
3 :: Pinto Ridge Geology
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Kinematically Coupled Strike-Slip and Normal Faults in the 
Lake Mead Strike-Slip Fault System, Southeast Nevada

1 :: Introduction and Study Area

Geology of the Lake Mead Region

Cenozoic Sedimentary Rocks

Cenozoic Volcanic Rocks

Paleozoic/Mesozoic Rocks

Proterozoic Crystalline Rocks

Faults:

strike-slip normal thrust

E K A L

D A E M

mrA notrevO

.R nigriV

od
ar

ol
oC

re
vi

R

Colorado
Plateau

FSH
FCC

FRB

FRL

FBG

FSR

FR
W

F
W

G

F
ML

FVSB

FRP

FBH

ZSVVL

F
W

C

SIF

km

0 10 20N

F
V

H

Muddy
Mountains

egdiR kcalB

Black
Mountains

Gold
Butte

nigri
V .S

sniatnuo
M

N. Virgin
Mountains

Frenchman
Mountain

114o

36o

Fig. 2

Echo
Hills

V
M

F

Valley of Fire
State Park

Boulder
Basin

The Lake Mead fault system, located 
in southeast Nevada, consists of  a 

~95 km long, northeast-trending zone 
of  strike-slip faults of  Miocene age 

that accommodate a total left-lateral 
offset of  20-65 km.

Generalized geologic map of  the Lake Mead region. The left-lateral faults in the center and 
eastern portions of  the map comprise the Lake Mead fault system. Map adapted from 
Campagna and Aydin (1994), Duebendorfer et al. (1998), and Faulds et al. (2001). Fault 
names are as follows: BRF – Bitter Ridge fault; BSVF – Bitter Spring Valley fault; CCF – 
Cabin Canyon fault; CWF – California Wash fault; GBF – Gold Butte fault; GWF – Grand 
Wash fault; HBF – Hamblin Bay fault; HSF – Hen Spring fault; HVF –Hungry Valley 
fault; LRF – Lime Ridge fault; LMF – Lakeside Mine fault; LVVSZ – Las Vegas Valley 
shear zone; PRF – Pinto Ridge fault; RSF - Rogers Spring fault; SIF – Saddle Island fault; 
VMF – Virgin Mountains fault; WRF – Wheeler Ridge fault. The boxed area shows the 
location of  the Pinto Ridge study area shown in Fig. 2.
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Oblique aerial view (looking northeast) of  the Pinto Ridge fault and associated normal faults 
at a left step along the fault. Stratigraphic units are as labeled. Note the repetition of  the 
southeast-dipping Paleozoic and Mesozoic units (e.g. Kaibab and Moenkopi Formations) to 
either side of  the Pinto Ridge fault due to left-lateral offset. Image courtesy of  Google Earth.

Geology, fault, and fold structure of  the Pinto Ridge area. The pink line delineates the 
fold axis of  the Pinto Ridge anticline. Note that the Pinto Ridge fault does not offset Qac, 
but because the fault creates a topographic escarpment, Qac tends to border the fault on 
the topographically low side.

(B) Simplified fault structure of  the Pinto Ridge area. The Pinto Ridge fault is a 
segmented left-lateral strike-slip fault that lies between the Bitter Spring Valley and the 
Hamblin Bay fault. The Pinto Ridge fault forms the topographic escarpment along the 
northern edge of  Pinto Ridge.

(A) Map view photo of  blue fractures showing mm-scale 
left-lateral offsets of  calcite veins, while the red fractures show 

mm-scale right-lateral offsets. 
Crosscutting relations suggest 
penecontemporaneous formation. The 
two sets are oriented at ~60o 
suggesting a conjugate set. The Pinto 
Ridge fault is parallel to the blue set, 
compatible with the assumption of  
left-lateral slip on the Pinto Ridge fault. 

View looking north of  a valley 
created by a west-dipping normal 
fault. The footwall block has 
uplifted the Toroweap Formation 
above the Kaibab Formation in 
the hanging wall.

Two tail faults mapped in the 
Kaibab limestone at Pinto Ridge. 
A field notebook (~20 cm tall) 
rests on the fault surface in both 
photos. A dashed white line 
outlines the exposed fault 
surface. (A) View approximately 
to the south. (B) View 
approximately to the north. Both 
faults dip west at ~50-56o.

Exposure of  the 
Pinto Ridge fault 
surface, which strikes 
~N50oE and dips 
~80-90o northwest. 
Interpretation with 
the exposed fault 
surface and fault 
trace indicated.

(A-D)Fric2D calculated displacement fields and (E-F) Schematic sketch of  con-
structive interference between motions on the hanging walls of  west-dipping 
normal faults and the upper plate of  the detachment.

Using data from a combination of  field mapping and numerical modeling, we suggest that the strike-slip fault that we refer to as the 
Pinto Ridge fault: (1) was kinematically related to other faults of  the Lake Mead fault system; (2) was responsible for the creation of  the 
normal fault cluster at Pinto Ridge; and (3) utilized these normal faults as linking structures between separate strike-slip fault segments to 
create a longer, through-going fault. Results from numerical models demonstrate that the observed location and curving strike patterns 
of  the normal fault cluster is consistent with the faults having formed as secondary structures as the result of  the perturbed stress field 
around the slipping Pinto Ridge fault. Comparison of  mechanical efficiency of  various normal fault geometries within extending 
terranes suggests that the observed west dip of  normal faults reflects a west-dipping anisotropy at depth, such as a detachment. The 
apparent terminations of  numerous strike-slip faults of  the Lake Mead fault system into west-dipping normal faults suggest that a 
west-dipping detachment may be regionally coherent.

9 :: Conclusions

(A) Aerial orthophoto mosaic of  the Pinto Ridge study region (base images courtesy 
USGS).  This region was also mapped by Anderson 1973.
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7 :: Effects of a Detachment on The Perturbed Stress Field

8 :: Are West-Dipping Normal Faults Most Efficient?

6 :: The Perturbed Stress Field
 Near Strike-Slip Faults
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2 :: Aerial Orthophoto of Pinto Rige

4 :: Fault Surface Exposures
Photo of  the Bitter Spring Valley 
fault zone and interpretation as 
exposed in a wash channel ~1 
km northeast of  Pinto Ridge. 
The fault zone exhibits a highly 
altered cataclastic zone and two 
slip surfaces. The fault zone is 
approximately vertical and strikes 
parallel to the Pinto Ridge fault.

View looking northeast, roughly 
along strike of  the Pinto Ridge 
fault, with the Pinto Ridge 
escarpment to the right side of  
the photograph. The mismatched 
beds of  the Moenkopi and 
Kaibab Formations in the 
distance delineate the fault 
location, which is traced in a 
white dashed line.

5 :: Kinematic Slip Indicators

(B) Map view photo showing a 
cataclastic zone created by left-lateral 
motion on the Pinto Ridge fault. The 
blue fracture set is roughly oriented 
parallel to the Pinto Ridge fault and 
shows left-lateral offsets of  a few mm. 
The green fracture set is consistent with 
the expected orientation of  anti-Riedel 
shears formed by left-lateral motion 
across the cataclastic zone. 

A B

Examples of  cm to m-scale secondary fracturing around strike-slip faults in the Aztec Sandstone 
in the Valley of  Fire State Park, located ~25 km north-northeast of  Pinto Ridge. (A) Plan view 
photo of  a joint that has been reactivated by ~1 mm of  right-lateral motion with numerous 
secondary cracks oriented 30-50o from the primary joint trace. (B) Oblique view of  a 0.5-1.0 
m-wide fault zone formed by the coalescence of  numerous joints reactivated in right-lateral shear. 
Slip on the through-going slip surface of  ~8 cm resulted in the formation of  numerous tailcracks 
oriented 60-70o from the fault slip surface. 

Cartoon of  the distribution of  secondary deformation for a 
left-lateral fault. The extensional quadrant is indicated by a 
dashed box while the contractional quadrant is indicated by a 
dotted box. Tailcracks initiate in response to the local 
perturbation of  the regional stress field around a slipping fault 
and grow in a curved path towards parallelism with the remote 
maximum compressive stress (σ1) direction.

While the magnitudes of  the perturbed stress fields vary, the general shape and character (i.e. stress orientations) remain similar in both models implying that both 
isolated strike-slip faults and upper plate strike-slip faults should generate similar secondary features.

Map view of  the near-tip stress field at depth 
around a 10 km long left-lateral strike slip fault 

calculated using Poly3D. In all models presented here, the fault geometry is 
prescribed (see two cartoon below). Tick marks indicate the orientation 
perpendicular to the least compressive stress. Although the model does not 
initiate and/or propagate faults, secondary normal faults should initiate in the 
extensional quadrant where the plotted stress values are high and propagate 
parallel to the plotted tick marks. 

:: Model A :: 
Single Strike-Slip Fault

:: Model B :: 
Strike-Slip Fault + Detachment

Numerical model calculations of  various work terms in a simplified normal 
fault pair. (A) For closely-spaced normal fault pairs synthetic fault pairs are 
most efficient (lowest Wtot), due to their potential for longer downdip length, 
but there is no energetic preference for east- or west-dipping normal faults. 

(B) For closely-spaced normal fault pairs that merge 
with a west-dipping detachment west-dipping faults 
are, in general, more efficient than east-dipping sets 
of  faults. This is in part due to the greater length of  
west-dipping faults but is primarily due to interaction 
with the west-dipping detachment. Because synthetic 
sets can attain longer fault lengths while remaining in 
a kinematically reasonable geometry, synthetic fault 
sets with two west-dipping faults soling into the 
detachment are most efficient.


