GEOLOGIC REPORT
KELSH PLOTTER PHOTOMAPPING
'LEACH HOT SPRINGS PROJECT

HUMBOLDT AHD PERSHING COUNTIES, NEVADA

[ ]

)

- AMINOIL, USA INC. -

By B st B

SANTA ROSA, CALIFORNIA
By

~ DONALD W. ANDERSON
© " DENVER, COLORADO

&

~ OCTOBER, 1978

SUREEEE

| Prepared for:n

345 South Union Boulevard -
Denver, Co}qrado'80228¢.”

. EXPLORATION DATA CONSULTANTS, INC. .~



PYSp— PR

~ TABLE OF CONTENTS

 ;INTRODUCTi0ﬁ”-f—-;; ----- '----;---5-4-------;---f---e-;--;’1,
BT PR B
»;:LOCATION;-;--—----~-e--;j-;-¥ --------------------------- 2
 PHOTOGEOLOGIC METHODS-—--Q--;-—;é;é;-;f--;-;----' -------- 3
-'~PHOTOGEOLOGIC INTERPRETATION MAPS-—;--f—--—--Q----}-—--;:4.
LANDSAT (MAP. A)-------------;-' ------ S e
KELSH PLOTTER-REGIONAL  (MAP 3 P
'KELSH PLOTTER-DETAIL (MAP C)-=--on= S—
 ;’GEOGRAPHY------------------5-------------f-----;------7f10 -
 'aGEOMORPHOLoeY-----;-Q-;------;—--;-Q;;-------4;----;---512 :
' ;STRATIGRAPHY-—4--—%----—4—------—-?;—f-f ----- SR T
"REGIONAL- GEOLOGY------Q-Q---_----;-f;;--------;;-; ...... T
_‘?STRUCTURE --------- e R
f-FAULTING-e--f;--e -------------- ‘;--;--;;;----5;-;---f-;;-18_f
'f:CONCLUSIONS-f-; ----- e a2,
~COLOR PHOToeRApHs-;-Q---;-------J-fé;ﬁ--;-----;--;---;2422f'
“KELSH PLOTTER' REGIONAL MAP----——--f-Q---;----f-4—2é—32
KELSH PLOTTER DETAIL MAP-;-f-ﬁ--------;---;;---;-33450.
;BIBLIOGRAPHY e |

. PHOTOGRAPHS



" INTRODUCTION

?Vi.‘h o This Kelsh p]otter phot01nterpretat1on study was 1n1t1ated to test
§t‘ S L the theory that 1atest fau]t movement a]ong o]d geolog1c features,:”"
_w111 reflect in surface rocks as 1ow, tonographlc scarps Since a

ma30r1ty of the 1nterpretat1on took p]ace in. unconso]1dated va]]ey ‘

Wil

f111 depos1ts, it was deemed necessary to do the photo work on a
stereosc0p1c 1nstrument that is capab]e of read1ng small changes in
o t0pograpn1c exoress1on The Ketsh ‘plotter can read topograph1c

changes as subt]e as 2 4* and is capable of great]y en]arg1ng the

:'or1g1na1 photographxc scale and plott,ng a]] the photooeo og1c 1n- )

'formatlon on direct overlays to U S G.S. topograohlc maps

.The Ke]sh photointerpretation wastdone'in‘two‘stages The g"ound-
work for th1s more detailed photoana]ys1s was a Landsat, space photo,

'eva]uat1on wh1ch determined the reg1ona1 geo]og1c sett1ng of the: f

~ Leach Hot Spr1ngs Proaect Once this initial work was comp]eted
“ the Ke]sh 1nterpretat1on of stage one, a study at the f1na1 sca]e_r,

of‘l"-= 2000', was-undertaken Th1s work was done from 1: 80 000

;scale photography from u-2 a1rcraft f]own by NASA. The 1nterpreta-

f tion was f1na11zed on August 14 1978 and a f1ve-day field check was

comp]eted on Aagust 18, 1978. The second stage was then 1n1t1ated

Eg-b;th B -ff:"- and was 1nterpreted on Tower a]t1tude photography and p]otted at a j- -

’Aber 16, 1978 and f1e1d checPed September 17 22 1978

‘ sca]e of 1" = 1000' This phot01nterpretat1on was f1n1shed on Septem-'»'ftf*
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"~1:The qua11ty of photographs, used in all phases of. the prOJect

| - study, 1s cons1dered exce]]ent and weather cond1t1ons dur1ng both :

’f1e1d check1ng tr1ps were ideal.

SUMMARY_'

nTh1s geo]og1c report will demonstrate that the comb1nat1on of photo
| work and fle]d check1ng accurate]y de]xneated numerous surface fau]ts
'j.1n both areas of bedrock and va]]ey f111 mater1a1 ~Since a major -
r'fau]t can be traced.through the Leach Hot Springs vents, it islcon~
”::h cluded that other'surfaCe faults, of similar magnitude,’coqu be ] |
':aaaquifers for other Hot Springs'or be indicating areas of subsurface‘
- magmat1c act1v1ty which has not yet reached the present -ground sur-

'4face * Areas of fault movement could be chec&ed in deta11 w1th grav1ty

1nterpretat1on to determ1ne basement conf1gurat1on

The Landsat photo1nterpretat1on revealed many reg1ona1 1inear features _-""
' that may be indicating areas of poss1b]e, near surface magmatlc act1v1ty'; S

. that cou]d be explored at a later date. The two-stage Ke]sh p]otter

maps are pin-pointing many small areas of suspected thermal activity )

f: which can be‘investigated by_gravity methods and core_hole drilling

immediately.

~_ LOCATION

The general location of the Leach Hot Springs Project is 26 miles

. south of Winnemucca, Nevada. This locates the actual area of the I
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,bteach Hot‘Springs ventsr AThe}interpretation expands, from_this"'
| “centralnpoint 22 miles north—south and‘13-mi1es east-west 4fheh'
»;ﬂ'Landsat photOInterpretat1on covers a much 1arger area than etther
tnKelsh p]otter maps. There are a tota1 of 144 townsh1ps or 5184 -
,h square m1]es within the boundary of th1s map -The townsh1ps by |
number are T26N - T37N and R33E -~ R44C and aoprox1mate degree t1cks o
“-are 40° 00' to 41° 00' of ]ong1tude and 1170 OD' to 118° 15' of
v1at1tude. The Sonoma mounta1n range bounds the proaect to the east
.'h:and~the East range forms the west 11m1t The prOJect area may be -
',traversed north south by the Grass Va]]ey road wh1ch or1g1nates at f

: wlnnemucca

PHOTOGEOLOGIC METHODS -~ 'td, -

' The Ke]sh_p1otter.projects a Stereoscopic model on a comp1ete:f1at_ﬂ
~working surface, en]arged five times the origina]-sca1e and free of-

_all airborne»inaccuracies.. Each photo, of the stereo pa1r, 1s placed"

1n 1ts exact pos1t10n in the sky as the p1cture was snapped If the '

iw1ng tip was down 2° from the hor1zonta1 this 1s restored by a sys- -
tem of t1p t11t adjustments. Once all d1stort1on is removed, and the i
‘1mage is en]arged five t1mes, very accurate measurements may be made 3
'w1th a dot that “floats" in the stereo mode1 A11 1nterpretat1on.
s then placed d1rect]y on overTays to ex1st1ng Un1ted States Geo-v
>1.1oglca] Survey topograph1c maps A]] read1ngs made w1th the f]oatlng-ihr?:fs;
. dot are accurate to 8-10' on photos at a sca]e of 1: 60 000 Hor1-.i‘v

‘zonta» p]acements, on the base map, are recorded w1th a pantograph



;5:7 S _'ﬂi,.iqrmhwhich]is adjustab]e.to all topographchmapdscales;
g; . R o PHOTOGEOLOGIC INTERPRETATION MAPS

LANDSAT LMAP A)

This 1nterpretat1on was worked from Landsat 1 and 2 mission photo- B

'_graphs on the 29 2" on a side size: format band 6 and 250 000 sca]ej_f

"1mage - A]] pr1nts were cloud free of exce11ent qua11ty, and were h

flown at a t1me frame where no snow was cover1ng the surface Ezch -

i ‘ .1nd1v1dua1 photograph was 1nterpreted by p]ac1ng red marks for

%: : h]wnears and fau]ts, green for bedd1ng contacts ‘and blue for geo- v:_,’;
#; .7_morph1c and tonal anomalies. The base map was constructed from

§_‘ | '_townsh1p 11nes that appeared on the McDerm1tt VYA w1nnemucca and('

%: - :sLove1ock 1:250,000 scale U. S G. S topograph1c maps. A11 1nterpret1v |
éhﬁ : L symbols were then transferred to these maps, then to an overlay |
%;5” .at the same sca]e A total of four photos were used 1n the 1nterpre—
e:? itat1on and they are considered to be of-super1or qua11ty with sharp, o
gﬂi .gray tone d1fferences that are needed for accurate photoana]ys1s

g;d - There are.9 separate 1nterpret1ve symbo]s used on th1s map and they

%:, 'y;:are descr1bed as fo]]ows | -

-3 ' o : . , :

%Jf - Regtonai'Linear: ‘A straight Tline of'oyer 50 miles in length that
%1‘ ' fo]]ows through valleys mountain'ranges and into the adjoiningf~'h
Ef': 1 c ya]]eyyareas They appear to not be 1nf1uenced by topography o
éy;‘ '”‘and seem to be show1ng broad areas ofvcrustal p]ate tecton1c h bkf
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5_movement,, They_may be zones Of faulting.

“_.giggaﬁj These are stra1ght ]1nes of less than 30 miles 1n |
lengthu In many cases, they foTTow in stream channeTs or along o
‘steep -sided canyons They are 1nfTuenced bv topography and 1.'

seem to. bend with changes in str1ke of outcropp1ng beds or

a]ong stream defTect1on. They show Tocal structure and probabTy

-afe fau]ts.

Fault: A dashed ]1ne on the map wh1ch traces a pTane of fauTt-

a, ing. The scaTe of the photoqraphy is too sma]T to aTTow the in- -

terpreter to determ1ne the d1rect1on of throw movement Some

'of these breaks are thrusts and tend to have an arcuate pattern

.Tnc norma] fau]ts surface as stra1oht 11nes

'5.§£yoam-0et1ection:f_This geomofphic'symboT shows'drainage pat-

terns that are adjusting to fit the present day landscape. They g

Care fTowing along areas of least resistance which may be along -
fault or fracture zones. ' Since bedrock is hard for a stream to o
,traverse many times the stream is deflected around these areas.

Th‘y commonly aTso are d1verted around positive, structura] h1ghs *-.‘“7

and. thus may be revea11ng ant1c]1nes

ﬁﬂdrock Contact- This Tine is soTid and-depicts‘the contact o

be .:en hard conso]1dated outcrops and areas of ]oose un—‘
;»consolldated sed1ments “There 1s a dmst1nct coTor change from

o tm‘d tone grays of the conso]1dated outcrops to T1ght gray over '



bltnefunconsolidated, va]]ey fiT]rmateriaT.

"i?{_léii These are extremely fTat 1y1ng on lake beds that photo-
_td jgraph a br1TT1ant white. There is no stream deve]opment with- ff‘

-,J>1n these areas and some conta1n smaTT areas of open water.

TonaT AnomaTy' ?Appear'as hachured'.circular area on. the-fina]r'

'iﬁfnap; The doma1 shape indicates poss1b1e areas of up11ft .The’
:57«coTor 1s generaTTy m1d to dark gray and may be 1nd1cat1ng a

x‘“zone of aTterat1on

" Quaternary VaTTey'FiTT (Qvf): This is an area df'reTatively o
-ld_fJat lying sediments :where stream deveTopment'is sparce or
}{1 downcuttingris'in itsvbeginning stages° -
F?:T Bedrock TB} ' These are broad areas of mid- tone grays on the

afphotographs where stream deveTopment is 1ntense
The resultsfofAthisbinterpretatfon‘are,twofo]df

‘.:’1) It p]aced the Leach Hot Springs Proaect area lnto a. broad
‘ g;reglonaT geoTog1c sett1nq where compar1sons coqu be made w1thv:_
. }paknown areas of - vthermal ac1t1v1ty and areas of suspected geo-'

:7 therma] ac1t1v1ty

7’! ) There were numerous. areas. de11neated where add1t1ona1 deta11

'71fwork could: be- conducted Cross fau1t1ng or. cross- Tlnears are two : }:fiwdﬁ

'"l%exanples of areas to- pursue further and tona] anoma11es po1nt |
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out areas that cou]d be 1nvest1gated by deta11 photo work

thh back up field check1ng

KELSH PLOTTER - REGIONAL (AP Bl - '_” .

’ Th1s mapp1ng was accomp11shed by. use of NASA U 2 alrcraft photo—:"

graphy f]own at a 40,000’ e1evat1on w1th a resu1t1ng 1:80,000 sca]e
pr1nt. The Kelsh plotter enlarged th1s photo scale to a 1:16,000 :

i_plotting'scaie.' Each stereo image covered 50‘square mi]es; thus
regional mapping cou]d be accomp11shed on one s1ngIe model. -Faultsh a‘»f“

~ could be traced sometimes for 3-5 mi 1e5»w1th ease. ThlS type of L

_ :photo1nterpretat1on could not be done on. Tow. a1t1tude pr1nts where ,'g

| each stereo mode] covers on]y 1- 1 5 square m11es

_The Kelsh work was done at 2 f1na1 scale of 1" = 2000' and completed .

“on August 18th The f1e1d check1nq on th1s map conf1rmed the faU]t‘hp ,:;pi;p.;

ing found on the Ke]sh p]ott1nq phase Many areas of suspected e
faults were conf1rmed by wa1k1ng them out . in the f1e]d and tak1ng
co]or photos of fau]t scarps, outcrops and spr1ngs Where good f/

outcrops were encountered a read1ng of str1ke and dip magn1tude was

"frecorded Th1s 1nformat10n was. used to locate areas of doma] up-- o
1hft and to determ1ne outcrop att1tudes on. fau1t p]anes ' Over the
" ma30r1ty of th1s prOJect the dips read on outcrops are cons1dered

to be of exce]]ent qua11ty . Nhere vp or very poor symbo]s are used

the qua11ty 1s on]y fa1r due to poor 1atera1 exposures of outcrop

',rThe.f?nal,base maP'scaje‘for‘thispinterpretation'isil"v=.2000' a“d '



Tmatches the pub11shed 1: 24 000 sca]e topographlc maps. A panto- -

graph arm reduced the stereo mode] scale to th1s 1" = 2000"sca1e and‘
’plotted aT] 1nterpret1ve symbo]s d1rect1y on an over]ay to these
" topo maps.» Not aTT of the symbo]s used in the deta11ed 1" = 1000"‘
interpretat1on werekaaced on this map due to the scale. For the
vmoSt'comphehensive 1nterpretation}the‘detajTIKe]sh map; with field

check results, should be consulted.

KELSH PLOTTER - DETAIL (MAP C)

To constnuct this map Tow altitude photos were utilized. 'They aTTow‘

the photo1nterpreter a closer Took at the surface ouccrops and subt]e S

changes in topography. The prOJected photo sca]e of 1" = 1000' was
used in this mapping and the pantoqraph reduct1on was not used
. Th1s aITowed the p10tt1ng of a great number of dips, fau]ts, and

other features ‘that wou]d not be possible at a condensed photo sca]etw-"

The'photointerpretatfon'on this map.took pTace'in»August and Septem—.'
ber with field checking occurring from September 17 - 22 1978 The
f1e1d work added a. great deal of deta11ed 1nformat1on to the f1na1,
ma p There were numerous faults that were extended through fle]d

'observat1ons by suthe vegetat1ve and topograph1c changes Strat1-_;;

graph1c boundar1es were c]ose]y de]1neated by coTor changes and s

| topograph1c express1on of d1fferent rock types The flna] map scale d_,_iﬁi,:

s 1" = 1000' The base map was a b]owup of the 1"-- 2000 U S G S.

topograph1c maps that cover the proaect Th1s was placed on the ..:.

Ke]s“ pTott1ng Sutfuce and the photo sca]e adausted to. fit the f1naT S



"j map sca1e On comp1etion‘of the field checking, ailnthe information'

obta1ned was v1ewed a second time on the stereo 1mage and accurate]y

: exactly where they were taken on the ground and the arc of coverage
T was estab11shed | o
. The fo]]oWing‘is an explanation of interpretive symbols used on the .

map:

A. Dips and strikes:.

- e

1 N6O E 1nd1cates the Brunton compass read1nq taken on out-'~

I

3”cropp1nq exposures

V2. 2. 1nd1cates good bedd1ng was ava11ab1e for read1no a

“strike and d1p however, the 1atera1 extent of the bed was not

';l'bsuff1c1ent to obta1n an accurate read1ng of d1p magn1tude
- of outcrop may be partlally obscured by va]]ey fill mater1a] or

- 4. ds these d1ps were read on a d1p s]ope and assume that the -

*.~d1p slope surface is he]d up by covered bedd1ng p1anes 1,.‘

’ B.-:Faults:

I P Dashed 11nes 1nd1cate the trace of a norma1 fau]t as it

“f:.breaks to the surface If the break has a U on one s1d° thlS

L 1nd1cates the upthrown b]ock A read1nq in feet appears on some "

e fau]ts and it shows the number of feet of topographwc throw as ;t-

plotted on the original base The co]or photographs were pos1t1oned R

"‘3.” vp 1nd1cates very poor bedd1no Here the Surface express1on ff;”"

‘co1]uv1um In determining structure, these d]ps are-of 1ow pr1ority;:i_lf“
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- read dlrectTy on the stereo 1mage or in the f1er

;i:ﬂl,- y o di 2. Thrust. fauTts are dep1cted as dashed T1nes w1th saw- teeth

on ‘the upper pTate.

sl

fC. Other symbolsﬁ |
'41. Lineations " They depict.one.of three things:
- faults : | _ .f 14 o
: hf. str1ke of steeping d1pp1ng beds
c. covered 1ntruS1ve 1gneous d1kes
2; Bedd1ng contacts These are soT1d T]nes where a Sharp |
change occurs and dashed where covered by unconsoT1dated sed1—'
'ments. ' | ”' " |
:-3c KB Tndicates.a key bed‘which tan be-traced for a‘shortldis— o
"'tance and then d1sappears. They were ut111zed in read1nq d1ps:r
and strikes and aTso in determ1n1ng fauTts Many t1mes the keyg?

bed truncates at a fauTt pTane

- GEOGRAPH_Y -

'VT_FTat vaTTey f]oors are abrupt]y punctuated with sharp, bTocky moun-

_ 1 ta1n ranges The vaTTeys are extreme]y fTat near the center where
:Q'L{ o o riflood p1a1ns deveTop dur1ng t1mes of heavy runoff From these fTat E

- areas, the eTevat1on graduaTTy r1ses, aTong coTTuv1aT d1p sTopns and

'1s a oentTe Toss of eTevat1on from the Mud Spr1nqs area where 4880‘

~.10

':‘The progect lies in a typicaT Bas1n and Range type geograph1e sett1na o

“'fans to the 1ntersect1on with the deepTy eroded mountain front Thereﬂ?f}?f*”



.iread1NQS are the norm, to the north where the'ceneral eTevat1on at
the north edge of the map is 4500' 3 The h1ghest topoqraph1c eTeva- f:"';
it1on on the map is 6940' in the extreme northwest corner of. sect1onA |
9 of T32N - R39E in’the Sonoma Range. The Leach Hot springs vents';; S

~1ssue at an e]evat1on of 4660'

: Dréinége is genéra11y~northward»in‘Grass'Valley to the Humboldt

' vR1ver system fTow1ng to the north of the proaect RainfaTT'is7

sparse and a c]oudburst woqu be necessary for any water to fTow in -

‘ Grass VaTTey. The vaTTey f11] mater1a1 is coarse-and aTTows T1tt1e

runoff MudsT1des, or coTTuv1aT fans, occur near the mountain fronts-fifa Ce

where streams drop thewr sed1ments on reach1ng the gentle sTope

_change of the vaT]ey floor. There were numerous spr1ng “fed streams _jrfv Sl

‘,observed durlng field check1ng wh1ch fTow a good vo]ume of water

at the mounta1n front but never reach the Grass VaTTey dra1nage

‘f‘system

The access1b111ty w1th1n the broad vaTTey fToors 1s exceTTent ‘There R
',;was a dense system of on seismic roads ava1]ab1e for trave] A goodr,-%'“
_number of ranch roads occur in the vaTTeys and 1n canyons cut 1n

i the bound1nq mounta1n ranaes

There is sparse veoetat1ve cover on the map SmaTT cTumps of cotton-.if;"“
ivwoods are found in areas where spr1ngs feed the creeks and sagebrush b:b

tﬁiqrowth occurs sporad1ca]1y aTong stream channe]s A th1n cover of

grass is suff1c1ent to support a cattTe qraz1ng bus1ness

onl
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- Only two ranches are ]ocatedAWithin.the bounds'of.this project-'
They are named Leach Hot Spr1ngs Ranch and ‘Mud Spr1ngs Ranch and
both are 1ocated adJacent to f]ow1ng spr1ngs The nearest town 1s

w1nnemucca whlch is 26 m11es north of Leach Hot Spr1ngs.- o

'One open'pit mine'was located'in‘the fie]d It is still produc1ng

ked

‘c1a1m stakes throughout the more rugged mounta1nous terra1n, but

Tittle deve]opment has taken p]ace To the present, nothing has

been done to harness the potential of the Leach Hot Spr1ngs The"

fgvf" o -water is used for irrigation and 11vestock. N

GEOMORPHOL'OGY -

An’ analysis of stream patterns on Landsat photos 1nd;cates broad

Va]]ey system Some of these def]ected streams fo]]ow in 11nears;

-and thus may be a1ong zones of weakness such as fau]t or fracture f_"”

“scarps found in valley fi]]_materia1:were,often,tJmes the_trace-of

' fau]ts as they break,the surface and offset recent deposits;t a

' ;h Th1s port1on of Nevada shows a prom1nent north SOUth a11gnment

A]] of tne maJor dra1nage para]]els th1s trend

There-are numerous subt1e'topographtc:searpsd]ocated'in the valley

12

ma]ach1te ore through a 1each1ng of o]d ta1]1ngs There are numerousf?,:fn

enorther]y deflected dra1nage empty1ng 1nto the north f10w1ng Grassvx;.y,;_,

planes. - In ‘the Kelsh mapp1ng, gentle def]ect1ons of dra1nage were __E}ff"

important clues as to the presence of faulting. S11ght topograph1c ‘sig_vei o
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fill material. They generaliy'are indicative of‘faulting with the

| “flatest movement recorded 1n these recent sediments » Some of . these
L scarps are as sma]] as 2 4' verticaily and by trac1nq them 1n de—

| --tail on the stereo 1mageAit was_found that.faulting is Just as 1n7 |

tense where bedrock is covered as where it is well exposed. -

~ The Landsat interpretation WOrks well to 1ocate tonal anomaTies

Usually they photograph as a mid- tone gray and are circular in shape.

'They are often topographic highs with radial drainage patterns The

~ color change frem surrounding outcrops indicates a change in rock

type or may be showing’a zone of alteration.

. By u51ng the geomorphic expression of outcrops, 1t was re]atively'
o easy to determine the age of geo]ogic formations There are con-
glomerate beds in the section that hold up prominent ridges'whi]e:g.;_n.isf-"

 weathered andesite bedsiOccupy Tow topographic positions{

' -The Tow valieys;are.receiring.sediments to thejpresent,geoiogicvfi
”.’,:timeoh.Sc01pture‘of the.mountain ranges is'recordediin_remnants-ot
"J.H.o]d_erosionrsurfaces at varying.altitudes;' One of these is at:a,~t

rhpresent'day.altitude‘of‘8000' indthe Sonoma Range,-just off-thishi
_ project Where‘a suodued topography is present with.gent1e s]opesi‘.
 Below this, at an altitude of 6000 - 7000'; is another stage shown f |

- '1n the Sonoma Range and is represented as’ grave1 terraces A third

erOSionaI remnant 1s found at a 5000"1eve1 It is a pediment and

";'gravei bench under]ain by down fau]ted rhyolite
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| There are-rocks ranging_in“age trom Quaternary alTuvium, co11uuium.'
5‘Vd'and.fans to undifferentiated Cambrian within the mapfs‘boundary-hﬂ
ff;The Landsat mapping deterninedathat bedrock¥va11ey fi]]_depostts:L' ;
r. cover‘equa1 amounts.of tota]vmap'area The contact betWeen bedrock-f

va]]ey fill is sharp and, when v1ewed from the extreme he1ght that

space photos are f1own, the mounta1n ranges seem to be choklng“ i

. their own debr1s

~ The 11tho]og1c character of outcropp1nc format1ons w1th1n this mapp1nq

prOJect vary great]y but may be summar1zed as late Jurass1c p]uton1c

: rocks 1ntrud1ng a great th1ckness of sed1mentary ‘and vo1can1c rocks

of Tr1ass1c and Pa]eozo1c age that are strong1y metamorphosed and

_deformed through 1ntense faulting. Cambr1an rocks are represented

by quartz1tes and. are r1dge formers as is the Va]my formatwon of .

:Ordov1c1an age “The Carbon1ferous and Perm1an is we]] represented

: W1th w1despread sequences of depos1ts ' In the Sonoma Range, on

-the east s1de of the regwona] Ke]sh map, great masses’ of metavo]can1c
B and sed1mentary rocks are present " Here the Hava]]ah (Perm1an7) and ’

:“Pumpern1cke1 (Pennsy]van1an7) format1ons outcrop above and be]ow the

. Tobin thrust There are extens1ve outcrops of Ko1pato format1on'j.-
'-'lwh1ch is dom1nant1y volcanic in orlg1n A]ong the west f]anklng fau]t '1_:£}.1”

<'of the sonoma Range this format1on is the first to- surface 0n the |

weathered outcrop its domjnant_co]or:1s red There are several wh1te ;1’ .
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.t 0 11qht gray ande51t1c vo]can1c beds - present Th1s same redd1sh '

}mater1a1 outcrops about 100 yards northeast of the Leach Hot Sprlngs"

fault and would suggest that major, recent movement has taken p]ace

on the feature. The Triassic rocks of this area are mostly marine‘

.in origin and consist of equal amounts of clastics and carbonates.

"The Tr1a551c seas invaded from the east and the o]dest formation

laid down cons1sts of the Pr1da which at its base is a cong]omerate,

followed by 50-100' of c]ast1c sed1ments with 1nterbedded brown dolo- R

| m1te In the m1dd1e is - a 100 - 200 zone of dark, b1tum1nous and

ca]careous sha]e w1th th1n bedded T1mestone The Cane Spr1ng and

»Augusta Mounta1n format1ons outcroo on]y Toca11y on this prOJect

The Augusta Mountain is a +h1ck carbonate un1t of M1dd1e Tr1ass1c

| age} It is over1a1n by the Upper Tr1ass1c Cane Spr1ng formatlon wh1ch 5

is a carbonate un1t . There are Jurass1c gran1t1c 1ntru51ves present(idliflf?
in the Sonoma Range. centered in section 6 T32N - ‘R39E. This massris;_;-7"

’ '_composed of gran1te, QUartz monzon1te and oranod1or1te Thé dominanti:,_3'

Tert1ary rocks of the mapp1ng prOJect are composed of rhyo]1t1c -

1avas and assoc1ated tuffs "There is a 1ayer of basa]t wh1ch caps

'Table Mounta1n to the south wh1ch de11neates the north end of ex-
stens1ve lava f]ows spreadlng from the south.: Th1s basa]t is. 11ke1y
much younger than the rhyo11tes found e]sewhere on the 1nterpretat1on 1”“N"

Near Leach Hot Spr1ngs there are some s11ght1y conso11dated sed1nents,~:th“ .

some w1th dlst1nct1ve reddish co]orat1on cropp1ng out A]ong the

Leach_Hot Spr1ngs fault there are extens1ve, hard, s111ceous s1nter

.depdsits.‘ These deposits may be responsib1e forfthe topographjc

15
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3 . ”}: - scarp which forms along the fault zone.

% l o The‘recent‘sediments;Iof Quaternary age, are diyided’into two groupsr
: Stream-deposited a]Tuvium‘coverS"about 20% of the4tota1“va11ey
- fin materia] Topograph1ca11y, these sed1ments 11e on very fTat

'f100d p1a1ns near the central Grass VaTTey dra1nage system The

" area from the mounta1n fronts to the boundary w1th the aTTuv1um is . s
occupied by coT]uy1aT dip slope dep031ts. They are gent]y sTop1ng," e

: Qdisplay some'stream downcutting, and are of unconsolidated wash de-

g  weasNa

'tlr1ved from the h1gh mounta1n ranges It 1s 1n this large area of »

outcrop that many faults cou]d be traced The Tatest fauTt move- -

Bl

ment 1s recorded as slight topographlc scarps w1th1n th1s Toose

R 1

- mater1a1

REGTONAL GEOLOGY -

B! el

It 15 character1zed by very ar1d c11mate w1th T1tt1e ra1nfa11 and no
'streams that reach the sea. There is a distinctive north south

.> a11gnment to the mounta1n ranges and the 1nterven1ng vaTTeys The

Bk ML

Ahlgh mounta1n ranges are horst blocks that have been up11fted and -

Sare fi]]ed'with wash material of undetermined thickness The ranges

Bk

are not s1mp1y horst bTocks of una]tered rocks, but rather broad .

norma] and thrust fau1t1ng along. w1th magmat1c 1ntru510n fa

16

: The'entire project Ttes within the’Basin and Ranqe geo]ogic province. f,-,:t'

'n~are contr1but1ng sed1ments to the Tow, va]]ey areas. These vaTTeys e }n

masses of hlghTy comp]ex sed1ments that have been subJected to intense j}~
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- This faulting continues to the present as ev1denced by the measurable:'qvvr
tf*d1sp1acement found on faults cuttlng the -colluvial dep051ts -‘Ih-_»
E1903 a fault movement was recorded‘on.the west.f]ank of the TobtnA ,

. Range in section.34 T30N - R39€. Here s]ippage of 75-100; occurred:

"and is readily identified on the aeria]kphotographs.

STRUCTURE

Fo]ding and fau]ting;ron this mapping, took place during'several

geo1og1c per1ods, beg1nn1ng 1n the Pa]eozo1c and extend1ng to the

.present Gran1t1c 1ntrus1ons fo]lowed the 1n1t1a1 structura] warping -
E and may be the cause of a broad dome formed on the south port1on
of the detalled Kelsh map These-1ntrus1ons may be»sate1]1t1c_to»._. .1'

the 1arger, S1erra ‘Nevada bath011th ‘The Tobin'thrust can be obserVed

in several. areas on the reg1ona1 Kelsh map.- Th1s fau]t is the maJor

'structure of the last orogeny to occur 1n th1s portwon of Nevada

* The maJor per1od of normal fau1t1ng was. dur1ng the Tert1dry and

Quaternary. It is this deformation that was largely responsible

- for blocking'out the present day mountain.ranées.“ P

This- 1nterpretat1on has swarms of 11neat1ons com1ng to the surface
They probab1y represent fau]t zones, however, they genera11y follow E _,fHV*

'dra1nage systems that are ]ow topograph1ca11y with no outcrops -

present on wh1ch to measure strat1graoh1c throw

v'There are two areas of probab]e structura] dom1ng present on the K

reglonal Ke]sh p]otter 1nterpretat1on ‘ One occurs~1n,sect1ons 32

17
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" and 33 T32N - R39E and sect1ons 3 and 4 T31N R39E The d1p magn1Q
’oftudes revers1ng th1s structure are in the 20° range and are taken
~“on beds- of short lateral extent. The second dome seems to be‘cenf
:tered in sections 26, 27 34 and 35 of T31N - R39E. Both domes

tare accompanled by 1ntense norma] fau1t1ng

Along the west fTank'of the SonomaeRanqe,_there is a north-south

“trending fault. On the east side of this fau]t dip is appr0x1mate1y:f*v“7”;' 5

5° to'the east. The same d1p re]atxonsh1p occurs to the southeast

' of the Leach Hot Spr1ngs fau]t

FAULTING

" A detailed analysis of fault trends on all three maps,'h;'B, and C,

‘ indicates a,dominant'northeast-southwest trend with an intervening

set at N45°W. To the northeast set be]ongs‘the main fault which

' euts the Leach Hot Springs uents. One exceptionvto the domfnant_” '

'AfauTting is the normal faults which bound thevSonoma'andTTobin

ranges.< They'trend north-south and dispTay recent movement in young

, sediments of Quaternary age.

Port1ons of the Tobin thrust appear on the reg1ona1 Ke]sh plotter .r
mao.' Movement on this fau]t is probab]y to the north Where the e

fault p]ane breaks the surface in sect1ons 8, 9 16 and 21 of

- T3IN - R39E the Permo-Pennsylvanian Pmeern1cke1 format1on is thrust‘_jfsn;";:

over the Triassic (7) Ko1pato forwat1on ' Through the west ha]f of

s 14 ;
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"‘i;.T31N - R38E the Cambrlan probab]y a part of the Tob1n, is thrust =

‘"Quover on the Permo Pennsy1van1an Hava]]ah format1on

”:',:The throw on norma1 fau]ts, found An th1s mapp1ng proaect was
: :measured by use of the f]oat1ng dot in the stereo image and. also
S checked in the f1e1d The magn1tude of throw varies from 10580'.
5 Th1s does not const1tute'the total amount'of vertica] movemert
- The footage read1ngs are on]y the e]evatlon d1fferences on e1ther

's1de of a topograph1c scarp and represent on]y the 1atest s]1ppaoe

-~The 1ast movement on the Tobin-thrust probab]y took place in-the :

"E'Jurassic periodj Truncat1on of the Leach Hot Spr1ngs fauTt B on o

the Kelsh regional map, aga1nst the north- south trend1nq vest .

' ‘;boundary fau]t on the Sonoma Range shows that th1s break is younger'd

_u.s1n age than fau]ts w1th a north to south a11gnment

There is a def1n1te corre]at1on of the occurrence of hot and warm

"“sprlngs to fau]t zones. - In a11 cases these spr1ngs surface alonq.',

the fau]t p]anes determ1ned by Kelsh and f1e1d work. The Leach

"{ :Hot Spr1ngs have been 1ssu1ng a]ong a topograph1c scarp, ‘which marks
:the trace of the fau]t p1ane, 1n severa] d1fferent places ,Old,”
:s eroded vents were ]ocated approx1mate]y 200 yards northeast of the
.ff'present vents. A hard,,s111ceous sinter deposit was found a]ong_ 3

the entire'northeast extension of this fault.

. Five criteria were used in determining the presence of faulting:

19
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1) Straight drainage patterns -

- 2) . Springs

.. '3) Streaks of green vegetation:

- 4)" Topographic scarps

5) Deflections in streams

~ CONCLUSIONS

',j The broject area was fnvestigated through the:use bf aerfa1 photb_
| graphs'worked,on a hithy accurate stereoscopic-instrument which.

" remoues a]l inaccuracies;'induCed in flying and p]otted in exact
_p]anlmetr1c pos1t10n on a base map d1rect1y, by use of a panto- Z, |
graph arm. Th1s photo work is backed up with a f1e]d check of both_x,f “

’the reg1ona1 map and the deta.1 1nterpretat1on A complete 1nves-:: =
.f t1gat on was made 1n the field of add1t1ona1 hot spr1ngs that may
- be. comlng to the surface ‘and compar1sons are made as to fault “

',trends through areas of known hot spr1ngs and'areas of suspected’”

gecthermal actiVity A series of 55 co]or photos were taken durlng“-

| the two field check1ng stages They show the qua11ty of outcrops
| ’v:used for dip and str1ke read1ngs and the subtle nature of fau]t

fscarps that were checked on the surface

»The next exp]oratory step on th1s prOJect shou]d be deta1]ed grav1ty
: and se1sm1c surveys to determ1ne subsurface fau1t1ng, and add1t1ona1
| core hole dr1111ng w1th temperature measurements to. locate geothermal

- uh1ghsn’3»'

20



* The geotherma] prospects w1th1n the boundar1es of th1s mapp1nq o

prOJect, are cons1dered excellent.

‘iz;‘i.,li;. . kR | OENENG | GaEesd -
-

@ s Jé f,a/z;u ,/7

N

October'18, 1978 - Gonald . Anderson
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" INTRODUCTION

~ This Kelsheblqtter'photointerpretationkstudy.was.initiéted to test
3ethe‘theory that:]atest faultsmevement :aiong on-geo]oQic feetures, .
‘1w11] reflect in surface rocks as “low, topographlc scarps §1nce a .ed"”
.:r;maJor1ty of the 1nterpretat1on took p]ace in- unconsolldated val]ey -
?:f1]1-depos1ts, 1t~waswdeemed:necessary to-do ‘the- photo work-onva
"‘.stereoscoplc instrument that is. capab]e of read1ng sma]1 changes in
| fitopograpn1c express1on .ThezKetsh-p1otter can read topographlc
dfi,changes-as subt]e as 2-4'sand isvcapableiof'greétly en1arging the -
- ?:orlgxnaT photographxc scale- and p]otting all the photoaeo og1c in- o

f-format1on on d1rect over]ays to-U.S.G. S topograph1c maps

- :igThe Kelsh photo1nterpretat1on ‘was done in two stages The.g“OUﬁd‘.:;':-“'
"Lﬁwork*for th1s more deta11ed photoana]ys1s was a Landsat, space photo,f
%eva]uat1on“wh]chﬁdeterm1ned the-reg1ona] geo]og1c sett1ng of the eTT
-;‘Leach Hot 3pr1ngs Proaect ~Once- th1s 1n1t1a1 work was comp]eted
n"ﬁfthe Kelsh’ 1nterpretat1on of stage. one, a study at the final sca1e
o ;di-of 1nn—_2000f; was ‘undertaken. Th1s ‘Work--was- done from 1. 80 ,000
"~ﬂ5c§]eiphotography from-u-z;aircraft;f}own;by NASA._ The 1nterpretaf_if
‘{ition was"finelized on.August'l4,"1978vand a fftefdey{field cneCk was -
‘f[~comp1eted on ﬁugnst‘IB "1978. ':Tneﬂsecond-stage was-then'tnitiated‘.n
';f and was 1nterpreted on lower a]tltude photography and P10tted at a
'5.sca1e of 1“ = 1000'. Th1s photo1nterpretat1on was f1n1shed on Septem-iftf

e'”*'ber 16 1978 and f1e1d checked September 17 22 1978
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 The quality'of photographs, used in .all phases of the project'
-‘study, is- cons1dered exce]lent and weather. cond1t1ons dur1ng both

| field: check1ng tr1ps were 1dea1

*SUMMARY-7.

This - geo1og1c report will. demonstrate that the - comb1nat1on of photo

.work and f1e]d checking accurate]y de11neated numerous surface fau]ts

| .‘:1n-both areas.ofibedrockaand<va11ey fil1 mater1a1. Sjnce a mjor
) - -fault can be traced through theateachtHotrSorings vents, it is-con-tl"
'~c1uded ‘that -other surface fau]ts, of s1m11ar magn1tude cou]d be B
| aqu1fers for other ‘Hot Springs- or- be 1nd1cat1ng areas of subsurface -
'-magmat1c activity wh1ch has. not yet reached the present ground sur—'.v
- face. Areas of Ffault movement cou]d be chec«ed in deta11 with grav1ty

D 1nterpretat1on to determ1ne basement conf1gurat1on

TheLLandsatjphotointerpretation revea]ed*manyfregiona1, Tinear features.'___j;
that may -be 1ndicatinguareas<of'possib]e,enear'surface magmatic activity E RS
wthatacouidsbeseXp1orednatﬂa”1aterudate.'ﬁThe:two4stage Ke]sh‘plotter

-*maps are: p1n po1nt1ng ‘many. sma]] areas: of - suspected therma] act1v1ty -

Wh]Ch can’ be 1nvest1gated by grav1ty methods and core hole dr1111n9 o

_1mmed1ately
'~LOCATION

:The general ]ocat1on of the Leach Hot Spr1ngs Proaect is. 26 m11es

o south of wlnnemucca Nevada -Thrs,locatesvthe.actual area of the .
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i'Leach~Hot Springsrvents .'The:interpretation expands;1from'thts;n
- central -point, 22 miles - north- south and’ 13 m11es east-west ?The.f o
-Landsat photo1nterpretat1on covers a much. larger area than either
".sKe1sh p]otter maps There are a tota] of 144 townsh1ps or 5184
=square m11es w1th1n the boundary of th1s map The townsh1ps by .

., 1number are T26N - T37N. and R33E - R44t and aoprox1mate degree t1cks

are 40°. 00 to 41° 00' of 1ong1tude and 117°.00° to 118° 15 of

1at1tude The Sonoma mountain range bounds the. proJect to the east

and. ‘the. East range forms the west Timit. ThE‘prOJectwarea may be

: traversed north south by the Grass Va]ley road wh1ch orlg1nates at

ﬂwlnnemucca.p-

_PHOTOGEOLOGIC METHODS . =

' TheuKelsh:pIOtter:projects a:stereoscopic:mode]gon‘a:comp]ete fiatt
- daworktnd<surface,%en]argedtfive timesuthe>originaj,scaleﬁandifree'of'
p'a1],airporne;jnaCCUracies;_;Each.photosnof:thelstereo:pair,hisdplaced
inits?exacttposition in°the*skynas<the.picturelwas~snapped.e.1f the
‘ mwtngctip»Wassdown920 fromzthe:horizonta1,uthis'1sﬁrestored.by.a sys- ‘.d, p':
T:tem of tiprtiﬁttadjustments.\JOnce all-distortion 1sfremoved,‘and theilsﬂi-m”;.
--imageliswen1arged'tive.times,averyﬁaccOrate'measurementssmay be made
-With a dot,that “floats" incthewstereOfmode1trFA1] interpretationh_'
is:theh'placedsdirect]y»on»overlaystto;existfngfdnﬁted'States‘Geo- S
'Iogica155urvey topographic maps. "A]]”readingsamade'mith the floating d}xf b
':dot ‘are accurate to 8-10"' :on photos at a-scale of 1:60 000 Hori-'

»zonta] p]acements, on - the base map, are recorded w1th a pantograph
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. arm which is adjustable to all.topographic map scales.

- PHOTOGEOLOGIC INTERPRETATION MAPS

. LANDSAT (MAP A) -

This~1nterpretation-was'worked»fromvLandsat 1.and 2 mission photo-‘d

<graphs on ‘the 29.2" on a side size: format, -band -6 and 250 000 scale

image. All pr1nts were cloud free, of exce]]ent qua11ty, and were

:,f]own-at a t1me-frame where'no~snow~was covering the surface . Each
h~.1nd1v1dua1 photograph was 1nterpreted by p]ac1ng red marks for

~Tinears and fau]ts, -green for: bedd1ng contacts and b]ue for geo- |

morph1c -and tonal. anoma11es The base map'was constructed‘from

-township 11nes that appeared on the McDerm1tt VYA W1nnemucca and
h"-Lovelock 1 250 000 sca]e U.S.G.S. topograph1c maps A]] 1nterpret1v _
"symbols were then transferred to these maps, then to an over]ay

at. the same‘sca1e. ~Aftota1fof»four-photOS'were used 1n-the 1nterpre- s

-gray’ tone differences that are ‘needed for accurate photoana1ys1s
1There are 9 separate 1nterpret1ve symbo]s used on. “this map and they

- are. descr1bed as follows:

f;Regionaleinear: ~A-straightf1ine~ofzouer~50‘mi1es in length that e;ﬁ
e v-jffo11ow$fthrough Valleys,ﬁmbuntain5ranges and into the adjoining'.

Vé]Teynareas,t They appear t0‘not:be‘inf1uenced'by topography . . .

‘.ﬁand:Seemﬁtopbe?showing,broad}areas:Of»CrUSta1,'p]ate;tEEtonic.g'

~tation .and they - are cons1dered to- be of - super1or qua11ty with sharp, '}5};.f}‘vh
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movement. They may'be‘zones'of fau]ting.

anear These are stravght 11nes of less than 30 miles 1n

.Lilength : In many cases, they fo]]ow in stream channe]s or a]ong
'.steep s1ded canyons They are 1nf1uenced bv topography and
'.seem to bend with changes in str1ke of outcropp1ng beds or ﬂ- |

' ‘aTong.stream_def]ect1on. ‘They show ]oca]pstructure and probab]y'

_are fauTts.n

: i:FauTt A dashed 11ne on the map wh1ch traces a p]ane of fauTt-
The sca]e of the photoqraphy 1s too sma]] to allow the 1n-.j_~'”

;terpreter to determ1ne the d1rect1on of throw movement Some Co

"of'these breaks are thrusts and tend to have an arcuate pattern.r

The_normaT faults. surface as straight Tines.

Strewm Detlection Th1s geomorph1c symbo] shows dra1nage pat-

-torns that are adgust1ng to fit the present day Tandscape ~They'.'lﬂhf1ffi,i
1'}are f]ou1ng a10ng areas’ of Teast res1stance wh1ch may be along’
- -fault or fracture zones. S1nce bedrock is hard for a stream to
‘t tra»erse many t1mes the stream is deflected around these areas
| Thny common]y also are d1verted around pos1t1ve,vstructura1 h1ghs

and thus may be reveallng anticlines..

,Qedrock Contact' This line is so1id and depicts the'contact

f'b t.een hard consolldated outcrops and areas of loose, un-
COHSO]Tdated sed1ments There 1s a dTStTﬂCt co]or change from "tf:v‘-w*f“

':: ”‘d tone. grays of the conso]1dated outcrops to 11ght gray over .
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- the uhcohso]idated, Va]ley fillmmaterial;

fTaya These are extremely f]at 1y1ng o]d ]ake beds that photo- Aﬂ"

" graph a br1111ant white. There: is. no stream deve]opment w1th-

in these areas and some contain small areasrof open water.

<Tonal Anomaly Appear as hachured c1rcu1ar area on the f1na1'

,‘: ‘The domaT shape 1nd1cates poss1b1e areas of uplift. The

‘coTor is genera]]y m1d to dark gray and may be 1nd1cat1ng a

The

zone of a]terat1on

Quaternary Valley Fil1l (Qvf): This'is an area of re]ative]y'

' o flat 1y1ng sediments where stream deve]opment is sparce or

downcutt1ng is in 1ts be01nn1ng -stages.

" Bedrock fB)' These are broad-areas of mid- tone grays on the " L

photographs where stream deve]opment is 1ntense

results of'thislinterpretation areutwofo1d:'

. 1) It placed the Leach Hot-Springs Project'area into a broad

"reg1ona1 geo]og1c sett1nq where compar1sons cou]a be made with

.‘,kanown areas of 7therma1 ac1t1v1ty and areas. of suspected geo_._zvﬁ,.uaa

';therma] ac1t1v1ty

o i?) There were numerous areas de]1neated where add1t1ona1 deta11

__'hork could be conducted Cross fau1t1ng or cross 11nears are two

"r";ewarp1es of areas to pursue further and tona] anoma11es poxnt
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" out areas that could be investigated by detai]Iphoto work ©

" with back-up field checking.

. KELSH PLOTTER —'REGIONAL (MAP B) a

‘_fddTh1s mapping was accomp11shed by use of NASA U 2 aircraft, photo— r7
ks graphy flown at a 40, OOO‘ elevation w1th a resu1t1ng 1:80,000 sca]e’:
i~pr1nt. The Ke]sh plotter en]arged th1s photo scale to a 1l:16, 000 ‘

. ;'plottjngAscale. Each stereo 1mage covered 50 square m11es, thus.‘;

t-rregionalvmappfng cou]d.be'accomp1ished on One.single model. Faulcs
.I;could be traced sometimes for 3-5 miles'wdfh'eaSe - This type of'*

': ;;photo1nterpretat1on could not be done on 1ow a1t1tude pr1nts wherej

‘ each stereo mode] covers only 1-1.5 square mlles

1 s‘The Ke]sh work was done‘af.a'finai sca1e of 1“ = 2000;‘andICOmp]eted-
::_on August 18th. The field check1no on th1s map conflrmed the fault—
”»-nd1ng found on ‘the Ke]sh p]ott1nq phase Many areas of suspected
”hifau1ts were. conf1rmed by wa1k1ng them out 1n the f1e1d and tak1ng
:color photos of fau]t scarps, outcrops and spr1ngs Where good
| °s':foutcrops were encountered a read1ng of str1ke and d1p magn1tude was

: "recorded This information was used to 1ocate areas of doma] up—

Tift and to determ1ne outcrop att1tudes on fault p]anes. 'OVer_the

© majority of this projecc ‘thEVdfPS“Tead on outcrops: are considered e
derto be of exce11ent quality. where vp or very poor symbo]s are used

:the qua]1ty is only fa1r due to poor 1atera1 exposures of outcrop

”4v» The final base map scale for this interpretation is 1" = 2000" and



matches'the'published*1‘24=000=sca1e=topographic maps.blA panto-

.graph.arm reduced the stereo model scale to this 1"'5'2000"SC618 and . o
o plotted a11 1nterpret1ve symbo]s d1rect1y on an over1ay to these ,
~topo maps.: Not a]] of the symbo]s used in the deta11ed 1" = 1000"

”f.Tnterpretat1onwwere.placed<on this map‘due to-the scale. -For the-"
'1'f most comprehens1ve 1nterpretat1on the deta11 Ke]sh map, with f1e1d

,check resu1ts, shou]d be consu]ted

e /KELSHJPLOTTER _ DETALL (MAP c)

“To construct this mapb1owfa1titudejphotosiwere uti]jzed. 1They aTTowx

=thefphotointerpreter a closer look at the'surface outcrops and subt]e_~
| dehanges in-topography.- The prOJected photo sca]e of 1" = 1000' was o

':used in th1s mapp1ng and the pantoqraph reduct1on was’ not used

Th1s al]owed the plott1ng of a great number of d1ps, fau]ts, and .

-.Qother features that would ‘ot -be. poss1b]e at a condensed photo sca]e.

'-*The photo1nterpretat1on on. this:map. took place in August and Septem- _L'd7'f3”f“
- =ber w1th f1e1d check1ng occurr1ng from September 17 - 22 1978
*‘“f1e1d work added a- great -deal .of : deta11ed 1nformat1on to the f1na1 h
{qma p There - were numerous faults that were extended through f1e1d :: h
:dobservat1ons by subt]e vegetat1ve and topograph1c chanqes Strat1- i';.":'”'”"
ugraph1c boundar1es ‘were c]osely dellneated by co]or changes and |
dﬁtopograph1c express1on -of . d1fferent rock types "The f1na] map Sca]e--:';iafri i
U ds 1Y = 1000' .The : base map -was.-a b]owup of the 1" = 2000' U 5.G. S ,ﬂ'“'”“:‘ .
ZZ’“ft°P°9r39h1C maps that cover the- prOJect Th1s was p]aceo on the

‘LQKelsh p]ott1ng surfuce and’ the photo sca]e adJUSted to f1t the f1na1f



map sca]e On comp]et1on of the f1e1d check1ng, a]] the 1nformat1on ‘ﬁ -

. obta1ned was v1ewed a second t1me on the stereo image and accurate]y
_ p]otted on the or1g1na] base.. The co]or photographs were pos1t1oned
vexactly where they were taken on- the qround and the arc of coverage b

- was estab11shed

The'fof]owing ts an explanation of fnterpretive symbo]s used on the i“-;l
map: | | |
A. Dips and strtkes:
{:‘1} N60 E 1nd1cates the Brunton compass read1nq taken on out- -
cropp1nq exposures | | | |
"- 2. ‘? 1nd1cates good bedd1ng was ava11ab1e for read1na a,{.
‘j‘strike«and d1p however, the lateral extent of the bed was not
suff1c1ent to obtain an accurate read1ng of dip magn1tude |
3.: vp 1nd1cates very poor beddina. Here the surface express1on
of. outcrop may be partially obscured by valley fill mater1a1 or ;;:§~l]
- colluvium. 'In determ1n1ng structure these d1ps are of low pr1ority.j

'.,_4. ds these d1ps were read on a- d1p s]ope and assume that the

d1p s]ope surface is he]d up by covered bedd1ng p]anes
. B. Fau]ts{

: 1. Dashed ]1nes indicate the trace of a norma] fau]t as it

"-f<breaks to the surface : If the break has a U on one s1de th1s

‘,'1nd1cates the upthrown block A read1nq in feet appears on some’

',: fau]ts and 1t shows the number of feet of topographlc throw as‘ fﬁ‘”



7.V.read d1rect1y on the stereo 1mage or in the f1e1d

2. Thrust faults are dep1cted as dashed 11nes w1th saw teeth

“*t’on:the upper p]atet
c. Other'symbo]s:_"
'l'e'l.ziLineattdns.” They depict one of'three_things:-
a. 'faultsy.d" B o
" b. strike of steeping dipping beds

c. - covered intrusive 1gneous dikes.

Z.Q.Beddlng contacts These are 5011d 11nes where a Sharp |

. ichange occurs and dashed where covered by unconso]1dated sed1-'”

" ments.

o 3. KB 1nd1cates a key bed wh1ch can be traced for a short d1s-

) tance and then d1sappears They were ut1]1zed 1in readan d1ps :

and str1kes and a]so in determ1n1ng fau]ts Many times the key'

;h-bed truncates at a fau]t p]ane

 GEOGRAPHY -

The project 1ies in a typica1'Basin and Range type geographic settind.,ff" o
Vh F]at va]]ey f]oors are abrupt]y punctuated with sharp, b]ocky moun--

- ta1n ranges The va11eys are extreme]y f]at near the center where

f]ood p1a1ns deve1op dur1ng t1mes of heavy runoff From these flat

' ‘fans to the 1ntersect1on w1th the deep]y eroded mounta1n front

10

- areas, tne e]evat1on gradual]y r1ses, along co]]uv1a1 d1p s]opos and e
Therelluszégvif

:<yfils a oentle Ioss of e]evat1on from the. Mud Spr1nqs area, where 4880'
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read1nqs are the norm to the north where the oenera] e]evatxon at

‘the north edge of}the'map-1s 4500' : The h1ghest topoqraph1c e]eva-

tion on the map is 6940' 1in the extreme northwest corner of sect1on fr7‘ .

9 of T32N - R39E in the Sonona Ranoe The,Leach Hot Sprlngs vents

issue at an e]evat1on of 4660' L

Drainage is generally northward in Grass'Va11ey to'the Humbo]dtd_

River- system f]ow1ng to the- north of the proaect Ra1nfa11 is

-sparse and a c1oudburst wou]d be necessary for any water to f]ow in
‘Grass Valley. The val]ey fill mater1a1 1s coarse and a]lows ]1tt1e

runoff. | Muds]1des, or c011uv1a1 fans, occur near the mounta1n fronts'~lil

where streams drop thelr sed1ments on reach1ng the gent]e s]ope

’-'change of the va11ey f]oor There were numerous spr1ng fed streams. -

1 observed dur1ng f1e]d check1ng wh1ch f]ow a good vo]ume of water

at the mounta1n front but never reach the Grass Va]ley dra1nage

system

VThe acce551b111ty w1th1n the broad va]]ey f]oors is excellent. 'There :

‘was a dense system of old seismic roads ava11ab1e for travel. A good""

number of ranch roads. occur in the val]eys and in canyons cut din

the bound1nq mounta1n ranoes

" There is sparse veoetatlve cover on the map Small c]umps of-cotton-.”f'ﬂf»‘
woods are found in areas where spr1ngs feed the creeks and sagebrush g _ﬂicﬁ e
;;growth occurS-sporad1ca]1y a]ong stream-channe]s.. A thin cover of .

' Qrass}is”Sufficient to support a cattle grazing business.

1
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Only two - ranches are. ]ocated w1th1n the bounds of th1s proaect
They are- named Leach Hot Spr1ngs Ranch and Mud Spr1ngs Ranch and
'both“are»]ocated~adJacent~to-flow1ng~spr1ngs.:;The nearest town is

:v--winnemuccaawhich is-26 miles north-of Leach Hot Springsf-

"fOne!opencoit:mineuwas Tocated inithe"field' It 1s st111 produc1ng

clalm stakes throughout the more rugoed mounta1nous terra1n, but

11tt1e‘development has takenkplace. ~To the present, noth1no has

been done -to. harness the .potential- of the Leach Hot Spr1ngs. The R

water is. used for 1rr1gat1on and 11vestock
 <GEOMORPHOLOGY

"wAn»ana]ysis;of=streamrpatterns on~Landsat'photos indicates broad,

N S .
!

Va]]ey system. . Some of these def]ected streams “follow in 11nears, C
and ‘thus ‘may .be -along zones-of: weakness such as fau1t or fracture;

h~;wplan-s.u»In.the:Ke]sh-mappwng,egent]e def]ect1ons of<dra1nage were. ..

- S Ta T oer A

fau]ts as- they break the- surface and offset recent depos1ts

Th1s port1on of Nevada shows a- prom1nent north SOUth allgnment

Al] of the. maJor dra1nage parallels th1s trend o

Rl L el A M @

3;!:: 'j=>Ing{There“arePnumerous‘subtje topographic scarps'locatedein~theﬂVa11oy BRI

12

ma]ach1te ore through 2 1each1ng of old ta111ngs There are- numerous -

norther]y d9f1ECt9d dralnage emptying 1nto the north f10w1ng Grassg S

'*importantic]ueS'as:to the'hresence*of-faulting't Slight topographiC< S

“SCarps. found in va11ey f111 mater1a1 -were’ often tlmes the trace of .



- ‘gravel- bench underlaln by down fau]ted rhyo]1te

'fi11»materia1 They genera]ly are 1nd1cat1ve of fau]t]ng with. the
-‘latest ‘movement: recorded in these recent sed1ments - Some of these""

fscarps are as sma]1 as 2 4 vert1ca11y and by trac1nq them in. de-

tail on the- stereo 1mage it was found that fau1t1ng is JUSt as 1n-1

._ﬁtense where bedrock is covered as where it s we]] exposed

The Landsat 1nterpretat1on works we]] to 1ocate tona] anoma11es

quua11y they photograph as a mid-tone gray and are c1rcu]ar in shape
-They.-are - often topograph1c h1ghs w1th rad1a1 dra1nage patterns The -
'@CO]OP change frcm surround1ng outcrops 1nd1cates a change 1n rock

:type or may -be showing a zone of alteratIon

-By us1ng the- geomorph1c -expression -of .outcrops, 1t vas re]at1ve1y, T
;easy to- detern1ne the age of geo]og1c format1ons There are con-
,eglomerate beds in the sect1on that hold up.- prom1nent r1dges wh11e'.

'aweathered andes1te beds. occupy 1ow topograph1c pos1t1ons

TThe»Jow:Nalleys¢areﬁreceivingssedimentsttofthe present geo1ogicl] -
stime.‘"Scu]pture of'the:nountain ranges‘is-recorded'in remnants of

. old eros1on surfaces at varylng a1t1tudes. One'of these is.at'a
“present day alt1tude of .8000" in the Sonoma Range, Just off th1s
ﬁprOJect where a. subdued topography is- present w1th gent]e s]opes kS
VnBe]ow,thls,iataan a1t1tude of -6G00 ~ 7000', is another stage shown ~? Cnh
Vin:theiSonomawRange and’ts'representedkas‘gravel'terraces 'A‘thirda

serosionalfremnant'isffound at afSOOO"leVel It is a ped1ment and -

N . - =R ‘-‘
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‘;;STRATIGRAPHY-d

: There are. rocks ranglng in age from Quaternary a11uv1um, co]]uv1um o

'»and fans to und1fferent1ated Cambr1an w1th1n the map s boundary

The Landsat mapp1ng determ1ned that bedrock va]ley fill dep051ts

 .cover. -equal amounts of total map area. . The contact between bedrocké'fvc';tw'
‘,~va11ey f111 is- sharp and when viewed from the ‘extreme he1ght that
- .space- photos are flown, the mountawn ranges ‘seem to be chok1ng? i

~their: own debr1s.

~fhe litho]ogicvcharacter~oflouteroppind~fbrmationsmwithin thfs naopinqdfljf_ﬁf-f
.tprOJect vary greatly but may be summarized as - Jate: Jurassic p1uton1c
~rocks 1ntrud1ng a great th1ckness of sed1mentary and vo]can1c rocks o
of Triassic and Pa1e0201c:age~that are strong]y-metamorphosed and _---J'ﬁ.“
_edeformed<through~intensezfaulting.thambrian.rocks are-rebresenteddc::._;?"f;ﬁtf
-:by quartzites;and;are~ridge:fonners-as iS’the3Va1my formation'of
'“wOrdov1c1an age. The Carbon1ferous and ‘Permian dis.wall represented
Tsw1th w1despread sequences of depos1ts. ‘In- the Sonoma Range, on ._,
-fthe east s1de of the- reg1ona] Ke]sh map, - great massas of metavo]canxc
~<and:sedlmentaryfrocksvare present.::Here the Havallah (Perm1an?) and .
}fPumﬁgrnfckej;(Pehnsy]vanian’)fformations buté}opfAbdvé and ‘below the’:"”
3,-Tobinuthrust; There. are extensive outcrops of Koipato formation .
«wh1ch is. dom1nant1y volcanlc in: orlg1n.- Along the west f]ank1ng fau]t'e; o
;of the Sonoma Range, this: format1on is the f1rst to surface _On.the -':k'A

,4weatheredcoutcrop 1ts:dom1nant-co]or JSnred.h There»are severa] white. =

14
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to light gray andesitic volcanic beds present This same=reddish

'mater1a1 outcrops about 100 yards northeast of the Leach Hot Spr1ngs 5-!

fault and would suggest that maJor, recent movement has taken p]ace

von>the feature. The Tr1ass1c rocks of this area are most]y mar1ne~‘5
_ 1n or1g1n and consist of equa] amounts of c]ast1cs and carbonates
f._The Tr1ass1c seas invaded from the east and the oldest formation

‘Taid down consists of the Prida wh1ch at 1ts base 1s a cong]omerate;.-"

‘fo1]owed by 50-100' of clastic sed1ments w1th 1nterbedded brown dolo- " .

mite. In the middle 1s -a 100 - 200 zone of dark b7tum1nous and

ca]careous sha]e w1th th1n bedded ]1mestone. The Cane Sprlng and - V;I'L :
.Augusta Mounta1n format1ons outcroo only 1oca11y on’ thxs prOJect o
”‘The Augusta Mounta1n is a thick carbonate unit of M1dd]e Tr1ass1c av
age. It is over]a1n by . the Upper Tr1ass1c Cane Spring formation wh1ch-:‘:h

“is a carbonate unit.’ - There are Jurass1c gran1t1c intrusives present

L

~in the Sonoma Range centered 1n sect1on 6 T32N - R39E Th1s mass is

'composed of gran1te, quartz monzon1te and oranod1or1te ‘The dom1nant Lo

Tert1ary rocks of the mapp1ng project are composed of rhyo11t1c

‘1avas and assoc1ated tuffs »vThere is a ]ayer of basa1t which capS'u
Table Mounta1n to the south wh1ch de11neates the north end of ex-
dh tens1ve 1ava flows spreading from the south. Th1s basa]t 1s 11ke1y
much younger than the rhyo]1tes found elsewhere on the 1nterpretat1on‘:‘fff;_f};

Near Leach Hot Spr1ngs there are some sl1ght1y consolldated sed1ments,.5;'f_;,ﬂ“

some with. d1st1nct1ve redd1sh co]orat1on cropp1ng out. A]ong the n

Leach Hot Spr1ngs fau]t there are extens1ve, hard, 5111ceous swnter ‘{L;”.‘

i_d89051ts These dep051ts may be respons1b1e for the topoqraph1c

15
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. material.

'-scarp whicﬁ-fbrms along the fault zone.

‘The receht“sediments 'of'Quaternary age,-afe*divided'into two ‘groups.

'"Stream—depos1ted a]]uv1um covers about 20% of the tota1 va]]ey ,g

“£111 material. Topograph1ca]1y, these sedIments 11e on very flat
-:“flood p]a1ns near the centrai ‘Grass Val]ey dralnage system 'Ihe‘."
~-area from the mountaln fronts to ‘the boundary w1th the a11uv1um is
",‘occup1ed by colluvial dlp slope dep051ts. They are gent]y s]op1ng,
~display -some stream;downcuttwng,xandware"ofeunconsolidated wash,de-:
‘ffived frcﬁltﬁe‘higﬁ}mountain=ranges. 'Ittié in this,iarge aréé of '
?oﬁtcrop that many fau]ts_toﬁld*be traced. The.}ateéf fault moVé-A-”

“ment is recordsd as 's1ight -topographic scarps within this loose ,f_

"“REGEONALasEOLon"'

“The entxre progect 1195 w1th1n the Bas1n -and. Ranqe geo]og1c prov1nce
e It is character1zed by very ar1d c11mate wwth 11tt1e ra1nfa11 and no
:wstreamS'that reach;the;sea. There~1suafdlst1nct1vegnorth-south' |
-alignment to*the<mountain¢raﬁgéssand'the iniefveniﬁg yé11eys.‘ Thé:  .
»3h§gh mounta%n*rﬁngeé are horét*biockS“tﬁat’have been Upr.t-evdza'nd~
::are contr1but1ng sed1meﬂts to the ]ow, va]]ey areas. ' These va11eys »
~  gare fa]]ed with wash material of undeterm1ned th1ckness The range$"~7
"are not - SImply horst b]ocks of una1tered rocks,. but rather broad |
“masses : of hlgh]y comp1ex sedwments that havn been subJected fo 1nt nsef

~wnormai and thrust fau1t1ng a]ong w1th maamat1c 1ntrus1on },WW

16



This . fau1t1ng cont1nues to the present as - ev1denced by the measurab]e‘

>d1sp1acement found ‘on fau]ts cutt1ng the co]luv1a1 dep051ts .Injp"~f

1903 a fau]t movement was recorded on the ‘west f]ank of the Tob1n

‘ Range in sect1on 34 T30N - R39E Here s11ppaqe of 75-100' occurred

z:and A4S read1]y identified -on the aerial. photographs

| :STRUCTURE

4Fo]ding=and'fau1ting,:on this:mapping,ftook'p]ace‘during‘severa1

t:geo1ogic periods, beginning in. the‘Paieoiotc and extending to theA

»':present Gran1t1c 1ntrus1ons followed the 1n1t1a1 structura] warp1ngv“
;fand may :be the cause of a broad -dome formed on the south port1on -
zof the -detailed Kelsh map. These*1ntrus1ons may be satel]1t1c to i'.

"the 1arger, Sierra Nevada batholith. The Tob1n thrust can be observed
“in-several -areas on- the reg1ona] Ke]sh map. 'Th1s fau]t 1s the maJorft“
tstructure of the last orogeny to occur in this port1on of Nevada
" The magor per1od of normal fau]tlng was dur1ng the Tert1ary and
fQuaternary. It is th1s deformat10n ‘that was 1arge1y respons1b1e‘

?for block1ng out the present day mounta1n ranges

' This:interpretationnhas”swanns:of Tineations coming to ‘the surface.

They - probab]y represent fau]t zones, - however, they genera]ly follow '

: .dra1nage systems that are low topograph1ca1]y with no outcrops. :_“

~present on . wh1ch to measure strat1graoh1c throw

’There are two areas of- probab]e structura1 dom1ng present on the

‘~reglonal Ke]sh p]otter 1nterpretat1on. One .occurs in sect1ons 32

a7



-and 33 T32N15_R39E and sections 3 and 4 T3IN- R39E._’The dio magniQ'

'tudes reyersing this strUCture are in the 20° range and are taken .

on-beds of short 1atera1 extent.'-The second dome'seems to be'cen—

~tered in sect1ons 26, 27, 34 and 35 of T3IN - R3%E. Both domes « -

are accompan1ed by 1ntense norma] fau1t1ng

-fAlong the west flank of the Sonoma Ranqe, there is a north south
‘trend1ng fau]t "On the east side of thlS fau]t d1p is approx1mate1y

'5° to the eaSt The same d1p re]at1onsh1p occurs to the southeast

of the Leach Hot Spr1ngs fault

'3-fAULTING~'

'A detafled ana1ysfs of fault trends on all three maos;>ﬂ; B, and C,'
~indicates a dominant northeast-southWest_trend with an interveninge'
‘set at‘N45°w' To the northeast set belongs the main;fault which

_cuts the Leach Hot Spr1ngs vents. One except1on to the domi nant' f:ff'**

.fau1t1ng is the normal faults wh1ch bound the Sonoma and Tob1n

ranges. They trend north south and d1sp1ay recent movement 1n young-

sed1ments of Quaternary age

Portions of‘the Tobin thrust'appear on-the regiona1'Ke1sh p]otter L

_ map.’ Movement on th1s fau]t is probab]y to the north Where the

fault p]ane breaks the surface in sect1ons 8, 9 16 and 21 of

_T31N - R39E the Permo- Pennsy]vanlan Pmeern1cke1 format1on is thrust_hf ;{i

-\over'the Tr1ass1c (?) Ko1pato5format1on.' Through<the west half of -

18-



- P | VT I 7 ] .

R ead kil Rl

4"'T31N - R38E the Cambrian, probab]y a part of the Tobln, is. thrust

o over on. the Permo—?ennsy]van1an Hava]lah fbrmatlon

~L>The throw on- norma] fau]ts, found in this mapp1ng proaect, ‘was',

“';:ﬁmeasured by USe of the f]aating dot in: the stereo 1maue and also

 Achecked in the field. ThE4maqn1tude'of throw varies from 10-80'
' -‘:Thns does not constatute the tota) amount -of vert1ca1 movement.
 The footage readings are cniy the elevation d1fferences on e1ther

A}s1de of~a-topograph1c scarp.andurepresent,on1y the ]atest_s11ppage;

. The last mmvement on the stwn thrust probab]y took Dlace 1n the

P TANEAES

'5'JJurass1cwper1od. Truncation of the Leach Hot Spr1ngs fault, B on

the Xelsh- reganna1 map, agawnst the nerth~south trend1nq west

A'vboundary fauit on the Snnuma Range Shews that th1s break is younger

 ?v‘- <in age than fauits wwth a- north to soath alfgnnent.

7-;:‘There'is:avdefiniteﬁcorreiation-cf-the:GCCurrEUce*Of-hot'and,warm.-""* o
 ?SpTiﬂgSTt0ffaH]t zones. ‘In~a1]€ca595'these'springé surface a]bng
»lthe fauit planes determzned by Kelsh.and faeid work. - The-Leach'

"'"Hnt Springs have been issuing aiong a tapograph1c scarp, which marks.;- -

the trace of the fau]t p]ane, in severa1 d1fferent p]aces Old,i

}-aernded vents were located apprnxnmate1y 200 yards northeast of the
' .present wyents. - Aghard,~sw]1ce©us:snntersdepos1t"was found a]ong“,

athe»entare~northeast:éxtension;of'this*fau1t;_ _i

“Five-criteria were used in. determining the presence of faulting: i .
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PEEwY RS . axns ! .

R ;,1)‘ Stra1ght drainage patterns

o 2)_‘Springs ’

" 3) .Streaks of greenvvegetation"
. 4) Topographic scarps.

5)'¢Def1ectioﬁs.in=streams;»

- CONCLUSIONS

-‘;The-pfoject;areawwas~investigated.through~theguseeof aerial photo;
';a~f:~?graphstworkedson4a‘high1yfaccufate stereoscopic'inStfumeht whieh'j
ufremOVeS«a11.taaccaracies;.induced“in-flyfﬁg and p]btte&'in exact~
'5Tp1an1metr1c p051t10n ‘on a base map d1rect1y, by use of a panto-il

| "fagraphnanm. This. photo wark is backed -up w1th a f1e1d check of both f.'
f:i_fthe'regjona]'map:and the deta.] 1nterpretat1on. A comp]eae 1nves--
:a5tigatioawwaelﬁade,ie:theﬂfieiduof»additionalmhot.sprlngs‘that may~ '

| N abe:comihg to"thefsurface,aand;comparisonéfare.made'as to:faU]t:.L{‘
1v:QtreﬁdsAthtoﬁgh:areasrofckdowh hot~$priegswandaareas=of susbected U
?geotherma1 act1v1ty. A series of 55 coior photos were taken dur1ng

nithe two f1e]d check1ng stages. ‘They~shaw the=qua11ty of outcrops‘fﬁ

aused for. d1p and str1ke read1nus and the subt]e nature of fau1t '

.'¢tscarps that were checked on the surface,

o The next exp]oratory step ‘on th1s progect shou]d be deta11ed grav1ty
-and seismic- surveys to determ1ne subsurface fau1t1ng, and add1t1ona1
ftcore ho]e dr1711ng with temperature measurements to 1ocat° geotherma]

Cohighst.

20
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The qeotherma] prospects w1th1n the boundar1es of th1s mapp1nq
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INTRODUGTION =

t Thfs Ke]sh plotter photointerpretatton-study'was“initiated'to test ;?*f
’the theory that 1atest fau]t movement ‘along o]d geo]og1c features,
'w1]1 ref]ect in surface rocks as low, topograph1c scarps | §1nce a
:maJor1ty of the 1nterpretat1on took p]ace in unconso]1dated val]ey B

_f111 depos1ts, it was deemed necessary to do the photo work on a -

stereoscop1c 1nstrument that 1s capab]e of read1ng sma]l changes in.

- topograpn1c exoress1on - The Kelsh p]otter can read topograph1c

changes as subtle as 2-4' and 15 capab]e of great]y en]arg1ng the .

| ‘5'orlg1na1 photograph1c sca]e and p]otting a11 the photogeo ag1c 1n—"

”format1on on d1rect over]ays to u.s. G S. topograph1c maps

o The KeTshvphotointerpretation'was done in two stages.'_The ground-5
‘4«work‘for:this more‘detaiTed photoana]ysiS'was,a‘Landsat; Spaoe photo, ;,f?f;
Z'evaluatton'which deternined the:regional geo]og1c sett1ng of the

'Leach Hot Spr1ngs Proaect Once th1s 1n1t1a1 work was comp]eted

»the Ke]sh 1nterpretat1on of stage one, a study at the f1na1 sca]e

of 1"f— 2000'; was undertaken Th1s work was done from 1: 80 000

‘ '50319 photography from U- 2 a1rcraft f]own by NASA The 1nterpreta-'j L
g't1on was f1na11zed on’ August 14, 1978 and a f1ve-day field check was .
'1V'C°mp]et9d on AUQUSt-IB 1978 *The second-stage was’ then 1n1t1ated
,_.:fwand was 1nterpreted on 1ower a1t1tude photography and P10tted it a',f.,:,,,,,;_

l\sca]e of 1" = 1000' Th1s photo1nterpretat1on was f1n15hed on Septem-'tf?”""

"_ber 16, 1978 and f1e1d checked September 17 22, 1978




i

_Thexouality of photographs, used=in a]] phases of'the'project
N’”;'study, 1s cons1dered excellent and weather cond1t1ons dur1ng both

dt,;ﬂf1e1d check1ng tr1ps were 1dea1

YSUMMARYfA_
- Thds'geologic'reportth11 demonStrate that'the combinationdot ohoto‘i
a':_f. a ;;17, work and f1e1d check1ng accurately de]1neated numerous surface fau]ts
7'1n both areas of bedrock and va]]ey fl]] mater1a1 S1nce a maJor

%‘irt o if_flfault can be traced throuqh the Leach Hot Sor1ngs vents,‘1t is con—dﬁa'
8 »"c1uded that other surface fau}ts, of S1m11ar magn1tude cou]d be -
'aqu1fers for other Hot Spr1ngs or be 1nd1cat1ng areas of subsurface

b . magmat1c act1v1ty wh1ch has not yet reached the present ground sur-
:'face _Areas of fau]t movement cou]d be chec«ed in deta1] w1th grav1ty

I;»bf-'a 'Agjf7 1nterpretat1on to determ1ne basement conf1gurat1on

r’ijf'_:'v-.?jfl The Landsat photo1nterpretat1on revea]ed‘many reg1ona1 ]1near features
S ‘t that may be- 1nd1cat1ng areas of poss1b1e near surface magmat1c act1v1ty
I*:”L ._ ' fd | that could be exp]ored at a 1ater date The two- stage Ke]sh plotterla,cm
!fec;.:_'-.‘i'*b maps are p1n po1nt1ng many sma]] areas of suspected therma] aCt1v1ty ;,
Gl zliftfwh1ch can be 1nvest1gated by grav1ty methods and core ho]e dr11?1ng .
i.;f; ;:“ -f_il. 1mmed1ate]y ) ’ . '

b S The general 1ocat1on of the Leach Hot Sprmgs PrOJect is 26 m1'les -

| south of U1nnemucca, Nevada ThIS ]ocates the?aCtUal'area Qf'the ACEl




L-l Leach Hot Springs vents The 1nterpretatlon expands, from thlS o
"central po1nt 22 m11es north- south and 13 miles east-west. -The‘

H'fLandsat phot01nterpretatlon covers a. much 1arger area. than elther
"Ke1sh p]otter maps There are a tota] of 144 townsh1ps or 5184
"square m11es w1th1n the boundary of th1s map The townships by

- number are T26N - T37N and R33E - R44E and aoprox1mate degree t1cks

are 40° 00 _to 41° 00" of 10ng1tude and 117° 00 to 1180 15" of .

latitude.' The Sonoma;mountain range bounds the project to the east';

‘and'the East’range.forms the west']imit | The'project-area may be"
‘ traversed north south by the Grass Va]]ey road which or1g1nates at

‘.‘Nlnnemucca

PHOTOGEOLOGIC METHODS i -

The Ke]sh p]otter prOJects a stereoscop1c mode] on a comp]ete f]at '

' 'work1ng surface, en]arged f1ve ‘times the original scale and free ofj7“' '

Lall a1rborne 1naccurac1es.. Each photo, of the stereo pa1r, 1s placed

in its exact pos1t1on in the sky as the plcture was snapped If the

w1ng tip was down 2° from the hor1zonta1 this 1s restored by a sys-

-7tem of t1p-t11t adJustments Once a]] d1stort1on 1s removed and the

' 1mage 1s en]arged f1ve tlmes, very accurate measurements may be made

with a dot that "f]oats" in the stereo mode1 ‘ A11 1nterpretat1on o

is. then p]aced d1rect1y on over]ays to ex1st1ng Unlted States Geo- h;-"

1og1ca1 Survey topographic maps. A]] readlngs made w1th the float1ng

) dot are aCcurate,to'SfIO"on photos. at. a sca]e‘of-1.60,000._ Hor1~'5“ -

- zontal placements, on the base map, are recorded with:a'pantogranhf'f‘,’fﬂf”f'V
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- arm which is adjustab]e_to_a]] topographictmap scales."

-

: \“
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 PHOTOGEOLOGIC INTERPRETATION MAPS

~ LANDSAT (MAP A)

A This 1nterpretat1on was worked from Landsat 1 and 2 mission photo- '

graphs on the 29. 2" on a s1de size format band 6 and 250 000 sca]e

) jmage. A]l prints were c]oud free, of- exce]]ent quality, and were
i flown at amt1me frame where no sSnow was coyer1ng the surface. E: ch
- individual photograph.wasyinterpreted by p]acing red marks‘for : ~"
. 11nears and fau]ts green for bedd1ng contacts and b]ue for geo-
'morph1c and tona1 anoma11es The base map was constructed from
~ township Tines that appeared on the McDerm1tt VYA, Winnemucca and
Lovelock 1:250, 000 sca]e U S.G. S topograph1c maps. A]] 1nterpret1v :
-_symbols were then transferred to these maps, then to an over]ay
- at the ‘same scale. A tota] of four photos were used 1n the 1nterpre—'
, tat1on and they are cons1dered to be of super1or qua11ty with sharp,_;f“'\

‘,gray tone d1fferences that are needed for accurate photoana]ys1s

h1There are 9. separate 1nterpret1ve symbo]s used on th1s map and they

_are descr1bed as fo]]ows

Regiona1 Linear: A stra1ght ]1ne of over 50 miles 1n 1ength that»

follows through va]]eys mounta1n ranges and 1nto the ad301n1ng
;va11ey areas.” They appear to not be 1nf1uenced by topography -

and seem to be show1ng broad areas of crusta] p]ate tecton1c ff‘ S
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- movement.'wThey may be zones ofﬁfauTting.

o Linear: These are stra1ght 11nes of Tess than 30 miles in 7
"Tength In many cases, they foTTow 1n stream channeTs or aTong

- steep s1ded canyons. They are 1nf1uenced bv topography and A

seem to bend w1th changes 1n»str1ke‘of‘outcropp1ng beds or-

aTong stream defTect1on ‘They'show TocaTistructure and probably

'fare faults.

' “FauTt A dashed Tine on the'map which'traces a. pTane of fauTt--
S ing; The scale of the photooraphy is too smaTT to aTTow the 1n—‘

t;_terpreter to determ1ne the d1rect1on of throw movement Some

of these breaks are thrusts and tend to have an arcuate pattern

'lfThe normaT fauTts surface as stra1oht T1nes

. S S

-“i.Stream DefTection::‘This geomorphic symbo] shows drainage pat~;

’ ""-:b'terns that are adjusting to fit the present day Tandscape"'They 1'

‘;are fTow1ng aTong areas of Teast res1stance wh1ch may be a]ong |
‘fauTt or fracture zones. S1nce bedrock is hard for a stream to

traverse many t1mes the stream 1is deflected around these areas:’y

n They commonTy aTso are d1verted around pos1t1ve, structuraT h1ghs

Y;iand thus may be revea11ng ant1c11nes

bBedrock Contact' 'This Tine is'solid‘and depicts the.contact':'

'between hard consoT1dated outcrops and areas of . Toose un-\
| conso]1dated sed1ments There 1s a dlst1nct coTor change from ;

g‘m1d tone grays of the consoT1dated outcrops to T1ght gray over
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the unconsolidated, valley fill material.

~ Playa: These’are'extremely f]at‘1ying old lake beds that:photo-“efl"

graph a br1]]1ant wh1te There is no stream deve]opment w1th-

1n these areas and some conta1n sma]] areas of open water.

" Tonal Anomaly Appear as'hachured circu1ar area on the final

‘ma ap. . The domal shape 1nd1cates poss1b1e areas of up11ft The .

.color is generally mjd to dark gray and may be 1nd1cat1ng a

zone of alteration.

Quaternaryﬁvalley Fi1l (Qvf): This is an area of relatively

tdowncutt1ng is 1n its beolnn1ng stages

flat lying sedimentSVWhere stream development_is sparce or '

: edrock ng These are broad areas of‘mid-tone grays‘on the

The

photographs where stream development is intense.
results of this interpretation are twofo]d::-l

1) 1t p]aced the Leach Hot Springs Progect area 1nto a broad

u»reg1ona1 geo]og1c sett1nq where compar1sons cou]o be made w1th

known areas of 7therma] ac1t1v1ty and areas of suspected geo-' o

therma] ac1t1v1ty

2) xThere were numerous areas de]ineated where additiona] detai]lw

lwork could be conducted Cross fault1ng or cross 11nears are two

‘ examples of areas to pursue further and tona] anoma11es po1nt
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-out areas that could be 1nvest1gated by detall photo work

w1th back -up: f1e1d check1ng

© KELSH PLOTTER‘ _ REGIONAL (MAP B)

:tf This napping was'accomp1ishedjhyvuse»of'NASA,'U-Z ajrcraft;‘photoe
igraphy-flown at a 40”000' e]evation with a resu1ting 1'80 000'sca1e3

. - print. The Kelsh plotter en]arged th1s photo sca]e to a 1:16,000
._plotting_sca]e. Each stereo 1mage covered 50 square miles; thus If

g regiona1 mapping could be accomp11shed on one 51ng1e model. Fau1ts

cou]d be traced somet1mes for 3- 5 miles w1th ease. This type of

.phot01nterpretat1on cou]d not be done on low a1t1tude pr1nts where;"‘

‘ each stereo model covers on]y 1-1.5 square miles.

The Ke]sh work was done at a f1na1 sca]e of 1“ = 2000' and comp]eted" :
on August 18th The f1e]d check1no on th1s map conflrmed the fau]t-_: fon

‘1ng found on the Kelsh p]ott1nq phase Many areas of suspected_

fau]ts were. conf1rmed by wa1k1ng them out in the fie]d‘and takingg

co]or photos of fault scarps, outcrops and spr1ngs Where'good'

outcrops were encountered a readxng of str1ke and d1p magnitude was_- O

recorded Th1s 1nformat10n was used - to 1ocate areas of doma] up-

. Tift and to determ1ne outcrop att1tudes on fau]t p]anes Over the
: maJor1ty of this prOJect the d1ps read on outcrops are con51dered
to be of exce]]ent qua11ty Nhere vp or very poor symbo]s are used

| the qua11ty is on1y fa1r due to poor 1atera1 exposures of outcrop

- .The final base‘map,sca]e for thts 1nterpretation is»lf = 2000“and *
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; matches the pub]iShed‘1:24,000 scale topographic maps.' A panto-.

:f-graph arm'reduced the stereo model scale to this 1" = 2000" scale and_fg]f-

p]otted all 1nterpret1ve symbo]s d1rect1y on an over]ay to these

topo maps. Not a]] of the symbols used 1n the deta11ed 1" = 1000"'

f1nterpretat10n were p1aced on th1s map due to the scale For the.

most comprenens1ve 1nterpretat1on the deta11 Kelsh map, with f1e1d

(:'check resu]ts, shou]dgbe consu1ted.

KELSH PLOTTERl - DETAIL (MAP c)

- To construct th1s map 1ow altitude photos were ut111zed They allow -
:f the photo1nterpreter a c]oser Took at the surface outcrops and subt]e '

c changes in topography. The projected photo scale of 1" = 1000' was f“x

'used in this mapp1ng and the pantoqraph reduct1on was not used
| Th1s al]owed the p1ott1ng of a great number of d1ps fau]ts,»and

'7'other features that wou]d not be possible at a. condensed photo sca]e S

'-The photointerpretation'on this map took-p]aceVin August and Septemf_'

ber with f1e1d check1ng occurr1ng from September 17 - 22, '1978. The

.5_f1e1d work added a great deal of deta11ed 1nformat1on to the f1na1 P
: map. There were numerous. fau]ts that were extended through f1e]d
;'observat1ons by subt1e vegetat1ve and topograph1c changes Strat1-c,k:ahi_

: vgraph1c boundar1es were c]ose]y de]1neated by co]or changes and »l,f

topographjc expre551on of d1fferent rock types The f1na1 map sca]e"

:fis'1"'='1000' The base map was a b]owup of the 1" = 2000 u.S. G S.
‘jtopograph1c maps that cover. the progect Thxs was p]aced on the ;f"'

: Kelsh p]ott1ng SU\fuCE and the photo sca1e adJusted to f1t the f1na1 B
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map scaTe On comp]etiOn-of the fie]d'checktng, al] the information.'
obta1ned was v1ewed a second t1me on the stereo 1mage and accurate]y';
plotted on the or1g1na1 ‘base. The co]or photographs were pos1t1oned -

exact]y where they were taken on the qround and the arc of coverage N

- was established.

The fo]lowing is an explanation of interpretive‘symbols used on thenlﬂ;:=

map:
A. Dips and strikes:

l.: N60°Eaindicates'the Brunton compass readfng taken on‘out-_
. cropping exposures. | ‘. 7 | o |
, fz.'<3 indicates good bedding was availah]e'for reading.a_
«-strike and dip houever, the ]aterai extent-of the bed was not
‘}suff1c1ent to obta1n an accurate read1ng of d1p magn1tude |
"‘3.” vp 1nd1cates very poor bedd1no l Here the surface expression :i:"“
h_of outcrop may be,parttally obscured_by vaTIeyffiil material.or_-qf
hco]]uvium - In determintng structure, these'dtpsﬂare of'lovariorityg}
'4; ds these d1ps vere read on a d1p s]ope and assume that the i

1'-d1p s]ope surface is he]d up by covered beddlng p]anes
-B.V Fau]ts:

'-1 Dashed Tines 1nd1cate the trace of a norma] fault as it -
breaks to thevsurface If the break has al on one s1de thls
;tndicates the upthrown block. A read1nq 1n feet appears on some

faults and it shows the number of feet of topographlc throw asl‘j.f~e



. . read direct]y"on the stereO'image or in'the fietd |

!f;t? 2. Thrust fau]ts are dep1cted as dashed 11nes with saw teeth‘
l-;; ;hon the upper p1ate | .. |

@ . N ,

xf?‘ | Ct' Other Symbolsf

i;:{ ”‘;'.1; Lineations. They_depict one of three thingsgt;

a. faults __h ‘

b. str1ke of steep1ng d1pp1ng beds ;f'
c. covered 1ntru51ve 1gneous d1kes.
': 2. Bedd1ng contacts. These are so]1d 11nes where a sharp
}hchange occurs and dashed where coyered by unconso}1dated sediQs“
<ments | | | _.‘ | | | -
3. KB 1nd1cates a key bed wh1ch can be traced for a short d1s— ’
“tance- and then d1sappears They were ut111zed in read1ng d1ps d.t”'”'

“anddstrikes_ahd a]sO;in_determ1n1ng fau]ts..aMany times - the key

GEOGRAPHY

The proJeCt heS in a typ1ca1 Bas1n and Range tYPe geograph1c sett1no.3 o

wj‘ ‘!' '} B Flat va11ey f]oors are abruptly punctuated W1th sharp, blocky moun-’;.-
 tain ranges The va]]eys are extremely f1at near the center where

flood p]a1ns deve]op dur1ng t1mes of heavy runoff _From thesedffat-'e

]
1
! bed truncates at a fau]t 'p]ane.-"' .
®
i
3

areas, the elevatlon gradua]ly rlses, a1ong co]luv1a1 d1p s]opes and
"i'1s a oent]e 1oss of e1evat1on from the Mud Spr1ngs area where 4880'

- 10

} _ R ; L fans to the 1ntersect1on w1th the deep]y eroded mountam front There"

'
P
»
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. read1nqs are the norm, to the north where the qeneraT eTevat1on at

»T'the north. edge of the map is 4500' The h1ghest topoqraph1c eTeva-
. tion on the map is 6940' in the extreme northwest corner of section
- 9 of T32N f‘R39E in the Sonoma Range. The Leach Hot Spr1ngs vents

issue at an elevation of 4660" .

Drainage is generaTTy northward in Grass VaTTey to the Humboldt E

B River system flowing to the north'of'the project.-_RainfaTT is

_sparse and a cToudburst'woqu be'neceSSary for any water to fTow in :-

o

Grass VaTTey The vaTTey fill material is coarse and allows T1ttTe ih”'

| runoff. MudsT1des, or coTTuv1aT fans, occur near ‘the mounta1n frontS' fﬂ

) where streams drop the1r sed1ments on reach1ng the gentTe sTope
‘T:change of the valley f]oor There were numerous. spr1ng fed streams
observed dur1ng f1e1d check1ng wh1ch f]ow a good voTume of water

- at the mounta1n front but never reach the Grass VaTTey dra1nage

o system,

':The access1b111ty w1th1n the broad vaTTey fToors is exceTTent There
was a dense system of on se1sm1c roads ava11abTe for trave] A good‘

number of ranch roads occur . 1n the vaTTeys and in canyons cut in «_g,

»"the bound1nq mounta1n ranges.

';. There is sparse veoetative cover on the map. SmaTT'cTumps of cotton- ::.f
-woods are found in areas where spr1ngs feed the creeks and sagebrush
-'ﬂrowth occurs. sporad1ca11y aTong stream channeTs A th1n cover of

‘-grass is- suff1c1ent to support a cattTe qraz1ng bus1ness

o 1




35'5 _'.’,'ﬁ _ Only two ranches are Tocated within the bounds of this prOJect
.They are named Leach Hot Spr1ngs Ranch and Mud Sprwngs Ranch and

both are 1ocated adJacent to f]ow1ng spr1ngs vThe nearest town is

Winnemucca which is 26 m11es north of Leach Hot Springs.

,One open pit-mine was located in. the field. It is‘still producing"

ma]ach1te ore through a 1each1ng of old ta111nqs There are numerous

claim stakes throughout the more rugqed mounta1nous terra1n but

11tt1e deve]opment has taken p]ace To the present, noth1no has

~ been done to harness the potential of the Leach Hot Springs. - The - “

_ water s used for 1rr1gat10n and 11vestock

GEOMORPHOLOGY

_An anatysis-ot}streamupatterns on Landsat photos‘indicates broad,'
northerly deflected drainage'emotying into the northtf1owing‘Grass
Va11ey system Some of these def]ected streams fo]]ow in 11nears,
and thus may be a1ong zones, of weakness such as fault or fracture
--_ planes.'_In-the Kelsh mapp1ng, gent]e deflections of drajnage were
important clues as‘to:the bresence'of.faulting. STight topographicv<
scarpskfoUnd in valley fill material'werevotten“times the'trace of |

: faults as they break the'surface and offset recent'deposits.l*'

. Th1s port1on of Nevada shows a prom1nent north souch a11gnment

A]] of the maJor dra1nage para]1els th1s trend

‘ w . e el e o L TN? W STRTY -
. . " R 5 . o] 12 N

There are7numer0us subt]e topographic scarps 1ocatedein_the.va11ey_
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.*._f111 mater1a] They genera]]y are 1nd1cat1ve of fau1t1ng with the '
'flatest movement recorded in these recent sed1ments Some of these .
f,scarps are as sma]] as 2 4' vert1ca11y and by trac1nq them in de— '
ata11 on the stereo 1mage it was found that fau1t1ng is. Just as in-

w‘tense where;bedrock is covered as where it is we11 exposed.

| Thextandsat fnterpretation works well tollocate tonad:anoma1ies
'.Usua11y they photograph as a mid-tone gray and are c1rcu1ar in shape;'
A‘They are often topographic highs w1th radial dra1nage patterns The'd

‘color change from surround1ng outcrops 1nd1cates a change in rock

*dtype or may- be show1ng a zone of a1terat1on

: fo us1ng the geomorph1c expresswon of outcrops, 1t was re1at1ve1y .
© easy to determ1ne the- age of geo]og1c format1ons There are con-
'gy;g1omerate beds -in the section that hold up prom1nent ridges wh1]e'

ﬁ'weathered andes1te beds occupy 1ow topograph1c pos1t1ons

ST E il

*rfThe 10wIVa11eys:are receivfnq sedfmen+s'to the'present geo1ogic
:‘;fitime Sculpture of the mounta1n ranges is recorded in remnants of
j; old eros1on surfaces at varylng a]t1tudes One of_these ]s at a :y'”
"»,present day a1t1tude of 8000‘41n the Sonoma Range, just of f thfs‘
1*}ripr03ect where a- subdued topography is present w1th gent]e s]opes
_Be]ow th1s, at an a1t1tude of 6000 - 7000', 1s another stage shown :
~in the Sonoma Ranqe and is represented as grave] terraces A th1rd
,feros1ona1 remnant is found at a. 5000' level It is a ped1ment and

*'.grave1 bench under1a1n by down- fau]ted rhyo]1te

.‘.‘.13_.
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v‘STRATIGRAPHY -

, There are rocks rang1ng 1n age from Quaternary al]uv1um, co]]uv1um fH
~ and fans to und1fferent1ated Cambr1an w1th1n the map S boundary

, The Landsat mapp1ng determ1ned that bedrock vaT]ey f111 depos1ts

cover equa] amounts of tota] map area. The contact between bedroCk¥7

:vaTTey f111 is sharp and when v1ewed from the extreme he1ght that
. space photos are. fTown the mountaln ranges seem to be chok1ng

'i-the1r own debr1s

The 11tholog1c character of outcropp1no format1ons within this mapp1nq' ,

>.:prOJeCt vary great]y but may be summar12ed as Tate Jurass1c pTuton1c |
a rocks 1ntrud1ng a great th1ckness of sedxmentary and voTcan1c rocks o

-of Triassic and PaTeozo1c age that are strong]y metamorphosed and |
- deformed through 1ntense fau1t1ng Cambr1an rocks are represented

“ijby quartz1tes and are r1dge formers as is the Va]my formation of

0rdov1c1an age The Carbon1ferous and Perm1an TS we]] represented o

o with widespread sequences of depos1ts In the Sonoma Range, on
7”'the east side of the reg1ona1 KeTsh map, great masses of metavo]canwc .
3t and-sed1mentary rocks are present.. Here the HavaT]ah (Perm1an7) and
- ,Pumpern1cke1 (Pennsy]van1an7) format1ons outcrop above and below the :-'

: Tob1n thrust There are extens1ve outcrops of Ko1pato format1on.i.
wh1ch is domlnantTy volcan1c in. or1g1n Along the west f]ank1ng fau]t ‘T
- of the oonoma Range, th1s format1on is the f1rst to surface " On the ,'

- weathered outcrop 1ts dom1nant coTor 1s red There are severa] wh1te 3

RTINS
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to T1qht gray andes1t1c voTcan1c beds present Th1s same redd1sh .

material. outcrops about 100 yards northeast of the Leach Hot Sprlngs_, S

-fau]t and woqu suggest that maJor, recent movement has taken p]ace o

on the feature - The Tr1ass1c rocks of th1s area are most]y marine =

in or1g1n and cons1st of equaT amounts of cTast1cs and carbonates

- The Triassic seas invaded from the east and the o]dest format1on 5
“laid down cons1sts of the Pr1da wh1ch at 1ts base is a congTomerate,‘ o
'_fOTTowed by 50~ 100' of clastic sed1ments w1th 1nterbedded brown doTo-

mite. - In the mlddTe is a 100 - 200 zone of dark b1tum1nous and

caTcareous shaTe w1th th1n bedded T1mestone., The»Cane Sprang and
Augusta Mounta1n format1ons outcroo onTy TocaTTy on th1s progect
The Augusta Mounta1n is a th1ck carbonate unit of M1dd1e Tr1ass1c

age. It is overTa1n by the Upper Tr1ass1c Cane Spr1ng format1on WhTCh.;

- is a carbonate un1t There are Jurass1c gran1t1c 1ntrus1ves present

A1n the Sonoma Range centered in sect1on 6 T32N - R39E. Th1s mass is

composed of gran1te, quartz monzon1te, and oranod1or1te.' The dom1nant

:Tert1ary rocks of the mapp1ng prOJect are composed of rh¥011t1c lruy=
‘ Tavas and assoc1ated tuffs There is- a. Tayer of basa]t wh1ch caps
"_TabTe Mounta1n to the south wh1ch deTlneates the north end of ex-- _j
| tensive: Tava f]ows spread1ng from the south Th1s basa]t is T1ke1y ii.‘"
_much younger than the. rhyoT1tes found eTsewhere on the 1nterpretat1on L

'Near Leach Hot Spr1ngs there are Some sT1ght1y consoTldated sed1ments,

some w1th d1st1nct1ve redd1sh coTorat1on, cropplng out ATong the '

Leach Hot Spr1ngs fauTt there are extens1ve, hard s111ceous s1nter

‘,depos1ts. These depos1ts may be respons1b]e for the topographlc 3‘*‘

15
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TT-iscarp which forms along the_fau]t'zone.

f?ea-vThe reeentdsediments, bt.Quaternary.age; are'divfded into.tWo‘greups:
“f‘Stream-debosited aTTuyium covers'abont 20% of-the.total yaTTeyf.
-5.f1TT mater1a] Tobographica]]y, these sedinents Tie on very fTatjf~‘
flood pTa1ns near the centra] Grass Valley dra1nage system. The -
”:'area from the mountaln fronts to the boundary w1th the alluvium is
’T'bilqccup1ed‘by co]]uv1a1,d1p.sTopeadepos1ts.' They are gentTy sTop1ng,
sTdispTay sbme.stream downcuttfng, and arebof unconsoTidated wash de-'
'vr1ved from the h1gh mounta1n ranges It 1s in th1s Targe area of
Aapr_outcrop that many. fau]ts cou]d be traced The Tatest fauTt move-.-

'Tment 1S'recorded as sT1ght topographwc_scarps within this Toqsev

' REGTONAL GEOLOGY . -

"vThe;entfrezprgject Ties withfn:theiBasfn and:RangebgeoTogic province.
- Tt'is‘characterized by rery arid climate with Titt]edrainfall and no
.‘.hg streams that reach the sea. There is'a d1st1nct1ve north-south
":‘2:a11gnment ‘to the mounta1n ranges and the 1nterven1ng vaTTeys.” The
"”'fhugh mounta1n ranges are horst b]ocks that have been upT1fted and _‘5
’ ’Tare contr1but1ng sed1ments to the TOw,-vaTTey areas. These vaTTeys _
‘are f111ed with wash mater1a1 of undeterm1ned th1ckness The ranges f
- - are not s1mp1y horst blocks of una]tered rocks, but rather broad
”VEIﬂasses of h1gh1y compTex sed1ments that have been. subaected to 1ntensed;}d'df3 -

x;,"QfmaT and,thrustvfau1t1ng anng w1th magmat1c 1ntrus1on.r- o

16
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'i-rsTh1s fau1t1ng cont1nues to the present as ev1denced by the measurab]e
‘ d1sp1acement found on faults cutt1ng the coTTuv1aT depos1ts In’ |
"}; 1903 a fau]t movement was recorded on the west fTank of the Tob1n

-'Range 1n sect1on 34 T30N.- R39E. Here sT1ppaqe of 75- 100'hoccurred

and is read11y jdentified on the aerwa] photographs

STRUCTURE -

;1,_Foning and’féu]ting, on_this mappfng, took place during several -

| geoTogic periods, beginning in the PaTeozoic and extending}to the

present Gran1t1c intrusions foTTowed the 1n1t1aT structura] warp1ng'

““and may be the cause of a broad dome formed on the south portlon

of the deta11ed Kelsh map. These 1ntrus1ons may be sate111t1c to

B the Targer, Sierra Nevada bath011th The Tob1n thrust can be observed -

”‘"-in several areas on the regionaT'KeTsh~map '~Th1s fault 1s ‘the maJor

structure of the last orogeny to- occur. 1n th1s port1on of Nevada.

The maJor per1od of normaT fauTt1ng was dur1ng the Tert1dry and

Quaternary It is thTS deformat1on that was Targe]y respon51b1e

: for block1ng out the present day mounta1n ranges

n Th1s 1nterpretat1on ‘has swarms: of T1neat1ons com1ng to the surface
: They probabTy represent fauTt zones, however, they generaTTy foTTow '
g drainage systems that are low topographically with no-outcropsm.ﬁ?f

‘presentyon WHich to measure'stratigraphic throw;

:-_'yThere are two areas. of probabTe structura] dom1ng present on the

L reg1ona] Ke]sh pTotter 1nterpretat1on One occurs in sectlons 324

17
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: and 33 T32N -»R39E and sect1ons 3 and 4 T31N R39E ~The d1p magn1-.~
’1:tudes revers1ng th1s structure are 1n the 20 range and are taken
oon beds of short 1atera1 extent The second dome seems to be cen-..:'n»<

‘xe'tered in sections 26, 27 34 and 35 of T31N - R39E ~ Both domes -

-.are accompanied by intense norma] fau1t1ng

Along the west f1ank of the Sonoma Ranqe, there is a north south

trending fault.- On the east s1de of th1s fau]t d1p is approx1mate1y

5° to the east - The same d1p re1at1onsh1p occurs to the southeast |

- of the Leach Hot Springs fau1t..l _“.

FAULTING‘ R

A deta11ed ana]ys1s of fau1t trends on al] three maps, A B ‘and C,

’1nd1cates a dom1nant northeast-southwest trend w1th an 1nterven1ng '

set at N45°W. To the northeast set be]ongs the ma1n fau]t which’

f:i cuts the Leach Hot Springs vents One except1on to the dom1nant~ Ce

fau]tlng is the normal fau]ts wh1ch bound the Sonoma and Tob1n o

'ranges They trend north south and d1sp1ay recent movement in young.:

’ lsed1ments of Quaternary age.

”'Port1ons of the Tob1n thrust appear on the reg1ona1 Ke]sh p]otter

*,'map; Movement on th1s fault 1s probab]y to the north where the
;fault plane breaks the surface in sect1ons 8, 9 16 and 21 of d]
.T31N - R39E the Permo Pennsy]van1an Pumpern]ckel format1on is- thrust

_over the Tr1ass1c (?) Koipato format1on Through the west ha]f of

18
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“f T31N~- R38E the Cambrlan, probab]y a part-of the Tob1n,‘15 thrust~"”7

°over on the Permo Pennsy]van1an Hava]]ah format1on

‘3. _Thelthrow on norma1afau]ts, found in this mapping project, Was

:”7nimeasUred byruse of the f10atingfdot in.the'stereo inage,and also
a;checkedttn the field. The magni tude of throw varies from 10-80".
- This'does not constﬁtute the’tota1 amount of.vertical novement.l,'
;‘The footage read1ngs are on]y the e]evat1on d1fferences on e1ther.'

- side of a topograph1c scarp and represent on]y the 1atest s]1ppaoe

‘h‘:ﬂThe last movement on the Tob1n thrust probab]y took p]ace 1n the :»
.'Jurass1c per1od Truncat1on of the Leach Hot Spr1ngs fault B on T

| ‘.V-the Ke]sh reglonal map, aga1nst the north south trend1ng west
'.boundary fault on the Sonoma Range shows that th1s break is younger

"ﬁ in age “than fau]ts w1th a north to south a11gnment

“-';fThere is a def1n1te corre]at1on of the occurrence of hot and warm :--H
,spr1ngs to fau]t zones. | In all cases these spr1ngs surface along '
the fault p]anes determwned by Kelsh and field work The Leach

':\Hot Spr1ngs have been 1ssu1ng a]ong a topograph1c scarp, wh1ch marks '_-?;i
_the trace of. the fault p]ane, in severa] d1fferent places. - :Oid;;, o
!-eroded vents were 1ocated approx1mate1y 200 yards northeast of the |

f.present vents.. A hard, s1]1ceous s1nter dep051t was found a]ong

the entwre northeast extens1on of th1s fau]t

- Five’criteria’were used in determining the presenCe of fau]ting:

19
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1),eStrai§htrdrajnage patterns
2),3Sprjngs" | | o
| 3).hStreaks ot'green vegetation o
'I4)"TOpographic scarps=

5) Deflections in streams )

CONCLUSIONS_

.The proaect area was 1nvest1gated through the use of aerial photo- .
:graphs worked on a h1gh1y accurate stereoscop1c 1nstrument wh1ch p

- removes a]] 1naccurac1es, 1nduced in f]y1ng ‘and p]otted 1n exact o

p]anxmetr1c poswt1on on a base map d1rect1y, by use of a panto— :

’ -graph arm. This photo work is backed up with a f1e1d check of both j
'b‘ the reg1ona1 map and the deta.] 1nterpretat1on A conp]ete 1nves- )
'“‘p t1gatuon was made in the f1e1d of add1t1ona1 hot spr1ngs that may
"ﬁbe coming to the surface, and compar1sons are made as to fau]t
:trends through areas of known hot spr1ngs and areas of suspected
ivﬁgeothermal act1v1ty. }A sertes-of 55 co]or photos were ‘taken dur1ng -
. the tw0'fie1dlchecking stages They show the qua11ty of outcrops;“a_h |
z "jf}used for d1p and strike readings’ and the subt]e nature of fau]t

hl:scarps that were checked on the surface

'a:The next exp]oratory step on th1s proJect shou]d be deta1]ed grav1ty'

and seismic surveys to determ1ne subsurface fau1t1ng, and add1t1ona1.

5.fcore ho]e dr1111ng w1th temperature measurements to 1ocate geotherma}l'

»fh1ohs"'-

20
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~ COLOR PHOTOGRAPHS

 KELSH PLOTTER REGIONAL - MAP B

'7f Thenfo1lowing'20 co1of'photographs Were'taken'durinq the fie]d

check1ng of the f1rst Ke]sh p]otter 1nterpretat1on at the scale

i of 1" = 2000' : Th1s work was done August 14 - 18 1978. T

v1ocate each p1cture S pos1t1on, refer to the Ke]sh p]otter

reg1ona1 map. The X 1nd1cates the pos1t1on on the ground

,where the photograph was taken. The two arrowed 11nes show the
;approx1mate arc of coverage._ Each photograph is orlented to true

north compass readihgs._",
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COLOR PHOTOGRAPHS

KELSH_PLOTTER .DETAIL - MAP C

These 35 co]or photographs were taken dur1ng the 1ntense f1e1d

check on the Kelsh p]otter deta11 map, at the sca]e of 1" 1000'
on September 17 - 22 1978
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