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SEISMIC REFLECTION SURVEY FOR THE PROPOSED LOW-LEVEL
RADIOACTIVE WASTE"REPOSITOR‘Y, HUDSPETH COUNTY, TEXAS

Mark Baker and G. R. Keller
Department of Geological Sciences

~ The University of Texas at El Paso

INTRODUCTION

Geologic Characferization of sites for low-level radioactive waste repositories generally
requires qualitative and quahtitétive estimates of variations in rock properties between test wells.
Seismic reflection surveys are an accepted technique for providing a qualitative pictﬁre of structural
and/or stratigi'aphic variation when tied éloscly to control information from wells. Reflection
surveys also are useful in identifying areés where additional well control may be needed to -
adequately characterize geologic variations. - i |

Ten miles (16 km) Qf reconnaissance seismic data was collected and interpreted By Phillips et

al. (1986) in the viéinity of the prc;posed repository site near Fort Hancock, Hudspeth County,
Texas. Three lines Were collected perpendicular fo the major structural trends, and a fourth line tied
these three together. These data typiéally resolve variations in stratigraphic thickness that are more
than 20 ft (6 m) thick, 1/4 the dominant timé wavélength, and that are more than 90 ft (27 m) deep.
These data can imageb horizontal variatiohs greater than 110 ft (34 m), 8 common depth poiht
samples per Waycnﬁmber. | | | |

Phillips et al. (1986) interpreted these lines and constructed isochron maps on the top of the
Cretaceous bedrock, theyl tép of the basal Older Bolsbn deposits, and the base of the Younger
Bolson deposits. Two major faults cutting Cretaccous through Younger Bolson deposits were

interpreted near the study area. These interpreted faults parallel the Sn'uctufal trend of the Campo
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Grande fault. Phillii)s et al. (1986) reported severe problems 1n data collection associated with air-
blast from the vibrator. Additional difficulties degrading datal quality in this survey, visible on their
trace displays, include surface statics, significant dispersive surface wave energy, spatial aliasing,
and attenuation of high-frequency arrivals. Many of these problems in collecting: high-quality data
are directly related to the near-surface geology. The discontinuous, variable-thickness, high-
velocity caliche layer near the surface gives a strong air-blast, dispersive surface wave, static
problems, and a high proportion of shot energy coupled into nbnlinear, near-field waves. The
nature of alluvial ‘deposition in the area gives rise to si’gniﬁcant deviations from two-dimensional
layering, with consequent out-of-plane reflections, apparent static problems, and spatial aliasing.
The near-surfacé unc'onso'lidatedv gravels and deep water table result in high scatterin‘g and
attenuation of high-frequency waves.

The purpose of this study was twofold. First, we needed to determine whether data could be
collected with resolution adequate to characterize the Jgeolog?y, within a finite budgét.' Second, we
wanted to better describe the extent of faulting and stiatigraphic variation in the vicinity of the
prdposed low-level radioactive waste repository site. Our first step was to perform noise tests to
find recording parameters that might give resolution adequate for the second stage of data
collection. We chose to use a land air gun with a small chamber as source, as previous experience
indicated that it could generate adequate high frequencies with these near-surface conditions. The
air gun is less expénsiue than the preferred small explosive charges in shallow holes. We also
chose to use higher frequency 40 Hz phones to emphasize high frequencies.

I?ollowing initial tests to determine optimum recording ;iarameters, a short section of line was
recorded and procéssed. This liné demonstrated that resolution could be irnproved over the data

collected by Phillips et al. (1986), and the remainder of the planned seismic survey was collected.



SEISMIC LINE LOCATIONS

Three seismic lines were collected in this 'study (Table 1). The first line (UTEP-1) duplicates
portions of lines UT-3B and UT-3A described by Phillips et al. (1986), and the other two lines
(UTEP-Z, U'I‘EP-3) covér previously unsufveyed teffain. Figurevlk shows the locations of the three
seismic lines superimposed on the map bf seismic lines run in the previous survey (Phillips etal.,

1986). Table 1 gives locations of the endpoints of the lines digitized from maps, associated shot-

_point numbers, and an estimate of the line location relative to the previous survey. The three lines

are located relative to cultural features on 7.5-minute topographic maps where available and are
surveyed relative to line UTEP-1 where culture is not 'reliablé. Relative elevations of each shot
point were sur_veyed for static corrections with an overall accuracy of less than 0.2 ft (6 cm).

Line UTEP-I, located along the main‘ access road, duplicated previdus seismic survey
coverage for four reasons. First, higher resolution seismic information was requi‘red in the vicinity
of the study area, and the road crossed several faults interpreted in the previous seismic survey.

Second, an initial feasibility survey was requiréd to determine if data of adequate resolution could

be collected despite the poor near-surface conditions in the area; the first section of line UTEP-1

provides a direct comparison with a poor-data area from the previous survey (Phillips et al., 1986;
this study, Figure 4). Third, the access road provided optimum soufce-receiver coupling
conditions in that the road has been graded down to the competent caliche layer. Finally,

considerable vehicular traffic is required in the first noise tests, and we wished to minimize off-

road damage. Shot-point numbering on line UTEP-1 differs from that on the other lines because

the original staking and surveying of the line used actual footage froin‘the line start prior to
éstablishing the shot-point spacing. |
Line UTEP-2 runs nearly east-west, and is intended primarily to be a tie between UTEP-1 |

and UTEP-3. This line is near the southern limit of the repository study area.



Line UTEP-3 parallels line UTEP-l and follows apreexis‘ting bulldozer track that passes a
well. This lme prov1des addmonal control on the onentatlon of a structure that rmght be 1nterpreted
on hne UTEP 1. v | o "

Elevatlons of geophones and shot pomts were measured on all three hnes relatrve to shot
point 0 on line UTEP-I usmg a Wild LS3B auto—level. Each nme the level was reposmoned three

'_dupli'cate shOt-point elevations were. rnea’suredl. Absolutenlaximum _closur_e errors for the three
lines are as follows: UTEP-1, Q;is inch (0.46 cm), UTEP-2, 0.07 inch (0.18 cm), and UTEP-3,

0.09 inch (0.23 vcrn); Plots:of the relative elevations of the'three line.s are shown in Figure' 2.
DATA ACQUISITION

Data acquisition encOmpassed two‘major phases The ﬁrst phase involved testing of source ,
- and receiver conﬁguranons on a noise walkaway test in whlch a short segment of seismic line with
-the preferred conﬁguranons to test data quahty After the tests and short ‘section of hne were

_processed and d1splayed, the second phase of data collecnon along the three lines was begun.
 FIRST-PHASE DATA ACQUISITION

Two norse walkaway tests were perforrned usmg drfferent source and receiver conﬁguratrons
(Table 2). The first consrsted of smgle geophones on a 5- ft (1.5- m) spacmg with the source
. stepped out 140 ft (42 7 m) on each shot up to a distance of 1 320 ft (402.4 m). Up to 30 shots per
station were recorded The second test consisted of groups of nine geophones, in welghted and»
- unweighted arrays, w1th a 15-ft (4 6-m) spacing: All geophones were planted w1th sprkes in the :
caliche in the roadbed along line UTEP-1 and buried. -

The followmg concluswns were reached frorn ﬁeld records and initial playbacks



(1) Multiple sllots at a given shol peiht gave llttle effective impreilemcnt in signal-to-noise
ratio (S/N). Figure 3a from one shot shows little noise reductioh in comparisoh with Figure 3b
| from 20 shots. One shot per shot point was used in subsequent data collection.

" (2) Geophone spreads more than 30 ‘ft (9 m) long would be required td begin to effectively
reduce noiSe from the air and surface wa\les. The near-surface resolution redulred to an‘swef the
geologicvquestions posed is impossible with the ektensive spatial averaging of such arrays. Single
phones were used in subsequent tests. |

3) Signi‘ﬁcant lateral near-surface discontinuities form a second signiﬁcant ‘squrce of shot-
associated noise, as is evident in Figure 4c. Lateral discontinuity of deeper reflectors at longer
offsets seen in Figure 4a indicates that a geophone spacing of more than 10 ft (3 m) would reduce

~ the quality of normal vmoveout corrections. A l5-_ft (4.6-m) geophone spacing was a cdmpronﬂée |
to permit completion of the survey within budget | | | '.
| (4) The strong lateral near-surface dlsconunumes and the dominant shot-associated noise
visible on Figures 4c and 4b indicate that long offsets and high fold are requxred to image the near-
surface velocity variations. Alreeording geometry was chosen in which 56 channels with 15-ft
(4.6-m) spécing were shot off both ends, giying an effective split spread configuration with 56
fold. _ |
Following the noise welkeway tests a l,3(lOéft (396-ln) section of line UTEP-1 was
recorded. The location of this test line eorresponds to the section of line UT-3b between shot
points 560 and 520. Figures 5a and 5b conlpare a rough stack from this survey with the final
processed result from UT-3b. The rough stack of Figure 5a has not been deconvolved resulting in
a distinct nngmg, and has not been velocuy ﬁltered to remove shot—assocmted noise. Even so,
coherency and resolunon of reflections have been improved by using the closer spacmg and h1gher :
- fold of this study. Imaging of near—surfgce reflections has also been unproved over that of line UT-
3b in that coherent energy is visible up to 60 ms. on Figure 5a, compared to 140 ms. on Figure 5b.

The impfoved coherency from 60 to 140 ms. and from 200 to 300 ms. on Figure 5a led us to



. conclude that shot-assocrated noise and spatlal ahasrng were thc probable cause of the poor-data
areas on line UT-3b and that the n'nproved data quality warranted contmued data collectron
Whlle results from this test hne were being processed addmonal tests were run on changmg

the source strength These unusual tests were performed because the prev1ous expenence of the

contractor and ﬁrst author mdlcated that source strength has a strong control on S/N-on near- o

surface reflections. Air-gun pressures were_vaned_ from 1=,lOO to 1,750 psi and ﬁeld records ,
compared. Two conclusions were reached from these tests. First, lowering the gun pressure
_reduced the frequency content of close reﬂections," Second, th‘e first 500 ms of several near traces
were thOroughly overwhelmed by incoherent shot noise nonlinearly related to shot amplitude atall
gun pressures Con‘sequently, we chose to shoot the gun at 1 5750 psi to maximize high frequency
content, and we introduced an offset from the shot to the ﬁrst receiver of three shot pomts of 45 ft

(13 5 m)
SECOND-PHASE DATA ACQUISITION

After review of the test section, data collection contmued on the three lmes Relevant‘v-
1nformatlon on acqulsmon parameters 1s summanzed in Table 2 In addmon to the reflectlon
, recordmg parameters reversed refraction proﬁles thh offsets up to 2, 500 ft (760 m) were
v routmely recorded along the line. e 7
One 51gn1ﬁcant change was made between lines by changrng from 60 Hz low-cut filters on'
| -11ne UTEP 1 to 27 Hz low-cut filters on lines UTEP-2 and UTEP-3 Th1s change was made as lme
UTEP-l was recorded along the rnam road w1th both shots and receivers well coupled to the
: vcahche. Llnes U’I}'E,P-Z» and UTEP—3‘ ran cross country, ‘with source\ and geophones coupling
through poorly consolidated alluvium. - | i | | - |

When this line was lnitially proposed,, we expected to use 'ahi-gh-frequency haSeplate onthe
air gun in areas where the near-surface materials were unconsolidated.'Whentested here, the high-

frequency baseplate increased shot-associated noise and was not used in routine data collection.



GEOLOGIC SETTING

Stratigraphic nomenclature and geologic descriptions of strata in the vicinity of this study are
primarily from Collins and Raney (1989), who pvrovide more complete references to previous
geologic studies. This nomenclature is s’umniaﬁzed in Table 3. Aspects of this description of the
geologic setting not taken from Collins and Raney will be spemﬁcally quoted.

The seismic hnes are located within a small foreland basin of Tertlary age bounded on the
southwest by Cretaceous strata thrust toward the northeast, and on the north by the Diablo Plateau.
Subsequent ektensional faulting, beginning about 24 Ma ago, resulted in formation of the Hueco
Bolsonkwith the Campo Grande fault trend comprising one of the northeast boundary faults (Figure
1). The northeastern edge of the thrust sheet has been interpreted to lie approximately 2 to 3 mi (4
to5 km) northeast of the trace of the Campo Grande fault and about 0.6 mi (1 km) northeast of the

start of seismic line UTEP 1.
| _Cretaceous strata crop out in the Diablo Plateau, dipping 5 to 8 degrees to the southwest near
the rim fault. These strata also crop out atvCampo Grande Mountain and form a syncline atnd
overturned anticline with strata dipping to the southwest. From previous seisrhic surveys,
Cretaceous strata between the north side of the study area b'and the thrust margin have been
interpreted to dip southwestward at a loW angle. A rough estimate from seismic line UT-3A
(Phillips et al 1986) indicates a dip of 7 degrees

The Tertlary Fort Hancock Formation unconformably overhes Cretaceous strata in the study
area. Where the Fort Hancock Formation crops out in the region, it is composed of clay, silt, and
sand. However, the Fort Hancock Formatiort may locally contain conglomeratic stratzt from debris
shed off the nearby topographic highs_of the thrust sheet, although this is rarely seen in outcrop.v
The watet table is mostly located within the Fort Hancock Formation, and the associated velocity

increase will probably give a significant reflection compared to internal stratification.



The Camp Rice Formation unconfonnah'ly overlies t'he-Fort Hancock Fonnation These
sediments are composed of sand and gravel and represent : alluv1a1 fan, fluvial, and minor lacustrme
and floodplain deposits. Erosion of the underlying Fort Hancock strata, visible in Alamo Arroyo
(Collms and Raney, 1989) is consistent with a regional change in the equlhbnum topographic
profile from formation of the Hueco Basin. The truncation surface should be apparent on the
seismic profiles if resolution of near- surface .reﬂectors is adeqnate; ‘ |

Regional Pleistocene deposits include the Madden throtlgh Balluco Gravels These gravel
deposns are th1n and have local cahche, they affect the seisrruc section 1nterpretat10n only through

addition of 1 noise and scattenng
 SEISMIC INTERPRETATION |

The seismic data are interpreted hy first establishing theérelationship hetween reflections and
the stratigraphy, and then by relating the reflection patterns to structural canses. This approach is
taken because there is a'mbiguity:inratn'ibuting reflections to'% structure or stratigraphy alone, and
stratigraphic variations across the study area are evident frotn the seismic data of Phillips et al.
(1986). :
| The stratigraphic portion of this section will describe criteria for recognizing Cretaceous strata
“and the Fort Hancock Formation and will indicate why the Camp Rice Formation is not
recogmzable The structural portlon of this section will (1) dlscuss a remterpretation of the two
| faults interpreted by Phillips et al (1986) and then (2) descnbe the assocmtion w1th ﬁssurmg

observed in the area.
' CRETACEOUS STRATA

Cretaceous stratigraphy is most readily identifiable through consistent thickness, uniform

reflections that dip to the southwest, visible 'beiow‘ 350 rniliiseconds (ms) in Figures 6 through 9



(in pocket). In most cases the top of the Cretaceous strata can be identified by erosional truncation
of these reflections. This truncation i§ most evident in Figures 6 and 7; it is more readily visible in
Figure 6 as it is scaled to give about 1.3:1 vertical exaggeration whereas Figure 7 has about a 1.6:1
horizontal exaggeration in the Cretaceous.

There is one distinctive stratigraphic unit within the Cretaceous most readily visible between
350 and 400 ms (250 ft thick) from CDP 680-740 (Figure 6a). This unit has consistent reflections
from internal cross-stratification with horizontal dimensions of 100 ft (30.5 m) and vertical
dimensions of about 30 ft (9.1 m, 7 ms). This unit occurs coﬁsistently across the study area and i§
useful to constrain structural deformation within the Cretaceous strata. The depth and thickness of
this unit are consistent with a tentative idenﬁfication as the Cox Sandstone, but this is speculative
without well control.

The reinterpreted top of the Cretaceous strata is shown in both Figures 6 and 7. The 1owesf
point of the Cretaceous top occurs from SP 560 to 700 in Figure 6. This is recognizable by the
contrast between relatively flatlying Cretaceous reflectors and downlapping alluvium apparently
shed off the topographic high between SP 740 and SP 790. The 310 ms relief between the
topographic high and the deep basin is consistent with\thc Bouguer gravity anomaly of 2.8 mgals,
- a density contrast of 0.35 gm/cc, and an average velocity of the interval of 4,000 ft per second
(ft/sec). This places the deepest part of the basin about 620 ft (189 m) below the topographic high,
or about 820 ft (250 m) below the surface (Keller, this report).

A tie point with well data occurs near CDP 110 (Figure 7) where wells 72 and 73 penetrate to
the Cretaceous near the seismic line (Gustavson, 1990). The Cretaceous top is found at 720 ft (220
m) depth, consistent with a 370 ms arrival time and an average velocity from the surface of 4,000
ft/sec.

The top of Cretaceous strata is additionally identified by the tendéncy of reflectors to correlate
with topography of the Cretaceous surface (velocity pullup). Since the Cretaceous strata are of
- significantly higher velocity than the Fort Hancock Formation strata, an increase in thickness in the

Fort Hancock Formation will lead to an increase in two-way travel time. Velocity pullup is seen
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below topographlc hlghs at CDP 1340, CDP 790 and CDP 700 in Flgure 7. Thls pullup is also
v1s1ble throughout Flgure 6 beneath changes in elevauon of the Cretaceous topography

FORT HANCOCK FORMATION |

anary seismic attributes for recognizing deposits in the Fort Han‘cock Forrnation are
cIinofOrm reflections from _ﬂuvial channels. The lower interval velocities of about 4,000 ft/sec to
7QOO t't/sec» in the Fort Hancock Formation give the seismic seetion of Figure 7 about a 1:1 vertical
N e)taggeratit)n, in eontra'st to the 2.2:1 vertical exaggeration of Figure 6. There is some difficulty in
distinguishing these fluvial strata where dip is similar to the CretaCeous surfaces, such as near CDP
810 and well 72 (Figure 7). Differentiation relies on velocitypuillup in the Cretaceous strata_.' '_
~ Strata above the Cretaceous in well 73 include’two 505-‘ to 70-ft-thick fluvial sand bodies
: separated by clay beds, overlymg a basal conglomerate (Gustavson, 1990). These strata are
consistent with the three well—det"med reﬂectors between 290 ms and 330 ms from CDP 40 to CDP
240 on Figure 7. A o
The top of these well-bedded reﬂectOrsassociated with fluvial strata in well 73 coincides with
the elevatlon of the water table (prehmmary BEG water table map) and with the top of the basal ’
Older Bolson Deposrt of Phillips et al (1986) on Flgure 6 ThlS honzon is visible as a strong
reflector on Figure 6 and appears to be an erosional surface on the hlgher resolutlon data in Flgure'
7. This surface separates southwest-dlppmg fluv1a1 dep051ts, that appear truncated on top, from .
overlying flatlying depos1ts with shghtly downlapplng reﬂectors toward the northeast ThlS ‘
apparent erosional truncation mlght be associated W1th lowermg of depos-monalbase 1evel during

“subsidence of the main portion of the Hueco Bolson. |

Reﬂectors above the ﬂuv1al Fort Hancock deposxts (150 ms to 250 ms) are 1nterpreted to

represent very well bedded strata’ of umform thlckness that are locally broken by apparent
channels These units are con51stent with deposrts ina restncted basin that range frorn lacustrme to

intermittent stream deposrts Between 100 ms and 150 ms the reﬂectors appear to be more regular

'10':,:



with braided stream deposits in places, but data quality is starting to deteriorate from near-surface
‘noise. These reflectors above the water table have velocities from 2,000 ft/sec to 4,000 ft/sec with

apparent vertical exaggerations of 4.4:1 (Figure 6) and 2:1 (Figures 7 through 9).
CAMP RICE FORMATION

The contact of the Camp Rice Formation with the Fort Hancock Formation is not visible on
any of the séctions collected to date. S‘hear velocities estimated from surface-wave measurements
(Nazarian, 1990) indicate a relatively high velocity zone from about 20 ft (6.1 m) to 40 ft, (12.2 m).
in Idepth in many places. Conversion of these shear velocities to compressidnal velocities
(assuming a conservative Vp/Vs ratjo of 1.4 for unconsolidated, unsaturated sediment) would
place the top of the Fort Hancock Formation at a 70 ms two-way travel time. |

Initial processing resuits from data collected in this survey indicated that we might be able to
image the Camp Rice reﬂcctors, but subsequent ‘processing showed that we were probably
stacking refracted arrivals from discontinuous high-velocity layers in the near surface. The strength
of this "noise" was apparent in the noise walkaway tests, and it was not possible to rernbve it by

further processing.
Structural Interpretation

The seismic reflection survey of Phillips et al. (1986) recognized two areas with significant
reflector discontinuity which they interpreted as possibly being due to normal faulting. Tﬁe seismic
data collected in this survey more clearly image thevse two anomalous areas, and the subsequent
discussion will deal bwith the southwest area'ﬁrst and then Vthe northeast area.

The southwest area of ‘interes_’t F(Figure 6b) is located between SP 411 and SP 466,
corresponding to CDP 445 and CDP 660 in Figuré 7a. The fault was originally interpreted on the

basis of continuous»but offset reflections at 270 ms, discontinuous, offset reflections within the
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| Cretaceous strata down to 500 ms, and thickening of the Fort Hancock Formation by 20 ms
: southwest of the fault (Flgure 6b). |

Thlckemng of the Fort Hancock Formation and some dlscontmuous reflections that form the

~ basis of the mterpreted fault in Figure 6 are present on the hlgher resolution seismic section of

Figure 7. The minor disruption of reflections in the Cretaceous section is more readily attributable

to veloc1ty pullup beneath the hlgher Cretaceous topography at CDP 570. Reflector disruption is | E

con51stent1y under the southwest-dxppmg Cretaceous surface between CDP 540 and CDP 580 and
would imply a near vertical fault if it were not so closely assocmted with the topography '
: PrOJectlon of the fault onto line UTEP 1 and extensmn of the trend onto line: UTEP-2 (Flgure 8)

| show little basis for recogmtlon of structural deformatlon | '

Offset on the mterpreted basal Older Bolson Deposrt noted by Phtlhps et al. (1986) 1s seen in
Flgure 7 to be a clinoform truncated by an erosmnal surface. leferentxal compactlon of Fort.
Hancock sediments over the Cretaceous bedrock surface, along with out-of-plane reﬂecttons from
~ the Cretaceous topography in n this area can account for most of the reﬂector dlsruptlon within the

lower Fort Hancock Formatxon between CDP 280 and CDP 520 Reﬂector dlsruptlon w1th1n the

upper Fort Hancock Formauon appears to be more closely assoc1ated with deposmonal features. If

any of these d1sruptlons are associated W1th faulting, the faultmg cannot be traced into the
Cretaceous bedrock.
| The origin of the Cretaceous topography in the southwest area is puzzhng Extrapolation of
the trend of the thrust fault encountered in the Krupp No 1 Thaxton well (Collins and Raney,
1989) should bring it to the Cretaceous surface in this area. There is strong evidence of folding
(CDP 160-260) and thickening (CDP 400-480) 1n the Cretaceous units, but there are no indications
of a thrust cutting across: bedding in the section. A bedding plane‘ thrust could be :interpreted in
severaf areas. | | | | o
The northeast area of interest (Figure 6b) is located between SP 251 and‘ SP. 268;
corresponding to CDP 1230 and CDP 1170 in Figure 7. The norrnal fault interpreted by Phillips et "

al. (1986) does not have clearly defined reflector discontinuities, but Phillips inferred that the
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Cretaceous and lowér Fort Hancock strata are 'structurally lower to the southwest, with associated
thickening of the upper Fort Hancock Formation. |

Interpretation of the higher resoluﬁon seismic data in Figure 7 shows compléx structure in the
Cretaceous strata. The major feature is a sbuthwest-thinning wedge of 'trﬁncated Cretaceous
reflectors between 310 ms and 410 ms froni CDP 1060 to CDP 1280. Upper reﬂectofs of the
wedge are truncated, and the lower reﬂeétors'dip to the northeast in opposition to Cretaceous
topography. The cross-stratified Cretaceous unit interpreted as the Cox Sahdstone thickens
betweeh CDP 980 and CDP 1140 and appears fo climb over the wedge. This wedge is intgrpreted
asa thrust ramp, the overlying cross-stratified unit“being thickened by back thrustihg. Seismic line
UTEP-3 (Figure 9) appears to begiﬁ to‘ cncountef this wedge at about CDP 620, but unfortunately
it is poorly resolved at the edge of the data set. |
| Several small normal faults could be interpreted from reflection disruption within the lo,we.r
Fort Hancock énd the Cretaceous above the tﬁrﬁst fault. These faults do not cut the thrust plane énd
might be associated with isostatic reéponse to'}thrust loading. >There also appears to be no
correlatable offset of reflectors above the fluvial Fort Hancock strata. These disrﬁptions of
reflectors in the fluvial Fort Hancock could also be associated with limits of fluvial deposition
controlled by the Cretaceous topography.

The trend of the surface fissures found in this area intersect the seismic line at about CDP
1160 (Figure 7). The horizontal attitude of Cretaceous strata at 400 ms‘around this poiht indicates
that flexure may have taken place in response to thrust loading. Thefc is also a change in surface
topqgraphy at this point with Figure 2 showing a concave upward proﬁlev to the northeast, and a
concave downward profile to the sbuthwest. Modcling of gravity data by Keller (1990) has shown
that: the Cretaceous section a.lsb reaches its maximum thickness here. There is no evidence that
through- going; high-angle faults are pfcsent in Tertiary or younger straia in this area.

The occurrence of breaks in slope apparent on line UTEP-1 in the sﬁrvey déta of Figure 2
have béeh plotted on Figure 7 using the charaéters SC. These do not appéar to. correlate with

reflector disruptions interpretable as faults within the Fort Hancock Formation.
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" CONCLUSIONS

Interpretatlon of seismic data collected in this survey mdlcates that potentlal normal faults
mterpreted by Ph1111ps et al (1986) do not 51gn1flcantly offset Cretaceous strata and probably do
not have measurable offset in the Fort Hancock Formauon :that can be readlly.resolved in the
seismic sections. Many of the disrupted reflectors visiblez in the early survey appear to be
sedimentologic features associate with ﬂuVial deposition int_he early stages of basin filling. A zone
~of strtt"ctural complexity in the .Cretaceous, near the northeastern fault interpreted by Phillips et al.

‘ (1986), has been 1nterpreted as a thrust ramp. This zone of structural complex1ty appears to have
ﬂexed after loadmg and may. be associated with small- scale normal faulting in early Phocene

deposits. It also underlxes the area of fissures that occur in surﬁmal deposrts
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Figure 3. (a) Common shot gather for one shot compared with (b) a common shot gather for 20
stacked shots.
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Line
UTEP-1

UTEP-2

. UTEP-3

B Geophone Spacing

'Recording Instrument

Tablc 1. Seismic line locations.

- Line Start

31° 23" 6.24" —105° 45' 40.20"
Shot point 0

UT-3B Shot point 561

31° 23" 29.28" ~105° 45' 11.04"
Shot point 100 R

31°23'23.82" —105° 44' 43.20"
Shot point 100

~ Line End |

31°25' 1.62" -105° 44" 12.12"
Shot point 13200

~UT-3A Shot point 81 ‘
31°23' 28.20" —105° 44' 27.90"
Shot point 346

131°23'48.06" —105° 44' 13.50"
Shot point 270 o

Table 2. Seismic survey field acquisition péreimét_ers.

Seismic Contractor

Cam Wia.lk'er
Walker Geophysical -

- 311 East Street

Essex, Iowa 51638

(712) 379-3499

~ Processing Contractor

Clyde Lee
Sytec

3939 Ann Arbor

Source
Shot Point Spacing
Shots per Shot Point

Geophones

Recording Geometry

Filters

Houstin, Texas 77063
(713) 783-9540

Bolt LSS-3B Land Air Gun,
20 c.i. chamber, 1750 psi.

151t

1

15t

Mark Products, 40 Hz, L25E

66% damping -

Single phone per location

~ Split spread 885'-45' — 45'-885'
- DFS-V 56 channels

1 ms sample rate

1.25 s. records

250 Hz anti-alias high-cut :
60 Hz, 18dB/oct low-cut (UTEP-1)

.27 Hz, 36dB/oct low-cut (UTEP-2,3)
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Table 3. Stratigraphic Column

Age rStage Name: thickness
Holocene Qt Terrace Alluvium
- @] Balluco Gravel
8 P (8 ft)]
% Pleistocene Qr Ramey Gravel
3
o
Qm Madden Gravel |
.
QTcr | Camp Rice Fm.
> (50 ft thick)
2 1 Pliocene
E Tfh Fort Hancock Fm.
(800 ft thick)
:3; Kf Finlay Ls.
[e¥)
Q
£ | Comanchean Ke Cox Ss.
S Kb Bluff Mesa
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~ SEISMOLOGICAL STUDIES FOR THE PROPOSED LOW-LEVEL
RADIOACTIVE WASTE REPOSITORY, HUDSPETH COUNTY, TEXAS

- Diane I. Doser
Kidd Seismological Observatory
Depairtment of Geological Sciences

The University of Texas at El Paso

INTRODUCTION

The proposed site of the Texas low-level radioactive waste repository in Hudspeth County is
‘within the Hueco Basin of Trans-Pecos Texas (Figure 1). The Hueco Basin, or ﬂueco Bolson,
contains several fault systems of Quatemary age ahd has been the site of several felt earthquakes. A
study of the recent tectonic history and seismicity of the Hueco Bolson and surrounding regions is
important for assessing potential earthquake hazards at the study area and for designing a |
seismically safe repository. |
- The first section of this report will briefly discuss the tectonic history of the Hueco Bolson
and its relation to the development of the southern Basin and Range and the Rio Grande rift. Stress
measurements that indicate that the region is still undergoing extension, predomihantly along
normal faults, will be presented. |
~ The second section of the rebort presents a corhpilation of all Imagnitude 3.00r g'reeter and/or
Modified Mercalli intensity IV or greater earthquakes that have occurred within 200 mi (320 km) of
the site. The relation of historical seismicity to known Quétemary faults and other features is
discussed. The largest earthquake sequence occun'ing near the proposed site, the 1931 magnitude
6.4 Valentine, Texas, sequence, is discussed in greater detail. A significant earthquake sequence

with magnitude > 7.0 mainshock ocburring at a distance of 220 mi (354 km) fro_m the study area is
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also discussed, since it is also an example of the type of earthquakes that may be expected near the
proposed site. |
The third section of the report presents the results of seismic monitoring at the study area by
‘University of Texas at El Paso personnel between July 12, 1988, and January 1, 1990. Equipment
‘and field procedures used in the monitoring are discussed, and the rationale used in station siting is
explained. v
The final section of this report uses geologic information obtained from studies of Quaternary
faults located near the site tov evaluate the expected magnitudes and durations of earthquakes that
might be expected along these faults in the future. This information is essential for designing a

seismically safe repository.
TECTONIC SETTING

The Hueco Bolson is a basin that foi'med during extensional faulting that began 30 to 24 Ma
ago (Seager et al., 1984). During this timé, both Basin and Range faulting and faulting related to
the dc\}elopment of the Rio Grande rift were underway, and it has béen difficult to separate the
southern Rio Grande rift from the southern Basin and Rangé physiographically or geolbgically
throughout the southern New Mexico-West Texas-northern Chihuahua, Mexico, region (i.e.,
Gries, 1979). | e

An earlier deep sedimentary basin, the Chihuahua Trough, preceded the development of the
Hueco Basin and other Quaternary-age basins of West Texas ahd Chihuahua (Henry and Price,
1985). The Chihuahua Trou'gh began to form in the Jurassic Period, with continued deposition
through_ the Cretaceous (Henry and Price, 1985). During Lmaﬁﬁde deformation, Cretaceous rocks
were thrust northeastward along a décollement zoné composed of Jurassic evaporites, prbducihg
the thrust faults and folds found in the vicinity of the proposed low-level radioactive waste-

| disposal site.
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Thé'tfanSition from compression to tension'occurrbed about 30 Ma ago, and in southern New
Mexico this early extension formed noﬁhwest-southeast—uendmg rbasins (Seager et al., 1984). The
early phase of ekten'sion lasted until about 20 Ma ago and was followed by a periodv of felative |
quiescence. Exténsion picked up again about 8 Ma ago, but along north-south-trending faults in
southern New Mexico (Seager et al., 1984). These north-south-trending faults bend in the El Paso
area and follow the older northwest-southeast trends in West Texas and northeasternmost
Chihuahua. Gravity and available seismic reflection data confirm the absence of north-south-
trending structures in the proposed site. : | ’ .

| Quaternary earthquake activity in West Texaé has been significant, based on the presence of
numerous Quaternary fault scarps and historic.seismicity within the région (see next section). _
Recent studies (Machette, 1987; Sergent, Hauskins, and Beckwith, 1988) conclude that large
scarps along the San Andres, Orgaﬁ, and East Franklin Mountains in Texas and New Mexico and
the Sierra San Jose del Prisco and Sierra de San Ignacio Mountains in Mexico are the result of
earthquakes in the magnitude range of 7.0 to 7.5, with recurrence intervals as low as 5,000 years.

Large scarps have also been recognized along both sides of the Rio Grande southeast of El Paso

(for example, Seager and Morgan, 1979), along the Mayfield fault system south of Van Horn, and

in the Salt Flat graben area (for example, Muehlberger et al., 1978). These scarps are located 16 to |
90 mi (25 to 150 km) from the proposed site. The largest historic earthquake in Texas occurred
along the Mayfield fault (Doser, 1987) (see next section). |

A litcrature search for stress data frornv the region within a 200-rniv (320-km) radius of the
proposed site was conducted to determine how the stress information comparés with the observed
Quaternary faulting. Results of the search are shown in Figure 2 and listed in Table 1. The region
within a 200-mi (320-km) radius of the proposed site is ,primarilyv'vithin the southern Basin and
Range/southem Rio Grande rift physiogréphic province. As stated previouSly, it is difficult to
discern where the rift bégins and the Bésin and Range ends in this regioh using physiographic or
geologic criteria, and not enough geophysical research has been done in the regibn to determine

whether there are subsurface characteristics that can be used to divide the two provinces. The
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- southern Basin and kange/southem Rio Grande rift is characterized by block-type normal faulting
of Quaiternary age with alternating basins and mountain ranges, thin crust, and high heat flow.
A small portion of the study area lies within the Great Plains phySiographic province (Figure
2). The Great Plains are characterized by thick crust, low heat flow, and no noted surface faulting
of Quaternary age.
| Stress indicators within the Rio Grande rift/Basin and i{angc province are derived from the
alignment of dikes and cinder cones in recent (< 1 Ma) volcanic fields and a focal mechanism for
the 1931 Valentim:, Texas, earthquake. These indicators show that extension in th¢ region is
primarily oriented east-west to northwest-southeast and that the least compressive stress is
generally much smaller in value than the intermediate principal stress. Thus, pure normal to
oblique-normal faulting along north-south- to northeast-southwest-trending faults would be -
expected to occur. | |
Stress indicators within the Great Plains are derived frém hydraulic fracture measurements
and composite focal mechanisms of earthquakes occurring within an oil and gas field. These
indicators show that extension in the region is oriented north-south to northeast-southwest and that
the least compressive stress is much smaller in value. Therefore, normal faulting along east-west-

to northwest-southeast-trending faults would be likely to occur in this region.
HISTORICAL SEISMICITY

Earthquakes with intensities of IV or greater or magnitudes of 3.0 or greater are listed in
Table 2 and shown in Figure 3. The first step in compilingf Table 2 was a computer search of
epicenters compiled by the National Earthquake Inform_atiori Center. Results of the search were
cross checked against a list of earthquakes compiled by Sanford and Toppozada (1974), the
bulletins and reports from the seismic observatory operated by New Mexico Institute of Mining
and Technology in Socorro, New Mexico, and a list of earthquakes recorded by a network

operating in the Permian Basin of West Texas between 1976 and 1979 (Keller et al., 1981).
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Until the earl& 1960’s, no seismograph stations were operated within the study area. As a
result, most of the earthquakes that occurred before 1960 are poorly located, focal depths cannot be
determined, and only earthquakes large enough to be recorded at distant stations or felt in a
sparsely populated region have even been noted in historical records. We feel that the catalog of
events listed in Table 2 prior to 1960 is only complete to the magnitude 4.5 to 5.0 level. Many
smaller events probably occurred but were not detected by instruments or humans.

Since 1960, the number of seismograph stations operating in certain parts of the study area
has increased (Figure 3), but the overall distribution of seismograph stations is insufficient to
accurately locate earthquakes of magnitude < 4.0, and we still may not be detecting all earthquakes
in the magnitude 3.0 to 3.5 range. Also, since a station must be located at a distance of no more
than two focal depths from an earthquake to accurately determine the depth of the earthquake, the
current station distribution does not allow for depth control.

Locating and detecting earthquékes within Chihuahua is extremcly‘ difficult, since
seismographs have rarely operated within the state. In fact, we feel that the historical record for
Chihuahua prior to 1960 is probably considerably less complete than that for the United States
portion of the study area simply because earthquakes were not reported regularly unless they were
large enough to be recorded or felt in the United States.

Because of the poor location accuracies (+ 6 mi [10 km] or more) and lack of depth control
for most earthquakes within the study areé, itis not possible to conclusively link the earthquakes to
specific mapped faults of Quaternary age. There do appear to be three majorvregions of seismic
activity within the study area, however: a region near Valentine, Texas, associated with the
Mayfield fault and the 1931 earthquake sequence, a region within the Permian Basin at the eastern
edge of the study area, and northeasfem Chihﬁahua. |

Earthquakes within the Permian Basin correlate spatially with areas of oil field production
and were not observed prior to the initiation of major secondary recovery operations in the area

(Rogers and Malkiel, 1979). The largest magnitude earthquake observed within this portion of the
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study area was 4. lk, ﬂthough earthquakes with magnitudes ﬁp to 5.0 (Harding, 1981) have been
assbéiated with oil production in other regions of West Texas.

In northeastern Chihuahua, where earthquakes of up to magnitude 5.0 have occurred, the
geology is not well known. We have been unable to locate any maps that show faults with known
Quaternary movement within this region. Consultations with a former University of Texas at El
Paso faéulty member who had done some reconnaissance fieldwork in the region confirmed a lack
of obvious Quaternary faults, although he felt that the seismicity might possibly be occurring
within a thick sequence of salt that has been observed at the surface in some‘ parts of the region (R.
Dyer, personal communication, 1987). - |

A third group of earthquakes is associated with the Mayfield fault near Valentine, Texas. In
1931 a sequence of large events occurred, including a felt fdreshock, a mainShock of magnitude
6.4 (maximum intensity of VIII), and at least 4 aftershocks of intensity V. The isbseismal map of
the mainshock‘ (Figure 4) indicates that a Modified Mercalli intensity of V to VI méy have been
reached at the proposed site during this earthquake. All buildings in Valentine were damaged, and
the earthquake was felt strongly enough in El Paso to alarm most citizens and cause the cracking of
plaster on walls and ceilings (Sellards, 1933, cited in Davis et al., 1989). Had the area near the
mainshock been_moré densely populated, severe damage and deaths may have occurred.

Waveform modeling of the mainshock (Doser, 1987) sﬁggcsts that the earthquake occurred
along the southern branch of the Mayfield fault, nucleating near a bend in the fault. The rupture
began ata depfh of 6 mi (10 km), was a coinplex rupture composed of at least three éubevents, and
caused about 8 to 10 inches (20 to 25 cm) of slip é.long the fault at depth. A study of geodetic data
(Ni et al., 1981) suggested that as much as 4 inches (10 cm) of vertical movement may have
occurred along fhe fault, in good agreement with the waveform modeling results. It is important to
note that surface faulting was not observed along the Mayfield fault after the earthquake,
suggesting that earthquakes of up to this magnitude could occur anywhere in the Trans-Pecos

region and leave no surficial evidence of their occurrence. Geologic evidence (Muehlberger et al.,
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}1978) also suggest§ that the 1931 earthquake is not the largest possible event that éould_ occur
balong the Mayfield fault. | | .

- An important sequence of earthquakes with a mainshock of magnitude ~ 7.2 that occurred
) justb outside the bounds of the 200 mi (320 km) study area deserves mention, Sihce it is 'aiéo
representa;ive of the type of seismicity found within the southern Basin and Range/Rio Grande rift
province. On May 3, 1887, a large éarthquake occurred near Bavispe, northern Sonora (DuBois
and Smith, 1980). The north end of the surface rupture was located about 5 mi (8 km) south of
Douglas, Arizona. The surface fault tface was 30 mi (50 km) long, with an average surface
displacement of 10 ft (3 m). Surface displacement was a combination of normal and right-latefal
movement. A maximum normal displacement of 20 ft (6 m) was mcasuréd along some portions.of
the fault. The entire city of Bavispe was destroyéd, and 51 people were killed. The Modified
Mercalli intensity of the earthquake at Bavispe and surtounding areas of Arizona and Sonora
reached XII (Figure 5). Although the earthquake was more distant from El Paso than the 1931
Valentine earthquake, it was felt moré severely and caused more damage; Intensity in El Paso
ranged from VII to VIII for the Sonora event. The 'irsoseismal_map (Figure 5) suggests that an
intensity of V to VI may have been reached at the site, an intensity as severe as that from the
Valentine earthquake (Figure 4). We feel that the Sonora earthquake is very representative of the
type of earthquake that might occur on one of the major range bounding faults (East Franklin, East -

Organ, Amargosa faults) present in the region that includes the proposed site.
RESULTS OF SEISMIC MONITORING AT THE P_ROPOSED SITE>

On July 12, 1988, é temporary network of seismograph stations consisting of three
- Sprengnether MEQ-800 smoked paper drum recorders with Mark Products L-4 seismometers was
installed in the vicinity Qf the proposed site. Figure 6 shovws the locations‘ of the stations at Campo

Grande Mountain (CGM), the northwest corner of the proposed disposal site (WDS), and along |

the main entry road to the site near the CafnpO Gi‘ande fault (FIN). A frlinimum of three stations is

29



needed to accurately ldcate an earthquake. The station configuration was designed to detect any
seismicity associa;ed with the segment of the Campo Grande fault nearest the proposedbsite. _
Temporary stations (squares, Figure 6) were placed far enoﬁ}gh from roads to prevent vandalism
and some road noise, but close enough to allow easy access for fecord changing. Only the Campo
Grande Mountain station is located on bedrock, and consequently it has been our quietest station.
The seismographs have been operating continuously since their installation. Records are changed
‘and equipment chécked every 4 days af the portable stations. =

During the summer of 1989, we began installing a permanent netW_ork of stations (circles,
Figure 6). These stations use Kinemetrics analogrtelemevt‘ry equipment in conjunction with the L-4
seismometers to radio telemeter data to a central receiving site on Campo Grande Mountain. The
équipment is powered by batteries ‘charged by solar collectors. Data from the central receiving site
are then radioed to the seisﬁﬁc obserVatory on the University of Texas at El Paso campus, where
they are recorded on thermal paper. Records at the observatory are changed every day. Since the
permanent stations do not need routine maintcnance, they may be located as much as 0.5 mi (0.8
km) from the tenipofary stations. Since September 15, 1989, the permanent station at Campo
Grande Mountain (CGM2) has been operational; on March 9, 1990 the permanent station at the
proposed site (WDSE) became operational and on March 23.,1 1990 the permanent station near the
main entry road (FIN2) became operational. ‘

Between July 12, 1988, and January 31, 1990, three local earthquakes were recorded (Table
3 and Figure 6). Copies of the seismograms are on file with the Texas Low-Level Radioactive
Waste Disposal Authority. During the December 1988 and Au'gl_lst 1988 events only two stations in
the ne;twork were operating, so we could not locate the earthquakes at a specific point. The
February 1989 event was too small to be recorded at CGM1, so it also is not well located. All three
earthquakes had magnitudes of less than 1.0 and were not recorded at our permanent station on’
campus in El Paso. The February 1989 event is the only event that may have been associated with
the Campo Grande fault. The December 1988 event may have been aSsociated with the Amargosa

fault.
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The rate of seismic activity near the proposed site is surprisingly low. In the El Paso
observatory we record about one local earthquake a month, and we were anticipating a similar rate
near the study area; however, results to date suggest the rate of seismicity at the proposed site is

one to two local earthquakes per year.

EXPECTED PARAMETERS OF EARTHQUAKES NEAR THE
PROPOSED REPOSITORY SITE

Magnitudes and durations have been estimated from geologic information for earthquakes
occurring at three locations near the pfoposed site: along the Campo Grande fault 1.8 mi (3 km)
away, along the Amargosa fault in Mexico 15 mi (25 km) away, and directly beneath the proposed
site along a fault that has noil produced surfaceb fuptu're in the past (and hence has not been mapped
at the surface). The Campo Grande fault is the closest fault to the proposed site haying documented
Quaternary displaceinent, and the Amargosa fault is the closest major range-bounding fault to the
proposed site. | |

Magnitudes for events along the Campo Grande and Amargosa faults were estimated using
the magnitudé-length and magnitude-displacement regression relationships developed by
Slemmons et al. (1989) for dip-slip and strike-slip faults in extensional regimes. We considered
several possibilities for rupture length émd djsplacement along each fault. 7

For the Campo Grande fault we considered the possibility that the entire mapped fault (28 mi
[45 km] long, Collins and Raney, 1989) ruptured and that only the ,seginent of the fault that
ruptured in the last earthquake (4 mi [7 km] lc’mg,v Cdllins and Raney [1989]) ruptured. These
rupture lengths led to ma‘gnitudé estimates of 6.27 £ 0.29 (7 km rupture) and 7.02 + 0.29 (45 km
rupture) fbr an event along thé fault. ,We.alsb considered fault displacements per earthquaké of 3
~and 6 ft (1 and 2 m) (wifhin ;he range of dispiaccmcnts suggested by Collins and Raney [1989]

-and Sergent, Hauskins, and Beckwith [1988]), which gave us magnitude estimates of 7.06 * 0.35
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(1 m displacement) émd 740+035(2m displacefnent). Th@s the geologic record sdggests thata
magnitude 6.9 + 0.41 eanhquéke Qccurred along the Campo Grande fault in Quaternary time.

The Amargosa fault has not been trenched or studied in great detail, so our estimates of fault
length and displacement per earthquake on this fault are cruder. The entire fault appears to be 35 mi
(57 km) long, so we assumed that it ruptured in one evént, although fault ruptures of this length -
for events in the western Cordillera of the United State§ are vefy rare (Doser and Smith, 1989).
This fault length gave us a magnitude estimate of 7.11 £ 0.29. In consideriﬁg displacement per
event we considered two extremes, the first being that the entﬁe 23-ft - (7-m-) high scarp obserQed
in the field occurred during one event, the second that 6 ft (2 m) of displacement (an é.verage value
for large western Cordillera earthquakes, Doser and Smith [1989]) occurred per event. It should be
noted that a maximum displacement of 23 ft (7 m) has only been observed for one event in the
ehtirc western Cordillera (at Hebgen Lake, Montana, in 1959). Using these displacement values,
the relation of Slemmons et al. predicts magnitudes of 9.1£0.35 (7Tm displacemerit) and 7.40 £
0.35 (2 m displacement). A magnitude of 9.1 is certainly not credible, leading us to doubt the 23-ft
(7-m) displacement value. Therefore the geologic record suggests that a magnitude 7.26 * 0.15
earthquake occurred on the Amargosa fauit in Quaternary time.

The third event we considered was one occurring directly beneath the proposed site (0 km),
producing no surface rupture. We term such an earthquake a “background event.” The magnitude
6.4 Valentine earthquake did not produce surface faulting. Earthquakes in the western Cordillera
with magnitudes as great as 6.6 have not produced surfaée faulting, but earthquakes with
magnitudes of 6.2 occasionally produce surface faulting. Studies of other western Cordillera
earthquakes (Doser & Smith, 1989) suggests a background event of 6.4 * 0.1 could occur
anywhere on the site.

The above magnitude estimates were used to estimate the duration of shaking (when
hdrizontal accelerations Would be greater than or equal to 0.05 g [1 g = acceleration of gravity, 980
cm/(sec X sec)]) at the site using the relationships of Krinitzsky et al. (1988). A discussion of peak

horizontal acceleration and velocities is found in a separate report. We used the relationship of
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Krinitzsky et al., wﬁich bwas developed for hard sites (solid rock and stiff soil) and shallow (<19
km deep) earthquakes, since testing of near-surface materials 'a‘t the site has indicéted that the
materials are stiff (Nazarian and Yuan, 1989) and eai‘thquakes like the 1931 Valentine e‘venti_have
been shallow. We assumed an earthquake on the Cémpo Grande fault woﬁld be 1.8 mi (3 km)
from the site and an earthquake on the Amargesa fault would be 15 mi (25 km) from the site. The
relationship of Krinitzsky et al. does not hold when fhe distance to the event is 0 km, so we
assumed that the background event was located 0.6 mi (1 km) from ihe proposed site. For the
Campo Grande fault, duration_ of shaking estimates ranged from 1.51 sec' (magnitude 6.27 event); _
" to 4.63 sec (magnitude 7.40 event) with en' aVerage duraﬁoﬁ of 3.15 + 1.10 sec. Dufation of
sha.kihg estimates for the Amargosa fault ranged from 6.57 sec (.magnitude 7.11 event) to 8.75 sec
- (magnitude 7.40 event) with a mean dui'ation of 7.66 + 1‘.09 sec.'Duration estimates for a
background event were 1.12 sec'(magnitude 6.3 event) to 1.36 sec (magnitude 6.5 event) (1.24 +
0.12 sec average). These vsfalues suggest that although an ea,r‘thqua.keon the Arnargosa fault woeld
be farther from the site, the duration of shaking at the site from an event on the Amargosa fault
could be 1.4 to 5.8 times longer than from an Eanhquake on the Campo'Grende fault.

It should be noted that the relationships used to estimate magnitude and duration 'represent '
averages of many _earthquakes; 'The position of the study'area with respect to the direciion of
rupture during an earthquake would strongly inﬂuence the duration. Also, most relationships 'are
derived using data recorded at distances greater than 6 mi (10 km) from an earthquake, so it is |

uncertain how well the relationships predlct duration very close to a fault o
CONCLUSIONS

Previous studies have shown that Quaternary faulting, primarily with normal dip-slip
| movement, is common throughout Trans-Pecos Texas Stress orientations as determined from
studies of geologic features and eanhquakes conﬁrm that normal faulting is continuing within the

reglon
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A study of mé’ historical seismicity of the region within a 200-mi (320-km) radius of the
proposed site indicates that there has been a moderate level of earthquake activity. The three major
areas of seismicity in this region are the oil and gas fields of the Permian Basin, the region near the
Mayfield fault, site of the 1931 Valentine earthquake, and a region of Chihuahua 50 to 100 mi (80
to 160 km) south of the study area. The largest earthquake within the region, the 1931 mainshock,
did not rupture the ground surface; however, a rnagnitude ~7.2 event in 1887 produced extensive
ground rupture and damage ap‘proximately 200 mi (320 km) from the proposed site. The 1887
event is a good example of the type of earthquake that might he expected to occur along the -
Amargosa fault located 15 mi (25 km) from the proposed site. The Valentine earthquake
(magnitude 6.4) represents a background event that might be expected to occur anywhere within
the region, even directly beneath the study area, ‘and leave no surficial geologic expression of its
occurrence. | |

Earthquake monitoring at the study area shows an extrernely low level of activity, only three
earthquakes in an 21-month period. Only one of the earthquakes could be associated with the
Campo Grande fault. The low level of seismicity does not in any way 1nd1cate that faults near the
proposed site are “dead.” For at least two decades before the 1983 Borah Peak, Idaho, earthquake
(magnitude 7.0) the region within 15 mi (25 km) of the rnainshock epicenter was quiescent at the
magnitude > 3.5 leveld(Dewey, 1985).

The geologic record of surface faulting indicates that earthquakes with magnitudes of up to
7.4 have occurred on the Campo Grande and Amargosa faults A background event of up to
magnitude 6.5, producing no surface rupture might also occur within the vicinity of the proposed
site. Although a large earthquake along the Amargosa fault is farther from the proposed site; it
would produce the greatest duration of shaking. Any waste reposrtory bullt at the proposed site
should be capable of withstanding the duration of shaking from alarge earthquake (up to 8.8 sec)'

along the Amargosa fault.
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Figure 1. Index map shdwing Cenozoic faults (bold lines) in the vicinity of the proposed low-level
radioactive waste repository site (dot). Faults are modified from Woodward et al. (1978). ,
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Figure 2. Physiographic provinces and the location of stress indicators (diamonds) within a 200-mi
(320-km) radius of the proposed low-level radioactive waste repository site (dot). Datum is sea

level. Lines drawn through stress indicator locations show the orientation of the least compressive
stress direction (see Table 1).
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Figure 3. Historical seismicity with magnitudes greater than or equal to 3.0 and/or Modified
Mercalli intensities greater than or equal to IV located within 200 mi (320 km) of the proposed low-
level radioactive waste repository site (dot). Individual locations and origin times are given in Table
2. Faults (bold lines) are taken from Figure 1. Stars are magnitude 5.0 or greater earthquakes, X’s
are magnitude < 5.0 earthquakes, triangles are seismograph stations operating continuously for
more than 1 year between 1960 and 1988 and the square is the location of the 1887 Sonora
earthquake. , ‘
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downthrown side of faults. CGF=Campo Grande fault, WDS=waste disposal site (proposed low-
- level radioactive waste repository site) seismograph station locations, CGM=Campo Grande
Mountain seismograph station locations, FIN=Campo Grande fault seismograph station locations.
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REGIONAL G.EOPHYSICS AND GRAVITY SURVEY IN THE VICINITY OF
THE PROPOSED LOW-LEVEL RADIOACTIVE WASTE REPOSITORY,
HUDSPETH COUNTY, TEXAS

G. R. Keller
Department of Geological Sciences

The University of Texas at El Paso

INTRODUCTION

Analysis of meas.uréments of the Earth's gravity field is a cost-effective way to obtain a
generalized picture of subsurface structure. The measurements are straightforward, and the data
processing techniques are well established and standardized. In the processing, known variations
in the gravity field (such as the decrease with increasing elevation) are accounted for, leaving only
variations (anomalies) that have geological significance. The interpretations of these measureménts
are non-unique in that it is theoretically possible for a variety of structures to produce the same
pattern of anomalies. However, with the aid of other constraints such as drill-hole data, surface
geologic mapping, and seismic surveys, gravity data are particularly useful in extrapolating a

combined data base into an areal picture. This is the approach used in this study.
REGIONAL OVERVIEW

The pre-Cenozoic geologic history of West Texas is complex (e.g., Henry and Price, 1985)
and is of much interest to researchers, petroleum geolozgists, and economic geologists, but it is of
less direct importance to the evaluation of the proposed site for the low-level radioactive waste

repository. However, one older feature of interest is the Clint fault (Upoff, 1978). This feature
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was identified ffqm deep drill holes just west of the El Paso-Hudspeth County line. Upoff (1978)
demonstrated that this subsurface feature was active in the Cretaceous, probably as a fault with a
component of down-to-the-south normal displacement. HbWevér, a »strike-slip component of
- ‘movement is possiblé. This fault occurs aiong a northwcst-somheast-trending gravity gradient that
extends southeastward toward the Campo Grande fault zphe. The Campo Grande ’fault has
experienced major movements in the late Cenozoic, indicating reactivation by extension related to
the Rio Grande rift. Thus it is possible that the Caxﬁpo Grande fault zone is a reactivated fault
related to the Mesozoic system of _}faults that includes the Clint fault. |

The Rio Grande rift (Figure 1’) extensiqn is responsible for the modern tectonic activity in far
West Texas. This major continental rift zone extends from Central Colorado southward into West
Texas and northern Mexico. This feature has had a tWo-phase history beginni‘ng about 30 MA
(e.g., Seager et al., 1984; Morgan et al., 1986; Keller et al.':, 1990). The first phése, as seen in
New Mexico, involved northwest-southeast-trending, 1¢w-angle normal faults, and was
accompanied by the eruption of large volumes of basaltic andesites and some rhyolite. After a lull
in the Miocene, the second phase bf rifting began at about 310 Ma and continﬁcs today. It was
characterized by high-angle faulting and, in New Mexico, minor amounts of basaltic volcanism.
From El Paso northward, the faulting was generally north-$oi1th trending, but these structures
were deflected southeastward at El Paso (Figure 2) to form the southern Hueco Bolson. The
bolson’s northeastern (Campb Grande fault) and southwestern (Amdrgosa fault) boundaries were
active at this time.

Heat flow associated with the Rio Grande rift is genérally high (Figure 3) but has a éomplex
distribution due to ground-water flow in the basins. The afcas of highest heat flow generally
correlate with the regions were seismic and gravity data indicate the crust is thinnest (Figure 4)
(Sinno et al., 1986; Daggett et al., 1986; Keller et al., 1990). In addition to this evidence for active
crustal-scale deformation, minor seismic activity is associated with the Rio Grande rift (see
accompanying discussion by Doser), and there is evidence“for contemporary vertical crustal

- movements in central New Mexico (Larsen et al., 1986) and west Texas (Reilinger et al., 1980; Ni
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et al., 1981). Reilinger et al. (1980) suggested that the Diablo Plateau may have experienced 19 £
3cm of relative uplift with respect to the Salt Flat graben between 1934 and 1977. This possible
evidence of uplift, young fault scarps in the Salt Flat graben (Muehlbergor et al.,, 1978), and ’tﬁe
crustal structure anomalies in the Diablo Plateau area (Déggett et al., 1986) suggest that zones of
extension related to the Rio Grande rift may be present as far east as the Salf_ Flat graben.

The Hueco Bolson is a major basin of the Rio Grande rift. However, our knowledge of its
deep structure is based on‘seisrnio refraction suweyé in the El Paso area (Mattick, 1967); a few
deep drill holes (Upoft, 1978), and graviiy data (Wen, 1983). Wen (1983)vused a combination of
drilling data and analysis of gravity anomalios to estimato bolson fill thicknesses in 'tho area and his
map is shown as Figure S. Fillpexceeds 2 km in thioknés_s.in several areas including the region
southwest of the proposed repository. A fnore detailed geophysical analysis of the proposed

repository area was undertaken to further evaluate its deep structure.
GRAVITY SURVEYS AND DATA PROCESSING

The University of Texas at El Paso maintains a large data base of gravity readings from West

Texas and surrounding areas that provides a general picture of regional structure. The gravity

‘anomaly map shown in Figure 6 dopicts a llarge gravity low in the area of the Hueco Bolson that -
approximately maps the infilling sedimentary rocks (i.e., the more negaﬁve the gravity anomaly the
thicker the sedimentary rooks); Mountain rapges ;hat bound the bolson are associated with gravity
highs. The large, north-south-trending gravity high in the eastern portion of the Diablo Plateau is
due to a deep-seated structure (Daggett et al., 1986).

Evaluation of the proposed site for the low-level radioactive waste repository required a more

detailed analysis than the existing gravity’ data could provide. Thus, additional gravity surveys

were undertaken. A profile of gravity measurements was made alongk a coumy road from Fort
Hancock into the area of the proposed repository. Readings were also taken along all of the seismic

lines recorded by Phillips et al. (1986), and at accessible benchmarks and other topographic control



points. These data made it possible to identify a few key areas where additional measurements
were made.

All measurements were combined into a compliterized data base and processed to construct
the gravity anomaly map showh in Figure 7. Reduction of the measurements to Bouguer anbmaly
values employed the equations of Cordell et al. (1982), which are the standard equations used by
the U.S. Geological Survey. The usual datum of sea level was chosen. Because of the relatively
low density of rocks in the site area, a reduction density of 2.4 gm/cc was employed. All readings
were tied to the international network (Morelli, 1976) gravity base station on the campus of The
University of kTexas at El Paso. A LaCoste-Romberg gravify meter (no. 720) was used for all
readings. The map shown in Figure 7 was constructed by first gridding the gravity values
employing the technique of minimum curvature (Briggs, 1974) and then contouring the grid using
the computer technique of Sampson (1978). Locations for all Zgravity measurements are shown in
Figure 7. A profile of anomaly values from Fort Hancock to the study area was also plotted

(Figure 8); the closely spaced stations compriSing this profile are evident on Figure 7.
INTERPRETATION

Several features are evident in Figures 7 and 8§, and a ;portion of the trace of the Campo
Grande fault and Campo Grande Mountain is included in Figure 7 for location purposes. A high
gradient associated with the trace of the Campo Grande fault aocumcnts that the thickness of the
bolson deposits abruptly increases southwest of the fault. A fault would be inferred near this
gradient if one were not already known to éxist at this locaﬁbn. The magnitude of this gradient
establishes that the Campo Grande fault is a major deep-seated feature whose movement ié down-
to-the-southwest. The déCfease in this gradient southeastward toward Campo Grande Moumain
indicates that the throw on this fault decreases southeastward. .'

As one approaches the study area from the Campo Grande fault, the anomaly values reach a

: plateau at about -150 nﬁuigals and then decline. This plateau correlates well with the limited areas
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where bedrock lS known to be shallow and thus can be used to infer the extent of shallow bedrock.
The ldw values north of this plateau can be "interpre'ted to delineate n small basin in this area.
However, as discussed below, thickening of Cretaceoi._ls rocks also contributes to this anomaly.
The proposed repository site appears to be contained within this inferred basin. The pattern of
contours indicates that this basin extends southeaStward toward Campo Grande Mountain, but the
gravity anomalies do not eorrelate well with known bedrock depths, indicating the presence of a
deeper structure. | |

The final step in the gravity analysis was to construct an integrated Earth model along the
gravity profile extending from Fort Hancock thiough the study area. The resulting model shown m
Figure 8 should be considered to be a generalized geqlogic cross-section because it is constrained
by both drilling and seismic data. For the purpose of this model, basement (density = 2.7 gm/cc)
was all Pre-Cretaceous rocks. South of the Campo Grande fault, the bolson fill was assigned a
density of 2.35 gm/cc in accord with the regional density contrast’ value established‘ by Wen |
(1983); north of this fault, a lower valne (2.2 gm/cc) was used because the ﬁll. was relatively thin
(and thus not as compacted) and mostly unsaturated. C;etaceous rocks were assigned a density of
2.5 gm/cc based on previous analyses of these rocks in west Texas (summarized in Keller et al.,
1985). The model shows the fill thickening _abruptly southwest of the Campo Grande fault. The
structurallby high block just north of this fault invdlves the basement. Because of the known
shallow structure, this basement high is probbablyb not due to Rio Grande .rif‘t felated normal
faulting. Itsvpresenc‘e is consistent witn the idea that the Campo Grande fault rnay have a history of
pre-rift movement. A small component of strike slip movement could produce such a feature.
There are several mid-Cenozoic intrusions in 'the area (Quitman Mountains, Finlay Mountains, and
Hueco Tanks) and it is interesting to speculate‘ that one Qf thesefpre-rifting intrusions used the
‘Campo Grande fault as é conduit. The basin geometry shown north of the structural high is
consistent with both‘seismic reflection (see aC'CO;npanying discussion by Baker) and drilling
~ results. The gravity low in fhis area could not be modeled with bolson .fill thickness variations

alone. A thickening of Cretaceous units had to be included. The zone of maximum thickening at
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13 km (Figure 8’)-vc‘oincides approximately with the most northérly’ thrust fault inYCr,etaceous rocks
recognized in the seistrlic data Thus, thrust loading may 'h’avie played some role 'in"p'roducing this
gravity low. The northern end of the model deplcts thlnmng of both Cretaceous and bolson fill

© units as the Diablo Plateau is approached
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Figure 1. Index map of the Rio Grande rift showing generalized pattern of faulting (from Keller et
al., 1990).
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Figure 2. Index map of the southern Rio Grande rift showing generalized pattern of faults with
Quatemnary displacement. Stippled areas are Quaternary volcanic fields. Dates decate faults that
moved during the 1887 Sonora and 1931 Valentine earthquakes.
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Figure 3. Heat flow data in the southern Rio Grande rift. Symbols indicate conventional heat flow
measurements and values estimated from bottom-hole-temperature data. Contours are based on
silica heat flow estimates (from Keller et al., 1990). :
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Figure 4. Contour map of crustal thickness in the southern Rio Grande rift. Contours are of depth
to the Moho with sea level as a datum (from Keller et al., 1990).
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Figure 5. Contour map of the total estimated bolson fill thickness in the southern Rio Grande rift.
These estimates where derived from a combined analysis of gravity and drilling data. Contour

interval is 200 m (from Wen, 1983).
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