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SUMMARY OF TECTONIC AND STRUCTURAL EVIDENCE FOR
STRESS ORIENTATION AT THE NEVADA TEST SIIE

By
W. J. Carr

ABSTRACT

A tectonic synthesis of the NTS (Nevada Test Site) region, when
combined with seismic data and & few stress and gtrain measurements,
suggests a tentative model for stress orientation. This model proposes
that the NIS i{s undergoing extension in a N, 50° W.-S, 50* E. direction
coincident with the minimum principal stress direction. The model 1is
supported by (1) & tectonic similarity between a belt of NIS Qusternary
faulting end part of the Nevada-Californias seismic belt, for which
northwest-goutheast extension has been suggested; (2) historic northeast-
trending naturele and explosion-produced fractures in the NIS; (3) the
virtual abgsence in the NIS 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-l0 m.y. (million year) oblique geparation of the
sides of the northetrending depression; (5) seismic evidence suggesting
e northe to northwest-trending tension axis; (6) etrain measurements,
vhich indicate episodes of northwest-goutheast extension within a net
northeagt-southwest compression; (7) e stress estimate based on tectonic
cracking that indi{cates near-surface northwest-southeagtedirected
teasion, and two stress measurements indicating en excess (tectonic)

. maximum principsl compressive stress in & northeast-southwest direction
at depths of about 1,000 feet (305 m); end (8) enlargement of some drill
toles in Yucca Flat in e northwest-southeast direction.

It ie f{nferred that the stress episode resulting in the formation
of deep alluvium-filled trenches began somewhere between 10 and possibly
less than & m.y. ago in the NIS and is currently active. In the Walker
Lane of western Nevada, crystallization of plutons associated with
Miocene volcanism may have increesed the competeancy and thickness of
tke crust and fts ebility to propagate stress, thereby modulating the
frequency (spacing) of basin-renge faults.

INTRODUCTION
Iz 1972 the U.S, Geological Survey began a review and syuthesis of
the tectonics and gtructure of the Nevada Test Site region in order to

estimate the present orientation of the regional stress field. This



report summarizes geologic information that bears on stress ortentaticn
at the teat site, including a few stregs and strain measurements. Much
of the geologic information ie presented in the foru of mapse-one ghows
the structural features of & large 2rea in end arcund the test site;
the other ghows the major structures of the Yucca Flat srea, including
an interpretation of subsurface structure.

The structural ;nalysis type of approach to current stress field
determination has definite limitations as pb!nted out by Donmath (1962),
emong otherg, and as recently summarized by Bucknam (1973). A aajorc
problem ig that a iegional-nap study of structures provides only &
two-dimensional view. The problems in using tectonic analysis to
determine present stress configuration center in the fnhomogeneity of
the rocks result;dg from subhorizontal discontinuities or layering

- within the geologlé gection and other structural planes of weakness,
guch as faults, folds, and intrusive contacts, some of which may éace
back to late Paleozoic time. Dutidg this span of perhaps 350 n.y.
(nillion years), the structural regimen of the Creat Basin in which
the test gite is situated has changed from generesl crustal shortening,
resulting in large-scale low-angle thrust faults and folding, to crustal
extension, resulting in basin-renge and strike-glip faulting. The
change to @qmiuant reglional extension, which produced basin-range
faulting, sécamé eftdent only about 15-20 m.y. age (Stewart, 1971,

p. 1036; Ekren and others, 1968). The geology of the Great Basin is
extremely complex and ettempts to de;ive current stress orientation

must necessarily concentrate on very young structural features; but
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because older structures profoundly influence the young ones, the older
structural framework wust also be well understoocd. For these reasons
this report elso presents a brief review of the tectonic getting of the
Nevada Test Site reglon.

I appreciste the valuable assistance given in discusgions and the
background material provided for this report by colleasgues, especiszlly

R. C. Bucknam, R. E. Anderson, W. D.-Quinlivan, and G. E. Brethauer,

GENERAL TECTONIC SETTING OF NEVADA TEST SIIE REGION

The Nevada Test Site lfes within the Great Baain,va structural and
physfiographic region that consists of generally linear mountain ranges
end valleys lying between the COIO:ado Platesu on the east and the
Sierra Nevada on the west (fig. l). The crust of the basin is relatively
thin, aversging ibout 22 miles (35 km) thick, In Mesozoic time it was
shortened by complex :hrusting-anﬁ folding, and in western Neveda and
e;atetn Californie it was extensively intruded by grenitic plutons
(£1g. 1). '

A change to dominant regional extension begah in the Tertlary.
Structures of Tertiary and Quaternary age in the Great Basin may be
placed in three general groups thac are locally {nterrelated: (1) horxf
and graben or block faulting, (2) major zomes of domimantly strike-glip
faulting, end (3) volcano~-tectonic structures.

Some geologists relate wost of the basin-range faults to regional
lateral shear stresses, and nanj now believe that the so-called block

faulting 1s a surficial feature confined to the uppermost part of the
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crust, Detailed mapping and modern dating techaiques have shown that
much of the middle and lete Tertiary structural movement is spatially
and temporally associated with volcanism, particularly in the western
Great Basin (Christiansen and others, 1963).

The generslly linear mountain rangés of central Nevada are
interrupted in the western Great Basin by several major northwest-
striking lineaments (fig; 1), which together form a zone of disrupted
topography called the Walker Lane (Locke and others, 1940). These
lineaments mark shear zonmes locally demonstrated to have as much as
30 miles (50 km) of right-lateral offset (Stewart, 1967; Longwell, 1960).
These structures are associated with complementary northeast-trending
feults, commonly having relatively small left-lateral d!splacemént
and large-gscale drag folds or oroclinal bends (Albers, 1967) that stifke
east to northesst. In some aress the Walker Lane shear zones ere buried
under upper Mioccene and Pliocene iolcanic rocks; at other places the '
shear zones may be present at depth but expressed at the surface only
by oroclinal beading or low-angle faulting.

Volcanism in the Walker Lane mobile belt is predominantly Miocene
in age and tends to be concentrated uhére the major right-lateral
faults die out or display multiple branches and en echelon arrangement.
An especially favorable locus appears to be wherever the large righte
lateral fault zones step to the right several miles and where their
ends are connected by uottheast-trendlng faults, wost of which have a
'small component of left-lateral offset. The noicheast-ttending faults

can be regarded e&s rifts or spreading centers; commonly they are
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partially obscured by the products of volcanism, This general {dea

of rifting and tflnsttm faulting has been expressed by Wright and
Troxel (1968). Detailed mapping end study of volcanic centers have

been {nsufficient to fully document the structural controls of volcanic
centers throughout the Walker Lane, but in the test site acrea, at least,
I feel that the association of eruptive centers and calderas with the
ends of right-leteral theaf zones and not:heas:-:fending feults ¢figs. 1
and 2, in pocket) strongly suggestl'a basic relationship between the
volcanism and thiz structural situation.

) In the Waelker Lane erea large-scale bending and shearing that
probably began prior to the basin-range faulting appear to have
influenced the trend of that faulting and, hence, the trend of the young
basins and ranges, The oroclinal bending (Albers, 1967) associated with
.shearjug in the Walker ﬁdne has not been precisely dated, but there seems
no doubt that rightelateral bending and shearing continued into the
Pliocene and may still be occurring. At the test site, rocks as young
as 11 w.y. are iovolved in right-lateral flexing and are offset by
complementary left-lateral faults. Near Beatty a rhyolite lava dated
at 10.8 m.y. (P. P. Orkild, oral commun., 1973) is not dispiaced by

the leftelateral faults that offset the llem.y.-cld Ammonia Tanks
Member of the Timber Mountain Tuff. 1In the Cane Spring quadrangle,
‘detailed mapping (Foole and others, 1965) has shown that faulting in
the Cane Spring left-leteral zone becomes progressively less in tuffs
ranging from about 14 to 1l a.y. in age. In the Pajiute Ridge (Byers

and Barmes, 1967) and Jangle Ridge (Bafnes and others, 1965) quadrangles



at the east edge of the test site, mapped relations make it clear
that northenorthwestetrending basin-range faults were well develoéed
prior to the deposition of tuffs older than about 14 m.y.; in many
places these tuffs lap onto prominent flglc gcarps in the Paieozotc.
rocks and show little or no displecement., In the gouthern test site
the Horse Spring Formation, dated at 29 m.y. in that area, shows
considerable structural disturbance, bﬁc p:obablj not quite as much-as
the Paleozoic rocks on which it was deposited, suggesting that gtructural
wovements that created the basins of deposition had Segun, but perhaps
had not progressed very far by late Oligocene time., Ekren, Rogers,
Anderson, and Orkild (1968, p. 250) concluded that deposition of tke
Horse Spring in ihat'area'predated structural movements associated with
the. Las Vegas Vailéy shear zone. Albers (1967) felt that the apparent
gcarcity of shearing in Jurassic plutons that follow the curves of the
oroclines 19 Esmeralde County indicates initiation of bending ptiﬁr to
intrusion. R. C. Speed (oral commun,, 1973) suggested that the Dunlap.
Formation of Jurassic age in the Pilct Mountains area of the Walker Lene
may record the initfation of transcurrent faulting and bending fin the
Walker Lane. The Dunlap is unconformable on older rocks and cousists
largely of locally derived clastic material, On the Desth Velley fault
zone, McKee (1968) suggested the presence of more than 20 miles (32 km)
of right-latetal‘offset of a grenitic pluton of Middle Jurassic sge.

_ Thus, the onset of structural activity related to shearing in the
Walker Lane is difficult to establish and, whereas much of the movement

may have taken place in Miocene and later time, there sre etrong hints



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 geem to be influenced
by rock type as well &s by preexisting séructurel grain, Oa the west
a digsected volcanic tableland contains three major caldera complexes;
caldera fttucture is closely associated in time with local north-trending
bisln-range faulting (Christiansen and'otheta, 1965), end with mortheaste
 trending faults having & small component of left-lateral slip. East of
the calderas in the Belted and Eleana Ranges, Tertiary faults are scarce
to absent; the underlying Paleozoic rocks consist wainly of the lower
plates of ﬁajor thrust faults, which dip steeply westward beneath Rainfier
Mesa and the Timber Mountein caldera and gently southeastward benmeath -
Yucca and Frenchman Flats. -The lower plate Paléozotc rocks,'whtch
consist largely of the thick relatively incompetent Eleana Formaéion,
are gently folded morth and vest of Yucca Flat; but south and southeast
of Yucca Flat in the CP &nd Calico Hills area, lowe-angle fauléing and
local tight folding are present. Farther east, in the cerbonate rocks
of the upper plates of the Mesozoic thrust faults, the frequency and
intensity of faulting increases dramaticelly in the Yucca end Frepchman
Flats area, Near Freachman Flet @& strong system of north to north-
northwesé-trendtng'basin-:ange faults bends gouthward to a northeast
strike, Thig bending is in harmony with the regionel change in
structural trends that occurs throughout the Walker Lane. Similar

oroclinal bending probebly exists northwest of the obvious trends,
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along the Las Vegas Valley shear zone within and beyond the area of

the Timber Mountain caldera complex, where it {2 expressed largely

by gravity aﬁd topographic trends. Paleozoic rocks sppear to be bent
arcund the southeastern edge of the volc;nlc field, and the thrust

zone (Baénes and Poole, 1968) along the Belted and Elesna Ranges
probably extends westward in an are to Bare Hbunt;tn. Complicated
stfucCu:es associated with the zone of oroclinal bending and basin-range
faclting in the goutheastern part of the test site consist of two
important structural elements--northeast-trending fault zones of smalle
scale left-lateral offset, guch as the Cane Spring and Mine Mountein
gystems, and northwest-trending fault and flexure rones displaying
:1ght-1ate£a1-o££aec or bendlng. Detailed nagptng M. J. Carr and
others, unpub, data, 1967) end geismic records described later show
that thesetcwo systems mutually offset one another and that they are
both locally active. SIgnificaﬁﬁly, the current structural and geismic
activity vithin these fault zones is concentrated ueer ereas of deep~
basia formation.

The deep basins, such as those that underlfe Yucca and Frenchman
Flats, have formed relatively recently in what may tépteseut a new
prage of basin-range faulting. The basins consist of deep, relatively
aarrow ftoughs superimposed upon huc'dtgectionally influenced by older
basin-range structure. In the Yucce-Frenchman Flats erea these basins
are mainly post-Miocene in age; they are the gfites of thick upper

Tertiery snd Quaternary alluvial deposits, including local thin basgalt



lava flows, Deveiopment of these troughs is continuing &t present,

judging from the distribution of seismicity and young fault ecarps.

PROPOSED MODEL OF STRESS DIR?CTIONS

I believe the evidence that follows herein supports a basic stress
model that aessumes that the Yucca Flat area, and probably the entire
Nevada Test Site region, is being extended along an axis tha€ trends
about N. 50° W. (fig. 3). Such & model is consistent with the general
tectonic features of western Nevada as described in the preceding section.
It is assumed that the principal stress directions are horizontal, or
rearly go, but a mdetaté inclination of these axes from the horizontal
is possible. The direction of maximum principal stress in the model
trends N. 40° E., the minimum principal stress trends N, 50° W,, and
tke maximum ghear directions trend roughly rorth-gouth and eastewest.
Figrre 3 also shows gectors within which existing faeults ajre Llikely to
slip fio & right~ or left-lateral gense, This 1s based on Bucknam'e
(1973) enalysis of deta for granite reported by Byerlee (1967), which
shows that slip will occur on & preexisting fault plane, in preference
to the formation of a new fracture, if the maximum principal stress
lies between 8° and 52° of that fault plane, All the faults cutting
alluvium in the test site area fall within the sectors shown; none
strikes northwest. It should be remembered that these values are

experimeatal end ixay not extrapolaete directly to test site rocks.
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Figure 3.--5tress model for Nevada Test Site area, showing assumed
© principal stress directions and sectors withia which existing
faults can siip in 2 right- or left-lateral sense.
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FAULTS AND FRACTURES OF QUATERNARY AGE

Paults in alluvium

Faults of Quaternary age having @ northwest trend are not present
in the test gsite area or along the Las Vegas Valley sghear zone, but are
common to the west and northwest along the Furnace Creek, Owens Valley,
and Soda Spring Valley fault zones, .Parta of these areas to the northwest
are also the loci of much current seismic activity and of historic large
earthquakes that caused sutfaée dtspiacemencd. However, avétlgﬁie
{nformation (Papanek and Hamilton, 1972; Fischer end others, 1972),
suggests to me that much of the stress relief is occurring not on the
major faults of northwest trend but near them on northeastetrending
faults, particularly where these faults are striking nearly east-west
as they'appfoa;h tﬁe main northwestQétending zones (figs. 1 and 2).
Additional evidence will be given in the section on seismicity.

In the test gsite region, faults end fractures of Quaternary née
form a zone (fig. 4) flanged ou the east and west by areas b;vtng very
1gttle Quaternary faulting, Few, if any, of the fault scarps within |
this zone are fresh emough to suggest large earthquakes within the last
few thousand years. The scarps nearly all 1lie in depressed areas that
are mainly below 5,000 feet (1,524 m) in elevation, I euggest that the
gcarps are the surfece expression of a aeisyic belt which currently s '
relieving stress by feirly numerous émall earthquakes but which had been
the site of larger earthquakes prior to the lest few thousand years.

The NTS zone of faulted slluvium is strikingly similar in trend and

relative location to part of the Nevada-Celifornie seismic belte-a zone
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Figure 4.--Quaternary faults and fractures fn the Nevada Test Site
region and their relation to regional topography. Numbers 1.4
indicate playas having cracks similar to those in Yucca Flat.
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of historic large earthquskes that caused surface breakage (fig. 1).
Both belts bend to a northeast trend as they cross the Walker Laue,
and both eppear to show right-lateral oblique .cué in thefir northerly
trending portions and left-lateral oblique slip in thefr northeasterly
trending portions. However, at the test site the evidence for lefte
lateral slip on the northeast~-trending faults s mostly {n rocks of
pre-Quaternary age, even though the faults cut Quaternary deposits,
En echelon patterns chnr;ctettatic af lateral slip seem to be a'bsex;t
from the younger of these nott.hgas;-trendtng fqulu', but the scarps
are old end poorly defi.ned. )

. The Yucca fault 1s the only youthfuleappearing prenuclear testing
fault .gcarp in the test site area. It will be discussed 1? detail in

the section on page 23,

Fractures in alluvium

Underground explosfons at the test site have produced many fractures

" in the alluvium, The average trend of shot-i{nduced fractures in Yucca

Flat {s N, 40° E. (fig. 5). This direction {s based on 70 occurrences,
including prominent long fractures; fractures that are closely spaced

n a zonme were counted as a single occurrence., If individual fractures

Lad been éounted, the frequency of this trend would have been tremen-
doualy rei.nf.orce& because fracture swarms having this trend are much
pore numerous than those exhibiting other trends, No great difference .
in fracture trends seems to exist from one part of Yucca Flat to inor.her,

although there is a tendency for fractures in Area 3 to trend slightly
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more northerly than those in the northern pait of Yuécq 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
ainor maximum-of-fracture-trend frequency near noi:th; it i{s possible
that fractures having this trend are fault related, Horizontal separation
of an {nch or less, normal to the crack, is the usual dtapltcemenc
associated with these fractures, Signiftcantly, the gwamm of northeu:-
trending explcsiou-tehted cracks in north-centrnl Yuocca Flat crosses
the major Yucca fault zone without being obviously affected by {c.

Barosh (1968, Pe 206-207) showed that in some areas of Paleozoic
bedrock ‘around Yucca th e weu-developed system of northeastetrending
joints -.and very emall faults is present, nearly parslleling the trend
of sbot'-tnd'uced fractures in alluvium, These joints in Paleozoic rocks
are not explosfon i’élated. Analysis of the geologic mapping east o£
~Yuceca Flat also shows an eut-northeaet-trendlng -systen of small faulta
An the Paleozofc rocks. No joints or faults of this trend are knowm
in the tuff outcrops adjacent to the fractured alluviem, but outcrops.
of tuff are gparse and irregularly distributed in these areas and po
large underground explosions have been detonsted mear them., On Banded
Mountain, however, & few baszalt dik.u of late Tertiary or Quaternary
age intrude the northeastetrending faults, suggesting that morthweste-
southeast tensile stress was present at the time of basalt intrusion.

I belfeve that the described relations {ndicate tt;at st o-f the
randomly dfstributed northeast-trending explosfon-produced cracks in
Yucca Flat are basically unrelated to underlying faults and thus |

16
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probably do not extend downward more than a few hundred feet, Where
they are clustered {n a narrow, long linear zone, however, they say
reflect the presence of a buried fault,

In the proposed stresz model, most of the northeast-trending
fractures in alluvium {n Yucca Flat would be extension cracks parallel
to the direction of maximum principal stress. Alternatively, they could
be conjugate shear fractures auoéi&ted with vightelateral displacement
on nortt;weat-trending béd:ock faulta, '

_ The fact that no consistent shearing has been observed on these
cracks and that no significant faults having nort:h;reat trends are known
in the area of the crack.s. argue against the conjugate shear interpretation.

Fractures {n tuff

On Peshute Mesa several large qndergtozmd tests have caused extensive
fracturing .end faulting in tuff., Except for the Benham event, nearly all
mapped fractures trend morthenorthwest to north-northeast and are parallel
to or coméident with exposeé! or thinly buried basin-range faults. At
Benham a pto;ni.nent: east-wvest set of fractures formed, extending outward
to & maximm of about 2,300 feet (0.7 km) from ground zero, These
fta'ctufes may be related to local jointing in the tuff (Bucknam, 1969,
p. 2213), Most of the prominent long 'ftactutes at Benham, however,
are also along .uorther!.y trending basin-range faults., According to
Bucknam (1969, p. 2215) most of the explosion-triggered. lateral .

displacements on these faults were right lateral. Suyder (1973),

‘however, reported that of 16 target-board measurements of fault creep
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on basin-range faults on Pshute Mesa, 10 ghowed left-lateral displacement
and 6 ghowed right<latersl displacement. Shoteinduced vertical displace~
ment of several inches to several feet has also commonly occurred on many
faults on Pshute Mesa. .

Thus, at Pahute Mesa, most fractures follow the known structural
trend, and {t {s likely that the movements represent strain release
" triggered by the underground nuclear explosions (Dickey, 1968). Ome
explosion, as pointed out by Bucknam (1969, p. 2215), :éucttvnted a
ére-lhitscy Canyon Tuff (a§ogt 7 w.y. old) fault, ¥Possibly i{n part
because of vesidual stresses in the tuffs, the ftactuéea and displace~
ments on Pahute Mesa cannot'ﬁe directly related to tﬁe gtress model

proposed,

. Fractures in playas

Desiccation cracks are & well-known feature of desert playas. They
tend to be {rregular or polygonal and relatively narrow and shallow.
Most of the fractures seen in playas of the test site area, and Yucce
playa (fig. 6) {n particular, are probably mot due to desiccation for
geveral reasons: (1) all tﬂe cracks of this type tdentified.tn this
gtudy trend pocth to about N. 50° E., regardiess of playa shape;

(2) they tend to be curved, not polygonal; (3) in Yucca playa they
tread at right ang;es to the gravity gradient and to the sides of the
basin, contrary to what would be expected if they were due.to ghrinkage
resulting from desiccation of the playa sediments; (4) at least one of

the Yucca playa crecks is elined with a small fault in the adjacent
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alluvium, which in turn trends toward a bedrock fault; (5) topographic
data at band for Yucca playi indicate no subsidence has occurred in
the {mmedfate area of cracking; (6) water levels (William Thordarsom,
oral commun., 1973) in wells B and C (fig. 6) at the edges of the
playas i{ndicate no gsignificant lowering of. the water table during the
last 10 years; and (7) large quantities of water flow into the cracks
when they are new, indicating that they go to considerable depth,
probably {nto rocks beneath the alluvivm, °

Fractures inferred to be of tectonic origin aré preseant in geversl
playas of 'the region. Six .ftlac;tures of this type are pfésent on Or
near the surface of Yucca plays (fig. 6). Four of these (fig. 6, A-D)
are subparallel and concave to the northveit; their trend varies from
‘about N. 30° E. to N. 50° E. Two older cracks (fig. 6, E and F) beyond
:ﬁe northwest corner of the playa trend more no:ﬁherly. The four
paranel.;racks _i.n‘ the southern part of the playa are about 'equal.l;'r
spaced and are 'younget from north to soutk. The youngest crack (D),
-still ; prominent feature but filling rapidly, formed in 1969; tke
zext crack to the north (C) formed f{n 1960 and was extended north-
eastward {a 1966, On the basis of serial photos and degree of . »
otliteration, tl;e tkird crack (B) probably formed prior to 1950.. The
fourtk and northwesternmost crack (A) {s older but of unknown age,
Noce of these cracks shows obvious vertical offset, althoug: the pattern
of water di.atri.but.ion on tke playa w:ﬁce suggests that the area
scrround{ag the younger cracks hes been elevated glightly with respect

0 edjoiuing parts pf the playe (fig. 6).
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To further investigate the Yucca playa cracks, elevations on a
1965 Holmes and Narver NTS map, scale 1:12,900, were contoured at lefoot
1nterv5la (fig. 6). The area of the plays that contains the four
parallel cracks was found to be nearly flat at the time the elevations
were determined, except at the northeast end of the subsequent 1969
~crack (D). Along the east flanks of the playa, contouring revealed a
becultnt topography in positions spproximating the northeastward
projection of the three pre-1965 cracks; whereas no detectable vertical
offset occurred along the_ctacka on the playa ftself, the near flanks
of the playa may have gubaided severel feet along the pfojections of
each of the cracks, An cetiﬁl photo taken fn March 1973 ghows con-
giderable water standing on the playa. Water extends all the'way to
éhe north edge of fhe playa, but the western edge of the playa and a
large area around the youngest cracks (B, C, D) appear to be at or
. above water level. Thus ft appears that vertical changes of a foot
or go may have taken plaée sincé 1964 (fig. 6)--~another indicatfon
of tectonic adjustments of the playa surface.

In order to establish a more relieble basis for determining
vertical and horizontal changes in the playa area, level lines havé
been requested, These statfons will be resurveyed at some future
date, Horizontal distances between stations will be measured with
the geodimeter,

| Four other playas in the surrounding region (locations l-4, fig. &)

were found to have similar cracks:
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1. Groom Lake playa, northeast cormer. Aﬁout 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 niles (6.5 km) east of gate 700. 7Two very faint cracks about 1,000 feet
(300 m) end 500 feet (150 m) long, both treanding about N. 50° E.

3. FNorth end of playa in Indian Springs Valley, about 18 uiles
(30 kn) north of Indian Springs, 17 miles (27 km) east of Frenchman
Lake, Two cracks ahout.3,000 fget (900 ©) long, trending about N. 20° E,
~end N, 10° E., appear to be at least 20 years old.

4, rren;hman Flat, northeast cormer. Two curving cracia, one sbout
7,000 feet (2,130 m) long, trending N, 5° W, to N, 60° E., the other
2,000 feet (600 m) long trending morth to N. 20° E.; both cracks concave
to southeast. 'Th; easternmost crack is distinctly younger than the -
vestern, and looks fresh oﬁ photos taken in 1951. 4

Several other playas in the region were examined on aerial pﬂotos
and no cracks of this type were detected. None of the photos were low
altitudé, however, and most were 5-20 years old. Playas on which no
cracks were found include Papoose Lake, playas in Kswich Valley and
Gold Flat, eastern Ssrcobatus Flat, and playas in the valley between
the Pintwater and Desert Ranges. The observed cracking in playas .
occurs within the previously described zone of faulted alluvium that
extends northward from the Mercury area at least to Send Springs Valley
nortk of State Highway 25 (fig. 4). )

The playa crecks in the test site region vary somewhat in trend,

but neﬁtly all strike northeast. Detailes of geologic structure in the
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adjacent bedrock are available only for the cracks on Yucca end F:enchman
playas. Oun Yucca playa the major cracks have two distinctively different
trends (fig. 6), suggesting that they may represent two different nad;s
of failure. Both groups of fractures lie on the projection of the Yucca-
Frenchman flexure, but the southern groué of four curving cracks is
nearly at right angles to the morthwest trend of the £1exure,.suggeat£ng
that they could be conjugate.ghears. The two mortherly trending cracks
at the northwest corner of Yucca playa could be extensfon cracks near -
the end of the shear and flexure zome, which appears to be dying out in
that ares. The curving crecks on Frenchman playa uay.hdvé a similar

_ origin; they may be extension cracﬂs at thg oppoatté end of the sheurA

and flexure zone.

YUCCA® FAULT, ASSOCIA‘I’ED PARALLEL mm:rs,
. AND SHAPE OF YUCCA BASIN

The most important Cenozoic structural festure in the central and |
eastérn Yucca Flat area 18 a series of morth-northwest-trending,
predoninantly easﬁ-dipptng normal feults (fig. 7, in pocket). They are
typical basin-range faults, bounding depressed and elevated blocks in
which the beds dip generally westward, The average dip of these £;u1ta
at the gurface {s sbout 60°, based 6n nﬁmetous measurements in quad~
rangles borderfng Yucca Flat and on scattered subsurface i{nformation.
Dips in Paleozoic rocks exposed between the faults are variable, but
the average is sbout 40° westerly or southwesterly on the east gside of

Yucca Flat, There is & distinct tendency for dips in the Paleozoic



rocks to tncrease from cast to west across a particular fault block
(€ig. 8); dips of as wuch as .60° are present along the east edge of
Yucca Flat. .

In general, the rertiary tuffs dip less steceply (the averege dip
in the hills around Yucca and Frenchman flaca is about 20°) but more
ercatically than the Paleozylc rocks, because the tuffs tend to drape
across uneven sucfaces snd fault scarps on the Paleozoic rocks, The
tuffs are commonly less offset by the basin-range faults than are the
Paleoczoic rocks. Although there are local exceptions, the tuff units,
.pacticularly ash-flow tuffa;'do ot thicken appreciably in éh? &eepet
parts of the Yucca Flat basin. The larger exposed faults of the group
are gpaced.from about 1,500 to 3,090 feet (500-1,000 m) apart, but
subsurface dips in the tuff beﬁgath Yucca Flat range from 10° to about
35*, "indicating that faqita are probably more closely gpaced in those
areas vhere the dips in the tuff are sceeé. For dips of about 30*
natntalne& across fault blocks, small faults spaced only about 200 feet
(60 m) spart seem requited. If, howevér, dips in the tuffs steepen -
into the main faults, as gseems likely, fewer faults are reguired, A
good case for this phenomenon, called “reverge drag flexing,™ has
been made by Hamblin (1965) and nupporteé by Andetsoﬁ (1971). It {s
a omechanism for achieving horfzontal extension and implies curving or
flattening of the faults with depth. Little evidence of this flattening
exists at the test site ﬁecausg of the lack of deep erosion, but the
Baneberry fault in northwestern Yucca Flat eppears to flatten slightly

with depth; at the sgurface it dips ebout 65°, end 1,000 feet (300 m)
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Figure 8.--Schematic section across Yucca Flat along Nevada State coordinate N. 825,000.




lover drill-hole information indicates that it is dipping about 58°.

‘ Likewise, the Yﬁcca feule, wbtéh ai.}he gurface generally dips about
75°-80°, must flatten to 55°-65° in order to fit subsurfece geology
in gome areas, In gouthwestern Yucca Flat the Carpetbag fault zome
may have & low dip, possibly apptoaching‘the 40° dip of the Paleozoic
gurface (fig. 8). Evidence for this will be discussed in a follcylng
sgction. )

| The Yucca fault ts the youngest nat;;al fauit gcarp in the test site
region, It was studied carefully for clues to the present stress field.

A large eatthqﬁake must have produced the Yucca fault ecarp, which
extends in a very narrow zone for s distance of at least 1§ oiles
(24 kg) and probably as much as 20 miles (32'km) (fig. 7). At least
the southern 10 miles (16 km) of the fault scarp Qhows no evidence of

multiple dtsplacemsﬁta. Magnetic evidence and gurface fracturing show
tﬁat.in places.the present scarp lies several hundred feet east of |

 older buried parts of the fault zome. No iellnble waf hag been found

to date the formation of the scarp, but degree of erosion in comparison

with gcarps of known aée in gimilar climate, such as the 100-year-§1d

Owens Valley scarps, permits a rough ege estimate of between 1,000 and
10,000 years, Erosion has cut down through- the scarp in all gullies,
and the ecerp has been destroyed completely in a few places, Erosion
has destroye& any evidence of laterel offset.

Uhdér the proposed stress conftguta;ion.(ftg..S); the northe

northwest~trending faults strike subparellel to a waximm shear
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direction and should displsy a component of right-lateral glip.
Evidence for this 1s summarized in the following discussions.

The main Yucca fault écatp » though nearly continuous, consists
in detail of numerocus close-gpaced en echelon bresks that consistently
gtep to.the left (fig. 9), consistent wiﬁh e component of right~lateral
slip., Much of the en echelon pattern is a result of movement caused |
by underground tests, thus providing a general measure of present stress
orientaticn. Minor depértutea.from the nearly verticel displacements
caused by explosions are, in my opinion, due to shoving and jostling of
the alluvium by ground motion, ﬂawevet, fairly cons{stent minor vtigﬁt*
ht_eral offset resulting from testing has been described for at least
one underground test (R. E. Anderson -and W, D. Quinlivan, written °
commun,, 1966). Barosh (1968, p. 215) concludeci that fracturing from
another test indicated a cughé right-lateral compoument.

North-trending surface faulctng'praduced bi the Carpetbag event
(near UE2b, ﬂg; 7) also shows evidence of ttght-latera_l displacement;
a road northwest of the shot:‘was dexctally_offset about 6 inches
(15 cm) acroas a §-foot (l.2-n) =high scarp, end en echelon cracki_ng
along the gcarp steps to the left {n e manner gimilar to that along
the parallel Yucce fault scarp. The total amm.xgt ¢;1£ right-lateral
glip on the Yucca and Carpetbag fault gones is difficult to estimate,
but it could easily equal or exceed the average postetuff veftiéal
coméonent, which {s about 700 feet (200 m) for the Yucca and 2,000 feet
{600 m) for the Carpetbag fault zone, Rightelateral offset is aleoc
indicated (W. J. Carr, unpub, data, 1972) for the Baneberry fault
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(fig. 7), which trends about N. 20* E. The evidence consists of the
left-stepping of surface fractures along the scarp, northeast-trending
tension cracks near the fault, and mismatch in tuff sttatigraphy on
opposite sides of the fsult.

Additional observations may be .cited in support of rightelateral
slip on north-trending faults in the Yucca Flat area: 1) a?actered
gubsurface data suggest that Paleozoic formations may be displaced -
geveral thous;nd feet licer;lly across the northern Yucca and Carpetbag
faults (£fig. 7); (2) slickensides on & few fault surfaces of morth-
northwest trend in the hills northeast of Yucca Flat show that oblique
right-lateral movement has occurred et some point {n the fault’s history,
but most of the strike faults east of Yucca Flat eeem to have hed
principally dip-slip displacemeﬁt in the geologic past; and (3) the
gides of the medfal Yucca Flat depressfon, as outlined by the burfed -
Palgozolc surface detefmlned from gravity (fig. 10), fic fa}rly'wéll
1f shoved back together along & line :rendiég about N, 50° W,

The deep troughs under Yucca Flat (fig. 10) are sigﬁiftcant,
télattvely young structural features, although they are probably '
_controlled in trend by older faults., Their youthfulness {s nuppo:ted
by a general lack of thickening of the Pliocene Timber Mountain Tuff
but ebrupt thickeniug of the alluvial deposits in the troughs, The
vetttéal end horizontal displacements involved are in general much
greater than ﬁhose :eco;ded by faulttng in the tuffs around the edges
of tke Yucca basin. Thﬁs, these uedial troughs seem to represent a

relatively young episode of localized deep basin formation, possibly
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involving a chdnge in stress orfientation and mechanism. This pertod
of tectonic activity may correspond to one in the western Great Basin
described by Gilbert and Reynolds (1973, p. 2507), which they were
able to date as later than approximately 3-4 n.y..ago. They described
this deformation as characterized by ttl£ed fault blocks and broad
areas of warping; the faults of this episode Erend predominantly north
as opposed to earlier northeaa; and northwest trends. Stewart (1971)
has uugg;sted that these relatively nngiow de;ressed iones in the Basin
and Range province may be due to localized plastic ‘extension in the lower
crust,

The schematic cross section shown in figure 8 is my interp;etation
of the general structural character of south-central Yucca Flat. The
" Tertiary rocks dtp'vestward into the basin from outcrops along the east
gide of the valley. Dtés and strikes obtained from scattered drill
holes.in Areas 3 aﬁd 6 indicate that a westward aip in the tuffs betatéts
into the main deep trough east of the Carpetbag fault zone.' Several .
weste-dipping faults, such as the Area 3 fault (fig. 7), form the east
walls of the medial :tough,'bu: bagically the east side of the trough
is a downwarp. Drill holes such as UElh end UEl§, located on the west
wall of the trough, go from alluvium dtfeetly futo Paleozoic rocks.,
In these two holes identical upper Pliocene or Pleistocene basalt flows
fntercalated in ihe alluvivm are about 600 feet (180 m) lower to the
norfhwest in ﬁElj than in UElh, suggesting a wesferly dip.of the basalt
of about 20°* toward the rising surface on the Paleozoic tocks.' Thus,

a fairly young marker horizon in the alluvium appears to dip westward
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just west of the Carpetbag fault zone. Dips in the Timber Mountain Tuff
in drill hole Udge i;nediately weat of the Yucca fault are also unusually
steep, averaging about 32° to the west., These lcructur_a.l attitudes, in
conjunction with the deepest part of the Yucca baam; suggest gtructural
rotation into a relatively low-angle east-dipping fault zone having the
appearance of a landslide fault. The strong tendency for large range- A
front faulte in the Basin end Range to be landal.!.deuke or doubly concnie,
both upwards and toward the .downthrown atdé, hag been pointed out by Hoor.e
(1960). The deep cleft behind the "slide" or "pulleapart" is the site of
deposition of thick .al.l.uv:l.mn. The basalt intercalated in the alluvium of
Yucca .l'lat is probably late Pliocene or early Pleistocene fn age, judged
from i{ts similarity to basalts expos?d east of Yucce Flat, The postulated- '
structural rota'ttot; u; therefore, probably post-late Pli.oceng in age.
Obviously, other ectuc'tutal explanations lte'pnssf:ble, bﬁt Lf this
analysis .13 correct, displacement on the Carpetbag fault gone alone
could éccount for as much eas 5,000 feet (1,500 m) of horirontal extension.
The parallel Yucca fault may be & more easterly zone of similar deforma~
tion that is still forming. Ti:e Yucca fault probebly has ‘& fairl.;f low
easterly dip of 50°-60°, particularly in its southern half. This is
suggested by the position of the surface trace with respect to subsurface
topography (fig. 10) delineated by gravity. Faults and fractures of the
Yucca fault zone cax;. be geen in drill hole U7z~l (Sargent _and others,
1972);‘ they dip from 40° to 60°. If the Yucca faul.:' dips 60;', about
500 feet (150 m) of horizontal extension could be attributed to 1.1:, with

the amount increasing greatly 4{f a lower fault dip is assumed.
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Figure 1l.--Scuthern Yucca Flat and Frenchman Flat area, showing
structural pattern, Quaternary faults and fractures, and location
of earthquakes, their aftershocks, fault-plane sqlutions, and
pressure axes.
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of the southern tip of Yucca playa at & depth of 3 mtles (4.6 km)

Fischer and others, 1972). Aftershocks had somewhat deeper hypocenters
and were nearly all located in a northwesterly trending zone abc;ut ]

wile and & half (3.2 knm) southwest of the main shock. According to
Fischer (1972, p. 13) "the axis that bisects the quadrant of compressional
first motions, the tension axis, has a near-horizontal, westenorthwest -
orfentation for both the main ghock and the aftershocks' of the
Massachusetts Mountain é.arthquake. In the main shock the strike of the )
' pressure exfs was N, 23° E., and the strike of the tension axis was

N. 67° W, For th; belt of no:thwest-ti:endtng aftershocks, the pressure
axiaAvari.ed from sbout N, 30° E. to N, 70° E., the average being about

R. 45° E, Of the two faulte-plane golutions, one trending N, 22° W,
having right-lateral wotion, the other trending N, 68° E. showing left-
lateral motion, the plane striking northeast geems éhe wost logical °
chofce, as it coincides very cl.oaély with a prc;mment set of faults in
the vicinity, many of which have slfickensides {ndicating that the last
movement was leftelatersl glip. The trend and fault solutions for the
aftershocks along & morthwest-trending belt at depths of 4-6 miles

(6-10 km) £1it best with northenorthwest-trending faults that cut the
nearby CP hogback, but, significantly, the zone of aftergshocks parallels
a feature cealled the Yucca-Frenchman flexure (fig. 1l and W. J. Carr -
end others, unpub, data, 1967). The main shock and a few eftershocks
were located very near the flexure at its intersection with the Cane
Spring feult zone. The flexure 1s a right-lateral bend having e

probable offget of about a mile (1.6 km). The flexure does not involve
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large-gcale faulting in the tuffs aleng its trend, but it {s well
expressed in the gravity (W. J. Carr and others, unpub, dats, 1967)
snd by bending of beds and faults of the Cene Spring system. It is
apparent that both the flexure zone end ghe Cane Spring fsult zone
have been active concurrently and tend to offset one another. The
greater depth of the aftershocks end the fact that most of the belt
of aftershocks does not coincide with a mapped feult suggest that s
dubparallel right-léteral flexure zone way exist at depch'ac:osa the
Cane Spring fault zone but that its gtrain hags not been aufficlenc to
reach the gurface in the form of faulting or bending. -

The Freﬁhhman Lake earthquake epicenter of February 19, 1973, was
located by the USGS on alluvium about a mile (1.6 km) mortheast of the
Frenchman Lake pl;ya (F. G. Fischer, oral commun., 1973). Préltminnty
data indicate an intensfty and focus depth generally similer to the
Masgachusetts Mountain quake, Fischer tepotteﬁ the two'fault-plaﬁe'
solutions as striking either east-west and having left-lateral slip
or nofth-snuth and having rightelatersl slip. Faults having this trend
are not present at the surface in either the alluvium or mearby bedrock,
8o a choice between the two-directions i{s difficult. The pressure axis,
Lkowever, has the game trend as nearby faults i; the alluvium and bedrock,
which trend about N, 50° E. The two cracks in the Frenchman playa are
vithin 1 1/2 niles (2.4 km) of the epicenter, and both the Massachusetts
Mountain e&nd Frenchman Lake epicenters lie hear the fatersection of

major northeagstetrending fault zonmes and the Yucca-Frenchman flexure.
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Earthquake activity i{n the southern patt of the test site (south
of lat 37°) during the last 10 years has been concentrated beneath
alluvial ereas; of over 50 epicenters recorded for the period 1961-72
fn the southern test site area (data supplied by F. G. Fischer;
reported by E. B. Ekren, unpub., data, 1972) more than three~fourths
of the locetions were beneath alluvium, even though bedrock exposures
constitute about two-thirds of the area. Thus, present activity {is
occurring in ereas of pievlohs subsgidence. ‘
Fault-plane golutions for west-cent;al Nevada, about 200 nileg (125 kn)
northwest of NTS, aleo suggest a nbrthweste:ly oriented nminimum ptinctéal

stress direction and regional extension in a northwest-southeast directfon

(Ryall and Malone, 1971; Gumper and Scholz, 1971).

Strain measurements

Observations of regional strain variations (Smith end Kind, 1972)
from strein meters in the test gite regfon indicate that deformation
over & large area occurred epfsodically in an 8-month perfod {in 1971.
In each episode the directions of the priancipal &xes remained the
gsame--northwest and northeast. Although some episcdes of morthwest
extension were recorded during the interval obsetrved, the net effect
over the 8-month perfod was northeast-gouthwest compression. The
appazent lack of correlation of stress relexation with eefsmic sctivity
led Smith and Kind to conclude that substentiel strain changes can
occur in the region without earthquakes. They failed to mention,

however, that the Massachusetts Mountain earthquake cccurred on

Auéu:t S, 1971, precisely at the end of their published strain records.
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Stress measurements and estimates

The relatively uniform spacing of the four cracks in Yucce playa
provides a means for estimating the amount ;f stress causing them,
According to Lachénbruch (1961), a relation exists between crack
spacing, crack depth, and amount of stress. Lachenbruch's equations
were rearranged by G, E, Brethauer (written commun., 1973) and used to
calculate horizontal tectonic tensile stress. The gravitational stress
is sssumed to be hydrostatic ané equal to the veight of the overlying
rock. All stress components of a hydrostatic stress fleld are equal._

The formula used by Brethauer is:

vhere p 18 the tensile gtress in psi, b 1is the depth of cracking in
feet, and § 1s the density of the medium in grams per cubic centimetre.
Unit conversions are contained in the constant 3.8. The horizontal

' tectonic. stress ;ecesaary to produce cracking {s sssumed equal to the
tensile gtress, p, winus the horizontal gravitaticnal stress.

The results are given in teble 1 for several assumed crack depths
axd for two denstttes,.whtch probably include the actual éverage value
for tke density of the playa section.

Another possible loading condition, according to Brethauer, would
be Poisson's loading criterion, the equation for which would become:

- B8
P38 (l-p)

Table 2 summarizes values for the Poisson gravitationsl stress for

the came erack depth and medis densities,
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Table 1.--Horizontal gravitational Mdmatht’ﬁ:). and _tectonic atress for asaumed crack depths
E indicatea tensio_q"

Pensity 1.7 g/ee

Denaity 2.0 g/ce

. H’or:lzontai

. Horfzontal Horizontal Horizontal

tectonic gravitational ‘tectonie gravitational

Crack depth . atress atress stress stress
(metres) (feet) | (kgfem?) (psi) (kg/cm?) (psd) | (kg/cm?) (pui) (kgfen?) (put)
365 1,200 -38 =537 34 483 44 <632 40 568
410 1,350 <42 <604 a8 564 -50 710 45 640
455 1,500 47 <671 42 604 -55 789 50 71
610 2,000 -63 =895 56 806 -7 -1,053 66 948




0%

Table 2.--Horizontal gravitatfonal (Poisson) andlcecionic atress for assumed crack depths
| I3 indtcaeeu‘tensio§7 |

Density 1.7 g/ec ' Denaity 2.0 g/ce
Rorizontal Horizontal Horizontal Horizontal

tectonic ' gravitational tectonic gravitational

Crack depth stress atress stressa stress
(metres) (feet) | (kg/cm?) (pei) (kg/cm?) (pst) | (kg/em2) (pst) (kg/cu?) (pat)
366 1,200 ~8,5 ~121 7.5 . 109 «10,0 -142 9.0 128
411 1,350 «9,5 -136 8.5 122 «11.0 <160 10,0 144
457 1,500 | -10,5 -151 9.5 136 «12,5 =178 11.0 160
610 2,000 | -14,0 201 12,5 181 =19,0  -272 17.0 245




The spacing between cracks A and B (f1g: 6) ranges from 600 feaf
(180 m) to 2,000 feet (610 m), gveraging about 1,300 feet (400 m);
between cracks B and C from 1,000 to 1,400 feet (305 m to 425 m),
averaging about 1,200 feet (365 m); and_be:veen cracks C and D from
1,900 feet (580 m) to 2,500 feet (760 m), averaging asbout 2,200 feet
(670 m).

If it is assumed from Lachenbruch's study that the ctacﬁ spacing
is aéptoximately'equal to crack depth, an estimate of stress is possible
from the figures in tables 1 and 2. The tectonic tensile stress would
range from about 42 kg/ca® (600 psi) to about 77 kgfem? (1,100 pst) in
the hydrostatfc condition, &nd from about 9.1 kglcmz (130 pst) to about
15.8 kglcmz (225 psi) if the Poisson loading criterion is used. The
latter method gives distinctly lower values but is considered more
‘tealistlc in terms of the phyaical proéertté? of the medium,

Stress meagurements have been made by the USGS and U.S. Bureau of
_Mipes {in two :qnnels under Rainier Mesa. In Ul2t.02 at e depth of
1,175 feet (360 m) the principal comptéaaional stress direction is
N. 28° E. and the maximum excess (tectonic) horizontal stress is
Al-kslcmz (586 pai) (H. W. Dodge, Jr., oral commun,, 1973). The axis
of maximum principal stress is fnclined about 3° from the horfzontal. .
In U12n,07 bypass ktift, at a depth of 1,250 feet (380 m) the direction
of maximum principal stress is N. 47° E. and the excess horizontal
gtress is 68 kg/cm; (972 psi) (V. E. Hooker and others, written commun.,

1971). This direction is inclined about 20° from the horizontal.
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It has been suggested (V. E. Hooker and others, written commum.,
1971) that the stress directions are influenced by the_ free face of
Rainfer Mesa, to which the maximum principal stress direction i{s roughly
parallel., Such an {nfluence is poulble_, but perhaps not very likely,
because the measurements were taken more than 2,000 feet (600 m) f:ém
the nearest point on the face of the mesa.

Other stress-messurement data were reported by Obert (1963, 1964)
from tunnels at Rainier Mesa and in the granitic rock of the Climax
stock near the northwest corner of Yucca Flat. These data are being
‘analyzed by G. E. Brethauer, who veports (;tal commun. , 1974)Vv.arlac£ona
of several hundred psi, some of which is probably due to local geologic
effects and some to measurement techniques, Additional data reported

by Wright (1967) fér the Climax stock have not been evaluated.

Drill<hole enfageme‘nt

Since the discovery that some d.rlll. holes in Yucca Flat are
preferentially enlarged, directions of -enla:gemeni: have been determined

for eix holes (R. D. McArthur and W. D. Quinliven, written commum.,

1972):
U9ck ' northwest to west
U9ITSw24,.S . morthwest to west
V9cg N. 20° W, to W, 60° W,
U9ct northwest | "
Ul0ax east-west to westenorthwest
U2bs N, 60° W, to N, 80° W,
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In addition, caliper logs show that many other, but mot all, holes in

" ' Yucca Flat are enlarged in an unknown direction, Of 96 holes having

six-arm celiper logs, about 40 percent show no preferential enlargement.
The average direction of enlargement for the six holes that have
been determined is roughly N. 60° W., a direction very compatible with
other information assuming that the direction of enlargement represents
the direction of minimum principal stress. In the few cases where the
enlarged hole has been photographed or viewed by downhole television,
the enlargement takes the form of planes of spalltﬁg in the not;hyest
and southeast quadrants of the hole, leaving the northeast and gouthwest

quadrants virtually undlscurﬁed.

Other geologic evidence of extension

Two additional ptece# of evidence may be cited in support of
northwest-southeast extension. W. D. Quinlivan has pointed out an
interesting possible analogj to the enlarged drill-hole phenomenon:
the Timber Mountain caldera complex, which might be compa:ﬁble to a .
huge drill hole in & stress field, has & northwest elongation (fig. 2),
the direction being about N. S5° W, The Timber Mountain caldera
formed about 1l m.y. ago.

A large Tertiary pluton, whick probably underlies much of the
northwestern part-of the test gite area as magnetically defined, has
a very distinct northwest-southeast elongation (fig. 2); Interestingly,
the Cretaceocus plutonic vocks, including the connected Climax and Gold

Meedows gtocks, trend more nearly east-west, a direction that could
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have been reldted to the general development of a Mesoroic structural
grain of the test gite area. Possibly the same mechanism of spalling
in the direction of minimum principal stress could operate during
emplacement of a ahall&w pluton to produce an elongetion of the

intrusive body in that direction.

-

DISCUSSION AND CONCLUSIONS _

- The evidence foi e northwest-southeast axis of minimum principal
stress for the test site appears good. After I had proposed the stress
model for the test site area, a paper was published by Thompson end
Burke (1973) t@pt fu:the; strengthens this conclusion. Their paper
discussed the rate and’dlrecfion of spreading in Dixie Valley, Nev.,
which lies in the Nevada-California geismic belt in wgs;fcentra;
Nevada (about 37 mi., 60 km north of fig. 1) and‘occuptes a position
north of the Walker Lane similar to that of Yucca Flat. Dixie Valley
is one of the large north-northeast-trending basins of western Nevada,
and lies about 40 miles (65 km) north of the north edge of the Walker
Lane., Sheawe (1965) has summarized the evidence revealed by historicel
faulting for strike-slip control of basin-range gtructure im western
Nevada. He noted that deformation changed southward toward the Welker
Lane from predominantly dip-slip on the north to strike-slip on the
south,

By study of sltékénstdes on fault plames exposed on the west gide
of Dixie Valley, Thompson and Burke (1973) concluded that the spreading

direction for Dixie Valley is N, 55° W. to S. 55° E., end that the



northenortheastitrending basin as a whole has a slight right-lateral
component of displecement within it. They commented that this directicn
appears to be fairly consistent over & wide region of the Basin and

Range province. Evidence presented in this report strongly supports

this general statement, but it should be remembered that the area being
considered igs not the entire Basln and Range, but rather the Walker Lane
and adjacent part of the Great Basin.

- There is évidence suégesting that the structural style that probably
begen to develop ir Pliocene time in the test site area with the formatfonm ‘
of relatively narrow deep troughs {s continuing &t present, which, if
correct, suggests that the present general stress configuration has
existed for several million years. There is & gtrong hint that present
geismic activity in the southwestern Great Basin is generally avoiding.
Paleozoic and older rocks and is concentrated in aréas currently
receiving elluvium. In gsome areas seismic activity is occurring in
areas of volecanic rocks of Mioccene and Pliocene ege, in particular, in
areas of volcanic centers or calderas. '

Alluvial deposits are very rare, but unconformities are present
vithin the volcanic section in Yucca Flat and elsewhere in the test
site region, indicating a period of from roughly 17 to 7 m.y. ego, in
whtgh there were few, Lf any, deep closed basins of the type that now
exist. Conglomerates 1ntertongué wi;h wmaiply the lower parcs.of the
volcanic section near the edges of the volcanic fgelds, but these
gravels are typically fluviatile in eppesarance and ere locally

asgociated with lacustrine limestones. These sediments are unlike
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the detritus now accumulating in the basins., In the subsurface in
Yucca.and Ftencﬁman Fletz is & widespread deposit of very tuffaceous
alluvium postdating the Ammonia Tanks Member of the Timber Mountainm
Tuff. This unit is present nearly everywhere in the deeper parts of °
the basins, It contains very f?w Paleozoic clasts and represents &
period of stripping of the tuff from the Paleczoic rocks. In nétthetn
Frenchman Flat on the flanks of-the Frenchman basin, part of this alluvium
underlies the Thirsty Canyon Tuff, which is about 7.5 m.y.rold. It can
also be shown that most of the highly tuffacecus alluvium was accumue~
lated and much of the subsidence and accompanying faulting of the
northern part of the Frenchman basin occurred between about 10 and
2 a.y. 8go, because of the presence in the alluvium of nearly flat-lying
basalt lavas sbove the steeply dipping snd faulted volc;nic rocks
M. J. Carr and others, unpub. data, 1967). In so&thwesietn Yucca Flat,
kowever, there 1s evidence that deep basin formation may be somevhat
younger, because basalt flows intercalated in the slluvium are apparently
tilted northwestward and faulted (fig. 8). Both Frenchman end Yucci
playas ere ebout 3 miles (4.8 km) southeast of the deepest parts of the
two basing.” The site of pleyas sediment deposition has migrated south-
eagtward, but young regional tilting of eny magnitude seems unlikely
because of the lack of tiltlng qf Pliocene or Pleistocene basalt flows .
in some areas. |

Although precise relations between :ﬁe stress pattern and strdccures
at thke Nevada Test Site cannot be demonstrated, much evideace is in

accord with the general idea of morthwest-southeast extension, at least
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along and adjecent to the Walker Lane, and with the idea of the
formation of déep basins, within the last 10 m.y. and locally withia
the last & a.y. The localization of basin development implies a
fundamental change either in the mechanisms generating the stress or
in the physicel character of the crust, Locally these basins are
undergoing extension and subaiden;e at the present time. The lack of
young faults having a northwest trend {n the test site region suggests
‘that the minimum principal stress lies in the northwestesoutheast
direction, end that gtress relief i{s occurring by ﬁendlng or in small
increments. It ig suggested thet postvolcanism crystallizetion of large
plutons of grenitic rocks beneath end adjaceant to the many volcanic
centers of the central Welker Lane may have played a& part im the
initiation of thlé phase of basin-range developument by 1ncrea§1ng

the capability of the crust to transmit stress and by "spot-welding"
the upper crust to the infrastructure, thereby better translating the
deep lateral stresses to the surface rocks. The gpacing ;f active
basinerange £au}ts may thus be related to the effective thickness of
competent crust, the effect of the crystelline rocks being to modulate
the gpacing of basinerange faults and, hence, basin formacion,

None of the very general conclusions of this report should be
taken as obviating the need for stress measurements at the test site
apd eleevhere in the Grest Bastn.' I@eally, qpancitative sctes;
measurements ghould be made in slluvium, tuff, end Paleozoic rocks at
several places in the test site so e&s to determine what lecal veriations

may exist, Measurements should be made i{n highly faulted areeas, such
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as along the east side of Yucca Flat, and in areas of minor faulting,
such as the northern Elesna Renge and in theé southwestern Frenchman
Flat area vhere the structural grain is different from that farther
north., Meagurements should alsc be ﬁade in zones having & history of
rvight-laterel and left-lateral Eau}tiug, such as the Yucca-Frenchman

flexure and Cane Spring fault zone,
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