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Introduction 

On 11-19 March, 1977, a self-potential survey covering approximately 

120 km:t. was conducted in the Animas, New t~exico area. The locations of 

the survey lines are shown in Plates l-4. Survey and data reduction 

procedures, data for three earlier lines, and a description of the equip­

ment used are given in an earlier report (Corwin, 1977a) and will not be 

repeated here. This report includes listings (in the Appendix) and plots 

(Figs. l-9) of the raw and corrected data for lines SP-lA and SP-3A, which 

are the westward extensions of two previous lines (SP-1 and SP-3, respectively) 

and seven additional lines (SP-4 through SP-9); a summary plot of the smoothed 

data from all nine lines (Fig. 10), and a brief discussion of the signifi-

cance of the results. No significant telluric activity during the survey 

periods was seen on the telluric current monitor, and no corrections were 

made for telluric variations· (the telluric monitor read between 6450 VJ and 

6550 Won line SP-1; Plate 3). 

Survey Results 

1) Description of data 
' The corrected, unsmoothed data plotted at a horizontal scale of 

l in; 1 km for lines SP-1 through SP-9 is shown in Figs. l-9 respectively. 

The data for all nine lines, smoothed by use of a 3-point running mean, is 

plotted at 1:62500 map scale in Fig. iO, and also included as an overlay 

as Plate 5. Each of the lines will be discussed briefly below, beginning 

with line SP-1 and moving first to the north and then to the south. 



-- ~- ', ---

{'. 

t 
1.\J _, 

---·--~ 

, __ -Lu .. - -~-­,._ 
"> 

------ ;--- -

z 
-~£­

"( 

- - -- ---1 ------ -- . 

I 

I 



I 
"-
~:~ 

" {) 

' 

\\( 
d_ 
V) 

I;J 
-z: ---..! 

<t' 
1-
<' 

A 

-~ 
~ 

t-' 
~ 
\)j 
t-

Cl!'. 
~ ~ 
'-'-
._j 
\l) 

V) 

C\. 
IU 
l-
\ti 
~ 
~ 
0 

<-J 

4 

0 0 
~ 
\ 

IJ.! 
"'(.. 



' 
~ 

.:;:> 
> .... -

q: 
(Y) 

"' -~ < 
" 

f 
<;;: 

C) 

.J 

"" -,_ 
z:: 

-U> 
r--~ c:::2 ~~" -~-· 

~-- -">~ -·- . -~---.~~ .. -· 

~ 
\.) 
IU 
""­
oL 
0 

... V 

5 

~ ~'­
~ 

---~ 

----.::;;?' 3_dld <!3/llllg --

0 
~ 
\ 

·l\.i -



·"--;-- __ , 

i_ --

\ 
CL 

o' 

.::r 
c{_ 

C1. 
w 

. ~· 

"> 
--...j 

• 
~ 
f:: 
z 
tu· · -­
h ·a:: 
I 

f..l... -­
-.} 

. cF~-··-'-· --···-, 

6 

G-

... ~ 
"'-. 

- -C'Y} 

" 0; 
(h. ;->..j 

<:::!.~ 
::,. 



• .... 
·~i'------~ V) 

o' 

-· -:--

;._: 

.. --s: --z: 
' L') 

(( 

~ 

<: 
<:..~ 

" 

0. 
Ill 

-\---, 
1,): 

l.lJ 
c:. 
t:'. 
() 

Q_ 

--'--' 

r--
(-

,. 

" ;:1. 
<:; 

.<:. 

'" 

~·· 

0 
-~ 

i-

7 

0 

l-
·<_ :0 
t;,J~ 
~0 

.t 

1-g 

> ... 
.. £ 

~ 

ll: 

"' "-
" ?:: 
"" 

i,U.. 
''l 

iJ.i 
(';! 

\-
< 

L 
,, .. 
"-
~ . 

':::£. . , 
\J -l&l " \;j ...._ 
Q:. 

- - --r-

•--r---



I 

--E----~-~t--~ 

o' 

c 
u 

8 

0 

- IJ..J.·­

" 



I 
"-
~-·-----·""'-.. -- o"' 

' ' .. ..._ c·, 
~ -. 

~ 

. I 
lL 
.J 
Jl> 

v'l 

9 

I 

() 

> 
..f 

1 
{ 

-----0 

0 

C1 
I 

.. 



' "-
V) 

d 

-____ t ____ _ 
' ' --; - -

--,---' 

10 

·-

v.', 
<t 
~ 

~ 

0 

/ 
( 
1-.----·o 

l--
( 

~ 
~:; 

10.) c. 
~- lsi-
0 Q 

-l-v 
;3 
'" "' ·,;; ,, 
\) 

;:: ..__ 

0 

·"X 
t 

,_ 
:). ,, 
<. 
"'-
D 

4.;. ,. 
~ 

"' 

,, 
" ' v> 

tl\ 
c::!_:t-



11 

r-

lli 

~ 

-----~~:·~------~----------­~~ 
o' 

-c 

;:· 
1D 
l-

et:. 
tL 
..J 
(u 

(/) 

- ~:--·-

~ . . .... ·0- . 

0 
.. ··.·;;:, 

1 

>-I' 0
1· I l>" 

() --

E 
~ y 

....•.. ] 
r,J 

' I '..:' ::r~ 
lL -
~~ 

..,_ 
~ 



SP-5 
12 

(PL.'ITE 5) 

~ - '---' r11 ao --.- J--1-- ' ' ><coJl 

, ________ f}jy/l'f?J}. S ,r, r 5 , -r- ,-v_"'·,~ ,,_ 
--.-_<;fiLE_ l•(,~ _._,. fiC:'i-IC.O 

- ; _.__ c;_ 59_:0 

Sf-s 

__/\ 
\ 

Sf'-3 



l3 

Line SP-1 

The westward extension of line SP-1 revealed that the steep westward 

positive climb of the data to the west of the thermal area reverses at 

about 2.5 km W, forming a large, broad positive anomaly. Other features 

of this line are discussed in the previous report. 

Line SP-2 

Features of this line are discussed in the previous report. The 

levee separating the more developed area to the west from more open desert 

to the east (described below) is at 0.85 km vi. 

Line SP-4 

This line is generally similar in character to line SP-1, showing 

the positive anomaly to the west, a "quiet zone" between about 2 H and 

1.5 E, and a negative anomaly centered at about 2.2 E, similar in location 

but of opposite polarity to anomalies at roughly the same location on lines 

SP-1 and SP-2. A levee at 2.5 \~ marks a topographic break and a transition 

from generally open desert to the east to more built-up and heavily grazed 

(and possibly irrigated) conditions to the west. t1any readings west of the 

levee were taken in soil which obviously had been distrubed by plowing, 

road shoulders, and heavy grazing. (These conditions apply to all lines to 

the west of the levee, or to the west of the onset of increased cultural 

development). The increased self-potential activity on line SP-4 appears 

to begin a few hundred m to the east of the levee. 
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Line SP-6 

This line appears similar to line SP-4. The positive anomaly at 

2.6 E is similar to but somewhat smaller than the similarly located 

anomalies on lines SP-1, SP-2, and SP-4, and the increased activity 

to the west again begins near the levee, which bears to the southwest 

between lines SP-4 and SP-6. 

Line SP-3 

The ~Jestward extension of line SP-3 showed a much smaller positive 

rise to the west than for the lines to the north, with no real indication 

of the positive anomaly seen to the west on lines SP-1 and SP-4. The 

levee is located atO km on SP-3 but there is no apparent change in the 

character of the data at the levee on this line. 

Line SP-9 

The positive westward rise of the data is still seen on line SP-9, 

although smaller in magnitude than on the lines to the north. The 

transition from open desert to the east to an area of large, actively 

pumping irrigation wells to the west takes place at2.8 \L While there is 

an increase in self-potential activity at this point, it is not as large 

as that seen on the lines to the north, where the irrigation and pumping 

activity was much less. The small westward positive rise of the data 

from 0. 3 km E to about 1 km W takes p 1 ace in open desert, unlike the 

northern lines (SP-1 through SP-3) in which this trend is seen in a more 

developed area. An eastward extension of line SP-9 to see if a negative 

anomaly developed atO km would have been useful, but was precluded by lack 

of time and access. 
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Line SP-7 

This line shows a strong similarity to line SP-2, with a well-developed 

negative anomaly centered at about 0.5 km vi, most of which 1vas mapped in 

open desert. Little effect was seen from a h·ighly disturbed area running 

through a gravel pit from about 3.6 to 4.1 km H. 

Line SP-8 

Aside from a gentle westward rise, little activity is seen on this 

line. Unless it has moved considerably to the east, the negative anomaly 

of SP-7 is absent from SP-8. Open desert to the west begins at 1.6 \'i, 

and a definite increase in self-potential activity to the west correlates 

with increased development. The increased activity, however, is much 

smaller than .that seen on the equally developed lines to the south of SP-7. 

Line SP-5 

Self-potential activity on SP-5 is considerably greater than on SP-8, 

with a suggestion of the steep rise and positive anomaly to the west 

characteristic of lines SP-7 through SP-6. Increased development to the 

west begins at 1.8 Eon SP-5, but is not reflected in the data. In 

retrospect, it would have been worthwhile to extend this line to the east 

(access in this case is not difficult). 

2) Importance of cultural activity 

The most important question regarding this survey is whether the 

steep positive rise to the west and the negative area enclosing the known 

thermal activity (best seen on 1 ines SP-7 and SP-2, but possibly present 
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on all the lines to the south of SP-7) are related to the thermal activity 

or are artifacts of cultural development. Arguing for a cultural origin 

for these features are the facts that moist and/or plowed ground have been 

known to produce positive self-potential readings, and that the onset of 

increased self-potential activity and a positive westward trend to the 

data are very closely coincident with such conditions on lines SP-8, 

SP-1, SP-6, and SP-9, although the effect is smallest on SP-9, where 

pumping and irrigation are greatest. However, the same type of conditions 

did not seem to affect the data on lines SP-5, SP-7 (where the single 

plowed area was 50 m to the south of the 1 ine), SP-2 (~1here a high level 

of self-potential activity persisted throughout the entire line), SP-4 

(where the increased activity began several hundred m to the east of the 

levee), or SP-3. Also arguing against a cultural origin for the westward 

positive trend (and to some extent the increased noise level) in developed 

areas is the fact that there ~1as no consistent correlation between soil 

type or degree of disturbance in these areas and the point-to-point variations 

or general trend of the data; e.g., moist, plowed areas did not always 

produce more positive readings, and obvious cultural disturbances such as 

the gravel pit on SP-7 and the heavy pumping and irrigation on SP-9 did not 

lead to variations as large as those seen in the known thermal area. 

Obviously, it is impossible to decide definitely from the discussion 

above whether the observed self-potential variations are caused by thermal 

activity, cultural noise, or some combination of the two. As with any other 

geophysical data, the self-potential data must be considered along with 

all other available information about the area. From the material above, 

and in light of the discussion to follow, it seems that there is at least 

a good possibility that the negative anomaly enclosing the thermal area 



... 

17 

and,to a lesser extent.the westward rise of the data are related to the 

therma 1 acti vi t_y. 

Re ).!!_!_ i o n __ o f s el_f.:-Jl.O.! en t i aJ.. da_!_a __ to t h ~_!ll_a_l_a c t i vi iY_ 

The relation of self-potential and geothermal activity in general was 

discussed in an earlier report ( Corwin, 1977 a ) and will not be repeated 

here. Some fec·tures of this expanded survey do, however, merit addition a 1 

comment. 

First, there is a definite l'esemblance between this data and that 

obtained at Roosevelt Hot Springs KGRA, Utah (Corwin, 1977 b), although 

the activity is at a smaller scale at Animas. In both cases a negative 

area seems to enclose the area of known thermal activity, roughly centered 

on a fault thought to act as a conduit for the thermal fluids (the Dome 

fault at Roosevelt, and a north-south trending fault which closely 

follows the section line passing through the zero of line SP-1 and extends 

from north of SP-5 to the hot wells on SP-2 ( Reeder, 1957)). Also in 

both cases a positive anomaly seems to flank one side of the negative, 

although at Animas the pos"itive roughly coincides with a low resistivity 

zone possibly related to a thermal water sink (Jiracek and Smith, 1976; 

Mazzella, 1976), while at Roosevelt the positive is on the opposite side 

of the fault from a similar low-resistivity zone (Ward and Sill, 1976 a 

and 1976 b). The negative anomaly on lines SP-7 and south, 

then, would appear to be the most significant feature of the data. 

Second, the anomaly appearing at the eastern end of 1 ines SP -1 , SP-2, 

SP-4, and SP-6 is significant, as it occurs in an area of open, undeveloped 

desert. Quite possibly it is caused by a fau"lt (or fault zone, based on 

its significant v;idth). Although it is not known whether thermal activity 

occurs along the fault, an area of interest certainly is indicated. 
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Third, a striking similarity is seen between the self-potential pattern 

on the central lines (SP-7 through SP-4) and the map of temperature at 1 m 

depth given by Kintzinger (1956), shown in Fig. 11 (the 1:62500 plot may 

be overlaid on Fig. 11, as they are almost the same scale). The edge of the 

westward rise of the data on these lines corresponds to the western boundary 

of the thermal anomaly, with a similar,but smaller, rise at the eastern 

boundary. It is interesting that the same self-potential pattern appears 

to continue to the south of the observed shallow thermal anomaly. 

Conclusions 

Assuming that the features of the self-potential data are not significantly 

influenced by cultural development, and that the broad central negative 

anomaly and the steep westward rise are related to thermal activity, the 

northern boundary of the zone of maximum interest lies between lines SP-7 

and SP-8 (although there is a hint of increasing activity on line SP-5). 

The zone appears to extend at least to line SP-6 on the south, and may extend, 

with diminishing amplitude (possibly indicative of increasing depth to the 

source) to line SP-9. The mechanism by which the anomalies are generated 

pr-obably is a combination of thermoelectric coupling and streaming potentials 

(discussed in Corwin, 1977 a), but analytical techniques for relating the 

observed anomalies to source parameters are not yet developed. 
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1111'11! ~-

Bt't":\11)(; nf tlw high thrrm:d gwrli1'llf, 
nn atkmpt W<l~ made to d1'II'C( pos.~iiJ\,, 

pnt1'11tial d!!Tcn:nn·~ generated by th,, 
difl',·n~ntial n1un·m1'11t of ion<; in an ciPc· 
trolyte· .~ubj1•ct to a tcmpf'rattn·c _gT<tdicnt 
( SM<·1 df1'1"! \. Grntmd potr-ntials owing 

T. 24 S 

T. 25 S 

2000 fEE7 

k"" '" ,;4 l ( "· -~ 

Fi~.l. Geoth~~rnml map. Temperature 1m 
hdow surL1rc; contour interval 2°C. 
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