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SUMMARY REPORT FOR THE EL PASO, TEXAS, STATEMAP PROJECT, 1996

Edward W. Collins and Jay A. Raney,
The University of Texas at Austin, Bureau of Economic Geology

The El Paso STATEMAP project has focused on mapping the El Paso/Rio Grande Border
Area in far west Texas. Geologic mapping is critical in this area because of the pressures of
development, exploitation of natural resources, and degradation of the environment by increased

ndustrialization. In addition, the North American Free Trade Agreement (NAFTA) is
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timulating additional growth in this area. El Paso is growing rapidly northward along the flanks
of the Franklin Mountains and eastward along the Rio Grande valley, ;hc valley border margins,
and the Hueco Bolson floor paralleling Interstate Highway 10 and US Highway 62/ 184. Much
f the land north of U.S. PﬁghWay 62/184 is Fort Bliss military land and, thus, unavailable for
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This third and final year of 1:24,000-scale geologic mapping of the El Paso, Texas, region

resulted in the completion of 11 quadrangles (fig. 1). The completed Canutillo and Smeltertown
quadrangles cover an area that extends westward from the west part of the Franklin Mountains to
the Rio Grande. The Padre Canyon, TP Well, and Whiterock Hills quadrangles encompass the

outh edge and foothills of the Hueco Mountains and the northeast margins of the basin floor.
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The Isla, Tornillo, Fort Hancock NW, Acala, McNary, and Esperanza quadrangles contain the
basin floor and Rio Grande valley and valley border.
This report summarizes the entire 29-quadranglc area mapped over the past 3 yr (fig. 1).

Appendix A describes the stratigraphy of the mapped area in detail. Previously published

geologic maps of the region, which are mostly of mountainous bedrock, have either highly
eneralized the areas or ignored the basins entirely. These maps are neither on accurate

opographic base maps, nor are they at scales appropriate enough to impact developmental or
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medial projects associated with the region’s growing population. Published maps include a
regional map of west Texas (Dietrich and others, 1968), a regional mﬁp of the Franklin
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Figure 1. Diagram showing mapped areas. Numbers 1 through 11 and letters A through R

correspond to quadrangle names listed in table 1.



Table 1. Names of 7.5-minute quadrangles completed for 1995-1996 mapping (1-11) and
STATEMAP maps previously completed during 1993—-1995. Map locations shown in figure 1.
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1995-1996 Mapping
Canutillo
Smeltertown
Isla
Tornillo
Fort Hancock NW
Acala
McNary
Esperanza
TP Well
Whiterock Hills
Padre Canyon
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1993-1995 Mapping
North Franklin Mountain
El Paso
Cavett Lake
Diablo Canyon West
Fort Hancock
Campo Grande Mountain
Fort Bliss NE
Nations East Well
Hueco Tanks
Fort Bliss SE
Nations South Well
Helms West Well
Ysleta
Clint NW
Clint NE
San Elizario
Clint
Clint SE



Mountains (Richardson, 1909), a map of the northern Franklin Mountams (Harbour, 1972),

maps of the Hueco Mountains (King and others, 1945) and southern Hueco Mountams (Beard
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83), a map of the Campo Grande Fault area (Collins and Raney, 1990), and a map that partly

:[incides with the southeast study area'ncar the Finlay Mountains, McNary, and Esperanza

Ibritton and Smith, 1965). Other maps include numerous unpublishea theses maps, an

published map of the southern Franklin Mountains by Lucia (1989), iand page-sized maps at

s of the Franklin Mountams were done by McAnulty (1967), Dye (1970), Garcia (1970),
(adhi (1970), Thomson (1974), Thomann (1980), Figuers (1987), and Stacy (1991). Wise (1977)

ompleted an unpublished thesis map of the Hueco Tanks area. Theses maps illustrating the

occurrence of the Fort Hancock and Camp Rice basin’-ﬁll‘units within L\Arroyo Diablo and

Madden Arroyo were done by Willingham (1980) and Riley (1984). - |

- Previous studies of different stratigraphic aspects of the region are numerous, and some are

cited below. Appendix A describes the stratigraphy of the mapped area in detail. Data on the
bedrock stratigraphy was compiled from previous studies by Richardsbn (1909), King and others

1945), Albritton and Smith (1965), Harbour (1972), Thomann (1980), LeMone (1982, 1988),

LeMone and Simpson (1982), Beai'd (1983), and Kelley and Matheny (1983)‘ Datd on the

'hocene to Pleistocene basm-ﬁll units, the Fort Hancock and Camp Rlce Formauons, were
ompxled from Albritton and Smith (1965), Strain (1966, 197 1), Chett (1969) Willingham
1980), Stuart and Willingham (1980), Riley (1984), Vanderhill (1986), and Gustavson (1991).

Description of the Pleistocene to Holocene surficial deposits is recent yvork by the authors.
apping and description of ‘the surficial deposits was greatly inﬂuen_cc:ed by previous sfudies by
Albritton and Smith (1965)' of the southeast part of the Hueco Basin and studies by Gile"amd
sthers (1981) of nearby southern New Mexico. We also benefited from (1) the many articles

ithin the Permian Basin Section, Society of Economic Paleontologisﬁ and Mineralogists, Field




Conference Guideboek (Meader-Roberts, 1983) that describe_differentf aspects of the geology of

the southern Hueco Mountains and (2) the articles cenceming the FmMn Mountains in the

El Paso Geological Society Quinu Memorial Volume (LeMone and Lovejoy, 1976), West Texas

Geological Society guidebooks (West Texas Geological Society, 1968 1982), and a Permian
Basin Secuon——SEPM—Guldebook (Candelaria and Reed, 1992).

Geologic Setting

The Hueco Bolson (fig. 2) is an extensional basin that ruay be the: continuation of | the Rio
Grande Rift in Texas. Extension, which continues to the present, is thc;ught to have beguh 24 to
30 mya. Surrounding the basin are mountains aud'highlands in which‘ Precambrian to Tertiary
rocks are exposed The basin is bounded on the east and northeast by the Dlablo Plateau and the
M alone and Quitman Mountains. The Dlablo Plateau is underlam by nearly flatlying Cretaceous

dnd older marine sedimentary rocks. La:am1de-deformed Cretaceous and older rocks are present

utside the map area in the Malone and Quitman Mountains and in the ranges in Mexico that lie

uthwest of the Rio Grande. Within the southeast part of the map area small, Laramide-

eformed, Cretaceous bedrock hills that rise above the basin floor indicate that the leadiug edge
the Laramide thmst plate lies beneath the younger basin-fill deposiﬁs between the Lara_ruide- )
formed bedrock hills and the Diablo Plateau rim. The basin-fill sedifnen;s in outcrop are as old

“as the P_liocene, but they extend to depths of mlofev fhan 2,500 m (>8,260 ft) in the subsurface,
Jhere they are of unknown age. The basin-fill sediments reflect the development of the Rio

Grande, the international border between Texas and Mexico, and ancestral drainage systems that

preceded the modern Rio Grande. Periods of stability and downcuttiné are recorded in the series

o

~ of terraces and soils that are well exposed locally in the basin. The southwest porﬁon.ef the .

" Hueco Bolson lying in Mexico is not part of the STATEMAP project.
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Figure 2. Geologic setting of the El Paso Study Area and the Hueco Bolson. Cross sections A—A’

and B-B’ and field stations at Quaternary faults refer to Collins and Raney (1991).



Franklin Mountains _ ‘

The Franklin Mountains (relief as great as 820 m [2,700 ft]) 'boUnd the west edge of the
northwest Hueco Bolson. El Paso lies at the south margin of the mountains, and urban growth is
exoanding rapidly northward along the flanks of the mountains. The rrtountain range is a west-

'pping, tilted fault block that trends northerIy A re‘Iatively continuous stratigraphic section of
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Precambrian through Penman rocks that are locally intruded by Temary igneous rocks is present
in the Franklin Mountains. Quaternary alluvial-fan deposits have built off the edge of the
mountains into the Hueco basin to the east and_ into the Mesilla basin to the west. Tertlary to
Quaternary basin-fill alluvial fanand fluvial deposits are not‘commonléy well exposed along the

east margins of the Franklin Mountains, although they are better exposed in arroyos at the west

margin of the range that drain into the Rio Grande. The stratigraphy of the area is described in
appendix A. Strata within the range are cut by faults that strike north, northeast, and northwest.
These faults may predate the range-bounding faults that represent the iatest episode of range

uplift and tilting. The range is bounded on the east by a distinct, nonhlsnildng Quaternary fault,

e East Franklin Mountains fault, which crosses the El Paso and North Franklin Mountain
Fadrang]es The fault cuts middle Plelstocene and upper Pleistocene deposns the most recent

irface rupture probably occurring durmg early Holocene time. Scarps commonly have

»mpound-slope angles, and the steepest slope angles are between 13° and 23°. Multlple-rupture
vents have caused older Quaternary surfaces to be offset more than younger surfaces, and scarp
sights generally range between 39 and 5.5 m [128 and 18 ft] because of the different ages of the

faulted Quaternary surfaces along the fault trace. '

The east marglns of the northwest Hueco Bolson are bounded by the Hueco Mountams

Hueco Mountains

relief as great as 270 m [885 ft]) and its foothills. Only the west and south parts of the Hueco

— P

‘Mountains are within the map area. Similar to the Franklin Mountmns, bedrock stratigraphy vof




the area records a long geologic history (appendix A). Precambrian grahite locally crops out at

ﬂLc south xﬁargin of the mountains and foothills. Lower Ordovician—Uf)per Cambrian (?) Bliss

sandstone is overlain by Lower Ordovician El Paso Group limestone, dolomitic limestone, and
dflostone. Upper and Middle Ordovician Montoyo Group limestone and dolomitic limestone
overlie the El Paso Group and are overlain by the Silurian Fusselman Dolomite. Devonian
Percha Shale and Canutillo Formation bedded chert, limestone, and marl crop out locally.
Mississippian Helms Formation and Rancheria Formation limestone, sandy limestone, and shale
are well exposed. Pennsylvanian Magdalena Group limestone, marl, aﬁd shale overlie
Mississippian deposits and are at angular unconformity with overlying Permian Hueco Group

conglomerate, limestone, dolomitic limestone, marl, and shale. Tertiary intrusive rocks in the

ea, mostly syenite to monzonite of the Hueco Tanks region, were intruded about 35 mya as
lls and dikes. Northwest-striking and north-striking normal faults cut bedrock. Broad,
northwest-trending folds are expressed within the bedrock strata. Localized folding related to sill

g

placement has also occurred. Limestone is actively being quarried for crushed stone and
cgement along the flanks of the Hueco Mountains. Alluvial fan and drainageway alluvium
domposes the piedmont deposits shed from the Hueco Mountains. Bedrock foothills surrounded

by alluvium are common at the basin margin.

Diablo Plateau Rim and Western Finlay Moun;ains

The southeast Hueco Bolson is bounded on the northeast by the Diablo Plateau (relief as

on
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reat as ~200 m [~650 ft]) and Finlay Mountains (relief as great as 340 m [1,100 ft]). The map
Jnea includes the Diablo Plateau ﬁm and the ‘western‘ Finlay Mountain;. The Finlay Mountains
¢onsist of two broad structural domes having radiating dikes and sills. The domes probably
formed as laccolithic intrusives. K-Ar ages of some Finlay Mountain intrusions range between
bout 46 and 50 my (Matthews and Adams, 1986). Permian limcston!c and marl and Crctaccc;us
limestone, marl, and sandstone of the Campagrande, Cox, and Finlay Formations (appendix A)

lip as much as ~20° away from the central domal area. Cox and Finlay strata are also exposed

o
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along the Diablo Plateau rim. Outc‘rop‘s of Campagrande strata locally pccur along the pl'ateau
rim near the HuecoMountains. A gentle monocline strikes 'northwestvi'ard along the plateau rim
and basin margin. Strata along the monocline dip mostly ~5° to 7° southwestward. The
rnonoclme may have initially developed dunng the late Cretaceous—early Tertiary Laramlde

(Jlf formation that deformed strata of th1s reglon the monocline was poss1b1y reacttvated during
thte younger Cenozorc extensional deformauon which resulted in the development of the Hueco
Bolson. Alluvial fan and dramageway alluvmm composes the pledmont deposxts shed from the

Finlay Mountains and Diablo Plateau |

Hueco Bolson Piedmont and Basin Floor

The piedmont area of the basin contains surficial deposits of alluvial fans and incised

-alluvial fans of the upper pledmont slope near the higher relief bedrock areas and surficial

oS

deposits of mostly coalesced—alluvml fans of the lower piedmont slope (appendix A) The older
alluv1al deposits contam a K soil honzon thatis a 0.7- to 1.5-m-thick (2 3-to 5- ft-thlck) stage IV

10 V calcrete. The K horizon suggests that these deposrts are as old as middle Pleistocene. Calcic
soils of younger alluvial deposits exhibit progressively decreased development (appendix A). |

he alluvial deposits overlie older basin-fill deposits of the Pliocene-middle Pleistocene Camp

et )
N Law |

1ce Formatlon and the Pliocene Fort Hancock Formanon (appendlx A) Wmdblown sand
commonly covers the pledmont alluvrum |
The basin floor area mostly contains wmdblown sand deposns that overlie Pliocene—middle

l?etstocene Camp Rlce sand and gravel and lesser amounts of srlt and clay and Fort Hancock

custrine clay, bedded gypsum, and silt and lesser amounts of alluv1al fan and fluvial gravel,

sand, silt, and clay. Fort Hancock deposits represent lacustrine and assoclated deposmon ina

polson setting. Camp Rice deposits represent a system of dommant fluvial and alluv1al-fan oo
i o

i[posmon along with some floodplain and minor lacustnne deposmon Lower Camp Rice

P
deposits include reworked Fort Hancock sedtments. thhm the basin floor area, the top of the

Camp Rice is capped by a well-developed stage IV-V pedogenic calcirete. Older alluvial-fan
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deosits at the basin margins may be nearly time equivalent to the uppermost Camp Rice

d]éposits. Some coalesced-alluvial-fan deposits that are shed from the highlands across the

;T edmont may extend onto the basin floor area. Fluvial and lacustrine basin-fill deposits and
d

eposits of piedmont alluvial fans and arroyo terraces are well exposed locally within the large

ah‘royos that have incised into the basin floor and piedmont of the southeast part of the map area.

Windblown sand deposits that overlie basin-fill deposits appear mostly to be less than 2 to

3 m (<6 to 10 ft) thick, although at one abandoned sand quarry, the eolian sand was more than
8 m (>26 ft) thick. Coppice dunes, interdune sheet deposits, and deflation areas are common. At
the east margin of the Hueco Bolson, local areas of active sand dunes and areas of partly

vegetated, stabilized to partly stabilized dunes are present.

Within the northwest Hueco Bolson, the basin floor and piedmont contain a series of north-

trending sand-covered scarps that may be fault related. In the southeast Hueco Bolson some
Jm)rthwest-trendmg sand-covered scarps and the uncovered, southeast scarp of the Campo Grande
fault cut the basin floor and piedmont. The Campo Grande fault is the major graben-bounding
Quaternary fault on the northeast side of the basin. This Quaternary fault displaces middle and
garly upper Pleistocene deposits as much as 10 m (32 ft) and 3 m (10 ff), respectively, although

(
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deposits, composing Fort Hancock and Camp Rice sediments, and the remnant terraces are

younger upper Pleistocene deposits are not displaced. This fault has scarps that are between 1.5

u#d 11.5 m (5 and 38 ft) high. Scarp slopés range between 4° and 17°.j

Rio Grande Valley and Valley Border

The Rio Grande valley and valley border consist of the Rio Grande floodplain and remnant

Jerraccs that have been inéised into the older basin-fill deposits (appeﬁdix A). The older basin-fill

rommonly covered by windblown sand. Fan deposits at the mouths of arroyos and smaller

drainageways that drain into the river valley also exist. Alluvium associated with the remnant

|

terraces and fans along the valley border are thin. Observations of the.

calcic soil development

and stratigraphic position of these deposits were used to subdivide the Quaternary valley border

10




stratigraphy (appendix A). Alluvium of the Rio Grande floodplain is commonly cultivated where
it is not urbanized. Sand and gravel quarries mining the relatively uncemented Camp Rice

deposits and the caliche capping them are common along the valley border rim.

11
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APPEND]X A: EXPLANATION OF GEOLOGIC UNITS

- Acala, El Paso, Campo Grande Mountaln Canutillo, Cavett Lake,
Cltnt Clint NE, Clint NW, Clint SE, Diablo Canyon West, Esperanza
Fort Bliss NE, Fort Bliss SE, Fort Hancock Fort Hancock NW
_ Helms West Well, Hueco Tanks Isla, McNary, Natlons East Well
‘Nations South Well North Franklin Mountaln, Padre Canyon,
San Elrzano, Smeltertown, TP Well, Tornillo, Whiterock Hills,
* Ysleta, and Ysleta NwW Quadrangles
S El Paso region, West Texas

~ QUATERNARY
| Holocene—Late Pleistocene -

Q Ws-—Wmdblown sand. Coppice dunes, ommonly 0.5 to 2 O m (1 6‘ to 6.5 ft) high, and
 interdune sheet deposits; deflation areas common May include local, undlfferennated areas of
1) active dunes (Qwsd), (2) stablhzed to partly stablhzed dunes that are partly vegetated
Ows2), and (3) local drainageway alluv1um . ' - 1

2ws2—Wmdblown sand area of partly vegetated stablllzed to partly stabnhzed dunes
"ontains local areas of acuve sand dunes (Qwsd) Includes copprce dunes and 1nterdune sheet

deposits and deflation areas, srrmlar to Qws areas; aenal photograph e*rpressron is more

tchy/spotty than adjacent areas of Qws, commonly higher and more nregular topography than

adj Jacent areas of Qws May represent stabﬂrzed dune ﬁelds that formed at east side of Hueco

- Bolson and w1th1n the margms of the RIO Grande valley

Qwsd—Actlve sand dunes. Areas of active sand dunes that are as much as3m (10 ft) high

»

havmg sparse to no vegetauon Actlve sand dune areas are located w1thm larger areas of

st ablhzed to partly stablhzed dunes that are partly vegetated (Qws2) ‘

( c—Slope-wash alluvmm and/or colluvnum Commonly covers basm-fill deposrts (QTcr, |
T ) and younger, surﬁcml alluvral-fan depos1ts, (Qf 1,2, 3 4) along arroyos, predmont and Rio

Grande valley border; covers bedrock and basm-ﬁll deposits along the margms of mountarns and -

Diablo Plateau
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arg—Alluvium of Rio Grande floodplain. Sand, silt, clay, and grav%cl; commonly cultivated;
»

anized in and near El Paso; locally covered by undifferentiated winczlblown sand (Qws).
—Undivided alluvium of drainageways, young fans (Qf4), and y%oung arroyo terraces
t4). Sand, silt, gravel, and clay; gravel locally derived. Includes undiifferentiated young
deposits in relatively aétivé settings and deposits in more stable setting; that contain stage I to II
BK horizons. Possibly includes local undifferentiated older alluvium ar;d younger windblown
1d. May overlie or be inset against older deposits. |
avb—Undivided alluvium of drainageways, young fans, and you&g arroyo terraces
located along the Rio Grande valley border. Sand, gravel, silt, and ciay; includes locally

derived and exotic gravel. Includes undifferentiated young deposits in relatively active settings

and deposits in more stable settings that contain I to II BK horizons. May include local

undifferentiated older terrace or fan alluvium, small outcrops of older QTcr or Tfh, and younger

indblown sand. May overlie or be inset against older deposits.

f4—Alluvium of young fans. Sand, gravel, silt, and clay; gravel locally derived. Includes

posits that have stage I to Il BK horizons. Possibly includes local, unﬂiﬁerenﬁated
inageway alluvium, older alluvium, and windblown sand. May overjlie or be inset against
er deposits. Commonly <1 m to several meters thick. |

t4—Alluvium of young terraces along large arroyos. Sand, gravel, silt, and clay; gravel

[S—

ally derived. Includes deposits that have stage I to II BK horizons. Locally may include more
an one terrace having similar soil chafacteristics. May include local undifferentiated
ainageway alluvium and windblown sand. Inset against older depositg. |
t4rg—Alluvium of young terraces and fans along the Rio Grande‘i valley border. Sand,

avel, silt, and clay; includes locally derived and exotic gravel. Includés deposits that have

e I to II BK horizons. Locally may include more than one terrace h%wing similar soil
aracteristics. May overlie or berinset against older deposits. |
Qf3-4—Undivided Qf3 and Qf4 alluvium. J
Qt3-4—Undivided Qt3 and Qt4 alluvium.
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silt, and clay; gravel locally derived. Commonly contains stage III BK hodzon, <0.5 m (<1.6 ft)

thi

|
{
|

Late Pleistocene Deposits

f3—Piedmont alluvium of alluvial fans, incised alluvial fans, and}bajadas. Sand, gravel,

ick. Commonly <1 m to several meters thick. May overlie or be inset against older deposits.

ocally covered by younger drainageway alluvium and windblown sand. May include small

d

d

C

Q
S

St

posits of older alluvium cropping out along drainageways.

t3—Alluvium of terraces within large arroyos. Sand, gravel, silt, and clay; gravel locally
rived. Commonly contains stage III BK horizon, <0.5 m (<1.6 ft) thick. Locally may include

ore than one terrace having similar soil characteristics. Inset against older deposits. Locally

L®)

vered by younger drainageway alluvium and windblown sand.
1t3rg—Alluvium of terraces and alluvial fans located along Rio Grande valley border.
and, gravel, silt, and clay; includes locally derived and exotic gravel. Commonly contains

age III BK horizon, <0.5 m (<1.6 ft) thick. Locally may include more than one terrace having

imilar soil characteristics. May overlie or be inset against older deposits. Locally covered by

e

nfliffercntiated younger drainageway alluvium and windblown sand.

Late Pleistocene to Middle Pleistocene

)f2—Piedmont gravel and sand alluvium of ailuvial fans, incised fans, and bajadas. Sand,
ravel, silt, and clay; includes locally derived gravel. Commonly contains stage IV K horizon

alcrete, 0.2 to 1.0 m (0.6 to 3.0 ft) thick. Commonly as much as several meters thick. May

verlie or be inset against older deposits. Locally covered by undifferentiated younger alluvium

windblown sand. ‘

2—Alluvium of terraces along large arroyos. Sand, gravel, silt, and clay; gravel locally

derived. Commonly contains stage IV K horizon calcrete, 0.2 to 1.0 m (0.6 to 3.0 ft) thick.

ally may include more than one terrace having similar soil characteristics. Inset against older

deposits. Locally covered by undifferentiated younger alluvium and windblown sand.

|
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Qtrg2—Alluvium of terraces and alluvial fans along Rio Grande valley border. Sand,

gravel, silt, and clay. Includes locally derived gravel and exotic gravel.iCommonly contains

stage IV K horizon calcrete, 0.2 to 1.0 m (0.6 to 3.0 ft) thick. Locally may include more than one

terrace having similar soil characteristics. May overlie or be inset again‘jst Qlder deposits. Locally
covered by undifferentiated younger alluvium and windblown sand.
Qfl-Z—Undivided Qf1 and Qf2 alluvium. ' \
Qf2-3—Undivided Qf2 and Qf3 alluvium. |

Middle Pleistocene

Qfl—Alluvium of alluvial fans, bajadas, and alluvial plains. Sand, ‘gravel, silt, and clay;
|

gravel generally locally derived, local exotic gravel along Rio Grande }zfaney border. Commonly

contains stage IV to V K horizon calcrete, 0.7 to 1.5 m (2.3 to 5.0 ft) thick. Locally may be

covered by younger alluvium and windblown sand. Northwest of Alam‘:o arroyo along the Rio
\

Grande Valley border, local Qf1 mostly not divided from upper QTecr, and only QTcr mapped.

S

butheast of Alamo arroyo, undivided Qf1+QTcr mapped. Surface of Qf 1 approximately

|
equivalent to Jornada I surface of Mesilla basin, southern New Mexico; locally may be
equivalent to La Mesa surface if some Qf1 alluvial deposits are time-eciuivalent facies of Camp

Rice fluvial deposits.

Pleistocene to Pliocene

QTl—Landslide deposits. Does not include probable Crazy Cat landsiide (locéted west of south
tip|of Franklin Mountains, [Lovejoy, 1976]), which is mapped as bedrof:k units surrounded by

alluvium. }




Middle Pleistocene to Pliocene

- QTer—Camp Rice Formation Sand and gravel; lesser amounts of silt and clay. Represents
fluvial, alluvial- fan, floodplain, and minor lacusmne deposition. Construcnve depositional

surface commonly contains stage V K honzon calcrete, 1.0 to 1.5 m (3. ’0 to 5 0 ft) thick. Ash at

=
Q

p of unit assigned as 0.6-m.y.-old Lava Creek B ash (Izett, 1981; Izet;t and Wilcox, 1982;

1acation in El Paso, Texas). Ash in lower part of unit assigned as 2.1-m:.y.-old Huckleberry Ridge
, ' - i .

ash (Izett, 1981; Izett and Wilcox, 1982; locations in Arroyo Diablo and Madden Arroyo, Campo

Grande Mountain, Texas Quadrangle). Locally covered by younger alllilvium and windblown

. | '
sand. Upper Camp Rice deposits along valley border may include locall high, undivided middle
Plei istocene Rio Grande terrace deposits (approxmately equal in age to Qf 1 deposits) that are

in¢ised into older QTcr and undivided local mlddle Plelstocene pledmont fan alluvium (Qf1) that

e
\

erlies older QTcr. Northwest of Alamo arroyo, ¢ mdlcates calcic soxl of upper Camp Rice or

-
-

apped local terrace and fan alluvium (unmapped QF1). Areas mapped as Camp Rlce along

:Eley border slopes include small, undivided deposits of younger tenape, fan, and dramageway
: 1
uvium. Depositional surface of QTcr equivalent to La Mesa surface ?f Mesilla basin, southern

New Mexico.

Qfl + QTcr—'Undivided Qf1 and QTecr.

Pliocene i

Tfh—Fort Hancock Formatlon Lacustrine clay, bedded gypsum (southeastem Hueco Bolson),
and silt; alluvial-fan gravel, sand, silt, and clay; minor fluvial deposits. Blancan vertebrate

fossils. Locally covered by younger alluvium and windblown sand.
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Finlay Mountains and Diablo Plateau

TERTIARY

Ti—Undifferentiated intrusive igneous rocks. Dikes and sills of andésite porphyry,

brnblende andesite porphyry, and latite porphyry in Finlay Mountams Many small dikes and

ills not shown. K-Ar ages of some Finlay Mountain intrusions range between about 46 and

D m.y. (Matthews and Adams, 1986). o ‘

|
LOWER CRETACEOUS
i
|

Kf—Finlay Formation. Limestone, marl, shale, and sandstone. Gray; abundant marine

-9

rofossils and macrofossils. In Finlay Mountains, moStly medium and thin beds and nodular;

some thick and massive beds; thin sandstone beds near base; ~61 m (~200 ft) thick. In Diablo

P

(.4.

ateau area, mostly limestone along rimrock of plateau; sandstone bed§ near base; ~53 to 61 m

J
175 to 200 ft) thick. |

S4

x—Cox Sandstone. Quartz sandstone, conglomerate, limestone, and shale. Mostly quartz

indstone; fine to medium grained, thin to thick bedded, crossbedded, a;md rippled. Contains

si

cified wood; some silicified branches and logs several feet long. Fosisiliferous limestone

mmon in upper half of unit. Various shades of brown, gray, orange, and pink; ~152m
500 ft) thick at Diablo Plateau; ~165 to 206 m (~540 to 675 ft) thick in Finlay Mountains;
13 to 226 m (~700 to 740 ft) thick at Campo Grande Mountain. |

b—Bluff Mesa Formation. Limestone and sandstone; some limestor;w conglomerate and

r‘ldy shale. Locally crops out in hills northwest of Carhpo Grande MoPntain on upper Laramide

ust plate of area; basinward facies approximately equivalent to Campagrandc Formation
ca). [

|

ca—Campagrande Formation. Limestone, marl, conglomerate, sandstone, siltstone, and

shale. Interbedded limestone and marl in upper 61 to 76 m (200 to 250 }ft); thin to thick beds;

24 - |
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gray. Lower part interbedded sandstone, fossiliferous limestone, siltstone, sandy shale, and
lixnncstone and chert conglomerate; ~114 m (~375 ft) thick in northwest Finlay Mouritains;

~244 m (~800 ft) thick in southwest Finlay Mountains.

PERMIAN

Pl—Limestone, Leonard Series.

Pm—Marl and limestoné, Leonard Series.

Frankli'n Mountains

TERTIARY

‘Ti—Undivided intrusive rocks. Includes Campus Andesite west of CJrazy Cat Mountain and
oqxer,andesite intrusions west of mountains; felsite dikes and silis unmapped in mountain range.

K-Ar age of Campus Andesite intrusioh ~48 m.y. (Hoffer, 1970; Henry and others, 1986).

CRETACEOUS

1—Undivided Cretaceous strata. Mostly limestone and marl.

=

PERMIAN
|
Ph—Hueco Group. Limestone, dolomitic limestone to dolostone, siltsitone, shale; thin to thick

bedded; generally light gray; ~670 m (~2,200 o) thick.
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PENNSYLVANIAN

l\']:agdalena Group
1

mps—Panther Seep Formation. Argillaceous limestone, gypsum beds, silty shale, chert-
|

W

P
thick; generally forms gentle slopes; ~360 m (~1,180 ft) thick.

bble conglomerate. Conglomerate marks base of unit; gypsum beds % to 12 m (6.5 to 39 ft)

i
l]Tnbc—Bishop Cap Formation. Shale, limestone. Composed primaley of poorly exposed
shale along with some thin, resistant beds of limestone; ~194 m (~636 jft) thick.

IPmb—Berino Formation. Limestone, shale. Composed primarily of jalternating limestone and

)
shale units ~0.6 to 6 m (~2 to 20 ft) thick; shale dominates base of unit; ~21 m (~70 ft) of

assive, resistant limestone at top of unit. Common fossils include mollusks, brachiopods,

pd

corals, bryozoans, and fusulinids. Total thickness ~137 m (~448 ft). |
- i

IPml—La Tuna Formation. Lﬁncstone. Cherty; massive limestone beds at base; shale interbeds
increase upward and unit more thinly bedded upward. Resistant to wc#thering; forms cliffs.
Common fossils include silicified corals, brachiopods, crinoids, mollusks, bryozoans; some
petrified wood; ~85 m (~280 ft) thick. |

MISSISSIPPIAN |

h—Helms Formation. Shale, some limestone. Shale calcareoué an<;1 gray. Limestone locally
litic; contains traces of quartz sand; commonly <0.3 m (<1 ft) thick.g Limestone interbeds as
ick as 1 m (3 ft) more common in upper part of unit. Fossils include lbrachiopods,‘ gastropods,
stracodes, crinoids, and bryozoans; ~46 to 70 m (~150 to 230 ftj thic#c; thins northward.
[rl—Undivided Rancheria and Las Cruces Formations. Rancheria Fofmation; limestone,

me siltstone and shale. Lower part mostly cherty limestone, along with some siltstone and
|

shale interbeds; ~40 m (~130 ft) thick; limestone beds as thick as 0.6 r‘n (2 ft); siltstone and shale

lpTds as thick as 2 m (7 ft). Middle part black limestone; 8.5 to 12.8 mj,(28 to 42 ft) thick; forms
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light-gray band in weathered hillsides. Upper part limestone containiné siltstone and shale near

. | ‘
the top; limestone black, cherty, and sandy; ~61 to 70 m (~200 to 230 t"t) thick. Las Cruces

ormation; limestone. Evenly bedded; beds ~0.3 to 0.6 m (~1 to 2 ft) tljlick; mostly chert free;

weathers white toflight gray and commonly forms distinct band at the base of ledgy cliffs; ~15to

27.5 m (~50 ft to 90 ft) thick.

DEVONIAN

- Dpc—Undivided Canutillo Formation and Percha Shale.vLimesvtonae, shale, marl, and Some

iltstone. Canutillo limestone, shale, marl, and siltstone, ~41 m (~135 ft) thick, 6verlain by 12-rh-

ck (40-ft) Percha black shale. Lower part of Canutillo shale, limeStojne,vand dolomite breccia -

=3

(

&

&

(

derived from Fusselman Dolomite) overlain by interlensed chert and linar‘l. Chert lenses

0.15 t0 0.6 m (0.5 to 2 ft) thick. Upper part of Canutillo calcareous darfk—gray shale interbedded
with thinner (<0.3-m-thick [<1-ft]) beds of dark-gray marl and limést&ne. Local evidence that

ome lower Canutillo strata were deposited in sinkholes or channels in underlying Fusselman

Dolomite.

|
|
!

SILURIAN |

Sf—Fusselman Dolomite. Dolostone, some limestone. Mostly light-gray to tan dolostone; some

Tay limestone patches surrounded by dolomite/dolostone in upper part of unit; minor chért; karst

breccia. Resistant to weathering; forms massive cliffs. Fossils include brachiopods, corals, and

astropods; ~152 to 183 m (~500 to 600 ft) thick. |

UPPER AND MIDDLE ORDOVICIAN |

Y)m—Montoya Group. Dolostone, some limestone, marl, and shale. Includes undivided lower,

30.5-m-thick (100-ft) Upham Dolonlité, middle, 46-m-thick (150-ft) Aleman Formation, and

upper, 39.5- to 50-m-thick (130- to 165-ft) Cutter Formation. Upham massive, gray dolostone.

27
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Several published subdivisions of these cyclic, shelfal carbonate strata éexist. Seven formations
(LeMone, 1968, 1988) include, from base to top: (1) 26 to 49 m (85 tof160 ft) of Sierrite sandy
dolostone, (2) ~33 m (~110 ft) of Cooks dolomite, (3) ~88 m (~290 ft)_zof Victorio Hills |

Canyon limestone and dolostone (upper 7.6 m [25 ft]), (6) ~88 m (~290 ft) of Scenic Drive -

=

Aleman dark-gray dolostone commonly interlayered with chert lenses a‘md nodules. Cutter ~9 m
(730 ft) of nodular marl, dolostone, limestone, and shale overlain by cliff-forming, 0.6- to 1.8-m-
thick (2- tb 6-ft), evenly bedded, light-gray dolostone. Karst breccia co’inmon. Fossils include

. | .
bfachiopods, corals, and gastropods and abundant dolomitized fossil de;bris. «

| |
|
LOWER ORDOVICIAN

|
|
|

2—FEl Paso Group. Limestone, dolostone, sandy dolostone, and somje dolomitic sandstone.

MI assive to thin bedded; some crossbeds and cross-laminations; some chert; karst breccia.
|

imestone and dolostone, (4) 21 to 27.5 m (70 to 90 ft) of José sandy, cjrossbcdded dolostone,

nassive dolostone, and dolomitic sandstone,y (5)173t0210m (570 to :690 ft) of McKelligon I

olomitic sandstone (base), sandy dolostone and dolostone (lower 18 tjo 30.5 m [60 to 100 ft]),
|

| ajd limestohe (upper part), and (7) ~12 m (~40 ft) of Florida Mountains limestone. Common

ssils include snails, brachiopods, trilobites, and conodonts. |

|

LOWER ORDOVICIAN - UPPER CAMBRIAN (2

D€b—Bliss Sandstone. Quartz-rich sandstone, quartzite, and siltstoxx;e. Fine to medium grained;

mredium to thick bedded; laminated and cross-laminated; glauconitic m upper half; weathers dark

eddish-brown. Sparse fossils include brachiopods, gastropods, rare trilobites; some trace fossils.

. ,’
A's thick as 76 m (250 ft); locally absent. | V
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PRECAMBRIAN i

pE€g—Undivided porphyritic granite, biotite granite, biotite-hornbiende granite, riebeckite
granite, and associated pegmatite, aplite, and basalt (p€b) dikes. Includes granites of Red
Bluff Granite complex. Granite commonly medium to coarse grainedi massive, and pink to red.
Intrudes all other Precambrian rocks. May include local, undifferentiated rhyolite (pCr).

pLEr—-—Undivided Thunderbird Group. (1) Rhyolitic ignimbrites and porphyritic rhyolite dikes

7~~~
Sod

o |
pper Tom Mays Park Formation; as thick as 168 m [550 ft]); (2) porphyritic trachyte,
. : ) | '

tuffaceous sandstone and conglomerate, and ignimbrite (middle Smugglem Pass Formation; as

thick as 140 m [460 ft]); and (3) rhydlitc-cemented conglomerate of coibblé— to pebble-sized
quartzite, siltstone, shale, chert, ignimbrite, and trachyte (lower Corqnado Hills Formation; 11 to

27 m [35 to 90 ft] thick). !

p€l—Lanoria Quartzite. Quartzite, sandstone, siltstone, and shale. Three members include \

) lower Lanoria (p€11); 320 m (1,050 ft) thick; fine-grained quartzite, sandstone, siltstone, and

Py
o

shale; commonly forms slopes; (2) middle Lanoria (p€Im); 183 to 24{13 m (600 to 800 ft) thick;

medium-grained quartzite, crossbedded; commonly forms cliffs; (3) ujpper Lanoria (p€lu); 168
"t7 213 m (550 to 700 ft) thick; fine-grained quartzite, sandstone, siltst<j)ne, shale; thin bedded;

o

Tmmonly forms slopes. o
mc—Undivided Mundy Breccia and Castner Limestone. Mund& Breccia: randomly
|

iented, black basalt boulders, angular to slightly rounded, in matrix of dark-gray mudstone_; as

lick as 76 m (250 ft). Castner Limestone: limestone, hornfels, conngmerate, dolomite, and

Y
N

—
=

&y

abase; mdstly limestone, slightly metamorphosed, some chert lenseé, thin bedded, containing

f

. : 1 : :
metamorphic minerals that include serpentine, tremolite, and garnet; numerous thin beds of
]L

rnfels in upper third of unit, very fine grained, laminated; some conglomerate in upper third of l
1nit; dolostone in basal part of unit; local algal structures; diabase sill’s near base and middle, |
dark greenish gray, thin to thick, constituting about one-third of unit; thickness of formation

335 m (~1,100 ft); base not exposed.

{




Hueco Mountains

TERTIARY

Ti—Undivided intrusive rocks. Includes syenite to monzonite rocks Qf Hueco Tanks area;

small sills and dikes ﬁnmapped. K-Ar ages of Hueco Tanks and some rllearby intrusions range

tween 33 and 35 m.y. (Wise, 1977, Henry and‘othérs, 1986). |

=2
W

'PERMIAN -
|

Pit—Hueco Group, undivided. Limestone, dolomitic limestone, marl, siltstone, shale;
0

bssiliferous; cherty; lower part may comprise chert and limestone clasts in limestone matrix,

bt

1dstone, and marl. Generally light gray to dark gray; maximum thickiness 455m (1,500 ft).

- Lower contact with Magdalena Group is angular unconformity. Four u;nits separately mapped

(from base to top): Php—Powwow Conglomerate. Limestone and chjert-pebble con glomerate,‘

udstone, and marl; O to ~30 m (0 to ~100 ft) thick. Phl—lower Hue;f:o Group/Hueco Canyon

rmation. Limestone and dolomitic limestone, medium to thick bcdéle& cherty; fossiliferous;
490 to ~150 m (~300 to ~500 ft) thick (as much as 200 m [650 ft] tthk outside map area).

Jﬁ m—middle Hueco Group/Cerro Alto Formation. Limestone, dolommc limestone, marl,

d shale interbeds; fossiliferous; ~75 to ~110 m [~250 to ~350 ft] thxjck (as much as 137 m

50 ft] thick outside map area). Phu—upper Hueco Group/Alacrar;‘ Mountain Formation.
imestone, medium to thick bedded; mudstone, including reddish-brotvn mudstone and cherty,

edium-bedded limestone interval, Deer Mountam Red Shalc, fossiliferous; minor thickness

CTOpS out in map area (~150 to ~275 m [~500 to ~900 ft] thlck outside map area)

PENNSYLVANIAN

IPm—Magdalena Group, undivided. Limestone, marl, shale. Massive to medium beds;

fossiliferous; cherty; ~400 m (~1,300 ft) thick. Upper contact with Hueco Group is angular
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hﬂhr—-ﬂelms Formatlon and Rancherla Formatlon, undivided. leestone, sandy hmestone,

[~
- 3

jaryd

Hormation (lower umt), cherty limestone and sandy hmestone, contams Meramec fossils; as
much as 45 m (150 ft) thick. Helms Formanon (upper unit) sandy llmestone and shale, contains

Chester fossils; as much as 120 m (400 ft) thick.

" ‘map area) Canutillo Formation (lower imit) cbmposed of <30 m (510(‘)’ ft) of bedded chert, along

u¢ conformity. Three units separately mapped (from base to top): IPml—lower Magdalena

anup. Limestone. Thick to medium bedded; cherty; fossiliferous, coral common, crinoids,

mollusks, brachiopods, fusulinids; ~150 m (~500 ft) thick. le:h——mi@dle Magdalena Group.
) J

Marl, shale, and limestone. Fossiliferous; fusulinids, coral, algae; ~90 m (~300 ft) thick. IPmu—

upper Magdalena Group. Limestonc, marl. Massivc to medium beds;3 cherty; local reef

plex; fossiliferous, fusthds, pelecypods, coral, crinoid fragments as much as 140 m

Q

50 ft) thlck

| MISSISSIPPIAN |

I
|
|
i
|
\
|
|

|

d shale. Und1v1ded unit gradcs upward from limestone and cherty hmestone to sandy

mestone and shale. Locally fossﬂlferous As much as 170 m (550 ft) thlck Rancheria

DEVONIAN

l)bc—Devonian Percha Shale and Canutillo Formation, undividetjl. Shale, bedded chert,
marl, and limestone. As much as 50 m (170 ft) thick (as much as 75 m [240 ft] thick outside of

ith marl and limestone interbeds; outcrops generally poor. Percha shsalé <30m (5100jft) thick -

s.}rale unit that rarely crops out owing to weathering.

SILURIAN

Sf—Fusselman Dolomite. Dolostone, dolomitic limestone, and limestone. Light gray; cherty

;tewal in lower part; karst breccia; lo'calfossils; ~180 m (5600 ft) tluck.
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UPPER AND MIDDLE ORDOVICIAN

’ Om—Montoya Group. LimcStonc dolomitic limestone and dolostone‘ Karst breccia; local

fo ssﬂs Montoya Group includes undivided lower 30-m-thick (100-ft) Upham Formation, middle
:50;m-thick (160-ft) Aleman Formation, and upper 45 m-thick (155-ft) Cutter Formation. Upham
massive, gray and brown dolostone, dolormuc limestone, and hmestone. Aleman mostly
limestone and cherty limés_tOne; dark gray to tad. Cutter mosﬂy white to light-gray dolostone and

dolomitic limestone.

LOWER ORDOVICAN

Oe—El Paso Group. Limestone, dolomitic limestone, dolostone, sandy limestone and
) . o

dolostone, and dolomitic sandstone. Massive to thin bedded; some crossbeds and cross-

laminations; some chert; karst breccia; ~415 m (1,370 ft) thick. !

LOWER ORDOVICIAN — UPPER CAMBRIAN (?)

O€b—Bliss Sandstone. Quartz-rich sandstone and siltstone. Fine to coarse grained; medium to
thick bedded crossbedded and cross-lammated glauconmc weathers rdelsh brown; as much as
110 m (325 ft) thick. | : | |

'PRECAMBRIAN

p€g—Granite and associated intrusive rocks. 1

o _:‘.6_— oo : Normal fault. U = upthrown, D = downthrown. |

- |
\LLQA Known lower angle normal fault. Bar|on footwall block.
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Sand-covered scarp. Possible normal fault scarp covered by

windblown sand. U = upthrown, D = downthrown.

Reverse fault. Teeth on upthrown side.

Covered thrust fault. T indicates upper plate. Marks

approximate edge of Laramide thrusting.

Fissure

Strike and dip of beds.

Monocline.

Ash; assigned as 2.1-m.y.-old Huckleberry Ridge ash by Izett
(1981) and Izett and Wilcox (1982).
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