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ABSTRACT 

 

 Jurassic metavolcanic and metasedimentary rocks outcrop in the Alabama Hills and southern 

Inyo Mountains near Lone Pine, CA.  The two outcrop areas lie approximately 10 kilometers apart on 

opposite sides of the right-slip Owens Valley fault system.  This research examined geochemistry and 

petrology of the two areas.  

The Alabama Hills and Inyo Mountains vary in major oxide geochemistry, the former enriched 

in silica and potassium and the latter alumina, calcium, iron and magnesium.  Trace element content 

also varies, reflecting differences in source and depositional environment.  Field observations, and thin 

section petrology mimic the geochemical patterns.  Rocks from the Alabama Hills show restricted tex-

tures and mineralogy and are most likely the product of volcanic and volcaniclastic processes.  In con-

trast, Inyo Mountain rocks are more diverse lithologically, often distinctly layered and in thin section 

have textures and mineralogy reminiscent of sedimentary rocks.  Therefore, it appears the two rock 

ǳƴƛǘǎ ǿŜǊŜ ŘŜǇƻǎƛǘŜŘ ƛƴ ŘƛŦŦŜǊƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘǎΣ Ƴƻǎǘ ƭƛƪŜƭȅ ǎŜǇŀǊŀǘŜŘ ƎŜƻƎǊŀǇƘƛŎŀƭƭȅ ōȅ млΩǎ ƻŦ ƪƛƭƻƳŜπ

ters.  Comparisons of bulk rock chemistry and mineralogy utilizing ACF diagrams reveals that both ar-

eas did not experience regional metamorphism, but did experience similar degrees of contact meta-

morphism up to the albite-epidote hornfels facies.  

 There are two possible scenarios for the present geographic juxtaposition of the Alabama Hills 

and Inyo Mountains outcrops.  Both involve significant transport prior to the onset of Basin and Range 

faulting.  The first proposes that over 65 kilometers of late Cretaceous right-slip has occurred across 

the Owens Valley fault system.  While this hypothesis does account for the significant lithologic differ-

ences in the two areas studied, and perhaps some of the geochemical trends, it does not explain the 

similarity of metamorphic overprint.   The second theory envisions 20-30 kilometers of eastward trans-

port of the Alabama Hills along a late Jurassic thrust fault.  This hypothesis is preferred.  It accounts for 

both the metamorphic overprint, as well as all observed major element trends.   
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Introduction 

 The Owens Valley and the Sierra Ne-

vada of east-central California have been the 

focus of ongoing geologic research for over 75 

years.  Early work included the seminal paper 

on Sierra glaciations by Blackwelder (1931) and 

later Ph.D. dissertations by Curry (1968) and 

Gillespie (1982).  In addition the valley has been 

a laboratory for the application of newly devel-

oped geochronolgoical techniques for K/Ar 

(Dalrymple, 1964), Ar/Ar (Gillespie, 1982) and 

exposure ages (Stone, 1993 and Bierman, 

1995).   The tectonic setting of the valley has 

been the subject of detailed research for over 

50 years (see discussion in the following sec-

tion) and continues to be a topic of intense debate.  Despite the great volume of published literature, 

the Owens Valley continues to be a hotbed of geologic research with the pace of publication accelerat-

ing over the past decade. 

 There are several factors that contribute to interest in the Owens Valley.  One is its proximity 

to major research universities in both California and Nevada, making it an ideal day trip to test various 

hypotheses.  The second is the relative accessibility of the outcrops in the valley.  The valley is narrow, 

rarely more than 20 kilometers in width,  bisected by U.S. Highway 395 with much of the land remain-

ing in Federal and State ownership, thus facilitating access to outcrops.  A third factor is the moderate 

climate.  The Owens Valley rarely experiences the extreme summer heat that characterizes the Mojave 

       Figure 1.  Shaded relief map showing the main physiographic 
 features of the Owens Valley and location of the study 
 area. 
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Desert to the south or the bitter cold of the Long Valley/Mono Basin to the north.  Furthermore, the 

Sierra Nevada acts as an orographic buffer limiting precipitation.  Finally, there is the tectonic setting 

and the fortuitous location at the western margin of the Basin and Range and the eastern edge of the 

Eastern California Shear Zone (ECSZ).  

 The Owens Valley trends nearly north-south for a distance of 200 kilometers.  It ranges in 

width from less than 10 kilometers to a maximum of 35 kilometers and lies an average elevation of 

1200 meters above MSL.  Figure 1 depicts the main physiographic boundaries to the valley.   To the 

north is the gently sloping volcanic tableland that rises to an elevation of more than 2000 meters.  To 

the west is the nearly vertical escarpment of the Sierra Nevada with a crest more than 2 kilometers 

above the valley floor and to the east the White and Inyo Mountains which crest 1-1.5 kilometers 

above the valley.  The southern boundary is less recognizable physiographically, but is marked by the 

left-lateral Garlock fault, a major crustal break separating the Owens Valley and Sierra Nevada Moun-

tains to the north from the Mojave Desert to the south.  Figure 1 also shows the location of the study 

area.  The Alabama Hills lie 1-2 kilometers west of the town of Lone Pine, California.  They form a 

prominent ridge of Cretaceous plutons and Jurassic metavolcanic and metasedimentary rocks sepa-

rated from the main Sierra massif by a frontal fault.  As such, they are only one of two areas of uplifted 

arc-related rocks within the valley; the other the Poverty Hills 50 kilometers to the north.  Sampling for 

this study focused on the northern Alabama Hills as exposures of Jurassic rocks are more complete and 

access was via public land.  The second area sampled lies approximately 10 kilometers to the west-

ƴƻǊǘƘǿŜǎǘ ŀƭƻƴƎ ǘƘŜ ǿŜǎǘŜǊƴ Ŧƭŀƴƪ ƻŦ ǘƘŜ Lƴȅƻ aƻǳƴǘŀƛƴǎΦ  ¢Ƙƛǎ ŀǊŜŀ ƭƛŜǎ ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜ άŦŀƳƻǳǎέ ¦ƴπ

ion Wash ammonite locality and is geologically more complex.  Outcrops range in age from Cretaceous 

granites through Jurassic metasediments with sparse metavolcanics.  Older sedimentary units are pre-

sent to the east.  Samples were taken only from Jurassic age rocks.  A second area of Jurassic rocks to 

the south was not sampled as much of the section has been truncated by a fault. 
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Tectonic Setting 

The Owens Valley and southern Inyo Mountains lie near the western margin of the North 

American craton and at the center of the central Sierra Nevada segment of the Cordilleran arc 

(Sorensen et al, 1998).  The emplacement of the Sierra Nevada batholith was a result of the oblique 

subduction of the Farallon oceanic 

plate beneath the North American 

continental plate from 210-80 Ma.   

The SN batholith  youngs from west to 

east, a consequence of increasing rate 

of subduction (Harden, 1998).  Thus, 

granitoids of the Owens Valley and 

White/Inyo Mountains are generally 

Late Cretaceous in age (Chen and 

Moore, 1979).  Jurassic volcanism as-

sociated with early stages of arc for-

mation produced the bulk of the 

metavolcanic units within the Owens Valley and southern Inyo mountains.  

 A more recent and better understanding of tectonics can be summed up in a single phrase: 

Eastern California Shear Zone (ECSZ) (Figure 2).  This zone is an ever-changing element of the Pacific-

North American plate boundary system.  The ECSZ is the name for the southern segment of the larger 

Walker Lane belt, a zone of right-lateral strike-slip faults which relieve about twenty to twenty-five per-

cent of the total relative motion of the plate boundary between the Pacific and North American plates 

(Gan, et. al., 2000).  The Garlock fault forms the southern boundary of the ECSZ.  The ECSZ is actually a 

100 km wide zone comprised of four separate fault zones; from east to west the Death Valley-Furnace 

Figure 2. Tectonic map of the western Cordillera, after Lee, et.al, 2006 
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Creek, Fish Lake Valley, Hunter Mountain-Panamint Valley, and Owens Valley  (Frankel, 2008) (Figure 

3).  The Owens Valley fault is the only one of the four fault zones that has recorded a major seismic 

Figure 3.  Quaternary faults of the ECSZ (after Bacon and Pezzopane, 2007). 


