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~ 1. INTRODUCTION

A comb1nat1on of grav1ty, surface geo]ogy and photogeo]ogy was

~51ntegrated to produce a structura1 1nterpretat10n of the Leach*

-~ Hot Spr1ngs area Grass Va]ley, Nevada.

- The objectives of the interpretation were to 1) prodoce a Ter-

tiary Isopach map with fau]ts, 2) ana1yze surface geology, 3)

. 1ncorporate the photogeo]og1ca1 results and 4) comp11e the
svar1ous disciplines 1nto a comprehens1ve p1cture for geotherma]"
' eva]uation. Tert1ary (actua]]y post- Paleozo1c) and Paleozo1c"'

‘j,dens1t1es were estimated. Ev1dence in many parts of Nevada and;
i Utah suggests a sharp den51ty contrast between the clastlc Ter-fv.d

d.t1ary and the Pa]eozo1c sediments.

Depth to basement and approx1mate fau]t conf1gurat1ons were de-,fh'

B term1ned by three-d1mens1ona1 grav1ty mode11ng on. the dens1ty con-

trast (base of Tert1ary) horizon. The resu1t1ng structure map

shows a series of north- north-westerly trend1ng grabens bounded

- by dom1nant norma] fau]ts Super1mposed on the ma1n graben pat-

tern is a system of southwest to northeast trend1ng secondary e

LIfe fau]ts that form Pa]eozo1c h1gh sadd]es and term1nate the ex- “_:7'

R tens1ons of the grabens

The report discusses:the interpretation methods, results, limita-'f;h‘
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3, tions and suggestions for future work. The 1nterpretat10n resu1ts'

are d1scussed in terms of the accuracy of the structure map,_f'f

reg1ona7 geolog1c h1story, and the ex1stence of geotherma] pros-

".pects re]ated to the 1nterpreted structure of the area.
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II. GRAVITY INTERPRETATION

“. A. BOUGLER GRAVITY”[

'~Grav1ty data were acqu1red by Explorat1on Data Consu]tants, Inc .

and data on 504 stat1ons were co]]ected Bouguer and terra1n cor-
rect1ons were comp]eted using a denswty of 2.67. gm/cm3, whwch was h

se]ected to ref]ect the dens1ty of. the mounta1nous terra1n alongs1de

' the va]]ey Contoured Bouguer va]ues and stat1on 1ocat1ons are o

shown on the map 1nc1uded in th1s report

A previous graVity survey over'the area had:been}comp]etéd by the -

- Lawrence Berke]ey'Laboratories No data listing on. this survey could. ‘a:

be obta1ned and on]y a contour map of the va]ues at a ]arge sca]e

was ava11ab1e The data sets from EDCON and LBL were 1ntegrated }h'“‘ “

- by photograph1ca11y enlarg1ng the LBL map to a sca]e of 1 62 500 . ;;flf'

.‘;and hand contour1ng the comb1ned maps of both surveys. D1fferences o

between the two surveys ex1st and the 1ntegrated data set was not

>.‘used 1n any 1nterpret1ve or mode11ng rout1nes, as preference was

'g1ven to sxngTe data set w1th internal cons1stency

.f:The,Bouguer gravity.fje1d_contains the_superinposed effects 6% sedi;_
1mentary; structura1; and‘stratigraphic'featurés;fbgsemeht”1ithdlagy":1tﬁ.*n

- changes; a"d‘deéb crustal features. | This.study. s aimed at the

r~jgrav1ty effects assoc1ated w1th the Tert1ary Pa1eozo1c contact

“_u'Grav1ty effects from w1th1n the basement and deep 1n the
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o crust are not of 1nterest and are cons1dered req1ona1“

| Qua]itative‘examination oflthe Bouguer gravity map is sufficient *
‘to_]ocate sediment-fil1ed grabens associated with gravity minima.
) Thevcorrelation"of gravity 1oWs‘and sediment-filled grabens exists'

,throughout the Basin and Range prov1nce because 1ow-den51ty sed1—-1 :

ments fill the norma] fau]ted basement depress1ons Determ1nat1onﬁ

- of accurate base of Tert1ary structure and of fault 10cat1ons

requ1res a more sens1t1ve too1 three- d1mens1ona1 grav1ty 1nver- -

swon._ -The grav1ty inversion and 1ntegrat1on w1th surface geo-

“_1log1c contro] are d1scussed be]ow

B. GENERAL PHILOSOPHY

h;pStructure determ1nat1on from grav1ty requires two maaor steps L
- 1) the broad gravity effect that is not of interest ("reg1ona1") is“.“' T
must be subtracted from the Bouguer grav1ty f1e1d to produce the -
.t'_anomaly of interest ("res1dua1") and 2) the “res1dua]" anomaly - |
'::must be f1tted w1th a- geo]og1c model of proper format1on den— ‘,“:?f'
-"s1t1es that exp1a1ns the res1dua1 anomaly Both stepslrequ1re
'app11cat1on of geo]og1c constra1nts - In th1s 1nterpretat1on the.: -
L geo]og1c constraints were prov1ded by surface geo]ogy ava11ab1e f' o

on pub11shed maps of the area.
c. DENSITY ANALYSIS_ o

' Avai]ableiinformation‘on Outcrop_samples ahd approximately 50 . -



vporos1ty 1ogs from Nevada BaS1n and Range we]ls ‘converted to .
fdenS1ty, demonstrate the-extreme - var1ab111ty of the sed1ment
rdens1ty=d1str]but1on. »Quaternarysvalley-f11]nalluv1um and_‘
;p]aya.depositSAare<very.]owainedenstty, less than 2.0 gm/cm3, ‘
Tertiaryasediments in the>Great:Basinuvary from 10W—density toffS' '.,url'y
(2.1 gm/cm3) to clastics (2 3 gm/cm3) ‘to cong]omerates and car- .
z;bonates {2.5-2. 7 gm/cm3) An:average of 2,3:gm/cm3 was used 1n i
~the three—d1mens1ona1 mode11ng.‘-A~density-of12 7 gm/em3 was“
}selected to ref]ect the. average dens1ty -of -the Mesozo1c and
:Paleozo1c-basement in the area. -The best overa]] dens1ty con- :
“trast between Tert1ary sed1ments and h1gh-dens1ty "basement"'

was “considered-to be -0.4 gm/cm3. -
»#D.'ﬁREGIONAL/RESIDUAL‘SEPARATION’c:'

-fiGrabens;appearQashrelattve?minimawon?theaBouguerwgraVityAmap.
dns order to - perform ‘the. proper grav1ty 1nver510n to depth, the -:
eares1dua1 anoma]y re]ated to’ the»sed1ment f111 must be extracted

; from the Bouguer grav1ty. The res1dual anoma]y is 1eft after

~subtract1ng the- reg1ona1 grav1ty from the Bouguer grav1ty.‘;s

- The reg1ona1 grav1ty surface was: constructed 1n a three- step
“manner, F1rst of all, ‘two- d1mens1ona1 grav1ty models were cal- s
' fculated for grabens of known geometr1es and dens1t1es Second]y," o

}-these mode1s were compared to: actua] grav1ty prof11es across the =



i _grabens'with'speciaT attention paid to Paleozoic outcrops at‘ ‘
"j the valley edges Th1rd1y, the d1fference between the modeled
| and observed gravity for the east-west prof11es was p]otted and - .

f‘contoured

- Construction of the regiona1'gravity must obey'two simp]e prin-

ctples 1) the reg1ona1 grav1ty should approach the Bouguer grav-

s ity a]ong the high-density basement outcrops and 2) the reg1ona1 o
.grav1ty must be smooth since the geolog1c sources caus1ng the
4-reg1ona1 (1ntrabasement dens1ty changes and crusta] effects)
dare at great depth Both crwterva are satisfved by the chosenvf

'freg1ona1 1) the reg1ona] grav1ty is on1y s11ght1y higher than

the Bouguer grav1ty at the basement outcrops and 2) the reglona1

' surface is a smooth plane. Some d1screpanc1es 1n the reglonal '

: . determ1nat1on were observed in the area of the Gold Bank H]]]S, o

and will be discussed in the 1nterpretat1on section.

| E.:_COMPUTER GRAVITY MODELING SOFTWARE -

EDCON s computer software system, GF-2/3 ut111zes a method of
~ successive approx1matwon to ca]culate the structure of the h1gh-'
dens1ty basement that best sat1sf1es the res1dua1 grav1ty f1e1d L
GF-2/3 is a prlsm-orxented ca]cu]atlon system that performs'-

:bas1ca11y two types Of calculat1ons The f1rst is a d1rect ca]— r-ifar”i' -

o culatlon of the grav1ty f1e1d for a g1ven mass where the -”‘/."




s

Pt S
.

[

anoma1ous mass -is. complete]y def1ned by Spec1f1cat1on of 1ts -

?%* upper and lowev surfaces as well as its dens1ty-depth funct1on
+5 - ,

ﬂ : The second type of calcu]atlon is gravity inversion where the
E% grathy anomaly, dens1ty depth re]at1on, and elther the upper

for lower surface of a body are gvven and the program 1terat1ve1y

solves for the unknown surface
F. GRAVITY MODELING

GF-2 was used in the forward mode11ng mode w1th a 4000 ft grld

1nterva1 to ca]cu]ate the two-d1mens1ona1 graben models. - For ‘h

demp]e a four mile- w1de graben 10 000 ft deep with a -0 4 gm/cm3 'H‘

S

L density contrast produces a -30 mga1 anoma]y

the:datum-adjusted;‘tiedVand smoothed Bouguer'gravity map‘was
' digiti’ed on a X-Y-Z digitizer A computer gr1dd1ng program then

Sarpled the . d1g1t1zed surface on a 4000-ft gr1d

A co*outer plane generat1on program was used to produce a 4000-ft

trtd of the reglonal grav1ty A SImp]e subtractwon y1e1ded the -

-
4]
(4%

- des reswdua] grav1ty grid in preparat1on for three d1men510na1

o Gravity 1nver51on

® i

;§HV'\nxt111 test1ng stages of the study : 1) 1nd1v1dua1 va]leys

3?“4‘(‘oe xnverted us1ng the best dens1ty depth curve from the

Tas) appvoaches to the dens1ty depth funct1on seemed de51rab]e before”~;' .



| avai]ableswells!and 2) the density cohtrast-éhddld be lehger f»‘f S
'f(more negat1ve) at the top of the sect1on than near the bottom ”.
;;Approach (1) was .not poss1b1e due to the lack of cons1stency ofe=:
: _vdens1ty vs: -depth. 1n the Basin and Range grabens and no 1ogs 5
wwere ava11ab1e 1n ‘the Leach" Hot Spr1nqs area. Approach (2) was;ggg
'~~re3ected because -no - geo]og1ca1 constra1nts cou1d be 1nposed on

<the. poss1b]e presence - of 10w-dens1ty, near-surface ]ayers Re-,l b

'sults -of - two-d1mens1ona] ‘modeling tests led to the conc]uswon

- ~that the:bestndens1ty~contrast‘tq;useewa5~a‘constant dens1ty.,.r~t
-'Therefofe,hgravity inversiondwas;performedzwith.a.constant den- -

' _;sity:contraétwofw-0;4ngn/cm3ﬁthroughout?thevfinal stages of the

.interpretation.
. G. “MODELING RESULTS .

';}.aiProfiJeﬁanalysis '

“-Ten prof1]es, A-A' through J- J', ‘were 1nvest1gated and |
'Ewtwo-dlmen51ona1 mode11ng comp]eted The prof11e pos1t10ns
-are: 1nd1cated on ‘the ‘Bouguer grav1ty map Inwadd1t1on,-

. ~the resu]ts of the three-d1mens1ona1 mode11ng rout1nes,,d>

V'?»GF—3 are shown on the prof11es

i;* D1fferences between the two-d1men51ona1 and three- d1mens1ona1
'ﬁkmode]1ng resu]ts are observed These'are_pr1mar11y’the»h

d_resu1t~of.the factdthat~manysof,thefgrévityvanonalieshh’

B
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",interpreted arevnotgtwo—dimensionaivinvnature, and arer B

. not amenable to this interpretation. Additionaiiy, small‘
‘?'wavelength anomalies (no1se, near- surface density anoma11es)
'{iare amplified much more severe]y by the two-dimensional |

>f’than the three-d1mens1ona1 routines. «f'“‘-

'fThreefDimensjonal'modeiing

The results of the. three- dimensiona] modeling routine;vh]g

. GF-3, are 1nd1cated on the. accompany1n9 Tert1ary Isopach .

- map. In add1t10n, inferred structura] elements are shown

."7;The map shows a series of NNW- trend1ng grabens separated
1'ffvby Pa]eozo1c (?) high saddles Dashed contour ]1nes in

":“;dithe northern part of the map show areas of 1nsuff1c1ent
':ftw'graVity control, and the northernmost va]]ey (except for .
i its easternmost edge) is very approx1mate in shape 'A; *f

'small embayment (T32N R38E Sec 1) is 1nd1cated a]ong

the eastern graben edge. An area of very th1n va]]ey f111

'.(pOSSible pediment) is interpreted to the southeast of
'f"f':th1s embayment w1th a suggested extens1on or sadd]e,

7‘form1ng the southern boundary of the northernmost va11ey

"A comp]ex structura] pattern w1th dom1nant SW- NE trend1ng o

_§§5:11neaments, is 1nd1cated in the area to the west and north?'rg”:ix"r”

"‘west of Leach Hot Spr1ngs (T32N R38E, Sec 36) An area
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. in 'which the high-density basement is close to 5urface
is shown at,.and east of,dthe Leach Hot Springs occurrenCe.a'

1.,A small, narrow, and deep va11ey (1nferred depth 6, 500 .

- feet) is 1nterpreted in the central part of the area

(T31N, R38E, Sec 12). A pronounced ped1ment (?) (Sec 14

and 23) is present on the eastern s1de of the-va]]ey.;

_The southernmost of this- ser1es of va]]eys is character1zed R

by a strong]y deve]oped SW-NE gra1n on both s1des of the

deep (7500 feet) graben structure. These structures may ::r_}u
be re]ated to similar grav1ty trends 1n the Go]d Bank .

H1115 area to the southwest

LA good corre]at1on exists between a s1mp1e p]anar reg1ona] lnf-fff“*
'_grav1ty f1e1d and the observed pre-Tert1ary “Basement"

| outcrops in most parts of the map Two except1ons are ffﬁ_ R |
evident, i.e. f1rst1y, in T32N, R39E, Sec 21 and southwards,fv"ihjux
" where the “Basement" outcrop is not conf1rmed by the |
B mode]ed gravity resu]ts ‘The outcrop 1s anomalous in this }w“?
: respect and may represent a poss1b1e thrust remnant |
E_'or grav1ty s]1de as indicated on the map Second]y,

- the Gold Bank H111$ area is character1zed by much lower

reg1ona1 f1e1d va]ues than anywhere e]se in the study area.

- This anoma]ous reg1ona1 f1e1d cou]d not be de11neated

10



‘sufficiently wel] ~due to the 1ack of grav1ty control |

a]ong the western side of Go1d Bank H11]s and the mode]ed.:ifii-io“

.resu1ts were therefore forced by hand to conform to the o

;A-mapped outcrop pos1t1ons Th1s negat1ve grav1ty feature -
“may be partly due to the presence of 1ow-dens1ty mater1a1
| (1ntrus1ve7) 1n depth and may be re]ated to the known

'mlnera11zat1on of the Go]d Bank H1lls area

11



TII. :CONCLUSIONS -

. A;JQPHOTOGEOLOGY/GRAVITY¢C0RRELATIONV |

o A vast amount of - deta11 is- presented 0N the photogeolog1ca1 1nter-‘

-pretation: presented as part.of: the study of the Leach Hot Spr1ngs-
¢Geotherma1 .area. -The same amount of- deta11 1s not ref]ected in

tthe lnterpreted grav1ty results probab]y as a resu]t of the stat1on B
.spac1ng (1 e.- samp11ng 1nterva1) of ‘the grav1ty f1e1d but a]so |
~*because many of - the 1nd1cated photo]1neaments may probab]y Just

‘ xbe small scale surface express1ons.._.'

A noteworthy po1nt of agreement 1n the two approaches is the we11- d'

udeve]oped SW-NE -grain-in the. Go]d Bank H1lls area and the eastern N

. wes1de of the deep graben.» L1tt1e pos1tlona1 agreement ex1sts

"'%between ‘the photogeolog1ca] and grav1ty express1on of the main -

R wgraben-formlng norma] fau]ts, except in a few 1oca11t1es.. ThlS -
:1Smprobab1yadue.to the=fact:thatfsecondary fau]ts,:or displace- -
&ments,-related‘to:thewmainxnorma]“faults at depth, are observed

fonithe‘surface;f"

'5The main Leach Hot Springs fault, as mapped by photogeo]ogy, does
.7not have a: correspond1ng grav1ty expre551on except on the oppos1te
.:s1de of theava]]ey Th1s may ‘be - due to a poss1b1e s111c1f1cat1on
process in the Hot~ Spr1ngs area-~wh1ch may have ob11terated a]]

--density. contrasts related to the ex1st1ng fau]t structures

12
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E. GEOTHERMAL PROSPECTS .

One of the most 1mportant resu]ts wh1ch seems to present 1tse1f

1n this survey, is the presence of anoma1ous high- dens1ty "base

N ment“ (or ped1ment7) close to the surface in a few 1oca11t1es in

the area, such as at the Leach Hot Spr1ngs 10cat1on as well as

'at T31N, R39E, Sec 17 and 18; T31IN, R38E,,SEC 14 and 23; T31N, R39E,.'l
- Sec 34 and 27, and a few other possible occurrences a]ohg the'h :

‘sides of thehsouthernmost'deep valley (T3IN and T30N, R39E).

- The anomalous areas may be reiated to existing, or dormant,;areés

of si]icification as a result of geotherma1 activfty The re-

1at1onsh7p of these anomalies to any existing heat-flow anoma11es,

" and their corre]at1on with the ava11ab1e structuraI 1nformat1on, Q
‘may be of s1gn1f1cant 1mportance in the de11neat1on of geotherma]

. targets.

C.. DISCUSSION OF RESULTS

| Mepping the base of the Tertiary‘structure with gravity data is a'h_f:
B :‘.very cost-effect1ve method of determ1n1ng bas1n depths, fau]t |

- 10cat1ons, and geo]og1c h1story
. Perhaps one of the prihe benefits'df'this-study will be the'ebflitye‘snrh}f{ :
-E‘td better plan seismic ref]eCtion;programs by nafhowing in-bh the :

.i more prospective depression within the valley and on the better L

13
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- structural features within the depression. In the Leach Hot o
.-rSprlngs area basement h1ghs (?) and other prospect1ve features

~  have been de]1neated for possible detailed seismic coverage

'~and/or dr1111ng The grav1ty 1nterpretat1on can be used to "'
_1nterpo1ate between 1nd1v1dua1 seismic prof1les at a later date

" "and to better correlate faults and structural information.

D. LIMITATIONS -

:';Gravity interpretations have certain‘non;uniqueness limitations
“in any geo]og1c prov1nce. Some of these‘]imitationS'are more'-‘
‘"facute in the Bas1n and Range province than in other areas. For-vg

tunate]y, however, the add1t1on of geo]ogwc constra1nts from sur—
‘dg.face geo]ogy has he]ped to overcome some of the prob]ems hThe'N

"_ maJor 11m1tat10ns are 11sted below

'.i. AIn perform1ng our structura1 determ1nat1on from grav1ty, :
-we assumed that the mater1a1 above the Paleozoic un- |
conform1ty (Tert1ary and Quaternary) had an average dens1ty -

:'of 0.4 gm/cm3 below the Pa1e0201c “basement“ dens1ty |
-Analysis of ava11ab1e data 1n Nevada suggested this average,z~

but also 1nd1cated a large var1ab111ty

| Quaternary sediments have a'1 9 to'2 0 gm/cm3 density'andvdv‘

in denswty from 2.1 gm/cm3 for tuff to 2.6 gm/cm3 for

14

variable thickness. Tert1ary sedlments and vo]can1cs vary . e



h't»> carbonates and cong]omerates The structura] map, o
"w‘thOUt adequate control from dr1111ng, may be in error.

- The most 1ikely sources of error are anticipated from

: *ri Quaternary'playa deposits of,unkncwn thickneasvandllower'
§7§fj :clf Ejf"ffd .. density Tertiary conglomerates and 1acustrine‘carbonates, :

nlyThese two anomalous dens1ty features will also affect o

%@ '.the seismic stat1cs and ve]oc1t1es. Without more know-'
;f 1:1edge of the Tert1ary and Quaternary dens1t1es the struc-
?: ”°?"_ ture map is probably best ut111zed as a shape map.

b o 2. Gravity‘inversion at.the edges of-the va]]ey suffers from

~ edge effect problems.A:Therefore,.the base of the Tertiary.

- structure in the immediate'vicinity of the graben-formfng;:
Li?,?}ﬂ;';;fi; - ;1g: normal faults is Tess accurate than in the center of the
“,;tvva11ey Depth of sed1ments between the valley ‘edges and

‘_the graben form1ng fau]ts and over the. Pa1e0201c saddles -

may be sha]]ower than mapped 1f the mater1a1 1s predom1nate1y

-ﬁf:.]ow-dens1ty Quaternary f111

'fb3.j'The var1ab111ty of Tert1ary and Quaternary dens1t1es d1s-
| L"'covered in the grathy 1nterpretat1on may be an 1nd1cat1on j
" of poss1b1e velocity prob]ems for seismic processors and f-: b
1;;1nterpreters a11ke ' Although soph1st1cated stat1cé pro-~
55',grams are ava11ab1e to sharpen up se1sm1c prof11es, long

gvﬁllﬁ’,‘_;fj ",112*:r;_‘per1od or low frequency, stat1cs (ve10c1ty pushdowns) may'

15



':vbe_distokting'the strqcturai picture.

©E. RECOMMENDATIONS ~ <

: 4betailed-structura1-iptérpfetations from.éraQity are'good repfééehté- e
~ ‘tions of the actual thickness and shape of‘Tgrtiary fi]llih indi5\'
 vidua1 grabens. The next;explofétion stage shou]d‘iﬁvb]ve ééismic
- reflection data over the bettef prospectsnwfthinvthe-valley; -Caré .

‘should be taken to avoid ve]ocity'pitfails in the éreas df knoWn-ff

anomalous densities.v:'

_One additional geophys1ca1 technlque has proven useful in the Basin
~ and Range province. E]ectr1ca1 1nduced polar1zat1on and res1st1v1ty' ,u~-'7:

. 'survey1ng have proven usefu] in determ1n1ng th1ckness of alluvial

cover in Basin and Range grabens - The a]luv1a] cover 1s des1rable '

to aid the grav1ty and seismic process1ng
EXPLORATION DATA CONSULTANTS, INC.;_ ' -

Eduard de{Bidder -

16
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~1V. - ADDENDUM

,Deta1led Structural Model1ng - Leach Hot Spr1ngs and Panthar Canyon‘

area

"At the request of Aminoil USA Inc some deta1led three-d1mens1onal_'u3f
( model1ng, using the restra1nts developed in the general inter-

: pretat1on of the area was completed over the Leach Hot Spr1ngs '

and Panther Canyon areas. These maps are presented separately

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

| 1nterval of 50 feet and a scale of 1" -'1000 ft. It must be

: real1zed that the model1ng routines used in the productlon of
,these maps were taken to the l1m1ts of resolut1on and some of-
T'the finer deta1l presented may not be reflective of the real causa-:;‘:;»
'tt1ve structures but may rather be related to short wavelength

“noise in the observed (and 1nterpolated) gravity f1eld

- The results pr1mar1ly seem to 1nd1cate the poss1ble presence of a
T dual structure on the Leach Hot Spr1ngs ped1ment (7) w1th an.
:v1nferred saddle,-or lower1ng of near-surface dens1t1es to the eaStQ,' .

,..Thfs effect-may'be real, however, and related to the Leach Hot f"

R Spr1ngs fault as observed on surface. o

- The Panther Canyon detaIled structure map reveals a more pro- .
tnounced ‘but stlll small sw trendlng ridge (Sec 27) with a

"’southerly extens1on (Sec 34) in the area of p0551ble geothermal -
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I. INTRODUCTION

A comb1nat1on of grav1ty, surface geo]ogy and photogeology was - |

'1ntegrated to produce a structura] 1nterpretat1on of the Leach

“Hot Springs area, Grass.Valley, Nevada.

~v‘ The obJect1ves of the 1nterpretat10n were to 1) produce a Ter- .
| tiary Isopach map w1th fau]ts, 2) ana]yze surface geo]ogy, 3)
.1ncorporate the photogeo]og1ca1 resu]ts and, 4) comp11e the N
,var1ous d1SC1p11nes 1nto a comprehens1ve p1cture for geotherma]; d'

eva]uat1on. Tert1ary (actua]ly post Pa]eozo1c) and Pa]eozo1c

densities were estimated ' Ev1dence in many parts of Nevada and

. Utah suggests a sharp dens1ty contrast between the clast1c TerAA
o t1ary and the Paleozoic sed1ments.‘
‘Depth to basement and approximate'fauTt configurations were de- .

'termined‘by three-dimensional-gravity modeling on'the‘density-COné

trast (base of Tertiary) horizon The resulting structure map
shows a series of north-north- wester]y trend1ng grabens bounded

by dom1nant norma] fau]ts Super1mposed on the ma1n graben pat— ;'

'tern 1s a system of southwest to northeast trend1ng secondary
‘ifaults,that-form Paleozoic high sadd]es and'term1nate the ex—_‘i"

‘tensions of the grabens. '

" The report discusses the interpretation methods,‘resufts,'limftaf”



tions and suggestions‘for future work. The interpretation results
~.are discussed in terms of the"accuracy.of the structure map,

regional geo]ogit history, and the existende of geothermal pros- -

~pects related tobtheAinterpretéd structure of the area.
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“II. GRAVITY INTERPRETATION

A, BOUGUER GRAVITY

Gravity data were acquired by Exp]oration Data Consultants, Inc.;'

'and data on 504 stations were co]]ected Bouguer and terrain cor-

rect10ns were completed using a dens1ty of 2.67 gm/cm3, wh1ch was

_se1ected to reflect the density of the mounta1nous terra1n a10ngs1de

the va]]ey Contpured Bouguer va]ues and station locat1ons are

shown on the map included in this rebort.

A prev1ous grav1ty survey over the area had been comp]eted by the

Lawrence Berkeley Laboratories. "No data 11st1ng on this survey cou1d :

be obtained, and only a‘contour map of the values at a large scale ‘
‘was avai]ab]e The data sets from EDCON and LBL were 1ntegrated

‘f-by photograph1ca11y en]arg1ng the LBL map to a sca]e of 1:62, 500

and hand contour1ng the comb1ned maps of both surveys. ‘Differences

o between the two surveys ex1st and the 1ntegrated data set was not A
' ":tused in any 1nterpret1ve or mode11ng rout1nes as preference was

.- given to 51ngle data set w1th 1nterna1 cons1stency.v

The Bouguer grav1ty f1e1d conta1ns the super1mposed effects of sed1-

'mentary, structura], and strat1graph1c features, basement 11th01ogy_u

changes, and deep crusta] features ~ This study is a1med at the ,f.

'grav1ty effects associated with the Tert1ary Pa]eozo1c contact

"hf Grav1ty effects from w1th1n the basement and deep 1n the
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crust are not of interest and are considered "regional".

Qualitative examination of the Bouguer grévity map is’sufficiént >

‘to locate sediment-filled grabené associated with gravity‘miﬁima.

The corre]atfon of gravity Tows and sediment-fi]led grabens exists;

’ throughout the-Basin and Range provihqe becausé ]bw—density sedi-

ments fill. the normal-faulted basement depressions; Determination

of accurate base of Tertiary structure and of fault locations
requires a more sensitive tool, three-dimensional gfavity inver-

sion. The gravfty inversion and integration'with'sukface geo-

i]]ogic control are discussed:beiow; .

B. GENERAL PHILOSOPHY

Structure determination from gfavity,kequires two major steps:

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

‘must be subtracted from the Bouguer gravity field t0'produce the

anomaly of interest ("residué]") and 2) the'“residual" anomaly

" must be fitted with a geo]bgic model of prober‘formation den?

,sitiés‘that explains the residual anbma]y,‘ Both steps reguire

app]icatioh of geologic constraints;_ﬂln this intérpretation the
geologic constraints were‘provided_by surface geo]ogy-availablé f

on published maps of the area..f',"

" C. DENSITY ANALYSIS.

Available information on outcrop samples and approximately 50. -
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‘poro<1ty 1ogs from Nevada BaS1n and Range we]]s converted to

1‘dens1ty, demonstrate the extreme var1ab111ty of the sed1ment

dens1ty d1str1but1on Quaternary va]]ey-f111 a]]uv1um and

“playa depos1ts are very ]ow in dens1ty, less than 2 0 gm/cm3
- Tertiary sediments in the'Great Basin vary from‘]ow-density tuffs
ff:(g 1 gm/cm3) to c]ast1cs (2.3 gm/cm3) to cong]omerates and car-

bonates (2.5-2. 7 gm/cm3) An average of 2.3 gm/cm® was used in

the three-d1mens1ona1 mode]ing. A density of 2.7 gm/cm3 waS'j:

selected to reflect the average denSIty of the Mesozoxc and

_Paleozo1c basement in. the area. The best overall dens1ty con-

trast between Tert1ary sedlments and h1gh -density "basement"

: was cons1dered to be -0.4 gm/cm3
D. REGIONAL/RESIDUAL SEPARATION |

| Grabens appear as: re]at1ve m1n1ma on the Bouguer gravity map

o _In order to perform the proper grav1ty inversion to depth, the

res1dua] anoma]y related to the sed1ment f111 must be extracted

ffrom the Bouguer grav1ty The res1dua1 anomaly is ]eft after

' -subtract1ng the reg1ona1 grav1ty from the Bouguer grav1ty

- The regional gravity surface'was cohstructed in a three-step

manner. First of-a11 two d1mens1ona] grav1ty mode]s were ca]—

cu]ated for grabens of known geometr1es and dens1t1es Second]y,}

e ‘these models were compared to actua] grav1ty prof1]es across the ;u'




. grabens w1th spec1a1 attent1on pa1d to Paleozo1c outcrops at -

the va]]ey.edges Th1rd1y, the d.fference between the modeled

.~ and observed gravity - for the‘east—west prof11es was plotted and

contoured.

R 'Construct1on of the reg1ona1 grav1ty‘must obey two simple pr1n-'A
‘“c1p]es 1) the reg1ona1 grav1ty shou]d approach the Bouguer gravA
‘h'1ty a]ong the h1gh dens1ty basement outcrops and 2) the reg1ona]
- gravity must be smooth s1nce the geo]og1c sources caus1ng the
. reg1ona] (1ntrabasement dens1ty changes and crusta] effects)
1“are at great depth Both cr1ter1a are sat1sf1ed by the chosen

‘ regiona] 1) the reg1ona1 grav1ty is only s]1ght1y h1gher than

the Bouguer grav1ty at the basement outcrops and 2) the reg1ona1

T surface is a smooth plane. Some d1screpanc1es in the reg1ona1

détermination were observed in the area of the Gold Bank H11ls, f'

s and w111 be d1scussed in the 1nterpretat1on sect1on.
E COMPUTER‘GRAVITY MODELING SOFTWARE'f»
'j_ EDCON' S computer software system GF-2/3 ut111zes a method of ,f

“e‘-tsuccess1ve approx1mat1on to ca]cu]ate the structure of the h1gh-

"dens1ty basement that best sat1sf1es the res1dua1 grav1ty field.

GF-2/3 is a pr1sm—or1ented calculatmon system that performs‘pj"

_baswca]]y two types of ca]cu]atlons The f1rst 1s a d1rect ca]-'

3 cu]at1on °f the grav1ty f1e1d for a g1ven mass, where the ;2,"br .



anoma]ous mass is completely definedvby specificatioh of its
upper and lower surfaces as wel] as its dens1ty~depth funct1on
The second type of ca]cu]atwon is grav1ty 1nvers1on where the
gravity anoma]y, dens1ty-depth re]at1on and e1ther the upper N
or lower surface of a body are glven and the program 1terat1ve1y

‘-_>solves for the unknown surface.

F. . GRAVITY MODELING

GF-2 was used in the forward-mode]ing mode with a 4000-ft:grid

_ 1nterva] to calcu]ate the two- d1men51ona1 graben modeTs. For"e o

example, a four-m11e-w1de graben 10, 000 ft deep with a -0 4 gm/cm3"'

'}. density contrast produces a -30 mgal anomaly.

o

The datum-adjusted tied and SmoothednBouguer gravity map was

) d1glt1zed on a X-Y- Z d1g1t1zer A computer gr1dd1ng program then

AI
”A computer plane generat1on program was used to pro?uce a 4000 ft'l

|
gr1d of the reg1ona1 grav1ty. A s1mp1e subtract1oﬁ y1e1ded the

- sampled ‘the d1g1t1zed surface on a 4000 ft gr1d

'des1red res1dua] grav1ty gr1d 1n preparat1on for three-d1mens1ona1 o

- gravity inversion. o 'f'.pv Lo e "V

|

Two approaches to the dens1ty depth funct1on seemed desirable before ;'r7;~"

the 1n1t1a1 test1ng stages of the study 1) 1nd1v1dua1 va]leys

?should be 1nverted us1ng the best dens1ty depth curve from the .

f
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t.ava11ab1e we]ls and 2) the denswty contrast shou]d be 1arger '
‘(more negat1ve) at the top of the sect1on than near the bottom.
.uApproach (1) was not pOSSIble due to the ]ack of cons1stency of
-:dens1ty Vs depth 1n the- Bas1n and Range grabens and no logs
?were.ava1lab]e‘1n the Leach Hot Spr1ngszarea. Approach (2) was o
. rejected because no geo]ogica1jconstraints,cou]d be.1nposed on
_ dthe possible-presence of ]ow-density; near-surtace Tlayers.. ARef
.nsu]ts of -two- d1men51ona1 mode11ng tests Jed to the conc]usvon, .
’ "that the best dens1ty contrast to use was a constant dens1ty
'fTherefore grav1ty 1nvers1on was performed w1th a constant den- -
~51ty contrast of -0.4 gm/cm3 throughout the final stages of. the

1nterpretat1on
6. “MODELING RESULTS
1. Profile a-‘ana-lysis |

'vi'Ten prof11es, A- A' through J- J', were 1nvest1gated and ;‘
'Ftwo-d1mens1ona1 mode11ng completed The prof11e pos1t1ons
~-are 1nd1cated on the Bouguer grav1ty map In add1t1on,.

v'cthe resu]ts of the three d1mens1ona1 mode11ng rout1nes,;

”-”GF—3 are shown on the prof11es. '

. ‘Differences between the twoédimEnsionaTaand~three-dimensiona?hﬁi*" =

’ wsmOde1ingvresu1ts are~observed These are pr1mar11y the ; ia;

'f'~wresu1t of “the fact that many of the grav1ty anoma]1es f."" ;
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*interpreted are not two-dimensional in nature, and are

T-not amenable to this interpretation. Additionally, small
| __swave1ength anomalies (noise, near-surface density anomalies)
" are amplified much more sevefely by the tWofdimensionals“

. than the three-dimensional routines.

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 grabens separated

by Paleozoic (?) high saddles. Dashed contour 1ines-in.. 

- the northern part of the map show areas of insufficients.
v grav1ty contro], and the northernmost va]]ey (except for-
'_ ts easternmost edge) is very approx1mate 1n shape ' Af""

f.small embayment (T32N R38E Sec 1) 1s indicated a]ong

- the eastern.graben edge. An area of very thin va]ley f111

‘ f:(possib1e pediment) is interpreted to the southeast of: ﬁ-

' :this’embayment,:With a'SUggestéd extension, or sadd]e;f

g forming the:southern boundary dfsthe northernmost va]léy;s"
A complex structural pattern,'wjth:dominant_Sw4NE‘trenHihgs
' liheaments, is indicated in the area to the west and north-

_.',west'of Leach HQt Springs (T32N, R38E, séé 36); jAh'aréa3‘
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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;b

A small, narrow, and deep va]]ey (1nferred depth 6, 500

: feet) is 1nterpreted in the centra] part of the area

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

and 23)"15 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 o

“deep (7500 feet) graben structure.‘ These structures may =

be re]ated to similar grav1ty trends in the Gold Bank

H11ls area to the southwest.

A good correlation ex1sts between a s1mp1e p]anar reg1ona1

| grav1ty field and the observed pre-Tert1ary "Basement“ f-

outcrops in most parts of the map Two except1ons are

ev1dent, i.e. f1rst1y, in T32N, R39E Sec 21 and southwards,'v

where the "Basement" outcrop is not conf1rmed by the

' mode]ed grav1ty resu]ts.'AThe.outcrop 1szanomalous in this -
‘”'respect and may represent a possible thrust remnant -

or gravity slide, as indicated on the map' Second]y; _,] n

the Gold Bank H1lls area 1s character1zed by much 1ower -'; .

: -reg1ona1 f1e1d va]ues than anywhere e]se 1n the study area

3 Th1s anoma]ous reg1ona1 f1e]d cou]d not be de11neated

N
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‘ suff1c1ent1y we]] due to the 1ack of grav1ty contro]

along the western side of Gold Bank H11]s and the mode]ed

resu]ts were therefore forced by hand to conform to the

: M‘mapped outcrop pos1t1ons. Th1s negat1ve grav1ty feature
may be partly due to'the presence of low-density materia]. L
’ (1ntrus1ve7) in depth and may be related to the known

-.m1nera11zat1on of the Gold Bank H111$ area.
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© III. CONCLUSIONS .

~A. PHOTOGEOLOGY/GRAVITY CORRELATION .

' A'yast amount of detail is presented on the photogeological inter- -

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

Geotherma] area. The same amount of'detail is not-reflected in

the 1nterpreted grav1ty results, probably as a resu]t of the statlon

spac1ng (1 e. samp11ng interval) of the grav1ty field, but also .

~ because many of the 1nd1cated photo]1neaments may probab]y JUSt

be sma]] sca]e surface express1ons

A noteworthy po1nt of agreement in the two approaches is the we]]-

developed sw NE grain 1n the Go]d ‘Bank H1lls area and the eastern

side of the deep graben.. L1tt1e pos1t10na1 agreement ex1sts

between the photogeo]og1ca1 and grav1ty expre551on of the main =

: graben form1ng norma] fau]ts except in a few loca11t1es Th1s
‘1s probab]y due to the fact that secondary faults, or d1sp]ace-
: ments, re]ated to the maln norma] fau]ts at depth are observed

on the surface

) The~main Leach Hot Springs tauit as mapped.hy photogeology, does"
| not have a correspond1ng grav1ty express1on except on the opp051te . ‘
-s1de of the va]]ey Th1s may be due to a poss1b1e s111c1f1cat1on 3
| process in the Hot. Spr1ngs area, wh1ch may have ob]1terated a]]

‘f'den51ty contrasts related to the ex1st1ng fau]t structures

12
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' B. GEOTHERMAL PROSPECTS

" One of’the mdst.important results which.seemsAt0'present-itse1f
in th1s survey,; is the presence of anomalous h1gh dens1ty "base-
- ment" (or pediment?) c]ose to the surface in a few Ioca11t1es in
" the area ‘such as at the Leach Hot Spr1ngs 1ocat1on as we'l1 as |
at T31N, R39E Sec 17 and 18; T31IN, R38E, Sec 14 and 23; T31N R39E, -

‘Sec 34 and'27, and a few other poss1b1e occurrenees ‘along the_‘“

" sides ofvthe southernmost deep Va]ley (T31N and T30N, R39E).

~ The anomalous areas may be related to existing, or dormant, areas

of s111c1f1cat10n as a result of geotherma] act1v1ty. The re-

A 1at1onsh1p of these anoma11es to any ex1st1ng heat-flow anomalwes, o

'”Vand the1r corre]at1on with the ava11ab]e structural 1nformat1on,

may be of significant importance in the delineation of geothermal

* targets. .-

. C. DISCUSSION OF RESULTS

Mapp1ng the base of the Tert1ary structure w1th grav1ty data is a

IR very cost—effectlve method of determ1n1ng ba31n depths, fault

f']ocat1ons, and geo]og1c h1story

'dPerhaps one of the prwme benef1ts of th1s study w11] be the ab111ty :

“to better plan seismic ref]ect1on programs by narrow1ng in on the h

more prospect1ve depress1on w1th1n the va]]ey and on the better

13



structura] features w1th1n the depress1on In the Leach Hot
'Spr1ngs area basement highs (?) and other prospect1ve features
have been de11neated for poss1b1e detailed seismic coverage
.and/or dr111ingr. The gravity’interpretatibn can be.used tQZ"
‘interpolate‘between individual seismic brdfiles at a 1ater_date"

and to better corre1ate faults and structural information.
D. LIMITATIONS

B Grav1ty 1nterpretat1ons have certain non unlqueness 11m1tat1ons
in any geo1og1c provwnce. Some of these 11m1tat1ons are more
o acute in the Basin and Range prov1nce than in other areas. For- ,':
‘tunately, however, the add1t1on of geologic constra1nts from sur-
_'face geology has helped to overcome some of the problems.. The

major 1imitations are 1isted below:

1. In perform1ng our structura] determ1nat1on from grav1ty,t~“ N
we assumed that the mater1a1 above the Pa]eozo1c un-
| jconform1ty (Tert1ary and Quaternary) had an average dens1ty
of 0 4 gm/cm3 be]ow the Pa]eozo1c "basement" den51ty
Ana]ys1s of ava11ab1e data in Nevada suggested th1s average;

i.but a1so 1nd1cated a ]arge var1ab111tyf

‘;,Quaternary sedwments have a 1 9 to 2. 0 gm/cm3 dens1ty and
var1ab1e th1ckness Tert1ary sed]ments and vo]can1cs vary

'1n dens1ty from 2 1 gm/cm3 for tuff to 2 6 gm/cm3 for

14



~ carbonates and'cong1omerates The structura] map,

'w1thout adequate control from dr11]1ng, may be in error.

The most 11ke1y sources of error are ant1C1pated from

Quaternary pléya,deposits of unknoWn thickness and Tower

dehsity'Tertiary cong]omerates‘and Tacustrine éarbonates.

" These two anona]ous dens1ty features w111 also affect ‘
- the seismic statics and ve]oc1t1es. w1thout more know-
: ledge of the Tertiary and Quaternary dens1t1ess the struc-

ture map is probably best utilizedvas a shepe map.

Gravity inversion at the edges of the vaITey«suffers from
edge effect problers. : Therefore, the base of the Tert1ary :
structure 1n the 1mmed1ate v1c1n1ty of the graben form1ng,_

norma1 faults 1s less accurate than in the center of the .h

| va]ley ' Depth of sed1ments between the val]ey edges and
~ the graben- form1ng fau]ts and over the Pa1e0201c saddles =
‘may be shal]ower'than mapped if the mater1a1-1s predom1nate]y--’7ii-:7r

- Tow-density Quaternary fill.

' The'variability of Tertiary and Queternary‘densities dis4:

~.covered 1n the grav1ty 1nterpretatxon may be an 1nd1cat1on ‘

'f of possible velocity prob]ems for se1sm1c processors and

1nterpreters a11ke A]though sophlst1cated stat1cs pro-

‘grams are avav]able to sharpen up se1sm1c proflles, long

o perlod, or low frequency, stat1cs (ve]oc1ty pushdowns)_may

15
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 “be distorting the structural picture.

E. RECOMMENDATIONS

~ Detailed structural interpretations from gravity are good representa- o
:_ tions of the actual thickness and shape of Tertiary fill in indi-

:_vidua1 grabéns. The next exp]orétion stage shou1d4inVo1ve seismic e

reflection data over the better prospects within the valley. Care:

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

’ anoma]ous densities.-

One add1t1ona1 geophys1ca1 techn1que has proven useful 1n the Ba51n

 and Range prov1nce E]ectr1ca1 induced- po]arwzat1on and res1st1v1ty',‘i

survey1ng have proven ‘useful -in determ1n1ng th1ckness of al]uv1a]

cover in Basin and Range grabens. The a11uv1a1 cover is des1rable

to aid the gravity and seismic process1ng

EXPLORATION DATA CONSULTANTS, INC.

- Eduard de/Ridder
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IV. ADDENDUM -

Detaijled Structura] Mode11ng - Leach Hot Spr1ngs and Panther Canyon

area

At the request of-Aminof1 USA Inc some detalled three-d1men31ona1;
modeling, us1ng the restraints developed in the genera] 1nter— |
pretation of the area, was-comp]eted over the Leach Hot Spr1ngs

and Panther Canyon areas. These maps are presented;separatejyv

to the report as cdmputer-p]otted contour maps with a contour

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

realized that the mode]ing routines used in the production'of-

: these maps were taken to “the 11m1ts of reso]ut1on and some of -

the f1ner deta11 presented may not be. ref]ect1ve of the real causa-‘;
tive structures, but ‘may rather be re]ated to short wavelength

noise 1n the observed (and 1nterpo1ated) grav1ty f1e1d

The results pr1mar11y seem to indicate the poss1b1e presence of a
- dual structure on the Leach Hot Spr1ngs ped1ment (7) with an

inferred saddle, or Iower1ng of near-surface dens1t1es to the east.f,_;}~lh”"m

Th1s effect may be rea] however, and re]ated to the Leach Hot

‘_1Spr1ngs fau1t as observed on surface.

-The Panther Canyon detailed structure map revea]s a ‘more- pro-
;nounced but st111 sma]] SW- trend1ng r1dge (Sec 27), w1th a '

1 southerly extens1on (Sec 34) in the area of poss1b1e geotherma]

1nterest

EXPLORATION DATA CONSULTANTS INC.
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1. INTRODUCTION

A -combination of~gravity, surface geology and photogeology was e

vintegnatedwto/producera.structural interpretation of the Leach -

?_5Hot*Springs,anea,-Grass”valley,‘Nevada;‘

nThe~objectives of'the"interpretation were tovl) produce a Ter-
‘—t1ary Isopach map with fau]ts 2) analyze surface geology, 3)

s1ncorporate the photogeolog1ca1 resu]ts and 4) comp11e the -

-various- d1sc1p]1nes 1nto a comprehens1ve p1cture for geotherma]

:;evaluat1on.:aTert1ary,(actua11y post-Paleozoic) and Paleozoic
'mydensitiesswere'estimated. Evidence in'many parts of Nevada'and"
sUtah:suggestsua~sharp]density contrast between'theuc]astjp Ter- ‘duE B

stiary.and the Paleozoic sediments.

:EDepth:to-basement-andfapproximatevfau]t configunations'were de-
:termined by three—d1mens1ona1 grav1ty mode11ng on the dens1ty con;,d?n’fﬁ
wtrast (base of Tert1ary) hor1zon ~ The resu1t1ng-structure map

.?shows a- ser1es of north-north-wester]y trend1ng grabens bounded |
by - domlnant norma] fau]ts. Super1mposed on the main graben pat-
- ‘tern is.a- system ‘of. southwest to northeast trend1ng secondary :"
l“faults that form Pa]eozo1c h1gh sadd]es and term1nate the ex-

nﬁtens1ons of ‘the . grabens.

-fTheaneport/discusses‘the*interpretation methods,'results, ]imita-.[
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';4t10nS and suggest1ons for future work The 1nterpretat1on resu]ts
: - .are d1scussed in terms of ‘the. accuracy of the structure map,
vreg1ona1 geo]og1c h1story, nd the ex1stence of geotherma] pros- o

-spects re]ated to “the 1nterpreted structure of the area
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I1. GRAVITY INTERPRETATION

_A. . "BOUGUER -GRAVITY

Gravityfdata were'acquired by Exploration Data Consditants, Inc.,

' ;:and«data~on 504 stations were co11ected.' Bouguer and terrain cor-
-dfrectiOnsawere'completed‘usingva density of 2.67 gm/cm3,QWhich'was:
'fﬁe]ectedrto ref1§Ct‘the densfty;of the mountainous terrain aiongSide‘_h:hfi,5”f-
.1;the¢Va11ey;f:Contoured Bouguer values and station locations.are

;qshown:on‘thedmap incTuded in this report.

A prev1ous grav1ty survey over the area had been comp]eted by the r”“
;;Lawrence Berkeley Laborator1es No data 11st1ng on th1s survey cou]daj_':Vrl
i be obta1ned and on]y a contour map of the va]ues at a 1arge scale
téidweewas avallable The data sets from EDCON and LBL were 1ntegrated ‘ |
eﬁgby photograph1ca11y en]arg1ng the LBL map to a scale of 1:62,500 __h?tuzl"“
a‘s%and hand. contour1ng the combined maps of both surveys D1fferences
i?between the two surveys ex1st and the 1ntegrated data set was not
. used’ 1n ‘any 1nterpret1ve or mode11ng rout1nes as preference was tg-;:vy;

"7'ng1ven to s1ng]e data set with 1nterna1 cons1stency

'fThe Bouguer grav1ty f1e1d conta1ns the.super1mposed effects of sed1- f; ;

3 [ﬁmentaYYs Structural, and strat1graph1c features, basement 11tho]ogy |
'C:;changes and deep crustal features Th1s study 1s aimed at the
; *elrgrav1ty effects assoc1ated with the Tert1ary—Pa1eozo1c contact

-_%Grav1ty effects from w1th1n the basement and’ deep in the
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,lcrusttareanot;of;interest.andﬁare»consjdered-ﬁregiona]".‘”

gQua11tat1ve exam1nat1on of ‘the Bouguer grav1ty -map 1s suff1c1ent

‘to locate sed1ment-f1]1ed grabens assoc1ated with grav1ty m1n1ma.i

The - correlat1on of. grav1ty lows and sedlment f1]1ed grabens ex1sts

'throughout'the‘Bas1n~and4Rangexprov1nce~because ]ow-dens1ty sedi-  ‘f:?ff;' o

-ments f111 the norma] faulted. basement depress1ons Determ1nat1on'

' *fof accurate base of Tert1ary structure and of fau]t 10cat1ons e
:-requmres‘awmore~sens1trve.too1 three-d1mens1ona1«grav1ty 1nver-;5V‘
=sion. =The: grav1ty 1nvers1on and 1ntegrat1on w1th surface geo— |

:Li :jlog1c contro] are d1scussed be]ow.
B. dGENERAL'PHILOSOPHY‘

::Structure determ1natlon from grav1ty requ1res two maJor steps
3;1) “the- broad grav1ty effect that is- not of 1nterest (“reg1ona1")
T-amust be subtracted from the Bouguer grav1ty f1e1d to- produce the .
---anomaly -of 1nterest ("res1dua1“) and’ 2) ‘the . "reS1dua1" anoma]y |
'reamust be =fitted. w1th a geo]og1c model - of proper format1on den- fst
"rf51t1esmthat exp1a1ns the re51dua1 anoma]y.- Both steps requ1re hif
'”--appllcat1on of:geo]og1cuconstra1nts.:~In th1s 1nterpretat1on the 
egeo1og1c constraints.were: prov1ded by surface geo]ogy ava11ab1e

fgon pub11shed maps 'of the area.
QchTUENSITY“ANALYSiSf""

'-ﬁAvai1ab1efinformationaon:outcroprsaMpiesuandxapproximatelyusd.f




“fi,boros1ty logs from Nevada Bas1n and Range we]]s,.converted to 1_‘“ -
h'dens1ty, demonstrate the extreme variability of the sed1ment ;f
didens1ty d1str1but1on Quaternary va]]ey-f11] alluvium and
'h{playa depos1ts are very Tow in' dens1ty, 1ess than 2. O gm/cm3
- Tertiary sed1ments in the Great Basin vary from Tow- den51ty tuffs_‘
L'(2 1 gm/cm3) to clastics (2 3 gm/cm3) to cong]omerates and car-

° . bonates (2. 5 2.7 gm/cm3) An average of 2.3 gm/cm3 was used in

the three d1mens1onal mode]1ng A dens1ty of 2 7 gm/cm3 was

B - selected to reflect the average density of the Mesozo1c and
:f:Pa1eozo1c basement in the area. The best overa]l dens1ty con-
‘,trast between Tertlary sedlments and h1gh dens1ty "basement" o

7 was. cons1dered to be -0. 4 gm/cm3
oo REGIONAL/RESTDUAL SEPARATION

_Grabens appear as relative minima on the Bouguer grav1ty map
’4.In order to perform the proper grav1ty inversion to depth the .T”
'res1dua1 anoma]y related to the sed1ment £i11 must. be extracted
: from the Bouguer grav1ty. The res1dua1 anomaly 1s left after iv-'

"subtracting the regiona] grav1ty from the Bouguer grav1ty. o

'j'_The reg1ona1 grav1ty surface was constructed 1n a three step R
'?_manner. F1rst‘of all, two- d1mens1ona1 grav1ty mode]s were ca]-
- culated for.grabens,of known geometr1es and densities. Second]y;"

é.-]these’models were compared to actual gravity profiles across the -
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~.surface is-a-smooth plane. Some d1screpanc1es 1n the reg1ona1

--grabens. w1th spec1a] attention pa1d to Pa]eozo1c outcrops at

“the -valley edges Th1rd1y, the - d1fference between the mode]ed )

~mand observed grav1ty for the east—west prof11es was p]otted and

mcontoured.

‘ aConstruct1on of the reg1ona1 grav1ty must obey two 51mp1e pr1n-<t
~ac1p1es 1), the reg1ona1 grav1ty should approach the Bouguer grav- j1>
'“1ty a]ong the h1gh dens1ty ‘basement. outcrops and 2) the reg1ona]j
xgrav1ty must -be smooth since the:geolog1C<sources caus1ng the ":
rreg1ona1 (1ntrabasement dens1ty changes .and. crustal effects) |
-are at~greatwdepth Both cr1ter1a are- sat1sf1ed by the chosen
-~regiona}; fl) the regional gravity 1swon1yvs11ghtjyrhlgher.than_‘1 )

' mthenBouguer~gravity-at.the basementfoutcrops and 2)'therregiona1».:

i_rdeterm1nat1on ‘were : observed in the.area- of the Go]d Bank - H1115, fj,ﬂ;,sffaf L

-.and w11] -be -discussed in- the 1nterpretat10n sectlon._f-~
'xE.‘ACOMPUTER GRAVITY'MODELINGESOFTWARE' ‘bf

.““EDCON'sLcomputeresoftwarefs&stem,fGF;Z/B;:uti]izeS*a:methOd of ;!"; afe;.’
‘ ;.jsucceSSiue-approxtmationRto'calculate the?structure-of the‘high—';e;7fzzzih.'f
f.dens1ty basement that best sat1sf1es the re51dua1 grav1ty f1e]d ;h
- GF= 2/3 1s a pr1sm—or1ented calcu]at1on system that performs )
- bas1ca11y two types of ca]cu]at1ons. The f1rst is a dxrect ca]-uu

'sfculat1on of the grav1ty fle]d for:a glven mass -where the
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hranomalous mass is comp]ete]y deflned by spec1f1cat1on of 1ts
v!upper and lower surfaces as well as its- dens1ty-depth functlon

The second type of~calculat1on_1srgravatynanversnoncwhere the

grav1ty anoma]y, dens1ty-depth relat1on, and- e1ther the upper

-or lower surface of.a body are- g1ven and the ‘program 1terat1ve]ys

‘fsolves for the unknown surface.
SR -'GRAVITY'-MODELING

‘i_GF 2 was used in- the fonuard-modellng mode w1th a’ 4000-ft gr1d

interval to ca]culate the two-dwmen31onal graben models. For

cexample a four-m1]e-w1de graben 10,000 ft- deep w1th a -0 4 gm/cm3'

o dens\ty contrast produces a =30 mga] anoma]y

- ;The datum-adJusted t1ed and smoothed- Bouguer grav1ty map was'.
| j;d191t12ed on.a X-Y-Z- d1g1t1zer A computer gr1dd1ng program then ‘_f;‘

; Sdmpled ‘the d1g1t1zed surface -on a- 4000~ft gr1d

~A corputer p]ane generatxon program was used ‘to produce a 4000—ft ‘
i:-grid of the reg1ona1 grav1ty. -A s1mp1e subtract1on y1e1ded the B

doswred resrdua] grav1ty gr1d in preparatlon for- three-d1men51ona]

e C"V‘t# inversion.

=V3 =3 aaroaches to the dens1ty-depth funct1on seemed des1rab]e before‘;fuf o
- }f..p .n;txal testlng stages of the study 1)u1nd1v1dua1 va]leys n R

NT,": uld be 1nverted using ‘the: best dens1ty-depth curve from the 4" i




-ava11ab1e wells and 2) the dens1ty contrast shoqu be Targer N
T,(more negat1ve) at the top of the sect1on than near the bottom.
Approach (1) was not poss1b1e due to the lack of con51stency of

: density vs depth in the Bas1n and Range grabens and no Togs

‘were ava11ab1e in the Leach Hot Springs area. Approach (2) was'
AreJected because no geoTog1caTvconstra1nts coqu be 1nposed on

the possible presence of Towédensity, near—surfaceflayers'f Re- .

- sults of two- d1mens1ona1 mode11ng tests Ted to the concTu51on

-that the best dens1ty contrast to use was a constant dens1ty

Therefore, grav1ty jnversion was performed W1th a constant den-

' _sityecontrast'of -0.4 gm/cm3 throughout theﬁfinaT'Stages of the

Tinterpretation.
‘G MODELING RESULTS
L ProfiTeAanaTysis

Ten prof11es A A" through J- J', were 1nvest1gated and

two-d1mens1ona1 mode11ng compTeted The profile pos1t1ons

-v:are 1nd1cated on the Bouguer grav1ty map In add1t1on,
“the resuTts of the three d1mens1onaT mode11ng rout1nes,

"GF-3 are shown on the prof11es

Differences between the two¥dimensiona1’and three-dimensional e

:modeling results are observed. These are pr1mar11y the ;”'

resuTt of the fact that many of the grav1ty anomaT1es‘

LR | R

A AR L P TR
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' '7~1nterpreted are not -two- d1mens1ona1 1n nature and are

b'v:fnot amenab1e to th1s 1nterpretat1on._ Add1t1ona]1y, smali

-

dﬁ@l;ﬁ

L I R

~<§wave1ength anoma]1es (n01se, near-surface density- anoma11es)
are: amp11f1ed much more severe1y by the two-d1mens1ona1 ‘

~than ‘the three-d1mens1ona1*routwnes.
-:Z.S%Three~0imensiona1 modeling

~.The results -of the three—dimensiona]smode]ing routine;

. .7BF=3, :are indicated on the. accompany1ng Tert1ary Isopach

'vLThe~map showsAafseriesaOFaNNNatrending.grabens sepahated-:-”” o
‘ ."gby‘Paleoioic)(?)fhigh*saddles.,guashedecontour lines in -

42"ffathewnorthern~partfof~the«map"showrareas of'insufficient'

’“-»égravityecontho] and - the northernmost va]]ey (except for -

its easternmost edge) is -very: approx1mate in shape 'A f'*’

o #esmallﬂembayment (T32N, R38E,tSec{l)'Js indicated alongf

& -

(poss1b1e ped1ment) is 1nterpreted t0. the southeast of
v‘thhls embayment w1th a suggested extens1on or sadd]e,

f@form1ng the southern boundary of the<northernmost va]]ey

L2 I v

'icj'A comp]ex structural pattern w1th dom1nant ‘SW- NE trend1ng‘;;;“

”°t?11neaments, 1s 1nd1cated in the area. to the west and north-:ﬁ;m"e

-

“map. In add1t10n, inferred- structura] e]ements are shown 5!¢'fl*5hp*i

-'eﬁtheeeastern;graben&edge.QfAnfarea ofevehy“thin va11ey fi]] .Af;_f s

'lgtwest of Leach Hot Spr1ngs (T32N R38E Sec 36) An area 'tfigf‘.-fhfﬁ”
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in wh1ch the hlgh dens1ty basement is c1ose to surface :

s shown at, and east of the Leach Hot Spr:ngs occurrence.

| A sma]], narrow, and deep va]]ey (lnferred depth 6, 500 L

';feet) is 1nterpreted in the central part of the area

(T31IN, R38E, Sec 12). A pronounced ped1ment (7) (Sec 14

and 23) is present on the eastern s1de of the va]]ey. ‘

..The southernmost of th1s series of va]leys is character1zed

by a strong]y deve]oped sw NE gra1n on both s1des of the f .

hv"deep (7500 feet) graben structure. These structures may
_be re]ated to s1m11ar grav1ty trends in the Go]d Bank g_ L

a:H11ls area to the southwest

A good correlat1on exists between a s1mp1e p]anar reg1ona1

gravity field and the observed pre~Tert1ary “Basement“

; - outcrops in most- parts of the map. Two except1ons are :ff"

- evident, i.e. fﬂ“sﬂy, in T32N, R39E, Sec 21 and southwards,': e

where the "Basement" outcrop. 1s not conf1rmed by the

. modeled grav1ty‘resu1ts. The outcrop is anomalous in th1s';i t'f?i,f"
.ﬂrespect-and_may;represent a poss1b1e thrust remnant ;_‘ o
or gravity's]ide; as indicated on the map SecondTy;dft o
| the Gold Bank’ Hllls area is characterIZed by much lower

»-;reg1onal fleld va]ues than anywhere e]se in the study area

- Th1s anomalous reg1ona1 f1e1d cou]d not be de11neated
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‘fsufficiéntly:well, due to the 1ack of.gfavity control -

,;resu1t$¥were:therefore forced by hand to conform_to'the o

Lunﬁ T

' ---smapped -outcrop positions."This negative gravity'feature

-

A
sk

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

xsmineraiization'of the Gold Bank Hills area. .

"'Fﬂlj

[#5

- E 7 D i .
S Li EOY S hinsg @
s o cunini o

T

. ealong_theﬁwéstern side of_Go]d Bank Hills, énd the que]ed T

;maykberﬁart1y~due to the preéence of low-density matéria1 A: c



 III. CONCLUSIONS . . .

A. PHOTOGEOLOGY/GRAVITY CORRELATION
‘{h-;.' “.ji,'A vast'amount of. detail is'presented on the Photogeological inter- ’
apretation presented as part of the study of the Leach Hot Sprxngs

o Geotherma] area The same amount of deta11 1s not- reflected in

S the 1nterpreted grav1ty results probably as a resu]t of the stat1on v:- C

j;'['rvf,"f spac1ng (1 e. samp]1ng 1nterva1) of the grav1ty f1e1d but also
ﬂa’- - :f‘hti.because many of the 1nd1cated photo]1neaments may probabTy Just '

T be small scale surface express1ons.

;5f 3 '{';:j'A noteworthy po1nt of agreement in the two approaches is the we]]-'u~' .
"deve1oped sw NE gra1n in the Gold Bank H111$ area and the eastern:a
'iftt-s1de of the deep graben L1tt1e pos1t1ona] agreement ex1sts

;jbetween the photogeolog1ca1 and grav1ty express1on of the main R

| graben=form1ng normal fau]ts except in a few ]oca11t1es. Th1$

s probab]y due to the fact that secondary fau1ts, or d1sp1ace- e

"”;-'ments, related to ‘the main norma] fau]ts at depth are observed S

N on the surface

- The main Leach Hot Spr1ngs fau]t, as mapped by photogeology, does R

fnot have a correspond1ng grav1ty expre551on except on-the oppos1te

'351de of the va]ley Th1s may be due to a poss1b1e 5111c1f1cat1on_737%?:ﬁf

'75;‘_process in the Hot Spr1ngs area, wh1ch may have ob11terated a]]

'¢dens1ty contrasts related to the ex1st1ng fau]t structures

- P




8. 7‘;-} o %One-of the most :important resu]ts which‘seems,tO'present itself -

- -in this survey, is the:presenceaoffanomalous,high-density‘"base-

PRt

.wemeht"u(orfpedimeht?):c]osesto‘the.surface'in a few- localities in

§}:‘ ’ *iheuarea,-such?as.at'the Leach Hot Sprihgs location; as vell as‘ ;f’
5 eat TBIN;*RSQE,}Sec'17-and 18; T31N,YR38E,‘Sec 14 and 23; T31N;fR39E,A
é‘ | ;Sec.34rand‘27,vahd a'feuﬂother possible‘octurrences aTohg_the E
g" 3sidesEof,thefsbuthernmostadeeb va11ey“(T3iN and T30N, R39E). .

- The anomalous - areas—mayfbe related to existing, or dormant, areas -

e

of silicification.asa-result of geotherma] act1v1ty The re-

1at10nsh1p of these anoma11es to any- exxst1ng heat-f]ow anoma]1es, .

+and ‘their- corre]at1on w1th the ava11ab1e structura] 1nformat1on, R

-may “be . of - sxgn1f1cant 1mportance Ane the de11neat1on of geotherma1

i R

targetsf~

3¢C.*éDISCUSSION:OF?RESULTS |

ea

*Mapp1ng the base of the Tert1ary structure w1th grav1ty data is a |

. Tevery- cost-effect1ve method ‘of determ1n1ng bas1n depths, fau]t

locat1ons and - geo1og1c h1story

ito better p]an selsm1c ref]ectlon programs by narrow1ng 1n on the

=more - prospect1ve depre551on w1th1n the va]]ey and on the better L

.13

Perhaps -one - of the pr1me benef1ts of th1s study will be the ab111ty' o
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ﬂ<structura1 features within the: depress1on In‘the~Leach Hot

:;Sprlngs area basement h1ghs () and other prOSpect1ve features

i

=have -been del1neated for.possnb]e.deta1]ed>se1sm1c:coverageﬁf

-1t B

‘~and/or drilling. | The-gravity~interpretation"can be used to

’1nterpolate between - 1nd1v1dua1 se1sm1c prof1]es at.a 1ater date

‘ ;and to -better correlate fau]ts -and structura] 1nformat1on

!D.’”LIMITATIONS

:mGraVIty 1nterpretat1ons ‘have certa1n non-un1queness 11m1tatlons

.Ann»any-geo]og1cfprov1nce.v Some -of these ]1m1tat1ons are. more

'::»acute in ‘the. Basin and Range prov1nce than in other areas.. For- B B

:tunate]y, however, the add1t1on of geolog1c constra1nts From sur—:

’ m B St Py KN

:fface geology has helped to overcome ‘some- of the- prob]ems. The ;f

“maJor ]1m1tat1ons are 11sted be]ow a

1. In perform1ng our structura1 determ1nat1on “from grav1ty,

* =we -assumed that the material- above the Pa]eozolc un-.
\”:ﬂwconformzty (Tert1ary .and Quaternary) had .an: average-dens1ty
'w‘vof 0. 4 gm/cm3 -below ‘the- Pa]eozo1c "basement“ dens1ty

;tAnalys1s of . ava11ab1e data in Nevada suggested th]S average,‘;:3;gf1'?

ﬁbut a]so 1nd1cated a large var1ab111ty

’ ?Quaternary sed1m=nts have a 1 9 to 2.0 gm/cm3 dens1ty and

'~>var1ab1e th1ckness. ‘Tertlary‘sed1mentsuand.volcanlcs\vary e

4'iﬁ_”f:fdnsden51ty-from12.lrgm/cm3~for“tuffsto&2;6?gm/cm3ffor :

RE LR
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“carbbnates'and-cbng]omerates. -The structura] map, i

: -w1thout adequate contro] from<dr1111ng, may be in error

'*n': JQuaternary p]aya dep051ts of -unknown th1ckness and lower

- .edge effect:probiens.; Therefore, ‘the base of the Tertlary 2

- The.most 1ikely sources of .error-are ant1c1pated from 5.f_

ddGraVityfinversion.atfthe:edgeSmpf.the va]]ey suffers'from-ﬁﬁ

-'~dens1ty Tert1ary‘conglomerates~and»]acustr1ne carbonates.

'I.These 1wo. anoma]ous dens1ty features w111 a]so affect

fthe se1sm1c'stat1cs andvveloc1t1es. w1thout more know=
Jedge.of the Tertiary and- Quaternary dens1t1es, the struc-

.ture. map is- probably best ut1112ed as a shape map

ffstructure ‘in ‘the 1mmed1ate v1c1n1ty of the graben- form1ng, ,A57*~

- wsnormal fau]ts 1s less accurate than. 1n the center of the B

‘fva11ey :Depth. of sed1ments between the. val]ey edges and
’-uthe graben formIng faults -and -over- the Pa]eozo1c sadd]es

<may be -shallower than. mapped if the mater1a1 is predom1nate1y'f§

'ilow-dens1ty Quaternary fi11.

_eThe“variabiiity of'Tertiary:and Quaternary densities”dis-“

vrcovered in the: grav1ty 1nterpretat1on may be an 1nd1cat1on :

'c;of p0551b1e veloc1ty prob]ems for selsmlc processors and

f’"terprtersda11ke “Although soph1st1cated stat1cs pro- o

'r~grams are ava11ab1e 'to ‘sharpen-up se1sm1c prof11es 1ong

,;perlod or low frequency, statics (ve1oc1ty pushdowns) mayxd"'” g

15
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.35beadistdrtingtthe.Structuna] picture;

.- 'RECOMMENDATIONS

'ibetailedhstruttural‘interpretations from»gravfty7ahe~§nod renresenta- _ﬂﬂ_-':
“tions -of- the actual thlckness and shape of Tertiary fill in 1nd1~ :
'~sv1dua1«grabens, The- next exp]orat1on stage shou]d 1nvo]ve selsmxc
‘uref1ection data over the. better»prospects-w1th1n the valley. Care

: ;¢Sh0u1d be taken to avo1d ve]oc1ty p1tfa11s in: the areas of known

~kanoma1ous dens1t1es. :

">0ne add1t1ona1 geophy51ca1 techn1que has ‘proven . usefu] in the Basin
_;and Range prov1nce. Electr1ca1 1nduced-po]ar1zat1on -and resxst1v1ty
: wsurvey1ng have proven usefu] “in determ1n1ng th1ckness of -altuvial
.zcover An: Bas1n -and -Range - grabens.< -The a11uv1a1 ‘cover. is- des1rab1e

10 a1d the grav1ty.and se1sm1c process1ng

'EXPLORATION DATA CONSULTANTS, INC. - .

;QEduard:deéBiddEf_“ o
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‘IV. ADDENDUM

'Deta11ed Structural Mode]1ng - Leach Hot Spr1ngs and Panther Canyon e

area

At the request of Am1no1] USA, Inc. some deta11ed three- d1mens1ona1 -

,mode11ng, using the restra1nts deve]oped in the genera] 1nter- -

pretat1on of the area, was comp]eted over the Leach Hot Spr1ngs -

and Panther Canyon areas. TheSe maps are-presented‘separately

‘to the report as computer-p]otted contour maps W1th a contour ~.t‘

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

rea11zed that ‘the mode11ng rout1nes used 1n the product1on of

these maps were taken to the 11m1ts of reso]ut1on and some of

!'the finer detail presented may not be ref]ectlve of the real causa-
~ tive structures, but may rather be related to short wavelength

"no1sev1n the‘observed.(and 1nterpo]ated) grav1ty f1e1d.

The resu]ts pr1mar11y seem to 1nd1cate the poss1b1e presence of a

duaT structure on the Leach Hot Spr1ngs ped1ment (7) w1th an

'f1nferred sadd]e, or 10wer1ng of near—surface dens1t1es to the east. :
:Th1s effect may be rea] however, and re]ated to the Leach Hot '

‘Sprlngs fault as observed on surface._

'The_Panther‘Canybn'detajled'structure map reveals a mbre pro-
'vnounced'~but stflT snall sw trend1ng r1dge (Sec 27) w1th a

: ;souther]y extens1on (Sec 34) 1n the area of p0551b1e geotherma] -

~ interest. _"‘

EXPLORATION DATA CONSULTANTS INC

7/ ,é,,,//_ '
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