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I. INTRODUCTION 

A combination of gravity, surface geology and photogeology was 

integrated to produce a structural interpretation of the Leach 

Hot Springs area. Grass Valley, Nevada. 

The objectives of the interpretation were to 1) produce a Ter

tiary Isopach map with faults, 2) analyze surface geology, 3) 

J\ incorporate the photogeological results and, 4) compile the 
^ • • 

various disciplines into a comprehensive picture for geothermal 

evaluation.. Tertiary (actually post-Paleozoic) and Paleozoic 

m densities were estimated. Evidence in many parts of Nevada and 

Utah suggests a sharp density contrast between the clastic Ter-

I tiary and the Paleozoic sediments. 

1 Depth to basement and approximate fault configurations were de-

termined by three-dimensional gravity modeling on the density con-
1 
J t r a s t (base of Te r t i a ry ) hor izon. The ' resu l t ing s t ruc ture map 

_ shows a series of nor th-nor th-wester ly t rending grabens bounded 
IS 

•̂  by dominant normal faults. Superimposed on the main graben pat-

^ tern is a system of southwest to northeast trending secondary 

faults that form Paleozoic high saddles and terminate the ex

tensions of the grabens. 

1 The report discusses.the interpretation methods, results, limita-



tions and suggestions for future work. The interpretation results 

are discussed in terms of the accuracy of the structure map, 

regional geologic history, and the existence of geothermal pros

pects related to the interpreted structure of the area. 



'•- . 11- GRAVITY INTERPRETATION 

U A. BOUGUER GRAVITY , 

£i Gravity data were acquired by Exploration Data Consultants, Inc., 

and data on 504 stations were collected. Bouguer and terrain cor-
i ' 

*' rections were completed using a density of 2.67 gm/cm^, which was 

1^ selected to reflect the density of the mountainous terrain alongside 

the valley. Contoured Bouguer values and station locations are 

li shown on the map included in this report. 

H A previous gravity survey over the area had been completed by the 

Lawrence Berkeley Laboratories. No data listing on this survey could 

• be obtained, and only a contour map of the values at a large scale 

g was available. The data sets from EDCON and LBL were integrated 

by photographically enlarging the LBL map to a scale of 1:62,500 

I and hand contouring the combined maps of both surveys. Differences 

between the two surveys exist and the integrated data set was not 

B used in any interpretive or modeling routines, as preference was 

•̂  given to single data set with internal consistency. 

^ The Bouguer gravity, field contains the superimposed effects of sedi

mentary, structural , and stratigraphic features; basement lithology 

I changes; and deep crustal features. This study is aimed at the 

gravity effects associated with the Tertiary-Paleozoic contact. 

I Gravity effects from within the basement and deep in the 



crust are not of interest and are considered "regional". 

I 

I 
Qualitative examination of the Bouguer gravity map is sufficient 

to locate sediment-filled grabens associated with gravity minima. 

The correlation of gravity lows and sediment-filled grabens exists 

[̂  throughout the Basin and Range province because low-density sedi

ments fill the normal-faulted basement depressions. Determination 

I 
^ of accurate base of Tertiary structure and of fault locations 

F requires a more sensitive tool, three-dimensional gravity inver

sion. The gravity inversion and integration with surface geo-

i| ilogic control are discussed below. 

I - B. GENERAL PHILOSOPHY 

I Structure determination from gravity requires two major steps: 

1) the broad gravity effect that is not of interest ("regional") 

i must be subtracted from the Bouguer gravity field to produce the 

- anomaly of interest ("residual") and 2) the "residual" anomaly 

must be fitted with a geologic model of proper formation den-

I sities that explains the residual anomaly. Both steps require 

application of geologic constraints. In this interpretation the 

I geologic constraints were provided by surface geology available 

. o on published maps of the area. 

C. DENSITY ANALYSIS 

Available information on outcrop samples and approximately 50 
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porosity logs from Nevada Basin and Range wells, converted to 

density, demonstrate the extreme variability of the sediment 

density distribution. Quaternary valley-fill alluvium and 

playa deposits are very low in density, less than 2.0 gm/cm^. 

Tertiary sediments in the Great Basin vary from low-density tuffs 

(2.1 gm/cm^) to elastics (2.3 gm/cm^) to conglomerates and car

bonates (2.5-2.7 gm/cm^). An average of 2.3 gm/cm^ was,used in 

the three-dimensional modeling. A density of 2.7 gm/cm^ was 

selected to reflect the average density of the Mesozoic and 

Paleozoic basement in the area. The best overall density con

trast between Tertiary sediments and high-density "basement" 

was considered to be -0.4 gm/cm^. 

D. REGIONAL/RESIDUAL SEPARATION 

Grabens appear as relative minima on the Bouguer gravity map. 

In order to perform the proper gravity inversion to depth,.the 

residual anomaly related to the sediment fill must be extracted 

from the Bouguer gravity. The residual anomaly is left after 

subtracting the regional gravity from the Bouguer gravity. 

The regional gravity surface was constructed in a three-step 

manner. First of all, two-dimensional gravity models were cal

culated for grabens of known geometries and densities. Secondly, 

these models were compared to actual gravity profiles across the 



grabens with special attention paid to Paleozoic outcrops at 

I the valley edges. Thirdly, the difference between the modeled 

and observed gravity for the east-west profiles was plotted and 

contoured. 

t 

! 

j Construction of the regional gravity must obey two simple prin

ciples: 1) the regional gravity should approach the Bouguer grav

ity along the high-density basement outcrops and 2) the regional 

I gravity must be smooth since the geologic sources causing the 

regional (intrabasement density changes and crustal effects) 

I are at great depth. Both criteria are satisfied by the chosen 

regional: 1) the regional gravity is only slightly higher than 

* the Bouguer gravity at the basement outcrops and 2) the regional 

|. surface is a smooth plane. Some discrepancies in the regional 

determination were observed in the area of the Gold Bank Hills, 

I and will be discussed in the interpretation section. 

I E. COMPUTER GRAVITY MODELING SOFTWARE 

f EDCON's computer software system, GF-2/3, utilizes a method of 

successive approximation to calculate the structure of the high-

I density basement that best satisfies the residual gravity field. 

. GF-2/3 is a prism-oriented calculation system that performs 

basically two types of calculations. The first is a direct cal-

i culdtipn of the gravity field for a given mass, where the 
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anomalous mass is completely defined by spec i f i ca t ion of i t s 

upper and lower surfaces as wel l as i t s density-depth funct ion . 

The second type of ca lcu la t ion is g rav i t y inversion where the 

grav i ty anomaly, density-depth r e l a t i o n , and e i ther the upper 

or lower surface o f a body are given and the program i t e r a t i v e l y 

solves for the unknown surface. 

F. GPJWITY MODELING 

GF-2 was used in the forward-modeling mode w i th a 4000-f t g r id 

in terval to ca lcu late the two-dimensional graben models. For 

cx.^.r.ple, a four-mile-wide graben 10,000 f t deep wi th a -0.4.gm/cm3 ^ 

density contrast produces a -30 mgal anomaly. 

The datum-adjusted, t i ed and smoothed Bouguer grav i ty map was 

d ig i t i zed on a X-Y-Z d i g i t i z e r . A computer gr idding program then 

-lanpiod the d i g i t i z e d surface on a 4000-f t g r i d , 

A corputer plane generation program was used to produce a 4000-ft 

^;fid of the regional g rav i t y . A simple subtract ion y ie lded the 

Je-itred residual grav i ty g r id in preparation f o r three-dimensional 

J'.i-.-ity inversion. 

' " : a:i;)r-0;ichcs to the density-depth funct ion seemed desirable before 

'.'.• i .ni t ia] tes t ing stages o f the study: 1) ind iv idua l valleys 

• • ' • : - ^ l : !;e inverted using the best density-depth curve from the 



available wells and 2) the density contrast should be larger 

(more negative) at the top of the section than near the bottom. 

Approach (1) was not possible due to the lack of consistency of 

density vs depth in the Basin and Range grabens and no Togs 

were available in the Leach Hot Springs area. Approach (2) was 

rejected because no geological constraints could be inposed on 

the possible presence of low-density, near-surface layers. Re

sults of two-dimensional modeling tests led to the conclusion 

that the best density contrast to use was a constant density. 

Therefore, gravity inversion was performed with a constant den

sity contrast of -0.4 gm/cm^ throughout the final stages of the 

interpretation. 

G. MODELING RESULTS 

1. Profile analysis 

Ten profiles, A-A' through J-J', were investigated and 

two-dimensional modeling completed. The profile positions 

are indicated on the Bouguer gravity map. In addition, 

the results of the three-dimensional modeling routines, 

GF-3, are shown on the profiles. 

Differences between the two-dimensional and three-dimensional 

modeling results are observed. These are primarily the 

result of the fact that many of the gravity anomalies 
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interpreted are not two-dimensional in nature, and are 

not amenable to this interpretation. Additionally, small 

wavelength anomalies (noise, near-surface density anomalies) 

are amplified much more severely by the two-dimensional 

than the three-dimensional routines. 

2. Three-Dimensional modeling 

The results of the three-dimensional modeling routine, 

A GF-3, are indicated on the accompanying Tertiary Isopach 

-̂  map. In addition, inferred structural elements are shown. 

-_̂  ' The map shows a series of NNW-trending grabens separated 

""" by Paleozoic (?) high saddles. Dashed contour lines in 

'̂  the northern part of the map show areas of insufficient 

gravity control, and the northernmost valley (except for 

-4 its easternmost edge) is very approximate in shape. A 

.^ small embayment (T32N, R38E, Sec 1) is indicated along 

^^ the eastern graben edge. An area of very thin valley fill 

— (possible pediment) is interpreted to the southeast of 

this embayment, with a suggested extension, or saddle, 

Li-I forming the southern boundary of the northernmost valley. 

l ^ A complex structural pattern, with dominant SW-NE trending 

' lineaments, is indicated in the area to the west and north-

^^ west of Leach Hot Springs (T32N, R38E, Sec 36). An area 



in which the high-density basement is close to surface 

-? is shown at, and east of, the Leach Hot Springs occurrence. 

"̂  A small, narrow, and deep valley (inferred depth 6,500 
i - • • 

feet) is interpreted in the central part of the area 

^ (T31N, R38E, Sec 12). A pronounced pediment (?) (Sec 14 

^ and 23) is present on the eastern side of the valley. 

^ The southernmost of this series of valleys is characterized 

^ by a strongly developed SW-NE grain on both sides of the 

n deep (7500 feet) graben structure. These structures may 

be related to similar gravity trends in the Gold Bank 
• " 

^ ~ Hills area to the southwest. 

1 A good correlation exists between a simple planar regional 

gravity field and the observed pre-Tertiary "Basement" 
1 
J outcrops in most parts of the map. Two exceptions are 

^ evident, i.e. firstly, in T32N, R39E, Sec 21 and southwards, 

where the "Basement" outcrop is not confirmed by the 

^ modeled gravity results. The outcrop is anomalous in this 

respect and may represent a possible thrust remnant 

^ or gravity slide, as indicated on the map. Secondly, 

^ the Gold Bank Hills area is characterized by much lower 

regional field values than anywhere else in the study area. 

3 This anomalous regional field could not be delineated 

10 



•-^ 
suf f ic ient ly we l l , due to the lack of gravity control 

along the western side of Gold Bank H i l l s , and the modeled 

results were therefore forced by hand to conform to the 

"^^ mapped outcrop positions. This negative gravity feature 

; may be part ly due to the presence of low-density material 
H i 

( intrusive?) in depth and may be related to the known 

H J mineralization of the Gold Bank Hi l ls area. 

- 1 • 
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III. CONCLUSIONS 

A." PHOTOGEOLOGY/GRAVITY CORRELATION 

A vast amount.of detail is presented on the photogeological inter

pretation presented as part of the study of the Leach Hot Springs 

Geothermal area. The same amount of detail is not reflected in 

the interpreted gravity results, probably as a result of the station 

spacing (i.e. sampling interval) of the gravity field, but also 

because many of the indicated photolineaments may probably just 

be small scale surface expressions. 

A noteworthy point of agreement in .the two approaches is the well-

developed SW-NE grain in the Gold Bank Hills area and the eastern 

side of the deep graben. Little positional agreement exists 

between the photogeological and gravity expression of the main 

graben-forming normal faults, except in a few localities. This 

is probably due to the fact that secondary faults, or displace

ments, related to the main normal faults at depth, are observed 

on the surface. 

The main Leach Hot Springs fault, as mapped by photogeology, does 

not have a corresponding gravity expression.except on the opposite 

side of the valley. This may be due to a possible silicification 

process in the Hot Springs area, which may have obliterated all 

density contrasts related to the existing fault structures. 

1? 
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E. GEOTHERf-lAL PROSPECTS 

HI 

'̂  One of the most important results which seems to present itself 

1̂ in this survey, is the presence of anomalous high-density "base

ment" (or pediment?) close to the surface in a few localities in 

the area, such as at the Leach Hot Springs location, as well as 

at T31N, R39E, Sec 17 and 18; T31N, R38E, Sec 14 and 23; T31N, R39E, 

Sec 34 and 27, and a few other possible occurrences along the 
l:-i m 

p sides of the southernmost deep valley (T31N and T30N, R39E). 

(|̂  The anomalous areas may be related to existing, or dormant, areas 

of silicification as a result of geothermal activity. The re-

Ij ' lationship of these anomalies to any existing heat-flow anomalies, 

and their correlation with the available structural information, 

^ may be of significant importance in the delineation of geothermal 

m targets. 

m C. DISCUSSION OF RESULTS 

Mapping the base of the Tertiary structure with gravity data is a 

*** very cost-effective method of determining basin depths, fault 

ffl locations, and geologic history. • 

r". Perhaps one of the prime benefits of this study will be the ability 

to better plan seismic reflection programs by narrowing in on the 

T: more prospective depression within the valley and on the better 

n 
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structural features within the depression. In the Leach Hot 

Springs area basement highs (?) and other prospective features 

have been delineated for possible detailed seismic coverage 

and/or drilling. The gravity interpretation can be used to 

interpolate between individual seismic profiles at a later date 

and to better correlate faults and.structural information. 

D. LIMITATIONS 

Gravity interpretations have certain non-uniqueness limitations 

f; in any geologic province. Some of these limitations are more 

acute in the Basin and Range province than in other areas. For

tunately, however, the addition of geologic constraints from sur-

.̂ face geology has helped to overcome some of the problems. The 

~ major limitations are listed below: 

n 
•̂i 1. In performing our structural determination from gravity, 

fi we assumed that the material above the Paleozoic un

conformity (Tertiary and Quaternary) had an average density 

£; of 0.4 gm/cm3 below the Paleozoic "basement" density. 

Analysis of available data in Nevada suggested this average, 

but also indicated a large variability. 

Quaternary sediments have a 1.9 to 2.0 gm/cm3 density and 

variable thickness. Tertiary sediments and volcanics vary 

in density from 2.1 gm/cm^ for tuff to 2.5 gm/cm^ for 

14 



carbonates and conglomerates. The structural map, 

without adequate control from drilling, may be in error. 

The most likely sources of error are anticipated from 

Quaternary playa deposits of unknown thickness and lower 

density Tertiary conglomerates and lacustrine carbonates. 

These two anomalous density features will also affect 

the seismic statics and velocities. Without more know

ledge of the Tertiary and Quaternary densities, the struc

ture map is probably best utilized as a shape map. 

2. Gravity inversion at the edges of the valley suffers from 

edge effect problems. Therefore, the base of the Tertiary 

structure in the immediate vicinity of the graben-forming, 

normal faults is less accurate than in the center of the 

valley. Depth of sediments between the valley edges and 

the graben-forming faults and over the Paleozoic saddles 

may be shallower than mapped if the material is predominately 

low-density Quaternary fill. 

3. The variability of Tertiary and Quaternary densities dis

covered in the gravity interpretation may be an indication 

of possible velocity problems for seismic processors and 

interpreters alike. Although sophisticated statics pro

grams are available to sharpen up seismic profiles, long 

period, or low frequency, statics (velocity pushdowns) may 

15 



""̂  be distorting the structural picture. 

'̂. . E. RECOMMENDATIONS 

L] Detailed structural interpretations from gravity are good representa

tions of the actual thickness and shape of Tertiary fill in indi-

vidual grabens. The next exploration stage.should involve seismic 

reflection data over the better prospects within the valley. Care 

should be taken to avoid velocity pitfalls in the areas of known 

anomalous densities. 

t 

I One additional geophysical technique has proven useful in the Basin 

and Range province. Electrical induced-polarization and resistivity 

surveying have proven useful in determining thickness of alluvial 

cover in Basin and Range grabens. The alluvial cover is desirable 

to aid the gravity and seismic processing. 

i 

t 
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IV. ADDENDUM 

pj Detailed Structural Modeling - Leach Hot Springs and Panther Canyon 
P area 

f At the request of Aminoil USA, Inc. some detailed three-dimensional 

modeling, using the restraints developed in the general inter-

1 pretation of the area, was completed over the Leach Hot Springs 

and Panther Canyon areas. These maps are presented separately 

to the report as computer-plotted contour maps with a contour 

interval of 50 feet and a scale of 1" = 1000 ft. It must be 

realized that the modeling routines used in the production of 

these maps were taken to the limits of resolution, and some of 

the finer detail presented may not be reflective of the real causa

tive structures, but may rather be related to short wavelength 

noise in the observed (and interpolated) gravity field. 

The results primarily seem to indicate the possible presence of a 

dual structure on the Leach Hot Springs pediment (?) with an 

inferred saddle, or lowering of near-surface densities to the east. 

This effect may be real, however, and related to the Leach Hot 

Springs fault as observed on surface. 

The Panther Canyon detailed structure map reveals a more pro-

ounced, but still small, SW-trending ridge (Sec 27), with a 

utherly extension (Sec 34) in the area of possible geothermal 

•Jrest. 
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