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ABSTRACT

A detailed low-aititu&e'aeromagnetic survey 6f 576 line-mi (927 line-km)
was completed over a pohtion'cf the Coso Hot Springs KGRA in Septemher 1977.
The survey has def1ned a pronounced magnetic Tow that could help delineate the
geotherma] system. The magnetic low has an areal extent of approx1mate1y 10
sq mi (25 sq km). D1rect and 1nd1rect evidence 1nd1cates that th1s anomaly is
~ due, in part to magnet1te destruction by hydrothermal solut1ons assoc1ated
with the geothermal system. The anomaly generally coincides with two other
.geophysicaI‘anemalies which are directly associated'with the system: 1) a
bedrqck electnical resistivity low, and 2) an area of relati§e1y'high
near;surface temperatures; The highest'meaSUred heat flow, 18 HFU,Valso

occurs within its boundary.

" The magnetic Tow occurs at the 1ntersection of two maJor structural zones
which coinc1de with a complementary set of strike-slip fault zones determined
from se1 sm1c act1v1ty. The 1ntersect1on of these two zones of active
tectonism probably served as the locus for emplacement of a pluton at depth,
above which are observed the coincidental}geonhysical anomalies and surface

manifestations related to the geothermal system.



INTRODUCTION

On behalf of the U.S. Department of Energy, Division of Geothermal
Energy, geological and geophysical studies were conducted for a portion of the
Coso Hot Springs KGRA (Fig. 1) by the Earth Science Laboratory, University of
Utah Research Institute. These studies served two purposes: 1) evaluation and
interpretation of results from the drilling'and logging of CGEH-1 (Galbraith,A
1978), and 2) determination of possible sites for future drill tests.
Investigations for the latter were carried out during September and October,
1977 andrincluded geologic and alteration mapping (Hulen, 1978), a detailed
electrical resistivity survey (Fox, 1978) and a low-altitude aeromagnetic

survey,'the results of which are the subject of this report.

A regional aeromagnetic survey of the Coso area was completed in 1975 by
the U.S. Geological Survey (Open-file report 76-698) which covered an area 32
mi E-W by 30 mi N-S (51 by 48 km) centered approximately on Coso Hot Springs.
The survey altitude was 7000 feet (2135 m) above sea level, approximately 2500
feet (762 m) above the mean terrain elevation of the present survey area, and
the flight line spacing Qas one mile (1.6 km). These survey characteristics

precluded the recording of local, small scale changes in magnetization.

The present survey was flown to generate a detailed magnetic map that

could show local variations in rock magnetization and magnetic features

related to structyres that would help delineate the geothermal system.

GEOLOGY
The Coso Range, in which the Coso KGRA is located, occurs in the western

Basin and Range province. It was formed primarily by dip-slip movement along
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northerly-trending, high-angle normal faults. Within the survey area, the
Basin and Range structure is disrupted by west-northwest, northwest and
north-trending high-angle faults. Plate I covers the survey area and a
corresponding portion of the Coso Range as mapped by Duffield and Bacon

(1977). This map shows the surface geology as a Late Cenozoic basaltic to

rhyolitic volcanic sequence resting on a Mesozoic (?) basement complex.

The volcanic sequence includes several prominent rhyolitic domes and a
lesser number of basaltic domes. Although the basement complex is not
subdivided on this map, Duffield and Bacon (1977, sheet 2) indicate that it
consists pfincipa]ly of granitic intrusive rock and ranges in composition from
granite through quartz-diorite to diorite or gabbro. Hulen (1978) in an
accompanying report states that the granitic intrusives, Jurassic-Late
Cretaceous in age, are probably satellites of the southern Sierra Nevada

Batholith.

AEROMAGNETIC SURVEY

The total-field aeromagnetic survey was conducted by Aerial Surveys of
Salt Lake City, Utah. The survey flown in September, 1977 covers an area
extending 12 mi N-S by 12 mi (19 km sq) E-W, centered on Devil's Kitchen. The
flight altitude was 750 feet (229 m) above mean terrain with a one-quarter
mile (403 m) line spacing. A total of 576 line-mi (927 line-km) was surveyed.
Data were recorded in analog format and digitally on magnetic tape. The
terrain clearance along the flight line was maintained by digital readout from
a radar altimeter during the survey and was continuously recorded in analog

form on a strip chart recorder. A continuously recording ground magnetic



station recorded diurnal changes in the magnetic field and monitored magnetic
storm activity. Topographic base maps for the surveyed area include the USGS
15 minute topographic series quadrangles of Haiwee Reservoir, Coso Peak,

Little Lake and Mountain Springs Canyon.

The survey results were compiled manually. A f]ight line map was made by
matching images on 35 mm strip film of the flight lines to images on aerial
photographs (scale 1:18,000) of the surveyed area taken at the start of the
survey. ‘Intermediate points along each flight 1ine_were located by linear
interpolation betWeen the recovered points. The flight 1ines located on the
aerial photo base werevrectified to an accurate topographic base by
transforming points from the photo base to corresponding pdints on a 1:18,000
scale topographic map. Magnetic values for fiducial numbers corresponding
with the recovered points and maximum and minimum magnetic values observed
between recovered points were taken frdm the analog records and posted along
the flight lines. The final map was compiled at a scale of 1:24,000 with a 25
gamma contour interval. A base level value of 50,000 gammas was subtracted

from the observed total field values.

INTERPRETATION

Magnétic Anohélies

The sources of_sévera] magneticlgnomalies were identified by correlating
the magnetjc{anqmalies, Plate II, with the topography and geology, Plate I.
These anomalies are identified by reference points (RP) on Plate III. The
source out]inesisbown,onjthis plate are only qpproximaté outlines of the

actu;l magnétic sources and are shown mainly for the purpose ofllocating the



source areas. Table I shows the probable source rock type, and probable
causes of the anomalies. Except for RP-17, all of the identified anomalies

have sources that are attributable to the outcropping rock in their source

areas.
TABLE I
Interpretation of Magnetic Anomaly Sources
Reference Point Probable Rock Type Probable Cause
RP -1, 2, 3, 17 Diorite or Gabbro sc*
RP - 4,6, 7, 8, 9, 10, 11,
13, 14, 15, 18, 19, 20,
25, 29, 30, 31 Rhyolite © SCH+TE*4RM*
RP - 5, 23, 26, 27, 28
40 Basalt SC+TE+RM
RP - 12 Dacite ‘ SC+TE+RM
RP - 16, 22, 34, 35 Basalt SC+RM
RP - 21 Granite(?) SC+TE
RP - 24 Andesite SC+TE+RM
RP - 32, 33, 36, 37, 38,
39 Quartz-diorite(?) TE
*SC = Susceptibility Contrast
TTE = Terrain Effect
RM = Remanent Magnetization

Many of these anomalies show a strong correlation with topography, e.g.,
the rhyolite domes. Topographic-effect magnetic anomalies are caused by
magnetic terrain features. Variations in terrain clearance between the
airborne magnetometer and the topographic surface can significantly contribute
to the observed anomalies, especially in a low altitude survey like this.

Both magnetic highs and lows can be generated by topographic features as shown

by Figure 2.
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Preliminary attempts to determine the magnetization and source geometry
for the rhyolite domes indicated some degree of remanent magnetization
contributed to their observed anomalies. Various domes were individually
modelled using vertical-sided, right-regular prisms with 10,000 ft (3050 m) of
depth extent. The area of the models, in plan view, approximated the outcrop
area of the individual domes as shown on Plate I. The apparent magnetic
susceptibilities assigned to these models to match the observed anomalies are
in the rangé 1000-2000 micro-cgs units. To make the geometry of these simple
models conform more closely to a reasonable geometry for the root systems of
the domes, e.g. an inverted cone or funnel, would cause an attendant volume
decrease which would have to be offset by an increase in apparent magnetic
susceptibility. Apparent susceptibilities larger than 2000 micro-cgs are
unusual for rhyolites in general and could be explained by a remanent
magnetization component. The magnetic susceptibility of a rock, k, is the
ratio of the intensity of its induced magnetic anomaly, I, to the intensity of

the inducing magnetic field, H; that is k = %r’ If a rock is permanently

magnetized in a direction that adds to the magnetic anomaly due only to
induction by the earth's magnetic field, it will have an interpreted or
apparent susceptibility that is higher than the true susceptibility expected

for the given rock type.

A common feature of most of the rhyolite domes is a positive magnetic
expression. Variations in the amplitudes of their anomalies are due to
several factors such as variations in: 1) magnetic susceptibility of the domes
or between the domés and their host rock, 2) femahent magnetization, 3)

terrain clearance, or 4) flight line location. None of these factors readily
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explain the lack of magnetic expression of the dome at RP-15a (Plate III).
Either this dome has no appreciable root system (volume of magnetic material)
or, if it does, the magnetite within its root structure has been altered by
hydrothermal solutions to non-magnetic hematite or pyrite. If the latter

explanation is the actual case, the age determined for this dome of less than
100,000 years (Lanphere and Dalrymple, 1975) Suggests that the magnetite
alteration could be caused by hydrothermal fluids associated with the present

geothermal system.

Basement Magnetization

Broad west-northwest trending zones of contrasting magnetic intensity
have been delineated on Plate III that define the gross magnetic
characteristics of the area. The intensity levels assigned to each zone are
taken from the contoured magnetic values shown on Plate II. These are
residual total magnetic field values after a base level of 50,000 gammas was
subtracted from the observed values. The two zones of low magnetic intensity,
generally less than 1000 gammas, are interpreted to be caused by granitic
basement rock. - The zones of intermediate magnetic intensity, 1000 to 1200
gammas, are attributed to quartz-diorite~and the high magnetic intensity
zones, greater than 1200 gammas, to the diorite or gabbro end of the basement
composition range.  The margins of these zones ere gradational between
intermediate and high intensity zones but sharp between low and intermediate
and between 1ow and high zones. The sharp grad1ents are, 1n part
coincidental with west-northwest, trending mapped fau]ts (Plate I) and thus
may represent structural boundarles between adJacent zones. The sharp

boundary between the southernmost low magnetic intensity zone and the adjacent



intermediate zone may be the northern edge of thé west-northwest trending
Wilson Canyon fault system which projects through this area (Furgerson, 1975,
pg. 2). The sharp boundary between the zone of low magnetic intensity
associated with the Haiwee trend and the zone 6f high magnetic intensity to

the south may reflect the southern edge of the Haiwee fault system.

A magnetic profile that crosses the three levels of magnetic intensity
(see Plate III for location) was analyzed to determine the range of apparent
magnetic susceptibilities that are associated with these levels. Figure 3
shows the observed and computed magnetic gradient and the model used to make
nthe analysis. As constructed, the model takes into account the variation in
| terrain clearance along the profile as observed on the terrain clearance
analog record for this profile. Each prism of the model extends 10,000 feet
(3500 m) to the east and to the west of the profile to approximate the general
east-west linear trend in terrain elevation (Plate I) and to produce the
observed east-west linear trend in magnetic intensity (Plate I1). The prisms
extend to 10,000 feet below the line of obsefvation. This depth extent was
chosen to insure that the computed magnétic gradient would be only a function
of,the topographic relief and the horizontal change in magnetic susceptibility
and would not be influenced by the depth extent of the prisms. Figure 3 shows
that an increase in magnetic susceptibility of 3000 micro cgs units across the
zones from low to high magnetic intensity is required to generate the observed

gradient.

Magnetic susceptibilities were measured on ten foot (3 m) samples of

drill cuttings from 430 intervals of drill hole CGEH-1. The samples were

10
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placed into four general categories according to composition (Galbraith,
1978), that are consistent with those used by Hulen (1978) to group the
surface rocks he observed within this area. These categories are: 1) an
older, pre-Late Cretaceous intermediate-to-mafic metamorphic sequence, 2)
post-metamorphic quartz-latite porphyry and felsite, 3) Late Cretaceous (?)
granite and allied intrusives (leucogranite and alaskite) and 4) Late Cenozoic
volcanics (rhyolite). Based upon thin-section analysis, these rock types
encountered in CGEH-1 appear only slightly altered (Galbraith, 1978). The
majority of samples fall in either the metamorphic or granite and allied
intrusive categories. The average magnetic susceptibility value for 154
samples in the metamorphic categofy is 1118 micro cgs units with a standard
deviation of 849 micro cgs; that for 143 samples in the granite and allied
intrusive category is 547 micro cgs units with a deviation of 566 micro cgs.
Because of the weak susceptibility contrast (about 500 micro cgs) documented
in the cuttings the observed magnetic gradient cannot be caused by a

gradational horizontal change between the two major rock types observed in

CGEH-1. These rock types are representative of the surface rocks in the area

of the observed gradient. Assigning the metamorphic sequence with its average
measured susceptibility (1118) to the zone at the high magnetic intensity end
of the observed gradient and the granitic intrusives with their average
susceptibility (547) to the low end will not give the computed change (3000)
in susceptibility required to produce the observed gradient. Factors that
could account for this apparent discrepancy are:_l) an increase in mafic
content of the metamorphics within the high intensity zone giving an attendant

increase in magnetic susceptibility, and 2) an attendant decrease in the

12
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original or primary magnetite content of the granitic intrusives within the
low intensity zone or the destruction of magnetite in the granitic intrusives
as a result of hydrothermal alteration. Some combination of these factors is

most likely. Measurements of the magnetic susceptibility of outcrop samples

along the line of profile, Plate III, are required to determine to what degree
each of these factors contribute to the observed gradient. If it can be shown
that magnetite destruction is a significant factor, this would have an

important bearing on the interpretation of the magnetic low outlined on Plate

III.

Structure

Based on analyses'of seismic activity, Weaver and Walter (1977) describe
a northwest trend of right-lateral, strike-slip faulting, the Haiwee trend,
and a complimentary northeast trend of left-lateral, strike-slip faulting, the
Red Hill trend. These geographic names are given to the two structural zones
shown on Plate III since their southwestern and northwestern portions
conincide, respectively, to the Red Hill and'the Haiwee trends described by
Weaver and Walter. Plate III shows the Haiwee trend corresponds to a zone of
low magnetic intensity and several similarly trending faults shown on Plate I.
The Red Hi1ll trend is well defined on the magnetic map from Sugarloaf Mountain
to the southwest. The major east-northeast fault mapped by Hulen (1978),
Plate III, is evidence for a continuation of this trend to the northeast
through Devil's Kitchen and Coso Hot Springs. The trace of this fault is
delineated by the canyon through the eastern side of the Coso Range between
Devil's Kitchen and Coso Hot Springs. The fault is quite important since the

fumerolic activity is either on or along the prbjection of its trace. The

13



deeply-incised, northeast-trending canyons through the basalt flows east of
Coso Hot Springs may be fault-related and as such could represent a
continuation of the Red Hill structural zone. The USGS aeromagnetic map and
geologic map show east-northeast magnetic trends, topographic lineations and
inferred faults that support the interpretation of a through-going,
east-northeast structural zone. The structural zones shown on Plate III could
help define zones of active tectonism by association with the zones of active

seismicity.

Magnetic Low

The magnetic low outlined on Plate III is the most significant feature
delineated by this survey with respect to the Coso geothermal system. It
generally coincides with two other geophysical anomalies obviously related to
the geothermal system, a bedrock electrical resistivity low (Fox, 1978) and an
area of high, near-surface temperatures defined by LeSchack (1977). The
highest measured rate of heat flow, 18 HFU (Combs, 1975), and evidence for
hydrothermal bedrock alteration and magnetite destruction, mapped by Hulen
(1978), both occur within its boundary. This direct evidence of magnetite
destruction (although not pervasive), the lack of magnetic expression of the
rhyolite dome at RP-15a, and the ané]ysis of the magnetic field gradient
(Figure 3), give reason to think that the magnetic low is partially due to
magnetite destruction which is directly related to hydrothermal fluids within
the geothermal system. The southern one-half of the low is due, in part, to
an induced polarization low associated with the zone of high magnetic
intensity at the southern bdundary of the low. A polarization low is induced

by the earth's magnetic field at the northern boundary of a magnetic source

14



with higher magnetic susceptiblility than its host rock.

Comparison of High- and Low-Al ti tude Magnetic Maps

Plate VI shows a portion of the USGS, 7000 foot (2135 m) constant-
barometric-altitude, aeromagnetic map that corresponds with the low altitude
survey. This map shows what can be considered to be an 'upward continuation'
of the observed low-altitude magnetic field (Plate III). Local anomalies over
volcanic domes and those resulting from terrain effects are completely
attenuated while the west-northwest trending zones of contrasting magnetic
intensity, Plate III, the two complimentary structural trends and the

associated magnetic low are still readily apparent.

15



SUMMARY AND CONCLUSIONS

A low-altitude aeromagnetic survey of a portion of the Coso Hot Springs
KGRA has defined a pronounced magnetic low that could help delineate the
geothermal system. The magnetic low has an areal extent of approximately 10
sq mi (26 sq km). Direct and indirect evidence indicates that this anomaly is
due, in part, to magnetite destruction by hydrothermal solutions associated
with the geothermal ;ystem. It is significant that this anomaly generally
coincides with two other geophysical anomalies which are directly associated .
with the system: 1) a bedrock electrical resistivity low, and 2) an area of

relatively high near-surface temperatures.

The magnetic low occurs at the intersection of two major structural zones
which are defined by magnetic lineations, mapped faults, and topographic
features which coincide with a complementary set of strike-slip fault zones
determined from seismic activity (Weaver and Walter, 1977). The intersection
of these two zones of active tectonism probably served as the locus for
emplacement of a pluton at depth, above which are observed the coincidental
geophysical anomalies and surface manifestations related to the geothermal

system.

16
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EXPLANATION TO ACCOMPANY PRELIMINARY GEOLOGIC MAP OF THE
COSO VOLCANIC FIELD AND ADJACENT AREAS. INYO COUNTY. CALIF

BY WENDELL A. DUFFIELD AND CHARLES R. BACON
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Note: The relative ages of units in the vertical columns are well established, whereas some of the
implied relative ages for units of different columns are not well established. See descriptions
of map units for known stratigraphic relations, and table for K/Ar ages. Asterisk denotes unit
with K/Ar age.
DESCRIPTION OF MAP UNITS
ALLUVIUM Includes coarse alluvial fan deposits, stream deposits of gravel, sand and silt, wind blown
al sand, and deposits of silt and clay in closed depressions.
oal OLD ALLUVIUM Includes predominantly sand to boulder-rich alluvial fan and fluvial deposits; probably

Y‘[>Y‘

vaE> bvp

bsv& bsvp|

ranges in age from late or middle Pleistocene to Holocene; distinguished from unit al by being part-
1y dissected; oldest(?) part of this unit overlain by unit blr south-southeast of Little Lake.

RHYOLITE OF THE COSO GEOTHERMAL FIELD Thirty-seven separate extrusions of sparsely porphyritic, homo-

geneous rhyolite (r) and associated pyroclastic deposits (rp); rp includes minor playa deposits in
closed depressions; rhyolite forms steep-sided, 40 to 350 meter-high domes, several of which are
overlapping and three of which developed flows about 1 km long; flows and domes are covered by blocky
pumiceous to perlitic carapaces through which ribs and spines of obsidian protrude locally; rhyolite
contains no more than 2 percent and generally less than 1 percent phenocrysts, all less than 1 mm
long; some or all of the phases quartz, sanidine, oligoclase, Fe-Ti oxides, biotite, hornblende, cli-
nopyroxene, orthopyroxene and fayalite are present in each dome; pyroclastic deposits of pumice and
obsidian together with fragments of Mesozoic basement rocks form explosion rings around some domes
and a mantle over the entire area of the dome field; some domes carry scattered basaltic xenoliths
and rare fragments of Mesozoic basement rocks; Pleistocene domes and basalt flows overlap in space
and time; Pleisfocene basalt units bp, bsm, and bcw are overlain by rhyolite pyroclastics from ad-
jacent domes; field relations in the vicinity of Volcano Peak indicate the following succession:

(1)- eruption of basalt of Rose Valley (brvp) or eruption of a rhyolite dome (no overlapping rela-
tions), (2) eruption of basalt of Upper Little Lake Ranch (bur), {3) eruption of a rhyolite dome,

(4) eruption of basalt of Volcano Peak (bvp); K/Ar ages of domes range from 0.96 + 0.19 to 0.041 +
0.021 m.y. (Lanphere and others, 1975).

BASALT OF VOLCANO. PEAK Flows (bvp), cinder-bomb cone (bvpp), and adjacent cinder mantle (bvpp) of por-

phyritic, vesicular basalt; contains 1 percent of 0.2-1 mm olivine, 3 percent 0.2-1 mm yellowish
clinopyroxene with rare opaque inclusions, 15 percent 0.5-4 mm plagioclase, and rare 0.6-3 mm embayed
quartz in a granular groundmass of olivine, clinopyroxene, opaques,and plagioclase; olivine, clinopy-
roxene, and plagioclase phenocrysts commonly intergrown in clots; overlies units bsvp, bcr, r, bur,
bwp and brv; aa flow surface and flow channels are well preserved; flows followed stream valleys;
K/Ar age 0,038 + 0.032 m.y. (Lanphere and others, 1975); probably the youngest volcanic unit in the
map area; estimated average thickness of flows 2-6 meters.

BASALT SOUTH OF VOLCANO PEAK Flow (bsvp), cinder-bomb cone (bsvpp) and adjacent cinder mantle (bsvpp)

of porphyritic, vesicular basalt; flow was fed from vent marked by the cone 0.8 km south of Volcano
Peak; contains 3 percent of 0.1-0.6 mm olivine, 2 percent of 0.1-1 mm clinopyroxene commonly in clots
and containing rare opaque inclusions, and 15 percent of 0.2-4 mm plagioclase with olivine inclusions
in an aphanitic groundmass; overlies unit bcr; and is overlain by unit bvp; aa flow surface and flow
channels well preserved; estimated thickness of flow 2-6 meters.
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BASALT OF CINDER RIDGE Seven cinder-bomb cones (bcrp) adjacent cinder mantle (bcrp), and at least two
flows (bcr) of porphyritic, vesicular basalt; youngest flow contains about 2 percent of 0.2 mm and
smaller olivine, 2 percent.of 0.1-0.8 mm pale yellow clinopyroxene, 10 percent of 0.1-1 mm plagio-
clase, and 3 percent of 1-10 mm plagioclase in an aphanitic groundmass; youngest flow contains rela-
tively more plagioclase and less olivine phenocrysts than underlying flow; overlies units bwa, swh,
blr, and ba, and is overlain by units bvp, and bsvp; much or all of youngest flow appears to have
issued from most southerly of five aligned cinder cones; aa flow surface and flow channels well pre-
served; magnetic polarity normal; total thickness about 348 meters.

BASALT SOUTHWEST OF VOLCANO PEAK Partly buried basalt cinder cone; overlain by unit bvp.

BASALT WEST OF AIRPORT LAKE Flow (bwa), cinder cone (bwap), and adjacent cinder mantle (bwap) of
porphyritic, vesicular basalt; contains 1 percent of 0.1-0.2 mm opaque mineral (titanomagnetite?),
2 percent of 0.1-0.8 mm olivine, and 7 percent of 0.3-2 mm plagioclase in a groundmass of felted
plagioclase laths, granular olivine, pyroxene,and opaque mineral; overlies units swh, ba,and is
overlain by unit bcr; strand lines eroded into this unit along southwest edge of Airport Lake; aa
surface and flow channels preserved; magnetic polarity normal; 2 to 4 meters thick.

BASALT OF MERCURY PROSPECT Flow (bp) and: cinder cone (bpp) of vesicular basalt; contains 1 percent
0.1-0.3 mm olivine, 0.5 percent 0.1-0.6 mm opaques, and 8 percent 0.2-1.5 mm plagioclase in a ground-
mass of granular olivine, opaques, pyroxene, and plagioclase laths; xenoliths of Mesozoic granitic
basement rocks common; overlies units bcw, ¢, omf, od,and oal; flow channel and aa surface preserved
locally; flow followed a stream channel into Airport Lake; about 2 to 7 meters thick; magnetic pola-
rity normal; K/Ar age 0.234 + 0.022 m.y.

BASALT OF RED HILL Flow (brh) and cinder-bomb cone (brhp) and adjacent cinder blanket (brhp) of porphy-
ritic, vesicular basalt; contains 1 percent 0.1-1 mm olivine with opaque_inclusions, less than 1 per-
cent yellowish clinopyroxene, 2 percent 0.1-1 mm plagioclase, and 5 percent 1-3 mm plagioclase in
groundmass of felted plagioclase laths granular olivine, opaques, and pyroxene; xenoliths of Mesozoic
granitic basement rocks common; overlies units bur and blr; flow followed Pleistocene Owens River
channel at least 16 ki downstream into Indian Wells Valley; aa to pahoehoe flow surface well preserved
locally; magnetic polarity normal; about 4 to 10 meters thick.

BASALT OF UPPER LITTLE LAKE RANCH Flow (bur) and cinder cone (burp) of vesicular basalt; contains 1
percent 0.2-1 mm olivine and 2 percent 0.3-1 mm plagioclase in a coarse grained, sub-ophitic ground-
mass of olivine, opaques, lavender clinopyroxene, and plagioclase laths; overlies units blr and brv,
and is overlain by units bvp and brh; flowed down Pleistocene Owens River channel for-at least 15 km;
pahoehoe to aa flow surface preserved locally; mignetic polarity normal; thickness ranges from about
5 meters to a maximum exposed thickness of 25 meters where lava ponded in Owens River channel near
Little Lake; overlain by rhyolite pyroclastics of unit r with K/Ar age of 0.077 + 0.008 m.y. (see
Lanphere and others, 1975, sample no. 1); K/Ar age 0.140 + 0.089.

BASALT OF LOWER LITTLE LAKE RANCH Cinder-bomb cone (blrp) and at least two flows (blr), of porphyritic
vesicular basalt; contains 1 percent 0.1-0.4 mm opaques (titanomagnetite?), less than 1 percent oli-
vine, 2 percent 0.2-1 mm pale yellow clinopyroxene with opaque inclusions up to 0.1 mm, and 7 percent
0.2-3 mm plagioclase with common sieved cores in groundmass of granular olivine, opaques, clinopyroxene,
and felted plagioclase laths; xenoliths of Mesozoic basement rocks present; overlain by units becr,
brh, and bur, and overlies unit oal; total thickness 3-10 meters magnetic polarity normal; K/Ar age
of upper flow 0.399 + 0.045 m.y. and K/Ar age of lower flow 0.486 + 0.108 m.y.

LANDSLIDE Landslide debris of Sierra Nevada escarpment near Little Lake; appears to be overlain hy
unit oal.

BASALT OF COSO WASH .At least three flows of porphyritic, vesicular basalt; contains 3 percent 0.1-1
mm olivine with opaque inclusions, 1 percent 1-4 mm olivine, less than 1 percent 0.1-0.2 mm opaques,
2 percent 0.2-0.5 mm brownish clinopyroxene, rare clinopyroxene up to 2 mm, and 20 percent 0.3-2 mm
plagioclase with opaque inclusions in a fine-grained groundmass of granular olivine, opaques, pyro-
xene, and plagioclase; smaller phenocrysts commonly intergrown in clots; xenoliths of Mesozoic base-
ment rocks common; overlain by unit bp; flow followed stream channel; vent area is probably buried
by rhyolite dome at the upstream end of the flow; magnetic polarity normal; aa surface preserved locally;
thickness ranges from 7 to at least 25 meters.

BASALT OF AIRPORT LAKE Porphyritic vesicular basalt flows; contain about 3 percent 0.05-6 mm olivine,
1 percent 0.2-1.5 mm clinopyroxene, 5 percent 0.1-1 mm plagioclase, 5 percent 0.5-6 mm plagioclase
with sieved cores, and less than 1 percent 0.5-3 mm quartz in a groundmass of granular olivine,
opaques, pyroxene,and plagioclase laths; phenocrysts commonly in clots; overlies unit swh and is
overlain by units bcr and bwa; columnar jointing present locally; thickness about 3 to 7 meters.

BASALT OF SUGARLOAF MOUNTAIN Flow (bsm) and associated cinder deposits (bsmp) of porphyritic, vesicu-
lar basalt; contains about 10 percent 0.1-4 mm olivine, less than 1 percent 0.4-6 mm clinopyroxene,
20 percent 0.2-1 mm plagioclase, and 3 percent 1-10 mm plagioclase in a fine-grained groundmass of
plagioclase laths and granular olivine, clinopyroxene, and opaques; flow followed stream
channel; about 3-5 meters ‘thick; K/Ar age 1.08 + 0.06 m.y.

BASALT OF NAMELESS HILL Two flows (bn) and two cinder-bomb deposits (bnp) of microporphyritic, vesi-

‘cular basalt. Contains 2 percent 0.3 -mm and smaller olivine and 7 percent 0.2-2 mm plagioclase in
a groundmass of granular olivine, opaques, pyroxene, and plagioclase; flows followed stream
valleys; xenoliths of Mesozoic basement rocks common; estimated thickness 3-6 meters, K/Ar age 1.07
+ 0.12 m.y.

SEDIMENTARY ROCKS OF THE WHITE HILLS Includes interbedded conglomerate, sandstone, siltstone, silty
claystone,and tufa; apparently grades laterally into cobble to boulder fanglomerate near the south-
west corner of Airport Lake; overlain by units ba, bwa, blr, and bcr; some beds contain reworked,
rounded pumice lapilli of unit p, indicating that unit swh is younger than the Coso Formation; con-
trasting mammalian fauna indicate this same age relation (Roland von Huene, oral commun., 1976).

BASALT OF ROSE VALLEY Four cinder-bomb cones (brvp) and three flows (brv) of porphyritic, vesicular
basalt; contains 2-8 percent 0.1-2 mm olivine, 2-6 percent 0.2-2 mm yellowish clinpyroxene, and 8-15
percent 0.2-4 mm plagioclase in a fine-grained groundmass of plagioclase and granular olivine, opaques,
and pyroxenes; olivine and/or clinopyroxene phenocrysts commonly contain opaque inclusions up to 0.2
mm; phenocrysts commonly broken or rounded and embayed; glomero-porphyritic clots, xenoliths of Meso-
zoic basement rocks, and rounded quartz grains up to 0.5 mm present locally; overlain by units bur and
bvp; maximum éxposed thickness of flows 2-4 meters; K/Ar age 2.06 + 0.34 m.y.

RHYOLITE SOUTH OF HAIWEE SPRING Dome or plug of flow banded, porphyritic rhyolite; contains about 1 per-
cent 0.5-2 mm quartz, 1 percent 0.3-1 mm plagioclase, rare 1 mm sanidine, and rare 0.2-0.5 mm brown bio-
tite in a matrix of gray devitrified rock or green hydrated, perlitic glass; bounded by normal fault on
east; exposed thickness about 50 meters.

BASALT OF UPPER CENTENNIAL FLAT- Two cinder deposits-(bcfp) and several basalt flows (bcf) averaging a
few meters thick; contains about 1 percent or less of <1 mm olivine; overlies Coso Formation, unit c,
just north of map area (see Hall and MacKevett, 1962).

BASALT OF SILVER MOUNTAIN Two cinder deposits (blmp) and several vesicular, porphyritic lava flows
(bIm) averaging a few meters thick; contains 0.5-1.0 percent 0.5-2.0 mm olivine-and 0.5-1.0 percent
0.5-2.0 mm plagioclase, with rare crystals of each as large as 5 mm in an intergranular groundmass
gg clinopyroxene, olivine,and plagioclase; contemporaneous with unit acf; maximum thickness about

meters.

ANDESITE OF CACTUS FLAT Interlayered cinders and flows (acfp) and flows (acf) averaging 10 or more
meters thick of porphyritic andesite; contains about 5 percent 1-4 mm plagioclase, 1 percent 0.5-
2 mm pleochroic orthopyroxene, 1 percent 0.3-0.5 mm clinopyroxene,and less than 1 percent 0.3-0.5
mm olivine, in an intergranular groundmass of pyroxene and plagioclase; erupted from lava-cinder
shield at north end of Cactus Flat; overlies Coso Formation (unit c) and is contemporaneous with
unit blm.

BASALT OF RENEGADE CANYON Five cinder cones (brcp;-s), three eroded cinder deposits (brepg-g)sand
associated lava flows (brc, brcy.y,g) averaging a few meters thick; flows near some cones can be
traced to source vents on bases of morphology and phenocryst assemblages; phenocrysts include
3-10 percent 0.5-3.0 mm plagioclase, 1-5 percent 0.1-2.0 mm olivine and 1-4 percent 0.2-1.5 mm
clinopyroxene; subunits brc;, brcy, and Tocally brc contain 1 percent 1-3 mm rounded grains of quartz;
part of subunit-brcg contains only plagioclase and olivine phenocrysts; maximum exposed thickness
about 170 meters; overlies units od, omf, tsv, and p.

ANDESITE NORTHWEST OF PETROGLYPH CANYON Flow (anp) and associated pyroclastic deposit (anpp) of por-
phyritic basaltic andesite; near vent area contains about 2 percent 0.1-~0.6 mm olivine, 2 percent 0.3-
0.8 mm clinopyroxene, 10 percent 0.2-4.0 mm plagiociase, and rare 1-1.5 mm rounded quartz in a fine-
grained matrix of clinopyroxene, opaques,and plagioclase; thickness ranges from about 5-30 meters;
phenocryst content and thickness decrease away from vent area; overlies units ¢, p, bpc, and omf;
magnetic polarity normal.

DACITE OF HAIWEE RIDGE Flows of porphyritic dacite; contains rare 0.02 mm zircon, rare 0.1 mm apatite,
rare 0.1-0.7 mm orthopyroxene with amphibole rims on larger crystals, rare 0.1 mm clinopyroxene(?), 1
percent 1-2 mm quartz, 1 percent 0.05-0.2 mm opaques, 3 percent 0.2-1.5 mm brown biotite with opaque
and feldspar inclusions, 3 percent 0.2-1.7 mm greenish brown amphibole with opaque, feldspar, and bio-
tite inclusions, and 15 percent 0.1-6.0 mm plagioclase with inclusions of most other phenocryst phases
in a glassy groundmass now largely composed of feldspar and other microlites; overlies unit c; highly
flow banded; columnar jointing developed where ponded; average thickness about 25 meters; ponded to at
least 200 meters south of Haiwee Reservoir; Evernden and others (1964) report K/Ar age of 2.1 m.y.



ANALYTICAL DATA AND CALCULATED

POTASSIUM-ARGON AGES FOR VOLCANIC
ROCKS OF THE COSO VOLCANIC FIELD™

BY G. BRENT DALRYMPLE

Errors are estimated standard deviation of precision.

tt

Potassium measured by lithium metaborate fusion and flame photometry. Argon measured by isotope dg§lution

mass spectrometry.

dy> dy

do;> do

tsv

omfp

od> od

bcp> bep

bpc> bpc

YOUNGER DACITE EAST OF COSO VALLEY Small cinder deposit (dyp) and thick flow (dy) of flow banded dacite;
contains less than 1 percent 1.2-2 mm quartz, 10 percent 0.6-6 mm plagioclase, less than 1 percent 0.1-
0.6 mm brown amphibole, now mostly replaced by iron oxide, less than 1 percent 0.3-1.5 mm orthopyroxene,
rare 0.5-0.7 mm clinopyroxene,and rare 0.3 mm biotite in a groundmass of opaque, pyroxene, and feldspar
microlites in devitrified glass; overlie$ units bpc, omf, c, and do; thickness 10 to at least 60 meters.

OLDER DACITE EAST OF COSO VALLEY Cinder deposit (dop) and thick flow (do) of platy, fiow banded dacite;
contains 1 percent 0.6-1 mm quartz, 3 percent 0.6-3 mm plagioclase, less than 1 percent 0.3-1 mm brown
amphibole, now mostly replaced by iron oxide, less than 1 percent 0.3-1.2 mm ragged brown biotite,
Tess than 1 percent 0.2-0.8 mm clinpyroxene, commonly in clots, and 1 percent 0.2-5.0 mm orthopyroxene,
commonly with cores of up to 1 mm forsteritic olivine in a groundmass of opaques, pyroxene, and feld-
spar microlites in devitrified glass; overlies units bcp and ¢ and is overlain by unit dy; magnetic
polarity normal; thickness 5 to at least 50 meters.

TUFF SOUTHWEST OF VOLCANO BUTTE Basaltic to andesitic pyroclastic deposit; well stratified vesicu-
lar ash and lapilli, with beds from a few to several centimeters thick, locally disturbed by volcanic
bomb sags 0.3-1.0 meter in diameter; maximum exposed thickness about 6 meters; overlain by unit brc.

COSO FORMATION Includes fanglomerate of Mesozoic basement rocks, arkosic sandstone, tuffaceous sand-
stone and siltstone, tuffaceous lacustrine beds, and silicic tuff; fanglomerate, coarse-grained
arkose, and tuff are predominant on the high slopes of Haiwee Ridge and interfinger with finer grained
rocks and lacustrine beds to the north and west; north and east of Upper Cactus Flat and Coso Hot
Springs, fanglomerate and interlayered hornblende-biotite pumice (p) predominate; overlies units b,
od, bcp, bpc, and omf and is overlain by units acf, dh, bcf, do, dy, anp, and brc; K/Ar age of rhyo-
litic tuff in ¢ is 3.09 + 0.09 m.y.; K/Ar ages of p are 3.03 + 0.20 m.y., 2.46 + 0.98 and 2.95 +
0.13 m.y.; Evernden and others (1964) report a K/Ar age of 2.3 m.y. for silicic tuff in c, incomsis-
tent with results of present study. .

OTHER MAFIC LAVAS Flows from 2 to 20 meters thick (omf) and eroded cones (omfp) of porphyritic vesi-
cular basalt to basaltic andesite; phenocrysts include up to 7 percent 0.1-2 mm olivine, 5 percent
0.2-1 mm greenish sector-zoned clinopyroxene, and 25 percent 0.2-3 mm oscillatory-zoned plagioclase
in a fine grained groundmass of plagioclase laths, granular olivine, an opaque mineral, and clino-
pyroxene; glomeroporphyritic texture common; some flows contain 1 mm amphibole almost entirely re-
placed by opaque oxides; others contain plagioclase as large as 5 mm with sieved cores and dlear
rims, rare alkali feldspar as large as 3 mm, and rounded grains of quartz as large as 5 mm armored
by a rind of clear, brown glass in turn rimmed with clinopyroxene; total phenocryst content generally
less than 20 percent; some cinder deposits are in part dacitic; basalt dikes cut cinder cones locally;
some flows west of Silver Peak superficially similar to those of unit bpc; overlies unit b, inter-
.fingers with units bpc and od, and is overlain by units bcp, c, p, brc, brcy,, bp, and oal; includes
both normal and reversed magnetic polarities; K/Ar ages range from 3.10 + 0.22 m.y. to 3.66 + 0.08 m.y.

OTHER DACITE - Cinder deposits (odp) and flows and shallow intrusive bodies (od) predominantly of por-
phyritic biotite and/or hornbiende dacite; includes minor porphyritic olivine or orthopyroxene ande-
sitic flows near Volcano Butte; odp commonly includes mafic cinders admixed with dacitic cinders;
dacite flows contain up to 30 percent 0.1-8 mm oscillatory-zoned plagioclase and various combinations
of as much as 2 percent 0.8-4 mm rounded and embayed quartz, 5 percent 0.2-1.5 mm orthopyroxene, 3
percent 0.2-0.8 mm clinopyroxene, 15 percent 0.1-2.5 mm generally oxidized brown amphibole, 7 per-
cent 0.1-1.5 mm brown biotite, 1 percent 0.2-0.5 mm opaque mineral, accessory 0.1-0.8 mm sphene and
0.1-0.2 mm zircon in a very fine-grained to glassy groundmass; as much as 1 percent 0.1-0.8 mm olivine
present locally; rounded inclusions of andesite, basaltic andesite,and basalt a few millimeters to
several meters in size account for as much as 30 percent of many outcrops; in such mixed rocks, co-
existence of dacitic and more mafic liquids is indicated by interfingering and partial mixing on scale
of a few millimeters; thickness ranges from roughly 20 meters to at least 300 meters; interfingers

with units omf and bpc; overlain by units c, p, brc, tsv, bp, and oal; K/Ar ages 3.42 + 0.10 and 2.20
+ 0.70 m.y.

BASALT OF COSO PEAK Cinder deposits (bcpp) and a few flows (bcp) of porphyritic basalt; contains 0-5
percent 0.2-3 mm olivine with spinel inclusions and 1-3 percent 0.2-2 mm greenish sector-zoned clino-
pyroxene in a groundmass of granular opaques, olivine, clinopyroxene, and plagioclase laths; pheno-
crysts commonly occur in clots; locally contains granitic xenoliths and quartz grains; at least 10
meters thick; overlies units b and omf; overTain by unit p; magnetic polarity reversed; K/Ar age 3.60
+ 0.08 m.y. R

BASALT OF UPPER PETROGLYPH CANYON Cinder deposits (bpcp) and thin flows (bpc) of vesicular basalt; con-
tains 3-5 percent 0.2-3 mm olivine with opaque inclusions and 5-10 percent 0.5-6mm osciilatory-zoned
plagioclase in a coarse grained ophitic groundmass of bladed opaques, granular olivine, poikilitic
brownish clinopyroxene, and plagioclase laths; typically displays vesicle cylinders and sheets, glo-
meroporphyritic clots, platy jointing near tops of flows, columnar jointing in flow interiors, and
well-developed diktytaxitic texture; thickness 3 to at least 60 meters; overlies unit b, interfingers
gith un(i)t?gomf and od, and is overlain by units oal, c, p, anp, do, and dy; K/Ar ages 2.98 + 0.12 and

.50 + 0.19 m.y.
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UNDIFFERENTIATED BASEMENT ROCKS (Mesozoic) Principally granitic intrusive rocks of Mesozoic age; com-
positions range from granite to quartz diorite to quartz-free diorite or gabbro; textures range from
medium-to coarse-grained to porphyritic with K-feldspar crystals up to 1.5 cm; mafic inclusions common,

especially in south part of map area; metamorphic pendants as much as 0.5 km long present in east and
northeast part of map area; generally northwest trending, Mesozoic(?) dikes of silicic and intermediate
to mafic composition abundant locally.

EXPLANATION OF SYMBOLS

Contact, dashed where uncertain and dotted where concealed.

Argon

Location Map Sample Material K 0+ Weight 40AY‘ d 100 4oAv' d Calculated Age*

unit  number z (gms) 1 ra a0 ra (106 ) ™ o, Fault, dashed where uncertain and dotted where concealed or inferred; bar and ball on down-thrown side.

wt. % (10” zmol/gm) Ariotal years Dip of fault plane shown where known.
NE1/4secb bur 75G301 basalt 1.356 + 0.004(4) 18.325 0.222 1.0- 0.140 + 0.089 ——"\, Topographic crest of ring of pyroclastic debris that partly surrounds some rhyolite domes.
T23S,R38E : - 20.134 0.312 1.6 \_”/
35 b 756314 basalt 1.525 + 0.007(4 15.169 0.529 7.7 0.234 + 0.022 .
'?'g;g?;ggE P - @ 25.247 0.505 7.6 ' \Z_ Vents of mafic to intermediate lavas, represented by well preserved cinder cones, or eroded pyroclastic
Fa deposits. Dotted where concealed.
NE1/4sec32 (upper blr 75G305 basalt 1.789 + 0.010(4) 19.561 - 1.029 8.6 0.399 + 0.045 )
T235,R3EE Fow) z"// Strike and dip of stratified rocks, including mafic lava flows in east part of map area.
NE1/4sec32 (lower bir 75G306 basalt 1.610 + 0 003(4) 18.995 1.126 5.0 0.486 + 0.108
T23S,R38E  flow)
NW1/4sec26 bn 756308 basalt 1.312 + 0.004(4) 20.230 1.638 3.8 1.07 +0.12 N Attitude of steep flow foliation in unit dh.
T23S,R38E - 21.858 2.118 9.9
SE1/4secl4 bsm 75G309 basalt 1.530 + 0.009(4) 29.248 2.317 11.4 1.08 + 0.06 . .
T22§,R38E - 29.693 2.395 21.2 ™. Steeply dipping dike, in units omf and b only.
SE1/4sec2) brv 75G304 basalt 1.738 + 0.005(4) 14.052 6.29 4.1 2.06 +0.34
T22S,R38E 14.912 4.84 5.6 . .
i 140t .08Y K/Ar age in millions of years, with arrow to sample locality.
NE1/4secl3 c 9-85-2 sanidine 12.315(2) 3.835 54.88 66.2 3.09 +0.09
T20S,R37E .
/jj Direction of downslope ground slippage in landslide.
NE1/4sec23 P 9-8-11 biotite 6.475(2) 1.151 22.975 2.4 2.46 +0.98
T21S,R38E plagioclase 0.458(2) - 5.863 2.004 16.0 3.03 +0.20
NW1/4secll 13-113-6 lagioclase 0.518(2 6.108 2.203 24.4 2.95 +0.13 Note: In addition to being broken by the mapped faults, the Mesozoic basement rocks (b) that underlie
T22§.;§8E P Pras e - that part of the field of rhyolite domes (r) south of Cactus Peak are shattered to pieces gener-
ally less than one meter in diameter and are locally hydrothermally altered, especially immediate-
SW1/4secl5 od 75G315 biotite 8.24(2) 1.813 40.58 43.1 3.42 +0.10 1y west of Coso Basin and south and west of Coso Hot Springs.
T22S,R39E plagioclase 0.696(2) 7.848 2.210 30 2.20 +0.70 R
NE1/4sec28 bep 8-193-2 basalt .1.786 + 0.004(4) 21.163 9.218 28.0 3.60 +0.08
T20S,R39E 19.000 9.312 47 .1
NW1/4secl3 omf 13-113-15 basalt 1.042 + 0.005(4) 16.000 4,686 6.7 3.10 +0.22
T22S,R39E 16.000 4.569 7.9
SW1/4sec3 omf 8-195-2 basalt 1.713 + 0.007(4) 20.110 8.700 25.5 3.54 +0.08
T21S,R39E 19.990 8.794 42.3
‘NE1/4sec15 omf 8-199-6 basalt 0.857 + 0.004(4) 20.458 4,188 15.8 3.67 +0.16
T22S,R39E 15.225 5.202 8.2
NEl/4secs bpc  13-113-17 basalt 0.726 + 0.002(4) 19.530 3.076 16.3 2.98 +0.12
T22S,R40E 17.627 3.169 16.4 REFERENCES
SE1/4secl12 bpc 13-111-1 basalt 0.708 + 0.004(4) 18.711 3.572 20.7 3.50 +0.19 Evernden, J. F., Savage, D. E., Curtis, G. H., and James, G. T., 1964, Potassium-argon dates and the
T21S,R39E - - Cenozoic mammalian chronology of North America: Am. Jour. Sci., v. 262, p. 145-198.
SE1/4secl0 omf 8-196-2 basalt 1.318 + 0.012(4) 19.991 6.941 37.1 3.66 + 0.08 Lanphere, M. A., Dalrymple, G. B., and Smith, R. L., 1975, K-Ar ages of Pleistocene rhyolitic volcanism
T215,R39E - 19.688 6.925 33.7 - in the Coso Mountains, California: Geology, v. 3, p. 339-341.
Hall, W. E., and.MacKt.evett, E. M., Jr., 1962, Geology and ore deposits of the Darwin Quadrangle, Inyo

+  Errors are calculated standard deviations. Number of analyses in parentheses. County, California: U.S. Geol. Survey Prof. Paper 368, 87 p.
o g = 4.963x 10710 yr7l, 2= 0,572 x 10710 yeT, o = 878 x 10713y, MOk = 10167 x 107 mot/mor.

This map is preliminary and has not
been reviewed for conformity with
U.S. Geological Survey standards
and nomenclature.





