
wells (Figure 35). Th~ self-potential survey was accomplished 

using a single relercncc clcclrodc emplaced at Road Well., and 

repeatable readings were n1adc 011 three consecutive days. The 

telluric survey using ~300 m dipoles definitely shows the effect 

of the high resistivty ridge centered to the east of the hot 

wells, and there appears to be a negative SP anomaly of about 

10 mV associated witl1 the hot water zone (Figure 35). These 

results are compared in Figure 35 to the corresponding gravity 

profile and a segment of tl1e total field mapping results from 
/ 

the E-W bipole transmitter (Figure 31). 

Magnetotelluric SounJing__::. 

were 

Magnetotelluric ~oundings (Figure 28) in the Animas Valley 

made in coopcrGti!on v;rith Geonomics, Inc., Berkeley, Catif-

ornia. The University of New Mexico cryogenic magnetometer 

sensor was used with the four channel analog recording system 

operated by Geonomics in 1976. Data were recorded over a period 

range of 0.1 to 100 seconds in two bands. Processing of the 

data was carried oul ir tl1e standard fashion similar to that 

described below in the COCORP studies (p. ); hmvever, the 

vertical magnetic f~el~ was not recorded. As an example of 

the results) we have rb~sctltcd a pscttdoscction of tl1e apparent: 

resistivity versus period duta for the ~E-W 

principle direction in Figttre 36. This direction wotJld cor-

respond to the transverse mar,netic (TH) mode or the dip dir-



ection, s;i nee 
I 

Basi11 and Ra~1ge structure is predominately nortl1-! 

south. 

t ivity 

I 

The TM 
I 

across 

mode res~lts i11 greater change in apparent resis-
1 

! 
a latcJ~al disconti1~~ity such as is clearly evident 

ori the Hest side of the: traverse (Figure 36)~ This reflects 
I ' 
I ' I ' 

the sensing of the upt:h-ro\vn resistive block Of the Peloncillo 

Nountains to the \\lest;! :surprisinr;ly the Pyramid Nount.:1ins to 
• ' ! : ~ I : ' 

~ ' ! ! 

the east :have not af[c.c:Lcd the results to any noticeable degree. 
' I , 
I ! : I ' 

Th 1' h I I d . d b h '. h . . . e resu :ts to t c cast, ar:e onnnate y a 1g resLStlVJ.ty 
I , . 

closure ('\J30 ohrn-m) reflecting t:he high resistivity rhyolitic 
' I ' ; 

ridge. Perhaps from a :gccithermal standpoint, however, t:he 
' i 

' I 
most important aspect 1 of the results may be a _conductive zone 

' ' 

i " I. i , 

(o,S ohm-m) lying belod thJ ridge 
1

in the section (Figure 36). 
,. '·. ' I ! I • • • 

Preliminary onc-dimei~s;iorlal moUcling places: this conductor 

I I I I 
at a depth of about 7 Jm.' This may represent the ultimate 

. I ! I 
. I I • 

source o~ the Animas V'\ll y thcrm~l anomaly,! possibly a basalli 

magma iboJy in the .sllallloH crust. The neares~ eruption o~ 
I: • I ! 

Picistocone basalt is dnly 30 km soutlmcst of the bot ;,ells 

! 

in T. 28:S., R. 20\L, 15.200. The nor:thcast-trending 

I 
line of basaltic cunt.e~s that extend from t-he San Berr\adino 

i 
field of southeastern Ari ona into the Animas Valley, a distance 

p~~viOusly. 
I I 

of 75 
I 

km,· was noted 
I 

The I suggest ion tl)at q cortductivc body is present beneath 

' ·the resi$tive ridge under: the hot wells is based on a simple 
I 
I I 
' ' one-dimensional intcrprct.~tion. 

possibli ICY 
I 
I 

is re laL~d 
' 
I 
I 

that this 

to lateral 

I 

Onductivc 
' I 

' ' I I 

c;:onsluc t i vc 

We must als~ congidcr tl1c 

portion of t.hc pseudoscction 

I 
varie1tions !at about the same 

I 



.. 

distance (5-10 km). Very shallow conductive regions are clearly 

present at sucl1 distances as is evident by the bipole-dipole 

and dipole-dipole results (Figures 3P, 31 and 32). Therefore, 

we must reserve our final interpretation ~f the MT dnta until 

after we h<1vc completed two-din1ensional modeling .. 

Conclusions 

A conductive zone detected by magnetotelluric soundings 

may reflect a shallow crustal ma-gma hcEit source for the Animas 

Valley thermal anomaly. A more definitive conclusion must aHait 

two-dimensional modeling,, since lateral conductive zones, present 

in the valley, may explain tl1e long period magnetotelluric 

data. Quaternary basalt has erupted only 30 km to the south'dcst; 

however, Dellechaie (1977) has presented geochemical data that 

indicate th~t although the thermal waters are heated in igneous 

and carbonate rocks, there is no evidence of igneous heating. 

This evidence is based on water geothcrmometry which shoHs 

. 0 
the last equilibration temperature at about 160 C (Dellechaie, 

1977). This agre.es with the 

I 

sonal communication, 11977). 

water circulation to a depth 

this temperature, assuming a 

values meosured by Swanberg (per-

As pointed out by De 11 echa ie, 

of more than 4 km would explain 

0 
regional gradient of 35 C/km. 

A crustal magma hent sourc~ would reduce the circulation depth 

necessary to explain t_bc 'h'cll-\vater chemistry. 



I 
./ 

I 
·I 
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The occurrence of tl1c Ani.n1~S Valley thermal anomaly appears 

to be controlled by the i11lcrsectiort of visible Basin and Range 

faulting and an older, OligoceilC, cauldron ring-feature zone. 

This is substnntiatcd by t.}JC recent detailed geologic mapping 

and the combined geophysical clata. 
The observed cl~ctrical 

resistivity patterns arc consistcrtt witlt a localized l1eat flow 

anomaly exceeding 800 mHm- 2 (20 llFU) (Lange, 1977; Dellcchaic, 

1977). All results point to n conduit-like ascension of th~rmal 

waters, controlled by (aull itJtcrscctions, w11icl1 arc dispersed 

northw?stcrly by sl1allow gro~ndwater flow. 

Given the diversity of information available for the Light·-' 

ning Dock KGRA, we may estimate the heat content in the shallow 
/ 

reservoir. This proceeds as follows: 

·Volume esti~rited ~.E-W extent of 1.5 km based on\ 
. : I • . I 1 

conductive arJqmnly measured by bipolc-dipolc, dip9le--l 

1 ) 

I • . i II 

dipole, telluiic and downholc-rem6te electrical result~; 

estimate~ -v N-S cxtc·nL' of 2.5 km ~ascd primarily 'em ':II 
i . I 

the dm-mhole-rcmotc mopping; drilling results p la:cc 
• . . I 

! 

the top of the aquifer at about 25 m and we csti~ate 

the average bottom depth to be 'V200 m based on dipolel 

dipole soundings. Tl1e volume of this shallow subsurfa~e 

I 
3 

reservoir would thus equal 0.66 km • The discuss ion 

of the dipol c-dipol c n~~ulls, Fi_e;ucc ~Vf, included 

a justificnLion for modeling <1 conduit-like extension 1 

o[ tl1c ncar-surface cOilductivc zone. Estimation of 

the volume of this extension is slightly over 0.1 



' . 

/ 

'tt w • ·uc·-

knlJ . 'l'h 1' s ass'''''''· cl · t · o · _ _ rescrvotr ex ensl n 1s truncated 

at 1.5 km dept.l1, \,rl1ich is about the limit of our dipole~ 

dipole resolution (figure 34). An overall estimate 

3 
of 0.75 km for the volume of the Lightning Dock KGRA 

reservoir is c011sidcrcd conservative, since the high 

heat flow pattern is reported to extend 3 km in length 

(Dellechnie, 1977) or possibly as much as 10 km (Lange, 

1977). 

2) Volumetric specific heat ~·porosity of tl1e geothermal 

3) 

zone is estimated at 20-25 percent; this value is 

less than that estimated at Las Alturas Estates owing 

to a probable reduction in p6rosity caused by mineral 

precipitation from Lhc cooling thermal waters. The 

volumetric specific heat would thus range from 0.65 

to 0. 70 cal/cm
30c. The porosity esti_mate is not in 

agreement with a si.n1plc Archie's law calculation usiilg 

the known water resistivity of 6.3 ohrn-m; the bulk 

resistivity of the qui.fer of 4 ohm-m calculated from 

dipole-dipole modeling is assumed to reflect a high 

clay component. 
I 

Reservoir tcmJcrnturc above mcnn annunl. Our datu 
~~~~~~~~,~~~~~~~~~~~-= 

! 

on average re~crvoi.r temperature are imcomplcte. At·1AX 

Exp1.oration, Inc. has occupied at least 31 heat [low 

holes avcragins less Lhan 70 m depth. Some "very 

high gradl_t:!JJls al shallow depths" Here observed that 

became isothcnnal aL depth (Dcllcchaic, 1977). lligh 

,; 



near-surface gradients with a mnximum bcittorr~olc (25m) 
i 

o I 
temperature of 102 C have also bceTt rcptirtcd by Summers 

, I 

•ij (1976). As a l"orking number I"C bav<: simply chosen 

I l 

4) 

l00°C as representative of tl1e entire r servoir and 

mean annual temperature. 
I 

. ' 
Ap.proximate heat content calcul!}ti6n 

Heat content 
1 1 s 

~ 0.8 X 10 X 0.7 
! 

Heat content ~ 0.05 x 10
18 c~l 

in the shallmv reservoir. 

I 
(l00-17) 
I ; 

cal 
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