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‘Abstract’

A telluric-magnetotelluric (TMT) survey was conducted in the

Tuscarora prospect, Elko county, Nevada.

Rotated tensor data were obtained at 11 base stations and 19 remote

" sites. An in-field computer proce551ng system was ‘implemented and

six statlons were processed in the fleld.

'_A low resistivity zone of 4 ohm meters at depths of 300 to 600 meters‘;f
'is indicated at station Ml. This may be reflecting geothermal flulds_nf”

associated with the surface hot springs in the area.

There is the- suggestlon of a conductlve condult at depth in the area.;?;
A zone of 4 ohm meters is indicated startlng at a depth of 10 km at o

station M1.

A conductive zone of 4 ohm meters startlng at a depth of 5 to 6 km
is suggested in the Chlcken Creek Summit area at statlons MS and B5;‘
and possibly extends 4 km to- the south to station AlO and the. hot

springs area.
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Introduction

Tefraphysics conducted a telluric-magnetotelluric ( T-MT ) survey
in the Tuscarora prospect' Elko county, Nevada on behalf of Amax

i Explofation Inc. The field work was conducted during the period

of 13 October to 21 November 1979.

Surveyhbbjective

The .objective of the survey was to aid in the evaluatlon of

the geothermal potential of the anea.

- Many geophysical techniques are used to evaluate a geothermaif

area. Since a decrease in resistivity . usually occurs where
the'temperature of the earth increases, Tan electrlcal res1st1v1ty
survey can be a useful diagnostic technlque., The re51st1v1ty ’
change w1th temperature .can be on the order ‘of. 2, 5%/C (Keller.
and Frlschknecht 1970) . . Consequently, resistivity- decreases

on the order of a factor a 5 or more may be assoc1ated with geothermalff

brines( Keller, 1970). Intr1n51c re51st1v1ty values of less than

10 ohm meters may be expected

' If a geothermal area is at a.sufficiently high temperature that a -

vapor phase is present, higher electrical resistivity,vaers are
likely. 2Zohdy, et. al. (1973) rewort intrinsic resistivity values
of about 75-130 ohm meters for a”vapOr—dominated“layer in Yellowstone | -

ﬂational'Pérk;



Telluric-Magnetotelluric ¥nstruments and Procedure

A schematic of the equipment and field setup is illustrated

-in figUre 1. Five componént MT data is obtained at the. base

station ( two horizonal eleétric-field'eomponents and three

magnetic field components).' At‘eaeh remote site two ofthogonal
eleetric field components are measured, The data is filtered,
amplified, and telemetered back to the base station where it is ‘
recorded on magnetic tape at the same time as the base station:dataQ.
Seasoned lead strips are used for the electrodes for the 8lectric
field measurements and the magnetlc field measurements are obtalned _

with a superconductlng magnetometep
in general, a base station with magnetic.field'meesurements'is '
utilized for each setup. Typical-dietances between the-base

and remote stations is one to two kilometers.

In order to solve for impedance tensors, the analog data ffom the

magnetic tape if digitized ( 12 bits ) and evaluated utilizing a = ' 7

LSI-11 DEC minicomputer. The computer system is mounted in the - o
field instrument truck such that data may be proceésed in the f1e1d4'

in real tlme.

" The remote reference 'method. of analysis was used,following a

technique described by Gamble et.al.(1978). The remote station
data are treated as tensors and evaluated u$ing the base station

magnetic fields. 1In this work, the electric fields were used as the

references to calculate the cross powers.  This method'provides

results without bias errors, however poor results may occur if the.
electric fields are linearly polarized.

The computer analysis is separated into two parts utilizing Gamble's-
(1979) computer programs. The first program digitizes the data

(12 bits) into segments 1024 points long.  The segment is tapered,

Fourier transformed, and the cross powers are calculated,
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The process‘is repeated for subsequent data sets with the option of

' rejectinq any segment .due to noise spikes of*signal.level saturations. -

The a¢cumulated average cross power-values are storéd. This process can
be performed in real time. After a data run is completed the

. second computer program:. utlllzes the average cross ‘powers and

calculates. tHe. 1mpedances, principal axis directions, rotated

apparent resistivity- values, skewness, impedance phases tlpbers ,and

’tlpper strlke dlrectlons.,mg : R

" The pr1nc1pal ‘axis dlrectlon is calculated such that the 1mpedance- SR
:tensor ‘quantity Z + lzyxlz 1s\max1mlzed Thls deflnes the -

dlrectlon for the prlnc1ﬁal 1mpedance terms 'Zx§f'and Zy .

For & two dimensional structure, the d1agona1 terms 2 'andbz v

Yy -

'are zero at this rotation angle. -An 1nd1cat10n of the three

dlmen31onal nature of the area can be represented by the ratlo oﬁ
the magnltude of thé rotated d1agona1 to off dlagonal terms. ThlS
is called the skewness, S. ‘ ' ' ' .

= vy

lzxy" Zox'|

-Principal apparent resistiVitijsluesrare'calculated from

£
£

where T is the period in seconds. .~

0.2 T ]z 'l_z and

0.2 T |z ,lz
. ¥

The vertical magnetic- field is utilized to determine the strike
direction. For a normal incident Pplane wave over a two dimensional
structure, the vertical magnetic field arises only from the TE Mode,
H field perpendicular to strike ( Vozoff,; 1972).

We assume Hz = AHx + BH-y and calculate a rotation direction such

that A is maximized,



7/’. )
SR -

For the two dimensional case H = A' H ' and the'rctated X axis
defines a direction perpendlcular to. strlke. In the present work
‘the strike-direction is indicated in the computer printout. ’
The magnitude of the vertical field,A', the tipper, gives some
, indication‘ofrany lateral resistivity variations{AA
Monltorlng dlfferent frequency bands provides various depth 1nformat10n.
An 1nd1cat10n 6f the depth penetration is sometlmes given by the
~apparent skin depth, S This is defines as. the depth where the
f amplitude of the electrlc field has fallen to l/e of its value at
| the . surface and is calculated fromxthe expre531on

- ga-= 503 (!E) ,
£
where f’ is the apparent resistivity in ohm'meters,.f the frequency
in HZ, and the resultlnq skln depth is 1n meters. The lower the ™
frequency, the deeper the penetratlon. o i

The actual sensing depths are usually much less than the skln depths.A
Complete model solutlons are requlred to determlne the intrinsic
i properties and depths. Two dimensional computer modelling would

//ii/be required to 1nterpret the results if 51gn1f1cant lateral-

. variatioms'occur. However a- preliminary interpretation can be
obtained withva.one dimensional model basedpupbnvthe TE Mode. .
apparent resistivity data. The rational for this approach is
that for a deep sounding, the TE Mode is less affected by near
surface lateral changes than the TM Mode (Patrick and Bostick, " 1969).
In the present work a continuous one dimensional inversion method

descrlbed by Bostick, 1976, was used.



- Field Operations

. B . o LAt

filtering.

In the present survey, telluric'dipoles of‘about 200 meters were
used in an "L" configuration. They ‘were orientated north-south

" and east-west.

The field system filters prewhltened the spectrum such that data
could be obtained wide band from 0.01 to 10 Hz.: From 4.to 6 . '

. hours of data were recorded for each setup. After the ellmlnatlon of

poor sections of data, this resulted in about l% hours of processed

data. Two overlapping frequency bands were used 0.01 to 1.0 Hz,

| and 0.1 to 10 Hz. A summary of the processed data is 1nd1cated 1n |

Table I.

-Eleven setups of data were obtalned con51st1ng of ll base statlons

and 19 remote sites. In field proces51ng was - only performed for o
‘stations M1,Al,Bl and-MZ,AZ,BZ.l The .remainder of the stations
were processed after the entire survey was completed. This was
done to take maximum advantage of a shortvperiod of’relatiVelyr

good field weather.

High winds were encountered on 7 days. The ﬁagnetometer was _

burted about 2 feet and surrounded by a wind shleld The telluric
wires were carefully laln out on the ground and welghted down with
rocks of buried every 2 meters. Because of the brush in the area‘ 3
this proved té be very time consuming. Even w1th this precautlon the'j
data at the 4th setup possibly suffered from w1nd noise, - '
The poor data obtained at station B3 may have been due to the

~presence of power lines or nois® from nearby ranches. This high

frequency noise was evident in the field even after considerable

Snow, hail and rain delayed the survey 12 days. Over 12 inches of
snow fell on one storm and lasted on the northern slopes the -
remainder of the survey period. The 4 wheel drive vehicles

became stuck three times due to the mud,ice and snow. Over 20 hours



TABLE I

Magnetotellurlc Processed Data =

- ngh frequency band sample. perlod
". Low frequency band sample. period
_~.Data segments 1024 p01nts long B

~STATIONS 4 SEGMENTS = © )

-Bigh freq. bana
"10 to 1. Hz ~

M1,Al,B1 . 114

M2,A2,B2 100

“'M3,A3,B3 . 104
M4,A%,B4 122
' M5,A5,B5. 210 -

Me,a6  113%

186

M7,A7,B7- 210

M8 ,A8 168

© M9,A9 . Bl

123

'M10,A10,B10 156

M11,A11,B11 99

{; :11-‘

.03 seconde"?4
.300 Seceﬁas -

i # SEGMENTS
Low- freq. band
. 1 to 0.1 Hz

31

18

'elzihfﬂﬁ 1~;'..'Poor“ o

23 o

24

17

10

Fair

f‘Vefy
" Good

‘QUAL

ITY

Poor

. “Fair -

Fair

- Poor

Poor

** More than one set was processed from different data sets

1G06a'ﬁ6%"

 Good .’

tO'GbodA

to Fair

© Pair

to Fair

to Fair .. .




- The personnel stayed at .the Markee Motel in Elko, Nevada and at the

" were expended in freeingdthem.~

]

- Taylor Canyon Club near Tuscarora. Commuting time to the survey

area was about 80 to 100 minutes from Elko and about 30 to 60 mlnutes

from Taylor Canyon.

-

Specific vehicles used on the project were a Bronco (AMAX'S)
a Ford 3/4 ton pickup with mounted instrument camper shell (4 wheel .

drive) and an equipment trailer,

Composition of Crew I

- A detalled summary of the work and personnel 1s documented in

Appendix A. The personnel 1nvolved on the progect are llsted below.zt'=

¥l

A. Mazzella Geophysicist: “‘ Instruments, survey, data
« - ' proce551ng

B SEygleys - Field Assistant Wire crew:

Data

The location of the stations are shown in plate 1. Plots of the .
data and the one dimensional inversions are presented in the second
binder. Data points are plotted that meet the following criteria:

0.5 ( except for stations M6 and A6 where values< 1.0
were accepted)

(1) skewness <

~

(2) phase between 0 and -90 degrees

The rotated apparent resistivity values, rotation angle, skewness, .
phase, tipper and tipper strike angle are plotted for each station.-



The interpreted resistivity sections ( based upon the one dimensional
inversions) along‘iines AA', BB', and CC' are plotted in plates”2,3
and 4. The stations are projécted upon the lines) up to one

km in some cases.

The computer printouts are presented in a separate folder.

.Discussion of Data

Considerable resistivity variations are observed in the interpretations
throughtout the survey area. Resistivity values range from 2 to over

¥

lOOOlohm meters.

A low resistivity zone 6f 4 ohm meters is suggested in the area of
station M1 at depths of 300 to about 600 meters. This may be
reflecting geothermal fluids associated with the surface hot. springs

in the area.

At depths below 2 km the one dimensional inversion suggests a thin
conductive conduit at M1l. A zone of < 4 ohm meters is suggested
'below 10 km. Adjacent stations indicate high resistivity values at
this depth.

The low resistivity zone about 2 km to the east at station B1l0
( € 4 ohm meters at 2 km) should be taken with caution in view of

the high skewness values (> .3) and the scatter in the data.

- The interpretation of a conductive zone (< 4 ohm—meters) at depths
of 5 to 6 km at station Al0 ' may " extent 3 to 4 km to the
north tb6 stations M5 and B5.

It is not possible to tell from these results whether the surface
geothermal fluids are migratind down from the north or coming up along

a narrow conduit in the area of Ml. An additional station or two

between M1 to M5 and M1 to A7 may aid in resolving this question.

e ' ey
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The data at station M4 could not be interpreted due to the very
high skewness values over most of the frequency band.( > 1).

A considerable number of high skewness values were also observed
about 3 km to the north at stations M6 and A6. These results
may be reflecting a three-dimensional deeply buried high
resistivity ridge that was suggested by a dipole-dipole survey

in the area.

All the above discussions should be taken with caution in view of the
difficulity in interpretiné which of the axes was the TE Mode at some
stations. 1In addition, the interpretation was based upon a

one dimensional model. A considerable amount of contacts and faults
have been mapped throughout the area and the data clearly sudgest

that 2 and 3 dimensional effects are present.

The quality of the data ranged from very good (M7) to poor (M4) 6ver
the area. The majority of it falls in the bracket 6f fair (M5) to
good (B2). Coeherent noise spikes were observed at all the setupé and
sites. They avppeared to be stronger at those stations in the valley
near the power line or near ctltural activities such as the Jack

Creek Guest Rahch, Mori ranch or Spanish ranch houses. These noise
spikes were in some cases larger by a factor 6f 10 than the background
signals. Generally, it appears that those stations gave poorer '
quality data. In one case at station M1ll, the signals were completely
swamped by noise 20 times larger. The noise appeared to abruptly

switch off at 10A.M.. Its source was not determined and one can only

V4

suspect that a considerable amount of the poor data might be attributed

to these cultural activities.
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froze transfer llne broke vacuum.
10 20 - Road to site 1 still very rough, tape deck broks X
NO W-=R Repair Tape deck % day. Afternoon,heavy snow
CHARGE i still falling, wait it out in Elko,pick up
% ; _ .supplies. o !
i ’1‘:{ "-5 N < CTTTTTT T M-‘ - . . e - I -A : ) -
1% Mobilization |- Tewee cs 07 - Oremocuns T--'i:azf;f« Bi - Paenzioniinne 0,

1 survey ,data 4
2 weathar Aaun n nor o S Y ad Cimet e miim nr PR

PR S 2 N A

€T



HNGw T TEUECOI L ATV . g oo
_ é L‘é zi “: 5{ “hi § ! a u\x}g 4 . . LR h\-,:_,'l..
OCTOBER, 1979 | e i
L « 2 I T
o A . Rl ,: s f —
A TSR S poyicpy _ TUSCARORA, TV o 0
\wb *COA ’:§7 “ ' ’ ; ‘5— ’ - T o A =:- '\11
,{-» e T, 3.
21 Light snow in morning. Repair transfer line i |
o W broken when frozen, stuck in snow storm. |
CHARGE ;R Drive to setup 1, road very muddy,stuck about i
i 1 hour ( total time from Elkc 3% hours to 3
L site 1) camp overnight i ; X
[ ' . L N
!22 W Snowed about 2" overnight, everthing covered !
% Wegther MT with snow. Melts in morning, everthing dripping
% Data o wet. Some data in afternoon. X
| camp overnight-
: : ce S | ! {
,!23 Data setup 1, about 5 hours of recording '
! ' . . ,
9 Data MT 1 Road still very muddy and rough, camp overnight , X
©24 Setup AMT system, snowed overnight , everythingi ! ; _ P
wet. AC generator too noisy even with 50 db,60HZ x
NO !-~ AMT notch filters, setup completely battery operate
CHARGE W L system. Obtain some data in afternoon , very t
| high winds start and blow all night, winds blow
T i ~ -+ - 1 -almoststeady until October~26;~camp overnight:-p=i | - i b b osp 5 o
25 Continue with AMT data , waiting for 1lull in wiid _ :
_ ‘Some AMT data, but wind noise evident- winds 10mph X
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26
1 Daka MT Survey setup 2, difficulity getting into area , : X
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1 Data MT Camp overnight t
| Lo
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4 - |
28 . Snow, hail, rain overnight-till about 2P.M. :
% weather| W High .winds all day, very muddy and wet. : i
% Data MT Some data, poor quality ' ! i X
i Camp overnlght i
i 29 . Snow1ng in morning, w1ndy all day,Poor data ! X
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i % : - % |
; ; i :
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Finish picking up dipole wires and equipment
after getting Bronco out of creek bed. Drive
to Jack Creek - NO UNLEADED GASOLINE, nearest
station over 60 miles away. Survey Swimmer's

Flat area, road very muddy, slippery' clay, i

dangerous- down slopes, drops into canyons ,
took almost 1% hrs drive from hiqhway. Cloud
cover coming over fast. Snow starts in evening.
Drive to Elko for supplies and unleaded gasollne
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W

Survey setup .3 .in ranch area, rain, snow, hail |
start to fall. Layout dipoles setup B3,A3,
Large 60 Hz noise pickup from powerllnes even
with notch filters at B3,

bW

Rain, Snow, Hail falling all day,tod—wet.

l_Survey area for .setup #4,-lots.of cattle on. .Mf

west side of highway

1 Data

7
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3 Weather
3 Data

MT
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MT

1 Data setup
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Windy-data noise

Data setup 3, pickup dipoles,equipment.
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Mori ranch

. - PUNDRREI . R I RN

Large correlated noise spikes on all channels
about 5-10 times background signal levels.,
Complete data, pickup dipoles, equipment
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T - Tecwwries 0T - OéT;L-‘Jﬁ‘-TELLHRECS ¥y

0 ™ r Orrtarriuirru CN‘ - El CTTONMA A Y o~

NG SN

MasHEioTe L UR (0 s

C M=

M7

Vi

(3 N AV S

Toint

i
[o)]



MONTH AR I RN S e
o R 4 S WAV TS R R (S
NOVEMBER, 1979 " ) s
4 NERES TUSCARORA, NV B e
s o : o
T &; N =. ! PrROIECT , K- i Al
NSy & ( '\‘\ .o T e - iL [N} Q)
v o] Qv '\JQ\ -O—< CARAT: r E
N R N S E&%ﬂf”*,m L S
8 Setup dipoles BS5, Data setup #5 complete
1 pickup setup #5, survey setup #6 i x K
1 Datla MT
- Layout o "
9 setup #6, Data completed, jeeps , trucks
1 Dta 1 cowing by delay data. Large correlated
ah MT noise spikes observed throughout data. X K
Pickup setup #6
. . e e e z
10  Survey area setup #7, took lkxhours drive
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14 | Survey layout M10, AlQ, obtaln data M10, Al0 only [ :
, ’ ( B10 not setup yet) : ’ X [x
1 Dita MT
15 Setup B10, Data M10,A10,B10 completed, Strange I
1 Dita MT 1 noise pickup intermittently on B1l0,saturates \ X X
system
i ' _ | -
' 4 16 1 Setup electronics M11,Al11,Bll, Data-setup #11.
i 1 pata MT Large noise signals observed until about 10 A, M| .
) i Completely swamped system, Wind picks up about XX
noon. Go to M9 , dig AMT coil holes, Bronco ! ~ {
in . « s Stuek in mud ( 1 hour to- free)..-Wind increases' ' R Y o
¢ 20-30 mph , higher gusts almost blow us off o | 5
mountain top, Storm approaching, chk up dipoleg, t
equipment. : _ . t ‘
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17 MT Setup M5 dlpoles','dig AMT coil holes, setup
M electronics; cold,starts snowing, windy, no data X |x
i Dhta . | Pack up equipment, load trailer demobilization
% demobillization back to California- drive to Elko in evening,
_Smowing steady ..l 1P N T SO
18 Demobilization Elko to California.5A.M. to 4-P i. . X |xX
1 M Snow on road Elko to Battle Mountain slow driving,
Unload equipment-- 4 hours
_L'NO_:HﬁﬁGE _Return AMT c01ls, quuld HE dewar 7 Hours" ’ ] x|
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