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EXECUTIVE SUMMARY

The Fort Hancock study area is located within the Basin and Range geologlc prov1nce in
Trans-Pecos Texas. The geologic features of the reglon record a long history of geologlc events.
By describmg the regional geologic setting, the Fort Hancock studykarea can be placed w1th1n a
larger context, and the 51gn1flcance.of ‘the site-speciflc investigations can be more properly
understood. | | |

| The oldest rocks present in the region are Precarnbrian crystalline rocks, although none crop
out within about 20 mi (32 km) of the propose,d repository site. Precambrian rocks are present in
the Hueco Mountains to the west and in isolated occurrences on the Diablo Plateau to the north of
the study area. In northeastem‘ Chihuahua Precambrian rocks are known vprimarily from deep
exploratory drilling. The Precambrian rocks shoxy evidence of sedimentation, magmatism,
metamorphisrn, and deformation prior to deposition of overlying Paleozoic strata. The greater
depth of burial of Precambrian rocks in Chihuahua is interpreted to be a nianifestation of
Precarnhrian faulting and subsidence southwest of a structural zone that parallels the Rio Grande.
This,structural zone, which projects close to the study area, is also coincident with younger
geologic structures and has been termed the Texas Lineament |

The Paleozoic history of the reglon is one of marine sedlmentatlon and until the late
Paleozoic, only rmld epelrogemc uphftand subs1dence. In the late Paleozorc the Quachita-Marathon
orogenic event produced a belt of strongly deformed Paleozoic strata to the southeast of the study
area. Also in the late Paleozoic the major structural highs of the region, such as the Diablo ’Platform
near the study area, were uplifted in the foreland of the Ouachita-Marathon belt. It has been
suggested that the late Paleozoic was a time of: major displacement on the Texas Lineament, -
although offset in the vicinity of the study area is difficult to doCumentowingb to the limited data on

correlative Paleozoic strata across the lineament.



During the Mesozoic the Chihuahua Trough developed as a well-defined depositional basin.
The study‘ar‘ea lies on the northeastern m:clrgiri of the Chihuahua Trough near the southwestern
edge of ‘the Diablo Platform; This mérgin of the trough is presumed to have develdped alonga
series of high-angle faults, most of which can only be iﬁfened to exist beneaph» a cbvér of younger -
sediments. In the, late Mesozoic and early Tértiéry, »Larbamide deformation of the C_hihuahua
Trough, the Chihuahua teétonic belt; 'sktrongrlly folded and faulted earlie‘,rv strata with tectonic
transport directions to the east and northeast. ‘Décolle‘m‘ent Surfaces are thoughf to have developed
in Mesozoie evaporite deposits of the Chihuahua Trough,,Localized stmctufés were also formed in
more stable areas 'such‘ as the Diablo Platfo'rrh. A compressional stress regimc may have beeh
present in the Trans-Pec‘os:region until about 30 my ago. | | |
At about 30 m.y. ago the regional ‘kstrcss‘ regime became extensional. Magmatism, both prior
to and contemporaneous with ektensioﬁ, was locally important throughout the region, but no
rhagmatic activity ‘y.Qung‘rer than 17 m.y. old has ‘oc‘-curred in the Trans-Pecb_s area. The extension
resulted in a series of basins related to the 'Basih and Range Province and thé Rio Grande rift. The
study area_liés within the southéastem arm of t_hchueco Basin. The Hueco Basin, dr Hueco
Bolson, is vichd as an extensioh o}f the Rib Gfande rift of New Mexico. Regional extension
continués to the present day and is manifested by Quaternary fault scarps such as the Campo
Grande fault near the stildy area and the Amargosa fault across the Rio Grande in Chihuahua. The
: eXtensional Hueco Basin, similar to other b‘aksins in the Rio Grande rift, was.infilléd with clastic
 sediments derived both from local sources and from more régional drainage systéms. The 61def
bolson sediments exposed in the vicinity of the study area are mostly 1acustrine, alluvial fan, and
fluvial facies of the Fort Hancock Formation. With the eventual integration of the Rio Grande as a
thfough-ﬂowing system, the higher eneihgy clastié sediments of the Camp Rice Formation Were
deposited. Younger deposits record a history 6f alternatihg stability and ep_isodic ihcisiOn by the
Rio Grande. | | - |
- The Texas Lineamént is cdmmonly proj_c:cted throﬁgh the Rio Grande “régiovn héar the stﬁdy ‘

area where it may be expressed as: a major Precambrian discontinuity; the northwestern arm of the
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Paleozoic Marfa Basin; the axis or eastern flank of the :Meéozoie Chihuahua Trough; the western
margin of the Diablo Platform; the approximate leading .edge of Laramide (80 to 50 m.y. ago)
thruéﬁng (or the margin of the Chihuahua te_ctonic helt); or the northwest structural contiol on the
development of the southern portion of the Hueco Basin. There has been intermittent deformation
associated with at least some portions of the Texas Lineament from the Preeambiian to the present
(Horak, 1985), but major periods of activity appear to have been during the Preeambrian and the
late Paleozoic. Defo‘rmation khas not been continuous, but the zone has been episodically reactivated

by the imposition of regional tectonic stresses during periods of orogenesis.
- INTRODUCTION

This teport isa summary of' the -regiorial geologic setting of the Fort Hancock study area,
Hudspeth County, Texas. It is based on work by staff of the Bureau of Economic Geology and on
a review of the published hterature An attempt has been made to stress the more recent pubhshed |

“references on the region, but th_lS‘ isnota comprehe_nswe evaluation of the voluminous available
literature. The purpose of this discussion is to illustrate theregional- chaiacteristics bof the setting of
the proposed site for a low-level 'tadioactive waste repository and to review the major geologic
events that have influenced the development of the geologic framework of the proposed site. This
discussion concerns the structural, stratigraphic, and tectonic setting of the Fort Hancock study
area. Most emphasis i is placed on those charactenstics or events that have a direct beanng on the
geologic features of the site or site vicinity. For more detailed information on topics that are
specifically addressed in contract reports prepared as part of the site invest_igation, the reader is
referred to the- appropriate topical reports.‘ The major part of thi's.report isa chronologic summary
of the geologic development of the region. Quaternary faultmg within the Hueco Bolson and
natural resources present near the study area are discussed in more detail followmg the reg1onal

summary.



The rocks exposed in Trans-Pecos Texas and ‘adjacent areas of New Mexico and Mexico
record a long sequence of geologic events The Precambrlan and Paleozoic events prepared the
stage for the depos1tlon of younger strata present in the study area and probably have 1mparted a
tectonic grain that influenced subsequent.deformatlon. Mesozoic and early Tertiary events are
especially important to understanding the geology of the proposed site because they include
deposition and deformation of units that now compose the host rocks for “much'of the .deep |
saturated zone beneath the study area. Tertiary to Recent events include deposition and local
deformation of the proposed host units for the repository. These younger events are the best source
of information on the locations and rates of the rnore recently active geologic processes in the
v1cm1ty of the study area and are the best gulde to evaluating the potential for further geologic
modlficatlon during the 500-yr penod of reposuory contalnment | |

The Fort Hancock study area lies w1thm the southeastem Basin and Range tectonic province.
Adjacent provinces include the more stable_ Colorado Plateau to the northwest and the southern
extension of the Great Plains to the east. The Basin and Range Province of late Cenozoic
extensional faults continues well to the south into MeXico (e.g., Stewart, 1978). The discussion of
the regional setting of the study‘ area ernphasizes, the Trans-Pecos Tex‘as,‘ southern New Mexico,
and northern Chihuahua portions of the Basin and Range Province. The region discussed here lies
north of the_postulated Mojave-Sonora megashear (Silver and Anderson, 1974), a possible left-
lateral shear zone that separates the North Arnerican Precambrian craton fronr suspect terranes to
the southwest. Figure 1 is a geologic map of the 100,000 mi2 (260,000 km?) region that includes

the Fort Hancock study area and many of the geologic features discussed in this report.
' PRECAMBRIAN

Precambnan rocks are exposed at scattered locahtles throughout Trans-Pecos Texas and -
southern New MCXICO and very locally in Chihuahua, but none crop out within 20 mi (32 km) of

the proposed site (fig. 1). The distribution of Precambr_ian rocks i 1n the broader context of the



Western‘United 'Statés ‘is shown on small—seale geologic maps such as tho‘se by Condie (1981,
1986). Precambrian rocks in Chihuahua are present in drillholesv at depths in excess of 13,000 ft
(4,000 m) southwest of Ciudad Juarez, and in outcrops in the Los Filtros area north of Chihuahua
City (Clark, 1984). Muehlberger (1980) Suggested that the apparent deep hunal of Precatnbrian
rocks in Chihuahua may be related to a Precambrlan nfnng event at about 1 4450 m.y. (Sears and
Price, 1978). This is inferred by Muehlberger (1980) p0551b1y to have 1mparted a northwest-
striking tectonic grain that has strongly influenced the locat10n and trends of subsequent tectonic
events; th1s structural belt is referred to as the “Texas lmeament ’ " } |
De Csema (1976) projected the Grenv1lle—age Precambrian rocks of Texas and southeastern
New Mexico into Mexico as the north- south-trendlng Oxacan structural belt. Condle (1986)
suggested that early Proterozoic terranes occur in northeast-trendmg belts adross the southwestern
United States, ‘and Grambling and others (1988) interpreted the Proterozoic; of New Mexico to be
composed of multiple terranes bounded by subhoriiontal shear zones locally%steepened by folding.
| Among the closest outcrops of Precambrian rocks to the study area (lfig. 1) are those in the
Franklin Mountains, the southern Hueco Mountains, the Pump Station Hills ion the Diablo Plateau,
and the Allamoore-Van Horn area of Te){as (Dietrich and others, 1983). The oldest Precamhrian
unit in West Texas is the C_airizo Mountain Group of metasedimentary and metaigneous rocks. The
age of deposition has been inferred'by Denison (1980) to' be about 1,200 to|‘;1,300 m.y. ago based

on whole-rock Rb-Sr isochrons. The Carrizo Mountain Group has been thrust northward over the

Allamoore Formation in the vicinity of Van Horn, Texas. The Allamoore Formation consists of
' J

basalts and‘carbonate rocks that areprobably equivalent to metasedimentary units in the Franklin
Mountains (Henry and Price, 1985). The oyerlying'Hazel Formation near \j/'an Horn is thought to |
be correlative with the Lanona Quartz1te in the Franklin Mountams |

Recent ages on probably correlative granites. and rhyohtes exposed in the Hueco Mountains,

|
Franklin Mountalns, and Pump Station Hills (Copeland and Bowring, 1988) indicate that igneous

R

activity_ culminated by 1,150-1,135 m.y. ‘ago. This is somewhat older than the 1,000 m.y.

(possibly related to cooling) assigned by Denison and Hetherington (1969) to these rocks and the




age commonly assumed for the Grenville orogenic period of volcanism, intrusion, metamorphism,
and thrusting that marks the major Precambrian orogenic episode of the region (Denison, 1980;
Muehlbérger, 1980; Henry and Price, 1985). The Grenville and possibly earlier events were
believed by King and Hawn (1953) and subsequent writers (Muehlberger, 1980) to have
established a northwest structural grain in far West Texas that was reactivated in subsequent
periods of deformation. Whether these Precambrian events were a significant controi on the
development of much younger structural features, including the west-northwest-trending Cenozoic
extensional faults near the study area, is an issue of continuing discussion among investigators.
Brown and Handschy (1984) have aiso suggested that Paleozoic, Mesozoic, and Cenozoic
structural features in Chihuahua may represent reactivations of Precambrian faults.

Younger Precambrian sedimentary rocks were deposited, mildly deformed by uplift and
rifting along the craton margin, and eroded prior to deposition of overlying Cambrian (?) and
Ordovician strata. The only direct evidence of Precambrian rocks near the study area is the
presence of clasts of Precambrian crystalline rocks in the “exotic” gravels (Albritton and Smith,
1965) that are locally found near the base of the Cenozoic Camp Rice Formation (Gustavson,

1990).
PALEOZOIC

Paleozoic rocks are present in isolated outcrops throughout Trans-Pecos Texas, southern
New Mexico, and locally in Chihuahua (fig. 1). Paleozoic strata (fig. 2) have also been intersected
in many exploration wells. In southwestern New Mexico up to 11,000 ft (3,300 m) of Paleozoic
strata were deposited (Kottlowski, 1971). In the state of Chihuahua, Paleozoic strata are known
from only a few scattered outcrops and a few well penetrations (Brown and Handschy, 1984, their
fig. 3, p. 165). No Paleozoic formations older than Ordovician crop out in Chihuahua (Bridges,

1974).



Early through Middle Paleozoic

’Du‘ring the early and middle Paleozoic (Cambrian to Devonian), the region was a passive
continental margin undergoingvon'ly rrﬁno‘r epeirogenic uplift and _subsiden(:e and no major
structural defomiéttion (Horak, 1985). Passive suﬁSidcncé of the Pedregosa Basin in Chihuahua

‘pérmitted deposition of a thick sequence of Paleozoic shelf carbonates. The Tobosa Basin,
prgcursor to the Delaware Basin, developed éaSt of the Diablo Plétform, with the study area lyihg
on the western margin of the basin V(Mear, 1980; Reaser, 1980). Sedimentation throughout the
revgion was characterized by shallow-marine"shdf deposits separated by a series of regional
unconformities (Ross and‘Ross, 1985). Theée uncdnformities are shown in figure 2, the chart of
regional correlations. Muehlberger (1980) ﬁo‘ted the regional nature of the Lower Ordovician
unéonforrnity at the top of the Ellenburgef Grou_p and the El Paso Formation (LeMone, 1969).

LeMone (1969) also described an unconfo"rmity‘ at the top 6f the Upper Ordovician Montoya Group
in the Franklin Mountains. ‘ -

Thickness var_iations in Cambrian to Devoniaﬁ strafa are cited By Henry and Price (1985) as
evidence that the Diablo Platform (ﬁg 3) was a positive feature during the carly Paleozoic,
although Muehlberger (1980, p. 116) v‘s'ugges’ted that‘ thc Diablo Platform was “first clearly
recognizable” as a structurél element in Permiah time. The absence; of pre-Permian Paleozoic rbcks ‘
in a well southwest of El Paso is inferred by-‘Bro'Wn and Handschy (1984) to indicate that the
Burro-Florida—Moyotes Uplift extcnded south fro;h New Mexico into northern Chihuahua during

the early Paleozoic. Southwest of the Pcdngdsa BaSin was another high, the Aldama Platform.
Late Paleozoic

~ The relative tectonic quiescence of the early and middle Paleozoic passive margin setting

changed to a more active margin in the late Paleozoic with the approach and eventual collision of



this edge of the North American plate and the South American-African plate (formation of
| Gondwana). In West Texas this Appalachian-Ouachita-Marathon orogenic eventbegan in the
Mississippian and, 'based on evidenee in the Marathon area (Ross, 1979), culminated in the Early
Permian. Sedlments deposited in areas not directly affected by active tectonism continued to be
mostly carbonates and clastlcs deposited in a shallow cratonlc sea (Henry and Price, 1985) The
study area lay well in the foreland of the active orogemc belt.

Anrong the Trans-Pecos structural features attributed to late Paleozoic tectonism (fig. 3) are
the Ouachita-Marathon foltl and thrust belt, foreland basins and troughs with north;south-u‘ending
axes (King, 1965;} Henry and Price, 1-985), wrench faults along the Babb and Victorio flexures
(Dicker'sQn, 1980),>'n.orth-side-down monoclines (Dickerson, 1980), and folds of pre-Permian
rocks‘. in the Hueco Mountains (Beartl, 1985)‘. ,Translation associated with the Ouachita-Marathon
| feld and thrust belt is from the southeast to northweSt with‘ deeper-water flysch facies being thrust
upon shallow-water hmestones, dolomltes, and sandstones (Klng, 1980). Late Permran reefs were
in part localized on structural h1ghs

In New Mexico there is a series of late Paleozorc uphfts the Deming axis (Turner, 1962) that
trends across the southern part of the state to the Dlablo Platform in Texas. The northwesterly trend -
ef the uplifts has been interpreted as possible evidence of right-lateral shear in the late Paleozoic
along the so;called Texas Lineament (Muehlberger,‘ 1980). The study area lies southwest of the
Diablo Platforrn, near the projection of the TexasLinear'nent. - | v | }

| Based on work i in the Hueco Mountarns and previous studies by Wilson (1967 1972), Pol
(1985) interpreted the Pedernal Uplift in New Mexico and the Diablo Platform to have been an
emergent landmass during much of the Pennsylvanian. He described the Hueco Mountains area as
a tectomcally active shallow-marrne shelf between the Pedernal/Drablo landmass to the east and the
Oro Grande Basm of south-central New Mex1co and northern Ch1huahua to the west. The study
area probably lies near the shelf margin as it existed dunng the late Paleozoic and part of the

Mesozoic (Greenwood, 1971).



Rélati\.fely littlé is known abouf the effects of the late Paleozqic tectonic event in Chihuahua,
~ buta Pe’rmian‘ metamorphic event at Sierra Mojina- (Denisdn and others, 1971), 95 mi (150 km) |

souih of El Paso, is cited as evidence of this period of orogenié activity in Mexico (Muéhlbergcr,
1980). A “probably Leonardian” rhyolite ﬂow is prescﬁf in the Miné Plomosas area (Bridges,
1974). Brown and Handschy (1'984) saw no effects of the Ouachita ‘event in northern or western
Chihuahua, and Handséhy (‘1984v) .suggestcd that evidence of the Ouachita—Mar_athon tectonism is

restricted to southeastern Chihuahua.
MESOZOIC

Figures 4 and 5. surhmarize the Mesozoic suat_igraphy and Mesozoic tccfonié elerhents in the
region around the Fort Hancock study area. The major event in this region during the Mesozoic
was the forrhation of the northwest-trending Chihuahi;a Trough in West Texas and adjac‘ent,
northern Mexico. The Aldamé Platfdrm in Chihuahua, the Diablo Platform in Texas, and the
Florida Uplift in New Mexico were the major adjacent positive features (fig. 5). Formation of the
trough has bepn inferred to be related to the opening of the Gulf of Mexico (Muehlbei'ger, 1980)
and to resulting transform movement on the Mojave-Sonora megashear (Silver and Anderson,
1974, AnderSOn and-Schmidt, 1983). The oldest sediments in the trough are Jurassic evaporites
overlain by a thick sequence of Cretaceous‘marine deposits. Cretaceous deposits thicken markedly
into the Chihuahua Trou gh: from 1,000 to 2,000 ft (300 to 600 m) thick on the Diablo Platform
(Henry and Price, 1985) to over 13,000 ft (4,000 m) thick in Chihuahua (DeFord and Haenggi,
1971). No Triassi'c‘or Lower Jurassic sediments from Chihuahua have been described (Clark,
1984). | N |

The Chihuahua Troubgh includes the northeastern twlo-thirds of Chihuahua, fhc wéstcfnmost
Rio Grande region of Texas, the sbuthwestém border region of New Mexico, and the southeastern
‘corner of Arizona (Brown and Handschy, 1934). Thé deép nor;hWest—treﬁding axis of tﬁe trbﬁgh |

lies mostly in northeastern Chihuahua but extends into Texas near El Paso and the study area

9



(Brown and Handschy, 1984) and possibly vcontinues south to the vicinity of Big Bend National
~ Park (Muehlberger, 1980; Henry and Price, 1985) where similar structures are present east of the
park The trough is asymmetnc with a steeper northeastem flank. | o

The transition from the northeastern margm of the Chihuahua Trough to the southwestern
edge of the D1ablo Platform lies near the study area but is not exposed. The margin is inferred to be
a series of pre-Cretaceous, large-displa(:ernent, southwest-dipping normal faults (Henry and Price,v
‘ 1985). Uphoff (1978) used well data to infer the presence of a fault near Clint, Texas, that was
interpreted to be one of these trough-bounding structures. The trough appears to have localized
subsequent Larami’de deformation and may account for the northwest trend of Basin and Range
extensional faults in the vicinity of the Fort Hancock study area.

Northeast of Casas Grandes, Chlhuahua near Slerra El Capulin and Cerro El Chile, volcanic
rocks (andesites and pyroclast1cs) are 1nterbedded w1th Cretaceous marine sediments (Clark,
1984). Upper Cretaceous volcanic rocks are also ‘present to the south near Chihuahua City. In
Texas, the oldest evidence of Cretaceous volcamsm is present in the Upper Cretaceous San Carlos
Sandstone and Aguja Formation (Henry and.PriCe, 1989), which contain ash, probably from
volcanism in Mexico. o | |

Mesozoic rocks present nvear the Fort Hancock study‘ area (fig. 1) are mostly Lower
Cretaceous vmarine limestones and clastics (Albritton and Smith, 1965). The Cox Sandstone and
the overlying Finlay Limestone form prominent outcrops along the erosional escarpment of the
Diablo Plateau north of the study area and are present on ‘Campo Grande Mountain and in small
hills in the footwall of the Campo Grande fault. Other Lower Cretaceous units, the Bluff Mesa
Limestone, Yucca Formation, and the Kiamichi Formation‘ are locally present in outcrop or have
been penetrated in h‘oles drilled in the study area aspart of the current evaluation, or in the yicinity
of the study area for petroleum exploration. Most of the Cretaceous strata thicken into the
depositional basm to the south and southwest of the study area. The bolson units at the study area

overlie an eros1onal surface developed on these Cretaceous units.
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'MESOZOIC-CENOZOIC TRANSITION

The tran,s_itionvﬁ‘om the Mesozoic to the Cenozoic (Late Cretaceous to Eocene) was a tirrle of
major change in the region that inéludes the study area. The Laramide orogenic event transformed
this part of the crust from a‘shallow-marine en_ﬁroninent to an emergent, compressional continental
margin. These effects are inferred to be the result of interactions between the North American and
Farallon—Kula plates (Horak, 1985; Hamilton, 1987) North- and northwest—trending thrust faultS
and folds composmg the Chihuahua tectonic belt developed along the northeastern margm of the
Chlhuahua Trough with the deformatlon perhaps resulting from uphft of the trough and mostly
northeastward shdmg of Cretaceous strata on older evaporite units (Gries and Haengg1 1971;
Gries, 1980). The Diablo Platf_orm was deformed by high-angle reverse faulting, local strike-slip
faulting, and monoclinal folding but was otherWiSe little disturbed by Laramide tectonism (Henry
and Price, 1989). Two directions of principal hoﬁzontal stress; east-west and N60Q°E, have been
noted (Berge, 1981' Horak 1985; Henry and Price 1989). The northeast-southwest principal
honzontal stress is most common in the Chlhuahua tectonic belt, and the east-west stress is
1nferred not only from north-south oriented faults and fold axes but also from east-west-trending
dlkes in east-central New Mexico (Horak, 1985). Laramide-age igneous activity, probably post-
folding, occurred in New Mexico, Ariiona,.and northem Mexico (Coney and Reynolds, 1977).

The leading edge of Laramide thruStittg is present in the subsurface near the southern margin
of the study area. Strohgly folded rocks.arepresent on Campo Grande Mountain southeast of the
proposed site and in the h1gh ranges in Mex1co across the Rro Grande to the south. The monocline
in Cretaceous rocks that marks the transition to the Diablo Plateau north of the study area, and

vwhose gently d1pp1ng south flank underhes much of the study area, may be a Laramlzdevstructure.
There is no direct eVidencevOn timing of Laramide tectonism in the study’ area, but no rocks

younger than Cretaceous are present that were deformed by this period of compression.
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Regionally the timing of L«aramide deformation is not closely constrained, but it began ‘no
earlier than the Late Cretaceous, perhaps at 80 m.y. ago. Laramide thrust faulting‘ and folding
appear to have ceased by about 50 my ago (Price and Henry, 1985), and Laramide compressiye
stress appears «.to have waned by about 30 m.y. ago (Henry and Price, 1989). In the Big Bend area |
of Trans-Pecos Texas the major perlod of deformatlon is thought to have occurred in the late
Paleocene (Wllson 1971). In other areas researchers have proposed that more than one major

episode of deformation occurred (e.g., Berge, 1981; Henry and Price, 1989).
- CENOZOIC

Laramide compression dominated the early Cenoroic (‘see above), but between abont 30 m.y.
ago and the present the .region. has been _ charaCteriied by extensional tectonics, continental
‘ se‘dimentation (fig. 6), and local volcanism. The specifics of the Cenozoic stratigraphy,, faulting, -
and Quaternary geomorphology as they relate to the study area and the proposed site are described
in other contract reports written by staff of th_‘e Bureau of Economic Geology (Baumgardner, 1990;
| Collins and Raney, 1990; and Gustavson, "1990). Reports on topics related to regional geophysics
and seismicity are being written concurrently by staff of the Department of Geological Sciences at
The Unrversny of Texas at El Paso The followmg dlscuss1on presents a broad overview and sets
the reglonal context for the Bureau studies of the Cenozmc geology
Regional extension and related volcanism occurred during the Cenozoic across much of the
western United States. This tectonism is presumably‘ rfelated to earlier snbduction along the western
margin of the North American plate and residual thermal effects (Horak, l985_). The resulting
Basin and Range Proyince includes thev r'egion'surrounding the Fort Hancock study area. Cenozoic
extensional basins of the region are shown in frgure7. | | |
The Rio Grande rift is generally viewed as the north-south zone 'of Cenozoi’c extension and |
high heat flow that bbisects New Mexico and may include related portions of the Basin and Range

Province in Trans-Pecos Texas and northern Mexico. It has been argued, primarily based on
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- geophysical data, that the Rio Grande rift is'sirnil/ar to, but distinct frorn, the “true” Basin and
Range. Because of the apparent structural and stratigraphic continuity of the northwest-trending
~ portion of the southeast Hueco Basin, in which the Fort Hancock study area is located, with the
north-trending Hueco vBasin near El Paso, the study area is inferred to lie in an extension of the Rio
Grande rift within the Basin and Range Province. This is in agreement with heat flow data (Seager
‘and Morgan, 1979; Henry and others, 1983); Seager and Morgan (1979) also noted that basins
associated with the Rio Grande rift, like the Hueco Basin, tend to be deeper than nearby grabens
associated With"Basin anci Range extension. Gravity data (Ramberg and otliers, 1978; Keller and
Peeples, 1985) Iiave been interpreted to indicate that it is common for some of the basins .in New
Mexico and Trans-Pecos Texas to contain abo'ut 9,500 £t (3 km) or more of basin-fill sediments.
The Cenozoic stratig_raph)} (fig. 6) of the basins of West Texas and New Mexico has been
described by many authors (e.g., Albritton and Smith, 1965; Strain, 1966; Hawley and others,
1969; Groat, 1970; Stevens and Stevens, i985; Giistavson, 1990), but correlations botli within
and between basins are difficult because of tlie scarc_ity ofv reliable age determinations. Most studies
- are based on investigations of ai/ailable outcrops anci geophysical data with limited samples from
drilling, and the early history of basin development and sedimentation is not well defined. The
oldest documented episode of :B‘asin’ and Range extension in West Texas occurred about 24 m.y.
ago (Henry and Price, 1986), somewhat more recently than‘ that assoeiated_With the Rio Grande rift
in New Mexico. A change in extension direetion (from ENE to WNW) and apossible change toa
lower strain rate at about 10 to 13 m.‘y. ago has been proposed for New Mexico and possibly
Trans—Pecos Texas (Zoback and others;' 1'9‘8 1; Golombek, »1_983; Henry and Price,‘ 1986). |
The Hueco Basin deposits and the Cenozoic structural and depositional ‘development of the
study area are described in detail in other contract reports (Baumgardner, 1990; Collins and‘Raney,
1990; Gustavson, 1990) and summarized below. The sedirnents within the basins aCcumulated by
lateral infilling from adjacent highlands and from more regional stream systems associated with the
ancestral Rio Grande (Strain, 1966; Hawley and others, 1969). The early history appears to be one

of a series of closed basins, locally and perhaps episodically integrated, that at various times
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received sediments from a river system that ﬂowed generally from north to south and was not
through-flowing to the Gnlf of Mexico but terminated in the closed basins of northern Chihuahua
and in part in the Hueco Basin. Although some standing bodies of water may have persisted as
' perennial 1akes; ephemeraldesert lakes or playas were more typical. Lacustrine muds and minor
evaporite deposits are common in many sections. Sediment input from adjacent highlands was of
local and episodie oceurrence related to ephemeral Adrainages from restricted drainage basins.
Proximal to distal _alluvialvfan deposits of locally derived materials are commonly present especially
near basin margins. Local eolian rewotking of the finer sediments is suggested, 'but no extensive |
- eolian deposus are recogmzed | |

In the study area the oldest Cenozow sediments in outcrop, the Fort Hancock Formation, are
probably upper Pliocene (fig. 6). Somewhat older but undated strata have been penetrated by
drilling, and a much thicker Tertiary section is known to be present to the southwest of the study
‘area in the hanging wall of the Campo Grande fault. Ovex_'lying the Fort Hancock Formation is the
commonly coarser grained Camp Rice Fomatioh. The initiation of Camp Rice deposition, about
2.5 m.y. ago, appears to be coincident with the integration of the southern Rio Grande with the
" northern ancestral Rio Grande and the initiaﬁon of a throngh-ﬂowing' river system in the Hueco
Bolson. Deposits of gravels with clasts derived from rocké that do not crop out near the study area
are evidence of the through-ﬂowmg nver system (Albntton and Smith, 1965). Deposits that overlie |
the Camp Rlce Formation record a history of deposmon and downcuttmg related to the Rio Grande
- and periods of stability during which calcic soils were developed. |

Fault scarps related to late Cenozoic faulting a.revco.mmon »throughout much of the New :
Mexico-Trans-Pecos—Chihuahua region‘ that includes the study area. The Quaternary fault of most -
s1gn1ﬁcance to the proposed site is the Campo Grande fault, which is descnbed in detail by Colhns
and Raney (1989, 1990) and Barnes and others (1989a) Across the Rio Grande in Chlhuahua is
the southwestern boundary fault of the Hueco Basin. This fault was mapped and described by
Muehlberger and others (1978) as a 30— to 40-mi (50- to 60 km) -long Quaternary fault scarp. It

has recently been named the Amargosa fault (Barnes and others, 1989b; Keaton and others, 1989).»
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The Amargosa fault has not been studied in as much detail as the Campo Grande fault, but it is
generally sirnilar in eharacter to the East Franklin Mountains fault (fault 16, fig. 8) that bounds the
Hueco Basin near El Paso. An expauded discussion of the Quaternary faulting of the Hueco Basin
area is presented later in this} report. Seismicity of .the region is discussed in a separate contract
report (Doser, 1990). : v

In addition to the Quaternary scarps assomated w1th the Hueco Basm (Muehlberger and
others, 1978) and its northern continuation (Tularosa Basin) (Seager, 1980; Machette, 1987),
Muehlberger and others (1978) and Goetz (‘1980) tecognized a Well-develop‘ed system of scarps
associated with the Salt Basin and its probable structural extensions to the north and south. The
largest historie earthquake in Texas, the 1931i Valentine earthquake, was probably associated with
a seismi'callyacti\./e fault in this structural zone. Much has also been written about the Cenozoic
fault scarps of southern and southwestern New Mexico (e.g., Machette and others, 1986; Gile,
1987). Quaternary fault scarps are also preSentthroughbut northern Chihuahua. ’These are little
studied (MOrrison, 1969) but are part'of the evidence ‘ivrbldicating the probable continuation of the
Rio Grande rift into Chihuahua (Gries, 1979).

Volcanism and other igneous actiyity (fig. 1) that either apparently predates, or coincides
with, Basin and Range tectonism in the region thatincludes the Fort Hancock study area has been
described by many authors. Magmatism‘oceurred in the Tran‘s-Pecos region from about 48 to 17 |
m.y. ago. The main period of caldera-related magmatisrh was between 38 and 32 m.y. ago, with
caldera formation ‘conti'nuing 1n adjacent Chihuahua until about 28 m.y. ago (Henry and

' McDowell 1986). Those in the Finlay'Mountains closest to the studyarea, were emplaced about
47 m.y. ago (Henry and McDowell, 1986; Matthews and Adams, 1986) and produced structural
dommg of the earher strata (Albntton and Srmth 1965).

In contrast to the Trans-Pecos region of Texas, magmatism assoeiated With the Rio Grande
nft of New Mex1co has contlnued into the Holocene (Seager and others, 1984). Most authors ‘
(Baldridge and others 1984) recognize two major pulses of volcamsm associated with nftmg an

early magmatic pulse between 30 and 18 m.y. ago and a pulse about 5 m.y. ago. There are also
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some notable yolcanlc centers (Jemez_) whose eruptions are nOt coincident wlth either pulse. In
addition, development of the Mogollon-Datil volcanic field v(active about 43-20 m.y. ago) of
southern and southwestern New Mexico may be related to Cenozoic extension, although itis not
strictly part of the Rio Grande rift (B’aldridgeand others, 1984). Volcanic rocl(s associated with the
. Rio Grande rrft are of diverse compos1t10n and have no s1mple pattern of d1str1but1on that may be

related to the evolut10n of the rift.
QUATERNARY FAULTS OF THE HUECO BASIN

Faults that offset Quaternary sedirnents are common in the northwest-trending Hueco Basin
(fig. 8). Gravity studies by Wen (l9_83) and Keller and Peeples (1985) indicate that the Hueco
Basin is composed of two subbasins that are referred to in this report as the northwest and
southeast Hueco Basins (ﬁg 9) The northwest Hueco Basrn is composed of normal faults that _
generally strlke northward whereas normal faults of the southeast Hueco Basin str1ke
northwestward _(_fig. 8). The Fort Hancock study area is located within the southeast Hueco Basin. -
Seager (1980) ,des_cribed the northwest_ Hueco Bas_in as an asymmetric, west-tilted graben
‘(ﬁg. 10a). The southeast Hueco Basin has a similar geometry (fig. 10b). The deepest parts of the
basin are bound by major faults that define a large (about 15.5 mi [25 km]vWide) graben,
| segregated 1nto northwest and southeast portions (fig. 10) Intragraben faults also exist, and some
faults also occur outsrde the large grabens The followmg dlscuss1on summarizes the geometnes
offsets, lengths of surface expressrons, fault-scarp morphologles and amounts of offset durmg the
last surface ruptures of selected surface faults shown in figure 8.
Nomenclature of Quatemary strat1graph1c umts in the study reglon is shown in ﬁgure 6.
Termmology referrmg to fault offset and scarp morphology is 1llustrated in frgure A 1.
Morphometric data for fault scarps are in tables A-1 and A-2, and the locatlons of selected f1eld

stations referred to in this report are in flgures A-2 and A-3.
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Faults of the Northwest Hueco Basin

Faults of the northwest Plueco Basin stn'ke northward’ and have been mapped and discussed
by numerous researchers Faults bounding the Franklm Mountains have been reported by
chhardson (1909) Sayre and L1v1ngston (1945), LOVCJOY (1971 1972), Harbour (1972)
LoveJoy and Hawley (1978), Lovejoy and Seager (1978), and Machette (1987). Numerous faults
that occur east of the Franklin Mountains (within the northwest Hueco Basin) 'have been described

by Seager (1980), Henry and Gluck (1981), _and Sergent, Hauskins, and Beckwith (1989). Faults
of this nOrthWest'Hueco Basin area, as well as surrounding areas, also have been mapped during
regional mapping investigations by Woodward and others (1978), Dietrich and others (1983), and
Henry and Price (1985). | |

© The most distinct fault scarp in the northwest Hueco Basin is the East Franklin Mountains

fault (Machette, 1987) (fault 16, fig. 8) that bounds the northwest Hueco graben on the west. Fault
16 trends along the east ﬂank of the Frankhn Mountains and has also been referred to as the East
Boundary fault by Lovejoy (1971 1972) En echelon to fault 16 is fault 19 (ﬁg 8) whrch trends
along the southeastern part of the Franklin Mountains and is inferred to strike southward toward
the eastern flank of Sierra De Juarez.in northern Chihuahua. Fault 19 was not studied for this
report because its surface expression either is mostly covered by Rio Grande alluvium or has been
disturbed by constructron of burldlngs and roads in El Paso.

Scarps of the East Frankhn Mountarns fault (fault 16) are commonly compound scarps (fig
A-2), and usually the st_eepest slope angles are between 13 and 23° (fig. 11a and table A-'l).
Multiple rupture events during the Quaternary haye caused older Quaternary surfaces to be offset
‘more than younger surfaces. Scarp heights commonly vary between lS and 128 ft (5.5 and 39 m), '

| owing to the'different ages of faulted Quaternary sediments along the fault trace (table A-1). Middle
Pleistocene sediments (Jornada I surface, fig. 6) are offset at least 105 ft (32 m) b(fig. 12).Ina . ,v

previous study Machette (1987, his table 1, p. 44) ..reported scarp‘slope angles between 10 and 26°
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and scarp heights hetween 6.5 andl95 ft (2 and 60 m). M‘aehette (1987, p. 27>) also reported that
late Pleistocene to Holocene sediments (Issachs-Ranch or younger alluvium ‘[fig. 61) are offset by
the East Franklin Mountains fault across a 12 ft- (3.7 m-) high scarp. Machette (1987, p. 27)
suggested that the youngest scarps along the East Frankhn Mountalns fault are early Holocene or
latest Pleistocene in age (about 10, 000 to 5,000 years old) on the basis of scarp morphology
'v The East Franklm‘ Mountalns fault (fau_lt 16, ﬁg. 8) has a surface trace of about 14.2 mi (23

km) and is apprOximately 50 mi (80 km) from the proposed repository sitein Hudspeth County
(table 1) Multiple faulting events smce the mlddle Plelstocene are 1ndlcated by compound fault
scarps and greater offsets on 1ncreasmg1y older sediments. Amount of offset dunng the last rupture
event was from approx1mately 5.5 10 ft (1.7 to 3.0 m), assummg that the steepest parts of
compound scarps reflect the latest smgle rupture event. |

Scarps of 1ntragraben faults and major faults that bound the east side of the northwest Hueco
graben (fig. 8) are not as dlst1nct as the East Franklm Mountams fault scarp. Wlndbloyvn sand
usually covers the scarps Scarp proflles were studied for faults 1,2, 3 4,5, and 17 (fig. 8). The
1ntragraben faults (faults 1, 2, 3, and 17})'are commonly downthrown to the east, whereas the
_ major faults that bound the northwest Hueco graben on the east (faults 4 and 5) are downthrown
~ toward the west (fig. 8). Scarp slope angles are low (2 to 4.5°) and scarp heights are between 5
and 23.6 ft (1’.5 and 7.2 m) (fig. 11 and table A—l). .Fault offsets of possible middle Pleistocene
deposits that are capped with Stage IVtoV caliche (Machette, 1985) are unknown because eolian
~ deposits usually cover the scarps, and alluvium and‘windblown sand oyerlie the middle Pleistocene
deposits on the down-thrown fault blocks. Studies of these faults (faults 1, 2, 3, 4, 5, and 17)
indicate that minimum offsets of prob'able middle Pleistocene sediments are greater than 6.5t0 18 ft
@055 m) (fig. 12). | | - |

Intragraben surface faults are common in the northwest Hueco Basin (figs. 8 and 10). The
lengths of these fault traces (including faults 1, 2, 3, and 17) are about 8 to 13 mi (12 to 21 km).
Distances of these faults_ from the proposed waste repository_' in Hudspeth County range betWeen

about 27 and 44 mi (43 and 70 km) (table 1). The steep part of a sand-covered and subtle
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compound scarp of fault 3 suggests the umount of | offset of the last surface rupture wus at leust 3 ft
(1 m) (table 1). ‘Féuﬂts on the east side of the northwest Hueco graben that are downthrown toward ‘

the west include faults 4 and 5. Lengths of the surface traces of these faults are between 6 and 7rn1 |

( lOvand 11 km), and these faults are 37 and 26 mi (60 and 42 km) from the proposed site for the
low-level radioactive waste repos1tory (table 1) The amounts of offset dunng the 1ast ruptures of
these faults are unknown _ ‘

| Surface fault traces of faults outside the northwest Hueco graben (west of faults 16 and 19
and east of faults 4 and 5) have b_een mapped in the Franklin and Hueco Mountains. Bedrock that
crops out in these areas is COmmonly covered by Qunternary alluvium Faults that displace bedrock
in these areas generally do not have distinct scarps. It is not known if faults i 1n the mountain areas
have moved durrng the Quatemary The structural and deposmonal setting of the area indicates
most Quaternary fault movement and corn01dent deposition has occurred within the graben area |
(fig. lOa) The presence of fault 6 (fig. 8) indicates some Quaternary fault movement has occurred |
outside the main northwest Hueco graben. Fault 6 is downthrown to the east and is w1th1n the
northwest Hueco topographlc basm, although_lt is outside the main Hueco graben ‘(frg. 8). Fault 6

has a subtle, sand-covered scarp similar to fuuits 1,2,3,4,5, and 17.
Faults of the Southeast Hueco Basin

Faults of the southeast Hueco Basin strike northwestward and have been mapped and
discussed by Bell (1963), Milton ("1964), Albrittonkand S‘mith(1965), 'Strai‘n (1966), Jones
(1968), Jones and 'Reasor' (1970), Barnesand others (-1989a, b), Keaton and others (1989),
Sergent, Hauskins, and Beckwith ‘(‘1v989), and Collins and Raney («1989, 1990). Faults of this
southeust Hueco Basin varea also have been mapped during’regionaly geologic investigations by
Woodward and others (1978), Dietrich and others (1983), and Henry and Price (1985). Some
small faults inferred near Alamo, Camp Rice, “and‘Diabllo Arroyos by Dietrich and others (1983)

could not be found in the field and are not shown in figure 8.
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The most distinct fault scarp in the southeast HuecoBasin is fault 14 (f1g 8), a major fault

that bounds the southeast Hueco 'graben on its southwest flank in Chihuahua. Fault 14 is at the

base of Sierra de San Ignacio | Sierra dela Amargosa and Sierra San Jose del Prisco, and hasv been

called the Amargosa fault by Barnes and others (1989a) and Keaton and others (1989) The
Amargosa fault is composed of en echelon fault strands, has a surface trace of about 43.5 mi (70
km), and is approxunately 15.5 mi (25 km) from the Fort Hancock study area (table 1). This fault
strikes approximately N40-50°W dips 75 to 80° northeastward, and appears to have had mostly
' verucal offset ‘where we stud1ed 1t although Barnes and others (1989a) and Keaton and others
- (1989) reported graben-like extensional features along the fault as evidence for lateral components
of fault slip. Scarp-slope angles of the Amargosa fault (fault 14) are steeper than those of other
faults of the Hueco_ Basin. Slope angles}are between 19 and 27°, and scarp‘ heights vary between |
105 -and 9 ft (32 and 2-.8 m) (fig. 11 and table A-2). The ranges 1n scarp heights are due to multiple
rupture events durmg the Quaternary thathave caused older Quaternary surfaces to be offset more
than younger surfaces. | | | | |
At a location west of Porvemr Chrhuahua four Quaternary surfaces are offset by the
Amargosa fault (figs. 13 and A-2, locations 221, 222 223 and 225). The oldest of these surfaces
(Q1, f1g. 13)is composed of piedmont deposits, has a Stage v to V caliche (Machette, 1985), is
estimated to be mlddle Pleistocene age and is offset about 78 ft (24 m). The younger Quatemary
surfaces (Q2, Q3 Q4, 'ﬁg -12) are arroyo terraces and are estimated-to be of late Pleistocene age.
Two of these younger surfaces, Q2 and Q3 (fig. 13) have Stage II- IV caliche, and the youngest
terrace (Q4) has Stage II calcic development Surfaces Q2, Q3 and Q4 are offset 21, 13, and 8 ft
(6.5, 4, and 2.5 m), respectively. The varying amounts of offset of these three late Pleistocene
surfaces indicate at least three fault events since the formation of Q2. Surface ruptures_ have had
between Sand 8 'ft (1.5 and 2.5 Zm) of offset per event. An .important field observation made at this
area is that both scarp profiles of Q2 and Q3 have steep single slope angles of about 20° rather than B
compound slopes, even though multiple surface ruptures have occurred. 'I'hisrelationship_ may be

due to a relatively short length of time between ruptures, to the composition of the faulted
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sediments, or some unknown factors. This ficld observation indicates not all stéep single slope
B scarps in this area are due to single rupture events. vNorthWest of the area rnapped in figure 13, at
‘ﬁeld location 220 (fig. A-2), sediments with Stage 11 calcic deveiopment and of late Pleistocene (?)
age are vertically offsetk 14.5 ft (4.5.m).' Itis nnknownv if tne steep single sldpé scarp (slope angle
as much as 20°) resulted from one or multiple surface fupture évents. Bames and others (1989a)
_interpreted vertical bffsets of 8 to 14.5 ft (2.5 to 4.5 m) per ruptﬁre event for the}Amargosa fault
(fault 14, fig. 8). In thé area west of Porvenif (fig. 13), young, probably_Hoio_cene sediments (Q5

and Qal on fig. 13) are not faulted, althongh relaﬁbnships mapped on aerial photogfaphs (fault 14, |
fig. 8) suggest that young (possibly' Holocene) Sediments may be offset elsewhere along the
Amargosa fault trend, particularly at location 230 (fig. A-2), near the central part of the Amargosa
fault. | |

Scarps of intragraben faults and major faults fhat bound the northeastern side of the southeast
Hueco graben (figs. 8 and 9b) are not s distinct as the Amargosa fault sc_arp (fault 14). Faults 15,
10, and 13 (fig. 8) are thé main faults that bound the northeastern side of.thc sontheast .Hueéo
graben. Fault 15 (fig ‘1), the Campo Grande fault’ has a surface trace of about 28 mi (45 km), and
is approxnnately 25 mi 4 km) from the center of the Fort Hancock study area. The Campo
Grande fault is the closest fault to the study area that has demonstrable Quaternary displacement..
Part of this fault was mappcd by Albritton and Smlth (1965) and Strain (1966). Strain (1966)
~ named it the Campd Grande fault after Campd lGrande Mnuntain a prominent hill on the footwall |
fault block. The Campo Grande fault has been mapped and dlscussed by Barnes and others
(1989b) Sergent, Hausklns, and Beckw1th (1989) and Colhns and Raney (1989, 1990). The
latter researchers have described the fault in detail. -

The Campo Grande fault (fault 15, fig. 8) is composed of en écnélon fault strands that are 1
to 6 mi (1.5 to 10 kn1) iong and have strikes of N25°-75°W. Dips are between 60 and 90°
southwest. Grooves on fault planes indicate mostly dip-slip movement. Fault scarps have been
~ modified by erosion of the footwall‘and depbsition on thé‘hanging wall. Eroéion-resistant caliche

(Stages IV to V) at the surface aids in preserving scarp heights’ of between 5 and 38 ft (1.5 and
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11. 5 m) and scarp slopes of 4 to 17°' (fig. 11). Successively younger units cut by the Campo

Grande fault have less dlsplacement The tmddle Plelstocene Madden Gravel (fig. 6) is offset byall

the fault strands that compose the Campo Grande fault the Madden Gravel has a maximum vertlcal
offset of about 33 ft (10 m) (fig. 12). The late Plelstocene age Ramey Gravel (fig. 6) is offset as
“much as 10 ft (3 m) by several fault strands, although some Ramey deposits overlie fault strands
and are not faulted The younger late Plelstocene age Balluco Gravel (fig. 6) and Holocene
sediments are not offset by the Campo Grande fault. On the downthrown block of one fault strand,
N faulted calcic hon'zons (1.6 t0 3 ft [O.5xto 1.0 m] thick; .Stage HI) with Vertical separations of 3vt'o '
6.5ft(1to 2 m) indicate at least five episodes of mouement, deposition, and surface vs_tabﬂiiation
since the middle Pleistocene. Maximum vertical offset during the last faulting event was about 3 to
5 ft (1 to 1.5 m). . o -
Fault 10 (fig. 8), another major fault that bounds the northeastern side of the Hueco graben,
lies southeast of the Campo'Grande fault (fault l5, fig. 8).. Faulth has a locally covered surface
trace of 9.3 mi (15 km), and the shortest distance between it and the proposed repository site is
about 6.2 mi (10 km) (table 1). This fault strikes N30-60°W and dips about 60° to 85°
'southwestward. Where the scarp is preserved 1t has a height between 5.5 to 8 ft (1.7 to_2.5 m) and
a compound slope with the steepest slope angle of as much as 15°. Erosion-resistant caliche helps
preserve the s’carpr Middle PleiStocene Madden Gravel sediments are offset as much ‘asv 10t (3 bm)
: indicating that fault 10 has been less active than fault 15 (Campo Grande fault) since the middle
Pleistocene (figs. 8 and 12). Much of the traCe of fault 10 is covered by unfaulted late Pleistocene
and Holocene sediments. The approximate amount of vertical offset on fault 10 during the last
surface rupture was about 2 ft (0.6 m), if the steep parts of compound scarps reﬂect the latest
s1ng1e rupture event. | - | . o |
Fault 13 (f1g 8) is another main fault that bounds the northeastern 51de of the southeast
Hueco graben. Fault 13 was 1nformally named the Caballo fault by J ones (1968), and it ﬂanks the
west side of the Qu1tman Mountains. It has a surface trace of about 30 mi (48 km) strikes N20-

40°W, d1ps southwestward, and its shortest dlstance to the proposed repository site is about 30 mi
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(48 km). The scarp of the Caballo'fault is well dissected and di_fﬁ_cult to distinguish along most of
the fault trace, although at location 205 (fig. A-2) a compound scarp was measured to be 34 ft
(10.5 m) high. The steep part of the compoundslope is 15° (fig. 11; table A-2). Southvof location
205 (fig. A-2) as much as 79 ft (24 m) of offset was estimated for the middle Pleistocene Madden
Gravel (figs. 6 and 12), although erosion of sediments along the fault trace makes precise
measurement d1fflcult Offset of the late Plelstocene age Ramey Gravel 1s 23 ft
(7 m), and the younger late Ple1stocene age Balluco Gravel (f1g 6) is not faulted The approx1mate
amount of vertical offset during the last surface rupture was about 5.5 ft (1.7 m), determmed by
assuming that the steep parts of compound scarps reﬂect the latest single rupture event. |

Intragraben faults of the southeast Hueco Basin have neither scarps that are as d1st1nct nor
surface traces that are as long.as those of the main faults boundrng the graben. Faults 7, 8, 9, 11,
and 12 are intragraben faults that were studied(fig. 8). Fault 7 has a surface trace of 6.2 mi (10
| km) and is about 8 mi (13 km) from the proposedrepository 'site (table 1).> Middle Pleistocene
Madden Gravel (ﬁg. 6) is offset about 59 ft (18 m) (figr 12). Fault 8 hasa surface trace of about 2
mi (3 km) and 'is‘7.4 mi (12 km) fro.m‘the proposed site. The-middle Pleistocene Madden Gravel
(fig. 6) is offset 13 ft (4 m) at fault 8 (ﬁg 12) Fault 9is10.5 mi (17 km) from the proposed site, |
has a surface trace less than 0.5 mi (0.8 km) long, and is overlam by unfaulted middle Plelstocene
Madden Gravel (table 1 and f1g. 12). 'l‘he top of the Phocene Fort Hancock Formatron (fig. 6) is
offset only 29.5 ft (9 m) at fault 9. Fault 11 has a surface trace of less than 1 mi (1.5 km), is 136
mi (22 km) from the proposed repo_sitory site, and offsets middle Pleistocene Madden Gravel about
6.5 ft (2 m) (Albritton and Smith, 1965). Fault 12 has a surface trace of about 5.5 mr (9 km), is
about 37 mi (61 km) from the proposed repository s.ite (table 1), and displaces the late Pleistocene
age Ramey Gravel (ﬁg 6) 45 ft (13 8 m). | | | |

Surface faults out51de the southeast Hueco graben have been mapped in the mountain ranges
that bound the basin and along the D1ablo Plateau escarpment These faults do not have distinct
scarps, and they offset Mesozow and Paleozow bedrock. It is unknown if these faults have moved

during the Quaternary. The structural and deposmonal setting of the area indicates »that most
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Quaternary fault movement and coincident depositionoccnrred within the graben (fig. 10b). Fault
18, which has been called the Rim fault by Sergent, Hausl(ins, and Beckwith (1989), is located
between 2.5 and 5.6 mi (4 and 9 km) north of the proposed repository site at the Diablo Plateau
escarpment (fig. 8). The fault has a surf_aCe trace of about 5.6 mi (9 km) and strikes westward,
oblique to the northwest striking and southwest dipping monocline that defines the Diablo Plateau
.escarpment in this area. Fault 18 (Rim fault) has seyeral fault strands and its geometry va'r'ies"from
being a fault with as much as 65 ft (20 m) of vertrcal offset to being a flexure associated w1th only
‘ minor faults of <3 ft (1 m) vertical offset. The main fault plane d1ps about 75 to 85° southward
Cre_taceous limestone and sandstone bedrock adjacent to the fault is highly fractured, and many of
the fracture surfaces and bedding planes have striations with orientations that range from horizontal
to vertical. Striations on the main fault plane range from trendin g parallel to the dip of the fault to
trending obhque to the fault plane dip (rakes as small as 65°). Unfaulted alluvrum (poss1bly as

young as Holocene) overhes the fault where it pI‘Q]eCtS westward into the Hueco Basm
‘Local Stress Field

- The Hueco Basin is within the sontheast part of the regional Basin and Range-Rio Grande

~ Rift Stress Province (Zoback and Zoback 1980) (fig. 14) ‘The regional least principal horizontal
stress directron of thrs stress province is west—northwestward although local variations in the

_ stress field may occur (Zoback and Zoback 1980). There have been no in situ stress
measurements of the stress field in the Hueco Basin to detemnne what vanatrons may exist. On the
basis of the orientation of grooves on the fault plane of the Campo Grande fault (fig. 8, fault 15),
the closest fault to the proposed repos1tory site, extension (least pr1nc1pa1 horizontal stress
direction) was determined to be northeastward dunng the last fault movement (late Pleistocene).
This direction is different from the regional west-northwestward direction characteristic of the
stress province. PreeXisting iones of crustal weakness might have affected the occurrence and‘

geometry of Quaternary faults in the Hueco Basin.
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~ NATURAL RESOURCES

The followmg isa dlscuss1on of knoWn occurrences of geologic natural resources (mmeable
rmnerals industrial materials, and oil and gas) in the v1c1mty of the study area. ‘Ground-water
resources are d1scussed ina separate contract report (Mullican and Senger 1990). Occurrences of

currently economic deposits or accumulatlons of geologrc natural resources are not known to be

present beneath the study area or in lands adJacent to the study area.
Mineable Minerals and Industrial Materials

The closest major prospect to the stu‘dy_ area of ‘potentially mineable minerals is the beryllium
| deposit (Rubin and others, 1987) at Sierra Blanca Peaks, approk_imately 17 mi (28 km) southeast
of the study area. The Sierra Blanca Peaks may also represent a large-tonnage, low-grade resource
of rare earths and thorium. Early exploration (McAnulty, 1980) diséovered Widespread
mineralization (fluorite, beryllium, u_ranium, and tin). ‘_No evidence of bsir‘nilar mineralization is
known near the study area. | |

Other prospects in the vicinity include small‘ occurrences of base and precious metals and
ﬂuorspar mineralization in the Qnitman Mountains, small gypsurn prospects in the.vMalone
Mountams, and small uranium occurrences in the Hueco and Qultman Mountains (Albritton and
Srmth 1965 Price and others, 1983) U S. Borax, Inc., dr111ed three holes to test a geophysical
anomaly (induced polarization) for poss1b1e copper mineralization in th‘e F1n1ay Mountains, but the
anomaly was determined to be due to pyrite mineralization; no‘ base metals were encountered‘.v
Deposits of metallic and nonmetallic minerals in the Sierra Diablo region east of the study area, are .
dlscussed by Klng (1965). Scattered m1nera1 occurrences are present in Chlhuahua (Clark and

Ponce, 1983), but no major prospects are present in the portlon of Chrhuahua closest to the study
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area. McAnulty (1971) presented»a- discussion: of the mineral potential in the Chihuahua tectonic
belt. | | |
Deposits of sand, gravel, and calich'e_‘ are abundant' throughout the region and have been
locally developed in the Fort Hancock area. Existing excavations are very limited. }Becau’s.e these
materials are so common and of such low unit value, there is no apparent reason‘whyv similar
deposits in the Fort Hancock study area should be subject to development, especially because there
are equally good deposus that are much closer to current centers of population. Clay has been
- mined from the Fort Hancock Formatlon east of the site near leay for use as drilling mud |
(Albritton and Smith, 1965), and similar low-grade depos1ts can be found throughout the region,
including the study area. There appearsto be nothing unique about the clays in the bolson deposits
beneath the study area that makes them especially attractive for exploitation._The greater thickness
of low-clay overburden at the study area, the distance to rail transportation, and the »abundance of
the clay resource throughout the area underlain by the Fort Hancock Formation, all indicate that
development of clay deposits beneath the study area is unlikely. Outcrops of igneous rock and
Cretaceous limestone have been locally quamed for use in nearby constructron prOJects, but there

are no known outcrops of either rock type in the study area.
Oil and Gas

The region around the study area has been explored for poss1b1e hydrocarbon accumulatmns
The area has been crossed by many seismic surveys and a few exploratlon wells have been
dnlled, but no production of 011 or gas has resulted from these activities. The mamtar_gets have
apparen'tly been struCturalb targets in the Laraniide-deforrned Cretaceous and Paleozoic rocks. The
two closest wells to the study area are‘ a shallow vyell drilled by Black Oil Cornpany near the old
spillway to the dam at Cavett Lake, about 3 mi (4.5 k) west of the study area and the Haymond
Krupp Oil and Land Company Thaxton 1 well drilled west of 'Campo Grande Mountain, about 4

mi (6.5 km) southeast of the study area.
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The Black Oil Company well drilled through a shallow cover of bolson sediments and into a
few hundred feet of Cretaceous rock. The presumed tafget was a trap associated with the Laramide
overthrust belt. The Thaxton 1 well was almost 7,000 ft (2,130 m) deep. It 'vpcnetrated a thick
Cretaceous section and bottomed in Permian rocks; a thrust fault was crossed at about 1,390 ft
(420 m) below surface. The presumed target was in Paléozoic rocks, but the structurally repeated
Cretaceous section prevented adequate testing of the Paleozoic strata at relatively shallow depth.
No hydrocarbons were produced from either well. Other wells have been drilled in the region
within 25 mi (40 km) of the study area, but no commercial production has occurred. Descriptions
of some of the exploration wells are found in Albritton and Smith (1965), Pearson (1980), and
Veldhuis and Keller (1980); data on many of the wells are unavailable.

Additional untested prosp'ects may be found in the broader region that includes the study area
(e.g., Greenwood, 1971, Chihuahua; and LeMone, 1985, southern Hueco Mountains), but
exploration results have so far been discouraging. Mesozoic and Cenozoic faulting that may have
ruptured potential reservoirs, moderate to high heat flow (Taylor and Roy, 1980), and the relative
paucity of marine organic shales to serve as source rocks and seals (Pearson, 1980) may reduce the

chances for successful exploration.
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EXPLANATION

D Tertiory and Quoternary basin fill

Permian umi Cretaceous bedrock deformed by Laramide thrusting and folding;
local Tertiary volcanic (Tv) and Intrusive (Ti) rock; local normal faults

Precambrion to Cretoceous bedrock not deformed by Laramide
thrust faults; some Tertlary -intrusive rock (Ti)

Normal foult with Quaternary displacement; hachures on downthrown side

~
P

Normal fault, showing downthrown side
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hFlgure 8 Reglonal map of surface faults Hueco Basm Trans-Pecos Texas. Numbers identify

faults discussed in this report. Hachures identify faults that offset Quaternary sediments. It is
unknown if some of the other normal faults (bars) in the region have moved during the Quaternary.
Map was compiled from Albritton and Smith (1965), Jones and Reaser (1970), Woodward and
- others (1978), Seager (1980), Dietrich and others (1983), Henry and Price (1985), Collins and

Raney (1990), and field and aerial photograph. mapplng done for this study. See flgure 10 for

- cross sectlons A- A' and B- B' 7
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| Figure 9. 'Map of approximate thickness of basin-fill sediments in the Hueco Basin. |
i EP = El Paso; C = Clint; FH = Fort Hancock; IHS = Indian Hot Springs. ;
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Figure 10. Cross sections of (a) northwest Hueco Basin and (b) southeast Hueco Basin, showing
~ late Tertiary and Quaternary faults. WF = major fault that bounds graben on the west or
- southwest, IGF = intragraben faults, EF = major fault that bounds graben on the east or northeast.

'~ Laramide thrust faults and folds in bedrock not shown.
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Figure 11. Graphs of scarp heights versus maximum scarp-slope angles for (a) faults of the
northwest Hueco Basin and (b) faults of the southeast Hueco Basin.
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- Figure 12. Bar graphs illustrating the amounts of offset on middle Pleistocene sediments for

selected Quaternary faults of the Hueco Basin. Fault numbers refer to faults shown in figure 8.
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Figure 13. Map of (a) location and (b) geology of an area along the Amargosa fault (fault 14, fig. \
© 8). Q-1 in the hanging wall of the fault was offset by repeated displacement events. The elevation
- of Q-1 in the hanging wall after each event was the local base level that controlled the development |
of subsequent terrace deposits (Q-2, Q-3, and Q-4), now preserved only on the foot-wall block.

. Q-5 is present as erosional remnants on both the foot-wall and hanging-wall blocks.
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Figure 14. Maps showing (a) approximate boundaries of regional Basin and Range-Rio Grande
Rift stress province (modified from Zoback and Zoback [1980]) and (b) measurements of least
compressive horizontal principal stress. Measurements 1, 2, and 3 were compiled by Zoback and
Zoback (1980), and measurement 4 is from Doser (1987). Measurements 3 and 4 are for the same

location, and both were determined from the Valentine earthquake of 1931 using different
methods.
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Table 1. Fault characteristics for normal faults of the Hueco Basin that offset Quaternary sediments.

Numbers for faults refer to ﬁgure 8.

.. Lengthof

. : Regional  surface
Regional strike  dip  expression
o direction [mi (km)]

~ Major faults bounding graben on west and southwest

East Franklin =~ =~ NI10°W-N10°E E  142(3)

. Mountains fault
(fault 16)* -

Amargosa fault  N40° -50°W  NE  43.5(70)
(fault 14)t : e :

' Major faults bounding graben on east and northeast

Fault 4* : N40°W-N20°E =~ W 6.2 (10)
Fault 5* N20°W-NIO’E W 68(11)
Campo Grande fault ~ N40° 70°W SwW 28 (45)
(fault 15)t , : )
 Fault 10t ‘N30°-60°W ~  SW  9.3(15)
Caballo fault " - N20° ~40°W  SW 20.8 (48)
(fault 13)* . o
Selected intragraben faults ‘ v
Fault 1* ~ N35°W-N30°E ~ E  12.4(20)
 Fault 2* ’ N20°W-N20°E ~  E  8(13)
Fault 3* N20°W-N30°E  E 13 (21)
Fault 7t . N40°-50°W swW 6.2 (10)
Fault 8t - N60°-70°W SW 1.8(3)
Fault 9t - N20°-40°W swW 0.3 (0.5)
Fault 111 ~ N30-40°E  E 0.9 (1.5)
Fault 121  N15°-60°W SW 559
Fault 17% N25°W-N15°E E 77025
_ Fault outside major graben .
© Fault6* N10-50°W ~ E - 3.7(6)

" * Located in northwestern Hueco Basin
 Located in southeastern Hueco Basin
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Approximate

distance from
Offset of : potential
_ last rupture 'repository
[ft (m)] [mi (km)]
. 55t98 = 515(83
(1.7 to 3) : '
521082 15525
(1.6 t0 2.5)
not determined =~ 37.2 (60)
not determined 26 (42)
3tob B - 254)
(1to 1.5) : o ‘
2 (0.6) ©6.2(10)
55(1.7) = 29848
not determined 43.5 (70)
- not determined 39 (63)
3y 37.2(60)
" not determined 8(13)
not determined , 7 4 (12)
not determined 10.5(17)
not determined 13.6 (22)
not determined =~ 37 (61)
not determined 26.7 (43)

not determined 22:3 (36)
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Figure A-1. Fault scarp terminology. (a) Diagram of single-slope scarp. Profile example is from
station 17 (fig. A-3) at the Campo Grande fault (fault 15, fig. 8). (b) Diagram of compound-slope
scarp (compound scarp). Profile example is from station 14 (fig. A-3) at the Campo Grande fault
(fault 15, fig. 8). (c) Diagram showing the small difference between throw and vertical separation
of a faulted unit at the Campo Grande fault. The small difference is caused by low slopes of the
offset horizon. Profile example is from station 14 (fig. A-3). Inset example is schematic.
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Figure A-2. Regional map of selected field stations discussed in this report. Base map from
Collins and Raney (1990).
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Figure. A-3. Maps of (a) location and trace of Campo Grande fault (fault 15, fig. 8) and
(b) selected stations discussed in this report. From Collins and Raney (1990).
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Table A-1. Morphometric data for fault scarps of the northwestern part of the Hueco Basin. Station locations are shown in
figure A-2. Numbers for faults refer to figure 8.

Compound Scarp
Scarp Total steep section less steep section
Profile Regional slope  scarp height slope height slope height
station slope angle (degrees) (m) (degrees) (m) (degrees) (m)

East Franklin Mountains fault (fault 16)*

195 5.5 — 35 20 11 15 24

196 3 e 39 17 11.5 9to 13 22

197 6.5 — 8.5 22.5 5 16 3.5

212 5 — 13.7 19.5 5.8 7to 14 7.9

213 2 — 5.5 13.5 3.3 75 22
Fault 11

201 0.5-1 2 3 - — e —
Fault 2}

200 | 2.5 3 - — — -
Fault 3'

199 0.5-1 — 7.2 45 3 2.5 42

Surface unit/Comments

Jornada I surface (middle Pleistocene);
fault offset is >25 m.

Jornada I surface (middle Pleistocene);
fault offset is >32 m.

Gold Hill surface (late Pleistocene); fault
offset is >6 m.

Kern Place surface (late Pleistocene); fault
offset is >8.5 m.

Gold Hill surface (late Pleistocene); fault
offset is >4.5 m.

Mostly sand covered; Stage IV to V caliche
in places; probably covered Jornada I
surface.

Sand covered; probably covered Jornada I
surface.

Sand covered; probably covered Jornada I
surface.



99

Fault 17t

203 0.5-1 2 2.2
Fault 4}
198 0.5-1 3 5
214 0.5-1 3 2.5
Fault 5%
202 0.5-1 35 3
215 0.5-1 3 2.7
" Fault 68
204 0.5-1 3 1.5

* Fault bounds western side of Hueco graben
t Intragraben fault

} Fault bounds eastern side of Hueco graben
§ Fault outside the Hueco graben

Sand covered; probably covered Jornada I
surface.

Sand covered; probably covered Jornada I
surface.

Sand covered; probably covered Jornada I
surface.

Mostly sand covered; Stage IV to V caliche
in places; covered Jornada I surface.

Mostly sand covered; Stage IV to V caliche
in places; covered Jornada I surface.

Sand covered; probably covered Jornada I
surface.




9

Table A-2. Morphometric data for fault scarps of the southeastern part of the Hueco Basin.
Station locations are shown in figures A-2 and A-3. Numbers for faults refer to figure 8.

: Compound Scarp
Regional Scarp Total steep section less steep section

Profile slope angle slope  scarp height slope height slope height
- station

219

220

221

222

223

225

227

(degrees)  (degrees) (m) (degrees) (m)  (degrees) (m) Surface unit/Comments

- Amargosa fault (falilt 14)*

2 22.5 6.6 —_ —_ — — Stage III to IV caliche; probably late
Pleistocene; fault offset of surface is 6 m.

2 20.5 5.3 — — — — Stage 1I calcic soil horizon; generally
unconsolidated sediment; probably late
Pleistocene; fault offset of surface is

4.5 m. _ v
3.5t05.5 — 32 27 8.5 7to 12 23.5 StagelVtoV caliche; probably middle
o - Pleistocene; fault offset is 23.5 m.
3to5 215 75 — — — —  Stage III to IV caliche; probably late

~ Pleistocene; offset of surface is 6.5 m.

3 215 4.4 — — — — Stage III to IV caliche; surface is arroyo
' ' terrace formed by incision into surface at
station 222; probably late Pleistocene;
fault offset of surface is 4 m.

3to4 19 2.8 — —_ — — Stage II calcic soil horizon; generally
unconsolidated sediment; probably late
Pleistocene; surface is arroyo terrace
formed by incision in surface at station
223; fault offset of surface is 2.5 m.

1to3 19.5 -~ 58 — — — —_ Stage III to IV caliche; probably late
' : Pleistocene; fault offset of surface is
5.2 m.
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Fault 7t

209 1 9
Fault 81
208 1-2 4

Campo Grande fault (fault 15)

(southeastern part)

i 2.5 5

8 1 4
13 2.5 4
14 2.5 —
17 2 6
22 1.5 —
25 3 7
29 2.5 6

2.2

1.7

5.5

3.7

1.5

2.5

45

6.5

17

10

1.7

1.6

Madden Gravel; Stage IV to V caliche;
alluvium covers hanging wall block; fault
offset of Madden Gravel is approximately
18 m.

Partly sand covered Madden Gravel; Stage
IV to V caliche; alluvium covers hanging
wall block; fault offset of Madden Gravel
is approximately 4 m.

Madden Gravel; Stage IV to V caliche;
alluvium covers hanging wall block; fault
offset of Madden Gravel is 9-10 m.

Madden Gravel; Stage IV to V caliche;
alluvium covers hanging wall block.

Madden Gravel; Stage IV to V caliche;
alluvium covers hanging wall block.

Madden Gravel; Stage IV to V caliche;
alluvium covers hanging wall block.

Madden Gravel; Stage IV to V caliche;
alluvium covers hanging wall block.

Madden Gravel; Stage IV to V caliche;
alluvium covers hanging wall block.

Madden Gravel; Stage IV to V caliche;
alluvium covers hanging wall block.

Madden Gravel; Stage IV to V caliche;
alluvium covers hanging wall block.



69

36

46

96

103

115

116

Fault 10%
69

76

' Fault 13}

205

1 6
1.5 5
1.5 4
2 95
1.5 3
3 11
1 J—
1 p—

3-5 —

t Intragraben fault :
$ Fault bounds northeastern side of Hueco graben

3.5

115

7.3

32

1.7

2.5

10.5

- * Fault bounds southwestern side of Hueco graben

15

7.5

15

0.7 3
1 3.5
7 11

1.5

3.5

Ramey Gravel; Stage III to IV caliche; fault
offset of Ramey Gravel is 3 m.

Madden Gravel; Stage IV to V caliche;
scarp very dissected and eroded; fault
offset of Madden Gravel is 10 m.

~ Madden Gravel; Stage IV to V caliche;

alluvium covers hanging wall block; fault
offset of Madden Gravel is 10 m.

Ramey Gravel; Stage III to IV caliche; fault
offset of Ramey Gravel is 2.6 m.

Ramey Gravel; Stage III to IV caliche; thin
alluvium deposits cover hanging wall
block.

Madden Gravel; Stage IV to V caliche; fault
offset of Madden Gravel is 1.3 m.

Madden Gravel; Stage IV to V caliche; fault
offset of Madden Gravel is 1.5 m.

Madden Gravel; Stage IV to V caliche;
alluvium covers hanging wall block.

Ramey Gravel; Stage III to IV caliche; fault

offset of Ramey Gravel is 7 m.




