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EXECUTIVE SUMMARY

The Eagle Flat study area is located along the southeastern edge of the southern Basin and
| Range—Rio Grande tectonic province in Trans-Pecos Texas. The desert region that encompasses -
the study area consists of the broad Diablo Plateau and a series of mountain ranges and adjacent
| intermontane basins thatv formed by extensional faulting that probably occurred in the last
24 mya. There has been no historical surface rupturing of faults in Trans-Pecos Texas, although
earthquakes have occurred and faults that displaceQuatemary (present to approximately |
2 mya) deposits are present (fig. .1). Geologic’ investigations of faults active durtng the
_ Quaternary provide important data (tables A-1 and A-2) for seismlc rlsk studies of the proposed
Eagle Flat low-level radioactive waste repository 4
~ Most of the Quaternary faults of ’l‘rans-Pecos Texas are between about 11 and 24.8 mi
(18bvan.d 40 km) long (table A-1). Many of the faults are sections of longer fa‘ult zones that are
between 43 and 64 mi (70 and 105 km) long. Strikes of indrvidual faults are variable, although
most of the. fault zones strike northwestward or. northward Faults dip between 50° and 89°
Fourteen Quaternary faults are within 31 mi (50 km) of the proposed repository.
The northwest Eagle Flat Basin, the location of the proposed repository,"is a relatively
shallow basin with a maxiinum basin-fill thickness ‘of <900 ft (<270 rn). Most of the basin
 contains less than 500 ft (150 m) of sediments. The relathely shallow thickness of the basin-fill
deposits in the northwest Eagle Flat B_asin suggests that the faults that ‘formed‘ this basin were
- not as active as faults that formed the deeper intermontane basins such as the Hueco Bolson
that contains as much as 8,800 to 9,800 ft (2,700 to 3,000 m) of basln-fill deposits. Within the
, northwest Eagle Flat Basin, there are no fault bscarps*'_cutt'ing young (presen_t to about
500,000 yr) surficial sediments. Surface bedrock geology and subSurface data from drill holes a‘nd
~ seismic reﬂection data suggest that several subsurface faults may cut Cretaceous and older rocks

underlying the Cenozorc basin-fill sedrments Itis possible that some of the faults were active



dﬁring the earlier development (Pliocene or Miocenev,' 2.5 to 24 mya) of northwest Eagle Flat
Basin.

The closest Quaternary fault scarp to the proposed repository is 8.4 mi (13.5 km) south in
the Red Light Bolson. This dissected, 4.3-mi-long (7-km) scarp is part of the West Eagle
Mountains-Red Hills fault that bounds the east margin of the northern Red Light Bolson.
Analysis of possible earthquake magnitudes ﬁnd ground.accelerations related to this fault may
set the earthquake design parameters for the proposed repository. The West Eagle Mountains-
Red Hills fault is as long as 24.8 mi (40 km), on the basis of assuming that much of the fault’s
surface expression has been eroded or is covered along the western margin of Devils Ridge and
most of the western edge of the Eagle Mountains. The closest distance from the proposed
repository to an inferred part of this fault is 6.5 mi (10.5 km). The fault strikes N25°-55°W and
dips southwestward. The scarp is 4.6 to 13 ft (1.4 to 4 m) high and cuts middle Pleistocene
alluvial-fan deposits that are capped by an approximately 3-ft;thick (1-m) stage IV pedogenic
calcrete on the upthrown fault block. The scarp is dissected and subtle, and the scarp-slope
angle is locally only as much as 4°. A 11.5-ft-deep (3.5-m) trench that was excavated across the
fault trace revealed that the fault dips 85° to 88° soufhwest and cuts gravelly depésits that
include two faulted buried calcic soils on the downthrown block as well as a near-surface faulted
calcic soil. There have been three surface ruptures since the middle Pleistocene. Throws for the
surface-rupture events were between 1.6 and 4.2 ft (0.5 and 1.3 m). Maximum cumulative
throw on middle Pleistocene deposits (fig. 3), which ére approxima_tely 250,000 to 500,000 yr
old on the basis of the calcic soil development, is 9 ft (2.7 m). Throw on middle-upper
Pleistocene deposits (fig. 3), which are approximately 25,000 to 250,000 yr old on the basis of
the calcic soil development, is 1.6 ft (0.5 m). In the trench, fractures are not visible across the
fault in the upper 8 to 12 inches (20 to 30 cm) of the calcic horizon at the surface. We
postulate that postfaulting soil forming processes have obscured the upper part of the fault.

The approximate average slip rate of the West Eagle Mountains-Red Hills fault since the middle



Pleistocene is <0.02 mm/yr. Thé :average reéuiréncé intérv‘al for large surf&ce ruptures since the
middle Pleistocene is about 80,000 to 160,000 yr, aﬁsuming three surface 'p‘aleo’mptures.

The afrer’age slip rates sinrce‘middle .'Pleistocen'e for Quatet‘nary faults in Trans-Pecos Texas
are rel'ati(rely low at <O.25-1f1m/yr (table A-2). Most of the Quatérnary faults have average slip
rates of <0.1 mm/yr. The maximum amount of throw dti:ing surfacé paleoruptures was between
1.6 and 10 ft (0'.5 and 3 m). Throw of middle PleiStocene deposits (fig. 3) having stage IV
pedogenic calcrete ranges betWeén 3 and 105 ft (1 and 32 m)’.vAt‘least eight faults cut upper
_ 'Pleistoéene deposits (fig. 3), and‘ throws are between 3 and 20 ft (1 and 6 m). -Aeria,l-photograph )
| studies of faulted aréas hot inve’stigated on the gound suggest that several ‘(v‘)‘t‘her fa'ulté probably
d'is;‘)la.ce upper Pléist0cene (fig. 3) br younget depbsits. A{ierage recurrence inteﬁals since the
middle Pleistocene (fig. 3) for most of the'fau'l‘ts are approximately 50,000 to 160,000’ yr.

| The most éctive faults of the regionvindude the East Franklin Mountains fault that i# .
86 mi (138 km)'wesf of the proposed repository and the fault sections of the Amargésa fault
zohe that are betwéen 25 and 38 mi (41 and 62 km) from the p.)‘roposed repositOry. These faults .
have scarps in ‘probableA Holocene deposits and vertically displace uppeij Pleistocene deposits |
v(fig. 3) as muéh as 15 to 20 ft (4.5t0 6 m), suggesting multipl.e upper Pleistocene-Holocene - f |
_ (fig. '3) ruptures. The closest fault to the proposed :epo;itdry that may have :upiﬁred during ’.
the late Pleistocene-Holocene (fig. 3) is the West Indio Mbuntaihs fault, which is 21.4 mi

(34.5 km) south of the proposed site.

INTRODUCTION - -

" The Eagie. Flat study area is located along the southeastern edge of the southern Basin and
' ‘Rangé-Rio Grande Riff tectonic province in Trans-PeCos Texas (fig. 1). Geologic features of the
‘rggi'o_n record a long history of geologic events (Henry and Price, 1985; Muehlberger and .
Dickerson, 1989; Rahéy and Collins, 1993). This reﬁort discusses late Cenozoic faults of the

region that have ruptured during the ‘Quat'emary;' During the Cehozoic Era, intermontane
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Figure 1. Regional map of Quaternary faults, northwestern Trans-Pecos Texas. Numbers identify

faults discussed in text. Dashed rectangle indicates the Eagle Flat study area. The latitude

31°07'30", longitude 105°15' reference point is near the proposed repository site on Faskin

Ranch.



basins and associated normal faults formed in response to Basin and Range extensional
tectonism that began about 24 mya (Henry and Price, 1985, 1986). There has been no historical
surface rupturing of faults in West Texas, although earthquakes have occurred and faults that
displace Quaterhary‘ (present to approximately 2 mya) deposits are present.

Geologic investigations 6f faults active during the Quaternary provide important data for
seismic risk studies of the proposed Eagle Flat low-level radioactive waste repdsitory. Fault
characteristics described for this investigation include fault lengths, strikes, dips, and dip
directions, distances between faults and the proposed repository, amounts of slip on
Quaternary deposits, amounts of throw for paleoseismic surface rupture events, average slip

rates, and average recurrence intervals between large paleoruptures.

Location and Methods

The study area includes a region of Trans-Pecos Texas, and Chihuahua, Mexico, that is more
than 50 km (>31 mi) from the proposed repository site, which is located on the Faskin Ranch
within the northwest Eagle Flat area (fig. 1). Our results were derived from aerial photograph
and field geologic mapping, field observations, and measurements of fault scarps, outcrops, and
excavations. Aerial photographs were studied to identify fault scarps, to aid in mapping faults
and faulted deposits, and to identify specific areas along the faults for detailed field studies.
Aerial photographs used in this study were: (1) 1991 black-and-white photographs, 1:6,000 |
scale; (2) 1980 color photographs, 1:24,000 scale; (3) 1972 black-and-white photographs, scales
1:32,000 and 1:26,000; (4) 1963 black-and-white photographs, scale 1:28,000; (5) 1957 black-

~and-white photographs, scale 1:62,000; and (6) 1948 black-and-white photographs, scale
1:43,000. We flew over parts 6f the area at low altitudes in a fixed-wing aircraft to review aerial-
- photograph interpretations. Seisfnic reflection data also were interpreted for some parts of the

region to provide subsurface information on faults.



‘The base maps we used included U.S. Geological Survey 7.5-minute quadrangle maps (scale
1:24,000), several Secretaria de Programacion y Presupuesfo topographic maps of Chihuahua,
Mexico, including the Guadalupe D. B., Esperanza, Las Palmas, Porvenir, El Consuelo, Banderas,
and Cajoncitos sheets (scale 1:50,000), and the U.S. Geological Survey Van Horn-El Paso and
Marfa 2-degree tdpographic maps (scale 1:250,000), the Van Horn, Marfa, and El Paso Joint
Operations Graphic (ground) maps (scale 1:250,000). Distances of faults to a reference point on
the Faskin Ranch within northwest Eagle Flat, latitude 105°15' and longitude 31°07'30", are
reported. Scarp heights, measured using an Abney level, usually do not reflect the exact
amount of vertical offset across faulted geomorphic surfaces because the geomorphic surfaces
‘are sloping, the scarps are eroded, and colluvial deposits often are deposited on faulted
downthrown surfaces. Scarp hejghts and slopes are reported; however, quantitative analyses to
estimate the éges of scarps (Wallace, 1977; Bucknam and Anderson, 1979) were not done |
because the variations in the geomorphic settings and physical properties (grain size;
cementation, composition, etc.) of the faulted deposits at different scarps, combined with the
different amounts of data we collected at the different scarps, prevented an accurate
comparison of the scarps.

Precise ages of faulted Quaternary (present to approximately 2 mya) and Tertiary
(approximately 2 to 66.4 mya) deposits have not been determined because these deposits have
few materials suitable for accurate dating. Relative ages have been estimated on the basis of
field stratigraphic relationships, the degree of calcic soil development (Gile and others, 1966,
1981; Machette, 1985), and correlation with similar units in south-central New Me:dco (Hawley,
1975; Gile and others, 1981).

Our estimates of fault slip rates and the ranges of the average recurrence interval for large
surface ruptures since the middle Pleistocene are approximate. Fault slip rates are based on the
vertical displacement of middle Pleistocene deposits and th¢ youngest middle Pleistocene time
of about 130,000 B.P. We consider the average slip rates presented in this report to be

maximum values because the displacements used in our estimates are for faulted middle



Pléistocene deposits that may be more than 130,000 years old. To'estimate the ranges of the
average recurrence intervals between large ruptures, we estimated the number of large,

- approximately 3- to 6.5-ft (1- to 2-m), siyngle-eve‘nt ruptui'es that could ha?e displaced middle
Pleistoce_ne deposits having stage IV ca_lcrete hérizons,- and we assumed that the faulted iniddle
Pleistocene deposits are between 250,000 and 500,000 yr old.

Several intermontane basins that we discuss are called bolsons éven though they do not
currently exhibit internal draihage. These basins, the Hueco, Red Light, and Presidio Boléons,
éontain sediments deposited in bolson settings, and thus earlier researchers (Strain, 1964, 1966,
1971; Dickerson, 1966; Akersten, 1967; Groat, 1972) called these areas bolsons. We followed

the published nomendature of the previous resea:chers;

Previous Work

Much of the previous work related to Ceno'zoic'faumng of Trans-Pecos Texas involved
basic regional mapping of faults and stratigraphy bﬁt included few detailed fault descriptions.
Much of the previous mapping also was focused on bedrock geology; thus, Quaternary surficial
N depqsits for many parts of Transfpecos Texas are not mapped in the séme amount of detail and
' ra'ccurac'y as the 6lder bedrock deposits. Dietrich and ‘others (1968) aﬁd Twiss (1979) produced
geologic atlas sheets (scale 1:250,000) of parts ‘of western Trans-Pecos Texas.‘ Regional geologic
maps (scale 1:250,000) for adjacent areas of Chihuahua, Mexico, were compiied by ,
Coordinacién General de los Servicios Nadohéles de Estadistica; Geografia é Informatica.
Regional studies that specifically illustrate Quatemary faults in our study area have been done

' by Morrison (1969), Muehlberger and others (1978), Woodward and others (1978), Henry and
others (1985), and Sergent, Hauskins, and Beckwith, Consulting Geotechnical Engineers (1989).
We recently ptesented brief summaries of our studies of Quéternary faulting in Trans-Pecos

Texas (Collins and Raney, 1992, 1993).



Quaternary faults in the Hueco Bolson area have been (identified and discussed in different
amounts of detail by Bell (1963), Miltonb(1964), Albritton and Smith (1965), Jones and Reaser |
(1970), Lovejoy (1971, 1972), Harbour (1972), Seager (1980), Henry and Gluck (1981), Harkey
(1985), Machette (19879 b), Barnes and others (1989a, b), Collins and Raney (1989, 1990,
1991a, b, c), Keaton and others (1989), and Keaton (1993). Less work on Quaternary faults has
been done in the Red Light Bolson, where Underwood (1963) mapped several fau’lt‘strarids in
Quaternary-Tertiary deposit§ in the Texas part of the Red Light Bolson. Clutterbuck (1958),
Ferrell (1958), and Haenggi (1966) mapped mostly covered faults in Quatemary—Tertiary basin-
fill deposits in the southern extenéion of thé Red Light Bolson in Chihuahua, Mexico.

In the northﬁesi Eagle Flat Basin area, where no Quaternary faults have been mapped,
Underwood (1963), Albrittpn and Smith (196S), and King (1965), mapped the geology af scales
of 1:48,000 and 1:62,500. Severai faults in Quaterﬂar?—Terﬁa;y deposits were mapped in the - _
southeast Eagle Flat Basin and Green River Basin areas by Braithwaite (1959), Bridges (1959)’,
Dasch (1959), Frantzen (1959), Twiss (1959), and Underwood (1963). Quaterﬁary faults
sepafaﬁng the west edge of the Lobo Valley Basin from the Van Honi Mountaiﬁs and Sierra
_ Vieja were mapped by Braithwaite (1958), Frarthzen (1958), Bridges (1959), Dasch (1959),‘ Twiss
(1959), and Belcher and others (1977). Muelhberger and others (1985) discussed soxﬁe of the
scarp and disﬁlacement ‘chbéracteristics,of these faults at the base of the Van Horn Mouhtains
and Sierra Vieja, and they reported Quaternary displacéments up to 23 ft (7 m). Hay-Roe (1957)
mapped covered faults on the east margin of the Lobo Valley Basin. Quatemary faults within :
the Wild Horse Flat and Salt Basins were idéntiﬁed by King (1948, 1965), Belcher and others
(1977), and Goetz (1977, 1980). Wood (1968) mapped covered féults in Quaternary deposits at-
the eastern margin of the Wild Horse Flat Basin. |

This repdrt does not discuss Quaternary faults of the Presidio Bolson (Groat; 1972; Henr’y'
and others, 1985) because those faults are more than 78 mi (125 km) south-southeast of the
proposed repository. Some Quaternary faults in West Texas may have .Charaderiétics similar to

faults in nearby New Mexico. Many investigations of Quaternary faults in New Mexico have
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been conducted in more detail than most previous studies of Trans-Pecos Texas Quaternary
faults. Some of the New Mexico fault studies report results of mapping, scarp analyses, and
fault-displacemeﬁt analyses (Machette, 1978a, b, 1982, 1987, 1988; Seager, 1981; Personius and
Machette, 1984; Gile, 1987; Menges, 1987, 1990; Beehner, 1990; Kelson aﬁd others, 1993).
Seismicity of the Trans-Pecos Texas region; including the 1931 Valéntine earthquake that had a
6.4 magnitude, was discussed by Sellards (1932), Byerly (1934), Sanford and Toppozada‘ (1974),
Dumas (1980), Dumas and others (1980), Reagor and others (1982), bDoser (1987, 1990), and

Davis and others (1989).

GEOLOGIC SETTING

The desert Trans-Pecos Texas region surrounding the Eagle Flat study area (fig. 1) consists
of the broad Diablo Plateau énd a series of mountain ranges and> adjacent basins that are the
result of normal faulting that probably occurred in the last 24 mya (Henry and Price, 1985,
19.86). Bedrock exposed in the mountain ranges and in the plateau consist$ of rocks that record
the long geologic history of the region (Henry and Price, 1985; Muehlberger and Dickerson,
1989; Raney and Collins, 1993). Precambrian rocks show evidence of sedimentation,
magmatism, metamorphism, and deformation prior to deposition of overlying Paleozoic strata.
Paleozoic limestones indicate marine sedimentation. In the late Paleozoic the Ouachita-
‘Marathon orogenic event produced a belt of strongly deformed Paleozoic strata across the
region and structural highs, such as the Diablo Platform, were uplifted in the foreland of the
Ouachita-Marathon belt. Many northwest-t:ending features have been related to a regional
structural zone called “the Texas Lineament” (Muehlberger, 1980), which strikes across Trans-
Pecos Texas. Intermittent deformation has occurred along at least parts of the Texas Lineament
from the Precambrian to the present (Horak, 1985; Muehlberger and Dickerson, 1989), but
major activity probably occurred during the Precambrian and the late Paleozoic. Mesozoic rocks

comprise Jurassic(?) evaporites and overlying, dominantly marine Cretaceous deposits. These



Mesozoic rocks Were deposited ina deep sedimentary basin, the Chihuahua,'l‘rough, which
developed during the Jurassic Period in ,westemmost Trans-Pecos Tercas and in Chihuahua,
»Mexico (DeFord and Haenggi, 197 1; Henry and Pri_ce, 1985). Subsequent Iatamide thrusting |
- displaced Cretaceous rocks northeastWard, perhaps along a décollement aone of Jurassic(?)
evaporites, and produced nOrthwest-trending thrust faults, folds, and monoclinesalong 'the
’northeast margin of t'ne Chihuahua Trough (Gries and Haenggi, 1971; Gries, 1980; Henry and
Price, 1985). The timing of Laramide deformation is not closely constrained but it began no
-earlier than the Late Cretaceous, perhaps 80 mya (Wilson, 197 1) Laramide thrust-faulting and
folding appears to have ceased by about 50 mya (Price and Henry, 1985), and Laramide
compressive stress appears to have waned by about 30 mya (Price and Henry, 1984; Henry and »
Price, 1989). | |
Volcanic rocks exposed throughout the Trans-Pecos region are the result of volcanic
activity that occurred from 48 to 17 mya. Most of this volc_anism was between 38 and 28 mya |
(Henry and Price, 1984, 1985; Henry and McDoweli, 1986; Henry and others, 198'6'). »Much of
the volcanism in Trans-Pecos Texas occurred while the .area was under regional east-northeaSt |
. compression as Laramide deformation waned (Price and Henry, 1984; Henry and Price, '19857).-
~ A transition to regional extension occurred about 30 mya_, and subsequent normal faulting

related to Basin and Range exten.sionv‘vas well underway by about 24 mya (Henry and Price,
1985, 1986; Stevens and Stevens, 1985). This late Cenozoic normal faulting had a major role in
the development of the present mountain ranges and basins of the region. Basin and Range |
faulting and related sedimentation, and ‘magmatism.‘ in Trans-Pecos, Texas, and southern 'Nevv
| Mexico have been episodic (Seager and others, 1984; Henry and Price, 1985; Stevens a'ndv
Stevens, 1985; Mack and Seager, 1990). Precise times of accelerated fault movement and s
sediment deposition in most of the basins of the study area are unknown. In Trans-Pecos Texas,
periods of accelerated fault movement and sediment deposition in structurai troughs may have
occurred 24 to 17 mya, about 10 mya, and after 7 mya (Stevens and Stevens, 1985, their fig 4).

Similar periods of deformation within the southern Rio Grande rift in southern New Mexico

10



were also reported by Seager and others (1984), Morgan and others (1986), and Mack and
Seager (1990). In Trans-Pecos Texas, field data indicate that early regional extension was
oriented east-northeast, and later extension was oriented northwest (Henry and Price, 1985; '
Price and Henry, 198S), but the time of this shift has not been well established. A similar
change in stress-field orientation occurred in other parts of the Rio Grande rift and Basin and
Range province about 10 mya (Henry and Price, 1985; Aldrich and others, 1986; Morgan and
others, 1986).

During the Cenozoic, the fault-block mountains shed great amounts of sediment into the
adjacent basins, partially filling them and constructing broad alluvial slopes, alluvial fans, and
bajadas that surround the mountain ranges. The westernmost basin of Trans-Pecos Texas, thé
Hueco Bolson, also was filled with great amounts of sediment during the Pliocene that were
derived from the northwest and were transported by the ancestral Rio Grande (Strain, 1971).
The Cenozoic basin fill represents deposition in different settings, including alluvial fan,
lacustrine, fluvial, and eolian. Some of the basins also may contain volcaniclastic deposits. The
Cenozoic basin-fill stratigraphy for the basins has been studied previously in varying amounts of
detail, and the stratigraphy of specific basins is briefly discussed later in this report.

Geophysical investigations and borehole data (Gates and others, 1980; Keller and Peeples,
1985) indicate that the basins have different thicknesses of basin-fill deposits (fig. 2). It is likely
that the basins have had different structural histories. Sediment thicknesses in the basins may
reflect different sedimentation rates that were probably at least partly influenced by faulting
rates. Cenozoic slip rates of faults within individual basins also have varied (Collins and Raney,
1991c¢).

Trans-Pecos Texas is within the southeast part of the Basin and Range-Rio Grande Rift
Stress Province (Zoback and Zoback, 1980, 1989). Regionally, the least principal horizontal
stress direction of this province is west-northwest, although local variations in the stress field

may occur (Zoback and Zoback, 1980, 1989). No in situ stress measurements of the stress field in
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Figure 2. Location and basin-fill thicknesses of Cenozoic basins, northwestern Trans-Pecos
Texas. Basin-fill thicknesses from borehole and seismic reflection data, and from Gates and
others (1980) and Collins and Raney (1991c). Dashed rectangle indicates Eagle Flat study area.
Arrow is approximate location of proposed repository.



the Eagle Flat study area have been made, and it is unknown how preexisting zones of crustal

weakness might have affected the occurrence and geometry of Quaternary faults in the region.

Quaternary Stratigraphy

Most Quaternary deposits within the basins are associated with alluvial fan packages and
’arroyb terraces and alluvium. Some eolian, playa, colluvial, and fluvial deposits also exist. Many
of fhe Quaternary faults we studied occur near basin margins where the faults cut older alluvial
fans or coalescent-alluvial-fan piedmonts. Younger arroyo strath terraces that have been incised
into the alluvial fans and fan piedmonts also commonly occur along the fault traces. Some faults
cut older arroyo terraces. It is difficult to determine the relative ages of Quaternary deposits and
landforms both within a single intermontane basin and between different basins. The
Quaternary geology of Trans-Pecos Texas (fig. 3) is similar to that of southern New Mexico,
where much detailed work has been done to understand the Quaternary geology,
geomorphology, and calcic soils (Hawley, 1975; Gile and others, 1981; Maéhette, 1985).
Previous studies of the Quaternary deposits and landforms of southern New Mexico serve as a
necessary guide for interpreting the Quaternary geology of Trans-Pecos Texas. |

Descriptions of_calcic soils associated with surficial Quaternary surfaces and deposits were
used to help map and compare the surficial Quaternary stratigraphy of the different basins in
- the Trans-Pecos. The soils also allow us to deduce the relative ages of different deposits. Calcic
soils of the desert Southwest have been described in detail by Gile and others (1966, 1981) and
by Machette (1985). Machette described several processes that could precipitate calcic soils,
favoring a process that involves airborne CaCO3 and Ca*2 dissolved in rainwater as the
predominant sources of calcium and carbonate. The CaCOj3 particles are leached from the
surface and upper horizons of the soil and precipitated in lower soil horizons at a depth
controlled by soil moisture and texture (Machette, 1985; McFadden and Tinsley, 1985). Over

time, more CaCOj3 precipitates in the soil horizon. Morphologic stages of CaCO3 in calcic soils

13



4

X
o

—_

(9]
I T T B

Holocene

10

1.0

Late

Pleistocene
Middle

Early

2.0

3.0

Pliocene

5.0

Geomorphic surfaces of south-central New Mexico!

River valley

Calcic soil stage?

Bolson landforms

Intermontane basin landforms and
basin fill studied at Quaternary faults
of Trans-Pecos Texas

Camp Rice Formation

Bolsons
Border slopes | Floodplain Nongravelly | Gravelly
-Fan, fan piedmont,
Fillmore Organ | | terrace, drainageway,
Younger valley fill, ridge
-------- valley-fill |- = = = = = -
alluvium
Isaacks Fan, drainageway,
Leasburg Ranch 1 ] ridge
Picacho Fan. fan pied
n, fan mont,
Older I v | an fan pedmont
i valley-fill | Jornada Il errace, riage
~~~~~~ alluvium
\ _ Tortugas . Fan, fan piedmont,
' .
A LN n v ridge remnant,
N LR terrace
Qg ~ >
CUAEN P ’50‘(\
[ CaMesa. v v

"Modified from Hawley (1975) and Gile and others (1981)

2Modified from Gile and others (1981) and Machette (1985)

e

Lacustrine, -alluvial fan, eolian basin fill; includes

Rio Grande terrace,

arroyo terrace, fan

Fan, arroyo terrace

Arroyo terrace

Fan, fan piedmont
arroyo terrace,
colluvial deposits

Fan, fan piedmont

Calcic soil stage

Gravelly |

Gravelly Ii

Gravelly Il to lli

Gravelly IV to IlI,
nongravelly Ili

Gravelly IV to V

Fluvial, alluvial fan, lacustrine, eolian
basin fill; includes Camp Rice Formation
of Hueco Bolson and Love Formation of

Red Light Bolson

— —— —

— — — —

Fort Hancock Formation of Hueco Bolson and
Bramblett Formation Red Light Bolson !

QAa3401c
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divisions and associated boundary dates presented by Morrison (1991).




and pedogenic calcretes (indurated calcic soils) that developed under arid and semiarid climates
in the southwestern United States were described by Gile and others (1966) and Machette
(1985). Six stages of sequential FCaC03 development (numbered I to VI) are defined on the basis
of physical characteristics and CaCO3 distribution ('Méchette, 19835, his table 1). Machette
(1985, his table 2) aiso illustrated that progressively older surficial deposits cbrrespond to
increasing stages of’ carbonate accumulation and morphology. In general, stage I calcic soils have
thin, discontinuous CaCO3 coatings on pebbles (usually on the undersides), where the gravel
content is high and coatings are sparse to common. Where gravel content is iow, only a few

- filaments of CaCOj are in the soil, or CaCOj3 faintly coats ped faces. Stage II calcic soils
commonly have continuou; coatings of CaCO3; on the tops and undersides of pebbles in areas
where gravel content is high, and even though some CaCOg is in the matrix, the matrix is still
loose. Where the gravel content is low, CaCO3 nodules may exist and the matrix is
noncalcareous to slightly calcareous. Stage III calcic soils have massive accumulations of CaCOj3
between clasts, where gravel content is high, and where gravel content is low, the sediment
matrix is firmly to moderately cemented by CaCO3. Stages IV, V, and VI refer to pedogenic
calcretes (indurated calcic soils). Stage IV calcretes have thin (laminae in the upper part of the
horizon and have a cemented platy to weak tabular structure. Stage V calcretes have an
indurated, dense, strongly platy to tabular structure. Thick laminae (0.4 inch [>1 cm]) and thin |
to thick pisolite§ may appear, and vertical faces and fractures are coated with_laminated
carbonate. Stage VI calcretes have multiple generations of laminae, breccia, and pisolites
(Machette, 1985, his table 1).

At many of the faults in the different West Texas intermontane basins, we have estimated
ages of the Quaternary deposits on the basis of field stratigraphic relationships, the degree of
calcic soil development (Gile and others, 1966, 1981; Machette, 1985), and correlation with
similar units in New Mexico (Hawley, 1975; Gile and others, 1981). We have mostly studied
faulted and unfaulted coalescent-alluﬂrial-fan piedmonts, alluvial fans, and arroyo and gully

terraces at faults bounding the West Texas basins (fig. 3). These different deposits have calcic
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soils that' vary from stages I to V. For these deposits, we have estimated broad age ranges of
middle Pleistocene (130 000 to 750, 000 B.P.), middle Pleistocene to late Pleistocene, late
Pleistocene (10, 000 to 130, 000 B.P.), and Holocene (present to 10, 000 B. P) In Trans-Pecos
Texas, middle Plei_stocene alluvial-fan surfaces having stage IV to V calcretes are probably
'younger than about 600,000 B.P. because an ash in the upper part of ﬂuvial hasin"-fill deposits
at El Paso, Texas, has been assigned as the 0.6-Ma-old Lava Creek B ash (Izett, 1981, Izett and _
| Wilcox, 1982). The ash is stratigraphically below an extensive fan piedmont With a stage IV—V‘
calcrete. In the Trans-Pecos Texas basins, some alluvia1~fan piedmonts having stage IV calcretes
about 3 ft a m) thick may be equivalent to the Jomada I morphostratigraphic unit of south-

central New Mexico (fig. 3); thus, these landforms may be more than about 250,00_0 years old.

Historical Earthquakes

Most of the historical seismicity of Trans-Pecos Texas has occurred near the north-trending
' ‘Salt Basin graben system and near El Paso at the west edge of the Hueco Bolson (Sanford and
Toppozada, 1974; Dumas, 1980 Reagor and others, 1982 Davis and others, 1989; Doser, 1990)
The largest historic event near El Paso was a Modified Mercalli (MM) intensity VL The 1931
Valentine earthquake (Sellards, 1932; Byerly, 1934; Dumas and others, 1980; Doser, 1987), wlth
‘a MM intensity VII (M = 6.4), is the largest recorded earthquake in Trans-Pecos Texas. The |

~ epicenter was located near Valentine, Texas, about 80 mi '(l3Q km) southeast of the study area -
in the Ryan Flat Basin, Doser (1990) reported that it is difficult to conclusively link earthquakes
in the region to specific mapped Quaternary faults because of' the poor location accuracies

' (6 mi [10 km] or more) and lack of depth control for most earthquakes.

BASINS AND QUATERNARY FAULTS

Fourteen Quaternary faults occur within 31 mi (50 km) of the proposed Eagle Flat

repository (fig. 1). The most active Quaternary faults of the region are within the Hueco and

)
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southern Red Light Bolsons located west and south of the site, and within the Salt Graben
system that encompasses the Salt, Wild Horse ‘Flat, Michigan Flat, Lobo Valley, and Ryan Flat
Basins located east of the proposed repository site. The northwest Eagle Flat, southeast Eagle
Flat, and Green River basins compose a north—northwest-striking series of basins that contain
only one confirmed Quaternary fault. This relationship suggests that most of the Quaternary
tectonism in the region has focused along northwest- and north-northWest-trending structural
zones related to intermontane basins east and west of thé Eagle Flat area. The closest
Quaternary fault scarp to the prbposed site is 8.3 mi (13.5 km) south, in the northern Red Light

Bolson.

NORTHWEST EAGLE FLAT BASIN

The northwest Eagle Flat Basin (figs. 1 vand 4), the locality of the proposed repository, is a
relativeiy shallow, internally drained basin. Mosf of the basin is filled by less than 500 ft
(150 m) of Cenozoic gravel, sand, silt and clay (Gates and others, 1980; Jackson and White‘law,
1992; Jackson and others, 1993; Langford, 1993). Fault scarps do not occur in the middle
Pleistocene to Holocene surficial sediménts of the northwest Eagle>Flat Basin. Surface bedrock
geology and subsurface data from drill holes and seismic reflection data sﬁggest that several
subsurface faults may cut Cretaceous and older rocks underlying Cenozoic basin-fill sediments
(Raney and Collins, 1993). It is possible that some of the older (Pliocene or older [>2.5 mya])
Cenozoic basin-fill deposits are offset, but the small maximum thickness of Cenozoic fill, small
areal extent of the deep part of the basin, and the absence of fault scarps in Quaternary
deposits suggest that the tectonic development and associated sedimentation 6f the northwest
Eagle Flat Basin has been relatively inacﬁve compared to other intermontane basins of West

Texas.
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SOUTHEAST EAGLE FLAT BASIN

The southeast Eagle Flat Basin (figs. 1 and 4)' is about 25 mi (41 km) long and 3 to 8.5 mi
(5 to 1'4 km) wide. It contains Cenozoic basin-fill deposits as thick as 2,000 ft (600 m) (Gates and
others, 1980). Regional surface drainage flows southeastward and eastward into Lobo Valley. The
south part of the basin is bounded by two normal faults fhat are expressed at the surface, the

West Van Horn Mountains fault (fault 9) and the East Eagle Mountains fault (fault 6).

West Van Horn Mountains Fault

The west-dipping West Van Horn Mountains fault (fault 9, figs. 1 and 4) strikes northward
at N30°W-N1S°E at the base of the Van Hofn Mountains and is a well expressed part of the
regional Rim Rock fault zone (DeFord, 1969). Like Muehlberger and others (1978), we found no
evidence of Quaternary displacemént along this fault. Along most of the fault, Quaternary-
Tertiary basin fill is in contact with Precambrian metasedimentary rocks, Permian limestone, and
Cretaceous sandstone and limestone of the footwall. Although the contact/fault trace is sharp,
no scarp is distinct. The northwestern 1.5 mi (2.5 km) of the fault trace is a gentle, dissected
scarp with a slope angle of about 7°. Here the fault separates gravel deposits of unknown age on
the upthrown block from Quaternary and Tertiary sand and gravel deposits on the downthrown
block. A middle Pleistocene alluvial-fan piedmont with a stage IV calcrete océurs on the
downthrown side of the fault. Locally the middle Pleistocene deposits are covered by younger
* windblown silt and sand, and also in some places the older deposits are eroded anvd»younger fan
and minor, gully and arroyo terrace sediments have been deposited. The upthrown gravel
depositsv form well-dissected hills with relief as mdch as 100 ft (30 m). Locally, on the upthrown
block, a remnant geomorphic surface of unknown age exists at the scarp. Its height above the
middle Pleistocene alluvial-fan piedmont on the downthrown fault block is 7.8 ft (2.4 m).

Even though this fault may not have had surface rupture during the Quaternary, we

include it in this report because part of the fault does exhibit a subtle scarp in basin-fill

L
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deposits. The length of the West Van Homn Mountains fault is 16.7 mi (27 km), and the closest
distarluce between this fault and the Faskin Rarich reference point is 24 mi (38.5 km). The
surface trace of the fault dies out northward, and there is no surface evidence of a northwest-
striking fault fla_nking the southwest side of the Carrizo Mounfains. South of the West Van Horn

Mountains fault (fault 9), strands of the Rim Rock fault displace bedrock.

East Eagle Mountains Fault

' -On the west side of the southeast Eagle Flat Basin, a short, 0.3-mi-long (O.S-ij scarp of
the East Eagle Mountains fault (fault 6, figs. 1 and 4) strikes N10°-20°W and dips eastward. This
fault is inferred to be as lon'g as 3 mi (5 km), even though most of the inferred length is covered
and only"a shbrt part of the fault, 0.3 mi (0.5 km), has surface expression. The fault is bonb the .
Pifilon Ranch, which is not currently accessible for ground lnvestigations Faulted alluvial-fan
deposits are interpreted to be Quatemary and probably middle Pleistocene. This is based on
study of aerial photographs and ground investigations conducted several kilometers to the
north and to the east-northéast, where a fan with similar aerial-photograph charécteristics and
the distal part of a coalescent-fan piedmont both have a stage IV calcrete. The length of this
fault was interpretéd on the basis of’the} lack of the scarp in northern and southern alluvial-fan
deposits that have the same aerial photograph characteristics as the faulted alluvial-fan
deposits. The shortest distance between this fault and the Faskin Ranch reference poiht is

20 mi (32 km).

GREEN RIVER BASIN

South of southeast Eagle Flat is the notth-trénding Green River Basin (figs. 1 and 4) that is
~about 15 mi (24 km) long and 3 to 6 mi (5 to 10 km) wide. This basin exfends into Chihuahua,
Mexico, and is intersected by the Rio Grande. It has more than >2,000 ft (600 m) of

Quaternary-Tertiary basin-fill deposits in its deepest part (Gates and others, 1980). Surface
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drainage ﬂows:_.into the Rio Grande,_ and incision of the Rio Grande has causedin'creased : »

‘headward erosion of arroy0s and gullies that drain the Greenv River topographic basin.

- Quaternary geomorphic surfaces are well dissected and apparently have been completely

eroded away in many parts of the basin; thus underlying Quaternary(")—Tertiary basin-fill gravel,

sand, and clay is commonly well exposed The Tertiary Tarantula gravel flanks the eastern

margin of the basin DeFord and Bridges (1959) thought the Tarantula gravel resulted from :

Tertiary fault movement There are subtle traces of three faults in the north part of this basin

| and these faults are discussed below. Clutterbuck (1958) and Haenggi (1966) also mapped
several short faul_ts cutting Quaternary-Tertiary basin-fill depositsy eas,t.of the northern Sierra de -

‘Pilares in the southern extension of the basin in Chihuahua,_ Mexico.

" Indio Fault

The Indio fault (fault 18 figs 1 and 4) strikes N20°-45°W dips 65° to 75° southwest and is
composed of multiple strands. Its total length is 12 4 mi (20 km), although only the
southeastern 3.7 mi (6 km) of the fault exhibits a mappable trace along a fault-line scarp where
" Quaternary(")-Tertiary gravel deposits are in. contact with more resistant bedrock composed of
Cretaceous limestone and sandstone and Tertiary trachyte and tuff. At thls southeastern part of
the fault, the Indio fault flanks the northeast side of a narrow, 0.6- to 0. 9 mi wide (1 to 1 S- km)
valley that may be a graben or half graben Gravel and volcanic deposits fill the valley
Underwood (1963) thought that the gravel deposits on the downthrown block resulted from
Tertiary fault movement and may be equivalent to the Tertiary Tarantula gravel which occurs
east of the Green River Basin (DeFord and Bridges, 1959). The valley drains into the Green
River Basin, and the”gravel valley fill appears to have undergone several periods of |
downcutting, leaving remnant valley-floor or terrace surfaces. The oldest of these surfaces has a |
stage IV calcrete and probably is middle Pleistocene The fault is overlain by unfaulted

Quaternary colluvial gravel deposlts that have shed onto the valley floor from the higher
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bedrock footwall block. Even though this fault has not had demonstrable Quaternary fault
displacement, we included it in this study because a distinct fault-line scarp is preserved. This
fault also cuts across the bedrock of the Indio Mountains and is roughly aligned with the range-
front, West Eagle Mountains-Red Hills fault (fault 1) of Red Light Bolson. However, the two '
faults clearly have different rupture histories. The closést distance to the Faskin Ranch

- reference point is 31 mi (SO km).

China Canyon Fault

The China Canyon fault (fault 19, figs. 1 and 4) sttikes N10°-20°W, dips eastward, and is
0.6 to 0.9 mi (1 to 1.5 km) long. The fault’s surface expression is a dissected, subtle scarp, and
Quaternary-Tertiary basin-fill deposits are faulted against Tertiary Tarantulé gravel. Twiss (.1959)
mapped an inferred fault trace in the same area, although he inferred a length of 5.5 mi
(8.8 km). We have not identified a scarp along most of this inferred length. This fault is
included in the study because a scarp exists, although it is unknown whether the faulted basin-
fill silt, sand, and gravel in this area is Tertiary or Quaternary. Thus, this fault may have been
inactive since late Tertiary. The closest distance to the Faskin Rahch reference point is 32.3 mi
(52 km). The China Canyon fault is en echelon to the Green River fault (fault 20, figs. 1 and 4).
-These faults probably have haﬁ different rupture histories because 1.5 mi (2.4 km) separates
the two faults, and the Green River fault bounds a deeper part of the basin (>2,000 ft [>600 m]

basin fill) than the China Canyon fault (500 ft [150 m]) basin fill on hahging-wall block).

Green River Fault

The Green River fault (fault 20, figs. 1 and 4) strikes N15°-30°W, dips west-southwest, and
is 3.4 mi (5.5 km) long. It is well dissected and is compdsed of two main subtle fault traces that
are each between 0.9 and 1.2 mi (1.5 and 2 km) long. Quaternary-Tertiary basin-fill deposits are

faulted against Tertiary Tarantula gravel (Twiss, 1959). Like the China Canyon fault, it is

22



unknown whether the Green River fault has ruptured since the late Tertiary. The Green River
fault is included in this study because a subtle scarp exists. The closest drstance to the Faskin

‘Ranch reference point is 32.2 mi (52 km).

“RED LIGHT BOLSON |

The northwest-trending Red Light Bolson (figs. 1 and 5) lies southwest and south o'f the
proposed_ Eagle Flat vrepository. The bolson, which‘_ ext_ends across the Rio Grande into Mexico,
is' about 56 vmi (90 km) long and 4 tot 6vmi (7 to 10 km) wide. The surface drainageﬂ0ws into the
Rio Grande,' which cuts across the southern part of the bolson. Th‘e bolson contains several
d0wn-to-the-‘southwest Q_Uaternary faultvscarps along its eastern_rnargin, and one 'of these is the
closest Quatemary fault scarp to the proposed repository. Quaternary—Tertiary basin fill is
thickest, greater than 2;000 ft (600 m) thick (Gates and others, 1980), in the southeastern part
* of the bolson. Rio Grand‘e incision has caused.rnuchheadyvard erosion of arroyos and gullies
draimng Red Light Bolson, and thus Quaternary geomorphic surfaces and associated deposits are
well dissected over much of the southern and central parts of the bolson

Tertiary-Quaternary gravel, sand, and clay basin fill are well exposed in the southern part
of the bolson.' Akersten (1967) proposed two basin-fill formations, the Bramblett and Love
Forrnations, that cornprisethe boutcropping upper 250 ft (7S m) of basin-fill deposits. He
roughly correlated these formations with the Fort Hancock and Camp Rice Formations of the
Hueco Bolson (Strain, 1964,v.19'66, 1971) ‘on the basis of vertebrate paleontology and
sedimentology. Akersten (1967) de_scribed the Pliocene Bramblett Formation as playa clay and -
silt with associated sand and gravel facies. He interpreted that the Brarnblett sediments were
deposited in a playa setting in a closed basrn Akersten (1967) reported that the overlyrng
Plrocene-—Quatemary Love Formatron represents alluvial fan and fluvial sand, gravel, and clay
deposrted in a basin with a through-flowmg axial stream. Large slumps or landslides occur in thev

basin-fill deposits near the Rio Grande in the southern 'part of the bolson (Underwood, 1963;
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Thompson, 1991). Thompson (1991): postulated that the landslide that composes the
Washboard Hills was triggered by a paleoseismic 'event, although his ‘det’ailed study of this
feature is not complete |

At the eastern margrn of Red Light Bolson there isa Quaternary fault zone (figs. 1 and )
that we infer to be 54 mi (87 km) long, about 20 mi (30 km) of which lies in Mexico. This fault
zone is composed of at least two sections, the West Eagle Mountains—Red Hills fault (fault 1) and
the West Indio Mountains fault (fault 3). Also inthis bolson is another down-to-the-west fault,
the Nick Draw fault (fault S). It has a distinct surface trace, although it probably last ‘_moved in

“the late Tertiary.

_ West Eagle Mountains-Red Hills Fault

The West Eagle Mountains—Red Hills fault (fault 1, figs. 1 and 5) is expressed as a dissected -
‘ 0.9-mi-long (1.5-krn) scarp Tocated .wes‘t of the Eagle Mountains and tWo en echelon dissected
scarps, 4.3 _rni» (71 km) and 0.6 mi (1 km) long, located west of Red l?Iills. We infer this tault to be |
as much‘ as 24.8 mi (40 km) long on the basis of assuming that much of the fault’s surface -
expression has been eroded or is covered along the western;margin of Devil Ridge and |

most of the western edge of the Eagle Mountains. This fault strikes N25°-55°W. The
Tertiary-Quaternary basin-fill thickness west of the Eagle Mountalns is about 1, 000 ft (300 m)
,thlcker than the basm fill west of Red Hills, suggesting that different strands of the fault may
have had different rupture histories. - "

The closest scarp to the pro_posed repository is 8.3 mi (13.5 km) south-southwest of th‘e
Faskin Ranch reference point. This sca_rp, west of Red Hills, is very subtle, with a scarp-slope'
angle up to only 4°'an’d scarpv heights between 4 6 and 13 ft (1.4 and 4 rn) The faulted alluvial-
fan deposits, probably middle Pleistocene, have a gravelly stage IV+ calcrete that is locally overﬁ
3ft (1 m) thick. These deposits are vertically offset between 3 and 8 ft (1 and 2.5 m) along the

4.3-mi-long (7-km) scarp
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The projected trace of the West Eagle Mountains-Red Hills fault has no surface expression
where it is covered by upper Pleistocene deposits with a stage II to III pedogenic calcic horizon
and younger, probably Holocene deposits. This reiationship suggests that these upper
Pleistocene and younger deposits are not faulted.

A trench was dug across the trace of this faﬁlt at a locality west of the northern Red Hills
near the closest Quaternary fault scarp to the proposed repository (fig. S). Surficial middle
Pleistocene alluvial-fan deposits are faulted at this locality. There is no distinct scarp at the
trench site; however, the fault trace is well distinguished by (1) changes in vegetation across
the fault where the upthrown block is sparsely vegetated mostly with sage and the
downthrown block is more densely vegetated with abundant greaseWood, (2) a faulted,
stage IV+ calcrete horizon that is exposed only on the upthrown block in gullies that cross the
fault, (3) a subtle but distinct change in the slope gradient of the fan surface across the fault,
and (4) the projected strike of a 4.6-ft-high (1.4-m) scarp that occurs southeast of the trench
site. The surface trace of the fault is very distinct on 1:24,000-scale aerial photographs.

The trench revealed a fault striking N25°-30°W and dipping 85° to 88° southwest (fig. 6).
In the trench, the fault ié expressed as of a zone of disrupted sand- and gravel-sized sediments
having vertiéally rotated pebbles and cobbles. This zone is 2 ft (0.6 m) wide at the base of the
11.5-ft-deep (3.5-m) trénch, and the fault zone narrows upward to }about 0.6 ft (0.2 m) near the
ground surface. On the upthrown fault block poorly sorted cobble-, pebble-, and boulder-sized
limestone and sandstone gravel is capped by a 3- to 4-ft-thick (1- to 1.2-m) K soil horizon
characterized by stage IV+ calcrete. As much as 6 inches (15 cm) of pebbly sand and silt overlies
the calcrete. Two.northwe'st-striking small faults and a fracture also were identified in the coarse
gravel on the upthrown block. |

On the downthrown fault block, th;ee calcic soil horizons and a distinct grain-size contrast ‘
from the upthrown block exist (fig. 6). 'A stage III calcic horizon in mostly cobble- and pebble-
sized gravel occurs about 9 ft (2.‘8 m) below the surface near the base of the trench. It is at least

1.6 ft (0.5 m) wide and sharply abuts the fault. The top of another gravelly stage III to IV calcic
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11 Sand and silt, some limestone-and sandstone 7 Pebble- and cobble-sized gravel, sand, and silt; 3 .Pebble- and cobble-sized gravel, sand, silt, few
pebbles; B soil horizon; pale yellowish brown, buried calcic soil horizon, stage Il to IV * boulders; calcic soil horizon, stage IV+ morphology;
10YRG6/2; 15 to 40 cm thick. ‘ morphology, upper few centimeters of unit gravel is limestone and sandstone; very light gray

L . ) commonly composed of laminated CaCO,; gravel (N8) to white (N9). )

10 Sgnd,-sult, pl.ebb:e-5|ze$ '? rayel, sotmeolc:;)?lel-" is limestone and sandstone; very pale orange . :
sized gravel; calcic soil horizon, stage IV to (10YR8/2) to locally light brown (5YR6/4) and 2 Cobble-, pebble-, and boulder-sized gravel, sand, silt
morphology, Iocally' Iamunated CaCOjin upper. very light gray (N8). and some clay; some sandy lenses as much as 20 cm
part CI’.f :;“ti g’a"’\‘ee' W "mﬁ_j“)"ﬁga"d sandstone; . ‘ thick; some well-sorted pebble-sized gravel lenses as
very light gray (N8) to white (N9). - 6 Sand and silt, some pebble-sized gravel; light much as 30 cm thick; CaCOj, nodules locally; gravel is

9 Pebble- and cobble-sized gravel, sand, and silt; . brown (6YRG6/4) to pale yellow brown (10YR6/2). ~limestone and sandstone; light brown (5YR6/4) to pale
part of calcic soil horizon with unit 10, stage IV ) . yellow brown (10YR6/2).. »
to Il morphology; composition similar to thatof 5 Pebble- and cobble-sized gravel, sand, silt, some 1 Pebble-si . L

" units 7 and 8; gravel is limestone and clay; locally sandy lenses; gravel is limestone and ebble-sized gravel, sand, silt, few cobbles; pebbles
sandstone; very light gray to white to very pale sandstone; light brown (5YR6/4) to pale yellow and cobbles are rotated; fault-zone interval; upper
orange, N8 to N9 to 10YR8/2 brown (10YR6/2). : meter of fault zone within calcic soil horizon, upper 20
¢ ’ e . ; » to 30 cm of fault zone is poorly defined in stage IV

8 Pebble- and cobble-sized gravel, sand, and 4 Cobble- and pebble-sized gravel, sand, silt, some- calcrete.

silt; some CaCOj3 nodules and locally high
_concentrations of CaCOg, with sand and silt
in matrix between gravel; gravel is limestone
and sandstone; light brown to locally very
pale orange, 5YR6/4 to 10YR8/2.

clay, some boulders; locally sandy lenses; buried
calcic soil horizon, stage Il morphology; gravel is
limestone and sandstone; mottled.very light gray
(N8), very pale orange (10YR8/2), and light brown
(5YR6/4).
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Figure 6. Log of trench excavated across the West Eagle Mountains—Red Hills fault (fault 1). Trench location is west of the northem

Red Hills and is shown in figure 5.



horizon is about 4.2 ft (1.3 m) from the surface. This calcic horizon is ébout 3 ft (0.9 m) thick,
,and it valso sharply abuts thé fault. The upper few centimeters of this horizon typically ‘consist‘
of laminated CaCO3. | .

An upper, 2-ft-thick (0.6-‘m) stage IV to III calcié horizon on the downthrown block
consists mostly of sand, silt, pebbles, and a few cobbles. The fault contact with this un‘it‘ is sharp,
and this unit is much more fine grained and more friable thén the stage IV+ calcic horizon on
the upthrown block. The top of the upper calcic horizon on thg downthrown block is about
1 ft ‘(0.3 m) lower than the stagé IV+ calcic horiznn on the upthrown'block.fAt anbother’ small
shallow excav_ation about S0 ft (15 m) south of the large trench, the relief across the fault on
the upper calcic horizon is 1.6 ft (0.5 m). As much as 1 3 ft (0.4 m) of pebbly sand and silt
overlies the calcic horizon on the downthrown block.

The sediments exposed in the trench (fig. 6) r,ecord"evidence of at least two episodes of
, fa_ult movement, sedimentation, and surface stabilization, probably since the middle
Pleistocene. Vertical separations» of tne_calcic horizons suggest thét the ruptures had as mu‘ch as;
4.2 ft (1.3 m) of vertical slip. The relief across the fault on the uppermost calcic soil suggests a
possible third rupture of up to 1.6 ft (O.vS m) of vertical slip. There has been enough time since
the last rupture for dense and slightly laminated calcrete to have precipitated across the uppef |
8 to 12 inches (20 to 30 cm) of the fault. In the trench, fraétures are not \;isible across the fault
in the npper 8 to 12 inches (20 to 30 cm) of the calcic h'oriion at the surface.

The approximate average slip rate of the West Eagle Mountains-Red Hills fault since.’the
middle Pléistocene is».sO.’OZ mm/yr. We‘estimat,ed the average recurrence interval, based on
evidence for three large surface rupturés sincé the middle Pleistocene, to be ébout 80,000 to -
160,000 yr. The Faékin_ Ranch reference point is as close as 6.5 mi (10.5 km) to an inferred part

of the fault, which is projected beneath unfaultedvcovef northwest of the excavation.
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West Indio Mountains Fault

The West Indio Mountains fault (fault 3, figs. 1 and S) separates the Indio Mountains frorn.
the southern part of Red Light Bolson. This fault consists of several strands, strikes N30°~45°W,
- and is inferred to be up to 31 mi (50 km) long. It is interpreted to extend into Chihuahua, |
f_ Mexico, along the western base of the northern Slerra de Pilares. The scarp’ of -one s_trand has a

slope angle of 11° to 14° and a. height of as rnuch as 10 ft ‘(3 m). Erosion has removed much of a
middle Pleistocene alluvial-fan piedmont in this area, but proiectlon of the fan piedmont on
the upthrown and downthrown fault blocks at one locality suggests as much as 30 ft (9 m) of
‘vertical offset on these deposlts.} This fault strand vertically displaces middle-upper Pleistocene
alluvial-fan deposits with stage IV calcrete 6 to 8 ft (1.8 to 2.5 m). Probable upper} Pleistocene : |
arroyo terrace deposits having a stage II to locally III calcic soil, are vertically offset 3 ft (0.9 m)
by this strand, indicating that indiirldual surface rupture events may have ranged from about
_ 3 to Sft(1to1.5 rn) Another fault strand has a scarp with a slope angle of 18° and height of
11.5 ft (3.5 m). Probable upper Pleistocene alluvial-fan gravel and sand deposits with boulders

and cobbles have a stage I to local stage III caldc soil and are vertically offset 8 ft (2 5 m) by

~ this fault.

We estimated the average slip rate since middle Pleistocene to be <0.1 mm/yr 'l'he average

recurrence interval for large surface ruptures since the middle Pleistocene is approximately
40, 000 to 80,000 years The closest distance to the Faskin Ranch reference point is 21.4 mi
(34.5 km). | o _ |

- The West Indio Mountains and the West Bagl'e .Mountains-Red Hillsfaiilts ar’e-interpreted
to have‘had separate rnpture histories because (>1)> different amounts of basin-fill thicknesses
occur on the downthrOWn'fault blocks,‘ (2) the en e‘chelon faults are separated' by 2.5 mi (4 km),
antl (3) the West Indio Mountains fault displaces upper Pleistocene deposits whereas scarps of

the West‘ Eagle Mountains-Red Hills fault are absent in upper Pleistocene -deposits.f

29



Nick Draw Fault

The short, 1.5-mi-long (2.5-km) Nick Draw fault (féult S, figs. 1 and S) occurs in the
southwest part of Red Light Bolson. This fault strikes N10°-15°E and dips west. About 0.7 mi
(1.2 km) of the f‘ault‘is a well expressed scarp with erosion-resistant Tertiary ignimbrite of the
upthrown block in contact against Quaternary-Tertiary basin-fill deposits of the hangingwall
block. Displacement during Quéternary is uncertain. Nick Draw fault’s closest distance to the

Faskin Ranch reference point is 18 mi (29 km).

" HUECO BOLSON

The Hﬁeco Bolson, located in westernmost Texas and Chihuahua, Mexico, is more than
105 mi (170 km) long, and most of the basin is between 15.5 vand 31 mi (25 and SO km) wide.
This intermontane basin is composed of two strﬁctural basins (Collins and Rémey, 1991). The
northwest Hueco Basin trends northward and contains Quaternary faults that genetally strike
northward, whereas the southeast Hueco Basin trends northwestward and is composed of faults
that strike nonhwestWard. Cenozoic basin fill is as thick as about 8,800 to 9,800 ft (2,700 to
3,000 m) (Mattick, 1967; Ramberg and others, 1978; Wen, 1983; Collins and Raney, 1991¢; Hadi
and Moss, 1991). The Rio Grande flows along the axis of much‘of the Hueco Bolson; thus,
arroybs and gullies of this intermontane basin drain into the river. Only about 100 ft (30 m) of
the youngest sediments of the basin-fill sequence are exposed in outcrops. This part of the
basin-fill sequence comprises the Pliocene to Quaternary Fort Hancock and Camp Rice
Forrhations (Strain, 1964, 1966; Albritton and Smith, 1965; Riley, 1984; Stuart and’Willingham,
1984; Vanderhill, 1986; Gustavson, 1991). Fort Hancock sediments wéte deposited in a‘bolson
setting. These sediments aré mostly lacustrine clay with some bedded gypsum, silt, and alluvial
fan gravel, sand, silt, and clay, although fluvial deposits appear locally. Camp Rice sediments
unconformably overlie Fort Hancock deposits. The Camp Rice is composed of sand and gravel

and lesser amounts of silt and clay, and the unit represents alluvial fan, fluvial, minor lacustrine,
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and floodplain deposition. Camp Rice braided-stream deposits near the basin axis were left by
the ancestral Rio Grande after it developed as a through-flowing stream (Albritton and Smith,
196S). Quaternary surficial deposits mostly represent coalescent-alluvial fan, alluvial fan, arroyo
terrace, Rio Grande alluvial and terrace, and eolian deposition. |

Numerous Quaternary faults exist in the Huecd Bolson. Many of the faults of the
northwest basin (fault zone 30, figs. 1 and 7) are covered by windblown sand and have subtle
surface traces (Seager, 1980; Henry and Gluck, 1981; Collins and Raney, 1991c). However, the
East Franklin Mountains fault zone (faults 28a and b, figs. 1 and 7) has distinct scarps. and has
been one of the most active Quaternary fault zones in the bolson. This approximately
28-mi-long (45-km) fault zone consists of two parts: (1) a 15.5-mi-long (Zs-km) north section
that we refer to as the East Franklin Mountains fault (fault 28a) and (2) a 15.5-mi-long (25-km)
south section that we call the Southeast Franklin Mountains fault (fault 28b). The Southeast
Franklin Mountains fault (fault 28b) bounds the southeast part of the Franklin Mountains and
probably extends into Chihuahua, Mexico. This southern fault section was not studied in detail
because its surface expression has been disturbed by construction in El Paso, and it is covered
by apparently unfaulted Rio Grande alluvium south of the Franklin Mountains. The northern
fault section of the zone, the East Franklin Mountains fault (fault 28a), flanks most of the
eastern side of thé range. |

Quaternary faults of the southeast Hueco Bolson (figs. 1 and 8) consist of two main zones
that bound a 9- to 15-mi-wide (15- to 25-km) graben (Collins and Raney, 1991¢). The Quaternary
fault zone bounding the northeast margin of this graben (figs. 1 and 8) is about 65 mi (105 km)
long and consists of six sections: (1) the Northwest Campo Grande fault (fault 12a), (2) the |
Middle Campo Grande fault (fault 12b), (3) the Southeast Caxﬁpo Grande fault (fault 12¢),
(4) the Arroyo Diablo fault (fault 10), (S) the North Caballo fault (fault 2a), and (6) the South
Caballo fault (fault 2b). Antithetic to the north and south Caballo faults is a large Tertiary fault
that apparently has not moved during the Quaternary, the Schroeder fault (fault 27). The fault

- zone flanking the southwest margin of the Hueco Bolson, the 43-mi-long (70-km) Amargosa

31



3puBiD Ol

I ———— —

« Ciudad
* Juarez

+++ Normal fault having Quaternary
displacement; dotted where inferred
and covered.

—~————  Fault scarp covered by windblown sand.

TrTrTT it Fault scarp or fault trace in basin-fill
deposits; late Tertiary displacement; no
Quaternary displacement or Quaternary

displacement uncertain; dotted where
inferred and covered. ' 28a Fault number QAa3407¢

Area of higher relief

Figure 7. Quaternary faults, northwest Hueco Bolson. Geometric and displacement characteristics of
the numbered faults are reported in tables A-1 and A-2.
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Figure 8. Quaternary faults, southeast Hueco Bolson. Geometric and displacement characteristics
of the numbered faults are shown in tables A-1 and A-2.

33



fault zone, is composed of three sections: (1) the Northwest Amargosa fault (fault 11a), (2) the
Central Amargosa fault (fault 11b), and (3) the Southeast Amargosa fault (fault 11c¢). Several
shorter Quaternary faults also exist within the main graben of the southeast Hueco Bolson.
They are the Arroyo Macho fault (fault 14), Acala fault (fault 26), and Ice Cream Cone fault

(fault 4).

East Franklin Mountains Fault

The East Franklin Mountains fault (fault 28a) bounds the east flank of the Franklin
Mountains and the west edge of the Hueco Bolson (figs. 1 and 7). It was called the East
Boundary fault of the Franklin Mountains by Lovejoy (1971, 1972), although in more recent
investigations by Machette (1987) and Collins and Raney (1991¢) it was'referred'to as the East
Frankﬁn Mountains fault. Characteristics of this fault zone and the local geology were described
by many other workers, including Richardson (1909), Sayre and Livingston (1945), Harbour
(1972), Lovejoy and Hawley (1978), LeMone (1984), Machette (1987), Dyer (1989), and Collins
and Raney (1 9916). The East Franklin Mountains fault strikes N10°W-N10°E, dips eastward, and
is composed of several fault strands (Collins and Raney, 1991c). Scarps commonly have
compound-slope angles and the steepest slope angles are between 13° and 23°. Multiple
rupture events have caused older Quaternary surfaces to be offset more than younger surfaces,
and scarp heighfs generally range between 128 and 18 ft (39 and 5.5 m) because of the
different ages of the faulted Quaternary surfaces along the fault trace (Collins and Raney,
1991c¢). The scarp heights generally do not reflect the true offset of the Quaternary surfaces
because of the steep depositional slopes (commonly 5° to 6.5°) of the alluvial surfaces at the
margin of the mountains and because postfaulting deposition typically covers the faulted
surface on the downthrown block. In a previous study Machette (1987, his table 1, p. 44)
reportéd scarp-slope angles between 10° and 26° and scarp heights between 6.5 and 197 ft

(2 and 60 m).
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Middle Pleistocene sediments, pfobably equiveleﬁt to the Jornada I morphostratigraphic
unit (fig. 3), ére verticaliy offset at least 105 ft (32 m). A middle to uppef Pleistocene alluvial-
fan surface has been vertically displaced at least 28 ft (8.5 m). An ﬁpper Pleistocene alluvial-fan
surface has been vertically offset at least (14.7 to 19.6 ft) 4.5 to 6 m (Collins and Raney, 1991c).
Machette (1987, p. 27) reported that sediments of late Pleistoc_enevto Holbcene‘ age, Isaacks
Ranch or younger alluvium, are offset by this fault across a 12-ft-high (3.7-m) scarp.“ The |
apprdximafe throw during the last rupture event ranged betwe_en 5.5 and 10 ft (1.7 and 3 m)
(Collins and Raney, 1991c). Machette (1987, p 27) suggested thatv the youngest scarps along
the East Franklin Mouhtains fault are early Holocene or late Pleistocene, about 10,000 to
5,000 yr old, on the basis of scarp morphblogy.

The approximate average slip rate since mviddle‘Pleist0cene is <0.25 mm/yr. The average |
recurrence interval for large surface ruptures since middle Pleistocene is roughly estimated to
be about 15,000 to 30,000 yr. Ongoing detailed investigations of this fault by Keaton (1993)
may provide a more precise evaluation of the recurrence interval for this fault. The East
‘Frar'xklin Mountains fault is 85 mi (138 km) from the Faskin Ranch reference point and is
included’ in this report because it has been one of the most active Quaterﬁary‘ faults in ‘V

Trans-Pecos Texas.

Campo Grande Fault Zone

The Campq Grande fault zone (faults 12a, 12b, ahd 12c, figs. 1 and 8) is a 28-mi-long
(45-km) series. of faults that bound the northeast side of the Hueco Bolson (Collins and Raney,
1990, 1991a, b, c). This zone lies approximately midway between the Rio Grande and Diablo

v Plateau margin ahd is composed of en echelon fault strands that are 0.9 to 6 mi (1.5 to 10 km) |
long and that have strikes of N25°-75°W. Dips are between 60° ahd 89° southwest, arid grooves

on fault planes indicate mostly dip-slip movement. Subsurface studies indicate that the surface
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trace of the Campo Grande fault zone represents three en eclylkelon‘ sixbsurfaée fault sections,
the northwest, middle, and southeast Campo Grar.lvde faults (Collins and Raney, 1991a, c).

The northwest Campo Grande fault (fault 12a) is 13 mi (21 km) long. Its scarp is mostly
covered by windblown sand, although at one locality the thrbw across middle PleiStocen,e
deposits is about 46 ft (14 m). The averége slip tat'e since middle Plefstocene is eStimatve'd to be
0.1 mm/yr. The average recurrence interval for ’la'rge ‘surfvace ruptures since middle Pleistocéne. '
is aboui 35,000 and 70,000 yr. This fault’s closest distance to the Faskin Ranch reference point
is 45 mi (72 km). "

The middle Campo Grande fault (fault 12b) is 13 mi (21 km) long. Windblown sand covers
the entire surface expression of this fault "section; thtis, displac_ement of Quaternéry surfaces is
- unknown. This fault’s closest distance to the Faskin Ranch referente point is 40 m1 (64 km).

The southeast Campo Grande fault section (fault 12c) is the best surface expression of the
zone (Collins and Raney, 1990, 1991a, b, c). The heights of scarps for this fault vsect'iorn range
between § aﬁd 37 ff (1.5 ahd 11.5 m) and scarp sloﬁes are 4° to 17°. Middle Pleisfbcené
coalescent-fan piedmont deposits having a stage v to 'V calcrete ére vertically offset as much as
32 ft (10 m). Middle to upper Pleistocene gravelly arroyo-terrace qéposits having a stage III |
to IV calcic soil are vertically offsét as much as 10 ft (3 m). Youﬁger upper Pleistocene arroyo-
terrace deposits having a stage II calcic horizon are unfaulted. On the downbth‘rowr‘l‘ block of one
surfaée fault strand, faulted nongr#velly céldt soil horizons (1.6 to 3 ft [0.5 to 1.0 m thick]; |
stage III) that have vertical separations of 3 to 6.5 ft (1 to 2 m) indicate at least -fix’r_e gpisodes of
displacement, deposition, and surface stabilization since the middle Pleistoéene. Maximum
vertical offsets during vsingle faulting events have been as.much as 6.5 ft (2 m), judging from the
vertical sepatations of these faulted, calcic soil horizons. Maximumv‘%ertical offsetv during the last
faulting event was about 3 to § ft (1 to 1.5 m). The approximate average slip rate for Iarge
surface ruptures since middle Pleistocéne is approximately 50,000 tb 100,000. The Campo

Grande fault’s closest distance to the Faskin Ranch reference point is 26 mi (42 km).
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Arroyo Diablo Fault

The 9.3;mi-long (15-km) Arroyo Diablo fault (fault 10, figs. 1 and 8) also bounds the |
northeas_fem mérglh of the southeast Hueco Bolson and is located about 3 to 4 mi (5 to 6 klh)
south of the Finlay Mountains‘. This fault, previouSiy studied by Collins and Raney' (1991c, btheirv
fault 10), strikes N30°—60°W, and in Qutcrops it dips about 60° to 85° southwestward. Much of
the trace of the Arroyo Diablo fault is covered by' unfauited sedimehts of late Pleistocene and
Holocene age. Where a scarp is preserved on a middle-‘Ple'i‘stocene coalescent.-fdn piedmont
having stage IV to V calcrete, the scarp iﬁvcommonly covered by windblown sand. The mosi » |
distinct, uncovered scarp has heights between §.5 and 8 ft (1.7 and 2.5 m). This scarp has |
compound slopes that have angles as mui:h as 15° at the steepést part of ‘tﬁe scarp. Middle
Pleistocene deposits having stage IV to V calcrete are displaced vertically as much as 3 m (10 ft).
The a‘pproximvate vertical displacement on the Arroyo Diablo fault.vduring the last surface
rupture v.vas. about 2 ft (0.6‘ m), assuming thai the steep parts of compound scérps reflect the
latest single rupture event. The avefagé slip rate since middle Pleistocene is <0.02 mm/yr. The
average recurrence interval for large surface iupfuteﬁ since the middle Pleistocene is about
125,000 to 250,000 yr. This fault’s closest distance vt'o' the Faskin Ranch reference point is

~about 24 mi (39 km).

Caballo Fault Zone

The 29-mi-ldng (48-krh) Caballo fault zone (faults 2a and 2b, figs. 1 and 8) bounds the west
flank of the Quitman Mountains and the east margin of the southeast Huecd Bélson. Jones and
Reaser (1970) named a fault strand ﬂanking the sduthem Quitman Mountains the Cabéno fault;
and Collins and Raney (l§91c) described the possible northwest extension of the fault. The
fault zone is composéd .of two sections, a North Caballo fault (fault 2a) and a South Caballo féulf

(fault 2b). Bbth sections strike N35°-55°W and dip southwest. Most of the fault zone is difficult
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to identify in the field and on aerial photographs because of erosion of the Quaternaryvsurfidal
sediments and geomorphic surfaces. |

‘Most of the 13.6-mi-long (22-km) North Caballo fault (fault 2a) is inferred (figs. 1 and 8). A
1.5-mi-long (2.5-km) well-dissected topographic scarp is postulated to be a fault scarp, although
it has not been excavated; Locally this scarp has a compound slope angle, and its total height is
34 ft (10.5 m). The steep part of the compound slope is 15°. Along the scarp, a middle to upper
Pleistocene fan surface may be displaced vertically 23 ft (7 m). The scarp is not expressed in
youriger upper Pleistocene deposits. Projection of a dissected thiddle Pleistocene alluvial-fan
surface (stage IV-V calcrete) across the inferred fault trace suggests as much as 78 ft (24 m) of
vertical offset, although erosion of sediments ‘makes precise measurement difficult (Collins and
Raney, 1991¢). The approximate amount of vértical offset during the ‘last su_rface rupture was
about st ft (1.7 m), assuming that the steep part of the compound scarp reflects the latest
single rupture event. The average slip rate since middle Pleistocene is 0.2 mm/yr. The average
recurrence interval for large surface ruptures since middle Pleistocene is estimated to be 20,000
to 40,000 yr. The North Caballo fault’s closest distance to the Faskin Ranch reference point is
14.3 mi (23 km).

Much of the 16-mi-long (26-km) South Caballo fault cuts Quatemary(?)—Tertiary basin-fill
sediments cropping out on both sides of the fault or the fault has displaced basin-ﬁll' deposits
against Cretavceous bedrock. At one locality tﬁe fault has a steep dip of about 70° to 80°
southwestward. This South Caballo fault is not expressed by a scarp on middle Pleistocene fan
surfaces and does not displace colluvium that covers the base of the mountains and edge of the
basin. These field observations suggest this fault has not moved at least since the middle
Pleistocene. It is unknown if any faulted basin-fill deposits are early Pleistocene. The south

Caballovfault's closest distance to the Faskin Ranch reference point is 15 mi (24 km).
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Amargosa Fault Zone

The Amargosa fault zone (faults lia, 11b, and llc( figs. 1 and 8) ‘ﬂenks,the northeast baie,
vbf Sierra> de S:in Ignaci‘o,’ Sierra de ia Amérgosa, and Sierta San Jose del Prisco o'vahihua_hUa, ‘ |

Mexico; anci separates these mountains from the southwest edge of the »Huecov Bolson (Collins
and Raney, 1991c, their fault 14). The fault ione has a very well expressed surface trace of

‘ about 43 mi (70 km) and a regional ﬁtrike of N40°-50°W. It dibs northeast between 755 and 805
at the surface. The fault appears to exhibit mostly vertical oifset where we studied it, althougii
Barnes and others (1989)} and Keaton and. others (1‘98:9) repoited grabenlike extensional |
features along the fault as .evidence of lateral components of fault slip. |

This fault zone (figs. 1 and 8) consists of three fault sections, the 13-rnijlong (21-km)

‘Northwest Amar"gosa fault (fault 11~a); the 22-mi-long (35.5-km) Central Amargosa fault »
(fault 11b), and the 6.2-mi-iong (10-km) Southeast Amargbsa fault (fault 11c). The northwest and
central faults have zin en echeion boundary, whereas the boundery between the central and
southeast faults is a gép (fig 9). The VNorthwest_’Amaréosa fault consists of four main, closely
Spaced en echelbn strands that step to the right (figs. 8 and 10a, b, ¢). The en echelon
boundary between the northwest and central sections i a 0.4-mi-wide (0.7-km) left step
(fig. 9a). The Central Arnargosa fault section eonsists‘ of five main fault strands vand many
subsidiary strands. Along this fénlt se‘cti_on, Ythe‘ main northwestern ,stra‘nds step to the 'right and
the main southeastem strands step to t'he’ left (figs. 8 and 104, e, f, g). PoSsible ramps or :

b. stiuctural bridgesvate ei(pressed at tWO of the close‘ly‘en echelon fault bqundaries (fig. 10). We
postulate that some of the faults associeted within the ramp structures may exhibit slip 'bbliqué
to the fault dip. The fault section bonn'dary between the Central Amatgosa and Southeast

’ Amar'govsavfaults is a 2.2-mi-wide (3.5-m) gap (fig. 9b). The Southeast Amargosa fault icomp»rises
two main, left-stepping en echelon strands (figs. 8 and 10h). |

The Aniargosa feiult zone has the most ciistinct»feult scarps in the southeast Hueco Bolson.

Scarp-slope angles are'betWeen 19° and 27°. Scarp heights range between 105 and 9 ft
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Figure 9. Section boundaries of the (a) Northwest Amargosa fault (fault 11a) and Central Amargosa
fault (fault 11b), and (b) Central Amargosa fault (fault 11b) and Southeast Amargosa fault
(fault 11¢). Locations of (a) and (b) are shown in figure 8 as arrows along the Amargosa fault zon
(faults 11a, 11b, and 11¢). v :
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Figure 10. Fault strand boundaries along the Amargosa fault zone (faults 11a, 11b, and 11c,
fig. 8). Areas (a) through (c) are along the Northwest Amargosa fault (fault 11a, fig. 8),
(d) through (g) are along the Central Amargosa fault (fault 11b, fig. 8), and (h) is along the
Southeast Amargosa fault (fault 11c).



(32 and 2.8 m), depending on the age of faulted sediments adjacent to the fault, because
multiple ruptures have caused older Quaterriary surfaces to be offset more than younger ones.
Middle Pleistocene fan-piedmont deposits having stage IV to V calcrete are offset vertically
78 ft (24 m) across the Northwest Amargosa'fault (fault 11a). Middle to upper Pleistocene
arroyo terrace and fan déposits having stage III to IV calcic solls are offset veitically as much as
21.3 and 19.6 ft (6.5 and 6 m) across the Northwest Amargosa and Central Amargosa faults
(faults 11a and 11b, respectively). Younger upper Pleistocene Arroyo terrace and fan deposits
having stage II calcic soils are displaced vertically 8.2 to 14.7 ft (2.5 to 4.5 m) across the
Northwest Amargosa fault (fault 11a). Results of aerial photographic mapping suggest that
young, possibly Holocene deposits,' may be offset af some localities along the Amargosa fault
(Collikns and Raney, 1991c). The average slip rate since the middle Pleistocene is <0.2 mm/yr.
The average recurrence interval for large surface ruptures since the middl‘e Pleistocene is about
20,000 to 40,000 yr. The Southeast Amarg.osa fault is the closest fault section of this zone to the
Faskin Ranch reference point. It is 25.4 mi (41 km) away. The central and northwest fault

sections are 27 and 38.5 mi (43 and 62 km) from the Faskin Ranch reference point.

Acala Fault

The Acala fault (fault 26, figs. 1 and 8) strikes N40°-50°W, dips squthwest, and has a surface
trace of about 6.2 mi (10 km) (Collins and Raney, 1991c, their fault 7). The scarp has a single-
slope angle of 9° (maximum), and the scarp is abput 7.2 ‘ft (2.2 m) high. Middle Pleistocene
alluvial-fan-piedmont deposits having a stége IV to V calcrete are estimated to be displbace>d '
vertically about 59 ft (18 m). A shbrter fault scarp having a sﬁrface trace of about 1.8 mi (3 km)
(Collins and Raney, 1991c, their fault 8) is roughly en echelon to the longer scarp. The shorter
scarp strikes 'N60°-70°W and dips southwest. Its scarp has a single-slope angle of about 4°, and
the scarp is only about 3 ft (1 m) high. Middle Pleistocene alluvial-fan déposits having a stage IV

to V calcrete are vertically offset about 13 ft (4 m). The average slip rate since the middle
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Pleistocene is 0.2 mm/yr. The average recurrence interval for large surface ruptures since the
middle Pleistocene is approximately 30,000 to 60,000 yr. The Acala fault’s closest distance to

the Faskin Ranch reference point is 42 mi (68 km).

Arroyo Macho Fault

The short 0.9-mi-long (1.5-km) Arroyo Macho fault (fault 14, figs. 1 and 8) strikes N30°-
40°E and dips southeast (Collins and Raney, 1991a, théir fault 11). Albritton and Smith (1965)
measured 6.5 ft (2 m) of di»splacement. on middle Pleistocene aliuv_ial-fan deposits having a stage
IV to V calcrete. The average slip rate since the middle Pleistocene is <0.01 mm/yr. The average
recurrence interval for surface ruptures since the middle Pleistocene is approximétely 125,000
to 250,000 yr. Arroyo Macho fault’s closest distance to the Faskin Ranch reference point is 27.3

mi (44 km).

Ice Cream Cone Fault

The northwest-trending Ice Cream Cone fault (fault 4, figs. 1 and 8) strikes N15°-60°W,
dips as much as 85° southwest, and has a surface trace of about 5.6 mi (9 km). This fault,
described by Collins and Raney (l99lc, their fault 12), appears‘to vertically displace middle-
upper Pleistocene deposits 45 ft (13.8 m), although extensivé erosion of the area makes
correlation of the faultéd middle to upper Pleistocene deposits difficult. Younger upper
Pleistocené gravel deposits are not faulted. Recent ihvestigation of seismic reflection data
indicates that the Ice Cream Cone fault is antithetic to the Schroéder fault (fault 27, figs. 1
and 8), a larger Tertiary fault. The average slip rate since the middle to late Pleistocene is
<0.1 mm/yr. Because data on fault displacement are sparse, the approximate average recurrence
interval for surface ruptures since the middle-late Pleistocene only was estimated as greater |
than 15,000 yr. The Ice Cream Cone fault’s closest distance to the Faskin Ranch reference

point is 18 mi (29 km).
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Schroeder Fault

* The 'Schroeder fault (fault 27, figs. 1 and 8'). lacks surface expression but is well defined on
seismic reflection data.. This fault is at least about 1‘1.5 mi (18.5 km) long, and it strikes about
~ N30°-50°W and dips eastward. Selsmic reflection data indicate that this fault dips about 60° in
the subsurface. The fault does not appear tocut Tertiary-Quatemary‘ basin-fillﬂ deposits that are: .
exposed in arroyos that cross the projected fault trace; thus, we pOstulate that the fault has‘ not g
ruptu‘red since the late Tertiary. It is possihle that Quaternary displacement of the Schroeder |
fault (fault 27) cannot be distinguished vvith avail’al)le ‘outcrops. If the Quaternary Ice Cream
Cone fault (fault 4) is an antithetic fault related to the Schroeder fault (fault 27), then
- Quaternary displacement on the Schroeder fault may also have occurred. The Schroeder fault’

closest distance to the Faskin Ranch reference_point is 18.3 mi (29.5 km).

LLANOS DE CHILICOTE

| Llanos de Chilicote lies in 'Chihuahua, Mexico, southwest of the propoSed Eagle Flat
-repository. Two faults, the West Sierra dela Lagrima fault and the West Sierra Labra fault (faults
23 and 25, respectively, fig 1), und mountain ranges of the Llanos de Chilicote region and
have been mapped as the contact between Tertiary-Quaternary gravel and sand deposits and
Cretaceous bedrock on the San Antonio El Bravo sheet (Coordinacion General de los Servicios
Nacionales de Estadistica, 1982)-~We have not studied these faults using aerial photographs
because we have had no access to photographs, and ‘we have not visited the area on the
ground. Thus, we do not know if fault scarps exist in this area. Surface expression and
» Quatemary offset of these faults is uncertain on the basis of the Gries (1979 1980) hypothesis '
| that Cenozoic extension in this region may have reactivated older structures and caused
flowage of thick evaporite sequences and that Cenozoic extension may not be expressed as -

faults at the surface,
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West Sierra de la Lagrima Fault

The West Sierra de 1a Lagrima fault (fault 23, fig. 1) has been mapped as a 4'1~km-long
(25.4-mi) structure that strikes north-northwest at N5°-35°W and dips west (Coordinacién
General de los Servicios Nacionales de Estadistica, 1982).'This fault’s closest distance to the

Faskin Ranch reference point is 40 mi (61 km).

West Sierra Labra Fault

The West Sierra Labra Fault (fault 25, fig. 1) has been mapped as a 13.6-mi-long (22-km)
structure that strikes north-northwest at N0°~30°W and dips west (Coordinacién General de los
Servicios Nacionales de Estadistica, 1982). This fault’s closest distance to the Faskin Ranch

reference point is 40 mi (65 km).

SALT BASIN GRABEN SYSTEM

The north-trending Salt Basin graben system lies east of the proposed repository site. The
graben system comprises a 124-mi-long (200-km) series of fault-bound basins that include, north
to south, the Salt, Wild Horse Flat, Michigan Flat, Lobo Valley, and Ryan Flat Ba'sins'(ﬁgs. 1
and 2). The Salt Basin is greater than 62 mi (100 km) long and is 7.4 to 15.5 mi (12 to 25 km)
wide; the southern part is sometimes referred to as the Salt Flat geographic area. Surface
drainage of ihe Salt Basin is inward, and alkali flats exist on the bolson’s floor. King (1965)
thought that the alkali flats might be the remnants of earlier, more extensive lakes. He also
recognized ridges that he thought might mark the shores of an earlier Pleistocene lake. At the
edges of the Salt Bésin, alluvial fans have built out from the mountains to form a relatively
broad, 1- to S-mi-wide (1.6- to 8-km) alluvial slope. King (1965) reported that alluvial-fan
deposits in the basin probably have a wide age range. He also recognized that smaller fans with

the steepest gradients and coarsest fanglomerate are along the part of the Sierra Diablo north of
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the Baylor Mountains, where the most recent faulting has resulted in active erosion and
deposition. Goetz (1977, 1980) mapped Quaternary.faults aﬁd aerial-photograph lineaments in
this basin and in the Wild Horse Flat Basin. She recognized that the graben is asymmetric and
that the thickest basin-fill deposits are on the western margin. Tertiary to Quaternary vbasin-fill
in the Salt Basin is greater than 2,000 ft (600 m) thick in some areas (King, 1965; Goetz, 1977,
1980; Gates and others, 1980).

Wild Horse Flat Basin lies south of Salt Basin, and it is about 18.6 mi long (30 km) and about
9.3 mi (15 km) wide. This basin receives surface drainage from Lobo Valley and Michigan Flat,
and the surface drainage flows into Salt Basin. Similar to Salt Basin as well as Lobo Valley,
Michigan Flat, and Ryan Flat, alluvial fans have built out from the bounding mountains into the
basin and the fans coalesce into an alluvial plain. The floor of Wild Horse Flat does not contain‘
alkali flats. Quaternary-Tertiary basin-fill deposits are thicker than 1,000 ft (300 m) in Wild
Horse Flat Basin (Gates and others, 1980).

Lobo Valley Basin is south of Wild Horse Flat Basin, and the valley receives surface
drainage from southeast Eagle Flat and Ryan Flat. The Lobo Valley Basin is about 34 mi (55 km)
long and is 5.6 to 7.5 mi (9 to 12 km) wide. It is generally narrower than the other basins of the
Salt Basin graben system. Tertiary—Quaternary basin-fill deposits are thicker than 1,000 ft
(300 m) in the northern part of Lobo Valley Basin, and the basin is asymmetric with thicker
Cenozoic fill along the western half of the basin (Gates and others, 1980). Ryan Flat Basin is
southeast of Lobo Valley Basin. It is about 31 mi (50 km) long and about 12.4 mi (20 km) wide.
Surface drainége flows into Lobo Valley. Quaternary-Tertiary basin-fill deposits in Ryan Flat
Basin are thicker than 500 ft (150 m), according to Gates and others (1980).

The western side of the Salt Basin Graben system is characterized by an approximately
105-mi-long (170-km) series of Quaternary faults. Some Quaternary faults also exist along parts
of the eastern side of the graben system. Many of the Quaternary faults along this system had
previously been identified by Twiss (1959), King (1965), Belcher and others (1977),

Muelhberger and others (1978, 1985), and Goetz (1977, 1980). We divide the long series of
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| west bo‘undary faults into three main fault zones- (1) the 59-mi-long (95-km) WeSt Salt Basin
fault zone, (2) the 25-mi-long (41 km) East Carrizo Mountain—Baylor Mountain fault, and (3) the

40. 3-mi-long (65 km) West Lobo Valley fault zone (figs. .1 and 11).

SALT BASIN FAULTS

~ The Salt Basin (ﬁgs 1 and 11) is bounded by the West Salt Basin fault zone on the west and
the Delaware Mountains fault zone on the east. Covered Quaternary faults also may flank the
west side of the Guadalupe Mountains,' the highest range’ of the region with an elevation up to -
8,750 ft (2,667 m). The West Salt Basin fault zohe is composed of at least four sections: the
'Dell City fault (fault 29), East Flat.Top Mountains fahlt (fault 21), the North Sierra Diablo

fault (fault 22), and the East Sierra Diablo fault (fault 8).

Dell City Fault

The Dell City fault (fault 29, figs. 1 and 11) strikes N45°—65°W and dips northeastWard. It is
‘about 11.8 mi (19 km) long. It is unknbwh if this faui_t has had Quaternary movement. The faultb
is covered and the fault’s trace is identified by the contact between P'ermian. limestone and
Quaternary alluvium. This fault’s c_losest distance from the Faskin Ranch reference point is

45 mi (72 km).

East Flat Top Mbuntains Fault

Thirty-four miles (53 ’km);north-northeastb of the Faskin Ranch reference point, the East
Flat Top Mountains fault (fault 21, figs. ‘1 and 11) bounds the west side of the Salt Basin. This
14.2-mi-long (23-km) fault strikes northward at N25°W-N$°E and dips toward the east. Aeiial
photograph studies indicate that scarps between 0.3 and 1.2 mi (0.5 and 2 km) long are

present, although about 80 percent of this zone is covered or inferred. One subtle scarp located
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Figure 11. Quaternary faults, Salt Basin graben system. Boundary of Neal fault (fault 16a) and
Mayfield fault (fault 16b) shown in inset map (a). Boundary of Mayfield fault (fault 16b) and Sierra
Vieja fault (fault 16c) shown in inset map (b). Geometrlc and displacement characteristics of
numbered faults shown in tables A-1 and A2,
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at the northern part of this fault has a scarp-slope angle of 3° and height of about 8 ft (2.5 m).
- The faulted surficial sediments at this locality ere uneonsolidated, lack a well-developed calcic
soil horizon, and probably are Holocene or late Pleistocene. Offeet of the faulted geomorphic

surface is about S ft (1.5 m).

North Sienja Diablo Fault

The North Sierra Diablo fault (fault 22,}fligs. 1 and 11) strikes weetward at N75°-85°w, dips
north, and separates the north part of Sierra Diablo from the Salt Basin. About 70 percent of
the 8 3-mi long (13.5-km) fault is covered or inferred, although a 2 S-mi-long (4-km) scarp occurs
'at the fault’s eastern end. This fault's closest distance to the Faskin Ranch reference point is

33.5 mi (54 km).

East Sierra Diablo Fault

The 23-mi-long (3‘7-km)v »Eas/t Sierra Diablo fa_ult (fahlt 8, figs. 1 and 11) strikes northward at‘
N10°W-N20°E, dips toward the east, and bounds the eastern base of Sierra Diablo. This fault is
composed of a series' of abont bll en echelon fault strands, and about 60 percent of the fault’s
length is covered or inferred. The longest continuous scarp, located at the northem part of the
East Sierra Diablo fault, is 3 mi (5 km) long, and it has a scarp-slope angle of 8° and height of
6 ft (1.8 m). At the northern part of this longest scarp, the faulted surficial se_diments consist of
an upper, unconsolidat_ed, 6.5-ft-thick (2-m) all:uvial-fan package of probable Hotocene-upper
Pleistocene boulder- ‘to pebble-sized gravel and' sand with a stage II tovIv calcic soil. »This upper
sediment package overlies an older, mtddle Pleivstocene‘g'r‘avel and sand alluvial-fan sediment
" patkage with a greater than 3v-ft-thick‘(1-m) stage IV caICrete horizon‘that probably marks ba
buried alluvial-fan surface. Vertical offset on the upper sediment package is ahout 5 ft (1.5 m).
Displacex_nent of the lower,k stage IV calcrete honzon cannot be measured along most of the

scarp without excavation because the horizon is not exposed in most of the gullies on the
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downthrown fault block. At one locality, however, along the southern part of the 3.1-mi-long
(5-km) scarp, the stage IV calcrete horizon is vertically displaced 13 vft (4 m). It is unknown if
the entire length of this fault has had the same rupture history. The apprdximate average slip
rate since middle Pleistocene is low at <0.03 mm/yr, although relatively young upper
Pleistocene-Holocene deposits are faulted. The average recurrence interval for large surface
ruptures since middle Pleistocene is about 80,000 to 160,000 yr. The East Sierra Diablo fault’s

closest distance to the Faskin Ranch reference point is 23 mi (37 km).

West Delaware Mountains Fault Zone

The West Delaware Mountains fault zone (fault 24, figs. 1 and 11) trends northwest at
N25°-45°W, dips southwest, and separates the west flank of the Delaware Mountains from the
deep part of the Salt Basin. This fault zone is about 40 mi (64 km) long and consists of multiple
subparallel and en echelon fault strands. Most scarps are between 0.6 and 4.3 mi (1 and 7 km)
long. At the northern part of the West Delaware Mountains fault zone, multiple northwest-
striking faults form a broad, 1.8- to 3-mi-wide (3- to 5-km) zone. Aerial photograph investigation
of the faults in this broad zone suggest that Quaternary geomorphic surfaces of different ages
are offset different amounts, although our field studies only focused on one scarp that cuts two
upper Pleistocene-Holocene(?) surfaces.

The scarp of the northwesternmost, 4.3-mi-long (7-km) fault strand of this zone has a slope
as great as 11° and height up to 7.5 ft (2.3 m). Soils in this area are gypsiferous as well as calcic.
Upper Pleistocene to Holocene(?) deposits having a soil with a stage II calcic morphology are
dispiaced vertically about 5.2 ft (1.6 m). Where the scarp intersects a younger upper
Pleistocene-Holocene(?) surface, the scarp is 4 ft (1.2 m) high and has a slope of 9°. Vertical
displacement across the younger deposits that also have a stage II calcic soil morphology is
3 ft (0.9 m). Unfaulted arroyo terrace deposits are more than about 5,700 yr old, according to a

corrected radiocarbon date of carbon (humic soil material) in the unfaulted terrace (R. Langford,
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personal communication, 1993). The fault zone's closest _distance»to;the Faskin Ranch reference

point is 40_mi (64 km).

* WILD HORSE FLAT BASIN FAULTS
East Carrizo Mountain-Baylor Mountain Fault

“The 25 4-mi-long (41-km) Carrizo Mountain-Baylor Mountain fault (fault 7, figs’ 1 and 11)
: separates the west side of Wild Horse Flat Basin from the Carrizo and Baylor Mountains This !
;fault strikes northeast at N10°~40°E and dips southeast ‘About 85 percent of this fault's length
is covered and inferred. Three scarps along this fault are 0.6, 0.7, and 1.8 mi (1, 1,2, and 3 km)
long. An eroded, subtle scarp located west-southWest of Van Hom has a scarp-slope angle of 5°
and height of 6 ft (1 8 m). The faulted piedmont -surface at this scarp has a stage Iv calcrete,
suggesting a middle Pleistocene age of the faulted surficial deposits. This horizon mostly is
covered by a thin sequence of younger alluvium on the downthrown fault block. Locally on the
upthrown fault block, Precambrian sandstone is at the surface. Vertical displacement of ‘middle
Pleistocene deposits is 5.2 ft (1.6 rn). The auerage slip rate since the middle‘ Pleistocene is'
<0.01 mm/Yr. The average recurrence‘interval for large surface ruptures since the middle
Pleistocene is approximately 125,000 to 250 000 yr The East Carrizo Mountain—Baylor ‘

Mountain fault’s closest distance to the Fasldn Ranch reference point is 23 mi (37 km)

'LOBO VALLEY BASIN FAULTS

~ The western edg'e of Lobo Valley Basin (figs land 11) is bounded hy a 40.3-mi-long -
(65-km) fault zone that consists of four fault sections: (1) Fay fault (fault 13), (2) Neal
fault (fault 16a), (3) Mayﬂeld fault (fault 16b), and (4) Sierra Vieja fault (fault 16c) This range- ’_
bounding series of faults have very distinct scarps, and the zone is well expressed along most of v

its length. The West Loho Valley fault zone has been called the ‘Mayfield fault by Muehlberger
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and others (1979, 1985) and Doser (1987). We use the name Mayfield (after Twiss, 1959) to
refer to only one section of this long fault zone. The two southern sections of the zone, the
Mayfield (fault 16b) and Sierra Vieja (fault 16c) faults, are the nearest Quaternary fault scarps to
thé approximate epicentér of the 1931 Valentine eatthqubake near Valentine, Texas (Doser,
1987; Davis and others, 1989). The northeast part of Lobo Valley is bounded b& the West Wylie
Mountains fault (fault 17). Another possible Quaternary fault, the Deep Well fault (fault 15), is

located in the northern part of the Van Horn Mountains adjacent to Lobo Valley.

Fay Fault

The Fay fault (fault 13, figs. 1 and 11) is a short, 2.5-mi-long (4-km) fault located at the
northern part of the Van Horn Mountains. This fault strikes north-northwest at N5°-20°W, dips
east,A and consists of two en echelon scarps. The scarp of the northern part of fhis fault has a |
scarp-slope angle of 13° and helght of 4.6 ft (1.4 m). Surficial middle Pleistocene alluvial fan
deposits with stage IV calcrete are vertically offset 4 ft (1.2 m). The average slip rate since the
middle Pleistocene is <0.01 mm/yr. The average recurrence interval for large surface ruptures
since the middle Pleistocene is about 125,000 to 250,000 yr. The Fay fault’s closest distance to

the Faskin Ranch reference point is 26.7 mi (43 km).

Neal Fault

The Neal fault (fault 16a, figs. 1 and 11), strikes northward at N10°W-N25°E, dips east, and
is about 11 mi (18 km) long. This fault comprises a main 8.4-mi-long (13.6-m) scarp and several
associated en echelon shorter scarps that are as much as 1.2 mi (2 km) long. One of the shorter
scarps has a sdarp-slope angle of 8° and height of 7 ft (2.2 m). Vertical offset of middle
Pleistocene alluvial-fan gravel capped with a stage IV calcrete is 6 ft (1.8 m) across this short
scarp, which is near the northern end of the Neal fault. The‘main 8.4-mi-long (13.6-km) scarp

has a very distinct single slope, with slope angles ranging between 14° and 22° and heights
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| ranging betweeh 5.2 and 15.7 ft (1.6 and 4.8 m). On the upthrown block, bedrock is shallow
and locally is at the surface. Vertical offset of middle Pleistocene ailuvial-fan deposifs capped by
a stage IV calcrete horizon is ai least 16.4 ft (5 m). The stage IV calcrete horizbon or multiple, less
developed calcic horizons are presumed to be buried on the downthrown fault block. A possible
upper Pleistocene-Holocene(?) alluvial surface with a stagebll calcic soil is vertically offset at
least 3 ft (1 'm)». The average slip rate since middle Pleistocene is apprdximately sQ.OS» mm/yr.
The average recurrence interval for surface ruptures since the middle Pleistocene vis
approximately 60,000 to 125,000 yr. The Neal fault’s closest distance to the Faskin Ranch

reference point is 30 mi (48 km).

Mayfield Fault

The northwest-trending Méyfield fault (fault 16b, figs. 1 and li) is about 12.4 mi (20 km)
long. It strikes N30°—S$°W and dips northeast. At one locality the fault dips 70° to 80°, and .
striations preserved ‘along the fault surface indicate that slip has been normal, -parallei to the
fault’s dip. It has a single-slope scarp with scarp-slope angles ranging between 18° and 23° and
heights between 13 and 23 ft (4 and 7 m). Similar to the Néal scarp, bedrock is shallo-w. and
locally at the surface on the upthrown fault block. Vertical offset of middle Pleistocene alluvial-
fan deposits capped by a stage IV calcrete is as much as 19.6 ft (6 m). Holocene(?) artoyb terrace
depdsits are not faulted. | |

At the gap between the southern Van Horn Mountains and northern Sierra Vie]é, thé
Mayfield scarp is an obsequent fault scérp.' At 1this»locality, headward erosion of thé southwest
draining Van Horn Creek on the upthrown fault block has eroded away a relativelynlarge
volume of Crétaceous and Tertiary strata so that the head of Van Horn Creek valley lies at the
fault. The valley on the upthrown block is about 100 ft (30> m) lower than the middlé
PleiStocene alluvial-fan surface on the downthrown block. The fan surface is cabped by an

approxjmétely 3-ft-thick (1-m) stage IV to locally Stagé III calcic soil. The mduntain
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‘ .canyon'/valley source area for the middle Pleistocene._alluvial fan; Which'hadbuilt eastward into
Lobo Valley, has been completely eroded away. Van Horn cr_eek drains into the Rio Grande. We
postulate that"v the combination of friable strata and base-level changes caused by Rio Grande
incision and 'l‘ate 'PertiaryéQuaternary tectonism. enabled the southwest draining Van Horn" '
Creek to cut off and erode aWay the eastward-draining mountain sour.ce of the middle
.Pleistocene alluvlal fan on the hanging-wall fault block
A short narrow, subsidiary graben that is about 1 2 mi (2 km) long and about 0.4 mi
0.6 km) wide lies east of the main rangeobounding fault. Middle Pleistocene alluvial fan
deposits are vertically displaced as much as 4 ft (1.2 m) across the small graben. The Mayﬂeld
fault’s average slip rate since middle Pleistocene is <0.05 mm/yr The average recurrence
interval for large surface ruptures since the middle Pleistocene is approximately 50,000 to :
_ 100 000 yr. The Mayﬁeld fault’s closest distance to the Faskin Ranch reference point is 35.4 mi
(57 km). .

‘Sierra Vieja Fault

- The Sierra Vieja fault (fault 16c, figs. 1 and ‘1‘1_) makes up the southern section of the fault
series that bounds the western edge of Lobo Valley; The Sierra Vieja fault strikes northward .at
N30°W-N20°E, dips east, and is about IPS.S mi (25 km) longﬁ vIt consists of multiple en echelon
strands. Some of the strands have ls-ftéhigh (4.S-m)vcompound scarps with steep scarp-slope
angles up to 20°. Similar to the Ne‘al._and Mayfield SCarps, bedroclt is shallow and locally is at the -

‘surface on the upthrown fault block. Vertica;l offset of possible’ middle Pleistocene alluvial-fan

~ deposits is up to 27 ft (8.2 m) and offset of possible upper Pleistocene—Holocene(") alluvial-fan
deposits is up to 11. 4 ft (3.5 m). The last surface rupture may have produced as much as § ft ,
(1.5 m) of vertical displacement if the steep part of the compound scarp was caused by a single
rupture. Holocene(?) arroyo vterraces are not displaced byr the fault. Landslide deposits,

including boulder-sized material, exist ’along'the flank of Sierra Vieja, although it is unknown if :
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the landslides were caused by seismic activity. The average slip rate since the middle
Pleistocene is <0.1 mm/yr. The average recurrence interval for large surface ruptures since the
middle Pleistocene is about 35,000 to 70,000 yr. The Sierra Vieja fault’s closest distance to the

Faskin Ranch reference point is 48 mi (77 km).

West Wylie Mountains Fault

The West erlie Mountains fault (fault 17, figs. 1 and 11) separafes the northern part of
Lobo Valley from the Wylie Mountains and Canning Ridge. This fault is inferred to be about
12.4 mi (20 ktn) long. This fault Was not stﬁdied on the ground, although aerial-photograph
investigations indicate that two 0.6-mi-long (1-km) scarps having Tertiary—Quaternary basin-fill
on the hangingwall block occur at the southwestern flank of the Wylie Mountains and west
flank of Canning Ridge (south of Wylie Mountains). The scarp at the southwestern edge of the
Wylie Mountains has Tertiary—Quaternary(?) alluvium faulted against Permian limestone.
Quaternary(?) alluvial-fan depo_sits are faulted at the southern scarp west of Canning Ridge. The
northern part of the fault has been mapped in Precambrian and Permian bedrock at twd
localities (Hay-Roe, 1957). The West Wylie Mountains fault strikes N10°-305W and dips

southwest. This fault’s closést distance to the Faskin Ranch reference point is 30 mi (48 km).

Deep Well Fault

The 0.8-mi-long (1.3-km) Deep Well Fault (fault 15, figs. 1 and 1‘1) is located at the
northern part o'f the Van Horn Mountains. We do not know if this fault has ruptured during the
Quaternary. Aerial photograph studies indicate that a sharp contact exists between Tertiary—
Quaternary gravel deposits and Permian limestone along the fault’s trace. The Deep Well fault
strikes north-northwest at N10°-30°W and dips westwﬁrd, and its closest distance to the Faskin

Ranch reference point is 29 mi (47 km).
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CONCLUSIONS

1. Fourteen Quaterhary faults are within 31 mi (S0 km) of the propoSed Eagle Flat site
(fig. 1 and table A-1). There are no Quaternary fault scarps in the Eagle Flat Basin, where the
proposed repository site is located. The closest Quaternary fault scarp to the repository, West |
Eagle Mountains-Red Hills fault (fault 1, fig. 1), is located 8.4 mi (13.5 km) vsout‘h of the
proposed site in northern Red Light Bolson. The closest distance from the propbsed repository
to an inferred extension of this fault is 6.5 mi (10.5 km).

2. The West Eagle Mountains-Red Hills fault (fault 1, fig. 1 and tables A-1 and A-2), the
closest Quaternary fault to the proposed repository, is inferred to be 24.8 mi (40 km) long, but
only 12 mi (19.5 km) have a dissected surface expression. It strikes N25°-55°W and dips
southwestward. Near the surface this fault dips between 85° and 88°. Studies of this fault's scarp
and of a trench across this fault indicate there probably have been three surface ruptures since
the middle Pleistocene. Throw for the surface-rupture events was between 1.6 and 4.3 ft (0.5
and 1.3 m). Throws of middle Pleistocene and middle-upper Pleistocene deposits, respectively,
are 8.2 ft (2.7 m) and 1.6 ft (0.5 m). In the trench, fractures are not visible across the fault in
the upper 8 to 12 inches (20 to 30 cm) of the calcic horizon at the surface. We postulate that
postfaulting soil forming processes have obscured the upper part of the fault and that the last
surface rupture was probably during latest middle Pleistocene or early late Pleistocene (fig. 3).
The approximate 5verage slip rate of the West Eagle Mountains-Red Hills fault since the middle
Pleistocene is <0.02 mm/yr. The average recurrence interval for large surface ruptures since
middle Pleistocene is about 80,000 to 160,000 yr.

3. Lengths of most Quatemary faults are between about 11 and 24.8 mi (18 and 40 km)
(fig. 1 and table A-1). Many of the faults are sections of longer fault zones that are between 43
and 64 mi (70 and 105 km) long. Strikes of individual faults are variable, although most of the
fault zones strike northwestward or northward (fig. 1 and table A-1). Faults dip between 60° and

88° near the surface. Available seismic reflection data in the Hueco Bolson indicate most of the
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Quaternary faults dip between 50° and 80‘5 in the subsurface. It i.s unknown whether the faults
becorne listric at depths greater than 2 mi (3.5 km) because of the bdepth limit of seismic .
resolution (Collins and ’Raney, 1991¢). |
4. Average slip rates since middle Pleistocene are <0.25 mm/yr, and most of the Quatemary
“faults have average slip rates of <0.1 mm/yr (table A-Z); The maximum amount of throvlr during.
single surface rupture events (table A-2) was-betWeen 1.6 and 10 ft (0.5 and 3 m). Cunrulatlve
throw of middle Pleistocene deposits (table A-2) across the Quaternar_y.faults ranges between
3 and 105 m (1 and 32 m). At least eight faults (table A-2) vertically displace upper Pleistocene‘ |
deposits about 3 to 20 ft (1 to 6 m). Aerial-photograph studies of faulted areas not investtgated
on the ground suggest that several other faults, inclucling the Central Amargosa fault (fault' 11b),
Southeast Amargosa fault (fault 11c), North Srerra Diablo fault (fault 22), probably cut upper
Pleistocene or younger deposrts
5. Precise ages of the latest surface ruptures of the Qua_ternary faults are unknown. There

~ have been no historical surface ruptures.in the region. Average recurrence intervals for large
surface ruptures having approximately 3 to 6.5 ft (1 to 2 m) of throw are relatively long

(table A-2). The average recurrence interval for large surface ruptures since the middle
Pleistocene for the East Franklin Mountains fault (fault 28), one of.the most active faults of the
region, is estimated to be 15,000 to 30,000 yr. Average recurrence intervals since the middle
Pleistocene for most of the faults are approximately S0,00(l to 160,000 yr. Faults that have |
probably ruptured during the Holocene inclucle the East Franklin Mountains fault (fault 28a)
and some faults of the Amargosa fault zone (faults lla 11b and 11¢). These faults have scarps in
probable Holocene deposits and vertically displace upper Pleistocene deposrts as much as 15 to
| 20 ft (4.5 to 6 m), suggesting multrple upper Pleistocene—Holocene ruptures. Other faults that
cut upper Pleistocene deposits, including the West Indio Mountains fault (fault 3), East Flat Top
Mountains fault (fault 21), East Sierra Diablo fault (fault 8), vfaults of the West Delaware '

Mountains fault zone (fault 24), Neal fault (fault 16a), Sierra Vieja fault (fault 16¢), and probably
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the North Sierra Diablo fault (fault 22.); may have ruptured during the Holocene or late
Pleistocene. |

6. Some faults that have had multiple ruptures since the middle Pleistocene and that
vertically displaée middle Plefstoéehe déposits by relatively large amounts, 23 to 59' ft
(7 to 18 m), do not intetSéct younger deposits wheté we studied them on the grdund. These
faults “i'nclude the Northwest Caihpo Grande fault (fault 12a), Acala fault (fault 26), and Mayfield
fault (fault 16b). Holocene movemvent on these faults cannot be verified or r‘uledb out without ,
more detailed studies. Multiplg ruptures“and relatively lafge throws on middle Pleistocene
deposifs are not firm evidence for upper Pleiétocéne—Holocen‘e displacement as evidenced by
detailed studies v(Collins and Raney, 1990, 1991a, b, ¢) of the Southeast Campo Grande fault
- (fault 12c¢). The_ Southeast Campo Grande fault hés vhad five episodes‘ Qf movethent sihc_e middle
Pleistocene and vertically displaces middle Pleistocene deposits 33 ft (10 m); however, the fault

does not cut upper Pleistocene deposits. -
ACKNOWLEDGMENTS
This research was funded by the Te:'(ask Low-Level Radioactive Waste Disposal Authority
under Interagency: Contract No. IAC(92-93)-0910. Helpful comments on this work were made
by P. W. Dickerson; however, the final résponsibility for this report lies with the authors. Final

word processing was by Susan Lloyd, drafting was by Susan Krepps, and report assembly was by

| Jamie H. Coggin.

58



REFERENCES

Akersten, W. A., 1967, Red Light local fauna (Blancan), southeastern Hudspeth County, Texas:
The University of Texas at Austin, Master’s thesis, 168 p.

Albritton C. C., Jr., and Smith J. F., Jr., 1965, Geology of the Sierra Blanca area, Hudspeth
County Texas U.S. Geological Survey Professional Paper 479, 131 p. ‘

Aldrich, M. J., Jr., Chapin, C. E., and Laughlin, A. W., 1986, Stress history and tectonic
development 'of the Rio Grande rift, New Mexico Journal of Geophysical Research, v. 91,
no. B6, P. 6199-6211.

Barnes, J. R., Shlemon, R. J., and Slemmons, D. B.; 1989a, The Amargosa fault: a previously
unstudied major active fault in northern Chihuahua, Mexico (abs.): Association- of
Engineering Geologists Abstracts and Program, 32nd Annual Meeting, p. 50-S1.

Barnes, J. R., Peizhen, Zhang, and Slemmons, D. B., 1989b, The Campo Grande fault zone: a

‘ source for focused ground motion at the proposed low-level radioactive waste disposal site,
Hudspeth County, Texas (abs.): Association of Engineering Geologists Abstracts and
Program, 32nd Annual Meeting, p. SO." .

Beehner, T. S., 1990, Burial of fault scarps along the Organ Mountains fault, South-Central New
Mexico: Bulletin of the Association of Engineering Geologists, v. 27, no. 1, p. 1-9.

Belcher, R. C., Goetz, L. K., and Muehlberger, W. R,, 1977, Map B—Fault scarps within
Quaternary units in west Texas, in Goetz, L. K., 1977, Quaternary faulting in Salt Basin
graben, West Texas: The University of Texas at Austin, Master’s thesis, scale 1:500,000.

Bell J. J., 1963, Geology of the foothills of Sierra de los Pinos, northern Chihuahua near Indian
Hot Springs, Hudspeth County, Texas: The University of Texas at Austin, Master’s thesis,
83 p.

Braithwaite, P., 1958, Cretaceous stratigraphy of northern Rim Rock Country, Trans-Pecos
Texas: University of Texas, Austin, Master’s thesis, 95 p.

Bridges, L. W., 1959, Revised Cenozoic history of northern Rim Rock Country, Trans-Pecos
Texas: University of Texas, Austin, Master’s thesis, 74 p. ,

Bucknam, R. C., and Anderson, R. E., 1979, Estimation of fault-scarp ages from a scarp- height-
slope-angle relationship: Geology, v. 7, no. 1 p. 11-14.

Byerly, Perry, 1934, The Texas earthquake of August 16, 1931: Bulletin of the Seismological
Society of America, v. 24, p. 81-99 and 303-325.

Clutterbuck D. B., 1958, Structure of northern Sierra Pilares, Chihuahua, Mexico: UniverSity of
Texas, Austin, Master s thesis, 84 p.

Collins, E. W., and Raney, J. A., 1989, Quaternary history of the Campo Grande fault of the
Hueco Basin Hudspeth and El Paso Counties, Trans-Pecos Texas (abs.): Geological Society
of America Abstracts with Programs, v. 21, no. 6, p. A202.

1990, Neotectonic history and structural style of the Campo Grande fault, Hueco

- Basin, Trans-Pecos Texas: The University of Texas at Austin, Bureau of Economic Geology
Report of Investigations No. 196, 39 p., 3 pls.

59



1991a, Neotectonic history and geometric segmentation of the Campo Grande fault:
A major structure boundmg the Hueco basin, Trans-Pecos Texas: Geology, v. 19, no. §,
p. 493-496. _

1991b, Quatemary faults near a proposed low-lvevel radioactive waste repository in
the Hueco Bolson of Trans-Pecos Texas Bulletin of the West Texas Geological Society,
v. 30, no. 6, p. 5-11. ‘

1991c, Tertiary and Quaternary structure and Paleotectonics of the Hueco basin
Trans-Pecos Texas and Chihuahua, Mexico: The University of Texas at Austm, Bureau of
Economic Geology Geological Circular 91-2, 44 p.

1992, Quaternary faults near the proposed Eagle Flat low-level radioactive waste
repository, Trans-Pecos Texas (abs) Geological Society of America Abstracts with Programs,
v. 24, no. 7, p. A3S.

1993, Quaternary faults of west Texas (abs.): Geological Society of America Abstracts
with Programs, v. 25, no. 5, p. A22. :

Coordinacién General de los Servicios Nacionales de Estadrstica, 1982, San Antonio El Bravo:
Carta Geologica Direccron General de Geografia, scale 1:250,000.

- Dasch, E. J., 1959, Dike swarm of northern Rim Rock Country: University of Texas, Austin,
‘ Master S the51s, 62 p.

Davis, S. D., Pennrngton W. D, and Carlson, S. M., 1989, A compendium of earthquake activity
in Texas The Umversxty of Texas at Austln Bureau of Economic Geology Geological
Circular 89-3, 27 p., 4 microfiche in pocket

DeFord R. K., 1969, Some keys to the geology of northern Chihuahua, in Cordoba, D. A,
Wengerd S. A., and Shomaker, John, eds., Guidebook of the border region: New Mexlco
Geological Society, Twentieth Field Conference, p. 61-65.

DeFord, R. K and Bridges, L. W 1959, Tarantula Gravel, northern Rim Rock country, Trans-
Pecos Texas Texas Journal of Scrence, v. 11, P 268—295

DeFord, R. K., and Haenggi, W. T., 1971, Stratigraphic nomenclature of Cretaceous rocks in
' northeastern Chihuahua, in Seewald, Ken, and Sundeen, Dan, eds., The geologic
framework of the Chihuahua Tectonic Belt: West Texas Geological Society
Publication 71-59, p. 175-196. ’ ' S

Dickerson, E. J., 1966, Bolson fill, pediment, and terrace deposits of Hot Springs area, Presidio
County, Trans-Pecos Texas: The University of Texas at Austin, Master's thesis, 100 p.

Dietrich, J. W., Owen, D. E., and Shelby, C. A., 1968, Van Horn-El Paso Sheet, Barnes, V. E.,
project director The Universrty of Texas at Austin Bureau of Economic Geology Geologrc
Atlas of Texas, scale 1:250,000.

| Doser, D. 1., 1987, The 16 August 1931 Valentine, Texas, earthquake evidence for normal
faultrng in west Texas: Bulletin of the Seismological Society of America, v. 77, p. 2005-
2017.

1990, Seismological studies for the proposed low-level radioactive waste repository,
Hudspeth County, Texas, in Keller, G. R., Doser, D. 1., and Baker, Mark, Geophysical
studies related to the proposed low-level radioactive waste repository, Hudspeth County,
Texas: University of Texas at El Paso contract report IAC(90-91)0268 for the Texas Low-

- Level Radioactive Waste Disposal Authority, 27 p. : _

60



Dumas, D. B., 1980, Seismicity in the Basin and Range province of Texas and northeastern
Chihuahua, Mexico, in Dickerson, P. W., Hoffer, J. M., and Callender, J. F., eds., Trans-
Pecos region, southeastern New Mexico and West Texas: New Mexico Geological Society,
31st Annual Field Conference Guidebook, p. 77-81.

Dumas, D. B., Dorman, H. ]., ‘and Latham, G. V., 1980, A reevaluation of the August 16, 1931,
_Texas earthquake Builetin of the Seismological Society of America, v. 70, no. 4, p. 11712
1180 :

Dyer, R., 1989, Structural geology of the Franklin Mountains, West Texas, in Muehlberger,
W. R, and Dickerson, P. W., eds., Structure and stratigraphy of Trans-Pecos Texas: 28th
InternatiOnai Geological Congress Field Trip Guidebook T317, p. 65-70. -

Ferrell, A. D 1958, Stratigraphy of northern Sierra Pilares, Chihuahua, Mexico: University of
Texas, Austin, Master's thesis, 77 p. :

Frantzen D. R,, 1958, Oligocene folding in Rim Rock Country, Trans-Pecos Texas: University of
Texas, Austin, Master’s thesis, 45 p.

Gates, J. S., White, D. E., Stanley, Ww. .D., and Ackermann H. D., 1980, Availability of fresh and
' slightly saline ground water in the basins of westernmost Texas: Texas Department of -
Water Resources Report 256, 108 p.

Gile, L. H., 1987, Late Holocene displacement along the Organ Mountains fault in southern
New Mexico: New Mexico Bureau of Mines & Mineral Resources Circular 196, 43 p.

Gile, L. H., Peterson, F. F., and Grossman, R. B., 1966, Morphological and genetic sequences of
"~ carbonate accumulation in desert soils: Soil Science, v. 101, no. §, p. 347-360. _

Gile, L. H., Hawley, J. W and Grossman, R. B., 1981, Soils and geomorphology in the Basin and
Range area of southern New Mexico—guidebook to the Desert Project: New Mexico
Bureau of Mines & Mineral Resources Memoir 39, 222 p. :

- Goetz, L. K, 1977 Quaternary faulting in Salt Basin graben West Texas: The University of Texas
at Austin, Master s thesis, 136 p.

11980, Quaternary faulting in Salt Basin 'graben West Texas, in Dickerson, P W., and
Hoffer, J. M eds., Trans-Pecos Region: New Mexico Geologicai Society, 315t Annual FlEld,
Conference, p. 83-92. a

Gries, J. G., 1979, Problems of delineation of the Rio Grande Rift into the Chihuahua Tectonic
Belt of northern Mexico, in Ricker, R. E., ed., Rio Grande rift: tectonics and magmatism:
Washington, D.C., American Geophysical Union, p. 107-113.

1980, Laramide evaporite tectonics along the Texas-northern Chihuahua border, in
Dickerson, P. W., and Hoffer, J. M., eds., Trans-Pecos region: New Mexico Geological
Society, 31$t Annual Field Conference p. 93-100. ,

Gries, J. G., and Haenggi W. T 1971, Structural evolution of the eastern Chihuahua Tectonic
Belt, in Seewald, Ken, and Sundeen Dan, eds., The geologic framework of the Chihuahua
Tectonic Belt: West Texas Geological Society, p. 119-138. :

Groat, C. G., 1972, Presidio Bolson, Trans-Pecos Texas and adjacent Mexico: geology of a desert

basin aquifer system: The University of Texas at Austin, Bureau of Economic Geology
Report of Investigations No. 76, 46 p.

61



Gustavson, T. C 1991, Arid basin depositional systems and paleosols: Fort Hancock and Camp
Rice Formations (Pliocene—Pleistocene), Hueco Bolson, West Texas and adjacent Mexico:
The University of Texas at Austin, Bureau of Economic Geology Report of Investigations
No 198, 49 p. :

Hadi, Julfi, and Moss, Duncan, 1991, A study of the structure and geometry of the southeastern
Hueco Bolson (abs.): Geological Society of America Abstracts with Programs, v. 23 no. 4,
p. 28. .

Haenggi, W. T., 1966, Geology of El Cuervo area, northeastern Chihuahua, Mexico: The
University of Texas at Austin, Ph.D. dissertation 402 p.

Harbour, R. L., 1972, Geology of the northem Franklin Mountains, Texas and New Mexico U.S.
Geological Survey Bulletin 1298, 129 p. : v

‘ Harkey, D. A., 1985, Structural geology and sedimentologic analysis (Las Vigas Formation), Sierra
San Ignacio, Chihuahua, Mexico: University of Texas at El Paso, Master'’s thesis, 122 p.

Hawley, J. W., 1975, Quaternary history of Dona Ana County region, south-central New Mexico,
in Seager, W. R., Clemons, R. E., and Callender, J. F., eds., Las Cruces country: New Mexico
Geological Society, 26th Annual Field Conference Guidebook, p. 139-140.

Hawley, J. W., Kottlowski, F. E., Seager, W. R., King, W. E., Strain, W. S., and LeMone, D. V.,
1969, The Santa Fe Group in south-central New Mexico border region: New Mexico
Bureau of Mines and Mineral Resources Circular 104, p. 52-76.

Hay-Roe, Hugh, 1957, Geology of Wylie Mountains and vicinity, Culberson and Jeff Davis
Counties, Texas: The University of Texas at Austin, Bureau of Economic Geology Geologlc
Quadrangle Map No. 21, scale 1:63,360.

Henry, C. D., and Gluck, J. K., 1981, A preliminary assessment of the geologic setting,
hydrology, and geochemistry of the Hueco Tanks geothermal area, Texas and New
Mexico: The University of Texas at Austin, Bureau of Economlc Geology Geological
Circular 81-1, 47 p.

Henry, C. D., and McDowell, F. W., 1986, Geochronology of magmatism in the Tertiary volcanic
field, Trans-Pecos Texas, in Price, J. G., Henry, C. D., Parker, D. F., and Barker, D. §., eds.,
Igneous geology of Trans-Pecos Texas, field trip guide and research articles: The University
of Texas at Austin, Bureau of Economic Geology Guidebook 23, p. 99-122.

Henry, C. D., and Price; J. G, 1984 Variations in caldera development in the mid-Tertrary
‘ volcamc field of Trans-Pecos Texas Journal of Geophysical Research, v. 89, no. B10,
p. 8765-8786.

1985 Summary of the tectonic development of Trans-Pecos Texas The University of
Texas at Austm, Bureau of Economic Geology Miscelianeous Map No. 36, scale 1:500,000,

8 p.

_ ’1986' Early basin and Range development in Trans-Pecos Texas and adjacent
-Chihuahua: magmatism and orientation, timing, and style of extensxon Joumal of
Geophysical Research, v. 91, no. Bé, p. 6213—6224

1989, Characterization of the Trans-Pecos Region, Texas: Geology, in Bedinger, M. §.,
Sargent, K. A., and Langer, W. H., eds., Studies of geology and hydrology in the Basin and
Range Province, southwestern United States, for isolation of high-level radioactive waste—
characterization of the Trans-Pecos Regron Texas: U.S. Geological Survey Professronal
Paper 1370-B p. B4-B22.

62



Henry, C. D., Gluck, J. K., and Bockoven, N. T., 1985, Tectonic map of the Basin and Range
province of Texas and adjacent Mexico: The University of Texas at Austin, Bureau of
Economic Geology Miscellaneous Map No. 36, scale 1:500,000.

Henry, C. D., McDowell, F. W., Price, J. G., and Smyth, R. C., 1986, Compilation of potassium-
argon ages of Tertiary igneous rocks, Trans-Pecos Texas: The University of Texas at Austin,
Bureau of Economic Geology Geological Circular 86-2, 34 p.

Horék, R. L., 1985, Trans-Pecos tectonism and its effect on the Permian Basin, in Dickerson,
P. W,, and Muehlberger, W. R., eds., Structure and tectonics of Trans-Pecos Texas: West
Texas Geological Society Field Conference, Publication No. 85-81, p. 81-87.

Izett, G. A., 1981, Volcanic ash beds: recorders of Upper Cenozoic silicic pyroclastic volcanism |
in the western United States: Journal of Geophysical Research, v. 86, no. B11, p. 10200-
10222.

Izett, G. A., and Wilcox, R. E., 1982, Map showing localities and inferred distributions of the
Huckleberry Ridge, Mesa Falls, and Lava Creek ash beds (Pearlette Family ash beds) of
Pliocene and Pleistocene age in the western United States and Southern Canada: U.S.
Geological Survey Miscellaneous Investigations Map 1-1325, scale 1:4,000,000.

Jackson, M. L. W., Langford, R. P., and Whitelaw, M. J., 1993, Basin-fill stratigraphy,
paleomagnetics and Quaternary history of the Eagle Flat study area, southern Hudspeth
County, Texas: The University of Texas at Austin, Bureau of Economic Geology, contract
report prepared for the Texas Low-Level Radioactive Waste Disposal Authority under
interagency contract no. IAC(92-93)-0910, 53 p. plus appendices.

Jackson, M. L. W., and Whitelaw, M. J., 1992, Characteristics and paleomagnetic dating of thick
buried vertisols, Trans- Pecos Texas (abs.): Geological Society of America Abstracts with
Programs, v. 24, no. 7, p. A279.

Jones, B. R., and Reaser, D. F., 1970, Geology of southern Quitm‘an Mountains, Hudspeth :
County, Texas: The University of Texas at Austin, Bureau of Economic Geology Geologic
Quadrangle Map No. 39, scale 1:48,000, 24-p. text.

Keaton, J. R., 1993, Maps of potential earthquake hazards in the urban area of El Paso, Texas:
Report for U. S Geological Survey National Earthquake Hazards Reduction Program, Grant
No. 1434-92-G-2171, 4 p.

Keaton, J. R., Shlemon, R. J,, Slemmons, D. B., Barnes, J. R., and Clark, D. G., 1989, The
Amargosa fault: a major late Quaternary intra-plate structure in northern Chihuahua,
Mexico (abs.): Geological Society of America Abstracts with Programs, v. 21, no. 6, p. A148.

Keller, G. R., and Peeples, W. J., 1985, Regional gravity and aeromagnetic anomalies in west
Texas, in Dickerson, P. W,, and Muehlberger, W. R., eds., Structure and tectonics of Trans-
Pecos Texas: West Texas Geological Society Publication 85-81, p. 101-105.

Kelson, K. 1., Hemphill-Haley, M. A., Wong, 1. G., Gardner, J. N., and Reneau, S. L., 1993,
Paleoseismologic studies of the Pajarito fault system, western margin of the Rio Grande
Rift near Los Alamos, New Mexico (abs.): Geologncal Society of America Abstracts with
Programs, v. 25, no. 5, p. 61-62.

King, P. B., 1948, Geology of the southern Guadalupe Mountains, Texas: U.S. Geological Survey
Professional Paper 215, 183 p.

1965, Geology of the Sierra Diablo region, Texas: U.S. Geological Survey Professional
Paper 480, 185 p. -

63



LeMone, D. V., 1984, Aspects of border region geology from the Tom Lea Park overlook, El Paso,
Texas, in Clark, K. F., Gerald, R. E., Bridges, L. W., Dyer, R., and LeMone, D. V., leaders,
Geology and petroleum potential of Chihuahua, Mexico: West Texas Geological Society
Field Trip Guidebook, Publication No. 84-80, p. 104-111.

Langford, R. P., 1993, Landscape evolution in the Eagle Flat and Red Light basins, Chihuahuan
Desert, south central Trans-Pecos Texas: The University of Texas at Austin, Bureau of
Economic Geology, contract report prepared for the Texas Low-Level Radioactive
Waste Disposal Authority under interagency contract no. 1AC(92-93)-0910, 79 p. plus
appendices.

Lovejoy, E. M. P., 1971, Tectonic implications of high level surfaces bordering Franklin
Mountains, Texas: Geological Society of America Bulletin, v. 82, no. 2, p. 433-445.

1972, Basin Range faulting rates, Franklin Mountains, Texas (abs.): Geological Society
of America Abstracts with Programs, v. 4, no. 6, p. 387-388.

1975, An interpretation of the structural geology of the Franklin Mountains, Texas,
in Seager, W. R,, Clemons, R. E., and Callender, J. F., eds., Las Cruces country: New Mexico
Geological Society, 26th Annual Field Conference Guidebook, p. 261-268.

Lovejoy, E. M. P., and Hawley, J. W., 1978, El Paso to New Mexico—Texas State Line, in Hawley,
J. W., ed., Guidebook to the Rio Grande rift in New Mexico and Colorado: New Mexico
Bureau of Mines & Mineral Resources Circular 163, p. S7-68.

Machette, M. N., 1978a, Bernalillo County dump fault, in Hawley, J. W., ed., Guidebook to Rio
Grande rift in New Mexico and Colorado: New Mexico Bureau of Mines & Mineral
Resources Circular 163, p. 153-1S5S.

1978b, Dating Quatemary faults in the southwestern United States by using buried
calcic paleosols: U.S. Geological Survey, Journal of Research, v. 6, no. 3, p. 369-381.

1982, Quaternary and Pliocene faults in the La Jencia and southern part of the
Albuquerque-Belen Basins, New Mexico: evidence of fault history from fault-scarp
morphology and Quaternary geology, in Wells, S. G., Grambling, J. A., and Callender, J. F.,
eds., Albuquerque country II: New Mexico Geological Society, 33rd Annual Field
Conference Guidebook, p. 161-169.

1985, Calcic soils of the southwestern United States, in Weide, D. L., ed., Soils and
Quatemary geology of the southwestern Umted States: Geologxcal Socxety of America
Special Paper 203, p. 1-21. .

1987, Preliminary assessment of paleoseismicity at White Sands Missile Range,
southern New Mexico: evidence for recency of faulting, fault segmentation, and repeat
intervals for major earthquakes in the region: U.S. Geological Survey Open-File Report 87-
444, 46 p.

1988, Quaternary movement along the La Jencia fault, central New Mexico: U.S.
Geological Survey Professional Paper 1440, 82 p.

' Mack, G. H., and Seager, W. R., 1990, Tectonic control on facies distribution of the Camp Rice
and Palomas Formations (Pliocene-Pleistocene) in the southern Rio Grande rift:
Geological Society of America Bulletin, v. 102, no. 1, p. 45-53.

Mattick, R. E., 1967, A seismic and gravity profile across the Hueco Bolson, Texas: U.S.
Geological Survey Professional Paper 575-D, p. 85-91.

64



McFadden, L. D., and Tinsley, J. C., 1985, Rate and depth of pedogenic-carbonate accumulation
in soils: formulation and testing of a compartment model, in Weide, D. L., ed., Soils and
- Quaternary geology of the Southwestern United States Geological Socrety of Amenca
Special Paper 203 p. 23-41. .

Menges, C. M., 1987, Temporal and spatial segmentation of Pliocene-Quaternary fault rupture
along the western Sangre de Cristo mountain front, northern New Mexico, in Crone, A. J.,
and Omdahl, E. M,, eds., Directrons in paleoseismology U.S. Geological Survey Open File
Report 87- 673 p. 202-222.

1990, Late Quaternary fault scarps, mountain-front landforms, and Pliocene-
Quaternary segmentation on the range-bounding fault zone, Sangre de Cristo Mountains,
New Mexico, in Krinitzsky, E. L., and Slemmons, D. B., Neotectonics in earthquake
evaluation: Boulder, Colorado, Geological Society of America Reviews in- Engineenng
Geology, v. 8, p. 131- 156. ,

Milton, A. P., 1964, Geology of Cajoncito area in Municipio de Guadalupe, Chihuahua, and
Hudspeth County, Texas: The University of Texas at Austin, Master's thesis, 78 p.

Morgan, Paul, Seager, W. R., and Golombek, M. P., 1986, Cenozoic thermal, mechanical and
tectonic evolution of the Rio Grande rift Journal of Geophysical Research V. 91 no. B6,
p. 6263-6276.

Morrison, R. B., 1969, Photointerpretive mapping from space photographs of Quaternary
geomorphic features and soil associations in northern Chihuahua and adjoining New
Mexico and Texas, in Cordoba, D. A., Wengerd, S. A., and Shomaker, John, eds., Guidebook
of the border region, Chihuahua and the United States New Mexrco Geological Society,
- 20th Field Conference, p. 116-129.

Morrison, R B., 1991, Introduction, in Morrison, R. B., ed., Quaternary nonglacial geology;
conterminous U.S.: “Geological Society of America, The Geology of North America, v. K-2,
p. 1-14.

Muehlberger, W. R., 1980, Texas lineament revisited in Dickerson, P. W,, and Hoffer, J. M,
eds., Trans- Pecos region, southwestern New Mexico and West Texas New Mexico
Geological Society, 31st Annual Field Conference Guidebook, p. 113-121. :

Muehlberger, W. R., Belcher, R. C., and Goetz, L. K., 1978, Quaternary faulting in Trans-Pecos
Texas: Geology,v 6, no. 6, p. 337-340.

1985, Quaternary faulting in Trans-Pecos Texas, in Dickerson, P. W., and
Muehlberger W. R., eds., Structure and tectonics of Trans-Pecos Texas: West Texas
Geological Society Publication 85- 81, p. 21.

Muehlberger, W. R., and Dickerson, P. W,, 1989, A tectonic' history of Trans-Pecos Texas, in
Muehlberger, W. R., and Dickerson, P. W., eds., Structure and stratigraphy of Trans-Pecos
Texas: 28th International Geological Congress Field Trip Guidebook T317, p. 35-54.

Personius, S. F., and Machette, M. N., 1984, Quaternary and Pliocene faulting in the Taos
Plateau region, Northern New Mexico, in Baldridge, W. S., Dickerson, P. W., Riecker, R. E.,
and Zidek, Jiri, eds., Rio Grande Rift: Northern New Mexico, New Mexico Geological
Society, 35th Annual Field Conference Guidebook, p. 83-90.

Price, J. G., and Henry, C. D., 1984, Stress orientations during Oligocene volcanism in Trans-

Pecos Texas: timing the transition from Laramide compression of Basin and Range tension:
Geology, v. 12, no. 4, p. 238-241.

65



1985, Summary of Tertiary stress orientations and tectonic history of Trans-Pecos
Texas, in Dickerson P. W., and Muehlberger, W. R., eds., Structure and tectonics of Trans-
Pecos Texas: West Texas Geological Society Publication No 85-81, p. 149—151

Ramberg, 1. B., Cook, F. A., and Smithson, S. B., 1978, Structure of the Rio Grande rift in
southern New Mexico and West Texas based on gravity interpretation: Geological Society
of America Bulletin, v. 89, no. 1, p. 107-123.

Raney. J. A., and Collins, E. W., 1993, Regional geologic setting of Eagle Flat study area,
Hudspeth County, Texas: The University of Texas at Austin, Bureau of Economic Geology,
contract report prepared for the Texas Low-Level Radioactive Waste Disposal Authority
under interagency contract no. IAC(92-93)-0910, 52 p.

Reagor, B. G., Stover, C. W., and Algermissen, S. T., 1982, Seismicity map of the state of Texas:
Denver, Colorado, U. s. Geological Survey Miscellaneous Field Studies Map MF-1388,
scale 1:1,000,000.

Richardson, G. B., 1909, Description of the El Paso district: U.S. Geological Survey, Geologic

Atlas of the United States, El Paso Folio No. 166 scale 1:250,000.

Riley, R., 1984, Stratigraphic facies analysis of the upper Santa Fe Group, Fort Hancock and
Camp Rice formations, far west Texas and south-central New Mexico: The University of
Texas at El Paso, Master’s thesis, 108 p.

Sanford, A. R., and Toppozada, T. R., 1974, Seismicity of proposed radioactive waste disposal site
in southeastern New Mexico New Mexico Bureau of Mines and Mineral Resources
Circular 143, 15 p.

Sayre, A. N., and Livingston, Penn, 1945, Ground-water resources of the El Paso area, Texas: U.S.
Geological Survey Water-Supply Paper 919, 190 p.

Seager, W. R., 1980, Quaternary fault system in the Tularosa and Hueco Basins, southern New
Mexico and West Texas, in Dickerson, P. W., and Hoffer, J. M., eds., Trans-Pecos region,
southwestern New Mexico and West Texas: New Mexico Geological Socxety, 31st Annual
Field Conference, p. 131-135.

1981, Geology of Organ Mountains and southern San Andres Mountains, New
Mexico: New Mexico Bureau of Mines & Mineral Resources Memoir 36, 98 p.

Seager, W. R,, Shafiqullah, M., Hawley, J. W., and Marvin, R. F., 1984, New K-Ar dates from
basalts and the evolution of the southern Rio Grande rift: Geological Society of America
Bulletin, v. 9§, no. 1, p. 87-99.

Seager, W. R,, and Morgan, P., 1979, Rio Grande rift in southern New Mexico, West Texas, and
northern Chihuahua, in Riecker, R. E., ed., Rio Grande rift: tectonics and magmatism:
Washington, D.C., American Geophysical Union, p. 87-106.

Sellards, E. H., 1932, The Valentine, Texas, earthquake: The University of ‘Texas Bulletin
No. 3201, p. 113-138

Sergent, Hauskins, and Beckwith, consulting geotechnical engineers, 1989, Preliminary geologic
and hydrologic evaluation of the Fort Hancock site (NTP-S34), Hudspeth County, Texas,
for the disposal of low-level radioactive waste: report prepared for Hudspeth County,
Texas, Hudspeth County Conservation and Reclamation District No. 1, Hudspeth County
Underground Water Conservation District No. 1, and El Paso County, Texas, SHB Job
No. E88-4008B, p. 5-1-5-52.

66



Stevens, J. B., and Stevens, M. S., 1985, Basin and Range deformation and depositional timing,
Trans-Pecos Texas, in Dickerson, P.. W., and Muehlberger, W. R., eds., Structure and
tectonics of Trans-Pecos Texas: West Texas Geological Society Field Conference,
" Publication 85-81, p. 157-163. » ’ :

Strain, W. S., 1964, Blancan mammalian fauna and Pleistocene formations, Hudspeth County,
Texas: University of Texas at Austin, Ph.D. dissertation 148 p. _

1966, Blancan mammalian fauna and Pleistocene formations, Hudspeth County,
Texas: Texas Memorial Museum Bulletin No. 10, 35 p.

1971, Late Cenozoic bolson integration in the Chihuahua tectonic belt, in Hoffer,
J. M., ed., Geologic framework of the Chihuahua tectonic belt, West Texas Geological
Society Publication 71-59, p. 167-173.

Stuart, C. J., and Willingharn, D. L., 1984, Late Tertiary and Quaternary fluvial deposits in the
Mesilla and Hueco bolsons, El Paso area, Texas: Sedimentary Geology, v. 38, p. 1-20. ,

Thompson, J. S., 1991, Geology of the Washboard hills landslide, Hudspeth County, Texas (abs.):
Geological Society of America, Abstracts with Programs, v. 23, no. 4, p. A98-99.

Twiss, P. C., 1959, Geology of Van Horn Mountains, Texas: The University of Texas at Austm
Bureau of Economic Geology Geologic Quadrangle Map No. 23, scale 1:48,000.

1979 Marfa sheet, Barnes V. E., project director: The University of Texas at Austin,
Bureau of Economrc Geology Geologxc Atlas of Texas, scale 1:250,000.

Underwood, J. R., 1963, Geology of Eagle Mountains and vicinity, Hudspeth County, Texas The
University of Texas at Austin, Bureau of Economic Geology Geologic Quadrangle Map
No. 26, scale 1:48,000, 32-p. text.

Vanderhill, J. B., 1986, Lithostratigraphy, vertebrate paieon'tology,' and magnetostratigraphy of
Plio-Pleistocene sediments in the Mesilla Basin New Mexxco The University of Texas at
Austin, Ph.D. dissertation, 305 p.

~ Wallace, R. E., 1977, Profiles and ages of young fault scarps, north-central Nevada: Geological
Society of America, v. 88, no. 9, p. 1267-1281. .

Wen, Cheng-Lee, 1983, A study of bolson fill thickness in the southern Rio Grande Rift,
Southern New Mexrco, West Texas, and Northern Chihuahua: The Umversity of Texas at
Ei Paso, Master’s thesis, 73 p.

Wilson, J. A., 1971, Vertebrate bxostratigraphy of Trans-Pecos Texas and northern Mexrco in
Seewaid Ken, and Sundeen, Dan, eds., Geologic framework of the Chihuahua tectonic
belt: West Texas Geological Socxety Publication 71- 59, p. 159-166.

Wood, J. W., 1968, Geology of the Apache Mountains, Trans-Pecos Texas: The University of
Texas at Austrn Bureau of Economic Geology Geologic Quadrangle Map No. 35,
scale 1:63,360, 32-p. text.

Woodward, L. A., Callender, ]. F., Seager, W. R., Chapin, C. E., Gries, J. C., Shaffer, W. L., and
Zilinski, R. E., 1978, Tectonic map of Rio Grande rift region in New Mexico, Chihuahua,
and Texas, in Hawley, J. W., ed., Guidebook to Rio Grande rift in New Mexico and -
Colorado: New Mexico Bureau of Mines & Mineral Resources Circular 163, sheet 2, scale
1:1,000,000. . o

67



Zoback, M. L., and Zoback, M. D., 1980, State of stress in the conterminous United States:
Journal of Geophysical Research, v. 85, no. B11, p. 6113-6156.

1989, Tectonic stress field of the continental United States, in Pakiser, L. C., and
Mooney, W. D., eds., Geophysical framework of the continental United States: Boulder,
Colorado, Geological Society of America Memoir 172, p. 523-539.

68



69

Basin

Southeast
Hueco Bolson

Northwest
‘Hueco Bolson

Red Light
Bolson

Table A-1. Geometric characteristics of faults that offset Quaternary deposits.

Fault and
location number

Campo Grande-Arroyo Diablo—Caballo fault zone?

six geometric sections:

12a Northwest Campo Grande fault2
12b Middle Campo Grande fault?
12c Southeast Campo Grande fault?
10  Arroyo Diablo fault?

2a  North Caballo fault?

2b  South Caballo fault?

Amargosa fault zone2
three geometric sections:
11a Northwest Amargosa fault?
11b Central Amargosa fault?
11c Southeast Amargosa fault?

14  Arroyo Macho fault?
26 Acala fault?

4  Ice Cream Cone fault?
27  Schroeder faultt

28a East Franklin Mountains fault2

. 28b Southeast Franklin Mountains fault?

East Red Light Bolson fault zone?
two geometric sections:
1 West Eagle Mountains-Red Hills fault?
3 West Indio Mountains fault?

§  Nick Draw fault?

Inferred
maximum
length (km)

213
213
343
253
22
26

21
35.5
10

1.5
10
9

218.5

25
25

40
50

2.5

Minimum
mappable

length (km)

12
23.5
15
2.5
11

21
35.5
10

1.5
10
9
ND

23
25

19.5
24

2.5

Regional
strike

N40°-70°W
N40°-70°W
N40°-70°W
N30°-60°W
N20°-40°W
N20°-40°W

N40°-50°W
N40°-50°W
N40°-50°W

 N30°-40°E

N40°-50°W
N15°-60°W
N30°-50°W

Regional

dip
direction

SW
W
SW
SW
SW
SW

NE
NE

SE

W
Sw
NE

N10°W-N10’E E
N10°W-N10°E E

N25°-55°W
N30°-45°W

N10°-15°E

W
SW

w

Closest
distance to
Faskin Ranch
reference

point! (km)

72
64
42
39
23
24

62
43
41
44
29
29.5

138
138

10.5
34.5

29 .



0L

Basin

Southeast
Eagle Flat
Basin

Green River
Basin

. Salt Basin

J

Wild Horse

Flat Basin - -

Lobo Valley

Basin

Salt Basin |

Lobo Valley
Basin

Fault and
location number

- 6 East Eagle Mountains fault?
-9 West Van Horn Mountains fault4

East Green River fault zone# -
two geometric sections:
19 China Canyon fault4
20  Green River fault4

18  Indio fault*

West Salt Basin fault zone?
four geometric sections:
29  Dell City fault® ' :
21 East Flat Top Mountain fault
22 North Sierra Diablo fault?
8  East Sierra Diablo fault?

7. East Carrizo Mountain- -
Baylor Mountain fault?

West Lobo Valley fault zone?
four geometric sections:
13  Fay fault?
16a Neal fault?
16b Mayfield fault?
16c Sierra Vieja fault?

24 West Delaware Mountains fault zone?

17 West Wylie Mountains fault?

Table A-1 (cont.)

lnfer’réd
maximum
length (km) length (km)

. Minimum

27 7
1.5 1
55 5.5
20 20 -
19 19

23 17
135 4
37 34
4a 17.5
4 35
18 18
20 20
25 25
29 26
20 13

mappable

Regional
strike

N10°-20°W

Regional
dip
directjon

E

N30°W-N15°E W

N10°-30°W

N10°-20°W  E
N15°-30°W  SW
' N20°-45°W  SW
N45°-65°W  NE
N25°W-NS°E  E
N75°-85°W N
 N10°W-N20°E E
N10°-40°E SE
N5°-20°W E
N10°W-N25°E E
N30°-55°W  NE
N30°W-N20°E E
N25°-45°W  SW
SW

Closest
- distance to
Faskin Ranch
reference

 point! (km)

32
385

52
s2

39 .

72
54
37

37

43
48
57
77

64

48



Table A-1 (cont.)

Closest
. -distance to
: " Inferred Minimum Regional Faskin Ranch
v Fault and . maximum  mappable Regional dip reference
Basin location number : length (km) length (km) strike direction point! (km)
notina : | : S | ‘ 3 v :
basin 15 Deep Well faultt 13 1.3 N10°>-30°W - W 47
Llanos de ' ' ' | v '
Chilicote : 23 Sierra de la Lagrina fault4 : ' 41 ND - NS5°-35°'W w 61

25 Sierra Labra fault? 22 ND NO°-30°W W : 65

| ¥4

- IFaskin Ranch reference point = 105°15’, longltude' 31°07°30"
2Normal fault with Quaternary displacement and distinct scarp
3Maximum length based on interpretations of seismic data
4Fault with late Tertiary displacement, no Quaternary displacement or Quaternary displacement uncertain
ND = Not Determined . A



Basin

Southeast
Hueco Bolson

(44

Northwest
Hueco Bolson

Red Light
Bolson

Table A-2. Fault displacement characteristics of faults that offset Quaternary deposits.

Fault and
location number

Campo Gtande—Arroyo Diablo-
Caballo fault zone
six geometric sections:

12a Northwest Campo Grande fault
12b Middle Campo Grande fault
12c Southeast Campo Grande fault

10  Arroyo Diablo fault
2a - North Caballo fault
2b  South Caballo fault

Amargosa fault zone
three geometric sections:
11a Northwest Amargosa fault
11b Central Amargosa fault
11c Southeast Amargosa fault

14  Arroyo Macho fault
26 Acala fault

4 Ice Cream Cone fault
27  Schroeder fault

28a East Franklin Mountains fault
28b Southeast Franklin Mountains fault

East Red Light Bolson fault zone
two geometric sections:
1 West Eagle Mountains-
Red Hills fault :
3 West Indio Mountains fault

5 Nick Draw fault

Throw (m)
Middle  Middle toupper  Upper
Pleistocene Pleistocene Pleistocene
deposits! deposits? deposits3
14 ND ND
ND ND ND
10 3 'NF
1.6-3 NF NF
24 (approx.) 7 NF
NF NF NF
235 6.5 2.54.5
ND 6. ND
ND ND ND
2- ND ND
18 ND ND
ND 138 NF
NF NF NF
>25-32 28.5 24.5-6
ND ND ND
2.7 0.5 NF
9 (approx.) 22225 0.9-2.5
NF NF NF

Throw (m)
for single
surface-
rupture
events

ND
ND
1-2.2
20.6
1.7
ND

1.5-2.5
ND
ND

ND
ND

ND
ND

1.7-3
ND

0.5-1.3
0.9-2.5
ND

Approximate
average slip
rate (mm/yr)
since middle
Pleistocenet

<0.02
<0.1
NF

Approximate
range of average
recurrence
interval (yr) for
surface ruptures
since middle
Pleistocene’

35,000-70,000

50,000-100,000
125,000-250,000
20,000-40,000
NF

20,000-40,000
>20,000
ND

125,000-250,000
30,000-60,000

>15,000
NF

15,000-30,000
ND

80,000-160,000
40,000-80,000
NF
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Basin

Southeast
Eagle Flat

_ Basin

- Green River

Basin

‘Salt Basin

Wild Horse
Flat Basin

Lobo Valley
Basin

Salt Basin

Lobo Valley

Basin -

Fault and
location number

6  East Fagle Mountains fault
9 West Van Horn Mountains fault

East Green River fault zone
two geometric sections:
19 China Canyon fault
20 - Green River fault

18 Indio fault

: ‘West Salt Basin fault zone

four geometric sections:

29 Dell City fault ’

21 - East Flat Top Mountain fault
22 North Sierra Diablo fault

8  East Sierra Diablo fault

East Carrizo Mountain-
Baylor Mountain fault

West Lobo Valley fault zone
four geometric sections: -
13 Fay fault
16a - Neal fault
16b Mayfield fault
16c Sierra Vieja fault

24 West Delaware Mountains
~ fault zone

17 West Wylie Mountains fault

Table A-2 (cont.)

Throw (m)

Middle  Middle to upper Upper
Pleistocene Pleistocene Pleistocene
deposits! deposits?2 ©  deposits?
~ ND ND ND

NF NF NF

" 'ND ND ND

ND "ND ND
ND ND NF
ND ND ND
ND ND 1.2
ND ND ND
4 ‘ND 1.5
1.6 ND ND
1.2 ND ND
25 ND 21
75 ND ND
28.2-=>11 234 35
ND ND 1.5
ND ND ND

Throw (m)
for single
surface-
rupture
events

ND
ND

ND
ND

ND

ND
ND
ND
1.5

ND

ND

Approximate
average slip
rate (mm/yr)
since middle
Pleistocenet

ND
ND

- ND
ND

ND

ND

ND

ND
<0.03

<0.01

<0.01

<0.05

<0.05
<0.1

ND

ND

Approximate
range of average
recurrence
interval (yr) for
surface ruptures
since middle

~ Pleistocene’

ND
ND

ND
ND

ND

ND

ND

ND
80,000-160,000

125,000-250,000

125,000-250,000

. 60,000-125,000

50,000-100,000
35,000-70,000

ND

ND



1A

Table A-2 (cont.)

Throw (m)
Throw (m) for single
Middle  Middle to upper Upper surface-
Fault and Pleistocene Pleistocene Pleistocene  rupture
Basin location number deposits! deposits? deposits?  events
notin a :
basin 15 Deep Well fault ND ND ND ND
Llanos de
Chilicote 23  Sierra de la Lagrina fault ND ND ND ND
' 25 Sierra Labra fault ND ND ND - ND

Iincludes deposits that have stage IV to V calcic soils
2Includes deposits that have stage III to IV calcic soils
3Includes deposits that have stage II calcic soils

Approximate
average slip
rate (mm/yr)
since middle
Pleistocenet

ND

ND
ND

4Based on throw of middle Pleistocene deposits and youngest middle Pleistocene time of about 130,000 B.P.; maximum average rate
SBased on estimated number of large, 1- to 2-m surface ruptures since middle Pleistocene; assumes faulted middle Pleistocene deposits are approximately

250,000 to 500,000 yr old.
ND = Not Determined
NF = Not Faulted

Approximate
range of average
recurrence
interval (yr) for
surface ruptures
since middle
Pleistocene’

ND

ND
ND



