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Introduction
As part of the U.S. Geological Survey’s program of evaluating
various media in the Nevada Test Site as potential radioactive waste
respositories, several feconnaissance-type electrical surveys were made

in the Timber Mountain dome and caldera region located on the western

. edge of the Nevada Test Site (fig. 1).

A significant criterion in assessing potential sites is the degree
of water permeability of the rocks to depths of abput 1 kilometer.
Electrical resistivity measurements are a sensitive indicator {‘of the -
amount of water contained in rocks. They can, howevgr, only provide
indirect information about fluid permeability and little abo;xt the
dynamics of fluid flow. As a generalizatiom, v‘ery high resistivities
imply very low permeability and porosity, whereas low or medium values
might imply that a rock unit contains- large amounts of meteoric water in
open fractures.

The presence of clayv minerals, particularly in a crystalline rock,
also drastically reduces the rock resistivity. In such rocks, -the
presence of clay minerals would 1imply that t'he’récl'c was, or is, water

permeable enough to have altered the primary minerals, and hence, might

indicate a nonsuitable environment.
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Timber Mountain is a structﬁral dome made up of more than 800
meters of ash-flow tuffs. The .geologic setting of this area is
described in detail by Byers' and others (1976)" Previous physical-~
properties measurements on samples of these rocks (chiefly, the Ammonia
Tanks Member of the Timber Mountain Tuff of Mjiocene age) have indicated
that some parts of this medium may meet some of the various established
criteria for a suitable repository. The objective of these
reconnaissance-type electrical surveys was to determine the gross, in-
situ distribution of the -electrical properties, from which, some
generalization could be made about water content and the textural
homogeneity of these rocks.

Methods and Téchniques

Three types of reconnaissance electrical methods were used in these
studies in which they all utilized natural electromagnetic fields as
sources.

Telluric current J-mapping

This technique has been thoroughly described (Keller and

' Frischknecht, 1966). Summarized briefly, two orthogonal pairs of

electrodes (here, N-5 and E-W) were laid out on the ground surface to
detect the electric field that results from telluric currents, that in
turn; are 1induced by fluctuations in ‘the Earth’s magnetic field
(micropulsations). The orthogonal electric fields were recorded on a
portable X-Y poténtiometric chart recorder whose input was band-pass
filtered to accept signals with periods ranging between 15 to 45
seconds. The recorded two components form an elliptical trace on the

chart. The area of the trace inclosed by the elliptical pattern is




proportional to the average resistivity of the medium in the vicinity of
the measuring station.

A base station was established at the summit of Timber Mountain and
7 roving stations were 'occupigd within and immediately outside of the
caldera during July 1977. During é series of measurements at a rover
station, portable radios 'were used to insure thaf: simultaneous records
were obtained at both the basg and roving station.

As no magnetic field components are measured in this type of
survey, the data can not be 1interpreted in terms of apparent
resistivities as 1in magnetotelluric surveys. Only relative
resistivities can be computed by comparing the ratio of the average
areas of the obtained eilipses at the base and rover stations.

Telluric Profiling

This technique 1is described by Beyer (1977). The telluric véltages
are measured on a portable X-Y potentiometric chart recorder from two
pairs of electrodes (here, 250 m in length) that are in a colinear array
rather than in an orthogonal array -aé used in the J-mapping procedure.
If the electric fields are of the same magnitude and phase, then the
recorded trace ;‘.orms a straight line with a slope of -i;l. A measure of
the slope (tangent) 1s equal to the ratio of the two electric fields.
The square éf this ratio in turn is proportional to the ratio of the
average resistivities of ﬁhe media beneath the two electrode arrays.
The electro&e arrays aré leap-frogged along a traverse so that the

ratios can be referenced back to the starting station and the relative

. electfi_c field strength at each measuring station can be determined.




Audiomagnetotelluric (AMT)

The AMT method and the instrumentation used in this study are
descx;ibeci by Hoover and ot:hex;s, (1978). Orthogonal horizontal electric
and magnetic components resulting from distant 1lightning strokes
(spherics) are measured at frequencies between 7.5 hz and several kilo
hertz. The square of the ratio of the electric and magnetic field is
proportional to the apparent resistivity at the measured frequency. For
a uniformly conductive half space, the measured resistivities will be
the same. However, since the depth of ©penetration of the
electromagnetic waves..is proportional to the square root of the ratio of
resistivity to the frequency of the impinging wave, the measured
resistivity will differ at different frequencies in a non hmogeneous
earth. Lower frequencies will tend to sense the resistivities at
greater depths than at higher frequencies. The higher frequencies will
respond to the résist;ivit:ies at shallower depths.

A major distinction between the AMT method and the telluric methods
is that apparent resistivities can be computed and not just relative -
values. |

Results and Discussion

The averaged values of the relative resistivit;ies obtained from the

telluric J-mapping survey are shown in figure 2. The valués, normalized

to the base station at the Timber Mountain summit, varied between 1.04

to 0.16. The limited amount of data obtained over this large region

allow only for some qualitative statements to be made about the
géoelectric setting. The region towards the east side of Timber

Mountain is about 5 times more conductive than the area at, and




immediately west of, the summit or in tﬁe extreme north.side of the
caldera. As these measurements are sensitive to the rocks at depths
greater than 800 meters, the lower values on the east side may indicate
that the rocks here have a higher water-filled porosity (both'fracture
and interstitial) and shallower water tables than those in the other
areas.

Two telluric profiles were obtained in this study. One profile
consisting of 19 staﬁions, extended from the east side of Timber
Mountain, along Cat Canyon Pass, to about one kilometer west of the
western boundary of the Nevada Test Site (fig. 2). The resulting
profile (fig. 3) shows that except for the region to the east of the
summit,.the profile is fairly smooth and that the largest resistivities
are near the summit. This would imply that in the summit regions, the
rocks may be less fractured and that the local water table may be deeper
than in the eastern area; consistent with extrapolated piezometric data
obtained from some drill hole measurements (W. W. Dudley, oral
commun., 1978).

The ratio §f the relative electric fields between the summit and
the easternmost profiling station 1is 2.28. The square of this value 1is
p;pportional to the relative resistivities at these two locations and
has a value of 5.3 (fig. 3). This value correlates quite well with the
relative value obtained‘between the summit J-mapping base station (16)
and the roving station that was located near the telluric profiling
station no. 1 (0.2).

A shorter tellﬁric profile was made that crossed the lateral

projection of a near~by exposed microgranitic ring dike located about 2




km south of Cat Canyon (fig. 2). The resulting profile (fig. 4) shows
that the variations in the electric fields are not too large‘(1.5:1)‘and
would indicate that there is not a large electrical contrast between
these dikes and their host rocks. The relative lows near stations 2 and
5 appears to correlate with mapped faults that intercept the traverse at
a near-normal angle.

During January 1978, an AMT survey of the Timber Mountain area was
contracted by the U.S. Geological Survey. The purpose of the survey was
to acquire reconnaissance data to aid in determiping whether the major
faults in the area are conductive and thereby permeéble to ground water.

The results of this contracted survey were subsequently‘found to be
of poor quality due to a low-sensitivity magnetic field sensor and a
lack of an adequate circuit design to discriminate between meaningful
natural-field signals and random-noise.

The shortcomings of this survey were further substantiated when
measurements were repeated at six of the contractor’s stations in April
1978 using the U.S. Geological Survey’s AMTI system. The resurveyéd gix
stations (fig. 5) extended from just east pf the caldera (station.T-S)
to the eastern flank of Timber Mountain in Cat Canyon (T-19). Plots of
the apparent resistivities versus frequency dérived from the N-=S and E-W
oriented‘electric—field,sensors are shown in figures 6 through 11. The

general absence of useable signals between 100 Hz and a few kilochertz

during the survey period does not allow for making a quantitative.

geoelectric sounding interpretation. The general absence of useable
signals was due in part to noise associated with power transmission

lines in the area coupled with low natural signal strengths’ that
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normally occur during the winter months. It is noted, however, that
except for the two easterﬁmost stations T-5 and T-8 (fig. 5), the
apparent resistivities generally increase with lower frequencies. This
observation would "imply that the rocks are more resistive at depth,
which in turn, would suggest that the deeper rocks are more competent
(fewer open fractures).

The spread in values between the N-S and E-W AMT resistivity versus
frequency plots suggest that some large-scale electrical anisotrophy may
exist in these areas'caused by near-vertical conductive faults and, or,
lateral lithologic changes. Ideally, 1f the rocks were laterally
isotropic and horizontally layered, the derived resistivities would be
independent of azimuth. As the measuring system used in this study can
only determine scalar rather than tensor values, we can not determine
the magnitude and direction of the principal resistivities.

Tﬁé rms values of apparent resistivity ( pNS‘pEW) derived from the
N-S and E-W directions for 7.5 Hz are shown 1in figure 2. A profile of
these values at 7.5 and 27 Hz are shown pfojected along an east-west
line in figure 12. It is seen that there is a sharp transition from low
resistivities east of station 8 to larger values to the west of station
9. The tramsition occurs near Fortymile Canyon and may indicate the
presence of a thicker section of competent rock toward Timber Mountain.

The rms value of about 400 ohm-meters for the resistivity near the
east end of the previously mentioned telluric profile in Cat Canyon
would extrapolate to about 2000 ohm-meters at the summit. This is based
on the telluric measurements that indicated that the eastern flank of

Timber Mountain is about five times less resistive than the summit and




the aésumption that the 400 ohm-meter zone measured at 7.5 Hz remains
unchanged to depths on the order of a few kilometers. If the summit
region would have a resistivity of 2000 ohm—ﬁeters down to depths of at
least 1 Km, then this would imply that the ash flows and possibly the
underlying intrusive rocks are fairly tight, containing little water,
and little or no clay minerals.

Conclusions

Although the amount of data obtained in these reconnaissance
electrical studies were limited, they have provided some inferences
regarding the gross water content of the volcanic rocks in the Timber
Mountain caldera region. The telluric profiling measurements indicated
that the surficially mapped faults and fractures do not contain
appreciable amounts of water at éhallow depths as evidenced by the lack
of éharp, high amplitude gradients along the Cat Canyon traverse.
Similarly, the inferred high resistivity (2000 ohm-m) in the s@ﬂt
region would imply that the interstitial and fracture porosity of these
rocks 1s extremely low to depths of about 1 kilometer.

As part of a regional geoelectric program in support of a regiomal
hydrologic study of the Nevada Test Site and surrounding areas, some.
contracted magnetotelluric and galvanic DC resistivity soundings will be
sited on Timber Mountain in March 1979. These additional data will
provide further insights into the geoelectric setting of this area.

Should further interest in this area develop in the future,'the
data reported hereiﬁ will provide control 1in designing a more

comprehensive electric/electromagnetic study.
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Figure Captions

Figuré l.--Index map showing location of Timber Mountain (diagonal
lines) on west side of Nevada Test Site, Nevada.

Figure 2';-Locations and measurement results from reconnaissance
electromagnetic surveys 1in the Timber Mountain caldera
region. Values at J stations >(circles) are relative
resistivities compared to the base station (L) at -summit.
Values at AMT stations (X) are rms apparent resistivities at
7.5 Hz.

Figure 3.--Telluric electric field profile obtained along Cat Canyon
traverse shown in figure 2.

Figure 4.--Telluric electric field profile obtained along ring-dike
traverse shown in figure 2.

Figure 5,--Map.showiﬁg the locations of a portion of the sites occupied
for AMT_ measurements by the contractor. The six circled
sites (T-5, -8, -9, -11, -12,'and -~19) are those reoccupied
using the Survey’s AMT system.

Figure 6-l11l.--Apparent resistivity vs frequency plots obtained from
Surve§ AMT measurements at locations shown in figure 5.

Figure 12.~<Profiles of rms values of AMI-derived apparent resistivity
at 7.5 and 27 Hz projected .along an east-west liné from

stations T-5 to T-19 shown in figure 5.
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