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Figure 1. Index map showing the location of 

basaltic volcanic fields in the Owens Valley. 
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Abstract: Basaltic volcanism occurs at four locations in the Owens Valley. We examine the Big Pine 

field south of Independence, CA and the Darwin field situated 45 miles to the southeast on the 
Darwin Plateau. Big Pine basalts were extruded between 1.2 Ma and 25 ka. They range in composition 

from ne normative alkali basalt to Q normative tholeiitic basalt. Basalts of intermediate composition 

(olivine tholeiites) are rare. Alignment of cones and flows suggests that both dip-slip and oblique 

slip faults have acted as conduits for the magma. Olivine and its alteration product, iddingsite, are 

common in some flows, but entirely absent in others. Trace element and isotopic analyses argue for 

crustal contamination of some basaltic magma prior to extrusion. Volcanism on the Darwin 

Plateau occurred from 8 to 4 Ma. Structural control of flows is more obscure. Basalts span a similar range in 

composition to the Big Pine field, but are characterized by a broader population of olivine tholeiites and not a 

clustering of alkali and tholeiitic basalts. Olivine is a common modal mineral, as is iddingsite. Evidence for 

crustal contamination is less persuasive. 

Tectonic setting appears to have a significant influence on ba-

salt composition. Basalts extruded in regions of transtension or 

oblique slip related to dextral shear are dominantly alkali basalts, 

while those that are the products of pure extension are tholeiites. 

This suggests the Big Pine volcanic field underwent a change in 

the pattern of stress from dip-slip (tholeiites) to oblique-slip (al-

kali basalts) and supports episodic or cyclic partitioning of stress 

across the Owens Valley. The absence of olivine and iddingsite 

in many flows may indicate that some fractionation of Big Pine 

magmas occurred, perhaps in response to a thickened continental 

crust. Darwin basalts do not fit the established model. The 

preponderance of olivine tholeiites is difficult to rationalize and 

trends observed in other fields cannot be documented due to 

paucity of geochronology and detailed stratigraphic control. Darwin 

basalts were extruded over a time period that encompasses both 

Basin and Range extension and dextral shear. Perhaps, the 

compositional variation of Darwin basalts reflects the evolving 

tectonic setting. 

Introduction 

The Big Pine volcanic field is one of the most recognizable features 

within the central Owens Valley (Fig. 1). Basalt flows and scoria cones 

can be seen along both sides of US 395 from the base of 

the Sierra Nevada Mountains to the west, to the Inyo Mountains to 

the east. The field encompasses an area of approximately 150 square 

miles, from one mile south of the town of Big Pine to 8 

miles north of Independence, CA. Volcanism dates from 1.2 Ma to as 

recently as 25 ka (Manley, et al., 2000; Moore and Dodge, 1980). Basaltic 

rocks dominate, but a small outcrop area of rhyolite is present to the west 

of the Poverty Hills. 
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Figure 2. Generalized geologic map of the Big Pine volcanic field 

(after Varnell, 2006). 

The Darwin volcanic field sits atop a horst block 

known as the Darwin Plateau and lies 45 miles to the 

southeast of the Big Pine field. It is situated 1000 feet 

above the Owens Valley to the west and as much as 

4000 feet above the Panamint Valley to the east. The 

field covers an area of 300 square miles, much of it 

draped over the southern flank of the Inyo Mountains. 

Limited age dating suggests basaltic volcanism oc-

curred between 8 and 4 Ma (Larsen, 1979; Schweig, 

1989). Volcanics of felsic to intermediate composition 

are absent. 

Although the Big Pine and Darwin fields currently 

lie more than 40 miles apart, this may not have always 

been the case. The younger Big Pine field straddles 

the Owens Valley fault, while the Darwin field lies to 

the east of this fault system. At the onset of Darwin 

volcanism (~8 Ma), the field may have been situated 

as much as 35 miles to the north; assuming a rate 

of motion of 6mm/yr across the Owens Valley fault 

system. A more conservative rate of 3 mm/yr places 

the two fields 20 miles closer together at the time of 

volcanism. 

The two fields share many geologic, petrologic and 

geochemical characteristics. Given the span of vol-

canism from 25 ka to 8 Ma, an understanding of the 

Big Pine and Darwin basalts may provide clues to the 

Neogene tectonic evolution of the Owens Valley and 

the Eastern California Shear Zone. 

Geologic setting 

Cenozoic sedimentary fill in the Owens Valley is quite 

thick, locally reaching three kilometers (Varnell, 2006). 

Exposures of pre-Cenozoic basement are unusual, 

occurring at only two localities; the Poverty Hills within 

the northern portion of the Big Pine volcanic field and 

35 miles to the south in the Alabama Hills. The reasons 

for bedrock outcrops in the Big Pine field are unclear. 

Pakiser et al. (1964) suggested the Poverty Hills block 

had descended along a normal fault to its present location. 

This would be analogous to a model proposed for the 

Alabama Hills. Bishop (2000) indicated that Poverty 

Hills may represent a ñlong-runout avalancheò. Martel 

(1989) hypothesized the Poverty hills were the result of 

transpression caused by a left step in the dextral-shear 

Owens Valley fault system. Since basaltic volcanics locally 

overlie the exposed basement complex, all of the various 

models must assume that much of this fault movement 

occurred prior to the onset of volcanism at 1.2 Ma. 

Figure 2 is a generalized geologic map for the Big Pine 

field. Much of the area surrounding the basalt outcrops is 

comprised of large alluvial fans than grade basinward into 

Quaternary lucustrine and fluvial sediments. The exposed 

basement, like the surrounding mountains, is primarily 

Mesozoic granodiorite and quartz monzonite. An isolated 

roof pendant of Paleozoic metasediments lies just to the 

west of Tinemaha Reservoir. 

Numerous active faults have been mapped within 

the Big Pine field. The Independence fault lies to the 

west of the field along the Sierra Nevada front. Le, 

et.al. (2007) reported that movement along the In-

dependence fault is dip-slip, east side down, at a rate 

of 0.2-0.3 mm/yr. The Fish Springs fault bisects the 

volcanic field offsetting several cones and flows. The 

alignment of flows and cones along the fault suggest 

it may have acted as an important conduit for ascend-

ing magmas. Beanland and Clark (1994) propose that 

motion along the Fish Springs fault is purely vertical, 

east side down. Zehfuss et.al. (2001) measured the 

slip rate at .24 mm/yr. The right-slip Owens Valley 

fault lies less than a kilometer to the east of the Fish 

Springs fault. Estimated rate of slip along the Owens 

Valley fault at this locality is 1.4 mm/yr (Zehfuss, 

et.al. 2001). Interestingly, the Fish Springs fault and 

Lone Pine fault, 30 miles to the south, share similar 

geographic relationships to the Owens Valley fault. 

The Lone Pine fault was long thought to be character-

ized largely by vertical slip. It wasnôt until the 1960ôs 

that a significant strike-slip component was noted, 

suggesting the Fish Springs fault may also have a 
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Figure 3. Simplified geologic map of the Darwin volcanic field (after 

Lusk, 2007). 

strike-slip component not heretofore recognized. The 

White-Inyo fault lies along the east side of the Ow-

ens Valley. Bacon, et al. (2005) suggest that Holo-

cene motion along this fault is predominantly right 

oblique- slip at a rate of 0.1-0.3 mm/yr. However, 

Bellier and Zoback, (1995) argue that motion along 

the White Mountains/Inyo Mountains fault system 

underwent a change from predominantly dip-slip 

(west side down) to oblique slip at 288 ka. Alignment 

of cinder cones along the 

While-Inyo fault suggests 

it has acted as an impor-

tant channel for basaltic 

lavas. 

The Darwin volca- 

nic field is situated on 

the Darwin Plateau, an 

elevated block of crust lying 

between the Owens Valley 

to the west and Panamint 

Valley to the east. The 

northern portion of the field 

is draped over the southern 

flank of the Inyo Mountains, 

while to the east volcanics 

spill into the Panamint 

Valley where they become 

the Nova 

or Pinto Peak volcanics 

of Coleman and Walker 

(1990). 

Figure 3 is a generalized 

geologic map of the Darwin volcanic field. North 

of CA 190 thick flows of basaltic lava mantle the 

southern Inyo Mountains. Only scattered outcrops of 

Late Paleozoic to Triassic sedimentary and metasedi-

mentary rocks are present. South of CA 190 pre- 

Cenozoic rocks are more common. Folded Paleozoic 

units have been intruded by post-kinematic Mesozoic 

granites. The Paleozoic/Mesozoic basement rocks are 

unconformably overlain by the Miocene-Pliocene 

Darwin volcanics (8-4 Ma) and contemporaneous 

 
Figure 4 a. Total alkalis vs. silica diagram, and 4b. TiO2 vs. Zr/P2O5 diagram for the Big Pine and Darwin volcanic fields. 
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Figure 5. Basalt tetrahedron for the Big Pine and Darwin volcanic fields. Shaded areas 

represent the limits of compositional variation for the Coso and Ricardo fields. Data 

from Anderson (2005) for the Ricardo field and Groves (1996) for the Coso volcanics. 

Table 1. Average major element concentrations for the basalts of the 

Big Pine, Darwin and Ricardo(Dove Spring) basalts. Ricardo data 

from Anderson (2005). 

 

fanglomerates and stream gravels (Schweig, 1989). 

Numerous Holocene normal faults cut the flows. The 

dextral shear Owens Valley fault system and Hunter 

Mountain/Panamint Valley fault zone lie respectively to 

the west and east of the Darwin Plateau. The west edge 

of the field is marked by the projected trace of the White 

Mountain/Inyo fault. The role these faults have played 

in basaltic magmatism is uncertain. Schweig (1989) 

concludes that magma extrusion began shortly after the 

onset of Basin and Range extension (7-8 Ma). It most 

likely continued after 

the initiation of dextral shear at 5 Ma. Thus, it would 

appear that volcanism in the Darwin field spans the 

transition from east-west directed extension to north- 

south dextral shear. 

Basalt geochemistry and petrology 

Darrow (1972) published the first comprehensive study 

of Big Pine basalts. He noted that some samples were 

alkaline and attributed the alkalinity to thickened crust 

beneath the central Owens Valley. He also noted 

anomalous strontium content 

and concluded that the high strontium 

values were due to crustal contamination, 

or fractionation of early formed magmas. 

Gillespie (1982) completed 

a voluminous study of the northern 

Owens Valley. While his research focused 

mainly on glacial evolution, he compiled 

numerous K-Ar age dates for Big Pine 

basalts. Bierman et al. (1991) added Ar-

Ar dates and the observation that the Big 

Pine field was characterized by episodic 

extrusion of both alkaline and siliceous 

basalts. Stone et.al. (1993) published 

cosmogenic ages of the basalts. Waits 

(1995) studied peridotite inclusions in 

basalt and concluded that 

crustal contamination seems to be limited to non- 

xenolithic cones. It should be noted that Waitsô thesis 

has been the subject of some confusion. He sampled 

only a very limited population of inclusion-bearing 

flows stating they are highly alkaline. Later research-

ers, (Taylor, 2002; Dilek and Robinson, 2004) took 

this statement out of context and characterized the 

entire Big Pine field as ñhighly alkalineò. 

In contrast, the Darwin Plateau has received 

considerably less attention. Larsen (1979) 

published a small number of basalt analyses and 

two K-Ar 

dates. He characterized the basalts as high alumina to 

alkaline. Schweig (1989) added three additional age 

dates and stated the basalts were olivine basalt. The 

available ages suggest the majority of basalt was ex-

truded between 7.7 and 4.3 Ma. Coleman and Walker 

(1990) examined all of the volcanic fields around the 

Panamint Valley. They published analyses of the Nova 

Basin/Pinto Peak basalts speculating that at one time 

they were a part of a larger Darwin basalt field that 

was tectonically dismembered. They also suggested 

the Darwin basalts had a calc-alkaline affinity. 

Table 1 presents major element averages for the 

Big Pine and Darwin basalts. FeO, MnO and MgO 

have been combined and reported as mafics; K2O and 

Na2O as alkalis. The Ricardo (Dove Spring) volcanics 

in the El Paso Mountains are shown for comparison. 

Big Pine and Darwin share remarkably similar major 

element geochemistry. The Darwin field has a larger 

spread for individual analyses, but the overall aver-

ages do not differ significantly. Trace element averages 

(not shown) display somewhat greater variation, but 

remain quite similar. The chemical similarities of the 

older Darwin and the younger Big Pine fields suggest 


