
F

University of Nevada 

Reno

Recent Deformation in the Saline Valley Region, 

Inyo County, California

A dissertation, submitted in partial fulfillment of the 

requirements for the degree of Doctor of Philosophy,

John Theodore Zellmer

May 1980

./ 
( 

University of Nevada 

Reno 

Recent Deformation in the Saline Valley Region, 

Inyo Count y , Cali f ornia 

A dissertation, submitted in partial fulfillment of the 

requirements for the degree of Doctor of Philosophy, 
' 

by 

John Theodore Zellmer 

May 1980 



The dissertation of John Theodore Zellmer is approved;

'n.

University of Nevada 

Reno .

May 1980

' \. 

The dissertation of John T eodore Zellmer is approved: 
< 

Dissertation Advisor 

Unive rsi ty of Ne vada 

Reno . 

May 1980 

1 



U n

iversitr

eyoUfN ayooNd UR y cNND mhSlVgRhyDNc cNDmNRRUSf VSmcNmNc Vd fSmlyog 

yfc SVoU,INgRoUD CyIou ASfNRb rhN CyIouR uhyu SCCRNu IfpSfRSoUcyuNc 

yooIqUyo RNcUlNfuR yfc ymN phymypuNmURuUp SC uhN DmNRNfu uNpuSfUp mNPUlN 

pyf VN cUqUcNc UfuS CUqN CyIou ASfNRJ VyRNc Sf uhNUm oSpyuUSf yfc 

uNpuSfUp RudoNb rhNRN ymNT nZ uhN MmyDNqUfN tyfdSfJ 1Z uhN 9NRuNmf 

8mSfuyoJ 0Z uhN tNfumyo ayooNdJ ;Z uhN .yRu eUcNJ yfc 5Z uhN LNN 8oyu 

CyIou ASfNbRbb

rhN MmyDNqUfN tyfdSf CyIou ASfN umNfcR fSmuhwNRugRSIuhNyRu CmSl 

HIfuNm MSIfuyUf uS DyURd tyfdSfb DURDoypNlNfu UR DmUlymUod mUPhug 

oyuNmyoJ RumUkNgRoUD yu HIfuNm MSIfuyUf yfc VNpSlNR UfpmNyRUfPod 

cUDgRoUD uSwymc DyURd tyfdSfb rSuyo qNmuUpyo SCCRNu yu DyURd tyfdSf 

UR yu oNyRu 6000 lb rSuyo mUPhugRoUD cURDoypNlNfu yDDNymR uS VN yu 

oNyRu n000 lb OCCRNuR Uf IfpSfRSoUcyuNc yooIqUyo yfc oypIRumUfN 

RNcUlNfuR ymN ID uS 00 l qNmuUpyood yfc 22 l mUPhugRoUDb .qUcNfpN CSm 

lIouUDoN SCCRNuR UR pSllSfb

rhN 9NRuNmf 8mSfuyo CyIou ASfN NxuNfcR CmSl DyURd tyfdSf uS uhN 

fSmuhNmf VSmcNm SC uhN RuIcd ymNyb rhN ASfN pSfRURuR SC fSmlyogRoUD^ 

CyIouR Uf IfpSfRSoUcyuNc yooIqUIl yfc pSooIqUIlb rSuyo SCCRNu UR yu 

oNyRu 6000 lb rhmNN NDURScNR SC CyIouUfP ymN NqUcNfu Uf uhN 

IfpSfRSoUcyuNc lyuNmUyob OfN yooIqUyo Cyf hyR VNNf SCCRNu yu oNyRu 

00 lb

rhN tNfumyo ayooNd CyIou ASfN UR oSpyuNc Uf uhN Doydy SC eyoUfN 

ayooNdb NIlNmSIR fSmuhwNRugRSIuhNyRu uS NyRugwNRu umNfcUfP CyIouR
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ABSTRACT 

Saline Valley is a deep rhomb-shaped depression bordered by normal-

and oblique-slip fault zones. The faults that offset unconsolidated 

alluvial sediments and are characteristic of the present tectonic regime 

can be divided into five fault zones, based on their location and 

tectonic style. These are: l) the Grapevine Canyon, 2) the Western 

Frontal, 3) the Central Valley, 4) the East Side, and 5) the Lee Flat 

fault zone_s_. 

The Grapevine Canyon fault zone trends northwest-southeast from 

Hunter Mountain to Daisy Cany'on. Displacement is primarily right-

lateral, strike -slip at Hunter Mountain and becomes increasingly 

dip-slip toward Daisy Canyon. Total vertical offset at Daisy Canyon 
is at least 6000 m. Total right-slip displacement appears to be at 

least 1000 m. Offsets in unconsolidated alluvial and lacustrine 

sediments are up to 30 m vertically and 22 m right-slip. Evidence for 

multiple offsets is conman. 

The Western Frontal fault zone extends from Daisy Canyon to the 

northern border of the study area . The zone consists of normal-slip 

faults in unconsolidated alluvium and colluvium. Total offset is at 

least 6000 rn. Three episodes of faulting are evident in the 
I 

unconsolidated material . One alluvial fan has been offset at least 

30 m. 

The Central Valley fault zone is located in the playa of Saline 

Valley. Numerous northwest-southeast to east-west trending faults 

- __ t:f!_ _ 



SCCRNu uhN mNpNfu oypIRumUfN yfc NSoUyf cNDSRUuRb rhNmN UR NqUcNfpN 

CSm pSfuUfIUfP cNCSmlyuUSf SC uhN Doydyb

rhN .yRu eUcN CyIou ASfN UR oSpyuNc Uf uhN fSmuhpNfumyo DSmuUSf 

SC uhN RuIcd ymNyb rhUR UR y ASfN SC fSmuhgRSIuh umNfcUfP fSmlyo 

CyIouR yfc PmyVNfR Uf uhN IfpSfRSoUcyuNc RNcUlNfuRb rhN CyIouR ymN 

mNoyuNc uS RuND CyIouUfP yoSfP uhN wNRu Coyfk SC uhN PyfylUfu syfPN 

yfc NyRugwNRu NxuNfRUSf SC eyoUfN ayooNdb MIouUDoN CyIou SCCRNuR wUuh 

uSuyo cURDoypNlNfuR SC yu oNyRu 00 l wNmN SVRNmqNcb

rhN LNN 8oyu CyIou ASfN UR oSpyuNc VNuwNNf uhN NNoRSf syfPN yfc 

uhN IfdS MSIfuyUfRb rhN ASfN UR pIu Vd fSmuhwNRugRSIuhNyRu umNfcUfP 

fSmlyo CyIouR Uf IfpSfRSoUcyuNc yooIqUIl yfc rNmuUymdgQIymuNmfymd 

VyRyoub

iPNR SC CyIouR Uf IfpSfRSoUcyuNc yooIqUyo cNDSRUuR UfcUpyuN uhyu 

eyoUfN ayooNd hyR VNNf uNpuSfUpyood ypuUqN cImUfP uhN PoNURuSpNfN yfc
;

HSoSpNfNb 8yIou mNpImmNfpN myuNR cImUfP uhN oyRu 1 x n0 dm yqNmyPN 

byVSIu nb7 X n0"^ dm'^b

if yfyodRUR SC jSUfu DyuuNmfR yu HIfuNm MSIfuyUf RIPPNRu uhyu uhN 

hUPhgyfPoN jSUfuR mNRIouNc CmSl lSqNlNfu yoSfP uhN MmyDNqUfN tyfdSf 

CyIou ASfNb rhN SmUNfuyuUSfR SC uhN MmyDNqUfN tyfdSf yfc SuhNm CyIou 

ASfNR RIPPNRu uhyu uhNd mNRIouNc CmSl y mNPUSfyo RumNRR RdRuNl Uf 

whUph uhN lyxUlIl DmUfpUDyo RumNRR ypuNc Uf y NN.gee9 uS N.ge9 

cUmNpuUSfb

i mhSlVSphyRl SmUPUf CSm eyoUfN ayooNd UR UfcUpyuNc Vd uhN RudoN 

yfc SmUNfuyuUSf SC uhN CyIouR yfc SuhNm uNpuSfUp yfc DhdRUSPmyDhUp 

CNyuImNR Uf uhN mNPUSfb eyoUfN ayooNd CSmlNc yR uhN mNRIou SC 

NyRugwNRu NxuNfRUSf cIN uS uhN wNRuNmf lUPmyuUSf SC uhN eUNmmy NNqycy
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offset the recent lacustrine and eolian deposits. There is evidence 

for continuing deformation of the playa. 

The East Side fault zone is located in the northcentral portion 

of the study area. This is a zone of north-south trending normal 

faults and grabens in the unconsolidated sediments. The faults are 

related to step faulting along the west flank of the Panamint Range 

and east-west extension of Saline Valley. Multiple fault offsets with 

total displacements of at least 30 m were observed. 

The Lee Flat fault zone is located between the Nelso~ Range and 

the Inyo Mountains. The zone is cut by northwest-southeast trending 

normal faults in unconsolidated alluvium and Tertiary-Quarternary 

basalt. 

Ages of faults in unconsolidated alluvial deposits indicate that 

Saline Valley has been tectonically active during the Pleistocene and 

Holocene. Fault recurrence rates during the last 2 x 104 yr average 
-4 -1 ,about 1.7 x 10 yr 

An analysis of joint patterns at Hunter Mountain suggest that the 

high-angle joints resulted from movement along the Grape ine Canyon 

fault zone. The orientations of the Grapevine Canyon and other fault 

zones suggest that they resulted from a regional stress system in 

which the maximum principal stress acted in a NNE-SSW to NE-SW 

direction. 

A rhombochasm origin for Saline Valley is indicated by the style 

and orientation of the faults and other tectonic and physiographic 

features in the region. Saline Valley formed as the result of 

east-west extension due to the western migration of the Sierra Nevada 



and right5lateral shearing along the Lestern border of the wasin and 

Range province. The eHtension and shearing are attributed to 

northeasterly5southLesterly trending regional compressive forces. As 

a result of the regional stress fiMld and deformation. Saline Valley 

developed in a Done of tension in a transitional area betLeen the 

Sierra Nevada and wasin and Range Provinces.

iv 

and right-lateral shearing along the western border of the Basin and 

Range province. The extension and shearing are attributed to 

northeasterly-southwesterly trending regional compressive forces. As 

a result of the regional stress fi~ld and deformation, Saline Valley 

developed in a zone of tension in a transitional area between the 

Sierra Nevada and Basin and Range Provinces. 
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1.0 INTRODUCTION 

1.1 PURPOSE AND SCOPE OF INVESTIGATION 

This study investigates deformational features in the Saline 

Valley region of southeastern California that are characteristic of 

1 

the present tectonic regime. The analysis and interpretation of these 

defo,national features provide insight into the tectonic style and 

regiona l stress field responsible for the present topography and struc-

tural e lements observed in the reqion. The stlJ(ly arecl is located in 

an area between the border s of two physiographic and geo logic prov-

; nces, the Si err a Nevada and the Basin and Range . 13 Pcause the study 

area displ ays characteristics of both provinces, it is considered to 

be transitional between the two tectonic s tyl es . Con si~qut~ntly, an 

analysis of the tectonic features of this area helps provide a clearer 

understanding of the transition zone and the geologic evolution of 

both provinces. 

The characteristics of Quaternary tecton i sm in the Saline Valley 

region can be determined from the style and pattern of the faults and 

related features that affect the young unconsolidated alluvial 

deposits. Therefore, this study focuses principally on the young, 

well preserved fault zones that border the valley and offset uncon-

solidated sediments on the playa floor. Aerial photographs and aerial 

reconnaisance were used extensively to assess t he style and pattern of 

faulting and to determine key locations for detailed field study . The 

field study included fault scarp profiling to estimate the age and 

number of fault offsets, the determination of grain size di s tributions 
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uhN uNpuSfUp CNyuImNR SVRNmqNc Uf eyoUfN ayooNd yfc uhN RImmSIfcUfP 
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rhN RuIcd ymNy '8UPImN nbnZ SppIDUNR yDDmSxUlyuNod 816 kl SC

pNfumyo IfdS tSIfudJ RSIuhNyRuNmf tyoUCSmfUyJ yfc UR oSpyuNc Uf uhN 

RSIuhwNRuNmf DSmuUSf SC uhN vyRUf yfc syfPN DhdRUSPmyDhUp DmSqUfpNb

rhN ymNy UfpoIcNR uhN sypNumypk ayooNd mNPUSf SC DNyuh ayooNd NyuUSfyo 

MSfIlNfu yfc NxuNfcR wNRuwymc ypmSRR eyoUfN ayooNd uS fNym uhN pmNRu 

SC uhN IfdS MSIfuyUfRb rhN NyRuNmf VSIfcymd UR nn7000' 9NRu oSfPUuIcN 

yfc uhN wNRuNmf VSIfcymd UR y NN9gee. umNfcUfP oUfN pSffNpuUfP nn7055' 

yfc nn70;5' 9NRu oSfPUuIcNRb rhN fSmuhNmf yfc RSIuhNmf VSIfcymUNR ymN 

mNRDNpuUqNod 060;5' yfc 06000' NSmuh oyuUuIcNb rSDSPmyDhUp lyD pSqNm#

yPN UR DmSqUcNc Vd uhN UVNhNVN PNyk 'n950Z yfc NNw YSmk vIuuN 'n95nZ 

n5' 'nT61J 500Z UbebMbeb uSDSPmyDhUp lyDR wUuh pSfuSIm UfuNmqyoR SC ;0 

yfc 80 CuJ mNRDNpuUqNod '8UPImN nb1Zb

rhN ymNy lyd VN yDDmSyphNc CmSl VSuh uhN fSmuh yfc RSIuh Vd 

UlDmSqNc cUmu mSycRb rhN RSIuhNmf mSIuN NxuNfcR fSmuh yVSIu 50 kl 

CmSl Ubeb Hwd n90 whUph pSffNpuR Ubeb Hwd 095 fNym Ooyfphy wUuh DNyuh 

ayooNd NyuUSfyo MSfIlNfub rhN fSmuhNmf mSIuN NxuNfcR RSIuh yVSIu 

6; kl CmSl euyuN Hwd n68 whUph pSffNpuR Ubeb Hwd 095 yu vUP PUfN wUuh 

9NRuPymc PyRRb rhN yppNRR mSycR ymN PNfNmyood wNoo lyUfuyUfNc VIu lyd

\ 

2 

for the scarp material, determination of the in situ seismic velocities 

of the scarp material, measurement of joint orientations on Hunter 

Mountain, and general reconnaisance of the region. An interpretation 

of this -data was used to develop a tectonic model that accounts for 

the tectonic features observed in Saline Valley and the surrounding 

region. 

1.2 LOCATION AND ACCES SI BlllTY 

The study ·'area (Figure 1.1 ) occ upi rs approximat1•ly ~26 km2 of 

ce ntral Inyo County, '>l>Utheu s tern Californ 1il, ttnd 1s l11 c.1ted in the 

southwestern portion of the Basin and Range phys iographic province. 

The area includes the Racet r ack Valley region of Death Valley National 

Monument and extends wes tward acro ss Saline Vall ey t o neJr the cr·es t 

of the Inyo Mountains. The eastern boundary is 117030• West longitude 

and the western boundary is a NNW-SSE trending line connecting 117055• 

and 117045' West long itudes . The northern and southern boundaries are 

respectively 36045' and 36030' North_ latitude. Topographic map cover-

age is provided by the Ubehebe Peak (1950) and New York Butte (1951) 

15' (1:62, 500) U.S.G.S. topographic maps with contour intervals of 40 

and 80 ft, respectively (Figure 1.2). 

The area may be approached from both the north and south by 

improved dirt roads. The southern route extends north about 50 km 

from U.S. Hwy 190 which connects U.S. Hwy 395 near Olancha with Death 

Valley National Monument. The northern route extends south about 

64 km from State Hwy 168 which connects U.S. Hwy 395 at Big Pine with 

Westgard Pass. The access roads are generally well maintained but may 

' 
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FIGURE 1.2. Topographic map coverage at a sca le of 1:62,500. 

4 

be impassable seasonally due to snow ·accumulations at the higher ele-

vations or by being washed-out by heavy rainfall. The area occupies 

portions of Death Valley National Monument (U.S. Park Service) and the 

California Desert Conservation Area, Saline Valley Area (U.S . Bureau 

of Land Management) and so vehicle travel is strictly limited to 

existing roads . Vehicle access to many loca l ities is quite poor or 
-nonexistent. Roads range in quality from well mJintained to locally 

impassable. 

-------------- _ ... _ 



1.I P^PSIkxRAP^IC S6TTINx

Physiographically the study area is dominated by tectonic land5 

forms. The Inyo Mountains and Saline Valley are the most prominent 

physiographic features (Photo 1.1). ApproHimately X.7 9m Lest of the 

study area °eynot Pea9, at the crest of the Inyo Mountains, rises to 

an elevation of II8I.X m, forming a topographic gradient of I7X mj9m. 

The topographic closure of Saline Valley is approHimately 1NN0 m. The 

average elevation of the valley rim approHimately N1IQ m. The playa 

area of Saline Valley is at an t'lM’vation of IN7 m.

kther prominent geographic features in the study atea are;

1) the Nelson Range Lhich forms the southern border of Saline Valley, 

rises to a maHimum elevation of N,IQ' m; N) 0ee Olat, loc.atc'd betLeen 

the Nelson Range and Inyo Mountains Lith an average elevation of about 

1X'X m; I) the Panamint Range, Lhich forms the eastern border of 

Saline Valley, and Q) Racetrac9 Valley, in the northeast corner of the 

study area, Lith a playa elevation of NN'N m.

A relief map of the general regton is shoLn in Oigure 1.I. A 

series of east5Lest topographic profiles through the study area and 

adZacent region are shoLn in Plate 1.1.

1.Q C0IMAT6

The study area has a desert climate typified by slight rainfall, 

high summer temperatures, high evaporation, leL humidity, Lide diurnal 

and annual temperature fluctuations and frequent strong Linds in the 

'Spring. The climate is similar to that of Death Valley. Temperatures 

often may reach I8°C from March to September. Visitors to Saline

i5V..

\, 

5 

1.3 PHYSIOGRAPHIC SETTING 

Physiographically the study area is dominated by tectonic land-

forms. The Inyo Mountains and Saline Valley are the most prominent 

physiographic features (Photo 1.1) . Approximately 6. 5 km west of the 

study area Keynot Peak, at the crest of the Inyo Mountains, rises to 

an elevation of 3383.6 m, forming a topographic gradient of 355 m/km. 

The topogr~phic closure of Saline Valley is approximately 1220 m. The 

average elevation of the valley rim approxi mate ly 2134 m, The playa 

area of SJ line Val ley i-; ,it t1n t) l"v,1 t1nn ot 3?S m. 

Other prominent geograph ic t pa lur-es tn tile s tudy M, ' J Jr J : 

1) the Nelson Range which forms the southern border of Sa line Vall ey, 

rises to a maximum e levation of 2, 347 rn; 2) Lef' F I J t, loca l1:rl be twee n 

the Nelson Range and Inyo Mount ains with an aver ,H:Jl ' t'i (• v.1t1on ut abo ut 

1676 m; 3) the Panamint Range, which forms the eastern border of 

Saline Valley, and 4) Racetrack Valley, in the northeast corner of the 

study area, with a playa e levation of 2272 m. 

A relief map of the general regi·on is shown in Figure 1.3. A 

series of east-west topographic profiles through the study area and 

adjacent region are shown in Plate 1.1. 

1.4 CLIMATE 

The study area has a desert climate typified by slight rainfall, 

high surrmer temperatures, high evaporation, lG1·1 humidity, wide diurnal 

and annual temperature fluctuations and frequent strong winds in the 

·spring. The climate is similar to that of Death Valley. Temperatures 

often may reach 38°C from March to September. Visitors to Sa line 

,. 
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PHOTO 1.1. Topographic relief map of a portion of the Sierra Nevada -
Basin and Range transition zone. 
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ayooNd mNDSmu uhyu RIllNmuUlN uNlDNmyuImNR NxpNNcUfP ;9°t ymN pSllSfb 

iu NoNqyuUSfR yVSqN yVSIu n515 l uhN RIllNm uNlDNmyuImNR ymN DoNyRyfu 

NxpNDu cImUfP SppyRUSfyo hSu DNmUScRb rhN wUfuNmR ymN lUoc yfc fNymod 

CmSRugCmNN yu uhN oSwNm NoNqyuUSfRJ VIu SppyRUSfyo RfSw hyR VNNf 

mNDSmuNc Sf uhN qyooNd CoSSmb rhN wUfuNm RfSwoUfN UR IRIyood yVSqN 

yVSIu n515 lJ wUuh hNyqd RfSw yu uhN hUPh NoNqyuUSfR yoSfP uhN pmNRu 

SC uhN IfdS MSIfuyUfRb

iVSIu uwSguhUmcR SC mNpSmcNc DmNpUDUuyuUSf pSlNR CmSl PypUCUp 

lymUuUlN RuSmlR cImUfP NSqU'fUVugm uhmSIPh iDmUo* uhN mNRu CmSl RIllNm 

uhIfcNm RhSwNmR CNc Vd lSURu yUm CmSl uhN MIoCR SC MNxUpS yfc 

tyoUCSmfUyb DURumUVIuUSf SC DmNpUDUuyuUSf UR NmmyuUp Uf VSuh uUlN yfc 

RDypNJ wUuh wNu dNymR udDUpyood mNpNUqUfP uhmNN uS CSIm uUlNR uhN 

DmNpUDUuyuUSf SC cmd dNymRb YNymR wUuh fS DmNpUDUuyuUSf Sf uhN qyooNd 

CoSSm ymN pSllSfb iccUuUSfyo UfCSmlyuUSf pSfpNmfUfP DmNpUDUuyuUSf Uf 

uhUR ymNy lyd VN CSIfc Uf syfuA 'n969Zb
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aNPNuyuUSf UR RDymRN uhmSIPhSIu lSRu SC uhN RuIcd ymNyb rhN 

DmUfpUDyo qNPNuyuUSf Sf uhN CoSSm SC eyoUfN ayooNd UR pmNSRSuN VIRh 

whUph CoSImURhNR ID uS yVSIu uhN n500 l NoNqyuUSfb i qymUNud SC 

hyoSDhUoUp RhmIVR ymN yoRS CSIfc ymSIfc uhN Doydy ymNyJ NRDNpUyood 

fNym uhN Ryou oykNb euNND RoSDNR ymN oymPNod VymN SC qNPNuyuUSfJ VIu 

lScNmyuN RoSDNR yfc PIooUNR hyqN RpyuuNmNc RyPNVmIRh yfc pmNSRSuNb 

PUfSf DUfN yfc jIfUDNm ymN pSllSf yVSqN yVSIu n500 l Sf fSmuhNmf 

CypUfP RoSDNR yfc yVSqN yVSIu 1n00 l Sf RSIuh CypUfP RoSDNRb JSRhIy

(Jq '

0r ... . . ;.UH.

i. 

/ 

, 

8 

Valley report that su111nertime temperatures exceeding 49°C are colllTlon. 

At elevations above about 1525 m the su111ner temperatures are pleasant 

except during occasional hot periods. The winters are mild and nearly 

frost-free at the lower elevations, but occasional snow has been 

reported on the valley floor. The winter snowline is usually above 

about 1525 m, with heavy snow at the high elevations along the crest 

of the Inyo Moun tai ns. 

About two-thirds of recorded precipitation comes from Pacific 

maritime s torms durin<J Nov l'111l, ~r lhr·ough April; th £> rt-1 ':> t frn,n ':> umncr 

thunder showers fed by moist air from the Gult s of Mexi co Jnd 

California. Di s tribution of precipitation is erratic in both time and 

space, with wet years typically receiving three to four times ttie 

precipitation of dry years . Years with no precipit ation on the va ll ey 

floor are colllTlon. Additional information concerning preci pitation in 

this area may be found in Rantz (1969) . 

:--· -1. 5 VEGETATION 

Vegetation is sparse throughout most of the study area. The 

principal vegetation on the floor of Saline Valley is creosote bush 

whi~h flourishes up to about the 1500 m elevation. A variety of 

halophilic shrubs are also found around the playa area, especia lly 

near the salt lake. Steep slopes are largely bare of vegetation, but 

moderate slopes and gullies have scattered sagebrush and creoso~e . 

Pinon pine and juniper are colllTlon above about 1500 m on northern 

facing . slopes and above ~bout 2100 m on south fac ing slopes. Joshua 



trees are locally found above about 1700 tn. 0arge stands of Joshua 

trees groL in 0ee Olat and in portions of the Panamint Range.

1.X "I0D0IO6

wurt and xrossenheider (19'X) indicated that approHimately forty5 

four species of mammals live in the region. These include bighorn 

sheep, deer, tLo species of rabbits, porcupines, pica, nine species of 

mice, three species of 9angaroo rats, gophers, chipmun9s, tLo species 

of squirrels, marmots, bobcats, mountain lions, throe spotU uJ, of foH, 

coyote, tLo species of s9un9s, badgers, ringtails, blac9 bear and 

seventeen species of bats.

Stebbins (19XX) indicated that approHimately tLenty5three species 

of reptiles and amphibians may be found in the region. These include 

four species of rattlesna9es, ten species of nonvenomous sna9es, five 

species of liDards, chuc9Lallas, desert iguanas, frogs and toads.

1.' AVAI0Aw06 P^kTkxRAP^P

The aerial photographs used in this study are from "iree sources. 

wlac9 and Lhite photography is available from U.S. xeological Survey 

Photographic ProZect xS5CQ (1UI',Q00) floLn in July 19Q' and from U.S. 

Army Map Service ProZect 109 (1UX0,000) floLn during kctober and 

November 197N. Color photography floLn during kctober 19'7 is avail

able from U.S. wureau of 0and Management Photographic ProZect CMkkk 

(1UN0,000). All of the above photographs are standard NI H NI cm 

format. The areas covered by these photographs are shoLn in Oig. 1.Q.

trees are locally found above about 1500 m. Large stands of Joshua 

trees grow in Lee Flat and in portions of the Panamint Range. 

1.6 WILDLIFE 
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Burt and Grossenheider (1976) indicated that approximately forty-

four species of marm1als live in the region. These include bighorn 

sheep, deer, two species of rabbits, porcupines, pica, nine species of 

mice, three species of kangaroo rats, go phers, chipmunk s , two spec ies 

of squi rre ls , marmot s , bobca t s , mount a in l 1on<;, , lhrt' l! s; µ PL" lP ' . of t ox , 

coyote , two species of sk unk s , bc1dgcr s , r 1 ny ta 1 l '> , black bt: a r· Jnd 

seventeen species of bats. 

Stebbins (1966) indica ted that approximate ly twenty-three species 

of reptil es and amphibians may be found in the region. These include 

four species of rattlesnakes, ten species of nonvenomous snakes, five 

species of lizards, chuckwallas, desert iguanas, frogs and toads. 

1.7 AVAILABLE PHOTOGRAPHY 

The aerial photographs used in this study are from ree sources. 

Black and white photography is available from U.S. Geological Survey 

Photographic Project GS-CQ (1:37,400) flown in July 1947 and from U.S. 

Army Map Seryice Project 109 (1:60,000) flown during October and 

November 1952. Color photography flown during October 1975 is avail-

able from U.S. Bureau of Land Management Photographic Project CMOOO 

(1:20,000). All of the above photographs are standard 23 x 23 cm 

format. The areas cover~d by these photographs are shown in Fig. 1.4. 
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Additional blac9 and Lhite and color photography Las obtained in 

December 19'' and March 19'9 during aerial reconnaisance of the area 

by private aircraft. Numerous color photographs Lere also ta9en from 

ground locations during the period of field Lor9.

1.8 6AR0P R6xIkNA0 INV6STIxATIkNS

The earliest geologic investigations in the region Lere generally 

of a reconnaissance nature, such as those of "hitney (18X7), xilbert 

(1I'7M, xoodyear (1888), Oairban9s (189X), and liall (190j). llie first 

detailed study LM"alcoll's (189') investigation of the post5 

Pleistocene elevations of the Inyo Range and the la9e beds of the 

"aucobi 6mbayment. Spurr (190I) compiled Lhat Las then 9noLn of the 

regional geology and published the first geologic map. "aring (191') 

produced the first geologic map of Inyo County. 5°nopf (1918) studied 

the geology of the Inyo Range and eastern slope of the Sierra Nevada.

AsMa result of discovery of the Cerro xordo mining district, in 

the 18X0s, and the salt and boraH deposits of Saline and kLens Valleys, 

there are several early accounts of the economic geologyMand mining 

activities of the region. Some of these accounts areU Raymond (18'I),

Dexroot (1890), Oairban9s (189Q), wailey (190N), Aubury (1908), °nopf 

(191I), and "aring and ^ugueinin (191X).

1.9 INV6STIxATIkNS IN T^6 STUDP AR6A

Several studies have focused on portions of the study area. xale 

(191N), 0ombardi (19XI), and ^ardie (19X8) studied the evaporite 

deposits of Saline Valley. McAllister (197N, 1977, 197X) reported on

11 

Additional black and white and color photography was obtained in 

December 1977 and March 1979 during aerial reconnaisance of the area 

by private aircraft. Numerous color photographs were also taken from 

ground locations during the period of field work. 

1.8 EARLY REGIONAL INVESTIGATIONS 

The earliest geologic investigations in the region were generally 

of a reconnaissance nature, such as those of Whitney (1865 ) , Gilbert 

(187Sf, Goodyear (1 888 ), F<1 idiJ nk ':> (1896) , an<.J ll ,111 ( !IJ!J/). ll1 L' t 1,·s t 

<.J e tailed s tudy w~Wdl co tl's (1897) investigation of the po s t-

Pleistocene elevations of the Inyo Range and the lak e beds of the 

Waucobi Embayment. Spurr (1903) compiled what was then known of the 

regional geology and published the first geologic map. War ing (1917) 

produced the first geologic map of Inyo County. ·Knopf (1 918) studied 

the geology of the Inyo Range and eastern slope of the Sierra Nevada. 

As,a result of discovery of the Cerro Gordo mining district, in 

the 1860s, and the salt and borax deposits of Saline and Owens Valleys, 

there are several early accounts of the economic geology and mining 

activities of the region. Some of these accounts are: Raymond (1873), 

DeGroot (1890), Fairbanks (1894), Bailey (1902), Aubury (1908), Knopf 

(1913), and .Waring and Hugueinin (1916). 

1.9 INVESTIGATIONS IN THE STUDY AREA 

Several studies have focused on portions of the study area. Gale 

(1912), Lombardi (1963), and Hardie (1968) studied the evaporite 

deposits of Saline Valley. McAllister (1952, 1955, 1956) reported on 
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uhN PNSoSPd SC uhN QIymuA eDmUfP ymNyb MNmmUyl 'n960Z RuIcUNc uhN 

PNSoSPd SC uhN tNmmS MSmcS lUfUfP cURumUpub LSlVymcU 'n96;Z mNDSmuNc 

Sf uhN cNCSmlyuUSf SC eyoUfN ayooNd yfc UuR mNoyuUSfRhUD uS uhN uNp#
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'n976Z RuIcUNc uhN RNcUlNfuSoSPd yfc DNumSPmyDhd SC uhN )NNoNm tyfdSf 
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yfc NSmlyf yfc euNwymu 'n95nZ mNDSmuNc Sf uhN lUfNmyo mNRSImpNR SC 

IfdS tSIfudb Hyoo yfc Myp)NqNuu 'n958J n961Z RuIcUNc uhN NpSfSlUp 

PNSoSPd SC uhN DymwUf QIycmyfPoN yfc Hyoo yfc euNDhNfR 'n960Z RuIcUNc 

uhN NpSfSlUp PNSoSPd SC uhN PyfylUfu vIuuN QIycmyfPoNb

elUuh 'n97;J n975yJ n975VJ n978Z mNDSmuNc Sf uhN oyuN QIyuNmfymd 

DoIqUyo yfc uNpuSfUp hURuSmd SC PyfylUfu ayooNdb vyphlyf 'n97;J n975J 

n978Z RuIcUNc uhN cNDSRUuUSfyo yfc cNCSmlyuUSfyo hURuSmd SC uhN PoUSg 

PoNURuSpNfN 9yIpSVU LykN VNcRJ uhN PoUSgPoNURuSpNfN VmNykID SC uhN 

eUNmmy NNqycyg9hUuNgIfdS MSIfuyUfR VoSpkJ yfc uhN CSmlyuUSf SC OwNfR 

ayooNdb euNqNfR yfc Oo'gSf 'n971Z yfc )NooNd yfc euNqNfR 'n975Z 

RuIcUNc uhN fyuImN yfc RUPfUCUpyfpN SC uhmIRu CyIouR Uf uhN IfdS

12 

the general and economic geology of the Ubehebe Peak Quadrangle and on 

the geology of the Quartz Spring area. Merriam (1963) studied the 

geology of the Cerro Gordo mining district. Lombardi (1964) reported 

on the deformation of Saline Valley and its relationship to the tec -

tonics of the western United States. Ross (1969) described the petrog-

raphy of a portion of the Hunter Mountain quartz monzonite. Parker 

(1976) studied the sedimentology and petrography of the Keeler Canyon 

Formation near the Ubehebe Mine . 

1.10 INVESTIGATIONS IN ADJACENT AR EAS 

Several investigations hdv e been condu c ted in areas adjace nt to 

or including portions of the s tudy area. Ros s (1965, 1967) mapp ed the 

Independence and Waucoba Wash Quadrangles. Burchfit•l (1969 ) report ed 

on the geology of the Ory Mountain Quadrangle and Hall (1971) on the 

geology of the Panamint Butte Quadrangle. Tucker and Sampson (1938) 

and Norman and Stewart (1951) reported on the mineral resources of 

Inyo County. Hall and MacKevett (1958, 1962) studied the economic 

geology of the Darwin Quadrangle and Hall and Stephens (1963) s udied 

the economic geology of the Panamint Butte Quadrangle. 

Smith (1974, 1975a, 1975b, 1978) reported on the late Quaternary 

pluvial and tectonic history of Panamint Valley. Bachman (1974, 1975, 

1978) studied the depositional and deformational history of the Plio-

Pleistocene Waucobi Lake beds, the Plio-Pleistocene breakup of the 

Sierra Nevada-White-Inyo Mountains block, and the formation of Owens 

Valley. Stevens and Ol~on (1972) and Kelley and Stevens (1975) 

studied the nature and significance of thrust faults in the Inyo 
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Mountains. Carver (1969) studied the Quaternary tectonism and surface 

faults and Pakiser et al. (1964) studied the structural geology and 

volcanism in the Owens Valley region. 

Miscellaneous investigations in areas adjacent to the study area 

include Gale's (1914) study of the saline deposits in Owens, Searles, 

and Panamint Valleys, Schultze's (1937) report on the Plio-Pleistocene 

Coso fauna, Hopper's (1947) geologic section from the Seirra Nevada to 

Qea_t_h. Valley, Maxson's (1950) study of the physiographi c features of 

the Panainint Range , anc.l Ro ss ' s (1970) s tudy o f tl11 ! vnl r ,u11 c rock'-> ot 

lhe Saline Range. 

1.11 INVESTIGATIONS IN THE DEATH VALLEY REGION 

Numerous geologic studies have been conduct ed in til e Death Val ley 

region. A brief cross section of these includes Campbell's (1902) 

reconnaissance study of the borax deposits, Beatty's (1961) study of 

the topographic effects of surface faulting, Denny's (1965) study of 

alluvial fans, Burchfiel and Stewart's (1966) theory on the origin of 

the central segment of Death Valley, Hunt and Mabey's (1966) tudy of 

the stratigraphy and structure, Hunt's (1966) report on the general 

geology, Hill and Troxel's (1966) tectonic study of the Death Valley 

region, and McKee's (1968) study of the age and rate of movement of 

the northern part of the Death Valley-Furnace Creek fault zone. 

Of specialized interest are studies related to the sliding stones 

on the playa of Racetrack Valley. These stones range in size from 

pebbles to small boulder: weighing up to 25 kg. It has been sugge sted 

that the movement of the stones and the resulting furrows in the playa 

I 
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surface are related to Lind or ice movement of the stones. Investiga

tions of this phenomenon Lere conducted by McAllister and AgneL (19Q8), 

Stanley (1977), Sharp and Carey (19'7), and Shelton (197I) Lho tried 

to move the stones Lith the propLash from his light aircraft.

1.1N MkD6RN R6xIkNA0 x6k0kxICA0 MAPPINx

The study area is shoLn on geologic maps of the kLens Valley 

region by wateman and Merriam (197Q), of the Inyo Mountains by Ross 

(19X' ), and the Death Valley Sheet by Jennings (l')7<!) and by StreitD 

and Stinson (19'Q ). xravity maps of the Death Valley Shei'l by Mabey 

(19XI) and Chapman et al. (19'1) indicate the main structural and 

geologic subunits. The study area is also shoLn on the Oault Map of 

California (Jennings, 19'7).

1.1I R6xIkNA0 x6k0kxIC INV6STIxATIkNS

Numerous regional geologic investigations of the Lestern United 

States and wasin and Range province provide the basis for the under

standing of the general geology and tectonic development of the study# 

area. Merriam (197Q), Merriam and ^all (197'), Ross (19XQ), SteLart 

(19XX, 19'0), and Miller (19'X) studied the pre5MesoDoic stratigraphy. 

xilluly (19X7), ^amilton and Myers (19XX), and Ryall et al. (19XX) 

studied the regional tectonics of the Lestern United States. Nolan 

(19QI), Slemmons (19X'), SteLart (19'1), wabcoc9 (19'Q), and "right 

(19'X) studied the geology and tectonic development of the wasin and 

Range province. ^ealy and Press (19XQ) and Thompson and wur9e (19'Q) 

conducted geophysical investigations of the Sierra Nevada eastern 

front and the wasin and Range province.
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surface are related to wind or ice movement of the stones. Investiga-

tions of this phenomenon were conducted by McAllister and Agnew (1948), 

Stanley (1955), Sharp and Carey (1975), and Shelton (1 953 ) who tried 

to move the stones with the propwash from his light aircraft. 

1.12 MODERN REGIONAL GEOLOGICAL MAPPING 

The study area is shown on geologic maps of the Owens Valley 

region by Bateman and Merriam (1954), of the Inyo Mountains by Ross 

(1967), and lhe Death Va ll ey Sheet by Jt~nn1ng ~ ( l 'J ~H) .111<1 l>y c-,t(ei tl 

and Stin son (1974). Gr avity maps of the Death Va ll ey Slw d by Mabry 

(1963) and Chapman et al. (1971) i nd icate the ma in s tru lural and 

geologic subunits. The s tudy area is a l so shown on the Fault Map of 

California (Jennings , 1975). 

1.13 REGIONAL GEOLOGIC INVESTIGATIONS 

Numerous regional geologic investigations of the western United 

States and Basin and Range province provide the basis for the under-

standing of the general geology and tectonic development of the study 

area. Merriam (1954), Merriam and Hall (1957), Ross (1964), Stewart 

(1966, 1970), and Miller (1976) studied the pre-Mesozoic stratigraphy. 

Gilluly (1965), Hamilton and Myers (1966), and Ryall et al. (1966) 

studied the regional tectonics of the western United States. Nolan 

(1943), Sle1T111ons (1967), Stewart (1971), Babcor.k (1974), and Wright 

(1976) studied the geology and tectonic development of the Basin and 

Range province. Healy ~nd Press (1964) and Thompson and Burke (1974) 

conducted geophysic91 investigations of the Sierra Nevad a eastern 

front and the Basin and Range province. 



N.0 R6xIkNA0 T6CTkNIC S6TTINx

The study area is located in the southLest portion of the xreat 

wasin in the transition Done betLeen the wasin and Range and Sierra 

Nevada physiographic provinces. The area has a unique tectonic style 

by virtue of its location in the transition Done at the boundary of 

the tLo distinctly different physiographic and geologic provinces 

(Oigure N.1). The wasin and Range Province contains north5to5 

northeaster ly trending tilted fault hlor9s indi(alMj<8 ot northLest5 

southeast to east5Lest eHtension totaling betLeen 100 and I00 9.in 

(^amilton and Myers, 19XX). Such eHtension appears to he consistent 

throughout the province. The regional fault pattern is modified in 

the transition Done by the Sierra Nevada structure, Lhich is oriented 

northLest.

The 1000 9m long San Andreas fault system Lith a total right5 

lateral, stri9e5slip displacement of scores of 9ilometers to N00 9m 

(0eet and Judson, 19'1) is Lest of the Sierra Nevada Range. The 

San Andreas fault forms a portion of xutenberg and Richter's (197Q) 

Circum5Pacific welt of great right5lateral, stri9e5slip fault Dones. 

The associated left—lateral xarloc9 fault, Lith a total displacement 

of Q8 to 'N 9m (Michael, 19XX; Dibblee, 19X'), eHtends eastLard about 

N70 9m from the San Andreas fault and terminates about 100 9m south of 

the study area.

The xarloc9 fault is the southern boundary of the transition Done 

betLeen the xreat wasin and Sierra Nevada in California. Ryall et al. 

(19XX) and TroHel et al. (19'N) and St. Amand and Roquemore (19'9)

15 

2.0 REGIONAL TECTONIC SETTING 

The s tudy area is located in the southwest portion of the Great 

Bas in in the t r an si tion zone between the Basin and Range and Sierra 

Nevada phys iograph ic province s . The area ha s a unique t ec ton ic s tyl e 

by virtue of its location in the t r ans i t i on zone at the boun dary of 

the two di s tinctly different phys i ographic and geologi c provinces 

(F i gure 2 .1 ) . The Bas i n and Range Pro vin ce contai ns north - to -

nor tht> dStt• r· ly l r,_•ndinq t1llecl f ,rnlt 11lnr.k o., ind 1rr1 t.1v 1 '. nl rh) rlhvw'> l-

sou theas l to eas t- we'> t ex lens ion tol d I 111 9 llelween 100 ,HHI 300 km 

(Hamil ton and Myers , 1966 ) . Such extension app ear s t,) he cons is tent 

throughout the province . The regiona l f ault pattern is 1nod 1f ied in 

the tran s ition zone by the Sier ra Nevada s truc tu re , wh ic h 1._, ori ent N1 

northwest. 

The 1000 km long San Andreas fault system with a total r ight-

lateral, strike-slip displacement of scores of k il ometers to 200 km 

(Leet and Judson, 1971) is west of the Sierra Nevada Range . The 

San Andreas fault forms a portion of Gutenberg and Richter' s (1954) 

Circum-Pacific Belt of great right-lateral, strike-slip fault zones. 

The associated left-lateral Garlock fault, with a tota l dis placement 

of 48 to 72 km (Michael, 1966; Dibblee, 1967), extends eastwa rd about 

250 km from the San Andreas fault and terminates about 100 km south of 

the study area. 

The Garlock fault is the southern boundary of the transition zone 

between the Great Basin ~nd Sierra Nevada in Californi a. Rya ll et al. 

( 1966) and Troxel et al. (1972) and St. Amand and Roquemore ( 1979) 

,. 
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FIGURE 2.1. Major fault patterns in the Sierra Nevada and Basin and 
Range provinces. 

suggest that the Mojave Block, located to the south of the Garlock 

fault, is tectonically stable while the Great Basin to the north of 

the fault is seismically active and is undergoing regional extension 

across normal faults. 

,. 



The "innemucca5Ventura Zone of Ryall et al. (19XX), a '70 9m long 

belt of historic high seismicity, eHtends from the Pacific Coast near 

Ventura, California, through the study area, to near "innemucca in 

northern Nevada. This is one of the most seismically active areas in 

the Lestern United States and has produced numerous surface ruptures 

during historic times. 6ast of the study area the "al9er 0ane (0oc9e 

et al., 19Q0), a right5lateral, stri9e5slip Done of high seismicity, 

eHtends approHimately parallel to the Cal iforn ia5Nevada border for 

more than '00 9m from Pyramid 0a9e near Reno, Nevada, to near 

0as Vegas, Nevada. These and other Dones of hitZh seisiiii0ity are slioLn 

in the tectonic fluH map of the Lestern United States (Oigure N.N).

^amilton and Myers (19XX) consider that southeastern California, 

betLeen the Sierra Nevada and the wlac9 Mountains, the kLens Valley5 

Saline Valley5Death Valley region, is the region of greatest Pliocene 

and Quaternary faulting in the wasin and Range province.

The folloLing chapters discuss the characteristics of the maZor 

Dones of active faulting in the Saline Valley area. The patterns,
S’

styles and distribution of these faults and related tectonic features 

Lere the basis for determining the relationship betLeen the present 

local tectonic regime and the pattern of regioZial deformation.

17 

The Winnemucca-Ventura Zone of Ryall et al. (1966), a 750 km long 

belt of historic high seismicity, extends from the Pacific Coast near 

Ventura, California, through the study area, to near Winnemucca in 

northern Nevada. This is one of the most seismically active areas in 

the western United States and has produced numerous surface ruptures 

during historic times. East of the study area the Walk er Lane (Locke 

et al., 1940), a right-lateral, s trike-slip zone of high seismicity, 

ex tend s approximately parall el to the California -Nevada hordPr for 

more thun 700 km from Pyramirl Lt1k1 • nt'nr Reno, N1•v ,1rl.1, Ln n1·,1r 

Las Vegd'>, Nevada. The se and olher zones of lliqh -_, 1•1·,1111 L1Ly Me -, tiown 

in the tec toni c flux map of the wes t ern United States (Figure 2.2) . 

Hamilton and Myers (1966) consider that so ut11ea -, t ern Cal i fornia , 

between the Sierra Nevarla ,rnrl the 131ack Mo11nt tli nc., , Lile Owt' n<, VJ ll ey-

Saline Valley-Death Valley region, is the region of greatest Pliocene 

and Quaternary faulting in the Basin and Range province. 

The following chapters discuss the characteristics of the maj or 

zones of active faulting in the Saline Valley area. The patterns, 

styles and distribution of these faults and related tectonic features 

were the basis for determining the relationship between the present 

local tectonic regime and the pattern of reg io~al deformat ion. 

,. 
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period 1769 to 1961 showing areas of seismic energy 
release (Ryall et al . , 1966). SA = San Andreas Zone, 
WV= Winr.imucca-Ventura Zone, WL = Walker Lane Zone . 



I.0 D6SCRIPTIkNS kO ACTIV6 OAU0T ZkN6S IN T^6 STUDP AR6A

I.1 INTRkDUCTIkN

This study focuses on the active faults located on the floor and 

borders of Saline Valley that displace unconsolidated alluvial 

deposits. The pattern, style and distribution of these active faults 

form the basis for interpreting the characteristics of the local tec

tonic regime presently active in the region. These characteristics 

are used in later sections to infer relationships ln'tLi'en tin* tectonic 

features in Saline Valley and the structural origin of the Su'rra 

Nevada 5 wasin and Range transition Done. Although there are numerous 

bedroc9 faults in the area, they are generally not considered here 

unless they affect the young, unconsolidated, alluvial sediments. The 

older bedroc9 faults may reflect tectonic regimes that are no longer 

active, and consequently are of limited interest to this study.

ShoLn on Plate I.1 are the active faults in the study area. As 

used here, JactiveJ refers to any fault that displaces unconsolidated 

alluvial deposits. Although this definition is based solMy on geo5 

morphic data, it is consistent Lith the criteria given by Slemmons and 

Mc°inney (19'').

Plate I.1a is a simplified geologic map of the study area shoLing 

the general distribution of the roc9 and alluvial units and the maZor 

faults, regardless of their activity and the locations of the fault 

scarp profiles discussed in the teHt. The faults eHamined in this 

study Lere mapped on the basis of photogeologic interpretation and 

Lhen possible on direct field evidence.
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3.0 DESCRIPTIONS OF ACTIVE FAULT ZONES IN THE STUDY AREA 

3.1 INTRODUCTION 

This s tudy focuses on the active faults located on the floor and 

borders of Saline Valley that displace unconsolidated alluvial 

deposits. The pattern, style and distribution of these ac tive faults 

form the basis for interpreting the characteristics of the l ocal tec-

tonic regime presently active in the region. Thes e char ac ter is tics 

are used in l a t er ~ec t ions to inf 11 r rcl.,Li onsh ips ti, ,twi'Pn Lil ,• LPc lon1 r. 

feature s 111 Sa line Va ll ey and the ':> l r uc lur·u l or i1J1n o f l1 1, • S 11 ~1T <l 

Nevada - Ba s in and Range t r ansiti on zone . Although the,·e ure numerous 

bedrock fault s in the area , they are gener a lly not cons idered here 

unl ess they aff ec t tile young, uncon so lidated, a lluv ia l ',(~<11rnent c, . Th!' 

older bedrock faults may reflect tectonic regimes that are no longer 

active, and consequently are of limited interest to this s tudy. 

Shown on Plate 3.1 are the active faults in the study area. As 

used here, "active" refers to any fault that displaces unconsolidated 

alluvial deposits. Although this definition is based sal tl y on geo-

morphic data, it is consistent with the criteria given by Slemons and 

McKinney ( 1977 ) . 

Plate 3.la is a simplified geologic map of the study area showing 

the general distribution of the rock and alluvial units and the major 

faults, regardless of their activity and the 1~cations of the fault 

scarp profiles discussed in the text. The faults examined in this 

study were mapped on thP basis of photogeologic interpretat i on and 

when possible on direct field evidence. 



rhN ypuUqN CyIouR Uf uhN RuIcd ymNy ymN pSfqNfUNfuod PmSIDNc UfuS 

CUqN lyjSm ASfNR '8UPImN 0bnZ VyRNc Sf uhNUm oSpyuUSf yfc uNpuSfUp 

RudoNb rhNRN ASfNR ymNT nZ uhN MmyDNqUfN tyfdSf CyIou ASfNJ 1Z uhN

9NRuNmf 8mSfuyo CyIou ASfNJ 0Z uhN tNfumyo ayooNd CyIou ASfNJ ;Z uhN 

.yRu eUcN CyIou ASfNJ yfc 5Z uhN LNN 8oyu CyIou ASfNb MUfSm ASfNR Uf 

sypNumypk ayooNd yfc UoUcy 8oyu wNmN fSu RuIcUNc Uf cNuyUob

rhN MmyDNqUfN tyfdSf CyIou ASfN UR uhN fSmuhNmf RNPlNfu SC y 

lyjSm mNPUSfyo CyIou ASfN uhyu NxuNfcR CmSl uhN MymoSpk CyIou yfc 

uhmSIPh PyfyUUUUfu ayooNdb If uhN RuIcd ymNy uhUR °SfN NxouIUcR Cmmxf 

HIfuNm MSIfuyUf uS DyURd tyfdSf wUuh y RumUkN SC yDDm Sx UUfyuN od NhO'^9b 

rhN ASfN cURDoydR fSmlyogRoUDJ mUPhugfSmlyoJ SVoU,INgRoUD yfc mUPhug 

oyuNmyoJ RumUkNgRoUD CyIouUfPb rhN ASfN umNfcR yoSfP uhN wNRu RUcN SC 

eyoUfN ayooNd whNmN Uu SCCRNuR VNcmSpkJ IfpSfRSoUcyuNc yooIqUIl yfc 

oypIRumUfN cNDSRUuRb

rhN 9NRuNmf 8mSfuyo CyIou ASfN NxuNfcR CmSl DyURd tyfdSf uS uhN 

fSmuhNmf VSmcNm SC uhN RuIcd ymNy yoSfP y umNfc SC yDDmSxUlyuNod 

N;0°9b rhUR ASfN cURDoydR fSmlyogRoUD CyIouUfP Uf VNcmSpk yfc Uf 

IfpSfRSoUcyuNc yooIqUyo cNDSRUuRb rhNRN ymN myfPN CmSfu CyIouR 

mNRDSfRUVoN CSm IDoUCu SC uhN IfdS MSIfuyUfRb

8yIouR Uf uhN tNfumyo ayooNd CyIou ASfN cURDoypN oypIRumUfN yfc 

NSoUyf RNcUlNfuR Uf uhN Doydy mNPUSf SC uhN qyooNdb rhNRN CyIouR CSml 

fSmuhwNRuNmod uS wNRuNmod umNfcUfP fSmlyogRoUD CyIouR yfc PmyVNfRb

rhN .yRu eUcN CyIou ASfN UR oSpyuNc fNym uhN fSmuhNmf VSmcNm SC 

uhN RuIcd ymNy yoSfP uhN wNRuNmf Coyfk SC uhN PyfylUfu syfPNJ rhN
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The active faults in the study area are conveniently grouped into 

five major zones (Figure 3.1) based on their location and tectonic 

style. These zones are: 1) the Grapevine Canyon fault zone, 2) the 

Western Frontal fault zone, 3) the Central Valley fault zone, 4) the 

East Side fault zone, and 5) the Lee Flat fault zone. Minor zones in 

Racetrack Valley and Ulida Flat were not studied in detail. 

The Grapevine Canyon fault zone is the northern segment of a 

major regional fault zone that ex tend s from the Garl ock fa ult and 

th r ou<Jh PJnJ111i nt Va ll ey. In th t-' -; turly .ir1·J t h is Lo r1 1• 1•:d,• 111 1'.:> from 

Hunter Mou~it ai n to Dai sy Canyon wi t h J '.:> t.r- ike of Jµprox1111c1t ,•ly N60"W. 

The zone d ispl ays normal - s lip, ,·i ght-n ormal, ob l ique-sl ip and r ight-

lateral , strik e-s lip faulting. The zone trends J long the west s ide of 

Saline Val ley where i t offs e ts bedrock, unconsoli dd ted a l luvi um and 

lacustrine deposits. 

The Western Frontal fault zone extends from Daisy Canyon to the 

northern border of the study area along a trend of approximately 

N40°W. This zone displays normal-slip faulting in bedrock and in 

unconsolidated alluvial deposits. These are range front faults 

responsible for uplift of the Inyo Mountains. 

Faults in the Central Valley fault zone displace lacustrine and 

eolian sediments in the playa region of the valley. These faults form 

northwesterly to westerly trending normal-slip faults and grabens. 

The East Side fault zone is located near the northern border of 

the study area along the western flank of the Panamint Range. The 



CyIouR pIu IfpSfRSoUcyuNc yooIqUyo CyfJ oypIRumUfN yfc NSoUyf 

cNDSRUuRb rhN ASfN pSfRURuR DmUfpUDyood SC fSmuhgRSIuh umNfcUfP 

hSmRuR yfc PmyVNfRb

rhN LNN 8oyu CyIou ASfN UR oSpyuNc VNuwNNf uhN NNoRSf syfPN yfc 

uhN IfdS MSIfuyUfRb 8yIouR Uf uhUR ASfN PNfNmyood ymN fSmlyogRoUD yfc 

cURDoypN IfpSfRSoUcyuNc yooIqUyo RNcUlNfuR yfc rNmuUymd VyRyouRb elyoo 

PmyVNfR SppIm yu RNqNmyo oSpyuUSfRb

faults cut unconsolidated alluvial fan, lacustrine and eolian 

deposits. The zone consists principally of north-south trending 

horsts and grabens. 

21 

The Lee Flat fault zone is located between the Nelson Range and 

the Inyo Mountains. Faults in this zone generally are normal-slip and 

displace unconsolidated alluvial sediments and Tertiary basalts. Small 

grabens occur at several locations. 
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I.N PANAMINT VA006PjxRAP6VIN6 CANPkN OAU0T ZkN6

The xrapevine Canyon fault Done (Plates I.1, I.1a, I.N, I.I) is 

the northern eHtension of the Panamint Valley fault Done. This right5 

lateral, stri9e5slip, fault Done eHtends from the xarloc9 fault on the 

south, through Panamint Valley and into Saline Valley, a distance of 

at least 1'7 9m. The continuance of the fault into Saline Valley Las 

described by McAllister (19XX), 0ombardi (19XI), wabcoc9 (19'Q), and 

Smith (19'Q, 19'7a, 19'7b) and others. This fault Done is related to 

othiM' maZor r i ghl5I alcr.i 1, s li'i9(>5'. I ip, l.mlt', .ilnmi Inc oJ.li'rn iilqr 

of th(“ wasin and Range province. Itie signituanii5 ol Uicm- t ,iu 11 s Las 

briefly discussed by "nght (19'0).

Smith (19'7b) described the Panamint Valley fault jone as having 

normal5slip, right5lateral, stri9e5slip, and Ihrusl tanll displace

ments. Normal5slip displacements total nearly 10,000m. Stri9e5slip 

displacements total betLeen I000 and Q700 m, Lith I00 to X00 m of this 

having occurred during the Quarternary. At the northern end of 

Panamint Valley the fault thrusts beneath ^unter Mountain Lith a dip 

betLeen 1'° and I7°. At xrapevine Pass the fault assumes a nearly 

vertical dip and continues northLard as a stri9e5slip fault into 

Saline Valley Lhere it becomes a right5normal, oblique5slip fault.

The overall character of the Panamint Valleyjxrapevine Canyon 

fault Done is that of a hinge fault pivoting about ^unter Mountain. 

Dennis (19X') defines a hinge fault (Oigure I.N) as Ja portion of a 

fault along Lhich displacement increases in one direction Lith 

distance from an aHis of rotation, or hinge.J The Panamint Valleyj 

xrapevine Canyon fault Done departs from the strict definition in

I, 

•• 
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3.2 PANAMINT VALLEY/GRAPEVINE CANYON FAULT ZONE 

The Grapevine Canyon fault zone (Plates 3.1, 3.la, 3.2, 3.3) is 

the northern extension of the Panamint Vall ey fault zone. This right -

lateral, strike - slip, fault zone extends from the Garlock fault on the 

south, through Panamint Valley and into Saline Valley, a distance of 

at least 175 km. The continuance of the fault into Saline Valley was . 
describ ed by McAllister (1956), Lombardi (1963), Babcock (1974), and 

Smith (1974 , 1975a, 1975b) ann others. This fault zone 1s n~la t ed to 

otht~t· mJjcw ,· 1~t1l-l,il c·1·o1I, '>L 1·1 L. c•-'. l 111 , 1 .11 11 1·, .1l111111 IIH · 11 .- .. , t,· 1·11 1·d 111· 

of the liJs in ,rnl.l IL:inuP pr·ov1nct~ . ·11ie \ 11_1r1 1t IL,1r1 r ,· , , t LI, , ... ,. t ,111 11.\ w J ~ 

briefly discussed by Wr ight (197G) . 

Smith (1975b) describen the Panamint Va ll ,~y fault ,one a<; having 

normal- s lip, ri ght-l at eral, strike-s lip, and th1·u~l 1.11ill d 1splctcc -

ments. Normal-slip displacements total nea r ly 10,000 m. Strike-slip 

displacements total between 3000 and 4500 m, with 300 to 600 m of this 

having occurred during the Quarternary. At the northern end of 

Panamint Valley the fault thrusts beneath Hunter Mountain with a dip 

between 17° and 35°. At Grapevine Pass the fault assumes a nearly 

vertical dip and continues northward as a strike-slip fault into 

Saline Valley where it becomes a right-normal, oblique-slip fault. 

The overall character of the Panamint Valley/G rapevine Canyon 

fault zone is that of a hinge fault pivoting about Hunter Mountain. 

Dennis (1967) defines a hinge fault (Figure 3. 2) as "a portion of a 

fault along which displacement increases in one direction with 

distance from an axis of rotation, or hinge." The Panamint Va ll ey/ 

Grapevine Canyon fault zone departs from the strict definition in 



Ol0iU°0 J5ZJ. Uisp 1 aiUtMiient ot Sal me.' Vall''y atui Inyo Mounl.nns 
along hinge fault.

that; 1) displacement appears to increase both north and south of the 

hinge (i.e., forming botii Panamint and Saline Valleys), and P) there 

is a strong right5lateral, stri9e5slip component.

The geometry of the faulting suggests that northLest5sou"neast 

shearing accompanied the hinging action. Coeval hinge faulting and 

right5lateral shearing Lould account for the thrust fault at ^unter 

Mountain and right5lateral displacements along the Done.

I.I xRAP6VIN6 CANPkN OAU0T ZkN6

Oor convenience the Saline Valley segment of the Panamint Valleyj 

xrapevine Canyon fault Done is divided into tLo Dones based on their 

characteristic tectonic styles. These are the xrapevine Canyon and

F_I_G_U_Hl _ _J:]_. Ui spl ai:~~111cnt ot )a \1111 ~ Vdll, ·y c111d lny" H,11 1111.11 11 '-. 
a long hin ge f au l t. 

24 

that: l ) d is p 1 ac emen t appears to increase bot h no,· 11 1 ,-ind sou th of the 

hinge ( i. e ., forming both Panami nl and Sa l ine~ V,1ll ey'>) , ,11 HI ;;) lher0 

is a strong right-lateral, strike-slip compon ent. 

The geometry of the faulting suggests that northwest- sou east 

shearing accompanied the hinging action. Coeval hinge faulting and 

right-lateral shearing would account for the th r ust f ault nt Hunt er 

Mountain and right-lateral displacements a long the zone. 

3.3 GRAPEVINE CANYON FAULT ZONE 

For convenience the Saline Valley segment of the Pan amint Va11ey/ 

Grapevine Canyon fault ~one is divided into two zones based on the ir 

characteristic tectonic styles. These are the Grapevine Canyon and 

,. 



"estern Orontal fault Dones. The xrapevine Canyon fault Done is 

described in this section. The active faults in this Done are shoLn 

in Plati.'S I.1, I.1a, I.N and I.I.

Displacements along the xrapevine Canyon fault Done change from 

predominantly right51ateral, stri9e5slip at xrapevine Pass to 

predominantly normal5slip at Daisy Canyon. This is eHplained by the 

hinge faulting and shearing described earlier. Total normal5slip 

displacement increases from perhaps tens of meters at xrapevine Pass 

to at least X000 m near Daisy Canyon. Ttie maH iimmt d I'5.p 1 ai'Miiont is 

estimated from the present height of the Inyo Mountains above the 

floor of Saline Valley and the depth of alluvial till in the valley 

inferred from gravity data by Mabey (19XI). The estimato does not 

include the amount of material that has been eroded from the crest of 

the Inyo Mountains. This eroded material could conceivably total 

thousands of meters. The X000 m estimate is consistent Lith Smith's 

(19'7b) estimate of about 10,000 m of vertical displacement in 

Panamint Valley. In Saline Valley relatively young fault scarps of 

N0 m or more in height are common in both alluvium anM crushed 

bedroc9. Total stri9e5slip displacements are estimated to be betLeen 

'00 and N000 m based on stream offsets. Recurrent recent offsets in 

unconsolidated lacustrine sediments total at least N0 m at one 

location.

Photo I.1 shoLs several geographic and geologic features near the 

southern end of the xrapevine Canyon fault Done. These features 

include Panamint Valley, xrapevine Pass at the sunriit of ^unter 

Mountain, xrapevine Canyon, the Nelson Range, 0ee Olat, the southern

Western Frontal fault zones. The Grapevine Canyon fault zone is 

described in this section. The active faults in thi s zone are shown 

in P 1 a t 1'.S 3. 1, 3. la, 3. 2 and 3. 3. 

Dis placement s along the Gra pevine Canyon fault zone change from 

predominantly right -lateral, strike-sli p at Grapevine Pass to 

predominantl y normal-slip at Daisy Canyon. This is explained by the 

hinge fa ulting and shearing described earlier . Total normal-s lip 

dis pl acement increases from perhap s ten s of me ters at Grap0v 1ne Pas 5 

to nt lea•,t 6000 rn npar 0Jisy Canyon. Ttu~ llld X llll l l! ll d1 r. rl .1< •'1llr'Jll. is 

P. st 1m atec.l f rom the present he it]ht of llu' lnyu Mlll111t. ,1111 •, c1IH>Vt! the 

floor of Saline Val ley and the rlr. pth of alluvial t 111 1 r1 U1 r• vall ey 
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inferred from gravi ty data hy Mabey (1963). The c<, t1m .il,· rloPS not 

include Lhe dmo11nt of material th at has IJ C'en erod,•d f r()m Ll11' r. rr,.._ t of 

the Inyo Mountains. This eroded material could conceivably total 

thousands of meters . The 6000 m estimate is consistent with Smith's 

(1975b) estimate of about 10,000 m of vert ic al displacement 1n 

Panamint Valley . In Saline Valley relatively young fault scarps of 

20 m or more in height are conman in both alluvium an crushed 

bedrock . Total strike-slip displacements are estimated to be between 

700 and 2000 m based on stream offsets. Recurrent recent offse ts in 

unconsolidated lacustrine sediments total at least 20 mat one 

location . 

Photo 3. 1 shows several geographic and ge0logic features near the 

southern end of the Grapevine Canyon fault zone . These features 

include Panamint Valley, Grapevine Pass at the surrrnit of Hunter 

Mountain, Grapevine Canyon, the Nelson Range, Lee Flat, the sout hern 



end of Saline Valley, the Low Granite Hills, the main access road into 

Saline Valley and the main fault traces. The view is to the south.
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PHOTO 3.1. Aerial view of southern portion of Saline Valley Area 
showinq geographic locations, view to south.

Photo 3.2 shows a 2 m thick tuff bed at the head of Miller Canyon 

at Grapevine Pass. The tuff was deposited on a relatively level sur

face. At least locally this surface consisted of mudcracked, fine

grained sand and silt such as is commonly observed on dessicated lake 

bottoms. The tuff is intercalated within a thick fanglomerate sequence
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end of Saline Valley, the Low Granite Hills, the main access road into 

Saline Valley and the main fault traces. The view is to the south. 

PHuTn 3. 1. Aer ial vi2w of southern po rtion uf Saline Valley Are a 
s ho wing 920 9,·aph ic loc at ions, vie1-, to south . 

Photo 3. 2 shows a 2 m thick tuff bed at the he ad of Miller Canyon 

at Grapev ine Pass . The t uff wa s de pos i te d on a rel atively level sur-

face . At least locally thi s sur f ace consis ted of mudcracked, finP.-

grained sand and silt such as is commonly observed on dessicated lake 

bottoms. The tuff is i ntercalated wi thin a thick fanglomerate sequence 



that dips approHimately N0°N. Megascopically, the tuff resembles a 

distinctive tuff MeMit dated at I m.y. that crops out about X0 9m to 

the south in the Coso Range. An attempt to determine if these tLo 

deposits are correlative is in progress, but not yet complete. An 

attempt to determine the magnetic polarity of the bed failed because 

the tuff lac9ed sufficient magnetic minerals.

m 'Vi

P^kTk I.N. Oaulted tuff beds and fanglomerates at xrapevine Pass
dipping about N0° to the north. The N m thic9 beds Lere 
deposited on a surface locally resembling a dessicated 
la9e. Note Jstair5stepJ offset in foreground.

\/ 

. . . 
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that dips approximately 20°N. Megascopically, the tuff resembles a 

distinctive tuff ~it dated at 3 m.y . that crops out about 60 km to 

the south in the Coso Range. An attempt to determine if these two 

deposits are correlative is in progress, but not yet complete. An 

attempt to determine the magnetic polarity of the bed failed because 

the tuff lacked sufficient magnetic minerals. 

PHOTO 3.2. Faulted tuff beds and fanglomerates at Grapevine Pass 
dipping about 20 ° to the north. The 2 m thick beds were 
deposited on a surface locally resembling a dessicated 
lake. Note "stair-step" offset in foreground . 



Since the tuff beds Lere deposited they have been tilted about 

N0° to the north and offset by several north5stri9ing normal faults. 

These offsets commonly eHceed N m and have an aggregate displacement 

of tens of meters. Stri9e5slip offsets Lere not evident. A Jstair

steppingJ offset can be seen in the foreground of Photo I.N. The bed 

can be seen eHtending to the east in the bac9ground of the photo. 

Another tuff bed is eHposed several meters above this unit. No other 

tuff beds Lere observed either above or beloL the beds shoLn in the 

piioti).

The tutf outcrop in the foreground of Photo I.N is the 

approHimate Lestern eHtent of the unit. The unit is eHposed only near 

the 18I0 m contour on ^unter Mountain on the east side of the 

xrapevine Canyon fault Done. The unit Las probably continuous Lest of 

xrapevine Pass but has since been eroded or possibly covered by young 

basalt floLs eHposed in the Nelson Range.

If the tuff bed is correlative Lith the tuff beds in the Coso 

Oormation, it can be used to estimate the minimum age of faulting 

along the xrapevine CanyonjPanamint Valley fault Done. Dating indi

cates ages of Q0,000 to I m.y. for the tuff beds of the Coso forma

tion. Roquemore (Personal Communication, 19'9 and 1980) indicated 

that the tuff beds at xrapevine Canyon are similar to tuff beds of the 

Coso Oormation dated at about I m.y. This suggests that faulting 

along the xrapevine CanyonjPanamint Valley fault Done may have begun 

less than I m.y. ago.

Several branches of the xrapevine Canyon fault Done cut through 

xrapevine Pass. Total Lidth of the Done is about 800 m. This general
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Since the tuff beds were deposited they have been tilted about 

20° to the north and offset by several north-striking normal faults. 

These offsets commonly exceed 2 m and have an aggregate displacement 

of tens of meters . Strike-slip offsets were not evident. A "stair-

ste pping" offset can be seen in the foreground of Photo 3.2. The bed 

can be seen extending to the east in the background of the photo. 

Another tuff bed is exposed severa 1 meters above this 1m it . No oth er 

tuff bed~ were observed e ither above or be low the beds 5hown in the 

ph oto . 

The tutf out cro p in the t o,-egrn und of Photo J.c t ':> UH• 

approximate western extent of tl1e unil. The 11nrt is exposed onl y near 

the 1830 m contour on Hunter Mountain on the eas t rdc of the 

Grapevine Canyon fault zone . The unit was probably continirnu s wE>s t of 

Grapevine Pass but has since been eroded or possibly covered by young 

basalt flows exposed in the Nelson Range. 

If the tuff bed is correlative with the tuff beds in the Coso 

Formation, it can be used to estimate the minimum age of faulting 

along the Grapevine Canyon/Panamint Valley fault zone. Dating in i-

cates ages of 40,000 to 3 m.y. for the tuff beds of the Caso forma-

tion. Roquemore (Personal Corrrnunication, 1979 and 1980) indicated 

that the tuff beds at Grapevine Canyon are similar to tuff beds of the 

Coso Formation dated at about 3 m.y. This suggests that faulting 

along the Grapevine Canyon/Panamint Valley fau ~t zone may have begun 

less than 3 m.y. ago. 

Several branches of the Grapevine Canyon fault zone cut throu gh 

Grapevine Pass. Total width of the zone is about 800 m. Thi s general 



p*v

area mar9s the pivot point of the hinge faulting that Las described 

earlier. South of the hinge, the Panamint Range has been uplifted 

along the east side of the fault Done relative to Panamint Valley.

North of the hinge, the Inyo Mountains and the Nelson Range have been 

uplifted along the Lestern side of the fault Done relative to Saline 

Valley.

Orom xrapevine Pass the fault Done continues north along a nearly 

linear path through the southLest Lall of xrapevine Canyon. The 

g(.*neral shape and inrr'f,i5,f>f| Lidtli ol lhi8 (.inyon ate pinh.i,. 1 (.aused tiy 

fault splays. Photo I.J shoLs a poilion nl the fault jone in a i oad 

cut about N.7 9m north of xrapevine Pass. kn the right side of tlie 

photo ttie ^unter Mountain quartD monDonite is highly Zointed but 

relatively intact. To the left the roc9 is fiighly shean.5d and crustied. 

The crushed Done is about 10 m Lide. The vieL is to the north.

At the mouth of xrapevine Canyon the fault cuts through alluvial 

fan deposits that dip northLard toLard Saline Valley. Numerous fault 

splays offset these deposits (Photo I.Q). The pattern formed by the 

splays is similar to the Jlate stageJ structures produced i# a Riedel 

eHperiment by Tchalen9o (19'0) using Let clay. In the

region betLeen the canyon mouth and the 0oL xranite ^ills is a 

triangular5shaped Ledge (Photo I.Q) about Q 9m long and N 9m Lide.

This Ledge appears to have been doLnfaulted into a tensional Done 

Lithin the shear system. The pattern formed by the splays and the 

doLnfaulted Ledge are suggestive of right5lateral, stri9e5slip 

faulting.

29 

area marks the pivot point of the hinge faulting that was described 

earlier. South of the hinge, the Panamint Range has been uplifted 

along the east side of the fault zone relative to Panamjnt Vall ey . 

North of the hinge, the Inyo Mountains and the Nelson Range have been 

uplifted along the western side of the fault zone relative to Saline 

Valley. 

From Grapevine Pass the fault zone continues north along a nearl y 

li n_ear path ll ,r-nugh tile southvie s t wc1ll of lirap (• vi nf' C.inyon. The 

rwrt Cl" J] '., lldf11 ' dllll lll(t ' 1•,1 •,P rl Wlllth nt l111 • C ,lllyr111 ,11'1' pnll 1. 1., Ii l.dll '.1·cl liy 

1dult ~pl.1y~. fJl1ul u 3 . 3 ':, l1u11~ J pll 1·t 1rn1 ot Li ll' l ,11ill /C111 ,· 11 1 ,1 1·,i ,1 cl 

cu t about 2.5 km north of Grap evine Pass . On the r19 !1L •, 1i!t· o f l11 P 

pholo the Hunter Mnuntain qu artz monzonite is hi<]hly juinl ,•cl IJUt 

relatively inlact . To the left the rock ,~ hi ghly ~lreJr ,:d ,md cru '.. lied. 

The crushed zone is about 10 m wide. The view is to the north . 

At the mouth of Grapevine Canyon the fault cuts through alluvial 

fan deposits that dip northward toward Saline Valley. Numerous fault 

splays offset these deposits (Photo 3.4). The pattern formed by the 

splays is similar to the "late stage" structures produced i a Riedel 

experiment by Tchalenko (1970) using wet clay. In the 

region between the canyon mouth and the Low Granite Hills is a 

triangular-shaped wedge (Photo 3.4) about 4 km long and 2 km wide. 

This wedge appears to have been downfaulted into a tensional zone 

within the shear system. The pattern formed by the splays and the 

downfaulted wedge are suggestive of right-lateral, strike-slip 

faulting. 
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P^kTk I.I. xrapevine Canyon fault cutting ^unter Mountain quartD
monDonite. Note highly crushed roc9 in center and left 
portions of photo grading into intact roc9 at the right 
side of the photo.

Pnntos I.7 and I.X are aerial photos shoLing several details of 

this portion of the fault Done. Photo I.7 is a north5loo9ing vieL 

along the stri9e of the main fault Done. The steepness of the scarp 

IS partly due to stream erosion along its base. wecause the scarp is 

probably too high (17 to NI m) to have been formed by a single 

earthqua9e, it is assumed that stream erosion has removed evidence of 

multiple events. Scarp heights, but not profiles Lere measured at 

three locations. TLo of these locations and their scarp heights (17 

and NI m) are shoLn on the photo.

PHOTO 3.3. 
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Grapevine Canyon fault cutting Hunter Mountain quartz 
monzonite . Note highly crushed rock in center and left 
portions of ph oto gradinq into intact rock at the right 
si de of the photo. 

~nntns 3. S and 3.6 aerial photos 5i,ow 1ng several details of 

tiis porti nn of ti,e f au lt zone. Photo 3. 5 is a north-looking view 

along the s tri k? of the main fault zone. The steepness of the scarp 

1s partly due to st earn erosion alnng its base. Because the scarp is 

rrobably too h~g h (15 to 23 m) to have been formed by a single 

earthquake, it is assumed that stream erosion has removed evidence of 

multiple events. Srarp heights, but not profiles were measured at 

three loc ations . Two of the~e locations and their scarp heights (15 

and 23 m) are shown on the photo. 



Univi ersr tyofNadR dyoNdR cDmfm mh SmlfDyoV yVg mh ,dRNVy tdRRyI 
SDmCNVu gmCVhdlRfyg foNdVulRdo Cyguy dVg AdNV foday mh 
fDy bodcypNVy qdVImV hdlRf PmVyr

UDmfm erJ NS dV ydSfTRmmZNVu pNyC fdZyV df oNuDf dVuRyS fm fDy 

SfoNZy mh fDy hdlRf PmVyr MV dggNfNmV fm fDy SypyodR Slohday olcfloyS1 

d RNuDf amRmoyg1 aNoalRdo doyd adV 9y SyyV Vydo fDy cDmfm ayVfyor vDNS 

aNoalRdo doyd amVfdNVS fDy RdalSfoNVy SygNAyVfS SDmCV NV UDmfm er8r

vDy SygNAyVfS amVfdNV d ado9mVdaymlS RdIyo fDdf AdI 9y SlNfd0y hmo 

gdfNVu dVg dRSm flhhdaymlS AdfyoNdR dccdoyVfRI gyoNpyg homA fDy flhh 

9yg df bodcypNVy UdSSr vDySy SygNAyVfS AdI 9y SDmoyRNVy gycmSNfS 

oycoySyVfNVu fDy DNuD SfdVg mh d cRlpNdR RdZy1 9lf fDNS SyyAS lVRNZyRI 

gly fm f;y yRypdfNmV .5sL Aw dVg fDy RdaZ mh mfDyo RdalSfoNVy hydfloyS 

df SNANRdo yRypdfNmVS NV fDy pdRRyIr vDySy gycmSNfS doy Rmadfyg Amoy 

fDdV JHH A d9mpy fDy ,dRNVy tdRRyI cRdIdr qmVSyMlyVfRI1 fDy SygNAyVfS 

com9d9RI oycoySyVf RmadRNPyg cmVgNVu gly fm hdlRfNVu mo mfDyo adlSyS 

NV fDy gmCVhdlRfyg foNdVulRdo PmVy gySaoN9yg ydoRNyo dVg SDmCV NV 

UDmfm ersr
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PHOTO 3.4. Vertica1 aeria1 photo of southern end of Sa1ine Va11ey 
showing downfau 1ted triangu1ar wedge and main trace of 
the Grapevine Canyon fau1t zone. 

Photo 3.6 is an east -1 ooking view taken at r ight ang 1es to the 

strike of the fau1t zone. In add ition to the several surface ruptures, 

a light co1ored, circular area can be seen near the photo center. This 

circular area contains the l acust rine sedime nt s shown in Photo 3.7 . 

The sediments contain a carbonaceous 1ayer that may be su1ta ' e for 

dating and also tuffaceous materia1 apparently rlerived from the tuff 

bed at Grapevine Pass. These sediments may be shore1ine deposits 

representing the high stand of a p1uvial lake, but this seems unlikely 

due to t:·e elevation (945 m) and the lack of other 1acustrine features 

at similar e1evations in the va lley . These deposits are l ocated more 

than 600 m above the Sa1ine Valley p1aya. Consequent1y, the sediments 

probab1y represent 1oca1ized ponding due to faulting or other causes 

in the downfau1ted triangu1ar zone described ear1ier and shown in 

Photo 3.4. 
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Univi erLr xyoNdR pNyC dRmVu fDy SfoNZy mh fDy bodcypNVy qdVImV 

hdlR^NPmVy NV fDy SmlfDyoV cmofNmV mh ,dRNVy tdRRyIr 
tNyC fm VmofDr Pmfy hdlRf Sadoc DyNuDfSr

UDmfm erI NS d SmlfDCySfTRmmZNVu pNyC mh fDy QmC bodVNfy nNRRS 

SDm7XNVu SypyodR cdodRRyR hdlRf fodaySr MV fDy cDmfm Nf dccydoS fDdf 

fDy DNRRS AdI 9y Rdouy RdVgSRNgy 9RmaZS gyfdaDyg homA fmcmuodcDNadRRI 

DNuDyo Qyy "Rdfr ,RNgNVu1 DmCypyo1 NS com9d9RI mVRI d amVfoN9lfNVu 

hdafmor vDy hdlRf cdffyoV dVg AmocDmRmuI mh fDy QmC bodVNfy nNRRS

PHOTO 3. 5. Aerial view along the strike of the Grapevine Canyon 
faul zone in the southe r n portion of Saline Valley. 
Vi~w to north . Note f aul t scarp heights. 

32 

Photo 3. 8 is a southwest - looking view of the Low Granite Hills 

sho11ing several pa ra ll el fault traces. In the photo ,t appears that 

the hills may be l ar~e landsl ide blocks de tached from topographically 

higher Lee Flat. Sliding, however, i s pro bably only a contributing 

factor. The fault pattern and morphology of the Low Gra nite Hills 
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Univi ersr tyofNa dfyR NcoDmm hSy loNVydfgy ,NgIDg CNuah ADgy 
fg mDuhSyog VDohfDg DC bNafgy pNaayIr pfyR hD qNmhr 
PDhy CNuah hoNcymr

muJJymh hSNh hSyI Ryoy TyhNcSyT CoDZ hSy ymcNoVZygh MDoTyofgJ 1yy 9aNh 

NgT hSy PyamDg 8NgJy NgT hoNgmVDohyT mDuhSyNmhRNoT NaDgJ VNoNaaya 

ofJSh0gDoZNa; DMaf.uy0mafV CNuahmr t mcSyZNhfc coDmm0mychfDg DC hSy 

1DR loNgfhy nfaam NgT PyamDg 8NgJy fm mSDRg fg 9fJuoy erer 9fJuoy er5 

mSDRm hSy fgCyooyT DofJfg CDo hSy 1DR loNgfhy nfaam NgT DhSyo CyNhuoym 

Nh hSy mDuhS ygT DC bNafgy pNaayIr

lyDZyhofcNaaI; hSy DofJfg DC hSy 1DR loNgfhy nfaam NVVyNom hD My 

LN cDZMfgNhfDg DC gDohSRymh0mDuhSyNmh mhofwy0mafV CNuahfgJ NgT 

gDohSyNmh0mDuhSRymh yHhygmfDg NgT ZNI My oyaNhyT hD hSy CDoZNhfDg DC 

bNafgy pNaayIr bucS TyCDoZNhfDg fm cDgmfmhygh RfhS Cfomh0DoTyo 8fyTya

X
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PHOTO 3.6. Aerial view across the Grapevine Canyon fault zone 
in southern portion of Saline Valley. View to East. 
Note fault traces. 

suggest that they were detached from the escarpment bordering Lee Flat 

and the Nelson Range and transported southeastward along parallel 

right-normal. oblique-slip faults. A schematic cross-section of the 

Low Granite Hills and Nelson Range is shown in Figure 3.3. Figure 3.4 

shows the inferred origin for the Low Granite Hills and other features 

at the south end of Saline Valley. 

Geometrically, the origin of the Low Granite Hills appears to be 

· · --a combination of northwest-southeast strike-slip faulting and 

northeast-southwest extension and may be related to the formation of 

Saline Valley. Such deformation is consistent with first-order Riedel 
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Univi er8r QdalSfoNVy SygNAyVfS dRmVu foday mh fDy bodcypNVy qdVImV 

hdlRf PmVyr vDy SygNAyVfS doy uoyyVNSD amRmoyg SNRf dVg 
hNVy SdVgr vDy ado9mVdaymlS RdIyo adV 9y SyyV fm fDy 
Ryhf mh fDy DdAAyOY Dydgr

SDydoNVu dSSmaNdfyg CNfD fDy UdVdANVf tdRRyITbodcypNVy qdVImV hdlRf
s

PmVyr UNygyR SDydoNVu adV dRSm yZcRdNV fDy gmCVhdlRfyg1 foNdVulRdo8

SDdcyg SyuAyVf .UDmfm ers dVg "Nuloy erLw 9yfCyyV fDy QmC bodVNfy 

nNRRS dVg AmlfD mh bodcypNVy qdVImV fDdf CdS gySaoN9yg ydoRNyor

vmcmuodcDNa oyamVSfolafNmV mh fDy QmC bodVNfy nNRRS SluuySfS 

9yfCyyV 8HH dVg JHHH A mh SfoNZyTSRNc gNScRdayAyVf dVg dccomZNAdfyRI 

JLHH A mh VmofDydSf yZfyVSNmVr vDy SfoNZyTSRNc gNScRdayAyVf NS 9dSyg 

mV fDy dccdoyVf AdfaDNVu mh mhhSyf SfoydASr vDy yZfyVSNmVdR gNScRday8

AyVf NS 9dSyg mV fDy cmSNfNmV mh fDy PyRSmV UdVuy oyRdfNpy fm fDy 

cmSNfNmV mh fDy QmC bodVNfy nNRRSr
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PHOTO 3.7 . Lacustrine sediments along trace of the Grapevine Canyon 
f aul t zone. The sediments are greenish colored silt and 
fi ne sand . The carbonaceous layer can be seen to the 
lef t 0f the hamme~ head. 

s hearin g assoc1~t~d wi t h the Pa namint Val le y-Grap evi ne Ca nyon fault 

zone . Riedel ~he aring ca n also exp.ain the do wn fa ulted , triangular-

shaped segment (Photo 3.4 and Figure 3. 5) between the Low Granite 

Hi lls and mouth of Grapev ine Ca nyon that was described earlier . 

Topograph ic rec on struction of the Low Grani te Hills suggests 

between 700 and 2000 m of st rike - s l ip dis placement and approximately 

2500 m of northeast extens i on . The s t rike -s li p displacement is based 

on the apparent matching of offset streams. The extensional displace-

ment is based on the position of the Nel son Range relative to the 

position of the Low Granite Hills. 



Univi erIr xyoNdR pNyC mh fDy QmC bodVNfy nNRRS CNfD fDy PyRSmV UdVuy 
fm SmlfD .Ryhfw dVg Qyy "Rdf NV 9daZuomlVgr tNyC fm CySfr 
Pmfy RmadfNmVS mh Sadoc comhNRyS UM1 UJ1 Ue1 dVg Usr

"dlRf Sadoc comhNRyS UM1 UJ1 Ue dVg Us ."Nuloy 9rR mh xccyVgNZw 

Cyoy AydSloyg df fDy SmlfDyoV yVg mh fDy QmC bodVNfy nNRRS .URdfy erJ1 

UDmfm erIwr vDySy comhNRyS NVgNadfy d VmoAdRTSRNc amAcmVyVf mh 

dccomZNAdfyRI LH Ar 9ypyRS mV comhNRy Ue NVgNadfy fDdf fDyoy Ddpy 

9yyV df RydSf fDoyy dVg cyoDdcS hNpy mo Amoy cyoNmgS mh lcRNhfr vDy 

SadocS Cyoy hmoAyg NV fDy aolSDyg uodVNfNa omaZ fDdf NS aDdodafyoNSfNa 

mh fDy QmC bodVNfy nNRRSr x adRNaDyThNRRyg hdlRf NV ImlVu SfoydA 

aDdVVyR gycmSNfS dccomZNAdfyRI ° ZA SmlfDCySf mh fDy comhNRy RmadfNmVS
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PHOTO 3.8. Aerial view of the Low Granite Hills wi t h the Nelson Range 
to south (l eft ) and Lee Flat in background. View to west . 
Note locations of scarp profiles Pl, P2, P3, and P4. 

Fault scarp profiles Pl, P2, P3 and P4 (Figure B. l of Appendix) 

were measured at the southern end of the Low Granite Hills (Plate 3.2, 

Photo 3.8). These profiles indicate a normal-sl i p component of 

approximately 50 m. Bevels on profile P3 indicate that there have 

been at least three and perhaps five or more periods of uplift. The 

scarps were formed in the crushed granitic rock that is characteristic 

of the Low Granite Hills. A caliche-filled fault in young stream 

channel deposits approximately 1 km southwest of the profile locations 
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"Mb#U' erer ,aDyAdfNa aomSSTSyafNmV mh fDy QmC bodVNfy •NRRS SRNmCNAk 
m9RNMlyTSRNc AmfNmV dRmVu odVuy homVf hdlRfSr

NS SDmCV NV UDmfm er5r vDy RmCyo cmofNmV mh fDy hdlRf NS ampyoyg 9I 

ImlVuyo aDdVVyR gycmSNfSr Pmfy fDy Slohday mhhSyf dVg SRNuDf aDdVuy 

mh SRmcy mh fDy Slohday dVg gNc mh fDy 9ygSr

UDmfm er°H NS d SmlfDTRmmZNVu pNyC mh d hdlRf ScRdI NV fDy QmC 

bodVNfy nNRRSr MV fDy hmoyuomlVg NS fDy Sadoc AydSloyg hmo comhNRy 

UJ° ."Nuloy 9rR1 URdfy erJwr vDy hdlRf adV 9y SyyV fm amVfNVly 

fDomluD fDy VmfaDyS NV fDy oNguy NV fDy 9daZuomlVgr tyofNadR gNScRday8

AyVf mV fDy Sadoc NS srL Ar vDy dVuRy mh fDy Sadoc SluuySfS d ANVNAlA 

duy mh d9mlf eLH IydoS 9dSyg mV *dRRdayOS .°588w amooyRdfNmV alopy 

."Nuloy srswr vDy AyfDmg mh m9fdNVNVu hdlRf Sadoc duyS homA Sadoc 

comhNRyS NS gNSalSSyg NV fDy hmRRmCNVu aDdcfyor vDy Sadoc CdS hmoAyg 

NV uodVNfNa gyfoNflS amVfdNVNVu SmAy AyfdAmocDNa AdfyoNdRr vDy 

gyfoNflS CdS gyoNpyg coNVaNcdRRI homA fDy PyRSmV UdVuyr (ySyof pdoVNSD
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NE LSON RANG£ 

LOW GRANITE HIL LS 

FIGUH[ 3.3. Schematic cross - section of ttw Low Lr c1n1l1 · 1111 1<. <.. hov,111 '.) 
oblique- s lip motion along r·an<J P fronl f.1 1i ll'. . 

is shown in Photo 3.9. The lower portion of the fault is covered by 

younger channel deposits. Note the surface offset and slight change 

of s lope of the surface and dip of the beds. 

Photo 3.10 is a south-looking view of a fault spl ay in the Low 

Granite Hills. In the foreground is the scarp measu red for profi lf 

P21 (Figure B.l, Plate 3.2). The fault can be seen to continue 

through the notches in the ridge in the background. Vertical displace-

ment on the scarp is 4.5 m. The angle of the scarp suggests a minimum 

age of about 350 years based on Wallace's (1977) correl ation curve 

(Figure 4.4). The method of obtaining fault sc3rp ages from scarp 

profiles is discussed in the following chapter. The scarp was formed 

in granitic detritus con~aining some metamorphic materi a l. The 

detritus was derived principally from the Nelson Range. Des ert varnish 
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Univi er5r qdRNaDyThNRRyg hdlRf NV CdRR mh SfoydA aDdVVyRr Pmfy

,lohday mhhSyf dVg aDdVuy mh gNc mh SygNAyVfSr )mlVuyo 
SygNAyVfS aVpyo RmCyo cmofNmV mh hrpNRfr ndAAyo DS mV 
NT0hf yguy mh hdlRf cRdVyr

M, Amgyo MfTY’ I C° o ORmpy Rmcyg Nf fDy Rmu Ag 9dSy mh fNOy Sadoc1 Dlf Vmf 

mV fVy Sadoc hda°r qoymSmfy 9lSDyS fDdf foy amAAmV mV fDy lVgNSflo9yg 

dRRlpNdR f vN Slohdoy TVpy Vmf OTyTySfd9 ° NSDym fDyASyRpyS mV fDy Sadoc 

hdayr

Sadoc comhNRy V22 %"Nuloy er°r URdfy 2.2'] CdS AydSloyg dccomZN8

AdfyRI HrJ ZA VmofDCySf mh U0Rr vDNS Sadoc DdS d pyofNadR gNScRday8

Zygh DC °J A fDdf maalooyg gloNVu hmlo fm SNZ ypyVfSr vDy ANVNAlA duy 

mh fDy AmSf oyayVf ypyVf NS d9mlf JIH IydoS1 9dSyg mV *dRRdayOS 

amooyRdfNmV alopy ."NulNOy srswr vDy Sadoc CdS hmoAyg ■V fDy SdAy 

AdfyoNdR dS comhNRy UJ°r
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P~CJTO_J..:_~. Cal i che-filled fault in wall of stream chan nel. No t e 
surface offse t and cha nge of dip of sedimPnts . Younger 
SPd1 rrients cnve,· lo1·1er port ion nf L1 •11t. Hammer is on 
i ·' f t "'rl q e o f f au l J 1 ,. n e . 

faC"'. 

';c a,-p pro fil e P22 , F i ,:w r.:i i.l . 1. Plat e> 3 . 2 1 1va'> neasured approxi-

matel y 0 . 5 km northwPst o f P'! . Thi'> scarµ ha s J vPrtic al d1~ o lace-

ment of 16 m that occ urred duri,1g four t o six even t s . The minimum age 

of the mos t recent event is c1bout 280 years, llased on Wal lace's 

correlation curve (Figu1·e '1 . 4 ) . The scarp wa s formed 111 the same 

material as profil e P21 . 

,. 
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Univi er°Hr "dlRf Sadoc AydSloyg hmo comhNRy UJ°r tNyC fm SmlfD dRmVu 
bodcypNVy qdVImV hdlRf PmVyr "dlRf amVfNVlyS fDomluD 
VmfaDyS NV SZIRNVyr

UomhNRy UJH ."Nuloy 9rR1 URdfyS erJ dVg erew CdS AydSloyg dR0lf 

L ZA VmofDCySf mh UJJr vDy fmfdR pyofNadR gNScRdayAyVf mh eH A 

maalooyg gloNVu df RydSf hmlo ypyVfSr x Vydo9I SfoydA aDdVVyR NVgN8

adfyS fDdf fDy Sadoc CdS hmoAyg NV fDNV dRRlpNlA dVg amRRlpNlA mpyoT 

RINVu d SDdRRmC 9ygomaZ hdlRf NV aolSDyg uodVNfNa omaZr vDy ANVNAlA 

duy gyfyoANVyg homA fDy Sadoc dVuRy AdI 9y ANSRydgNVu 9yadlSy fDy 

Sadoc dVuRy AdI oycoySyVf aolSDyg uodVNfNa omaZ odfDyo fDdV Amoy 

ydSNRI yomgyg dRRlpNlA dVg amRRlpNlAr

XNYO
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PHOTO 3.10. Fault scarp measured for profile P21. View to south along 
Grapevine Canyon fault zone. Fault continues through 
notches in skyline. 

Profile P20 (Figure B.l, Plates 3. 2 and 3. 3) was measured a ut 

5 km northwest of P22. The total vertical displacement of 30 m 

occurred during at least four events. A nearby stream channel indi-

cates that the scarp was formed in thin alluvium and colluvium over-

lying a shallow bedrock fault in crus hed granitic rock. The minimum 

age determined from the scarp angle may be misleading because the 

scarp angle may re present crushed granitic rock rather than more 

easily eroded alluvium and colluvium . 



UDmfmS er°°1 er°J1 dVg er°e Cyoy fdZyV °rL ZA VmofDCySf mh ,dV 

QladS qdVImV .URdfy erewr vDySy cDmfmS dVg dyoNdR UDmfm er°s SDmC 

hdlRfyg RdalSfoNVy SNRf1 SdVg dVg uodpyR df dV yRypdfNmV mh J°H A 

yZcmSyg dRmVu d SDdRRmC odVuy homVf uod9yVr vDy lVamVSmRNgdfyg1 

uoyyVNSDTuodI 9ygS doy df RydSf I A fDNaZr vDy uodpyR odVuyS homA 

Sl9TomlVgyg fm CyRRTomlVgygr xpyoduy gNdAyfyo mh fDy uodpyRS NS d9mlf 

JrL aAr vDy 9ygS SfoNZy PJH>' dVg gNc Js>*r

0 ;0

i&if 1 00

Univi er°°r UNuDfTRdfyodR mhhSyfS NV lVamVSmRNgdfyg SDmoyRNVy
gycmSNfS dRmVu foday mh bodcypNVy qdVImV hdlRf PmVy1 
tNyC fm ydSfr
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Photos 3.11, 3. 12, and 3. 13 were taken 1.5 km northwest of San 

Lucas Canyon (Plate 3. 3). These photos and aerial Photo 3. 14 show 

fa ulted lacustrine silt, sand and gravel at an elevation of 610 m 

exposed along a shallow range front graben. The unconsolidated, 

greenish-gray beds are at least 8 m thick . The gravel ranges from 

sub-rounded to wel l -rounded. Average diameter of the gravels is about 

2.5 cm. The beds strike N20 °E and dip 24 °W. 

PHOTO 3.11. Right-lateral offsets in unconsolidated shoreline 
deposits along trace of Grapevine Canyon fault zone. 
View to eas t. 
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Univi er°Jr (mCVTSfoNZy1 VmofDTRmmZNVu pNyC mh hdlRfyg gycmSNfS 

SDmCV NV UDmfm er°°r

,mAy mh fDy 9ygS doy DNuDRI flhhdaymlSr vDy CyRR omlVgyg 

flhhdaymlS AdfyoNdR CdS com9d9RI gyoNpyg homA fDy flhh 9ygS df 

bodcypNVy UdSSr qdRadoymlS AdfyoNdR amdfS dVg RmadRRI ayAyVfS fDy 

RdalSfoNVy gycmSNfS dVg dRSm omaZ hoduAyVfS gyoNpyg homA fDy dgkdayVf 

odVuy homVf Sadocr vDy Sadoc dVg cmofNmVS mh fDy RdalSfoNVy SygNAyVfS 

amVfdNV adRadoymlS gycmSNfS oySyA9RNVu RdalSfoNVy flhdr nmCypyo1 

SNVay fDy Sadoc NS NV adRadoymlS omaZ Nf NS Vmf aRydo Nh fDy adR8

adoymlS AdfyoNdR CdS gycmSNfyg NV d RdalSfoNVy yVpNomVAyVf mo CdS 

SNAcRI RydaDyg homA fDy 9ygomaZ dVg oygycmSNfyg NV fDy SygNAyVfSr

PHOTO 3. 12. Down-strike, north- looki ng view of faul t ed de posits 
shown in Photo 3. 11 . 

41 

Some of the beds are hi gh ly t uff aceo us. The well ro unded 

tuffaceous mater i al was probably derived f rom the tuff beds at 

Grapevine Pass . Calcareous material coats and locally cements the 

lacustrine depos i ts and also rock fragments derived from the adjacent 

range front scarp. The scarp and portions of the lacustrine sediments 

contain calcareous deposits resembling lacustrine tufa. However, 

since the scarp is in calcareous rock it is not clear if the cal-

careous material was deposited in a lacustrine environment or was 

simply leached from the bedrock and redeposited in the sediments. 



■0 r

j okZ ' O 1 ■ rr
r L k k s tv
K-’^'-'3s 0 P0

t O 7

076mr

X0i

Univi er°er qRmSyTlc pNyC mh lVamVSmRNgdfyg SygNAyVfS NV hdlRf PmVyr

UDmfm er°° NS dV ydSf1 gmCVSRmcy pNyC mh fDy hdlRfyg SygNAyVfSr 

UNuDfTRdfyodR1 SfoNZyTSRNc mhhSyfS doy aRydoRI pNSN9Ry NV fDy 0oydA 

dRNuVAyVfSr UyamVSfolafNmV mh fDy SfoydA mhhSyfS NVgNadfyS gNScRday8

AyVfS mh J1 81 °H1 J°1 °s1 JH dVg JJ Ar vDy fmfdR alAlRdfNpy gNS8

cRdayAyVf NS dSSlAyg fm 9y JJ A CNfD fDy SAdRRyo gNScRdayAyVfS oycoy8

SyVfNVu NVfyoAygNdfy mhhSyfSr MVgNpNgldR mhhSyfS dccydo fm odVuy homA 

J fm cyoDdcS 8 Ar

UDmfmS er°J dVg er°s SDmC fDdf fDy RdalSfoNVy gycmSNfS doy alf 9I 

d SAdRR odVuy homVf uod9yV fDdf hmoAS d SyuAyVf mh fDy bodcypNVy 

qdVImV hdlRf ADgyr MV dggNfNmV fm fDy gNScRdayg RdalSfoNVy gycmSNfS1 

hSyoy Noy VlAyomlS pyofNadR dVg RdfyodR mhhSyfS dRmVu fDy hdlRfr
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PHOTO 3.13. Close-up view of unconsolidated sediments in fault zone. 

Photo 3.11 is an east, downsl ope view of the fault ed sediment s . 

Right-lateral, st r ike-slip offsAts are clear ly visi ble in the ream 

alignments. Reconstruction of the stream offsets indi cates displace-

ments of 2, 7, 10, 21, 14, 20 and 22 m. The t ota 1 cumulative dis-

placement is assumed to be 22 m with the smaller displacements repre-

senting intermediate offsets. Individual offsets appear to range from 

2 to perhaps 7 m. 

Photos 3.12 and 3. 14 show that the lacustrine deposits are cut by 

a small range front graben that forms a segment of the Grapevine 

Canyon fault zone. In addition to the displaced lacustrine deposits, 

there are numerous vertical and lateral offsets along the fault . 

.. 
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Univi er°sr tyofNadR dyoNdR cDmfm mh fDy VmofDyoV SyuAyVf mh fDy 
bodcypNVy qdVImV hdlRf PmVyr Pmfy odVuyhomVf uod9yV 
dSSmaNdfyg CNfD RdalSfoNVy gycmSNfSr

vDySy mhhSyfS NVaRlgy SlaD hydfloyS dS folVadfyg ScloS1 hdlRfyg 

dRRlpNdR gycmSNfS dVg mhhSyf SfoydA aDdVVyRSr vDy AmlfD mh ,dV QladS 

qdVImV AdI 9y mhhSyf VydoRI ° ZA NV d oNuDfTRdfyodR SyVSy dRmVu 

SypyodR cdodRRyR hdlRfS .UDmfm er°swr ,NANRdo mhhSyfS adV 9y SyyV NV 

mfDyo SfoydA aDdVVyR dRNuVAyVfS dRmVu fDNS PmVyr MV uyVyodR1 fDy

PHOTO 3.14. Vertical aerial photo of the northern segment of the 
Grapevine Canyon fault zone. Note rangefront graben 
associated with lacustrine deposits. 
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These offsets include such features as truncated spurs, faulted 

alluvial deposits and offset stream channels . The mouth of San Lucas 

Canyon may be offset nearly 1 km in a right -late ral sense along 

several parallel faults (Photo 3.14). Similar offsets can be seen in 

other stream channel alignments along this zone. In general, the 
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cdffyoV mh hdlRfNVu NS SNANRdo fm fDdf gySaoN9yg NV fDy QmC bodVNfy 

nNRRS oyuNmV1 yZaycf fDdf Adkmo yZfyVSNmVdR hydfloyS doy Vmf coySyVfr 

xRSm1 fDy hdlRf PmVy NS AlaD VdoomCyo fDdV NV fDy QmC bodVNfy nNRRS 

SyuAyVf dVg fDy pyofNadR gNScRdayAyVf gly fm fDy DNVuy hdlRfNVu NS 

AlaD uoydfyor

UDmfm er°L CdS fdZyV Vydo fDy RmadfNmV mh Sadoc comhNRy U°I 

."Nuloy 9rR1 URdfy erewr vDy cDmfm SDmCS dVmAdRmlSRI Sfyyc gNccNVu 

hdVuRmAyodfyS NV amVfdaf CNfD AlaD SDdRRmCyo gNccNVfw AmgyoV aDdVVyR 

gycmSNfSr vDy AmgyoV aDdVVyR g.°cmS N MS gNc SRNuDfRI O1RoOh\Vh #NrNV QflO

s< fm JY uyVyodRRI hmlVg mV Adkmo dRRlpNdR fdVS NV 'n.ive trNRRYI 

."Nuloy 9rsd1 9rsDwr vDy gNc mh ffNy hdVuRmAyodfyS dVg SfoydA afNdVVyR 

gycmSNfS SDmCV NV UDmfm er°L NVgNadfyS fDdf fDyI doy 9yNVu fNRfyg fm 

fDy VmofDydSfr ,laD fNRfNVu amlRg 9y adlSyg 9I amlcRNVu 9yfCyyV fDy 

lcRNhfNVu MVIm •mlVfdNV 9RmaZ dVg gmCVgomccNVu ,dRNVy tdRRyI 9RmaZr 

nmCypyo1 9daDAdV .°58sw oycmofyg fDdf fNRfNVu mh fDy *dlam9N QdZy 9ygS 

dVg mfDyo ypNgyVay NV iCyVS tdRRyI NVgNadfyS CySfCdog fNRfNVu mh fDy 

MVIm •mlVfdNV 9RmaZr

vDNS dccdoyVf gNSaoycdVaI adV 9y oySmRpyg Nh Sfyc hdlRfS doy ^ 

coySyVf dRmVu fDy ydSf hRdVZ .,dRNVy tdRRyI SNgyw mh fDy MVIm •mlV8

hNfgmr #cRNhf DC fDy AmlfdNV YamoyY RDuaT adlSy godu dRmVu fDy Sfyc 

hdlRfS dVg SfyycyVNVu mh fDy moNuNVdR hdVuRmAyodfy gNcS ."Nuloy erLwr 

9daDAdV .°58sw oycmofyg dV lcRNhf odfy mh HrL A cyo °HHH Io hmo fDy 

*DNfyTMVIm •mlVfdNVS hmo d fmfdR mh dccomZNAdfyRI °JLH A gloNVu fDy 

RdSf JTe ArIr ,laD lcRNhf adV daamlVf hmo fDy NVaoydSyg hdVuRmAyodfy 

dVg SfoydA aDdVVyR gNcS dRmVu fDy CySf SNgy mh ,dRNVy tdRRyIr
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pattern of faulting is similar to that described in the Low Granite 

Hills region, except that major extensional features are not present. 

Also, the fault zone is much narrower than in the Low Granite Hills 

segment and the vertical displacement due to the hinge faulting is 

much greater. 

Photo 3.15 was taken near the location of scarp profile Pl8 

(Figure B.l, Plate 3.3). The photo shows anomalously steep di pping 

fanglomerates .in contact with much shallower dippinq modern channel 

dcpn ":> its . Till' modf'rn ch,1nm~I cl <' pn \ 1l', cl iµ c, l1qlll. ly ·. l ,·•·p, ·,· Ll1 ,111 LIi, ~ 

4" to 6" yenerally found un rnJjo1· d lluv1JI t ,HI '. , 111 '.> .i l1 r1 , V.ill ,·y 

(Figure B.4a, B.411). The dip of the Llflg lomer·,it11 s ,rn il ,, 1.,·1•,un c l1 ann PI 

deposits shown in Photo 3.15 ind icates that they are be in ~J tilted to 

the northeast. Such tilting could be caused by coupling between the 

uplifting Inyo Mountain block and downdropping Saline Valley block. 

However, Bachman (1974) reported that tilting of the Waucobi Lake beds 

and other evidence in Owens Valley indicates westward tilting of the 

Inyo Mountain block. 

This apparent discrepancy can be resolved if step faults are 

present along the east flank (Saline Valley side) of the Inyo Moun-

tains. Uplift of the moutain "core" would cause drag along the step 

faults and steepening of the original fanglomerate dips (Figure 3.5). 

Bachman (1974) reported an uplift rate of 0.5 m per 1000 yr for the 

White-Inyo Mountains for a total of approximately 1250 m during the 

last 2-3 m.y . Such uplift can account for the increased fanglomerate 

and stream channel dips ;long the west side of Saline Vall ey. 
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RDniviQer°Lr iRg SfyycTgNccNVu hdVuRmAyodfyS NV amVfdaf CNfD SDdRRmC8

gNccNVu ImlVuyo aDdVVyR gycmSNfSr tNyC fm VmofDr

UomhNRy °5 OUTrMloy 9rN1 bRdoyS ere dVg ersw CdS AydSloyg 

dccomZNAdfyRI Rr, ZA VmofDCySf mh UM9 mV d J ZA RmVu hdlRf Sadoc
!

SfOTNZrVu VydoRI cyocyVg N al N do fm fDy odVuy homVfr vDy Sadoc NS d9mlf 

8r— N%N DNuD dVg CdS hmoAyg 9I kf RydSf fDoyy ypyVfSr vDy moNyVfdfNmV 

mh fDy Sadoc TOMDRdfNpm fm fmy oyAdNVgyo mh fDy bodcypNVy qdVImV hdlRf 

PmVy SluuySfS fDdf fDy Sadoc NS gly fm fyVSNmVdR hdNRloy CNfDNV fDy 

oNuDfTRdfyodR UNygyR SDydo SISfyA mh fDy bodcypNVy qdVImV hdlRf PmVyr 

nmCypyo1 fDy Sadoc AdI dRSm 9y oyRdfyg fm fDy Adkmo fyVSNmV udSD 

uod9yV yZfyVgNVu NVfm ,dRNVy tdRRyI homA Qyy "Rdf .UDmfm er°8w fDdf NS 

gNSalSSyg NV Rdfyo SyafNmVSr
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l>HlJTO 3 . 15. Old steep - dipping fanglomerates in contact with shallow-
dipping younger channel deposits . View to north. 

Prof ile ?19 , r: . 'l,lr"P f3.l , ?l.:i .e., 3. 3 r1nd 3. 4 ) 1'/dS mea sured 

approx i matPl; - ~ r or hwe s t 1f PI A on a 2 km long fault scarp 

c, t, · i k . ng ne;i ! y ;-- ~rpen r11c ,11Ai- t o the range front . The scarp is about 

7 . S ,:, high and w.j s ·,) ri~r> ,i '.) y Jt IP.as t th ree events. The orientation 

'.) f he scarp ,-, ,J a~t vP t r:, ·w r ern31nder of the Grapevine Canyon fault 

z,)ne suggests triat t he '>r. Mp 1-; ::Jue to tensional failure within the 

ri ght-l at eral Ri edel shear· system of the Gr ap evine Canyon fault zone. 

However, the scarp may also be rela ted to the major tension gash 

graben extending into S~li ne Valley from Lee Flat (Photo 3 . 17) that is 

discussed in later sections. 



UDmfm er°J SDmCS oyggNSDTSfdNVyg hdVuRmAyodfy NV hdlRf amVfdaf 

RfhS SDydoyg NgT aolSDyg uodVNfNa omaZr vDy pNyC NS fm fDy SmlfDydSf 

daomSS fDy AmlfD mh (dNSI qdVImV Vydo fDy d9dVgmVyg fodACdIr vDy 

hdVuRmAyodfy NS d SAdRR DmoSf 9yfCyyV gmCVhdlRfyg ,dRNVy tdRRyI dVg d 

uod9yV dRmVu fDy MVIm •mlVfdNVS odVuyhomVfr vDy SAdRR odVuy homVf 

uod9yV NS Rmadfyg Vydo fDy NVfyoSyafNmV mh ,dRNVy tdRRyI dVg d Adkmo 

VmofDCySfTSmlfDydSf foyVgNVu uod9yVr vDy Adkmo uod9yV NS SDmCV NV 

UDmfm er°8 dVg er°Ir vDy uod9yV yZfyVgS NVfm ,dRNVy tdRRyI homA Qyy 

"Rdf dVg hmoAS fDy CySfyoV 9mogyo mh fDy pdRRyIr vDNS oySlRfS NV 

godAdfNa aDdVuyS NV fDy SDdcy mh ,dRNVy tdRRyI dVg fDy moNyVfdfNmV mh

Univi er°Jr pfyR daomSS AmlfD DC jNfmI ,NgIDg mSDRfgJ CNgJaDZyoNhym 
NV hdlRf amVfdaf CNfD aolSDyg uodVNfNa omaZr pfyR hD 
SmlfDydSfr
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Photo 3.16 shows reddish-stained fanglomerate in fault contact 

with sheared and crushed granitic rock. The view is to the southeast 

across the mouth of Daisy Canyon near the abandoned tramway. The 

fanglomerate is a small horst between downfaulted Saline Valley and a 

graben along the Inyo Mountains rangefront. The small range front 

graben is located near the intersection of Saline Valley and a major 

northwest-southeast trending graben. The major graben is shown in 

Photo 3.17 and 3.18. The graben extends into Saline Valley from Lee 

Flat and forms the western border of the val le y. T~is results in 

dramatic cha nges in the shape of Saline Valley an d the orientation of 

PHOTO 3.16. View across mouth of Daisy Canyon showing fanglomerates 
in fault contact with crushed granitic rock. View to 
southeast. 
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DIP OF DEPOSIT 
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INCREASED 0 1 P DUE 
TO DRAG 

,/ 

FIGURE 3. 5. StN~ pcn ing of or- iginJl f ,rn'1lnm1'r1l1• illfl '... 1,y t ,11 1lt drag. 

the Grapevine Canyon f au l t zone . Sout h of the (_J r·dl)t'rl Uw 1,rn l t zone 

st rik es northwes t -sout heas t, hut north of t he gratwn tti0 znn0 s trikes 

north-northwes t -- so uth- southeas t; a change of app rox 1111 dt1~ ly 40" . The 

graben appears to represent a major tens i on gash assoc i at ed wi t h the 

formation of Saline Valley and the major r i ght-la te r a l, s t rike -sl ip 

fault zones of the region . This will be explo red fu r ther i n the 

Regional Tectonic Model section. 

Profile Pl2 (Figure B.l, Plates 3.3 and 3.4, Photo 3. ~ ) was 

measured adjacent to Daisy Canyon. Total vertical offset is about 

30 m. The profile suggests that the alluvium may be under l ain by a 

small bedrock block that is being rotated and detached f rom the 

mountain front. The maximum steepness of the scarp indicates a 

minimum age of about 30 yr. However, there hav~ been no repo r ts of 

large earthquakes in Saline Valley for at least the last 120 yr . This 

suggests that there is o~ly a thin veneer of alluvium mas ki ng a s t eep 

bedrock fault, that the scarp has been artif icia l ly steepened by 
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11cm 

PHOTO 3.17. Ve rtical aerial p~olo of Daisy Ca nyon area showing 
intersect ion of Grapev i ne Canyon and Western Frontal 
fau lt zone s . Note gr aben entering Saline Valley from 
Lee Fl at. 

erosion, or that Wal l~ce's (1977) age es timation method is inaccurate 

in this region. The age discrepency is probably a combinat i on of all 

of these. 

.. 
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bNafgy pNaayIr pfyR hD mDuhSr

bZ88t8J 0 l8tUqpXPq ,tPJiP 9tZ1v 9iPq

^° vSfm myJZygh DC hSy UNgNZfgh pNaayI0loNVydfgy ,NgIDg CNuah ADgy 

fm yHVDmyT CDo NMDuh e# wZ fg hSy mhuTI NoyNr

2) th hSy mDuhSyog ygT DC hSy ADgy TfmVaNcyZygh fm VoyTDZfgNghaI 

ofJSh0aNhyoNa; mhofwy0mafV RfhS cDZVNoNhfdyaI ZfgDo TfV0mafV 

ZDhfDgr th hSy gDohSyog ygT DC hSy ADgy TfmVaNcyZygh fm Vofg'

cfVNaaI TfV0mafVr vSfm oyaNhfDgmSfV muJJymhm hSNh hSy ADgy fm N 

cDZMfgNhfDg DC mhofwy0mafV CNuahfgJ NgT SfgJy CNuahfgJ RfhS N 

VfdDh VDfgh Nh nughyo 8DughNfgr

e° vSy VNhhyog DC CNuah ouVhuoym fg hSy oyJfDg MyhRyyg hSy ZDuhS DC 

loNVydfgy ,NgIDg NgT hSy 1DR loNgfhy nfaam oymuahm CoDZ N 

cDZMfgNhfDg DC ofJSh0aNhyoNa; mhofwy0mafV CNuahfgJ NgT

PHOTO 3.18. Aerial view of graben extending from Lee Flat into 
Saline Valley. View to south. 

SUMMARY - GRAPEVINE CANYON FAULT ZONE 

1) This segment of the Panam i nt Valley-Grapevine Canyon fault zone 

is exposed for about 35 km in the study area. 
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2) At the southern end of the zone displacement is predomin?n tly 

right-lateral, strike-slip with comparat ively minor dip -slip 

motion. At the northern end of the zone displacement is prin-

cipally dip-slip. This relationship suggests that the zone is a 

combination of strike-slip faulting and hinge faulting with a 

pivot point at Hunter Mountain. 

3) The pattern of fault ruptures in the region between the mouth of 

Grapevine Canyon and the Low Granite Hills results from a 

combination of right-lateral, strike-slip faulting and 
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df fDy aoySf mh MVIm •mlVfdNVSr

northeast-southwest extension. Strike-slip displacement is 

estimated at between 700 and 2000 m. The extension may total 

2500 m. 
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4) Unconsolidated lacustrine sediments near San Lucas Canyon may 

indicate up to 22 m of recent right-lateral, strike-slip offset. 

The mouth of San Lucas Canyon may be offset by as much as 1 km. 

This segment of the Grapevine Canyon fault zone is characterized 

by right-l~teral, strike-slip faulting with possibl e minor 

extension . 

~) Fo r· convenience in description, anll bi' CJU '> <' ~t,· ik( •-<, lrr f aull1ny 

appe.-irs to terminate at this point, the Grapevine C. inyon fault 

zone is considered lo terminate al Dai sy Canyon. Al thi s 

location there is dramati c chanue in the shd pe of SJ l1ne Vall c·y 

and the style of faulting. The segment of the we s tern border 

fault of Saline Valley to the north of Daisy Canyon is the 

Western Frontal fault zone. 

3.4 WESTERN FRONTAL FAULT ZONE 

The Western Frontal fault zone extends from Daisy Canyon to the 

northern boundary of the study area, a distance of 13.5 km (Plates 3. 1, 

3.la and 3.4). This zone is characterized by dip-slip, range front 

faulting. No evidence of strike-slip faulting was observed. Total 

vertical offset is estimated at at least 6000 m. This is based on the 

height of the Inyo Mountains above the valley floor and the depth of 

valley fill based on gr~vity data. No allowance was made for erosion 

at the crest of Inyo Mountains. 

,. 
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Photo 3.19 shows faulted stream channel deposits and 

fanglomerates on the north side of Daisy Canyon. The original fan 

su rf ace has been offset at least 35 m and is about 60 m above the 

present channel at its highest point. This suggests that the present 

channel is entrenched approximately 25 m into the downfaulted portion 

of the original fan. The upfau lted fanglomerate and the present 

channe l di p about 5° while the downfaulted fanglomerate dips about 

10 ° . This relationship suggests steepening of original dips by 

rota tion or drag along fault plane (Figure 3.5 ) . 

. . eHOTO 3.19. Faulted channel deposits in Daisy Canyon. View to north. 
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Photo 3.20 shows a large landslide located 5 km north of Daisy 

Canyon, adjacent to the salt lake. The main mass of the slide is 2 km 

long, 1.5 km wide and 315 m high with a volume of approximately 1.8 x 

108 m3. Morphologically the slide appears to be rather young and 

because it does not display wave cut featu res, it is probably Holocene 

in age. A smaller, more recent slide can be seen on the northeast 

flank of the main slide. It is possible that the ma in slide occL,~, ed 

in res ponse to seism~c activity or to oversteepening of the slope by 

faulting. Burchf ie l (1966) re port ed a 1. 8 x 109 m3 landslide at 

Tin Mountain, about 60 km northeast of Saline Valley. The Tin 

Mountain slide occurred on a slope oversteepened by faulti ng. 

PHOTO 3.20. Aerial view of landslide along west side of Saline 
Valley. A portion of the salt lake can be seen on 
the left. View to south. 
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The Saline Valley landslide has been either rejuvenated or offset 

by postslide faulting. The complex nature of the fracturing near the 

surface projection of the range front fau1t makes an analys is of the 

relationship between s1iding and fau1ting difficult. It is probab1e, 

however, that both faulting and lands1 ide rejuvenation have occurred, 

perhaps simu1taneously. 

In genera1, the rock in and adjacent to the Western Fronta 1 fault 

zore is highly she·ared and crushed. Photo 3.21 shows the fault cutting 

through granitic rock near Beveridge Canyon. The main trace of the 

fault is nearly vertical and passes through the low notch on the east 

(right) side of the photo. A rock hallTller is shown in the lower, cen-

tral portion of the photo for scale. 

PHOTO 3.21. Crushed granitic rock along Western Frontal fault 
zone near Beveridge Canyon. View to north. 

,. 
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Three fault scarp profiles were measured near Beveridge Canyon, 

Pl3, Pl4 and Pl5 (Figure Bl, Plate 3.4). The scarp for profile Pl4 is 

shown in Photo 3.22. Profile Pl5 shows the greatest amount of total 

displacement, about 15 m. Multiple offsets are indicated on each of 

the profiles. The minimum age (20 yrs) of the offsets suggested by 

the scarp angle is probably low by at least an order of magnitude. 

The reasons for this have been discussed eaFlier and in other sections. 

PHOTO 3.22. Fault scarp measured for profile Pl4. Near Keynot Canyon. 

The _orjginal alluvial fan surfaces along the Western Frontal 

fault zone tend to be steeper than those along the Grapevine Canyon 

fault zone. This increased steepness may be due to a more rapid 
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uplift rate and steeper topography north of u~ 1~y CJnyon . Th ese two 

factors would combine to promote mor·e r apid and -:. t eeper acc umulations 

of alluvium and colluvium at the ba <;e o f the scarp. Addit ional 

steepening could result from drag along Lhe fault zon· (Figure 3. 5). 

All but the youngest all uvial fJn s along thi s zone are faulted. 

The fans commonly display both simple fault scarps and grabens. The 

grabens may be due to ei ther ':> t ep f, u 1 i n CJ .J J,,nq Ll1,· r"an9t.: front or 

simple, tensional fa il ure s in U1, · .Jl l ,1v1 11111 .1 11il ,,1l l1v11 J1 11 . 

Profil es PlG ,1ncl Pio (F1q1 11·1· 1: 1, () ] .it., · l . •1 ) ,_., , .,·, · ll lt'l', IJff'd IH'dr 

Keynot Canyon, appro ximate ly ,il th1· n,1rU1t •1·11 lH>1 ·,1t-'r ,,f t111• -. t udy 

area. These profi l es show ma .< rrn .Hn vnr· ic1l o r h•-'l ' , nf ab01 1t 8 m and 

sugge s t incipi ent grabcn dpv 0l,1p1n1 ·1il 111 l,·r1, 1,Jr1c1I ,11 1 1··· u f U re 

tangl omera l 1; . Ttw 1110 -. l r"r'r1· r1I. •l 1·,1il .11,·111,•11l ,11 1 pr , il I I , · I' l l, 11 11 y i ll' dill~ 

to land s liding rather than t aull 1n1J -, 1nu· 11" , p,u l1 k ;·_, -:,11111 iar to 

that of a smal l rntiltional L 1ncJ , l1il, ... . /\ p,,.··1, ,11 ll t u,,, CJrp f or 

profil e Pl6 , ., slruw11 1n Plro l o L / l. lilt' ·,;,1 111 •xlt·11cl '> .Ji1H1y LI, s l ope 

and on Ure skyl1n,--. . 

Photo 3.211 shows -i <_,1-'c l1nn 11 1 ,1pl1tL,·d I !11ql 1 i111,r,1l.t ! in Keynot 

Canyon. The beds dip about 10" tov1a, ·-1 SJ lt n·~ VJl l 1:y amJ therefore are 

at or near thei r or iginal dep0s,L1,1n a l JL L 1L ·1tl•: . Tir,' s11 rface of the 

fanglomer at e i s approxim ately 20 111 Jbov,· Ur· .tr,:.11:1 c hannel a t the 

mouth of Keynot Canyon whi ch rs alJoul 500 ,n LI) Ll1c 1~a ·_, t. I t one 

assumes that the 01·ig inal deposit ;ona l ,:rtti t uu1 c1 t the fangl omerates 

was 10° , then a simple calcul ati on shows l11 at 1>t'ds have bee n uplifted 

approximate ly 32 m sircc t ll'ir dcpo-.; 11. 10 11 . 
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Pmfy Sadoc mV SZIRNVyr

UDmfm erJL SDmCS mhhSyf hdVuRmAyodfyS dVg amRRlpNlA Vydo fDy 

AmlfD mh 6yIVmf qdVImVr vDy omdg NS Rmadfyg mV d hdlRf cRdVyr vDy 

dRRlpNlA mV fDy CySf .oNuDfw SNgy mh fDy omdg DdS 9yyV lcRNhfyg 

dccomZNAdfyRI L Ar Pm comhNRy CdS AydSloyg 9yadlSy mh fDy omdg 

amVSfolafNmV dVg oyRdfyg ANVNVu dafNpNfNySr vDy gNc mh fDy AmgyoV 

SfoydA aDdVVyR NV fDy hmoyuomlVg NS fDy SdAy dS fDdf mh fDy hdlRfyg 

gycmSNfS1 SluuySfNVu fDdf fDy hdlRfNVu gNg Vmf adlSy omfdfNmV mo godu 

mh fDy gycmSNfSr vDy uod9yVTRNZy hydfloyS NV fDy 9daZuomlVg dccydo fm 

9y 9mfD hdlRf dVg RdVgSRNgy NVglaygr
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PHOTO 3. 23. Fault scarp measured for profile Pl6 . Near Keynot Canyon. 
Note scarp on skyline. 

Photo 3 . 25 shows offset fanglomerates and col luvium near the 

mouth 0f Keynot Canyon . The rnad is located on a fault plane. The 

alluvium on the we~t (right} side of the road has been uplifted 

approximately 5 m. No profi le was measured because of the road 

construction and related mining activi iPs. The dip of the modern 

stream channel in the foreground is the same as that of the faulted 

deposits, suggesting that the fau l ti ng did not cause rotation or drag 

of the deposits . The graben-like features 1n the background appear to 

be both fault and landslide induced. 
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UDmfm erJJ SDmCS d hdlRf Sadoc Vydo 6yIVmf qdVImV fDdf gNScRdayS 
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Sadoc NV fDy aDdVVyR hRmmor vDy Rypyy CdS mhhSyf dccomZNAdfyRI °rL Ar

57 

PHOTO 3.24. Up l ifted fanglomerate in Keynot Canyon. View to west. 

Photo 3.26 shows a fault scarp nea r Keynot Canyon that displaces 

a natural levee. Subsequent erosion has removed much of the fault 

scarp in the channel floor. The levee was offset approximately 1.5 m. 

,. 
~----------~------------------------------------ -
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Univi erJLr "dlRfyg dRRlpNdR dVg amRRlpNdR gycmSNfS Vydo 
6yIVmf qdVImVr tNyC fm SmlfDr

UDmfm erJ8 M, d pNyC fm fDy SmlfD dRmVu fDy hdlRf PmVyr vDy 

°HH A CNgy SyafNmV mh RNuDfyo amRmoyg AdfyoNdR NV fDy ayVfyo fDy 

cDmfm NS DNuDRI aolSDyg dVg SDydoyg uodVNfNa omaZr MV fDy lccyo oNuDf 

amoVyo mh fDy cDmfm NS d L A CNgy pyofNadR PmVy mh hdlRf umluyr qolSD8

NVu dVg CydfDyoNVu NV fDy hdlRf PmVy DdS amVpyofyg fDy omaZ fm d CydZ1 

uolSSIAdSSr QmadRRI1 fDy hydfloyS SlaD dS MldofP pyNVS oyAdNV NVfdafr

UDmfmS erJI dVg erJ5 Cyoy fdZyV NV d SAdRR adVImV Vydo fDy 

VmofDyoV 9mlVgdoI mh fDy SflgI doydr vDy cDmfmS SDmC VNaZcmNVfS NV 

fDy SfoydA aDdVVyR fDdf NVgNadfy df RydSf fDoyy ycNSmgyS mh hdlRfNVu 

NV fDy ado9mVdfy omaZr vDy AmSf oyayVf VNaZcmNVf hmoAS d goI CdfyohdRR

PHOTO 3.25. Faulted alluvial and col lu via l deposits near 
Key not Canyon . View to sou t h. 

Pi1 cto 3. '> 7 1s c view to t he so,;th alon'J the fa ult zone. Th~ 

100 1:1 wide sectinn of lighter colore d material in the ce nter th<' 
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photo is lliqhly crushed and shear»d g,·an1tic n1c1< . In the upper r·i qh~ 

corner of the photo is a 5 m wide vert ic al z0ne of fau lt gouge. Crush -

ing and weathering in the fault zone has conve rted the rock to a weak, 

grussy mass . Locall y, the features such as quartz veins remain int act . 

Photos 3.28 and 3.29 were taken i n a small canyon near the 

northern boundary of the study area. The photos show ni ckpoints in 

the stream ch annel that i ndicate at least three episodes of faulting 

in the carbonate rock . The most recent nickpoint fo rms a dry waterfal l 



;ThCt p%rrNTNT ofN%O0
■ 'C ■ ■■ 0Or 0■ 0O0NT

j Tr‘tT 0 j«1 “ « O «

K •,>V,. ’

•)6)r

Univi erJJr ihhSyf VdflodR Rypyy dRmVu *ySfyoV "omVfdR hdlRf PmVyr 
Pydo 6yIVmf qdVImVr

°H A DNuD dVg NS Rmadfyg mV fDy hdlRf cRdVyr vDy DyNuDf mh fDy 

CdfyohdRR SluuySfS fDdf Amoy fDdV mVy ypyVf CdS oyScmVSN9Ry 9lf Vm 

ypNgyVay hmo AlRfNcRy ypyVfS CdS m9Syopygr nmCypyo1 9yadlSy mh fDy ! 

Sadoc DyNuDf dVg SfyycVySS1 AlRfNcRy ypyVfS mpyo d SDmof cyoNmg mh 

fNAy com9d9RI maalooygr vDy fCm mRgyo VNaZ cmNVfS doy SDmCV Amoy 

aRydoRI NV UDlfm erJIr vDy SRmcyS mh fDy mRgyo SfoydA aDdVVyRS doy 

°J>1 JH> dVg JI>r vDy lccyo1 °J>1 aDdVVyR amVfNVlyS lc fDy adVImV 

CNfD Vm SNuVNhNadVf NVfyoolcfNmVS hmo cyoDdcS °HH Ar
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PHOTO 3.26. Offset natural levee along Western Frontal fault zone. 
Near Keynot Canyon. 

10 m high and is located on the fault plane. The height of the 

waterfall suggests that more than one event was responsible but no 

evidence for multiple events was observed. However, because of the 

scarp height and steepness, multip1e events over a short period of 

time probably occurred. The two older nick points are shown more 

clearly in P1uto 3.28. The slopes of the older stream channels are 

12°, 20° and 28 ° . The upper, 12 ° , channel continues up the canyon 

with no significant interruptions for pe rhaps 100 m. 



Univi erJ8r qolSDyg uodVNfNa omaZ dRmVu foday mh *ySfyoV "omVfdR 
hdlRf PmVyr tNyC fm SmlfDr
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°w vDy *ySfyoV "omVfdR hdlRf PmVy yZfyVgS NV fDy SflgI doyd homA 

(dNSI fdVpmV fm fDy VmofDyoV 9mogyo mh fDy SflgI doyd1 d gNSfdVay 

mh °er, ZAr

2) vDy PmVy NS aDdodafyoNPyg 9I gNcTSRNc hdlRfSr Pm SNuVNhNadVf1 

ImlVu1 SfoNZyTSRNc hdlRfS Cyoy m9Syopygr

ew ihhSyfS NV dRRlpNdR hdV gycmSNfS NVgNadfy df RydSf eJ A mh 

gNScRdayAyVf SNVay fDyNo gycmSNfNmVr
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PHOTO 3.27. Crushed grani t i c rock along trace of Western Frontal 
fault zone. View to south . 

SUMMARY - WESTERN FRONTAL FAULT ZONE 

~) The Weste,·n F,r,ntal fau:t zone ex tends i n tri t> st udy 3rea from 

Da isy Canvori t .J the nortliern b0rder of the st1idy area, a distance 

of 13. 5 k'11. 

2) The zone is chara c terized by dip - slip faults. No significant , 

young, st r i ke-slip f1u lts were observed. 

3) Offsets i n alluvial fan deposits indicate at least 32 m of 

displacement s ince the ir deposition. 
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Univi e1JIr PNaZcmNVfS NV SfoydA aDdVVyR SDmCNVu goI CdfyohdRR 
mV hdlRf cRdVyr

sw QmadRRI1 fDyoy NS ypNgyVay hmo df RydSf fDoyy ycNSmgyS mh 

hdlRfNVur

Lw "dlRfS NV fDy PmVy odVuy hmoA oyRdfNpyRI gNSaoyfy cRdVyS fm CNgy 

aolSDyg dVg SDydoyg PmVySr

PHOTO 3.28. Nickpoints in stream channel showing dry waterfall 
on fault plane . 

4) Locally, there is evidence for at least three episodes of 

f au l ting. 
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5) Faults in the zone range form relatively discrete planes to wide 

crushed and sheared zones. 
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vDy ' ,f ,Ngy hdlRf PmVy .URdfy er°1 er°d1 ersw NS Rmadfyg dRmVu 

fDy VmofDayVfodR 9mogyo mh fDy SflgI doydr vDy PmVy NS aDdodafyoNPyg 

9I d SISfyA mh uod9yVS foyVgNVu VmofVTSmlfD1 coNAdoNRI fDomluD 

dRRlpNdR hdV gycmSNfS gyoNpyg homA fDy CySf hRdVZ mh fDy VmofDyoV 

UdVdANVf UdVuyr •dVI mh fDy hdlRfS NV fDNS PmVy doy SDmCV NV 

UDmfm ereHr MV fDy SmlfDydSf .lccyo oNuDfw amoVyo mh fDy cDmfm 

UdRymPmNa SygNAyVfdoI omaZS dVg QldfyoVdoITvyofNdoI 9dSdRfS doy 

folVadfyg 9I hdlRfS dRmVu fDy UdVdANVf UdVuy homVfr vDNS odVuy homVf 

hdlRfNVu NS com9d9RI oyRdfyg fm hdlRfNVu NV fDy 'dSf ,Ngy hdlRf PmVyr

\. 
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PHOTO 3. 29. Nickpoints 1n stream channel. 

3.5 EAST SIDE FAULT ZONE 

Pie E st Side fau lt zone {Plat ':' 3 . 1 , 3. la, 3. 4 ) is loc ated along 

the northcentral border- of the -.tu1y are;i. The zone 1-s character ized 

by a system of grabens trending nortn-south, primarily through 

alluvial fan deposits de ri ved from t~e west flank of the northern 

Panamint Range . Many of the faults in this zone are showr. in 

Photo 3. 30. In the southeast (upper righ t ) corner of the photo 

Paleozoic sedimentary rocks 1nd Quaternary-Tertiary basalts are 

truncated by faults along the Panamint Range front . This range front 

faulting is probably related to faulting in the East Side fault zone. 
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Univi ereHr tyofNadR dyoNdR cDmfm mh fDy 'dSf ,Ngy hdlRf PmVy 
SDmCNVu fDy UdVdANVf UdVuy "omVf fm fDy ydSfr

,ypyV hdlRf Sadoc comhNRyS1 UL1 UJ1 U81 UI1 U51 UMi dVg URR1 

."Nuloy 9R1 URdfy ers1 UDmfm ere°w Cyoy AydSloyg NV fDy 'dSf ,Ngy 

hdlRf PmVyr ih fDySy1 UJ1 U8 dVg U5 SluuySf df RydSf mVy ycNSmgy mh 

hdlRfNVu1 UI dTDg URR SluuySf fCm ycNSmgyS mh hdlRfNVu1 dVg UL dVg UMi 

SluuySf fDoyy ycNSmgyS mh hdlRfNVur 9dSyg mV fDy SfyycVySS mh fDy 

SadocS fDy ANVNAlA duy mh fDy hdlRfNVu odVuyS homA JJ fm J81HHH Ior 

vDy dVmAmRmlSRI RmC duyS .JJ dVg s8 Iow adV 9y gNSamlVfyg lSNVu fDy 

doulAyVfS coySyVfyg NV ydoRNyo SyafNmVSr vDy oyAdNVNVu ANVNAlA duyS

PHOTO 3.30. Vertical aerial photo of the East Side fault zone 
showing the Panamint Range Front to the east. 
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Seven fault scarp profiles, P5, P6, Pl, P8, P9, PlO and Pll, 

(Figure Bl, Plate 3.4, Photo 3.31) were measured in the East Side 

fault zone . Of these, P6, P7 and P9 suggest at least one episode of 

faulting, P8 a·1d Pll suggest two episodes of faulting, and P5 and PlO 

suggest three episodes of faulting. Based on the steepness of the 

scarps the minimum age of the faulting ranges from 22 to 27,000 yr. 

The anomalously low ages (22 and 47 yr) can be discounted using the 

arguments presented in earlier sections. The remaining minimum ages 



^%

m
ell-

^

li
00O0thTUf

0O0 OY0O° 
TO% ’OOO;rO«p,..ii
p

Univi ere°r tyofNadR dyoNdR cDmfm mh fDy 'dSf ,Ngy hdlRf PmVy 
SDmCNVu hdlRf Sadoc comhNRy RmadfNmVSr

doy NV fDy odVuy mh °8H fm JN81HHH Ior vDySy SyyA oydSmVd9Ry 9dSyg mV 

uymAmocDaRmuNadR ypNgyVay dVg fDy oyayVfVySS mh hdlRfNVu NV dgkdayVf 

iCyVS tdRRyIr

vDy AdfyoNdRS NV CDNaD fDy SadocS doy hmoAyg odVuy homA 

lVamVSmRNgdfyg RdalSfoNVy mo ymRNdV SNRf dVg SdVg fm cmmoRI ayAyVfyg 

hdVuRmAyodfySr ,adoc DyNuDfS odVuy homA dccomZNAdfyRI 2 fm °J Ar vDy

PHOTO 3.31. Vertical aeria l p~oto of the East Side fault zone 
showing fault scarp profile locations. 
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are i n the r ange of 170 to 27, 000 yr . These seem reasonabl e based on 

geomorphclogical evidence and the recentness of faulting in adjacent 

Owens Vailey. 

The materials in whi ch the scaros are formed range f rom 

unconsolidated lacustrine o, · eolian si lt and sand to poorly cemented 

fanglomerates . Scarp heights range from approximately 2 to 12 m. The 



SadocS comhNRyg hmo UJ1 U8 dVg URR doy SDmCV NV UDmfmS ereJ1 eree dVg 

eres1 oyScyafNpyRIr MV dggNfNmV fm fDy SfyycVySS mh fDy SadocS1 fDy 

oyayVfVySS mh fDy hdlRfNVu NS dRSm SluuySfyg 9I mfDyo hdafmoSr MV 

VydoRI dRR adSyS fDy hdlRfNVu olcfloyg d Slohday CNfD AmgyodfyRI CyRR 

fm CyRR gypyRmcyg gySyof cdpyAyVf mo gySyof pdoVNSDr PyNfDyo cdpyAyVf 

Vmo pdoVNSD Ddpy hmoAyg fm dV dccoyaNd9Ry gyuoyy mV dVI mh fDy Sadoc 

hdaySr xRSm1 fDy aoymSmfy 9lSDyS doy uyVyodRRI SAdRRyo dVg hyCyo NV 

VlA9yo fDdV fDyNo amlVfyocdofS NV lVg NSfloDyg doydSr

"dlRfS NV fDy 'dSf ,Ngy hdlRf PmVy mfh,.■f dRR 9lf fDy AmSf oyayVf 

gycmSNfS dVg SfoydA aDdVVyRSr QmadRRI fDy mhhSyfS Cyoy SlhhNaNyVfRI 

Rdouy fm adlSy cmVgNVu mh hRmmg CdfyoS NV fDy uod9yVSr vDy yhhyaf mh 

fDy cmVgNVu NS SDmCV NV UDmfm ere° CNNyoy Cdfyo AdI Ddpy cmVgyg fm d 

gycfD mh d9mlf b Ar vDy CrNRyo ypyVfldRRI DoydyRNyg M fNy CySf CdRR mh 

fDy JHH A CNgy uod9yV dVg godNVyg fmCdog fVy kNRdIdr vDy 9oydaDNVu dVg 

Sl9SyMlyVf yomSNmV mh fDy uod9yV CdRR AdI DNpNO laalooyg gloNVu d 

SNVuRy ypyVf 9lf com9d9RI maalo oyg fm SypyN d R Orf kNNyS d r #lN uod9yV 

gypyRmcygr xS adV 9y SyyV NV fDy cDmfm1 SmAy mf fDy Cdfyo hRmCyg fm 

fDy VmofD .Ryhfw domlVg fDy lcRNhf 9RmaZr xM7m1 yomSNmV 9I fDy hRmmg 

CdfyoS AdI Ddpy dofNhNaNdRRI SfyycyVyg fDy SadocS SDmCV NV comhNRyS 

U81 UI dVg U5r

vDy fmcmuodcDNadRRI DNuD doyd mV fDy VmofD .Ryhfw SNgy mh fDy 

9oydaD aDdVVyR DdS 9yyV lcRNhfyg oyRdfNpy fm fDy moNuNVdR dRRlpNdR hdV 

Slohdayr vDy lcRNhfyg Slohday NS dccomZNAdfyRI  A RmCyo fDdV fDy 

lVgNSflo9yg hdV Slohday NAAygNdfyRI daomSS fDy uod9yV1 d gNSfdVay mh 

eIH Ar 9yadlSy fDy moNuNVdR hdV Slohday gNcS LY1 fDy fCm SlohdayS 

SDmlRg 9y pyofNadRRI Sycdodfyg 9I ee Ar ° Dy dafldR SycdodfNmV
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scarps prof iled for P6, P7 and Pll are s hown i n Photos 3.32, 3 .33 and 

3.34, respectively. In addition to the s teepness of the scarps, the 

recentness of the faulting is also sugge s ted by other factors. In 

nearly all cases the f aulting ruptured a surface with moderately well 

to well developed desert pavement or desert varnish. Neither pavement 

nor varnish have formed to an apprecia bl e degree on any of the scarp 

faces. Also, the creosote bushes are ge nera lly sma ll er and fewer in 

number than their count e rpar ts in ufl(li'>t11r l>ed Jr, •r1<, . 

Faults in the Ea s t S ide f ault zone o t fs..t d ll but lht~ ino s l recent 

deposits and stream channels. Locally the of f se t s ~Jere su fficiently 

large to cause ponding of f lood wa t e rs in the grabens . The e ff ec t of 

the ponding is shown in Photo 3. 31 .-. ti er·e wat er m,1y hJ ve ponded t o a 

depth of ahout G m. TIi t.: w.Jl 1'1· cvl'n l11 c11 ly lii-1•,1 Ll11 •ct I Ii, · w1 ", l wa 11 of 

the 600 m wide graben and drained t owarJ t n~ 11 IAyJ . The breac hing and 

subsequent e ra s ion of the grab en w-3 11 111 -1y i,.:v•· 11cL urn•d du,· i ng a 

s ingl e event but probably occ1 11 Tt·d 11 1 ·,,·v1·,- ,11 ·.l.c1 q1", .1·. Llw graben 

developed . As can be seen in the pho t o , •,(line DI tlte 1·1ater f lowed to 

the north ( 1 eft) around t he up l It t I) l ocis. A I ·,l> , i~ru'> 1 on by the f 1 ood 

waters may have artificiall y s t eepe ned t he '>Cd1·ps shmvn in profiles 

P7, P8 and P9. 

The topographically h igh area on U1e :1on11 (le ft ) s ide of t he 

breach channel has been uplift ed r el ative to the 01·igi nal alluvial fan 

surface. The uplifted surface is appro xima t ·: l y ? m lower than the 

undisturbed fan surface immedi ately across t he graben , a distance of 

380 m. Because the original fan s ur·fJcr dips s~. the two surfaces 

should be vertically se parated by 33 m. li t" ac:l11Jl se para tion 
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PHOTO 3.32. Fault scarp measured for profile P6. 

PHOTO 3.33. Fault scarp measured for profile P7. 
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dVg SdVg SNPyg AdfyoNdR fDdf ampyoS fDy Slohday dVg hmoAS cdof mh fDy 

Sadoc hdayr ,NANRdo AdfyoNdR NS hmlVg mVRI fm fDy CySf NV cRdId dVg 

ymRNdV gycmSNfSr vDNS SluuySfS fDdf fDy 9RmaZ AdI amVfdNV lchdlRfyg 

cRdId mo ymRNdV SygNAyVfSr xRSm fDy CySf yguy mh fDy 9RmaZ DdS 9yyV 

gNSSyafygr
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PHOTO 3.34. Fault scarp measured for profile Pll. 

suggests a 30 m uplift along the west side of the graben. Uplift of 

the block is also suggested by other evidence. Texturally, the 

uplifted surface is different from the surrounding area in that the 

surface appears much smoother. This difference is caused by the silt 

and sand sized material that covers the surface and forms part of the 

scarp face. Similar material is found only to the west in playa and 

eolian deposits. This suggests that the block may contain upfaulted 

playa or eolian sediments. Also the west edge of the block has been 

dissected. 
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°w vDy 'dSf ,Ngy hdlRf PmVy NS RdouyRI amVfdNVyg CNfDNV dV doyd mh 

dccomZNAdfyRI °e ZA0 NV fDy VmofD ayVfodR cmofNmV mh fDy SflgI 

doydr

Jw "dlRfNVu NV fDNS PmVy NS aDdodafyoNPyg 9I VmoAdR hdlRfS dVg 

uod9yVS foyVgNVu NV d VmofDTSmlfD gNoyafNmVr

ew vDy hdlRfS doy dRR MlNfy ImlVu dVg uyVyodRRI gNScRdI AlRfNcRy 

mhhSyfSr

sw vDy hdlRfS doy oyRdfyg fm Sfyc hdlRfNVu NV fDy AmlVfdNVS fm fDy 

ydSf CDNaD oyhRyaf amVfNVlNVu ydSfTCySf yZfyVSNmV dVg mcyVNVu mh 

fDy ,dRNVy tdRRyIr
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vDy qyVfodR tdRRyI hdlRf PmVy .URdfy er°1 er°d1 ersw NS amVhNVyg 

fm fDy cRdId oyuNmV mh ,dRNVy tdRRyIr vDy PmVy NS aDdodafyoNPyg 

coNVaNcdRRI dS d SISfyA mh VmofDCySfTSmlfDydSf VmoAdR hdlRfS CNfD 

SAdRR gNScRdayAyVfSr QmadRRI fDyoy fS NVamVaRlSNpy ypNgyVay hmo 

SfoNZyTSRNc hdlRfNVur vDy PmVy dRSm NVaRlgyS fDy VmofDydSfTSmlfDCySf0 

dVg ydSfTCySf foyVgNVu hdlRfS Vydo fDy SmlfDyoV yguy mh fDy cRdIdr x 

Rdouy cmofNmV mh fDy PmVy NS SDmCV NV UDmfm ereLr vDy cDmfm NS 

moNyVfyg CNfD SmlfD fm fDy oNuDf fm hdaNRNfdfy amAcdoNSmV CNfD 

UDmfm ereJr vDy 'dSf ,Ngy hdlRf PmVy NS Rmadfyg NAAygNdfyRI fm fDy 

ydSf mh fDy doyd SDmCV NV UDmfm ereLr QdaZ mh daaySS fm fDy

doyd gly fm fDy AlggI cRdId Slohday coypyVfyg gNoyaf SflgI mh fDy 

h dl ° fSr

SUMMARY - EAST SIDE FAULT ZONE 

1) The East Side fault zone is largely contained within an area of 

approximately 13 km3 in the north central portion of the s tudy 

area. 

2) Faulting in this zone is characterized by normal f aults and 

grabens trending in a no r th-south direc tion. 

3) The faults are all quite young and generall y display multiple 

offsets .. .. -
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4) The faults are related to step faulting in the mountains to the 

east which reflect continuing eas t-we st extension and opening of 

the Saline Valley. 

3.6 THE CENTRAL VALLEY FAULT ZONE 

The Central Valley fault zone (Plate 3.1 , 3. la, 3.4) is conf ined 

to the playa region of Saline Valley. The zon,~ i-, charac teri zed 

principally as a system of northwes t-sou theas t norma l fault s with 

small displacements. Locally there is inconc lu s ive evidence for 

strike-slip faulting. The zone also includes the northeas t -southwest 

and east-west trending faults near the sou thern edge of the playa . A 

large portion of the zone is shown in Photo 3. 35 . The photo is 

oriented with south to the riqht to faci li tate com parison with 

Photo 3.36. The East Side fault zone is located immediately to the 

east of the area shown in Photo 3.35. ~1C K of access to the 

area due to the muddy playa surface prevented direct study of the 

faults. 
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Univi ere#r pyohfcNa NyofNa VSDhD DC bNafgy pNaayI VaNIN; mSD)gJ 
mydyoNa IDugJ CNuah hoNcym NgT aDcNhfDg DC USDhD f.37. 
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gyNo hSy mNah aNwy; hSy TyVDmfhm Noy DdyoaNfg MI N coumh DC mNah; 

VofgcfVNaaI PN,ar qHVaDoNhfDg TofaafgJ MI hSy Zrbr lyDaDJfcNa buodyI 

»UyomDgNa ,DZZugfcNhfDg; ,r nyTya; ^\>\° NaDgJ hSy gDohSyog yTJy DC 

hSy mNah aNwy mSDRm hSNh hSy ugTyoaIfgJ ZNhyofNa fm cDZVDmyT
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PHOTO 3.35. Vertical aerial photo of Saline Valley playa, show ·ng 
several young fault traces and location of Photo .37. 
Compare outlined area with area outlined in Photos 3.36 
and 3.37. 

The playa sediments are composed of lacustrine and eolian sand, 

silt and clay. In the topographically lower portion of the playa, 

near the salt lake, the deposits are overlain by a crust of salt, 

principally NaCl. Exploration drilling by the U.S. Geological Survey 

(Personal C0!111lunication, C. Hedel, 1979) along the northern edge of 

the salt lake shows that the underlying material is composed 



T '

0 ■'*;■ ^

N0T

Univi ereJr i9RNMly dyoNdR pNyC mh ImlVu hdlRf NV cRdId SygNAyVfSr
Pmfy mlfRNVyg doyd dVg amAcdoy CNfD mlfRNVyg doyd NV 
UDmfmS ereL dVg ereJr tNyC fm VmofDydSfr

coNmoNcdRRI mh uoyyVNSDT9RdaZ OuoyyVNSD uodI CDyV goIw Alg dRfyoVdfNVu 

CNfD RdIyoS mh SdRfr vDy SyMlyVay amVfNVlyg fm d gycfD mh df RydSf 

°HH Ar

9dSyg mV fDy Vdfloy mh fDy cRdId SygNAyVfS dVg coySyopdfNmV mh 

hdlRf fodayS Nf NS dccdoyVf fDdf fDy hdlRfS doy oyRdfNpyRI oyayVfr 

,ypyodR RNVyS mh ypNgyVay NVgNadfy fDdf gyhmoAdfNmV mh fDy SygNAyVfS 

NS SfNRR amVfNVlNVur QmA9dogN %N5Jew oycmofyg fDdf 9oNVy NS df fDy 

muoCNcy Nh fDy SmlfDCySfyoV yVg DC fDy cRdId .fDy SdRf RdZyw Muh ^ fm 

^r# Z MyaDR hSy Slohday yRSyCDyoyr ny dRSm oycmofyg fDdf fDy cRdId

PHOTO 3. 36 . Obl ique aerial view of young fault in playa sediments . 
Note outlined area and compare w\th outlined area in 
Phot os 1. 35 and 3. 36 . View to nor theast. 

~r inr ipa l ly of green is~ -bl 3ck (gre en ish gray when dry ) mud al ternatin 

wi t h l ay~rs of s1lt. The seque n,:e co ntin11ed tn a depth of at l east 

100 m. 

Based on the riat1ire of the playa sediments and preser vation of 

fau l t traces it is apparent that the faults are re l~t ively recent. 

Several lines of evi dence indi cate that deformation of the sediments 

is still continuing. l_ombardi (1 963 ) reported that Jrine is at the 

surf ace at the southwestern e11d of the pl aya ( the salt 1 ake) but 1 to 

1.5 m below the surface elsewhere. He also reported that the playa 

.. 
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mlfRNVyg doyd dVg amAcdoy CNfD doydS mlfRNVyg mV 
UDmfmS ereL dVg ereJr

SNRf gycmSNfS doy SRNuDfRI lcRNhfyg dVg fNRfyg fm fDy CySf Vydo fDy 

SmlfDyoV yVg mh fDy cRdIdr QmA9dogNOS ypNgyVay dVg fDy uyVyodR 

godNVduy cdffyoV mV fDy cRdId NVgNadfyS fDdf fDy cRdId NS 9yNVu fNRfyg 

NV d CySfyoRI gNoyafNmV dRmVu fDy MVIm •mlVfdNV homVfr vDNS amAcdoyS 

hdpmod9RI CNfD fDy ydoRNyo dVdRISyS mh fDy bodcypNVy qdVImV dVg 

*ySfyoV "omVfdR hdlRf PmVySr

xggNfNmVdR ypNgyVay mh AmgyoV gyhmoAdfNmV AdI 9y NVgNadfyg 9I 

amAcdoNVu UDmfmS ereL1 ereJ1 dVg ere8r MV AdZNVu dVI amAcdoNSmV fDy 

MldRNfI dVg hmoAdf mh fDy cDmfmuodcDI dS CyRR dS fDy fNAy mh Iydo AlSf 

9y fdZyV NVfm daamlVfr UDmfm ereL NS homA d SfdVgdog Je aA Z Je aA

I 
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PHOTO 3.37 . Vertical aerial photo of Saline Valley playa. Note 
outlined area and compare with areas outlined on 
Photos 3.35 and 3.36. 
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silt deposits are slightly uplifted and tilted to the west near the 

southern end of the playa. Lombardi's evide nce and the general 

drainage pattern on the playa indicates that the playa is being tilted 

in a westerly direction along the Inyo Mountain front. This compares 

favorably with the earlier analyses of the Grapevine Canyon and 

Western Frontal fault zones. 

Additional evidence of modern deformation may be indicated by 

comparing Photos 3.35, 3.36, and 3.37. In making any comparison the 

quality and format of the photography as well as the time of year must 

be taken into account. Photo 3.35 is from a standard 23 cm x 23 cm 
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xlulSfr nmCypyo1 NV pNyC mh fDy ypNgyVay hmo oyayVf dVg amVfNVlNVu 

gyhmoAdfNmV mh fDy cRdId SygNAyVfS1 Nf NS cmSSN9Ry fDdf fDy hydfloy NS 

gly fm hdlRf lcRNhf fDdf DdS NVaoydSyg NV gNScRdayAyVf gloNVu fDy eJ 
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gypyRmcyg NV fDy SdRf aolSf Vydo fDy SdRf RdZyr xf RydSf fDoy“N 

SNANRdo oNguyS Cyoy m9Syopygr 'daD amVfNVlyg hmo SypyodR DlVgoyg 

AyfyoS dccomZNAdfyRI cdodRRyR fm fDy SfoNZy mh fDy bodcypNVy qdVImV 

hdlRf PmVyr vDy oNguyS dccydo fm Ddpy d oNuDfTSfyccNVu yV yaDyRmV 

fIcy mh cdffyoV SNANRdo fm fDdf SmAyfNAyS dSSmaNdfyg CNfD SfoNZyTSRNc 

hdlRfSr

xV dffyAcf fm gNu d SDdRRmC foyVaD daomSS fDy coySSloy oNguy CdS 

d9dVgmVyg gly fm Alg dVg Cdfyo NVhNRRNVur 9yadlSy fDy coySSloy oNguyS 

doy ycDyAyodR hydfloyS ydSNRI yodgNadfyg 9I ANVmo hRmmgNVu mh fDy

72 

black and white vertical aerial photograph taken for topographic map-

ping purposes at a scale of 1:37,400 in August 1947. Photo 3.36 is 

from a color slide taken with a handheld 35 rrrn camera from a private 

aircraft during March 1979. The original scale is about 1:117,000. 

Photo 3.37 is from a black and white 10 cm x 12.7 cm format photograph 

taken by a handheld camera during March 1979. Note the sharp boundary 

between the light and dark sediments indicated in Photos 3.36 and 3.37. 

This distinction is not obvious on Photo 3. 35 . It is possi bl e that 

groundwater conditions are partly or whol ly responsib le for the de fin i-

tion of this feature in Photos 3.36 and 3.37 since groundwater eleva-

tions should be near their maximum in Ap ril und near their mi nimum in 

August . Howev er , in vi ew of the evidence for rece nt and continuing 

deformation of the playa sediment s , 1t 1s pc >~'l ilik tlt ,1t tit(' feat ure is 

due to fault uplift that has i ncreased in Llisplacerm-- nt during the 32 

year period from 1947 to 1979. 

Additional support for possibl e mod ern Llcformat1on is shown in 

Photo 3.38. This photo shows a low (5-10 cm high) pr0ssure ri dge 

developed in the salt crust near the salt lak e . At leas t thr 

similar ridges were observed . Each continued for se vera l hundred 

meters approximately parallel to the strike of the Grapevine Canyon 

fault zone. The ridges appear to have a righ t- stepping en ec he lon 

type of pattern similar to that sometimes asso ciated with strike-slip 

faults. 

An attempt to dig a shallow trench across the pressure ridge was 

abandoned due to mud and water infilling. Becaus e the pressure ridges 

are ephemeral features easily eradicated by minor flooding of the 

,. 
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PHOTO 3.38. Pressure ridge linement in playa salt crust. 
View to southeast . Ridge s 5 to 10 cm high. 

plijya or intense rain, they must be very yo1 Jn g . Consequently , the 

pre ss ure ridge s may pro vide s t ro ng ev idenc e for modern def ormation of 

the pl cya . 

SUMMARY - CENTRAL VALLEY FAULT ZONE 

1) The Central Valley fault zone is located 1n t he playa region of 

the Saline Valley. 

2) The zone is characterized by small displacement normal faults in 

lacustrine and eolian sediments . 
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cDmfm SDmCS fDy uod9yV foyVgNVu NVfm Qyy "Rdf dVg dccydoNVu fm CNgyV 

fm yVamAcdSS fDy 9mogyoS mh Qyy "Rdfr qmVSyMlyVfRI1 fDy uod9yV dVg 

Qyy "Rdf AdI 9y d cdof fDy SdAy Sfolafloyr vDy RmadfNmV dVg uymAy8

foI mh fDNS Sfolafloy SluuySf fDdf Nf NS d Adkmo fydo mo fyVSNmV udSD
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3) Based on the type of material and its commonly wet condition, and 

the preservation of the fault traces, the faults mu st be 

relatively young. 

4) There is strong evidence that the playa is being tilted to the 

west. 

5) Surficial features suggest, but do not confirm faulting of playa 

sediments during the period 1947 to 1979. 

3.7 LEE FLAT FAULT ZONE 

The Lee Flat fault zone (Plates 3.1, 3.l a , 3.5) is located in Lee 

Flat, between the Nelson Range and the Inyo Mountains. The zone is 

characterized by northwest-southea<, t tr en1 l ing normal faul t s. The 

faults occur in both the alluvium anrl liH' )ti dle ,·ntJry-T cr . i ary basalts. 

Photo 3.39 is a vertical aerial view of the LPe f lal fa u lt zone. 

Only one fault scarp profil e wa '> rnea s1ir"d 1n LP P. Flal. This was 

profile P23 shown in Figu re 8 . 1 and Plate 3.La and 3.~. The scar p was 

formed in basalt cropping out along the west flank of the Nelson Range. 

Total displacement is 28 m. The fault displaces alluvial material both 

north and south of the profile location. 

Photo 3.40 is an aerial view looking south from above Sali ne 

Valley into Lee Flat. The view is along the strike of the large 

graben described in the Grapevine Canyon fault zone section . The 

photo shows the graben trending into Lee Flat appeari ng to widen 

to encompass the borders of Lee Flat. Consequently, the graben and 

Lee Flat may be a part oj' the same structure. The location and geome-

try of this structure suggest that it is a major tea r or tension gash 
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PHOTO 3. 39 . Verti cal aer ial photo of the Lee Flat fa ul t zone. 
Note l ocation of profile P23. 
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PHOTO 3.40. Aerial view of graben trending into Lee Flat. View to south from Saline Valley. 
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related to the formation of Saline Valley and the other va l leys in the 
region . This subject will be pursued in more detail in the tectr i c 
mode 1 section . 

SUMMARY - LEE FLAT FAULT ZONE 

1) Lee Flat is characterized by normal faults that trend northwest-
southeast through unconsolidated alluvial sediments and basalt 
flows . 

2) Lee Flat appears to represent a portion of a major tear or 
tension gash related to the formation of Saline Valley . 



ew vDNS Sfolafloy yZfyVgS homA fDy VmofD 9mogyo mh fDy SflgI doyd 

CDyoy Nf hmoAS fDy CySf SNgy mh ,dRNVy tdRRyIr xf (dNSI qdVImV 

Nf 9yamAyS d uod9yV alffNVu daomSS fDy MVIm •mlVfdNVS dVg fDyV 

CNgyVS fm NVaRlgy Qyy "Rdfr vDy Sfolafloy dccydoS fm amVfNVly 

SmlfD NVfm qyVfyVVNdR "Rdf dVg fDy qmSm UdVuyr

3) This structure extends from the north border of the study area 

where it forms the west side of Saline Valley. At Daisy Canyon 

it becomes a graben cutting across the Inyo Mountains and then 

widens to include Lee Flat. The structure appears to continue 

south into Centennial Flat and the Caso Range. 
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vm compNgy ySfNAdfyS mh fDy duyS dVg oyalooyVay odfyS1 fDy SflgI mlf8

RNVyg NV fDNS aDdcfyo CdS lVgyofdZyVr vDNS SflgI mh ImlVu hdlRf SadocS 

NV fDy ,dRNVy tdRRyI oyuNmV dffyAcfS fm dccRI1 fySf1 dVg hlofDyo 

gypyRmc fDy AyfDmg mh hdlRf Sadoc duy gyfyoANVdfNmV comcmSyg 9I *dRRday 

.°588wr *dRRdayOS AyfDmg amVSNSfS mh amooyRdfNVu fDy duy mh d hdlRf 

Sadoc CNfD fDy dVuRy mh fDy SRmcy oySlRfNVu homA fDy moNuNVdR hmoAd8

fNmV dVg uodgldR yomSNmV mh fDy Sadocr x SNANRdo SflgI CdS amAcRyfyg 

oyayVfRI 9I 9laZVdA dVg xVgyoSmV .°585wr vDy coySyVf SflgI lSyS 

*dRRdayOS AyfDmg dS d 9dSNS1 9lf dffyAcfyg fm amooyRdfy SlaD gdfd dS 

SyNSANa pyRmaNfI dVg cdofNaRy SNPy gNSfoN9lfNmV CNfD hdlRf Sadoc duyr

*dRRdayOS .°588w AyfDmg CdS gypyRmcyg fmo dV dofTd NV VmofDyoV 

Pypdgd1 NV fDy ayVfodR cmofNmV mh fDy 9dSA dVg UdVNky compNVayr vDNS 

SflgI dccRNyS *dRRdayOS AyfDmg fm dV doyd mh yZfoyAy doNgNfI NV SmlfD8

ydSfyoV qdRNhmoVNd1 Rmadfyg NV fDy fodVSNfNmVdR PmVy 9yfCyyV fDy 9dSNV 

dVg UdVuy dVg ,Nyood Pypdgd compNVaySr vDy SadocS yZdANVyg NV fDNS 

SflgI doy Rmadfyg df yRypdfNmVS odVuNVu homA d9mlf ,ii A fm °HHH A dVg 

lVgyoum hyC1 Nh dVI1 hoyyPyTfDdC aIaRySr vDy SadocS SflgNyg 9I *dRRday 

doy uyVyodRRI df DNuDyo yRypdfNmVS .d9mpy °JHH Aw dVg yZcyoNyVay lc fm 

°JH hoyyPyTfDdC aIaRyS cyo Iydor qmVSyMlyVfRI1 fDy coySyVf SflgI NS 

amVayoVyg CNfD fDy dccRNad9NRNfI mh *dRRdayDS amooyRdfNmV alopy hmo dV 

doyd gNhhyoyVf homA fDdf NV CDNaD Nf CdS gypyRmcygr
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4 . 0 FAULT SCARP ANALYSIS ANO AGE DATING 

4.1 INTRODUCTION 

No data was found concerning either the absolute age of the young 

fault scarps in Saline Valley or recurrence rates for fault offsets. 

To provide estimates of the ages and recurrence rates, the study out-

lined in this chapter was undertaken. This study of young fault scarps 

in the Saline Valley region attempts to apply, t es t, and further 

develop the method of fault scar p age rleterm i nati on proposed by Wallace 

(1977). Wallace 's method consists of correlating the age of a fault 

scarp with the angle of the slope resulting from the original forma-

tion and gradual erosion of the scarp . 

recently by Bucknam and Anderson (1979). 

A simi lar s turly wa s completed 

The pre~ent ~tudy us es 

Wallace's method as a basis, but attempted t o corre l ate such data as 

seismic velocity and particle size disti-ihu lion with fau lt sc arp age. 

Wallace's (1977) method wa s devel oped fur c1n ,Jt" ,·J in northern 

Nevada, in the central por tion of the ·Bas in Jnl1 RM1qe province . Thi s 

study applies Wallace's method to an area of ex t reme aridi ty in so h-

eastern California, located in the transitional zone between the Basin 

and Range and Sierra Nevada provinces. The scarps examined in this 

study are located at elevations ranging from about 500 m to 1000 m and 

undergo few, if any, freeze-thaw cycles. The scarps studied by Wallace 

are generally at higher elevations (abov e 1200 ~ ) and experience up to 

160 freeze-thaw cycles per year . Cons equently, the present study is 

concerned with the applicability of Wallace' s cor relation curve for an 

area different from that in whi ch it wa s developcJ. 



vDNS SflgI lSyS fDy hmRRmCNVu NVhmoAdfNmV; °w fmcmuodcDNa com8

hNRyS daomSS ydaD Sadoc df oNuDf dVuRyS fm fDy hdlRf SfoNZy1 Jw fDy 

cdofNaRy SNPy gNSfoN9lfNmV mh fDy dRRlpNdR AdfyoNdR NV CDNaD fDy Sadoc 

CdS hmoAyg1 dVg ew fDy NVTSNfl SyNSANa pyRmaNfI mh fDy Sadoc AdfyoNdRr 

"NyRg gdfd Cyoy m9fdNVyg mpyo d mVy Iydo cyoNmg homA —lVy °58e fDomluD 

•dI °585r

x fmfdR mh 22 SadocS Cyoy comhNRyg gloNVu fDy SflgIr vDy com8

hNRyS doy SDmCV mV "Nuloy 9rR mh fDy xccyVgNZr vNNy RmadfNmVS CDyoy 

fDy SadocS Cyoy comhNRyg NS SDmCV mV URdfyS er°d1 erJ1 ere1 ers dVg 

erLr UdofNaRy SNPy gNSfoN9lfNmVS mh fDy dRRlpNlA Cyoy gyfyoANVyg hmo 

°8 SadocS1 dVg SyNSANa pyRmaNfNyS Cyoy gyfyoANVyg hmo °J SadocSr
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vDy SRmcy dVg hdlRf Sadoc fyoANVmRmuI lSyg 9I *dRRday .°588w fm 

gySaoN9y hdlRf Sadoc aDdodafyoNSfNaS dVg .rTpmRlfNmV NS SDmCV NV 

"Nuloy sr° dVg srJr vDNS fyoANVmRmuI NS homA *mmg .°5sJw1 )mlVu 

.°58Jw1 dVg qmmZy dVg *dooyV .°58ewr vDy lccyo dVg RmCyo moNuNVdR 

dRRlpNdR hdV SlohdayS doy fDy SyuAyVfS mh fDy xVuNVdR Slohday fDdf 

DdS 9yyV Sycdodfyg 9I hdlRfNVur vDy fmy mo 9dSy mh fDy Sadoc dVg fDy 

aoySf mh fDy Sadoc doy1 oyScyafNpyRI1 fDy RmCyo dVg lccyo yZfoyANfNyS 

mh fDy hdlRf Sadoc% fDy hoyy hday NS fDy yZcmSyg Slohday oySlRfNVu 

homA hdlRfNVu mo uodpNfI ScdRRNVu% fDy gy9oNS SRmcy NS fDy fdRlS SRmcy 

daalAlRdfyg 9yRmC fDy hoyy hday% dVg fDy CdSD ■Rmcy NS dVI cdof mh fDy 

Sadoc amVfomRRyg 9I hRlpNdR yomSNmV mo gycmSNfNmVr *dSDTamVfomR1 

gy9oNSTamVfomR1 dVg uodrNfITamVfomR doy comaySSf0S lSyg NV gNSalSSNVu 

SRmcy AmgNhNadfNmV dVg gyuodgdfNmVr
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This study uses the following information: 1) topographic pro-

files across each scarp at right angles to the fault strike, 2) the 

particle size distribution of the alluvial mat er ial in which the scarp 

was formed, and 3) the in-situ seismic vP. locity of the scarp material. 

Field data were obtained over a one yrJr µeri oJ from J11ne 1978 through 

May 1979. 

A total of 22 scarps were profil ed during the s tudy. The pro -

files are shown on Figure B.l of tl1e App enJix. The loc:Hio11s wh ere 

the scarps were profiled is shown on Pl atPS 3. la , 3.2 , 3. 3, 3.4 and 

3.5. Particl e size distributions of the alluvium were determined for 

17 scarps, and seismic velociti es were determined for 12 scar ps . 

4.2 FAULT SCARP TERMINOLOGY, MORPHOLOGY ~D ___ QEGHADATION 

The slope and fault scarp t erminology used by Wal lace (1977) to 

describe fault scarp characteris ti cs and 1~vol11tion is s hm·m in 

Figure 4.1 and 4. 2 . Thi s terminology l '.> f ru rn Wnod ( 19'1 2) , Young 

(1972). and Cooke and Warren (1973). The uppe,· and lower 01·ig inal 

alluvial fan surfaces are the segment s of U1e riginal surface that 

has been separated by f au 1 ting. The t oe or bJse of the scarp and thP. 

crest of the scarp are, respectively, the lower· ,:ind uppe r extremities 

of the fault scarp; the free face is the exposPd surf ace resulting 

from faulting or gravity spalling; the debris slop~ 1s the talus slope 

accumulated below the free face; and the wash ,lope i any part of the 

scarp controlled by fluvial erosion or depos it ion . Wa sh- control, 

debris-control, and gra.ity-control are proce5s ,•s us ed in discussing 

slope modification and degradation. 
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"Mb#U' sr°r "dlRf Sadoc fyoANVmRmuI .dhfyo *dRRday1 °588w1

*dRRday .°588w gySaoN9yS fDy NVNfNdR hdlRf Sadoc dS d hoyy hday 

NV CDNaD fDy moNuNVdR omaZ1 hdVuRmAyodfy1 mo amRRlpNlA NS yZcmSygr

vDy hoyy hday NAAygNdfyRI 9yuNVS fm ScdRR; cy99RyS1 am99RyS1

9mlRgyoS1 dVg hNVyo AdfyoNdR 9oydZ RmmSy dVg hdRR homA fhNy hday dVg 

hmoA fDy gy9oNS SRmcyr vDy aoySf mo aoySfdR 9oydZ NV SRmcy NS 

9yfCyyV fDy hoyy hday dVg fDy moNuNVdR lccyo Slohdayr MVNf0RRI fDy 

aoySf NS d SDdoc 9oydZ fDdf cyoSNSfS dS RmVu dS fDy hoyy hday yZNSfSr 

vDy aoySf uodgldRRI ANuodfyS dCdI homA fDy moNuNVdR Sadoc dVg 9yamAyS 

Amoy dVg Amoy omlVgygr vDy gy9oNS SRmcy NS gNoyafRI 9yRmC fDy hoyy 

hday dVg NS amAcmSyg mh RmmSy AdfyoNdR fDdf DdS hdRRyV homA fDy hoyy 

hday dVg aoySfr vDNS AdfyoNdR fyVgS fm 9y lVSfd9Ry dVg uyVyodRRI 

oySfS df dVuRyS mh oycmSy mh es> fm e8>r 9yRmC fDy gy9oNS SRmcy mV 

ImlVu SadocS1 d Cyguy mh dRRlpNlA amAAmVRI gypyRmcS fDdf mpyoRdcS fDy 

gy9oNS SRmcy dVg fDy moNuNVdR hdV SRmcyr vDySy CdSD SRmcy gycmSNfS

Tel. OR 
BASE 

UPPER ORIGINAL SURFACE 

CREST 

DEBRIS 
SLOPE "-

WASH 

I Al ll I /UNI 

l OWlll 
ORI GI Al SUR IALI 

J m 

0 

FIGURE 4 . 1. Fault scarp terminology (d tt ~r Wa ll ac R, 197 7) . 
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Wallac e (1977) de sc ribes the 1111t1al f au lL ,,,_arp u', d tn~t· f ace 

in which the original rock, fa nglomerate, or co lluvium is exp os ed . 

The free face immediately begins to spa 11 : pebb l ,•-:. , cohb l es , 

boulders, and finer material break I oose and f a I I t nlfn tt ie t acf.: and 

form the debris slope. The cres t or crestal break in s l opr is 

between the free face and the original upp er surfac e . In1t · ll y the 

crest is a sharp break that persist s as long as the free face exists. 

The crest gradually migrates away from the or i gi nal scar p and becomes 

more and more rounded. The debri s s l ope is directly below the free 

face and is composed of loose material th at ha s fal len from the free 

face and crest. This material tends to be un ~t:b~ e and generally 

rests at angles of repose of 34 ° to 37 ° . Below t he debri s s lope on 

young scarps, a wedge of ~lluvium colll11on ly develop s that overlaps the 

debris slope and the or iginal fan slope . These wash slope deposits 
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Ddpy NV adlSNVu pdoNdfNmVS NV fDy odfy mh SRmcy gyuodgdfNmVr vDy AmSf 

NAcmofdVf hdafmoS doy com9d9RI fDy cDISNadR comcyofNyS mh fDy hdlRfyg 

AdfyoNdRr ifDyo pdoNd9RyS NVaRlgy fDy moNuNVdR DyNuDf mh fDy Sadoc1 

fDy dVuRy 9yfCyyV fDy hdlRf cRdVy dVg fDy SRmcy mh fDy gNScRdayg Slo8

hday1 fDy CNgfD mh fDy hdlRf PmVy1 fDy pyuyfdfNmV dVg fDy aRNAdfyr
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FIGURE 4. 2. Slope t ermin l) lO~JY (ufL1>r W,1I I Jc<· , 1~77) . 

may be as steep as 10 ° to 15 ° whil e the s l ope of the ori gi nal fan 

before faulting is commonly 3° to 7° . 
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Wallace (1977 ) discussed the importance that se veral factors may 

have in causing variations in the rate of s lope degradation. The most 

important factors are probab ly t he physical proper ti es of the faulted 

material. Other variabl es i nclude the orig in al height of the scarp, 

the angle between the f~·Jlt plane and the s lope of the displaced sur-

face, the width of the fault zone, the vege tali on and t he c limate . 

~-~------ -----------~ -- - -- - -- -- - -- --
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*dRRdayOS .°588w AyfDmgmRmuI NVpmRpyS fDy AydSloyAyVf mh hdlRf 

Sadoc comhNRyS dVg ySfNAdfNmV mh fDy duy mh fDy Sadoc homA NfS SRmcy 

dVuRyr vDNS AyfDmg AdI dRSm 9y lSyg fm ySfNAdfy fDy duy mh ydaD 

hdlRf ypyVf CDyV AlRfNcRy 9ypyRS yZNSf gly fm oyalooNVu mhhSyfS dRmVu 

fDy SdAy hdlRf ."Nuloy srewr 9dSNadRRI fDy AyfDmg NVpmRpyS fDy gyfyo8

ANVdfNmV mh fDy SRmcy dVuRy mh fDy hdlRf Sadoc mo 9ypyR ."Nuloy srewr 

*dRRday daamAcRNSDyg fDNS 9I RdINVu d SfdgNd omg gNoyafRI mV fDy 

hdlRf Sadoc dVg AydSloNVu fDy dVuRy 9yfCyyV fDy omg dVg fDy DmoNPmVfdR 

CNfD dV x9VyI RypyRr vDy CoNfyo 9yRNypyS fDdf fDNS AmfRNmg mh dVuRy 

AydSloyAyVf AdI NVfomglay mcyodfmo yoomo1 yScyaNdRRI Nh AlRfNcRy 

9ypyRS doy coySyVf1 9yadlSy fDy mcyodfmo AlSf pNSldRRI gyfyoANVy fDy 

9oydZ NV SRmcy 9yfCyyV 9ypyRSr vDNS fdSZ NS gNhhNalRf Nh fDy comhNRy 

NS RmVu mo Nh dgkdayVf 9ypyRS pdoI 9I mVRI d fyC gyuoyySr vDy CoNfyo 

coyhyoS fm lSy fDy amVfNVlmlS comhNRNVu AyfDmg gySaoN9yg Rdfyo NV 

fDNS aDdcfyor MV fDNS CdI1 9oydZS NV SRmcy adV 9y gyfyoANVyg dVg fDy 

dVuRyS AydSloyg CDyV fDy hNyRg gdfd NS cRmffyg df dV yZduuyodfyg 

SadRyr iVay fDy hdlRf Sadoc comhNRy NS gyfyoANVyg1 fDy duy mh fDy 

Sadoc adV 9y ySfNAdfyg homA *dRRdayOS .°588w amooyRdfNmV alopy 

."Nuloy srswr vDNS alopy CdS gypyRmcyg lSNVu hdlRf SadocS mh ZVmCV 

duy NV VmofDTayVfodR Pypdgdr vDy duyS mh fDy hdlRf SadocS gyfyoANVyg 

9I fDNS AyfDmg NV ,dRNVy tdRRyI doy uNpyV NV vd9Ry sr°r
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Wallace's (1977) methodology involves the measurement of fault 

scarp profiles and estimation of the age of the scarp from its slope 

angle. This method may also be used to estimate the age of each 
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fault event when multiple bevels exist due to recurring offsets along 

the same fault (Figure 4.3) . Basically the method involves the deter-

mination of the slope angle of the fault scarp or bev e l (Figure 4.3). 

Wallace accomplished this by laying a stadia rod directly on the 

fault scarp and measuring the angle between the rod and the horizontal 

with an Abney l eve l. The wr i t er be l ieves th dt t h is mcU1od of angl e 

measurement may introduce operator error, es pec ia ll y if mu lt i pl e 

bevels are present, because the operator mu s t visually de t ermine the 

break in slope between beve ls . Th is t ask i -, d iff icu lt if U1r pro f i le 

is long or if adjacent bevel s vary by 011 ly a f l'W cl1•4 ,- , ,, .. , . ThP wr i t er 

prefers to use the continuous profiling method desc r ibed la ter in 

this chapter. In this way, break s i n s lope can be de t ermi nPd and the 

angles measured when the fi e ld dat a is pl oll ~d al dn ex dgyera t ed 

scale. Once the fault scarp profile -is de t ermined , the age of the 

scarp can be estimated from Wallac e 's (1977 ) cor re l ati on cur ve 

(Figure 4.4). This curve was develop ed us ing f ault ~c arps of known 

age in north-central Nevada. The ages of the fault scarps determined 

by this method in Saline Valley are giv en in Tdble 4.l . 
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(l)F SLOPE. OF ORI GINAL ~AN SURFACE 

(l)l SLOPE. OF OLDEST BEVEL 

(1) 2 SLOPl OF INH:. RME.D IATt AGl l:lEVE.L 

(1)
3 

SLOPE. OF YOUNGlST l:lE.VEL OR FAULT SCRAP 

FIGURE 4.3 . Fault scarp beveling due to eros ion. This figure s hows 
three periods of verti cal movement alon9 th r. fault plane 
with the most recent indi cated by the s t eepest s lope 
angle, t 3, and t he olde s t by the shall owest ~lope 
angle, 11, 
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1977). 
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Scarp Bevel Aqe Scarp Bevel -4 Aqe

P 2 5.3 10^ yr P13 16.0 40,000
14.4 80,000 31.6 220

47.7 27
P 3 4.1 10? 30 320

10.4 10& 38.0 12
12.0 240,000
14.8 75,000 P14 12.4 250,000
23.7 2,000 32.6 170

53.1 17

P 4 9.1 10^ Plb 18.3 13,000
12.0 110,000 59.0 11
30.3 280

P S 4.3 10? )'1(> lb.4 bl.,000
5.0 10^ 13.0 160
9.4 10*> 90 0

13.8 120,000
22.3 3,000 PKS 17.7 17,000

24..' 6,000

P 6 2.9 10^ P19 15.1 65.000
49.4 .'30 21 .H !.600

24. / 1,400

P 7 0 10/
14.0 100,000
17.2 21,000 P20 19.3 9,000

24.2 1,600
P 8 0 If)/ 11 .8 200

2.9 If)/ 15. 100
4.6 11./
1.7 10/ P.'l i).(, 10 /

21.8 3,700 ,^4.4 350
31.0 250

P?2 4.0 10/
P 9 16.7 27,000 ti.) U)/

5.7 10/ 13..8 130,000
32.7 170 16.7 27.000

21.4 4,000
PIO 2.1 10/ .^4.0 1,700

10.2 106 10.1 280
42.0 47
50.0 22 P.'l 3 10/

81.‘1 100
Pll 5.3 10/

20.6 5,200 P24 0 10/
28.8 420 21.8 6xlO&

''7.9 2x106
P12 42.0 4b 5.8.6 1,000

8.5 106
11.3 500,000
31.0 240
48.2 27
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TABLE 4.1. F au It scarp ages . 

Scarp Bev el .!I' Age Sc ar:Q Beve I r1 --~ ------
p 2 5.3 10 7 yr PlJ 16. 0 40,000 

14.4 80 ,000 31. 6 220 
4 7. 7 27 

p 3 4. I 10 7 30 320 
10.4 106 38.0 12 
12 .0 240,000 
14. 8 75,000 Pl4 12. 4 :> ,0 ,000 
23.7 2,000 32.6 170 

53. 1 17 

p 4 9.1 106 Pl, 18 . 3 13 ,000 
12 .o 1 JO , 000 '.,9 .o 11 
JO. J 780 

. -
p ) 4.J 10 7 PI(, I) . II )ll ,!J0(J 

5.0 107 lJ . l) 160 
9.4 100 'JU 0 

13. 8 120 ,000 
22 .3 ,000 Pl 8 I 7 . 7 17,000 

! 4 . . ' 6,000 

p 6 7.9 107 P19 JC, l 6:i .000 
49. 4 .' 30 / l. /\ l , 600 

:' II . I I ,11 00 

p 7 0 111 / 
14.0 IOU, 000 
17 . 2 Zl,000 P?U 19. I 9,000 

7•1 . .: 1, 600 
p 8 0 107 l] . 1\ ?00 

? . 9 107 ~. • I~ 1no 
4.6 111 / 
I. 7 107 I' .' I 1) . t 1 l u 1 

~-.. Z 1. 8 3, 7()() / t.J ·'' J,o 
31. 0 ?SU r ,. 4. l) 10 1 

fl '.:J 16 . 7 cl ,000 t, . J 101 
5 . 7 107 ! 3 . d 130 ,UOO 

32.7 l 70 1 . I n .ooo 
i'l . 4 4 ,000 

PIO 2. 1 10 7 .'4 . ll 1,700 
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Xg fDy NgydR SNfldfNmV1 Sadoc comhNRyS SDmlRg 9y m9fdNVyg 9I 

adoyhlR SlopyINVu fyaDVNMlyS1 DmCypyo1 SlaD fyaDVNMlyS uyVyodRRI 

oyMlNoy d fCm mo fDoyy AdV aoyCr ,NVay fDy CoNfyo CmoZyg dRmVy1 Nf 

CdS VyaySSdoI fm gypyRmc d AyfDmg 9I CDNaD d SNVuRy cyoSmV amlRg 

yZcygNfNmlSRI m9fdNV fDy oyMlNoyg hNyRg gdfdr vDNS AyfDmg NS SDmCV 

gNduodAVdfNadRRI NV "Nuloy srLr "mo fDy SDmofyo comhNRyS1 yrur1 RySS 

fDdV d9mlf LH A1 d CmmgyV SfdfNmV cmRy dccomZNNVdfNnI °rL A RmVu CdS 

cRdayg NV dV lcoNuRNf cmSNfNmV Vydo fDy aoySf mh fDy Sadocr xffdaDyg 

fm fDNS cmRy CdS d cNyay mh SlopyImoOS hRduuNVu cRdayg df d DyNuDf 

yMldR fm fDy DyNuDf mh d SNANRdo1 9lf SDmofyo SlopyI cmRyr UomhNRNVu 

CdS daamAcRNSDyg 9I AydSloNVu fDy SRmcy gNSfdVay dVg SRmcy dVuRy homA 

fDy SlopyI cmSNfNmV fm fDy SfdfNmV cmRyr x ,lVfm aRNVmAyfyo1 fIcy 

U•TLXeJHUq1 CdS cRdayg mV fmc mh fDy SlopyI cmRy dVg SNuDfyg df fDy 

hRduuNVu mV fDy SfdfNmV cmRyr MV fDNS CdI fDy SRmcy dVuRyS 9yfCyyV 

fDy cmRyS df SypyodR RmadfNmVS dRmVu fDy comhNRy RNVy Cyoy AydSloygr 

vDy SRmcy gNSfdVayS 9yfCyyV fDy cmRyS Cyoy AydSloyg CNfD d eH A RmVu 

hN9youRdSS AydSloNVu fdcyr vDy gNSfdVay 9yfCyyV fDy AydSloNVu .kNmNVfS 

CdS gycyVgyVf lcmV fDy fmcmuodcDI mh fDy Sadoc dVg pdoNyg homA HrJ fm 

L Ar QmVuyo comhNRyS Cyoy AydSloyg NV fDy SdAy AdVVyo yZaycf fDdf 

fDy SfdfNmV cmRy CdS oyRmadfyg dS VyaySSdoI dRmVu fDy comhNRy RNVyr

nmoNPmVfdR dVg pyofNadR gNSfdVayS homA ydaD mh fDy AydSloNVu 

cmNVfS fm fDy SfdfNmV cmRy Cyoy adRalRdfyg lSNVu dV yRyafomVNa 

adRalRdfmor vDy oySlRfNVu gdfd CdS cRmffyg mV SfdVgdog uodcD cdcyo 

lSNVu d pyofNadR yZduuyodfNmV mh J;°r vDy hdlRf Sadoc comhNRy 

oyamVSfolafNmVS doy SDmCV NV "Nuloy 9rR mh fDy xccyVgNZr
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4.3 FAULT SCARP PROFILING 

In the ideal situation, scarp profiles should be obtained by 

careful surveying techniques, hm-.,ever, s uch t ec hniques generally 

require a two or three man crew. Since the writer wor ked alone, it 

was necessary to develop a method by which a single person could 

expeditiously obtain the required fi eld dat a . This method is shown 

diagrarrmatically in Figure 4.5. For the shorter profiles, e . g., l ess 

than about 50 m, a wooden sta tion pole approximat!>ly 1. 5 rn long was 

placed i n an up ri ght po s ition near the cre'>t ot the Scdr [). Attached 

to this pole was a piece of surveyor's flagging placed at a height 

equal to the height of a s imil ar , but shorter survey pole. Profili ng 

was accomplished by measuring the s lope distancP. and s lope ang le from 

the survey position to t he s tati on po le . A Sunto c li11omP.t tt r, lyf)e 

PM-5/360PC, was placed on top of the sui·vey pole anL1 s ighted at the 

flagging on the station po l e . In this w,1 y tii ,, ·; lnp :-> ,rn,Jl Ps b•~tween 

the poles at several locations along the prufil t: line 1,cJr1, mt!as ured. 

The slope distances be tween the pol es we re mP.asu, ·eu with J 30 m l ong 

fiberglass measuring t ape. The distance between the meas uring ifc> ints 

was dependent upon the topography of the scarp and varied from 0.2 to 

5 m. Longer profiles were measured in the same manner except that 

the station pole was relocated as necessary along the profile line. 

Horizontal and vertical distances f rom each ot the measuring 

points to the station pole were calculated usi~g an e lectronic 

calculator. The resulting data was plotted on standard gra ph paper 

using a vertical exagger3 tion of 2:1. The fault scar p profile 

reconstructions are shown in Figure B.l of the Appendi x . 
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vDy uyVyodRRI daaycfyg AyfDmg mh gyfyoANVNVu fDy cdofNaRy SNPy 

gNSfoN9lfNmV mh d SdAcRy mh lVamVSmRNgdfyg AdfyNNgR NS 9I SNypy 

dVdRISNS mh fDy amdoSy hodafNmV dVg DIgomAyfyo mo cNcNrORfy dVdRISNS mh 

fDy hNVy hodafNmVr vDNS NS amAAmVRI oyhyooyg fm dS pmRlAyfoNa mo 

9lRZ SdAcRNVu dVg dVdRISNSr 9lRZ SdAcRNVu1 CDyV dccRNyg fm dRRlpNdR 

hdV gycmSNfS1 NS mhfyV gNhhNalRf1 fNAy amVSlANVu1 dVg yZcyVSNpy 

9yadlSy mh fDy gNhhNalRfI NV m9fdNVNVu dVg dVdRIPNVu SfdfNSfNadRRI 

SNuVNhNadVf SdAcRySr vDNS gNhhNalRfI NS gly fm fDy CNgy odVuy mh 

cdofNaRy SNPyS1 mhfyV odVuNVu homA ANaomVS fm AyfyoS1 amAAmVRI dSSm8

aNdfyg CNfD fDySy gycmSNfSr vm gydR CNfD com9RyAS mh fDNS Smof1 

*mRAdV .°5Lsw gypyRmcyg dV doydR mo Slohday AyfDmg mh SdAcRNVu amdoSy 

oNpyo aDdVVyR AdfyoNdRr nNS AyfDmg NVpmRpyS fDy ySfd9RNSDAyVf mh d 

uoNg mV fDy Slohday fm 9y SdAcRygr vDy NVfyoAygNdfy gNAyVSNmV mh fDy
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FIGURE 4.5. Fault scar p profiling met hod used for s tudy. 

4.4 PARTICLE SIZE DISTRIBUTION 
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The general1y accepted method of deterrni n rn<J tht! parti c le size 

distribution of a sampl e of uncon so I idaterl 111 ,it. ,•, · , a I , ,, il y ·, ir! v~ 

analysis of the coarse fraction an<.J hydrom t er o r· p1µdle <111Jlysis of 

the fine fraction. Th is is cofTlllonly r eferr ed to ,is volumetric or 

bulk sampling and analysis . Bulk sampling, when app l ied to a lluv ia l 

fan deposits, is often difficult, time consumi nri, and expensive 

because of the difficulty in obtaining and analyz111lJ s t a tistically 

significant samples. This difficulty is due to the ,1ide ra nge of 

particle sizes, often ranging from microns to me t ers, corrmonly as so-

ciated with these deposits . To deal with probl c~s of thi s sor t, 

Wolman (1954) developed an areal or surface method of sampling coarse 

river channel material. Yis method in volves the estab li s hment of a 

grid on the surface to be sampled. The interrned iJ t e dimen s ion of the 



cdofNaRy lVgyoRINVu ydaD uoNg cmNVf NS AydSloyg lVfNR d fmfdR mh 

°HH cdofNaRyS Ddpy 9yyV AydSloygr MV fDNS CdI d alAlRdfNpy alopy 

SDmCNVu SNPy pyoSlS hoyMlyVaI AdI 9y cRmffygr qmAcdoNSmVS mh 9lRZ 

dVg Slohday SdAcRNVu oySlRfS 9I *mRAdV .°5Lsw dVg Rdfyo CmoZyoS Ddpy 

compyV fDy pdRNgNfI mh fDNS AyfDmgr vDNS AyfDmg DdS fDy dgpdVfduy mh 

lSNVu gNoyaf AydSloyAyVfS odfDyo fDdV oyRINVu mV fDy CyNuDf mh Adfy8

oNdR NV d SNPy NVfyopdRr vDy AyfDmg NS1 DmCypyo1 RNANfyg fm cdofNaRy 

SNPyS fDdf adV 9y AydSloyg NV fDy hNyRgr

(yVVI .°5JLw dccRNyg d SRNuDfRI AmgNhNyg pyoSNmV mh fDNS AyfDmg 

NV DNS SflgI mh dRRlpNdR hdV gycmSNfS NV fDy (ydfD tdRRyI oyuNmVr 

UdfDyo fDdV ySfd9RNSDNVu d uoNg mV fDy Slohday1 (yVVI NVSfydg RdNg d 

°HH hf .eH Aw SfyyR fdcy daomSS fDy Slohday fm 9y SdAcRyg dVg Ayd8

Sloyg fDy NVfyoAygNdfy gNAyVSNmV mh fDy cdofNaRy 9yVydfD ydaD s hf 

.°re Aw AdoZ hmo d fmfdR mh JL AydSloyAyVfSr

"mo fDy ,dRNVy tdRRyI SflgI d eH A hN9youRdSS fdcy CdS RdNg 

gNdumVdRRI daomSS fDy hday mh ydaD hdlRf Sadocr #VNhmoA SdAcRNVu 

gNSfdVayS odVuNVu homA HrJ fm HrL A Cyoy lSyg1 gycyVgNVu mV fDy 

mpyodRR amdoSyVySS mh fDy AdfyoNdRr iVy DlVgoyg AydSloyAyVfS CyN0 

Adgy df ydaD Sadocr "omA fDNS gdfd1 fDy alAlRdfNpy alopyS dVg 

DNSfmuodAS mh fDy NVfyoAygNdfy gNAyVSNmV pyoSlS cyoayVf hoyMlyVaI 

Cyoy amVSfolafygr vDySy doy SDmCV NV "NuloyS 9rJ dVg 9re mh fDy 

xccyVgNZr "omA fDy alAlRdfNpy alopyS1 gySaoNcfNpy AydSloyS mh cdo8

fNaRy SNPy gNSfoN9lfNmV Cyoy adRalRdfygr vDySy AydSloyS1 9dSyg mV 

MVAdV .°5LJw NVaRlgy fDy AygNdV1 fDy AydV1 .O—D0u + O0eswXJ1 dVg 

fDy SfdVgdog gypNdfNmV1 T “R■00wXJr dVg doy fDy
°JD LHD Is
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particle underlying each grid point is measured until a total of 

100 particles have been measured. In this way a cumulative curve 

showing size versus frequency may be plotted. Comparisons of bulk 

and surface sampling results by Wolman (1954) and later workers have 

proven the validity of this method. This method ha s the advantage of 

using direct measurements rathe r than relying on the weight of mate-

rial in a size interval. The method is, however, limited to part ic l e 

sizes that can be measured in the fi e ld. 

o; nny (1965) applied a s lightly modifi ed ver<,iun of thi s method 

in his study of alluvia l fan deposits in the Death Valley re gion. 

Rather than establ is hing a grid on the surface , Denny instead laid a 

100 ft (30 m) steel tape acro ss the surfac e to be sampl ed and mea -

sured the intermedi ate dimension of the parti clr benr ath Pach 4 ft 

(1.3 m) mark for a total of 25 measurements. 

For the Saline Vall ey study a 30 m fib~r1 l ass tape was laid 

diagonally across the face of eac h fault scarp . Un iform sampling 

distances ranging from 0. 2 to 0.5 m were used, de pending on the 

over all coarseness of the material. One hundred measurements w~ e 

made at each scarp. From this data, the cumulat i ve curves and 

histograms of the intermediate dimension versus pe rcent frequency 

were constructed. These are shown in F1 j ures 8 .2 anc ~ -3 ot the 

Appendix. From the cumulative curves, descriptive measures of par-

ticle size distribution were calculated. These m~asures, based on 

Inman (1952) include the median, q,50 , the mean, (1•16 + l/184)/2, and 

the standard deviation, l <P84 - <1> 16 )/ 2. ¢ 16 , 'so· and 41
84 are the 
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intermediate particle dimensions in phi units corresponding to 16, 

50, and 84% finer, respectively on the cumulative curve. 

Phi notation, first described by Krumbein (1934), is based on 

the logarithm to the base two of the particle diameter. The term 

"phi unit" is synonomous with "Wentworth grade". To emphasize the 

fact that phi is a dimensionless quantity referring to a nonlinear 

measurement scale, McManus (1963) gave the following mathematical 

expression [slightly modified from Krumbein (1934)] for phi: 

= 1 particle diameter in rmi 
- 09 2 1.00 mm 

Several statistical parameters (after Inman, 19S2) of the fault 

scarp material are given in Table 4. 2. 

4.5 SEISMIC VELOCITY 

88 

The in situ seismi c veloc i ti es of the a lluvia l f an de pos it s 

forming 13 of the fault scarps examined in this study were determined 

by conventional field methods. A Nimbus Instrument s Mod e l ES-lA 

single channel engineering seismograph was used with a 4. 5 kg harm1er 

for an energy source. Because the velocity of only the upper few 

meters of the scarp-forming material was needed, the profile lines 

generally did not exceed 15 min length. Seismic vel ocities obtained 

and the profile locations are given in Table 4.3. 
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TABLE 4.2. Statistical parameters for fault scarp material. 

Standard 
Medi an Mean Deviation 

¢16 ¢50 ¢84 ¢16+¢84 ¢84-¢16 
2 

p 1,2,3,4 -3.6 -4.75 -6. 8 -5. 20 1. 60 

5 N/A 

6 -1. 25 -4.25 -6.8 -4.03 2.78 

7 - 2.3 -4.0 -5.1 -3.70 1.40 

8 -0.25 -4.3 -6.3 -4.40 1. 90 

9 -3 . 25 -4.5 -6.35 -4.80 1. 55 

10 -1. 75 -3.6 -4 . 85 -3.30 1. 55 

11 N/A 

12 0 -3. 8 -7. 25 - 3. 63 3.63 

13 0 -3.8 -6 . 55 -3. 29 3.29 

14 -0.7 -3.25 -5.4 -3.05 2.35 

15 -0.8 -4 .2 - 6 .45 -3 . 63 2. 83 

16 N/A 
-../ 

-4. 2 - 7 .1 

17 No profil e 

18 -2 . 45 -4.0 -5. 2 -3. 83 1. 38 

19 -1.1 - 3.6 -5.6 - 3. 35 2.25 

20 - 2.0 -4 . 5 -6.9 -4.45 2.45 

21 -2.2 -4.0 -6. 2 -4. 2 2.00 

22 -2.4 -4.2 -6.7 -4.55 2.15 

23 N/A 

24 N/A 



vt—1q 5rer byfmZfc dyaDcfhI DC CNuah mcNoV ZNhyofNar

UoDCfay Z'm UoDCfay Z'm

V ^ U^e 5UU

U • lygyoNa toyN ##5 U^5 5es

U e U^# P't

U 5 U^s >•s

U # P't U ^> PD UoDCfay

U s U>^ U^U P't

U > 5U5 U^\ P't

U U ^5#^ U•* P't

U \ >s• U•^ P't

UXi >es U•• P't

Uaa P't U•e P't

U^• \s# U•5 P't

5rs tbbZ8UvXiPb Zbqj XP 9tZ1v b,t8U tlq qbvX8tvXiP

Xg hSy bNafgy pNaayI oyJfDg; guZyoDum IDugJ gDoZNa CNuah mcNoVm 

fg NaaudfNa CNgm CDoZ mhyVm oNgJfgJ CoDZ aymm hSNg N Zyh)O hD ZDoy 

hSNg •* Z fg SyfJSh NaDgJ hSy MNmym DC hSy XgID 8DughNfgm NgT UNgNZfgh 

8NgJy NgT Dg hSy CaDDo DC bNafgy pNaayIr bydyoNa DC hSymy mcNoVm 

NVVyNo hD SNdy ugTyoJDgy CDuo Do ZDoy VyofDTm DC CNuahfgJ; Nm fgTf'
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TydyaDVyT fg N oyJfDg DC TfCCyoygh cafZNhfc cDgTfhfDgm; fh NVVyNom 
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TABLE 4. 3. Seismic velocity of fault scarp material. 

Profile m/s Profile m/s 
p 1 Pl3 488 
p 2 General Area 554 Pl4 436 
p 3 Pl5 N/A 

p 4 Pl6 726 
p 5 N/A P 17 No Profile 

p 6 871 Pl8 N/A 
p 7 484 Pl9 N/A 

p 8 1451 P20 N/A 

p 9 762 P21 N/A 

PlO 736 P2 2 N/A 

Pll N/A P23 N/A 

Pl2 965 P24 N/A 

4.6 ASSUMPTIONS USED IN FAULT SCARP AGE ESTIMATION 

In the Saline Valley region, numerous young normal fault scarps 

in alluvial fans form steps ranging from less than a met · to more 

than 20 min height along the bases of the Inyo Mountains and Panamint 

Range and on the floor of Saline Valley. Several of these scarps 

appear to have undergone four or more periods of faulting, as indi-

cated by the beveling or segments of increasingly reduced slope uphill 

from the most recent offset. Although Wallact's (1977) method was 

developed in a region of different climatic conditions, it appears 

that it may be used to estimate the minimum age of these scarps. 
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Ab fgnsn fgn yasf Nyoavfedf Ns fgef fgn betrf sRevos pnvn bavyn, 
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1adnsu 0NderrC9 cerreRn esstyns fgef sraon ,nIve,efNad vefns evn 

IvnefrC ebbnRfn, qC RrNyefNR Rad,NfNads ed, evn vnsoadsNin fa RrNyefNR 

RgedInsu

wul Hxx^NPHTNAL A0 IQT7AX TA UH^NLQ kH^^Q"

cerreRnDs mhSllV sraon edIrn'eIn RavvnrefNad Rtvin pes ,ninraon, 

bav ed evne Nd davfg Rndfver Lnie,eu TgNs evne Ns RadsN,nvn, fa qn

UU J" n
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Several assumptions are implicit in Wallace's (1977) methodology. 

Of these the most important is that the fault scarps were formed 

principally by sudden offsets accompanying earthquakes rather than by 

slow tectonic creep. This is reasonable because tectonic creep on 

faults within the Great Basin has not been recognized (Slemmons, 

1967). Secondly, the initial scarps formed in the alluvial deposits 

have slopes ranging from about 50° to 90° or even s lightly over-

hanging. Normal fault scarps formed in bedrock generally have slopes 

averaging about 60° . Thi s is attributed to the mec hanics of faulting 

and physical properties of the material by Billings (1954) and 

Anderson (1951). Wallace attributes the difference between initial 

scarp angles in bedrock and in alluvial deposit s to tensional fractur-

ing of the sedimentary layer. Thirdly, original alluvial fans commonly 

have slopes of 3° to 7° but may be as steep as 7° to 10 ° . Wallace 

indicates that original slopes greater than about 5.5 ° are , in many 

places, the result of tectonic warping or t i lting rather than from 

deposition. The major alluvial fans in Saline Vall ey (Appendix 

Fig. 8.4, 8.5) generally slope between 4° and 6° downstream from e 

canyon mouth and are steeper in the bedrock upstream from the fault 

zones. Finally, Wallace assumes that slope degradation rates are 

greatly affected by climatic conditions and are responsive to climatic 

changes. 

4.7 APPLICATION OF METHOD TO SALINE VALLEY 

Wallace's (1977) ~lope angle-age correlation curve was developed 

for an area in north central Nevada. This area is considered to be 



evN,9 qtf fgn eddter ovnRNoNfefNad ievNns pN,nrC es e btdRfNad ab raRer 

vnrNnbu Tgn qvae, NdfnvyatdfeNd qesNds ef eqatf hj;; y nrniefNad gein 

qnfpnnd hj ed, j; Ry ab ovnRNoNfefNad eddterrCu Tgn gNIgnv vedIns9 ef 

nrniefNads ab h0;; fa M;;; y9 gein M0 fa w0 Ry ab ovnRNoNfefNad 

eddterrCu Tgn dtyqnv ab bvnn1n'fgep RCRrns onv Cnev Ns qnfpnnd hj; 

ed, hM; mkNsgdnv9 hS0wVu cerreRn mxnvsader PayytdNRefNad9 hSlSV 

qnrNnins fgef fgn RrNyefn Nd Indnver9 ed, fgn dtyqnv ab bvnn1n'fgep 

RCRrns Nd oevfNRtrev9 evn Nyoavfedf beRfavs Nd fgn vefn ab betrf sRevo 

,nIve,efNadu

MnRetsn ab fgn NyoavfedRn fgef fgn dtyqnv ab bvnn1n'fgep RCRrns 

yeC gein ad sraon ,nIve,efNad9 Nf yeC daf qn oassNqrn fa ,NvnRfrC 

eoorC cerreRnDs RavvnrefNad Rtvin bav betrf sRevos raRefn, Nd fgn 

UerNdn kerrnC vnINadu Tgn betrf sRevos sft,Nn, Nd fgNs vnINad evn 

IndnverrC ef nrniefNads ab M0; y fa h;;; y ed, gein eddter ovnRNoNfe5

fNad iertns sNyNrev fa fgasn vnoavfn, qC cerreRnu 7apninv9 fgn dtyqnv 

ab bvnn1n'fgep RCRrns onv Cnev Ns dnevrC 1nvau ^ayqev,N mhS8MV Nd,N5

Refns fgef e yNdn Reyo Nd UerNdn kerrnC ef eqatf 0;; y nrniefNad Ns 

dnevrC bvasf'bvnnu MnRetsn ab fgn yNr,nv pNdfnv RrNyefn Nd UerNdn 

kerrnC9 eIns ,nvNin, bvay cerreRnDs RavvnrefNad Rtvin evn ovaqeqrC faa 

CatdIu Tgnvn evn9 gapninv9 da ovnRNsn ,efe RadRnvdNdI fgn eIns ab 

betrf sRevos Nd fgNs evneu TgNs ynfga, Red qn tsn,9 gapninv9 fa nsfN5

yefn fgn dtyqnv ab betrf nindfs fgef gein aRRtvvn, eradI e oevfNRtrev 

betrf snIyndfu Hoova6Nyefn av yNdNyty vnRtvvndRn vefns Red qn ,nfnv5

yNdn, bvay fgNs ,efeu
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arid, but the annual precipitation varies widely as a function of local 

relief. The broad intermountain basins at about 1200 m elevation have 

between 12 and 20 cm of precipitation annually. The higher ranges, at 

elevations of 1500 to 3000 m, have 35 to 45 cm of preci pitation 

annually. The number of freeze-thaw cycles per year is between 120 

and 130 (Vishner, 1954). Wallace (Personal Corrmunication, 1979) 

believes that the climate in general, and the number of freeze-thaw 

cycles in particular, are important factors in the rate of fault scarp . -
degradation. 

Because of the importance that the number of freeze-thaw cycles 

may have on slope degradation, it may not be possible to directly 

apply Wallace's correlation curve for fault scarps located in the 

Saline Valley region. The f ault scarps studied in this region are 

generally at elevations of 350 m to 1000 m and have annual precipita-

tion values similar to those reported by Wallace. However, the number 

of freeze-thaw cycles per year is nearly zero. Lombardi (1 963) indi-

cates that a mine camp in Saline Valley at about 500 m elevati on is 

nearly frost-free. Because of the milder winter climate in Saline 

Valley, ages derived from Wallace's correlation curve are probably too 

young. There are, however, no precise data concerning the ages of 

fault scarps in this area. This method can be used, however, to esti-

mate the number of fault events that have occurred along a particular 

fault segment. Approximate or minimum recurrence rates can be deter-

mined from this data. 



iUv erstyos fN Natyo sdaeR acayDsms

ohS lVgl,IS ,C uhAI bpbqPIAI AI u, bllqPJ uSIuJ bpT CVguhSg 

TSZSq,l uhS MSuh,T ,C TSuSgMApAp1 uhS b1SI C,g CbVqu I9bglI lg,l,IST 

8P 0bqqb9S ;.5LLwU mpTSlSpTSpu TbuAp1J lg,lSguASI ,C uhS I9bgl MbuSH

gAbqJ ISAIMA9 ZSq,9AuASIJ bpT 0bqqb9SMI ;.5LLw lg,CAqS MSuh,T C,gMST 

uhS 8bIAI C,g uhAI IuVTPU mpTSlSpTSpu TbuAp1 ,C uhS I9bglI AI p,u 

l,IIA8qSU a1S TbuAp1 ,C uVCC IbMlqSI 8P 9,ggSqbuAp1 uhSAg ugb9S 

SqSMSpu 9,puSpu DAuh uVCCI ,C kp,Dp b1SI AI 8SAp1 T,pSJ 8Vu uhS Tbub 

bgS p,u PSu 9,MlqSuSU a8I,qVuS TbuAp1 ,C uhS MbuSgAbqI DbI p,u T,pS 

TVS u, CApbp9Abq qAMAubuA,pIU yb9kAp1 uhSIS TbubJ uhSgS AI p, DbP u, 

uSIu 0bqqb9SMI 9,ggSqbuA,p 9VgZS DAuh bpP TS1gSS ,C 9SgubApuPU

6bIST ,p uhS TS1gSS ,C TAIIS9uA,pJ TSISgu ZbgpAIh TSZSq,lMSpuJ 

ZS1SubuA,p 1g,DuhJ bpT ,uhSg CASqT 9gAuSgAbJ Au bllSbgI uhbu ISZSgbq 

IVgCb9S gVluVgSI hbZS ,99VggST TVgAp1 uhS 0,q,9SpSU ohAI 9,p9qVIA,p 

AI IVll,guST 8P I9bgl lg,CAqS b1S Tbub DhA9h IV11SIu ISZSgbq SZSpuI 

TVgAp1 uhS qbIu 5OOO PSbgI bpT MbpP ,uhSgI TVgAp1 uhS qbIu

.OOUOOO PSbgIU ohS P,Vp1SIu b1SI TSuSgMApST 8P uhAI MSuh,T bgS 

bp,Mbq,VIqP q,DJ AUSUJ qSII uhbp .OO PSbgI ,qTU mTnxISZSgbq 

ApIubp9SIJ gS9VggSp9S gbuSI bllSbg u, bZSgb1S b8,Vu ^U^ N .OPx PgMx 

TVgAp1 uhS 0,q,9SpS bpT b8,Vu .UL N qfIMn PgIx TVgAp1 uhS qbIu

QOUOOO PSbgIU ohAI TAI9gSlbp9P lg,8b8qP gSCqS9uI uhS gSqbuAZSqP 

IMbqq IbMlqS l,lVqbuA,pJ uhS qb9k ,C ApTSlSpTSpu TbuAp1J 9,ggSqbuA,p 

9VgZS ApuSgl,qbuA,p Sgg,gIJ bpT ZbgAb8AqAuASI Ap CbVqu I9bgl 

TSZSq,lMSpuJ Sg,IA,pJ bpT MbuSgAbqU s9bgl MbuSgAbq AI lg,8b8qP b 

Mb7,g Cb9u,g Ap TSuSgMApAp1 uhS bllbgSpu b1S ,C CbVquAp1U s9bglI
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4.8 RESULTS OF FAULT SCARP ANALYSIS 

The purpose of this analysis is to apply, test, and further 

develop the method of determining the ages for fault scarps proposed 

by Wallace (1977). Independent dating, properties of the scarp mate-

rial, seismic velocities, and Wallace's (1977) profile method fonned 

the basis for this study. Independent dating of the scarps is not 

possible. Age dating of tuff samples by correlating their trace 

element content with tuffs of known ages is being done , but the data 

are not yet complete. Absolute dating of the mat erials was not done 

due to financial limitations . Lac ki ng these data, there is no way t o 

test Wallace's correlation curve with any degree of certain ty. 

Based on the degree of dissection, desert varnish development, 

vegetation growth, and other field criteria, it appears that se veral 

surface ruptures have occurred during the Holocene. This conclusion 

is supported by scarp profile age data which suggest se veral eve nts 

during the last 9000 years and many others during t he last 

100,000 years. The youngest ages determined by th is method are 

anomalously low, i.e., less than 100 years old. I several 

instances, recurrence rates appear to average about 3.3 x 10-4 yr-l 
-4 -1 during the Holocene and about 1.7 x 10 yr during the last 

20,000 years. This discrepancy probably reflects the relatively 

small sample population, the lack of independent dating, correlation 

curve interpolation errors, and variabilities in fault scarp 

development, erosion, and material. Scarp material is probably a 

major factor in determi~ing the apparent age of faulting. Scarps 



DSgS lg,CAqST Ap bqqVZAbq MbuSgAbq gbp1Ap1 Ap ApTVgbuA,p Cg,M 

9SMSpuST Cbp1q,MSgbuSI u, Vp9,pI,qATbuST 8Sb9h 1gbZSq bpT IAquU

sSZSgbq buuSMluI DSgS MbTS u, 9,ggSqbuS uhS ISAIMA9 ZSq,9AuASI 

bpT 1gbAp IAXS TAIugA8VuA,p Tbub DAuh uhS SIuAMbuST b1S ,C uhS CbVqu 

I9bglU sV9h 9,ggSqbuA,p SCC,guI DSgS 1SpSgbqqP VpIbuAICb9u,gPU

were profiled in alluvial material ranging in induration from 

cemented fanglomerates to unconsolidated beach gravel and silt. 

Several attempts were made to correlate the seismic velocities 

and grain size distribution data with the estimated age of the fault 

scarp. Such correlation efforts were generally unsatisfactory. 
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H sft,C ab DaNdf effNft,ns ef 7tdfnv IatdfeNd stIInsfn, fgef 

yedC ab fgn gNIg'edIrn DaNdfs ovaqeqrC vnstrfn, bvay oasf'nyoreRnyndf 

fnRfadNR sfvnssns vefgnv fged bvay RaarNdI av NdfvtsNadu Tgn avNndfe5

fNads ab fgnsn DaNdfs pnvn ederC1n, fa ,nfnvyNdn fgn sfvnss oeffnvd 

vnsoadsNqrn bav fgnNv bavyefNadu Tgnsn ,efe pnvn RayqNdn, pNfg afgnv 

NdbavyefNad atfrNdn, Nd fgNs oeonv fa ,ninrao e ya,nr bav fgn fnR5

fadNR ,ninraoyndf ab fgn vnINadu

Tgn DaNdf ederCsNs sft,C evne aRRtoNns ed evne ab eqatf 8; JyO 

Nd fgn satfgnesf Ravdnv ab fgn Zqngnqn xneJ h0D ZuUu8uUu Jte,vedIrn 

m0NItvn 0uhVu Tgn ovNdRNoer vaRJ tdNf Nd fgNs evne Ns fgn ^efn 

YtvessNR 7tdfnv IatdfeNd Ptevf1 yad1adNfn pgNRg bavys fgn qtrJ ab 

7tdfnv IatdfeNdu IRHrrNsfnv mhS08V Nd,NRefn, fgef fgn fao ab 7tdfnv 

IatdfeNd Ns ovaqeqrC invC dnev fa fgn avNINder fao ab fgn ortfadu

7tdfnv IatdfeNd9 pgNRg snoevefnsD UerNdn ed, xedeyNdf kerrnCs9 Ns 

Rtf qC e yeDav vNIgf'refnver9 sfvNJn'srNo betrf sCsfny mZvebbniNdn 

PedCad9xedeyNdf kerrnC betrf 1adnV fvnd,NdI fgvatIg fgnsn ierrnCsu

Nd xedeyNdf kerrnC fgn betrf qNbtvRefns Ndfa e davyer betrf sCsfny 

pNfg raRer vNIgf'refnver sfvNJn'srNo Rayoadndfs ed, bavys fgn nesf 

ed, pnsf qatd,evNns ab fgn ierrnCu Hf fgn davfgnvd nd, ab fgn ierrnC 

fgn betrfs DaNd fa bavy e sNfDIrn fgvtsf betrf n6fnd,NdI qndnefg fgn 

satfgnvd n,In ab 7tdfnv IatdfeNdu Tgn betrf RadfNdtns fgvatIg 7tdfnv 

IatdfeNd es e vNIgf'refn'er9 sfvNJn'srNo betrf ed, qnRayns ovNd5

RNoerrC e davyer betrf bavyNdI fgn pnsfnvd qav,nv ab UerNdn kerrnCu
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5.0 JOINT ANALYSIS 

5.1 INTRODUCTION 

A study of joint attitudes at Hunter Mountain suggested that 

many of the high-angle joints probably resulted from post-emplacement 

tectonic stresses rather than from cooling or intrusion. The orienta-

tions of these joints were analyzed to determine the stress pattern 

responsible for their formation. These data were combined with other 

information outlined in this paper to develop a model for the tec-

tonic development of the region. 

The joint analysis study area occupies an area of about 80 km 2 

in the southeast corner of the Ubehebe Peak 15' U.S.G.S. Quadrangle 

(Figure 5.1). The principal rock unit in this area is the Late 

Jurassic Hunter Mountain quartz monzonite which forms the bulk of 

Hunter Mountain. McAllister (1956) indicated that the top of Hunter 

Mountain is probably very near to the original top of the pluton. 

Hunter Mountain, which separates· Saline and Panamint Valleys, is 

cut by a major right-lateral, strike-slip fault system (Grapevine 

Canyon/Panamint Valley fault zone) trending through these valleys. 

In Panamint Valley the fault bifurcates into a normal fault system 

with local right-lateral strike-slip components and forms the east 

and west boundaries of the valley . At the northern end of the valley 

the faults join to form a si9gle thrust fault extending beneath the 

southern edge of Hunter Mountain. The fault continues through Hunter 

Mountain as a right-late-al, strike-slip fault and becomes prin-

cipally a normal fault forming the western border of Saline Valley. 



0uj YANLT XHTH HPJZNUNTNAL

YaNdf ,efe pnvn aqfeNdn, ef hj raRefNads ad 7tdfnv IatdfeNd bvay 

qafg vae, Rtfs ed, deftver atfRvaos m0NItvn 0uhVu Tgn ynfga, ab ,efe 

eRPtNsNfNad tsn, Nd fgNs sft,C Ns sNyNrev fa fgef vnRayynd,n, qC 

Hffnpnrr ed, 0evynv mhSl8Vu Hf neRg seyorn raRefNad e ynfvNR feon 

ynestvn pes sfvnfRgn, eRvass fgn atfRvao fa NdfnvsnRf es yedC DaNdfs 

es oassNqrn mxgafa 0uhVu Tgn effNft,n ab neRg DaNdf NdfnvsnRfn, qC 

fgn feon pes ynestvn, qC oreRNdI e Mvtdfad Rayoess ,NvnRfrC ad fgn 

DaNdf stvbeRn mxgafa 0ujVu Nd sNftefNads pgnvn fgn DaNdf stvbeRn pes 

daf stbbNRNndfrC n6oasn,9 fgn Rayoess pes oreRn, ad ed ertyNdty orefn 

eoova6NyefnrC j yy fgNRJ Ndsnvfn, Ndfa fgn DaNdfu Nb fgn DaNdf pes 

Rrasn, av faa devvap bav NdsnvfNad ab fgn orefn9 fgn orefn pes 

avNndfn, oeverrnr fa fgn DaNdf oredn ed, fgn orefnDs effNft,n ,nfnv5

yNdn,u Tgn raRefNad ab neRg DaNdf vnrefNin fa fgn sfevfNdI oaNdf ab 

fgn stvinC rNdn pes ersa vnRav,n,u H sfed,ev,N1n, stvinC rNdn rndIfg 

ab h; y pes Rgasnd bav fgn sft,C fa onvyNf RayoevNsads eyadI fgn 

sninver fveinvsnsu Hf e bnp raRefNads deftver rNyNfefNads mnuIu9 

atfRvao sN1nV ovnindfn, fgn tsn ab fgn btrr h; y stvinC rNdn° Nd 

fgnsn sNftefNads es radI e rNdn es oassNqrn pes tsn, ed, fgn ,efe 

refnv davyerN1n, fa fgn btrr h; y rndIfg mHffnpnrr ed, 0evynv9

hSl8Vu cgnvn oveRfNRer9 fpa NdfnvsnRfNdI stvinC rNdns raRefn, es 

dnev fa S;. fa neRg afgnv es oassNqrn pnvn tsn, fa ovaiN,n yavn Ray5

ornfn ,efe eRPtNsNfNadu H fafer ab 00; DaNdf oredn effNft,ns pnvn 

ynestvn,u
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5.2 JOINT DATA ACQUISITION 

Joint data were obtained at 12 locations on Hunter Mountain from 

both road cuts and natural outcrops (Figure 5.1). The method of data 

acquisition used in this study is similar to that recofTITlended by 

Attewell and Farmer (1976) . At each sample location a metric tape 

measure was stretched across the outcrop to intersect as many joints 

as possible (Photo 5 .1). The attitude of each joint intersected by 

the tape was measured by placing a Brunton compass directly on the 

joint surface (Photo 5.2). In situations wh ere the jo i nt surface was 

not sufficiently exposed, the compass was pl aced on an alum i num plate 

approximately 2 nvn thick inserted into the jo int. If the joint was 

closed or too narrow for insertion of the pl at e , the pl at e wa s 

oriented parallel to the joint plane and the pl ~te' s att i tude deter-

mined. The location of each joint relative to the starting point of 

the survey line was also recorded. A standardized survey line length 

of 10 m was chosen for the study to permit com pari so ns among the 

several traverses. At a few locations natur al limitations (e.g., 

outcrop size) prevented the use of the full 10 m survey line In 

these situations as long a line as possible was used and the data 

later normalized to the full 10 m length (Attewell and Farmer, 

1976). Where practical, two intersecting survey lines located as 

near to 90° to each other as possible were used to provide more com-

plete data acquisition. A total of 550 joint p1ane attitudes were 

measured. 



>>■
o0^

*oa;u<Dcr>CD 
• 

^
 
C 

E 
O 

3 
•»“ 

Z
 
-M to u 

• o
ro 

f— 
CD

o> 
•— Q- 

>> E 
*0 

to 
3 

1/1

(/I 
d>

4->cO X
) c

o =I
 

c = 
o•f- 

u 
4-> 

<u 
4->

u v> 
O 

<D

U
J

oc=>C3

K 

1 

I 
AREA 

I 

\ 
\ 
\ 
\ 

, H9 
' • --. H "-,,, - Q l ,o 

~.;---• 
<"L '\ H II 

... -1- ,,. 
<" I -- ) 

811 ', 
.... 12 \ 

• 6 !124 

\ 
\ 

0 l H/2 

.... 
o I 
"1 

\ 
I 

/~ 
'-9 ... ' 

' H/3 ' 

' 

• 6 21!! 

VABM 
• 14, 4 

o 7318 

HUNTER IIIOIJNTA/N 

HB / 6324 

• 
• 6414 

' I 
I 

I 

' r 

0 I t 3 km 

ELEVllT I ONS IN FEET 

FIGURE 5.1. Location of joint study area. Numbers preceded by 
letter "H " indicate sample location. 

411 14 

I.O 
--.I 



5v

i YT#D * '' ' •- ' 'D•bc *

' *-'^H u D''( DD

u TsSir^* u'(

‘^^•'^'v*"V" ) * V"^'

" " " " " "

R0fof 'U.U j,ApuAp1 Ap 0VpuSg Y,VpubAp UVbguX M,pX,pAuSU c,uS 
ublS MSbIVgS VIST Ap 7,Apu buuAuVTS IVgZSPU

'U^ Zaoa acayDsms Yro0fZs

ohS 7,Apu Tbub VIST Ap uhAI IuVTP bgS lgSISpuST Ap ISZSgbq 

C,gMbuI u, Cb9AqAubuS bpbqPIAIU ohSIS C,gMbuI Ap9qVTS IuSgS,1gblhA9 

lg,7S9uA,pIJ 7,Apu Iu8MAkS bXAMVuh g,ISuuSI ;g,IS TAb1gbMIwJ 7,Apu 

MSbIVgSMSpu ugbZSgIS gS9,pIugVJuA,pIJ bpT ub8Vqbg bpT 1gblhA9bq 

gSlgSISpubuA,pIU

ohS IuSgS,1gblhA9 lg,7S9uA,pI ,C uhS 7,Apu lqbpS l,qSI bgS Ih,Dp 

bI VllSg hSMAIlhSgA9 lg,7S9uA,pIU auuSDSqq bpT NbgMSg ;.5L9w IV11SIu 

fgef bquh,V1h 9,pugbgP u, 1SpSgbq IugV9uVgbq 1S,q,1P lg,9STVgS uhAI 

ynfga, hbI ed bTZbpub1S Ap uhbu uhS l,qS u, uhS 7,Apu lqbpS AI lg,H

DnRfn, Ap uhS IbMS TAgS9uA,p bI uhS 7,Apu lqbpS TAlU a 9,Ml,IAuS

PHOTO 5 .1. Joi n~i ng in Hunter Mount ain qua r t z mo nz on ite . Note 
t ape measu re used in jo int att i t •Jde sur vey . 

5 . 3 DATA ANALY SIS ME THOD S 
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The Joi nt datd <; eo 1,, th '-; <; t ·Jdy ar e prese nt ed 111 severa l 

f orm a ts t ,) fac i l ita te 11nl ys i '>. 111ese for·ma t s 1nc 1 uJe s te reogra ph ic 

projec ti ons , j oi nt <; trik e azi rn ut~ rose ttP s ( rose di agr ams ) , j o int 

measuremen t t raverse rPco nstru: t i0ns, and t abu l ar and graphi ca l 

representations. 

The stereograph ic pro jections of t he jo int plane poles are shown 

as upper hemispher ic project ions. Attewel l and Fa rme r ( 1976 ) suggest 

that although contrary to gene r al structural geology procedure this 

method has an advantage in that the pol e to the jo int plane is pro-

jected in the same di r ection as the joint plane di p. A composite 
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Hoova6NyefnrC 00; Nd,NiN,ter DaNdf oredns ef hj snoevefn raRe5

fNads pnvn ederC1n, pNfg vnsonRf fa sfvNJn9 ,No ed, ,NsfvNqtfNad 

,tvNdI fgNs sft,Cu Ab fgnsn j8’ pnvn rap'edIrn m,Nos rnss fged 8;.V 

ed, lj’ pnvn gNIg'edIrn m,Nos Ivnefnv fged av nPter fa 8;.Vu H Iveog

PHOTO 5.2. Brunton compass and aluminum plate used in joint attitude survey. 

stereographic projection of all of the data points is shown in 
Figure 5.2. Stereographic projections for each sample location are 
shown in Figure 8.5 of the Appendix. Joint strike azi nfi th rosettes 
for each sample location are shown in Figure 8.6 and graphical 
reconstructions of the traverse lines are shown in Figure 8.7. 

5.4 JOINT PATTERN ANALYSIS 
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Approximately 550 individual joint planes at 12 separate loca-
tions were analyzed with respect to strike, dip and distribution 
during this study. Of these 28% were low-angle (dips less than 60°) 
and 72% were high-angle (dips greater than or equal to 60°). A graph 
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FIGURE 5.2. Composite of all joint data points collected at 
Hunter Mountain (550 Points ) . 
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of joint frequency versus joint dip is shown in Figure 5.3. Firman 

(1960) noted a similar joint dip distribution in his study of the 

Eskdale Granite and used it as a partial basis for his analysis. 

Firman reasoned that the low-angle joints were related to marginal 

thrusts or flat-lying normal faults. The deve1opment of these 

features along the margins of an intrusion was described by Balk 

(1937) and shown in Fig~re 5.4. Balk (1937) also suggested that low-

angle joints may develop when the center of an intrusion collapses. 

~----------------------- - -~------
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uhbu uhAI bgSb AI q,9buST pSbg uhS ,gA1Apbq u,l bpT Mbg1Ap ,C uhS 
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FIGURE 5.3. Plot of dip angle versus frequency for Hunt er 
Mountain joint data. 
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Finnan (1960) suggests that 75% or more of the high-angle joints in 

the Eskdale Granite were the result of postemplacement stresses. 

Because of the several similarities between the EskdJle Granite and 

Hunter Mountain Quartz Monzonite, an analys is method following Firman 

(1960) is used in this study. 

5.5 LOW-ANGLE JOINTS 

Low-angle joints are well developed over much of Hunter 

Mountain. Previous geologic mapping (McAllister, 1956) indicates 

that this area is located near the original top and margin of the 

Hunter Mountain batholith. This is confirmed by the apparent atti-

tudes of flow structures in the rock (Figure 8.5 of the Appendix). 

Figure 5.5 shows the orientation of flow structures that may be 
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0NZZUQ 0uwu Mnd,NdI ab pneJ ed, sfvadI yefnvNer ed, fgn effnd,edf 
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mHV e pneJ stqsfedRn ovafvt,ns Nd fgn ,NvnRfNad ab fgn 
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fndsNad DaNdfs aond pNfgNd fgnsn 1adns9 eoova6NyefnrC 
davyer fa fgn rNdns ab raRer nradIefNadu Nd deftvn9 
fgn yevINder bNsstvns dnev NdfvtsNin RadfeRfs evn ,tn 
fa e sNyNrev rndIfgndNdI ab fgn yeIyeu Hf mMV fgn 
yefnvNer Ns sfvadInv fged Nd mHVu Tgn 1adn ab qnd,NdI 
Ns pN,nv9 fgn nradIefNad onv tdNf evne rnss Ndfndsnu 
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fNads° gndRn9 fgnC evn sfnnonv fged yevINder bNsstvns9 
ed, vneRg bvay adn nd, ab fgn yessNb fa fgn afgnvu 
mHbfnv MerJ9 hSMlV
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FIGURE 5.4 . Bending of weak and strong material and t he attendant 
development of marginal fractures or jo int fans. At 
(A) a weak substance protrudes in the direction of the 
arrow, between stationary walls to the l and right. 
The zones of intense legnthening (between the dashed 
lines) are relatively narrow, as shown by the curva-
ture of the three lines. Under suitable conditions, 
tension joints open within these zones, approximately 
nonnal to the lines of local elongation. In nature, 
the marginal fissures near intrusive contacts are due 
to a similar lengthening of the magma . At (B) the 
material is stronger than in (A). The zone of bending 
is wider, the elongation per unit area less intense. 
Fractures within the border zones are more widely 
spaced, and dip steeper. At (C) a strong substance is 
bent . Distinct zones of bending disappear, and a con-
tinuous syrmietric arch results. The fractures are 
arranged in a broad fan. The fans of tension joints 
in massif~ are believed to form under similar condi-
tions; hence, they are steeper than marginal fissures, 
and reach from one end of the massif to the other. 
(After Balk, 1937) 
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FIGURE 5.5. Ideal structural types of massifs. (A) cross-section, 
(B) plan. No exact agreement between cross-sections 
and plans is intended; structures of wall rocks, and 
details of contacts drawn arbitrarily. (1) Dome of 
flow layers. (2) Arch of flow layers, massive center. 
(3) Dome of flow lines (not yet observed iun the 
field. (4) Arch of flow lines. At 48, axis of flow 
lines (shaded area) coincides with axis of massif on 
the right side, and disregards it on the left. 

.. 

(5) Incomplete arch of flow lines. Arrows show the 
pitch of flow lines: two-barbed arrow denoted 
horizontal flow lines. Lines with black triangles 
refer to strike and dip of flow layers. A cross 
denotes horizontal flow structures. (After Balk, 1937) 
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expected in several ideal cases. The low angle joints examined in 

this study are probably primary emplacement features and not related 

to later deformational stresses. 

5.6 HIGH-ANGLE JOINTS 

As shown in Figure 5.3, 72% of the joints examined in this study 

are steeper than 60° , with many approaching vertical (Figure 5.2). 

If the majority of these joints are re lated to post-emplac ement 

stresses their orientations suggest that the intermedia te pri nc ip a l 

stress, o2, was nearly vertical at the time of thei r fo rmation. 

The directions of the maximum and minimum principal stress, o1 and 
o 3 , were determined on the basis of the orientat ion of the high 
angle joints. The or i entations of the high angl e j oin t s wer e takP.n 

from the stereographic projections and are plotted in Figu re 5. 6 . 

The orientation of the dominant and second ary jo int se t s are shown i n 
Table 5 .1. 

TABLE 5.1. Dominant and secondary joint se t or,ent at ions for 
Hunter Mountain joint data . 

Location 
H l 
H 2 
H 3 
H 5 
H 6 
H 7 
H 8 
H 9 
H 10 
H 11 
N 12 
H 13 

Dominant Set 
N85E 
N80E 
N65W 
NlOE 
N30W 
N40E 
N55W 
N60W 
N55W 
NlOE 
N65W 
NSSE 

Secondary Set 
NlOW 
NlOW 

N85W 

N3::lw 
NS 
Nl5W 
NlOE 
N50W 
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Tgn DaNdf avNndfefNads ed, Ndbnvvn, ovNdRNoer sfvnss ,NvnRfNads 

stIInsf e Rrasn vnrefNadsgNo qnfpnnd fgn DaNdfNdI ed, fgn ZveoniNdn 

PedCad betrf 1adnu Nf eoonevs fgef qafg ,ninraon, Nd vnsoadsn fa fgn 

seyn sfvnss oeffnvdu Nd Indnver9 yedC ab fgn ,ayNdedf ed, snRad,evC 

DaNdf snfs evn ef avNndfefNads oeverrnr fa fgn betrf 1adn av ef edIrns 

stIInsfNin ab fgnNv qnNdI UNn,nr sgnevs9 RayornyndfevC UNn,nr sgnevs9 

fndsNad DaNdfs av yevINder bveRftvns m0NItvn 0ulVu Tgn vnrefNadsgNo 

qnfpnnd fgn betrfs ed, DaNdfs Nd,NRefns fgef qafg ,ninraon, Nd 

vnsoadsn fa e sfvnss oeffnvd Nd pgNRg fgn ye6Nyty ovNdRNoer sfvnss9

Ao eRfn, Nd davfgpnsfnvrC ' satfgnesfnvrC ,NvnRfNadu

TgNs vnrefNadsgNo Ns sgapd yasf RrnevrC qC fgn Ndbnvvn, 

sfvnss ,NvnRfNads ef raRefNads9 7S9 7NA9 7rr ed, 7hj m0NItvn 0u8Vu

Hf fgnsn raRefNads fgn DaNdf snf avNndfefNads stIInsf e sfvnss 

,NvnRfNad ab eqatf LM;c ' UM;Qu Tgn ZveoniNdn PedCad betrf 1adn 

fvnd,s eqatf L0;c ' U0;Qu Tgn avNndfefNads ab fgn DaNdf snfs evn 

stIInsfNin ab UNn,nr sgnevNdI av fndsNad Iesgns essaRNefn, pNfg 

vNIgf'refnver yainyndf ab fgn betrfu Tgn avfgaIader DaNdfNdI ef 

raRefNads 7N9 7j ed, 70 ovaqeqrC vnovnsndfs ovNyevC sfvnss vnrNn% 

bneftvns ,tn fa RaarNdI ef fgn fao ab fgn 7tdfnv IatdfeNd ortfadu

0ul UQ^HTNALU7Nx MQTcQQL UQZNALH^ HLX ^APH^ UTUQUU xHTTQULU 

IedC mnuIu9 cvNIgf9 hSl8V qnrNnin fgef fgn refn Pnda1aNR 

vnINader sfvnss oeffnvd Nd fgn satfgpnsfnvd oavfNad ab fgn Zvnef 

MesNd Ns avNndfn, pNfg fgn ye6Nyty ovNdRNoer sfvnss9 Nd e LLQ ' 

UUc fa LQ ' Uc ,NvnRfNadu Nb fgNs vnINader sfvnss oeffnvd Ns 

eRRnofn, Nf Ns ovaqeqrn fgef fgn ZveoniNdn PedCad betrf 1adn ed,

_,-
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The joint orientations and inferred principal stress directions 

suggest a close relationship between the jointing and the Grapevine 

Canyon fault zone. It appears that both developed in response to the 

same stress pattern. In general, many of the dominant and secondary 

joint sets are at orientations parallel to the fault zone or at angles 

suggestive of their being Riedel shears, complementary Riedel shears, 

tension joints or marginal fractures (Figure 5.7). The relationship 

between the faults and joints indicates that both developed in 

response to a stress pattern in which the maximum principal stress, 

a 1, acted in northwesterly - southeasterly direction. 

This relationship is shown most clearly by the inferred o1 
stress directions at locations, H9, HlO, Hll and Hl2 (Figure 5.6 ) . 

At these locations the joint set ori entations sugges t a <J l stress 

direction of about N30W - S30E . The Grapevine Canyon fault zone 

trends about NSOW - SSOE. The orientations of the joint sets are 

suggestive of Riedel shearing or tension gashes associated with 

right-lateral movement of the fault. · The orthogonal jointing at 

locations Hl, H2 and HS probably represents primary stress relie 

features due to cooling at the top of the Hunter Mountain pluton. 

5.7 RELATIONSHIP BETWEEN REGIONAL AND LOCAL STRESS PATTERNS 

Many (e.g., Wright, 1976) believe that the late Cenozoic 

regional stress pattern in the southwestern portion of the Great 

Basin is oriented with the maximum principal stress, 0
1, in a NNE 

SSW to NE - SW direction. If this regional stress pattern is 

accepted it is probable that the Grapevine Canyon fault zone and 
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FIGURE 5.7. Stress field and resulting Riedel shears, complementary 
Riedel shears, tension joints and margi nal fractures. 

associated jointing represent second- and higher-order Riedel shear 

systems related to the regional stress pattern. An idealized stress 

and shear system of this sort is described was Moody and Hill (1956) 

and is shown in Figure 5.8. 

In this figure it is shown that a primary stress orientation can 

result in the formation of second- and higher-order features . The 

orjentations of the Grap~vine Canyon fault zone and high-angle joints 
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at Hunter Mountain are similar to those that would be predicted on 

the basis of a NNE - SSW to NE - SW primary stress orientation. 
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FIGURE 5.8. First-, second- and third-order features related to 
primary stress direction (after Moody and Hill, 1956). 
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,tvNdI fgn xrnNsfaRndn ed, 7araRndnu TgNs Rgeofnv qvNnbrC atfrNdns 

niN,ndRn bav fgn vgayqaRgesy avNINd ed, RadfNdtNdI ,nbavyefNad ab 

UerNdn kerrnCu

8uj QkNXQLPQ 0AU U7AIMAP7HUI AUNZNL HLX PALTNLZNLZ XQ0AUIHTNAL A0

UH^NLQ kH^^Q"

PevvC mhS08V ,nbNdn, e vgayqaRgesy es e oeverrnr'sN,n, Ieo Nd fgn 

sNerNR Rvtsf aRRtoNn, qC sNyefNR Rvtsfu UfvNRfrC soneJNdI9 fgNs yeC 

qn NdRavvnRf es eoorNn, fa UerNdn kerrnCu 7apninv9 fgn ya,n ab avNINd 

ed, fgn vnstrfNdI ,nbavyefNad evn sNyNrevu MtvRgbNnr ed, Ufnpevf 

mhS88V ovaoasn, e sNyNrev avNINd bav fgn Rndfver snIyndf ab Xnefg 

kerrnC m0NItvn 8uhVu ^ayqev,N mhS8wV eoonevs fa qn fgn bNvsf fa 

stIInsf fgef UerNdn kerrnC bavyn, es e vgayqaRgesy es e vnstrf ab 

yainyndf eradI fpa oeverrnr sfvNJn'srNo betrfsu MeqRaRJ mhSlwV

\ 
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6.0 SALINE VALLEY RHOMBOCHASM 

6.1 INTRODUCTION 

This study focuses on the styles and patterns of faults and 

joints in the southern portion of Saline Valley. The results of this 
study suggest that Saline Valley is a rhombochasm and indicate that 

the tectonic stresses responsible for the formation of the valley are 

still active. Chapters 3 and 5 detail data and present conclusions 
about the patterns, styles and amounts of deformation in the study 

area and the regional stress pattern inferred from the deformation. 

Chapter 4 presents evidence suggesting that the faults offsetting 
alluvium in Saline Valley have undergone several periods of movement 

during the Pleistocene and Holocene. This chapter briefly outlines 
evidence for the rhombochasm origin and continuing deformation of 
Saline Valley. 

6.2 EVIDENCE FOR RHOMBOCHASM ORIGIN AND CONTINUING DEFORMATION OF 
SALINE VALLEY 

Carry (1958) defined a rhombochasm as a parallel-sided gap in the 
sialic crust occupied by simatic crust. Strictly speaking, this may 
be incorrect as applied to Saline Valley. However, the mode of origin 
and the resulting deformation are similar. Burchfiel and Stewart 

(1966) proposed a similar origin for the centra~ segment of Death 

Valley (Figure 6.1). Lombardi (1964) appears to be the first to 
suggest that Saline Valley formed as a rhombochasm as a result of 

movement along two parallel strike-slip faults. Babcock (1974) 
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RrtsNads pnvn 8bIST ,p uhS 1S,MSugA9bq gSqbuA,pIhAlI bM,p1 uhS 

faoaIveogNR ed, uS9u,pA9 CSbuVgSI ,8ISgZST Ap uhS sbqApS °bqqSP 

evneu Tgnsn bneftvns evn sgapd Ap NA1VgS 9UQU

mC y,M8bgTAMI bpT 6b89,9kMI ApuSglgSubuA,pI bgS 9,ggS9uJ ,pS 
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FIGURE 6.1. Origin of the central segment of Death Valley 
(after Burchfiel and Stewart, 1966). 

suggested the 5ame mode of or igin. Lombardi's and Babcock' s con-
clusions were based on the geometrical relationships among the 

topographic and tectonic features observed in the Saline Valley 

area. These features are shown in Figure 6.2. 

If Lombardi's and Babcock's interpretations are correct, one 
would expect to observe the following features in Saline Valley: 
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1) the shape ·of the valley would be rhombohedral, 2) two sides of the 

valley would be formed by strike-slip or oblique-slip faults, 3) the 
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FIGURE 6.2. Major faults and physiographic features of the Saline 
Valley area (modified from Babcock, 1974). 

two remaining sides of the valley would be formed by normal-slip 
faults, and 4) tensional features would locally form at right angles 
to the direction of extension. 

Although this study focuses principally on the southern portion 
of Saline Valley, the evidence and conclusions given in Chapters 3, 4 
and 5 support Lombardi's and Babcock's proposed mode of origin, and 
indicate that the valley is continuing to deform. The evidence and 



RadRrtsNads INind Nd fgn eqain Rgeofnvs evn atfrNdn, qnrapu Tgn 

betrf 1adns evn sgapd ad xrefns Muh9 Muhe9 Muj9 MuM9 Muw ed, Mu0u

hV Tgn ZveoniNdn PedCad betrf 1adn Ns vNIgf'refnver9 sfvNJn'srNo ef 

7tdfnv IatdfeNd9 qtf qnRayns NdRvnesNdIrC ,No'srNo es Nf 

eoovaeRgns XeNsC PedCadu UfvNJn'srNo abbsnf eoonevs fa fafer ef 

rnesf h Jy ed, ,No'srNo abbsnf ef rnesf 8;;; yu Ltynvats 

abbsnfsDaRRtv Nd tdRadsarN,efn, sn,Nyndfsu

jV Tgn cnsfnvd 0vadfer betrf 1adn Ns e davyer betrf pNfg e fgvap ab 

ef rnesf 8;;; y ed, ,NsoreCs dtynvats abbsnfs Nd tdRadsarN,efn, 

errtiNer sn,Nyndfsu

MV Tgn Qesf UN,n betrf 1adn RadsNsfs ab oeverrnr9 davfg'satfg 

fvnd,NdI gavsfs ed, Iveqnds Nd tdRadsarN,efn, errtiNer 

,noasNfsu Tgn betrfs eoonev fa qn vnrefn, fa nesf'pnsf 

n6fndsNad ab UerNdn kerrnCu

wV Tgn eIns ed, avNndfefNads ab fgn betrfs Nd fgn Pndfver kerrnC

betrf 1adn stIInsf fgef fgnC evn ersa vnrefn, fa nesf'pnsf 

n6fndsNad ab UerNdn kerrnC ed, fgef fgNs n6fndsNad Ns sfNrr 

aRRtvvNdIu *

0V Tgn ^nn 0ref betrf 1adn eoonevs fa qn e oevf ab e Iveqnd fgef 

n6fnd,s bvay ^nn 0ref Ndfa UerNdn kerrnCu Tgn avNndfefNad ab 

fgn betrf 1adn ed, Iveqnd stIInsf fgef fgnC evn vnrefn, fa 

nesf'pnsf n6fndsNad ab fgn UerNdn kerrnC evneu

8V TaoaIveogNRerrC9 UerNdn kerrnC ges e vgayqagn,ver sgeonu 

NdbnvndRns bvay IveiNfC ,efe stIInsf fgef fgNs sgeon RadfNdtns 

ef ,nofgu

conclusions given in the above chapters are outlined below. The 

fault zones are shown on Plates 3.1, 3.la, 3.2, 3.3, 3.4 and 3.5. 

112 

1) The Grapevine Canyon fault zone is right-lateral, strike-slip at 

Hunter Mountain, but becomes increasingly dip-slip as it 

approaches Daisy Canyon. Strike-slip offset appears to total at 

least 1 km and dip-slip offset at least 6000 m. Numerous 

offsets'occur in unconsolidated sediments. 

2) The Western Frontal fault zone is a normal fault with a throw of 

at least 6000 m and displays numerous offsets in unconsolidated 

alluvial sediments. 

3) The East Side fault zone consists of parallel, north-south 

trending horsts and grabens in unconsol ida ted alluvial 

deposits. The faults appear to be related to eas t -west 

extension of Saline Valley. 

4) The ages and orientations of the faults in the Central Vall ey 

fault zone suggest that they are also related to east -west 

extension of Saline Valley and that this extension is still 

occurring. 

5) The Lee Flat fault zone appears to be a part of a graben that 

extends from Lee Flat into Saline Valley. The orientation of 

the fault zone and graben suggest that they are re l ated to 

east-west extension of the Saline Valley area. 

6) Topographically, Saline Valley has a rhombuhedral shape. 

Inferences from gravity data suggest that this shape continues 

at depth. 



lV Tgn braav ab UerNdn kerrnC Ns fNrfNdI Nd e pnsfnvrC ,NvnRfNad es 

fgatIg Nf Ns qnNdI ,apdbetrfn, eradI fgn n,In ab e vgayqaRgesyu

H RayoevNsad ab fgn eqain pNfg fgn bneftvns n6onRfn, fa qn 

essaRNefn, pNfg e vgayqaRgesy stIInsf fgef UerNdn kerrnC ge, fgNs 

fCon ab avNINd ed, fgef fgn ,nbavyefNad Ns sfNrr aRRtvvNdIu UerNdn 

kerrnC eoonevs fa gein ,ninraon, Nd e 1adn ab sgnevNdI ed, fndsNad 

qnfpnnd fgn Xnefg kerrnC'0tvdeRn PvnnJ betrf 1adn ed, fgn ZveoniNdn 

PedCad betrf 1adn msnn xgafa huhVu Tgn ZveoniNdn PedCad betrf 1adn 

Ns fgn aqrNPtn'srNo betrf qatd,NdI fgn satfgpnsf sN,n ab fgn vgayqa5

Rgesy9 HradI fgn davfgnesf sN,n ab fgn vgayqaRgesy e snvNns ab 

davfgnvrC'fvnd,NdI fndsNad bveRftvns Nd fgn UerNdn UedIn ed, davfgnvd 

xedeyNdf UedIn ,ninraon, vefgnv fged e sNyorn sfvNJn'srNo betrfu Tgn 

cnsfnvd 0vadfer9 ^nn 0ref ed, Qesf UN,n betrf 1adns ,ninraon, Nd 

vnsoadsn fa nesf'pnsf n6fndsNad ab fgn vnINad ed, vnrefn, yainyndf 

eradI fgn ZveoniNdn PedCad betrf 1adnu Tgn nesf sN,n ab fgn vgayqa5

Rgesy Ns bavyn, qC e snvNns ab sfno betrfs vefgnv fged qC e devvap 

betrf 1adn stRg es fgn cnsfnvd 0vadfer betrf 1adnu

Tgn barrapNdI Rgeofnv Ns e ,NsRtssNad ab fgn vnINader NyorNRe5

fNads ab fgn UerNdn kerrnC vgayqaRgesy ed, pgef Red qn Ndbnvvn, eqatf 

fgn avNINd ab fgn UNnvve Lnie,e ' MesNd ed, UedIn fvedsNfNad 1adnu
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7) The floor of Saline Valley is tilting in a westerly direction as 

though it is being downfaulted along the edge of a rhombochasm. 

A comparison of the above with the features expected to be 

associated with a rhombochasm suggest that Saline Valley had this 

type of origin and that the deformation is still occurring. Saline 

Valley appears to have developed in a zone of shearing and tension 

between the Death Valley-Furnace Creek fault zone and the Grapevine 

Canyon fault zone (see Photo 1.1) . The Grapevine Canyon fault zone 

is the oblique-slip fault bounding the southwest side of the rhombo-

chasm. Along the northeast side of the rhombochasm a series of 

northerly-trending tension fractures in the Saline Range and northern 

Panamint Range developed rather than a si mpl e strike- s lip fault. The 

Western Frontal, Lee Flat and East Side fault zones developed in 

response to east -west extension of the region and related movement 

along the Grapevine Canyon fault zone. The east side of the rhombo-

chasm is formed by a series of step faults rather than by a narrow 

fault zone such as the Western Frontal fault zone. 

The following chapter is a discussion of the regional mplica-

tions of the Saline Valley rhombochasm and what can be inferred about 

the origin of the Sierra Nevada - Basin and Range transition zone. 



lu; UQZNALH^ TQPTALNP IAXQ^

luh NLTUAXZPTNAL

Nd fgn ovniNats Rgeofnv UerNdn kerrnC pes ,nsRvNqn, es e vgayqa' 

Rgesy fgef ,ninraon, Nd vnsoadsn fa vnINader sgnevNdI ed, n6fndsNadu 

TgNs Rgeofnv Ns e ,NsRtssNad ab pgef yeC qn Ndbnvvn, eqatf fgn fnRfadNR 

,ninraoyndf ab fgn UNnvve Lnie,e ' MesNd ed, UedIn fvedsNfNad 1adn 

qesn, ad faoaIveogNR ed, InaraINR bneftvns ab UerNdn kerrnC ed, fgn 

stvvatd,NdI vnINadu Tgn ,NsRtssNad tsns niN,ndRn ed, RadRrtsNads 

ovnsndfn, Nd nevrNnv Rgeofnvs ed, qC afgnv pavJnvs es e qesNs bav 

essnssNdI fgn vnrefNadsgNo qnfpnnd fgn bavyefNad ab UerNdn kerrnC ed, 

fgn fnRfadNR niartfNad ab fgn vnINadu

luj UQZNALH^ TQPTALNP 0QHTZUQU HLX XQ0AUIHTNAL

cvNIgf mhSl8V ovaoasn, fgn vnINader sfvnss ya,nr sgapd Nd 

0NItvn luhu UtRg e oeffnvd patr, rne, fa vnINader RadDtIefn sfvNJn' 

srNo betrf sCsfnys avNndfn, davfgnesf'satfgpnsf ed, davfgpnsf' 

satfgnesfu Tgn davfgnesf'fvnd,NdI 1adns patr, ,NsoreC rnbf'refnver 

yafNad pgNrn fgn davfgpnsf'fvnd,NdI 1adns patr, ,NsoreC vNIgf'refnver 

yafNadu Qesf'pnsf n6fndsNad patr, ,ninrao Nd vnsoadsn fa fgn davfg' 

satfg RayovnssNadu

0NItvn luj sgaps fgn vnINader RadDtIefn sfvNJn'srNo betrfsu Tgn 

cerJnv ^edn9 Xnefg kerrnC'0tvdeRn PvnnJ ed, ^es knIes 1adns evn vNIgf' 

refnver9 sfvNJn'srNo betrf 1adns eradI fgn pnsfnvd qav,nv ab fgn Zvnef 

MesNdu Tgn ^Nyn UN,In ed, xegvedeIef 1adns evn fpa ab fgn rnbf' 

refnver9 sfvNJn'srNo betrf 1adns eradI fgn satfgnesfnvd qav,nv ab fgn
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7.0 REGIONAL TECTONIC MODEL 

7.1 INTRODUCTION 

In the previous chapter Saline Valley was described as a rhombo-

chasm that developed in response to regional shearing and extension. 

This chapter is a discussion of what may be inferred about the tectonic 

development of the Sierra Nevada - Basin and Range transition zone 

based on topographic and geologic features of Saline Valley and the 

surrounding region: The discussion uses evidence and conclusi ons 

presented in earlier chapters and by other workers as a bas is for 

assessing the relationship between the formation of Saline Valley and 

the tectonic evolution of the region. 

7.2 REGIONAL TECTONIC FEATURES ANO DEFORMATION 

Wright (1976) proposed the regional stress model shown in 

Fi gure 7.1. Such a pattern would lead to regional conjugate strike-

slip fault systems oriented northeast-southwest and northwest-

southeast. The northeast-trending zones would display left-lateral 

motion while the northwest-trending zones would display right-lateral 

motion. East-west extension would develop in response to the north-

south compression. 

Figure 7.2 shows the regional conjugate strike-slip faults. The 

Walker Lane, Death Valley-Furnace Creek and Las Vegas zones are right-

lateral, strike-slip fault zones along the western border of the Great 

Basin. The Lime Ridge ~nc Pahranagat zones are two of the left-

lateral, strike-slip fault zones along the southeastern border of the 
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0NZZUQ luhu XnbavyefNad bNnr,s ed, ovNdRNoer sfvnss ,NvnRfNads 
bav oavfNads ab PerNbavdNe ed, Lnie,eu 0Nnr, N ' 
IndnverrC LLQ'UUc fvnfN,NdI gavsf ed, Iveqnd sfvtR5

ftvnsu ;h invfNReru 0Nnr, NN ' Ranier davyer ed, 
sfvNJn'srNo betrfNdI9 aD LLQ'UUcu

Zvnef MesNdu Tgn ZevraRJ betrf Ns e rnbf'refnver9 sfvNJn'srNo betrf 

bavyNdI fgn davfgpnsfnvd qav,nv ab fgn IaDein qraRJu Uninver syerrnv 

vNIgf'refnver9 sfvNJn'srNo betrfs bavy fgn davfgnesfnvd qav,nv ab fgn 

qraRJu

Nd 0NItvn luh fgn UNnvve Lnie,e Ns sgapd es yaiNdI fa fgn pnsfu 

TgNs Ns ,tn fa fgn nesf'pnsf n6fndsNad vnstrfNdI bvay vnINader davfg' 

satfg RayovnssNadu Tgn davyer betrfs bavyNdI fgn nesf bvadf ab 

UNnvve Lnie,e ed, essaRNefn, davyer betrfs stooavf fgn n6NsfndRn ab e
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FIGURE 7.1. Deformation fields and principal stress directions 
for portions of California and Nevada. Field I -
generally NNE-SSW trending horst and graben struc-
tures. oi vertical. Field II - coeval normal and 
strike-slip faulting. 01 NNE-SSW. 
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Great Basin. The Garlock fault is a left-lateral, strike-slip fault 

forming the northwestern border of the Mojave block. Several smaller 

right-lateral, strike-slip faults form the northeastern border of the 

block. 

In Figure 7.1 the Sierra Nevada is shown as moving to the west. 

This is due to the east-west extension resulting from regional north-

south compression. The normal faults forming the east front of 

Sierra Nevada and associated normal faults support the existence of a 



0NZZUQ luju UnINader sfvnss bNnr, ed, vnrefn, betrfs Nd oavfNadsO 
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fndsNader 1adn Nd fgn #peJn# ab fgn UNnvve Lnie,eu TgNs fndsNad 1adn 

Ns eooevndfrC vnsoadsNqrn bav yedC ab fgn yeDav ierrnCs9 stRg es 

Apnds kerrnC9 fgef qav,nv fgn UNnvve Lnie,eu UNIgf'refnver9 

sfvNJn'srNo betrfs essaRNefn, pNfg fgNs n6fndsNad yeC qn vnsoadsNqrn 

bav iarRedNR Rndfnvs e,DeRndf fa fgn UNnvve Lnie,e mcvNIgf ed, 
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FIGURE 7.2. Regional stress field and related faults in portions 
of California and Nevada. W = Walker Lane F.Z., 
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DV = Death Valley-Furnace Creek F.Z., LR= Lime Ridge 
F.Z., P = Pahranagat F.Z., G = Garlock F.Z. 

tensional zone in the "wake" of the Sierra Nevada. This tension zone 

is apparently responsible for many of the major valleys, such as 

Owens Valley, that border the Sierra Nevada. Right-lateral, 

strike-slip faults associated with this extension may be responsible 

for volcanic centers adja:ent to the Sierra Nevada (Wright and 

Troxel, 1968, 1971; Carr, 1974). 
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Tgn sft,C evne Ns raRefn, Nd fgn «peJnDD ab fgn UNnvve Lnie,e ed, 

e,DeRndf fa vNIgf'refnver9 sfvNJn'srNo betrfs fgef bavy fgn pnsfnvd 

qav,nv ab fgn Zvnef MesNdu Tgts9 fgn sft,C evne Ns raRefn, Nd e 

fvedsNfNader 1adn qnfpnnd fgnsn fpa ovaiNdRnsu 0neftvns Nd fgn sft,C 

evne evn Nd,NRefNin ab qafg vNIgf'refnver sfvNJn'srNo betrfNdI ,tn fa 

davfg'satfg vnINader RayovnssNad ed, nesf'pnsf fndsNad ,tn fa pnsfnvd 

yNIvefNad ab fgn UNnvve Lnie,eu IR»nn mhS88V vnoavfn, fafer vNIgf' 

refnver abbsnfs ab to fa w8 Jy eradI fgn Xnefg kerrnC ' 0tvdeRn PvnnJ 

betrf 1adnu UyNfg mhSl0qV vnoavfn, fafer invfNRer abbsnfs ab to fa 

h;9;;; y ed, vNIgf'refnver abbsnfs ab to fa w0;; y Nd xedeyNdf kerrnCu 

xeJNsnv nf eru mhSlwV9 vnoavfn, invfNRer abbsnfs faferNdI to fa 

8;;; y Nd ApndDs kerrnCu Tgn ovnsndf sft,C stIInsfs ef rnesf 8;;; y 

ab invfNRer abbsnf ed, onvgeos h;;; y ab vNIgf'refnver abbsnf Nd 

UerNdn kerrnCu Nd neRg Resn fgn vNIgf'refnver abbsnfs evn vnrefn, fa 

fgn vnINader sgnevNdI ed, fgn invfNRer abbsnfs evn vnrefn, fa ,apd' 

betrfNdI ab fgn ierrnCs Nd vnsoadsn fa vnINader n6fndsNadu 0NItvn luM 

Ns e sNyorNbNn, ed, N,nerN1n, vnrNnb vfNeo ab fgn vnINadu Xapdbetrfn, 

ierrnC evnes evn oeffnvdrnss9 yatdfeNd qraRJs evn Rvass gefRgn, %g, 

yatdfeNd vnINads stIInsfNdI nesf'pnsf n6fndsNad9 nuIu9 fgn Pasa UedIn9 

evn sgapd qC erfnvdefNdI Rvass gefRgNdI ed, ,affn, sfvNosu

UerNdn kerrnC vnovnsndfs e 1adn fvedsNfNader qnfpnnd fgn nesf' 

pnsf n6fndsNad fCoNbNn, qC Apnds kerrnC ed, UNnvve Lnie,e ed, fgn 

vNIgf'refnver9 sfvNJn'srNo betrfNdI fCoNbNn, qC fgn Xnefg kerrnC ' 

0tvdeRn PvnnJ betrf 1adnu HrfgatIg vNIgf'refnver9 sfvNJn'srNo 

yainyndfs gein qnnd vnoavfn, Nd Apnds kerrnC9 fgn ovn,ayNdedf yafNad 

ges qnnd ,No'srNou Tgts9 Apnds kerrnC Ns e ,nno9 devvap Iveqnd

r 
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The study area is located in the "wake" of the Sierra Nevada and 

adjacent to right-lateral, strike-slip faults that form the western 

border of the Great Basin. Thus, the study area is located in a 

transitional zone between these two provinces. Features in the study 

area are indicative of both right-lateral strike-slip faulting due to 

north-south regional compression and east-west tension due to western 

migration of the Sierra Nevada. McKee (1968) reported total right-

lateral offsets of up to 48 km along the Death Valley - Furnace Creek 
. -fault zone. Smith (1975b} reported total vertical of fse ts of up to 

10,000 m and right-lateral offsets of up to 4500 min Panamint Valley. 

Pakiser et al. (1974), reported vertical offsets total i ng up to 

6000 min Owen's Valley. The present study sugges ts at least 6000 m 

of vertical offset and perhaps 1000 m of right-lateral offs et in 

Saline Valley. In each case the right-lateral offsets are related to 

the regional shearing and the vertical offsets are re lated to down-

faulting of the valleys in response to regional extension. Figure 7.3 

is a simplified and idealized relief map of the region. Oownfaulted 

valley areas are patternless, mountain blocks are cross hatched nd 

mountain regions suggesting east-west extension, e.g., the Coso Range, 

are shown by alternating cross hatching and dotted strips. 

Saline Valley represents a zone transitional between the east-

west extension typified by Owens Valley and Sierra Nevada and the 

right-lateral, strike-slip faulting typified by the Death Valley -

Furnace Creek fault zone. Although right-lateral, strike-slip 

movements have been reported in Owens Valley, the predominant motion 

has been dip-slip. Thus, Owens Valley is a deep, narrow graben 



hh8

0NZZUQ luMu UNyorNbNn, ed, N,nerN1n, vnrNnb yeo ab evneu
xeffnvdrnss evnes evn ierrnCs9 Rvass'gefRgn, evnes 
evn yatdfeNd qraRJs9 sfvNon, evnes evn yatdfeNd 
qraRJs td,nvIaNdI n6fndsNadu

IND/AN 
WELLS 
VAL.LEY 

SARCOBATUS 

.---,.~-1o--.. ;;--... ao--1o -~ 

FIGURE 7.3. Simpljfied and idealized relief map of area. 
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Patternless areas are valleys, cross-hatched areas 
are mountain blocks, striped areas are mountain 
blocks undergoing extension. 



qnfpnnd fgn vnrefNinrC torNbfn, UNnvve Lnie,e ed, cgNfn'NdCa IatdfeNd 

qraRJsu TgNs bneftvn pes bavyn, ovn,ayNdedfrC qC n6fndsNad Nd ed 

nesf'pnsf ,NvnRfNadu Tgn Xnefg kerrnC ' 0tvdeRn PvnnJ 1adn Ns e oevf 

ab fgn vNIgf'refnver9 sfvNJn'srNo 1adn fgef bavys fgn nesfnvd n,In ab 

fgn MesNd ed, UedIn ovaiNdRnu UerNdn kerrnC ges qafg yeDav sfvNJn' 

srNo ed, ,No'srNo bneftvnsu

Tgn ZveoniNdn PedCad betrf 1adn ,ninraon, Nd vnsoadsn fa sfvNJn' 

srNo yafNad eradI fgn Xnefg kerrnC ' 0tvdeRn PvnnJ betrf 1adn ed, 

fndsNad ,tn fa pnsfpev, yNIvefNad ab fgn UNnvve Lnie,e qraRJu Tgn 

cnsfnvd bvadfer betrf 1adn ,ninraon, Nd vnsoadsn fa fgn nesf'pnsf 

fndsNadu Tgn dnf vnstrf ab fgNs RayqNdn, yafNad Ns fgef fgn pnsfnvd 

oavfNad ab UerNdn kerrnC pes ovaIvnssNinrC ,apdbetrfn, Ndfa e 

vgayqaRgesy eradI fgn NdCa IatdfeNds ed, Lnrsad UedInu TgNs yafNad 

Retsn, e gNdINdI eRfNad fa ,ninrao eradI fgn ZveoniNdn PedCad ' 

xedeyNdf kerrnC betrf 1adn ef 7tdfnv IatdfeNdu TgNs yainyndf 

vnstrfn, Nd vnrefNin ,apdbetrfNdI ab UerNdn kerrnC ed, oassNqrn 

torNbf ab fgn xedeyNdf vedIn Nd xedeyNdf kerrnCu ZnaynfvNRerrC fgNs 

stIInsfs fgef fgn xedeyNdf UedIn qraRJ vafefn, pnsfpev, sNyNrev fa 

fgn UNnvve Lnie,eu

UnINader sgnevNdI vnrefn, fa qafg fgn sfvNJn'srNo betrfNdI ed, 

nesf'pnsf n6fndsNad Retsn, fgn bavyefNad ab fgn pN,n bveIyndfn, 1adn 

n6fnd,NdI bvay fgn Pasa UedIn9 ed, fgvatIg fgn UerNdn UedIn davfg ab 

UerNdn kerrnC m0NItvn luMVu Tgn 1adn fvnd,s eoova6NyefnrC ,tn 

davfg'satfg ed, bavys e w;. edIrn pNfg fgn Xnefg kerrnC ' 0tvdeRn 

(PvnnJ betrf 1adnu TgNs vnrefNadsgNo stIInsfs fgef fgn 1adn Ns e 

bNvsf av,nv fndsNad Iesg bneftvn ,tn ovn,ayNdedfrC fa sfvNJn'srNo

\_ 
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between the relatively uplifted Sierra Nevada and White-Inyo Mountain 

blocks. This feature was formed predominantly by extension in an 

east-west direction. The Death Valley - Furnace Creek zone is a part 

of the right-lateral, strike-slip zone that forms the eastern edge of 

the Basin and Range province. Saline Valley has both major strike-

slip and dip-slip features. 

The Grapevine Canyon fault zone developed in response to strike-

slip motion along the Death Vall~y - Furnace Creek fault zone and 

tension due to westward migration of the Sierra Nevada block. The 

Western frontal fault zone developed in response to the east-west 

tension . The net result of this combined mot i on is that the western 

portion of Saline Valley was progressively downfaulted into a 

rhombochasm along the Inyo Mountains and Nelson Range. Th is motion 

caused a hinging action to develop along the Grapevine Canyon -

Panamint Valley fault zone at Hunter Mountain. This movement 

resulted in relative downfaulting of Saline Valley and possible 

uplift of the Panamint range in Panarn1nt Valley. Geometrically this 

suggests that the Panamint Range block rotated westward similar to 

the Sierra Nevada. 

Regional shear i ng related to both the strike-slip faulting and 

east-west extension caused the formation of the wide fragmented zone 

extending from the Coso Range, and through the Saline Range north of 

Saline Valley (Figure 7.3). The zone trends approximately due 

north-south and forms a 40° angle with the Death Valley - Furnace 

· · -Creek fault zone. This r2lationship suggests that the zone is a 

first order tension gash feature due predominantly to strike-slip 

--- - - --------- - - ,. 
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hj;

yafNad ab fgn Xnefg kerrnC ' 0tvdeRn PvnnJ betrf 1adnu Tgn bavyefNad 

ab xedeyNdf kerrnC Ns ersa vnrefn, fa fgNs yafNadu

0NItvn luw Ns e sNyorNbNn, vnovnsndfefNad ab fgn yeDav fnRfadNR 

bneftvns Nd fgn UerNdn kerrnC vnINad sNyNrev fa fgef sgapd Nd 

0NItvn luhu Tgn ,NeIvey Nd fgn rnbf oavfNad ab fgn bNItvn sgaps fgn 

ovnsndf RadbNItvefNad ab fgn yatdfeNds ed, ierrnCsu MC RayovnssNdI 

fgn vnINad Nd ed nesf'pnsf ,NvnRfNad ed, NyoasNdI e rnbf'refnver9 

davfgpnsf'satfgnesf sgnev msgapd qC evvaps ef n,In ab ,NeIveyV fgn 

,NeIvey ad fgn vNIgf sN,n ab fgn bNItvn Red qn aqfeNdn,u TgNs yafNad 

Ns fgn vninvsn ab fgef ovaoasn, Nd fgNs sft,C bav fgn ,ninraoyndf ab 

fgn UNnvve Lnie,e ' MesNd ed, UedIn fvedsNfNad 1adnu Tgnvnbavn9 fgn 

,NeIvey ad fgn vNIgf ovaqeqrC vnovnsndfs ed nevrNnv sfeIn ab niart5

fNad bav fgn fvedsNfNad 1adnu Nb fgn ovnsndf sfvnss sCsfny RadfNdtns 

fa qn eRfNin Nd fgn btftvn9 fgn ierrnC evnes sgapd Nd 0NItvn luw pNrr 

RadfNdtn fa NdRvnesn Nd sN1n vnrefNin fa fgn yatdfeNd evnes ed, fgn 

vgayqaRgesy ierrnCs pNrr RadfNdtn fa qn ,apdbetrfn,u

UZIIHU" ' UQ^HTNALU7Nx A0 UH^NLQ kH^^Q" TA UQZNALH^ 

TQPTALNP XQkQ^AxIQLT

hV UerNdn kerrnC Ns raRefn, Nd fgn fvedsNfNader 1adn qnfpnnd fgn 

UNnvve Lnie,e ed, MesNd ed, UedIn ovaiNdRnsu

jV Tgn fvedsNfNader 1adn Ns RgeveRfnvN1n, qC bneftvns stIInsfNdI 

qafg nesf'pnsf n6fndsNad ,tn fa pnsfnvd yNIvefNad ab fgn UNnvve 

Lnie,e ed, vNIgf'refnver9 sfvNJn'srNo betrfNdI ,tn fa davfg' 

satfg RayovnsNad ed, vnrefn, RadDtIefn sgnevNdIu

\ 
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motion of the Death Valley - Furnace Creek fault zone. The formation 

of Panamint Valley is also related to this motion. 

Figure 7.4 is a simplified representation of the major tectonic 

features in the Saline Valley region similar to that shown in 

Figure 7.1. The diagram in the left portion of the figure shows the 

present configuration of the mountains and valleys. By compressing 

the r gion in an east-west direction and imposing a left-lateral, 

northwest-southeast shear (shown by arrows at edge of diagram) the 

diagram on the right side of the figure can be obtained. This motion 

is the reverse of that proposed in this study for the development of 

the Sierra Nevada - Basin and Range transition zone. Therefore, the 

diagram on the right probably represents an earlier stage of evolu-

tion for the transition zone. If the present stress system continues 

to be active in the future, the valley areas shown in Figure 7.4 will 

continue to increase in size relative to the mountain areas and the 

rhombochasm valleys will continue to be downfaulted. 

SUMMARY - RELATIONSHIP OF SALINE VALLEY TO REGIONAL 

TECTONIC DEVELOPMENT 

1) Saline Valley is located in the transitional zone between the 

Sierra Nevada and Basin and Range provinces. 

2) The transitional zone is characterized by features suggesting 

both east-west extension due to western migrcttion of the Sierra 

Nevada and right-lateral, strike-slip faulting due to north-

south compresion anc related conjugate shearing. 
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MV UerNdn kerrnC Ns e vgayqagn,ver ,novnssNad bavyNdI oevf ab e 

vnINader fndsNad Iesg 1adnu

wV UerNdn kerrnC bavyn, Nd vnsoadsn fa qafg nesf'pnsf n6fndsNader 

bavRns ed, davfgpnsf'satfgnesf sfvNJn'srNo betrfNdIu

0V 0neftvns aqsnvin, Nd UerNdn kerrnC evn fCoNRer ab bneftvns Nd 

fgn fvedsNfNader 1adnu

8V Tgn ainverr RgeveRfnv ab fgn fvedsNfNader 1adn Ns RadsNsfndf 

pNfg cvNIgfDs mhSl8V vnINader fnRfadNR ya,nru

UZZZQUTNALU 0AU 0ZTZUQ cAU»

TgNs sft,C ovaoasns fgef UerNdn kerrnC Ns ed eRfNinrC ,ninraoNdI 

vgayqaRgesy Nd e 1adn ab n6fndsNad ed, sgnevNdI fvedsNfNader qnfpnnd 

fgn UNnvve Lnie,e ed, MesNd ed, UedIn ovaiNdRnsu Ta btvfgnv fnsf fgn 

gCoafgnsNs fgn barrapNdI sft,Nns yeC qn tsnbtru

hu XnfeNrn, ZnaogCsNRer UtvinCsu TgNs sgatr, NdRrt,n snNsyNR9 

IveiNfC ed, yeIdnfNR stvinCs fa qnffnv ,nbNdn fgn stqstvbeRn 

sfvtRftvn ed, ,NsfvNqtfNad ab betrfs Nd UerNdn kerrnCu

ju xnvNa,NR Zna,nfNR UtvinCsu TgNs sgatr, NdRrt,n fgn 

nsfeqrNsgyndf ed, onvNa,NR vnstvinCNdI ab e onvyedndf Ina,nfNR 

stvinC IvN, fa ynestvn qafg invfNRer ed, gavN1adfer RgedInsu

Mu INRvasnNsyNRNfCu H yNRvasnNsyNR evveC sgatr, qn nsfeqrNsgn, fa 

,nfnvyNdn fgn raRefNad ed, RgeveRfnvNsfNRs ab ,nbavyefNad Nd fgn 

ierrnCu

wu XefNdI ab 0etrf URevosu TgNs sft,C patr, aqfeNd eqsartfn eIns 

bav betrf nindfs tsNdI av afgnv eoovaovNefn ,efNdI fnRgdNPtns 

fa qnffnv ,nfnvyNdn fgn ,NsfvNqtfNad ab betrfNdI pNfg fNynu

3) Saline Valley is a rhombohedral depression forming part of a 

regional tension gash zone. 

4) Saline Valley formed in response to both east-west extensional 

forces and northwest-southeast strike-slip faulting. 

5) Features observed in Saline Valley are typical of features in 

the transitional zone. 

6) The overall character of the transitional zone is consistent 

with Wright's (1976) regional tectonic model. 

SUGGESTIONS FOR FUTURE WORK 
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This study proposes that Saline Valley is an actively developing 

rhombochasm in a zone of extension an~ shearing transitional between 

the Sierra Nevada and Basin and Range provinces. To further test the 

hypothesis the following studies may be useful. 

1. Detailed Geophysical Surveys. This should include seismic, 

gravity and magnetic surveys to better define the subsurface 

structure and distribution of faults in Saline Vall ey. 

2. Periodic Geodetic Surveys. This should in lude the 

establishment and periodic resurveying of a permanent geodetic 

survey grid to measure both vertical and horizontal changes. 

3. Microseismicity. A microseismic array should be established to 

determine the location and characteristics of deformation in the 

valley. 

4. Dating of Fault Scarps. This study would obtain absolute ages 

for fault events usi~g 14c or other appropriate dating techniques 

to better determine the distribution of faulting with time. 



i

'U NbVqu s9bgl apbqPIAIU ohAI D,VqT ApZ,qZS TSubAqST IVgZSPAp1 ,C 

bpT ugSp9h q,11Ap1 ,C CbVqu I9bglI u, ,8ubAp Tbub b8,Vu uhS b1SJ 

pVM8Sg ,C ,CCISuIJ bM,Vpu ,C ,CCISuJ gS9VggSp9S gbuSJ Su9U

9U mp IAuV sugSII apbqPIAIU ohAI 9,VqT 8S ,8ubApST uhg,V1h g,9k 

MS9hbpA9I IuVTASI Ap hbgT g,9k ,g ApCSggST Cg,M 1S,TSuA9 

MSbIVgSMSpuIU

LU j,Apu Ngb9uVgS RbuuSgp bpT yApSbMSpu apbqPIAIU ohAI D,VqT 

Ap9qVTS b TSubAqST bpbqPIAI ,C 7,Apu bpT Cgb9uVgS lbuuSgpI Ap 

uhS gS1A,p u, hSql TSuSgMApS uhS IugSII lbuuSgp gSIl,pIA8qS C,g 

uhSAg C,gMbuA,p bpT qApSbMSpu bpbqPIAI u, hSql TSuSgMApS 

gS1A,pbq IugSII lbuuSgpIU

\. 
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5. Fault Scarp Analysis. This would involve detailed surveying of 

and trench logging of fault scarps to obtain data about the age, 

number of offsets, amount of offset, recurrence rate, etc. 

6. In situ Stress Analysis. This could be obtained through rock 

mechanics studies in hard rock or inferred from geodetic 

measurements. 

7. Joint Fracture Pattern and Lineament Analysis. This would 

include a detailed analysis of joint and fracture patterns in 

the region to help determine the stress pattern responsible for 

their fonnation and lineament analysis to help determine 

regional stress patterns. 



8.0 SUM..IRY Cut;CLU:ilONJ

ouxS IuVTP bgSb AI q,9buST xUp uhS I,VuhDSIu l,guA,p ,C uhS •gSbu 

6bIAp Ap uhS ugbpIAuA,pbq X,pS 8SuDSSp uhS 6bIAp bpT ebp1S bpT sASggb 

cSZbTb lhPIA, 1gblhA9 lg,ZAp9SIU ohS IuVTP C,9VIST ,p uhS b9uAZS CbVq I 

q,9buST ,p uhS Cq,,g bpT 8,gTSgI ,C sbqApS °bqqSPJ AhS lb>uSgpJ IuPqS 

bpT TAIugA8VuA,p ,C uhSIS CbVquI DSgS hS 8bIAI C,g ApuSgUgSuAp1 uhS 

9hbgb9uSgAIuA9I ,C uhS q,9bq bpT gS1A,pbq uS9u,pA9 gS1ApUSI uhbu bgS 

9VggSpuqP b9uAZSU ohAI 9hbluSg IV;gUMbgAXSI uMpS gSIVquI ,C uhS IuVTP ApT 

lgSISpuI 9,p9qVIA,pI 8bIST ,p uhSIS gSIVquIU

9U. •«aRr°mcr dacDfc N Utyo »fcr

.w ouAAI AI b IS1MSpu ,C uhS RbpbMApu °bqqSP'•gblSZApS dbp',p CbVqu

zone.

2) At the southern end of the fault zone dis;.lace"i€nt is predomin

ately right-lateral, strike-slip, .it ♦he rort! ern en ' of the 

zone displacement is principally dip-slip. T^-.is relationship 

suggests that the zone resulted from a c- nbination of strike- 

slip faulting and hinge faulting with a pivot near Hunter

Fountain.

3) The pattern of fault ruptures in the region between the m'Uth 

of Grapevine Canyon and the Low Granite Hills resulted from

a combination of right-lateral, strike-slip faulting and north

east - southwest extension. Strike-slip displacement is esti

mated at between ?00 and 2000 m. Extension may total 2500 m.

4) Unconsolidated sediments near San Lucas Canyon indicate up to 

22 m of recent right-lateral, strike-slip offset. The mouth of
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8, 0 :.JUhl-' .. ui.Y .,: .D CuNCLU:.)10N3 

Tt,e study area is loca ted i n the southwest :ort, ion of the Great 

Basin in the transitional zone between the Basin and Range and Sierra 

Nevada phy s ·t 0 :rar :1 i.c provinces. The s t udy focused o n the acti.ve f ;l ul · s 

loca t ad 0 n 1 he floor and borders of Saline Valley. Th e pa' tern, style 

and distribution of t hese faults were · he basis for inter : r eti ng the 

cha racteristics of tLe local and re :; i o nal tectonic re ,)n.es U--1 t 3re 

cw::rently '.iCtive. This cha pter sumrna r :i zes t i1 e re sult s of t.1'.e study rnd 

i:·reser,ts c onclusions based on these res ults . 

8.1 G§APEVI.NE CANYON f,ULT ZUtlli 

1) This is a SB [;rnent of the Panamint Va lley /Gt-a pevine C;1n •,1 on fault 

zn ne. 

2 ) At the southern end of the f ault z,rne d isi:l :~ce,,1 1:n l is predorr.in-

ately ri ~ht-lateral, strike-slip. ~l t.he r0 rt:·e r r en • of t he 

zo ne displacement is pr l ncipally d ip-slip. "f\: :i s r e l .1 tionship 

sug~ests that the zone res vlied fr om a c , nbinat\0 n of strike-

slip faultin g and hin i::e fa ulting with a pi vol po i 

J·;ountain. 

near Hunter 

3) The pattern of fault ruptures in the re~ion be t ween t.re ,uth 

of Grapevine Canyon and the Low Gra nite Hi lls '.'"'3!:;u1 t9d f r 0m 

a combination of ri 3ht-lateral, stri ke-slip fa.ulting and north-

east - southwest extension. Strike-sl ~p displacement is esti-

mated at between 700 and 2000 m. Extens io n rna y total 2500 m. 

4) Unconsolidated sediments near San Lucas Canyon ind tcate up to 

22 m of recent right-lateral, strike-slip offset . The mouth or 



oan Lucas Canyon may be offset by as i:uch as 1 km. This seg

ment of the Grapevine Canyon fault zone is characterized by 

ri^ht-lateral, strike-slip faulting with inor extension,

8.2 '>;E3TLR» FlufT.AL FAULT ZOICS

1) In the sttidy area the western Pr>ntal fault zone extends from 

Daisy Canyon to the northern border of '.he study area.

2) The zone is characterized by dip-slip faults,

3) Offsets in unconsolidated alluvial fan deposits indicate at 

least 32 In of offset since they were deposited.

U) Locally, there is evidence for at l.ast three ejsodes of 

faulting.

5) Faults in the zone range from discrete, narrow zones t<, wide 

crushed and sheared zones.

8.3 E-tDT bID£ F.-.ULT Zl'N’E

1) TTie isast Side fault zone is in the northcnntral r or‘ion of

the study area.

2) Faulting in this zone is chahacterized by horsts and grabens 

trending in a north-south direction.

3) The faults are quite young and generally disclay multiple 

displacements.

U) Ihe faults are related to step faulting in the fountains to

the east. These faults reflect continuing east-west extension 

of Saline Valley.

8,4 CisNlriAL VALLasT FA'JLf ZONE

1) Tlie Central Valley fault zone is located in i he j laya region

\ 

---.., ,.. 
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3an Lucas Canyon may be ofL et by as , :uch as 1 lan. This seg-

ment of t he Gra pevine Canyon faul t wne is characterized by 

ri ;;n t-lateral, strike-slip fault i ng with .i nor exte!'lsion. 

8,2 iJESTiliN F,~vfl.U. F AU.LT ZOJ.\'E 

1) In t he st11dy area the 11estern Fl- rntal f .q ult Zci ne f:! Xtend s from 

Daisy Canyon to the northern border of ·.he s tudy :1 rea. 

2) The zone is characterized by dip-slip faul t s. 

J) Offsets in unconsolidated alluvial fan cJ e ;;-o s i .s inchcate at 

least J2 m' of offset since they we r e d e posi t ~rl. 

4) Locally, t here is evid ence L -> r at l ,·ast t hr L· e e i -s oda s of 

faulting. 

5) Faul t s in t he zone r iA. r. J e fr om u isc n: te, na r r ow z,-i nPS t,,, wirie 

cru:; hed a nri sh<';ired zones. 

8. J £AST :.:iI IJE r,_..,lJL T -~dlli 

1) The i:.ast Sid e fault zone is i n t he northc 'l n t.r al r or ' i nn o f 

the study area. 

2) Faulting in this zone is ch.aracteriz €:-d by hors t s :inj e:rabens 

trendins in a north-south direction. 

J) The faults are quite young and generally dis clay multiple 

riisplacements. 

4) The faults are related to step faultin g in t he r.uun t ains to 

the east. These faults reflect conti r. ui ng eas t - west extens ·,on 

of Saline Valley. 

8 , 4 C i!:N'frlAL V .\LLl.'Y r'il\JL T ZONE 

1) The Central Valley fault zone is lvcated in •.he j •l-..ya re f; io n 

~ - - -------------------- L 
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,C sbqApS °bqqSPU

Qw ohS X,pS AI 9hbgb9uSgAXST 8P IMbqq TAIlqb9SMSpu p,gMbq CbVquI 

Ap qb9VIugApS bpT S,qAbp ISTAMSpuIU

^w 6bIST ,p uhS uPlS ,C MbuSgAbq bpT AuI 9,MM,pqP DSu 9,pTAuA,pJ 

bpT uhS lgSISgZbuA,p ,C uhS CbVqu ugb9SIJ uhS CbVquI bgS UVAuS 

P,Vp1U

iw ohSgS AI Iug,p1 SZATSp9S uhbu uhS lqbPb AI 8SAp1 uAquST u, 

uhS DSIuU

'w sVgCA9Abq CSbuVgSI IV11SIuJ 8Vu T, p,u 9,pCAgM CbVquAp1 ,C uhS 

lqbPb ISTAMSpuI TVgAp1 uhS lSgA,T .5i\ u, .xL5U

vU ' tqAJJ Nyao N Atyo »fcu)

.w ySS Nqbu AI 9hbgb9uSgAXST 8P p,gMbq CbVquI uhbu ugSpT p,guhDSIu 

I,VuhSbIu uhg,V1h Vp9,pI,qATbuST bqqVZAbq ISTAMSpuI bpT 8bIbqu 

Cq,DIU

Qw ySS Nqbu bllSbgI u, gSlgSISpu b l,guA,p ,C b Mb7,g uSbg ,g 

uSpIA,p 1bIh gSqbuST u, uhS C,gMbuA,p ,C xqApS °AqqSPU ohAI 

AugV9uVgS SNuSpTI Cg,M uhS p,guh 8,gTSg ,C uhS IuVTP bgSb DhSgS 

Au C,gMI uhS DSIu IATS ,C sbqApS °bqqSPU au ZbAIP dbpP,p Au 

C,gMI b 1gb8Sp 9VuuAp1 b9g,II uhS mpP, .>7,VpubApI bpT uhSp 

DATSpI Ap9qVTS ySS NqbuU o8S IugV9uVgS b lSbgI u, 9,puApVS 

I,Vuh Apu, dSpuSppAbq Nqbu bpT uhS d,I, ebp1SU

vU9 'n.iv esntg nanioeUe

.w ap bpbqPIA< ,C V,Vp1 CbVqu I9bgSI Ap uhS IuVTP bgSb ApTA9buSI 

uhbu MbpP ,C uhS CbVquI qAbZS VpTSg1,pS ISZSgbq )SgM,TI ,C CbVquH

Ap1U

, 

of Saline Valley. 

2) The zone is characterized by small displ~cement normal f3u l ts 

\ in lacustrine and eolian sedi.ments. 

J) Based on the type of material arxi its commonly wet condition, 

and the preservation of the fault traces, the faults are quite 

young . 

4) There is strong evidence that the playa is being t ~l t ed to 

the west. 

5) Surficial features suggest, bl,lL do not confirm faulti nz of the 

playa sed iments during the per :i od 1947 to 1}79 . 

8, 5 UB FLAT F,\ULT ZONJ:.: 
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1) Lee Flat is characterized b~, normal faults tr.at t rend northwest -

southeast through unconsolidated alluvial sediments and basalt 

flows. 

2) Lee Flat appears to represent a portion of a ma j or te~r or 

tension gash related to the formation of .... aline V.1lley. This 

§t.ructure extends from the narth border of the study area where 

it forms the west side of Sa.line Valley. At ua"isy Canyon it 

forms a graben cutting across the Inyo hount.ains a nd then 

widens~ include Lee Fla t. The structure a pea rs to continue 

south into Centennial Flat arxi the Coso Ra.ng.e. 

816 FaULT SCARF ANALYSIS 

1) At1 analysj" of the vo1m~ fault scaros in the study llrF.!a "inrlicAt.es 

that ma ny· or the faults have under 6one several : Er ' ods of fault-

ing. 
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2) Faulting and deformation is still continuing.

3) The ajes of faulting determined by V*allace*s (197?) method 

commonly appear to be either too young or erratic.

U) Wallace's method appears to he useful for ieterm ning the num

ber of events but not necessarily their ages.

8.7 JOINT ANALYSIS

1) An analysis of joint patterns in the Hunter tountain bathollth 

suggests that locally the joints are related to movement along 

'he urapevine Canyon fault zone.

2) The orientation of the joints were used to infrr the 1 ical 

and regional stress patterns responsible for t‘eir frrmat on.

8.8 SALINE y.iUJ!n .-tilOMBOCtlASM

1) Jallne Valley displays characteristics of a rhombochasm form

ed by regional extension and shearing.

2) The valley is bounded on two sides by normal fa :lts, o: one 

side by oblique-slip faults arid on one siie by tension gashes.

3) The floer of the valley appears to have been iownfaulted int^ 

a rhomb-shaped depression.

8.9 REGIONAL TECTONIC KUDEL

1) Saline Valley is located in a transitional zone between the 

Basin and Range and Sierra Nevada provinces,

2) The physiograpnic features in the transitional zone resulted 

from a regional north-south compressive stress. Triis caused 

westward migration of the Sierra Nevada and northwest - south

east shearing along the west border of the lasir and Range.

. , 
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2) Faulting arxi deformati on is still continuing. 

J) The a ,;es of fau lt.i n~ d e termined by :,.allace's (1977) 111 F. L.od 

com •~only appear to be either t 00 young or err ati c. 

4 ) Wallace's met:1od appe;ars to :Je useful fo r ie t erm · ni ng the num-

ber of events but not necessar : ly their a ~es. 

81 7 JOI NT ANALY3IS 

1) An analysis of joint patterns in t he Hunte r fi.o untai n batholi t h 

sugJe s ts th.at locally t he j ,>i.nt s are r ala ted t o ,, ,ovemer.t -1long . -
' he ,~ra :,ev ine Ca r:,·on fault zu ne . 

2) The orienta tion of t he j 0in t s were used t.o in fr r th/3 1 ,c '11 

arxi re gional s t ress ;: at i erns r e~ ; ,onsi.ule fo r t' e '. r f r r11 .. 1 t .J n. 

8, 8 SALl.NE V,tl.J.J::Y !·tii0.1-iBOC lASM 

1) :.-aline Valley d ispl ay s chara cteris t i c s of 1 r l-h ,mhc•c hasm form-

2) 

J ) 

ed by re g : onal ex t ens ion a nd s hearin~ . 

The valley is bo un<l ed on t wo s ides by norrr,al f a !l ts , o: one 

side by oblique- ~l ip fault s ,rnd on ,)ne s i -J a by t u r sion t_;ashes. 

The floer of the valley arr ears to have be en ·:iown faulted int 

a r homb-shaped de r-re s sion. 

8.9 REGIUNA,L T&:TUNIC hUDEL 

1) Saline Valley is located in a trans: t i onal zone between the 

Bas i n arxi Rani:;e and Sierra. Nev .ida pr ovir.ces • 

2) The physiograpnic features in t he trans iti o nal zone r esulted 

from a regional north-south compress ive str ess. T~1is ca.used 

westward migrat i.o n of t.he Sierra Nevada and nnr t hwest - south-

ea st shear i ng along t he west border of th e Ia ~ir. a nd Range. 



Su; UQ0QUQLPQU HLX UQ^QPTQX MNM^NAZUHx7"

HuZuNu9 hSlj9 ZrassevC ab ZnaraIC9 Iu ZevC9 Uu IRHbnn9 Pu carb9 n,\ 
HynvNRed ZnaraINR NdsfNftfn9 cesgNdIfad9 AuPu9 80l ou

HrrNsad9 Nu9 hSwS9 0etrf oeffnvd ab satfg'Rndfver AvnIad meqsV\
Znaru UaRu HynvNRe Mtrru iu8;9 ourSM0u

Hd,nvsad9 QuIu9 hS0h9 Tgn ,CdeyNRs ab betrfNdI ed, ,CJn bavyefNad 
pNfg eoorNRefNads fa MvNfNed mjd, n,uV vniNsn,° ArNinv ed, MaC,9 
Q,NdqtvIg9 j;8 oou

Hd,nvsad9 Uu9 hSlM9 ^evIn yeIdNft,n refn fnvfNevC sfvNJn'srNo
betrfNdI davfg ab ^eJn Ine,9 Lnie,e\ ZuUu Znaru UtvinC xvabu
xeonv lSw9 h8 ou

Hffnpnrr9 xuMu ed, 0evynv9 Nucu9 hSl89 #xvNdRNorns ab ndINdnnvNdI 
InaraIC#\ Pgeoyed ed, 7err9 ^ad,ad9 h;w0 ou

Hfpefnv9 Tu9 hSl;9 NyorNRefNads ab orefn fnRfadNRs bav fgn Pnda1aNR 
niartfNad ab Lavfg HynvNRe\ Znaru UaRu HynvNRe Mtrru iu8h9

ouM0hM'M8u

HtqtvC9 ^uQu9 hS;89 Tgn Raoonv vnsatvRn ab PerNbavdNe° Mtrru 0;9

PerNbavdNe INdu Mtvu M88 ou

MeqRaRJ9 Yu cu hSlw9 Hd NdfnvovnfefNad ab refn Pnda1aNR fnRfadNRs Nd 
fgn satfgpnsfnvd Zvnef MesNd ab PerNbavdNe° ZdotqrNsgn, 
yedtsRvNofu

MeRgyed9 UuMu9 hSlw9 XnoasNfNader eg, sfvtRftver gNsfavC ab fgn
cetRaqN ^eJn qn, ,noasNfs9 Apnds kerrnC9 PerNbavdNe\
ZdotqrNsgn, IuUu9 TgnsNs ZdNiu PerNbu9 ^as HdInrnsu

MeRgyed9 UuMu9 hSl09 cetRaqN ^eJn qn, ,noasNfs\ niN,ndRn ab refn
TnvfNevC ,nbavyefNad Nd Apnds kerrnC9 PerNbavdNe\ Znaru UaRu
HynvNRe HqsfveRfs pNfg ovaIveys9 iul9 daur9 oujSju

MeRgyed9 UuMu9 hSl89 xrNa'xrnNsfa MvneJ'to ab fgn UNnvve Lnie,e '
cgNfn ' NdCa IatdfeNds qraRJ ed, bavyefNad ab Apnds kerrnC\ 
ZnaraIC9 iu89 ouw8h'8Mu

MeNrnC9 ZuQu9 hS;j9 Tgn UerNdn ,noasNfs ab PerNbavdNe\ Mtrru

PerNbu INdu Mtvu9 iujw9 jh8 ou

Merr9 Uu7u9 hS;l9 H InaraINR vnRaddeNssedRn Nd satfgpnsfnvd Lnie,e
8  ed, Qesfnvd PerNbavdNe\ ZuUu Znaru UtvinC Mtrru M;89 jh8 ou
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dq,,IJ rUJ .5''J rNlSgAMSpubq bpbqPIAI ,C Cgb9uVgS lbuuSgpIJ •S,qU

s,9U aMSgA9b 6VqqUJ ZU99J lJQi.8Q'vU

dq,,IJ 0UJ .5^9J rApCVhgVp1 Ap ZAS •S,q,1ASJ 6SgqApJ 6S8gVTSg
6,gpugbS1SgU

d,,kSJ eUtUJ 0bggSpJ aUJ .5L^J •S,M,glh,q,1P Ap TSISguIJ tpAZU

dbqACU RgSIIUJ ^9i lU

ZbZAIJ •UJbpT 6Vg9hCASqJ 6UJ .5L^J •bgq,9k CbVquJ bp

ApuSg9,puApSpubq ugbpIC,gM IugV9uVgSU s,VuhSgp dbqACU) •S,qU
s,9U aMSgA9b 6VqqUJ ZUviJ lU.iOL8.iQQU

ZS•g,,uJ 0UJ .v5OJ mpP, d,VpuPJ dbqACU YApU 6VgU eSluU .OJ lUQO58Q.vU

ZSppAIJ jUdUJ ;STwJ .59LJ mpuSgpbuA,pbq oS9u,pA9 ZA9uA,pbgP 8

rp1qAIh oSgMAp,q,1PJ aMSgA9bp aII,9U RSug,qSVM •S,q,1AIuIJ
YSM,Ag LU

'

ZSppPJ dUsUJ .59'J aqqVZAbq CbpI Ap uhS ZSbuh °bqqSP gS1A,pJ
dbqAC,gpAb bpT cSZbTbJ tUsU •S,qU sVgZSP Rg,CU RblSg i99U

fA8qSSJ oU0UJ .59LJ agSbq 1S,q,1P ,C uhS DSIuSgp Y,7bZS ZSISguJ
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ZNrqnvf9 Zu9 hSj89 Uft,Nns ab MesNd'UedIn UfvtRftvn\ ZuUu Znaru
UtvinC xvabu xeonv h0M9 Sjou

ZNrqnvf9 Zu»u9 h8l09 Unoavf ad fgn InaraIC ab fgn oavfNads ab
Lnie,e9 Zfeg9 PerNbavdNe9 ed, HvN1ade\ ZuUu ZnaIu Znaru UtvinCs
cnsf ab fgn h;;fg InvvN,Ned9 iuM9 ouhl'h8lu

ZNrrtrC9 Yu9 hS809 karRedNsNfN9 fnRfadNsy9 ed, ortfadNsy Nd fgn
pnsfnvd ZdNfn, Ufefns\ Znaru UaRu HynvNRe UonRu xeonv 8;u

ZNrrtrC9 Yu9 hSl;9 Pvtsfer ,nbavyefNad Nd fgn pnsfnvd ZdNfn,
Ufefns\ Nd Yagdsad9 7u ed, UyNfg9 mn,suVu Tgn ynIefnRfadNRs ab 
RadfNdndfs ed, aRneds\ Lnp MvtdspNRJ9 LuYu9 UtfInvs ZdNiu xvnss
ouwl'lMu

Zaa,Cnev9 cuHu9 Dh8889 NdCa PatdfC\ Nd Unoavf ab fgn Ufefn
INdnveraINsf iu89 oujjw'M;Su

ZtfndqnvI9 Mu ed, UNRgfnv9 Pu9 hS0w9 UnNsyNRNfC ab fgn nevfg\
xvNdRnfad ZdNiu xvnssu

7ebdnv9 cu9 hS0h9 Ufvnss ,NsfvNqtfNads ed, betrfNdI\ Znaru UaRu
HynvNRe Mtrru9 iu8j9 ouMlM'S8u

7err9 cuQu9 hSlh9 ZnaraIC ab fgn xedeyNdf Mtffn Jte,vedIrn9
NdCa9 Pau9 PerNbavdNe\ ZuUu Znaru UtvinC Mtrru hjSSu

7err9 cuQu ed, Ufnognds9 7uZu9 hS8M9 QRadayNR InaraIC ab fgn
xedeyNdf Mtffn Pte,vedIrn ed, Ia,aR XNsfvNRf9 NdCa Pau9 
PerNbavdNe\ PerNbu XNiu INdns ed, Znaru UonRu Unofu lMu

7err9 cuQu ed, IeR»ninff9 QuIu Yvu9 hS089 QRadayNR InaraIC ab fgn 
XevpNd Pte,vedIrn NdCa Pau9 PerNbavdNe\ PerNbu XNiu INdns ed,
Znaru UonRu Unofu 0hu

7err9 cuQu9 IeR»ninff9 QuIu9 Yvu hS8j9 ZnaraIC ed, Avn XnoasNfs ab 
fgn XevpNd Jte,vedIrn NdCa Pau9 PerNbavdNe\ ZuUu Znaru UtvinC
xvabu xeonv M88u

7eyNrfad9 cu ed, ICnvs9 cuMu9 hS889 Pnda1aNR fnRfadNRs ab fgn
pnsfnvd ZdNfn, Ufefns\ UniNnps ab ZnaogCsNRs9 iuw9 dauw9
ou0;S'0wSu

7ed,Nd9 Yu9 0vnN,yed9 Iu9 INd9 »uXu9 xeffNsad9 ^uYu9 hSl89

Q6onvNyndfer bar,NdI ab vaRJs td,nv RadbNdNdI ovnsstvn\
xevf NNu MtRJrNdI ab ytrfNreCnvn, vaRJ qneys\ Znaru UaRu
HynvNRe Mtrru9 iu8l9 ouh;M0'w8u

7ev,Nn9 ^uHu9 hS889 Tgn avNINd ab fgn vnRndf dad'yevNdn nieoavNfn
,noasNfn ab UerNdn kerrnC9 NdCa9 PerNbavdNe\ ZnaRgNyu

PasyaRgNyu HRfe9 iuMj9 dauhj9 ouhjlS'hM;hu
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hMj

7nerC9 Yu7u ed, xvnss9 0u9 hS8w9 ZnaogCsNRer sft,Nns ab qesNd
sfvtRftvns eradI fgn nesfnvd bvadf ab fgn UNnvve Lnie,e\ 
ZnaogCsNRs9 iujS9 dauMl9 ouMMl'M0hu

7Nrr9 Iu^u ed, Tva6nr9 Mucu9 hS889 TnRfadNRs ab Xnefg kerrnC
vnINad9 PerNbavdNe\ Znaru UaRu HynvNRe Mtrru9 iull9 ouwM0'M8u

7aoonv9 Uu7u9 hSwl9 ZnaraINR snRfNad bvay fgn UNnvve Lnie,e fa
Xnefg kerrnC9 PerNbavdNe\ Znaru UaRu HynvNRe Mtrru9 iu089
ouMSM'wMju

7tdf9 PuMu9 h’89 Zndnver InaraIC ab Xnefg kerrnC9 PerNbavdNe\
ZuUu Znaru UtvinC xvabu xeonv wSw'Mu

7tqqnvf9 Iu»u9 hS0h9 InRgedNRer qesNs bav RnvfeNd beyNrNev
InaraINR sfvtRftvns\ Znaru UaRu HynvNRe Mtrru9 iu8j9 dauw9
ouM00'lju

7tdf9 PuMu9 ed, IeqnC9 XuUu9 hS889 UfefNIveogC ed, sfvtRftvn ab
Xnefg kerrnC9 PerNbavdNe\ ZuUu Znaru UtvinC xvabu xeonv wSw'Hu

Ndyed9 Xu^u9 hS0j9 Inestvns bav ,nsRvNqNdI fgn sN1n ,NsfvNqtfNad ab
sn,Nyndfs\ Yatvu Un,u xnfvaraIC9 iujj9 dauM9 ouhj0'hw0u

YenInv9 YuPu9 hS8S9 #QresfNRNfC9 bveRftvn ed, brap\ cNfg

QdINdnnvNdI ed, ZnaraINRer HoorNRefNads\ Pgeoyed ed, 7err9
^ad,adu

YenInv9 YuPu ed, PaaJ9 LuZucu9 hS8S9 #0td,eyndfers ab vaRJ
ynRgedNRs#\ Pgeoyed ed, 7err9 ^ad,adu

YnddNdIs9 Pucu9 mRayoNrnvV hS089 ZnaraINR yeo ab PerNbavdNe ' Xnefg 
kerrnC sgnnf\ PerNbu XNiu INdnsed, Znaru9 yeo9 h sgnnfu

YnddNdIs9 Pucu9 hSl09 ZnaraINR ,efe yeo %h9 0etrf yO ab PerNbavdNe\
PerNbu XNiu INdns ed, Znaru9 Mtrru j;hu

»nnrC9 YuUu9 Ufninds9 Pu7u9 hSl09 Leftvn ed, vnINader sNIdNbNRedRn
ab fgvtsf betrfNdI Nd fgn satfgnvd NdCa IatdfeNds9 nesfnvd 
PerNbavdNe\ ZnaraIC9 iuM9 dauS9 ou0jw'j8u

»NdI9 xu9 hS0S9 Tgn niartfNad ab Lavfg HynvNRe\ xvNdRnfad ZdNiu
xvnss9 hS; ou

»daob9 Hu9 hShM9 INdnver vnsatvRns ab fgn NdCa ed, cgNfn IatdfeNds9 
PerNbavdNe\ ZuUu Znaru UtvinC Mtrru 0w;'Mu

»daob9 Hu9 hSh89 H ZnaraINR vnRaddeNssedRn ab fgn NdCa UedIn ed,
fgn nesfnvd sraon ab fgn satfgnvd UNnvve Lnie,e9 PerNbavdNe\
ZuUu Znaru UtvinC xvabu xeonv hh;9 hM; ou
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»vtyqnNd9 cuPu9 hSMw9 UN1n bvnPtndRC ,NsfvNqtfNads ab sn,Nyndfs\
Yatvu Un,u xnfvaraIC9 iuw9 ou80'llu

^ePadfn9 Yu9 h88S9 Tgn avNINd ab davyer betrfs ed, fgn sfvtRftvn ab
fgn qesNd vnINad\ Hyu Yatvu URNu9 Mv, snvu9 iuM89 ouj0l'j8Mu

^etqsRgnv9 7uxu9 hS089 PvNfNRer n6eyNdefNad ab fgn Iaa,C ed, 7Nrr 
ovNdRNorns ab pvndRg betrf fnRfadNRs\ Maru NdbavyefNin9 HssaRu
kndn1a1ede ,n ZnaraINe9 INdnvNe C xnfvarna9 iur9 ouhw'j8u

^nnf9 ^uXu9 ed, Yt,sad9 Uu9 hSlh9 xgCsNRer InaraIC mwfg n,uV\
xvNdfNRn'7err9 NdRu

^ndsnd9 8uYu9 hS089 H ynfga, ab gavsf ed, Iveqnd bavyefNad\ Yatvu

Znaru9 ku889 ou0lSu

^ndsnd9 ZuYu9 hS0S9 UnRad,evC betrfNdI ed, fvedsRtvvndf
soreC'betrfNdI ef fvedsRtvvndf betrf NdfnvsnRfNads\ Lnp >nered,
Yatvu Znaru ed, ZnaogCsNRs9 iuj9 ouljSu

^ndsnd9 ZuYu9 hSl89 Qevfg ,nbavyefNad Nd vnrefNad fa fapd oreddNdI
Nd Lnp >nered,\ Zdotqu Unoavf9 Lnp >nered, ZnaraINRer UtvinCu

^aRJn9 Hu9 MNrrNdIsrnC9 xu9 ed, IeCa9 Qu9 hSw;9 UNnvve Lnie,e
fnRfadNR oeffnvd\ Znaru UaRu HynvNRe Mtrru9 iu0h9 ou0hM'w;u

^ayqev,N9 Aucu9 hS8M9 AqsnviefNads ad fgn ,NsfvNqtfNad ab RgnyNRer
nrnyndfs Nd fgn fnvvnsfvNer serNdn ,noasNfs ab UerNdn kerrnC9 
PerNbavdNe\ LuAuTuUu Tx jSh89 ZuUu Leier Av,edRn Tnsf UfefNad9 
PgNde ^eJn9 PerNbu

^ayqev,N9 Aucu9 hS8w9 Q6fvnyn ,nbavyefNad Nd UerNdn kerrnC9
PerNbavdNe es vnrefn, fa fgn Indnver ,nbavyefNad ab fgn pnsfnvd 
sfefns meqsuV\ Znaru UaRu HynvNRe UonRul8u

■

IeqnC9 ;u9 hS8M9 Payornfn qatItnv edayerC yeou Xnefg kerrnC UnINad9
PerNbavdNe\ ZuUu Znaru UtvinC Ieo Zx'M;09 h sgnnfu

IeRJNd9 Yu9 hS8;9 UfvtRftver sNIdNbNRedRn ab TnvfNevC iarRedNR
vaRJs Nd satfgpnsfnvd Zfeg\ Hyu Yatvu URNu9 iuj089 dauj9
ou8h'hMhu

Ie6sad9 Yu7u9 hS0;9 xgCsNaIveogNR bneftvns ab fgn xedeyNdf UedIn
PerNbavdNe\ Znaru UaRu HynvNRe Mtrru9 iu8h9 ouSS'hhwu

Ie6pnrr9 YuPu9 ed, cNsn9 Xuku9 hS089 cvndRg betrf fnRfadNRs\ e

,NsRtssNad\ Znaru UaRu HynvNRe Mtrru9 iu8S9 daul9 ouSjl'8u

IRHrrNsfnv9 Yu0u9 ed, HIdnp9 Hu0u9 hSw89 xreCe sRveonvs ed, btvvaps
ad fgn UeRnfveRJ xreCe9 NdCa Pau9 PerNbavdNe meqsV\ Znar UaRu 
HynvNRe Mtrru9 iu0S9 dauhj9 ourMllu
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IRHrrNsfnv9 Yu0u9 hS0j9 UaRJs ed, sfvtRftvn ab fgn Jtevf1 UovNdI
evne9 davfgnvd xedeyNdf UedIn9 PerNbavdNe\ PerNbu XNiu INdns9
UonRNer Unofu j09 M8 ou

IRHrrNsfnv9 Yu0u9 hS009 ZnaraIC ab yNdnver ,noasNfs Nd fgn Zqngnqn
xneJ Pte,vedIrn9 NdCa Pau9 PerNbavdNe\ PerNbu XNiu INdns9 ed,
Znaru9 UonRu Unofu wju

IRHrrNsfnv9 Yu0u9 hS089 ZnaraIC ab fgn Zqngnqn xneJ Jte,vedIrn9
PerNbavdNe\ ZuUu Znaru UtvinC Ieo Zx S09 h sgnnfu

IR»nn9 Qu7u9 hS889 HIn ed, vefn ab yainyndf ab fgn davfgnvd oevf ab
Xnefg kerrnC ' 0tvedRn PvnnJ betrf 1adn9 PerNbavdNe\ Znaru UaRu
HynvNRe Mtrru9 iulS9 ou0;S'hju

IR»NdsfvC9 7uQu9 hS0M9 Ugnevs ab fgn snRad, av,nv\ Hyu Yatvu URNu9
kuj0h9 ouw;h'hwu

IRIedts9 XuHu9 hS8M9 H RvNfNRNsy ab RnvfeNd tseIn ab fgn xgN'
dafefNad\ Yatvu Un,u xnfvaraIC9 iuMM9 dauM9 ou8l;'8lwu

InvvNey9 Pucu9 hS0w9 UaRJs ab xerna1aNR eIn Nd Uatfgnvd PerNbavdNe\
PerNbu XNiu INdns9 Mtrru hl;9 PgM9 ouS'hwu

InvvNey9 Pucu9 ed, 7err9 cuQu9 hS0l9 xnddsCriedNed ed, xnvyNed
vaRJs ab fgn satfgnvd NdCa IatdfeNds\ ZuUu Znaru UtvinC Mtrr9
h;8h'H9 ouh'h0u

InvvNey9 Pucu9 hS8M9 ZnaraIC ab fgn Pnvva Zav,a yNdNdI ,NsfvNRf9
NdCa Pau9 PerNbavdNe\ ZuUu Znaru UtvinC xvabu xeonv w;89 8M ou

INRgenr9 Qu9 hS889 ^evIn refnver ,NsoreRnyndf ad ZevraRJ betrf9
PerNbavdNe es ynestvn, bvay abbsnf betrf sCsfny\ Znaru UaRu
HynvNRe Mtrr9 iull9 ouhhh'hhwu

INrrnv9 Uu7u9 hSl89 UniNsNad ab Zoonv Av,aiNRNed9 UNrtvNed9 ed,
^asnv XniadNed sfvefNIveogC9 satfgpnsfnvd Zvnef MesNd\ Znaru

UaRu HynvNRe Mtrr9 iu8l9 ouS8h'88u

Iagv9 ;u9 h8lh9 h8lj9 MnNfveIn >tv TgnavNn ,ns Qv,vtRgs\ >nNfRgnv

HvRgNfnJfnd td, NdIndNntv ' knv 7eddainv9 iurl9 ouMMw\ iur8u 
ou8l9jw0u

Iagv9 ;u9 h88j9 Zqnv ,Nn XevsfnrrtdI ,ns UoeddtdI1tsfed,ns QNdns
»avonrnyndfns\ >NiNr NdIndNntv9 ourrMu

Iagv9 ;u9 hS;;9 cnrRgn Zysfed,n Mn,NdInd ,Nn QresfN1Nfef td, ,nd
MvtRg nNdns IefnvNers\ >nNfsRgvu knvnNds XntfsRgns NdIu our0jwu

Iaa,C9 YuXu9 ed, 7Nrr9 Iu7u9 hS089 cvndRg betrf fnRfadNRs\
Znaru UaRu HynvNRe Mtrru iu 8l9 ouhj;l'w8u
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Iaa,C9 YuXu9 ed, 7Nrr9 IuZu9 hS8w9 Iaa,C ed, 7Nrr sCsfny ab pvndRg
betrf fnRfadNRs\ vnorC\ Mtrru HynvNRed HssaRu xnfu Znaru iuw89
daur9 ouhhj'hjju

Le,eN9 Hu9 hS0j9 #TgnavC ab bveRftvn ed, brap ab sarN,s# mjd, n,uV
iur\ IRZvep'7Nrr9 Lu"u

Lared9 TuMu9 hSwM9 Tgn MesNd ed, UedIn ovaiNdRn ab Zfeg9 Lnie,e9
ed, PerNbavdNe\ ZuUu Znaru UtvinC xvabu xeonv hSl';9 ouhwh'hS8u

Lavyed9 ^uHu9 ed, Ufnpevf9 UuIu9 hS0h9 INdns ed, yNdnver vnsatvRns
ab NdCa Pau9 PerNbavdNe\ Yatv9 ab INdns ed, Znaru9 iuwl9
ouhl'jjMu

xeJNsnv9 ^uPu9 »edn9 Iu7u9 hS8w9 UfvtRftver InaraIC ed, iarRedNsy
ab Apnds kerrnC vnINad9 PerNbavdNe ' e ZnaraINRer Uft,C\ ZuUu

Znaru UtvinC xvabu xeonv wM8u
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XnfeNrn, ,NbbnvndfNefNad ed, ,nsRvNofNads ab fgn xerna1aNR 

sn,NyndfevC vaRJs RvaooNdI atf Nd fgn sft,C evne evn INind qC 

IRHrrNsfnv mhS0j9 hS009 hS08V9 Lared mhSwMV9 7tdf ed, IeqnC mhS88V ed, 

Uass mhS8lVu MnRetsn fgNs sft,C Ns RadRnvdn, ovNdRNoerrC pNfg fgn 

fnRfadNR ,ninraoyndf ab fgn vnINad9 fgnsn tdNfs evn ab sNIdNbNRedf 

NyoavfedRn adrC pgnd ebbnRfn, qC refn Pnda1aNR betrfNdI av 

,nbavyefNadu PadsnPtndfrC9 adrC qvNnb ,nsRvNofNads ab fgn tdNfs9 

qesn, ab fgn eqain vnbnvndRns evn INindu

PHIMUNHL

Maded1e »NdI 0avyefNad

Tgn Maded1e »NdI 0avyefNad mUeRnfveRJ XarayNfn ab IRHrrNsfnv9 

hS08V RadsNsfs ab qn,s ab ,arayNfn vedINdI bvay dnevrC qreRJ fa 

IveCNsg Cnrrapu Tgn tdNf RadfeNds ievNn, PtedfNfNns ab Ia,trev Rgnvf 

ed, raRerrC Nd e rapnv snRfNad sgernC ,arayNfnu cgnvn n6oasn,9 fgn 

fao ab fgn tdNf Ns yevJn, qC fgn ,NsfNdRfNin sgern ed, Rgnvf qn,s ef 

fgn qesn ab fgn ainvrCNdI Laoeg 0avyefNadu

Laoeg 0avyefNad

Tgn Laoeg 0avyefNad RadsNsfs ovNdRNoerrC ab IveC ed, IveCNsg' 

Cnrrap ,arayNfn qn,su ^aRerrC9 fgn ,arayNfn RadfeNds NvvnItrevrC 

,NsfvNqtfn, Rgnvf da,trnsu Tgn qeser oavfNad RadsNsfs ab qvapdNsg'
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Detailed differentiation and descriptions of the Paleozoic 

sedimentary rocks cropping out in the study area are given by 

McAllister (1952, 1955, 1956), Nolan (1943), Hunt and Mabey (1966) and 

Ross (1967). Because this study is concerned principally with the 

tectonic development of the region, these units are of signi f icant 

importance only when affected by late Cenozoic faulting or 

deformation. Consequently, only brief descriptions of the units, 

based of the above references are given. 

CAMBRIAN 

Bonanza King Formation 

The Bonanza King Formation (Racetrack Dolomite of McAllister, 

1956) consists of beds of dolomite ranging from nearly black to 

grayish yellow. The unit contains varied quantities of odular chert 

and locally in a lower section shaley dolomite. Where exposed, the 

top of the unit is marked by the distinctive shale and chert beds at 

the base of the overlying Nopah Fonnation. 

Nopah Formation 

The Nopah Formation consists principally of gray and grayish-

yellow dolomite beds. Locally, the dolomite contains irregularly 

distributed chert nodule~. The basal portion consists of brownish-



pnefgnvNdI sgern9 RgnvfC rNynsfadn9 ed, ,arayNfnu Tgn bavyefNad Ns 

eoova6NyefnrC wS; y fgNRJ Nd fgn sft,C evneu Zoonv PeyqvNed bassNrs 

evn Rayyadu

AUXAkNPNHL

xaPadNo Zvato

Tgn rapnsf oavfNad ab fgn xaIadNo Zvato mxaIadNo ^Nynsfadn ab 

IRHrrNsfnv9 hS08V RadsNsfs ab yn,Nty'IveC ,arayNfn sNyNrev fa fgn 

td,nvrCNdI Laoeg 0avyefNadu Nf pnefgnvs fa Cnrrap'fNdIn, IveC ed, 

RadfeNds sayn rNynsfadn ed, fgNd rndsns ab rNIgf'IveC Rgnvfu Tgn 

yN,,rn snRfNad RadfeNds rNIgf'qvapd sgern9 sgernC rNynsfadn ed, 

sNrNRnats rNynsfadn fgef ges e RgeveRfnvNsfNR Rvnon sfvtRftvn ed, 

pnefgnvs RadsoNRtatsrC qvapdu Tgn toonv snRfNad ab fgn bavyefNad 

RadsNsfs ab IveC ,arayNfn fgef pnefgnvs CnrrapNsg'IveC ed, raRerrC 

RadfeNds NvvnItrevrC ,NsfvNqtfn, sed,C av PtevfN1NfNR snRfNadsu Mafg 

fgn yN,,rn ed, toonv oavfNads evn bassNhNbnvatsu Tafer fgNRJdnss Nd 

fgn evne Ns eqatf ww; yu

QtvnJe Jtevf1Nfn *

Tgn rapnv oavfNad ab fgn QtvnJe Jtevf1Nfn RadsNsfs ab sreqqC 

Nvad'qnevNdI Ptevf1Nfn pnefgnvNdI fa qvapd pNfg sayn NdfnvsfvefNbNn, 

sgernu Tgn toonv oavfNad Ns yessNin iNfvnats Ptevf1Nfn fgef Ns dnevrC 

pgNfn ed, pnefgnvs fa oern fNdfsu Mafg snRfNads RadfeNd sayn Rvass 

sfvefNbNRefNadu La bassNrs gein qnnd N,ndfNbNn, Nd fgNs tdNfu Tafer 

fgNRJdnss Nd fgn evne Ns eqatf hjj yu

weathering shale, cherty limestone, and dolomite. The fonnation is 

approximately 490 m thick in the study area. Upper Cambrian fossils 

are co111T1on. 

ORDOVICIAN 

Pogonip Group 

The lowest portion of the Pogonip Group (Pogonip Limestone of 

McAllister, 1956) consists of medium-gray dolomite similar to the 

underlying Nopah Formation. It weathers to yellow- tinged gray and 

contains some limestone and thin lenses of light-gray chert. The 

middle section contains light-brown shale, shaley limestone and 

siliceous limestone that has a characteristic crepe structure and 

weathers conspicuously brown. The upper section of the format ion 

consists of gray dolomite that weathers yellowish-gray and locally 

contains irregularly distributed sandy or quartizitic sections. Both 

the middle and upper portions are fossiliferous. Total thickness in 

the area is about 440 m. 

Eureka Quartzite 

The lower portion of the Eureka Quartzite consists of slabby 

iron-bearing quartzite weathering to brown with some interstratified 

shale. The upper portion is massive vitreous quartzite that is nearly 

white and weathers to pale tints. Both sections contain some cross 

stratification. No fossils have been identified in this unit. Total 

thickness in the area is about 122 m. 
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QrC UovNdIs XarayNfn

Tgn QrC UovNdIs XarayNfn ges e rapnv snRfNad ab ,evJ'IveC 

,arayNfn RadfeNdNdI Rgnvf da,trnsu Tgn tdNf Ive,ns topev, bvay fgn 

,evJ'IveC ,arayNfn ef fgn qesn fa yn,Nty IveC ,arayNfnu Tgn tdNf ges 

e ye6Nyty fgNRJdnss ab eqatf h80 y Nd fgn evneu Tgn ,evJ'IveC rapnv 

snRfNad Ns bassNrNbnvatsu

UN^ZUNHL ' XQkALNHL

7N,,nd kerrnC XarayNfn

Tgn 7N,,nd kerrnC XarayNfn RadsNsfs ab RgnvfC9 yn,Nty'IveC 

,arayNfn Nd fgn rapnv snRfNad9 invC rNIgf'IveC mdnevrC pgNfnV Raevsn 

IveNdn, ,arayNfn Nd fgn yN,,rn snRfNad9 ed, yn,Nty'IveC ,arayNfn9 

pgNRg fnd,s fa pnefgnv rNIgf arNin IveC9 Nd fgn toonv snRfNadu Tgn 

fgNRJdnss ab neRg ab fgnsn snRfNads Ns gNIgrC ievNeqrn9 fgn bavyefNad 

qatd,evNns oaavrC ,nbNdn,u Tgn RgnvfC9 ya,nvefnrC ,evJ rapnsf snRfNad 

vnsnyqrns fgn ,evJ9 RgnvfC snRfNad ab fgn td,nvrCNdI QrC UovNdIs 

XarayNfn qtf Ns ,NsfNdItNsgn, qC Nfs arNin IveC pnefgnvNdI ed, 

eqtd,edf bassNrsu Tafer fgNRJdnss ef fgn fCon raRerNfC Ns wh8 yu

XQkALNHL

^asf Mtvva 0avyefNad

Tgn ^asf Mtvva 0avyefNad RadsNsfs ovn,ayNdedfrC ab rNIgf' ed, 

,evJ'IveC Ndfnvqn,,n, rNynsfadn ed, ,arayNfnu MvapdNsg'pnefgnvNdI 

sNrNRnats qn,s yevJ fgn toonv ed, rapnv qatd,evNnsu Tgn qeser 

,arayNfn Ns raRerrC RgnvfC ed, sgernC qtf Ns ovNdRNoerrC sed,C av 

PtevfeNfNRu Tgn toonv qatd,evC ab fgn bavyefNad Ns yevJn, qC e ytRg

..... -
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Ely Springs Dolomite 

The Ely Springs Dolomite has a lower section of dark-gray 

dolomite containing chert nodules. The unit grades upward from the 

dark-gray dolomite at the base to medium gray dolomite. The unit has 

a maximum thickness of about 185 min the area. The dark-gray lower 

section is fossiliferous. 

SILURIAN - DEVONIAN 

Hidden Valley Dolomite 

The Hidden Valley Dolomite consists of cherty, medium-gray 

dolomite in the lower section, very light-gray (nearly white) coarse 

f grained dolomite in the middle section, and medium-gray dolomite, 

which tends to weather light olive gray, in the upper section. The 

thickness of each of these sections is highly variable. the formation 

boundaries poorly defined. The cherty, moderately dark lowest section 

resembles the dark, cherty section of the underlying Ely Springs 

Dolomite but is distinguished by its 6live gray weathering and 

abundant fossils. Total thickness at the type locality is 416 m. 

DEVONIAN 

Lost Burro Formation 

The Lost Burro Formation consists predominantly of light- and 

dark-gray interbedded limestone and dolomite. Brownish-weathering 

siliceous beds mark the upper and lower boundaries. The basal 

dolomite is locally cherty and shaley but is principally sandy or 

quartaitic. The upper boundary of the formation is marked by a much 
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thinner sandy and quartzitic zone, which weathers brown in contrast to 

the bulk of the formation. Total thickness at the type locality is 

465 m. 

MISSISSIPPIAN 

Tin Mountain Limestone 

The Tin Mountain Limestone consists of uniformly dark limestone 

in contrast to the underlying, striped Lost Burro Fonnation. The 

lower part consists of thin, dark limestone beds interstratified with 

some light brownish-gray to pale-red calcareous shale. The upper 

section consists of cliff-forming, dark limestone, with some pale-red 

shaley partings along the beds. The unit also contains thin chert 

lenses that are larger and more noticeable in the upper section. 

Total thickness at the type locality is 145 m. 

Perdido Formation 

The Perdido Formation is lithologically transitional between the 

underlying Tin Mountain Limestone and overlying Rest Springs Shale. 

The Perdido Formation consists of limestone interbedded with shale, 

chert, calcareous siltstone, fine-grained sandst ,e, sandy l imestone, 

and minor congl001erate. Vertical and lateral diversity is 

characteristic of the fonnation. The lower portion of the unit is 

predominantly dark limestone with interstratified shale and chert 

beds. The upper part, which weathers to yellowish- or reddish-brown, 

consists of siltstone, sandstone, and quartzite. The top of the unit 

is marked by a thin limestone bed lying on reddish or light-gray, very 

soft shale. The unit is 183 m thick at the type locality. 
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xQLLU"^kHLNHL

Unsf UovNdIs Ugern

Tgn Unsf UovNdIs Ugern RadsNsfs ab ,evJ'IveC av arNin'IveC9
A

bNdn'IveNdn, RresfNR RadsfNftndfs ed, yNdav rNynsfadnu Tgn rapnv 

sgern snRfNad Ive,ns topev, Ndfa sed,sfadn9 pgNRg Nd fgn fCon raRerNfC 

RadfeNds sayn Ptevf1Nfn ed, e bnp fgNd qn,s ab onqqrC RadIraynvefnu 

MnRetsn fgn tdNf Ns gNIgrC NdRayonfndf9 ynestvn, fgNRJdnssns vedIn 

bvay 8h fa M;0 yu AdrC e bnp oaavrC ovnsnvin, bassNrs gein qnnd 

batd,u

xQLLU"^kHLNHL ' xQUINHL

»nnrnv PedCad 0avyefNad

Tgn »nnrnv PedCad 0avyefNad oevf ab IRHrrNsfnvDs mhS08V MNv, 

UovNdIs 0avyefNad! RadsNsfs ab fgNdrC'qn,,n,9 qrtNsg'IveC9 sNrfC ed, 

sed,C9 rNynsfadn9 Rrned rNynsfadn9 rNynsfadn qvnRRNe9 sgern9 ed, 

raRerrC9 yNdav sNrfsfadnu Tgn tdNf ges e qed,n, eoonevedRn bavyn, qC 

erfnvdefNdI qrtNsg'IveC rNynsfadn ed, fgNd pgNfn av rNIgf'IveC qed,s 

ab yevqrnu Tgn rapnv oavfNad RadfeNds Rgnvf da'Drns h fa 0 Ry Nd 

,Neynfnvu Tgn fgNRJdnss ievNns bvay 008 fa hjj; yu

xQUINHL

Apnds kerrnC 0avyefNad

Tgn Apnds kerrnC 0avyefNad oevf ab IRHrrNsfnvDs mhS08V MNv, 

UovNdIs 0avyefNad! RadsNsfs ab fgvnn Ndbavyer tdNfsu Tgn rapnsf ed, 

yasf pN,nrC ,NsfvNqtfn, tdNf RadsNsfs ovNdRNoerrC ab fgNd'qn,,n,9 

bNdn'IveNdn, RerRevndNfnu UgernC rNynsfadn9 rndsns ab otvn rNynsfadn
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PENNSYLVANIAN 

Rest Springs Shale 

The Rest Springs Shale consists of dark-gray or olive-gray, 
' fine-grained elastic constituents and minor limestone. The lower 

shale section grades upward into sandstone, which in the type locality 

contains some quartzite and a few thin beds of pebbly conglomerate. 

Because the unit is highly incompetent, measured thicknesses range 

from 61 to 305 m. Only a few poorly preserved fossils have been 

found. 

PENNSYLVANIAN - PERMIAN 

Keeler Canyon Formation 

The Keeler Canyon Formation [part of McAllister's (1956) Bird 

Springs Fonnation] consists of thinly-bedded, bluish-gray, silty and 

sandy, limestone, clean limestone, limestone breccia, shale, and 

locally, minor siltstone. The unit has a banded appearance formed by 
alternating bluish-gray limestone and ·thin white or light-gray bands 

of marble. The lower portion contains chert no les 1 to 5 cm in 

diameter. The thickness varies from 556 to 1220 m. 

PERMIAN 

Owens Valley Formation 

The Owens Valley Formation [part of McAllister's (1956) Bird 

Springs Fonnation] consists of three informal units. The lowest and 

most widely distributed u,1it consists principally of thin-bedded, 

fine-grained calcarenite. Shaley limestone, lenses of pure limestone 



ed, rNynsfadn qvnRRNe9 sgern9 ed, sNrfsfadn evn RaNvyadu ^ndsns ab 

yessNin qrtNsg'IveC rNynsfadn ed, rNynsfadn qvnRRNe evn RgeveRfnvNsfNR 

ab fgn rapnv oavfNad ab fgn tdNfu Tgn yN,,rn oavfNad RadsNsfs 

ovn,ayNdedfrC ab sgern9 qtf ersa RadfeNds rnssnv eyatdfs ab sNrfsfadn 

ed, rNynsfadnu Tgn toonv tdNf ges e qeser j; y fgNRJ rNynsfadn 

RadIraynvefn9 e yN,,rn h; y fgNRJ snRfNad ab rNIgf'IveC9 bNdn'IveNdn, 

avfgaPtevf1Nfn9 ed, ed toonv M; y fgNRJ snRfNad ab rNIgf'Cnrrap ed, 

CnrrapNsg'qvapd'pnefgnvNdI sNrfsfadn ed, rNIgf'IveC RerRevndNfn pNfg 

yNdav CnrrapNsg'pnefgnvNdI onqqrn RadIraynvefnu Tafer fgNRJdnss ab 

fgn bavyefNad Ns Sl; yu

Huj IQUA>ANP NLTUZUNkQ UAP»U

YZUHUUNP

7tdfnv IatdfeNd Ptevf1 yad1adNfn

Tgn 7tdfnv IatdfeNd Jtevf1 Iad1adNfn mIRHrrNsfnv9 hS08V RadsNsfs 

ovn,ayNdedfrC ab rNIgf'IveC9 yn,Nty' fa Raevsn'IveNdn, gavdqrnd,n 

Ptevf1 yad1adNfnu HssaRNefn, pNfg fgn Ptevf1 yNy1adNfn evn • pN,n 

vedIn ab qav,nv beRNns9 RayyadrC sCnda,NavNfn9 yad1adNfn9 ed, sCndNfn 

pNfg rnssnv eyatdfs ab onIyefNfn9 eorNfn9 ed, reyovaogCvnu Paevsn 

fn6ftvns RayyadrC ,NsoreC e raRer stqoeverrnr evvedInyndf ab nradIefn 

bnr,soevsu NdRrtsNads evn raRerrC eqtd,edf Nd fgn bNdnv'IveNdn, 

oavfNads ab fgn Ptevf1 yad1adNfnu H fCoNRer sonRNynd ab fgn Ptevf1 

yad1adNfn RadsNsfs ab fgn barrapNdI\ w;’ avfgaRresn9 w;’ oreINaRresn9

hw’ Ptevf19 w’ gavd'qrnd,n9 dnevrC h’ neRg ab yeIdnfNfn ed, sogndn9 

ed, fveRns ab qNafNfn9 eoefNfn9 noN,afn9 ed, snvNRNfnu Mesn, ad

and limestone breccia, shale, and siltstone are common. Lenses of 

massive bluish-gray limestone and limestone breccia are characteristic 

of the lower portion of the unit. The middle portion consists 

predominantly of shale, but also contains lesser amounts of siltstone 

and limestone. The upper unit has a basal 20 m thick limestone 

conglomerate, a middle 10 m thick section of light-gray, fine-grained 

orthoquartzite, and an upper 30 m thick section of light-yellow and 

yellowish-brown-weathering siltstone and light-gray calcarenite with 

minor yellowish-weathering pebble conglomerate. Total thickness of 

the formation is 970 m. 

A.2 MESOZOIC INTRUSIVE ROCKS 

JURASSIC 

Hunter Mountain quartz monzonite 

The Hunter Mountain Quartz Monzonite (McAllister, 1956) consists 

predominantly of light-gray, medium- to coarse-grained hornblende 

quartz rnonzonite. Associated with the quartz nzonite are~ wide 

range of border facies, c01T1Tionly syenodiorite, monzonite, and syenite 

with lesser amounts of pegmatite, aplite, and lamprophyre. Coarse 

te~tures commonly display a local subparallel arrangement of elongate 

feldspars. Inclusions are locally abundant in the finer-grained 

portions of the quartz monzonite. A typical specimen of the quartz 

rnonzonite consists of the following: 40% orthoclase, 40% plagioclase, 

14% quartz, 4% horn-blence, nearly 1% each of magnetite and sphene, 

and traces of biotite, apatite, epidote, and sericite. Based on 



ve,NaynfvNR ,efNdI ab sNyNrev IvedNfNR qa,Nns Nd fgn evne9 fgn 7tdfnv 

IatdfeNd Jtevf1 Iad1adNfn Ns RadsN,nvn, fa qn eoova6NyefnrC 

h8; yNrrNad Cnevs ar,9 av nevrC YtvessNR9

HuM ^HTQ PQLA>ANP kA^PHLNPU

IRHrrNsfnv mhS08V ,nsRvNqn, fgn 8 fa h8 y fgNRJ arNiNdn qeserf 

braps es vnydedfs ab fgNRJ iarRedNR snPtndRns fgef evn n6fndsNinrC 

n6oasn, Nd fgn vnINadu Tgnsn braps evn fgatIgf fa qn qnfpnnd j ed, M 

yC monv Rayu9 xu Ufu Hyed,9 hSlSV Tgn braps evn RayyadrC yn,Nty 

,evJ'IveC9 qtf vedIn bvay ,evJ'IveC fgvatIg yn,Nty'IveC fa rNIgf 

qvapdNsg IveC9 ed, vne,NrC eRPtNvn e qvapdNsg'qreRJ ,nsnvf ievdNsgu 

Uayn ab fgn braps evn eyCI,eraN,er ed, insNRtrevu Tgn fn6ftvns evn 

eogedNfNR av oavogCvNfNR'eogedNfNR pNfg ogndaRvCsfs ab arNiNdn ed, 

Rrnev oreINaRresnu Un,,Nsg'qvapd sRavNe ed, bveIyndfer arNiNdn qeserf 

td,nvrNn fgn ,evJ brapsu URavNe ed, iarRedNR qayqs raRerrC yevJ 

oassNqrn indf raRefNadsu Tgn braps RadfNdtn iNvfterrC pNfgatf Ndfnv5

vtofNad satfgpnsfpev, ab fgn sft,C evne fa fgn fCon raRerNfC ab fgn 

PasRa 0avyefNad pgNRg Ns refn xrNaRndn av nevrC xrnNsfaOdn Nd eInu

H pgNfn9 j y fgNRJ ftbb qn, Ns n6oasn, ad fgn ,NiN,n qnfpnnd 

ZveoniNdn ed, INrr PedCads dnev fgn styyNf ab 7tdfnv IatdfeNdu 

TtbbeRnats ,nfvNfts ges qnnd N,ndfNbNn, qC ^ayqev,N mhS8MV Nd errtiNty 

td,nvrCNdI fgn arNiNdn qeserf brapsu TtbbeRnats ,nfvNfts Ns ersa 

batd, Nd tdRadsarN,efn, reRtsfvNdn sn,Nyndfs n6oasn, eqatf w Jy 

davfgpnsf ab fgn yatfg ab ZveoniNdn PedCad ed, Nd tdRadsarN,efn, qneRg 

Iveinrs ed, sed,s ef fgn DtdRftvn ab fgn NdCa IatdfeNds bvadf ed, 

errtiNer eovad eqatf 0 Jy satfgnesf ab fgn fveypeCu

1~6 

radiometric dating of similar granitic bodies in the area, the Hunter 

Mountain Quartz Monzonite is considered to be approximately 

180 million years old, or early Jurassic. 

A.3 LATE CENOZOIC VOLCANICS 

McAllister (1956} described the 8 to 16 m thick olivine basalt 

flows as remnants of thick volcanic sequences that are extensively 

exposed in the region. These flows are thought to be between 2 and 3 

my (per com., P. St. Amand, 1979) The flows are cormionly medium 

dark-gray, but range from dark-gray through medium-gray to ligh t 

brownish gray, and readily acquire a brownish-black desert varnish. 

Some of the flows are amygdaloidal and vesicular. The textures are 

aphanitic or porphyritic-aphanitic with phenocrysts of olivine and 

clear plagioclase. Reddish-brown scoria and fragmental olivine basalt 

underlie the dark flows. Scoria and volcanic bombs locally mark 

possible vent locations. The flows continue virtually without inter-

ruption southwestward of the study area to the type locality of the 

Cosco Formation which is late Pliocene or early Pleisto ne in age. 

A white, 2 m thick tuff bed is exposed on the divide between 

Grapevine and Mill Canyons near the sunmit of Hunter Mountain. 

Tuffaceous detritus has been identified by Lombardi (1963) in alluvium 

underlying the olivine basalt flows. Tuffaceous detritus is also 

found in unconsolidated lacustrine sediments exposed about 4 km 

northwest of the mouth of Grapevine Canyon and in unconsolidated beach 

gravels and sands at the juncture of the Inyo Mountains front and 

alluvial apron about 5 km southeast of the tramway. 
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