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Introduction

On 24-27 January, 197?,7three self-potentisl lines (stown on Plateas
cand 2) were run in the. Animas, New Mexico area. This report describes
the.survey procedurs and data redﬁction ﬁecﬁniques, briefly discusaes
the survey results. and presents recommendations for possible future
work. An equipment list and the data and field nbtes are insluded in

an Appendix,

Burvay Procedurs and Data Beduetion
The sketch below illustrateé the "total field" survey procedure

used.
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The reference eleetrode.is buried at & eentral loeation, and & reel

holding 4 km of wire is used to make eonneeticn to the moving eleszirode.

The potential of the referense electrode is arbit;arily called zero,

and all readings are relative to this value, This methed sliminates

the accumulation of error possiﬂle when using a “leapfrog“‘proéedure.
Before beginning and after concluding the sﬁrvey. the potential

between the reference and moving eleetrodes is measured in the elest-

rode carrying ease {in which the electrodes sit on a sponge‘saturated

. with copper sulfate solution),.e2nd these readings are used %c obtain

the elestrode polarization and drift values which are later subtraéted

Prom the field data (this procedure is describted in the Appendix).
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4 telluric voltage recorder, consisting of two elecirodes, an smplifier,
and a battery-operated sirip chart recorder, is set ﬁp along or parallel to
the survey line to detect 10ng—pefﬁod‘(greater than 30 see) tellurie variaticns
~hieh otherwise may‘be erroneously mapped ag spatial self.potential anomalies.
The time of each rsading is reeorded for refersnsze back to the strip chart
record so that any signifiéant télluric pulses may.be removed from the field
data, Fach reading is made for at least 30 seconds to check for teiluric
setivity in the 0,05 Hz band. If such activity is present, several success~
ive cycles are averaged to obtain 2 final value.

The cireult resistance also is recorded at each station as a checkron

th

[t

quality and'éonsistency ofrelectrode‘contact with the ground. Scil type

and other geographical data whieh may affect the readings also ars regordesd.

Survey Results

=) Data quality

Due to recent-rainfall, the soil in the survey area was moist and allowed
good elecirode contact and low, uniform contact resistance. Under these cone
ditions, reprghcibility_of any given self-potgntial reading should ve no worse
7 than about +3 millivolts (mV). No magnetiec storm activity was seen on the
tellurie monitor chart records {Figs. 1h-17), and ﬁo tellurie pulses of .mora
than l-mv/km or 5 minutes duration were recorded during the survey period,

- Therefors, no correctioﬁs for telluric activity were made.. (For grecter
aceuracy, the ampiitude of the tellurie variaticns‘shcﬁld be scaled by the
ratio of the resistiviiy at the.survey point to the resiétivity at ihe mon-

itoring station, at a depth corresponding to the period of the variation,



As resistivity information for the survey areg»at depths corresponding to
periocds of several minutes is not available, this was not done.)

Electreocdse poiariz&tion and drift fof this survey gensrally were ip the
usual range of 5 oV or less. The exception oceurred during the western half
of lins 3P-2, where polarization was measured at about 15 mV after finishing
the line. This was removed linea£1y'from the final data, although it is likely .
that most of tﬁe‘drift took place while the elesctrodes wsere being ﬁsed in a
gornfield with very sticky,rclayey soil,.which may also have containedlscme
agricultural chemicals. In generalf changss in self.potential did ndt

correlate with obvious changes in s0il type or cultural activity.

b) Interpretation

The corrected, unsmoothed data for all three lines is shown in Fig. 1,
with the zero of line SP«3 shifted sé%hat all three lines are geogra?hically

~aligned. The unsmoothed data exhibits a short-wavelength geologic noise level

of7§§?gt_:5'mvf with occasional larger variations, typical of self.potential
measurements in desert soils {sse also Fig. 8). Ths same data smoothed‘by
use of & thres-point running mean is pldtted directly on 1:2&000 quadrangles
in Piates 1 and 2, which also show the survej iines in detail. The smoocched
data plottsd to 1:42500 map scale is shown in Figs. 2, 3..uﬁd L, which alsoc
.are reproduced és transparent overlays (Plates 2,.3, and i) for convenience
in comparing with other data on the sams scale {(Figs. 11, 12, and 13).
éeveral features of interest are apparent en the smoothed dats, The most
striking 1s the positive trend of the data 1o the‘west, beginning at about
1 ¥m ¥ oo lines Sp-1 snd SP-2 , and at about O km on 5P-3 {equivalent to 1.6
ki %W on lines SP-1 and SP--.2)a It is dangerous to try matching anomalies

line-to-line or. such noisy data, but if the data from SP-2 is shiftad about
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500 m to the east it appears quite similar to the data from SP-1 bet%een a
km and £ km ¥, and éomewhat similar toISE—B from avout 1 km E to 1.2 km 4.

- {An sven more striking similarity is seen by overlaying the negative ancmaly
at 2 km E on line SP-3 on the similar negative anomalies &t 1 km W on SB-1
and at 1.8 km W on SP-2, pointing out the difficulty of line-to-line matching |
wi%hout additionzl data between SP-2 and SpP-%, ) Thé zone of strong self-
poﬁential activiiy between 0 and 2 kgn ¥ on 37-1 and between 2 lon ¥ zand 1 km
E op Sp-2 is of particdular interest beeause it encompasses the area of ﬁigh

rheat floﬁ shown on Fig. 11, and the center and westefn flanﬁ éf the buried
ridge implied by the gravity and resistivity data shéwn in Figa, 12 snd 13.

_There are four major sources of self-potential activit}: conductive
mineralizationj near-surface variations in soil temperature, chemistry, or
moisture content; thermoeleétric potentials gzenerated ﬁy a buried masé of
elevated temperature{ anua streaming potentials gsnerated by subsurface fiuid
flow, As there is no evidénce for the existence of steady telliuric éurrents,
the subsurface resistivity pattern would not be expested to directly influnce
-thé self-poiential field. However, the chunnaliﬁg of eurrents generated by
streaming pétentials or thermoelectric coupling by boundaries of resistiviiy
contrast could create an indirect effect on the surface self-potential field.
There is no evidence of conductive mineraiizatidn in the area of inﬁerest.
and thers does not #ppear to be any consistenﬁ_effect of cultural aativity,
sb these two sourees will not be considered further in this analysis,

A brief étudy of the thermoelectric field generated by-ka buried sﬁhera
of elevated temperéture done by Corwin (19?6}, hassd.on the worklpf Nour-
behecht-(1963);iuﬂicates that thermoslectric effects may generate measurable
sglf-potential anomalies,(Figs. 5 and 6). The anomalies may be positive or

negative, depending on the signs of the thermoeslectric coupling ccefficients.
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The generally broad shape of these anomalies could be altered to the sharper
anomalies characteristic of the Animas data Dy inhomogenisties in the subsur-
face resistivity, such as the resistive buried ridge implied by the gravity.

" and electrical_resistivity data - {Figs. 12 and 13 ). Two other previous geo-
 thermal self-potential surveys appear to give results similar to those at
Animas; that is, a sﬁarp-sided anomaly enclosing an area of known high heat
flow. The first of these, shown in Fig. 7, ﬁasldoﬂe by shody et él. (19?3}.
over‘the thermal area of Yellowstone ﬁational Park. Here, the pola?ity af the
anomaly is positive, but the Steep-sided nature of the énomaly ia apparent.:
The second is g survey done over the leach ot Springs area of Grass valley,
" mevada, shown 1ln pigs. 8 and 9. Here, a stesp-sided nagativg anomaly is seeu
to enclose the hot spring area, roughly colnciding with the 2 IFU contour
Fig. 1C). Ta=z geology of the Leach Hot Springs area shows a certain similarity-
to that of Animas, in that the thermal area is underlain by a zone of high
resistivity; in this case é siliegified "plug®*, the boundary of which roughlﬁ
coincides with the 2 HFU contour, with an area of =slevated P-wave veloﬁity.
and with the boundary of the self-potential anomaly..The bydrology of the
Ieach Hot Springs area has been studied in some detail by Olmsted et al,
(19?5); and it appears that vigorcus water circulation takes place along a
well-defined fault paésing through the hot spring area,

- Based on the above, a working hypothesis which may apply both to the
Animas and leach Hot Springs éreas is that thermoelectrically genefateé cur-
rents may be responsible for the generally negative.self-potential ancmaiy
surrounding the thermal srea, gnd that fhe-high general level of shorter~
wavelength activity.over the tﬂermal area is caused by vigorous subsurfacge

luid eirculation. The stesp-sided pature of the anomaly mey be causad by
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FLGURE &5
+30 - Self-Potential, Line A-A', Grass Vailey, Nevada Sentember, 1975

Note negative anomaly around thermal area, and hzgh
geologic noise level
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the shanneling of the thermoeleciric currents and streaming potentials by
the electribally resistive material underlying the thermal area, Thus, the
dotted lines on Figs. lé. 2a, and 3Ja may represent the "thermoslectrice?
component of the‘anomaiy, and the positive peaks at 0.5 km W on 5P-1 and at
1.2 k;,w and 1 km K on 3F-2 may represeﬁt areas.  / g?;ieheat flow and strong
water movement interact‘near the'edges of the subsurfaes resistive area. A
similar effect, reducsd in smplitude, may ﬁe geen on S5P-3, where the positive
¢limb of the data to_thg west corrssponds to the stéep western flank of the
gravity contours; with a sharé negative anomaly towurd the eastern edge of
the ridge. i

The significance of the poéitive areas on the eaétern ends of lipes 3P-1
and SP-2 is diffieult to ev&lﬁ&te, as they seem to be ssparated from the anocm-
alous areas to the west by.aﬁ area of more narmal background, especially on
SP-1. These eastern zones may repressnt ah independent area of thermal or
non-thermal weter circulation in a faglt zone, zlthough there is npo eviéenca
for faulting at that location in-the‘gravity or resistivity data,

It should bpe Strongly stressed that the above analysis is hypothetical,

and could be considerably modified by sdditional self-potential, heat flow,

or hydrological data.

Conclusions and RBecommendations

There appears to be significant self-potential activity in the area of
known thermal activity, possibly caused by the interaction of thermosiectriec
currents and sireaming potentials at the edges of a subsurface ridgelof high
electrieal resistivity. The activity appéarslto continue; at reduced ampli--
tude, to the south of ihe preseptly-knowﬂ fhermallarea. |

If future salfmpﬁtential work 1s done.in the area, it would be uséful
to extend at least cné line considerably to both thereast and west, to ascer-

tain that the anomalous activity is unique to the thermal area, Alsoc useful



would be additional lines between 3P-2 and 3P« to befter trace the anomalous
zone; a north-south tie line; and possibly a line ssveral km to the north of
5P-1, where no thermal activity.is thought to exist. A proposal for ths aev-
elopment of anaiytical techniques for the célculation of geochemieal, thermo-
electric, and streaming potential effects has been submitted to the U.5.G.3.,
and these techniqués may become évailable in the next year if the‘pfaposéi

is funded.

A significant improvement in field technique could be effected by

routinely carrying a container holding a stable reference elecirode tc check
for drift of the moving.electrode. éhis was tried successfully on oﬁe line

in Animas. Alsco useful would be a small 60 Hz filtser for use in areas elose

to power lines.
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Fquipment

The ecuipment used for this survey 1s listed below, Prices are approximate,

1) Digital voltmater:rNgn-Linear Systems model IM-T, ﬁ/ leather case
(imv resolutiqn, 10 megohms input impedance)

2) Electrodes: Tinksr & Rasor mo@el 3A (copper-copper sulfate,
plastic body, ceramie junction) 2@ 335

'3) Reel: Edgar Sharpe modei G7-100C w/ one spool

£) Shoulder straps for reel

5) Wire: A%W: 430, 7/38 stranded copper, vinyl insulated
$7/1000 £t x 12000 T% |

6) Belt and leatharrholster to carry eleztrode, data bovk, and other
misc; field equipt.

7) Mise, equipt.: Electrade cleaning brush, wire cuttera, heat-
skrink tubing, data books, spads, électrode carrying cass

8) Spares:
Electrodes {as zbove)
Reel w/ & ¥m wire
Voltmeter

Total field equipmsnt ‘ 3

-9} Telluric manitor
a) Strip chart recorder; Rustrak médal 288, 12VIC motor, 100
microamp full scale, 1 in/hr chart speed |
B Ampiifier io convert recordsr to desired range and

isolate impedance (custom built)

$1

un
[

70

ico

25

200



¢) 12 V vattery, 4.5 amp hour, rechargeable

d) Connesting wire: 100 to 500 m of any appropriate
field wire

e) Electrodes (as above)

f) Plastic casg

Total for telluric monitor

Total for equipment and-telluric monitor $1300

-1 3
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