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Introduction 

On 24-27 January, 1977, three self-potential lines (sr.owu on Plates 1 

and 2) were run in the. Animas, Ne·.:v tlexico area~ This report describes 

the surv-ey procedure and data reduction 'techniques, briefly discusses 

the survey results, and presents recommendations for possible future 

work. An equipment list and the data and field notes are included in 

an Appendix. 

Survey Procedure and Data Reduetion 

The sketch below illustrates the •total field" survey procedure 

used. 

The reference electrode is buried at a central location, and a reel 

holding 4 km of wire is used to make connection to the moving eleetrode. 

The potential of the referen3e electrode is arbitrarily called zero, 

and all readings are relative to this value. This method eliminates 

the accumulation of error possible when using a •leapfrog" procedure. 

Before beginning and after concluding the survey, the potential 

between the reference and moving electrodes is measured in the eleet-

rode carrying case (in which the electrodes sit on a sponge saturated 

with copper sulfate solution),.end these readings are used to obtain 

the electrode polarization and drift values which are later subtracted 

from the field data (this procedure is described in the Appendix). 
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A telluric voltage recorder. consisting of two electrodes, an e~plifier, 

and a battery-operated strip chart recorder, is set up along or parallel to 

the survey line to detect long-period (greater than 30 see) telluric variations 

nhich otherwise may be erroneously mapped as spatial self-potential anomalies. 

The time of each reading is recorded for reference back to the strip chart 

record so that any significant telluric pulses may be removed from the field 

data. Each reading is made for at least 30 seconds to check for telluric 

activity in the 0.05 liz band. If such activity is present, several success-

ive cycles are averaged to obtain a final value. 

The circuit resistance also is recorded at each station as a check on 

the quality and consistency of electrode contact with the ground. Soil type 

and other geographical data which may affect the readings also are recorded. 

Survey Results 

,_)Data auality 

Due to recent rainfall, the soil in the survey area was moist and allowed 

good electrode contact and low, uniform contact resistance. Under these con
o 

ditions, replducibility of any given self-potential reading should be no worse 

than about :!:3 millivolts (mV)., No magnetic storm activity was seen on j;he 

telluric monitor chart records (Figs. 14-17), and no telluric pulses oi',more 

than l mV/km or 5 minutes duration were recorded during the survey period, 

Therefore, no corrections for telluric activity were made. (For greuter 

accuracy, the amplitude of the telluric variations should be scaled by the 

ratio of the resistivity at the survey point to the resistivity at the mon-

itoring station, at a depth co~responding to the period of the variation. 
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As resistivity information for the survey area at depths cor-respondir:g to 

pericids of several minutes is not available, this was not done.) 

Electrode polarization and drift for this survey generally were in the 

usual range of 5 mV or less. The exception oecurred during the western half 

of line SP-2, where polarization was measured at about 15 mV after finishing 

the line. This was removed linearly· from the final data, although it is likely 

that most of the drift took place while the electrodes were being used in a 

cornfield with very stic~§. clayey soil, which may also have contained some 

agricultural chemicals. In general, changes in self-potential did not 

correlate with obvious changes in soil type or cultural act iYity. 

b) Interpretation 

The corrected, unsmoothed data for all three lines is shown in Fig. 1, 

with the zero of line SP-'3 shifted s.fthat all three lines are geographically 

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

of about ~5 mV, with occasional larger variations, typical of self-potential 

measurements in desert soils (see also Fig. 8). The same data smoothed by 

use of a three-point running mean is plotted directly on 1:24000 quadrangles 

in Plates 1 and 2, which also show the survey 1 ines in detail. The smoo~hed 

data plotted to 1:62500 map scale is shown in Figs. 2, 3, tlnd 4, which also 

a<·e reproduced as transp.c.r·ent overlays (Plates 2, ,3, and 4) for· convenience 

in comparing nith other data on the samo scale (Figs. 11, 12, and~13). 

Seyeral features of interest are apparent on the smoothed data. The most 

striking is the positive trend of the data to the we:::~t, beginning at about 

1 krn W oc lines S~-1 "nd SP-2 , and at about 0 km on ~P-j (equivalent to 1.6 

krn 'II on lines SP-1 and SP-2). It is dangerous to try matching anomalies 

line-to-line on such noisy data, but if the data from SP-2 is shifted about 
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500 m to the east it appears quite similar to the data from SP-1 betHaen 0 

km and 2 krn S, and Somewhat similar to SF-3 from about l km E to 1 .. 2 km 71. 

{An even more striking similarity is seen by overlaying the negative anomaly 

at 2 km E on line SP-3 on the similar negative anomalies at 1 km \V on SP-1 

and at 1.8 km Won SP-2, pointing out the difficulty of line-to-line matching 

without additional data between SP-2 and SP-J.) The zone of strong self

potential activity between 0 and 2 km W on SF-1 and between 2 km W and 1 km 

E on SP-2 is of particular interest because it encompasses the area of high 

heat flow shown on Fig. 11, and the center end western flank of the buried 

ridge implied by the gravity and res'istivity data shown in Figs. 12 <.nd lJ. 

There are four major sources of self-potential activity: conductive 

mineralization~ near-surface variations in soil temperature, chemistry, or 

moisture content; thermoelectric potentials generated by a buried mass of 

elevated temperature; anu streaming potentials generated by vubsurface fluid 

flow. As there is no evidence for the existence of steady telluric currents, 

the subsurface resistivity pattern would not be expected to directly influnce 

the self-potential field. However, the chctnneling of currents generated by 

st,eaming potentials or thermoelectric coupling by boundaries of resistivity 

contrast could create an indirect effect on the surface self-potential field, 

'There is no evidence of conductive mineralization in the area of interest • 

and there does not appear to be any consistent effect of cultural activity, 

so these two sourees will not be considered fu1·ther in this analysis. 

A brief study of the thermoelectric field generated by ,a buried sphere 

of elevated temperature done by Corwin (l97b), based on thG work of l'Jour-

behecht (l9b3 ), indicates that thermoelectric effects may generate rr:easurable 

self-potential anomalies_ (:F'igs~ 5 and 6)4 The ano~-alies may be p0sitive or 

negative. depending on the signs of the the~aelectric coupling coefficients. 
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The generally broad shape of these anomalies could be altered to the sharper 

anomalies characteristic of the Animas data by inhomogenieties in the subsur

face resistivity, such as the resistiYe buried ridge implied by the gra'lity 

and electrical resistiYity 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 sharp-sided aiwmaly enclosing an area of kno1.m high heat 

flow. The first of these, shown in ~·ig. 7, was done UJ ~body et al. (1973) 

over the thermal area of tellowstone National Park. Here, the polarity of the 

anomaly is positive, but the steep-sided nature of the anomaly is apparent. 

·l'he second is a survey done over the Leach Hot Springs area of Grass valley, 

IVevada t shown in :rigs. 8 and 9. Here, a steep-sided ?J.egative anomaly is seen 

to enclose the hot spring area, roughly coinciding with the 2 HFU contour 

Fig. 10). T~e geology of the Leach Hot Springs area shows a certain similarity 

to that of -~imas, in that the thermal area is underlain by a zone of high 

resistivity; in this case a silicified 'plug', the boundary of which roughly 

coincides with the 2 HFU contour, with an area of elevated P-wave velocity, 

and with the boundary of the self-potential anomaly. The hydrology of the 

Leach Hot Springs area has been studied in some detail by Olmsted et al. 

(1975), and it appears that vigorous water circulation takes place along a 

well-defined fault passing through the hot spring area. 

Based on the above, a working hypothesis which may apply both to the 

Animas and Leach Hot Springs areas is that thermoelectrically generated cur

rents may be responsible for the generally negative self-potential anomaly 

surrounding the thermal area, and that the high general level of shorter-· 

wavelength activity over the thermal area is caused by vigorous subsurface 

fluid circulation. The steep-sided nature of the anomaly may be caused by 
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the channeling of the thermoelectric currents and streaming potentials by 

the electrically resistive material underlying the thermal area. Thus, the 

dotted lines on Figs. la, 2a, and 3a may represent the 'thermoelectric' 

component of the ~nomaly, and the positive peaks at 0.5 km Won SP-1 and at 

where 
1.2 km '•V and l km E on SP-2 may represent areas I high heat flow and strong 

water movement interact near the, edges of the subsurface resistive area. A 

similar .effect, reduced in amplitude, may be seen on SP-3, where the positive 

climb of the data to the west corresponds to the steep western flank of the 

gravity contours; with a sharp negative anomaly towc.rd the eastern edge of 

the ridge. 

The significance of the positive areas on the eastern ends of lines SP-1 

and SP-2 is difficult to evaluate, as they seem to be separated from the anom-

alous areas to the west by.an area of more normal background, especially on 

SP-1. These eastern zones may represent an independent area of thermal or 

non-thermal water circulation in a fault zone, although there is no evidence 

for faulting at that location in the gravity or resistivity data. 

It should be strongly stressed·that the above analysi~ is hypothetical, 

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

or hydrological data. 

Conclusions and Recommendations 

There appears to be significant self-potential activity in the area of 

known thermal activity, possibly caused by the interaction of thermoelectric 

currents and streaming potentials at the edges of a subsurface ridge of high 

electrical resistivity. The activity appears·to continue, at reduced ampli-· 

tude, to the south of the presently known thermal area. 

If future self-potential work is done in the area, it would be useful 

to extend at least one line considerably to both the east and west, to ascer-

tain that the anomalous activity is unique to the thermal area. Also usaful 
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would be additional lines between SP-2 and SF-3 to better trace the anomalous 

zone; a north-south tie line; and possibly a line several km to the north of 

SP-1, where no thermal activity is thought to exist. A proposal for the dev

elopment of analytical techniques for the calculation of geochemicalt thermo

electric, and streaming potential effects has been suhmitted to the U.S.G.S., 

and these techni~ues may become available in the next year if the proposal 

is funded. 

A significant improvement in field technique could be effected by 

routinely carrying a container holding a stable reference electrode to check 

for drift of the moving electrode. This was tried ~ucces~fully on one line 

in Animas. Also useful would be a small 60Hz filter for use in areas close 

to power lines. 
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Equinment 

The equipment used for this survey is listed below. Prices are approximate. 

1) Digital vol tr!leter: Non-Linear Systems model IN-3, w/ leather case 

(lmV resolution, 10 megohms input impedance) $150 

2) Electrodes: Tinker & Rasor model 3A (copper-copper sulfate, 

plastic body, ceramic junction) 2@ $35 70 

3) Reel: Edgar Sharpe model GZ-1000 w/ one spool 100 

1;.) Shoulder straps for reel 25 

5) Wire: A:NG !f.JO, 7/38 stranded copP.er, vinyl insulated 

$7/1000 ft X 12000 ft 85 

6) Belt and leather holster to carry electrode, data book, and other 

misc. field equipt. 

7) Misc. equipt.: Electrmde cleaning brush, wire cutters, heat-

shrink tubing, data books. spade, electrode carrying case 25 

8) Spares: 

Electrodes (as above) 70 

Reel w/ 4 ~ wire 100 

Voltmeter 1 ?C: ==... 

~otal field equipment $ TrS 

9) Telluric monitor 

a) Strip chart recorder: Rustrak r!lOdel 288, 12VDG motor, lOb 

microamp full scale, 1 in/hr chart speed $180 

b) A~plifier to convert recorder to desired range and 

isolnte impedance (custom built) 200 



c) 12 V battery, 4-5 amp hour, rechargeable 

d) Conneat ing wire: 100 to 5 00 m of any appropriate 

field wire 25 

e) Electrodes (as above) 70 

f) Plastic case 

Total for telluric monitor 

Total for equipment and telluric monitor $1}00 
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