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NOTICE

- "This report was prepared as an account of work sponsored by
- the United States Government. Neither the United States nor
‘the United States Atomic Energy Commission, nor any of their
' employees, nor any of their contractors, subcontractors, or
‘their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accu- .
racy, completeness or usefulness of any information, appara-
tus, product or process disclosed, or represents that its
‘use would not infringe privately owned rights."




- 0pen-file~re§ort-74-176 - o o Open-file report 74-176

o UNITED STATES .
- DEPARTMENT OF THE INTERIOR'
GEOLOGICAL SURVEY

.. Federal Center, Denver, Colorado 80225

-SUMMARY OF TECTONIC AND STRUCTURAL EVIDENCE FOR




'CONTENTS

e st 2 st s £ 01

AbSETaCt=mmm=n==m=ocm=omsocecmsoicecemeiccmesncecmacascoccoeeee 1

intrcductionf-~;-4---r*-7-5----~-----4-~----------‘-----*?-‘----- 1
Géneral tectonic settingfoleevada'Test Sité-region-?é-----e--f-- 3
P:onsed‘mbdel of’strééé7direétions---------r-F----------4-?----- 10

‘Faults and fractures of Qﬁétérnary ageﬁ--;Q;;g;f--;-;-;;;_--_--%_ 12

- Faults in 8lluviUme--e-n--mmrmmsssmmeonromseemnmmnnssmnenas 12
Fractures 'in alluvigmes===-=-=-e===smc=ssmmcmmocrcoaaeoioo 14

‘Fraéturés inithf;;;-?"""f;";f‘;f;f"ff"";""f';“4" - 17

vFrac;ures'in-pléyéSE---r-44---?;?-?-;-P-~?----—f-fQ----e---- 18

Yucca fault, associated parallel faults, and shape of Yucca

At ks bt s

BagiNem=mmmmmssmiemme oo emmeeeceaeees 23

Seismic evidence=--=~==--~--

T_.“‘“v“;.',‘_'-':'v:""_"""‘f“f"‘f';"f';"f'; 33

s Strain meaSurements'---'.-‘»‘--..-‘-'---.‘----'."--f------------‘------- 37

i
i
i
}

Stress measurements and estimates----=----=-==c-=ecseee-eoue 38
Drill-hole eﬁlaﬁgéﬁén;¥;?é?f;?-4%--47??-4----97-‘---?~'f*-;'f”42

RN 1







i
.

< e

B R

"ILLUSTRATIONS--Continued

:Page

'.'7 Figure>10.--GravitY-contdur map showing_Buried’Paleozoic

bﬂsurface beﬁééth Yu§ca‘Flat;---g-;---;;-----f;-----i 30
1i.--Map qf:souﬁhern Yucca Flat and FreéChman Flat |
';;;feés{ éhdﬁing s£ructuré1Apafterﬁs; Quaternary
k%féﬁifsvand fraéturés; and locétiqn of eartﬁ-,
V’quakes, their afteréhocks, fault plane solutions,

) and PresSsure axEeS---=-e-~=-cecccosicevcececmcecasc~n C 34

.7 , :
< e
= P
h k3

iii



e ot

TABLES

Table ‘1.~-~Horizontal gravitational (hydrostatic) and tectonic
stress for assumed crack depths---=s-ccecemccccccan
2.--Horizontal gravitational (Poisson) and tectonic

stress for assumed crack depths--------~—--------—-

iv

Page

39

40




.jSUMMARY OF TECTONIC AND STRUCTURAL EVIDENCE FOR
i STRESS ORIENTATION AT THE NEVADA TEST SITE

.By

S W J. Carr R T T

ABSTRACT

A tectonlc synthesis of ‘the NTS (Nevada Test Slte) region, when
comblned with seismic data and a few stress and strain measurements, -
suggests a tentative model for stress orientation. This model proposes:
-that the NTS. is undergoing extension in a N, 50° W,-S. 50° E. direction
c01nc1dent with the minimum pr1nc1pal stress d1rectxon. The model is
- supported by (1) a tectonic similarity between -a belt of NTS Quaternary:
faulting and -part. of the Nevada-California seismic belt, for which
northwest southeast extension has been suggested; (2) historic northeast-
trending natural- -and explosion-produced fractures in the NTS; (3) the
" virtual absence in the NTS of northwest-trending Quaternary faults'

- (4) the character of north- -trending faults and basin configuration in
“.the Yucca Flat area, which suggest a component of right-lateral
displacement and. post-10 m.y. (million year) oblique separation of the
‘sides 'of ‘the north-trending depression; (5) seismic evidence suggesting
a north- ‘to northwest-trending tension axis; (6) strain measurements,"
-which indicate episodes of northwest-southeast extemsion within a net -
northeast-southwest - compre3310n°‘(7) a stress estimate based on tectonic.
- cracking: that indicates near-surface northwest-southeast-directed
tensxon,'and two ‘stress measurements indicating an excess (tectonic)
- maximum principal compressive stress. in a northeast-southwest direction
at depths of about 1,000 feet (305- m); and (8) enlargement of some. drill
: holes in Yucca Flat in a. northwest—southeast dlrectlon. v ,

L ‘:,,5,.- s

S . It 1s'1nferred that the stress eplsode resu1t1ng in the formatlon
”9§ of deep alluv1um-f111ed trenches began somewhere between '10 and possibly -
less than 4 m.y. ago in the NTS and is curreéntly active. In the Walker.

' Lane -of western Nevada, crystalllzatlon of plutons associated with
Miocene volcanism may have increased the competency and thickness of
_the crust and its ability to propagate stress, thereby modulating the -
frequency (spacing) of basin-range faults. ‘ . o

INTRODUCTION
In 1972 the U S Geolog1ca1 Survey began a rev1ew and synthesis of

the tectonlcs and structure of the Nevada Test Site region in order to

estlmate the present orientation of the regional stress field This












crust. Detailed mapping and modern'dating techniques have shown that

muchfof the;middle'and late Tertiary structural movement is spatially

. and»temporalL?'associated with volcanism;‘particularly'in the uestern
’ﬁ‘Great Basin (Christiansen and others, 1965). | | | |
The generally linear mountaln ranges of centralkNevada are o

' 1nterrupted'in>the western Great Basin by several ma jor northwest-
vstrlklng llneaments (flg.‘l), which together form a zone ot d1srupted
ntopography called the Walker Lane (Locke and others, 1940) These'
llneaments mark shear zones locally demonstrated to have as much as

K 30 mlles (50 km) of rlght lateral offset (Stewart, 1967; Longwell, 1960)
These structures are assoclated with complementary northeast- trendlng

'faults, commonly hav1ng relatlvely small left- lateral dlsplacement

and large-scale drag folds : ot orocllnal bends (Albers, 1967) that strike.

)

i ~east to northeast. In some areas the Walker Lane shear zones are burled

under upper Mlocene and. Pllocene volcanlc rocks' at other places the

»:shear zones may be present at depth but expressed at the surface only

'*{by orocllnal bendlng ‘or- low-angle faultlng. -

Volcanism in the Walker Lane moblle belt.ls predomlnantly Mlocene_:.
';iﬁ age.anddtendsjto be'concentrated where the:maJor rlght—lateral
faultS'dle:out or.display multiple hranches and:en echelon arrangement.

. An espec1ally favorable locus appears to be wherever the large- r1ght-"
"lateral fault zones step to the right several mlles and where thexr |

' ends are conneCted by_northeast-trending faults, most of whichvhave a .
_small component>of.left-lateral offset. The'northeaSt-trending.faults

" can be“regarded-as'rifts orvspreading centers; commonly{they are









of earlier activity having developed a structural grain by the time
of basin~-range faulting.

A variety of Tertiary structural styles occurs in.the large area
of the Nevada Test Site (fig. 2). The structures seem to be influenced
by rock type as well as by preexisting structural grain. Oa the west
.a dissected volcanic tableland contains three major caldera complexes:
caldera structure is closely associated in time with local north-trending
basin-range faulting (Christiansen and others, 1965), and with northeast~

trending faults having .a small component of left-lateral slip. East of




along the Las Vegas Valley shear zone within and beyond the area of

- the Tlmber Mountaxn caldera complex, where it .is expressed largely
by grav1ty and topographlc trends.l Paleozoic rocks appear to be bent
Varound the southeastern edge of the rolcanlc f1e1d,_and the thrust . l#:_
. zone (Barnes and Poole, 1968) along the Belted and Eleana Ranges
probably extends westward in an arc to Bare Mountain._ Compllcated
_structures assoc1ated w1th the zomne of orocllnal bendlng .and bas1n-range r
‘faulting.in the~southeastern part of the test site consist of two._
_importantTstructural'elements--northeastftrendlng‘fault Zoneslof small-
.'soale.leftélateralfoffset,-Suohfas:thehcane Spring -and Mine.Mbuntain
systems;,and northwest-trending.fau1t<and flexure zones displaying
~right-lateral offset or.bending. Detailed-mapping OJ. J. Carr and o h i
;;’ '-ﬂ' others, unpub data, 1967) and seismic records descrlbed later show

:that these two systems mutually offset one another and _that they are

'vboth locally‘actlve., Slgnlflcantly, the current structural and selsmlc .

thiznneS‘is concentrated near_areas_nfedeen:
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FAULTS AND FRACTURES OFIQUATERNARY-AGE T

_Faults in alluvium

Faults of Quaternary age hav1ng -a northwest trend are not present

'

- in, the ‘test site ‘area or along the Las" Vegas Valley shear ‘zone, but are

‘common to the west and northwest along the Furnace Creek Owens Valley,

’,and Soda Sprxng Valley fault zones., Parts of these areas to the northwest'

are also the‘loci‘of much‘current-seismic'activity'and ofAhistoricllarge"

earthquakesuthat;caused'surfaceAdisplacements.' However, available
:information (?apanek and Hanilton,.1972;"Fischer3and others,l1972)&;
Suggests,to melthat much ofhthe stress relief is occurringrnot_on’the
majOr}faults ofvnorthwest,trend but.near theﬁ on'northeast-trending
faults, particularly'where these.faultsgare striking nearly east-west

-as they approach the main northwest trendlng zones (flgs. 1 and 2).."

~Additional ev1dence w111 be given in the: sectlon on selsmlcity.

‘In the test sxte reglon, faults and fractures of Quaternary age
'{-form ‘a zone (flg. 4) flanked on the: east and west by areas hav1ng very
1H'.Iittle Quaternary faulting.l Few, if any, of the fault scarps within
”fthls zone are’ fresh enough to suggest large earthquakes within the last
feW'thousand years.j The scarps nearly all lie in:depressed areasithat

are. mainly below 5 000 feet (1 524 m) 1n elevatlon. I suggest that the

'scarps are the surface expression of a se1sm1c belt which currently is

vrellev1ng stress by fa1r1y numerous small earthquakes but which had been

the ‘site of larger earthquakes prior to the last few thousand years.'
The NTS”zone-of faulted-alluvium:is strikingly:similar'in'trend‘and

rrelativeilocationfto part of_the,Nevada-California geismic belt-~a zone

12
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. ;‘,iln the alluv:_um

| of'historic.largefearthquakes.that caused.surface breakage (fig.:l)

Both- belts bend to a northeast trend as they Cross ‘the Walker Lane,

'zand both appear “tor show r1ght-1atera1 obllque Sllp in thelr northerly

;f trendlng portlons and left lateral obllque Sllp in- their northeasterly
L trendlng portlons;, However, at the test 31te the ev1dence for left-
!;lateral Sllp on the northeast trendlng faults is mostly in rocks of
hpre-Quaternary age, even though the faults cut Quaternary dep031ts.
'En -echelon’ patterns characterlstlc of lateral Sllp seem to be absent
;pi»from the younger of these northeast trendlng faults, but the scarps

are old and poorly deflned

The‘Yuccalfault is the-only youthfuleappearing prenuclear testing

:fault scarp in the test 31te area. It willfbe discussed‘in'detail in

'h-the section. on’ page 23 Lo hg;,ATzf;x;gf’ IR

Fractures‘in alluyium

Underground exp1031ons at the test 31te have produced many fractures

The average trend of shot-lnduced fractures in<Yucca ';

"»,Flat is N. 40° E.}(flg. 5) Thls dxrectlon is based on 70 occurrences,hw
/f;includlng promlnent long fractures' fractures that are- closelyvspaced
7;1211 a zone-were counted as a s1ng1e occurrence._ If 1nd1v1dua1 fractures f_
‘ had. been counted the frequency of thlS trend would have been tremen-
i»dously relnforced because fracture swarms. haV1ng thls trend are‘much
H’more numerous than those exh1b1t1ng other trends. No great dlfference>
in fracture trends seems to exlst from one part of Yucca Flat to another,

Afalthough there is a tendency for fractures ‘in Area 3 to trend sllghtly

N
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more northerly than»those?in the northern part of Yucca Flat. ‘Fractures
probably lying along faults were excluded from the count as were
'fractures that .are- clearly radial or concentric to shots._ There is a
minor maximum-of-fracture-trendkfrequency near north;,it is posSible
thatifractures hauing‘this trend are'fault related. Horiaontal separationb
,of an;inch or11ess;,nornal_tolthe:crach,:is;the.uSual displacement
associated uith'these fracturesi Significantly,‘the swarm of northeast-
trendingJexplosion-related cracks in north-central Yucca Flat crosses

_ the maJor Yucca fault zone w1thout being obv1ously affected by 1t.r
Barosh (1968, p; 204-207) showed that in some areas of Paleozoic
hedrockiaround_Yucca‘Flat-a well-developed'system of northeast-trending
-joints.and very'snall'faults is'present nearly paralleling_the trend |
”Of shot-induced fractures in- alluv1um. These JOints in Paleozoxc rocks:
are not exploSion,related; 'AnalySis of the geologic mapping east of
"_ Yucca Flat also shows an east-northeast -trending -system of small faults
:?in the_PaleozoiC’rocks. No JOintsfor faults of this trend are known
g?zlinltﬁéjéhffxééférobsfadjacent'to‘therfractured alluvium; butioutcrops
vlvéf'tuff are sparse.and irregularly distributed in these areas and'nov
5f1arge_underground explosions'hare heen detonated.near them. -6nhBanded
_Mbuntain, however, a few basalt dikes of.late Tertiary or Quaternary
age intrude the northeast trending faults, suggesting that northwest-
‘y%fsoutheast tensile stress was‘present at the time of basalt intrusion.

I believe that the described relations 1nd1cate that most of the.;

randomly distributed northeast trending explosion-produced cracks in-

Yucca Flat are basically unrelated to underlying faults and thus

16













all;vium, whxch in turn trends toward a bedrock fault' (5) topographlc

: mbdata ‘at hand for Yucca playa indlcate no subsidence has occurred in

1'5 the lmmediate area of cracking, (6) water levels GJilliam Tbordarson,

":fvoral commun., 1973) in. wells B;and C (flg' 6) at. the edges of the

V:.~near the surface of Yucca playa (flg. 6). Four of ‘these (flg. 6, A~D)

playa 1nd1cate no SLgnlflcant 1ower1ng of the water table durlng the
last 10 years' and (7) 1arge quantltles -of water flow into the cracks

4 when they are: new,-lndlcatlng that they go to cons1derable depth
i,probably into rocks beneath the alluV1um.y | |

bﬁ Fractures 1nferred to be of ‘tectonic . orlgln are present in several

aalplayas of the reglon.; Slx fractures of thxs type ‘are present on or’

" are subparallel and concave to the northwest tbelr trend varies from
"about N. 30°. E. to»N..50° E. TWo older cracks (flg. 6, E and F) beyond
dthe northwest corner of the playa trend more northerly. Thehfour .
: :parallel cracks rnvthe southern part of-the playa are about equallyl
'"spaced and are younger from north to soutn. The youngest crack (D),v

lristill a promlnent feature;but-fllling rapldly, formed in 1969 the

.w"“uext ‘erack . to the north (C) formed 1n 1960 and was exrended nortb_ a f?” \\:, 2

».eastward in 1966,'(0n the ba31s of aer1a1 photos and degree of :

i oullferatlon, the tk 1rd crack (B) probably formed prlor ‘to 1950 .- The

’fourth and northwesternmost crack (A) 1s older but of unknown age.

jNore of these'cracks-showsvobv1ous vert1ca1 offset, althougn the pattern

‘of water dlstrlbutlon on tbe.playa'surface suggests that the area

.fvs rroundlng the younger cracks has been elevated sllgntly with respect ‘:_ -gf

to adJoining parts of the playa (fxg. 6)

20






1. Groom Lake playa fnortheast-torner; ‘About 5,900 feet (1,800 m)
long, trends N 47° E., pre-1952 in -age.

2. Small unnamed playa just northwest of Papoose Range, about

4 m11es (6 5 km) east of gate 700 Two very fa1nt cracks about 1,000 feet
(300 m) and 500 feet (150 m) long, both trendlng about N. 50° E.
~‘ T 3. North end of playa 1n Indian Sprrngs Valley, about 18 mlles

(30 km) north of Indlan Sprlngs, 17 mlles (27 km) east of Frenchman

Lake.v Two cracks about 3, 000 feet (900 m) long, trendlng -about N. 20° E.

and N. 10 E., appear to be at 1east 20 years old

4. Frenchman Flat northeast corner, Two curvxng'cracks; one about
7 000 feet (2 130 m) long, trendlng N. 5° W, to N. 60° E., the other
2 000 feet (600 m) long trendlng north to N. 20° E.; both cracks concave
to southeast. The easternmost crack is- dlstlnctly younger than the :
western, and looks fresh on photos taken in 1951

Several other playas ‘in the reglon were examlned on aer1a1 photos

and no cracks of thlS type were detected -None offtbe photos were low







rocks to increase from east to'west-acrOSS'a particular fault block

(fig. 8) dips of as much as. 60° are present along the .east edge of

ngYucca Flat._,_wgr,

}LIn general the Tertiary‘tuffs dlp less steeply (the average dlp
;'1n the h111s around Yucca and Frenchman Flats is about 20°) but more '
:ferratlcally thah the Paleozoic rocks, because the tuffs tend to drape'

iv‘,across uneven surfaces and fault scarps on the Pale0201c rochs. The

“tztuffs‘are commonly less offset by the ba51n-range faults than are the
-ffiPaleozoiclrocks. Although there are 1ocal exceptions, the tuff units,

”l{particularly ash flow tuffs, do ‘not thicken appreciably in the deeper

:j’Aparts of the Yucca Flat bas1n. The larger exposed faults of the ‘group

nhare spaced from about l 500 to 3 000 feet (500 1, 000 m) apart, but
"ilsubsurface dips 1n the tuff beneath Yucca Flat range from 10° to about
>*v35;,ﬁindicat1ngfthat faultsﬂare_probablyvmore;closely spaced 1n,those,

iaiéas*wﬁareJthé dips'in‘the tuff are steep. For dips of about 30°

hiﬁfmaintained across fault blocks, small faults spaced only about 200 feet

(60 m) apart seem required f however, ‘dips- 1n the tuffs steepen ;‘f'

';ftinto the main faults,ias seems likely, fewer faults are requlred.,‘A"
kgood case for thlS phenomenon, called "reverse drag flex1ng," has _fﬁ
Z;fbeen made by Hamblin (1965) and supported by Anderson (1971) -1t is -
‘ffa mechanism for achieving horizontal exten51on and 1mp11es curwing or

"t flattening of the faults Wlth depth. Little eV1dence of thlS flattening

"hex1sts ‘at- the test Slte because of the lack of . deep er031on, but the

‘i?Baneberry fault in: northwestern Yucca Flat appears to flatten slightly

'Zwith depth' at the surface it dips about 65°, and 1, 000 feet (300 m)

2.






lower drill—hole informatron lndlcates that it is dipping about 58°.

Likew1se, the Yucca fault, wh1ch at the surface generally dlps about
75°-80° must flatten to 55° 65° 1n order to flt subsurface ‘geology
in some areas. In southwestern Yucca Flat the Carpetbag fault zone
may have a low dip, possrbly approachlng the 40° d1p of the. Paleozoxc
surface (fig. 8) Ev1dence for thlS will be dlscussed in a followrng
sectlon.

The Yucca fault 1is the youngest natural fault scarp in the test site
regron. It was studred carefully for clues to the present stress fleld
A 1arge earthquake must have produced the Yucca fault _scarp, which
extends in a very narrow zone for a dlstance of at least 15 miles

(24 km) and probably ‘as much as 20 mlles (32 km) (flg. 7) At least : , ﬂ

o

the southern 10 mlles (16 km) of the fault scarp shows no . ev1dence of

multiple dlsplacements. Magnetic evrdence and surface fracturing show
{

that in places the present scarp 11es several hundred feet east of

£ he fault zone. "No. religble wav has been  faound




dlrectlon and should display a component.of right 1ateral sllp.

Ev1dence for ‘this is summarlzed in the follow1ng dlscussions.

The ma1n Yucca fault scarp, though nearly contrnuous, conSLSts
in deta11 of numerous close spaced en echelon breaks that conSLStently
step to the left (flg. 9), conSLStent w1th a component of right lateral
slip. Much of the en echelon pattern is a result of movement caused
by underground tests, thus prov1d1ng a- general measure of present stress
orlentatlon.\ Minor departures from the nearly vertlcal dlsplacements
caused by explos1ons are, 1n my oplnlon, due to shov1ng and Jostllng of
the alluvrum by ground motlon. However, falrly conSLStent minor r1ght-
lateral offset resultlng from testxng has been descrrbed for: at least
one underground test: (R. E. Anderson -and W D. Qulnllvan, written
.commun., 1966) Barosh (1968, P. 215) concluded that fracturlng from
another test 1nd1cated a. sllght r1ght-1atera1 component -

North-trendlng surface faulting produced by the Carpetbag event
(near UE2b fig. 7) also shows eV1dence of right 1atera1 displacement'

road northwest of the shot was dextrally offset about 6 lnches
(15 cm) across a 4 foot (1 2-m)r~h1gh scarp, and en echelon cracklng
along the scarp steps to the left in a manner 31m11ar to that along
k,the parallel Yucca fault scarp. The total amOunt of rxght lateral

sllp on the Yucca and Carpetbag fault ‘zones 'is dlfflcult to estlmate,

but 1t could easxly equal or exceed the - average post-tuff vert1ca1
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justiwest of the Carpetbag fault zone.,‘Dips in the Timber Mountain Tuff'h
‘:in dfill hole U3ge‘immediately west:of the Yucca‘fault.are also unusually'"
:isteep, averaglng about 32° to the west. These structural attitudes, in -

_,-conJunctlon with the deepest part of the Yucca basin, suggest structural .

vf‘rotatlon into a- relatively low-angle east dlpplng fault zone hav1ng the

"eappearance of a landsllde fault The:strong tendency’for large-rangef

f B front faults in: the BaSLH and Range to be landslldellke or. doubly concave,

both upwards and toward the downthrown Slde, has been - poxnted out by Moore

- maan 2. B S W ¥ L L JPT .- . — 1 . e

- ‘ R . ] _ . S ‘.




The troughs under Yucca Flat range from 2,000 feet- (600 m) to

T o : 5 000 feet (1 500 m) across, and the whole group of depress10ns has . L
S ' . ';’3 rather constant total w1dth of about 10,000 feet (3 000 m) under I . -
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of the'southernitib of Yucca~playa at a depth of 3kmiles (4.6 km)
lsﬁdsther'and others;‘1972):.fAftershocks'had'someuhat;deeper‘hypocenters

- and were‘nearlyuall locateinn'a'northWesterly trendlng zone;about a

mlle and a half (3 2 km) southwest of the ma1n shock Accordlng}to
;¢‘Flscher (1972, p. 13) "the axls that bxsects the quadrant of compressxonal.
:~.f1rst motlons, the tenslon ax1s, has a near-horlzontal west-northwest B
| 4*'* orlentatlon for both thebmaln shock and the aftershocks" of the .
rvrMassachuSettsvMountalnfearthquake.i In the maln’shock the strlke of the,‘
v pressure ax1s was N 23 E., ‘and the strike of the tension ax15 was

'N 67° W.‘ For the belt of northwest trendlng aftershocks, the pressure

fﬁaxls varled from about N.:30° E to N 70° E., the average being about
N. 45° E. . Of the two fault plane solutlons, one trendlng N 22°'
":vhav1ng rxght-lateral motlon,'the other trendlng ‘N, 68° E. showing left-,
'lateral motlon, the plane strlklng northeast seems the most log1ca1
'fch01ce, as it c01nc1des very closely w1th a promxnent set of faults in
g the v1c1n1ty, many of whrch have slickensxdes indlcatxng that the last
'jféfmovement was left-lateral slip. The trend and- fault solutlons for the
HJ*;‘aftershocks along a northwest-trendlng belt at depths’ of 4-6 miles. N
v(6 lO km) f1t best w1th north-northwest trendlng faults that cut ‘the
b’nearby cp hogback but, s1gn1f1cant1y, the zone of aftershocks parallels
‘rfh‘a feature called the Yucca Frenchman flexure (fig° 1l and W J. Carr
land others, unpub data 1967) , The main shock and a few aftershocks
'were located very near the flexure at its 1ntersectron w1th the Cane‘
"'1Spring fault zone. The flexure is a right-lateral bend having a

"probable offset of about a mile (1.6 ‘km). The. flexure does not 1nvolve
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The spacrng between cracks A and B (fig. 6) ranges from 600 feet

(180 m) to 2, 000 feet (610 m), averaging _about 1 300 feet 6400 m)
hobetween cracks B and C from 1 000 to 1 400 feet (305 m to 425 m),
H:averaglng about 1 200 feet (365 m), and between cracks. C and D from
.“1 9oo feet (580 m) to z 500 feet (760 m), averagmg about 2, 200 feet
" (670 m)

| If rt.rsﬁassumed from Lachenbruch 's study that the . crack spaclng‘
',jls abprox1mately equal to crack depth an estrmate of stress is possrble
:?:from the flgures in tables 1 and 2 v The tectonlc tensrle-stress would .

: erange from about 42 kg/cm (600 psr) to about 77 kg/cm (1 100 psr) in e.

:the hydrostatlc condltlon, and from about 9.1 kg/cm (130 psx) to about |

dlS 8" kg/cm (225 psr) 1f the Porsson loading criterion is used. The

Tlatter method glves dlstlnctly 1ower values ‘but ls con51dered more

: _;reallstlc in terms of the physrcal propertles of the medlum.
Stress measurements have been made by the USGS ‘and U.S. Bureau of

“.AIMLnes in ‘two tunnels under Rarnrer Mesa., In'U12t 02 at a depth of ‘

..-

“@451 175 feet (360 m) the pr1ncipa1 compressronal stress drrectlon is

ifffN,;28° B and the maximum excess:’ (tectonrc) horlzontal stress is df:,
if41 kg/cm (586 p31) (H. W. Dodge, Jr., oral commun., 1973). "The anis

- _of max1mum prrnclpal stress is 1nc11ned about 3° from the horrzontal

"":fIn U12n 07 bypass drlft, at a depth of 1, 250 feet (380 m) the dlrectlon ;1

‘Fof max1mum pr1nc1pa1 stress is N. 47° E. and the excess horrzontal
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. It has beéh suggested (V. E;AHdoker:and othérs?vwritten commun, ,
1971)5that‘thé‘stres§ directionévaréfinflgenced by the"free face of
Réinigr”Mééa, to which the,méximum‘principai-stress direction is roughly
lpér311e1;_LSuEh'hn ihfiuente ié'posgih1e34but herhaps not'very likely,
1;because the measurements were’ taken more than 2, 000 feet (600 m) from
the néarest phlnt on the facevof the mesa.-'

'.Other stress-measurement data were - reported by Obert’ (1963 1964)
‘from_tunnelh at Rainier Mesa and in the granitic rock,of the;ClimaX"
.'stoch,he?t”théinorthﬁést cornétnof Yucca Eiat. -Thesg-data’are béing

»analyéed;by G. E. Brethauer, who répqrts (oral commun., 1974) variations




In-addition, caliper logs show that'many,other,‘but'not all, holes in

Yucca Flat are:enlarged in an~unknown_direction. of 96 holes having"
: .sinharm caliper logs, about 40 percent show’no preferential enlargement,i g
: The average direction of enlargement for the six holes’ that have

been determined is roughly N. 60° ., a direction very compatible with.
',other information assuming that the direction of enlargement represents
-:the directiontof minimum princ1pa1 stress; In the few cases where the

.enlarged hole has been photographed or v1ewed by downhole telev131on,

4%j.the enlargement takes the(form of planes of spalling in the northwest

-vand southeast quadrants of the hole, leaving the northeast and southwest
' quadrants v1rtually undisturbed

e

-Other geologic evidence»of extension

“Two additional pieces of ev1dence may be cited in support of
hnorthwest-southeast extenSLOn.v W. D. Qulnlivan.has p01nted out an"
f,interesting poss1ble-analogy to the enlarged dr111 hole phenomenon-
4 sithe Timber Mbuntain caldera complex, which might be comparable to a
.;huge drill hole in.a stress field has a northwest elongation (fig. 2),
;the directionvbeing about N. 55° ; The Tlmber Mountain caldera'
vf:formed about 11 m. y. ago.: | i

A large Tertiary pluton, which probably underlies much of the

: northwestern part of the test 31te area as magnetically defined has .

- a.very distinct northwest-southeast elongation (fig. 2) Interestingly,‘

':».the Cretaceous plutonic rocks, including the connected Climax and Gold

'MEadaws stocks, trend more nearly east-west, a direction that could -
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have been related to the general development of a Mesozoic structural
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north;northeastQtrending,baéin«as-a whole»has a s1ight right-lateral

._hcomponent of'dlsplaeement within it. Thew,commented that this direetion

appears to be falrly eonSLStent over a w1de reglon of the Basin and :
Range prov1nee. Ev1dence presented in thrs report strongly supportsx.

‘};thls general statement, but At should be remembered that the area belng

i»-consxdered Ls not the entlre Basxn and Range, but rather the Walker Lane
‘-and.adJacent part of the Great Basrn.'

There lS ev1dence suggestlng that the structural style that probably

-rbegan to develop in Pllocene time - 1n the test site area w1th the formation

of relatrvely narrow deep(troughs is contlnurng at present, hlch, 1f

o ‘correct,;suggests that‘the;present'general stressfconfiguration has
'1exTStedifor-several million years. There is a strong hint that present
';selsmle;actiwlty:in‘the southwestern Great Bas1n is. generally avolding

Paleozoic and older rocks and ls,concentrated in areas currentlyv; 1

’,'receiving~alluvium, In some areas seismic activity is oecurringdinﬂ _

' areas of:voleaniC'rocks of-Miocene7andiPliocene.age5 in particular,-in ..

i;ﬁareas otwvolcanlc centers or calderas.f :%?;"af'-hgii"f” :. ’.f} t%‘f'nx g
| Alluvial deposrts.are very‘rare, but uneonform1t1es are.present
'.Twithin:the‘volcanic\section in'Yucca‘Flatvand.elsewhere'in-theatest-
'1131te reélon,_rndrcatlngva perrod of from roughly 17 ‘to 7 m. y.vago, 1n:

:hwhlch there were few, if: any,_deep closed basrns of the type that now .

"-,ex1st. Conglomerates 1ntertongue w1th marnly the lower parts. of the

'Lvolcanlc sectlon near the edges of the volcanlc flelds, but these
'l gravels are typlcally fluv1at11e ‘in appearance and are - locally

assocrated w1th lacustrlne 11mestones. These sedlments are- unllke
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.':theidetritdeﬂhow accumatatihgv;n‘the’hasiné} ;Inithe-subsﬁrface in
iefucea and Ftehchhan'Flats is‘a widespread:depesit:of very‘thffaeeoue

jtalluv1um poetdating the Ammonia Tanks Member of the Timber Mbuntaln

B Tuff This uhithisﬂpresent‘hearly everywhereiln the eeeper parts of o

”?lthe baeins;ﬁ;;t“contains vety few Paleeaoie'ciaste’and represents a
f;perlod of strléplng of the tuff from the Paleoaoic rocks. in’northern

’7Frenchman Flat on. the flanks of - the Frenchman b351n, part of thls alluv1um

>
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alongvandfadjacent"tofthe Walker Lane; and nlth'the idea of the

formatlon of- deep ba51ns, w1th1n the- last lO m.y. and locally w1th1n
the last 4 m.y.~ The locallzatlon of ba31n development lmplies a
‘fundamental change either in the mechanlsms generating the stress or

in the. phys1ca1 charactervof the crust. Locally thesevbasins are
,underg01ng exten51on and sub31dence at the present time. The lack of
K young faults hav1ng a northwest ‘trend in the test s1te reglon suggests
.hat the mlnlmum prlnclpal stress lles in the northwest-southeast
~.jd1rect10n,‘and that stress rellef 1s occurrlng by. bendlng or 1n small
“increments,, It’1s suggested that postvolcanxsm crystalllzatlon of large

lutons of granltlc rocks beneath and adJacent to the many volcanlc

- centers of the central Walker Lane may have played a part. in the

'*‘1n1t1at10n of th1s phase of basin-range development by 1ncrea31ng
o the capablllty of the crust ‘to transmlt stress and by spot-we1d1ng"
the upper crust to the 1nfrastructure, thereby better translatlng the

f'deep lateral stresses to the surface rocks. The-spaclng'of actlve

Jr“basin-range faults may thus be related ‘to the effectlve thlckness of -

Jiconpetent crust;?the effect of the crystalline rocks belng to modulatel"
gthe spaclng of baSLn-range faults and, hence, baSLn formatlon..

| None of the very general‘conclusions of thls report should be
:taken:as_obviatlng_the need-for stress-measurements at the’test!site
xanddelsenherefln thehGreat hasln. Ideally} quantltatlvestress;
igneasurements”should he'madefin alluVium; tuff' and‘Paleoaoic rocks at
several places in the test s1te 0 as to determine what local variations_

J

may exist. MEasurements should be made in highly faulted areas, such
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-~as along the east side of Yucca Flat; and in areas of minor faulting,

such aé.the-ﬁorthern Eleaﬁa;Range‘and in the southwestern Frenchman
. Flatavérea'whefe'the stfﬁgfqral grain is;differenf-from that farther .
noffh:v‘Meés;réménfs:shoui&.aisovbevmé&e'in'zones havinéba history of
.¥ighﬁ-latéralbéﬁd lef§41?terai’faui;ing, sucﬁ-as thé Yucca~Frenchman

~f1éXuré~and_Cane-SpringTféult zone. -
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