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SOUTH DIXIE VALLEY, NEVADA 

SCALAR MAGNETOTELLURIC SURVEY REPORT 

Townships 22 North to 24 North 
Ranges 33 East to 37 East 

In Churchill County, N2vada 

February 1978 

Senturion Scienc ·~s, Inc. > has performed the field \'/ork) analyzed 
the data and ' interpreted the results fo r this task. All the data and 
informCltion resulting from this survey ay'p. th~~ pt'operty of South1and 
Roya"lty Cnmpany, 



-

LOCATION: 

AREA COVERED: 

ACQUISITION DATE: ' 

CREW: 

CODE: 

NUMBER OF STATIONS: 

GEOPHYSICIST: 

_._-------_._---------------,. 

SURVEY SPECIFICATIONS 

Dixie Valley, Nevada 

Approximately 20 square miles 

November 1977 through January 1978 

Senturion Sciences #2 

South Dixie, 316 

Scalar - 27 
Tensor - 1 

Wi 11 Czimer 
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SOUTHLAND ROYALTY COMPANY'S 

SOUTH DIXIE, NEVADA 

SCALAR MAGNETOTEllURIC SURVEY REPORT 

The South Dixie Scalar r~agnetotelluric survey (Figure 1) located the 
hea t source and three success i ve shall O\'1er zones of hi gh conducti vity. 
These features are directly related to major faulting and abnormal gradi­
ents identified by the Dixie Valley Multilevel Aeromagnetic survey (Fea­
turesMap, Figure 2, Plate 1). 

The areas with the greatest geothermal potential were interpreted 
as: the Stillwater anomaly (stations #9, #10 and #19), the Dixie Site 
anomaly (station #1) and the Mine anomaly (stations #17 and #30). 

GEOLOGY 

Dixie Valley and the contiguous Stilh/ater and Clan Alpine ~lountains 
are in the western portion of the Basin and Range Province (Figure 3). 
According to Smith (1968), Dixie Valley is an asymmetrical composite graben 
intruded with a Middle Jurassic gabbroic lopolith. The average depth of 
alluvial and lacustrine valley fill is approximately 2500 feet. Tertiary 
and Jurassic andesite and basalt flo'lls, tuffs, carbonates and gabbro are 
extensively exposed in the Stillwater Range and Clan Alpine Mountains. 
Earlier wotk for the client (Quigley, 1977) indicates high-angle reverse 
faulting along the eastern side of the Stillwater Mountains and thrusting 
from the east. Recent tectonic movement is evidenced by fault scarps from 
the 1954 earthquake and hot springs along the western edge of Dixie Valley. 

MAGNETOTELLURIC INTERPRETATION 

The South Dixie Magnetotelluric survey was composed of one tensor 
magnetotelluric (TMT) station which recorded three components of the mag­
netic field and two components of the telluric field, and 27 scalar magneto­
telluric stations {SMT} which recorded one component of the telluric field. 
(One magneti c and orthogonal te 11 uri c fi e 1 d were, hO\</ever, recorded at the 
scalar base station.) Analysis of the South Dixie Valley Aeromagnetic sur­
vey and available geology ind icated a strong NNE strike direction. Scalar 
MT stations were therefore deployed to record at an azimuth of 22 degrees 
east of north, or the E-parallel telluric field. 

Structural complexities prohibited utilization of the scalar base 
station sounding curve. Reduction of all scalar base station data indi~ 
cated the base station was at some angle to the E-parallel orientation 
on the conductive side ofa major lateral discontinuity. Senturion's niT 
system with a three-component, Super-Cbnducting Quantum Interference De­
vice (SQUID) was deployed in order to determine E-parallel and calculate 



the tensor impedances along the major axis of anisotropy (Figure 4). Nor­
malized power spectra at the field stations were then multiplied by this 
sounding curve to yield the apparent resistivity versus period graph for 
each field station. Sounding curves, scalar survey procedures and MT 
techniques are listed in the Appendix. 

~~GNETOTEllURIC RESULTS 

The heat source (6 to 8 km) and three conductive anomali es were i n­
terpreted f rom the South Di xi e ~~T survey. These resu lts are -1 n excellen t 
agreement with features interpreted in the South Dixie Valley Aeromag netic 
survey. The scalar-defined, near-surface heat sources correlated with 
areas along Multilevel profiles which exhibited abnormal gradients . Sever­
al faulted scalar stations align with aeromagnetic-defined faults which 
probably provide the plumbing in the Dixie Valley geothermal system. Ap­
parent resistivities at selected frequencies were plotted and contoured 
and are shown in Figure 5 and Figures 8 through 10 (also Plates 2-5). Con­
ductive areas in these figures change location with respect to the frequen­
cy investigated. These variations are a function of depth and indicate 
changes in the complex plumbing patterns and/or rock porosity and permea­
bi 1 i ty. 

The apparent resistivity contour at five ohmmeters was chosen to cor­
relate the I-Hertz apparent resistivity of this survey (Figure 5) with 
AMT data (Figures 6 and 7) acquired bySenterfit, et aZ (1976). Excel 1 en.t 
agreement exists beb/een the two surveys, evidenced by the conducti ve an­
omaly (~ 5 ohmmeters) overlap in T24N, R36E. . Concerning the comparison 
between AMT and this survey data, the AMT field alignment was north to 
south and east to west. These orientations were 20 to 40 degrees from the 
true E-parallel; therefore, the AMT will not reflect true E-parallel ap­
parent resistivities. 

The 10-Second Apparent Resistivity Plat (Figure 8 and Plate 3) delin­
eates a shift in the conductive anomaly southward from the Stillwater 
i,lounta ins. :::eepeY' penE:trat~.:in by the: 10-scc;"r,d data suggc.:, -:'3 tha t tl,~ 
rock below the 1-Hertz conductive anomaly is becoming more resistive. 

The 30-Second Apparent Resistivity Plat (Figure 9, Plate 4) reflects 
a slight northward trend in the conductive zones. This tr~nd may be con­
trolled by the high-angle reverse faulting on the eastern side of the 
Stillwater r~ounta.in fault block (Quigley, 1977). 

At 100-second period (Figure 10, Plate 5) the anomalously conductive 
areas are centered around a three-station anomaly to the north (stations 
#9, #10 and #19) and station #1 and perhaps #2 to the south. The northern 
anomaly coincides with an abnormal gradient identified on Multilevel Pro­
file A-A'. Scalar stations within the abnormal gradient of Profile E-E' 
exhibit conductivity to a slightly lesser degree than stations #9, #10 and 
#19 . No r~u1tilevel information exists over stations #1 and #2. 

Figures 11 and 12 illustrate results from one-dimensional modeling 
of the South Dixie SMT data. The isopach from the surface to resistive 
gabbroic complex averages approximately 2000 feet. This thickness corre­
lates with Multilevel depth calculations along the western side of Dixie 



Valley. The surface to conductive half-space isopach indicates the con­
ductive half-space ranged from depths of 6 to 14 km. Recent work by 
Stanley, et at (1977) revealed a highly conductive zone at depths that 
ranged from 18 km in the central part of the eastern Snake River Plain 
to 7 km beneath the Raft River thermal area, and as little as 5 km in 
Yello.\.,rstone. The near-surface South Dixie heat source anomalies (6 to 8 
km depths) are believed to be significant to the geothermal potential of 
Dixie Valley. Multilevel aeromagnetics support the existence of bi~ 
shallow heat sources ih T24N, R36E with abnormal gradients in Profiles 
A-A ' and E-E'. Scalar HT data does not, however, su pport the ex t ension 
of t he abno rma l gradient from Profile A to E (e.g., the depth to t he con ­
ductive half-space at stations #12 and #20 was modeled at 12 km). The 
third shallow heqt source is located at the South Dixie base station. 
This anomaly plunges to depths of 10 to 14 km beneath the closest Multi­
Level profile (C-C') located 3/4 of a mile to the south of station #1. 

CONCLUSIONS 

The heat source in the South Dixie area and three conductive anomalies 
with the greatest geothermal potential are listed on the Features Map, Fig­
ure 2 and Plate 1. A heat source is defined as having anomalously low re­
si stivity (1 to 5 ohmmeters) at depths from 6 to 8 km. The conductive 
anomalies are defined as having apparent resistivities ~ 20 ohmmeters at 
the 30-second period • . 

Scalar ~1T data suggests the heat source rises to \'1ithin 6 to 8 km of 
the surface at three locations. Two of these areas in T24N, R36E corre­
late with abnormal gradients in the Dixie Valley Multilevel Aeromagnetic 
survey. Furthermore, modeling of the SMT data suggests these two areas 
are separate since the conductive half-space plunges to depths of 12 km 
bet\'/een the Multilevel Profiles A-A' and E-E' at stations #12 and f20. No 
Multilevel data exists over the third anomalous area at station #1. 

The Stilh.,rater, Dixie Site and r~ine anomalies appear to be. directly 
;i$scciated wi~r. the heat 50:"; : C~ anomalies, fault zonES anc Etruc~ural trc:n~~ 
identified by the MT and aeromagnetic surveys. The Stillwater anomaly con­
sists of four stations, three of which delineated the shallow heat source 
at the southwestern corner of T24N, R36E. This anomaly is at the conflu­
ence of several faults which apparently provide the plumbi ng for migrating 
flui ds from the heat source . 

The Dixie Site anomaly between the Old Stillwater and Narsh faults 
includes two stations. Station #1 locates another heat source, and sta­
tion #2 is fa\:llted by the possible southern extension of the northern 
branch of the 01 d Sti 11 water faul t or perhaps by a shear zone \.,rhi ch off­
sets the 01~ Stillwater faults. 

The r,1ine anomaly consists of t\.,ro stations (#17 and #30) and is assoc­
iated with the heat source 1 Qcated in the center of T24N, R36E. The Mud, 
Stillwater Thrust and station #14 faults could plumb this anomaly. . 
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SURVEY PRXEDURES JlND HI' TECHNIQUE 

The scalar rragne't.otelluric survey was run \-lith a base station 
(station 1) ' which remained in one location for the duration of the sur­
vey. It continuously recorded one canponei1t of the telluric field and 
one COITlp)nent of the magnetic field perpendicular to the telluric field. 
The rnagnetaneter was a Scintrex High Sensitivity Fluxgate Magnetometer. 
Field stations vlere identical to the base in configuration except that 
they did not record the magnetic field. A typical record law pass fil-· 
tered at 0.1 Hz is shown in Figure A-l, a block diagram of the system 
in Figure A-2 and the system resp::mse curve in Figure A-3. Typical 
telluric ~~lifier gains were 2500 to 3000. 

The 24 h:>urs of data recorded at each station was played back, and 
a c-.an?resse:l. oscillo:jraphic record made. A length (mcre than th:t:'ee m')rs 
and less then 10 lours) of data '~'aS spectrally analyzed using the CCT.\­

pressed record as a guide to the rest data interval. The telluric spec­
tra at each station ,,:ere nonnalized to the telluric spectra of the case 
station made over the same time interval. ~~\VB recorded ccntinuously 
at each station made aCCl:1rate time alignment possible. The nonnalized 
rcv;er sr:ec'-LIa at the field stations ",;ere then multiplied by the soundi."1g 
rurve for the tase stations to · yield the apparent resistivity versus per­
iod graph for the field stati~~s. 

'l'he mognetotelluric data for each station V.as inverted to a model 
of true resistivity with depth. This \':e.s done by canputer, using a gen­
eralized linear inverse scheme similar to methods used to invert D.C. 
resistivity a."ld vertical magnetic diFOle di'lta (Inman, et al, 1973, Gle.l, 
et at-, 1973). This method ot inversion assunes a horizontally layered 
eart.~ vlit..lnut later variations in litinlogy and structllre. These assump­
tions \\:ere clearly violated at many of the stations. This is evide.."lced 
primarily by t.l-J.e ascendin:; branch (at long ::>&iods) of the sounding curves 
attainirg a slope greater than 45 0 (the theoretical maximum for a layered 
earth). Trial and error modeling is the only meth:x:1 of quantitative 
interpretation b'"E.t has 1::leetl de-velopEd to handle these cases. In lieu 
of such a method of interpretation, v.'e feel that a s:imple layered earth 
rncx:1el at each station is the most reliable \llay of getting usable results. 

Next .to the sounding curve is the model (tv.o to four layers) gener­
ated by the generalized linear inverse program. SuperillFOsed on the 
data is t}:e theoretical response of the model. The match bet~veen the 
observe:! data and the theoretical resiX>nse varies in quality, b.1t on the 
\\role the match is good, es;:>ecially in light of the complicated geol~JY. 

Apparent Resistivity. App::rre..'1t resistivities are calculated fran 
the relative strengt .. l-)s of the magnetic and telluric fields at a station. 
These calculations perfo:rmed at various frequencies (in our case, fran 
25 to 0.01 Hz) are made assuning that the eart.L~ is h::.cr:cY:Jeneous or unifoIT.\ 
in its electrical prop<=>..xties. Ob"viOl:!sly, the earth is not hanogeneous; 
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so these calculate:l resistivities are apparent resistivities. A major 
part of the interpretation of magnetotellurics is the conversion of the 

. apparent resistivity versus frequency to true resistivity versus depth. 

Electrical Basement. The vast majority of magnetotelluric sound­
ings made soo'\v increasing apparent resistivity at low frequencies. This 
is due to various causes, the principal one l::::eing the fact that at most 
places in the earth, lmv resistivity material lies over high resistivity 
material. TPis i s the ca se, for example, in an alluvial -filled valley 
in the Ihs in LlIrl Hange or sedimentary .section over Precarnbr'iaD resanent 
in the Hid-COntinent~ This large jump in resistivity at depth is called 
the electrical basement. Obviously, it is not the scrne lorizon every­
wh=>.....re; in fact, tr.e structure which foms electrical l:asement at any 
given place may be high in the section canpared to what a geologist -v;ould 
call l:asanent rock. The configuration of this electrical base:nent is 
often t..l1e most accurate infom.ation that MT can yield. . 

Another aspect of electrical basement is the fact that it often 
is difficult to deteJ:rnL.'"1e electrical properties l::::eneath this horizon. 
The particular horizon '\-lhich acts as electrical l:asanent may be thick 
lirnestoI"'.e half~:ay ao"n a sErlimentary section '\dth a resistivity contrast 
of 10 to 15, and altmugh infonnation nearly al\'lTclyS can be had by ext~'"1d­
ing the rounding to lov..-er frequencies, considerable resolution is lost. 

Inversion . The ra\\T data used by an HT analyst is the sounding curve, 
which is a graph of apparent resistivity versus p=>.....riod of the electro­
magnetic field. To create a model of the subsurface whose resfOnse is 
the same as t..'1e observed data is called inversion. Fonnerly; this in­
version \'iclS done by canparing the observed data \,,"'iththe::>retical soUnd­
ing ClLl'VeS for various earth mcrlels. Because any catalog of theoretical 
curves rrust be limited in size, many (in fact, most) observed sounding 
curves could not be fOUJld in the catalcg. l\ltinugh various mathanatical 
devices ,-;ere developed to canbine and interp:>late beb.;een theoretical 
curves, it '\\as very difficult to get an adeguate match vlith t he observed 
data. Tcxlay, ·1:.o'lere are several mathanatical algorithns that can be jro­

planented on a oomputer that can perfonn an inversion better than the 
trial and error of curve matching. Senturion has developed a "general­
ized linear inverse" schane to interpret our scalar !-iT data and give 
satisfactory rrodels of true resistivity ",1.th depth. 

SCaZal? and Tensor liT. The first systet!'atic e."\.pJsition of magneto­
tellurics "''as set forth by louis Cagnaird in the early 1950' s. His 
theory .... ;as that variations in the nagnetic field in a given direction 
'\vould induce telluric curre!lts at right angles to this direction. By 
measuring tbechanges in the telluric field at right angles to tlns, one 
could reasure the earth's electromagnetic impedance and derive resisti vi t .y 
info:r:rnation from t."'1is. Inforrr.ation at various depths carne from the fact 
that the depth po...netration of electrcnagnetic waves into the ear'-Jl is in­
versely prop:>rtional to the freq:uency of the ,\·;ave. According to Cagnaird' s 
original theory, it should not matter \·71uch direction the nagnetaneter and 
tellu=ic lines were set U!.=>i one '\A,;uuld get the SClJTIe result. ~Jhen careful 
HI' surveys ,-,ere done, it was soon found tl1at ... ¥hen one \vas near aD abrupt 
lateral change such as a fault, the rnagentic field induced currents to 
flO' .. , in not just at right angles to tbe direction of polarization, but 
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at every orientation (in differing arrounts, depending on the geometry of 
the nearby structure). The matherratical theory develope:l to handle si tu­
ations other than the slirple layered earth has been namerl tensor magneto­
tellurics. The tensor theory explicitly takes into account the direction­
al characteristics (or anisotropy) of the earth and structures within it 
and gives a mathematical foundation for interpreting the data in more 
corrplicated situations than the scalar !<II' of Cagnaird. In tensor l·fr, 
three components of the magentic field are recorded. This requires more 
data acquisition equipment and much rrore c1ata processing and interpreta­
tion cost. Because of the cost of tensor HI' equipnent, it has not been 
feasible to do rrore than one tensor station at a tine. Scalar MI', on the 
other hand, is relatively easy to acco.-rtplish and process, but it cannot 
give quantitative results in some geologic situations. 
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~ p. ~ 20 OHM METERS 

STA NO 
• SCALAR MT STAT'ON 

" • 

.. ~v TH OIV'E 8ASE STATION 

SOUTHLAND ROYALTY CO 
AREA 
COUNTY 
STATE 

SOUTH DIXIE 
CHURCHILL 

NEVADA 

APPARENT RESISTIVITY 
(Ohm meters) AT PERIOD = 10 SEC 

DATE OF 
CONTOUR 

o 
I 

ACQU'SITION ' NOV 77 - JAN 78 
'NTERVAL : AS SHOWN 

I 2 
I ' 

MILES 

3 
I 

PLATE "' SENTURION SCIENCES, INC. 
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@ '.:5 10 OHM METERS 

STA HO, 
• SCALAR MT 5TATI0'l 

'. 
SOUTH Ol~ IE BASE STATION 

SOUTHLAND ROYALTY CO 
AREA : SOUTH DIXIE 
COUNTY : CHURCHILL 
STATE : NEVADA 

APPARENT RESISTIVITY 
(Ohm meters) AT PERIOD = 100 SEC 

DATE OF 
CO'lTOUR 

o 

ACQUISITION: NOV 11 - JAN 18 
INTERVAL: 10 OHM METERS 

I 2 . 
MILOi' 

3 
L 

PLATE 5 SENTURION SCIENCES, INC, 




