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Basaltic volcanism in the southern 
Owens Valley, California 

Jessica J. Bruns, Cami Jo Anderson, and David R.Jessey, Geological Sciences Department, 

California Polytechnic UniversityðPomona, jjbruns@csupomona.edu 

Abstract: Two Neogene basaltic volcanic fields lie within the southern Owens Valley, California. 

Each is characterized by a distinct petrology and geochemistry. The basalts of the Dove Spring 

Formation of the Ricardo volcanic field were emplaced between 8 and 12 Ma, and are comprised 

dominantly of quartz-normative tholeiitic basalt with interbedded rhyolite tuff. Olivine has undergone 

partial to complete alteration to iddingsite and calcium-siderite. The Coso field (<4 Ma) is bimodal, 

consisting of both basalt and felsic tuff in equal amounts. The basalts are generally alkaline, containing 

large phenocrysts of unaltered olivine. 

The presence of iddingsite, a hydrous alteration product of olivine, in Dove Spring basalts sug-

gests a complex evolutionary path for the magma. Mantle-derived magma rose along faults to shallow 

depths in the crust where it became gravitationally stable and ponded. Heat from the magma caused 

the surrounding rocks to partially melt, altering both oxygen fugacity and chemistry. Increased oxygen 

fugacity led to instability of olivine and formation of iddingsite, while changes in chemistry converted 

magma composition to that of a silica-saturated tholeiite. Reactivation of the faults resulted in breach-

ing of the overlying rock units, providing a conduit for tholeiitic magma to reach the surface. 

Dove Spring basalt was extruded during the initial stage of Basin and Range extension when rates of 

vertical crustal displacement may have been 0.1ï0.2 mm/yr (Loomis and Burbank, 1988). In contrast, 

the Coso volcanic field formed in a transtensional basin created by Recent dextral shear (Monastero, 

2005). Estimates of right-slip motion vary from 3 to 8 mm/yr, an order of magnitude greater than that 

for Basin and Range extension. As the rate of fault motion in the Coso field was significantly greater, 

faults serving as conduits for magma were more numerous and thus provided greater opportunity for 

open conduits to transport magma upward. In contrast, extrusion of Dove Spring basalt coincided 

with a period of slower crustal deformation. This resulted in periodic magma ponding and assimila-

tion of crustal rock until a suitable conduit was provided. 

Introduction 

The Owens Valley of California is a 100 mile long fault-

bounded basin lying between the Sierra Nevada range 

to the west and the Inyo and White mountains to the 

east. The Garlock fault forms the southern boundary and 

the Long Valley caldera the northern boundary. The 

Owens Valley lies at the western edge of the Eastern 

California Shear Zone (ECSZ). The ECSZ has 

experienced dextral shear at a rate of 15ï25 mm/year for 

the past 3ï6 million years. The southern Owens Valley 

has undergone intermittent volcanism since the 

Neogene. Volcanism began during the initial stages of 

Basin and Range extension (~10 Ma) and has continued 

into the Quaternary regime of right slip. 

This research examines the geochemistry and  

petrology of basaltic volcanic fields in the southern 

Owens Valley (Figure 1). The Ricardo volcanic field Figure 1. Index map showing the location of southern Owens Valley 
v
o
lcanic fields (shaded gray areas). 

mailto:jjbruns@csupomona.edu


Basalt ic volcanism in the southern Owens Valley,  Cali fornia  

 2009 Desert Symposium99 

 
Figure 2. Geologic map of the southern El Paso Mountains (after Loomis and  

Burbank, 1988). 

lies within the El Paso Mountains and is traversed 

by CA Highway 14. The Garlock fault is situated 1ï3 

miles to the south. The Ricardo Group of the El Paso 

Mountains is comprised of the Cudahy Camp and 

Dove Spring formations. The latter unit, the focus of 

this paper, experienced basaltic volcanism during the 

Miocene (11.7ï8.1 Ma)( Frankel, et al., 2008). 

The Coso volcanic field, situated 25 miles to the 

north-northeast, lies along the flank of the Sierra Ne-

vada range. U.S. Highway 395 runs northïsouth along 

the western edge of the field. The China Lake Naval 

Weapons Station surrounds much of the area of active 

volcanism as well as the Coso Geothermal Plant. The 

field is comprised of an arcuate array of Pliocene to 

Quaternary rhyolite domes and basaltic cinder cones 

and flows covering 150 square miles. The volcanics 

were emplaced during two separate events; an early 

phase from 4.0 to 2.5 Ma and a more recent phase 

from 1.0 Ma to Recent time (Duffield, et al., 1980). 

Geologic setting 

The oldest rocks in the El Paso Mountains are a series 

of late Paleozoic sedimentary rocks, termed the Gar-

lock Formation by Dibblee (1952; see figure 2). The 

Garlock Formation is well exposed in the northeast-

ern El Paso Mountains. Mesquite Schist, of uncertain 

age, lies in unconformable contact with the Garlock 

Formation. Both units have been intruded by Meso-

zoic diorite and granite of the Sierra Nevada batho-

lith. The Paleozoic and Mesozoic rocks are uncon-

formably overlain by the Paleocene Goler Formation, 

a thick sequence of conglomerate and sandstone. 

Merriam (1913) recognized a series of 

fossiliferous, Miocene age continental 

sedimentary rocks and volcanics near Red 

Rock Canyon and termed them 

the Ricardo Formation after the nearby 

town. Dibblee (1967) divided the Ricardo 

Formation into eight members with two 

distinct lithostratigraphic units: a lower 

volcanic unit of andesite, tuff, basalt, and 

conglomerate that lies unconformably on 

the Goler Formation; and a thicker upper 

unit of clastic sediments, chert, basalt, and 

tuff. A 1.5 million year disconformity sep-

arates the upper and lower units. Loomis 

and Burbank (1988) subsequently elevated 

Dibbleeôs Ricardo Formation to a Group, 

subdividing it into two formations. 

The Cudahy Camp Formation is com- 

prised of Dibbleeôs Members 1 and 2. It 

consists of a 1000 foot thick sequence of 

andesite, tuff, coarse clastics, and basalt. KïAr geo-

chronology of the basalts (Cox, 1982) suggests ages 

of 17.1 to 15.1 Ma. The 5400 foot thick Dove Spring 

Formation lies unconformably above the Cudahy 

Camp and consists of Dibbleeôs Members 3ï8. The Dove 

Spring is comprised of fluviatile and lacustrine 

conglomerate, sandstone, mudrock, and chert, as well 

as basalt and tuff. Dove Spring strata are exposed in a 

northeast-striking homocline near Red Rock Canyon. 

Four basalt flows have been mapped within the Dove 

Spring Formation by Loomis (1984); Tba1ï3 and a 

fourth undifferentiated flow within Loomisôs unit 4. 

Recent ages published by Frankel, et al. (2008) suggest 

the three lowermost basalts were extruded between 11.7 

and 10.5 Ma. No age is available for the uppermost basalt 

flow, but Burbank and Whistler (1987) quote an age of 

8.1 Ma for a rhyolite tuff immediately above the basalt. 

This brackets basalt extrusion between about 12 and 8 

Ma. The Dove Spring is overlain by Pleistocene lacustrine 

silt and clay, alluvial fanglomerate, and terrace gravel, 

also assumed to be Pleistocene in age (Dibblee, 1952). 

The structural geology of the El Paso Mountains 

is typical of the Basin and Range region north of the 

Garlock fault. The western boundary is formed by a 

Sierra Nevada frontal fault that coincides with the 

western limit of Basin and Range extension. The 

dominant structural features of the area are the left- 

lateral Garlock fault and the nearby EI Paso fault. The 

Garlock fault is a major transform fault which separates 

the Mojave Block to the south from the Basin and 

Range Province to the north (Davis and Burch- 
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Figure 3. Simplified geologic map of the Coso Range (after Duffield, et al., 1980). 

fiel, 1973). Subsequent dip-slip (south side down) 

motion along the El Paso fault has uplifted the El Paso 

Mountains. 

Both the Goler Formation and Ricardo Group were 

deposited in an elongate trough, termed the El Paso 

Basin, that formed north of the Garlock fault (Loomis 

and Burbank, 1988). The Goler Formation was tilted 

to the north and eroded prior to Miocene sedimenta-

tion. Two eastïwest trending, steeply-dipping faults 

that juxtapose basement against the Goler Formation 

were active during deposition of the Goler Forma-

tion (Cox, 1982). The Dove Spring Formation is cut 

by several northïsouth striking normal faults that dip 

30ï40° to the east, suggesting that strata as young as 8 

Ma have also been affected by extension in an eastï 

west direction. The El Paso fault crops out as a series 

of discontinuous, essentially eastïwest striking seg-

ments that merge with the Garlock fault near the east 

edge of the El Paso Mountains. The fault appears to 

terminate before reaching the Sierra Nevada range to 

the west (Dibblee, 1952). Although mapping indicates 

that the El Paso fault is a strand of the Garlock fault, 

there is no evidence for left-lateral slip (Loomis and 

Burbank, 1988). Throughout most of its outcrop the 

Ricardo Group is tilted west-northwest toward the Si-

erra Nevada fault. Tilting is consistent with horizontal 

axis rotation accompanying eastïwest extension and 

is confined to late Miocene to Pleistocene, as evi-

denced by overlying untilted Pleistocene sediments. 

Deposition of the Cudahy Camp Formation is  

thought to have occurred during a period of eastï 

west tension associated with the 

northward migration of the 

Mendocino triple junction 

(Glazner and Loomis, 1984). 

The tension produced no ac-

companying extension. The 

middle to late Miocene rocks of 

the Dove Spring Formation are 

distinctly different from the 

Cudahy Camp Formation and 

contain strong evidence of eastï

west Basin and Range extension. 

That evidence suggests Basin 

and Range extension began 1ï2 

million years after the passage 

of the Mendocino fracture zone. 

The sedimentary record of this 

extension 

is marked initially by renewed 

basin growth and sedimentation 

north of the Garlock fault, 

culminating with accumulation of detrital sediment 

from the Sierra Nevada beginning about 8 Ma. 

Loomis and Burbank (1988) conclude that the 

evolution of the El Paso basin and extrusion of the Dove 

Spring basalts was coincident with the onset of sinistral 

slip along the Garlock fault and the eastïwest Basin and 

Range extension. The Miocene sequence records: 

volcanism and northïsouth tension without net 

extension at 17ï15 Ma (Cudahy Camp); relative uplift 

about 15ï13.5 Ma (resultant disconformity); the onset 

of sinistral slip on the Garlock fault and eastï west 

Basin and Range extension about 10-9 Ma (Dove Spring 

Formation); and emergence of the Sierra Nevada as a 

topographic high by 8 Ma. 

In many respects, the stratigraphic relationships 

within the Coso volcanic field mirror those of the 

Ricardo volcanics 25 miles to the south-southwest. 

The Coso Range is underlain by Mesozoic plutons 

and Paleozoic metamorphic rocks (Figure 3). Ce-

nozoic volcanic and sedimentary rocks overlie the 

basement complex. The sedimentary rocks range in 

age from Miocene to Pleistocene and vary in lithology 

from coarse to fine fluviatile and lacustrine clastics. 

Holocene gravels and fanglomerates have been depos-

ited along recent normal faults. Pre-Cenozoic rocks 

consist of granitic, dioritic, and gabbroic plutons, 

and metamorphic rocks. The Jurassic to Cretaceous 

age plutons are possibly related to the Sierra Nevada 

batholith to the west. Numerous north-northwest- 

trending dikes of the Independence dike swarm 

crosscut the plutons. 
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Figure 4. (a) TAS diagram for the Ricardo (Dove Spring) and Coso basalts; and (b) modified basalt tetrahedron for the Dove Spring and 

Coso basalts (some data for the Coso field from Groves, (1996) and DePaolo and Daley, 2000). 

Pliocene volcanic rocks crop out in an arcuate 

chain extending from Haiwee Reservoir to Volcano 

Butte at the southeast end of the Coso Range. Wide-

spread, generally alkaline basalt flows represent 

the earliest phase of Pliocene volcanism followed 

by the more local extrusion of volcanics of variable 

composition from basalt to rhyolite (Duffield, et al., 

1980). KïAr dates suggest the onset of volcanism at 

4.0 Ma, continuing to 2.4 Ma (Duffield, et al., 1980). 

Pleistocene volcanism was characterized by bimodal 

eruption of alkali basalt and rhyolite (Babcock, 1977). 

Basalt is usually older than rhyolite, but locally the 

emplacement sequence is reversed. The locus of 

Pleistocene basaltic volcanism lies along the western 

margin of the field with rhyolitic vents centered on 

the Pleistocene basalt flows (Figure 3). KïAr ages for 

the Pleistocene basalts range from 1.1 Ma to 40 ka 

(Duffield, et al., 1980). 

Sedimentary rocks of the Coso Formation crop out 

along the west and north flanks of the Coso Range. 

Rock types range in composition from conglomerate 

to arkose and fine-grained, tuffaceous lake-bed sedi-

ment. Locally, rhyolite tuffs occur within the section, 

as at Haiwee Reservoir. Schultz (1937) suggested a 

PlioïPleistocene age for the Coso Formation on the 

basis of vertebrate fossils. The youngest sediments 

in the Coso Range include fluvial gravel and aeolian 

sand, silt, and clay. 

Weaver and Hill (1979) suggested that volcanism 

and deformation within the Coso Range were due to 

a transtensional environment created by a releasing 

bend in a dextral strike-slip fault system. Monastero, 

et al. (2005) place the principal boundary faults of 

the strike-slip system as the Little Lake fault in Indian 

Wells Valley to the southwest, and in the Wild Horse 

Mesa area to the northeast. They believe that a buried 

dextral shear fault is present near Wild Horse Mesa 

and that this fault continues northward beneath 

Rose Lake and southern Owens Lake. Presumably, it 

would represent a southern extension of the Owens 

Valley fault system, exposed to the north near Lone 

Pine. The arcuate Airport Lake fault represents a 

cross-basin fault, analogous to the Black Mountain 

detachment in Death Valley, formed by the step over. 

Duffield, et al. (1980) point out that many of the Coso 

Pleistocene basaltic cinder cones lie astride arcuate 

dip-slip faults. It is possible these faults represent the 

surface expression of the transtensional accommoda-

tion zone. 

Christiansen and Lipman (1972) describe the Coso 

Range as one of many Cenozoic volcanic fields in the 

Basin and Range that are ñfundamentally basalticò 

and the product of tectonic extension. The Pleisto-

cene volcanic rocks of the range are a classic example 

 
Figure 5. Large olivine phenocryst that has been veined and replaced 

by iddingsite. The olivine (ol) renmants are the the light-colored 

grains while the darker amorphous material is iddingsite. 
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Figure 6. Ca siderite (sd) replacing and pseudomorphing olivine. 

of the bimodal basalt-rhyolite association that char-

acterize these rock suites. The Pliocene volcanic 

rocks, however, are more compositionally diverse and 

may or may not represent the ñclassicò rock suites as 

described by Christiansen and Lipman. Nonethe-

less, the association of both Pliocene and Pleistocene 

volcanism in the Coso Range with crustal extensional 

is indicated by emplacement of flows and cones along 

dip-slip faults. 

Basalt geochemistry and petrology 

This research sampled four basalt flows (Tba1ïTba3 

of Loomis (1984) and a fourth undifferentiated flow 

within unit 4 of Loomis), as well as dacitic to rhyolitic 

tuffs of the Dove Spring Formation emplaced between 

about 12 and 8 Ma. While a small number of basalt/ 

rhyolite samples were collected from the Cudahy 

Camp Formation for the sake of comparison, limited 

geochronology as well as uncertainty of tectonic set-

ting precluded detailed examination. 

Figure 4a is a TAS (total alkalis vs. silica) diagram 

for the basalts of the Dove Spring Formation and 

Coso volcanic field. Dove Spring (DS) basalts average 

approximately 53% total SiO2 and 3% total alkalis. In 

contrast, basalts of the Coso field (CV) average 48% 

SiO2 and 5% total alkalis. Figure 4b is a modified ba-

salt tetrahedron based on normative mineralogy. The 

use of normative mineralogy allows a more sensitive 

discrimination of basalt types. As can be seen from 

the diagram, DS basalts are generally tholeiites while 

CV basalts span a more diverse compositional range, 

but are mostly alkali basalt. It is worth noting that 

Groves (1996) concentrated her sampling within the 

Pleistocene basalts. They plot in a restricted compo-

sitional range of the alkali basalt subtriangle. Samples 

of both Pliocene and Pleistocene basalts by DePaolo 

and Daley (2000) and the authors display a more diverse 

compositional range encompassing both 

alkali basalt and olivine tholeiite 

subtriangles. 

Plagioclase is the most common phe-

nocrystic phase in DS basalts, followed by 

skeletal clinopyroxene and rare olivine. Ol-

ivine phenocrysts appear common in out-

crop, but thin section analysis reveals that 

much of the olivine is actually iddingsite, 

a cryptocrystalline mixture of hydrated iron 

oxides and magnesium clays. The iddingsite 

veins, embays, coats, and in many cases 

completely replaces olivine grains (Figure 

5). The presence of iddingsite has 

also been reported in the Big Pine field by 

Darrow (1972) and in Darwin basalts by 

Lusk (2007). Its significance to basalt petrogenesis 

will be discussed below. 

Anderson (2005) noted that some olivine phe-

nocrysts appeared to be pseudomorphed by dark brown 

to black calcium siderite (Figure 6). The association of 

calcium siderite, iddingsite, and olivine has not been 

previously documented in the Owens Valley, but was 

noted, curiously, in Martian meteorites by Vicenzi, et al. 

(2001). Its presence was attributed to the weathering of 

the Martian surface by CO2-saturated fluids or vapors. 

The reason for its presence in DV basalts is uncertain. 

Pliocene Coso basalt is characterized by small phe-

nocrysts of plagioclase, olivine, and ophitic clinopy- 

 

Figure 7. Iddingsite reaction rim coating olivine (ol) from the 
Darwin, CA volcanic field. 


