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SURVEY SPECIFICATIONS 

LOCATION: 

AREA COVERED: 

ACQUISITION DATE:-

CREW: 

CODE: 

NUMBER OF STATIONS: 

GEOPHYSICIST: 

Dixie Valley, Nevada 

Approximately 20 square miles 

November 1977 through January 1978 

Senturion Sciences #2 

South Dixie, 316 

Scalar - 27 
Tensor - 1 

Will Czimer 
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SOUTHLAND ROYALTY COMPANY'S 

SOUTH DIXIE, NEVADA 

SCALAR MAGNETOTELLURIC SURVEY REPORT 

SUMMARY 

The South Dixie Scalar Magnetotelluric survey (Figure 1) located the 
heat source and three successive shallower zones of high conductivity. 
These features are directly related to major faulting and abnormal gradi
ents identified by the Dixie Valley MultiLevel Aeromagnetic survey (Fea
tures Map, 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 Stillwater and Clan Alpine Mountains 
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 flows, tuffs, carbonates and gabbro are 
extensively exposed in the Stillwater Range and Clan Alpine Mountains. 
Earlier work for the client (Quigley, 1977) indicates high^angle reverse 
faulting along the eastern sicle 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 magnetic and orthogoKaTtelluric field were, however, recorded at the 
scalar base station.) Analysis of the South Dixie Valley Aeromagnetic sur
vey and available geology indicated a strong NNE strike direction. Scalar 
MT stations v̂ ere 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 of a major lateral discontinuity. Senturion's TMT 
system with a three-component, Super-Conducting 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. 

MAGNETOTELLURIC RESULTS 

The heat source (6 to 8 km) and three conductive anomalies were in
terpreted from the South Dixie MT survey. These results are in excellent 
agreement with features interpreted in the South Dixie Valley Aeromagnetic 
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
bility. 

The apparent resistivity contour at five ohmmeters was chosen to cor
relate the 1-Hertz apparent resistivity of this survey (Figure 5) with 
AMT data (Figures 6 and 7) acquired by Senterfit, e t a l (1976). Excellent 
agreement exists between the two surveys, evidenced by the conductive 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 
Mountains. Deeper penetration by the lO-secjnd data suggcts that tiu 
rock below the 1-Hertz conductive anomaly is becoming more resistive. 

IC 

The 30-Second Apparent Resistivity Plat (Figure 9, Plate 4) reflects 
a slight northward trend in the conductive zones. This trend may be con
trolled by the high-angle reverse faulting on the eastern side of the 
Stillv/ater Mountain 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 MultiLevel 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, e t a l (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 
Yellowstone. 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 two 
shallow heat sources in T24N, R36E with abnormal gradients in Profiles 
A-A' and E-E'. Scalar MT data does not, however, support the extension 
of the abnormal gradient from Profile A to E (e.g., the depth to the con
ductive half-space at stations #12 and #20 was modeled at 12 km). The 
third shallow heat 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 Hap, Fig
ure 2 and Plate 1. A heat source is defined as having anomalously low re
sistivity (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 MT data suggests the heat source rises to within 6 to 8 km of 
the surface at three locations. Two of these areas in T24N, R35E 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 
between the MultiLevel Profiles A-A' and E-E' at stations #12 and #20. No 
MultiLevel data exists over the third anomalous area at station #1. 

The Stillwater, Dixie Site and Mine anomalies appear to be directly 
associated with the heat so-i.'ce anomalies, fault zones and structural trcn-j 
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 plumbing for migrating 
fluids from the heat source. 

The Dixie Site anomaly between the Old Stillwater and Marsh faults 
includes two stations. Station #1 locates another heat source, and sta
tion #2 is faulted by the possible southern extension of the northern 
branch of the Old Stillwater fault or perhaps by a shear zone which off
sets the Old Stillwater faults. 

The Mine anomaly consists of two stations (#17 and #30) and is assoc
iated with the heat source located in the center of T24N, R36E. The Mud, 
Stillwater Thrust and station #14 faults could plumb this Anomaly. 
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SURVEY PTOCEDURES .»ND MT TECHiSrEQUE 

j- The scalar imgnetotelluric survey was run with a base station 
i (station 1) which remained in one location for the duration of the sur-
t vey. It continuously recorded one ccitponeiit of the telluric field and 
'̂  one coiTponent of the magnetic field perpendicular to the telluric field. 
i The iragnetoneter vras a Scintrex High Sensitivity Fluxgate Magnetometer. 
S- Field stations v?ere identical to the base in configuration except that 
1̂  they did not record the magnetic field. A typical record low pass fil-
f tered at 0.1 Hz is shown in Figure A-1, a block diagram of the system 
|, in Figure A-2 and the system response curve in Figure A-3. Typical 
I telluric aiiplifier gains v?ere 2500 to 3000. 

I_ The 24 hours of data recorded at each station vas played back, and 
i a ocmpressed oscillographic record made. A length (more than three hovrr-
1̂  and less than 10 hours) of data v,-as spectrally analyzed using the coa-
I pressed record as. a guide to the best data interval. The telluric spec-
^ tra at each station v,Bre normalized to the telluric spectra of the base 
% station made over the same tiine interval. V̂ \VB recorded continuously 
|. at each station made accurate tine alignment possible. The normalized 
|r pover s p e c t r a at the field stations v,Bre then multiplied by the sounding 
p- curve for the tase stations to yield the apparent resistivity versus per-
|; iod graph for the field stations. 

1̂  The magnetotelluric data for each station \vas inverted to a model 
f*. of true resistivity vn.th depth. This v;as done by ccmputer, using a gen-
p eralized linear inverse scheme similar to methods xosed to invert D.C. 
p resistivity and vertical magnetic dipole data (Inman, e t a l , 1973, Glen, 
% e t a l , 1973). This method of inversion assumes a horizontally layered |Q 
1̂  earth vdthDut later variations in lithology and structure. These assurnp-
W. tions v^re clearly violated at many of the stations. This is evidenced 
% primarily by the ascending branch (at long periods) of the sounding curves 
:̂ attaining a slope greater than 45° (the theoretical maximum for a layered 
p earth). Trial and error modeling is the only method of quantitative 
I interpretation that has been developed to l-iandle these cases. In lieu 
|. of such a method of interpretation, \̂•̂  feel that a simple layered earth 
I model at each station is the most reliable v-ay of getting usable results. 

I Next to the sounding curve is the model (two to f a z r layers) gener-
f ated by the generalized linear inverse program. Superimposed on the 
I data is the theoretical response of the model. The match bet̂ N'een tlie 
I observed data and the theoretical response varies in quality, bat on the 
'i viiole the .match is good, especially in light of the canplicated geology. 

I Apparen t R e s i s t i v i t y . Apparent resistivities are calculated frcm 
I the relative strengths of the magnetic and telluric fields at a station. 
I Ttese calculations performed at various frequencies (in our case, from 
I 25 to 0.01 Hz) are made assuming tliat the earth is hanogeneous or uniform 
I in its electrical properties. Obviously, the earth is not hanogeneous; 
k 
K 
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so these calculated resistivities are apparent resistivities. A major 
part of the interpretation of magnetotellxirics is the oonvergion of the 
apparent resistivity versus frequency to true resistivity versus depth. 

E l e c t r i c a l Basement. The vast irajority of magnetotelluric sound
ings mcide show increasing apparent resistivity at low frequencies. This 
is due to various causes, the principal one being the fact that at most 
places in the earth, low resistivity material lies over liigh resistivity 
material. ThJLs is the case, for example, in an alluvial-fil led valley 
in thie Easin and r<ange or sedimentary section over Prec^nbrian basement 
in the Mid-Continent. This large jump in resistivity at depth is called 
the electrical basement. Obviously, it is not the same liorizpn every
where; in fact, the structure vdiich forms electrical basstient at any 
given place may be high in the section conpared to what a geologist would 
call tasement rock. Th.e conf iguoration of this electrical basenent is 
often the most accurate information that MT can yield. • 

Another aspect of electrical basement is the fact that it often 
is difficult to determine electrical properties beneath this horizon. 
The particular horizon which acts as electrical basement may fce thick 
limestone halfvay dovn a sedimentary section vith a resistivity contrast 
of 10 to 15, and although information nearly alvays can be had by extend
ing the sounding to lov.er frequencies, considerable resolution is lost. 

I n v e r s i o n . The rav/ data used by an MT analyst is the sounding curve, 
which is a graph of apparent resistivity versus period of the electro
magnetic field. To create a model of the subsurface whose response is 
the same as the observed data is called inversion. Formerly, this in
version vas done by ccmparing tlie observed data xvdth theoretical sound
ing curves for various earth models. Because any catalog of theoretical 
curves inust be limited in size, many (in fact, most) observed sounding 
curves could not be found in the catalog. Although various mathgnatical 
devices vare developed to ccmbine and interpolate between theoretical 
curves, it \>as very diLff icult to get an adequate match vrf.th the observed 
data. Today, --chere are several mathsnaticai algorithns that can be im
plemented on a ooniputer that can perform an inversion better than the 
trial and error of curve matching. Senturion has developed a "general
ized linear inverse" schane to interpret our scalar MT data and give 
satisfactory models of true resistivity with depth. 

S c a l a r and Tensor MT. Tlie first systematic exposition of magneto
tellurics was set forth by Loms Cagnaird in the early 1950's. His 
theory' was that variations in the magnetic field in a given direction 
vrauld induce tellioric currents at r.ight angles to this direction. By 
measuring the changes in the telluric field at right angles to tiiis, one 
could measure the earth's electromagnetic iPipedance and derive resistivity 
information frcm this. Information at various depths came frcm -tlie fact 
that the depth penetration of electraragnetic waves into t±ie ear-th is in
versely proportional to t h e frequency of tlie wave. According to Cagnaird's 
original theory, it should not matter v/nich direction the magnetometer and 
telluric lines \<iere set up; one would get the same result. VJhen careful 
MT surveys v/ere done, it was soon found tliat when one VTas near an abrupt 
lateral ciiange such as a faxolt, tlie magentic field induced currents to 
flo>; in not just at right angles to tlie direction of polarization, but 



at every orientation (in differing amounts, depending on the geometry of 
the nearby structure). The mathematical theory developed to handle situ
ations other than the siitple layered earth has been named 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 itathematical foundation for interpreting the data in more 
oCTtplicated situations than the scalar MT of Cagnaird. In tensor IIT, 
three conponents of the magaitic field are recorded. This requires more 
data acquisition equipirent and mudi i:x>re data processing and interpreta
tion cost. Because of the cost of tensor KT equipment, it has not been 
feasible to do more -than one tensor station at a time. Scalar MT, on the 
other hand, is relatively easy to accomplish and process, but it cannot 
give quantitative results in some geologic situations. 
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