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A B S T R A C T 
Field studies demonstrate that displacements on northwest-striking wrench faults of 

the central Mojave Desert are too small to support hypotheses suggesting large interior 
translations and associated rotation of the province during late Cenozoic time. The mar-
gin of an early Miocene structural belt provides the marker with which to establish lateral 
displacement on individual faults. Displacement values for faults are as follows: Lenwood 
fault = 1 .5-3 km, Camp Rock Fault = 1.6-4.0 km, Calico fault = 8.2 km, and Rodman-
Pisgah faults = 6.4-14.4 km. Cumulative displacement on all the major northwest-striking 
faults of the Mojave Desert is about 26.7-38.4 km. Most, if not all, regionally distributed 
right shear (presumably related to Pacific-North American plate interaction) developed in 
the central Mojave Desert after 20 m.y. B.P. Right shear was preceded by significant 
amounts of kinematically unrelated northeast-southwest crustal extension. 

INTRODUCTION 
Reconstruct ion of the Mojave Desert 

region in light of late Cenozoic deforma-
tions is critical if we are to unders tand fully 
the tectonic evolution of the southwestern 
United States. Previous regional syntheses 
have misjudged the degree of continental 
extension that occurred in the Mojave dur-
ing the early Miocene and have overesti-
mated the amoun t of late Cenozoic right 
strike-slip displacement. This paper 
a t tempts to document the movement a long 
these later faults and discusses the viability 
of hypotheses for the tectonic evolution 
of this province in light of these new 
constraints. 

The Mojave Desert block of southern 
California is defined here as a triangle-
shaped structural province bounded on the 
nor th by the Garlock fault and on the 
south by the San Andreas fault system 
(Fig. 1). Its eastern limit is considered to be 
a north- trending line defined by geophysics 
(i.e., Bouguer gravity and seismicity), crus-
tal thickness, and physiography (Dokka , 
1980). The dominant , active s t ructural ele-
ments of the Mojave Desert block are 
northwest-striking wrench faults that are 
responsible for the neotectonics and 
present-day physiography. This fault sys-
tem consists of at least seven ma jo r s t rands 
that include ( f rom west to east) the Helen-

dale, Lenwood, C a m p Rock, Calico, 
Rodman-Pisgah , Ludlow, and Bristol 
Mounta in faults (Fig. 1). They are high-
angle, display dominant ly right slip, and 
are composed of anas tomosing and en 
echelon segments. These faults are best 
seen on aerial pho tographs where they 
fo rm topographic l ineaments defined by 
fault scarps, aligned t runcated spurs, and 
fault-line scarps. 

The late Cenozoic tectonic history of the 
central Mojave Desert block is marked by 
several periods of different faulting styles 
(Dokka , 1979, 1980, 1983) that were 
initiated near the beginning of the Mio-
cene. Prior to this time, the central Mojave 
region was of low relief and served as a 
sediment source for basins to the south and 
west (Hewett , 1954). This low-relief surface 
was disrupted dur ing a short-lived interval 
of de tachment faul t ing and high-angle 
normal fault ing that was probably related 
to intraplate extension (Dokka , 1980; 
D o k k a and Glazner, 1982). Chaot ic mono-
lithologic breccias and conglomerates as 
well as newly erupted volcanic rocks and 
their detri tus were deposited in rapidly 
evolving tectonic basins within and peri-
pheral to the extending terrane (Dokka , 

Figure 1. Index map for 
central Mojave Desert. 

GEOLOGY, v. II, p. 305-308, May 1983 305 

Downloaded from https://pubs.geoscienceworld.org/gsa/geology/article-pdf/11/5/305/3506915/i0091-7613-11-5-305.pdf
by University of  Nevada Reno user
on 03 February 2020



1979, 1980; D o k k a and Glazner, 1982). 
This de format ion is impor tan t to the study 
of later northwest-str iking strike-slip fault-
ing because it created a regional marker 
( terrane margin) that allows one to deter-
mine amoun t s of strike-slip displacements 
of younger faults. 

The origin of late Cenozoic strike-slip 
fault ing in the central Mojave Desert has 
been speculated upon by several workers. 
Dibblee (1961) first recognized the presence 
of wrench faults on the basis of their 
geometry and associated structures and 
suggested that they were related to move-
ment a long the San Andreas fault . G a r f u n -
kel (1974), on the basis of Dibblee's da ta , 
proposed that these intraprovince faults 
developed because of broadly distr ibuted 
shear induced by local geometric irregulari-
ties a long the Pacific and Nor th American 
plate boundary . Movement between indi-
vidual fault slices was thought to be 
accompanied by the counterclockwise rota-
tion of bo th slices and faults. Gar funke l 
predicted that rocks of the Mojave block 
may have been rotated as much as 30°. 
Luyendyk et al. (1980) proposed a tectonic 
model for southern Cal i fornia that pre-
dicted tens of kilometres of slip on each of 
the Mojave faults. Their slip est imate (their 
Fig. 3) was based on a paleomagnet ic 
reconstruct ion of the region. Hadley and 
Kanamor i (1977) suggested that the faults 
of the central Mojave may be the surface 
expression of the mant le t r ans fo rm boun-
dary between the Nor th American and 
Pacific plates, a boundary that is inboard 
(northeast) of the crustal t r ans fo rm boun-
dary at the San Andreas fault . These con-
clusions were based on the nor theast 
te rminat ion of an eas t -nor theas t - t rending 
high-velocity ridge in the upper mant le cen-
tered beneath the Transverse Ranges. 

K I N E M A T I C S 
Previous estimates of movements on cen-

tral Mojave Desert strike-slip faults have 
generally not been based on dated offset 
geologic features. Gar funke l (1974) sug-
gested, on the basis of offsets of the pre-
Ter t ia ry-ear ly Miocene "unconformi ty" (of 
Dibblee, 1971), that the Lenwood, C a m p 
Rock, and Calico faults have slipped 15-20 
km, 10 km, and 20 km, respectively. Haw-
kins (1975) recognized the nondeposi t ional 
nature of that contact and concluded that 
the strike slip on the C a m p Rock was only 
1.5 km, occurring between early Tert iary 
and late Holocene time. Hawkins was not 
able to find evidence of latest Holocene 
displacement. S. Miller (1980) determined 
by correlat ing offset volcanic s trata tha t 
3.75 km of slip had occurred on the C a m p 

Rock fault since the early Miocene. Addi-
t ional northwest-striking faul ts lie east of 
the Ludlow fault , between the Bristol and 
Grani te Mounta ins . Davis (1977) con-
sidered and dismissed the hypothesis of 
Hamil ton and Myers (1966) tha t this fault 
was the southern extension of the recently 
active Death Valley fault zone. Davis 
found no evidence to suppor t the existence 
of a through-going strike-slip fault of Qua-
ternary age. Pre-Quaternary movement , 
however, was not ruled out. Fa r the r south 
a long this trend, Miller et al. (1982) have 
documented > 6 km of right separa t ion fo r 
a fault system along the southwest border 
of the Bristol Mounta ins . This fault cuts 
the lower beds of Pleistocene(?) al luvium. 
The region east of the Bristol Moun ta ins 
fault is tectonically and seismically inactive 
(Hi leman et al., 1973; Car r and Dickey, 
1976). 

The once cont inuous southern edge of 
the early Miocene detachment fault te r rane 
provides a regional marker with which to 
determine lateral displacements (Fig. 2) on 
late Cenozoic strike-slip faul ts of the cen-
tral Mojave Desert . This edge is a high-
angle fault and is named the Kane Springs 
fault for exposures in the southern New-
berry Mounta ins (Dokka , 1980). The Kane 
Springs fault originated as a t r ans fo rm 
st iucture , accommoda t ing the differential 
extension of regions within the central 
Mojave detachment terrane ( D o k k a , 1980; 
D o k k a and Glazner, 1982; D o k k a , 1983). 
In the Newberry and R o d m a n Mounta ins , 
the fault separates the extended ter rane 
f r o m a region of no extension. However , 
east of the R o d m a n Mounta ins , the Kane 
Springs fault becomes intraterrane, divid-
ing two oppositely tilted half-grabens 
( D o k k a , 1983). 

Al though no piercement points required 
for net slip determinat ion were found , 
s tr ike-separat ion values presented here are 
considered to be close approx imat ions 
because (1) kinematic indicators a long 
faults suggest dominant ly horizontal 
movements; (2) fault trace geometry 
(straight, nar row fault zone with anas to-
mosing strands) and associated structures 
(folds, other faults) are similar to known 
strike-slip zones (e.g., Wilcox et al., 1973); 
and (3) displaced planes (faults) are high-
angle and are oriented nearly perpendicular 
to the faults. 

Table 1 summarizes the pos t -20-m.y . -
ago strike separat ions on wrench faults of 
the central Mojave Desert as determined 
f r o m this s tudy and f r o m other sources. An 
undetermined but probably minor a m o u n t 
of strain in the fo rm of d rag can also be 
observed along some of the faults. F o r 
example , a long one par t of the Calico fault 
(Fig. 2b), the early Miocene marker (de-
tachment te r rane margin) and nearby rocks 
are bent to an extent (shear strain = 1.73) 
that suggests that an addi t ional 1.4 km of 
distr ibuted right shear has occurred. 

The finite slip and the t ime of initiation 
of right-slip faul t ing in the central Mojave 
Desert are difficult to determine because of 
the lack of narrowly constrained da ted 
crosscutt ing relationships. Relat ions a long 
the C a m p Rock fault , however, suggest 
tha t the displacement of Mesozoic and 
older rocks is similar to the pos t -20-m.y . -
ago slip. Miller and Car r (1978) correlated 
two distinctive s trat igraphic sections across 
the fault in the central R o d m a n Mounta ins 
area. These rocks occur as roof pendants in 
Upper Cretaceous biotite quar tz monzoni te 
and consist of a sequence of quartzi te , calc-
silicate rocks, carbonates , and volcanic-

TABLE 1. ESTIMATES OF SLIP ON 
NORTHWEST-STRIKING WRENCH FAULTS OF THE CENTRAL MOJAVE DESERT 

Fault Garfunkel (1974) This Paper 

Helendale 10-15 3.0 * 
Lenwood 15-20 1.5-3 
Camp Rock 10 1.6-4.0t§ 
Calico 10-20 8.2 # 
Rodman-Pi sgah 20-40 6.4-14.4 
Bristol Mountains 6.0 ** 
Ludlow Staall? 
Cumulative 65-105 26.7-38.4 

Note: All estimates are kilometers. 
*Based on estimate (Miller and Morton, 1980) of 3 km of net slip. 
^Hawkins (1975) estimated 1.5 km of strike separation. 
S. Miller (1980) estimated 3.75 km of strike separation. 

//Does not include an additional 1.4 km of right shear expressed as strain. 
**D. Miller et al. (1982). 
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clast conglomerates. Miller and Carr 's 
(1978) mapping indicates that the two sec-
tions have been laterally displaced 3 - 5 km 
f rom each other along a straight, vertical 
segment of the C a m p Rock fault . Al though 
the available da ta are not well constrained 
enough to suggest that the fault was 
initiated af ter 20 m.y. ago, it does strongly 
indicate that most of the movement did 
occur af ter that time. Determinat ion of the 
lower limit of initiation is even more elu-
sive. Pleistocene(?) sedimentary deposits 
are only partially displaced along the 
C a m p Rock, Lenwood, and Calico faults 
(Hawkins, 1975; Dokka , unpub. mapping). 

Thus, field relations suggest tha t most 
if not all displacements a long active 
northwest-str iking right strike-slip faults 
occurred and probably began between 
early Miocene (post-20 m.y. ago) and 
Pleistocene(?) time. 

DISCUSSION 
Two impor tant points emerge f r o m the 

study of late Cenozoic northwest-str iking 
wrench faults of the central Mojave Desert 
block. The first is that most if not all right-
slip movements in this region (presumably 
related to distributed t r ans fo rm shear) 
began after the area had undergone an 

Dike Swarm 

intense interval of regional extension 
(nor theas t -southwest-di rected detachment 
faulting). This reinforces the not ion put 
for th by several au thors (e.g., Davis and 
Burchfiel, 1973; Proffe t t , 1977; Zoback and 
T h o m p s o n , 1978; D o k k a and Merr iam, 
1982) that regional strike-slip fault ing asso-
ciated with the Pac i f i c -Nor th American 
t r ans fo rm boundary cannot be dynamically 
related to ma jo r extension of western 
Nor th America (Great Basin, p ro to -Gu l f 
of California, Rio Grande Rift , etc.) dur ing 
the late Cenozoic. In addi t ion to t iming 
problems, t ransform-rela ted extension 
models (e.g., Carey, 1958; Wise, 1963; 
Hamil ton and Myers, 1966; Atwater , 1970; 
Livaccari, 1979) predict that dilation was 
directed parallel to the strike of the t rans-
current faults (northwest-southeast , in this 
case). These hypotheses, therefore, cannot 
explain the geometries and kinematics of 
the structures produced dur ing the earlier 
events in the central Mojave Desert. One 

Figure 2. (A) Pre-strike-slip faulting (ca. 20 m.y. ago) configuration of 
central Mojave Desert. Structure symbols are standard. Kane Springs 
fault (KSF) is major accommodation structure that separates regions 
that extended differently during early Miocene detachment faulting 
interval. (B) Present-day geology of central Mojave Desert. Broken line 
segments are Kane Springs fault. Displacements along individual 
faults are given in Table 1. 

POST-21 M.Y. ROCKS A N D UNCONSOUDATED MATERIALS 

PRE-21 M.Y. TERTIARY VOLCANIC A N D SEDIMENTARY ROCKS 

TERTIARY INTRUSIVE ROCKS 

YOUNGER MESOZOIC INTRUSIVE ROCKS 

OLDER MESOZOIC INTRUSIVE ROCKS 
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might a r g u e t ha t these ear l ier d e f o r m a t i o n s 
were re la ted t o n o r t h w e s t - s o u t h e a s t ex t en -
s ion bu t were s u b s e q u e n t l y r o t a t e d c lock-
wise t o the i r p resen t pos i t ion in a m a n n e r 
such as has been sugges ted by G a r f u n k e l 
(1974). S u c h r o t a t i o n s of ear ly f o r m e d 
s t r u c t u r e s a r e no t u n c o m m o n in w r e n c h 
fau l t t e r r a n e s (e.g., T c h a l e n k o , 1970). 
H o w e v e r , G a r f u n k e l ' s m o d e l is u n t e n a b l e 
because it r equ i re s t ha t s t r ike-s l ip fau l t s of 
the M o j a v e have lateral d i s p l a c e m e n t s of 
u p t o ten t imes g r e a t e r t h a n c a n ac tua l ly be 
d e m o n s t r a t e d . Th i s leads t o the second 
p o i n t r e g a r d i n g a m o r e real is t ic e s t i m a t e of 
the c u m u l a t i v e a n d ind iv idua l slip o n fau l t s 
of the M o j a v e . T h e once c o n t i n u o u s edge 
of t he ear ly M i o c e n e d e t a c h m e n t fau l t ter-
r a n e p rov ides a u n i q u e m a r k e r wi th which 
t o d e t e r m i n e d i s p l a c e m e n t s . A b o u t 2 6 . 7 -
38.4 k m of c u m u l a t i v e r ight slip has 
o c c u r r e d o n the s t r ike-s l ip f au l t s of t he cen-
t ra l M o j a v e ( T a b l e 1) s ince 20 m.y . ago . 
P r e - 2 0 - m . y . - a g o d i s p l a c e m e n t s , if any , 
m u s t be r ega rded as ex t r eme ly smal l . T h e 
u p p e r limit on the t ime of f au l t i ncep t ion is 
p o o r l y c o n s t r a i n e d by t he lack of o f f se t 
pa i r s of rocks a l o n g t he fau l t s . It is con -
ce ivable , h o w e v e r — a n d very p r o b a b l e , in 
m y o p i n i o n — t h a t f a u l t i n g began later , 
p e r h a p s as late as P l iocene or Q u a t e r n a r y 
t ime . T h i s s p e c u l a t i o n is f o u n d e d on the 
overa l l g e o m e t r i c a r r a n g e m e n t of s t ruc -
tu res a n d t h e high r a t io of f au l t l eng th t o 
slip. T h e s e o b s e r v a t i o n s , coup l ed wi th dis-
p l a c e m e n t d a t a , suggest t ha t t he cen t ra l 
M o j a v e Dese r t s t r ike-s l ip f au l t s m a y be in 
a n ear ly s t age of d e v e l o p m e n t . M o r e 
de ta i led s t u d y is needed . 

S U M M A R Y A N D C O N C L U S I O N S 
T h e a m o u n t of sl ip on ind iv idua l f au l t s 

is d e t e r m i n e d to be 3.0 k m f o r t he He len -
da le , 1 .5 -3 .0 k m f o r t he L e n w o o d , 1 .6-4 .0 
k m f o r the C a m p R o c k , 8.2 k m f o r t he 
Ca l i co , 6 . 4 - 1 4 . 4 k m f o r the R o d m a n -
P i sgah , a n d smal l f o r the L u d l o w . C u m u l a -
t ive r ight sl ip o n n o r t h w e s t - s t r i k i n g w r e n c h 
fau l t s of t he cen t ra l M o j a v e f r o m He len -
da le to t he G r a n i t e M o u n t a i n s is 2 6 . 7 - 3 8 . 4 
k m , on t he bas is of t he r e s t o r a t i o n of the 
h igh-ang le s o u t h e r n m a r g i n of a n ear ly 
M i o c e n e d e t a c h m e n t faul t t e r r ane . T h i s 
va lue is a b o u t five t imes less t h a n s o m e 
p r e v i o u s s p e c u l a t i o n s a n d t h e r e f o r e invali-
d a t e s m o d e l s t h a t p r o p o s e large in te r io r 
t r a n s l a t i o n s of the M o j a v e Deser t b lock . 
L a r g e r o t a t i o n s of t he b lock as a who le , 
howeve r , c a n n o t be ru led o u t . D i s t r i b u t e d 
r ight shea r p r o b a b l y d id no t deve lop in the 
cen t ra l M o j a v e Dese r t be fo re 20 m.y . a g o . 
S t r ike-s l ip f a u l t i n g in this reg ion w a s 
p r eceded by s ign i f ican t a m o u n t s of k ine-
mat ica l ly un re l a t ed n o r t h e a s t - s o u t h w e s t -
d i rec ted c rus ta l e x t e n s i o n . 
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