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ABSTRACT 

A detailed low-altitude aeromagnetie survey of 576 line-mi (927 line-km) 

was completed over a portion of the Coso Hot Springs KGRA in September 1977. 

The survey 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 system. The anomaly generally coincides with two other 

geophysical anomalies which are direct ly associated with the system: 1) a 

bedrock electr ical res is t iv i ty low, and 2) an area of relat ively high 

near-surface temperatures. The highest measured heat flow, 18 HFU, also 

occurs within i t s boundary. 

The magnetic low occurs at the intersection of two major structural zones 

which coincide with a complementary set of s t r ike-s l ip fau l t zones determined 

from seismic ac t iv i ty . 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. 



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, 

1978), and 2) determination of possible sites for future drill tests. 

Investigations for the latter were carried out during September and October, 

1977 and included geologic and alteration mapping (Hulen, 1978), a detailed 

electrical resistivity survey (Fox, 1978) and a low-altitude aeromagnetie 

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

A regional aeromagnetie 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 was 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 structures 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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nor ther ly - t rend ing, high-angle normal f a u l t s . Within the survey area, the 

Basin and Range structure is disrupted by west-northwest, northwest and 

north-trending high-angle f a u l t s . Plate I covers the survey area and a 

corresponding port ion of the Coso Range as mapped by Duf f ie ld and Bacon 

(1977). This map shows the surface geology as a Late Cenozoic basal t ic to 

r h y o l i t i c volcanic sequence rest ing on a Mesozoic (?) basement complex. 

The volcanic sequence includes several prominent r h y o l i t i c domes and a 

lesser number of basal t ic domes. Although the basement complex i s not 

subdivided on th is map, Duf f ie ld and Bacon (1977, sheet 2) ind icate that i t 

consists p r i nc ipa l l y of g ran i t i c in t rus ive rock and ranges in composition from 

granite through quar tz -d io r i te to d i o r i t e or gabbro. Hulen (1978) in an 

accompanying report states tha t the g ran i t i c i n t rus i ves , Jurassic-Late 

Cretaceous in age, are probably s a t e l l i t e s of the southern Sierra Nevada 

Ba tho l i t h . 

AEROMAGNETIC SURVEY 

The t o t a l - f i e l d aeromagnetie survey was conducted by Aerial Surveys of 

Salt Lake C i t y , 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 Dev i l ' s Ki tchen. The 

f l i g h t a l t i t ude was 750 feet (229 m) above mean te r ra in with a one-quarter 

mile (403 m) l i ne spacing. A to ta l of 576 l ine-mi (927 line-km) was surveyed. 

Data were recorded in analog format and d i g i t a l l y on magnetic tape. The 

t e r ra i n clearance along the f l i g h t l i n e was maintained by d i g i t a l readout from 

a radar a l t imeter during the survey and was continuously recorded in analog 

form on a s t r i p 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 flight 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 line were located by linear 

interpolation between the recovered points. The flight lines located on the 

aerial photo base were rectified to an accurate topographic base by 

transforming points from the photo base to corresponding points 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 from 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 

Magnetic Anomalies 

The sources of several magnetic anomalies were identified by correlating 

the magnetic anomalies, Plate II, with the topography and geology, Plate I. 

These anomalies are identified by reference points (RP) on Plate III. The 

source outlines shown on this plate are only approximate outlines of the 

actual magnetic sources and are shown mainly for the purpose of locating 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 

RP - 1 , 2 , 3, 17 
RP - 4 , 6, 7, 8 , 9. 10, 

13, 14, 15, 18, 19, 
25, 29, 30, 31 

RP - 5, 23, 26, 27, 28 
40 

RP - 12 
RP - 16, 22, 34, 35 
RP - 21 
RP - 24 
RP - 32, 33, 36, 37, 38, 

39 

1 1 , 
. 20, 

» 

Probable Rock Type 

D io r i te or 

Rhyol i te 

Basalt 
Dacite 
Basalt 
Granite(?) 
Andesite 

Gabbro • 

Quartz-d ior i te(?) 

Probable Cause 

SC* 

SC+TE*+RM* 

SC+TE+RM 
SC+TE+RM 
SC+RM 
SC+TE 
SC+TE+RM 

TE 

*SC = Susceptibility Contrast 
*TE = Terrain Effect 
*RM = Remanent Magnetization 

Many of these anomalies show a strong correlation with topography, e.g., 

the rhyolite domes. Top.ographic-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 range 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 = 4- 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 domes and their host rock, 2) remanent magnetization, 3) 

terrain clearance, or 4) flight line location. None of these factors readily 



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 gatmias 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 are gradational between 

intermediate and high intensity zones but sharp between low and intermediate 

and between low and high zones. The sharp gradients are, in part, 

coincidental with west-northwest, trending mapped faults (Plate I) and thus 

may represent structural boundaries between adjacent zones. The sharp 

boundary between the southernmost low magnetic intensity zone and the adjacent 



intermediate zone may be the northern edge of the 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 of 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 

the 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 II). The prisms 

extend to 10,000 feet below the line of observation. This depth extent was 

chosen to insure that the computed magnetic 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 C6EH-1. The samples were 
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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 fel site, 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 category 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: 1) 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 



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 ac t iv i ty . Weaver and Walter (1977) describe 

a northwest trend of r igh t - la te ra l , s t r ike-s l ip fau l t ing, the Haiwee trend, 

and a complimentary northeast trend of l e f t - l a t e ra l , s t r ike-s l ip faul t ing, the 

Red Hi l l trend. These geographic names are given to the two structural zones 

shown on Plate I I I since their southwestern and northwestern portions 

conincide, respectively, to the Red Hi l l and the Haiwee trends described by 

Weaver and Walter. Plate I I I shows the Haiwee trend corresponds to a zone of 

low magnetic intensity and several similarly trending faults shown on Plate I . 

The Red Hi l l trend is well defined on the magnetic map from Sugarloaf Mountain 

to the southwest. The major east-northeast fau l t mapped by Hulen (1978), 

Plate I I I , is evidence for a continuation of this trend to the northeast 

through Devil 's Kitchen and Coso Hot Springs. The trace of this fau l t is 

delineated by the canyon through the eastern side of the Coso Range between 

Devil 's Kitchen and Coso Hot Springs. The faul t is quite important since the 

fumerolic act iv i ty is either on or along the projection of i t s 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 Hi l l structural zone. The USGS aeromagnetie 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 I I I could 

help define zones of active tectonism by association with the zones of active 

seismicity. 

Magnetic Low 

The magnetic low outlined on Plate I I I is the most signif icant feature 

delineated by this survey with respect to the Coso geothermal system. I t 

generally coincides with two other geophysical anomalies obviously related to 

the geothermal system, a bedrock electr ical res is t i v i ty low (Fox, 1978) and an 

area of high, near-surface temperatures defined by LeSchack (1977). The 

highest measured rate of heat f low, 18 HFU (Combs, 1975), and evidence for 

hydrothermal bedrock alteration and magnetite destruction, mapped by Hulen 

(1978), both occur within i t s boundary. This direct evidence of magnetite 

destruction (although not pervasive), the lack of magnetic expression of the 

rhyol i te dome at RP-15a, and the analysis of the magnetic f i e l d gradient 

(Figure 3), give reason to think that the magnetic low is par t ia l ly due to 

magnetite destruction which is direct ly related to hydrothermal f lu ids 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 boundary of the low. A polarization low is induced 

by the earth's magnetic f i e ld at the northern boundary of a magnetic source 
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with higher magnetic suscept ibl i l i ty than i t s host rock. 

Comparison of High- and Low-Altitude Magnetic Maps 

Plate VI shows a portion of the USGS, 7000 foot (2135 m) constant-

barometric-altitude, aeromagnetie map that corresponds with the low alt i tude 

survey. This map shows what can be considered to be an 'upward continuation' 

of the observed low-altitude magnetic f i e l d (Plate I I I ) . 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 I I I , the two complimentary structural trends and the 

associated magnetic low are s t i l l readily apparent. 
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SUMMARY AND CONCLUSIONS 

A low-altitude aeromagnetie 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 system. 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. 
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