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MAP UNITS
(Partial description of units; complete descriptions found in the accompanying report.)

Quaternary Colluvium, Slopewash, and Eolian Deposits

Artificial fill (modern) — Sand, silt, and clay reworked and deposited by man in conjunction with highway construction.

Colluvium  (middle(?) Pleistocene to modern) — Yellowish brown (10YR 5/4-6), brownish yellow (10YR 6/6), brown (10YR4-5/3), 
and olive brown (2.5Y 4/3), sandy gravel with various proportions of silt and clay.  Color varies according to source rock type.  Gravel 
clasts are generally angular to subangular and range in size from pebbles to boulders. Estimated to be 1-3 m thick.

    Colluvium overlying an older map unit (i.e., QTasr, QTbtf, QTbtf, QTbtt, Tc, Tsdh, Te, Tm, Tmh, and Ku).

Sheetflood  and slopewash deposits (Holocene to modern) — Yellowish brown (10YR 5/4) to light yellowish brown (10YR 6/4), 
pebbly and silty sand. Estimated to be 1-2 m thick.

    Sheetwash overlying QTbtf. 

Eolian sand dunes (upper(?) Holocene) — Light yellowish brown (10YR 6/4) to yellowish brown (10YR 5/4), silty very fine- to 
medium-grained sand. Dune form is irregular, linear, or parabolic.  Parabolic dunes generally occur around a scoured “blow-out.” The 
dunes are generally 1 to 2 m tall.

Quaternary Alluvial Deposits

Stream alluvium (modern) — Generally light brown (7.5YR 6/4) to light yellowish brown (10YR 6/4), gravelly sand.  Sand is mostly 
medium- to very coarse-grained and is poorly to moderately sorted, arkosic, and subangular to subrounded. Locally divided into two 
subunits:

Arroyo-mouth-fan deposits (upper Pleistocene(?) to Holocene) — Light yellowish brown (10YR 6/4), sandy gravel interbedded with 
silt and silty sand.  Present at the mouths of tributary arroyos.

Younger alluvium (uppermost Pleistocene to Holocene) — Commonly a light yellowish brown (10YR 6/4) to brown (10YR 5/3), 
silty-clayey sand to clay-silt interbedded with pebbly sand and sandy pebbles.  Located in or near the bottom of valleys. The unit may be 
divided into 2 subunits based on landscape position (i.e., height above stream base level) and inset relationships:

Older alluvium (Pleistocene) — Pale brown (10YR 6/3), light yellowish brown (10YR 6/4), strong brown (7.5YR 5/6) to reddish 
yellow (7.5YR 6/6), gravelly sand and sandy gravel that underlie terraces above the present-day valley bottom.  Terrace treads above 
the valley bottom generally diverge in a downstream direction. Along lower Arroyo Hondo and Arroyo de los Chamisos, four terrace 
deposits composed of Qao are identified and correlated: 

Santa Fe Group

As used here, the Santa Fe Group represents basin fill deposits that were deposited in the Rio Grande rift during the late Oligocene 
and late Cenozoic, excluding the Espinaso Formation, younger terrace alluvium, and alluvium related to present drainages. In this 
quadrangle, the Santa Fe Group consists of the Ancha and Tesuque Formations.  The Ancha Formation which is browner and appreciably 
coarser, overlies the Tesuque Formation across an angular unconformity. The Tesuque is a wedge-shaped unit that pinches out in the 
south-central portion of the quadrangle and thickens to the north.  Its thickness at the north edge of the map is as much as 900 m (3000 
ft) (cross-section C-C’; Grauch et al., 2009). 

Ancha Formation, alluvial slope deposits (Pliocene to lower Pleistocene) — Common colors range from brownish yellow (10YR 
6/6), yellowish brown (10YR 5/4-6), light yellowish brown (10YR 6/4), and reddish yellow (7.5YR 6/6).  It is generally a silty sand 
with varying amounts of gravel (pebbles with minor cobbles) derived from the Sangre de Cristo Mountains. The maximum age of the 
Ancha Formation is interpreted to be near the middle of the Pliocene, and deposition on the quadrangle generally ceased in the lower 
Pleistocene, probably between 1.2-1.5 Ma, due to regional incision of the drainages. Based on drill-hole and geophysical data used to 
construct the cross-sections, the Ancha Formation on this quadrangle is estimated to be 24-90 m (80-300 ft) thick and to average 50-60 
m (160-200 ft).

Ancha Formation deposited by the Santa Fe River (Pliocene to lower Pleistocene) — Generally a sandy gravel with subequal 
proportions of pebbles to cobbles (estimated by volume).  Boulders comprise about 2-5% of the total sediment volume. The remaining 
sediment is a clayey or muddy, arkosic sand with less than 50% pebbles.

Significant strata included in the Ancha Formation (refer to Explanation of Map Symbols for identifying tephra and ashes):

Tuerto gravel (Pliocene to lower(?) Pleistocene) — Yellowish brown (10YR 5/4-6), light yellowish brown (10YR 6/4), very pale 
brown (10YR 7/3-4), or brownish yellow (10YR 6/6), silty sand interbedded with yellowish brown (10YR) to light yellowish brown 
(10YR 6/4), gravelly sand and sandy gravel. This poorly to moderately sorted sediment is primarily derived from hypabyssal intrusive 
rocks of the Cerrillos Hills, Turquoise Hill, Bonanza Hill, and Cerro de la Cruz. Its thickness ranges from 1 m near bedrock hills to 
perhaps 45-60 m (150-200 ft) in the lower Alamo Creek area.

Tesuque Formation, lithosome E (upper Oligocene to lower Miocene) — Brownish gray to light gray pebbly sandstone and sandy 
conglomerate, with minor clay, silt, and tuff in the matrix. The gravel is composed of latite, andesite, and tuffaceous-pumiceous 
sandstone eroded from the Espinaso Formation (Te), in addition to variable basaltic rocks eroded from the Cieneguilla basanite (Tc). In 
the subsurface, this unit interfingers eastward with arkosic sand of the Tesuque Formation derived from the Sangre de Cristo Mountains 
(subsurface units Tts and Tta).  The lower part of the unit interfingers with at least four flows of the Cieneguilla basanite (see cross-
sections).  In general, the unit is interpreted to have been deposited on east-sloping alluvial fans flanking volcanic paleo-highlands near 
the western quadrangle border.  Since lithosome E lies at the base of the Santa Fe Group, it probably is no younger than lower Miocene 
in the Santa Fe embayment. Wells indicate a maximum thickness of 160-170 m.

Qc

Qsw

Qesd

Qc
Map Unit

Qsw
QTbtf

af

QTat

QTav

Younger subunit (middle to upper Holocene) — Occupies the valley bottom or terraces that are within 2 m  (6 ft) of valley bottoms. 
Exposed thickness is up to 5 m (16 ft).

Older subunit (uppermost Pleistocene to middle Holocene) — Terrace deposits that consist of silt or sand with subordinate 
pebbles. Qay2 is inset into Qay1, so Qay1 must be older than about 4200 yr BP and is probably uppermost Pleistocene to middle 
Holocene in age. Base is not exposed but thickness probably ranges from 2-6 m (3-20 ft).

Stream alluvium in recent gullies (Modern) — Stream alluvium is present within recently incised gullies or trenches up to 8 m 
deep. Alluvium is generally less than 1 m thick.

Stream alluvium at gully-mouths (Modern) — Stream alluvium that generally occurs as a fan-shaped deposit (in plan view) at the 
mouth of a recently incised gully.  The sediment is generally less than 2 m thick.

Terrace deposit 4 (upper Pleistocene) — A fill terrace whose tread is 3-9 m (10-30 ft) above the modern stream in the north-central 
portion of the quadrangle, increasing to 25-28 m (80-95 ft) near La Cienega. This terrace is tentatively correlated to Qta4 of Smith and 
Kuhle (1998) (Sawyer et al., 2001),  which is overlain by eolian sand and silt that contain the ~60 ka El Cajete pumice,  suggesting 
an upper Pleistocene age for Qao4 >60 ka.  Terrace deposit thickness is difficult to measure but is probably 6-8 m (20-25 ft).

Terrace deposit 3 (middle to upper Pleistocene) — A fill terrace whose tread is 6-14 m (20-45 ft) above the modern stream in the 
north-central portion of the quadrangle, increasing to approximately 37 m (120 ft) northeast of La Cienega. This terrace is tentatively 
correlated to Qta3 of Smith and Kuhle (1998) (Sawyer et al., 2001). Terrace deposit thickness is difficult to measure but is probably 
< 8 m (25 ft).

Terrace deposit 2 (middle Pleistocene) — Probably a strath terrace associated with a relatively thin deposit. The tread overlies 
sandy gravel and is generally 21-24 m (70-80 ft) above the modern stream. Terrace deposit is less than 2 m thick where exposed in a 
road cut along Highway 599 (NE1/4, NE1/4, Section 23, T16N, R8E).

Terrace deposit(?) 1 (lower Pleistocene) — A broad strath terrace corresponding to the Airport surface of Spiegel and Baldwin 
(1963).  It is generally 27-38 m (90-125 ft) above the modern stream, and is developed on top of thick gravel of the Ancha Formation 
in the northern part of the quadrangle. Since this unit is only slightly below the top of the Ancha Formation, it is interpreted to reflect 
the initiation of regional incision that occurred 1.2 – 1.5 Ma.

 White ashy sand (lower Pleistocene) — Very pale brown (10YR 8/2), fine- to very coarse-grained sand. Found within the upper 
Ancha Formation in the north-central portion of the quadrangle.  Where exposed, this ashy sand overlies a reddish yellow (7.5YR) to 
strong brown (7.5YR) clayey sand, interpreted to be reworked lower Bandelier Tuff (Guaje Pumice Bed).  This unit is approximately 
50-150 cm thick.

Tufa (lower Pleistocene) — White, indurated tufa found within ~6 m (20 ft) of the top of the Ancha Formation just east of an old 
railroad grade in the northeast portion of the quadrangle (SE1/4 NE1/4 of Section 29, T16N, R9E).  Its stratigraphic position high in 
the Ancha section suggests it is lower Pleistocene in age.

Volcaniclastic lithofacies of the Ancha Formation (upper Pliocene) — Light gray (10YR 7/1-2), gray (10YR 6/1), to light brownish 
gray (10YR 6/2), or brownish yellow (10YR 6/6), yellowish brown (10YR 5/4-6), brown (10YR 5/3), pale brown (10YR 6/3), to light 
yellowish brown (10YR 6/4), volcaniclastic muddy sand, sand, and fine pebbles that are interbedded in arkosic sediment of the Ancha 
Formation. Generally found in the northwest quadrant of the map, outcrops are suggestive of discontinuous channel fills that appear 
to lie in a similar stratigraphic position.  This unit projects slightly below the lower Tsinat Mesa basalt flows (Tbf) and is probably 
close in age to these rocks (2.3-2.8 Ma).  These deposits may be up to 4 m thick.

Basalt Of Tsinat Mesa

Tsinat Mesa basalt forms the eastern rim of the Cerros del Rio volcanic field and is found in the northwest Turquoise Hill quadrangle.  
It consists of basalt lava flows together with associated andesitic tuffs and basaltic tephra deposits erupted from cinder cone(s) at the 
northeast corner of the Tetilla Peak quadrangle.  The age range of the basalt on this quadrangle is very likely to be 2.3-2.8 Ma.

Basalt flows of Tsinat Mesa (upper Pliocene to lowermost Pleistocene) — Basalt flows on the Caja del Rio, may include subordinate 
tephra.  Flows display minor flow banding with varying degrees of vesiculation.  Flows are fine-grained, medium dark gray (N4) to dark 
gray (N3), trachybasalts with plagioclase phenocrysts and xenocrystic quartz.  The flows are 3-5 m thick, generally overlie tephra, and 
cap low cliffs just west of the Sante Fe River.

Basaltic tephra of Tsinat Mesa (upper Pliocene to lowermost Pleistocene) — Primarily tephra deposits that are basaltic with 
subordinate andesitic compositions.  The initial eruptive tephra units are 10-12 m thick and occasionally bedded with thin (1-3 cm) 
andesitic tuff.  There possibly may be basalt flows included in this unit in the extreme northeast corner of the quadrangle.

Paleogene Lava Flows, Intrusions, And Sedimentary Rocks

Cieneguilla basanite (upper Oligocene) — Grayish black (N2), porphyritic, olivine-bearing, volcanic flows of basanite, nephelinite, 
and basalt.  Flows are fine-grained and non-vesicular.  The Cieneguilla basanite has been dated at 25.1 ± 0.7 Ma using K-Ar radioisotopic 
analyses (Baldridge et al., 1980) and 26.08 ± 0.62 Ma using 40Ar/39Ar radioisotopic analyses (Table 1; Peters, 2000b). On the Turquoise 
Hill quadrangle, total thickness of the Cieneguilla basanite is interpreted to be <30 m (100 ft), much thinner than the 220 m (720 ft) 
measured by Sun and Baldwin (1958) on the Tetilla Peak quadrangle.

Quartz monzonite and monzonite porphyry (Oligocene) — Light gray (N7), medium-grained intrusion of porphyritic monzonite 
exposed immediately north of La Cienega and light brownish gray (5YR), medium-grained, intrusive quartz monzonite of Turquoise 
Hill and Cerrillos Hills.    At La Cienega, phenocrysts of orthoclase, plagioclase, and quartz are present amongst fine-grained, weathered 
feldspar.  Biotite, plagioclase, magnetite, and a trace of clinopyroxene are present in the groundmass. The quartz monzonite at Turquoise 
Hill and Cerrillos Hills consists predominantly of plagioclase, in addition to 5-10% quartz and minor amounts of potassium feldspar, 
clinopyroxene, orthopyroxene, and biotite at Cerrillos Hills, and minor amounts of biotite at Turquoise Hill.  Tm is correlative with Tmi 
of Sawyer et al. (2002), Ti of Sun and Baldwin (1958), and T4 of Disbrow and Stoll (1957).  Monzonite at Cerro Bonanza and other 
localities in Los Cerrillos have been dated at approximately 28-30 Ma (Maynard, 1995; B. Sauer, unpublished data, 1999).

Hornblende monzonite (Oligocene) — Light gray (N7), hornblende-bearing monzonite intrusion at Bonanza Hill.  Phenocrysts of 
subhedral hornblende, potassium feldspar and plagioclase are present.  The groundmass is dominated by plagioclase, potassium feldspar, 
and quartz. Probably correlative with unit Ti1 of Disbrow and Stoll (1957) and unit Tmh of Sawyer et al. (2002).

Hornblende syeno-diorite (Oligocene) — Medium dark gray (N4), holocrystalline, hypidiomorphic-granular, hornblende diorite of 
Turquoise Hill and Cerrillos Hills.  At Turquoise Hill, the observed mineral assemblage is plagioclase, clinopyroxene, minor quartz, 
and about 2% hornblende and magnetite. This unit is coarser at Cerrillos Hills and consists of about 20% biotite, 75% plagioclase and 
quartz, and 5% magnetite.

Hornblende andesite (Oligocene) — Two small intrusive knobs at La Cienega.  The light medium gray (N6) andesite contains 
porphyritic euhedral hornblende in a trachytic texture.  Total thickness is about 4 m (13 ft).  One outcrop continues as a dike about 500 
m (1640 ft) to the northwest into the Tetilla Peak quadrangle.  The exact age is uncertain but probably lies within the Oligocene.

Espinaso Formation (Oligocene to lower Miocene(?)) — Andesite, latitic breccia and conglomerate, quartz latite flows, and ash-
flow tuff exposed along Cienega Creek near La Cienega and at Cerro de la Cruz. Locally, the andesite is at least 5 m (16 ft) thick.  East 
of the Cerrillos Hills, latitic conglomerate and coarse-grained sandstone are probably present in the subsurface based on outcrops to 
the south of the quadrangle (Larsen and Taylor, 1991). Radioisotopic dates support an Oligocene age for the Espinaso Formation and 
suggest the possibility that minor intermediate volcanism may locally have extended into the early Miocene.  The Espinaso Formation 
is approximately 300-370 m (1000-1200 ft) thick near La Cienega but its thickness may be as great as 550 m (1800 ft) to the east (cross-
section A-A’) and is interpreted to be around 600 m (2000 ft) thick to the northeast. 

Galisteo Formation (Eocene) — Pale reddish brown (10R 5/4) to moderate reddish brown, medium- to coarse-grained sandstone 
in addition to reddish conglomerate and mudstone. The Diamond Tail Formation (Tgd), formerly the lower Galisteo Formation, was 
differentiated by Lucas et al. (1997); it is not interpreted in outcrop but is likely present in the subsurface.  Sandstone is primarily 
cemented with clays, is friable, subangular to subrounded, and moderate to well sorted.  This formation tends to be poorly exposed.  It 
generally conformably underlies the Espinaso Formation (Sun and Baldwin, 1958), although this relationship is not observed near La 
Cienega (probably because of local intrusive activity in the Oligocene).  Beds generally dip 7 - 15° to the southeast. Based on well data, 
the thickness of this unit is approximately 400-430 m (1300-1400 ft) on this quadrangle.  This agrees with the measured thickness of 400 
m by Sun and Baldwin (1958) along Cienega Creek.

(mostly limestone), Glorietta Sandstone, Yeso, and Sangre de Cristo Formations as 
well as Pennsylvanian strata (listed youngest to oldest).  The Abo and Sangre de 
Cristo Formations generally consist of reddish sandstone and shale.  Pennsylvanian 
strata (i.e., the Alamitos and La Pasada Formations) are composed of gray to 
yellowish cherty limestone, yellowish calcareous siltstone, gray shale, and minor 
very fine- to coarse-grained arkosic sandstone.  Minor Mississippian strata may be 
present at the base of the unit.  Interpreted maximum thickness of 1550-1585 m 
(5100-5200 ft) from interpretation of seismic reflection data of Black (1984, fig. 3).

Mapped Mesozoic Rocks

Undifferentiated Cretaceous strata — Quartz-rich sandstones and minor shale and limestone located in the area of Turquoise Hill 
and Cerrillos Hills.  All sediments have undergone minor contact metamorphism and are commonly associated with historic and active 
mining activities.  Thickness is widely variable.

UNITS DEPICTED IN CROSS-SECTIONS AND SUBCROP MAP
(JOHNSON and KONING, 2012) 

(But not shown on geologic map)

Lithosome A of Tesuque Formation (lower to middle Miocene) — Very fine- to very coarse-grained sandstone; minor silty-clayey 
sandstone and pebbly sandstone; sand size is mostly very fine- to medium-grained.  Sand is arkosic, subangular to subrounded, poorly to 
well sorted, and lacks chert and Paleozoic detritus.  Colors range from light yellowish brown to light brown to dull orange to dull reddish 
brown to pink.  Pebbles are composed of granite.  Unit deposited on an alluvial slope by streams draining granitic terrain.

Lithosome S of Tesuque Formation (lower to middle Miocene) — Reddish strata consisting of intercalated fine- and coarse-grained 
intervals; inferred to be deposited on a fluvial fan by an ancestral Santa Fe River. Fine-grained sediment likely was deposited on a fluvial 
floodplain and consists of very fine- to medium-grained sandstone (mostly very fine- to fine-grained), siltstone, and claystone.  Coarse 
sediment was probably deposited in channel-fills and is composed of pebbly sandstone and lesser sandstone, where the sand size ranges 
from fine to very coarse (mostly medium to very coarse). It can be subdivided according to texture as follows:

Interfingering and lithosomes S and E of the Tesuque Formation (upper Oligocene to lower Miocene) — This unit is characterized 
by intertongues and mixing of lithosome S and E.

Volcaniclastic sediment with greenish volcanic grains (upper Oligocene to lowest Miocene) — Very fine- to very coarse-grained, 
dull reddish brown to grayish red to dull brown to grayish brown sandstone and claystone; minor pebbly sandstone (pebbles are very 
fine to medium in size). Unit is recognized by variable amounts of medium- to very coarse-grained, subrounded, greenish sand grains 
(and minor very fine pebbles); these grains are composed of a granular to aphanetic mafic volcanic rock or reworked, monolithic, 
volcaniclastic sandstone. Wells indicate a thickness of 5-55 m.

Lower tongue of mixed lithosome A and S sediment (Upper Oligocene to lowest Miocene) — Reddish brown clayey-silty fine 
sandstone and sandy claystone; minor pebbly sandstone.  Sand is very fine- to very coarse-grained (mostly very fine- to medium-
grained), moderately to well sorted, angular to subrounded, and arkosic (but with locally trace chert, sandstone, and siltstone grains).  
Trace to very minor pebbles that include quartzite and chert.  Lower 30 m is clayey.  ~120 m-thick.

Interbedded Cieneguilla basanite and lithosome E [sub-Ancha subcrop map only] — See above descriptions for Cieneguilla 
basanite (Tc on map) and lithosome E (Tte).

Uppermost flow of the Cieneguilla Basanite in the La Cienega area (lower Oligocene) — See description of the Cieneguilla basanite 
(Tc) above.  Flow is relatively thin (3-6 m thick).

Flows of the Cieneguilla Basanite in the La Cienega area (lower Oligocene) — See description of the Cieneguilla basanite (Tc) 
above. Tcu = Upper flow, Tcm = Middle flow, and Tcl = Lower flow.

Undivided Tertiary intrusions (Oligocene) — Probably monzonite to diorite in composition based on exposures near the Cerrillos 
Hills.

Tertiary intrusions with minor Mesozoic strata — See descriptions intrusions above (i.e., Ti, Tm, Tmh, Tsdh, Tah) and Mesozoic strata 
below.

Espinaso Formation with multiple intrusions (Oligocene) — See descriptions of the Espinaso Formation (Te) and intrusions above 
(i.e., Ti, Tm, Tmh, Tsdh, Tah).

Undifferentiated Galisteo and Diamond Tail Formations — The upper subunit (the upper Galisteo Formation), is composed of tan 
to white, cross-bedded to massive, sandstone and pebbly sandstone channel-fills (non- to strongly cemented) with subordinate overbank 
deposits of fine sandstone and red, rose, tan, and gray-green mudstone; the gravel are predominately quartzite and chert.  The middle 
unit (the lower Galisteo Formation) consists of pink to red, sandy conglomerate and arkosic sandstone channel-fills intercalated with 
mudstone, siltstone, and fine sandstone overbank deposits; the gravel contains mostly granite, with subordinate Paleozoic limestone 
and sandstone. The lower unit correlates with the Diamond Tail Formation (Lucas et al., 1997).  It consists of sandstone and pebbly 
sandstone, mudstone, minor conglomerate, and local limestone beds that unconformably underlie the Galisteo Formation.  The Diamond 
Tail Formation  pinches out northwards and is not interpreted to be present in the La Cienega area.

Undivided Mesozoic strata — Includes the Mesozoic units listed below (i.e., Km, Kd, Jms, Jt, Je, and      ).

Mancos Shale (Upper Cretaceous) — Generally medium to dark gray shale, calcareous shale, sandy shale, minor limestone beds, 
minor sandstone beds, and minor bentonite.  210-240 m (700-800 ft) thick.

Dakota Formation (Upper Cretaceous) — Whitish to medium gray, fine- to coarse-grained calcareous sandstones with minor siltstone 
interbeds.  Generally thickly bedded.  Approximately 35-45 m (120-150) thick.

Morrison Formation (Upper Jurassic) and Summerville Formation (Middle Jurassic) — Variegated (green, light to dark brown, 
reddish brown, black, dark brown, gray, maroon, white) mudstone and silty mudstone interbedded with whitish to grayish, fine- to 
medium-grained sandstone.  Approximately 226 m (740 ft) thick in the Yates La Mesa Unit #3 well.

Todilto Formation (Middle Jurassic) — White, massive gypsum underlain by gypsiferous shale and grayish limestone.  29 m (95 ft) 
thick in Yates La Mesa Unit #3 well. 

Entrada Sandstone (Middle Jurassic) — Light yellowish gray to reddish brown to light gray, medium- to fine-grained sandstone that 
is cross-laminated.  20 m (68 ft) thick in the Yates La Mesa Unit #3 well. 

Triassic Strata, undivided — Generally reddish brown to orangish brown shale, siltstone, and subordinate sandstone.  Assigned to the 
Chinle Group and Moenkopi Formation (Lisenbee, 1999; Maynard et al., 2002) and deposited in a fluvial environment.  Approximately 
550 m (1800 ft) thick.

Undivided Paleozoic strata — Paleozoic strata include the Artesia Group (mostly sandstone and siltstone), San Andres Formation 

Coarser-grained Lithosome S of the Tesuque Formation (middle Miocene) — Fluvial deposits characterized by a predominance 
of medium- to very coarse-grained, arkosic sand and gravelly sand channel-fills, with subordinate fine-grained floodplain deposits.  
Tongues of this unit are inferred on the north end of cross-section C-C’.

Medium-grained Lithosome S of the Tesuque Formation (lower to middle Miocene) — Fluvial deposits characterized by clay, 
silt and very fine- to fine-grained sand intercalated with subequal medium- to very coarse-grained, arkosic sand and gravelly sand 
channel-fills.  Up to 450 m-thick on this quadrangle.

Finer-grained Lithosome S of the Tesuque Formation (lower to middle Miocene) — Fluvial deposits characterized by clay, silt 
and very fine- to medium-grained sand intercalated with minor medium- to very coarse-grained, arkosic sandstone channel-fills 
(locally with very fine to fine pebbles); relatively clayey.   Up to 450 m-thick on this quadrangle.

Pumice lapilli beds (lower Pleistocene) — White and massive pumice lapilli. This unit probably includes beds of both Cerro Toledo 
Tephra and lower Bandelier Tuff (Guaje Pumice Bed); these could not be confidently differentiated in the field.  The pumice is 
generally 60 to 100 cm thick but Spiegel and Baldwin (1963) report a thickness of 6 m (20 ft) in SE1/4 NE1/4 Section 18, T16N R9E. 

Undivided Mesozoic and Paleozoic strata — See above descriptions for Mesozoic 
and undivided Paleozoic rocks. 

Proterozoic Rocks, undivided — Various basement rocks that likely include 
gneiss, schist, granite, pegmatite, metaplutonic rocks, and amphibolite.

Cross sections D-Dʹ 
through H-Hʹ are located 

in the Appendix of the 
accompanying report.
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Location of geologic cross section. 
Geologic contact. Solid where exposed or known, dashed  
where approximately known.
Normal fault. Solid where exposed, dashed where exposed. 
Bar-ball on downthrown side.
Trace of concealed syncline showing direction of plunge.

Trace of concealed monocline showing direction of plunge.
Buried intrusions interpreted using aeromagnetic data 
(Grauch et al., 2009; U.S.G.S. et al., 1999).
Pumice bed in upper Ancha Formation, correlative to lower 
Bandelier Tuff or Cerro Toledo tephra.
White, ashy sand bed in upper Ancha Formation, probably 
reworked lower Bandelier Tuff.
Approximate location of buried geologic subcrop contact 
(Johnson and Koning, 2012). Subcrop units:
   Tts - Tesuque Formation, lithosome S 
   Tta - Tesuque Formation, lithosome A 
   Te - Espinaso Formation
   Te+Ti - Espinaso Formation and intrusive rocks
   Tgd - Galisteo and Diamond Tail Formations, undivided
   Tte+Tcb - Tesuque Formation, lithosome E interbedded
   with Cieneguilla basanite
   Ti - Intrusive rocks (monzanite to andesite)
   Ti+Mzu - Intrusive rocks and Mesozoic rocks, undivided.
   Mzu - Mesozoic rocks, undivided.

Strike and dip of inclined bedding.
Paleocurrent vector, tail of arrow is located at measurement.
Water well and map label. Refer to Table 3 for the NM 
Office of State Engineer permit number and additional 
information.
Petroleum exploratory well and map label. Refer to Table 3. 

Uranium exploratory well and map label. Refer to Table 3.

MAP SYMBOLS

Comments to map users

A geologic map displays information on the distribution, nature, orientation, and age relationships of rock and deposits and the 
occurrence of structural features.  Geologic and fault contacts are irregular surfaces that form boundaries between different types 
or ages of units.  Data depicted on this geologic quadrangle map are based on reconnaissance field geologic mapping, compilation 
of published and unpublished work, and photogeologic interpretation.  Locations of contacts are not surveyed, but are plotted by 
interpretation of the position of a given contact onto a topographic base map; therefore, the accuracy of contact locations depends 
on the scale of mapping and the interpretation of the geologist(s).  Any enlargement of this map could cause misunderstanding in 
the detail of mapping and may result in erroneous interpretations.  Site-specific conditions should be verified by detailed surface 
mapping or subsurface exploration. Topographic and cultural changes associated with recent development may not be shown.

The map has not been reviewed according to New Mexico Bureau of Geology and Mineral Resources standards.  Revision of the 
map is likely because of the on-going nature of work in the region.  The contents of the report and map should not be considered 
final and complete until reviewed and published by the New Mexico Bureau of Mines and Mineral Resources. The views and 
conclusions contained in this document are those of the authors and should not be interpreted as necessarily representing the 
official policies, either expressed or implied, of the State of New Mexico, or the U.S. Government.  Cross-sections are constructed 
based upon the interpretations of the authors made from geologic mapping, and available geophysical (regional gravity and 
aeromagnetic surveys), and subsurface (drillhole) data.

Cross-sections should be used as an aid to understanding the general geologic framework of the map area, and not be the sole 
source of information for use in locating or designing wells, buildings, roads, or other man-made structures.


