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AbstTtlCt to a magmatic event that produced the rhyolite domes, which 
arc dated at less than 0.3 Ma. The total volume of the domes 

'he and thrtt-dimcnsional gravity modeling was done and their associated flows and py las t i c  deposits is relatively 
using med b g U a  gravity data COVdg a 45 x 45 km d, probably less than 2 km of material was ejected from 
@on over the geothamal in an to identify the 38 individual eruptions (Bacon et uf., 1980). On the basis 

of the eruption distribution and age, Smith and Shaw (1975, 
fa an e l f i g  -chamber. Isostatic and 1979) &mated that the volcanism was fed by a 275-1100 

comckd BwgUa gravity data for abut  13cIo Stations km3, shallow magma chamber. Although geophysical studies 
Wen obtained from the U.S. G e o l O @ d  survey. After the data seem to have ruled out the existence of a present-day high- 
were checked the gravity values wen gridded at 1 km lev& magma, seismic evidence points to the possibility of a 
for the area of intntst.omtcrcd on the Cos0 volcanic field. deeper crustal magma Eourct. Eanhqualrcs as large as ~3 
Most of the gravity variations can be explained by two litholo- occuT to depths of 8 b d y  klow the hyofite field 

(Wpltcr and Waver, 1980), indicating brittle conditions pre- 
vail to considerable depth. Reasenberg et uf. (1980) inverted 
teleseismic P-wave residual data and mapped out a low velo- 
city body ktween 5 and 20 km depth which they suggest may 
be a melt zone. Young and Ward (1980) reached a similar con- 
clusion after finding evidence for a region of high P-wave 

We have taken another look at the gravity data to deter- 
mine whether these data support the magma chamber concept. 
This papa reports the progrtss of those efforts. The reader is 
r e f d  to the earlier work by Plouff and Isherwood (1980). 
who gave a general discussion of the gravity features. 

GTtl~ty 
Gravity data for this study was provided to us by the U.S. 

Geological Survey. Menlo Park Aftcr plotting and examining 

between 35' 45' and 36O 20" latitude and 117O 30' and 118' 
1O'W longitude Fig. 1). All gravity values had been reduced 
to Bouguer gravity and terrain c o d  using a terrain density 
of 2.67 g h d ,  a good appmximation to the average density of 
the crystalline basement rocks. For many stations the data list- 
ing showed both the inner zone correction and the total co~rcc- 
tion. The mort recently acquired data w e n  oorrecttd by 
means of a digital terrain model based on a half-minute grid 
out to 166.7 km @. Plouff, pes. commun., 1989). All data 
wen  also corrected for earth m a t u r e  out to 166.7 km. 
Lastly. each data point had an isostatic correction, which 
senfed as the regional gradient correction. based on an Airy- 
Heiskanen local compensation model which corrects for the 
low-density root of the Sierra Nevada (Simpson et uf., 1986; 
W e ,  1988). 

r&cd to the heat  and to seek possible 

eff- from Units 1 and 2 is a broad north-south- attenuation beloW 12 
srtnding low whose major peak lies 5 km north of Sugarloaf 
Mountain. the largest of the less than 0.3 my. old rhyolite 
domes in the Cos0 Range. Mosz of this residual anomaly can 
bc accounted for by a deep, lowdensity (2.47 g , b 3 )  prismatic 
body extending from 8 to about 30 km below the surface. 
While someof this anomaly might be associated with fidcnucd 
Sierran granitic rocks, its close correlation to a low-vcidty 
zone with comparable geometry suggests that the residual an5  
d y  is probably caused a large zone of panial melt underlying 
the rhyolite domes of the Cos0 Range. 

Base 

the data. we seltcttd 1260 stations of ccwrtcted data lying 

tern mar- 
province in Inyo 

County, California (Fig. 1). This arca is charactem by 
active extensional uctonics and polygenetic volcanism dating 
from Tariary to Recmt. The pn-Ccnozoic basement rocks an 
mainly granitic inirusives of Mesozoic age. ranging in c o m p  
sition from granite to gabbro, and containing minor volumes of 
metamorphic pendants. The area has bcm extensively faulted. 
and thick Quaternary alluvial deposits have filled scattered 
basins. The principal geothermal features arc associated With a 
north-south-anding group of small rhyolite domes and thin 
tephra deposits that cover the western part of the Cos0 Range. 
The geothennal reservoir, being developed by the California 
Energy Company in association with the U.S. Navy, is related 
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Figure 1. Lcication map of the study area. Completc Bouguer anomaly 
map from Plouff and Isherwood (1980). (CHS: Cos0 Hot 
Springs) 

Additional gravity data for the area was sought from the 
data bast compiled and managed by the National Geophysical 
Data enter ,  Boulder. Colorado. Only 12 other data points 
were found. but as thesc either did not aEwt the results or had 
questionable main COmCtions they were not used. Figure 2 
shows the station locations. The crosses art the latintde- 
longitude inrcntctiw. and the scales have been nonnaliztd to 
the UTM 11 coodinate of 35O 45' and 118' IO'. The p o l y p  
nal outline shown on this and subsequent figures represents the 
outline of the area of detailed geologic investigations by 
D e k l  and Bacon (1981). 

Figurc 3 is the cornpletc Bouguer anomaly, Fig. 4 is the 
isostatic m c t i o n  as calculated by the USGS, and Fig. 5 is 
the diEcrencc plot showing the isostatic residual plot which 
was used in the inttrprttation. 

Interpretation 

The 3-D modeling Codc used WBS d e ~ d ~ p t d  by carle 
(1988), who based his algorithm on an earlier. less general 
inversion approach discussed by cordtll and Henderson 
(1968). The details of the method will not be discwsd inthis 
paper. Howevtr, it is appropriate to at least mention that the 
eanh isrepresented byagridofsquartprisms,each measuring 
1 x 1 Lm, and each prism being a stack of density units. The 
density of each unit is prrsumed known on the basis of rock 
densicy measunmtnts, which for this paper arc based on the 
work of Plod€ et d. (1980). The spatial distribution of each 

mapping (Dufkld and Bacon, 1981). and drill hole information 
if available. The program perfanns an automated, iterative 
calculation to find the thicknuscs of the density units within 
each of the prism stacks. Convergence of the obscrved to cal- 
culated gravity is usually rapid. Acceptably small residual 

'r 

unit is initially sptcifiai in the m0dcl on the basis of gcologic 
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Figun 3. Complete Bougua gravity map (contour interval: 2 dial) .  

fields remain after 310 itaations, at which point the results 
arc reviewed to make sure they arc geologically consistent and 
plausible. Drill hole data, if available, can be used to constrain 
density unit thicknesses within the grid block of the hole. The 
area used in the modeling measuns 45 x 45 km. As no provi- 

sion was made for the of mass outside the grid. inter- 
preted results near the grid boundary arc expected to k in 
mor. 

The Quaternary rhyolite domes and their associated 
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Rgurc 4. Isostatic gravity comction subtracted from the complete 
Bouguer gravity anomaly (contour interval: 2 mGal). 
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Figure 5. Isostatic residual Bouguer gravity used for the intcrpntation 

(contour interval: 2 mGal). 

tephra deposits were found not to have a significant e&ct on 

density units needed to explain the observed gravity are: 

Unit 1: Quaternary alluvium and thin (400m-thick) basalts 
filling Rose Valley and the Cos0 Basin (2.0 glcm3). 

Unit 2 Undivided Tatiary volcanics: densities arc variable 
but an average of 2.49 gld was used. A thin veneer 

gravity, and so these were i g n d  The two most significant 
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Figm 6. Estimated thickness of Unit 1 consisting of Quatcmary a h -  
vium and thin basalt flows 6lling Rosc Valley and the Cos0 
Basin (contour intuvak 0.25 m). 

ofunit 2 outcrop is widely distributed over Mesotoic 
basement rocks. Most of Unit 2 is preserved in basins 
what it underlies Unit 1 (M. Erskine. pas. commun., 
1989). 

a much deeper source. To get a feeling for what this source 
might be we used an hteractive 2-D gravity modcling program 
to give us the approximate depth, dimensions, and density con- 
trast for the deep source body. The result is a roughly tabular 
body extending from 8 to 30 km below the surface with a den- 
sity of 247 g/cm3 (Fig. 9). 

Because the low density zone conforms surprisingly well 
with the low velocity tone previously reponed by Reasenberg 
d. (19801, it i s  very likely that the two arc related. We found 

a density contrast of 73 percent, while the 3-D inversion of 
Uavel-timC residuals (Reasenberg et uf., 1980) gave a max- 

The modeling w y  done in two steps Fit, we estimated 
Unit 1 thicknesses (Fig. 6). After this was done the e&ct of the 
alluvium was submctcd from the isostatically corrected 
Bwguer anomaly and the i 
find the Unit 2 thicknesses. 

Unit 1 attains a thicknes 
Rose valley. eaSt of the g e o t h d  to 20 Ian klow the surfam. thick to the southeast in the Cos0 Basin. These thicknesses arc 
consistent with other geophysical re 
wood 1980). Unit 2 thicknesses arc 

of 10 km or more in some grid blocks, From a cross-section by 
M. Erskine @m. commun.. 1989) the Unit 2 layer thickness 
was on the order of 1 km or less, and we made a decision to 
limit Unit 2 thickness to 1 Ian. Subtracting the c&as of both 
units fmn the complete Bougucr anomaly gives the nsidual 
anomaly of Fig. 8 which shows a broad 20 to 30 mGal low e n -  
tcrcd over the geothermal area. While some of this effect is 
undoubtedly due to the fncturcd and hydrothermally altered 
condition of near-surface crystalline rocks hosting the gtother- 
mal system, the width of the residual gravity anomaly indicates 

2, the program assigned all of the remaining glavity anomaly 
to this layer and produced an unreasonably large unit thickness A c~mbination Of 2-D and 3-D gravity modcling rrvtafS 

II 

that a large, deep low density region underlies the Cos0 geoth- 
ennal system and the Quatcmary rhyolite domes of the Cos0 

extends from 8 to 30 Ian below the surface, or below the region 
of active Seismicity, and is mughly coincident with previously 
rrponcd low-velocity and a high attenuation zone found from 
an inversion of aleseisms. The cause of both the gravity and 
seismic anomalies is probably a large volume of pamal melt in 
a north-south-mnding zone up to 10 km in width and centmd 
below the Cos0 volcanic field. The gravity interpretation sug- 

.. 
5 volcanic field. To a lirst approximation. the lowdensity zone 
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Figwe 7. Estimated thickness of Unit 2 consisting of undivided Terti- 
arJi volcpnics. The thickness was limited to a maximum of 1 
krn (contour interval: 0.25 m). 
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Figure 8. Residual anomaly remaining after stripping off the e&cu of 
units 1 and 2 (contour interval: 2 a). 
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Figun 9. A two-dimensional fit of the residual anomaly shown in Fig. 8 along the east- 
west profile A-A*. The solid line is the residual anomaly after rtmoval of the 
ef€ccts of Units 1 and 2. The dotted curve is the calculated a n d y  consider- 
ing the crustal low density zone (density contrast = -0.2) shown in the figure. 

gests a vo~ume of melt of about 2600 km3, or target than the 
Smith and Shaw (1975, 1979) estimates. Howcvcr, due to 

gravity  tion^ on^ *e smith 
and Shaw volume may be closer to reality. 
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