbedded. Unit thickens
westward into sinkhole in underly
ing unit. Basal beds locally are col
lapsed and slightly brecciated, and
are tr uncated by higher beds at east 
side of sinkhole. Thickness of unit is 
irregular, partly because of a well
displayed irregular erosion surface 
at its base. Weathers to irregular 
ledges and notches. Present-day 
cave is in this unit. 

Maximum thickness of Manuelitas Member: 

Thickness 
ft m 

6 1.8 

3 0.9 

3-10 0.9-3 
19 5.7 



Unit Lithology 

Macho Member: 
7. Breccia, limestone, medium- to

light-gray; clasts are mainly ran
domly oriented, angular, and range
from pebble size to 3 ft (0.9 m)
across. Clasts mainly are fine
grained gray limestone, but some
are dark-gray, recrystallized and
very coarse grained. Contains large,
angular blocks and numerous small
angular clasts of tan to light-gray
banded chert. Contains a few clasts
of banded nodular chert. Matrix be
tween blocks is mainly fine-grained,
light- to medium-gray calcite that
contains highly irregular stringers
of marly, sandy shale. Weathers to
form a massive ledge. Base is irreg
ular surface on underlying unit.

Maximum thickness of Tererro Formation: 

Espiritu Santo Formation: 
6. Shale, light-gray, marly, sandy; very

irregular in thickness. Base is irreg
ular and may be an erosion surface.

5. Limestone, medium-gray, medium
to coarse-grained, recrystallized;
contains patches of large, white cal
cite crystals and a few small concen
trically banded chert nodules.
Forms ledge.

4. Limestone, dark-gray, medium
grained, recrystallized. Contains in
terbedded marly shale. Beds are
0.31-13 inches (2.5-7.6 cm) thick.
Weathers to irregular notch.

3. Limestone, dark-gray to black,
dolomitic and sideritic, coarse
grained. Contains isolated, ellip-

Thickness 
ft m 

8-15 2.4-4.6
48 14.6 

0--0.750--0.23 

3.5 1 

1-2 0.61

Unit Lithology 

soidal, concentrically banded chert 
nodules as much as 6 inches (15 cm) 
long; bands are alternately light and 
dark gray or tan and brown. 
Contains solution holes lined or 
filled by limonite. Bedding is undu
latory; beds are 4 inches-1 ft (10-
30 cm) thick and at places are finely 
laminated. Entire unit is recrystal
lized and fractures on curved cleav-
age surfaces that cut across lamina
tion and bedding. Forms ledge. 

Del Padre Sandstone Member: 
2. Sandstone, medium-olive-gray to

buff, fine- to coarse-grained; matrix
is medium quartz sand containing
scattered, irregularly shaped, sub
round to round, coarse to granule
size quartz clasts. Calcareous and
slightly argillaceous. Some parts
have upward-fining graded bed
ding. Beds are subparallel and
6 inches-1 ft (15-30 cm) thick and
commonly are finely cross-laminat
ed. Base is a relatively smooth but
undulatory nonconformity with

183 

Thickness 
ft m 

5.5 1.7 

local relief of several inches. 2.5 0.76 
Total thickness of Espiritu Santo Formation:=1=4= .2=5==4=.3==

Precambrian rocks: 
1. Granite gneiss, schist, and alaskite

pegmatite; layering is mainly nearly
vertical. Upper part appears to have
been weathered slightly prior to de
position of Espiritu Santo For
mation. Not measured 

Locality 13 

Ranchos de Taos 7.5-minute quadrangle (1964). About 25 mi (40 km) northwest of area of report. East of Ponce de Leon 
Springs and south of Talpa. Locality is about 300 ft (90 m) east of crest of prominent north-trending ridge of Precambrian 
rocks and is about 2,000 ft (610 m) southeast of Cuchilla del Ojo. Measured by E. H. Baltz. 

Unit Lithology 

Sandia Formation (lower part): 
15. Sandstone, brown-weathering; very

Thickness 
ft m 

coarse sand and granules of quartz. Not measured

Tererro Formation: 
Cowles Member: 
14. Siltstone, greenish-gray, soft, poorly

exposed.
13. Siltstone, light-yellowish-brown,

slightly calcareous, thin-bedded.
Contains thin lenses of limestone
pebble conglomerate. Poorly ex
posed. Forms irregularly rounded
slope.

15 4.6 

8 2.4 

Unit Lithology 

12. Concealed.
Total thickness of Cowles Member:

Manuelitas Member: 
11. Calcarenite, brownish-gray, con

taining much quartz silt and fine
sand; parts of unit are calcareous
siltstone. Contains a few stringers of
locally pisolitic gray chert that have
parallel internal laminations.
1rregular beds, 0.06-0.5 inch (0.16-
1.3 cm) thick. Forms an irregular
ridge; weathers along bedding to
thin slabs. Base is an irregular ero-

Thickness 
ft m 

12 3.7 
35 10.7 
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Unit Lithology 

sion surface. 
10. Limestone, dark-bluish-gray, micro

grained. Contains irregular masses 
and thin stringers of gray to pink 
chert that is partly pisolitic. At 
places, much brown chert occurs at 
the base of the unit. At places lower 
part of unit contains limestone peb
bles and cobbles. Unit is present at 
places above erosion surface on un
derlying unit. At places it has col 
lapsed slightly into underlying unit. 

Total thickness of Manuelitas Member: 

Macho Member: 
9. Breccia, limestone, light-gray; angu

lar blocks are as large as 2 ft (60 cm) 
across. Blocks are lithologically sim
ilar to underlying unit. Forms resis
tant irregularly rounded ledge. 
Thickness varies along outcrop. 

Total thickness of Tererro Formation: 

Espiritu Santo Formation: 
Unit 3: 

8. Limestone, light-gray, earthy ap
pearing. Fine grained; contains 
much quartz silt. Beds are subparal
lel and 0.5-1 ft (15-30 cm) thick. 
Laminae are undulatory. Moder
ately exposed; weathers to angular 
fragments that litter outcrop belt. 

Unit 2: 
7. Limestone, medium- to dark-gray, 

fine- to medium-grained, recrystal
lized. Upper part probably is recrys
tallized calcarenite. Upper part con
tains lenses of dark-gray chert par
allel to bedding; lenses are as much 
as 4 ft (1.2 m) long and 8 inches 
(20 cm) thick. Upper part forms 
small, slabby, irregular ledges; 
lower part forms a rounded, irregu
lar ledge. 

6. Limestone, dark- to medium-gray, 
fine- to medium-grained; mainly re
crystallized calcarenite.Beds are 
3-4 inches (7.6-10 cm) thick. 
Weathers to small slabby ledges; top 
half poorly exposed. 

5. Limestone, dark-gray, fine- to medi-

Thickness 
ft m 

10 3 

2.5 0.76 
12.5 3.76 

12 3.7 
59.5 18.2 

18 5.5 

11 3.4 

3.6 1.1 

Unit Lithology 

um-grained, strongly recrystallized. 
Laminae are irregular and 0.06-
0.25 inch (0.16-0.6 cm) thick. Con
tact with underlying unit undulato
ry and probably unconformable. 
Forms small, hackly weathering 
ledge. 

Unit 1: 
4. Limestone, medium- to dark-gray, 

fine- to medium-grained, moderate
ly recrystallized. Lower part is as 
much as 50 percent quartz silt and 
contains lenses and scattered clasts 
of rounded quartz granules. Con
tains a few dark-gray chert nodules 
that range from 1-8 inches (2.5-
20 cm) in longest dimension. Lower 
beds are 3-6 inches (7.6-15 cm) 
thick; higher beds are 1-1 .5 ft 
(30-45 cm) thick. Grades into un
derlying unit. Forms a ledgy slope. 

Del Padre Sandstone Member: 
3. Sandstone, conglomeratic, light-tan 

to yellowish-gray, medium- to 
coarse-grained; sand grains are very 
well rounded; upper part contains 
small quartzite pebbles, and is high
ly calcareous. Beds are 3 inches-1 ft 
(7.6-30 cm) thick; low-angle cross 
beds. Forms small ledges. 

2. Quartzite, light-yellow to light
brownish-gray; generally medium 
grained, but contains some coarse 
quartz sand and granules. Clasts are 
generally well rounded. Low-angle 
crossbeds; beds are 2 inches-1 ft 
(5-30 cm) thick. Weathers to vertical 
slabby ledges; base not exposed. 
Unit has a baked and bleached ap-
pearance, suggesting it has been al
tered thermally. 

Thickness 
ft m 

1.8 0.55 

14 4.3 

5 1.5 

25 7.6 
Total thickness of Espiritu Santo Formation: 

====== 
78.4 24 

Precambrian rocks: 
1. Metaquartzite, grayish-pink, fine

grained, slightly foliated; underlain 
by greenish-brown weathering 
granite. Not measured 
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PENNSYLVANIAN AND LOWER PERMIAN ROCKS 

Regional locations of all stratigraphic sections of Pennsylvanian and Lower Permian rocks are shown in Figures 17 (Sandia 
Formation), 31 (Porvenir Formation), and 55 (Alamitos Formation). Localities of measurement of sections C-L and P that are 
described below are shown also in geologic maps (Figs. 81-89). Localities of several undescribed graphic ections also are 
shown in these maps. All measurements were made in feet and tents of feet and are converted to meters using the factor 1 
ft= 0.305 m. Rounded to nearest centimeter for units less than 3 ft thick; rounded to nearest tenth of a meter for units 3 ft 
and more thick. 

Section A 
Villanueva 15-minute quadrangle (1960). Section of Sandia Formation, in Santa Fe ational Forest about 5.25 mi (8.5 km) 

northwest of Bernal. Locality is in southeast-draining canyon near center of sec. 8 T14N R15E. Locality is west of an aban
doned mine in coaly shale of the Sandia Formation, and west of livestock-watering troughs and a spring that issues from 
the Arroyo Peii.asco Group in the canyon. Base of section is in good exposures of Arroyo Peii.asco Group in narrow part of 
canyon. Measured southwest through southwest-dipping rocks to base of Porvenir Formation. Measured by E. H. Baltz and 
D. A. Myers. Locality shown in Figure 17.

Unit Lithology 

Porvenir Formation (lower part): 
12. Limestone, gray, bioclastic, sandy.

Beds are 0.5-2 ft (15-60 cm) thick. 
Forms strong ledge. Fusulinids 
occur about 10 ft (3 m) below the 
top. Fusulinid collection f10335 con
tains Beedeina aff. B. arizonensis.

Sandia Formation: 
11. Concealed; slope.
10. Silt tone, light-yellowish-olive,

thin-bedded to shaly. Forms slope;
poorly expo ed.

9. Sandstone, yellowish-brown- to
gray-weathering, coarse-grained to
very coarse grained. Parallel bed
ded to cro sbedded. Forms promi
nent northwest-trending ledge.

8. Concealed, slope.
7. Limestone, gray, micrograined.

Forms small ledge.
6. Concealed, slope.
5. Limestone, gray, micrograined,

slightly fossiliferous. Forms small
1 dge.

4. Siltstone and interbedded sand
stone; weathers greenish gray to
brown. Sandstone is very fine

Thickness 
ft m 

35 10.7 

38 1.6 

40 12.2 

22 6.7 
18 5.5 

4 1.2 
15 4.6 

2 0.6 

Unit Lithology 

grained; shaly. Forms irregular 

Thickness 
ft m 

small ledges. 60 18.3 
3. Sandstone, brown-weathering, 

coarse-grained to very coarse
grained. Crossbedded. Forms 
prominent ledge. 21 6.4 

Total thickness of Sandia Formation: 220 67.1 

Tererro Formation: 
Cowles Member: 

Absent. 0 0 

Manuelitas Member: 
2. Limestone, gray, fine- to medium

grained. Contains many sma!J bra
chiopods. Exposed in canyon bot
tom and on northeast and south
west walls. Several feet at top and
base are concealed. 30± 9.1± 

Macho Member: 
Absent. 0 0 

Espiritu Santo Formation: 
Absent. 0 0 

Precambrian rocks: 
1. Granitic rocks. Not measured 

Section B 

Montezuma 7.5-minute quadrangle (1961). Section of lower part of Porvenir Formation, Sandia Formation, and Arroyo 
Peii.asco Group on ridge northwest of Hot Springs, north side of Gallinas Creek canyon. Base of section is at head of deep 
canyon about 1 mi (1.6 km) north-northwest of lake at Hot Springs. Top of section i on drainage divide at top of highest 
ridge at altitude 8,120 ft about 1.5 mi (2.4 km) north-northwest of lake. Measured by E. H. Baltz. Locality shown in Figure 
17. 

Unit Lithology 

Porvenir Formation (lower part): 
37. Limestone, light-gray-weathering,

medium-gray, fresh. Mi.critic to
coarse grained; siliceous, hackly
weathering; fossiliferous. Forms
steep ledge at altitude 8,120 ft.
Stratigraphically higher beds of

Thickness 
ft m 

Unit Lithology 

Porvenir occur farther west. 
36. Shale, gray, calcareous, and in

terbedded thin gray limestone.
35. Limestone, gray, fine-grained.

Forms ledge.
34. Limestone, gray, thin, and interbed

ded gray shale. Forms rounded

Thickness 
ft m 

13 

5 

2 

4 

1.5 

0.61 
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Unit Lithology 

slope; poorly exposed. 
33. Limestone, gray, fine- to coarse

grained. Contains irregular bands
and patches of yellow-brown, hack
ly weathering chert. Highly fossilif
erous locally; contains clumps of
Chaetetes sp. Bedding subparallel
and slightly undulatory; beds 2-4 ft
(60-120 cm) thick. Forms steep
ledge.

32. Sandstone, tan-weathering, coarse
grained, well-cemented. Forms
blocky ledge; basal third poorly
exposed.

31. Shale, gray, contains gray limestone
nodules. Forms slope; poorly
exposed.

30. Sandstone, conglomeratic, light
brown-weathering. Matrix is suban
gular to subround, fine to coarse
quartz sand; contains quartz gran
ules and small pebbles. Poorly ex
posed; upper half may contain
some shale beds.

Thickness 
ft m 

11 3.4 

16.5 5 

16.5 5 

8 2.4 

6 1.8 

[Unit 29 was traced about 300 ft (90 m) west, and section 
above continues west up ridge crest.) 

29. Limestone, light-gray, fine- to medi
um-grained, partly recrystallized.
Beds are 6 inches to 2 ft (15--60 cm)
thjck. Caps ridge at about altitude
8,040 ft. 25 7.6 

28. Concealed; probably shale and thin
nodular limestone. 12 3.7 

27. Limestone, medium-gray, weathers
light gray. Fine- to coarse-grained;
partly recrystallized. Siliceous net
works cause hackly weathering.
Contains abundant clumps of
Chaetetes. Bedding is subparallel;
beds are 1-4 ft (30-120 cm) thick.
Forms massive ledge. Fusulinid col
lection f24353 contains Fusulinella

sp. and Beedeina sp., identified by R.
C. Douglass, 1971. Megafossil col
lection USGS 24494-PC listed on
Plate 5. 27 8.2 

Thickness of measured lower part of 
Porvenir Formation: 142 43.2 

Sandia Formation: 
26. Mainly concealed; slope. Upper

third is poorly exposed dark-gray
calcareous shale containing some
thin nodular limestone. 55 16.8 

25. Limestone, medium-gray, fine
grained. Clumps of Chaetetes are
abundant. Contains irregular patch
es and fracture fillings of yellowish
brown-weathering silica. Bedding is
subparallel; beds are 2-3 ft (60-
90 cm) thick. Forms slightly slum
ped ledge; base and top not ex
posed. Megafossil collection USGS
24493-PC listed in text discussion of

Unit Lithology 

Sandia. 
24. Shale, gray to light-greenish-gray,

silty. About 20 percent of unit is thin
beds of gray limestone. Forms
slope; poorly exposed. Megafossil
collection USGS 24492-PC obtained
from a thin limestone near the mid
dle of the unit.

23. Concealed; slope; probably shale
and interbedded thin Limestone.

22. Sandstone, fine-grained, similar to
unit 21; poorly exposed.

21. Sandstone, light-olive-brown, fine
to medium-grained, thin bedded to
shaly. Forms irregular slope; poorly
exposed.

20. Sandstone, conglomeratic, buff.
Composed of subround, medium to
coarse quartz sand that contains
scattered granules and tiny pebbles
of quartz. Middle third is
brown-weathering, limy, coarse
grained, highly crossbedded sand
stone. Forms small ledge.

19. Siltstone, shaly, dark-gray, carbona
ceous; contains interbedded shaly,
carbonaceous limestone. Forms
slope; poorly exposed.

18. Sandstone, similar to unit 16; com
posed of coarse sand and granules.
Contains limonite-replaced wood
fossils. Forms prominent ledge.

17. Mainly concealed; slope. Scattered
poor exposures indicate unit is
mostly dark gray shale containing
some thin limestone bed.

16. Sandstone, conglomeratic, light
brown-weathering. Composed of
subangular to subround, medium
to coarse quartz sand and granules;
contains small quartz pebbles; con
tains a trace of weathered, yellow
ish-gray feldspar. Crossbedded and
cross-laminated; beds are 2--6 ft
(60-180 cm) thick. Laminae are in
clined mainly southwest. Forms
prominent rounded ledge.

15. Shale, dark-gray to black; weathers
yellow-buff. Composed of shaly
siltstone and interbedded silty,
shaly limestone. Carbonaceous,
contains plant fossils and bra
chiopods. Grades upward into
shaly, fine-grained sandstone.
Forms slope; poorly exposed.
Megafossil collection USGS
24491-PC from near the top; listed
in text discussion of Sandia.

14. Limestone, light-gray, fine-grained.
Forms small ledge. Megafossil col
lection USGS 24490-PC listed in text
discussion of Sandia.

13. Concealed; slope.
12. Limestone, medium-gray, fine- to

medium-grained, highly fossilifer
ous. Forms ledges; poorly exposed.

Thickness 
ft m 

11 3.4 

22 6.7 

28 8.5 

6 1.8 

13 4 

23 7 

12 3.7 

22 6.7 

82 25 

20 6 

22 6.7 

2 0.6 
10 3 



Unit Lithology 

Megafossil collection USGS 24489 
listed in text discussion of Sandia 

11. Claystone, silty, light-gray to buff.
Contains some small gray-lime
stone nodules. Contains some white
fine-grained sandstone in beds as
much as 4 ft (120 cm) thick.

Total thickness of Sandia Formation: 

Tererro Formation: 
Cowles Member: 
10. Limestone, silty, light-brownish

gray, and siltstone, olive-gray. 
Lower half is fine-grained, very 
silty, crossbedded and cross-lami
nated limestone; basal part contains 
small limestone pebbles and angu
lar chert fragments. Upper half is 
shaly siltstone that is slightly nodu
lar and calcareous. Top concealed. 
Base probably is erosional uncon
formity. 

Manuelitas Member: 
9. Limestone, gray, silty, earthy-ap

pearing. Contains brachiopods and
crinoid columnals. Forms small
ledges. Thickness highly irregular,
probably because of unconformity
at top.

8. Conglomerate, light-brown-weath
ering. Composed mainly of round
ed limestone pebbles. Grades up
ward into medium-grained, marly
calcarenite which forms upper third
of unit. Contains small, irregularly

Thickness 
ft m 

0.7 0.2 

13 4 
341.7 104.1 

18 5.5 

10 3 

Unit Lithology 

shaped, bodies of pink chert. Poorly 
bedded. Forms small rounded ledge. 

Macho Member: 
7. Limestone breccia, light-gray

weathering. Contains angular clasts
ranging from an inch (several cen
timeters) to 1 ft (30 cm) across; con
tains, rusty weathering, pebble-size,
angular clasts of gray chert. Forms
rounded ledge.

Total thickness of Tererro Formation: 

Espiritu Santo Formation: 
6. Concealed.
5. Limestone, medium-gray, silty, fine

grained. Contains small, ellipsoidal,
chert nodules. Forms ledge.

4. Sandstone, light-buff, very fine to
coarse-grained; contains quartz
granules. Forms notch; poorly
exposed.

3. Limestone, medium-gray-weather
ing, fine-grained, dolomitic, slightly
sandy, partly recrystallized. Con
tains lenses of quartz granules.
Bedding slightly undulatory; beds
are 1-2 ft (30-60 cm) thick. Forms
ledge.

2. Concealed.
Total thickness of Espiritu Santo Forma

tion: 

Precambrian rocks: 
1. Granite gneiss, pink, alaskitic, well

foliated.

Section C 

187 

Thickness 
ft m 

9.5 2.9 

15 4.6 
52.5 16 

1.5 0.46 

4.5 1.4 

2 0.6 

6 1.8 
5 1.5 

19 5.8 

not measured 

Sapello 7.5-minute quadrangle (1965). Composite section of lower part of Porvenir Formation, Sandia Formation, and 
Espiritu Santo Formation, northeast slopes of Fragoso Ridge and lower hills south of Rito Cebolla. Base of section is at out
crops of Precambrian rocks in small southeast-draining canyon about 4,500 ft (1.37 km) west-southwest of New Mexico 
Highway 518 bridge across Rito Cebolla. Section was measured southwestward through poor exposures, around the south 
side of San Isidro Lake, thence generally westward to the top of Fragoso Ridge. Measured by E. H. Baltz. Locality shown in 
Figures 17 and 88. 

Unit Lithology 

Porvenir Formation (lower part): 

60. Sandstone, conglomeratic, light-yel
lowish-gray; weathers light yellow
ish orange to light brown. Lower
two-thirds is composed of subangu
lar, coarse quartz sand and granules
and a trace of weathered feldspar.
Cement is clay and silica. Upper
third is coarser and contains many
scattered, quartzite and weathered
feldspar pebbles as large as
0.75 inch (1.9 cm) diameter. Bedding
is subparallel to slightly indined;
beds are 2 inches-3 ft (5-90 cm)
thick. Forms a steep, irregular cliff.

Thickness 
ft m 

Unit Lithology 

Forms caprock of Fragoso Ridge at 
this point; top eroded. Units 60-52 
are parts of the informally designat
ed sandstones of Fragoso Ridge of 
the Porvenir. 

59. Concealed; slope.
58. Sandstone, conglomeratic, light-yel

lowish-gray, feldspathic. Matrix is
medium to coarse quartz sand con
taining scattered angular quartz
and feldspar granules and pebbles
as large as 0.25 inch (0.6 cm) diame
ter. Unit is cross-laminated. Forms
small ledge.

57. Sandstone, light-grayish-yellow,

Thickness 
ft m 

33 10 
38 11.6 

5.5 1.7 
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Unit Lithology 

medium-grained, well-sorted, mica
ceous. Bedding is subparallel; beds 
are 0.1-3 inches (0.3-7.6 cm) thick. 
Forms small slabby ledge. 

56. Concealed; slope. 
55. Shale, clay, olive-gray; forms slope; 

poorly exposed. 
54. Sandstone, conglomeratic, light-yel

lowish-gray, feldspathic. Matrix 
composed of angular to subangular, 
very coarse sand and granules; 
lower two-thirds contains many 
yellow feldspar pebbles and angu
lar quartz pebbles as large as 1 inch 
(2.5 cm) diameter. Basal 3 ft (0.9 m) 
contains many limestone pebbles as 
much as 2 inches (5 cm) diameter; 
smaller limestone pebbles are pre
sent scattered through higher part 
of unit. Upper third is cross-lami
nated; lower two-thirds is obscurely 
bedded. Forms small resistant ledge. 

53. Concealed; slope. 
52. Sandstone, conglomeratic, light-tan; 

weathers light grayish tan. com
posed of subangular, coarse quartz 
sand and granules; contains a few 
scattered quartz pebbles as large as 
0.5 inch (1.3 cm) diameter; contains 
a trace of muscovite. Bedding and 
laminae are subparallel, locally 
slightly inclined, and locally cross
bedded; beds are 1-6 ft (30-180 cm) 
thick. Forms prominent ridge. Base 
not exposed. Basal part of sand 
stones of Fragoso Ridge. 

51. Concealed; slope; float includes 
shale and some gray limestone. 

50. Shale, clay, light-olive-gray. Flaky 
weathering; forms slope. 

49. Concealed; gentle slope; float in
cludes some slabby, thin, gray lime 
stone. 

48. Shale, clay, calcareous, olive-gray; 
poorly exposed; forms slope. 

47. Limestone, medium-gray, light-yel
lowish-gray-weathering. Dense-ap
pearing micrite containing a few 
fossil fragments. Beds are as much 
as 8 inches (20 cm) thick. Forms 
poorly exposed, slabby, small ledge. 

46. Shale, gray, calcareous; may contain 
some thin, beds of light-gray, fine
grained limestone. Forms slope; 
poorly exposed. 

45. Limestone, medium-gray, light
gray- to yellowish-gray-weathering. 
Part of unit is fine-banded stroma
tolite; remainder is recrystallized to 
sugary texture. Forms slumped 
ledge; poorly exposed. 

44. Sandstone, light-yellowish-gray. 
Composed of fine to medium 
quartz sand and contains coarse 
sand and granules. Contains small 
limestone pebbles apparently de-

Thickness 
ft m 

3 0.9 
36 11 

5.5 1.7 

17 5.2 
27.5 8.4 

25 7.6 

66 20 

7 2.1 

60 18.3 

11 3.4 

11 3.4 

16.5 5 

5.5 1.7 

Unit Lithology 

rived from the underlying unit. 
Forms a small slabby ledge. 

43. Limestone, light-gray, light-gray
weathering; partly recrystallized. 
Lumpy appearance because of low, 
stromatolitic mounds; part of unit is 
small fragments of brecciated algal
mat surrounded by streaks of angu
lar, medium to coarse quartz sand 
and granules. Forms small ledge; 
poorly exposed; occurs at about alti
tude 7,750 ft. 

Thickness of measured lower part of 
Porvenir Formation: 

Sandia Formation: 
42. Shale, clay, silty, light-olive-gray. 

Forms slope; poorly exposed. 
41. Shale, yellowish-gray-weathering; 

interbedded with platy, fine
grained, micaceous sandstone. 
Sandstone is ripple-marked; beds 
are 0.06-1 inch (0.16-2.5 cm) thick. 
Upper half contains some yellow, 
coarse-grained, pebbly sandstone. 
Forms slope; poorly exposed. 

40. Sandstone, conglomeratic, light
grayish-yellow-weathering, feld
spathic. Composed of fine to very 
coarse sand and granules; as much 
as 15 percent of some beds is yellow, 
weathered feldspar; slightly mica
ceous. Contains scattered angular 
pebbles of quartz and yellow feld
spar 0.25-0.5 inch (0.6-1.27 cm) di
ameter. Bedding is subparallel; beds 
are 1-6 inches (2.5-15 cm) 
thick. Forms slabby slope. 

39. Shale and sandy shale, gray, poorly 
exposed. Forms slope. 

38. Limestone, dark-gray, light-gray
weathering. Micrite containing a 
few scattered, small gastropods and 
brachiopod fragments. Forms small 
ledge. 

37. Sandstone, conglomeratic, similar 
to unit 35. Forms small ledge. 

36. Concealed; gentle slope. 
35. Sandstone, conglomeratic, light-yel

lowish-gray-weathering. Com
posed of coarse to very coarse sand 
and granules; contains a trace of 
weathered yellow feldspar; contains 
some angular quartz pebbles as 
much as 0.5 inch (1.27 cm) diameter. 
Forms small ledge; poorly ex
posed. 

34. Concealed; gentle slope; probably 
shale. 

33. Sandstone, conglomeratic, light-yel
low-gray, weathers light yellowish 
orange. Composed of angular to 
subangular, very coarse quartz sand 
and granules; contains scattered 
quartz pebbles as large as 1 inch 
(2.5 cm) diameter. Contains a trace 

Thickness 
ft m 

5.5 1.7 

1± 0.3± 

374 114 

16 4.9 

25 7.6 

12 3.6 

11 3.4 

2 0.61 

15 4.6 
16 4.9 

10 3 

38 11.6 



Unit Lithology 

of weathered, yellow feldspar. 
Cement is silica and clay. Irregular 
bedded to crossbedded; contains 
scour-and-fill structures. Beds are 
1 inch-1 ft (2.5- 30 cm) thick. Upper 
part forms a prominent ledge that is 
a persistent narrow bench at toe of 
the long slope up Fragoso Ridge; 
middle part is soft and poorly ex
posed; lower part forms a blocky 
ledge. 

32. Mainly concealed. A few small,
poor exposures reveal gray shale
and a few interbeds of slabby sand
stone similar to unit 31.

31. Sandstone, yellowish-gray, medi
um-grained, well-sorted, well-ce
mented, and hard. Beds are
1-8 inches (2.5-20 cm) thick. Forms
small bench; slabby weathering.

30. Concealed; slope; probably shale.
29. Sandstone, conglomeratic, similar

to unit 27. Forms small, slumped
bench.

28. Concealed; slope; probably shale.
27. Granule conglomerate, pinkish

gray; clasts are angular to subangu
lar quartz granules. Well cemented
by silica and clay. Forms small
bench.

26. Concealed.
25. Sandstone, pinkish-gray; matrix is

medium to coarse grained and con
tains scattered granules. Bedding is
irregular. Forms small ledge.

24. Concealed; slope covered by blocks
from overlying unit.

23. Limestone, light-gray, micritic to
coarse-grained and recrystallized.
Contains some crinoid columnals.
Part of unit is mounded and con
tains traces of undulatory bedding
and stromatolitic banding. Contains
angular fragments of limestone.
Forms prominent l dge.

22. Concealed; slope; probably shale.
21. Limestone, light-gray, micritic; con

tains nodular, recrystallized patch
es; contains a few brachiopods.
Beds are 0.5-1 ft (15-30 cm) thick;
contains a few thin shale interbeds.
Forms slope; poorly exposed.

20. Concealed; slope; float suggests
unit is shale and some interbedded
noduar limestone.

19. Limestone, similar to unit 17; forms
small ledge.

18. Concealed; slope; probably mainly
shale.

17. Limestone, light-gray, yellowish
gray-weathering. Matrix is micrite
containing much bioclastic debris
and a few small brachiopods and
corals. Forms small ledge.

16. Concealed.

Thickness 

ft m 

74 22.6 

115 35 

7.5 2.3 
66 20 

3 0.9 
11 3.3 

12 3.7 
10 3 

7 2.1 

78 23.8 

13 4 
12 3.7 

5 1.5 

27 8.2 

2.5 0.76 

36 11 

2.5 0.76 
16 4.9 
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Thickness 

ft m 

[Unit 15 was traced about 270 ft (80 m) north along ranch 
road. Section above continues westward up topographic 
spur east of Fragoso Ridge.] 

15. Sandstone, conglomeratic, similar
to unit 11. Forms prominent ledge
capping a small bluff at south end
of ranch road. Water well is on this
ledge.

14. Concealed; slope.
13. Sandstone, conglomeratic, similar

to unit 11; contains some fine- to
medium-grained interbeds. Forms
small ledge.

12. Concealed; slope; probably shale.

21 6.4 
64 19.5 

29 8.9 
17 5.2 

[Section above continues west on topographic spur north of 
deep, east-draining canyon southwest of San Isidro Lake.] 

11. Sandstone, conglomeratic, pinkish
gray, pinkish-brown-weathering.
Matrix is subangular to subround,
coarse to very coarse sand; about 20
percent is angular to subangular
granules. About 5 percent of clasts
is yellow, weathered feldspar.
Becomes coarser upward and high
er part is composed mainly of gran
ules and pebbles as much as
0.25 inch (0.6 cm) diameter. Clay
and silica cementation is fair to
good. Bedding is subparallel to
moderately inclined; beds are
4 inches-3 ft (10-90 cm) thick.
Forms a blocky weathering promi
nent ledge that encircles San Isidro
Lake. Lower 40 ft (12 m) was mea
sured east of lake. The top, approxi
mately, of this interval was traced
around the south side of the lake.
An additional 30 ft (9 m), approxi
mately, was measured from a ranch
road southwest of the lake to top of
a ledge on a spur west of the road.

10. Concealed; slope.
9. Limestone, medium-gray, light

gray-weathering. Bioclastic; con
sists of fine-grained fragments of
crinoids and other fossils. Bedding
undulatory; beds are 1-3 inches
(2.5-7.6 cm) thick. Outcrop is slight
ly slumped.

8. Mainly concealed by talus; scanty
exposures in middle are olive-gray
silty shale containing some thin
beds of gray, fossiliferous, limestone
nodules.

7. Sandstone, yellowish-gray, medi
um-grained, argillaceous, obscurely
bedded. Forms slope in gulch.

6. Sandstone, conglomeratic, light
gray, yellowish-gray-weathering.
Matrix is fine to very coarse quartz
sand; about 15 percent of unit is an
gular granules and vein-quartz peb
bles as much as 0.25 inch (0.6 cm)

70 21.3 
44 13.4 

5 1.5 

50 15.3 

21 6.4 
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diameter. Slightly calcareous. Forms 
blocky ledge. 

5. Sandstone, yellowish-gray, fine- to 
medium-grained, argillaceous. 
Forms small ledge in gully. 

4. Shale, gray, and interbedded thin, 
fine-grained to coarse-grained 
brown sandstone; poorly exposed 
in gully. Float indicates a 1-ft 
(30-cm) thick coquina of brachio
pods, large crinoid columnals, and 
echinoids about 20 ft (6 m) above 
base. Base concealed. 

Thickness 
ft m 

5.4 1.7 

5 1.5 

30 9.2 

[Better exposures about 600 ft (180 m) to the north, at the 
head of the main southeast-draining canyon, show that the 
lower part of the Sandia is mainly yellowish-gray-weather
ing marly shale that contains interbeds of thin, irregular
bedded fossiliferous limestone and thin calcareous sand
stone and sandy limestone similar to units 4-9 above. 
Megafossil collection USGS 28676-PC was made at the 
northern locality from the interval 100-150 ft (30-45 m) 
above the base of the Sandia. Collection described in text 
discussion of Sandia.] 

Total thickness of Sandia Formation: 

Tererro Formation: 
Absent because of unconformity at 
base of Sandia Formation. 

1,003.9306 

0 0 

Unit Lithology 

Espiritu Santo Formation: 
3. Limestone, light-gray, fine-grained, 

partly recrystallized. Contains lens
es of fine to coarse quartz sand and 
angular granules and pebbles as 
much as 0.25 inch (0.6 cm) across, of 
white vein quartz. Bedding parallel; 
beds 6-8 inches (15-20 cm) thick. 
Base and top not exposed in gulch. 

Del Padre Sandstone Member: 
2. Sandstone, conglomeratic, brown

weathering, very coarse-grained, 
silica-cemented; contains angular 
pebbles as large as 2.5 inches 
(6.3 cm) of white vein quartz. Unit 
exposed on east wall of main 
canyon where it wedges out locally. 

Thickness 
ft m 

10+ 3+ 

2.5+ 0.76+ 
Total thickness of Espiritu Santo Formation: 

====== 
12.5+ 3.8+ 

[Basal part of section, from unit 2 upward, is in east-drain
ing gulch west of large outcrop of white Precambrian peg
matite. Units 2-10 were measured westward up the gulch to 
the large sandstone bench east of San Isidro Lake.] 

Precambrian rocks: 
1. Amphibolite schist, quartz-mus

covite schist, and white, coarse
grained pegmatite. Not measured 

Section D 

El Porvenir 7.5-minute quadrangle (1961). Section of Porvenir, Sandia, Tererro, and Espiritu Santo Formations measured 
across east-tilted beds of hogback exposed in roadcuts on U.S. Forest Service Johnson Mesa road on ridge south of 
Canovas Canyon. Type section of Porvenir Formation of Madera Group. Locality is near center of sec 23 T17N R14E. 
Measured by E. H. Baltz and D. A. Myers. Locality shown in Figures 17, 31, and 81. 

Unit Lithology 

Alamitos Formation (lower part): 
135. Claystone and siltstone, shaly, red; 

contains some thin beds of gray 
limestone; poorly exposed. Higher 
beds are poorly exposed in gully at 
the east. 

134. Sandstone, conglomeratic, buff, 
arkosic; composed of angular very 
coarse sand, granules, and small 
pebbles of quartz and pink feldspar. 
Forms ridge. 

133. Siltstone and claystone, shaly, yel
lowish-gray, poorly exposed. Forms 
slope. 

132. Sandstone, conglomeratic, light
grayish-orange, feldspathic. Com
posed of angular to subangular, 
very coarse quartz sand. Contains 
angular granules and small pebbles 
of pink feldspar and quartz. 
Forms small ridge. 

Thickness 
ft m 

50+ 15.3+ 

9.9 3 

13.2 4 

2.6 0.8 

Unit Lithology 

131. Limestone, medium-gray, very 
coarse grained, bioclastic. Contains 
medium to very coarse quartz sand 
and some pink feldspar clasts near 
top. Beds are 6 inches-1 ft (15-
30 cm) thick. Forms slight ridge. 

130. Sandstone, orange-gray, medium
grained, micaceous. 

129. Limestone, light-gray, bioclastic, 
crinoidal. Forms ridge. 

128. Siltstone, olive-brown, shaly. Lower 
third contains interbedded nodular 
gray limestone in beds that are 
about 6 inches (15 cm) thick. 

127. Limestone, light-gray, fine-grained, 
bioclastic; contains many brachio
pod fragments . Forms ledge. 
Fusulinid collection £10124 from 
this bed contains Beedeina sulphuren
szs. 

126. Shale, silty, and interbedded mica-

Thickness 
ft m 

7.3 2.2 

0.6 0.2 

4.6 1.4 

18.4 5.6 

2.3 0.7 



Unit Lithology 

ceous sandstone; purple-red weath
ering. Forms slope. 

125. Sandstone, orange-brown, very
coarse grained, arkosic. Contains 
tra tigraphically lowest fresh-ap

pearing, pink, angular feldspar 
clasts. Forms small ridge. 

Thickness of mea ured lower part of 
Alamito Formation: 

Porvenir Formation (type ection): 
1 24. Claystone, shaly, purple; weathers 

to dark-red soil . 
1 23. Limestone, light-gray, biocla tic, 

slightly shaly; bedding is irregu lar 
to nodular. 

122. Sa ndstone, light- yellowish-brown, 
very coarse grained ; contains mall
amount of weathered yellowish
gray feldspar. Forms lens .

121 . Si l tstone and very fine grained 
sa nd stone, light-yellowish-gra y, 
li gh tly sha ly; contains scattered 
nodule of light-gray lirneston . 

1 20. L ime tone, medium-gray, fine
gra i ned ; form ma ll  ridge .  
Fusu l inid collection fl 01 23 fro m 
this bed con tains Beedeina aff. B. sttf
ph u rensis and Bradyina p. 

1 19. Claystone and siltstone, I igh t-olive
yellow, ca lca reous; midd le  th i rd 
conta in l imestone pebbles in clay
stone ma trix . Upper 6 inches 
( 1 5  cm) wea ther purple. 

1 1 8 . Conglomera te, l imestone-pebble; 
pebble are rou nded and a re a s  
la rge as  2 inches (5 cm) d ia meter. 
Ma trix is limestone . 

11 7. Si ltstone, light-yellowish-gray, 
dense to shaly; conta ins l imes tone 
nodules . 

1 1 6. Lim estone, medium-gray, bioclasti c, 
thin bedded to shaly; contains 
crinoid debris and brachiopods. 
Forms small ridg s. 

1 1 5. Shale, dark-gray, ca lcareous, and in
terbedded l imestone.  Upper 2 ft 
(60 cm) is a coquina of brachiopods 
and crinoid colurnnals in calcareous 
shale ma trix. Lower part contains 
several 1 .5-6-inch (3-1 5-cm) thick 
lenses of bioclastic limestone. 

1 1 4 . Lime tone, light-brownish-gray, 
coa r ely bioclastic; contains frag
men t of brachiopods, crinoids, and 
other fo ii debri . Irregularly bed
ded. Forms strong ledge. 

1 1 3 . Lime tone, gray, medium- to fine
grained, biocla tic, si lty. Grad es 
downward into yellowi h-gra y 
fine-grained limestone contai ning 
calcareous siltstone interbeds; abou t 
50 percent of the lower half is in
terbeds of calcareous siltstone and 
silty shaly limestone. Unit forms 
ledge. 

Thickness 
ft m 

17 5.2 

6.5 2 

132. 4+ 40.4+ 

5 1.5 

3 0.9 

2 0.6 

1 7.6 5.4 

1 0 .3  

15.9 4 .9 

2 0 .6 

1 0  3 

5 1 .5 

7 2. 1

4 .9 1 .5 

24.4 7.4 

Unit Lithology 

1 1 2. Shale, clay, dark -gray; contains sev
eral 0 .75 -5-inch (2- 1 3 -cm) thick 
lenses of gray limestone. 

11 1 .  Limestone, light -gray, very fine 
grained. Beds are undulatory and 
6- 1 6  inches ( 1 5-40 cm) thick; yel
lowish-gray chert stringers are on 
bedding plan s. Forms ridge. 
Fusulinid collection f1 01 22 from 
this bed includes Beedeina sp. and 
Millerella sp. 

1 1 0. Claystone, light-olive-gra y, shaly, 
calcareous. 

1 09. Limestone, gra y, nodula r; nodul s 
are a la rge as 2 inches (5 cm) diam
eter and are nearly spherica l. 

108. Li mestone, gray, coa r e- gra in ed ,
biocla tic; consist mostly of crinoid 
debris. Contains some fine -gra ined 
quartz sa nd . Crossbed ded a nd
cross- laminated . Forms trong 
rid ge . A bout 200 ft (60 m) to the 
south the unit conta ins med iu m to 
coarse angular quartz sand and in
terbeds of limy sa ndstone. U ni t  is 
th "ma rker " zone in upper part of
Porvenir Forma tion.

107. Lime tone, ligh t-gra y, a11d in terbed
ded sha l y  siltston . Limes tone i
coa rse-gra ined bioclas tic ca lca ren
i te .  Bed a re 0 .5-2 ft ( 1 5-60 cm)
thick. Upper 4 ft ( 1 .2 m )  is si l ts tone.

1 06. Silt tone, gra y, ha l y. 
105. Concealed ; smal l  va lley. Concea led 

strike faul t  o f  smal l  displacemen t 
probably occurs in this interval .  

104. Sa nd tone, ligh t-yellowish-gra y, 
fine-grained; contains interbedded 
si l tstone and shaly silts tone; abou t  
hal f  of un i t  is andstone. Beds a re 
1 -2 ft (30--60 cm) thick. 

103. Sand stone, ligh t-yel lowish-gra y, 
fine-gra ined .  Conta ins in terbeds of 
si lty sandstone and i lt tone. Forms
slope.

102. Si ltstone and claystone, interbed
ded; l ight-gra y, weathers l ight yel
lowish brown. Forms broad slope in
roadcu t; outcrops at east end are
slumped.

1 01 .  Limestone, light-gra y, very fine 
grained; form ridge. 

1 00. Clay tone, light- gray, shaly, ca lca re
ous, carbonaceous; weathers to 
notch. 

99. Limestone, light-gray, very fine
grained; forms ridge. 

98. Shale, light-olive-brown, poorly
exposed.

97. Limestone, light-gray; lower 1 2  ft
(3.7 m) is r crystall ized, and inter
nally partly structureless . Probably
biohermal. Upper part is nodu lar,
thin-bedded limestone.

96. Shale, clay, l ight-gray, calcareous.
95. Limestone, l ight-gray, recrystal-

191 

Thickness 
ft m 

1 1.6 3.5 

5 1.5 

9.4 2 .9

3 0 .9 

21 .5 6. 6 

23 7 
7 2. 1

1 04  31 .7  

6 1  1 8 .6  

1 4 4.3 

65 19.8 

2.5 0.76 

4 1.22 

5 1 .5 

51 15.6 

1 6  4.9 

5 1 .5 
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lized; mainly structureless, internal
ly. Probably biohermal. Contains 
brachiopods and algal filaments. 
Forms strong ridge. 

94. Limestone, medium-gray, very fine
grained. Beds are 1 inch-2 ft (2.5-
60 cm) thick; thin calcareous shale
partings occur between beds.

93. Shale, clay, gray, calcareous; weath
ers to notch.

92. Limestone, light-gray, medium- to
coarse-grained, bioclastic calcaren
ite. Forms massive ledge; bedding
apparent only in lower part.

91. Sandstone, medium- to coarse
grained, quartz.

90. Claystone, yellowish-gray to dark
gray; upper part is highly carbona
ceous to coaly and sulphurous.

89. Limestone, medium-gray, fine
grained, bioclastic; contains bra
chiopods, crinoid fragments, bry
ozoans, and a few fusulinids. Beds
are 1-8 inches (2.5-20 cm) thick and
und ula tory. Calcareous-shale part
ings as much as 1 ft (30 cm) thick
form about 25 percent of unit.
Forms ridges; upper 6 ft (1.8 m) is
massive.

88. Sandstone, conglomeratic, light
brown, medium- to coarse-grained,
calcareous; contains small rounded
quartz pebbles and some weathered
yellowish feldspar.

87. Siltstone and claystone, light-gray
to yellowish-brown; upper 3 ft (0.9
m) is highly carbonaceous.

86. Sandstone, light-yellowish-gray,
medium- to coarse-grained; con
tains scattered quartz granules and
a trace of weathered feldspar. Forms
moderate ridge.

85. Claystone, light-gray and light
olive-brown, calcareous; contains a
few thin beds of nodular gray lime
stone in lower half. Carbonaceous
shale, 6 inches (15 cm) thick, occurs
at top.

84. Limestone, light-gray, fine-grained,
bioclastic, slightly nodular. Forms
ridge.

83. Siltstone, gray, calcareous.
82. Sandstone, me dium-gray; contains

cr inoid and bryozoan debris. Silty
near top.

81. Claystone, light-gray, calcareous;
lower 4 ft (1.2 m) is mostly gray
limestone nodules.

80. Limestone, light-gray; mostly finely
bioclastic, but contains some coarse
grained crinoidal bioclastic lime
stone. Mainly consists of irregular
limestone masses in light-yellow
ish-gray, silty, cherty matrix. Beds
are 2-3 ft (60-90 cm) thick. Forms
massive ridge.

Thickness 
ft m 

14 4.3 

21.5 6.5 

3.5 1 

25 7.6 

0.5 0.15 

7.5 2.3 

29 8.9 

2 0.61 

13.5 4.1 

19 5.8 

31 9.5 

4.5 1.4 
4 1.2 

3.5 1 

18 5.5 

45 13.7 

Unit Lithology 

79. Claystone, gray, calcareous, shaly. 
78. Concealed.
77. Limestone, light-gray, micritic; con

tains streaks of bioclastic limestone
and many brachiopods; thin bed
ded. Forms small ridge.

76. Shale, clay, gray, calcareous; poorly
exposed.

75. Concealed.
74. Limestone, gray, bioclastic; contains

yellow, earthy chert and claystone
partings on bedding planes. Beds
ar 1-2 inches (2.5-5 cm) thick.

73. Concealed.
72. Sa ndstone, light-yellowish-tan, 

fine- to medium-grained. 
71. Limestone, l ight-gray, very coarse

grained, bioclastic, crinoidal. Brach
iopods and horn corals are abundant.

70. Limestone, medium-gray, bioclastic;
contains many large productid bra
chiopods. Beds are slightly undula
tory. Forms a double ridge.

69. Sandstone, light-yellowish-tan,
coarse- to very coarse grained; con
tains some yellowish-gray weath
ered feldspar. Contains shaly beds
near top.

68. Sandstone, light-yellowish-brown,
fine- to medium-grained, mica
ceous; shaly to irregular bedded.

67. Limestone, dark-gray, and interbed
ded calcareous gray shale.
Limestone beds are undulatory to
nodular and are 1-8 inches (2.5-
20 cm) thick. Horn corals, brachi
opods, and crinoid debris are com
mon. Fusulinid collection f10127
was obtained 6 ft (1.8 m) below top
and contains Beedeina aff. B.
RocJ...-ymon tana.

66. Limestone, light-gray, coarse
grained, bioclastic, crinoidal; con
tains many brachiopods. Beds are
0.5-2 ft (15-60 cm) thick; unit
weathers massive.

65. Limestone, medium-gray, coarse
grained; contains dark-gray, fine
grained, thin-bedded to shaly, fetid
limestone .

64. Claystone and siltstone, light-olive
brown, calcareous.

63. Shale, silty clay, gray, and interbed
ded gray limestone and shaly silt
stone that contains small lin1estone
concretions. Unit is mostly shale ex
cept near base and top.

62. Limestone, medium-gray, fine
grained. Bedding is undulatory;
beds are 1-2 inches (2.5-5 cm) thick.
Fusulinid collection fl0126 from 9 ft
(2.74 m) above base contains Bee
deina aff. B. apachensis.

61. Shale, clay, gray, carbonaceous; con
tains brachiopods.

60. Limestone, medium-gray, medium-

Thickness 
ft m 

8 2.4 
30 9.2 

8 2.4 

5 1.5 
13 4 

8 2.4 
17 5.2 

5 1.5 

6 1.8 

5 1.5 

5.9 1.8 

2 0.6 

16.5 5 

34 10.4 

10.5 3.2 

26 7.9 

19 5.8 

18 5.5 

0.9 0.27 
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grained. 
59. Sandstone, yellowish-brown to

light-gray, fine-grained, silty, mica
ceous, calcareous; contains bra
chiopods. Weathers to notch.

58. Claystone and siltstone, calcareous,
siliceous; silica s tands in relief along
bedding. Contains many bra
chiopods.

57. Siltstone and claystone, shaly, dark
gray, carbonaceous.

56. Sandstone, grayish-orange, fine
grained, calcareous, cross-laminated.

55. Claystone, shaly, olive-gray; con
tains numerous gray limestone nod
ules and brachiopods.

54. Limestone, gray, fine-grained, bio
clastic; contains lenticular sec
ondary cl1ert and thin clay interbeds
in upper third. Bedding is undula
tory.

53. Siltstone, shaly, grayish-brown
weathering.

52. Limestone, gray; contains fine
grained bioclastic beds. Bedding is
nodular to undulatory; beds are
1-8 inches (2.5-20 cm) thick. Con
tains thin calcareous clay interbeds.
Fusulinid collection £10125 obtained
from near the top contains
Beedeina cf. B. insolita.

51. Limestone, light-gray, coarse
grained, bioclastic, massive.

50. Limestone, light-gray, nodular; con
tains gray clay partings. Thickens
upslope as underlying unit thins.

49. Limestone, medium-gray, fine
grained, dense-appearing; contains
scattered brachiopods and fine
grained bioclastic debris. Forms
ridge. Probably biohermal; thins
upslope.

48. Limestone, medium-gray, fine
grained; contains fossil fragments
and unbroken brachiopods; con
tains calcareous clay partings. Beds
are 3-10 inches (7-25 cm) thick.
Forms ridge.

Tota.I thickness of Porvenir Formation: 

Sandia Formation: 
47. Claystone, medium-gray, calcare

ous; lower third contains thin in
terbeds of nodular limestone. Forms 
irregular slope. 

46. Limestone, medium-gray, bioclastic;
contains interbeds of calcareous
claystone.

45. Siltstone, shaly, light-olive-gray;
contains a bed of fossiliferous limy
concretions.

44. Limestone, gray, fine-grained, cal
carenite; thin-bedded; contains
rusty yellow chert.

43. Concealed.
42. Limestone, light-gray, fine-grained,

Thickness 
ft m 

0.9 0.27 

2.3 0.7 

18.9 5.8 

0.4 0.12 

2.7 0.82 

3 0.9 

11.5 3.5 

1.9 0.58 

12.5 3.8 

6 1.8 

2 0.6 

9.5 2.9 

8.2 2.5 
1,064.9 324.3 

14.5 4.4 

4.3 1.3 

7.2 2.2 

3.5 1 
14 4.3 

Unit Lithology 

dense-appearing; contains a few 
brachiopods and crinoid columnals. 
Bedding is undulatory; beds are 
1-1.5 ft (30-45 cm) thick. Hackly
yellow chert occurs on bedding 
planes. 

41. Concealed.
40. Limestone, light-olive-gray, slightly

nodular; contains brachiopods.
Forms small ridge.

39. Concealed. Float indicates unit con
tains siltstone, claystone, and some
fine-grained sandstone.

38. Sandstone, olive-brown, silty to
medium-grained; contains scattered
quartz granules.

37. Claystone and siltstone, gray to
olive.

36. Sandstone, light-yellowish-gray,
medium- to coarse-grained; con
tains lenses of quartz granules and
trace of yellowish-gray, weathered
feldspar. Cross-laminated. Forms
ridge.

35. Claystone, gray.
34. Sandstone, brown-weathering; 

composed mainly of fine to medium 
quartz sand; contains quartz gran
ules that have secondary crystal 
faces. 

33. Claystone, gray to olive.
32. Claystone, dark-gray, carbonaceous

to coaly.
31. Claystone and siltstone, olive

brown; contains fine-grained sand
stone, 2 ft (60 cm) thick, near middle
of unit.

30. Sandstone, olive-gray, fine-grained
to very fine grained, silty.

29. Sandstone, light-yellowish-gray,
medium- to coarse-grained; con
tains lenses of quartz granules and a
trace of weathered, yellowish-gray
feldspar. Unit is cross-laminated but
is essentially one bed.

28. Siltstone and claystone, olive-green.
This unit and unit 29 are folded and
faulted into a nearly horizontal po
sition.

27. Claystone and siltstone, gray to yel
lowish-orange.

26. Coal.
25. Siltstone and claystone, olive-gray.

193 

Thickness 
ft m 

5.5 1.7 
16 4.9 

1.5 0.46 

86 26 

5 1.5 

17 5.2 

10 3 
0.5 0.15 

1 0.31 
8 2.4 

7 2.1 

24 7.3 

15 4.6 

12.5 3.8 

25.5 7.8 

4 1.2 
0.2 0.06 

15 4.6 

[Units 22-24 are repeated by a low-angle faul t above point 
of measurement.] 

24. Sandstone, fine-grained, ledge
forming.

23. Siltstone and claystone, gray to
olive-gray.

22. Sandstone, fine-grained; forms
ridge.

21. Claystone, gray, shaly.
20. Sandstone, dusky-yellow to olive

gray, fine- to very fine grained.

8 2.4 

4.5 1.4 

4.5 1.4 
2 0.6 
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Basal bed is 8-10 ft (2.4-3 m) thick; 
beds in upp r part are 0.5-3 ft 
(15-90 cm) thick. 

19. Claystone, gray; weathers ocherous
yellow. Contains two thin beds of
brachiopod- and pel cypod-bearing
limestone nodules; collection USGS
27487-PC, listed in text discussion
of Sa11dia, was obtained from shale
beneath the lower bed.

18. Shale, clay, light-gray, carbona
ceous. ear the middle, unit con
tain several 1-2 inches (2.5-5 cm)
thick coal beds.

17. Sandstone, light-yellowi h-gray,
fine- to medium-grained; contains a
few small pebbles of vein quartz.
Lower third is very fine grained and
contains thin shale lenses. Contains
limonite-filled impressions of fossil
wood. Forms small ledge.

16. Claystone and siltstone, olive
brown.

15. Shale, clay, yellow, silty.
14. Shale, clay, medium- to dark-gray,

carbonaceou 
13. Claystone and siltstone, medium

olive-brown; contain a few beds of
dark-gray claystone 1-8 inches
(2.5-20 cm) thick. Slightly mica
ceous and carbonaceou . Upper
part contorted.

12. Mainly concealed; slope. Lower
10 ft (3 m), approximately, i clay-
tone; olive-brown, hard. Float sug

gests that tan, coarse-grained sand
stone, olive-brown claystone, and
yellow siltstone occur in the con
cealed interval.

Total thickness of Sandia Formation: 

Tererro Formation: 
Cowles Member: 
11. Calcarenite, light-bluish-gray, fine

grained. Contains minute patches
and laminae of m dium- to coarse
grained quartz sand. Forms ridge.

Manuelitas Member: 
10. Concealed.
9. Limestone, grayish-orange, sandy,

and interbedded siltstone. Beds are
1-18 inches (2.5-45 cm) thick.

Thickness 
ft m 

31 9.5 

7.5 2.3 

11 3.4 

10 3 

2.5 0.76 
4 1.2 

4 1.2 

26 7.9 

85 25.9 
497.2 151.2 

15.3 4.7 

4.8 1.5 

1.7 0.52 

Unit Lithology 

8. Limestone, gray; contains irregular
masses of pink chert. Basal contact
irregular.

Macho Member: 
7. Limestone breccia, light-gray; lime

stone fragments are angular to
rounded and range in size from

Thickness 
ft m 

3 0.9 

1 inch-1 ft (2.5-30 cm). Forms ledge. 29.5 9.0
Total thickness of Tererro Formation: -5=-4,..._3,.--:;-1-,,-6-,.6--

Espiritu Santo Formation: 
6. Concealed.
5. Limestone, medium- to dark-gray,

sideritic, mostly recrystallized.
Contains pods of light-gray lime
stone near base; upper 1.5 ft (46 cm)
contains thin, black-and-white
banded chert parallel to bedding.
Top foot (30 cm) is gray, coarsely re
crystallized limestone with white
patches. Beds are 0.5-3 ft (15-90 cm)
thick.

4. Siltstone, shaly, light-olive-brown;
forms slight notch.

3. Limestone, medium-gray, weathers
light olive brown; slightly andy.
Bed are 2 inch-2.5 ft (5-75 cm)
thick and parallel but slightly undu
latory. Silty sandstone partings be
tween beds are 1 inch (2.5 cm) and
less thick.

Del Padre Sand tone Member: 
2. Sandstone, conglomeratic, light

gray, coarse-grained, silica cement;
contains vein-quartz pebbles as
much as 1 inch (2.5 cm) diameter.
Beds are parallel and undulatory.

3.5 1.1 

8 2.4 

1 0.3 

5.7 1.7 

2 0.61 
Total thickness of Espiritu Santo Formation: 20.2 6.1 

Precambrian rocks: 
1. Granite gneiss, amphibolite schist,

and granite pegmatite; complexly
interlayered. Sharp angular uncon
formity with overlying Espiritu
Santo Formation. Just to the we t
the lower part of the Arroyo
Pefta co Group is repeated by a
fault that is down-thrown to the
west.

=----= 

ot measured 
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Section E 

Sapello 7.5-minute quadrangle (1965). Composite section of Porvenir Formation near Canon del Homo, 1.6-2.5 mi 
(2.6-4 km) northwest of Manuelitas, at localities E1, E2, and E3. Reference section for northern andstone-shale-limestone 
facies of Porvenir Formation. Locality E1 begins in the arroyo in the lower part of Canon del Homo, about 1,200 ft (365 m) 
outhwest of San Isidro Cemetery, and extends northwestward to exposures along ew Mexico Highway 94. Locabty E2 is 

on west side of Canon del Homo about 800 ft (245 m) southeast of bridge (bench mark 7204 on Highway 94). Locality E3 is 
on west flank of Bahai anticline on ridges south of Canon del Homo 2,000--3,500 ft (610--1070 m) west of bridge on Highway 
94. Measured by E. H. Baltz. Localities shown in Figures 31 and 83.

Locality E3 

Unit Lithology 

Alamitos Formation (lower part): 
38. Conglomerate, light-orange-yellow,

weathers brown. Clasts are mainly
angular to subangular granules and
mall pebbles of quartz; about 10

percent of unit is granules and small
pebbles, some as much as 0.75 inch
(1.9 cm) across, of yellowish-pink
and pink potassium feldspar.
Contains quartzite pebbles that are
angular shaped but have rounded
edges and are as much as 1.5 inch
(3.8 cm) across. Beds are subparallel
and 8 inch-3 ft (0.2-0.9 m) thick;
cross-laminated. Forms resistant
ledge capping highest part of ridge
south of Canon del Homo. About
200 ft (60 m) to the west the unit
contains interb dded red clay shale.
Base of unit concealed.

Porvenir Formation: 
37. Concealed; slope covered by

slumped blocks of above unit.
36. Shale, silty, olive-gray, and in

terbedded shaly sandstone and thin
beds of nodular gray limestone;
limestone contains brachiopods and
crinoid columnals. Entire unit is
poorly exposed and forms a
slope.

35. Sandstone, conglomeratic, Iight
olive-yellow, feldspathic. Upper
third is composed of angular to sub
rounded, coarse sand, granules, and
p bbl s as large as 0.5 inch (1.3 cm)
of quartz; many pebbles are yellow
ish-pink, weathered feldspar. Lower
part is medium to coarse grained,
and about 10 percent is pinkish
gray feldspar; contain a trace of
muscovite. Bedding is subparallel
to irregular; beds are 0.25 inch-1 ft
(0.6-30 cm) thick. Unit forms a
moderate ledge.

34. Concealed; slope.
33. Limestone, medium-gray, weathers

light yellowish gray, rnicritic. Upper
part contains small brachiopods
and fusulinids. Unit is nodular
weathering and poorly exposed.
Fusulinid collection f10292, collect
ed from this unit about 400 ft south
of section, contains Beedeina sul-

Thickness 
ft m 

37+ 11.3+ 

21 6.4 

64 19.5 

24 7.3 
15 4.6 

Unit Lithology 

phurensis. 
32. Concealed; slope. Float indicate

unit is mainly shale.
31. Calcarenite, light-tan, weathers

light gray. Composed of whole and
broken brachiopods in a coarse
grained matrix of brachiopod and
crinoid fragments; contains much
angular, medium to very coarse
sand and granules of quartz and a
trace of pink feldspar. Upper 5 ft
(1.52 m) is silty, fine-grain d cal
carenite. Some beds grade laterally
into highly calcareous quartz sand
stone. Bedding is subparallel to
crossbedded; beds are 0.5-2 ft
(15-61 cm) thick; generally cross
laminated. Forms resistant ledge.
This is the "marker" zone of the
upper part of the Porvenir
Formation.

30. Shale, clay, and siltstone and shaly
sandstone; weathers olive gray.
Lower part is shaly, calcareous, fine
grained sandstone and siltston .
Contains a few 6 inch thick (15 cm)
beds of sandy, silty, limestone.
Calcareous sandstone beds contain
many large brachiopods and a few
small zaphrentid corals. Forms
slope on west side of gully.

Thickness 
ft m 

10 3 

23 7 

25 7.6 

66 20.1 

[Locality offset about 500 ft (150 m) north from ridge crest by 
tracing unit 29 northward to gully. Section above continues 
westward.] 

29. Limestone, medium-gray, weathers
brown; slightly sandy and mica
ceous; about 50 percent of rock is
small brachiopods. Forms small
rounded ledge.

28. Shale, clay, and silt, olive-brown
weathering. Forms small outcrop on
slope.

27. Concealed; slope. Poor outcrops
nearby indicate unit is interbedded
shale and shaly calcareous sand
stone.

26. Sandstone, olive-brown, fin - to
medium-grained, argillaceous,
slightly micaceous. Beds are 0.5 inch
(1.27 cm) and less thick. Forms
slight ledge.

25. Concealed; gentle slope.

1 0.3 

5 1.5 

52 15.9 

5.5 1.7 
40 12.2 
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Unit Lithology 

24. Sandstone, orange-brown-weather
ing, medium- to coarse-grained,
slightly micaceous. Forms small

Thickness 
ft m 

ledge. 4 1.2 
23. Concealed; slope. 18 5.5 
22. Sandstone, conglomeratic, light-yel

lowish-gray, weathers pinkish
brown. Mainly angular, very coarse
sand, granules, and pebbles as large
as 0.25 inch (0.64 cm) of quartz.
About 10 percent is yellow, weath-
ered feldspar. Forms small ledge. 13 4 

21. Concealed; gentle slope. Poor expo
sures nearby indicate unit is in-
terbedded shale and thin sandstone. 35 10.7 

20. Limestone, light-tan, weathers light
gray. Oolitic, biodastic, sandy; con
tains much crinoid-columnal de
bris. Angular, medium quartz sand
is common as scattered grains and
in irregular stringers 0.06-0.25 inch
(0.16-0.64 cm) thick. Beds are
2-6 inches (5-15 cm) thick. Poorly
exposed; forms ledge. 9 2.8 

19. Concealed; gentle slope. Float sug-
gests unit is mainly shale. 20 6.1 

18. Sandstone, conglomeratic, light-yel
lowish-gray, weathers light-pink
ish-brown. Coarse- to very coarse
grained; contains lenses of granules
and pebbles of quartz as much as
0.25 inch (0.6 cm) diameter. About 5
percent is yellow and yellowish
pink feldspar in all size ranges.
Forms ridge; top is poorly exposed. 18 5.5 

17. Concealed; slope. 41 12.5 
16. Siltstone, shaly, light-olive-gray.

Forms slope. 33 10 
15. Limestone, light-brownish-gray,

fossiliferous; forms small ledge. 1 0.3 
14. Concealed; slope. 25 7.6 
13. Sandstone, conglomeratic, weathers

light yellowish brown, feldspathic.
Composed of fine to coarse sand
and granule ; upper third contains
pebbles as large as 1 inch (2.5 cm)
diameter. About 10 percent of all
clast sizes is yellow, weathered feld
spar. Lower part is soft; upper
part forms a weak ledge. 35 10.7 

12. Shale, clay, silty, light-olive-gray.
About 20 percent of unit is lime
stone beds 1-3 inches (2.5-7.6 cm)
thick. Forms slope; exposed in gully. 30 9.2 

[Locality offset about 150 ft (45 m) north by tracing unit 11 
north from ridge crest to gully. Section above continues 
westward.] 

Unit Lithology 

11. Limestone, light-gray, silty, micritic,
slightly siliceous. Algal filaments
are common in some beds. Bedding
is undulatory; beds are 1 inch-1 ft
(2.5-30 cm) thick. Form small ledge.

10. Sandstone, conglomeratic, light
orangish-tan. Clasts are angular to
subangular, coarse sand and gran
ules of quartz; about 5 percent of
clasts is yellow, weathered feldspar.
Upper 11 ft (3.4 m) contains
quartzite pebbles as much as 1 inch
(2.5 cm) diameter. Forms moderate
ledge.

9. Limestone, gray, nodular, sandy.
Irregularly shaped nodules, 1-2
inches (2.5-5 cm) across, are sur
rounded by brown-weathering
sandy limestone matrix. Forms
poorly exposed, !edgy slope; proba
bly contains thin interbeds of shale.

8. Limestone, medium-gray, weathers
light gray, silty, micritic. Contains a
few brachiopods and crinoid
columnals and many algal filaments
and bands. Bedding is undulatory;
beds are 2-6 inches (5-15 cm) thick.
Forms small ledge.

7. Concealed; gentle slope.
6. Sandstone, brown, medium-

grained, slightly micaceous. Beds
are 1-2 inches (2.5-5 cm) thick.
Forms slabby ledge.

5. Siltstone and limestone, browni h
gray-weathering. Lower half is cal
careous siltstone, thin bedded to
shaly; grades upward into silty, fos
siliferous, thin-bedded limestone.
Unit forms small ledge.

4. Mainly concealed; gentle slope. A
few small outcrops are olive-gray,
silty clay shale.

3. Limestone, gray, silty, micritic; con
tains some fine-grained fossil de
bris. Forms small ledge.

2. Siltstone, greenish-gray, calcareous,
shaly. Contains some interbeds of
thin limestone. Forms slight ledge.

1. Sandstone, feldspathic; forms poor
ly exposed ledge just east of wire
fence just south of crest of ridge be
tween Canon del Homo and first
canyon to the south. Base of locality
E3; overlying units were measured
westward along the crest of the
ridge.

Thickness 
ft m 

10 3 

44 13.4 

10 3 

19 5.8 
48 14.6 

8 2.4 

10 3 

66 20.1 

9 2.8 

23 7 

ot measured 
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Locality E2 

[Units 11-13 below, were traced southwestward from locality E2 along south wall of small canyon south of Canon de! 
Homo, acro�s the axis _of the_Bahai antic_Iine, and northward to the crest of the ridge between canyons. Unit 9, below, corre
lates approximately with unit 1 of locahty E3. Therefore, the thicknesses of units 10---16 below are not included in the total 
thickness of the composite section.]. 

Unit Lithology 

Porvenir Formation-Continued 
16. Shale, dark-gray, carbonaceous,

flaky, and olive-gray silty mud
stone. Unit is poorly exposed below
grassy slope in axial part of syn
cline, just south of tributary canyon
south of Canon del Homo. Top of

Thickness 
ft m 

locality E2. Thickness is 5 ft (1.5 m). (See note above)
15. Sandstone, light-orangish-gray-

weathering. Composed of subangu
lar to subround, medium to coarse
sand and granules of quartz; slight
ly micaceous. Slightly inclined bed
ding; beds are 2 inch-1 ft (5-30 cm)
thick. Forms slabby ledges in bot
tom of arroyo. Thickness is 9 ft
(2.8 m).

14. Shale, clay, dark-gray, carbona
ceous. Poorly exposed; forms slope.
Thickness is about 6 ft (1.8 m).

13. Limestone, light-olive-gray, silty;
contains many brachiopods. Forms
small ledge. Thickness is about 2 ft
(0.6m).

12. Shale, clay, gray; poorly exposed on
slope. Thickness is 2 ft (0.6 m).

11. Limestone, brownish-gray, silty;
contains corals and brachiopods.
Forms small ledge. Thickness is
2.5 ft (0.76 m).

10. Siltstone, dark-gray, weathers
brownish gray; calcareous and
highly carbonaceous. Thin bedded
to shaly. Forms slight ledge and
blocky outcrop on south bank of ar
royo. Thickness is 17 ft (5.2 m).

[Thicknesses of units 10-16 are not used in composite thick
ness of Porvenir Formation and therefore, are not shown in 
columns at the right.) 

9. Sandstone, conglomeratic, similar
to unit 6. Forms small benchy ledge.
Upper part of sandstones of
Fragoso Ridge.

8. Concealed.
7. Sandstone, shaly, and interbedded

sandy shale. Forms poorly exposed
slope.

6. Sandstone, conglomeratic, light-or
ange-gray. Composed of angular to
subround, coarse sand, granules,

5 1.5 
5.5 1.7 

11 3.4 

Unit Lithology 

and pebbles as large as 0.75 inch 
(1.9 cm) diameter. About 5 percent 
is yellow to gray, weathered feld
spar. Crossbedded; beds are 1-3 ft 
(0.H.9 m) thick. Forms ledge; base 
concealed, upper half poorly 

Thickness 
ft m 

exposed. 30 9 
5. Concealed; slope. Probably shaly

sandstone. 3 0.9 
4. Sandstone, light-olive-tan, fine- to

medium-grained, micaceous. Thin
to shaly bedded. Grades into under
lying unit. Forms slope. 5.5 1.7 

3. Sandstone, conglomeratic, yellow
ish-gray-weathering. Composed of
angular to subround, coarse sand,
granules and quartzite pebbles as
large as 0.75 inch (1.9 cm). Contains
a trace of yellow, weathered feld
spar. Moderately crossbedded; beds
are 2-6 ft (0.6-1.8 m) thick. Grades
abruptly into underlying unit.
Forms ledge. 11 3.4 

2. Sandstone, orangish-gray-weather
ing. Composed of subround, fine to
medium quartz sand; slightly rnica
teous and argillaceous. Beds are
less than 1 inch (2.54 cm) thick. Base
not exposed. This unit is the basal
part of the sandstones of Fragoso
Ridge. 6 1.8 

1. Limestone, gray, very fine grained.
Contains unbroken brachiopods
and zaphrentid corals scattered
through matrix. Contains fine
grained bioclastic layers. Bedding is
highly undulatory; beds in upper
part swell to form local mounds;
beds are 1 inch-1 ft (2.5-30 cm)
thick. Forms massive ledge at west
side of alluvial valley in Canon del
Homo. Unit is contorted into a
small anticline. West end of outcrop
is slickensided, probably along a
small fault that may be a concentric
shear in the fold. Displacement
probably is small because the suc
cession is approximately the same
as at outcrops east of valley. Base of
locality E2. 17.5 5.3 
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Locality El 

[Unit 20 below was traced southwestward from locality El along the ledge at the east side of the valley of Canon de! 
Homo. Taking into account a small syncline and anticline in the valley, unit 20 of locality El probably correlates with the 
massive limestone of unit 1 (above) of locality E2, which crops out on the west side of the valley. Units 21-28 of locality El 
apparently correlate with units 2-9 of locality E2, although the interval is thinner and a little more shaly at locality E2. 
Therefore, the thickness of units 20-35 of locality El, below, are not included in the total thickness of the composite section. 
Section at locality E2, above, was measured westward into the lower part of a small canyon that is tributary to Canon de! 
Homo just west of bridge (bench mark 7204) on New Mexico Highway 94.] 

Unit Lithology 

35. Sandstone, orangish-brown. Com
posed of subangular to subround,
fine to coarse quartz sand; contains
a trace of muscovite and yellow,
weathered feldspar. Bedding is par
allel; beds are 4 inch-1 ft (10-30 cm)
thick. Forms a blocky ledge at top of

Thickness 
ft m 

hill. Thickness is 12 ft (3.7 m). (See note above) 
34. Sandstone, medium-gray, weathers

grayish brown. Fine grained, highly
calcareous; thin bedded. Poorly ex
posed on slope; float indicates some
thin interbeds of gray, fossiliferous
limestone. Thickness is 11 ft (3.4 m).

33. Mainly concealed; slope. Exposure
near middle is shaly sandstone
about 3 ft (0.9 m) thick. Unit is 40 ft
(12.2 m) thick.

[Unit 32 was traced eastward about 250 ft (76 m) along the 
hillside and section then continues up the hill.] 

32. Limestone , light-gray, very fine
grained. Contains rare gastropods
and brachiopods. Contains irregu
lar, brown-weathering siliceous
patches. Bedding is 3-8 inches
(7.6-20 cm) thick. Forms blocky
ledge. Thickness is 6 ft (1.8 m).

31. Concealed; bench on slope.
Thickness is 12 ft (3.7 m).

30. Sandstone, feldspathic, granule
grained , micaceous. Forms small
ledge. Thickness is 4 ft (1.2 m).

29. Concealed; slope on bench. Float in
dicates unit is probably sandy shale
and shaly sandstone. Thicknes is
22 ft (6.7 m).

28. Sandstone, feldspathic; similar to
unit 25. Forms small bench.
Thickness is 11 ft (3.4 m). Upper
part of sandstones of Fragoso Ridge.

27. Concealed; slope on bench.
Thickness is 6 ft (1.8 m).

26. Sandstone, arkosic; similar to unit
25 and continuous with it.
Thickness is 8 ft (2.4 m).

[At crest of hill on Highway 94 locality of measurement 
turns north. Units above were measured northward up the 
hill west of a house.] 

25. Sandstone, conglomeratic, light
olive-buff, weathers light yellowish
orange, feldspathic. Composed
mainly of angular to subangular, ir-

Unit Lithology 

regularly shaped, very coarse sand, 
granules, and pebbles as large as 
0.5 inch (1.27 cm) of quartz. About 
20 percent of clasts in all grain sizes 
is yellow, weathered feldspar. 
Contains a trace of muscovite. 
Large-scale trough crossbedding, 
mainly inclined southwest; beds are 
1 inch-1 ft (2.5-30 cm) thick. Lower 
and upper parts of unit form blocky 
ledges in roadcut; middle part less 
well exposed in gully north of road. 
Thickness is 71.5 ft (21.8 m). Unit is 
basal part of sandstones of Fragoso 
Ridge. 

24. Shale, light-orange-yellow-weather
ing. Unit is interbedded clay shale,
shaly siltstone, and andy, mica
ceous shale. Forms slope in road
cut. Thickness is 6.5 ft (2 m).

23. Sandstone, conglomeratic, light-yel
lowish brown. Composed of angu
lar to subangular, fine to very coarse
quartz sand; contains quartz peb
bles as large as 0.5 inch (1.3 cm)
across. Contains a trace of white
and yellow weathered feldspar and
muscovite. Forms ledge in road cut.
Thickness is 2 ft (0.6 m).

22. Shale, clay, light-yellowish-gray
weathering. About 20 percent of
unit is irregularly bedded to nodu
lar limestone in beds 1-6 inches
(2.5-15 cm) thick. Limestone con
tains a few tiny brachiopods. Shale
in upper half is highly carbona
ceous. Unit forms slope in road cut.
Thickness is 8 ft (2.4 m).

21. Sandstone, light-yellowish-gray,
weathers light orangish gray. Clasts
are mainly subangular, fin to
coarse quartz sand; contains a trace
of weathered, yellowish feldspar.
Some bedding planes are covered
with muscovite plates. Bedding is
subparallel; beds are 1-6 inches
(2.5-15 cm) thick. Forms blocky
ledge in road cut. Thickness is 5.5 ft
(1.7 m).

20. Limestone, light-gray, weathers
light yellowish gray. Matrix is very
fine grained, but contains many
small brachiopods and fossil debris.
Contains thin shaly partings that
are partly silicified and weather in 
relief. Bedding is irregular and un-

Thickness 
ft m 



Unit Lithology 

dulatory; beds are 0.5-2 ft 
(15-60 cm) thick. Forms irregular, 
hackly weathering ledge in road 
cut. Top and base not exposed. 
Thickness is 6 ft (1.8 m). Unit was 
traced south of Highway 94 where 
it forms a bench on which a house 
and windmill are situated. Unit 
thickens southward and forms a 
strong ledge east of the alluvial val
ley of Canon del Homo. Unit is cor
related with ledge-forming lime
stone at west side of valley which is 
unit 1 of locality E2. Thicknesses of 
units 20-35 of locality El, above, are 
not included in the composite thick
ness of the Porvenir and, therefore, 
are not shown in the columns at the 
right. Section above unit 20 at local
ity El continues westward in road 
cuts along Highway 94. 

19. Shale, clay, gray, silty, slightly cal
careous, slightly fossiliferous.
Forms slope in road cut.

18. Limestone, light-gray, fine-grained,
dense-appearing; partly brecciated
and recrystaUized; sparsely fossilif
erous. Forms small ledge in road
cut; base and top not exposed.

17. Shale, yellowish-gray to light-yel
lowish-brown; contains interbed
ded calcareous siltstone and clay
stone. Upper 3 ft (0.9 m) is shaly,
very fine grained sandstone. Unit
contains brachiopods. Forms slope
in road cut.

16. Shale, clay, medium-gray. Forms
slope in road cut.

15. Limestone, light-gray, weathers yel
lowish gray, very fine grained.
Contains brachiopods, crinoid
columnals, bryozoans, and fusulin
ids scattered through the matrix;
some thin layers are bioclastic.
Bedding parallel but undulatory;
beds are 2 inch-1.5 ft (5-45 cm)
thick, and are generally thinner in
lower half than in upper half. Upper
half contains a few shale beds less
than 1 inch (2.5 cm) thick; about 20
percent of lower half is shaly lime
stone and limy shale interbedded
with thin limestone. Forms ledge in
eastern part of road cut on Highway
94.

14. Mainly concealed; slope on west
side of hill and small valley south of
Highway 94 and west-southwest of
San Isidro Cemetery. Uppermost 5 ft
(1.5 m) of unit in easternmost part
of road cut on Highway 94 is gray,
calcareous shale that grades into
overlying unit. Exposures in Canon
del Homo to the southwest indicate
unit is mostly shale. Thickness ap
proximate.

Thickness 
ft m 

34 

3 

11 

11 

18 

54 

10.4 

0.9 

3.4 

3.4 

5.5 

16.5 

Unit Lithology 

13. Limestone, light-gray, and interbed
ded light-grayish-brown shale.
Limestone is fine grained and con
tains sparse brachiopods and other
fossil fragments. Bedding is undula
tory; beds are 1-6 inches (2.5-15 cm)
thick. Shale beds are generally less
than 2 inches (5 cm) thick. Forms
low ledge and cuesta on grassy hill
southwest of Highway 94.

12. Shale, clay, gray, calcareous; con
tains thin irregular interbeds of gray
limestone. Poorly exposed on slope.

11. Limestone, light-yellowish-gray
weathering, partly recrystallized.
Contains banded algal structures
and limestone breccia in dense ma
trix. Bedding not apparent. Unit
may be a low, complex bioherm
composed of small algal mounds
and algal-mat breccia. Grades into
underlying unit. Forms rounded
weathering ledge.

10. Limestone, medium-gray, very fine
grained. Contains lenses, about
1 inch (2.5 cm) thick, of angular
limestone fragments and a few lens
es containing brachiopods and gas-·
tropods. Bedding is wavy; beds are
1-6 inches (2.5-15 cm) thick. Forms
ledge. Large "biscuit-shaped" bio
herm standing in field southeast of
San Isidro Cemetery is in about
same stratigraphic position as this
unit. Fusulinid collection f10131
from limestone in approximately
the same stratigraphic position
about 1,600 ft (490 m) east-north
east of San Isidro Cemetery contains
Fusuline/la aff. F. oakensis.

9. Concealed; slope.
8. Limestone, light-gray, weathers

light yellowish gray; fine-grained;
locally b ioclastic. Locally slightly
brecciated and recrystallized.
Bedding is highly undulatory; beds
are 4 inches-2 ft (10-60 cm) thick.
Beds form small low mounds.
Brachiopods are common in some
beds. Forms ledge.

7. Concealed; slope.
6. Limestone, light-gray, weathers

light yellowish gray. Matrix is dense
and contains scattered small bra
chiopods, crinoid columnals, and
echinoid spines; upper part is f inely
bioclastic. Forms small ledge. Units
6-11 form a low grassy ridge rising
above the north bank of the arroyo
in Canon de! Homo and were mea
sured northward along the ridge.

Total composite thickness of Porvenir 
Formation (units 6-19 of Joe. El, 
units 1-9 of Joe. E2, and units 2-37 
of Joe. E3): 

199 

Thickness 
ft m 

11 3.4 

11 3.4 

8 2.4 

3 0.9 
5.5 1.7 

6 1.8 
3 0.9 

2.5 0.76 

1,156 352.4 
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Sandia Formation (upper part): 
5. Concealed; interval measured up

lope on north side of arroyo to out
crop of unit 6.

4. Shale, clay, gray, calcareous. ear
middle, unit contains two limestone
beds, each 6 inches (15 cm) thick,
that are similar to unit 3.

3. Limestone, dark-gray, micritic; con
tains scattered small gastropods, os
tracodes(?), and tiny fragments of
fossils. Beds are 1-6 inches

27 8.2 

13 4 

(2.5-15 cm) thick. 
2. Concealed; alluvium in arroyo.
1. Shale, clay, medium-gray, weather

light yellowish gray, calcareous.
Scanty exposures to the east are
similar. Base of locality El.

1.5 0.46 
16 4.9 

10 3 

[Base of locality E1 is in the arroyo in the lower part of 
Canon del Homo northeast of the Bahai school and about 
1,200 ft (365 m) southwest of San Isidro Cemetery (in Fig. 
83). Units 1-5 were measured in the arroyo and on its north 
bank.) 

Section F 

Mora 7.5-minute quadrangle (1965). Composite section of Porvenir Formation, northwest side of Fragoso Ridge. South 
of west end of water gap of Rito Cebolla, about 3.6 mi (5.8 km) west-northwest of bridge across Rito Cebolla on ew Mexico 
Highway 518 (shown as Highway 3 on Sapello 7.5-minute quadrangle, 1965). Base of section is on north-trending spur north 
of Fragoso Ridge near axis of anticline at about altitude 7,620. Lower part of section was measured eastward on abandoned 
road to about axis of anticline, then southward up Fragoso Ridge to its crest. Section was then offset west and continued 
southward along the drainage divide south of Fragoso Ridge to another high ridge about 1.3 mi (2 km) southwest of Rito 
Cebolla. Measured by E. H. Baltz. Locality shown in Figures 31 and 84. 

Unit Lithology 

Alamitos Formation (lower part): 
74. Sandstone, conglomeratic, pinkish

gray, weathers purplish brown,
feldspathic. Composed of angular
to subangular, coarse sand, gran
ules, and small pebbles; about 15
percent of clasts is pink feldspar in
all grain sizes up to 0.25 inch
(0.6 cm) pebbles. Forms ledge cap
ping hill. Exposures about 150 ft
(45 m) south show that maroon
shale is interbedded. Top eroded;
forms south-sloping cuesta.

73. Concealed; slope.
72. Shale, silty, gray; contains several 6-

inch (15-cm) thick bed of gray
nodular limestone. Poorly exposed
on slope.

71. Limestone, light-gray, weathers
light yellowish gray. Bioclastic, silty,
sandy; mainly coarse-grained frag
ments of brachiopods. Slightly
nodular-weathering. Poorly ex
posed on slope.

70. Concealed; slope.
69. Sandstone, conglomeratic, weathers

light yellowish gray, feldspathic;
mainly very coarse grained.
Contains weathered, yellowish
gray, cleavage fragments of feldspar
as large as 0.25 inch (0.6 cm). Forms
slight ledge.

68. Mainly concealed; slope. Scanty ex
posures suggest unit is mainly soft
sandstone.

67. Sandstone, pinkish-gray, feldspath
ic. Clasts are coarse sand and gran
ules. Some feldspar clasts are un
weathered and pink to pinkish red.
Forms slight ledge.

66. Shale, maroon-weathering, poorly

Thickness 
ft m 

38+ 11.6+ 
15 4.6 

20 6.1 

2.5 0.76 
19 5.8 

2 0.6 

26 7.9 

20 6.1 

Unit Lithology 

expo ed. May contain some thin in
terbeds of olive-green hard sand 
stone. 

Thickness of mea ured lower part of 
Alamitos Formation: 

Porvenir Formation: 
65. Limestone, light-gray, weather

light gray; bioclastic, sandy. Coarse
grained matrix is mainly brachio
pod fragments; contains scattered,
angular, quartz granules. Bedding is
slightly undulatory but mainly is
parallel; beds are 1 inch-1 ft (2.5-30
cm) thick. Forms prominent ledge.

64. Shale, silty, olive-gray. Poorly ex
posed on slope.

63. Limestone, light-gray; mainly a co
quina of brachiopods and bry
ozoans; contains some angular,
quartz-granule sand. Bedding is ir
regular; beds are 1-6 inches
(2.5-15 cm) thick. Forms small ledge.

62. Shale, clay, olive-gray, silty. Poorly
exposed on slope.

61. Limestone, light-gray, sandy, bio
clastic. Mainly very coarse grained
fragments of crinoid columnals and
bryozoans; contains some bra
chiopods. Contains much angular
quartz sand. Contains angular peb
bles of dense, gray limestone. Forms
a moderately exposed low ledge.

60. Sandstone, calcareou , similar to
unit 58.

59. Shale, poorly expo ed; similar to
unit 55.

58. Sandstone, light-gray, weathers yel
low gray; fine- to medium-grained.
Some beds are highly calcareous.
Bedding is parallel; beds are

Thickness 
ft m 

4 1.2 

146.5+ 44.7+ 

12 3.7 

42 12.8 

6 1.8 

13 4 

8.5 2.6 

2 0.6 

21 6.4 



Unit Lithology 

1-6 inches (2.5-15 cm) thick. Forms 
slabby-weathering, low ledge. 

57. Shaly siltstone, similar to unit 56,
but forms slope.

56. Siltstone, medium-gray, weathers
olive gray, calcareous, shaly. Forms
low ridge.

55. Shale, olive-gray-weathering,
sandy, poorly exposed. Contains 6-
inches (15-cm) thick bed of gray
limestone coquina near base. Forms
slope.

54. Sandstone, conglomeratic, yellow
ish-gray, feldspathic; similar to unit
50. Upper half forms low ridge;
lower part forms slope.

53. Shale, olive-yellow, calcareous;
poorly exposed; forms slope.

52. Limestone, medium-gray, weathers
light gray; fine grained and even
textured; contains scattered ostra
codes. Upper half is silty. Beds are
parallel and 0.5-2 inches (1.3-5 cm)
thick. Forms slabby outcrop.

51. Shale, olive-gray, calcareous; poorly
exposed; forms slope.

50. Sandstone, conglomeratic, yellow
gray-weathering, feldspathic. Main
ly medium to coarse grained; con
tains angular, yellowish-gray feld
spar granules and pebbles as much
as 0.25 inch (0.6 cm) diameter. Up
per part contains feldspar pebbles
a large as 0.75 inch (1.9 cm) diame
ter. Upper part forms small ridg ;
lower part is soft and forms slight
ledge.

49. Shale, clay, olive-gray; poorly ex
po ed.

48. Limestone, light-olive-gray, weath
ers brown, bioclastic. Matrix is
coarse grained, composed mainly of
fragments of brachiopods, bry
ozoans, and echinoid spines; con
tains some large brachiopods and
scattered fusulinids. Forms slight
ledge. Fusulinid collection f10285
contains Fusulinella sp., Beedeina sp.,
and ?Plectofusulina sp. The fusulin
ids are abraded and apparently re
worked.

47. Shale, clay, olive-gray; poorly ex
posed.

46. Sandstone, light-grayish-orange
weathering, feldspathic. Clasts are
angular to subangular, coarse to
very coarse sand and granules; be
comes fine- to medium-grained
near top. 20 percent of clasts is pink
feldspar. Forms small ridge.

45. Shale, clay, olive-gray. Poorly ex
posed; forms slope.

44. Sandstone, conglomeratic, light-yel
lowish-orange-wea thering, arkosic.
Clasts are angular to subround, fine
to very coarse sand, granules, and

Thickness 

ft Ol 

21 6.4 

21.6 6.6 

3 0.9 

15 4.6 

31 9.5 

2.5 0.76 

5 1.5 

2 0.6 

25 7.6 

3 0.9 

0.5 0.15 

5 1.5 

5 1.5 

10.5 3.2 

Unit Lithology 

pebbles as much as 0.5 inch (1.3 cm) 
diameter. Matr ix is micaceous and 
argillaceous. Weathered feldspar 
clasts are orange-pink granule and 
small pebbles. Lower two thirds is 
soft and weathers to slope; upper 
third is hard, medium-grained, mi
caceous, feldspathic sandstone that 
forms a small ridge. 

43. Concealed; gentle slope.
42. Shale, clay, olive-gray; contains

botryoidal limestone concretions
0.1-1.25 inch (0.3-3.2 cm) in length.
Poorly exposed on gentle slope.

41. Concealed; slope.
40. Sandstone, conglomeratic, light-yel

lowish-brown-weathering, arkosic,
very coarse grained; contains peb
bles as much as 0.5 inch (1.3 cm) in
diameter of weathered yellowish
feldspar. Forms low ridge.

39. Concealed.
38. Limestone, sandy, and interbedded

calcareous sandstone, light-gray.
Unit is mostly angular, coarse
quartz sand and granules in calcite
cement. Contains a trace of bioclas
tic material and a trace of mica.
Forms low poorly exposed ledge.

201 

Thickness 

ft m 

21 6.4 
15 4.6 

10.5 3.2 
3 0.9 

13 4 
7 2.1 

10.5 3.2 

[Unit 37 was traced about 150 ft (45 m) east to place where 
wood-haulers road crosses the ridge. Unit 37 was measured 
at that point. Top of unit was then traced back to west and 
section continues southwest along drainage divide, mainly 
along the wood-haulers road.] 

37. Sandstone, conglomeratic, light-yel
lowish-gray, weathers light yellow
ish brown, feldspathic. Composed
of angular to subangular, very
coarse sand, granules, and scattered
subround pebbles 0.25-0.5 inch
(0.6-1.3 cm) diameter; 15 percent is
pinkish-gray to yellowish-gray,
weathered feldspar in all grain sizes
including small pebbles. Cross
bedded; beds are 0.5-2.5 ft (15-
76 cm) thick. Forms rounded ledge.

36. Concealed; low, flat saddle along
wood-haulers road.

35. Sandstone, yellowish-gray, weath
ers yellowish orange, feldspathic.
Composed of angular to subangu
lar, coarse sand; about 10 percent is
weathered yellow feldspar. Bedding
is irregular; beds are 4 inch-2 ft
(10-60 cm) thick. Upper and lower
parts form slabby low ridges; mid
dle part poorly exposed.

34. Limestone, light-gray, sandy, bio
clastic, oolitic. Matrix is mainly fine
to coarse fossil fragments; contains
brachiopods, a trace of crinoid
columnals, algal filaments, oolitic
lenses, fusulinids, and fine to medi
um quartz sand. Forms prominent

43 13.1 

50 15.3 

52.8 16.1 
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high ridge but is poorly exposed. 
Unit was traced about 200 ft (60 m) 
southeast to better exposures where 
it was measured. There, the unit is 
massive to crossbedded, and con
tains lenses of angular quartz gran
ules; the upper 5 ft (1.52 m) contains 
a lens of gray, granule arkose. 
Fusulinid collection £10284 contains 
Bradyina sp., Tetrataxis sp., Wede
kindellina sp., Beedeina sp., and Fusu
linella sp. The association suggests 
early Desmoinesian age, but the 
fusulinids are abraded and probab
ly are reworked. 

33. Sandstone, shaly, very fine grained;
contains several sandy limestone
beds that are 1-6 inches (2.5-15 cm)
thick. Forms slope; poorly exposed.

32. Concealed; slope; probably shale.
31. Sandstone, light-yellowish-orange,

medium- to coarse-grained, feld
spathic; contains yellow and or
ange, weathered feldspar. Platy
weathering; forms small, rounded
ledge.

30. MainJy concealed; slope; lower half
has poor exposures of gray, calcare
ous shale.

29. Limestone, light-gray. Matrix is
mainly micrite that contains algal
filaments and small brachiopods.
Forms small, resistant ledge.

28. Sandstone, light-yellowish-gray,
medium-grained to very coarse
grained; contains some granules.
About 5 percent is yellow to pink,
weathered feldspar. Forms poorly
exposed rounded ledge.

27. Shale, similar to unit 23; poorly ex
posed on slope.

26. Limestone, light-yellowish-gray;
contains silt and fine sand. Platy
weathering. Forms slight ledge.

25. Shale, clay, light-gray-weathering,
silty, calcareous. Poorly exposed on
slope.

Thickness 
ft m 

24.6 7.5 

10.3 3.1 
31 9.5 

17.4 5.3 

52 15.9 

2.5 0.76 

24 7.3 

19 5.8 

2.5 0.76 

23.4 7.1 

[Units 25-33 above were measured along wood-haulers road 
up the slope from the saddle southward toward a prominent 
southeast-trending ridge.] 

24. Limestone, medium-gray, argilla
ceous; beds are 0.25-2 inches
(0.6-5 cm) thick. Forms platy
weathering small ledge.

23. Shale, clay, medium-gray, weathers
light gray; calcareous and silty.
Contains some brachiopods. Forms
valley east of topographic saddle.

22. Concealed.
21. Sandstone, conglomeratic, feld

spathic, similar to unit 14. Forms
small ledge. Uppermost unit of
sandstones of Fragoso Ridge.

20. Sandstone, similar to unit 18. Poorly

3 0.9 

6.4 2 
24 7.3 

9.6 2.9 

Unit Lithology Thickness 
ft m 

exposed. 20.6 6.3 
19. Sandstone, conglomeratic, feld

spathic, coarse-grained to pebbly;
similar to unit 14. Forms small ridge 16.4 5 

18. Sandstone, fine-grained, micaceous,
shaly; platy weathering. Poorly ex-
posed. 6 1.8 

17. Sandstone, light-orange-brown,
fine- to medium-grained, thinly
laminated, partly shaly; coarse
grained near top. Poorly exposed on
south-facing slope. 6 1.8 

[Unit 16 was traced westward about 750 ft (230 m) along 
Fragoso Ridge to a point about 250 ft (75 m) east of a major 
topographic saddle between southeast- and northwest
draining canyons. Correlation of unit 16 to this point, just 
north of a wood-haulers road, is approximate because of 
poor exposures. Units 17-24 were measured southward 
down the slope of Fragoso Ridge to the southeast-draining 
valley.] 

16. Sandstone, conglomeratic, feld
spathic; similar to unit 14. Caps
Fragoso Ridge. 38.5 11.7 

15. Sandstone, yellowish-orange-
weathering, medium- to coarse
grained; slightly feldspathic, slight
ly rnicaceous. Poorly exposed; may 
contain some thin shale interbeds. 47 14.3 

14. Sandstone, conglomeratic, light-yel
lowish-gray, weathers light yellow
ish brown, feldspathic. Composed
of angular to subround, very coarse
sand and granules of quartzite; con
tains scattered quartzite pebbles as
large as 0.25 inch (0.6 cm) diameter;
about 15 percent of clasts is yellow,
deeply weathered feldspar; mus
covite flakes are common. Kaolin
and silica cement is fair to good.
Bedding is subparallel to slightly in
clined; beds are 4 inch-2 ft (10-
60 cm) thick. Forms massive basal
ledge of the sandstones of Fra-
goso Ridge. Base concealed. 65 19.8 

13. Concealed by talus from above;
steep, north-facing slope. Probably
mostly shale; float in lower 100 ft
(30 m) contains a trace of limestone. 176 54 

[Section above continues southward up the north slope of 
Fragoso Ridge.] 

12. Limestone, light-gray. Upper part is
coarsely recrystallized and is main
ly interbedded oolite and fine- to
medium-grained bioclastic lime
stone; contains some angular lime
stone pebbles as much as 0.5 inch
(1.3 cm) across. Lower part is fine
banded stromatolitic limestone that
has been largely replaced by white
and-gray banded chert. Forms
poorly exposed ledge on aban
doned road near axis of anticline.



Unit Lithology 

Fusulinid collection f10291 from the 
unit contains Beedeina cf. B. arizonen

sis and Wedekindellina aff. W. cabeza

sensis. 

Total thickness of Porvenir Formation: 

Sandia Formation (upper part): 
11. Concealed.
10. Shale, clay, light-yellowish-gray

weathering, silty, calcareous.
Contains several 6-inch (15-cm)
thick beds of dark-gray, very fine
grained, silty limestone. Contains a
few brachiopods. Forms slope.

9. Concealed.
8. Shale, dark-gray; composed mainly

of silty, very fine-grained shaly
sandstone and sandy shale. About
10 percent of unit is 1-6-inch
(2.5-15-cm) thick beds of fine
grained sandstone. Some thin, dark
gray, silty limestone beds occur near
top.

7. Concealed.
6. Shale, dark-gray, sandy, silty, poorly

exposed. 
5. Siltstone, dark-gray, and interbed

ded dark-gray silty, fine-grained
limestone. Contains a few brachio
pod fragments; carbonaceous. Beds
are 1-6 inches (2.5-15 cm) thick.

4. Shale, gray, sandy; poorly exposed.
3. Sandstone, l ight-yellowish-gray,

medium- to coarse-grained, feld-

Thickness 
ft m 

21 6.4 
1,127 343.7 

10 3 

10 3 
74.5 22.7 

16 4.9 
37 11.3 

5.3 1.6 

5 1.5 

21 6.4 
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Unit Lithology Thickness 
ft m 

spathic, micaceous. Bedding is par
allel to irregular; beds are 0.06-1 
inch (0.16-2.5 cm) thick. Forms slope. 5.3 1.6 

[Units 3-12 above were measured eastward along aban
doned wood-haulers road at north base of Fragoso Ridge.] 

2. Sandstone, conglomeratic, light-yel
lowish-gray, weathers yellowish
brown, feldspathic. Composed of
angular to subround very coarse
quartz sand, granules, and pebbles
as much as 0.25 inch (0.6 cm) across.
About 20 percent is yel lowish-gray
to pink, weathered feldspar in all
grain sizes. Contains scattered,
0.5-2 inch (1.3-5 cm) diameter sub
angular to subround pebbles of vein
quartz; also contains distinct lenses
of pebbles. Near base, unit contains
limestone-pebble conglomerate.
Bedding is irregular to crossbedded.
Forms ledges holding up north-pro
jecting topographic spur. Base not
exposed. 120+ 36+ 

1. Concealed. Not measur d 
Thickness of measured upper part of Sandia 

Formation: 304+ 92+ 

[Unit 2 was measured beginning near south end of north
trending topographic spur north of Fragoso Ridge near axis 
of anticline at about altitude 7,620 ft. Top of unit is at aban
doned wood-haulers road at south end of spur.] 

Section G 

Montezuma 7.5-minute quadrangle (1961). Composite section of Alamitos, Porvenir, Sandia, Tererro, and Espiritu Santo 
Formations measured west and southwest of Montezuma. Base of section is on hill south of Gallinas Creek along abandoned 
ditch of Public Service Company about 0.3 mi (0.5 km) west of Montezuma powerhouse. Sandia Formation was measured 
through poor exposures up the hill to ledge-forming basal limestone of Porvenjr Formation that forms a sloping bench on 
the hillside. Lower part of Porvenir was measured up the hill to a limestone that caps another higher east-sloping bench. 
The stratigraphic position of this limestone was traced southeastward around the head of the small north-draining valley 
that debouches at the Montezuma powerhouse. 

Section of Porvenir resumes at abandoned wood-haulers road on west side of ridge southwest of the large limestone 
quarry, continues eastward through the quarry and down the hill toward the Public Service Co. Peterson Reservoir to the 
spillway in the ditch at the west side of the lake. Rocks exposed here were traced south to mouth of small canyon west of 
the earth dam at south end of lake. Upper part of Porvenir and poorly exposed lower part of Alamitos Formation were mea
sured eastward from west side of canyon up the ridge on the east side of canyon. 

Base of Alamitos was traced southwestward about 0.5 mi (0.8 km) to sharp meander kink in Lime Canyon. Detailed sec
tion of lower part of Alamitos was measured from west edge of Lime Canyon eastward partly up ridge east of Lime Canyon. 
Section was then offset southward about 300 ft (90 m) along the ridge and continued east across the ridge to a small north
east-draining valley in the Sangre de Cristo Formation. Measured by E. H. Baltz. Localities shown in Figures 31 and 85. 

Unit Lithology 

Sangre de Cristo Formation: 
108. East-dipping, poorly exposed red

shale and interbedded feldspathic
and arkosic sandstones in val ley
and slopes to southeast. Search did
not disclose any marine fossils at
exposures in gullies. Blocks of fos-

Thickness 
ft m 

Unit Lithology 

siliferous gray limestone occur in 
Quaternary terrace gravel on hill at 
southeast, but are not from the 
Sangre de Cristo. Unit 108 and un
derlying unit 107 are Sangre de 
Cristo Formation as mapped by 

orthrop and others (1946) and 

Thickness 
ft m 
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Baltz (1972). Overlain by Yeso 
Formation in hogbacks at the east. 

Thickness 
ft m 

Estimated thickness. 830± 253± 
107. Conglomerate, pinkish-brown-

weathering; matrix is angular to 
subangular, coarse sand and gran
ules of quartz. About 10 percent is 
yellowish-pink, angular, potassium 
feldspar in all grain sizes up to peb
bles 0.25 inch (0.6 cm) across. 
Contains lenses and scattered peb
bles, as much as 2 inches (5 cm) 
across, of vein quartz. Slightly in
clined crossbeds. Forms small ridge; 
base not exposed. 20± 6± 

Total thickness of Sangre de Cristo 
Formation (estimated): 850± 260± 

Alamitos Formation: 
106. Concealed.
105. Shale, clay, purplish-red-weather

ing; contains some small limestone
nodules; forms small valley.

104. Limestone, purplish-red, bioclastic,
silty. Contains bryozoans, bra
chiopods, and large broken crinoid
columnals. Beds are undulatory and
2-6 inches (5-15 cm) thick. About 10
percent of unit is red shale partings .
Forms slight ledge.

103. Concealed. Float suggests unit is
fossiliferous nodular limestone and
shale.

40 12.2 

3 0.9 

2 0.6 

15.3 4.7 

[Locality of measurement of overlying units is about 300 ft 
(90 m) south on ridge. Locality of measurement was offset 
south to avoid a small, northeast-trending fault. Units 99 
and 102 were recognized south of the fault where unit 102 
has thickened to 17.5 ft (5.3 m) and forms a ridge.] 

102. Limestone, sandy, and interbedded
limy sandstone, light-gray. Quartz
clasts are angular, very coarse sand
and granules. Unit contains a trace
of pink potassium feldspar. Slightly
inclined crossbe<lding; beds are
2-8 inches (5-20 cm) thick. Foreset
laminae dip north. Forms blocky
ledge. Unit is 7 ft (2.1 m) thick at this
locality, but it is thicker where mea
sured farther south. Slightly uncon
formable with underlying unit.

101. Shale, yellow-weathering, siliceous ,
and interbedded gray, nodular
lin1estone; about two thirds of unit
is shale. A coquina of fusulinid tests
about 1 inch (2.5 cm) thick occurs
1.5 ft (46 cm) above base; some
higher beds also contain fusulinids.
Collection f10157 contajns Beedeina
cf. B. sulphurensis. Forms notchy
weathering vertical cliff at east side
of Lime Canyon.

100. Concealed interval in bottom of
Lime Canyon. Exposures to south
indicate this interval is partly red

17.5 5.3 

7 2.1 

Unit Lithology 

shale. 
99. Conglomerate, light-yellowish-

gray, weathers pinkish brown. 
Matrix is mostly angular to suban
gular coarse sand and granules of 
quartz; about 10 percent of clasts is 
pink angular potassium feldspar 
ranging from coarse sand to pebbles 
0.25 inch (0.6 cm) diameter. 
Contains lenses and scattered peb
bles of vein quartz and some 
quartzite; pebbles are as large as 
2 inches (5 cm) diameter. Slightly in
clined crossbedding; beds are 
2-6 inches (5-15 cm) thick. Forms
blocky, slumped ledge on west side 
of the bottom of Lime Canyon; base 
and top concealed. 

98. Concealed by talus from Quarter
nary terrace. 

97. Limestone, gray, very sandy, bio
clastic; contains coarse, angular
quartz sand and a trace of feldspar.
Forms small ledge.

96. Concealed by talus from Quarter
nary terrace.

95. Limestone, light-brown-gray; upper
part is sandy crinoidal coquina con
taining some angular, pink feldspar
sand. About 20 percent of unit is
thin shale interbeds. Forms small
ledge.

94. Shale, clay, light-grayish-tan, marly. 
Weathers to form gully.

93. Limestone, light-brownish-gray
weathering, silty. Contains crinoid
columnals scattered through a
dense, recrystallized bioclastic ma
trix. Form small r idge.

92. Concealed.
91. Sandstone, conglomeratic, light-yel

lowish-gray-weathering, feldspath
ic, coarse-grained to very coarse
grained. About 20 percent of clasts
is angular, pink potassium feldspar
ranging from coarse sand to pebbles
0.75 inch (1.9 cm) in diameter.
Forms ledge on north wall of Lime
Canyon. On ridge south of Lime
Canyon unit contains a lens of red
shale.

Total thickness of Alamitos Formation: 

Thickness 
ft m 

13.9 4.2 

8.9 2.7 

19.6 6 

1.5 0.46 

16 4.9 

8.9 2.7 

4.9 1.5 

2.5 0.76 
6.2 1.9 

12 3.7 
179.2 54.6 

[Locality of measurement of above units begins on north 
wall of Lime Canyon along east-trending segment south of 
sharp meander "kink" about 0.5 mi (0.8 km) southwest of 
Peterson Reservoir. 

The lower part of the Alamitos Formation on the low 
ridges at the south end of the reservoir, and immediately 
east of the locality described below (unit 90), consists of a 
basal arkose about 8 ft (2.4 m) thick, overlain by poorly ex
posed limestone and shale about 25 ft (7.6 m) thick, in turn 
overlain by poorly exposed ledge-forming arkose about 25 ft 
(7.6 m) thick. These rocks probably are faulted against the 
Sangre de Cristo Formation, but the contact is concealed by 
alluvium in the valley to the east (Fig. 85). Traced southward 



Unit Lithology Thickness 
ft m 

from the reservoir, the lower part of the Alamitos becomes a 
zone of intergrading limy arkosic sandstone and sandy lime
stone that correlates with units 91-99 of the Alamitos in the 
above section. 

The contact of the Alamitos and Porvenir Formations is a 
low-angle unconformity and, southward from the re ervoir, 
unit 91 of the Alamitos bevels gently downward across the 
Porvenir. As shown by section 7 of Northrop and others 
(1946), the Porvenir is only about 300 ft (90 m) thick at Lime 
Canyon 0.7 (1.1 km) southwest of Peterson Reservoir. This 
contrasts with the thickness of 548 ft (167 m) of the Porvenir 
measured at the localities described below.] 

Porvenir Formation: 
90. Shale, clay, light-brown-gray; con

tains tiny l imestone nodules. Poorly
exposed.

89. Limestone, light-gray, bioclastic,
silty, sandy; contains scattered small
crinoid columnaJs and brachiopods;
beds are about 1 ft (30 cm) thick.
Forms irregular ridge.

88. Shale, clay, light-browni h-gray;
contains tiny limestone nodules.
Forms slope on ridge; poorly ex
posed.

87. Limestone, light-gray, very silty and
sandy. Beds are 1-3 ft (30-90 cm)
thick. Forms prominent ledge.

86. Concealed by alluvium in bottom of
small canyon.

85. Limestone, light-gray, massive.
Micrite containing scattered crinoid
columnals and a few small bra
chiopods. Thin reticulating siliceou
stringers are pervasive. Unit is
probably the core of a small bio
herm. Forms strong ledge.

5.4 1.7 

9 2.8 

9.5 2.9 

9.5 2.9 

14 4.3 

9.5 2.9 

[Locality of measurement of above units begins on west side 
of small canyon west of an earth dam just southwest of 
Peterson Reservoir. Underlying unit 84 was traced south to 
this locality which is a little less than 0.2 mi (0.3 km) south of 
the spillway from the intake ditch on the west side of the 
reservoir.) 

84. Siltstone, light-yellowish-gray, sha
ly, calcareous. About 5 percent of
unit consists of light-gray, dense
limestone nodules that are 1-2 inch
es (2.5-5 cm) long. Forms slope at
west edge of  intake ditch west of
Peterson Reservoir. Overlying beds
are concealed at this place.

83. Limestone, yellowish-gray, and in
terbedded thin, ilicified calcareous
shale; shale is about 15 percent of
unit. Limestone is partly replaced
by yellow silica. Beds average
8 inches (20 cm) thick. Forms irreg
ular, small ridges.

82. Limestone, light-gray, medium
grained; contains many bra
chiopods and thin interbeds of bio
clastic, fusulinid-bearing limestone.
Bedding is undulatory; beds are

3 0.9 

4.3 1.3 

Unit Lithology 

0.5-1.5 ft (15-45 cm) thick. Forms 
ridge on west side of intake ditch. 
Fusulinid collection £10156 contains 
Beedeina sp. and Wedekindellina sp. 

81. Shale, gray, marly, silty, slightly car
bonaceous. Upper third contains
thin undulatory limestone beds and
some di coid (algal?) limestone.
Unit is poorly exposed.

80. Limestone, light-gray, matrix is fine
grained; contains many bra
chiopods, some bryozoans, and
some fusulinids. Beds are undulato
ry and 1-3 inches (2.5-7.6 cm) thick.
Forms small ledge on east side of in
take ditch at spillway.

79. Limestone, light-gray, fine-grained;
contains abundant brachiopods.
Forms ledge near wooden spillway
of intake ditch for Pe terson
Reservoir.

78. Concealed.
77. Limestone, light-gray, fine-grained,

bioclastic; 15 percent is fine to medi
um quartz sand. Limestone has a
nodular appearance because of re
placement of 30 percent of unit by
silica. Beds average 7 inches (18 cm)
thick. Upper half forms moderate
ridge; lower half poorly exposed.

76. Limestone, light-gray, micritic;
about 10 percent is brachiopod
shells. Upper part contains Jen es of
bioclastic limestone that contains
large fusulinid tests. Beds are about
1 ft (30 cm) thick. Poorly exposed.

75. Sandstone, light-gray, fine-grained
to very coarse grained. Clasts are
mainly subround to rounded
quartz; contains a few quartz gran
ules and small limestone pebbles.
Moderately cemented by silica and
calcite. Forms small ledge.

74. Limestone, light-gray, fine-grained;
contains many scattered crinoid
columnals. Contains lenses of bio
clastic crinoidal l imestone that are
replaced partly by yellowish-gray
silica and give a nodular appear
ance to the unit. Beds are 1-1.5 ft
(30-46 cm) thick. Forms moderate
ledge.

73. Shale, silty, marly; contains lime
stone nodules 1-2 inches (2.5-5 cm)
across. Lower part is dark-gray car
bonaceous calcareous shale contain
ing thin undulatory beds of lime
stone. Poorly exposed in a gully on
a slope.

72. Concealed; slope.
71. Limestone, light-gray, fine-grained.

Contains many brachiopods and
crinoid columnals. Zaphrentid
corals occur in upper part. Contains
lenses of bioclastic limestone that
have large brachiopod fragments
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Thickness 
ft m 

5 1.5 

4 1.2 

3 0.9 

14 4.3 
3 0.9 

23.5 7.2 

11 3.4 

5 1.5 

18 5.5 

8.7 2.7 
9.5 2.9 
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and many large fusulinids. Some 
parts of the bioclastic lenses are sili
cified to hackly weathering brown 
and gray chert. Some parts of unit 
are recrystallized. Beds are undula
tory and g nerally 4-8 inches 
(10-20 cm) thick; some beds are 
2-3 ft (60-90 cm) thick. Forms ridge.
Fusulinid collection f10155 contain
Beedeina aff. B. rockymontana and 
Wedekinde/lina cf. W. minuta. 

70. Limestone, gray, andy, bioclastic,
and interbedded limy sand tone. 
Quartz clasts are subangular to uh
round very coarse sand and gran
ules. Poorly exposed. 

69. Concealed; slope.
68. Lime tone, light-gray, fine- to medi

um-grained, bioclastic. As much as
20 percent is subangular coarse
sand and granules of quartz. Poorly
exposed ledge.

67. Concealed; slope.
66. Limestone, light-gray, fine-grained;

about 10 percent is quartz silt and
very fine sand. Contains a few tiny
fossil fragments. Beds are 4-5 inch
e (10-13 cm) thick. Forms poorly
exposed mall ledge; base and top
concealed.

65. Limestone, sandy, and interbedded
limy sandstone, light-brownish
gray; proportion of limestone and
sandstone is about equal. Limestone
matrix is fine grained and contains a
few brachiopods and some crinoid
columnals; contains scattered sub
angular coarse quartz sand cla t
and irregular lenses of limy sand
stone. Forms small ridge; top and
base concealed.

64. Concealed.
63. Limestone, light- to medium-gray,

fine-grained to micritic; as much as
40 percent i articulated brachiopod
shells. Contains a few small crinoid
columnals, some bryozoans, and
some worm tubes. Patches are re
crystallized to coarse-grained tex
tur . Beds are undulatory and about
8 inches (20 cm) thick. Forms mod
erate ledge on slope east of eastern
quarry.

62. Concealed by tailings from quarry.
61. Shale, light-gray to light-olive-gray,

slightly marly, plastic.
60. Limestone, light-gray, fine-grained,

partly recrystallized. Forms ledge.
59. Limestone, light-gray, nodular. No

dules are 0.25-1 inch (0.6-2.5 cm)
diameter; matrix is limestone and
marly shale. Weathers to slight
notch. Base is slightly eroded surfac .

58. Limestone, light-gray, massive,
largely recrystalliz d. Traces of
highly undulatory bedding are ap-

Thickness 

ft m 

21 6.4 

4.5 1.4 
8.5 2.6 

2.4 0.73 
2 0.6 

4 1.2 

2.5 0.76 
14 4.3 

4.5 1.4 
6.6 2 

5 1.5 

2.9 0.88 

0.6 0.18 
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parent. Unit is a bioherm that thins 
rapidly northward to about half the 
thickness at locality of measure
ment. Forms cliff on east side of 
eastern quarry. 

57. Limestone, gray, nodular; nodules
are 0.5-4 inches (1.3-10 cm) in
length; many nodules are bra
chiopods with limy (algal?) coat
ings. Contains a few fusulinids. Part
of the matrix is day. Forms slope on
west side of ea tern quarry.

56. imestone, light-gray, fine-grained
matrix. Contains many bra
chiopods. Forms small ledge at top
of west side of eastern quarry.

55. Limestone, light-tan-gray, fine
grained, bioclastic; about 15 percent
is quartz silt and fine sand. Much of
unit is replaced by yellowish-gray
silica. Forms slope; poorly exposed.

54. Limestone, light-gray, fine-grained;
about 10 percent is unbroken bra
chiopod shells. Bedding is slightly
undulatory; beds are 3-4 inches
(7.6-10 cm) thick. Uppermost part
contains yellow silica stringer
along bedding. Form poorly ex
posed !edgy slope.

53. Concealed.
52. Shale, clay, marly. Forms slope at

ea t top of western quarry.
51. Lime tone, n dular, and limestone

pebble conglomerate in marly shale
matrix.

50. Limestone, gray, very coarse
grained; mainly a coquina of crin
oid columnals; fusulinids are abun
dant. Forms prominent ledge on
east face of western quarry. Fusu
linid collection f10154 contains
Beedeina cf. B. rockymontana and
Wedekindellina sp.

49. Limestone, gray, and interbedded
shale. Bedding is undulatory; lime
stone beds are 3-8 inches (7.6-20
cm) thick; shale beds are about
0.25 inch (0.6 cm) thick. Forms
ledge.

48. Shale, clay, marly.
47. Limestone, light-gray, fine-grained;

locally recrystallized to coarse,
sparry calcite. Contain scattered
but numerou brachiopods, crinoid
columnals, bryozoans, echinoid
spines, zaphrentid corals, fusulin
ids, and stringers of bioclastic mat
rial. Unit is mainly massive, but
traces of bedding indicate local
mound-like growth centers. Unit is
the core of a bioherm that thins
rapidly northward as overlying
units 48 and 49 thicken. Forms
south and east walls of we tern
quarry. Fusulinid collection f10153
from middle of unit contains

Thickness 

ft m 

15.5 4.7 

5 1.5 

8 2.4 

12.3 3.8 

7.5 2.3 
5.7 1.7 

6± 1.8± 

2.5 0.76 

5.2 1.6 

4 1.2 
4.7 1.4 
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Beedeina aff. B. rockymontana, 
Bradyina p., Wedekindellina sp., and 
climacamminid foraminiiers. 

46. Limestone, light-gray; mainly a
mass of brachiopods cemented by
calcite. Thins eastward in quarry
and forms a local mound in south
west corner.

45. Limestone, light-gray; mostly a
mass of broken and unbroken bra
chiopod shells and some large
crinoid columnals. Contains much
phylloid algal material. Bedding is
highly undulatory; beds are about
1 ft (30 cm) thick. Exposed on slop
ing western floor of quarry.

44. Limestone, light-gray, fine- to
coarse-grained, bioclastic. Mostly
crinoid-columnal fragments, some
as much as 0.5 inch (1.27 cm) diam
eter. Contains many large (up to
2 inch) unbroken brachiopod shell ,
some zaphrentid coral , and ome
large fusulinids. Becomes finer
grained near top. Bedding is undu
latory; beds average 6 inches
(15 cm) thick. Upper part has nodu
lar appearance because of partial re
placement by yellowish-gray silica.
Forms !edgy slope west of western
quarry.

43. Siltstone, yellowish-gray-weather
ing, and interbedded thin, concre
tionary limestone. Siltstone is mica
ceous and slightly carbonaceous.
Beds are 3-6 inches (7.6-15 cm)
thick. Poorly exposed.

42. Sandstone, medium-gray, weathers
light yellowish gray. Mostly fine
quartz sand, but contains angular to
well-rounded coarse quartz sand
and small pebbles of quartzite.
Contains limestone pebbles as
much as 2 inches (5 cm) diameter.
Upper 2 ft (60 cm) is andy lime
stone containing irregular lenses of
fine to coarse quartz sand in bio
clastic limestone and calcarenite.
Beds are 0.5-1 ft (15-30 cm) thick.
Forms small irregularly weathering
ridge.

41. Limestone, gray, nodular; nodul s
are 1-3 inches (2.5-7.6 cm) thick and
are in a matrix of den e, yeUowi h
gray silica. Probably contains ome
interbedded shale. Poorly exposed;
forms notch along road.

40. Limestone, light-gray, micritic; con
tains thin, irregular lenses of tiny
fragments of brachiopods and
crinoid columnals. Contains a few
zaphrentid corals, gastropods, and
fusulinids. Bedding is undulatory;
beds are 4-8 inches (10-20 cm)
thick. Some beds contain stringers
of yellowish-gray silica parallel to

Thickness 
ft m 

36 11 

0-3 0-0.9

5 1.5 

6.6 2 

2.2 0.67 

7.4 2.3 

7.4 2.3 
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ft m 

bedding. Forms moderate ledge; 
top and base concealed. 8 2.4 

39. Concealed; lope. 8 2.4 
38. Limestone, light-brownish-gray,

medium-grained; recrystallization
has obscured most of primary struc
tures. Contains large complete bra
chiopods, numerous crinoid colum
nals, and zaphrentid corals, all part
ly recrystallized. Upper part con
tains fusulinids and has nodular ap
pearance due to patchy replacement
of part of limestone by yellowish
gray silica. Forms small, poorly ex-
posed ledge. 5.6 1.7 

37. Limestone, light- to medium-gray,
micritic. Contains many complete
brachiopods, some bryozoans, and
some crinoid columnals. Bedding is
highly undulatory; beds are
2-6 inches (5-15 cm) thick. Replace
ment by stringers of yellowish-gray
silica is common along bedding
planes. Forms moderate ledge. May
correlate with unit 33, as explained.
below. 16 4.9 

36. Sandstone, conglomeratic, light
pinkish-brown, weathers light gray;
clasts are mostly fine to very coarse,
angular to well rounded quartz
sand. Contains scattered well
rounded quartzite pebbles as much
as 0.25 inch (0.6 cm) in diameter.
Basal part contains limestone peb
bles and cobbles as much as 6 inch
es (15 cm) long. Cemented by silica
and calcite. Thins and grades south
ward into sandy limestone. Forms
poorly xposed rubbly ledge; top
and base concealed. 10 3 

35. Shale, clay, light-yellowish-brown,
slightly ferruginous. Lower 1.5 ft
(46 cm) contains nodules of dense,
gray limestone. Moderately fissile.
Poorly exposed in small gully in old
road. May correlate with part of
unit 32, as explained below.
Thickness is 10.4 ft (3.2 m). (See explanation below)

34. Limestone, light-gray; matrix is
fine-grained and contains bra
chiopods and numerous crinoid
columnals. Much of unit is replaced
by yellowish-olive, den e silica.
Poorly exposed on west side of
abandoned wood-haulers road;
probably some interbedded shale.
Base not exposed. Exposed thick-
ness is 10 ft (3 m). (See explanation below) 

[Locality of measurement of above units begins on ridge 
southwest of western limestone quarry in exposures in 
abandoned wood-haulers road, east side of small valley that 
debouches at Montezuma powerhouse. Unit 33 below seems 
to correlate with unit 37 above. This was determined by trac
ing unit 33 from the locality of measurement of lower part of 
section ea tward around the head of the small valley past 
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the Public Service Company water well to the wood-haulers 
road. For this reason, the thicknesses of units 33, 34, and 35 
are not included in the composite thickness of the Porvenir 
Formation.) 

33. Limestone, medium-brownish-gray,
weathers light gray; fine- to coarse
grained; recrystallized. Contains
many brachiopods and some gas
tropods and zaphrentid corals.
Some gray chert occurs along bed
ding and laminae. Bedding is undu
latory; beds are 1-3 ft (30-90 cm)
thick. Uppermost bed is light gray,
micritic limestone containing a few
fossil fragments, a few fusulinids,
and locally numerous small
mounds of Chaetetes sp. Middle part
weathers to a notch, causing the en
tire unit to weather to a double
ledge with the upper part set back
from the lower part. Unit forms a
narrow dip slope around the south
end of the small valley east of local
ity of measurement. Thickness is
13 ft (4 m). (See explanation above) 

32. Mainly concealed; slope. A few scat
tered exposures are gray calcareous
shale interbedded with undulatory-
bedded gray limestone. 27 8.2 

31. Limestone, gray, very fine grained,
containing lenses of fine-grained
bioclastic limestone. Weathering
character of the outcrop suggests in
terbeds of shale, but none were ob
served. Poorly exposed; weathers to
a slope with minor ledges. 13 4 

[Unit 30 was traced about 250 ft (75 m) west to locality of 
measurement of above units.] 

30. Limestone, light- to medium-gray,
fine-grained. Contains fine-grained
bioclastic material cemented by
dense calcite. Contains a few
clumps of syringoporid tubular
corals and a few fusulinids. Bed
ding is undulatory. Forms a promi
nent ledge that holds up a dip
slope at top of topographic spur.

29. Sandstone, light-yellowish-brown
weathering; clasts are mainly sub
angular to subround, medium
quartz sand. Contains scattered
grains and small lenses of coarse
sand and granules. Contains a trace
of coarse muscovite flakes.
Uppermost bed contains patches,
1-6 inches (2.5-15 cm) diameter, of
limestone that may be algal. Forms
small slabby ledges; base not ex
posed.

28. Shale, silt, light-olive-gray; lower
2 ft (0.6 m) is carbonaceous and
dark gray. Upper part contains a
few crinoid columnals and bry-

3.5 1 

9.5 2.9 

Unit Lithology 

ozoans. Weathers to poorly exposed 
slope. 

Thickness 
ft m 

7 2.1 

[Unit 27 was traced about 250 ft (75 m) west to locality of 
measurement of above units.] 

27. Limestone, light-gray, fine-grained
to micritic, partly bioclastic, mildly
recrystallized. Contains many bra
chiopods and brachiopod frag
ments, some syringoporid corals, a
few zaphrentid corals, and fairly
abundant mounds of Chaetetes sp. A
fine-grained bioclastic lens near the
top contains abundant unbroken
fusulinids. Part of unit has been
slightly silicified to yellowish-gray
weathering chert. Bedding is undu
latory. Forms thin, upward-retreat
ing ledges and intervening poorly
exposed intervals; unit set back to
pographically from underlying
unit. Fusulinid collection £10152
contains Beedeina insolita, Fusulinella
sp., and Bradyina sp.

26. Limestone, similar to unit 25, but
bedding is more distinct. Contains
Chaetetes sp. Beds average 2.5 ft
(0.76 m) thick. Weathers to rounded
ledge; notches are weathered along
bedding.

25. Limestone, light-gray; matrix is fine
grained to micritic. Brachiopods are
abundant. Bedding is highly undu
latory and locally indistinct. Forms
prominent vertical cliff with a notch
weathered at the top.

24. Concealed; exposures nearby sug
gest this is limestone similar to unit
23.

23. Limestone, light-gray; matrix is fine
grained to micritic. About 30 per
cent of rock is brachiopod shells;
about 20 percent is small fossil frag
ments. Bedding is undulatory and
indistinct; beds are about 3 inches
(7.6 cm) thick. Forms strong ledge;
base not exposed.

Total thickness of Porvenir Formation: 

Sandia Formation: 
22. Concealed; steep slope; probably

mostly gray shale.
21. Concealed; benchy slope.
20. Limestone, similar to unit 18; con

tains clumps of Chaetetes sp. Poorly
exposed; forms upward-retreating
benchy slope.

19. Limestone, similar to unit 18, but
contains much scattered, coarse,
well-rounded quartz sand. Contains
brachiopods. Bedding is irregular
and undulatory; beds are 1-3 inches
(2.5-7.6 cm) thick. Forms small
ledge.

18. Limestone, medium-brownish-

14 4.3 

5 1.5 

11 3.4 

16.5 5 

3 0.9 
548.5 167.2 

35 10.7 
26 7.9 

11 3.4 

4 1.2 
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gray; slightly carbonaceous; con
tains much quartz silt and fine sand. 
Brachiopods are abundant. Beds are 
1-3 inches (2.5--7.6 cm) thick. Forms
a slabby slope.

17. Concealed; slope.
16. Sandstone, conglomeratic, light

pinkish-gray, weathers brownish
gray. Matrix is fine to coarse quartz
sand with a trace of greatly weath
ered, yellowish-gray feldspar.
About 20 percent is subangular to
subround quartz granules and peb
bles as much as 0.5 inch (1.3 cm) di
ameter. Upper half is mainly fine to
coarse sand with granules dis
persed throughout. Calcareous.
Contains numerous flattened,
limonite-replaced fossil logs. Cross
bedded; beds are 2-4 ft (60-120 cm)
thick. cross-laminated; foreset lami
nae dip mainly east. Lower half
forms strong rounded ledge; upper
half forms slabby ledges. Base is un
dulatory and probably uncon
formable with underlying unit.
About 2,000 ft (600 m) to the west
unit 16 is not far above the base of
the Sandia where the formation is
only about 90 ft (27 m) in total thick
ness, indicating a local intraforma
tional angular unconformity.

15. Siltstone, dark-gray, shaly, ca.rbona
ceous, slightly micaceous. Poorly
exposed; forms slope.

14. Limestone, light-gray; matrix is fine
grained; contains a large proportion
of small fossil fragments. Contains
much yellowish-gray silica that re
places parts of unit and gives it a
nodular appearance. Forms ledge;
base not exposed.

13. Poorly exposed; forms slope. Float
and a few exposures indicate unit
may be mostly carbonaceous silty
shale containing some thin sand
stone.

12. Limestone, light-gray, recrystal
lized. Mainly a coquina of brachio
pod and crinoid fragments. Forms
small, slumped ledge.

11. Poorly exposed; forms slope above
ditch. Float and a few exposures in
dicate unit is mainly yellowish-gray
ferruginous, argillaceous, shaly silt
stone. Upper third contains some
carbonaceous shale.

10. Sandstone, conglomeratic, light
brown, medium- to coarse-grained.
Contains subrounded quartz gran
ules and small chert pebbles. Forms
small, irregular ledge; poorly ex
posed along abandoned ditch of
Public Service Company.

9. Shale, clay, light-gray; carbona
ceous; contains irregular yellow

Thickness 

ft m 

5 1.5 

37 11.3 

32 9.8 

5 1.5 

2 0.6 

52 15.9 

1 0.3 

43 13.l

2.5 0.76 
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ocherous bands. Poorly exposed 
along abandoned ditch of Public 
Service Company. 

8. Sandstone, conglomeratic, light-yel
lowish-gray, weathers brown, fine
to coarse-grained. Contains pebbles
and cobbles of limestone. Poorly ex
posed along abandoned ditch of
Public Service Company. Uncon
formable with underlying unit;
thickens eastward and forms ledge
below ditch.

Total thickness of Sandia Formation: 

Arroyo Pefiasco Group: 
Tererro Formation: 
Cowles Member: 

Absent because of unconformity. 

Manuelitas Member: 
7. Conglomerate, light-gray, yellow

stained. Subangular to sub.round
pebbles and cobbles of light- to
dark-gray limestone, 2-6 inches
(5-15 cm) diameter, in calcarenite
matrix. Matrix contains quartz
sand, fragmental chert, crinoid
columnals and brachiopod frag
ments. Forms poorly exposed slight
ledge along abandoned ditch of
Public Service Company. Lower
contact is irregular. Megafossil col
lection USGS 16688-PC was ob
tained on ridge about 300 ft (90 m)
west of this locality from beds of the
Manuelitas that are present at
places above this unit.

6. Shale, yellowish-gray, silty, marly;
forms local notch; thickness irregu
lar. Basal contact is an unconformi
ty; unit 6 cuts out underlying
unit 5 a few feet to the east.

Macho Member: 
Absent because of unconformity. 
About 300 ft (90 m) to the west brec
cia of this member is present below 
unit 6. 

Maximum total thickness of Tererro 
Formation: 

Espiritu Santo Formation: 
5. Limestone, medium- to dark-gray,

coarse-grained. Recrystallized;
brownish-gray calcite granules av
erage about 0.06 inch (0.16 cm) di
ameter; contains a few large brown
and white calcite crystals. Probably
a recrystallized calcarenite. Con
tains small, irregular patches of
limonite weathered from pyrite and
very thin stringers of gray chert.
Bedding is irregular and wavy; beds
are 0.5-1 ft (15--30 cm) thick. Forms
local ledge; unit cut out by unit 6 at
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Thickness 

ft m 

21 6.4 

3± 0.9+ 
279.5 85.3 

0 0 

3.5 1 

0-0.8 0-0.24 

0 0 

4.3 1.24 
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east end of exposure. Lower contact 
irregular. 

4. Quartz sandstone, calcarenite, and
limestone-pebble conglomerate, in
terbedded; light-tan, medium-gray, 
and light-olive-gray. Contains in
terbeds of light-yellowish-gray 
marly sh ale 0.25-1 inch (0.64-
2.5 cm) thick. Bedding is highly ir
regular; includes distinct channel 
fills. Forms slight notches and 
ledges. Ba e of unit is sharp and 
erosional; relief is a much as 2 ft 
(0.6 m). 

3. Limestone, dark-gray to black,
sideritic, recrystallized; fractures 
along curved cleavage faces. 
Contains a few white calcite crystals 
as large as 2 inches (5 cm) across. 
Contains a few concentrically band
ed gray and black ellipsoidal chert 
nodules 1-2 inches (2.5-5 cm) long. 

Thickness 
ft m 

Unit Lithology 

Beds are wavy, parallel, and 

Thickness 
ft m 

2.3± .7± 6 inch-1 ft (15-30 cm) thick; forms 

1-2.5 0.3-0.76

ledge. 3.3 

Del Padre Sandstone Member: 
2. Sandstone, light-gray to buff, silica

cemented. Subangular to subround,
medium to coar e quartz sand and
granules. Slightly cross-laminated.
Forms ledge along abandoned ditch
of Public Service Company. 1.3 0.4 

Maximum total thickness of Espiritu 
Santo Formation: 9.4 2.9 

Precambrian rocks: 
1. Granitic gneiss, strongly foliated.

Deeply weathered; altered to green
ish sandy clay. Weathering extends
about 4 ft (1.2 m) downward into
the gneiss. Not measured 

Section H 

Rociada 7.5-minute quadrangle (1965). Section of Alamitos, Porvenir, and Sandia Formations measured in beds that dip 
steeply east in lower part of hogback ridges north of Manuelitas Creek. Reference section for shaly fades of Porvenir 
Formation. Base of section is near western end of the narrow water gap about 1.4 mi (2.25 km) east-southeast of Rociada. 
Measured by E. H. Baltz and D. A. Myers. Locality shown in Figures 17, 31, and 87. 

Unit Lithology 

Sangre de Cristo Formation (lower part): 
176. Sandstone, conglomeratic, arko ic;

forms massive, major ridge.
175. Concealed; slope.
174. Shale, red-weathering; contains

abundant limestone concretions;
forms slope.

173. Sandstone, brown-weathering, 
coarse-grained to very coarse 
grained, feldspathic; forms slight 
ledge. 

172. Sandstone, conglomeratic. Com
posed mainly of angular to suban
gular, very coarse quartz sand and
granules; contains many small lime
stone pebbles in basal 6 inches
(15 cm). Forms small ledge.

Alamitos Formation: 
171. Concealed; slope. Float is red shale.
170. Concealed; slope on we t side of

side canyon.
169. Shale, light-olive-gray, silty, sandy,

micaceous. Contains trace of nodu
lar limestone.

168. Shale, red-weathering, poorly ex
posed. Upper 6 ft (1.8 m) contains
thin beds of arkosic andstone.

167. Sandstone, light-reddish-brown,
coarse-grained to very coarse

Thickness 
ft m 

Not measured 
38 11.6 

18 5.5 

13 4 

3 0.9 

38 11.6 

28 8.5 

12 3.7 

43 13 
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grained, feldspathic. Forms ledge. 
166. Shale, red-weathering, poorly ex

posed. Contains lim stone concre
tions and thin sandy limestone beds 
that contain fragments of plecy
pods, brachiopods, and bryozoans. 

165. Sandstone, similar to unit 161.
Forms ridge. 

164. Shale, red-weathering, poorly ex
posed.

163. Sandstone, similar to unit 161.
Forms ridge at west side of the deep
part of a north-trending strike
canyon.

162. Shale, red-weathering, poorly ex
posed. To the north, better expo
sures show yellowish-olive siltstone
with a medial lens, about 3 ft (1 m)
truck, of tan sandy limestone and
limy sandstone that contains frag
ments of crinoid columnals, plecy
pods, and brachiopods.

161. Sandstone, light-reddish-brown,
coarse-grained to very coarse
grained, arkosic. Forms ridge.

160. Concealed; slope.
159. Sandstone, conglomeratic, light

reddish-brown, feldspathic. Com
posed of angular to subangular,
very coarse sand and granule ;

Thickness 

ft m 

9 

43 

9 

18 

6 

20 

16 
43 

2.8 

13.1 

2.8 

5.5 

1.8 

6.1 

4.9 
13.l



Unit Lithology 

about 20 percent is angular fresh
appearing pink feldspar. Contains 
scattered pebbles about 1 inch 
(2.5 cm) diameter. Basal 2-2.5 ft 
(60-80 cm) is limestone-pebble con
glomerate; gray limestone pebbles 
are as much as 2 inches (5 cm) di
ameter and are in a sparse matrix of 
angular quartz and feldspar gran
ules. This basal part is exposed only 
at the north edge of a small 
Quaternary alluvial fan in the strike 

Thickness 
ft m 

valley. 8 2.4 
158. Shale, olive-gray to light-red, poorly

exposed. Contains layers of concre
tionary gray-limestone nodules.
Fossiliferous, gray, sandy limestone
beds occur at several positions in
the unit nearly to the top; fossils in
clude brachiopods, bryozoans, and
crinoid debris. Unit forms a strike
valley. 91 27.8 

157. Concealed; slope. 25 7.6 
156. Sandstone, light-greenish-gray, tan

weathering, feldspathic. Composed
of angular to subangular, very
coarse sand; about 15 percent is
pink feldspar. Forms small ledge. 19 5.8 

155. Shale, gray, calcareous; lower part
weathers red. Contains many layers
of light-purple and light-gray lime
stone nodules 0.1-2 inch (0.3-
7.5 cm) in diameter. Unit forms slope. 24 7.3 

[Unit 154 traced about 300 ft (91 m) north. Units 155 and 
above measured to northeast and east.] 

154. Sandstone, conglomeratic, light
reddish-brown, feldspathic. Com
posed of angular to subangular
coarse sand and some granules; 10
percent is pink and yellowish-pink
weathered feldspar. Contains 2-6-
inch (5-15-cm) thick layers of peb
bles that are mainly quartz; some
pebbles are feldspar; some pebbles
are as large as 2 inches (5 cm).
Forms low ridge west of
small valley.

153. Shale, light-olive-gray, silty, mica
ceous.

152. Sandstone, dark-gray to reddish
gray, fine- to medium-grained, sili
ca-cemented. Thin bedded and fine
ly laminated.

151. Shale and shaly sandstone. Upper
third is light-gray to light-purplish
gray calcareous to marly shale con
taining unfossiliferous limestone
nodules. Middle third is dark-pur
plish-red shaly sandstone. Lower
part is red-weathering shale con
taining light-gray unfossiliferous
limestone nodules. Unit poorly ex
posed on a slope.

150. Sandstone, conglomeratic, reddish-

14 4.3 

16 4.9 

2.5 0.76 

65 19.8 
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Unit Lithology Thickness 
ft m 

brown, arkosic. Composed of sub
angular, coarse sand that contains 
irregularly shaped to subrounded, 
quartz pebbles, some as much as 
1.5 inches (3.7 cm) long; contains 
pink feldspar pebbles. Forms ridge. 55 

149. Mainly concealed; slope. Red shale
exposed at places. 42 

148. Sandstone, conglomeratic, grayish
orange to light-brown, feldspathic.
Composed of subangular, coarse
sand. Contains quartz and feldspar
pebbles as much as 0.75 inch
(1.9 cm) long; pebbles are sub
rounded. Forms strong ridge. 13 

147. Concealed; slope. 91 
146. Sandstone, feldspathic, poorly ex-

posed. 10 
145. Concealed; slope. Float indicates in

terval is partly red shale and some
thin sandstone. 179 

144. Sandstone, conglomeratic, light
gray to yellowish-orange, feld
spathic; coarse-grained to very
coarse grained; contains scattered
granules and small (less than
2.5 cm) pebbles. Forms three strong
ridges with intervening concealed
thin intervals that probably are
shaly. 117 

143. Shale, light-olive-green; mainly silt
and very fine grained sand.
Contains scattered gray limestone
nodules. Upper part weathers red.
Forms slope. 28 

142. Sandstone, yellowish-olive, fine
grained to very fine grained, shaly.
Upp r 2 ft (60 cm) forms ridge. 8 

141. Limestone, sandy, and limy sand
stone; brown, coarse grained; forms
slight ridge. 1 

140. Shale, light-olive-gray, silty. Upper
4 ft (1.2 m) is shaly, fine-grained
sandstone; basal 6 ft (1.8 m) con
tains gray limestone nodules and
weathers red. Unit forms slope. 39 

139. Sandstone, conglomeratic, feld
spathic, imilar to unit 125. Forms
strong ridge. 7 

138. Shale, light-greenish-gray, silty,
sandy, slightly micaceous. Upper 5
ft (1.5 m) contains light-gray lime
stone nodules. Middle part of unit
contains a 1-ft (30-cm) thick bed of
sandstone and a 1-ft (30-cm) thick
bed of brown sandy limestone. Unit
forms slope. 36 

137. Sandstone, conglomeratic, feld
spathic, similar to unit 125. Forms
small ridge. 16 

136. Concealed; slope. Float indicates in
terval probably is red and greenish-
gray silty shale. 28 

135. Sandstone, conglomeratic, feld
spathic, similar to unit 125. Forms
ridge. 9 

16.8 

12.8 

4 
27.8 

3 

54.6 

35.7 

8.5 

2.4 

0.3 

11.9 

2.1 

11 

4.9 

8.5 

2.8 
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Unit 

134. 

133. 

132. 

131. 

130. 

129. 

128. 

127. 

126. 
125. 

124. 

123. 
122. 

121. 

Lithology 

Shale, greenish-gray, silty, sandy. 
About 10 percent of unit is nodular, 
silty, bioclastic limestone and some 
concretionary limestone in beds 
1 inch-1 ft (2.5-30 cm) thick. Lime
stones contain brachiopods, bryozo
ans, and crinoid columnals. Unit 
forms slope. 
Shale, reddish- to greenish-gray, sil
ty, sandy, micaceous. Poorly ex
posed slope. 
Mainly concealed. Upper 3 ft 
(90 cm) is silty limestone nodules in 
greenish-gray silicified matrix. 
Limestone, gray, coarsely bioclastic, 
partly nodular. Nodules are in 
greenish-gray, silicified fine-grained 
matrix. Beds are 6-8 inches 
(15-20 cm) thick. Unit forms small 
ridge. 
Sandstone, conglomeratic, feld
spathic, similar to unit 125. Forms 
strong ridge. 
Limestone, light-gray to light-pur
plish- red, sandy. Mainly a mixture 
of brachiopod and crinoid frag
ments in matrix of conuninuted fos
sil debris. Forms small ridge. 
Shale, olive-gray, silty Contains 
some nodular gray limestone. 
Poorly exposed. 
Sandstone, conglomeratic, feld
spathic, similar to unit 125. Forms 
ridge. 
Shale, red, poorly exposed. 
San�stone, conglomeratic, light-yel
low1sh-orange, feldspathic. Com
posed of angular to subangular, 
coarse to very coarse quartz sand. 
Contains angular pink feldspar 
sand and granules. Contains scat
tered granules and pebbles as much 
as 1 inch (2.5 cm) diameter. Forms 
strong double ridge; middle third is 
poorly exposed on a slope probably 
underlain mainly by shale. 
Limestone, gray, silty, sandy; fine to 
medium grained; thin bedded. 
Concealed interval in valley. 
Sandstone, light-greenish-gray, feld
spathic. Lower half is medium 
grained, slightly micaceous, and 
contains scattered angular granules 
of pink feldspar. Crossbedded and 
cross-laminated; beds are 8-10 ft 
(2.4-3 m) thick. Upper half is very 
coarse grained; red shale and red 
shaly sandstone interbeds occur 
near the middle of the upper half. 
Forms strong ridge. 
Shale, gray, silty, sandy; lower part 
poorly exposed, but contains a thin, 
gray, fossiliferous limestone near the 
base. Upper part contains interbeds 
of shaly, slightly calcareous 
sandstone. Forms slope. 

Thickness 
ft m 

99 

20 

41 

7 

24 

8 

50 

20 
9 

55 

3 
70 

74 

41 

30.2 

6.1 

12.5 

2.1 

7.3 

2.4 

15.3 

6.1 
2.8 

16.8 

0.9 
21.4 

22.6 

12.5 

Unit Lithology 

120. Limestone, light-gray, fine-grained.
Contains brachiopods and fusulin
ids. Fusulinid collection f10144 con
tains Beedeina sulphurensis.

119. Sandstone, conglomeratic, light
grayish-orange, weathers light
grayish red to pale yellowish
brown, feldspathic. Composed of
subangular, very coarse sand and
granules; 15-20 percent is weath
ered yellowish-pink feldspar; fresh
appearing, angular, pink feldspar
occurs in upper 20 ft (6 m). Contains
many subrounded pebbles of
quartzite and some feldspar; peb
bles range up to 1 inch (2.5 cm)
diameter. Crossbedded; beds are
1-6 ft (0.3-1.8 m) thick. Forms
strong ridge.

Total thickness of Alamitos Formation: 

Thickness 
ft m 

1 0.3 

77 23.5 
1,828 557.5 

[Top of �it 118 was tr�ced south about 300 ft (91 m) nearly 
to alluvium of Manuehtas Creek. Units 119 and above were 
measured east along southern margins of hogbacks.] 

Porvenir �ormation (reference section for shaly facies): 
118. Mamly concealed; slope on hillside

above valley. Probably mostly gray 
s_hale. Near Manuelitas Creek gray
hmestone 3 ft (0.9 m) thick occurs 
about 14 ft (4.3 m) below top of unit. 
Fusulinid collection f10143 from the 
limestone contains Beedeina cf. B. 
sulphurensis. 43 13.1 

117. Shale, clay, dark-gray, weathers
medium gray to yellow gray; silty,
calcareous. Forms slopes in gully. 46 14 

116. Limestone, gray, fine-grained, bio
clastic; beds are 6 inch-1 ft (15-
30 cm) thick; contains minor
amount of interbedded thin gray
shale. Forms irregular slope.
Fusulinid collection f10142 from top
of unit contains Beedeina aff. B. sul-
phurensis. 10 3 

115. Limestone, light-gray, medium
grained; contains much bioclastic
debris, mainly crinoidal, but also

fragments of brachiopods and
corals. Beds are 0.5-2.5 ft (15-75 cm)
thick. Forms ledge continuous with
underlying unit. 5 1.5 

114. Limestone, sandy, and sandstone,
calcareous, brownish-gray, weath
ers medium-brown. Limestone and
sandstone are interbedded and in
tergrade laterally. Limestone is bio
clastic, consisting mainly of fine- to
coarse-grained crinoid and brachio
pod debris that contains many un
broken brachiopods; contains angu
lar, medium to coarse, quartz sand.
Beds of sandstone are medium to
coarse grained and contain varied
amounts of bioclastic debris. Beds



Unit Lithology 

are 1 inch-I ft (2.5-30 cm) thick; 
cross-laminated and crossbedded. 
Part of the unit is silty, very fine 
grained sandstone containing lime
stone nodules 6 inches (15 cm) di
ameter. Unit forms prominent ridge 
and grades abruptly into overlying 
unit. "Marker" zone in upper part of 
Porvenir Formation. 

113. Shale, clay, dark-gray, silty; contains
a few beds, 1-3 inches (2.5-7.5 cm)
thick, of silty limestone. Exposed in
gully. 

112. Sandstone, pale-orangish-brown,
fine-grained, slightly micaceous,
calcareous. Bedding is very thin to
shaly. Forms small ridge.

111. Shale, gray, silty, slightly calcareous.
Trace of silty nodular limestone in
terbedded. Basal 1 ft (30 cm) is
brown, sandy limestone.

110. Sandstone and interbedded silt
stone, medium-gray, weathers
medium orange brown. Sandstone
is very fine grained. Unit contains
some interbedded silty clay shale
and is very thinly bedded to shaly
throughout. Forms slight ridge.

109. Shale, clay, gray, silty, slightly mica
ceous. Near middle, unit contains a
few thin beds of nodular limestone.
Forms slope.

108. Sandstone, light-yellowish-gray,
fine-grained to very fine grained,
micaceous. Contains limonite-re
placed fossil logs and twigs. Bed
ding is very thin; crossbedded.
Forms slight ridge.

107. Concealed; slope; probably shale.
106. Limestone, light-gray, fine-grained.

Compo ed of minute crinoidal and
other fossil fragments. Forms ledge.

105. Shale, clay, gray to olive-gray, silty.
Contains some thin beds of very
fine grained sandstone and silty
limestone. Forms slope.

104. Sandstone, conglomeratic, light
brown to tan, slightly calcareous.
Composed of subangular to sub
round, very coarse quartz sand and
granules; contains a trace of weath
ered, yellow feldspar. Contains a
few quartz pebbles up to 0.5 inch
(1.25 cm) diameter. Forms small
ledge.

103. Concealed; slope. Float indicates in
terval is underlain by dark-gray
shale and thin limestone.

102. Limestone, gray, massive, similar to
unit 97.

101. Concealed; slope. Float indicates in
terval is underlain by shale and
some shaly limestone.

100. Sandstone, conglomeratic, pale-yel
low-gray, feldspathic. Composed of
angular to subround, coarse to very

Thickness 
ft m 

56 

17 

21 

20 

64 

40 

13 
7 

2 

20 

5 

31 

2 

33 

17 

5.2 

6.4 

6 

19.5 

12.2 

4 
2.1 

0.61 

6.1 

1.5 

9.5 

0.61 

10 

Unit Lithology 

coarse sand and granules; 15 per
cent is deeply weathered, chalky
appearing, white feldspar. Contains 
quartz and feldspar pebbles 
0.1-0.5 inch (0.3-1.3 cm) diameter. 
Crossbedded. Forms subdued ridge. 

99. Shale, clay, medium-gray, calcare
ous. Contains 2-ft (60-cm) thick bed
of gray limestone near middle.
Forms slope.

98. Sandstone, medium-yellow-brown,
medium- to coarse-grained, slightly
calcareous. Forms hard, small ridge.

97. Limestone, medium-gray, fine
grained. Contains crinoid colum
nals, brachiopods, and algal fila
ments and thalli. Brecciated and re
cemented structure. Forms massive,
low ridge.

96. Sandstone, light-brownish-gray,
highly calcareous. Composed of an
gular, coarse to very coarse quartz
sand. Upper two thirds contains
abundant crinoid columnals and
brachiopods; grades upward to
sandy limestone at top. Forms ridge.

95. Limestone, medium-gray, fine
grained, mainly structureless. Spar
ingly fossiliferous. Forms small ridge.

94. Sandstone, conglomeratic, Iight
greenish-gray, feldspathic. Com
posed of angular to subround,
coarse to very coarse sand and
granules; 20 percent is deeply
weathered, chalky-appearing, white
feldspar. Contains abundant peb
bles as much as 0.75 inch (1.9 cm)
diameter; many of the smaller peb
bles are feldspar. Crossbedded;
beds are 8 inch-2 ft (20-60 cm)
thick. Forms ridge.

93. Concealed; slope.
92. Shale, clay, medium-gray; exposed

in gully.
91. Limestone, gray, nodular, thin-bed

ded; weathers massive.
90. Siltstone, shaly, and interbedded

very fine grained sandstone. Unit is
mostly shaly. Forms slope.

89. Limestone, medium-brown, very
sandy. Forms small ridge.

88. Shale, gray, poorly exposed. Con
tains several 1-2-ft (30-60-cm) thick
beds of gray limestone. Contains
fragments of silicified fossil
logs. Forms slope.

87. Limestone, medium-gray, and in
terbedded shale and shaly lime
stone. Beds mainly less than 1 ft
(30 cm) thick. Sparingly fossilifer
ous.

86. Sandstone, pinkish-gray to yellow
ish-gray, weathers light-yellowish
brown. Composed of subangular to 
subround, medium to coarse, clean
quartz sand. Bedding irregular;
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Thickness 
ft m 

14.5 4.4 

8 2.4 

3 0.9 

16 4.9 

10.5 3.2 

10 3 

14 4.3 
20 6.1 

5 1.5 

23 7 

17 5.2 

2 0.61 

40 12.2 

23 7 
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beds are <1-10 inches ( <2.5-25 cm) 
thick. 

85. Concealed; slope. Probably mostly
shale as indicated by sparse out
crops near top.

84. Limestone, light-gray, fine-grained.
Contains many irregular streaks of
light-tan lacy chert. Forms small
ridge.

83. Siltstone, gray, calcareous, shaly.
Contains beds of thin shaly lime
stone. Forms slope.

82. Limestone, light-yellowish-orange
weathering, silty, sparingly fossilif
erous. Forms subdued ridge.

81. Shale, gray, calcareous; poorly ex
posed; forms slope.

80. Limestone, medium-gray, pelle tal.
Forms small ridge.

79. Shale, gray, calcareous, and in
terbedded very thin limestone.
Poorly exposed slop.e

78. Limestone, similar to unit 76.
77. Shale, gray, calcareous. Poorly ex

posed slope.
76. Limestone, light-yellowish-orange

weathering, silty, sparingly fossilif
erous. Forms small ridge.

75. Mainly concealed; slope. Float indi
cates inter val is mainly gray shale
containing some thin nodular lime
stone and interbedded shale; 26 ft
(8 m) above base is 1-ft (30-cm) thick
bed of highly fossiliferous lime
stone; 39.5 ft (12 m) above base is 2-
ft (60-cm) thick bed of gray pel
letal limestone.

74. Limestone, medium-gray, fine
grained. Moderately fossiliferous;
contains brachiopods, bryozoans,
crinoid columnals, and algal thalli.
Beds are 2-3 ft (60-90 cm) thick.
Forms massive, rounded ridge.

73. Limestone, medium-gray, fine
grained. Beds are 2 inch-1 ft
(5-30 cm) thick; contains calcareous
shale interbeds 0.75-6 inches
(2-15 cm) thick. Exposed at east side
of strike canyon.

72. Shale, dark-gray, calcareous; poorly
exposed in bottom of strike canyon.

71. Limestone, gray, and interbedded
dark-gray shale; poorly exposed in
strike canyon. Limestones, where
observed, are thin; about half the
unit is shale. Top of unit is medium
gray, very fine grained, fossiliferous
limestone that forms a small ridge
in strike canyon. Limestone about
7 ft (2.1 m) above base has abundant
fusulinids. Collection f10141 con
tains Beedeina aff. B. rockymontana. 

70. Limestone, light-gray, mainly fine
to medium-grained, bioclastic; con
tains brachiopods, crinoid colum
nals, and corals. Many beds contain

Thickness 

ft m 

12 3.7 

36 11 

17 5.2 

15 4.6 

35 10.7 

23 7 

2 0.61 

25 7.6 
1.5 0.46 

21 6.4 

2 0.61 

60 18.3 

18 5.5 

30 9.2 

15.5 4.7 

114 34.8 

Unit Lithology 

fine-banded algal clumps and inter
growths of algal-banded limestone 
between fossils. Bedding is slightly 
irregular; beds are mainly 0.5-1 ft 
(15-30 cm) thick. Contains some 
thin, calcareous shale partings and 
siliceous, brown weathering bands 
along bedding and laminations. 
Forms a massive low ridge. 
Fusulinids occur about 52.5 ft (16 m) 
above base. Collection f10140 con
tains Beedeina aff. B. rockymontana 
and Wedekindellina sp. 

69. Concealed; slope.
68. Limestone, gray, fine-grained; con

tains abundant fragments of 
crinoids and brachiopods. 

67. Concealed; slope.
66. Sandstone, conglomeratic, light-yel

lowish-brown-weathering. Com
posed of angular to subangular,
very coarse quartz sand and gran
ules; contains a trace of weathered
feldspar. Contains small quartz peb
bles. Forms massive ridge.

65. Concealed; slope. Float indicates
shale, siltstone, and sandstone in
the interval.

64. Sandstone, conglomeratic, similar
to unit 57. Upper 4 ft (1.22 m) is
slabby-weathering sandstone in
beds 0.5-1 ft (15-30 cm) thick.
Forms massive ridge.

63. Concealed; slope.
62. Shale, gray to light-olive-gray, poor

ly exposed. Contains shaly siltstone
and micaceous very fine grained
sandstone.

61. Limestone, brown-weathering, sil
ty; contains few fossils. Poorly ex
posed; forms slabby, low ridge.

60. Concealed; slope.
59. Limestone, light-gray, fine-grained,

slightly silty. Bedding and lamina
tions are irregular to almost nodu
lar; beds are 1 inch-1 ft (2.5-30 cm)
thick. Irregular patches of brown
weathering silicified material stand
in relief on bedding. Brachiopods,
bryozoans, crinoid columnals, and
zaphrentid and syringoporoid
corals are present sparingly. Forms
a moderately resistant, irregular
ridge. Fusulinids occur sparingly in
upper 10 ft (3 m). Collection f10139
contains Beedeina aff. B. arizonensis.

Total thickness of Porvenir Formation: 

Sandia Formation: 
58. Concealed; slope.

Thickness 

ft m 

99.5 30.4 
23 7 

2 0.61 
11 3.4 

23 7 

202 61.6 

21 6.4 
19 5.8 

13 4 

15 4.6 
83.6 25.5 

34 10.4 
1,614 492.1 

66 20.1 

[Unit 57 was traced southward downhill to point about 
300 ft (90 m) north of road in t:anyon. Units 58 and higher 
were measured eastward on lower slopes of hill.] 

57. Sandstone, conglomeratic, pale-ye!-



Unit Lithology 

lowish-brown-weathering. Com
posed of angular to subangular, 
very coarse quartz sand and gran
ules; contains a trace of yellowish
gray, weathered feldspar. Contains 
small quartz pebbles. Bedding ir
regular. Forms prominent ridge. 

56. Shale, gray, and interbedded thin
limestone; poorly exposed on slope.

55. Limestone, light-gray; forms small
ridge.

54. Concealed; slope.
53. Limestone, light-gray; contains ir

regular, brown, siliceous bands.
Forms ridge.

52. Concealed; slope.
51. Sandstone, tan, fine-grained to very

fine grained, calcareous.
50. Limestone, light-gray, fine-grained,

bioclastic; contains brachiopods and
bryozoans. Bedding irregular to un
d ula tory; beds 1 inch-1 ft (2.5-
30 cm) thick. Bedding and laminae
marked by brown silicified bands
Forms massive ridge.

49. Concealed; slope.
48. Sandstone, conglomeratic, light

brown. Composed of angular to
subangular, very coarse sand and
granules; contains small quartzite
pebbles. Fine grained at top. Forms
prominent ridge.

47. Siltstone, gray, and interbedded
thin gray limestone.

46. Limestone, medium-gray, bioclastic;
contains sandy lenses; thin-bedded.
Forms small, irregular outcrop.

45. Shale, dark-gray, poorly exposed;
forms slope.

44. Limestone, medium-gray, crinoidal;
bedding very thin to laminated.

43. Concealed; slope; probably shale.
42. Sandstone, brown, medium-grain

ed, silica-cemented cross-laminated,
hard.

41. Concealed; slope; probably shale.
40. Shale, clay, olive-brown, silty.
39. Concealed; slope; probably mostly

dark-gray shale.
38. Limestone, dark-gray, fine-grained;

Forms small ledge.
37. Shale, dark-gray; top half poorly ex

posed.
36. Limestone, dark-gray, finely bio

clastic; forms small ridge.
35. Shale, dark-gray, poorly exposed on

slope.
34. Limestone, medium-gray, weathers

medium olive gray; fine-grained
bioclastic matrix contains large frag
ments of brachiopods and bry
ozoans. Forms ridge.

33. Shale, dark-gray; consists of in
terbedded silty claystone and silt
stone. Poorly exposed on slope.

32. Sandstone, light-olive-brown, fine-

Thickness 
ft m 

11 3.4 

98.5 30 

2 0.61 
32.5 9.9 

2.5 0.76 
6 1.8 

2.5 0.76 

29 8.9 
63 19.2 

12 3.7 

6 1.8 

3 0.9 

51 15.6 

1.5 0.46 
25 7.6 

1 0.3 
9.5 2.9 
1 0.3 

23 7 

1 0.3 

23 7 

2 0.61 

9.5 2.9 

3.5 1.1 

29.4 9 

Unit Lithology 

grained, highly micaceous; beds are 
less than 2 inches (5 cm) thick. 

31. Sandstone, fine-grained, and in
te rbedded siltstone; micaceous,
very thin bedded.

30. Sandstone, conglomeratic, light
brown-gray, weathers light brown. 
Composed of angular, coarse to 
very coarse quartz sand and gran
ules; contains some mica and 
kaolinized feldspar. Contains peb
bles as much as 0.25 inch (0.6 cm) 
diameter. Crossbedded. Forms 
slumped, prominent ledge and tree
covered rib on hill. 

29. Concealed; slope.
28. Limestone, medium-gray, fine

grained; contains corals, bra
chiopods, and crinoid columnals.
Forms small ledge.

27. Concealed; slope.
26. Sandstone, brown-gray-weathering.

Composed of angular to subangu
lar, coarse to very coarse quartz
sand and granules. Contains 
Umonite-replaced fossil wood. Thin 
bedded. Forms resistant ledge. 

25. Concealed; slope.
24. Limestone, brown-weathering, bio

clastic, poorly exposed.
23. Concealed; slope. Poor exposures

on slopes above are mainly dark
gray, silty clay shale.

22. Siltstone, yellowish-gray-weather
ing, calcareous. Forms irregular
ledge.

21. Concealed; slope.
20. Limestone, gray-brown-weather

ing, bioclastic; mainly brachiopod
and crinoid debris; sandy and
slightly micaceous. Forms ledge.

19. Concealed; slope.
18. Sandstone, olive-brown, fine

grained, thin-bedded.
17. Concealed; slope.
16. Siltstone, yellow-weathering, poor

ly exposed.
15. Concealed; s lope; probably mainly

shale and siltstone.
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Thickness 
ft m 

5 1.5 

10.3 3.1 

18 5.5 
14.7 4.5 

3.5 1.1 
25 7.6 

6 1.8 
5 1.5 

1 0.3 

49 15 

2 0.61 
32 9.8 

2 0.61 
12 3.7 

1 0.31 
20 6.1 

28 8.5 

64 19.5 

[Unit 14 was traced south about 500 ft (150 rn) to point about 
30 ft (9 m) above valley floor. Units 15 and above were mea
sured eastward on lower slopes of valley.] 

14. Limestone, medium-gray, bioclastic;
consists mainly of brachiopod and
crinoid debris; sandy. Forms ledge.

13. Concealed; slope.
12. Siltstone, yellowish-gray-weather

ing, slightly micaceous. Forms
ledge.

11. Concealed; slope.
10. Limestone, light-brownish-gray

weathering, finely bioclastic; con
tains many brachiopods; contains
brown, rusty weathering, ferrugi-

5 1.5 

10.6 3.2 

1 0.31 
11 3.4 
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nous silicified lenses. 
9. ConceaJed; slope.
8. Limestone, similar to unit 6; highly

fossiliferous; sandy and silty near
top.

7. Concealed; slope.
6. Limestone, medium-gray, coarsely

bioclastic; mainly fragments of bra
chiopods, crinoids, and bryozoans;
contains irregular layers of brown,
rusty weathering silicified lime
stone. Forms ledge.

5. Shale, clay, dark-gray, carbonaceous,
micaceous; very compact and hard.
Contains brachiopods. Forms
poorly exposed slope.

4. Concealed; slope. Float is mostly
gray shale.

3. Sandstone, brown-weathering.
Composed of anguJar, fine to coarse
quartz sand. Forms ledge.

2. Siltstone, olive-brown, thin-bedded
and thinly laminated. Grades
upward near top into brown fine- to
medium-grained, ferruginous
quartz sandstone that contains
some coarse grains.

Thickness 
ft m 

3 0.9 
43 13.1 

5 1.5 

9 2.8 

1.5 0.46 

17 5.2 

59.5 18.2 

12.5 3.8 

11 3.4 

Unit Lithology 

1. Sandstone, conglomeratic, light-yel
lowish-brown. Composed of angu
lar to subanguJar, medium to very
coarse, milky-appearing quartz
sand and granuJes. Contains scat
tered quartzite pebbles. Silica
cement. Crossbedded and cross
laminated. Forms blocky, jointed
ledge.

Total thickness of Sandia Formation: 

Arroyo Pefiasco Group: 
Tererro Formation: 

Present. See detailed description of 
locality 4 of sections of Arroyo 
Pefiasco Group (p. 190). 

Espiritu Santo Formation: 

Thickness 
ft m 

28 8.5 
1,030 314.2 

94.9+ 28.9+ 

Not exposed at this locality. Thin basal sandstone and 
thin overlying carbonate rocks are present in ridges south of 
Manuelitas Creek. 

Precambrian rocks: 
Metaquartzite, pink to grayish-pink, 
slightly micaceous, highly 
fractured. Not measured 

Section I 

Mora 7.5-minute quadrangle (1965). Section of Alamitos and Porvenir Formations in steeply dipping, faulted beds that 
crop out in low hills on north side of valley of Rito Cebolla. Locality is between 6,500 and 5,500 ft (2 and 1.7 km) northwest 
of New Mexico Highway 518 bridge across Rito Cebolla (shown as bridge on Highway 3 on Sapello 7.5-minute quadrangle, 
1965). Measured by E. H. Baltz. Locality shown in Figures 31 and 88. 

Unit Lithology 

Sangre de Cristo Formation (lower part): 
46. Concealed; alluvium in south-drain

ing valley. To the north, this interval
is composed of slightly gravelly
thick arkoses with interbedded red
and some greenish-gray shale.
These rocks contain some unfossilif
erous noduJar limestone and thin
interbeds of gray limestone. To the
east, below Quaternary gravel ter
races on the north side of the valley
of Rito Cebolla, stratigraphically
higher similar arkoses and red shale
containing a few thin, unfossilifer
ous nodular and earthy limestone
beds crop out. These rocks are esti
mated to be about 2,000 ft (610 m)

Thickness 
ft m 

thick. Not measured 
45. Sandstone, conglomeratic, light

gray, weathers light yellowish gray,
feldspathic. Composed of angular to
subangular, very coarse sand and
granules and contains some pebbles
as much as 1 inch (2.5 cm) diameter;

Unit Lithology 

about 20 percent of all clast sizes is 
unweathered pink feldspar. Cross
bedded and cross-laminated; beds 
are 8 inch-3 ft (20-90 cm) thick. 
Forms ridge on north side of valley 
of Rito Cebolla just west of alluviat
ed south-draining tributary valley 

Thickness 
ft m 

Top and base concealed. 36 11 
44. Shale, clay, red; poorly exposed. 15 4.6 
43. Sandstone, conglomeratic, feld

spathic, similar to unit 45, except
that it contains distinct lenses of
pebbles 0.5-1 inch (1.27-2.5 cm)
diameter. Some small pebbles are
unweathered pink feldspar. Forms
small ridge. 19 5.8 

42. Sandstone, conglomeratic, purplish
red to yellowish-gray, feldspathic.
Composed of very coarse sand and
granuJes; contains quartz and pur
ple clay pebbles as much as
0.75 inch (1.9 cm) across. Basal 2 ft
(0.6 m) is red shale. Soft; crops out



Unit Lithology 

in shallow gully. 
41. Sandstone, conglomeratic, light-yel

lowish-gray, feldspathic. Composed
of angular to subangular, very
coarse sand and granules; about 20
percent of clasts is angular pebbles
0.25-1 inch (0.6-2.5 cm) across.

Thickness of measured lower part of 
Sangre de Cristo Formation: 

Thickness 

ft m 

15 4.6 

7.5 2.3 

92.5 28.3 

[The contact of the Sangre de Cristo and Alamitos 
Formations probably is a fault that i poorly exposed. A few 
yards north of point of measurement, the lower part of unit 
41 is cut out and the unit is warped eastward along a north
trending strike fault. Amount of displacement is unknown; 
about 2,000 ft (610 m) to the north the fault seems to die out.) 

Alamitos Formation (part): 
40. Shale, clay, red, poorly exposed;

forms slope.
39. Sandstone, conglomeratic, olive

green, weathers greenish gray,
arkosic. Clasts are very coarse sand,
granules, and pebbles as large as
0.25 inch (0.6 cm). Rock is greatly
sheared and slickensided internally.
Some parts may be slightly myloni
tized. Forms small ridge; middle
part poorly exposed.

38. Sandstone, light-greenish-gray,
medium-grained, micaceous, slight
ly feldspathic. Thin bedded. Forms
slope; poorly exposed.

37. Sandstone, light-yellowish-gray,
arkosic. Clasts are very coarse sand
and granules; contains some green
ish-gray day. Forms small ridge.

36. Shale, clay, red-weathering, poorly
exposed.

35. Sandstone, light-yellowish-gray,
very coarse grained, arkosic; poorly
exposed.

34. Sandstone, light-gray to light
brown, arkosic. Composed of angu
lar to subangular, very coarse sand
and granules; many granules are
pink and yellow, angular feldspar.
Crossbedded and cross-laminated.
Forms strong ridge; slabby weather
ing. Internally sheared and slicken
sided.

33. Concealed; probably soft sandstone.
32. Limestone, light-gray, weathers

light brownish gray. Mainly micrite,
but contains scattered streaks of
quartz silt and sand and scattered
fragments of brachiopods and
crinoid columnals. Bedding is irreg
ular to lumpy. Forms small ridge.

31. Concealed; slope; float indicates
unit is greenish-gray shale and thin,
nodular limestone beds.

30. Sandstone, light-greenish-gray,
arkosic. Matrix is greenish-gray,
clayey, fine sand that contains
coarse sand and granules. Many

7.5 2.3 

15.5 4.7 

4 1.2 

3 0.9 

7 2.1 

4 1.2 

8 2.4 
5 1.5 

0.5 0.15 

5 1.5 

Unit Lithology 

coarse grains and granules are an
gular pink feldspar. Slightly mica
ceous. Forms small ridge. 

29. Mainly concealed; slope. Float and a
few poor exposures indicate unit is
gray to purplish-red shale contain
ing thin, nodular limestone beds.

28. Limestone, purplish-gray, weathers
light purplish gray. Micritic matrix
is slightly silty and sandy and con
tains scattered brachiopods and
brachiopod fragments. Bedding is
irregular to undulatory; beds are
1--6 inches (2.5-15 cm) thick. Forms
slight ridge.

27. Concealed.
26. Sandstone, light-greenish-gray, me

dium- to very coarse-grained; con
tains pink feldspar granules. Forms
small ridge.

25. Sandstone, light-yellowish-gray,
medium-grained, Forms slope;
poorly exposed.

24. Concealed; slope; probably shale.
23. Shale, light-gray; unit is clayey silt

stone containing a trace of mus
covite. Forms slope.

22. Sandstone, conglomeratic, light-yel
lowish-gray, feldspathic. Composed
of very coarse sand and granules;
contains scattered pebbles as large
as 0.5 inch (1.27 cm). Some granules
and pebbles are pink feldspar. Beds
are 0.5-3 ft (15-90 cm) thick. Forms
ridge; sharply overturned and west
dipping.

21. Shale, purplish-gray, silty and
sandy; grades into underlying unit.
Forms slope; poorly exposed.

20. Sandstone, purple- to olive-green
weathering, medium-grained; con
tains scattered coarse sand and
granules; slightly rnicaceous. Forms
small ridge.

19. Sandstone, greenish-olive, coarse
grained; contains scattered granules
of pink feld par. Forms small ridge.

18. Shale, green- to maroon-weather
ing; contains many purple to gray,
botryoidal-limestone nodules.
Forms slope; poorly exposed.

17. Limestone, light-gray-weathering;
contains silty interbeds and irregu
lar, yellow chert stringers. Highly
fossiliferous; contains brachiopods
and crinoid columnals. Near middle
is a 1-ft (30-cm) thick crinoidal co
quina. Bedding is undulatory; beds
are 1-8 inches (2.5-20 cm) thick.
Forms ledge.

16. Shale, clay, gray, silty. Contains
some 1-inch (2.5-cm) thick beds of
gray limestone. Forms slope; poorly
exposed.

15. Limestone, medium-gray, weathers
light brown. About 20 percent of
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Thickness 

ft m 

3 0.9 

6 1.8 

4 1.2 
3 0.9 

3.5 1.1 

5 1.5 

7 2.1 

11 3.4 

13 4 

3 0.9 

4 1.2 

2.5 0.76 

13 4 

16 4.9 

13.7 4.2 
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unit is thin interbeds of silty gray 
shale. Limestone is micrite contain
ing scattered fossil fragments; 
fusulinids are common in the lower 
part. Bedding is undulatory to 
nodular; beds are 1-6 inches 
(2.5-15 cm) thick. Forms small 
ridge. Fusulinid collection f10297 

Thickness 
ft m 

contains Beedeina aff. B. sulphurensis. 5 1.5 
14. Shale, day, gray; grades downward

into yellow sandy shale and in
terbedded shaly, very fine grained
sandstone. Forms slope. 20 6.1 

13. Sandstone, conglomeratic, light
olive-brown, weathers light yellow
ish brown, feldspathic. Composed
of coarse to very coarse sand con
taining granules scattered through
out; about 15 percent is yellow to
pink feldspar clasts. Basal 2 ft
(60 cm) contains scattered quartz
and quartzite pebbles 0.5-2 inches
(1.27-5 cm) diameter, and angular
orange and pink feldspar pebbles as
large as 0.75 inch (1.9 cm) diameter.
Forms strong ridge. 17 5.2 

12. Sandstone, conglomeratic, similar
to unit 13 but softer. Contains scat
tered orange and yellow feldspar
granules and small pebbles. Near
base, contains green shale pebbles.
Forms poorly exposed small ledg-
es on slope. 15.5 4.7 

11. Sandstone, conglomeratic, similar
to unit 13, but soft and poorly ex
posed. Contains numerous angular
feldspar cleavage fragments as
large as 0.5 inch (1.27 cm). Grus-like
appearance. Forms slope. 29 8.9 

10. Limestone, light-grayish-brown,
sandy, silty, fossiliferous. Forms
small ridge. 1 0.3 

9. Sandstone, Iight-yellowish-gray
weathering, feldspathic. Composed
of angular to subangular, coarse to
very coarse sand and granules; con
tains numerous orange and yellow
feldspar clasts. Basal 2.5 ft (76 cm) is
hard, greenish-gray, fine- to coarse
grained granule-bearing, conglom
eratic sandstone; about 15 percent is
pink, unweathered, feldspar cleav
age fragments, many as large as
0.25-0.5 inch (0.6-1.27 cm). Unit
forms ridge. Probable base of
Alamitos Formation. 12 3.7 

Thickness of faulted (incomplete) 
Alamitos Formation: 266.7 81.2 

[Underlying units 6 through 8 might be assigned to either 
the Alamitos Formation or the Porvenir Formation. They are 
assigned to the upper part of the Porvenir because of the 
weathered yellowish-gray feldspars in unit 6 and because, 
farther north, interbedded gray shales appear lithologically 
most similar to shales of the Porvenir.) 

Unit Lithology 

Porvenir Formation (part): 
8. Concealed; slope.
7. Limestone, light-gray; upper hall is

a coquina of crinoid fragments;
lower half is bioclastic and sandy.
Forms small ridge.

6. Sandstone, light-yellowish-gray,
feldspathic. Composed of angular,
coarse to very coarse sand and
granules; contains yellow, weath
ered feldspar. Bedding is obscure.
Soft and poorly exposed; base con
cealed. Lower (western) part is
greatly fractured and sheared, sug
gesting proximity to a concealed
fault.

Thickness 
ft m 

28 8.5 

2 0.61 

19 5.8 

[Concealed strike fault, roughly parallel to bedding, proba
bly juxtaposes units 5 and 6.) 

5. Sandstone, light-yellowish-gray;
mostly fine- to medium-grained
and micaceous. Thin bedded to
shaly. Some coarse-grained sand
stone is interbedded in upper third.
Unit is mostly poorly exposed; out
crop belt is littered with sandstone
slabs; possibly some shale is in
terbedded. General lithology of unit
is similar to lower part of sand
stones of Fragoso Ridge exposed on
upper slopes of that ridge at locality
C south of Rito Cebolla.

4. Concealed; alluvium in small south
draining valley. Exposures to the
north indicate bedrock is mostly
dark-gray shale containing thin
sandstone and gray limestone in-
terbeds. Some of the sandstones are
6-10 ft (1.8-3 m) thick.

3. Limestone, medium- to dark-gray,
weathers medium grayish brown.
Micrite containing scattered small
brachiopods and bioclastic debris.
Consists of three limestone beds
separated by thin, gray shale in-
terbeds. Forms small ridge in south
draining valley.

2. Sandstone, light-brownish-gray
weathering, fine- to medium-
grained. Bedding is subparallel;
beds are 1 inch-1 ft (2.5-30 cm)
thick. Laminae are inclined south.
Forms a small slabby ridge.

Thickness of internally faulted (incom
plete) Porvenir Formation: 

Sandia Formation (upper part): 
1. Shale, dark-gray, containing in

terbeds of thin limestone and sand
stone; poorly exposed on slopes
west of south-draining valley. A
grayish-tan bioclastic limestone,
about 2 ft (0.6 m) thick, occurs in
this unit about 70 ft (21 m) below

95± 29± 

140± 43± 

12 3.7 

5 1.5 

301± 92± 
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the top of the Sandia. This limestone 
is composed of crinoid-columnal 
and brachiopod fragments and 
forms a small ledge. The limestone 
contains scattered fusulinids; collec
tion f10132 contains Fusulinella aff. 

Thickness 
ft m 

F. juncea Thomp on. Not measured 

Unit Lithology 
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Thickness 
ft m 

[At the west, the Sapello fault throws steeply dipping beds 
of unit 1 against antidinally folded thick conglomeratic 
sandstone of the lower part of the Sandia Formation that is 
similar to thick conglomeratic sandstones of the lower part 
at San Isidro Lake south of Rito Cebolla at stratigraphic sec
tion C.) 

Sections J and K 

Mora 7.5-minute quadrangle (1965). Composite section of Alamitos, Porvenir, and Sandia Formations and Arroyo 
Penasco Group measured across hogback ridges north of Mora River beginning about 2.7 mi (4.3 km) east of center of town 
of Mora. Base of section (locality J1) is about 0.95 mi (1.5 km) north of Mora River in southeast-draining headwater segment 
of the southernmost canyon to cut completely through hogback ridges into Precambrian rocks in southeast part of the 
Romero Hills. The lower (southern) part of this canyon forms the first broad, southerly trending, strike valley east of out
crops of Precambrian rocks and the highly deformed lower part of the Sandia Formation exposed along New Mexico 
Highway 518 in Mora River Valley. Reference section of Sandia Formation. Upper part (Section K) is a reference section of 
the Porvenir and Alamitos Formations; this part was measured in roadcuts and hogback ridges a short distance north of 
Highway 518 northwest and northeast of St. Joseph Church. Measured by E. H. Baltz, J.M. O'Neill, and M. N. Machette. 
Localities are shown in Figures 17, 31, 55, and 89. 

Section K 

Unit Lithology Thickness 
ft m 

Sangre de Cristo Formation (lower part only): 
373. Sandstone, conglomeratic, pur

plish-brown-weath ering, arko ic.
Compo ed of subangular very
coarse sand. Feldspars are pink or
thoclase. Contains rounded to sub
rounded pebbles of quartz,
quartzite, and schist. Forms strong,
high hogback ridge. 25± 8± 

372. Shale, red-weathering, poorly ex-
posed. Forms slope. 23 7 

371. Sandstone, conglomeratic, pur
plish-brown-weathering, arkosic.
Composed of subangular very
coarse sand. Highly arkosic;
feldspars are pink orthocla e.
Contains rounded to subrounded
pebbles of quartz, quartzite, and
schist. May contain some thin red
shale interbeds. Forms strong hog
back ridge. Contact with underly-
ing unit concealed. 40 12.2 

Thickness of measured lower part of 
Sangre de Cristo Formation: 88± 27± 

Alamitos Formation (reference section): 
370. Concealed; slope; probably red

shale. 8.8 2.7 
369. Shale, red-weathering, poorly ex-

posed. Forms slope. 1.5 0.5 
368. Sandstone, red-brown-w athering,

fine-grained to very fine grained,
quartzose, micaceous. Beds are
1-6 inches (2.5-15 cm) thick; con
tains thin shaly partings. Grades
into underlying unit. Poorly ex-
posed; forms ridge. 3 0.9 

367. Shale, clay, medium-gray, weathers
light greenish gray. Upper two-

Unit Lithology 

thirds is silty, micaceous, and 
weathers reddish-purple. Forms 
lope. 

366. Claystone, green, weathers yellow
ish green. Very thinly laminated,
tending to pait into slate-like plates.
Bedding surfaces are smooth and
contain tiny impressions of plant
fragments and animal trails. Unit is
relatively resistant and forms local
ridges. A similar unit, possibly the
same unit, was observed at places
northward past Canon de! Agua,
and southward past La Canada del
Guajalote.

365. Sandstone, light-olive-gray, weath
ers light brown to light olive brown.
Fine-grained, quartzose, micaceous.
Contains green clay partings. Beds
are 1-3 inches (2.5-7.6 cm) thick.
Forms small ridge.

364. Siltstone and mudstone, light-olive
gray, weathers olive brown, sandy
and micaceous. Thin-bedded to
shaly. Upper third contains pelecy
pods, brachiopods, and plant debris
and is a bioturbated, poorly bedded
mudstone; megafossil collection
USGS 27356-PC was obtained from
these beds. (Locality BM7801 in
Baltz and O'Neill, 1984.) Unit forms
slope; upper part well exposed in
bulldozed ranch road.

363. Sandstone, conglomeratic, light
reddish-gray, arkosic. Composed of
angular to subangular, coarse sand
and granules; about 25 percent of
clasts is pink feld par. Contains nu
merous rounded to subrounded

Thickness 
ft m 

13 4 

3.5 1.1 

6.2 1.9 

44 13.4 
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pebbles of quartz, quartzite, and 
schist. Forms massive, strong ridge. 

362. Concealed; slope.
361. Sandstone, conglomeratic, light

grayish-brown, weathers mottled
light reddish gray; arkosic. Com
posed of angular to subangular,
very coarse sand and granules.
Contains scattered small pebbles, as
large as 1 inch (2.5 cm) diameter, of
angular to rounded quartz and pink
feldspar. Bedding is subparallel to
slightly inclined; beds are 2 inch-
10 ft (5 cm-3 m) thick; cross-lami
nated. Forms ridge.

360. Concealed; slope.
359. Claystone, calcareous, and some in

terbedded lenticular argillaceous
limestone; light olive gray. Bedding
is subparallel and unduJatory; beds
are mainly about 1 inch (2.5 cm)
thick. Contains brachiopods and
some pelecypods. Unit weathers to
hard slabby ridge.

358. Claystone, olive-green, thin-bedded
to finely laminated. Forms poorly
exposed slope.

357. Limestone, light- to medium-gray.
Micrite containing numerous com
plete and broken brachiopods (col
lection USGS 27163-PC); contains
gastropods, bryozoans, and algal
filaments. Beds in lower half are 4-6
inches (10-15 cm) thick; beds in
upper half are 2-3 inches (2.5-
7.6 cm) thick, undulatory, and con
tain shale partings. Forms irreg
ularly weathering ridge.

Thickness 
ft m 

29 8.9 
20.8 6.3 

10.6 3.2 
4.3 1.3 

3.9 1.2 

19.5 6 

3.9 1.2 

[Locality of measurement offset about 1,300 ft (400 m) north 
in strike valley by tracing unit 357 northward. Units 357-373 
were measured up east side of valley in steep hogbacks.) 

356. Shale, clay, light-gray to l ight-olive
gray. Contains pods of bioclastic
limestone as much as 3 inches
(7.6 cm) long. Forms slope.

355. Limestone and interbedded clay
shale, gray- to brown-weathering.
Lower part contains clay balls as
large as 1.5 inches (4 cm) diameter;
upper part is mainly brown lime
stone nodules in clay shale.

354. Sandstone, conglomeratic, yellow
ish-olive-weathering, arkosic. Com
posed of angular to subangular,
coarse sand and granules. Contains
scattered small pebbles of angular
quartz and pink feldspar. Middle
third is medium grained and mica
ceous. Forms small ridge on west
side of vaUey.

6 1.8 

4.5 1.4 

9.5 2.9 

[Locality of measurement offset about 150 ft (46 m) north of 
State Highway 518 by tracing unit 354 northward. Units 
354-356 were measured in outcrops at west side of broad al-

Unit Lithology 

luviated valley.) 

353. Shale, clay and micaceous silt, olive
weathering. Contains lenticular
arkosic sandstone to north. Grades
into underlying unit. Poorly ex
posed near east end of roadcut.

352. Sandstone, light-pinkish-tan- to
olive-brown-weathering. Contains
abundant pink feldspar sand and
granules.

351. Shale, clay, silty and micaceous.
Weathers purplish gray to olive
green.

350. Sandstone, conglomeratic, light
pinkish-gray-weathering with pur
ple-weathering stringer; highly
arkosic. Composed of very coarse
sand and granules. Contains peb
bles of vein quartz and pink feld
spar. Partly crossbedded. Forms
ridge.

349. Shale, day, red-purple-weathering.
Contains lenses of granule arkose
near base.

348. Sandstone, pebbly; arkose similar to
unit 350. Forms ridge.

347. Claystone; weathers purple with
olive-green streaks. Silty and cal
careous; contains argillaceous lime
stone nodules 0.25-2 inches
(0.6-5 cm) long. Upper 2 ft (60 cm) is
fine- to medium-grained, mica
ceous, shaly sandstone. Unit forms
slope.

346. Sandstone, purple- to light-pur
plish-brown-weathering, arkosic.
Composed of medium to very
coarse sand and granules; mica
ceous; contains thin siltstone part
ings. Beds are subparallel and are
2-8 inches (5-20 cm) thick. Grades
into underlying unit. Forms irregu
lar slabby ridge.

345. Siltstone, shaly, olive-green, argilla
ceous, micaceous, calcareous. 
Contains 8-inch (20-cm) thick zone 
of nodular, silty limestone at base. 
Forms slope. 

344. Sandstone and interbedded silt
stone, silty limestone, and thin
shale; weathers dark-olive-gray.

343. Sandstone, light-olive- to pink
brown-weathering, fine- to medi
um-grained. Contains lenses of
granule arkose near middle.
Contains some very thin silty clay
interbeds. Beds are subparaUel and
are 0.06-1 inch (0.15-2.5 cm) thick.
Forms irregular slope.

342. Sandstone, conglomeratic, light
pinkish-gray-wea thering, arkosic.
Composed of angular to subangu
lar, very coarse sand and granules.
Contains pebbles, as large as 1 inch
(2.5 cm) diameter, of vein quartz

Thickness 
ft m 

25 7.6 

9.2 2.8 

5.3 1.6 

17.5 5.3 

4.3 1.3 

38 11.6 

15.9 4.9 

5 1.5 

7 2.1 

1.8 0.55 

6.4 2 
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and pink feldspar. Forms ridge. 
341. Siltstone, claystone, and fine

grained sandstone, interbedded;
weathers olive gray; micaceous and 
shaly. Forms notch.

340. Limestone, light-yellowish-olive
weathering, very silty. Contains bra
chiopods.

339. Siltstone and interbedded very fine
grained sandstone and some clay
shale. Weathers purple to light
olive-green. Micaceous and slightly
calcareous; contains a few small
pods of sandy limestone. Forms
slope.

338. Sandstone, conglomeratic, light
pinkish-gray-weathering, arkosic.
Composed of angular to subangu
lar, very coarse sand and granules.
Contains pebbles, as large as 1 inch
(2.5 cm), of vein quartz and pink
feldspar. Forms ridge.

337. Shale, day and silt, purplish-brown
weathering, highly micaceous. Mid
dle 1.5 ft (45 cm) is marly, nodu
lar limestone. Forms slope.

336. Sandstone, light-purplish-brown
weathering. Coarse-grained at base,
but mainly fine to medium grained;
micaceous and sljghtly feldspathic.
Middle 1-2 ft (30-60 cm) is purple
to olive, micaceous siltstone and
claystone. Thin bedded to shaly and
crossbedded. Forms small ridge.

335. Claystone, dark-olive-gray. Lower
1 ft (30 cm) contains limestone nod
ules and weathers purplish-gray.
Forms slope.

334. Limestone, nodular, Iight-olive
gray- to purple-weathering; con
tains some interbedded red clay.
Nodules are micrite, 0.06-6 inches
(0.16-15 cm) long. Forms slight, ir
regular ridge.

333. Shale, clay and silt, light-purplish
red with olive streaks; slightly mica
ceous. Upper 1 ft (30 cm) contains
reddish-brown limestone nodules
as much as 6 inches (15 cm) long.
Forms slope.

332. Sandstone, light-purple-gray to
light-olive-green, arkosic. Com
posed of fine to very coarse sand
and granules of quartz and pink
feldspar. Forms slight ridge.

331. Shale, clay, dark- to light-purple
weathering, calcareous, slightly
marly. Forms notch.

330. Limestone, nodular, and interbed
ded claystone; weathers light-olive
to purple. Limestone nodules are ir
regularly shaped and are 0.25-3
inches (0.6-7.5 cm) long. Claystone
is about 20 percent of unit. Forms
irregular ridge.

329. Limestone, light-gray, weathers

Thickness 
ft m 

14 4.3 

5.6 1.7 

0.6 0.18 

15.8 4.8 

22 6.7 

16.2 4.9 

9.5 2.9 

5.8 1.8 

1 0.3 

6.8 2 

3 0.9 

2 0.61 

2.2 0.67 

Unit Lithology 

light purplish gray. Unit is mainly 
limestone nodules, 0.25-4 inches 
(0.6-10 cm) long, in a matrix of thin
ly laminated, shaly, gray limestone. 
Nodules are fine grained to micritic. 
Finely comminuted fossil fragments 
form much of matrix; broken and 
unbroken brachiopods are common 
floating in matrix. Contains scat
tered fusulinids; collection f10121 
from outcrop at south side of high
way contains Beedeina acme. Beds 
are 8 inch-1.5 ft (20-45 cm) thick 
and generally parallel. Forms strong 
ridge. 

328. Shale, calcareous, and interbedded
lenticular to nodular limestone;
weathers olive-gray. Forms notch.

327. Limestone, light-gray, slightly no
dular. Micrite containing some
fossil fragments.

326. Shale, clay, very-light-olive-green,
marly. Contains small limestone
nodules. Forms notch.

325. Limestone, nodular, gray to green
ish-gray with some purple staining.
Contains several 1-inch (2.5-cm)
thick calcareous shale beds. Undu
latory bedded. Contains small fossil
fragments. Forms irregular ridge.

324. Shale, clay, dark-olive-green, weath
ers light olive green, calcareous.
Contains many nodules of gray,
dense limestone. Some nodules are
primary and are in zones parallel to
bedding; other nodules are sec
ondary and located along joints.
Upper fourth of unit contains lenses
of limestone and nodules. Locally
slope.

323. Limestone, light-gray; faintly lami
nated micrite. Beds are 1 inch-1 ft
(2.5-30 cm) thick, parallel, and
slightly undulatory. Contains scat
tered brachiopods and algal fila
ments. Upper half is silty and finely
laminated and contains interbeds of
shaly limestone. Forms ridge.

322. Shale, clay, olive-green. Contains
thin beds of marly shale and some
brachiopods. Upper part is calcare
ous shale and, near the top, contains
thin lenses of limestone. Forms
slope.

321. Limestone, nodular, light-ye!Jow
ish-olive; contains thin interbeds of
gray day shale. Nodules are recrys
talbzed and are 1-2 inches (2.5-5
cm) thick and 2-8 inches (5-20 cm)
long. Nodules contain poorly pre
served indeterminate fusulinids.
Upper 8 inches (20 cm) is slightly
oolitic, evenly bedded, silty lime
stone. Unit forms small irregular
ridge.

320. Siltstone, light-olive-gray; slightly

221 

Thickness 
ft m 

7.5 2.3 

0.6 0.18 

1.3 0.4 

1 0.3 

1.7 0.52 

9.7 3 

12.3 3.8 

15.5 4.6 

2.7 0.82 
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calcareous and micaceous. Contains 
brachiopods. Grades into underly-

Thickness 

ft m 

ing unit. 1 0.3 
319. Claystone and interbedded silt

stone, olive-green, purple-mottled.
Bedding slightly irregular. Forms
slope. 8.5 2.6 

318. Sandstone and interbedded silt
stone and claystone; sandstone
weathers dark purplish gray; silt
stone and claystone weather olive
green to purple. Sandstone is very
fine grained and forms ribs about
6 inches (15 cm) thick. Unit forms ir-
regular slope. 6 1.8 

317. Sandstone, conglomeratic, feld
spathic; similar to unit 313. Forms
ridge. 20.5 6.3 

316. Shale, purplish-gray; similar to unit
310. Forms slope. 16.2 5 

315. Sandstone, conglomeratic, feld
spathic; similar to unit 313. Beds are
6-10 ft (1.8-3 m) thick. Grades into
underlying unit. Forms minor ridge. 24 7.3 

314. Sandstone, conglomeratic, olive
green, purplish-gray near base,
arkosic. Composed of coarse to very
coarse sand and granules. Lower
third is granules and pebbles as
large as 2 inches (5 cm) diameter.
Pebbles are subangular to subround
and are composed of quartz, shale,
and pink feldspar. Highly crossbed
ded; beds are 1 inch-1.5 ft
(2.5-45 cm) thick. Moderately in-
durated. 7 2.1 

313. Sandstone, conglomeratic, yellow
ish-gray- to light-greenish-gray
weathering, feldspathic. Composed
of coarse sand and granules; 10-20
percent of clasts is feldspar. Con
tains lenses of pebbles and scattered
pebbles; pebbles are angular to sub
round and 0.1-1.5 inches (0.3-3.8
cm) diameter. Pebbles are pink feld
spar, vein quartz, greenish-gray
quartzite, quartz-mica schist, and
shale. Essentially one massive cross-
laminated bed. Forms minor ridge. 24.5 7.5 

312. Siltstone and interbedded clay
stone; olive- to purple-weathering. 
Grades into underlying unit. Forms 
notch. 2.5 0.75 

311. Sandstone, conglomera tic, arkosic;
similar to unit 309. Forms slight
ridge. 6.6 2 

310. Siltstone and some interbedded
claystone; weathers dark purplish
gray with olive-green-weathering
streaks. Lower and middle parts
contain very thin lenses of medium
to coarse-grained arkose. Grades
into underlying unit. Forms slope. 9 2.8 

309. Sandstone, conglomeratic, light
pinkish-gray- to light-olive-gray
weathering, arkosic. Coarse-

Unit Lithology 

grained to very coarse grained; 25 
percent of clasts is pink feldspar. 
Basal 2 ft (60 cm) is conglomerate 
containing pebbles as large as 1 inch 
(2.5 cm); upper part contains scat
tered stringers of pebbles. Pebbles 
are vein quartz and pink feldspar. 
Forms slight ridge. 

308. Siltstone, claystone, and clay shale;
weathers olive gray and purple.
Middle part contains small lime
stone nodules. Upper part poorly
exposed. Forms slope.

307. Siltstone and interbedded very fine
grained sandstone; weathers green
ish-yellow; calcareous. Contains
nodules and lenses of tan to gray,
fine-grained, bioclastic limestone
and silty, micaceous limestone. Beds
are parallel, 1-8 inches (2.5-20 cm)
thick, and undulatory. Forms small
ridge in roadcuts just east of small
valley.

Thickness 

ft m 

7.2 2.2 

13 4 

12 3.7 

[Locality of measurement offset about 590 ft (180 m) south 
by tracing unit 307 south to roadcuts on New Mexico 
Highway 518 at east side of small valley. Units 307-353 mea
sured in roadcuts to east.) 

306. Shale, olive-gray, poorly exposed.
Contains some thin, medium-gray
limestone. Brachiopods occur in
some beds. Forms slope.

305. Sandstone, light-olive-gray, fine
grained, feldspathic, micaceous.
Crossbedded and finely laminated.
Forms slope on east side of small
gully.

304. Sandstone, conglomeratic, olive- to
orangish-gray, brown-mottled, ar
kosic. Coarse-grained to very coarse
grained; contains pebbles as large as
1 inch (2.5 cm) diameter. Pink feld
spar is 15-30 percent of unit and
ranges from coarse sand to pebble .
Sharp, channeled contact with un
derlying unit. Forms a mod
erate ridge.

303. Mainly concealed; slope. Part of
unit is red-weathering shale.

302. Sandstone, conglomeratic, olive- to
orangish-gray, arkosic. Composed
of very coarse sand, granules, and
pebbles as large as 1 inch (2.5 cm)
diameter. Pink feldspar is 15-30 per
cent of sand and pebbles. Cross
bedded; beds are 6 inch-2.6 ft
(15-76 cm) thick. Contains red shale
interbeds as much as 3 ft (90 cm)
thick. Forms strong ridge.

301. Sandstone, light-olive-green to
light-olive-brown. Fine- to medium
grained, highly micaceous, slightly
feldspathic. Beds are subparallel
and 0.5-8 inches (1.3-20 cm) thick.
Forms several slight ridges.

60.5 18.5 

12 3.7 

12.8 3.9 

13.5 4.1 

41.4 12.6 

15.8 4.8 
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300. Shale, light-olive-green, poorly ex-

Thickness 
ft m 

posed. 6.5 2 
299. Shale, slightly reddish-gray-weath

ering, poorly exposed. Contains nu
merous limestone nodules that are
0.25-2 inches (0.6-5 cm) in maxi
mum dimension. Forms notch. 12 3.7 

298. Sandstone, conglomeratic, light
orangish-gray, arkosic; similar to
unit 291. Crossbedded; beds are
2 inch-2 ft (5-60 cm) thick. Forms
moderate ridge. Thickness approxi-
mate. 24.5 7.5 

297. Siltstone, olive-green, micaceous.
Contains thin, irregular beds of
light-gray limestone and limestone
concretions. Beds are 0.25-2 inches
(0.6-5 cm) thick, subparallel, and
undulatory. Forms small, hard ridge. 9 2.8 

296. Shale, clay, light-olive-green-weath
ering; silty and slightly micaceous.
Contains an 8 inch (20 cm) thick
brownish-gray limestone bed near
top. Forms slope. 14 4.3 

295. Shale, clay, medium- to dark-gray,
silty, slightly micaceou . Contain
several 2 inch (5 cm) thick limestone
beds that have numerous bra
chiopod . Forms slope on east side
of gully. 21 6.4 

294. Concealed; slope overlain by
slumped sand tone lab . 29 8.9 

[Locality of measurement offset about 425 ft (130 m) north 
along small strike valley by tracing unit 293 northward from 
roadcuts on ew Mexico Highway 518. Units 294-306 mea
sured in arroyos and ridges east of valley.] 

293. Sandstone, conglomeratic, arkosic;
similar to unit 291; contains pink
feldspar clasts. Beds are as much as
5 ft (1.5 m) thick in lower part and
2-6 inches (5-15 cm) thick in upper
part. Forms ridge west of small allu
vial valley. Top not exposed in road
cut; thickne approximate.

292. Siltstone and interbedded very fine
grained sandstone, olive-gray, mica
ceous, shaly. Forms notch.

291. Sandstone, conglomeratic, light
olive-gray, arkosic. Composed of
angular to subangular, coarse sand
and granules; contains pebbles as
much as 1 inch (2.5 cm) diameter of
pink feldspar, quartzite, amphibo
lite schist, and green shale. Upper
third contains thin shale interbeds.
Forms ridge.

290. Shale, silt and clay, olive-green to
splotchy purple-weathering. Forms
notch.

289. Sandstone, light-olive-gray, arkosic.
Similar to unit 283. Forms strong
ridge. Channels into underlying
unit.

288. Shale, iltstone, and very fine

20 6.1 

4 1.2 

8.5 2.6 

5.6 1.7 

11 3.4 

Unit Lithology 

grained sandstone, weathers gray 
ish red to olive green; micaceous; 
contains some pink feldspar gran
ules. Forms irregular slope. 

287. Sandstone, conglomeratic, arkosic;
similar to unit 283. In parts of unit,
50 percent of sand grains are pink
feldspar.

286. Shale, clay, green to purplish-gray,
silty. Contains limestone nodules.

285. Siltstone, greenish-gray, calcareous.
About 20 percent of unit is light
gray limestone nodules that are as
much as 2 inches (5 cm) diameter.
Upper half is shaly. Purplish-gray
near top.

284. Sandstone, arkosic, and interbed
ded shaly sandstone and sandy
shale, all slightly micaceous; weath
e rs light-olive-gray to faintly pur
plish-gray. About 40 percent of unit
is sandstone in lenticular beds 2
inch-1.3 ft (5-40 cm) thick; clasts are
fine to very coarse sand and gran
ules. Bedding subparallel and
lightly irregular. Forms slope.

283. Sandstone, conglomeratic, light
olive-gray, arkosic. Composed
mainly of angula r to subangular,
coarse sand and granules. BasaJ 2 ft
(60 cm) is conglomerate containing
granules and pebbles, as large as
1 inch (2.5 cm) diameter, of pink
feldspar, quartzite, and amphibolite
schist. Upper part is imilar, but
pebbles are smaller. At place the
matrix of the sandstone is chloritic
green clay. Slightly inclined bed
ding; cross-laminated. Beds are
0.5-2.5 ft (15-75 cm) thick. Forms
moderate ridge.

282. Siltstone, greenish-gray, purple
mottled, argillaceous, slightly mica

ceous. Contains greenish-gray lime
stone nodules up to 2 inches (5 cm)
diameter. Forms gentle slope.

281. Sandstone, conglomeratic, light
greenish-gray, brown-mottled, feld
spathic. Composed of angular to
subangular, very coarse sand and
granules; about 20 percent is pink
feld par clasts that range up to
0.25 inch (0.6 cm) diameter. Slightly
inclined bedding; beds are 2-4 inch
es (2.5-10 cm) thick. Forms small ir
regular ridge.

280. Siltstone, shaly, and interbedded
shaly sandstone, weathers purplish
red. Sandstone ranges from very
fine grained and micaceous to very
coarse grained. Siltstone is mica
ceous. Some irregular bedding and
channeling in upper part. Forms
gentle slope.

279. Sandstone, conglomeratic, light-yel
lowish-gray, brown-mottled; weath-
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Thickness 
ft m 

10 3 

1 0.3 

0.5 0.15 

3 0.9 

7.4 2.3 

10.6 3.2 

5.6 1.7 

3.4 

16 4.9 
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ers light yellowish olive-green; feld
spathic. Composed of angular to 
subangular, coarse quartz sand and 
granules; about 15 percent is pink to 
yellow feldspar clasts. Contains 
scattered pebbles, 0.1-1 inch 
(0.3-2.5 cm) diameter, that are 
quartz and pink feldspar. Contains 
several 2-4-inch (5-10-cm) thick 
shale beds. Subparallel to crossbed
ded; beds in lower part are about 3-
ft (1 m) thick; beds in upper part are 
2 inch-2 ft (5-60 cm) thick. Contact 
with underlying unit is channeled. 
Forms strong ridge. 

278. Shale, greenish-gray; lower third lo
cally weathers red. Mainly argilla
ceous siltstone, middle third con
tains a micaceous, medium-grained
sandstone bed.

277. Sandstone, conglomeratic, light
brown with some medium-brown
mottling; weathers light brownish
gray. Composed mainly of angular
to subangular, medium quartz
sand; about 5 percent is pink to gray
feldspar clasts. Contains scattered
granules and lenses of granules.
Upper half contains limestone nod
ules and stringers of quartz pebbles
as much as 0.5 inch (1.3 cm) diame
ter. Crossbedded and cross-laminat
ed; beds are 2 inches-2 ft (2.5-
60 cm) thick. Forms low ridge at
east side of small strike valley.
Exposed in roadcut.

Total thickness of Alamitos Formation: 

Thickness 
ft m 

11 3.4 

2.7 0.82 

6.2 1.9 
1,041 317.7 

[Locality of measurement offset about 300 ft (90 m) south to 
roadcuts by tracing unit 277 south from topographic saddle 
at head of small valley. Units 277-293 measured eastward in 
roadcuts at north side of New Mexico Highway 518.] 

Porvenir Formation (reference section): 
276. Shale, clay, silty, and interbedded

shaly sandstone; light-olive-gray to
light-olive-brown. Mostly shale.
Sandstones are fine-grained to very
fine grained and micaceous; beds
are as much as 2 inches (5 cm) thick.
Lower half poorly exposed; con
tains nodules of gray, micritic, silty
limestone. Near top some nodular
limestones contain fusulinids; col
lection £10149 contains Beedeina aff.
B. rockt;montana, Wedekindellina sp.,
and Bradyina sp. Forms slope in low
topographic saddle.

275. Limestone, medium-gray, weathers
light-olive-gray. Coquina composed
of crinoid columnals and large bra
chiopods and comminuted fossil
fragments. Forms slight ridge.

274. Shale, similar to unit 272.
273. Limestone, medium-gray, weathers

brownish gray. Composed of fine-

21.5 6.6 

1.2 0.37 
39 11.9 

Unit Lithology 

to coarse-grained fragments of 
crinoid columnals and bryozoans; 
as much as 20 percent is angular, 
coarse quartz sand. Unit is two 
limestone beds separated by thin 
shale bed. Forms slight ridge on 
gentle slope. 

272. Shale, clay, medium-gray, slightly
silty, slightly carbonaceous. Weath
ers to chips and flakes. Forms gentle
slope in saddle.

Thickness 
ft m 

2 0.6 

46.4 14.1 

[Locality of measurement offset about 75 ft (23 m) south to 
gently sloping topographic saddle. Units 272-276 measured 
east across saddle.] 

271. Sandstone, light-olive-gray, fine- to
medium-grained, micaceous, silty.
Crossbedded and finely cross-lami
nated. Slabby weathering; forms
small ridges. 9.1 2.8 

270. Sandstone, light-olive-gray, feld
spathic. Composed of angular to
subangular, medium quartz sand;
micaceous; about 10 percent of sand
is pink feldspar. Crossbedded and
cross-laminated. Slabby weather
ing; forms steep slope. 31.2 9.5 

269. Concealed. Probably shale and thin
sandstone. 14.7 4.5 

268. Limestone, light-gray, micritic, silty,
sandy. Contains bryozoan frag
ments and algal filaments. Forms
small ridge. 1 0.3 

[Locality of measurement offset about 50 ft (15 m) to south. 
Units 268-271 measured eastward.] 

267. Concealed. Probably shale and thin
sandstone.

266. Sandstone, light-olive-gray, feld
spathic. Composed of angular to
subangular, very coarse sand and
granules; about 15 percent is pink
feldspar, with some gray feldspar
and a trace of muscovite. Slightly
calcareous. Crossbedded; beds are
0.5-1 ft (15-30 cm) thick. Slabby
weathering; forms low ridge.

11.5 3.5 

50 15.3 

[Locality of measurement offset about 100 ft (30 m) north to 
small gully. Units 266-267 measured east along gully.] 

265. Concealed. Probably shale. Forms
slope.

264. Limestone, light-gray, fine-grained,
very silty. Contains isolated pockets
of broken brachiopods and angular
quartz granules. Bedding slightly
undulatory and subparallel; beds 1-
3 inches (2.5-7.5 cm) thick. Blocky
weathering; forms slope.

263. Concealed where measured. Where
exposed along strike, interval is bio
clastic limestone and interbedded
thin coarse-grained calcareous
sandstone.

13.9 4.2 

6.5 2 

2.5 0.76 
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262. Limestone, light-gray, very coarse
grained, bioclastic. Lower pait con
tains numerous algal filaments.
Upper half contains limestone peb
bles in fine-grained matrix. Con
tains Jen es, 6-8 inches 05-20 cm)
long, of quartz pebbles that are as
large as 0.25 inches (0.6 cm) diame
ter. Forms small ridge.

261. Sandstone, light-tan, locally brown
mottled. Composed of well-sorted,
angular to subangular, medium to
coarse quartz sand and a trace of
weathered, yellowish-gray feldspar.
Calcareous cement. Bedding ob
SCUie. Forms small ridge.

260. Limestone, light-gray to light-tan,
coarse-grained, bioclastic. Unit is a
coquina composed of fragments of
brachiopods, crinoid columnals,
bryozoans, some corals, and a trace
of encrusting algae. Slightly recrys
tallized. Upper 2 ft (60 cm) is sandy.
Grades abruptly into underlying
unit and forms one ridge with it.
Forms strong ridge on high part of
hill about 325 ft (100 m) north of
New Mexico Highway 518.

259. Limestone, light-gray to light-tan,
bioclastic. Unit is very sandy; con
tains subangular granules and peb
bles as large as 0.5 inch (1.27 cm) of
quartz and weathered pink and
gray feldspar. Cross-laminated;
laminae are inclined toward south.

258. Shale, clay, silty, medium-gray;
weathers light olive gray. Contains
interbedded clayey siltstone and a
few 1-1.5-inch (2-3-cm) thick beds
of calcareous sandstone and sandy
limestone. Forms slope.

257. Limestone; coquina similar to unit
251. Forms ridge.

256. Shale, similar to units 258 and 252.
Forms slope.

255. Limestone; coquina similar to unit
251. Forms mall ridge. Contains a
few fusulinids; collection f10148
contains Beedeina aff. B. joyitaensis.

254. Shale, similar to units 258 and 252.
Forms slope.

253. Limestone; coquina similar to unit
251. Forms ridge.

252. Shale, clay, silty, medium-gray;
weathers light olive gray. Contains
interbedded clayey siltstone and a
few 1-inch (2.5-cm) thick beds of
calcareous sandstone and sandy
limestone. Forms slope.

251. Limestone, medium-brownish-gray,
weathers light grayish brown. Unit
is a coquina consisting mainly of
broken brachiopods and small bra
chiopod fragments but containing
also fragments of crinoid columnals
and bryozoans. Contains angular to

Thickness 

ft m 

6.4 2 

10 3 

10 3 

1.5 0.46 

10 3 

1.5 0.46 

7 2.1 

0.6 0.18 

6 1.8 

3 0.9 

20 6.1 
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subangular, fine to coarse quartz 
sand and granules scattered 
truoughout. Bedding is slightly un
dulatory; beds are 1-6 inches 
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Thickness 

ft m 

(2.5-15 cm) thick. Forms small ridge. 1.2 0.37 
250. Sandstone, and interbedded silt

stone and limestone, medium-gray;
weathers light olive gray. Sandstone
is fine grained, highly calcareous,
and contains interbedded calcare
ous siltstone and undulatory-bed
ded to nodular, gray silty fine
grained limestone. About 20 percent
of unit is limestone. Brachiopods
and other fossils are scarce. Bedding
is parallel to subparallel; beds are
2 inch-I ft (5-30 cm) thick. Unit has
a banded appearance because lime
stones are slightly more resistant to
weathering than other beds. Forms
a bare, relatively smooth, steep
slope on east wall of small
canyon. 57.5 17.5 

249. Claystone, silty, dark-gray, weathers
light olive brown. Unit is finely lam
inated but not fissile. Upper 5 ft
(1.5 m) is silty sandstone that grades
into overlying unit. Weathers to an
gular chips and forms steep slope
on east side of small canyon. 35 10.7 

248. Limestone, medium-gray, weathers
grayish brown. Coquina of frag
ments of brachiopods, crinoid
columnals, and bryozoans. Frag
ments are as large as 1 inch (2.5 cm)
and are in a matrix of finer bioclas
tic material. Silty and slightly sandy.
Forms small ridge. 1 0.3 

247. Sandstone, light-olive-brown, fine
to medium-grained, micaceous.
Near the top is 2-ft (60-cm) thick
bed containing granules of pink
feldspar. Unit is thin bedded, slabby
weathering, and forms a slope. This
unit is the top of rocks that are gen
erally correlative with the sand
stones of Fragoso Ridge of areas to
the south. 12.6 3.8 

246. Sandstone, conglomeratic, feld
spathic; similar to unit 237.
Contains angular pebbles of weath
ered pink feldspar as large as
0.5 inch (1.3 cm) diameter. As much
as 15 percent of some beds is feld
spar. Slab by
weathering; forms mall ridge. 8.5 2.6 

245. Siltstone and claystone, light-olive
gray. Upper two thirds is mainly
clay shale containing light-gray
limestone nodules 0.25-1.5 inches
(0.6-3 cm) long. Forms slope. 10.4 3.2 

244. Sandstone, brownish-olive-weath
ering, feldspathic. Fine- to coarse
grained; some beds contain
stringers of angular clasts of pink
feldspar; slightly calcareous. Beds
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are 1-6 inches (2.5-15 cm) thick. 
Slabby weathering; forms small 
ridge. 

243. Mainly concealed. Float and a few
small exposures indicate olive
green day shale containing small
gray limestone nodules. Forms
slope.

242. Sandstone, similar to unit 237, very
coarse grained, feldspathic. Con
tains fragment of Calamites trunk
3 inches (7.6 cm) in diameter and
6 inches (15 cm) long. Forms
strong ridge.

241. Sandstone, light-olive-brown, fine
to medium-grained, micaceous.
Beds are subparallel and about
1 inch (2.5 cm) thick. Slabby weath
ering; forms ledge.

240. Concealed.
239. Mainly concealed; a few small out

crops indicate mainly shale. Num
erous gray limestone nodules litter
the slope and are weathering from
this unit. These nodules are "ar
mored" around the outside with
fusuJinid tests and probably are fos
sil burrows with tests packed in the
walls. Fusulinid collection f10147
contains Beedeina aff. B. socorroensis
and Bradyina sp.

238. Sandstone, olive-gray, fine-grained,
shaly, poorly exposed. Forms slope.

237. Sandstone, conglomeratic, light
olive-green, feldspathic. Composed
of angular to subangular, very
coarse sand and granules. About 10
percent is angular clasts of pink
feldspar ranging from granules to
pebbles as large as 0.5 inch (1.3 cm).
Crossbedded; highly irregular beds;
beds are 4 inch-1.5 ft (10-45 cm)
thick. Appears to be a stream-chan
nel deposit. Forms moderate slab
by-weathering ridge.

236. Concealed.
235. Shale, clay, red-weathering.
234. Shale, clay, olive-green. Upper 1 ft

(0.3 m) is olive-green, fine-grained,
micaceous, shaly sandstone. Forms
slope.

233. Sandstone, pinkish-gray, fine-grain
ed, thin-bedded to finely laminated.
Forms slope.

232. Shale, clay, gray to greenish-gray in
lower part, purplish-red in upper
two thirds. Unit is marly; lower part
contains limestone nodules 0.25-
2 inches (0.6-5 cm) long. Forms slope.

Thickness 
ft m 

14.4 4.4 

11.6 3.5 

10.4 3.2 

7 2.1 
4.2 1.3 

2.3 0.7 

21 6.4 

15.5 4.7 
6.7 2 
2 0.61 

4.6 1.4 

2 0.61 

8 2.4 

[Units 232-243 were measured eastward along slope about 
half way up hill north of New Mexico Highway 518.] 

231. Sandstone, light-gray, weathers
light orange yellow, arkosic. Com
posed of angular to subangular,

Unit Lithology 

coarse sand and granules. Contains 
pink feldspar granules and pebbles 
as large as 0.25 inch (0.6 cm). 
Irregularly bedded. Slabby weath
ering; forms slope. This unit is fold
ed into a small anticline and a syn
cline and appears to be a stream
channel sandstone that thickens 
west and locally cuts out the under
lying units down to unit 225, then 
thins westward. Measured in east
dipping ridges on slope above road
cut. Probably equivalent to poorly 
exposed slabby sandstone at east 
end of roadcut on New Mexico 
Highway 518. 

230. Concealed.
229. Limestone, light-gray, bioclastic,

medium- to coarse-grained, silty.
Forms small ledge.

228. Concealed.
227. Limestone, medium-gray, micritic,

silty. Contains numerous fossil frag
ments as much as 0.06 inch
(0.16 cm) diameter. Contains fusu
linids; collection f10146 contains
Beedeina cf. B. novamexicana and
Wedekindellina sp. Forms small ledge.

226. Shale, clay, gray; poorly exposed.
Forms notch.

Thickness 
ft m 

22.8± 6.9± 
1 0.3 

0.3 0.09 
1 0.3 

0.5 0.15 

0.5 0.15 

[Unit 225 was traced back westward to central part of road
cut. Units 226-230 measur d on slopes above roadcut.] 

225. Sandstone, light-gray, weathers
light yellowish orange; medium- to
coarse-grained, micaceous. Bedding
is subparallel; thin bedded to f inely
laminated; cross-laminated. Unit is
a channel sandstone that thickens
westward and cuts out underlying
units down to unit 222. In central
part of roadcut this sandstone is
gently folded and forms the promi
nent ledge at the top of the cut. Unit
is the base of rocks generally correl
ative with the sandstones of
Fragoso Ridge of areas to the south.

224. Shale, silty, olive-gray-weathering.
Forms notch.

223. Limestone, medium-gray, weathers
light brown. Micrite containing
scattered fragments of crinoid
columnals, bryozoans, and brachi
opods. Collection £10133 contains
the fusulinids Beedeina sp. and
Wedekindellina cf. W. coloradoensis.
Forms two small ledges separated
by a 6-inch (15-cm) thick notch
forming unit of nodular lime
stone and clay shale.

222. Shale, clay, gray; contains interbed
ded rusty-brown weathering shaly
sandstone. Forms notch. Angular
unconformity apparent at base.

221. Sandstone, silty limestone, and

16± 4.9± 

0.6 0.18 

1.8 0.55 

0.5 0.15 



Unit Lithology 

sandy clay shale, interbedded. Beds 
are 1 inch-1.6 ft (2.5-18 cm) thick. 
Unit thi ckens eastward but is cut 
out westward by angular unconfor
mity with overlying unit. 

220. Shale, clay, gr ay. Grades eastward
into feldspathic-sandstone lens sim
ilar to unit 219.

Thickness 
ft m 

0-3 0-0.9 

2.7 0.82 

[Unit 219 was correlated with thick sandstone east of small 
syncline and just above road level to the east. Units 220-225 
measured eastward to near east end of roadcut. Above unit 
219 in western part of roadcut is notch-forming, shaly, 
coarse-grained sandstone about 5.5 inches (13 cm) thick. 
This is overlain by thin, silty, brownish-gray limestone that 
forms a small ledge and contains fusulinids. These two units 
do not appear to be present above unit 219 in roadcut to east. 
Collection f10145 from the limestone contains Beedeina cf. B.

pattoni, Wedekindellina sp., and Bradyina sp.] 

219. Sandstone, conglomeratic, light
gray, weathers light brownish gray,
feldspathic. Composed of angular
to subangular, very coarse sand and
granules; about 10 percent is yellow,
weathered feldspar grains. Con
tains lenses of angular quartz peb
bles as large as 0.5 inch (1.3 cm) di
ameter and some feldspar pebbles.
Strongly crossbedded and cross
laminated. Forms strong slabby
ledge near west end of roadcut on
New Mexico Highway 518.

218. Shale, olive-green-weathering;
mainly thinly laminated siltstone;
upper 1 ft (0.3 m) is thin-bedded,
fine- to medium-grained sandstone.
Forms irregular slope.

217. Limestone, light-gray, weathers
brownish olive green. Bioclastic and
sandy; lower half is nodular. Forms
small ridge.

216. Limestone, light-grayish-tan,
weathers light grayish brown.
Coarse-grained calcarenite contain
ing much quartz silt and fine to very
coarse sand and granules of quartz;
lower part is mainly calcareous
sandstone. Crossbedded and cross
laminated; probably a channel de
posit. Unit forms small strong ridge.
Contains fusulinids in upper 6 inch
es (15 cm).

13 4.0 

21 6.4 

1.8 0.55 

3 0.9 

[Unit 216 is about the stratigraphic position of fusulinid col-

Unit Lithology 

227 

Thickness 
ft m 

lection f10135 from sandy oolite on ridge about 600 ft 
(180 m) south of Mora River (locality B7611 in Baltz and 
O'Neill, 1984). Collection f10135 contains Beedeina aff. B. ari
zonensis, Wedekinde/lina excentrica, and Fusulinella aff. F.

dosensis.] 

215. San dstone, conglomeratic, light
orangish-gray-weathering, feld
spathic. Composed of angular
coarse to very coarse sand and
granules of quartz and yellowish
gray, weathered feldspar; contains
lenses of pebbles of angular quartz,
as much as 1 inch (2.5 cm) diameter,
and feldspar. Crossbedded; steeply
inclined laminae in some beds indi
cate intra-unit channeling. Contact
with underlying unit is channeled.
Forms moderate ridge.

214. Shale, clay, silty, gray- to brown
weathering. Bedding is contorted
by differential compaction.

213. Sandstone, light-yellowish-olive
gray-weathering, coarse-grained,
feldspathic.

212. Sandstone, and interbedded silty
limestone; light-gray, weathers light
olive gray. Sandstone is fine-grained
to very fine grained and calcareous;
beds are 0.25 inch-1 ft (0.6-30 cm)
thick. Limestones are silty fossilifer
ous lenses 1 inch-1 ft (2.5-30 cm)
thick. Some limestone beds grade
laterally into calcareous sandstone.
Unit forms slabby irregular slope
because of differential weathering
of sandstone and limestone. Base
concealed by alluvium at east edge
of broad valley. Unit is probably
about 30 ft (9 m) thick, but mea
sured partial thickness is given.
Base of section K.

Total thickness of Porvenir Formation: 

5 1.5 

1 0.31 

3.5 1.1 

18.5+ 5.6+ 
679.9+207+ 

[Locality of measurement offset about 4,000 ft (1,220 m) 
south-southwest by tracing unit 212 from locality J7 to out
crops at locality K just north of New Mexico Highway 518 
near Mora River. Base of unit 212 is west end of locality K. 
Units 212-219 were measured eastward up the ridge north 
of culvert for irrigation ditch at east edge of broad, south
draining valley, and about 100 ft (30 meters) north of west 
end of roadcut. See description of locality L for supplemen
tary description of lower part of Porvenir Formation and 
upper part of Sandia Formation that were measured about 
2,000 ft (600 m) north of New Mexico Highway 518.] 
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Section J 

Top of unit 211 is top of Sandia Formation and is the east end of locality J7. Unit 211 at this locality is overlain by thin
bedded, fine-grained, shaly sandstone and interbedded thin limestone of Porvenir Formation (unit 212) in a narrow syn
cline. These basal beds of the Porvenir are exposed again farther east in a broad saddle on the crest of a narrow anticline. 
Fusulinid collection £10137 from limestone of the Porvenir just above unit 212 in the syncline about 150 ft (45 m) south of J7 
contains Fusulinella aff. F. dosensis, Wedekindel/ina sp., and Bradyina sp. Collection f10300 from similar limestone near base of 
the Porvenir east of the anticline contains Beedeina sp. as well as Wedekindellina sp. and Bradyina sp. Localities of measure
ment of composite section J1-J7 of Sandia Formation shown in Figure 89. 

Locality J7 

Unit Lithology Thickness 
ft m 

Sandia Formation (composite reference section) 
211. Shale, dark-gray, weathers olive

gray to olive brown. Poorly exposed
in saddle on drainage divide be
tween Canon de! Agua and Mora
River, but exposures along strike
show unit is mainJy silty, carbona
ceous claystone containing some
thin siltstone and sandstone. Forms
slope in saddle. 100 30.5 

210. Shale, black; mainly fissile carbona
ceous claystone; poorly exposed.
Contains two silty limestone beds
2--4 ft (0.6-1.2 m) thick in upper 9 ft
(2.7 m). Forms slope. 19 5.8 

209. Sandstone, conglomeratic, light-yel
lowish-brown, feldspathic; similar
to unit 207. Composed of very
coarse sand, granules, and pebbles.
Contains some clay and siltstone in-
terbeds. Forms low, irregular ridge. 46.7 14.2 

208. Shale and sandstone, interbedded
in about equal proportions. Sand
stone is olive-green weathering, fine
grained, and micaceous. Shale is
gray claystone and siltstone.
Poorly exposed; forms slope. 7 2.1 

207. Sandstone, olive-brown, feldspath
ic. Basal 2 ft (0.6 m) is fine grained
and thin bedded. Upper part is an
gular to subangular, very coarse
sand and granules; about 10 percent
is yellow, weathered feldspar.
Crossbedded. Forms small rounded
ridge. 5.2 1.6 

206. Shale, clay, silty, olive-brown, mica
ceous. About 20 percent of unit is
fine-grained, shaly sandstone.
Forms slope with numerous small
sandstone ribs. 16.7 5.1 

205. Lin1estone, medium-gray, weathers
brown; slightly silty micrite.
Contains small turritellid snails,
brachiopods, algal filaments, and
fine organic debris; slightly fetid.
Beds are as much as 6 inc11es (15 cm)
thick. Forms slight ridge.

204. Mostly concealed. Upper 5 ft (1.5 m)
is clay shale. Forms slope.

203. Sandstone, medium-olive-gray, 
weathers light olive brown. Fine- to 
m dium-grained, rnicaceous; some 
beds contain yellow to pink feld-
spar granules. Contains some in-

2.4 0.73 

36.7 11.2 

Unit Lithology 

terbedded clayey siltstone . Beds 
range from finely laminated to 
0.25-6 inches (0.6-15 cm) thick. 
Forms slope. 

202. Sandstone, conglomeratic, feld
spathic, similar to unit 197. Med
ium- to coarse-grained; contains
lenses of pebbles that are as large as
2 inches (5 cm) diameter; contains
shaly interbeds.

201. Sandstone, conglomeratic, feld
spathic, similar to unit 197. Forms
three small ridges.

200. Concealed.
199. Limestone, light-brown-gray, sandy,

shaly; very coarsely recrystallized.
Forms small ledges and irregular
slope.

198. Concealed; probably shale and
shaly sandstone.

197. Sandstone, conglomeratic, light
olive-yellow, weathers light orange
brown, feldspathic. Composed of
very coarse sand and granules;
about 15 percent is weathered yel
low feldspar. Contains pebbles as
large as 1.5 inch (3.7 cm) diameter.
Forms small ridge.

196. Concealed.
195. Sandstone, conglomeratic, light-or

ange-brown, feldspathic. Com
posed of angular to subangular,
medium to coarse sand and gran
ules; 5-10 percent is angular yellow
feldspar. Contains scattered lenses
of quartz and feldspar pebbles that
are 0.25--0.5 inch (0.6-1.27 cm) in di
ameter. Crossbedded; beds are
0.25-2.5 inches (0.6-6.5 cm) thick.
Grades in to underlying unit .
Blocky-weathering; forms strong
ridge.

194. Sandstone, light-orange-brown,
fine- to medium-grained, mica
ceous. Bedding is inclined; finely
laminated to 1-inch (2.5-cm) thick
beds. Forms moderate slope.

193. Mainly concealed; sparse outcrops
are interbedded shale and sandy
shale. Forms slope.

192. Sandstone, light-brown; composed
of angular to subangular, fine to
medium sand; micaceous. Beds are
subparallel and 0.25-1.5 inches

Thickness 
ft m 

33 10.1 

2 0.61 

7.5 2.3 
5.6 1.7 

7 2.1 

18.6 5.7 

2 0.61 
10.7 3.3 

68 20.7 

22 6.7 

29 8.8 



Unit Lithology 

(0.6-3.5 cm) thick. Forms slight 
ridge. 

191. Shale and interbedded sandstone,
light-grayish-brown, poorly ex
posed; probably mostly day shale.
Sandstone is fine grained and
slightly calcareous. Shale contains a
few brachiopods and gastropods.
Contains thin, medium-gray lime
stone containing algal filaments.
Forms slope.

190. Sandstone and interbedded shale,
light-brown to light-brownish-gray,
poorly exposed. Sandstone is fine
grained and micaceous; beds are
0.25--1 inch (0.6-2.5 cm) thick; upper
part slightly thicker bedded. Shale
is probably subordinate in amount
to sandstone. Forms slight ridge.

189. "e" sandstone, conglomeratic, light
orangish-gray, weathers light
orangish brown to light reddish

Locality J6 

Unit Lithology 

188. Sandstone, conglomeratic, light-yel
lowish-gray, slightly feldspathic.
Composed of coarse sand and gran
ules and contains feldspar pebbles.
Contains shaly sandstone interbeds.
Forms small ledges and intervening
slopes.

187. Sandstone, light-olive-brown, fine
to medium-grained, highly mica
ceous. Beds are 0.25-3 inches
(0.6-7.6 cm) thick. Forms shaly ap
pearing slope.

186. Sandstone, light-yellowish-gray,
feldspathic. Lower half is fine- to
medium-grained, and shaly. Grades
upward into very coarse-grained
sandstone; about 20 percent is
weathered pink feldspar.Upper part
forms slight ridges.

185. Shale, clay, medium-gray, weathers
light brownish gray, poorly ex-

Locality JS 

Unit Lithology 

181. Sandstone, conglomera tic, feld-
spathic, similar to unit 177. Exposed
in bend of small side canyon. Forms
moderate ridge to north.

180. Concealed; forms notch.
179. Sandstone, conglomeratic, coarse-

grained to very coarse grained;

Thickness 
ft m 

2 0.61 

30.4 9.3 

24 7.3 

Thickness 
ft m 

9.6 2.9 

37 11.3 

9.6 2.9 

Thickness 
ft m 

48 14.6 
14.8 4.5 

Unit Lithology 

brown, feldspathic. Composed of 
angular to subangular, very coarse 
sand and granules. Pebbles as large 
as 0.5 inch (1.3 cm) are abundant, 
and some pebbles are as large as 1.5 
inches (3.8 cm). As much as 20 per
cent of sand and pebbles is yellow 
feldspar. Upper part is crossbedded; 
beds are mainly 2.5 inches-3 ft 
(6-90 cm) thick with some thin 
finer-grained interbeds. Lower part 
is subparallel bedded. Lower 26 ft 
(8 m) is soft and forms discontinu
ously exposed small ridges with 
slopes between. Upper part forms 
persistent, strong, high ridge. Base 
of locality J7. 

2.2.9 

Thickness 
ft m 

66.6 20.3 

[Locality of measurement offset about 900 ft (275 m) south 
along "e" sandstone ridge to locality J7. Unit 189 and higher 
units were measured at locality J7 eastward along the 
drainage divide between Canon de! Agua and Mora River.] 

Unit Lithology 

posed. Outcrops are silty, calcareous 
claystone containing several 6-inch 
(15-cm) thick biodastic limestone 
beds. Forms gentle slope. 

184. Concealed; slope. Exposures to
south indicate unit is probably car
bonaceous black shale.

183. Limestone, light-brownish-gray,
nodular, micritic to medium
grained. Contains a few bra
chiopods and algal filaments. Forms
slope with some small poorly ex
posed ledges.

182. Concealed; slope. Base of locality J6.

Thickness 
ft m 

50 15 

50 15 

20 6.1 
7.5 2.3 

[Locality of measurement offset about 1,000 ft (300 m) north 
by tracing unit 181 along west side of small canyon to 
drainage divide between Canon de! Agua and Mora River. 
Units 182-188 measured eastward at locality J6 in topo
graphic saddle on divide.) 

Unit Lithology 

about 5 percent is white weathered 
feldspar. Contains pebbles as large 
as 0.25 inch (0.6 cm). Crossbedded. 
Forms moderate ridge. 

178. Sandstone, similar to unit 176, but
thicker bedded.

177. Sandstone, conglomera tic, light-

Thickness 
ft m 

5 1.5 

33 10.1 



230 

Unit Lithology 

olive-gray, weathers reddish brown, 
feldspathic. Coarse-grained to peb
bly. Crossbedded; beds are 0.5-6 ft 
(15 cm-1.8 m) thick. Similar to unit 
175. Forms massive-weathering, 
moderate slope. 

176. Sandstone, light-olive-gray, weath
ers brownish gray to reddish gray. 
Composed of angular to subangu
lar, fine to coarse sand; slightly mi
caceous; contains fossil-wood frag
ments. Beds are subparallel and 
0.5-8 inches (1.3-20 cm) thick. 
Slabby weathering; forms slope. 

175. Sandstone, conglomeratic, light-or
ange-gray; upper part is feldspath
ic. Medium-grained to very coarse 
grained, becoming coarser upward. 
Upper part is granule conglomerate 
that contains pebbles, as large as 
1 inch (2.5 cm) diameter, of angular, 
yellowish-gray orthoclase and pla
gioclase feldspar and rock frag
ments. Beds are 0.5-6 ft (15-180 cm) 
thick, subparallel in lower part, and 
crossbedded in upper part. Forms 
moderate, rounded ridge. 

174. Sandstone, light-olive-brown, weath
ers light gray brown. Fine- to medi
um-grained, micaceous. Finely lam
inated to 6-inch (15-cm) thick 
beds. Forms slope. 

173. Shale, gray, clay, poorly exposed. 
172. Sandstone, olive-gray-brown-weath

ering, fine- to coarse-grained, mica
ceous. Forms small ridge. 

171. Concealed; probably clay shale, silt
stone, and very-fine-grained sand 
stone. 

170. Sandstone, tan, coarse-grained to 
granule, micaceous. Contains a 
trace of yellow feldspar. Beds are as 
thin as 1 inch (2.5 cm), but are main
ly 1-1.5 ft (30-45 cm) thick. Cross
laminated and crossbedded. Forms 
small ridge. 

169. Shale, gray, poorly exposed. Upper 
third of unit is fissile claystone con
taining a few 1-inch (2.5-cm) thick 
beds of limestone concretions. 

168. Sandstone, conglomeratic, yellow
ish-gray, weathers reddish gray to 
brown. Composed of angular to 
subangular, medium to coarse sand; 
micaceous. Contains scattered peb
bles as much as 0.25 inch (0.6 cm) 
diameter. Crossbedded and cross
laminated. Forms small, inconspic
uous ridge. 

Thickness 
ft m 

63 19.2 

81 24.7 

145 44.2 

40.3 12.3 
7 2.1 

2.5 0.76 

21 6.4 

11.5 3.5 

32 9.8 

8 2.4 

[Locality of measurement offset about 100 ft (30 m) south 
along alluviated strike valley, still at locality JS. Units 
168-181 measured eastward in small southwest-trending 
canyon tributary to strike valley.] 

167. Concealed by alluvium in bottom of 

Unit Lithology 

strike valley. 
166. Sandstone, conglomeratic, tan, 

weathers light brown gray. 
Composed of angular to subangu
lar, coarse sand and granules; con
tains scattered pebbles 0.25 inch 
(0.6 cm) in diameter; micaceous. 
Beds are 2-3 inches (5-7.6 cm) thick; 
mildly inclined crossbedding. 
Forms inconspicuous ridge on west 
side of arroyo in strike valley. 

165. Sandstone, light-olive-gray, medi
um-grained, micaceous. Beds are 
0.25-2.5 inches (0.6-6.5 cm) thick; 
finely laminated. Forms poorly ex
posed, low, slabby ridge; probably 
contains shaly interbeds in upper 
half. 

164. Sandstone, conglomeratic, light-tan, 
weathers light gray. Composed of 
very coarse quartz sand and gran
ules containing scattered pebbles as 
large as 1.5 inches (3.1 cm) diameter. 
Beds are 4 inches-2 ft (10-60 cm) 
thick; slightly inclined crossbed
ding. Forms moderate ledge. 

163. Concealed; probably shale. 
162. Sandstone, conglomeratic, light

brown, weathers light gray, feld
spathic. Very coarse grained to peb
bly; contains pebbles as large as 
1.5 inches (3.8 cm) diameter. About 
10 percent is angular yellowish
gray feldspar ranging from gran
ules to pebbles 0.25 inch (0.6 cm) di
ameter. Lower part contains lime
stone pebbles as large as 1.5 inch 
(3.8 cm) diameter. Cross-laminated 
and crossbedded. Forms rounded 
ledge. 

161. Limestone, gray-brown, weathers 
light orange brown. Medium- to 
coarse-grained. Contains gastro
pods and brachiopod fragments. 
Finely laminated to 3-inches 
(7.6-cm) thick beds. Poorly ex
posed; forms small ridge. 

160. Concealed; probably calcareous 
shale. 

159. Limestone, light-gray, fine-grained. 
Fine laminae probably are algal 
bands. Locally mostly recrystallized 
and vuggy. Forms small ledge. 

158. Concealed; slope. 
157. Limestone, light-gray, micritic. 

Forms small ledge. 
156. Sandstone, conglomeratic, light

gray. Composed of angular to sub
round, very coarse sand and gran
ules with a few scattered small peb
bles. Slightly calcareous. Forms in
conspicuous ridge. 

155. Sandstone, olive-gray, fine-grained, 
highly micaceous, thin bedded. 
Forms slight, slabby ridge. 

154. Concealed; slope; probably shaly 

Thickness 
ft m 

91 27.8 

10 3 

34 10.4 

5.5 1.7 
20 6.1 

19 5.8 

15.6 4.8 

33 10.1 

5 1.5 
20.5 6.3 

5.5 1.7 

3.5 1.1 

10 3 



Unit Lithology 

sandstone and shale. 
153. Sandstone, yellowish-gray and

brown-mottled, weathers pinkish
gray. Composed of subangular to
subround, coarse sand and gran
ules; about 5 percent is weathered
yellow feldspar. Beds are 1 inch-1 ft
(2.5-30 cm) thick, and irregular to
crossbedded. Forms slabby incon
spicuous ridge.

152. Limestone, medium-gray, weathers
light brown gray. Micrite with silty
and sandy laminae; partly algal.
Forms small ridge.

151. Concealed; slope.
150. Sandstone, conglomeratic, light-yel

lowish-gray, weathers light gray
brown, feldspathic. Composed of
subrounded, medium to very
coarse sand and granules; about 10
percent is angular yellowish-pink
feldspar clasts ranging up to
0.25 inch (0.6 cm) diameter. Beds are
6 inches-1 ft (15-30 cm) thick and
subparallel to crossbedded. Forms

Locality J4 

Unit Lithology 

145. Sandstone, brownish-gray, fine- to
medium-grained, slightly mica
ceous; contains fossil-wood frag
ments. Beds are 1-2 inches (2.5-5
cm) thick. Poorly exposed; probably
contains some interbedded shale.
Forms notch just east of high part

Thickness 
ft m 

37 11.3 

18 5.5 

13 4 
54 16.5 

Thickness 
ft m 

of hogback ridge. 35.4 10.8 
144. "d" sandstone, conglomeratic, light

yellowish-gray, weathers light yel
lowish brown, slightly feldspathic.
Composed of subangular to sub
round, coarse sand and granules;
about 5 percent is weathered yel
lowish-gray feldspar clasts ranging
up to 0.25 inch (0.6 cm) diameter.
Contains scattered quartz pebbles
ranging up to 1 inch (2.5 cm) diam
eter. Beds range from 3 inches-6 ft
(7.6-180 cm) thick. Unit is mildly
crossbedded; local intra-unit chan
nels occur. Upper part forms strong,
high hogback ridge. Lower part is
less resistant, and base is concealed
by talus. 133.5± 40.7± 

143. Concealed; slope mantled by talus
blocks from above. Probably mainly
shale. 70 21.4 

142. Sandstone, medium-brownish-gray.
Very coarse grained at base, but
grades upward into fine- to medi
um-grained, silty, micaceous sand-

Unit Lithology 

inconspicuous ridge. 
149. Sandstone, olive-gray, weathers

medium gray brown. Fine-grained
and highly micaceous. Finely lami
nated to thin bedded. Forms slabby
ridge.

148. Concealed; slope. Nearby outcrops
of unit are shale and fine-grained
micaceous sandstone.

147. Sandstone and shale, similar to unit
145; poorly exposed; forms slope.

146. Sandstone, light-yellowish-gray;
composed of coarse sand and gran
ules; slightly feldspathic. Forms
small ridge just east of top of large
hogback. Thins northward and be
comes inconspicuous. Base of local
ity JS.

231 

Thickness 
ft m 

11 3.4 

9 2.7 

68 20.7 

35 10.7 

5.4 1.6 

[Locality of measurement offset about 1,600 ft (490 m) north 
along top of high hogback ridge by tracing unit 145 to local
ity JS. Units 146-167 measured eastward down slopes into 
large strike valley.] 

Unit Lithology 

stone contammg pods of coarse 
sand. Beds are 0.5-8 inches (13-20 
cm) thick.

141. Limestone, light- to medium-gray,
micritic, fossiliferous; slightly fetid.
Forms slight ridge.

140. Shale, clay, medium-gray; forms
slope.

139. Limestone, medium-gray, weathers
light brownish gray. Micritic; slight
ly fetid; unfossiliferous. Lower half
contains some shaly limestone.
Forms small ridge.

138. Shale, similar to unit 136. Forms
slope.

137. Limestone, dark-gray, weathers yel
lowish orange; unfossiJiferous.

136. Shale, clay, medium-gray, weathers
light greenish gray. Forms slope.

135. Siltstone and claystone, interbed
ded; light-gray to light-olive-gray.
Upper half is mainly claystone with
interbedded thin shaly sandstone.
Forms slope.

134. Sandstone, light-yellowish-gray,
fine-grained, highly micaceous,
slightly calcareous. Finely laminat
ed to 1-inch (2.5-cm) thick beds, sub
parallel. Forms slabby ridge.

133. Sandstone, light-brownish-gray,
weathers light brown. Mainly fine
to medium-grained and micaceous.

Thickness 
ft m 

2 0.61 

4 1.2 

62 18.9 

1.2 0.37 

24.5 7.5 

0.5 0.15 

2.2 0.67 

10.6 3.2 

2.3 0.7 
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Unit Lithology 

Contains some shale and some in
terbedded coarse-grained sand
stone lenses with pebbles as large as 
0.5 inch (1.3 cm) diameter. 

132. Shale, clay, dark-gray, weathers
light gray. Near the top is a light
gray, dense, slightly fetid limestone 
that is 0.5-1.5 ft (15-45 cm) thick. 
Unit forms slope. 

131. Sandstone, light-grayish-brown,
fine- to medium-grained, very mi
caceous. Beds are 2-8 inches
(5-20 cm) thick; irregular to cross
bedded. Forms slight ridge.

130. Shale, clay, medium-gray, weathers
light gray. Slightly calcareous; con
tains some 1-inch (2.5-cm) thick
beds of limestone nodules. About
5 ft (1.5 m) below top of unit is a 2-
ft (60-cm) thick limestone bed. Unit
forms slope.

129. Limestone, medium-gray, weathers
light grayish orange. Micrite; no
fossils observed. Forms small ridge.

128. Shale, clay, medium-gray, slightly
calcareous near top. Forms slope.

127. Sandstone, conglomeratic, greenish
gray, weathers brownish gray.
Composed of angular to subangu
lar, coarse sand containing pebbles
of quartz and rock fragments; con
tains some weathered feldspar.
Forms slight ridge.

126. Sandstone, light-olive, weathers
medium brownish gray. Very fine
grained, silty, highly micaceous,
slightly calcareous. Slightly inclined
crossbedding. Forms slight ridge.

125. Shale, dark-gray, carbonaceous.
Forms slope.

124. Sandstone, light-olive-green,
weathers medium brownish gray.
Very fine grained, silty, micaceous,
slightly calcareous. Slightly inclined
crossbedding. Forms slight ridge.

123. Shale, dark-gray, weathers olive
brown. Mainly micaceous siltstone;
contains lenticular 2-6-inches

Locality J3 

Unit Lithology 

116. Sandstone, conglomeratic, feld
spathic. Similar to unit 114, but
lower half is thinner bedded. Forms
persistent strong ridge that is topo
graphically a little lower than unit
114.

115. Concealed; probably shale. Forms
persistent notch between units 116
and 114.

114. "c" sandstone, conglomeratic, light-

Thickness 
ft m 

8 2.4 

4.8 1.5 

2.3 0.7 

43 13.l

0.7 0.21 

4.3 1.3 

1 0.3 

6 1.8 

5 1.5 

1.2 0.37 

Thickness 
ft m 

25 7.6 

37 11.3 

Unit Lithology 

5-15-cm) thick beds of fine- to
coarse-grained sandstone. Forms

Thickness 
ft m 

slope. 18 5.5 
122. Shale, clay, carbonaceous, and

clayey coal. Forms slope. 2.5 0.76 
121. Sandstone, conglomeratic, light

olive-brown, slightly feldspathic.
Medium- to coarse-grained; con
tains stringers of small pebbles.
Beds are 3 inches-I ft (7.6-30 cm)
thick; mildly inclined crossbed-
ding. Forms slight ridge. 10.5 3.2 

120. Sandstone, conglomeratic, light
orangish brown, slightly feldspath
ic. Coarse-grained; grades upward
into finer sand; contains pebbles of
quartz, rock fragments, and feld
spar; about 5 percent is feldspar.
Contains thin shaly interbeds.
Channeled contact with underlying
unit. Forms slight ridge. 5 1.5 

119. Shale, clay, medium-brownish-gray,
micaceous, carbonaceous, slightly
calcareous. Forms slope. Exposed in
bulldozed cut on ranch road. 13.5 4.1 

118. Sandstone, light-olive-gray, weath
ers brownish gray. Fine- to medium
grained with some very coarse
grained beds; micaceous; contains
fossil-plant fragments. Beds are
0.5-3 inches (1.3-7.6 cm) thick;
slightly inclined crossbedding.
Exposed in bulldozed cuts on ranch
road above stream channel in strike
valley. 2 0.61 

117. Concealed interval in bottom of
strike valley. Slumped debris proba
bly rests on sandy shale, shale, and
some thin limestone which were ob
served in this interval to the north.
Base of locality J4. 102 31.1 

[Locality of measurement offset about 1,600 ft (490 m) south 
by tracing unit 116 down strike valley to locality J4. Units 
118-119 were measured eastward in ranch road and units
120-145 were measured up gulleys on slop on east side of
valley at locality J4.]

Unit Lithology 

brown, weathers light tan gray, feld
spathic. Composed of angular to 
subangular, coarse sand and gran
ules; about 10 percent is white feld
spar. Contains lenses of vein-quartz 
pebbles. Beds are mainly 3.2-6 ft 
(100-180 cm) thick, but range down 
to 4 inches (10 cm) thick; beds are 
subparallel. Forms 
strong, high, hogback ridge. 

Thickness 
ft m 

41 12.5 



Unit Lithology 

113. Shale, gray; poorly exposed on
slope along bulldozed ranch road

Thickness 
ft m 

on north side of canyon. 28 8.5 
112. Shale, clay, medium-gray, weathers

light gray, silty, calcareous. Exposed
in bulldozed roadcut east of dam
for livestock pond, and at outcrops
west of dam. Forms slope and val-
ley. 150 45.8 

111. Limestone, dark-gray, weathers
light brown gray. Micrite; carbona
ceous; contains a few brachiopod
fragments. Beds are 3-8 inches
(7.6-20 cm) thick. Forms small ridge
on west side of valley west of live
stock pond. 2 0.61 

110. Shale, clayey silt, medium-brown
ish-gray, slightly calcareous. Poorly

Locality J2 

Unit Lithology 

109. Sandstone, light-olive-brown, weath
ers light greenish gray, slightly feld
spathic. Composed of angular to
subangular, medium to coarse sand;
contains a trace of white feldspar.
Beds are 1.5-8 inches (3.5-20 cm)
thick; moderately inclined cross
bedding. Forms low ridge in topo
graphic saddle.

108. Limestone, simiJar to unit 106; fetid
107. Concealed; slope.
106. Limestone, medium-gray, weathers

light olive brown to reddish brown.
Composed mainly of fragments of
crinoid columnals; contains algal
filaments. Forms small ledge.

105. Concealed; slope. Exposures of unit
to the south are gray clay shale.

104. Sandstone, light-orange-brown, weath
ers medium brown gray. Fine- to
medium-grained, rnicaceous, finely
laminated. Beds are 1-5 inches
(2.5-13 cm) thick; slightly inclined
crossbedding. Forms slight ridge.

103. Concealed; slope.
102. Sandstone, medium-olive-brown,

weathers brownish gray. Very fine
to medium-grained, micaceous.
Poorly exposed middle part is shaly.
Beds are 0.5-3 inches (1.3-7.6 cm)
thick; laminae are ripple marked.
Forms slight ridge in saddle.

101. Shale, limy silt and clay, gray to
black, poorly exposed. Forms slope
in saddle.

100. Sandstone, light-olive-gray, weath
ers light brown gray, calcareous.
Composed of angular to subangu
lar, coarse sand and granules. Beds
are 0.5-2 ft (15-60 cm) thick; cross
laminated. Forms small ledge.

Thickness 
ft m 

15 4.6 
7 2.1 

10 3.1 

3 0.9 

52 15.9 

5 1.5 
29 8.8 

32.6 9.9 

31 9.5 

2 0.61 

Unit Lithology 

exposed on slope west of livestock 
pond. Underlain by ledge-forming, 
coarse-grained sandstone that is 
tentatively correlated with unit 109. 
Base of section J3. 
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Thickness 
ft m 

50 15.3 

[Rocks above unit 109 at locality J2 are mainly concealed 
eastward to the massive hogback of "c" sandstone, which is 
unit 114 above. The concealed interval is about 220 ft (67 m) 
thick. Locality of measurement was offset about 3,000 ft 
(915 m) by tracing the "c" sandstone from locality J2 south to 
locality J3 where an east-trending segment of canyon cuts 
across the hogback. Unit 110 at locality J3 is underlain by a 
sandstone tentatively correlated with unit 109. Units 110--116_ 
were measured eastward across the valley and north side of 
the east-trending segment of canyon at locality J3.]

Unit Lithology 

99. Limestone, medium-gray, weathers
light orange gray. Fine-grained;
contains silty interbeds; upper 4 ft
(1.2 m) contains three bioclastic
beds. Slightly fetid. Beds are
0.25-4 inches (0.6-10 cm) thick and
subparallel. Forms slight irregular
ridges.

98. Concealed; slope. Probably mainly
shale.

97. Shale, silt, medium-gray, weathers
brown gray, moderately calcareous.
Forms slope.

96. Limestone, medium-gray, weathers
light brown gray. Bioclastic, medi
um- to coarse-grained, sandy; con
tains brachiopods and bryozoans.
Beds are 1-6 inches (2.5-15 cm)
thick; contains thin shaly interbeds.
Forms small slabby ridges.

95. Concealed.
94. Limestone, medium-gray, fine

grained, dense. Contains small bra
chiopods and algal filaments. Forms
small ridge.

93. Concealed.
92. Sandstone, light-brown, weathers

light brownish gray. Medium- to
coarse-grained; slightly rnicaceous.
Beds are (10-30 cm) thick and paral
lel. Forms slight ridge.

91. Concealed; probably shale.
90. Sandstone, light-olive-gray, fine- to 

medium-grained, silty, micaceous.
Beds are 1-6 inches (2.5-15 cm)
thick, subparallel, and finely lami
nated. Poorly exposed; forms slope.

89. Concealed; east-facing slope.
88. "b" sandstone, conglomeratic, light

gray, light-brown-mottled. Com
posed of subangular to subround,

Thickness 
ft m 

25 7.6 

68 20.7 

6 1.8 

16.5 5 
34 10.4 

5 1.5 
66 20.1 

4.5 1.4 
8.3 2.5 

2 0.61 
37.S 11.4
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Unit Lithology 

coarse quartz sand and granules; 
upper part contains lenses of vein
quartz pebbles 0.25-1 inch (0.6-
2.5 cm) diameter. Beds are 3 inch
es-3 ft (7.6-60 cm) thick with thin
ner, fine-grained sandstone in
terbeds; moderately inclined cross
laminations. Forms strong, high, 
hogback ridge. 

87. Concealed interval in topographic
saddle.

86. Limestone, medium-gray, micritic;
contains crinoid columnals, bra
chiopods, and some algal encrusta
tions; slightly fetid. Forms slight
ridge.

85. Shale, clay, light-olive-gray; con
tains trace of mica and some bra
chiopods. Poorly exposed in saddle

84. Limestone, similar to unit 82.
83. Concealed.
82. Limestone, dark-gray, weathers

brown gray, micritic; contains bra
chiopods and algal filaments. Forms
slight ridge.

81. Concealed; probably shale.
80. Sandstone, conglomeratic, light-yel

lowish-gray, weathers light yellow
brown. Composed of subangular to
subround, very coarse sand and
granules; contains scattered quartz
pebbles as large as 0.5 inch (1.27 cm)
diameter. Beds are 3 inches-1 ft
(7.6-33 cm) thick; crossbedded and
cross-laminated. Forms slabby
moderate ridge.

79. Concealed.
78. Limestone, similar to unit 76, but

not fetid.
77. Concealed; probably shale.
76. Limestone, medium-gray, weathers

light brown gray, fine-grained, fos
siliferous, fetid. Beds are 0.5-1 ft
(15-30 cm) thick and undulatory.
Middle part poorly exposed. Forms
slight ridge.

75. Concealed; probably mostly shale.
74. Sandstone, similar to unit 72. Forms

slight ridge.
73. Concealed; probably mostly gray

shale as indicated by exposures
100 ft (30 m) to south.

72. Sandstone, olive-gray, fine-grained,
micaceous. Beds are 2-8 inches
(5-20 cm) thick, subparallel, and
finely laminated. Forms slabby
ridge.

71. Concealed; probably shale and
shaly sandstone. Forms flat surface
on topographic saddle. Locality of

Thickness 

ft m 

50.5 15.4 

96 29 

1.5 0.46 

43 13.1 
1.8 0.5 

25 7.6 

2 0.61 
22 6.7 

23.5 7.2 
48 14.6 

1 0.3 
30 9.2 

13.5 4.1 
23 7 

2 0.61 

66 20.1 

6.5 2 

Unit Lithology 

measurement offset to south along 
strike several times during mea 
surement of this unit. 

70. Sandstone, light-olive-gray, weath
ers light orange. Composed of
medium to coarse sand containing
scattered granules. Beds are
0.25-10 inches (0.6-25 cm) thick;
crossbedded and cross-laminated.
Forms low ridge.

69. Limestone, medium-gray, weathers
l ight yellowish gray, medium
grained, bioclastic. Contains bra
chiopods and crinoid columnals.
Beds are 0.25-6 inches (0.6-15 cm)
thick, parallel, and undulatory.
Contains numerous thin shaly lime
stone interbeds. Forms low slabby
ridge.

68. Shale, calcareous; contains some
thin beds of limestone that contain
crinoid columnals. Poorly exposed;
forms slope on topographic saddle.

67. Limestone, light-grayish-tan, silty,
fossiliferous; contains scattered
grains of coarse, angular quartz
sand. Lenses of coarse-grained cal
careous and noncalcareous sand
stone are interbedded with lime
stone. Entire unit is highly cross
bedded and cross-laminated. Forms
a low, massive-weathering ridge.

66. Shale, clay, gray, calcareous and
silty; contains several thin beds of
silty gray limestone. Poorly exposed
on slope.

65. Limestone, medium- to dark-gray,
fine-grained, bioclastic. Forms
slight ridge.

64. Sandstone, shaly, and interbedded
siltstone; orange-gray, slightly mica
ceous. Poorly exposed; forms slight
ridge at west edge of topographic
saddle.

63. Concealed; probably mostly shale.
Forms irregular slope west of topo
graphic saddle along major south
east-trending drainage divide. Base
of locality J2.

Thickness 

ft m 

44 13.4 

20 6.1 

43.5 13.1 

29.5 9.0 

7.3 2.2 

42 12.8 

0.8 0.24 

14 4.3 

53 16.2 

[Locality of measurement was offset about 2,400 ft (730 m) 
north by tracing the "a" sandstone (unit 62) north to a high, 
southeast-trending topographic saddle and drainage divide 
at locality J2. Units 63-88 were measured southeastward 
along the top of this drainage divide; units 89-109 were 
measured southeastward down a slope and along a lower 
drainage divide and saddle at locality J2.] 



Locality JI 

Unit Lithology 

62. "a" sandstone, conglomeratic, light
gray, weathers light orangish
brown. Composed of angular to
subround, coarse sand and gran
ules; slightly feldspathic. Contains
scattered quartzite pebbles ranging
up to 0.5 inch (1.3 cm) diameter.
Beds are 1 inch-1.5 ft (2.5-45 cm)
thick and nearly parallel. Locally,
parts of unit are slightly crossbed
ded. Forms resistant, low but
prominent ridge at east side of main
st ream channel in south-draining
strike valley. Measured north of
point where channel cuts across the

Thickness 

ft m 

ridge. 13.3 4.1 
61. Interval mainly concealed by alluvi

um and stream-terrace deposits in
south-draining strike valley; proba
bly mostly shale. Measured by off
setting south along strike at several
places. Interval measured is about
240 ft (73 m); however, scanty expo
sures to south indicate small local
anticline and yncline that duplicate
part of section. True thickness esti-
mated. 150± 45± 

60. Shale, clay, medium-gray, weathers 
reddish brown; contains a few pods 
of sandstone near base. Forms slope. 45 13.7 

59. Sandstone, brown-weathering, fine
to medium-grained; middle third is
shaly. Mildly inclined cros -lamina-
tion. Forms slight ridge. 5.2 1.6 

[Locality of measurement of above units was offset about 
200 ft (60 m) to the south from point where stream channel 
of southeast-trending canyon bends south into strike valley.] 

58. Shale, clay, gray, silty; contains a
few 1-ft (30-cm) thick sandstone
beds. Forms slope. Poorly exposed
along north side of canyon.

57. Sandstone, similar to unit 51. Forms
small blocky ridge.

56. Concealed.
55. Sandstone, conglomeratic, similar

to unit 51. Forms small ridge.
54. Mainly concealed. Sparse outcrops

indicate unit is mainly dark-gray
shale with some thin interbeds of
and tone. Forms slope.

53. Sandstone, yellowish-brown, medi
um- to coarse-grained. Beds are
2 inche -2.5 ft (5-76 cm) thick;
crossbedded. Forms slight ridge.

52. Shale, clay, medium-gray, weathers
brownish gray; silty and micaceous.
Forms slope.

51. Sandstone, conglomeratic, light-yel
lowish-gray, weathers medium
gray. Composed of angular to sub
angular, very coarse quartz sand
and granules; contains scattered

54 16.5 

12.5 3.8 
36 11 

13 4 

42 12.8 

16 4.9 

15 4.6 

Unit Lithology 

quartz pebbles ranging up to 
0.25 inch (0.6 cm) diameter. Slightly 
calcareous. Beds are 0.5-3 ft (15-
90 cm) thick; slightly inclined cross
bedding. Forms strong ridge. 

50. Shale, clay, dark-gray, weathers
medium gray; fissile but hard.
Contains brachiopods. Forms slope.

49. Limestone, light-gray, weathers
light brownish gray. Bioclastic; very
coarse grained; contains nodular
weathering layers of brachiopods.
Forms small ridge.

48. Sandstone and interbedded shale.
Sandstone is tan, reddish-brown
weathering, fine- to medium
grained, and crossbedded. Shale is
black, platy, and contains thin coaly
interbeds. A coal bed, 4 inches-2 ft
(10-60 cm) thick, occurs between
sandstone beds in lower part of
unit. Upper part is mainly shale.
Forms irregular slope.

47. Siltstone, purplish-gray, weathers
reddish brown, very hard. Beds are
0.5 inch-1 ft (1.3-30 cm) thick;
slightly crossbedded. Platy-weath
ering; forms small ridge.

46. Concealed; probably mainly shale.
45. Sandstone, light-tan, weather light

brownish gray, coarse-grained to
very coarse grained. Beds are 0.5
inch-2 ft (1.3-60 cm) thick; mildly
inclined crossbedding. Forms ridge

44. Shale, clay, dark-gray, weathers.
light olive gray. Contains several
0.1-inch (0.3-cm) thick beds of high
ly fossiliferous gray limestone and a
few nodular limestone beds. Upper
third contains 2.5-ft (76-cm) thick
brown-weathering siltstone. Brachi
opods of probable Morrowan age
are abundant in upper part (collec
tion USGS 27164-PC). Forms gul
lied slope on north wall of canyon.

43. Limestone, gray, bioclastic; locally a
crinoidal coquina. Forms small
ridge.

42. Shale, clay, dark-gray. Forms slope.
41. Sandstone, olive-gray, weathers

reddish brown. Composed of fine
quartz sand containing many scat
tered quar tz granules. Forms minor
ridge.

40. Concealed; probably mainly shale.
39. Sandstone, light-orangish-gray, 

weathers light grayish brown. 
Composed of angular to subangu
lar, coarse quartz sand and gran
ules; contains a trace of yellowish
gray feldspar. Upper part is fine 
grained. Forms ridge. 

38. Concealed.
37. Sandstone, light-olive-gray, weath-

235 

Thickness 

ft m 

22 6.7 

24 7.3 

6.2 1.9 

44 13.4 

5.4 1.6 
26 7.9 

34 10.4 

48 14.6 

4 1.2 
5 1.5 

6 1.8 
26.5 8.1 

34 10.4 
7 2.1 
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Unit Lithology 

ers light brownish gray, fine
grained to very coarse grained; con
tains fossil wood fragments. 
Slightly inclined crossbedding; beds 
are 1 inch-3 ft (2.5-90 cm) thick. 
Forms ridge. 

36. Concealed; probably thin-bedded
sandstone and interbedded shale.

35. Sandstone, light-yellowish-gray,
weathers light brownish gray;
medium-grained. Forms ridge.

34. Sandstone, fine- to medium
grained, and interbedded shale;
very poorly exposed.

33. Limestone, gray, bioclastic; coarse
grained crinoid coquina. Forms
small ridge.

32. Sandstone, medium-grayish-brown.
31. Shale, clayey silt, light-olive-gray.
30. Limestone, medium-gray, bioclastic,

medium-grained; contains numer
ous brachiopods and fragments of
crinoid columnals. Contains thin
shale interbeds near middle. Forms
small ridge.

29. Shale, clayey silt, light-olive-gray,
poorly exposed. Upper third con
tains much thin-bedded, fine
grained sandstone and some 1-2-
inch (2.5-5-cm) thick limestone
beds. Forms slope.

28. Concealed; probably mainly shale.
27. Limestone, similar to unit 21.
26. Concealed.
25. Limestone, bioclastic; crinoidal co

quina; similar to unit 21. 
24. Concealed.
23. Limestone, similar to unit 21; poor

ly exposed.
22. Concealed.
21. Limestone, medium-gray, weathers

dark grayish brown, bioclastic,
coarse-grained, silty. Upper 2 ft
(60 cm) is crinoidal coquina. Forms
ridge.

20. Shale containing some fine-grained
sandstone interbeds; unit is poorly
exposed on a slope littered with
slumped sandstone blocks. Expo
sures higher on north wall of
canyon shown that unit is tectoni
cally thickened along steeply plung
ing minor fold. Thickness estimated.

19. Shale, clay, dark-gray, slightly silty.
Forms slope. Tectonically thickened
along steeply plunging minor fold;
true thickness determined.

18. Sandstone, similar to unit 16; cross
bedded stream-channel deposit.
Forms small ridge.

17. Shale, medium-gray; weathers to
notch.

16. Sandstone, light-brown, weathers
light tan gray, medium-grained;
contains thin shale partings. Beds
are 2 inches-2 ft (5-60 cm) thick;

Thickness 

ft m 

5.2 1.6 

16 4.9 

13 4 

24.4 7.4 

2.5 0.76 
2 0.61 
5.7 1.7 

2.5 0.76 

34.5 10.5 
12 3.7 
3 0.9 
7 2.1 

17.3 5.3 
10 3 

8.2 2.5 
16.5 5 

15.5 4.7 

39 11.9 

55.5 16.9 

1.5 0.46 

8.7 2.7 

Unit Lithology 

crossbedded. Forms several small 
ridges. 

15. Sandstone, conglomeratic, light
greenish-gray, weathers light yel
lowish brown. Composed of medi
um to coarse sand containing scat
tered granules. Contains scattered
granules and small pebbles of chlo
ritized schist. Beds are 2 inches-3 ft
(5-90 cm) thick; bedding indistinct.
Forms ridge.

14. Shale, clay, light-brownish-gray.
Poorly exposed.

13. Claystone, medium-gray, weathers
light olive brown, silty, hard; lower
part slightly calcareous; contains
brachjopods. Forms small ridge.

12. Concealed; poor exposures on north
wall of canyon are mainly greatly
sheared shale and thin sandstone.
Mapping north and south of locali
ty of measurement indicates that a
major west-dipping reverse fault
(Romero fault) probably occurs
within this unit. Amount of strati
graphic separation on this fault is
not known, but is estimated to be at
least 500-600 ft (150-180 m) on the
basis of exposures of this part of the
Sandia Formation south of Mora
River. However, the separation,
stratigraphic and structural, might
be considerably greater. Measured
thickness.

Total thickness of Sandia Formation: 

Arroyo Peftasco Group: 
Tererro Formation: 
Cowles Member: 
11. Siltstone and fine-grained silty

sandstone, light-olive-gray; con
tains thin claystone partings.
Bedding is very thin to laminated.
Form slope.

10. Limestone, light-yellowish-gray,
weathers light gray; very fine
grained, silty; slightly nodular
Forms slight ridge.

9. Siltstone, light-yellowish-gray, cal
careous.

8. Limestone, light-tan-gray, weathers
light brownish gray; fine-grained
silty calcarenite. Crossbedded and
cross-laminated; thin silicified
zones along crossbeds and laminae
stand out in relief on weathered sur
face. Forms 1 dgy slope.

Manuelitas Member: 
7. Limestone, light-gray, mainly mi

critic. Contains streaks of translu
cent pink to light-gray chert, and
small masses of pink to gray oolitic
chert. Contains fragments of crinoid
columnals. Bedding obscure. Forms
massive ridge.

Thickness 

ft m 

32 9.8 

6 1.8 

1 0.3 

4.8 1.5 

131+ 40+ 
5,029+ 1,532+ 

9.5 2.9 

1.6 0.5 

5 1.5 

20 6.1 

47 14.3 



Unit Lithology 

Macho Member: 
Absent. 

Total thickness of Tererro Formation: 

Espiritu Santo Formation: 
6. Concealed; slope.
5. Sandstone, light-pink, weathers

light gray. Composed of well-sort
ed, medium quartz sand and scat
tered quartz granules.

4. Limestone, light-gray, weathers
light purplish brown. Contains scat
tered, angular, quartz granules; sev
eral interbeds, as much as 5 inches
(12 cm) thick, are medium- to
coarse-grained quartz sandstone.

3. Sandstone, conglomeratic, light-yel
lowish-gray, weathers light gray.
Composed of medium to coarse
quartz sand containing scattered
granules; basal 1 inch (2.5 cm) con
tains angular vein-quartz pebbles as
large as 0.25 inch (0.6 cm) diameter.

Thickness 
ft m 

0 0 

83.1 25.3 

7.5 2.3 

1 0.3 

4.5 1.4 

Unit Lithology 

Forms inconspicuous ridge. Pro
bably the Del Padre Sandstone 
Member. 

Total thickness of Espiritu Santo 
Formation: 

Precambrian rocks: 
2. Concealed.
1. Quartz-mica schist, light-gray; ex

posed on north wall of canyon.
Traced north from locality of mea
surement, these rocks are seen to be
angularly unconformable with the
overlying Espiritu Santo Formation.
Base of locality J1.
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Thickness 
ft m 

2 0.6 

15.0 4.6 

1 0.3 

Not measured 

[Base of section at locality Jl is in southeast-draining deep 
canyon at east side of Romero Hills. Units 2-58 were mea
sured eastward, mainly on the north side of the stream chan
nel in this canyon. At places the units were measured at 
good exposures in the bottom of the canyon.] 

Section L 

Mora 7.5-minute quadrangle (1965). Auxiliary section of lower part of Porvenir Formation and upper part of Sandia 
Formation, east wall of south-draining canyon about 2,000 ft (600 m) north of New Mexico Highway 518. Locality is in hog
back ridges north of Mora River about 1.6 mi (2.6 km) northwest of La Cueva. Locality shown in Figure 89. Section docu
ments some lateral lithologic variations of the lower part of the Porvenir and upper part of the Sandia between locality J7 
and locality K. Measured by E. H. Baltz. 

Unit Lithology 

Porvenir Formation (lower part) 
22. Sandstone, conglomeratic, light

grayish-pink-weathering, feld
spathic. Matrix is angular to suban
gular, very coarse sand and gran
ules; about 15 percent is weathered,
pink and yellow feldspar clasts.
Contains angular-shaped, but
rounded, pebbles of quartz and
feldspar that are mainly 0.25-
0.5 inch (0.6-1.27 cm) diameter but
range up to 1 inch (2.5 cm) diameter.
Crossbedded; beds are 0.5-2.5 ft
(15-76 cm) thick. Forms strong slab
by hogback ridge and east-facing
dip slope.

21. Shale, light-olive-gray; interbedded
silty claystone and clayey siltstone.
Forms notch that is followed north
ward by ranch road on top of ridge.
Lower third concealed. South of lo
cality, lower half of unit grades into
coarse-grained sandstone.

Thickness 
ft m 

31+ 9.4+ 

42 12.8 

[Unit 20 was correlated to ridge at the east and the above 
section continues east in steeply dipping beds east of axis of 
small anticline.) 

Unit Lithology 

20. Limestone, light-gray, weathers
light tannish gray. Bioclastic; medi
um- to coarse-grained debris is
mainly fragments of crinoid colum
nals; contains fine to very fine
quartz sand. Oolitic; oolites are as
large as 0.03 inch (0.08 cm) diame
ter. Fusulinids are abundant and are
scattered throughout. Lower third
of unit has interbeds of very fine
grained sandstone; beds are parallel
to subparallel and 0.5-2 ft (15-60
cm) thick. Upper third is crossbed
ded; beds are 2 inches-2.5 ft (5-76
cm) thick. Unit forms strong ledge
locally; a short distance to the north 
it is cut out by a stratigraphically 
higher gravelly sandstone. Unit 20 
also disappears southward. Farther 
south, similar lenses of fusulinid
bearing oolitic limestone interbed
ded with sandstone occur in similar 
stratigraphic position on the ridge 
about 500 ft (150 m) south of Mora 
River and on a ridge about 1,500 ft 
(450 m) south of La Canada del 
Guajalote. Fusulinid collection 

Thickness 
ft m 
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Unit Lithology 

f10293 from the oolitic limestone at 
section L contains Beedeina aff. B. 
arizonensis, Wedekindellina sp., and 
Bradyina sp. 

19. Sandstone, light-gray, weathers
light yellowish olive. Fine-grained
to very fine grained, calcareous.
Contains lenses of brown-weather
ing, silty limestone scattered
throughout. Limestone lenses are
1-6 inches (2.5-15 cm) thick and
2-10 ft (0.3-3 m) long. Some lime
stone beds grade laterally into cal
careous sandstone. Limy layers con
tain a few brachiopods. Forms slab
by-weathering, irregular ledge with
many notches. Unit persists north
ward and lies on the Sandia
Formation at the top of section J.
Persists southward where it con
tains a greater proportion of fossilif
erous limestone and is unit 212 at
base of Porvenir at section K.

Thickness of lower part of Porvenir 
Formation: 

Sandia Formation (upper part): 
18. Siltstone and very fine-grained

sandstone, olive-gray-weathering;
probably contains some interbeds of
gray day shale. Bedding is thin and
indistinct. Grades into unit 19.
Forms slope.

17. Shale, dark-gray, weathers medium
gray; mainly silty claystone. Con
tains fossil wood-twig impressions
and small brachiopods. Forms slope
on east wall of canyon; weathers
to small chips and flakes.

Thickness 

ft m 

15 4.6 

30 9.2 

18 36 

10.7 3.3 

55 16.8 

[Locality of measurement of the above units was offset about 
200 ft (60 m) northward to avoid area of tectonic thickening 
of unit 17 in small syncline and anticline.] 

16. Sandstone, yellowish-gray-weath
ering, feldspathic. Composed of an
gular to subangular granules of
quartz and feldspar in greenish
gray clay matrix; about 20 percent
of clasts is yellow feldspar. Bedding
highly irregular; beds are 0.5-1 ft
(15-30 cm) thick. Forms small ledge. 9.2 2.8 

15. Shale, similar to unit 13. Contains
thin- to shaly-bedded, fine-grained
sandstone in middle third. Forms
slope on top of a ledge. 15.4 4.7 

14. Sandstone, conglomeratic, light
olive-gray, weathers olive brown,
arkosic. Lower part is very coarse
sand and granules; grades upward
into medium to coarse sand in
upper half. Lower part contains
pink, angular, feldspar granules and
pebbles as large as 0.25 inch (0.6 cm)
diameter. Highly crossbedded.
Forms small slabby-weathering

Unit Lithology Thickness 

ft m 

ledge. 4 1.2 
13. Shale, clay and silt, yellowish-gray-

weathering. Forms slope. 6 1.8 
12. Sandstone, light-olive-gray, weath

ers light olive tan, feldspathic. Basal
3 ft (0.9 m) is fine to medium
grained; grades upward into angu
lar to subangular, coarse sand and
granules. About 10 percent is pink
feldspar clasts. Crossbedded; beds
are 1-2 ft (30-60 cm) thick and are
gently inclined to each other.
Contact with underlying unit slight-
ly channeled. Forms strong ledge. 12 3.7 

11. Sandstone, brown-weathering, fine
grained, micaceous, shaly; contains
interbeds of gray day shale. Forms
slight ledges. 4 1.2 

10. Shale, day, dark-gray, weathers
medium gray. Contains 1-inch
(2.5-cm) thick carbonaceous shale
bed at base and several thin car
bonaceous shale beds near middle.
Contains 1-ft (30 cm) thick, dark
brown, gastropod-bearing lime
stone 12 ft (3.7 m) above base.
Forms slope. 22 6.7 

9. Limestone, medium-gray, weathers
brownish gray; fine-grained, bio
dastic, silty. Contains brachiopods
and small gastropods. Beds are par
allel but undulatory and 4 inches-
1 ft (10-30 cm) thick. About 30 per
cent of lower half is interbeds of cal
careous shale that are 1-4 inches
(2.5-10 cm) thick. Forms small,
blocky ledge. 9.8 3 

8. Shale, day, dark-gray, weathers
medium gray. Hard, slightly cal
careous, silty. Contains small bra-
chiopods. Forms slope. 7.5 2.3 

7. Sandstone, light-olive-gray, fine- to
medium-grained, slightly feld-
spathic, micaceous. 1 0.3 

6. Sandstone, conglomeratic, light-yel
lowish-olive-green, arkosic. Matrix
is argillaceous fine to medium sand;
contains angular granules and peb
bles, as large as 0.25 inch (0.6 cm) di
ameter, of quartz and gray feldspar.
Forms small ledge. 0.3 

5. Sandstone, greenish-gray, similar to
unit 3. Grades into overlying and
underlying units. Weathers to notch. 4 1.2 

4. Sandstone, conglomeratic, light
olive-gray, weathers gray, arkosic.
Matrix is angular, very coarse sand
and granules. About 30 percent is
angular pebbles of quartz and pink
feldspar as much as 0.5 inch
(1.27 cm) diameter. Contains lenses
and scattered, angular-shaped but
rounded, quartz and pink feldspar
pebbles 0.5-1 inch (1.27-2.5 cm) di
ameter. Unit contains some green
clay. Forms strong ledge in bottom



Unit Lithology 

of canyon. 
3. Sandstone, light-olive-gray, fine- to

medium-grained, micaceous, slight-
1 y feldspathic. Cross-laminated.
Poorly exposed.

2. Shale, and interbedded shaly sand
stone, light-olive-yellow-weather
ing; unit is mostly silty day shale;
sandstone is fine- to medium
grained. Forms slope on west bank
of arroyo in bottom of canyon.

Thickness 
ft m 

25 7.6 

7 2.1 

Unit Lithology 

Poorly exposed. 
1. Concealed; slope below ledge of

massive sandstone that crops out
west of arroyo in canyon bottom.

Partial thickness of Sandia Formation. 
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Thickness 
ft m 

21 6.4 

Not measured 
214.6 65.4 

[Base of section is at west side of sinuous segment of arroyo 
in bottom of canyon. Section was measured eastward up the 
east wall of the canyon.] 

Section M 

Ojitos Frios 7.5-minute quadrangle (1961). Section of Alamitos Formation on east limb of Ojitos Frios anticline, 0.85 mi 
(1.35 km) south-southeast of Ojitos Frios. Locality is about 700 ft (215 m) southwest of point where Tecolote Creek makes 
sharp bend to the east. Base of section is on southeast-facing hillslopes; section was measured southeast across northeast
draining arroyos and up slopes to the southeast. Measured by E. H. Baltz. Locality shown in Figure 55. 

Unit Lithology 

Sangre de Cristo Formation (lower part) 
18. Siltstone and interbedded, inter

grading sandstone; dark-reddish
brown. Calcareous; parts of matrix
of sandstone are sandy to silty lime
stone containing scattered, angular,
granules of quartz and some pink
feldspar. Contains subangular to
subround pebbles, 0.25-3 inches
(0.6-7.6 cm) diameter, of chocolate
brown calcareous siltstone and silty
limestone. Crossbedded and cross
laminated; beds are 2 inches-3 ft
(5-90 cm) thick. Foreset laminae are
inclined mainly south-southeast.
Forms first prominent ridge east of
valley.

17. Sandstone, feldspathic, similar to
unit 14. Forms small ledge.

16. Sha.le, clay, red, soft. Forms slope.
15. Mainly concealed; slope. Float and

sparse exposures indicate unit prob
ably is mainly red shale containing
brown, den e, unfossiliferous lime
stone concretions.

14. Sandstone, conglomeratic, very
light yellowish gray, feldspathic.
Composed of angular to subangu
lar, very coarse quartz sand and
granules; about 10 percent is pink
angular clasts of feldspar. Contains
a few lenses of pebbles as large as
1 inch (2.5 cm) diameter; pebbles are
angular to subangular quartz, feld
spar, and some gray limestone.
Crossbedded and cross-laminated;
beds are 1-10 inches (2.5-25 cm)
thick. Bedding and laminae are in
clined south-southeast. Forms
small ledge; upper half is soft and

Thickness 
ft m 

12 

2 
22 

12 

3.7 

0.61 
6.7 

3.7 

Unit Lithology 

may contain some shaly interbeds. 
This unit thickens and thins lateral
ly; it can be traced more than a mile 
southward past the lower part of 
Canon Pino Real. To the north it is 
locally poorly exposed but seems to 
be a persistent basal sandstone of 
the Sangre de Cristo Formation 
from Ojitos Frios north and north 
east. 

Thickness of lower part of Sangre de 
Cristo Formation: 

Alamitos Formation: 
13. Shale, silty clay, red; contain a few

concretions of gray limestone .
Forms slope; poorly exposed.

12. Concealed; alluvium in small north
draining valley. Good exposures in
south wall of Canon Pino Real,
about 0.7 mi (1.13 km) to the south,
show this unit is mainly red shale.

11. Shale, clay, red-weathering; con
tains nodules of dense, gray, lime
stone that are 0.25-1 inch
(0.6-2.5 cm) diameter. Base is con
formable with underlying unit;
however, as traced westward
through poor exposures to vicinity
of axis of Ojitos Frios anticline, un
derlying units apparently wedge
out and unit 11 is on Porvenir
Formation.

10. Conglomerate, light-gray- to wh.ite
weathering. Clasts are irregular, dis
coid, and round, pebbles of gray
limestone 0.25-2 inches (0.6-5 cm)
across. Pebbles are densely packed
and have a rude layering. Contains
a minor amount of greenish-gray to

Thickness 
ft m 

8 2.4 

56 17.1 

7.5 2.3 

28 8.5 

7.5 2.3 
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Unit Lithology 

red clay shale as matrix; matrix is 
deformed slightly by differential 
compaction. Unit is cemented loose
ly by calcium carbonate. Forms 
small ledges on both sides of north
east-draining arroyo. Probably 
wedges out westward beneath 
Quaternary colluvial cover. 

9. Limestone, light-gray, finely bio
clastic. Contains abraded and 
nonabraded fusulinids and broken 
but not abraded, thick-shelled bra
chiopods. Forms hard ledge in bot
tom of northeast-draining arroyo. 
Lenses out 10 ft (3 m) to west. 
Fusulinid collection f10275 contains 
Triticites (Leptotriticites) sp. 

8. Limestone, light-gray, nodular, fine
to medium-grained, bioclastic. 
Forms hard ledge in bottom of 
northeast-draining arroyo. Lenses 
out about 8 ft (2.4 m) to the west. 
Contains fusulinids; collection 
f10275 contains Triticites (Leptotri
ticites) sp. and Ozawainella sp. 

7. Limestone nodules or pebbles, gray, 
micritic; gray shale matrix. 

6. Shale, clay, purplish-gray, flaky; 
lenticular. Exposed in northeast
draining arroyo. 

5. Conglomerate, light-gray-weather
ing. Clasts are gray, fine-grained, 
rounded pebbles of limestone rang
ing from 0.25-4 inches (0.6-10 cm) 
diameter; most pebbles are 1 inch 
(2.5 cm) or less in diameter. Some 
parts are rudely bedded; beds are 
2-4 inches (5-10 cm) thick. Matrix is 
micritic calcium carbonate. Forms 
weak ledge exposed along and in 
northeast-draining arroyo. Probably 
wedges out westward beneath 

Thickness 
ft m 

5 1.5 

0.5 0.15 

0.7 0.21 

0.5 0.15 

0.55 0.17 

Unit Lithology 

Quaternary colluvial cover. 
4. Shale, clay, slightly marly; lower 

third weathers maroon; upper part 
is light-olive-gray. Upper part con
tains scattered, irregularly shaped 
gray limestone concretions 0.25-
2 inch (0.6-5 cm) across. Top con
cealed. Probably wedges out west
ward beneath Quaternary col
luvial cover. 

3. Sandstone, conglomeratic, medium
gray to light-brownish-gray, feld
spathic, highly calcareous. Com
posed of angular, coarse to very 
coarse quartz sand and granules 
that contain scattered, angular 
quartz pebbles and pink feldspar 
pebbles as large as 0.1 inch (0.3 cm) 
diameter; about 5 percent of all 
grain sizes is pink feldspar. Sand
stone grades laterally and vertically 
into very sandy bioclastic lime
stone. Crossbedded; beds are 1-8 
inches (2.5-20 cm) thick. Forms soft 
ledge on east-facing slope; wedges 
out at south end of exposure. 
Probably a channel sandstone simi
lar to basal sandstone of Alamitos 
farther north. 

Total thickness of Alamitos Formation: 

Porvenir Formation (upper part): 
2. Concealed; slope. 
1. Limestone, light-gray, dense to part

ly recrystallized. Contains scattered 
corals, brachiopods, and crinoid 
columnals. Massive weathering; 
forms low ledge on southeast-slop
ing hill. 

Partial thickness of Porvenir Formation: 

Section N 

Thickness 
ft m 

4 1.2 

7.5 2.3 

5 1.5 
66.8 20.3 

12 3.7 

10+ 3+ 
22+ 6.7+ 

San Geronimo 7.5-minute quadrangle (1961). Section of Alamitos Formation measured in Dead Horse Canyon in Santa 
Fe National Forest about 2.6 mi (4.2 km) southwest of San Geronimo. Base of section is in middle (main) branch of canyon 
in NW¾SW¾ sec. 2 T15N R14E. Top of section is in the northwest branch of canyon in NE¼NE¼ sec. 3 T15N R14E. 
Measured by E. H. Baltz and D. A. Myers. Locality shown in Figure 55. 

Unit Lithology 

Sangre de Cristo Formation (lower part) 
21. Sandstone, conglomeratic, arkosic, 

similar to unit 15. Caps broad, high
est topographic bench that extends 
about 1,300 ft (400 m) south from 
lower slopes of Fisher Hill. 

20. Shale, clay, red, silty; contains some 
small gray limestone nodules. 
Forms slope; poorly exposed. 

19. Limestone, gray, micritic, partly re
crystallized; unfossiliferous. Forms 

Thickness 
ft m 

6± 1.8± 

7 2.1 

Unit 

18. 

17. 

16. 

Lithology 

small ledge. 
Shale, clay, red, silty; contains some 
small gray limestone nodules . 
Forms slope; poorly exposed. 
Limestone, gray, micritic, partly re
crystallized; unfossiliferous. Forms 
prominent ledge. 
Mainly concealed; float indicates 
unit is mainly red shale containing 
small, gray limestone nodules. 
Forms slope. 

Thickness 
ft m 

4 1.2 

10 3 

8 2.4 

35 10.7 



Unit Lithology 

15. Sandstone, conglomeratic, light-yel
lowish-gray, arkosic, coarse
grained. Contains much angular,
pebble-sized, pink feldspar. Forms
ledge.

14. Mainly concealed. A few poor expo
sures indicate unit is mostly red
shale. Forms slope on north side of
northwest fork of Dead Horse
Canyon.

Thickness 

ft m 

13 4 

80± 24± 

[Unit 13 was traced north-northwest about 2,300 ft (700 m) 
to northwest fork of Dead Horse Canyon. Units 14-21 were 
measured northward from canyon along the fence marking 
the section line between secs. 2 and 3, T15N R14E.) 

13. Sandstone, light-brownish-gray to
light-yellowish-brown, feldspathic.
Composed of angular to subangu
lar, very coarse sand and granules;
contains round to subangular peb
bles as large as 1 inch (2.5 cm) di
ameter. About 10 percent of dasts is
pink and weathered yellow feld
spar. Forms moderate ridge that
constricts middle fork of Dead
Horse Canyon. 10 3 

12. Mainly concealed. Small, poor ex
posures along slopes of north
draining gully just south of middle
fork of Dead Horse Canyon indicate
unit probably is mainly red shale
containing some gray limestone
nodules. 70 21 

11. Sandstone, feldspathic, coarse
grained. Forms small ledge along
north-draining gully south of mid
dle fork of Dead Horse Canyon.
Farther north this unit thickens con
siderably and forms a prominent
ledge. 1 0.3 

Thickness of measured lower part of 
Sangre de Cristo Formation: 244± 74± 

Alamitos Formation: 
10. Limestone, lavender-gray-weather

ing, coarsely biodastic, sandy.

Unit Lithology 

Upper part contains pink feldspar 
granules scattered throughout. 
Bedding is thin to very thick. Forms 
a blocky prominent ledge. 

9. Concealed.
8. Sandstone, reddish-purple, very

fine grained. Forms slope; poorly
exposed.

7. Limestone, gray, fine-grained, bio
clastic, sandy; contains some
brown, hackly-weathering chert.
Forms small ledge.

6. Shale, clay, light-olive-green, silty;
contains 1-3-inch (2.5-7.6-cm) thick
lenses and nodules of gray lime
stone scattered throughout. About
70 percent is shale.

5. Limestone, medium-gray, bioclastic.
Bedding is undulatory; beds are
1-3 inches (2.5-7.6 cm) thick. Forms
small ledge.

4. Concealed.
3. Limestone, gray to purplish-gray,

coarse-grained, bioclastic. About 20
percent is angular to subangular
granules of quartz and pink
feldspar. Medium to thick bedded.

Total thickness of Alamitos Formation: 

Porvenir Formation (upper part): 
2. Limestone, gray, slightly nodular,

thin bedded. Contains interbeds of
siltstone 1-6 inches (2.5-15 cm)
thick. Forms irregular ledges.

1. Limestone gray; forms strong ledge.
Partial thickness of Porvenir Formation: 
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Thickness 

ft m 

10 3 
5 1.5 

1 0.3 

2 0.61 

12 3.7 

6 1.8 
13 4 

7 2.1 
56 17 

16 4.9 
10 3 
26 7.9 

[Base of section is on the north wall of bottom of middle fork 
of Dead Horse Canyon at east end of a major covered inter
val in Porvenir Formation. Units 1-10 were measured east
ward in the canyon. Uppermost part of Porvenir here ap
pears to be stratigraphically a little below the "marker" zone 
that may have been cut out by unconformity with Alamitos 
Formation. Farther west, lower part of Porvenir is in contact 
with Precambrian rocks along El Barro fault.] 

Section 0 

El Porvenir 7.5-minute quadrangle (1961). Section of Alamitos Formation, exposed as east-dipping beds in north wall of 
narrow canyon of upper part of Cabo Lucero Creek in Santa Fe National Forest. SW¼NE¼ sec. 9 Tl6N R14E. About 2.2 mi 
(3.5 km) west-southwest of Blue Haven Camp that is along upper Tecolote Creek. Measured by E. H. Baltz and D. A. Myers. 
Locality shown in Figure 55. 

Unit Lithology 

Sangre de Cristo Formation (lower part) 
20. Poorly exposed. Red shale units

that contain some dense, gray,
botryoidal limestone concretions
and interbedded thick feldspathic

Thickness 

ft m 
Unit Lithology 

sandstone beds similar to unit 19. 
Careful search of about 200 ft (60 m) 
of these beds did not disclose any 
marine fossils or lithologies similar 
to Alamitos Formation. This unit 

Thickness 

ft m 
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Unit Lithology 

and unit 19 are the lower part of the 
Sangre de Cristo Formation, as 
mapped here by Baltz (1972). 

19. Sandstone, conglomeratic, light-yel
lowish-brown, feldspathic. Com
posed of angular to subangular, 
coarse sand and granules; contains 
small pebbles as much as 0.5 inch 
(1 .27 cm) diameter. Pebbles are 
white vein quartz and pink feld
spar. Forms prominent massive ridge. 

Alamitos Formation: 
18. Concealed; talus slopes on east side 

of deep, south-draining canyon 
17. Shale, clay, silty, greenish-gray; con

tains thin interbeds of nodular lime
stone. Forms slope on west side of 
deep, south-draining canyon. 

16. Limestone, gray, forms small ledge 
15. Shale, clay, purplish-gray; contains 

thin beds of limestone nodules. 
14. Shale and interbedded thin, gray 

limestone. Forms slope. 
13. Limestone, gray; contains many 

large brachiopods including wide
winged spirifers as much as 2 inch 
(5 cm) across. Forms strong ridge. 

12. Concealed. 
11 . Sandstone, purplish-gray-weather

ing, feldspathic. Composed of an
gular, coarse sand; contains pink 
feldspar clasts. Beds are subparallel 
and 1-6 inches (2.5-15 cm) thick. 
Grades into underlying unit. Forms 
ridge. 

10. Limestone, gray. Upper half is silty 
and sandy; upper third contains 
scattered clasts of angular, coarse 
sand and a trace of yellowish-gray-

Thickness 
ft m 

Not measured 

25± 7.6± 

98 30 

4.1 1.3 
1 0.3 

8 2.4 

11.4 3.5 

5.5 1.7 
46 14 

49.5 15 

Unit Lithology 

weathered feldspar. Becomes sandy 
limestone near top. Forms ridges. 

9. Concealed. 
8. Limestone, gray; forms ledge. 
7. Shale, clay, gray; contains some 

nodular gray limestone. Forms 
slope. 

6. Shale, clay, yellowish-gray, silty; 
contains 1-ft (30-cm) thick lenses of 
arkosic sandstone. 

5. Sandstone, conglomeratic, greenish
gray, arkosic. Composed of angular 
to subangular, coarse sand contain
ing abundant granules and small 
pebbles of unweathered angular, 
pink feldspar. Forms slight ledge. 

Total thickness of Alamitos Formation: 

Porvenir Formation (upper part) : 
4. Shale, gray, calcareous. 
3. Limestone, gray, fine- to coarse

grained, bioclastic. Contains angu
lar, coarse, translucent quartz sand 
scattered throughout. Cross-lami
nated. Forms ledge. Probably the 
"marker" zone of the upper part of 
the Porvenir Formation. 

2. Shale, clay, gray, calcareous; con
tains nodular gray limestone. 

1. Limestone, gray, medium-grained; 
bioclastic, contains fusulinids. 
Fusulinid collection f10310 contains 
Beedeina aff. B. sulphurensis. Forms 
small ledge. 

Partial thickness of Porvenir Formation: 

Thickness 
ft m 

17 5.2 
8.5 2.6 

10.5 3.2 

23 7 

7.4 2.3 

1 0.3 
290.9 88.8 

5 1.5 

3 0.9 

2.5 0.76 

3 0.9 
13.5 4.1 

[Porvenir Formation immediately below unit 1 is a thick unit 
of calcareous shale containing some thin, gray limestone 
beds. Overall lithology of Porvenir to the west is similar to 
the type locality south of Canovas Canyon, including the 
thick, ledge-forming limestones of the lower 600 ft (180 m).] 

Section P 

El Porvenir 7.5-minute quadrangle (1961). Partial section of Alamitos Formation in road cuts, U.S. Forest Service road, 
east of lower part of Canovas Canyon. NW¼ sec. 24 T17N R14E. Base of section is at lowest exposures on east side of 
Canovas Canyon about 2,200 ft (670 m) southwest of Western Life Camp, which is in valley of Gallinas Creek just east of 
Santa Fe National Forest boundary. Measured by E. H. Baltz and D. A. Myers. Locality shown in Figures 55 and 81. 

Unit Lithology 

Sangre de Cristo Formation (lower part): 
49. Sandstone, conglomeratic, light

orangish-brown- to reddish-brown
wea thering, arkosic. Composed of 
angular to subangular, very coarse 
sand, granules, and pebbles as large 
as 0.5 inch (1.3 cm) diameter; about 
30 percent of granules and pebbles 
is pink feldspar. Crossbedded and 
cross-laminated, but weathers mas-

Thickness 
ft m 

Unit Lithology 

sive. Forms prominent ledge crop
ping out along middle of straight 
segment of road. Overlain by thin 
red shale and succeeding thick 
arkoses. 

Alamitos Formation: 
48. Shale and sandstone, purplish-red

and red-weathering. Upper third is 
red-weathering clay shale; middle 

Thickness 
ft m 

25+ 7.6+ 



Unit Lithology 

third is red clay shale containing 
nodular limestone; lower third is 
dark-purplish-red, fine- to medium
grained, micaceous sandstone in
terbedded in micaceous, silty, sandy 
shale. 

47. Shale, clay, and interbedded lime
stone . Shale is light greeni sh gray
and weathers red. About half of unit
is gray and greenish-gray lime
stone. Limestone is irregularly bed
ded, bioclastic and highly fossilifer
ous; contains brachiopods, bry
ozoans, and crinoid columnals.
Megafossil collection USGS
27504-PC. Unit forms slope.

46. Sandstone, very coarse grained,
arkosic, slightly calcareous. Forms
small ledge.

45. Shale, silty and sandy, light-olive
brown, weathers red.

44. Concealed; small side valley at west
side of road.

43. Sandstone, conglomeratic, light
orangish-brown, arkosic. Com
posed of angular to subangular,
very coarse sand and granules; con
tains some subangular pebbles
0.25-0.5 inch (0.6-1.27 cm) diameter.
About 25 percent of clasts is pink
feldspar. Unit is crossbedded but
weathers massive. Forms promi
nent ridge; outcrops generally are
slumped.

42. Shale, gray, calcareous, and in
terbedded light-gray, dense, bio
clastic limestone . Poorly exposed at
head of small gully west of road.

41. Limestone, light-gray, fine- to
coarse-grained, bioclastic. Contains
interbeds of calcareous clay shale in
beds 2-6 inches (5-15 cm) thick.
Bedding slightly irregular; beds
8 inches-1 ft (20-30 cm) thick.

40. Shale, light-gray; contains two
1-ft (30-cm) thick beds of coarse bio
clastic limestone formed of frag
ments of crinoid columnals, bra
chiopods, and bryozoans. Mega
fossil collection USGS 27503-PC.

39. Shale, light-olive-gray; lower third
weathers reddish purple. Contains
scattered limestone concretions
0.25-1 inch (0.6-2.5 cm) diameter.

38. Concealed; small valley.
37. Sandstone, conglomeratic, tan, feld

spathic. Composed of very coarse
sand and granules; about 15 percent
of sand and granules is pink feld
spar. Contains a few small clay peb
bles. Contains 3-ft (0.9 m) thick lens
of purple shale near middle
Forms slight ledge.

36. Shale, silty, purple, clayey.
35. Sandstone, purple-weathering, feld

spathic, micaceous; crossbedded.

Thickness 

ft m 

37 11.3 

8 2.4 

2 0.6 

6.5 2 

23 7 

13 4 

10 3 

3 0.9 

4 1.2 

14 4.3 
40 12.2 

30 9.2 
15 4.6 

Unit Lithology 

Soft. 
34. Mainly concealed. Upper 20 ft

(6.4 m) exposed in road cut is red,
silty clay shale containing a few 1-
inch (2.5-cm) thick arkosic sand
stone beds.

33. Sandstone, conglomeratic, pinkish
tan, feldspathic. Composed of angu
lar to subangular, very coarse sand,
granules, and small pebbles up to
0.5 inches (1.27 cm) diameter. About
20 percent of sand, granules, and
pebbles is pink feldspar. Forms
ledge.

32. Shale, varicolored. Lower third is
olive-gray silty clay; middle third is
purplish-red shale containing 1-2-
inch (2.5-5-cm) limestone nodules;
upper third is purple, sandy,
micaceous shale.

31. Siltstone, olive-gray. Upper 5 ft
(1.5 m) contains three 4-8-inch
(10-20-cm) thick, fine-grained, s ilty
limestone beds .

30. Limestone, gray, medium-grained,
silty. Forms small ledge.

29. Shale, clay, light-olive-gray, silty.
28. Limestone, light-olive-gray, fine

grained, dense. Contains a few bra
chiopod fragments and scattered
medium grains of feldspar sand.

27. Shale and nodular limestone, light
purplish-gray. About 40 percent is
limestone; nodules arel-3 inches
(2.5-7.6 cm) diameter.

26. Limestone, light-browni sh-gray,
fine-grained, bioclastic. Contains
fragments of crinoid columnals,
bryozoans, brachiopods, and ostra
codes. Forms two small ledges.

25. Siltstone, light-yellowish-gray; up
per half is shaly. About 20 percent of
unit is light-olive-gray nodules of
limestone, which are 1-2 inches
(2.5-5 cm) thick and 2-6 inches
(5-15 cm) Jong. Forms slight ledge.

24. Shale, clay, light-olive-gray, silty.
Soft.

23. Limestone, light-gray, fine-grained,
b ioclastic; con tains algal fil aments.
Forms small ledge.

22. Claystone. Lower third is red
weathering, silty, micaceous, and
contains a few small limestone con
cretions. Upper part is olive gray,
silty, and contains lenses of very
fine grained, micaceous sandstone.

21. Sandstone, feldspathic, s imilar to
unit 19. Contains th in lenses of red,
silty shale.

20. Shale, purplish-weathering, silty,
micaceous.

19. Sandstone, light-pinkish-yellow,
feldspathic. Composed of subround
to angular, coarse to very coarse
sand and granules. About 20 per-
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Thickness 

ft m 

35 10.7 

72 22 

13 4 

24 7.3 

17 5.2 

1.5 0.46 
7 2.1 

1.5 0.46 

3 0.9 

3 0.9 

7 2.1 

10 3 

1 0.3 

28 8.5 

7 2.1 

6 1.8 
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Unit Lithology 

cent is pink feldspar granules. 
Forms resistant ledge. 

18. Claystone, grayish-tan; soft. Forms
slope.

17. Sandstone, greenish-gray, arkosic,
fine- to medium-grained, dense;
siliceous cement. Contains angular
granules of pink feldspar.

16. Limestone, gray, nodular; contains
thin interbeds of purple day shale.

15. Claystone, light-olive-gray, silty,
calcareous. Contains scattered 1-2-
inch (2.5-5-cm) limestone nodules
mainly concentrated along joints
at high angle to bedding.

14. Limestone, medium-gray, fine- to
coarse-grained, bioclastic, slightly
micaceous. Bedding is irregular to
slightly nodular; beds are 4 inch
es-1.5 ft (10--45 cm) thick. About 15
percent of unit is thin interbeds of
gray, calcareous, clay shale.

13. Shale, clay, light-olive-gray, silty;
contains scattered limestone concre
tions as much as 6 inches (15 cm) di
ameter.

12. Limestone, light-tan-gray, ma inly
oolitic, partly bioclastic. Contains
some medium to coarse quartz sand
and a trace of feldspar. Contains os
tracodes and fragments of bra
chiopods. Forms small ledge.

11. Sandstone, light-yellowish-gray.
Matrix is fine to coarse sand; con
tains lenses and scattered clasts of
pink feldspar sand and granules.
Crossbedded. Upper third is silty
and shaly.

10. Shale, clay, reddish-brown- to light
greenish-gray-weathering, silty.
Contains small silty limestone nod
ules.

9. Sandstone, fine- to coarse-grained,
arkosic. Forms small ledge.

8. Limestone, light-gray, bioclastic.
Compo ed mainly of fragments of
crinoids and brachiopods. Contains
coarse quartz sand and granules.
Lower half forms hard ledge; upper
half is irregular bedded and less re
sistant.

7. Limestone, light-greenish-gray,
fine- to coarse-grained, bioclastic.
Contains bryozoans, brachiopods,

Thickness 
ft m 

11.5 3.5 

9 2.7 

1 0.3 

2.5 0.76 

10 3 

4.7 1.4 

2.5 0.76 

3 0.9 

5 1.5 

5 1.5 

0.7 0.21 

1.5 0.46 

Unit Lithology 

and crinoid columnals; contains 
much quartz sand and granules. 
Bedding is irregular to nodular; 
beds are <1-8 inche (<2.5-20 cm) 
thick. Contains 0.25 inch (0.6 cm) 
thick interbeds of calcareous clay 
shale. 

6. Shale, light-yellowish-gray; unit is
interbedded siltstone, very fine
grained sandstone, and a few thin
claystone beds. About 20 percent is
silty, slightly micaceous, limestone
nodules scattered along some beds.
Unit contains a few brachiopods
and crinoid columnals.

5. Shale and interbedded limestone,
light-olive-brown- and gray-weath
ering. Lower third is mainly gray,
nodular, bioclastic, silty, sandy lime
stone in beds 6 inches-1 ft (15-
30 cm) thick; about 30 percent is in
terbeds of gray, silty, micaceous
shale. Upper two thirds is about
70 percent shale containing thin
silty, sandy limestone interbeds.
Limestone contains some thick
shelled brachiopods.

4. Siltstone, light-olive-gray, shaly;
contains brachiopods and ostra
codes.

3. Sandstone, conglomeratic, light-yel
lowish-gray, feldspathic. Composed
of angular to subangular, coarse to
very coarse sand. Contains angular
granules of pink feldspar. Contains
rounded pebbles of limestone and
vein quartz 0.25-1.5 inches
(0.6-3.8 cm) diameter. Slightly in
clined crossbedding; beds are 1-2 ft
(30-60 cm) thick. Forms ledge.

2. Limestone, gray, nodular. Beds are
6-8 inches (15-20 cm) thick. About
20 percent of unit i gray, calcare
ous, clay shale interbeds.

1. Concealed; probably red shale and
thin, nodular limestone beds.

Partial thickness of Alamitos Formation: 

Thickness 
ft m 

7 2.1 

17 5.2 

16 4.9 

3 0.9 

13 4 

3 0.9 

7+ 2.1+ 
563.9 171.6+ 

[Base of section is at side road leading up east side of 
Canovas Canyon; section continues east in cuts on main 
Forest Service road. Base of Alamitos Formation is exposed 
at places on the west side of Canovas Canyon. (See Fig. 81.) 
Base of unit 1 is estimated to be about 150 ft (45 m) strati
graphically above base of formation.] 



Appendix III 

Descriptions of localities of fusulinid collections 

(Quadrangles referenced are USGS 7.5-minute topographic series except as noted.) 
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f1 0121 Alamitos Formation. Mora County, Mora quadran
gle (1 965). Road cut, south side of New Mexico 
Highway 51 8; 950 ft due east of St. Joseph Church. 
Gray calcarenite 8 ft below top of !edgy limestone 
that underlies redbeds. About 600 ft above base of 
formation. Field locality M7601 in Baltz and O' eill 
(1 984). Stratigraphic section K, unit 329 (Figs. 65, 
89). 

f1 0 122 Porvenir Formation, San Miguel County, El 
Porvenir quadrangle (1961 ) .  Roadcuts, U.S.  Forest 
Service Johnson Mesa road, sec. 23 T17N R14E. 
From 114 ft below top of formation. Stratigraphic 
section D, unit 1 1 1  (Figs.  33, 81 ) .  

f10123 Porvenir Formation. See f10122 for locality. About 
28 ft below top of formation, stratigraphic section 
D, unit 1 20 (Fig. 33) . 

fl0124 Alamitos Formation. See f 101 22 for locality. From 
25 ft above base of formation, stratigraphic section 
D, wtit 1 27 (Figs. 33, 62). 

f1 01 25 Porvenir Formation. See £1 0122 for locality. From 
35 ft above base of formation stratigraphic section 
D, unit 52 (Fig. 33) . 

£1 01 26 Porvenir Formation. See £1 0122 for locali ty. From 
90 ft above base of formation, stra tigraphic section 
D, uni t  62 (Fig. 33) . 

f1 0 127 Porvenir Formation. See f1 0 122 for local ity. From 
200 ft above base of formation, stratigraphic section 
D, unit 67 (Fig. 33). 

f1 0128 Alamitos Formation. San Miguel County, El 
Porvenir quadrangle ( 1 961 ) . South of Canovas 
Canyon. Limestone nodules in bed and cuts of 
abandoned road at about 7,880 ft altitude. About 
40 ft below top of formation. Locality shown in 
Figure 81 . Locality projected to stratigraphic sec
tion P (Fig. 62). 

f1 0129 Alamitos Formation. San Miguel County, Sapello 
quadrangle ( 1 965). orthwest of Sapello. Ledge
forming limestone in roadcut north side of New 
Mexico Highway 94. Locality shown in Figure 86. 

f101 30 Alamitos Formation. See f1 0129 for locality. Silty 
shaly limestone about 75 ft west of and strati
graphically b low £1 0129.  Field locality M7621 in 
Baltz and O' eill (1986) . 

£101 31 Porvenir Formation. San Miguel County, Sapello 
quadrangle (1965) . About 1 .5 mi northwest of 
Manuelitas. About 16 ft above base of formation in 
bioclastic crinoidal limestone. Loca lity shown in 
Figuie 83. Locality projected to stratigraphic sec
tion El ,  unit  1 0 (Fig. 39). Field locality B7602 in 
Baltz and O'Neill  (1 986) . 

f1 01 32 Sandia Formation. Mora County, Mora quadrangle 
(1 965). Bluffs 300 ft north of Rito Cebolla. About 
75 ft below top of formation in 1-2-ft-tltick bioclas
tic limestone above massive sandstone. Locality 
shown in Figure 88. Field locality B7605 in Baltz 
and O' eill (1 984). Stra tigraphic ection I, unit 1 
(Fig. 46) .  (Also in sec. C, Fig. 22.) 

f1 0133 Porvenir Formation. Mora County, Mora quadran
gle (1 965) . Road cut on New Mexico Highway 518  
north of  S t .  Joseph Church. From 1 .5-ft-thick shaly 
limestone 85 ft above base of formation. Field local
ity 87606 in Baltz and O'Neill (1984 ) .  Stratigraphic 
section K, unit 223 (Figs. 46, 89). 

f101 34 Alamitos Formation. Mora County, Mora quadran
gle (1 965). About 5,700 ft S8°W from St. Jos ph 
Church at bottom of northeast-draining canyon 

USGS 

Number Description 

1 ,800 ft south of La Canada del Guajalote. 
Limestone near middle of formation. Field locality 
B7610 in Baltz and O'Neil l (1 984) . 

f1 01 35 Porvenir Formation. Mora County, Mora quadran
gle (1 965) .  About 600 ft south of Mora River and 
about 50 ft east of crest of low northeast-trending 
ridge. From 2-3-ft-thick calcareous sandstone in 
lower part of formation. Correlated to stratigraph
ic section K, unit 216, (Fig. 46). Locality shown in 
Figure 89. Field locality 87611 in Baltz and O'Neill 
( 1 984). 

f1 0136 Alamitos Formation. San Miguel County, 
Montezuma quadrangle (1961) . North of mouth of 
Canyon Alto and Gallinas Creek. At top of ridge 
2,600 ft N54°W from Sagrado Corazon Church. 
Sandy limestone about 50 ft above base of forma
tion. Stratigrapltic section 1 (Figs. 33, 82). 

f1 0137 Porvenir Formation . Mora County, Mora quadran
gle (1 965) . About 4,400 ft N14°E from St. Joseph 
Church. Thin sandy limestone in basal part of for
mation. Local ity shown in Figure 89. Field locality 
B7704 in Baltz and O'Neill ( 1984) . Stratigraphic sec
tion J7. See section J headnote (Fig. 26) . 

f1 01 38 Alamitos Formation. San Miguel County, Sapello 
quadrangle ( 1 965) . North side of gully about 75 ft 
east of dam for irrigation lake; 2,650 ft $44°W from 
bench mark 6989 on New Mexico Highway 94 
northwest of Sapello. Thin l imestone and interbed
ded thin shale in middle(?) part of formation. Field 
locality B7705 in Baltz and O'Neill (1986) . 

f10139 Porvenir Formation. San Miguel County, Rociada 
quadrangle (1965). Southeast of Rociada in bluffs 
north of Manuelitas Creek. Limestone 30 ft above 
base of formation. Locality shown in Figure 87. 
Field locality M7614 shown in Baltz and O' eill 
(1986). Stratigraphic section H, unit 59 (Fig. 39) .  

f1 0140 Porvenir Formation. See £ 10 139 for loca l i ty. 
Limestone about 505 ft above base of formation, 
stratigraphic section H, unit 70 (Fig. 39) . Field local
ity M7615 in Baltz and O'Neill (1 986) .  

f1 0141 Porvenir Formation. See f1 0139 for locality. From 
top of tlt in l imestone 550 ft above base of forma
tion, stratigraphic section H, unit 71 (Fig. 39) .  

f1 0142 Porvenir Formation. See f1 01 39 for locality. From 
90 ft below top of formation, stratigraphic section 
H, un i t  1 1 6  (Figs. 39, 63). Locality shown in 
Figure 87. Field locality M7617 in Baltz and O'Neill 
(1 986). 

f1 01 43 Porvenir Formation. See £101 39 for locality. From 
14 ft below top of formation, stratigraphic section 
H, unit 1 1 8  (Figs . 39, 63). 

f10144 Alamitos Formation. See fl 0 139 for locality. From 
77 ft above base of formation, stratigraphic section 
H, unit 1 20 (Figs. 39, 63). 

f1 0 145 Porvenir Formation. Mora County, Mora quadran
gle (1965) . North side of New Mexico Highway 518 
north of  St. Joseph Church. About 75 f t  above base 
of formation, stratigraphic section K, from locally 
present l imestone between units 219 and 220 
(Figs. 46, 89). 

f1 0146 Porvenir Formation. See fl 0145 for locality. About 
95 ft above base of formation, stratigrapltic section 
K, unit 227 (Fig. 46) .

f1 0147 Porvenir Formation. See f1 01 45 for local i ty. 
Limestone nodules abou t 1 70 ft above ba e of for
mation, stratigraphic section K, unit 239 (Fig.  46) .  
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f1 0 148 Porvenir Formation. See £1 0 145 for locality. About 
375 ft above base of formation, stratigraphic section 
K, unit 255 (Fig. 46) . 

f1 0149 Porvenir Formation. See f1 01 45 for locality. About 
6 .5 ft below top of formation, stratigraphic section 
K, unit 276 (Fig. 46). 

£10150 Porvenir Formation. Mora County, Holman quad
rangle ( 1 965). Roadcut on New Mexico 
Highway 518, 1 50 ft north of Taos-Mora County 
line and bench mark 9469. Gray limestone in zone 
of shaly limestone and dark gray shale that is tran
sitional between Porvenir Formation and underly
ing Sandia Formation. 

fl 0151  Porvenir Formation. See f1 0150 for locality. 
Roadcut on southeast side of Highway 518, a few 
feet southwest of bench mark 9469. Light-gray 
limestone in lower part of Porvenir Formation 
about 65 ft stratigraphically above £10150. 

f 10 152 Porvenir Format ion. San Miguel County, 
Montezuma quadrangle ( 1 961 ) .  Hill  south of 
Montezuma .  About 45 ft above base of formation, 
stratigraphic section G, unit 27 (Figs. 33, 85) . 

f1 0 153 Porvenir Formation. See f1 01 52 for local i ty. 
Bioherm in quarry, about 21 0 ft above base of for
mation, stratigraphic section G, unit 47 (Fig. 33) . 

£1 0154 Porvenir Formation. See f101 52 for locality. From 
quarry, about 230 ft above base of formation, strati
graphic section G, unit 50 (Fig. 33). 

fl 0155 Porvenir Formation. See fl01 52 for locality. From 
360 ft above base of formation, stratigraphic section 
G, unit 71 (Fig. 33). 

fl 0156 Porvenir Formation. See fl01 52 for locali ty. From 
about 470 ft above base of formation, stratigraphic 
section G, unit 82 (Fig. 33) . 

f1 0 157 Alamitos Forma tion. Sa n Miguel County, 
Montezuma quad rangle (1 961) .  South of 
Montezuma; 3,750 ft S I3°E from bench mark 6744 
on New Mexico Highway 65. From about 95 ft 
above base of formation, stratigraphic section G, 
unit 101  (Figs. 62, 85). 

fl0274 Alamitos Formation. San Miguel County, Ojitos 
Frios quadrangle ( 1 961) .  About 1 00 ft north of New 
Mexico Highway 283; 3,850 ft N75°W from small 
pond at Agua Zarca. Sandy arkosic l imestone on 
south-facing hillside. 

£1 0275 Alamitos Formation. San Miguel County, Ojitos 
Frias quadrangle ( 1961 ) .  South of Ojitos Frios; 
3,400 ft S20°E from road crossing on Tecolote Creek 
at Ojitos Frias. Lens of nodular bioclastic limestone, 
0--8 inches thick, enclosed in limestone-pebble con
glomerate in upper part of formation. Stratigraphic 
section M, units 8 and 9 (Figs. 55, 59). 

f1 0277 Alamitos Formation. San Miguel County, El 
Porvenir quadrangle ( 1961 ) .  Hill west of Tecolote 
Creek, 1 ,400 ft Sl 6°E from bench mark 7055 on road 
to Blue Haven Camp. Bioclastic l imestone, 2 ft 
thick, which locally is a fusulinid coquina. About 
1 30 ft below top of formation. 

f1 0278 Alamitos Formation. San Miguel County, San 
Geronimo quadrangle ( 1961) .  Northwest of San 
Geronimo on county road; 550 ft N40°W from 
bench mark 6887. Reddish-gray l imestone in upper 
part of formation. 

fl0283 Porvenir Formation. San Miguel County, Sapello 
quadrangle (1 965) . About 3 mi west of Sapello. 
North of New Mexico Highway 266 on spur 1 ,800 ft 
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due east of hill 7371 ;  on east side of ravine tributary 
to Sapello River. Limestone about 10 ft above base 
of formation. Field local ity M7622 in Baltz and 
O'Neill (1 986) . Projected to stratigraphic section 5 
(Fig. 22) . 

f1 0284 Porvenir Formation. Mora County, Mora quadran
gle (1 965) .  On Fragoso Ridge at approximate alti
tude 7,840 ft. Sandy bioclastic and oolitic limestone 
about 640 ft above base of formation. Locality 
shown in Figure 84. Field locality M7624 in Baltz 
and O'Neill (1984). Stratigraphic section F, unit 34 
(Fig. 46). 

fl0285 Porvenir Formation. See fl 0284 for locality. Thin 
grayish-red silty l imestone in wood-haulers road 
on crest of ridge at approximate altitude 7,760 ft. 
About 900 ft above base of formation (Fig. 46). 
Locality shown in Figure 84. Field locality M7625 in 
Baltz and O'Neill ( 1984). Stratigraphic section F, 
unit 48. 

f1 0286 Sandia Formation. San Miguel County, Montezuma 
quadrangle ( 1961 ) .  Hill slope north of New Mexico 
Highway 65, southeast of Gallinas; about 30 ft west 
of bench mark 7099 and 50 ft above bench mark. 
About 70 ft below top of formation. Sarne locality 
as f 13151 ,  stra tigraphic section 1 of Porvenir 
Formation (Figs. 33, 82) .  

fl0287 Alamitos Formation. Mora County, Mora quadran
gle (1965). In southeast-draining arroyo about 
1 ,800 ft north of Rito Cebolla; 5,480 ft N57°W from 
bench mark 7053, which is near southeast corner of 
quadrangle. Ridge of 2-ft-thick limestone in bottom 
of arroyo. Field locality B7603 in Baltz and O'Neill 
(1 984). 

£1 0288 Alamitos Formation. Mora County, Mora quadran
gle (1965). East-draining canyon about 6,300 ft 
north of Ri to Cebolla; 5,850 ft S61 °W from bench 
mark 7038 which is on New Mexico Highway 518 .  
Thin, wavy-bedded cherty limestone that forms 
small ledge on north side of valley about 1 5  ft west 
of red arkose ledges of Sangre de Cristo Formation. 
Field locality B7604 in Baltz and O'Neill (1 984). 

f1 0289 Alamitos Formation. Mora County, Mora quadran
gle (1 965). About 4.5 mi. southeast of Mora; 8,650 ft 
N34°W from Brother of Jesus Mission. Thin lime
stone on slope about 30 ft east of crest of a ridge. 
Field locality 87607 in Baltz and O'Neill (1 984). 

fl 0290 Porvenir Formation. Mora County, Mora quadran
gle (1965). About 4.5 mi southeast of Mora; 7,800 ft 
N39°W from Brother of Jesus Mission. Limestone 
in cut on ranch road north of earth dam on north 
side of small val ley. Field locality B7608 in Baltz 
and O'Neill (1984 ) .  

f1 0291 Porvenir Formation. Mora County, Mora quadran
gle (1 965). North end of Fragoso Ridge at approxi
mate alti tude 7,200 ft on jeep trail. Ooli tic l imestone 
about 20 ft above base of formation. Locality shown 
in Figure 84. Field locality B7613  in Baltz and 
O'Neill (1 984) .  Stratigraphic section F, unit 1 2 
(Figs. 22, 46). 

fl 0292 Porvenir Formation. San Miguel County, Sapello 
quadrangle (1965). North side of ridge south of 
Canon del Homo; 6,700 ft N82°W from church at 
San Isidro Cemetery. From 8-ft-thick yellowish
gray weathering micritic limestone about 130 ft 
below top of formation. Field locality B7701 in 
Baltz and O'Neill (1986). Position traced to strati-
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f1 0293 

f1 0294 

f1 0295 
£1 0296 
f1 0297 

f1 0298 

f1 0299 

£1 0300 

£10301 

f1 0302 

f1 0303 

f10304 

f1 0305 

Description 

graphic section E3, unit 33 (Figs. 39, 83). 
Porvenfr Formation. Mora County, Mora quadran
gle ( 1 965). About 2,300 ft north of Mora River north 
of St. Joseph ChUich. Sandy, oolitic gray limestone 
30 ft above base of formation . Field locality 87703 
in Baltz and O'Neill (1 984) . Stratigraphic section L, 
unit 20 (Figs. 26, 89). 
Alamitos Formation. Mora County, Mora quadran
gle (1 965). In Canon de! Agua, north of Mora River. 
Light-gray dense limestone that forms massive 
ledge and waterfall .  Locality shown in Figure 89. 
Field local ity 87706 in Baltz and O'Neill (1984) . 
Porvenir Formation. Same locality as f1 0285. 
Porvenir Formation. Same locality as f1 0284. 
Alamitos Formation. Mora County, Mora quadran
gle (1965). North side of Rito Cebolla. Small ridge 
of medium-gray limestone and silty gray shale. 
Locality shown in Figu re 88. Field locality 8771 3 in 
Baltz and O'Neill (1 984). Stratigraphic section I, 
unit 15 (Fig.  65) .  
Porvenir Formation. San Miguel County, El 
Porvenir quadrangle ( 1961 ) .  Cut in Forest Service 
road on ridge east of Long Ranch; SW¼SE¼ sec. 1 3  
T17N R14E. Limestone, 1 .3-ft-thick, about 3 3  ft 
below top of formation. Locality shown in Figure 
81 . Stratigraphic section 7 (Fig. 62). 
Alamitos Formation. See f1 0298 for locality. Thin 
bioclast ic limestone about 75 ft above base of for
mation. 
Porvenir Formation. Mora County, Mora quadran
gle (1 965). About 1 mi north of Mora River. 
Limestone at base of formation in topographic sad
dle east of small anticline. (See section J7 headnote. )  
Locality shown in Figure 89. Stratigraphic section 
J7 (Fig. 26). 
Alamitos Formation. San Miguel County, Sapello 
quadrangle ( 1965). Northwest of Sapello .  Ridge
forming limestone, 4.5-ft-thick, containing large 
brachiopods, and exposed in southeast-draining 
arroyo. About 1 50 ft above bas of formation. 
Locality shown in Figure 86. Field locality 87907 in 
Baltz and O'Neill (1 986) . Stratigraphic section 9 
(Fig. 63). 
Porvenir Forma tion. San Miguel County, Sapello 
quadrangle ( 1965) .  Northwest of Sapel lo .  
Lime tone ledge on north bank of southeast-drain
ing arroyo. Probably 1 60 ft above base of forma
tion. Locality shown in Figure 86. Field locality 
87908 on Baltz and O'Neill (1 986) .  Stratigraphic 
section 3 (Fig. 39) . 
Porvenir Formation. Mora County, Lucero quad
rangle (1 966) .  About 2,800 ft N85°W from road 
junction at cemetery at Los Cisneros. Low ridge of 
bioclastic, sandy ooli tic l imestone just outh of 
creek near north bend in road .  Basal(?) part of for
mation. 
Porvenir Formation. Mora County, Mora quadran
gle (1965). Top of northeast-trending ridge, 2,1 00 ft 
north of Canon de! Agua. Light gray, sandy, bio
clastic limestone, 1-2 ft thick, that underlies mas
sive ridge-forming arkose in lower part of forma
tion. Locality shown in Figure 89. Field local ity 
B7709 in Baltz and O'Neill (1 984) . 
Porvenir Formation. Mora County, Mora quadran
gle (1 965) . About 1 2,600 ft N27°E from St. Joseph 
Church. Small ridge of silty to sandy, bioclastic, 
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crossbedded limestone, about 5 ft thick that is basal 
part of formation. Field locality 87710  in Baltz and 
O'Neill (1 984). 

£1 0306 Sandia Formation. San Miguel County, Villanueva 
1 5-minute qu adrangle ( 1 960) .  North sid e  of 
canyon, west of large clearing, NE¼ SW¼ sec. 21 
T1 4N RJ SE. Two-ft-thick ledge of fractured cherty 
l imestone, abou t 10 ft east of probable fault contact 
with Precambrian granite. About 75 ft below top of 
Sandia Formation. Near local ity of stratigraphic 
section 1 (Figs. 55, 58). 

f1 0307 Sandia Formation. Mora County, Montezuma 
quadrangle (1 965). In Sanguijuela Arroyo just east 
of bench mark 7291 and north of county road. 
Lower part of south-facing hillside.  Prominent 
ledge of l imestone about 1 20 ft below top of forma
tion. 

£1 0308 Porvenir Formation. San Miguel County, Ojitos 
Frios quadrangle ( 1961 ) .  Roadcut 35 ft sou th of and 
above New Mexico Highway 283; 1 3,300 ft N67°W 
from small pond at Agua Zarca. Six-inch thick 
sil iceous l imestone abou t 15 ft above base of for
ma tion. 

f1 0309 Porvenir Formation. San Miguel County, Ojitos 
Frios quad rangle (1961 ) .  East s ide of Canon 
Mestefio. Road cut at north side of New Mexico 
Highway 283 1 ,900 ft S70°E from bench mark 7034 
(San Geronimo road junction) .  Sandy l imestone of 
"marker" zone near top of formation. 

f10310  Porvenir Formation .  San Miguel County, El 
Porvenir quadrangle ( 1961 ) .  Near bottom of Cabo 
Lucero Creek west of Blue Haven Camp; 1 .6 mi 
S81 °W from Trujillo Ranch house. Thin sandy lime
stone about  5 ft below top of formation. 
Stratigraphic section 0, unit 1 (Figs. 55, 58). 

f1 031 1  Porvenir Formation. San Miguel County, 
Villanueva 1 5-minute quadrangle (1 960). 
Limestone quarry at north side of road betw en 
Bernal and Blanchard; 5,600 ft  N20°W from 
Starvation Peak. Coquinoid bed of fusulinids on 
floor of quarry. 

£10312 Porvenir Formation. San Miguel County, Rociada 
quadrangle (1965). Ridge north of Sapello River in 
SE¼ sec. 33 T19N R1 4E (projected); 200 ft sou th of 
bench mark 8883 at abou t 8,870 ft  a l t i tu de. 
Bioclastic limestone about 35 ft above base of for
mation . Field local ity 88001 in Baltz and O'Neil l  
( 1 986) . 

f10313  Porvenir Formation. San Miguel County, Rociada 
quadrangle (1 965) .  ear east end of ridge between 
Sparks a nd Maestas Creeks at approximate altitude 
8,460 ft; 3,200 ft N60°W from bench mark 8000, 
which is near mou th of Sparks Creek. Li mestone 
about 80 ft above base of formation . Field locality 
88003 in Baltz and O' eill (1 986) . 

f1 031 4  Porvenir Formation . Mora County, Rociada quad
rangle (1 965 ) .  South side of ridge north of Sparks 
Creek at approximate alt i tude 8,720 ft; 6,500 ft 
N20°W from bench mark 8000, which is near 
mouth of Sparks Creek. Biocla tic l imestone about 
35 ft above base of formation. Field locality 88004 
in Baltz and O'Neill (1986). 

f1 0315 Porvenir Formation. Santa Fe County, Tesuque 
quadrangle (1 953, revised 1977) .  orth side of Rio 
Namb about 300 ft upstream from picnic area we t 
of Nambe falls and dam. Estima ted 80-1 20 ft above 
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base of formation. Sparse fusulinids in ledge of 
l imestone that dips 35-40° into bed of river. 

f1 0316 Porvenir Formation. Santa Fe County, Glorieta 
quadrangle ( 1953). East side of ravine 0.39 mi 
N56°W from bench mark 661 0, which is at junction 
of ravine with Galisteo Creek and Atchison, 
Topeka, and Santa Fe railroad tracks. Limestone 
nodules in calcareous shale about 40 ft below top of 
formation. 

f1 031 7  Alamitos Formation. Santa Fe County, Rosilla Peak 
quadrangle ( 1961 ) .  Northwest of Pecos. From unit 9 
of stratigraphic section 97 of Sutherland (1963, 
p. 66).

f1 0318  Alamitos Formation. Same locality as  f 10317; from 
unit 1 1  of stratigraphic section 97 of Sutherland 
(1 963). 

f 103 19  Alamitos Formation. San Miguel County, North 
San Ysidro quadrangle (1 966) . Center of sec. 24 
T14N R1 3E, about 1 .2 mi northwest of San Juan on 
east side of meander loop of Pecos River. Sandy, 
bioclastic, oolitic l imestone abou t 20 ft below top of 
formation. Pecos River section described in text (p.  
1 07). 

£1 0320 Alamitos Forma tion. See f1 031 9  for locali ty. 
Bioclastic limestone that forms a strong ledge 
below green-gray shale at north side of meander 
loop of Pecos River. About 60 ft below top of for
mation. Pecos River section described in text (p. 
1 07). 

f1 0321 Alami tos Forma tion . San Miguel County, 
Vil lanueva 15-minute quadrangle (1 960). SW ¼ 
sec. 35 Tl4N RISE. Low embankment immediately 
north of Interstate Highway 25, about 1 ,000 ft west 
of crossover road to Bernal .  (Sou th of old U.S. 
Highway 84--85 shown in quadrangle . ) Brown
weathering sandy bioclastic l imestone abou t 1 ft 
thick and about 1 3  ft above base of formation. 
Bernal section described in text (p.  1 07) . 

£10322 Alamitos Formation. Same locality as £1 0321 . 
Brown limestone that weathers to thin broken 
plates. About 7 ft above base of formation and just 
west of f10321 . 

f1 0323 Alamitos Formation. San Miguel County, 
Villanueva 15-minute quadrangle (1 960). SW¼ 
sec. 35 Tl4N RI SE, about 600 ft southwest of local
ity f1 0321 .  Small outcrop of purplish-gray bioclas
tic l imestone in grass-covered field about 300 ft 
southwest of water well , which is just south of 
Interstate Highway 25. 

f1 0324 Alamitos Formation . San Miguel County, Ojitos 
Frios quadrangle (1961 ) .  About 4,900 ft S5°E from 
bench mark 7233, which is on New Mexico 
Highway 283 at head of La Canada del Alto de la 
Reunion. Light-gray bioclastic limestone that forms 
smalJ bench west of main arroyo in the Canada and 
just east of axis of La Rewuon syncline. About 75 ft 
above base of formation. 

f1 0325 Alamitos Formation. San Miguel County, Sapello 
quadrangle (1 965) .  In ditch at north side of sharp 
bend in New Mexico Highway 266, abou t 900 ft 
southwest of junction of Highways 266 and 94. 
Cherty, greenish-gray l imestone about 50 ft above 
basal arkose of formation. Locality shown in Figure 
86. Field locality B7601 in Baltz and O'Neill (1986) .

f1 0326 Alamitos Formation. Same locality as £1 0138. Field 
locality B7705 in Baltz and O'Neill (1986). 
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f10327 Alamitos Formation. Area of f1 0275, near strati
graphic section M. Sparse fusulinids in anthil l on 
calcareous shale interbedded in l imestone. 

£10328 Alamitos Formation. See f1 0321 for locality. About 
75 ft north of Interstate Highway 25, and just south 
of highway boundary fence. Small outcrop of pur
plish-gray sandy bioclastic l imestone; probably 
same bed as £1 0321 . 

f1 0334 Porvenir Formation. Mora County, Holman quad
rangle (1 965). Projected sec. 29 T21 N  R14E. North 
rim of Osha Canyon; 4,1 00 ft N26°W from junction 
of stream in Osha Canyon and North Fork of Rio la 
Casa. Cut in Forest Service road at about altitude 
9,900 ft . Biocla tic l imestone, 15 ft thick, that is 
basal part of Porvenir Formation. Basal l imestone is 
underlain by thick gray shale of Sandia Formation, 
and is overlain by a 40-ft-thick gray shale, overlain, 
in turn, by more limestone of the Porvenir. 

£1 0335 Porvenir Formation .  San Miguel County, 
Villanueva 15-minute quadrangle (1960). North
west of Bernal, near middle of sec. 8 Tl4N RISE. 
Limestone about 35 ft above base of forma tion on 
low ridge southwest of southeast-draining canyon 
in which abandoned coal mine is located . 
Stratigraphic section A, unit 1 2  (Figs. 1 7, 20). 

f1 0337 Porvenir Forma tion. San Miguel County, 
Villanueva 1 5-minu te quad rangle ( 1 960) .  
Northwest of  Bernal in SE ¼SE¼ sec. 21 T14N RlSE. 
Near bottom of south wall of large east-draining 
canyon east of sharp kink in ranch road. About 6 ft 
below top of sandstone and sandy limestone in 
lower part of "marker" zone and about 95 ft below 
top of formation. Stratigraphic section 1 (Figs. 55, 
58). 

£10338 Porvenir Formation. San Miguel County, Rociada 
quadrangle (1 965) . North side of Sapello River; 
1 , 700 ft N13°E from NW corner of sec. 18 T18N 
RISE. Limestone 30-35 f t  above base of formation 
on ridge at about altitude 7,680 ft. Field locality 
881 01 in Bal tz and O'Neill (1 986) . 

f10339 Porvenir Formation. San Miguel County, Rociada 
quadrangle (1 965) . Northwest of Rociada. West 
side of deep northeast-draining canyon abou t 
2,500 ft SW of confluence with Maestas Creek. 
About 7,100 ft N84°E from NE corner sec . 30 T19N 
R14E. Top of thin-bedded limestone on wood 
haulers road about 1 00 ft above base of formation. 
Field locality B81 05 in Baltz and O'Neill (1986). 

£10340 Porvenir Formation. San Miguel County, Sapello 
quadrangle (1 965) . Topographic bench north of 
deep southeast-draining canyon 3,300 ft N10°E 
from Highway 266 bridge at Las Tusas. Limestone 
about 35 ft above base of formation. Field locality 
B791 1  in Baltz and O'Neill (1986). 

f10341 Porvenir Formation. San Miguel County, Sapello 
quadrangle (1 965). Ridge north of Sapello River 
1 ,500 ft N32°W from Highway 266 bridge at Las 
Tusas. About 20 ft above base of formation. Field 
locality 791 2  in Baltz and O'Neill (1 986) . 

f10343 Porvenir Formation. Mora County, Lucero quad
rangle (1966). Abou t 2,1 00 ft west of road junction, 
which is at cemetery at Los Cisneros. Low ridge of 
gray limestone about 1 00 ft north of dirt road. 
About 1 5  ft below top of Porvenir and overlying 
massive basal arkose of Ala mitos Format ion .  
Stratigraphic sect ion 4 on Plate 3 .  
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f10344 

£10345 
£10346 
fl3143 

f13144 

f13150 

£13151 

£13153 

f13154 

f13156 

f13160 

Description 

Porvenir Formation. Mora County, Mora quadran
gle (1965). East side of narrow north-draining 
canyon about 900 ft south of La Canada del 
Guajalote. About 5,500 ft S14°W from St. Joseph 
Church. Top of 30-ft-thick sandy bioclastic lime
stone near base of formation. Field locality B7609 in 
Baltz and O'Neill (1984). 
Alamitos Formation. Same locality as fl 0130. 
Alamitos Formation. Same locality as £10129. 
Porvenir Formation. San Miguel County, El 
Porvenir quadrangle (1961). SE¼ sec. 23 T17N 
R14E. Abandoned road on ridge south of Canovas 
Canyon at locality of stratigraphic section 6 (Figs. 
58, 62, 81). Sandy bioclastic limestone near top of 
"marker" zone about 95 ft below top of formation. 
Alamitos Formation. See f13143 for locality. 
Limestone about 60 ft above base of formation. 
Stratigraphic section 6 (Figs. 58, 62, 81). 
Sandia Formation. See f10286 for locality. Four
inch-thick limestone interbedded in gray shale 
above thick sandstone. About 95 ft below top of 
formation. Stratigraphic section 3 of Sandia 
Formation (Figs. 17, 21). 
Sandia Formation. See f10286 for locality. About 
40 ft below top of formation. Stratigraphic section 3 
of Sandia Formation (Figs. 17, 21). 
Porvenir Formation. See £10286 for locality. Top of 
bench-forming limestone about 85 f t  above base of 
formation. Stratigraphic section 1 of Porvenir 
Formation (Figs. 33, 82). 
Porvenir Formation, San Miguel County, 
Montezuma quadrangle (1961). About 0.8 mi NNW 
of Canon Alto. From 8-ft-thick unit of limestone 
and interbedded shale about 1,000 ft northwest of 
Sagrado Corazon Church. About 280 ft below top 
of formation. Stratigraphic section 1 (Figs. 33, 82). 
Porvenir Formation. San Miguel County, 
Montezuma quadrangle (1961). Northwest of 
Gallinas. About 1,900 ft NNW from bench mark 
7149, which is on New Mexico Highway 65. Sandy 
limestone about 40 ft below top of formation at 
locality of megafossil collection 24484--PC, strati
graphic section 1 of Porvenir Formation (Figs. 33, 
82). 
Porvenir Formation. San Miguel County, Rociada 
quadrangle (1965). SE¼ sec. 8 T18N R14E. About 
1,000 ft north of Beaver Creek Cabin. Near top of 
ledge-forming limestone about 300 ft above base of 
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f13161 

£13167 

£13212 
f13213 

fl3215 

£13216 

f13217 

f24347 
f24353 

Description 

formation. Locality f13160 in Baltz and O'Neill 
(1986). Stratigraphic section 2 (Figs. 31, 39). 
Porvenir Formation. San Miguel County, Rociada 
quadrangle (1965). NE¼ sec. 8 T18N R14E. About 
2,900 ft north of Beaver Creek Cabin near top of 
ridge. Ledge-forming thick limestone about 980 ft 
above base of formation. Locality 13161 in Baltz 
and O'Neill (1986). Stratigraphic section 2 (Figs. 31, 
39). 
Alamitos Formation. San Miguel County, Sapello 
quadrangle (1965). North of Manuelitas Creek, 
about 2,000 ft north of Cafioncito. Thin limestone 
about 210 ft above base of formation at locality of 
stratigraphic section 8 (Figs. 55, 63). 
Alamitos Formation. Sarne as locality f10128. 
Alamitos Formation. San Miguel County, El 
Porvenir quadrangle (1961). SE¼ sec. 23 T17N 
R18E. Outcrop of thin limestone on north side of 
Johnson Mesa road near junction with road to 
Mineral Hill. About 70 ft below top of formation. 
Stratigraphic section 6 (Figs. 58, 62, 81). 
Alamitos Formation. San Miguel County, El 
Porvenir quadrangle (1961). Limestone ridge north 
of Gallinas Creek east of Santa Fe National Forest 
boundary. About 1,900 ft northeast of Western Life 
Camp. Locality shown in Figure 81. Projected 
stratigraphic po ition is near middle of formation 
at locality of stratigraphic section 7 (Fig. 62). 
Alamitos Formation. San Miguel County, El 
Porvenir quadrangle (1961). SE¼ sec. 13 T17N 
R14E; about 100 ft north of Forest Service road. 
Sandy limestone about 40 ft above base of forma
tion. Stratigraphic section 7 (Figs. 62, 81). 
Porvenir Formation. San Miguel County, El 
Porvenir quadrangle (1961). SW¼NE¼ sec. 13 
T17N R14E. Ridge about 2,500 ft NNW from 
Western Life camp. Limestone in medial part of for
mation. 
Alamitos Formation. Same locality as f13167. 
Porvenir Formation, San Miguel County, 
Montezuma quadrangle (1961). Head of deep 
canyon north of Gallinas Creek, northwest of Hot 
Springs. About 6,500 ft NNW of bench mark 6851, 
which is on New Mexico Highway 65. Limestone 
near east end of ridge at about altitude 8,000 ft. 
About 15 ft above base of formation. Stratigraphic 
section B, unit 27 (Figs. 17, 21). 
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PLATE 6--Desmoinesian fusulinids from the lower part of the Alamitos Formation and the Porvenir Formation at compos
ite stratigraphic section G, (Fig. 85), south of Montezuma. (Unretouched photographs, x 10, except where indicated) 

Figures 
1-4 USGS £10157. Beedeina cf. B. sulphurensis (Ross and Sabins), 1965. Slides 5, 1, 2, 8; USNM 486061, 486062, 

486063, 486064. 

5 USGS £10156. Beedeina sp. Slide 3; USNM 486065 

6-8, 10 USGS £10155. Beedeina aff. B. rockymontana (Roth and Skinner), 1930. Slides 5, 1, 4, 3; USNM 486066, 486067,
486068, 486070. 

9 USGS f10155. Wedekindellina cf. W. minuta (Henbest), 1928. (x 20). Slide 13; USNM 486069. 

11, 13 USGS f10154. Beedeina cf. B. rockymontana (Roth and Skinner), 1930. Slides 2, 8; USNM 486071, 486073. 

12 USGS £10154. Wedekindellina sp. Slide 6; USNM 486072. 

14, 17 USGS £10153. Beedeina aff. B. rockt;montana (Roth and Skinner), 1930. Slides 8, 3; USNM 486074, 486077. 

15 USGS £10153. Wedekinde/lina sp. indet. Slide 7; USNM 486075. 

16 USGS £10153. Frumente/la? sp. (x 50). Slide 12; USNM 486076. 

18, 20 USGS £10152. Beedeina insolita (Thompson), 1948. Slides 1, 7; USNM 486078, 486080. 

19, 21 USGS £10152. Fusulinella sp. (x 20). Slides 3, 2; USNM 486079, 486081. 
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PLATE 7-Miscellaneous Permian, Upper Pennsylvanian, and Desmoinesian fusulinids from the Alamitos Formation. 
(Unretouched photographs, x 10 except where indicated) 

Figures 
1--4 USGS f10128. Triticites aff. T. creekensis Thompson, 1954. Slides 2, 3, 6, 5; USNM 486082, 486083, 486084, 

486085. Wolfcampian. 

5-8 USGS f10129. Beedeina aff. B. sulphurensis (Ross and Sabins), 1965. Slides 11, 9, 5, 8; USNM 486086, 486087, 
486088, 486089. Desmoinesian. 

9-15 USGS f10130. Beedeina aff. sulphurensis (Ross and Sabins), 1965. Slides 5, 6, 8, 7, 9, 11, 10; USNM 486090, 
486091,486092,486093,486094,486095,486096. Desmoinesian. 

16, 17 USGS fl3215. Triticites nebrascensis Thompson, 1934. Slides 9, 22; USNM 486097, 486099. Missourian. 

18-20 USGS f10138. Beedeina sulphurensis (Ross and Sabins), 1965. Slides 4, 1, 3; USNM 486098, 486100, 486101.
Desmoinesian. 

21 USGS f10138. Plectofusulina? sp. (x 50). Slide 6; USNM 486102. Desmoinesian. 
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PLATE 8-Desmoinesian fusulinids from the Alamitos and Porvenir Formations at stratigraphic section H, (Fig. 87), 
Manuelitas Creek southeast of Rociada. (Unretouched photographs, x 10, except where indicated) 

Figures 
1-4 USGS f10144. Beedeina sulphurensis (Ross and Sabins), 1965. Slides 5, 12, 13, 10; USNM 486103, 486104, 

486105, 486106. 

5-8 USGS f10143. Beedeina cf. B. sulphurensis (Ross and Sabins), 1965. Slides 7, 3, 6, 4; USNM 486107, 486108, 
486109, 486110. 

9-12 USGS f10142. Beedeina aff. B. sulphurensis (Ross and Sabins), 1965. Slides 3, 1, 6, 8; USNM 486111, 486112, 
486113, 486114. 

13-16 USGS f10141. Beedeina aff. B. rockymontana (Roth and Skinner), 1930. Slides 2, 4, 7, 5; USNM 486115, 486116,
486117, 486118. 

17, 18 USGS f10140. Beedeina aff. B. rockymontana (Roth and Skinner), 1930. Slides 8, 6; USNM 486119, 486120. 

19, 20 USGS f10140. Frumente/la? sp. (x 50). Slides 10, 9; USNM 486121, 486122. 

21-24 USGS f10139. Beedeina aff. B. arizonensis (Ross and Sabins), 1965. Slides 7, 1, 6, 8; USNM 486123, 486124,
486125, 486126. 
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PLATE 9-Desmoinesian fusulinids from the lower part of the Alamitos Formation and the type section of the Porvenir 
Formation at stratigraphic section D, (Fig. 81), Johnson Mesa road. (Unretouched photographs, x 10) 

Figures 
1-4 USGS f10124. Beedeina sulphurensis (Ross and Sabins), 1965. Slides 5, 2, l, 4; USNM 486127, 486128, 486129, 

486130. 

5-8 uses f10123. Beedeina aff. B. sulphurensis (Ross and Sabins), 1965. Slides 5, 1, 3, 7; USNM 486131, 486132, 
486133, 486134. 

9-11 uses f10122. Beedeina sp. Slides 2, 1, 3; USNM 486135, 486136, 486137. 

12-14 USeS f10127. Beedeina aff. B. rockymontana (Roth and Skinner), 1930. Slides 12, 4, 3; USNM 486138, 486139,
486140. 

15-18 uses f10126. Beedeina aff. B. apachensis (Ross and Sabins), 1965. Slides 6, 1, 2, 3; USNM 486141, 486142,
486143, 486144. 

19-21 uses f10125. Beedeina cf. B. insolita (Thompson), 1948. Slides 4, 6, 5; USNM 486145, 486146, 486147.
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PLATE 10-Desmoinesian fusulinids from the Alamitos and Porvenir Formations at stratigraphic section K, (Fig. 89), north 
side of Mora River. (Unretouched photographs, x 10 except where indicated) 

Figures 

1-3

4, 6 

5 

7 

8-12

uses f10121. Beedeina acme (Dunbar and Henbest), 1942. Slides 1,2,3; USNM 486148, 486149, 486150. 

USGS f10149. Beedeina aff. B. rockymontana (Roth and Skinner), 1930. Slides 9, 6; USNM 486151, 486152. 

uses f10149. Wedekindellina sp. Slide 7; USNM 486153. 

USGS f10149. Beedeina? sp. Probably reworked from older beds. Slide 7; USNM 486154. 

USGS f10148. Beedeina aff. B. joyitaensis Stewart, 1970. Slides 1, 4, 3, 2, 5; USNM 486155, 486156, 486157, 
486158, 486159. 

13-16 USGS f10147. Beedeina aff. B. socorroensis (Needham), 1937. Slides 1, 2, 3, 4; USNM 486160, 486161, 486162,
486171. 

17, 18, 21 USGS f10146. Beedeina cf. B. novamexicana (Needham), 1937. Slides 4, 3, 2; USNM 486163, 486164, 
486165. 

19, 20 USGS f10146. Wedekindellina sp. (x 20). Slides 7, 5; USNM 486166, 486167. 

22, 23 USGS f10133. Beedeina sp. Slides 6, 4; USNM 486168, 486169. 

24 USeS f10133. Wedekindellina cf. W. coloradoensis Roth and Skinner, 1930. Slide 2; USNM 486170. 
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PLATE 11-Desmoinesian fusulinids and miscellaneous fossils from the Porvenir Formation at stratigraphic section K, (Fig. 
89), Mora River. (Unretouched photographs, x 10) 

Figures 
1 

2 

3, 4 

5 

6-8 

9, 10 

USGS f10149. Fecal(?) pellets in a brachiopod shell from near the top of the Porvenir Formation. Slide 5; 
USNM 486172. 

USGS £10147. Beedeina sp. accreted around a subcylindrical object. The object probably is a filled burrow. 
Section cut normal to the long axis. Slide 5; USNM 486173. 

USGS f10145. Beedeina cf. B. pattoni (Needham), 1937. Slides 1, 2; USNM 486174, 486175. 

USGS f10145. Wedekindellina sp. Slide 3; USNM 486176. 

USGS f10135. Beedeina aff. B. arizonensis (Ross and Sabins), 1965. Slides 2, 3, 4; USNM 486177, 486178, 
486179. 

USGS f10135. Wedekindellina excentrica Roth and Skinner, 1930. Slides 8, 9; USNM 486180, 486181. 
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PLATE 12-Miscellaneous Desmoinesian and Atokan fusulinids. (Unretouched photographs, x 10, except where indicated) 

Figures 

1-5

6-9

USGS f10134. Beedeina acme (Dunbar and Skinner), 1942. Slides 1, 10, 14, 9, 6; USNM 486182, 486183, 
486184, 486185, 486186. Alamitos Formation. Desmoinesian. 

USGS f13217. Beedeina sp. Slides 3, 4, 1, 2; USNM 486187, 486188, 486189, 486190. Porvenir Formation. 
Desmoinesian. 

10 USGS f10136. Beedeina sp. Slide 1; USNM 486191. Alamitos Formation. Desmoinesian. 

11, 12 USGS f10136. Plectofusulina sp. (x50). Slides 2, 1; USNM 486192, 486193. Alamitos Formation. 
Desmoinesian. 

13-16 USGS f10137. Fusulinella aff. F. dosensis Ross and Sabins, 1965. Slides 1, 2, 6, 3; USNM 486210, 486194,
486195, 486196. Porvenir Formation. Desmoinesian. 

17 USGS f10137. Wedekindellina? sp. Slide 5; USNM 486197. Porvenir Formation. Desmoinesian. 

18-21 USGS f10131. Fusulinella aff. F. oakensis Ross and Sabins, 1965. Slides 5, 6, 2, 4; USNM 486198, 486199,
486200, 486201. Porvenir Formation. Early Desmoinesian or late Atokan. 

22-25 USGS f10132. Fusulinella aff. F. juncea Thompson, 1948. Slides 1, 5, 9, 6; USNM 486202, 486203, 486204,
486205. Sandia Formation. Atokan. 

26-29 USGS f13150. Fusulinella sp. Slides 2, 1, 3, 4; USNM 486206, 486207, 486208, 486209. Sandia Formation.
Atokan. 
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PLATE 13-Miscellaneous Pennsylvanian and Early Permian fusulinids. (Unretouched photographs, x 10 except where 
indicated) 

Figure 

1-4 

5-9

10, 11 

12-15

16, 17 

18, 19 

20-22 

23-25

USGS f10327. Triticites (Leptotriticites) sp. Slides 3, 6, 5, 1; USNM 486211, 486212, 486213, 486214. Alamitos 
Formation. Wolfcampian. 

USGS f10275. Triticites (Leptotriticites) sp. Slides 1, 19, 17, 7, 15; USNM 486215, 486216, 486217, 486218, 
486219. Alamitos Formation. Wolfcampian. 

USGS f10278. Triticites cf. T. creekensis Thompson, 1954. Slides 5, 11; USNM 486220, 486221. Alamitos 
Formation. Wolfcampian. 

USGS f10277. Triticites aff. T. coronadoensis Ross and Tyrrell, 1965. Slides 4, 3, 7, 5; USNM 486222, 486223, 
486224, 486225. Alamitos Formation. Virgilian. 

USGS f10151. Beedeina sp. Slides 3, 4; USNM 486226, 486227. Porvenir Formation. Early Desmoinesian. 

USG$ f10151. Plectofusulina sp. (x 50). Slides 12, 9; USNM 486228, 486229. Porvenir Formation. Early 
Desmoinesian. 

USGS f10150. Beedeina aff. B. portalensis (Ross and Sabins), 1965. Slides 7, 8, 2; USNM 486230, 486231, 
486232. Porvenir Formation. Early Desmoinesian. 

USGS £10150. Plectofusulina sp. (x 50). Slides 14, 17, 12; USNM 486233, 486234, 486235. Porvenir Formation. 
Early Desmoinesian. 
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PLATE 14-Early Permian and Late Pennsylvanian fusulinids from Alamitos Formation. (Unretouched photographs, x 10 
except where indicated) 

Figures 
1 USGS f10275. Ozawainella sp. (x 100). Slide 29; US M 486236. Wolfcampian. 

2 USGS f10278. Triticites creekensis Thompson, 1954. Slide 4; USNM 486221. Wolfcampian. 

3, 4 USGS f10320. Triticites aff. T. whetstonensis Ross and Tyrrell, 1965. Slide 1, 3; USNM 486237, 486238. 
Virgilian. 

5 USGS f10320. Oketaella sp. (x 50). Slide 5; USNM 486239. Virgilian to Wolfcampian. 

6-8 USGS f10277. Triticites aif. T. coronadoensis Ross and Tyrrell, 1965. Slides 2, 7, 5; USNM 486240, 486224, 
486225. Virgilian. 

9-12 USGS f10319. Triticites bensonensis Ros and Tyrrell, 1965. Slides 7, 5, 4, 1; USNM 486241, 486242, 486243,
486244. Virgilian. 

13, 14 USGS f10322. Triticites aff. T. ohioensis Thomp on, 1936. Slides 2, 3; USNM 486245, 486246. Missourian. 

15, 16 USGS f10328. Triticites cf. T. ohioensis Thomp on, 1936. Slides 2, 3; USNM 486247, 486248. Missourian. 

17-20 USGS fl0321. Triticites cf. T. ohioensis Thompson, 1936. Slides 4, 1, 3, 2; USNM· 486249, 486250, 486251,
486252. Mi ourian. 

21, 22 USGS fl 0323. Triticites aff. T. celebroides Ross, 1965. Slides 3, l; USNM 486253, 486254. Missourian. 
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Selected conversion factors* 

TOCO VERT MULTIPLY BY TO OBTAIN TOCO VERT MULTIPLY BY TOOBTAl 

Length Pressure, stress 

inches, in 2.540 centimeters, cm lb in-2 (=lb/in2), p i 7.03 X 10-2 kg cm-2 (kg/cm2) 
feet, ft 3.048 x 10·1 meters, m lb m·2 6.804 X 10·2 atmospheres, atm 
yards, yds 9.144 x 10·1 m lb in·2 6.895 X 1o3 newtons (N)/m2, m·2 
statute miles, mi 1.609 kilometers, km atm 1.0333 kgcm·2 

fathoms 1.829 m atm 7.6 X 10•2 mm of Hg (at 0°C) 
angstroms, A 1.0 X 10-8 cm inches of Hg (at 0°C) 3.453 X 10·2 kgcm·2 

A 1.0 X 10-4 micrometers, µm bars, b 1.020 kgcm·2 

Area b 1.0 X 106 dynes cm·2 

in2 6.452 cm2 b 9.869 X 10"1 atm 
ft2 9.29 X 10"2 m2 b 1.0 x 10-1 megapascals, MPa 
yds2 8.361 X 10"2 m2 Density 

mi2 2.590 km2 lb in-3 (= lb/in3) 2.768 X 101 gr cm-3 (= gr/cm3) 
acres 4.047 X Jo3 m2 Viscosity 

acres 4.047 x 10·1 hectares, ha poises 1.0 gr cm-1 sec-1 or dynes cm·2 
Volume (wet and dry) Discharge 

in3 1.639 X 10"1 cm3 U.S. gal mm·l, gpm 6.308 X 10•2 1 sec·1 

fp 2.832 X 10-2 m3 gpm 6.308 x 10·5 m3 sec·1 

yds3 7.646 X 10"1 m3 fP sec·1 2.832 X 10·2 m3 sec-1 

fluid ounces 2.957 X 10-2 liters, 1 or L Hydraulic conductivity 
quarts 9.463 x 10·1 U.S. gal day-1 ft•2 4.720 X 10-7 m sec·1 
U.S. gallons, gal 3.785 Permeability 

U.S. gal 3.785 X 10"3 m3 darcies 9.870 X 10-13 m2 
acre-ft 1.234 X 10•3 m3 Transmissivity 

barrels (oil), bbl 1.589 x 10-l m3 U.S. gal day-1 ft· 1 1.438 X 10-7 m2sec·1 

Weight, mass U.S. gal min·1 ft"1 2.072 x 10·1 1 sec·1 m·1 

ounces avoirdupois, avdp 2.8349 x to1 grams, gr Magnetic field intensity 

troy ounces, oz 3.1103 X 101 gr gausses 1.0 X loS gammas 
pounds, lb 4.536 x 10·1 kilograms, kg Energy, heat 

long tons 1.016 metric tons, mt British th rmal units BTU 2.52 x 10·1 calories, ca 1 
short tons 9.078 x 10-1 mt BTU J.0758 X 102 kilogram-meters, kgm 
ozmt1 3.43 X 101 parts per million, ppm BTU lb-1 5.56 x 10·1 cal kg-1 

Velocity Temperature 

ft sec·1 (= ft/sec) 3.048 X 10•1 m sec·1 (= m/sec) 0c + 273 1.0 °K (Kelvin) 
mi h,-1 1 .6093 km h,-l 0c + 17.78 1.8 °F (Fahr nheit) 
mi hr·1 4.470 x 10·1 m sec·1 °F-32 5/9 °C (Celsius) 

'Divide by the factor number to reverse conversions. 
Exponents: for example 4.047 x 1o3 (see acres)= 4,047; 9.29 x 10·2 (see 1t2) = 0.0929 
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