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DESCRIPTION OF MAP UNITS 
 
 
QUATERNARY UNIT DESCRIPTIONS 
 
COLLUVIUM, SLOPEWASH, AND LANDSLIDES 
Qce     Colluvium incorporating reworked eolian sediment (Holocene) – Angular, locally derived pebbles and minor cobbles in a pink to very pale brown 

(7.5-10YR 7-8/4) silt and very fine- to fine-grained sand matrix that is highly gypsiferous.  Minor medium to very coarse sand.  Sand is subrounded to 
subangular and composed of gypsum, calcite, and limestone; coarse to very coarse sand fraction is all limestone.  Estimated 1-5 m-thick. 

Qc Colluvium (Holocene) – Pink to light brown (7.5YR 7/3-6/4) to gray, massive, matrix-supported, gypsiferous silty-clayey very fine- to fine-grained sand 
mixed with medium to very coarse sand and gravel in various proportions.  Sand is subrounded to angular.  Gravel includes pebbles, cobbles, and boulders 
that are angular to subangular and poorly to very poorly sorted.  Unit includes colluvium where recognized below fault scarps (probably more common 
than shown on the map).  Thickness generally 1-5 m. 

Qswg Gyspiferous slopewash (Pleistocene to Holocene) – Pink to light brown (7.5YR 7/3-6/4) to white to grayish brown (2.5Y 5/2), gypsiferous silt and very 
fine- to lower- medium-grained sand.  Estimate 1-5% upper-medium to very coarse sand and very fine to fine pebbles.  Deposit is massive, weakly con-
solidated, and locally underlain by sandy pebbles to cobbles.  Gypsum precipitate, 20-30 cm-thick, may lie on top of the unit.  There may be strong, buried 
gypsic horizons about 10-30 cm-thick.  Estimated thickness of 2-5 m. 

Qc-sw  Both Qc and Qswg deposits are present in broad swales (Holocene) – See descriptions of these two deposits above. 
Qls Landslide deposits (Pleistocene to possibly Holocene) – Chaotic, jumbled assemblage of angular gravel (with abundant boulders) in a clayey-silty sand 

matrix.  Color is variable.  Moderately consolidated and non-cemented.  Thickness is highly variable; landslides in lower Dry Canyon appear to attain 
thicknesses as great as ~ 30 m. 

 
STREAM TERRACE DEPOSITS IN MOUNTAIN CANYONS  
Qt3 Lower stream terrace deposit (late Holocene) – Sandy gravel terrace deposits inset below the terrace deposits of Qt2 and Qt1.  The sandy gravel is 

clast-supported, commonly imbricated, and in very thin to medium beds.  Debris-flows are minor and matrix-supported.  Gravel is subrounded to 
subangular, poorly sorted, and consist of pebbles with 1/3 cobbles and minor boulders of predominately carbonate clasts.  Sand is very pale brown to 
pale brown (10YR 6-7/3), very fine to very coarse-grained, and poorly sorted.  Surface has bar and swale topography and a stage I calcic-gypsic soil 
horizon up to ~ 50 cm-thick.  Debris-flow deposits are less common in this unit than in Qt2, and the unit does not generally coarsen upwards.  Corre-
lates with unit Qf3 on the alluvial fans.    Locally, it is possible that this deposit may be a Qt2a or Qt2b deposit with an eroded upper surface. Loose to 
weakly consolidated and 2 m-thick 

Qt2 Intermediate stream terrace deposit (early to middle Holocene) – Sandy gravel that generally coarsens upwards.  Inset below the Qt1 terrace de-
posit.  Lower and middle parts of this unit are characterized by stream-flow deposits of clast-supported, imbricated, sandy pebbles and 20% cobbles.  
Beds are in U-shaped channel-fills or very thin to medium, lenticular to broadly lenticular beds.  Gravel are subrounded to subangular and poorly 
sorted.  Sand is pale brown (10YR 6/3), poorly sorted, and fine- to very coarse-grained.  Debris-flow beds (typically matrix-supported) are more com-
mon in the upper part of the deposit; these contain abundant cobbles and boulders.  Like on the alluvial fans, locally two surfaces have developed on 
this deposit, described below. This deposit is generally coarser-grained than Qt1.   2-3 m-thick. 

Qt2a Intermediate stream terrace deposit where approximate original aggradational surface is preserved –Surface lacks bar and swale topogra-
phy, has a desert pavement, and its topsoil has a calcic-gypsic horizon possessing an apparent stage I+ to II carbonate morphology.  Correlates 
with unit Qf2a on the alluvial fans.  2-3 m thick. 

Qt2b Intermediate stream terrace deposit with a significantly eroded surface – Same deposit as unit Qt2a, but commonly has a lag of boulders on 
its surface due to erosion of the upper sediment of the initial Qt2 deposit.  Surface is marked by these boulders, bar and swale topography, and the 
presence of an apparent stage I+ calcic-gypsic soil horizon.  Correlates with unit Qf2b on the alluvial fans.  About 2 m-thick. 

Qt1: Higher stream terrace deposit (middle to late Pleistocene) – Sandy gravel in thick terrace deposits.  Sediment is generally clast-supported and con-
sists of pebbles, cobbles, and minor boulders.  Beds are medium to thick and lenticular to broadly lenticular to tabular.  About 10% of the beds have 
abundant silty-clayey fine sand mixed with gravel that includes boulders (both clast- and matrix-supported); these are probably debris-flow deposits.  
Gravel is subrounded to subangular and poorly sorted.  Sand is light gray to light yellowish brown (2.5Y 6/3-7/2) to light brown to pink (7.5YR 6/3-4 
and 7/4), very fine- to very coarse-grained (mostly coarse- to very coarse-grained), and poorly sorted.  Locally, the sand is mostly a clayey-silty, very 
fine- to fine-grained sand with minor coarser sand and very minor pebbles.  Buried soils locally are observed.  Surface generally lacks original bar and 
swale topography.  Correlates with Qf1 on the alluvial fans.  Up to ~15 m-thick. 

  Qto Highest and oldest stream terrace deposit (middle to late Pleistocene) – Only mapped in Marble Canyon, this deposit is similar to that of Qt1 
(described above) and may possibly represent the highest level of aggradation of Qt1 prior to erosion of that unit to the level of the present tread of 
Qt1.  Sediment has a reddish hue and several buried Bt and/or Bw soil horizons and less common Bk and Bky horizons.  Deposit is generally a sandy 
gravel in thin to thick, lenticular beds.  Gravel consists of  clast-supported pebbles with 30-40% cobbles and minor boulders; gravel are subrounded to 
subangular and poorly sorted. Sand is very pale brown (10YR 7/3), very fine- to very coarse-grained, and poorly sorted.  Weakly to well consolidated 
and approximately 15-20 m-thick.  Tread lies 5-10 m above the Qt1 tread in Marble Canyon. 

QTgh High-level sandy gravel that caps ridges in the Sacramento Mountains (Pliocene to early Pleistocene) – Sandy gravel that caps ridges in the north-
ern part of the quadrangle (i.e., north of Dry Canyon).  These deposits are in very thin to thick, lenticular to tabular, vague beds. Gravel are imbricated, 
clast-supported, composed primarily of limestone, and consist of very fine to very coarse pebbles with subordinate cobbles and lesser boulders.  Gravel 
are poorly sorted and subrounded.  Matrix is a gypsiferous, pink (7.5YR 7/4), very fine to very coarse, poorly sorted sand.  Thickness of 1-20 m. 

Qtu Undifferentiated terrace deposit (late Pleistocene to Holocene) – Sandy gravel in terrace deposits that likely correlate to Qt1, Qt2, or Qt3;  however, 
correlation to a specific terrace deposit is uncertain. 

Qlfay Younger alluvium mapped in La Luz and Fresnal canyons (Holocene) – This unit either forms low terraces or occupies the valley floor.  It con-
sists of yellowish red to brown, silty-clayey, very fine- to very coarse-grained, subangular, poorly sorted arkosic(?) sand.  Top soil is marked by gyp-
sum accumulation in the upper 60-70 cm of the unit.  25-60% of the sediment consists of sandy gravel in very thin to medium, lenticular beds.  
Gravel generally consists of very fine to very coarse pebbles with minor fine cobbles.  The gravel are subrounded to subangular, moderately to poorly 
sorted, and composed of Paleozoic carbonate clasts with minor quartzite, chert, sandstone, and siltstone clasts.  Approximately 10-20% of sediment is 
silty-clay and very fine- to lower-fine-grained sand in thin, lentiuclar beds.  Moderately to well consolidated.  Unit probably correlates with Qt3, 
Qt2, or both Qt3 and Qt2.   

Qlfao Older alluvium mapped in La Luz and Fresnal canyons (Pleistocene) – Sandy gravel consists of pebbles and cobbles.  Clasts are subrounded to 
subangular, poorly sorted, and composed of Paleozoic carbonates with subordinate chert, sandstone, and quartzite.  Generally not well-exposed.  
Tread of this unit is approximately 2 m above the tread of unit Qlfay.  Probably correlates to unit Qt3 but this is somewhat uncertain.  Generally 1-
3 m-thick.  

Qt3-Qt2  Both Qt3 and Qt2 deposits are present in broad swales; Qt3 deposits are more common and Qt2 deposits exceed 10% by area 
(Holocene) – See descriptions of these two deposits above. 

 
ARTIFICIAL FILL AND EXCAVATIONS 
afe Artificial fill and excavations (modern) – Used to designate excavations and fill associated with gravel and sand quarries, of which there are many on 

the quadrangle.  Some abandoned quarries have been converted to parks. 
 
BASIN FLOOR DEPOSITS 
Qbf     Sheetwash and eolian deposits (Holocene; buried deposits are as old as Oligocene?) – Silty-clayey, very fine- to fine-grained sand with 1-5% thin 

lenses of sandy pebbles.  Color ranges from pale brown (10YR 6/3) to light brownish gray (2.5-10YR 6/2) to light yellowish brown (10YR 6/4) to light 
brown (7.5YR 6/3-4).  Beds are vague, medium to thick, tabular, and either internally massive and bioturbated or else planar- to ripple-laminated.  Lo-
cally, there is minor medium- to very coarse-grained sand.  Common buried soils having minor gypsum accumulation, weak to moderate ped develop-
ment, and weak clay illuviation (as films on ped faces or bridges between grains).  Weakly to moderately consolidated.  Deposit underlies gentle slopes 
west of the steeper alluvial fans.  A sparse cover of lag gravel may be present.  A stratigraphic section of this unit is presented in Romero and Koning 
(2006).  Inferred thickness of 300-600(?) meters under the basin floor. 

 
ALLUVIAL FAN DEPOSITS 
Qam  Sandy gravel associated with modern drainages on the alluvial fans (0-50 yrs old) – Sandy gravel in recent bars and swales having up to 0.5 m of 

relief. Gravel includes pebbles, cobbles, and boulders.  Clasts are subrounded to subangular, commonly clast-supported, and very poorly sorted.  Sand is 
grayish brown to light brownish gray (2.5Y 5-6/2) and pale brown (10YR 6/3).  Sand is mostly upper-fine- to upper-very coarse-grained.  Relatively 
sparsely vegetated.  No soil development, desert pavement, or clast varnish.  Generally less than 2 m-thick. 

Qah Historical deposition of sandy gravel along modern drainages of alluvial fans (50-200 yrs) – Deposits similar to those of Qam but whose surfaces 
support moderate vegetation.  There is no evidence on its surface of significant fluvial aggradation in recent time.  No observable soil development, desert 
pavement or clast varnish. 

Qf3   Sand, gravelly sand, and subordinate sandy gravel (late Holocene) – This unit is designated for thin, relatively sandy deposits that appear slightly inset 
into Qf2b in the proximal alluvial fans.  Unit generally consists of thin to thick, vague beds of silty very fine- to lower-medium-grained sand, and minor 
upper-medium to very coarse sand.  At the mountain front, this unit is gravelly (pebbles and cobbles).  Sediment is pale brown to very pale brown (10YR 
6-7/3) to light yellowish brown (10YR 6/4) to yellowish brown (10YR 5/4) and moderately to poorly sorted.  Within this finer sand may locally be scat-
tered very fine to medium pebbles of Paleozoic sedimentary clasts.  There is subordinate thin to thick, lenticular beds of sandy gravel.  The gravel are 
typically clast-supported, subrounded to subangular, poorly sorted, and consist of very fine to very coarse pebbles with up to 25-30% fine to coarse cob-
bles.  Sand in the coarse channel-fills is typically pale brown to very pale brown (10YR 6-7/3), fine- to very coarse-grained, and poorly sorted.  The rela-
tively charcoal-rich, grungy “G-unit” depicted in the stratigraphic sections of Figure 3 is useful in identifying this unit in the northern part of the quadran-
gle.  The lack of a coarsening-upward trend and its more sandy texture helps in differentiating this unit from Qf2 deposits.  The surface is generally not as 
bouldery and cobbly as that associated with Qf2b, but yet commonly has a pebble to fine cobble gravel lag indicating erosion of the surface.  The surface 
has slight bar and swale relief of 10-30 cm.  Its desert pavement has weak clast armor and no to slight varnish.  Soil development is characterized by a 
stage I calcic soil horizon.  In the medial to proximal parts of the alluvial fan, the surface is moderately dissected by gullies about 2 m-deep.  In the distal 
parts of the alluvial fan, this unit forms an extensive, albeit relatively thin, deposit. Unit generally corresponds to Qf3m and Qf3L of Koning (1999) and 
Koning et al. (2002).  Generally less than 2 m-thick.  

Qf3gh Gravel-capped, slightly high-standing ridges of Qf3 (late Holocene) – This is a subunit of Qf3 mapped in the distal to medial parts of the La Luz Creek 
alluvial fan in the northern part of the quadrangle.  It consists of a varnished, poor to moderate, surface clast armor of very fine to very coarse pebbles 
overlying a 20-70 cm-thick layer of gypsiferous, silty, very fine to fine sand (minor medium sand and locally 1-25% coarse to very coarse sand and scat-
tered pebbles).   

Qfgh-Qfn3-2 A composite unit containing >10% each of Qfgh and Qfn3-2 (Holocene) – See Qfgh and Qfn3-2 entries for their respective detailed descrip-
tions. 

Qf2 Sandy gravel and gravelly sand (early to middle Holocene) – Representing a period of relatively coarse, Holocene-age, alluvial fan aggradation, this 
map unit is the most aerially extensive of the mapped alluvial fan units.  It includes the Qf2, Qf3u, and part of the Qf3m units of Koning (1999) and 
Koning et al. (2002) and probably correlates with the Organ I alluvium of the Desert Project (although near Alamogordo its age extends to 9-10 ka, ac-
cording to Koning et al., 2002).  Near the mountain front on alluvial fans that experience debris-flow deposition, this unit commonly coarsens-upwards 
from a clast-supported, imbricated sandy gravel to bouldery debris-flows intercalated with sandy gravel.  On the La Luz and Cottonwood alluvial fans, 
alluvium is generally sand, clayey-silty sand, and pebbly sand that has a reddish color and a somewhat higher arkosic component due to having a source 
area with Abo Formation.  After the culmination of aggradation in the middle(?) Holocene, this deposit experienced net erosion until the present.  Below, 
we have differentiated this unit into two subunits marked by different surface characteristics and geomorphic position; these are called Qf2a and Qf2b.  
Note that these denote the same deposit overlain by different surfaces.  Unit is generally 2-5 m thick and weakly consolidated, but locally exceeds 8 m in 
thickness (such as at the mouth of Marble Canyon). 

Qf2a   This is applied to the deposit under the highest aggradational surface associated with unit Qf2.  Its topsoil is characterized by having calcic-gypsic 
horizons up to 50 cm-thick with an apparent stage I+ to II morphology, and no (locally very weak) illuviated clay horizons (Bt soil horizons).  Gener-
ally, the surface has a desert pavement marked by a varnished and moderate to dense clast armor.  Bar and swale topography has less than 30 cm of 
relief.  This was called Qf2 by Koning (1999) and Koning et al. (2002). 

Qf2b   This is applied to the deposit under a relatively extensive erosional surface developed on the Qf2 unit.  Erosion of the upper sediment has left a boul-
dery to cobbly lag gravel with significant bar and swale topography (30-70 cm of relief).  Soil development is marked by a stage I+ calcic soil hori-
zon and no noticeable illuviated clay.  Its desert pavement has only a moderate clast armor and relatively weak clast varnish.  Ocotillo and yucca 
appear to prefer growing on this surface compared to surfaces on Qf2a and Qf1.  This was mapped as Qf3u, Qf3m, and Qf2 by Koning (1999) and 
Koning et al. (2002).       

Qf2-c Both Qf2 and Qc deposits are present; Qf2 deposits are more common and Qc deposits exceed 10% by area. 
Qfn3-2 Northern alluvial fan sediment consisting of unit Qf3 with subordinate Qf2 sediment (Holocene) – This unit is applied to most of the La Luz 

Creek alluvial fan because incised arroyos there indicate that locally Qf3 is less than 0.5 m-thick and unit Qf2 is relatively near the surface.  Sediment 
of this fan has a remarkably red color (pink to reddish yellow; 7.5YR 7/4-6) due to erosion of Abo Formation upstream.  Unit Qf2 in the distal part of 
this fan commonly consists of very fine- to fine sand, with local medium to very coarse-grained sand and pebbly sand (1-3% pebbles) that is horizontal-
laminated to planar- to lenticular-very thinly bedded, cross-laminated, or massive.  Sand is moderately sorted (see description of lower Ritas Draw 
stratigraphic section).  Locally, Qf2 may consist of silty-clayey very fine- to fine-grained sand overprinted by Bty soil development (see description of 
upper Ritas Draw stratigraphic section).  1.5-3 m-thick. 

Qfi Clayey-silty very fine- to medium-grained sand, and subordinate gravelly sand and sandy gravel (latest Pleistocene to early Holocene; 25? to 9-10 
ka) – This is generally a fine-grained deposit that overlies the prominent soil developed on top of Qf1.  However, near the mountain-front this unit has 
subordinate pebbles, and locally near the mountain front it may be a sandy gravel.  A noteworthy feature of this unit is the development of soils marked by 
illuviated clay (Bt soil horizons).  Although this soil development imparts a relatively dark brown color to the unit, the degree of soil development is gen-
erally less than that developed on the immediately underlying argillic horizon associated with the top of unit Qf1.  Note: this unit is buried by Qf3 and 
Qf2 deposition, and thus is not delineated on the map (just in stratigraphic sections).  Correlates to the Isaack’s Ranch alluvium in the Desert Project.  
Approximately 1 m thick. 

Qf1 Sandy gravel, gravelly sand, and subordinate silty-clayey fine sand (late middle(?) to late Pleistocene) –  Alluvium generally characterized by a 
slightly reddish color, multiple buried soils consisting of reddish horizons possessing illuviated clay and/or ped structure that overlie whitish calcic-gypsic 
horizons, a well-developed topsoil, and a relatively smooth surface having varnished desert pavement.  On the La Luz alluvial fan in the northern quadran-
gle, this unt is typically exposed in the lower 1-2 m of recently incised arroyos, where it is a relatively clean sandy gravel overlain by fine sediment over-
printed by soil development.  Exposures of Qf1 are most common immediately east of the Alamogordo fault, and indicate a clast-supported, sandy pebble-
cobble gravel with minor debris-flows.  Surface soil is marked by calcic-gypsic soil horizons having an apparent of stage II+ or greater carbonate mor-
phology.  On the La Luz alluvial fan, this unit is characterized by light brown (7.5YR 6/4), clast-supported, imbricated, subrounded to rounded, sandy 
pebbles and cobbles in thin to thick, lenticular, vague beds.  Locally, this unit is subdivided into two subunits based on the recognition of a younger cut-
and-fill deposit (Qf1b) incised into older and higher sediment (Qf1a).  Away from areas where one can see these two separate deposits, this is mapped as 
an undivided unit (Qf1) which probably corresponds to the locally differentiated  Qf1a.  Correlates to the Jornada II alluvium in the Desert Project.  
Greater than 8 m-thick. 

Qf1a Sandy gravel and gravelly sand underlying the approximate aggradational surface marking the end of the main period of Qf1 deposition 
(late to late middle(?) Pleistocene – Surface is characterized by no bar and swale relief and desert pavement with a dense, varnished clast armor.  
Only differentiated where inset deposits of Qf1b are locally present.  Deposit is as described above.  

Qf1b Cut-fill deposits below Qf1 composed of sandy gravel and gravelly sand that have probably been uplifted along the Alamogordo fault (late to 
latest Pleistocene) – An exposure approximately 2 km south-southeast of the Space Museum reveals a buttress unconformity of this unit against an 
older Qf1 deposit.  Here, the inset deposit is 3 m-thick and is similar to Qf2 except for the development of a 1.5-2.0 m-thick Bky calcic horizon hav-
ing a stage II+ carbonate morphology.  The lower 1 meter of this deposit is a clast-supported, imbricated, stream-flow sandy gravel (imbrication indi-
cates a 215-250° transport direction).  Gravel are subrounded to subangular, poorly sorted, and comprised of subequal cobbles and pebbles and 10-
15% boulders.  Sand is pale yellow (2.5Y 7/3), very fine- to very coarse-grained, and poorly sorted.  The upper 2 m of this deposit consists of matrix-
supported and bouldery debris-flows.  Boulders are as large as 1.5 m.   Surface is gravelly and supports relatively abundant yucca and ocotillo.  Tread 
of deposit is inset 1.5-2.0 m below the top of the adjoining Qf1a deposit, and appears to have been uplifted along the Alamogordo fault during its 
major displacement events of 12.6-15 ka (see Koning and Pazzaglia, 2002 and Koning, 1999, for discussion of tectonic activity along the Alamo-
gordo fault).  Deposit is 3 m-thick. 

Qf1e Sandy gravel, gravelly sand, and subordinate silty-clayey sand (late to late middle(?) Pleistocene) – This unit was mapped where a Qf1 deposit was 
subjected to extensive erosion.  Even though eroded, this deposit is typically redder than younger alluvial fan deposits. 

Qfo     Older alluvial fan alluvium (middle to upper Pleistocene) –No exposures were available to describe this unit.  It is distinguished by its higher geomor-
phic position, abundant cobbles and boulders on its surface, and an eroded and steep surface.  Like unit Qto, this unit may represent the highest level of 
aggradation of Qf1 before subsequent erosion lowered much of its tread and re-graded the tread to a lower slope.        

Qf3-Qam    Both Qf3c and Qam deposits are present; Qf3c deposits are more common and Qam deposits exceed 10% by area. 
Qah-Qam    Both Qah and Qam deposits are present; Qa deposits are more common and Qam deposits exceed 10% by area. 
Qf3-Qf2b    Both Qf3 and Qf2b deposits are present; Qf3 deposits are more common and Qf3b deposits exceed 10% by area. 
Qf2b-Qf3    Both Qf3b and Qf3 deposits are present; Qf3b deposits are more common and Qf3c deposits exceed 10% by area. 
QTa    Undivided basin floor and alluvial fan alluvium (shown only in the cross-section (Oligocene(?) to Holocene) – Probably similar to unit Qf1 based on 

well data. 
 

TERTIARY IGNEOUS ROCKS IN SACRAMENTO MOUNTAINS  
Ti  Igneous intrusive rocks (middle to late Eocene) – Igneous intrusive rocks that intrude Paleozoic strata.  These rocks are predominantly grayish green 

and porphyritic, with phenocrysts of plagioclase, hornblende, and diopsidic augite (plagioclase seems to be the most prevalent on this quadrangle).  The 
groundmass consists of plagioclase laths, interstitial chlorite, magnetite, minor orthoclase, and apatite (Asquith, 1974).  These rocks have been character-
ized as nepheline normative trachybasalts, basaltic trachyandesites, trachyandesites, and dacites by McManus and McMillan ( 2002), and as diorite (minor 
camptonite) by Asquith (1974).  Where exposed, igneous rocks are hydrothermally altered to common secondary minerals.  Small intrusive sheets, on the 

scale of 10s to 100s of meters, along with thinner dikes, occur in the northern and eastern parts of the quadrangle.  Widespread sills and minor dikes, 1-10 
meters thick, occur in the southern part of the quadrangle, mainly within the lower part of the Pennsylvanian Gobbler formation.  40Ar/39Ar ages of 44-36 
Ma (McManus and McMillan, 2002). 

SEDIMENTARY ROCKS IN SACRAMENTO MOUNTAINS  
Pa  Abo Formation (Permian) – Medium to dark reddish brown mudstones with minor coarse, arkosic sandstone lenses.  Sandstones are commonly cross-

bedded and individual grains are subangular to angular.  The basal part of the Abo Formation contains thick conglomeratic beds that are composed of 
predominantly subrounded quartzite clasts.  These conglomerates are interbedded with reddish-brown mudstone.  ~100-120 m thick (330-400 ft). 

Pbm  Bursum Formation (Permian) – The Bursum Formation, as defined by Pray (1961), is composed of silty and sandy limestone interbedded with red mud-
stone together with minor fine quartz sandstone and limestone- to chert-bearing conglomerate.  The amount of red mudstones in the Bursum Formation 
increases to the southeast on the Alamogordo North quadrangle.  Limestone conglomerates in the southeastern part of the quadrangle contain Pennsylva-
nian lithologies, suggesting a syn-tectonic deposition with respect to movement along the Fresnal fault to the east in the High Rolls quadrangle.  The Bur-
sum Formation terminology is used here because its upper contact with the Abo Formation, as defined by Pray (1961), is better defined in the map area 
than the upper contact of the Laborcita formation, as defined by Otte (1959). ~90-110 m thick (300-350 ft). 

/Ph  Holder Formation (Pennsylvanian) – A heterogeneous unit of dark and reddish shale, sandstone, nodular limestone, and limestone conglomerate.  Well-
developed algal bioherms are evident in the basal part of the formation, forming massive cliffs 17-23 meters thick (50-75 feet), as in Dry Canyon.  The 
lower contact is best defined by the presence of such bioherms.  The lower part of the Holder Formation is dominated by marine carbonates and dark 
shales.  The upper Holder Formation is marked by an increase in the amount of reddish shale, sandstone, nodular limestone, and limestone conglomerate.  
The upper contact is an abrupt change to quartz sandstone and pebble conglomerates of the Permian Bursum Formation.  ~180-275 m thick (600-900 ft). 

/Pb  Beeman Formation (Pennsylvanian) – Thin beds of argillaceous limestone interbedded with calcareous shale.  Locally sporadic, olive gray, feldspathic 
sandstones are found towards the base. A yellowish dolomitic unit and an upward transition to more feldspathic sandstones marks the base of the Beeman 
Formation, in contrast to the quartz sandstones of the underlying Gobbler Formation.  ~110-150 m thick (350-500 ft).  Description taken in part form Ro-
mero and Koning (2006). 

/Pg  Gobbler Formation (Pennsylvanian) – The lower few hundred meters of this formation exhibits minor coarse-grained sandstone, fine pebbly sandstone, 
and chert-bearing cobble conglomerate with a sandstone matrix that are interbedded with abundant dark gray to black shale and dark gray cherty lime-
stone. The middle part (Bug scuffle Member) consists almost entirely of calcarenitas and calcilutitas.  This member also forms the highest and steepest 
cliff of the western escarpment of the Sacramento Mountains, though it is thickest to the south of the Alamogordo North quadrangle.  Shales and quartz 
sandstones predominate towards the top of the unit, and these lithologies are gradational with the Bug Scuffle limestone. ~400-500 m thick (1000-1200 
ft).  Description taken in part from Romero and Koning (2006). 

Mlv  Lake Valley Formation (Mississippian) – The lower interval (Andrecito Member) consists of calcareous shale, mudstones to wackestones, thin-bedded 
argillaceous limestone, some well sorted, crinoidal grainstones, and minor quartzose siltstone.  The middle part of the Lake Valley Formation is character-
ized by a prevalence of crinoid-bearing bioherm mounds. The biohermal interval includes the Alamogordo, Nunn, and Tierra Blanca Members (Laudon 
and Bowsher, 1949).  The lower part of this interval consists of a ledge of medium-gray, cherty calcareous siltstones and shales developed in massive beds 
8-300 cm in thickness (Alamogordo Member).  Above these ledges are interbedded, friable or poorly cemented, crinoidal grainstones, and minor amounts 
of crinoidal wackestones (Nunn Member).  Crinoidal grainstones and wackestones with large nodules of light colored chert are abundant in the upper part 
of this formation and characterize the Arcente Member.  Here, the grainstones and packstones are normally well-cemented.  Lateral changes in thickness 
and facies as well as poor exposures posed a challenge in mapping the members of this formation.  The Lake Valley Formation was therefore mapped as a 
single unit unless the upper, post-biohermal strata (Arcente and Dona Ana members, see below) were recognized. Thickness varies from a maximum of 
nearly 80 m (250 ft) to a more prevalent 50 m (160 ft) in areas where it is near mounds, and becomes considerably thinner( 15-20 m, 48-65 ft) away from 
the bioherm mounds. 

Mlvd  Dona Ana Member of Lake Valley Formation (Mississippian) – The upper 45 meters (150 feet) of the Lake Valley Formation above the Arcente Mem-
ber is the Dona Ana Member.  It consists of cherty, light gray, irregularly bedded crinoidal grainstones to packstones.  This unit also thins and pinches out 
near biohermal mounds, and north of Marble Canyon was removed by pre-Pennsylvanian erosion or is indistinguishable from the underlying Lake Valley 
Formation strata. Thus it is not exposed across much of the map area.  ~0-18 m thick (0-55 ft). 

Mlva  Arcente Member of Lake Valley Formation (Mississippian) – Dark calcareous shale and thin- to medium-bedded (<30 cm-thick), medium-gray, argil-
laceous limestone.  The Arcente Member seems to level out some of the topographic relief caused by mound development in underlying strata. Approach-
ing the mounds, this member shows abrupt thinning and locally pinches out. This unit is only recognizable on the south side of Marble canyon, and it thins 
out towards the north where it was probably removed by pre-Pennsylvanian erosion.  ~0-25 m in thickness (0-80 ft). 

D  Onate, Sly Gap and Percha Shale Formations (Devonian) – Dark gray to brownish gray silty dolomite, dolomitic siltstones, and very fine-grained 
quartz sandstones.  Light gray calcareous shales are common towards the base and black, non-calcareous shales are common at the top of the section.  
Pebbly sandstones occur locally in basal levels. Gray calcareous shale and nodular, medium gray limestone are interbedded with minor black shale layers 
in the middle part of this unit. Limestone beds increase towards the upper part of the unit and is interbedded with layers of black shales.  Locally, the black 
shales contain pyrite.  Some beds present a distinctive reddish and yellowish color of alteration. Mostly medium bedded, shales are in layers not very re-
sistant to erosion. It is poorly exposed and commonly covered by colluvium. 15-30 meters (50-100 feet) thick (mostly ~ 30 m-thick).  The upper contact is 
a disconformity. 

S  Fusselman Formation (Silurian) – Dark-colored, cherty dolomite and very minor siliciclastics.  Fresh samples vary in color from light gray to dark gray 
or are olive to brownish gray. Fine to medium crystalline. Bedding is obscure. Chert is abundant and it is present as irregular nodules. Locally medium- to 
thick-bedded (10-100 cm thick), sandy to conglomeratic units are found close to the basal contact (Pray, 1961). These units contain phosphatic nodules, 
dolomite, quartz and chert particles that vary in size from sand to pebbles. The Fusselman formation is very resistant to erosion which has allowed for the 
formation of steep cliffs, wide ledges and dip slopes that are laterally continuous and easily recognizable along the mountain front and canyons of the 
escarpment. Both, the lower and upper contacts are sharp disconformities. The nature of the contacts is reflected in the variation of thickness of the unit. 
~22-30 m thick (70-100 ft).  Description taken in part from Romero and Koning (2006). 

Ov  Valmont Dolomite (Ordovician) – Sharply defined, thin to medium (3 to 60 cm-thick) beds of light to very light gray, finely crystalline, sublithographic 
dolomite and minor chert.  Its typically very light-colored dolomite is consistent throughout the area. The lower contact with the cherty member of the 
Montoya formation is lithologically transitional. However, the Montoya formation is darker in color, coarser in texture, and its bedding more obscure 
compared to the Valmont Dolomite. The Valmont Dolomite is divided into an upper and lower member.  Two argillaceous and shaly zones 60-150 cm-
thick can be traced along the area about 25 m above the base of the unit, and represent the basal part of the upper member.  Chert is more common in the 
lower member, where it is present in large nodules up to 10-15 cm thick and is light gray in color.  In the upper part of the upper member, chert is also 
present in light brown masses 8 to 25 cm-thick.  Formation is 45-58 m thick (150-190 ft).  Description slightly modified from Romero and Koning (2006). 

Om  Montoya formation (Ordovician) – Almost entirely crystalline dolomite and cherty dolomite.  About a meter of thick and massive beds of quartz sand-
stone and sandy dolomite marks the base of the section. Thick beds of chert (30-100 cm) mark the upper part of the unit. The dolomite ranges in color 
from medium dark gray to light olive gray. Formation is 57 to 69 m thick (190-225 ft).  Description slightly modified from Romero and Koning (2006). 

 
 
Oe  El Paso Formation (Ordovician) – Dolomites, sporadic sandy dolomites, and dolomitic quartz sandstones in thin to medium beds. Mostly light olive 

gray to light gray, very fine to medium crystalline dolomite.  Dolomitic quartz sandstone is common in the upper half of the lower third of the section, as 
well as in the upper 30 meters of the section.  Thin beds of sandy dolomites and dolomitic quartz sandstones are sporadically present in other parts of the 
section.  Thin to medium, light- to medium-gray chert lenses, seams and nodules are common in the middle part. 131 m thick (430 ft).  Description 
slightly modified from Romero and Koning (2006). 

 
 
Ob  Bliss Sandstone (Ordovician) – Quartz sandstone that does not appear on the Alamogordo North quadrangle, but was used in the cross section.  ~34 

meters thick (110 feet). 
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EXPLANATION OF MAP SYMBOLS
A

Cross-section line endpoints

Normal fault - Solid where exposed; dashed where approximately located; dotted where 
concealed; queried where uncertain.  Ball and bar are on downthrown block.  Number by 
arrow denotes the location and value of fault dip measurement.  Longer arrow, where 
present, denotes plunge direction and magnitude of slickenside lineations

??70
45

A'

Normal fault trace marked by surficial fault scarps along the base of the Sacramento 
Mountains.  Solid where fault location is rwell-constrained; dashed where approximately 
located; dotted where fault has not broken surface.   Hatchures are on the down-thrown 
block.  

??

Monocline -- line is approximately located in the middle of the steepest dips of the beds, 
dashed where approximately located; dotted where concealed; queried where inferred or 
uncertain.  Arrows denote dip direction.  

?
Geologic contact - Solid where exposed; dashed where approximately located; dotted 
where concealed beneath younger alluvium;  queried where uncertain or inferred.  Filled 
dots denote uncertainty in interpretation.

Beds that dip less than 2 degrees

07-320
Attitude of bedding; number in front of dash is dip magnitude, number behind dash is 
dip azimuth. 

Syncline - showing trace and plunge of inferred crest line; dashed where approximate.  

Anticline - showing trace and plunge of inferred crest line; dashed where approximate.  

City of Alamogordo water supply wells used in making cross-section; city’s well number listed
 alongside the well

Stratigraphic section location and label
Upper La Luz Creek

#8

Strike of vertical bedding




