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I. INTRODUCTION

A combination of gravity;_surface_geo1ogy and photogeology was -
integratéd.to produce a structural interpretation of the Leach’

Hot Springs'area;'Grass Valley, Nevada.

The objectives of the'fnterpfetation were to 1) produce a Ter-
tiary Isopach mabvwith faults, 2) analyze surface geology, 3)
incorpbrate‘the photogeological results and, 4) compiie the
various disciplines into a comprehenéive picture for geothermal
evaluation. Tertiary (actually post-Paleozoic) and Pa]eozofc
densities were estimated. Evidence in mény parts of Nevada and
Utah suggests‘a shérp density contrast between the clastic Ter-

tiary and the Paleozoic Sediments.:

Depth to basement and approximate fault configurations were de-
tefmined by three-dimensiona] gravity modeling on the density con-
trast (base df Tertiary) horizon. The’résu]ting structure map
shows a series of nbrth-north-wester]y trending grabens bounded

by dominant normal faujts._ 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.

The report discusses.the intérpretation methods, results, limita-
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tions and suggestions for future work. The interpretation results
arévdiscussed in terms of the accuracy of the structure map,
regidna] géoiogic history, and the existence of geothermal pros-

pects related to the interpreted structure of the area.



I1. GRAVITY INTERPRETATION

o A. BOUGUER GRAVITY

o

Gravity data weré acquired by Exploration Data Consultants, Inc.,

and data on 504 stations were collected. Bouguer and terréin car-
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rections were completed using a density of 2.67 gm/cm3;'which was
selected to reflect the density of the mountainous terrain alongside

the valley. Contoured Bouguer values and station locations are

shown on the map included in this report.

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

- Lawrence Berkeley'Laboratories. No data listing on this survey could -
. be.dbtained, and only a contour map of the:values af a large scale
was available. The data sets from EDCON and LBL.Were integrated
by photographically enlarging the LBL map to a scale of .1:62,500
and hand contouring the combined maps of both surveys. Differences
between the two surveys exist and the integrated data set was not
used in any interpretive or modeling routines, as preference was

given to single data set with internal consistency.

The Bbuguer gravity.field contains the superimposed effects of sedi-

mentary, structural, and stratigraphic features; basement Tithology

Py g, i, TR, o &, Eﬂﬁ@-‘

'chqbges;_and deep crustal features. This study is aimed at the
gravity effects associated with the Tertiary-Paleozoic contact.

Gravity effects from within the basement and deep in the
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crust are not of interest and are considered "regional".

Qua]itatfve examination of the. Bouguer gravity map is sqfficient '
fo locate sediment-filled grabens assdciatéd with gravity minima.
The correlation of gravity low; and gediment-fi11ed grabens exists
throughout the Basin and Range province because 1ow-deﬁsity.sedi- '
ments fill the normél-fau]ted basement depreésions. Determination
of .accurate Base of Tertiary structuré aﬁd of fault lbcations

requires a more sensitive tool, th%ee-dimensiona] gravity inver-

sion. The gravity .inversion and integration with surface geo-

1Togic control are discussed below.

B. GENERAL PHILOSOPHY

Struciure determination ffom gravity requires two hajor steps:
1) the broad gravity effect thét is not of interést ("regional")
must be subtracted from the Bduguer gravity field to produce the
anomaly of interest (“fesidual") and 2) the "residual" anomaly
must be fitted with a geologic model of proper formation den-

sities that explains the residual anomaly. Both steps require

~application of geologic constraints. In this interpretation the

geb]ogic constraints were provided by surface geology available

on published maps of the area.

C. DENSITY ANALYSIS

Available information on outcfop samples and approximately 50
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porosity logs from Nevada Basin and'Rangevwells, convertéd’to
density, demonstrate the extreme variability of the sediment

¢ensity distribution. Quaternary va]]ey-fiTl alluvium and_

.playa deposits aré‘very Tow in density,llessbthan~2.0 gm/cm3.

- Tertiary sediments in the Great Basin vary onm‘1ow-density tdffs

(2.1 gn/cm3) to clastics (2.3 gm/cm3) to conglomerates and car-

bonates (2.5-2.7 gm/cm3).,'An'average of 2.3 gm/cm3 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- Tert1ary 'sediments and high- dens1ty "basement"

" was ‘considered to be -0.4 gm/cm3,

D. REGIONAL/RESIDUAL SEPARATION

Graﬁens appear as reiative.minima on the Bouguer gravity‘map.
In order to petform the proper gravity inveréion 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 regionai gravity from the Bouguer gravity.

-

The regional gravity surface was constructed in a three-step
manner. First of ai], 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
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grabens with speéia] attention paid to Paleozoic outcrops at
the valley edges. Thirdly, the difference between the modeled
and observed gravity for the.éast-west'profi1es was plotted and

contoured. -

Construction of the régiona] gravity must obey two simpTé prin-
ciples: 1) the regional‘gravfty should épprbach'the‘Bouguer gray-
ity along the high-density basement outcrops and 2) the regional
gravity must be smooth since the-geo1obic sources cauSing the
regidna] (intrabasement density changes and crustal effects)

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

.regionalz' 1) the regional gravity fs.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,

~and will be discussed in the interpretation section.

E. COMPUTER GRAVITY MODELING SOFTWARE

EDCON's computer software system, GF-2/3; utilizes a method of
successive approximation to calculate the structure of the high- -
density basement that best satisfies the residual gravity field.
GF-2/3 is a prism-oriented cé1cu1atiqn system that performs

basicaily two types df calculations. The first is a direct cal-

culation of the gravity field for a given mass, where the’
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-anomalous mass is,completely defined by specification of its

" upper and4]ower,surfaces as well as. its density-depth function.

The second type’of calculation i5 gravity inversion where the

'gravity'anomaly, density-depth relation, éhd either the upper

or lower surface of a body are given and the program iteratively

solves. for the unknown . surface.

F. GRAVITY MODELING

GF-2 was used in the forward-modeling mode with a 4000-ft grid

interval to calculate the twd-dimensiona] graben models. For
exarple, a four-mile-wide graben 10,000 ft deep with a -0.4 gn/cm®

density contrast produces a -30 mgal anomaly.

The datum-adjusted, tied and smoothed Bouguer gravity map was
digitized on a X-Y-Z digitizer. A computer gridding program then

serpled the digitized surface on a 4000-ft grid.

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

5rid of the regional gravity. A simple subtraction yielded the

4

desired residual gravity grid in preparation for three-dimensional

3evity inversion.

v

»wioenproaches to the density-depth function seemed desirable before
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" initial testing stages of the study: 1) individual valleys
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inverted usjng the best density-dépth curve from the



available wells and 2) the density contrast should be larger
(more negative) at the tdp of the section than near the bottom.
' - Approach (1) was ndt possib]evdUe to the lack of consistency of
 density vs depth 1n’the Basin and Range grabens and no logs
were available in the Leach Hot Springs area. Approach (2)‘wa$
rejected because no geological constrafnté could be inposed~on
the possibTe presence of low-density, near-surface layers.. Re-
sults of fwo-dimensiona] modeling tests led td the ;onc]hsion
that the besf density“contrast'tb_use was a constant density.
Therefofe,-gravity inversion was performed with a constant den- .
sity contrast of -0.4 gm/cm3 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 mab.. In addition,
the results of-the thrée-dimensiona1 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



B .,’!
¥

F
s

LA L

LT I

it YO . SO e O o

interpreted are not two-dimensional in nature, and are

not amenable to this interpretationf "Additionally, small
wave]ength anomalies (noise, near-sufface density anomaifes)
are amplified mﬁéh more severely by the'tﬁo-dimensiona]

than the’three-dimehsionaliroutines.Av
Three-Dimensional mode]ing

The results of the three-dimensional modeling routine,
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 grabéns sepafated

'. 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

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, of saddle, -

forming the southern boundary of fhe northernmost va]]ey.v

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
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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

- feet) is interpreted in the central part of the area

(T31N, R38E;>Sec 12). A pronounéed'pediment (?) (Sec 14

 and 23) is pfesent 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

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

- be related to similar gravity trends in the Gold Bank

Hills area to the southwest.

A good correlation .exists between a simple planar regional
~-gravity field and the observed pre-Tertiary "Basement"

.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‘oufcrop is anomalous in this
respéct and may represent a possible thrust remnant

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

the Gold Bank Hi]15'area is characterized by much lower
régiona] field values than anywhere else in_the study aréé.

This anomalous regional field could not be delineated

10



~sufficiently well, due to the lack of gravity control

<4 : | -along the western side of Gold Bank Hills, and the modeled
g results were therefore forced by hand to conform to the
= o " mapped outcrop pdsitions. This negative gravity feature
fj'v o . may be partly due to the presence of 10w-dénsity material
: ~ (intrusive?) in depth and may be related to the known
= o
Ei} ' mineralization of the Gold Bank Hills area.
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ITI. CONCLUSIONS

A. PHOTOGEOLOGY/GRAVITY CORRELATION-

A vastuamount,of detail is presented on the photogeological inter-
pretation preseﬁted as part of the study of the Leach Hot Springs
Gedﬁherma] area. The séme amount of detéi] is not ref]ected in

the interpreted gravity resh]ts,'probably’as a result of the station
spacing (i.e. sampling interva]) of the gkavity field, but also
because many. of the indicated photo]ineamentsvmay probably just

be small scale surface expressions.

A noteworthy point of agreement in the tw0'approache§ is the well-
déveToped SW-NE grain in the Gold Bank HiTls'area and the eastern
'side of the deep graben. Little bositioﬁal_agreement éxists
between the photogeo]ogiéa] and gravity expression of the main
graben-formfng normal faults, except in a few localities. This

is probably due to the fact thét secondary faults, or displace-
ments, related to the main normal faults at depth, are observed 3

on the surface.

The main Leach Hot Springs fault, as mapped by photogeology, does
not have a cbrresponding gkavity expression.except on the opposite
~ side of the Qa]ley. This may be due to a possible silicification
‘process in the Hot Springs area, which may have ob]iterated é]l

density contrasts related to the existing fault structures.

12
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E. GEOTHERMAL PROSPECTS

One of thé most: important results which séems to present itself

in this survey, is the présence 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 1ocation, as well és

at T3IN, R39E, Sec 17 and 18; T3IN, R38E, Sec 14 and 23; T3IN, R3O,
Sec 34 and 27, and a few other possible occurrences along the

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-

lationship of these ahomélies to any existing heat-flow anomalies,
and their correlation with the available structural information,
may be of significant importaﬁce in the delineation of geothermal

targets.
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

locations, and geologic history. -

Perhaps one of the prime benefits of this study will be the ability
to better plan seismic reflection programs by narrowing in on the

more prospective depression:Within the valley and on the better

112



structural features within the depression. In the Leach Hot
E ~ Springs area-basement highs (?) and other prospective features

have been delineated for possible detailed seismic coveragei

& ' ' and/or drilling. The gravity interpretation can be used to
{_ L interpolate between individual seismic profiles at a later date

_ahd to better correlate .faults and structural information.

- D. LIMITATIONS

!j' Gravity inferpretationS-have certain non-uniqueness limitations
[é‘ .’ih any geologic province. Some of these limitations are more

i acute in the Basin and Range province than in other aréaé. For-
!E, R tunately, however, the addition of gedlbgic constraints from sur-
- face geology has helped to overcome some of the problems. The -
[3 ' 'majpr limitations are listed below: | |

[E 1. In performing ouf structural determination from gravity,
& _ we assumed that the haterial_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,

| A but also indicated a large variability.

variable thickness. Tertiary sediments and volcanics vary

Ei : Quaternary sedimants have a 1.9 to 2.0 gm/cm3 density and
i" ' in density from 2.1 gm/cm3 for tuff to 2.6 gm/cm3 for

14



carbonates and conglomerates. The structural mép,
without adequate control from drilling, may be in ervror.

The most likely sources of error are anticipéted from

‘Quaternary playa deposits of unknown thickness and lower

density Tertiary conglomerates ahd lacustrine carbonates. 4
These tw0'anoma1dus dehsity features will also affect

the éeismic statics and velocities. Without more know-
ledge of the Tertiary and Quatefnary densities, the stfuc-

ture map is probably best utilized as a shape map.

Gravity inversion at the edges of the valley suffers from
edge effect probiems. Therefore, the base of the Tértiany
étructuré in the immediate vicinity of th;-graben-formfng,
normal faults is less accurate than in the center.of‘the
val]ey. Depth of sediments between the valley edges and

the grabeh-forming faults and over the Paleozoic saddles

may be shallower than mapped if the material is predominately

low-density Quaternary fill.

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
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be distorting the structural picture.

E. RECOMMENDATIONS

Detailed structural interpretations from gravity are good representa-

tions of the actual thickness and shape of Tertiary.fi]T in indi-

- vidual grabens. The next exploration stage should involve seismic

réfiéction data over the better prospects within the valley. Care
should be taken to avoid velocity pjtfa]]s in the areas of known

anomalous densities.

~ One additional geophysical fechnique has proven useful in the Basin

and Range province. Electrical induced-polarizaﬁion 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.
EXPLORATION DATA CONSULTANTS, INC.
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IV. ADDENDUM

Detailed Structural Modeling - Leaéh Hot Sbrings and Panthar Cahyon

. area . -

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

.modéling, using the restraints'developed in the general inter-

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

-and Panther'Canyon;aréas. These maps are presented separately

to the report as tomputer-p1otted-contourvmaps 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 mdps were taken to the 1imits of resolutidn, 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 primari1y-seem to indicate the possible presence of a

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

inferred Sadd1e, 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; bﬁt stil1l small, SW-trending ridge (Sec 27), with a
‘uther1y‘extension (éec 34) in the area of possible geothermal
arest, |
.EXPLORATION DATA CONSULTANTS, INC.
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