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recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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II\."I‘RODUCI‘ION

| The sncty known thermal anomalles of New Mexico are concentrated

: in the R.m Gra.nde nft and :m the southwestern part of the State (Flg .

Of; these sites, twenty-qneivthemal anomalies, not in the Rio Grande rift,
are located in the fdllox«'rlngm 'ai'eas; 1) Animas Valley (Lightning Cock
KGRA), 2) Gila Hot Springs, and 3) Mangas Trench. Of these, the Animas

Valley lies in the Basin Range Province and the others in the

; nlid-TertierY‘ Mogollon-llart»il ,volcanic field, a transition zone between

Lo

the Basin and Range province and the Colorado Plateau. All these areas

- have the general characteristics of regions of geothermal energy

potential, "including active extensional tectonics, recently-active
voleanism, active,seismicity',r hi'gh heatflbw, Wung hydfothemal mineral
deposits, and numerous hot spﬁngS and wells. Partially-molten rock may
occur at depth beneath the Socorro segment of the Rio Grande rift, (Oliver,
Kaufman, 1976; Sanford, and others, 1973). |

ThlS contmulngr resea_rch is designed to provide an integrated

geelogical geophysic’:al and rgeochemical Study» of the oeothermal energy

: potentlal of prom:.smg themal anomalles in the Rio Grande r:.ft. Basin

and Range provmce, and the Mogollon-Datll volcamc f1e1d of \Iew \Iemco

| 'Spec1f1c obJectlves undertaken J.n this study :anlude the followlng

a) reconnalssance and detalled geologlc mapping (Animas Valley, Radium

'Spnngs Alum Mountam, Truth or Consequences Ojo Cahente, Albuquerque- '
Belen basm, and- San Y51dro) b) geochemlcal studles mcludmg ‘reconnaissance

‘ :'water sampllno (An:.mas Valley, Radlum Springs and Alum x\Iountaln) ; and

c) geophysu:al surveys usmg deep electric-resistivity, grav1ty, and

"~ magnetic technlques '(Radlum_rsrprlngs, Animas Valley and Truth or Consequences).
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ThlS report Ccovers the reéults of one and one-half summer fleld

-;{s\{sﬁ '73 S w‘?(y 9

b .':seasons and approxmately two years of analytlcal work laboratory
"tresearch and development of research equ:meent and fac111t1es. ‘About
‘one-third of the fundlng was prov1ded by ‘the U. S. Geological Survey
'dm'lng the reporting penod June 27 1975 to June. 27, 1976 -on grant

mumber 14-08-0001-G- 255 the rest by the State of New Mexico through
grants adnu_mstered by the New Mexico Energy Research and Development
Program (NMERDP). The second year of U.S.G.S. funds wiil be dispersed

- through grant number 14-08-0001-G-348. A proposal for continued State of
- New Mexico matching funds was submitted October 14, 1976 for dispersment

in January, 1977. Publications, communications, and public service
resulting fram this first year of U.S.G.S. and State funding are listed
in Appendix A. | |

* REGIONAL STUDIES

~ GEOLOGY |

A tectonic map of the Rio Grande rift has been compiled at a scale of

1:500,000, under the’ N M Energy R & D Program Publlshed ‘unpublished
~ and original works ‘were com:plled for this map and assoc1ated text _
'_Moo&ward Callender and lemskl 1975) A copy of this map‘lsvlnciuded
- in. Appendlx B. Reglonal overlays of selsm:u:, grav1ty, aero -magnetic,
heatflow, and themal-sprmg (mcludlno measured and chemcal temperatures)
" were also prepared (506 ,USGS - funded) and are open -file with the New Mexico
Bureau of Mines and Mineral Resources.~ These-data delineé.te regions in the

nft Wthh exhibit the charactenstlcs of geothemal systens e. g., high heat

flow extensmnal tectonics, musual deoree of seismic activity, geologically

. young hydrothermal mineral depos:.ts, recently-active volcanism, and high

(92|



e 'Ealthlé'téa:‘c;héniical resérvoir fenperafmes of" thermal springs. Tectonic
| | data a.{'é élsbi shown onthe r'ecently‘ pﬁbiiéhed '"Tectonic map of the Rio
Gr;mde; régicn, Colorado-New Mexico bé_rder to Presidio, Texas,;' (Woodwa'rd'

| and'dﬂxer”s,“197s - NMERDP-funded). The U.s.é.s.plans to compile similar
data fof‘ southwestern New Mexico wi‘thv cohtributioﬁé by Elston (U.S.G.S.-
finded). | |
GECCHEMISTRY

A reconnai ssance sampling of more than 200 thermal and non-thermal
waters were collected south of Socorro and anélyzed (Swanbérg s 19752).

Analysis of additional samples collected north of Socorro are in-progress.
The sampling procedure has been to collect several non-thermal waters
from each hot spring area in order to establish background chemistry
against which to compare the chemistry of the thermal waters. All si.iples
were analyzed for T (°C), TDS, pH, Na, K, Ca, Mg, COz, HQOg, C1, SO,, POy,
B, F, Fe, and Si0,. In addition, thermal waters have been analyzed for
the following aqueous.species: Mo, Co, An, Mn, Sr, Cd, Ba, Ni, Cu, Ag,
Pb, Li, As, Se, Sb, Hg, Cr, Br, NOs, HZS’ NH4, and Al. A partial list of
these data are given in Appendix C. This list includes all elements which
may involve adverse .enviromnental or engineering effects of geothermal
development in addition to those that are of use in asessing the enei'gy
poi:ential of geothermmal areas.

The hottest springs in southern New Mexico are located in the Gila

National Forest in the southwest part of the state. Many of these springs, .

including Faywood, Gila, Mimbres, and the hot springs on Turkey Creek have
temperatures in excess of 50°C. Despite the high surface temperature of

- these springs, their chemistry does not suggest the existance of a suitably
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L h1gh reservon' base temperature for economlc development of geothermal

}*a.b,-ﬂ B

electrmlty By applymg standard geothennometers to chemistry data of

- these springs, possible reservoir base temperatures below 125°C are generally

obtalned. Such values fall‘far short of the 150—180°C minimum values

o gerxerally quoted for COrmnercial development of geothermal €lectricity.

These springs are also low in such elements as boron, arsenic, and mercury,
all of which are frequently found in promising geothermal fields. However,

the high quality (low total salts) of the hot springs in the Gila National

- Forest make these waters ideal for non-electric uses of geothermal energy

such as space heating, indlistrial processes, and agricultural uses.
One area in western New Mexico that does show good geothermal poten-
tial is the Lightning Dock KGRA, located in the Animas Valley. Both the

silica and Na-K-Ca geothermometers suggest a reservoir base temperature

~ near 170°C for this geothemmal area.

The geothermal prospects in soﬁthem New Mexico which show the
greatest geothermal potential are generally located within the Rio Grande
rift, a tectonic province als'o associated with high recional heat flow.
At least seven thermal areas. w:Lthm the rift are likely to be assoc1ated

‘with reservoir base temperatures in excess of 200°C. These mclude the

- "KGRA's at RadJ.um Springs and Kllbourne Hole in addition to the hot snrmgs '

at Truth or Consequences and Derry Spnngs and near San Diego Mountaln.

Two- other very promising areas are the Las Alturas area near Las Cruces,

 New Mex:Lco , and ‘che Portrlllo Maar area on the ‘\flexn.can border.

A compllatlon of water chemlstry data for thermal and related non--
thermal waters has been made from ex1$1:1ng publlshed and unpubllshed data
coverlng ‘Arlzona and southwestern New Mexico. Calculation of chemlcal

""reservoir" temperatures were performed, ranked, and plotted as overlays
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‘using computer ltec}miqu:es_ to provide: invaluable regional background infomation on extent =
-and intensitf of geothermal activity‘ These data, mans, and overlays are available on \
open f11e through C A. Swanberg, New Mex1co State Um.ver51ty at Las Cruces. Detailed
_‘ water chemlstry and calculated chemical temperatures were determined from well and thermal L
waters in the Animas Valley. Calculated silica and alkall temperatures clearly define
the extent ’of the lightning Dock KGRA as shown in Figures 2 and 3. Chemical analyses of L
these vwaters are‘reperted in Appendix C. v L
| / Rubidimn-strontiun and Sr/ Sr sy‘stematic's of young basaltic and related rock

| types were mvestlgated in order to establish background values ‘or volcanic rocks

r——

, conmon in. the Rio Grande rift and related geothermal areas of New Mexico. Selected
samples from the followmg three areas were studied before attemptmg an- m-depth
investigation of vrocks which may have been hydrothermally altered in areas of potential ‘
geothermal resources: 1) Mount Taylor volcanic field, 2) San Antonio Mountain volcanic
field, and 3) Albuquerque-Belen volcanics. Results of these analyses are given in

Table 1.

All of the samples are very young such that an age correction need not be applied

87

to the normalized °'Sr/ 6Sr ratios. Whole rock chemistry for the samples have been

completed using combined gravimetric, fluorimetric, and atomic absorption techniques

(M.S. thesis studies of L. Crumpler, D. Eppler, and J. Kasten). Sr isotope analyses

are precise to 0.1 percent (one sigma); twelve runs of Eimer and Amend ‘standard

r.m, .

SrCOS yielded 0.7080 % 0.0002 during the course of this work.

Data are too few from the San Antonio Moumtain volcanic area to state other than !

.

considerable spread in 87Sr/86Sr, beyond analytical uncertainty, is noted.. The ‘

: i

results of leaching experiments performed on two samples from the Albuquerque-Belen L
basin clearly show that Sr with a high 87/86 ratio, probably due to calcite, is 0
. -

-

leached from the samples. Sample heterogeneity is suspected as the reason for one sample

(TS-7B) not exhibiting a value intermediate between the leachate and insoluble residue \'
-~

¥
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data. Results or these experments clearly demonstrate the necessity of

B conductlng similar studles on samples from geothermal areas in order to.

assess" possible contamination'.r The samples from the Mount Taylor volcanic -
field, with the exception of No. 75- 1 yield an .average 8:"Sr/ Sr ratio of
0.7050 + 0. 001'0 (one sigma). ~Strontium 87/86 ratio data show no correlation :
between the 87/ 86 ratio data and 8102/1( | ‘

* Work in progress mcludes the. collection and preparatlon of flve whole
rock samples from the Truth .orf Consequences area and from tne Albuquerque-
Belen area for K-Ar age deteiminations. In addition, whole rock-leachate- -
insoluble residue Sr/ Sr .experiments are in progress for elghteen

samples. Eight-calcites possibly related to hydrothermal aetlvlty from

" the Alum Mowntain area have,lr;'een dissolved as well.

Proposed stable isvotope ;stud‘ies have been delayed by equipment
difficulties and the development of necessairytanalsrtical ‘vfec.‘ilities. g
Carbon, oxygen, and sulfur isotopes are to be analyzed on a U.S:.G.S. surplus
instrument (1360'R1\-IS) that ‘had not previously'p'erfonne'dto modern instrumen-
tation" standart]s ’. ' Ail electronics _were obtained}, through govemment surplus,
purchased (not U.S.G.S. funds), orLWererfabricated. The extent of necessary

electromc and mass spectrometer repalrs and modlflcatlons had not been

R accurately ant1c1pated Consuier.:ble time, money, ‘and effort has been
V.mvested in bringing the UNM mass spectrometer up to acceptable spec1f1cat10ns.

: ,'ThlS mstrument is now in operatlon -and capable of produc:.nv top quallty data.
An outline of 1nstnmentatlon development and of fac111t1es constructed

' v'are glven in Appendlx D. Perfonnance sneaflcatlons for the 1360 RMS mass

5pectrometer are g:n.ven in Table 2. Hydrogen isotope analy51s will be E

performed on a second mass spectrometer (360 RMS) which is operatlonal.



.~ STRONTIUM ISOTOPE DATA -~ T
o Sﬂp leNo. = 875:/%0sr  Rock Description S :
‘ I. Moum Taylor Volcanic Field ; .
78-1 0.7056 alkali basalt
109-1 0.7039 trachyte
B23B 0.7053 - alkali basalt
66-1 0.7049 . trachyte
4la-1 - 0.7061 hawaiite .
FLJ-01" 0.7047 trachyte
75-1 - 0.7142 mugearite- -
. D-11 - 0.7047 ‘benmorite
134 0.7051 basanite "

II. San Antonio Mountain Volcanic Field

DE-5

DE-19
DE-80-R
DE-327
DE-440

II1. Albuquerque-Belen Volcanics

TS-7A

TS-7B

(whole rock)
(leachate)
(insol. res.)
(whole rock)
(leachate)
(insol. res.)

0.7070
0.7075
0.7036
0.7032
0.7048

' 0.7080

0.7093

0.7069 .

0.7057
0.7093
0.7070

basaltic andesite

basaltic andes ite

Construction of the U.S.G.S. funded bramine pentafluoride extraction

line is completed. Extensive modifications and added safety features were

required when it was determined that BrF; was either not avaiiable (most

standard suppliers) or could be obtained at an extremely high cost and long

delivery period. Fluworine gas was obtained as an alternate fluorinating

agent, with the provision for using BrF5 retained. Fzrwill have 5éveral

decided advantages. The fluorination line in its present configuration

- (see Appendix D) will enable the use of either BrF

~of oxygen from oxides and silicates, and conversion to 002 gas by :

g OT FZ for extraction
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“ " TABLE 2

' SPECIFICATIONS FCR 1360 RS

© MASS SPECTROMETER co, (s*%- sL30y

Radius - Sector Angle -
Total Emmission
T, . 0/a@...) o

trap case
Filament (1% thoriated tungsten)
Flight Tube Pressure (during analysis)
© Peak Teil Correction m/e = 45
= 46
Other Instrumental Corrections:
‘Decade A-B:
Background: Capillary leak

Abundance Sensitivity (Iup/ (Im . l)

tio of Peak Widths (Wgo%)/ W00)
Effective Collector S1it Width: Wé.

Actual S1lit Width

Effective Icn Beam Width-at Collector

Valve cross-mixing:.

Actual Ion Beam Width at Source Exit Slit

,Tdtél Beam Focus Aberations
PResolution R/(W + W, )‘ e
. . Theoretical Resolutlcn 2T
~ Mass- 44 + 45 ion current. (EA)
‘Mass 46 ion current (VRE) |
‘ Inpu* Resistor (Ratio Mode)
: S°ns:.t1m.ty (pemul/ﬁ;— inch- chart d.w:smn)
(30 = in ratio mode)
N01se Band (30 mv ratio mode)
- Hi Voltage Stability :
Magnetic Field Regulation - = -
- (Coil.Q factor matched)

11

13cm - 60° sector

1 milliemp

1.5

4.3 amps
1x 107/
1.00158

1.00069

1.00000
3.8 x 10
0.429
0.024"
0.025"
0.012"
0.010"
+0.001"

144.35 (97%)

148.57

2.5 x 10 anps (25 volts)

15x10

-11

amps (2 91 volts)

2x 10 ohms ._"
0.097vvpernu.l

‘ 0'.3&permil

<0.3 ppm

>1:80,000




plat:umm-graphlte heatlng 1n three mterchangeable methods resistance,;
“RF mductlon, and photo pro;ectlon lamps.- In adchtlon, SF6 from sulfides

and SlF4 fram silicates can be collected for sulfur and sﬂ:.con isotope
analys:.s. o

—

' Immechate pla.ns are for 6180 and <SD anal}'515 of <e1ected recomalssance

water samples and of water samples collected from nghtmng Dock, Radlwn
Spnngs, Tmth or Consequences, and San Y51dro areas.r A detalled 1soto,:1c
~study of the Alum Nbuntaln "f05511" geothexmal system is in’ proc'ress.

The Alum Mountain study should pronde ‘valuable lnSlght into the nature-

of geothemal plumbing systems, particularly with regards to vapor-deminated

systems.
GEOPHYSICS

Resistivity recornaissance and detailed soundings were in’ltiated at
Los Alturas Estates, 2 km southeast of New Mexico State University, Las
Cruces. Bipole-dipole mapping from two 2-km long current sources was
completed over an area of approximately 25 sq. mi. (64 sq. km.). Two
deep Schlumberger soundings were made across the hot, domestic water wells
and shallow soundings were completed near the bipole sources. The prelixxii-
nary interpretation of the data suggests that three intrarifﬁ horsté

ciramscribe a potentially valuable shallow geothermal reservoir. -

* TARGET AREAS

LIGHINING DOCK

Geologic and Geohvdrologic Setting - In 1948 attention wasifl"yrs't' drawn to |

the geothermal anomaly in the Animas Valley now known as nghm_ng Dock

KGRA. Several shallow wells drilled in -the area hit steam and boiling

12



"~ than the Valles caldera,

water (101 5°C) at the top of a rhyolltlc roc:k at a depth of 27 m. Other

:nghtrung Dock’ ar av‘“\ls the only identified

- hot-water convection system:in New Mexico with indicated subsurface tempera-

-tures in excess of -150°C (Renner and others,, 1975)." The area of this anomaly

is dearly't outlined in winter when the snow melts immediately upon falling

within a radius of roughly 0.4 km from the hot wells. 'There is abundant

evidence for mumerous extinct hot springs on béthsides’ of the Animas -
‘Valley, with'a north-south distance of more than 100 km. "Het-spring

- .deposits grade into rldw-te'mperature*veins of fluorite, psilomelane, calcite

(including travertine), and opaline silica..

~The Animas Valley with Lightning Dock KGRA is in the Basin and Range

- province of New Mexico . Field mapping of the Pyramid Mountains, the range

on the east.side of Animas Velley (four 7-1/2' quadrangles: Pyramid Peak,

~Swallow fork Peak, Tabletop Mountam, and South Pyramid Peak), suggests
that the Pyramid Mountains r‘arere,'conplex of mid-Tei‘tiafy volcai*.icé upon
{ f’which‘ ‘Basin and Range tectonism "has;been.sﬁ;erimpesed.' At least one and
,perheps two rhyolitic calderas, their associated resurgent'domes and
L nng-fracture extrusives, have been mapped. These caldera.é are only
- i_;partlally preserved in the Py'ramld Mountains because the Basin and Range
'»faults transect them, domdropplng their western half below the sedmentary
,cover in the Animas Valley. Thus ‘this new oeologlc evidence suggests
- that the nghtnlng Dock thermal anomaly may be structurally controlled by
7',the,1ntersect10n of the margin of a mid-Tertiary caldera :Wl'th a north-
trepding Basinv and Range Afault zone which has been active in Holoeene
: t:’une.~ A fault noted by Reeder (1957) parallels the mo.:ntam front for
several km in the valley. It probably represents only the most recent

. episode of continued Basin and Range faulting.

13



- Several years after thé ‘hot wellé were drilléd, a shallow (l-‘to-'z-m)

| 41:,emperat}urre -and tenp‘erar.turgrgxadient “survey was conducted in the surrounding
,ax)‘e'a:.r ,(Kint?ingef, 1956) .. The;overall result of Kiﬁtzinger's ground tempera-
ture mapping was a fanfSEaped1 ano;naiy over the hot wells, spreadingftd the
'north., This shape is by not means surprising given the hydrologic |

| mfomatit;n lé;ter published by Reeder (1957). The flow of ground water in
ﬁhe' Animas Valley‘ is from south to north, with some local contribution from

- the flanking momtains. Given a northerly shailow flow of low- temperature

gfoundyater, fhe,memal waters rising at the locatioh of'the:ﬁot wells
“would be spread in thé pattern that Kinfzinger réports. Reeder also
published chemical analyses and speculated about the proximity of the
Tecent fault to the hot wells as evidence for structural control for the
oﬁcurrence of the high-temperature waters. Geochemical temperatures (this
"study) throughout the Animas Valley are generally low; a base temperature
near 170°C is indicated for the hot wells (Swanberg, 1975b).

. Evidence suggests that the modern geothermal anomaly (Lightning Dock
KGRZ) mé.y be a relic of a much larger hydrothemal system that is now

extinct. Widespread fumarolic hydrothermal alteration in the Pyramid Moum-

tains is related to a pre-34 m.y. caldera and not to the modern géothermal
-anomaly. Rhyolite domes interpreted as younger than Basin and Range
faulting by Flege (1959) are Oligocene or older (pre-34 m.y.) and also
unrelated to the modern geothermal anomaly. ‘No post-Oligocene felsic
volcanism is now known from this part of New Mexico. The time of massive :
geothermal activity, exhibited by the extensive hot-spring deposits, 1s

now known but is younger than an early Miocene (20.6 + 1.5 m.y.) basalt
flow in the footwall éf one of the manganese oxide veins (Elston and others,

1973). Fluid inclusion and stable isotope studies are in progress in hopes

14
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of- clarlfymg the p0551b1e relation between the ancient and modern

geothemal systems g

i e
& EGE

“Resistivity mves‘tigations -__‘Re_comaiSsance roving dipole resistivity
. measurements were ccmpleted durii*g '19'75"using' more than 200 receiver

: locatlons covering an area of more than 125 sq. km  Figure 4 is a total-

field apparent. re51st1v1ty map of the area surrounding the hot wells,
1nd.1cated in the rlght center of the flgure. The 2- km 1ong , approximately

norﬂmest-orlented blpole transmitter located in the valley to the west

~ of the hot wells was used to generate,the map. “There are several inter-

- esting features on this map'

~1. Resistivity generally 1ncreases toward the boundarles of the
~ valley to the east a.nd west.
2. Res:Lstlv:Lty generally decreases toward the center of the valley,
in the vicinity of Valley View Church, and to the north.
3. There is a tight,T cleeed, 1ow-resietiﬁty area associated with
the themall" _anomalyi at the hot wells. |
4. There is :;‘ high-reeietivit)f ridge tr'end’ing £rom about Cotton
City northeast throubh the valley. | |
Figure S is another blpole-dlpole ‘total- fleld apparent re51st1v1ty
map of the same area., Thls map was generated usmg the 2- km-long,

essentlally E-W blpole transmtter, and shows essentlally the same

_features as Figure 4, -

The reglons of hlghest apparent re51st1v1ty (60 o}m-m) at the eastern

' a.nd western marglns of the flgures are due to the proxmlty of more resistive

basement Tock. On the western edge, the Pelonc1llo Mountains are ccamposed

of a thick sequence of Paleozoic marine sediments and granite stocks.
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To the east the Pyramid \buntams contam a monzonite stock poss 1b1y

related to resurgent dommg of the older of the two calderas. Stepllke - \

-

~Basin and Range faults are probably respon51ble for these re51st1v1ty highs. =

The decrease ln,‘resn.stlvlty toward the center of the valley,, in the

r—

~ vicinity of "Valley View Church and to the north is prohably' due to
increasing thickness of water- saturated sed:mentary strata and mcrea.lng
salinity of the waters, These conclusions are sunported by crav1ty data
and by the nortnerly £low of ground water. o ,

. An 1solated closed ].OW-I‘eSl t1v1ty contour is assoc:.ated w1th the
hot wells in both Flgures 4 and 5, Such a pattern is expected where there
1s a near- sur"ace conductive anonalv llke the 1*01lz.ng, sllghtly salme
waters encomtered by the- wells. The geometry and location of these
closures relate to the bipole source orientations and in either case
indicate that the themrmal waters are rising within a constricted zone or

conduit at depth. This conduit could possibly be a flexure in Basin and

Range faults caused by deflection at the caldera margin.
The pronounced, high-resistivity ridge extending through the hot

wells region to the northeast presents further evidence for such deflection

r

in faulting. A high-resistivity ridge, present in both figures, independent

of transmitter orientation, reflects structural variation in the near -

r

subsurface. This ridge may indicate a simple but abrupt change in the depth

to basement produced by a fault. It may, however, reflect the presence |
of the proposed caldera margin. The nort}mrest ridge on the resistivity -
maps is directly on trend with the projection of the caldera margins mapped EL
on the surface in the Pyramid Mountains. \ o
Southeast of the hot wells, in both figures, is another low-resistivity -
reglon separated from the lows in the center of the valley bv the high- - - \_ _

18
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resistivity ridge. ThlS region could be prdﬁh’&ed by a slight increase

to basement in that. dlrectlon. ; Such an mcrease cou.ld be acccmpam.ed

by thlckem_ng of fill w1th1n the mid- Tertlary caldera
Figure 6 is a deep dipole-dipole pseudo-section sounding made with

500-m dipoles extending along the line of the E-W bipcle transmitter from

| Valley View Church on the west to.Road Well on the east (Figs. 4, 5).

The lowest values (<4 olm-m) are found at:the deepest sounding; the
hlghest (>24 ohm-m) are in the center below "he hot wells.

The low~re51st1v1ty reglons near the surface at either end of the
soundi’ng are t_he low-resistivity.areas in the valley and to the east,
detected by the bipole-dip'ole surveys. . The eonduCtiVe region intersecting
the surface near stations 8, 9 9, and the hot wells might indicate the
conduit for the ascendma thexmal waters. The hlgh-reSJ.sa.vn.ty regions
might be due tq the res:.stlve volcanlcs of ‘the caldera boundary. |

This interpretation 'is cei'tainly' not unique; e.g., a' Similar pattem
of highs and lows as in F:Lgure 6 could be generated by a restrlcted
three-dlmen'smnal conductlve body' (themal ‘waters around the hot wells)

in a homogeneous half-space. Numerical mecdeling of a number of plausible

‘ ,models is in progress.

'I'he 1ow-res:|.st1v1ty reglon at the bottcm of the sectlon ‘is less than
4—ohm-m. It 15 probably due - at least in part - to the fact that both

“the transmltter ‘and receiver were located 1n low—re51st1v1tv sedlments

' ﬁ:r that portlon of the soundlng chever, it could also be due to a

relatlvely Iow resistivity reglon at depths on the order of a few km.

A combined asymmetric Schlumberger and bipole-dipole equatorial -
soimding was conducted on the E-W bipole transmitter, and to the north

perpendicular to it, through the thickest section of valley £ill (Fig. 7). '
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Figure 7. Combined asymmetric Schlumberger and equatorial bipole-dipole sounding at’
Lightning bock and five-layer model interpreted by generalized inversions.




' The triangles are pointé calculated 'byfthé ‘linear inverse ‘computer routine
| which ‘generated the model indicated. Thésé resulbtsf indicate a low-
resistivity layer (410 olm-m) between 65 and 466 m in depth. This is
_probably avl 1ayér of decreased water quality m the saturated zone, with
less .salif;e watér above and decreased pemeability below.
‘Limited sélf-poi:ential results from the past field season indicate

a negative anamaly over the hot wells. ‘In 1976, adc.liytionz;.l dipole-dipole

soundings were continued west of the line from the previous year. Telluric

‘and Zself,-potentiall profiling was continuously measured from the hot wells
" to 8 km east along the previous dipole-dipolé line. Shallow Schlumberger
soundings were completed across the hot wells. Interpretation of these
déta are in progress.
The newly acquired cryogenic magnetcmeter.was used to make five ,
magnetotelluric soundings across the Animas Valley and to record frequency

domain electromagnetic soundings at the hot wells in the range of 1 to 100

sec periods.

Gravity and Magnetic Studies - Regional gravity and selected detailed

gravity and magnetic profiling were conducted in the lower Animas Valley
near Lordsburg, New Mexico. The regional gravity survey covered 600 sq.
km. located at longitude 109°00' - 108°45' and latitude 32°00' - 32°15',

excluding the Peloncillo Mountains and the Pyramid Mountains on the western

and eastern boundary of the area. Gravity measurements were made at over

five hundréd locations in the above area using a Lacoste-Romberg tempefamre
stable gravimeter with an accuracy of 0.01 milligals. In ad&iiion to all

~ points of known elevation approximately two hindred new points were added
'using differential vléveling techniques to provide adequate gravity statibn

spacing. A computer pvrogra;nr (Prof. Shawn Biehler, UCR) was used to reduce

' gravity data to complete Zouguer anomalies, point plots of field

22
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o obcervatlons, dlgltahy comoured grav1ty maps of the free air, Bououer, _

-regional or residual anomalles a.nd ‘a series of tables of the relatlon-
' ~sh1ps between average - g.ra\rlty anomalies. and average surface elevations

- for a given unit area.:.} Data are on filer with ‘€.A. Swanberg (New Mexico

State University, Las Cruces).
- - Several interesting' features of the complete Bouguer gravity map
include the following:
1. Gravity ,geﬁerally increases toward the boundaries of the
valley to the east and west.
2. Gravity generally‘ decreases toward the center of the valley
and to the north and south. ; |
3. Gravity generally increases twoard the southeastern boundary.
4. There is an elongated gravity high ridge located just east
of the hot wells. .- _
The increasing gré.vity. trends toward the boundaries of the valley to
the east and west are expected results and are due to. the ‘prolximity of

higher density basement rock. On the eastern margin of the valley the

N 'Pyramid Mountains are composed'of andesite and a monzonite stock and on
_the western margin of the valley the Pelonallo Mountams are composed of

s -a thick sequence of Paleozc>1c margln sediments and gramte stocks The

decrease in gravity towards —,'t‘he center of the,valley and - to the north and
south is due to an increasing-thickness of detrital sedimentary £ill.
The increase in gravity tawarde the southeast is due to decreasing depth

to hlgher denslty basement rock Several small rhyolitic and pyroclastlc:

7outcrops occur in- this. area of the lower Anlmas Valley.

The elongated gravity high ridge is an interesting feature because

of lack of surface expression and close proximity to the hot wells and

23




fnorth trending fault. This gravity high ridge feature was resolved in ki
e

. ‘mo’r'e' detail by selective detailed gravity" and magnetic pmfiling. Five 5

| , ea;éf;&est v'gr'avity and magnetic profiles were run across the “ridge feature -

- with a station spacing of seven stations per kilometer.: East-west profiles ) i—
were séparaﬁed in a north-south direction by a ’distanvce of .73 kilameters. : L
Elevation at these station locations accurate to + .1 meter was obté:ined, :

| by using differentiél leveling techniques. The residual gravity and ' L

magnetic profile results are shown in Appendix E. There are several

—

—_—

interesting features shown on these graphs:

1. The maximm residual gravity value is + 5 milligals.

1

i

2. The maximun residual magnetic value is + 500 gammas. '( -

3. | The general shape of the residual magnetic profile curves L
suggest that this gravity and magnetic high ridge is 2 -

slightly inclined dike dipping to the west. ['

4. Variations in the general shape and magnitude of the [
gravity and mégnetic profiles suggest variable shape, )

size, and composition of this dike. L
Magnetic profile curves aré quite useful in interpreting subsurface -
geological structures. Diagnostic features of magnetic profile curves L
over theoretical geologic structures and well documented and aid interpre- L

tation of magnetic field data. The residual magnetic profile curves’ 7
obtained over the gravity and magnetic :high ridge in the lower Animas EL
Valley generally show theoretical diagnostic features associated with an |
inclined dike. However, this interpretation is certainly‘ not unique. The .
| diagnostic features shown by the residual magnetic profile curves are:
- 1. A slight decrease in magnetic intensity at the eastern

edge of the magnetic anomaly. - o &
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2. A high magnetlc graalent JUSt after’ the sllght decrease
| in maonetlc 1nten51ty before the maximm magnetic 1nten51ty '
'is encountered.
3. A low magnetic gradient ‘just after the maximm magnetic
intensity all magnetic pi'efile ‘curves fgenereliyf show
these features. ; V

" All magnetic and gravity profile curves show variations in general

" shape and magnitude of gravity and magnetic inteﬁsity. These variations

suggest possible variations in shape, size, composition, and or distortions

caused by other structural features in this area. ‘In profile number 4,

‘(Appendix E) the minimum gravity value is associated with the maximum

" magnetic intensity whereas in profiles mumbers 2 and 3, the maximum gravity

value is associated with the minimum magnetic intensityt These variations
indicate possible variatiors in composition as might beexpected in a
composite dike. One other 'hom structural feature in this area that
could cause possible distortions of the profile curves is the north
trending lower Ar'l:imasvvalley’fault. The eastern edge of the gravity and

magnetic profiles do cross th.ls fault zone. ~The steep gravity gradients

on the western edge: of ‘the grav1ty proflles could be caused by this fault
5 _zet;e._ However, the magnetic prgfi_le curves do not appear to be affected

by this fault zone.

ALl geophy51cal and geologlc mformatlon mdlcate that thls ridge is

»4not a.SbOClated with the 'currem. geothermal ac 1V1ty except. for possible

g subsurface control of the flow of geothermal fluids. This dike was

dellneated by the resist 1Vlty eurvey as a res:.stlnty ,hlgh. Most- geothemal
ect1v1ty is assoc1ated with resistivity lows. Kintzinger's shallow (1-2

meter)/ temperature and temperature gradient Survey did not show this dike

25



feature N _as mlght be expected if thls dlke was hot enough to produce the
current geothermal act1v1ty Hcswever, this effect could possibly be marked
by near surface fast flqwmg cool waters directly above this dike feature.
In the_e;ea directly above this dike no. distorticn of ,‘,the,near surface
temperature -contov.# lines was observed. -Geologic information indicates

- that thisv intrusion may rbe related to other lmomfint'rusions in the Animas
Valley which date from mid to late Tertiary. A small shalld\s' dike -'of mid
‘to late ’I‘eftiary age could not retain its original heatrrtorrth,e present
',davte and therefore could ;no_t'be associated with any 'pi'esent day gebthermal

activity. However, close proximity of the dike to the hot wells and fault

zone indicates possible subsurface control of the flow of geothennal, fluids.

Furthermore, close association and parallel alignment of the long axis

of the dike with the north trending fault suggest that this dike forcefully
intruded into the structurally weakened fault zone. It is alsc possible
that this dike is related to the calderas proposed by Elsion. The gravity
survey delineated no other gravity ancmalies that could be associated with
cap rocks, silicification, or buried maéma chambers, camion features

associated with geothermal reservoirs.

RADIUM SPRINGS

Geologic and Geohydrologic Setting - There is little available’ literature

to guide the initial investigation of Radium Springs; the only references

were contained in two hydrologic reports, listings of hot springs, and one

‘revealing study of its geothermometry. During the fall of 1975, a geologic
| mar of the area and several pertinent articles were published by Seager
(1975a, b).- Geologic detail'reported by W. R. Seager (and R. E. Clencns)

has been field checked and re-examined in the context of this study.k
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Rad:um Sprmgs is located at the ncnthern end of the Mesilla ba.sm, .

‘one of the southermnost- 'grabens that compnse the Rio Grande rift. The

. springs emerge at the intersection of .features-produced by three major .

stages of tectonism: 1)Lé.fa;nide uplift, 2) Oligocene rhyolitic volcanism,

~and 3) late Tertiary block faulting in the Rio Grande rift. The axis of

- .a north-trending laramide antlclme passes approximately 3 km west of

Radium Springs and, in the subsurface, it 'could prbvide a 1arge; as yet

- unsuspected, reservoir for the waters that emerge 'at Radium Springs.

This postulated reservoir for :'geothemal fluids could be governed by many

of the confimmed relations found in anticlinal oil ‘and gas traps. These

~-relations have becn explored by Smith (I.S. thesis in progress, University

of New Mexico).

‘Two Oligocene voltanic centers have been mapped in the vicinity of

‘Radium Springs. .The silicic volcanism of these events gave way about

26 m.y. ago.to basaltic-andesitic flows (Seager and others, 1975). The

~inference from this shift is that this age marks the begimning of active

: ,eic‘;gnsional tectonics in the Rid Grande rift. "

_Evidence for active rifting from early Miocene to Pleistocene time

- ncan be found in the area. mmedlately surroundmg Radium Spr.mgs The

- Pliocene appeas to reﬂresent the culmination of nftlng ‘and basaltic

v 'act1v1ty Broad 1m.rar1ft ba.lns were segmented mto promlnent intrabasic

- lvlhorsts and grabens N and basalt dated at 9 m.y. was erupted (Seager, 1975b).
' A narrow 1ntrar1ft horst separatmg the upper Mesilla Valley :Ercm the

- Jornada del Musrto: ba~1n to the nor theast Fomad during this most recent

stage of,upllft_. -1t is not lﬂ:ely» that' the fault wh:.ch»bmmds the horst
is the same fault along which Radium Springs emerge (Séager; personal
conmmication, 1976). The presence of this horst may be inferred from
our resistivity studies.
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Radium Springs lies on the centact of the intrabasin'}iors't' and the

-

flank of a Laramide anticline and emerges along a fault or system of | L

g faults whlch have been active for much of the Cenozo1c They are mdoubtedly .

L controlled by these complex structural elements. E..
| Twe major ground-water studies have concerned the Radum Sprlngs area = |
- in the upper Mesilla Valley, those of C_onover (1954) andrKlng and'ochers -
(1971). 'The limited thickness of the aquifer in me‘velleylnear Raéimn _
Sprinds is governed by the pinching out of. the Mesilla"Valley .where' it
abuts the upllft to the north. The aqu:.fer thickness and w1dth can be -

, expected to increase southeastward down the valley.

The recorded surface temperature of Radium Springs is 85°C as reported
by Summers ‘(1965), who also published a chemical analysis of the waters. -
A thorough study of the geochem:_lcal indicators of subsurface ‘equilibrium
‘ce:nperatures in the region was recently completed by Swanberg (1975a).

His data for the Na-K-Ca geothermcmeter show temperatures in excess of 200°C
both at Radium Springs and at a nearby well. Swanberg's werk also postu-
‘lated an intersection with a northern extension of the Valley fault which

passes through Las Cruces to the south. Swanberg (1975a) reports no high

geothermanetry temperatures in the Jornada del Muerto, substantiating an
earlier conclusion (King and others, 1971) of a ground-water barrier between
it and the Mesilla Valley. |

~ The search for a heat source for the Radium Springs area must consider
the high heat flow (>2 HFU) and a gravity high interpreted by Decker and
others (1975) in the Las Cruces area. Their explanation is for either

. shallow basaltic crustal intrusions or local upwarping of the mantle.
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Resistivity Investigations -'Several questions”t8 be answered concerrning -

~the orig‘in,vmigration, and accumulation of the thermal fluids include:

1) Is Radium Sp‘rings' an jisolated phenomenon'or do sﬁmilar _waters rise all
~along nearby faults? 2)-Is there a structural barrier between the Jornada
: del Muerto basin, potentially a vast reservoir, vand the upper Mesilla
;Valley? F'S) Can- amy other. potential reservoir for the themmal fluids be
:found'? 4) VWhat 1s the source of heat'? To approach these questions, we

have thus far conducted a two—phase electrlcal resxstwlty exploration

program. Two reglonal surveys demonstrated that the Jornada cel Muerto

is structurally separated from the upx:er Mesnla Valley Secondly, a series
rrjof shallow soundlnos near Radlum Cpr:mgs located the depth to the saline-

‘water horl,.on, a deeper marine sequence anu the st111 deeper Precambrian

basement. The twomost fundamental ques 1ons - the location of a large

reserv01r of the thermal flulds and the source of tnelr heat - were not

.‘,answered Both mvolve deeper problng, perhaps to several km.

We flrst co.lducted a blpole dlpole ro“.rg reco:r.nalssa:ace survey from

~-a pair of 2- km blpole transxnltters cover:mg an area of anprox1mate1y €5
) . sq km, :A water well served as a common electrode for the bipoles.
LPlgures 8 and 9 are the two b1pole sources.: The upper two~th1rds of the
‘i{‘flgures cover the Jornada del Muerto, rhe upper Me51lla Valley beg:Lns at
% :'Radlum Springs and extends to. the southeast ~along the Rlo Grande. .
o Flgure 8 shows the total fleld pattern geaerated u51ng the east-west
: /:%;,hipole transmi tter. The. broad low to the north is undoubtedly due to the’
;;gecxr';etry and ,Water\-saturated;strata coupled with the decreasmg water

~quality also -:wou'ld produce the low-resistivity pattermn. The lowest

resisti\)’ity contour (10 olm-m) coincides, on either end of the bipole,

with Seager's (1975a) postulated Jornada fault.
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© _ resistivity pattern forms a saddle separatlng the low- re51st1v1t) reglons

o In the southeast corner of F1gure 8 the steep contour g'radlent and
~ the hlgh re51st1v1ty values (v 40 ohm-m) are associated with the Dona Ana \;
I\btmtams Wthh ‘are remnants of an 011gocene v-volcamc center. These rocks
may extend as far north in the subsurface as our h1gh-res:.st1v1ty pattem
suggests. The steepest gradlents, east of the transmltter, correspond
to the region where the mtrustves wquldvbe down-dropped to the north by
the Jornada fault. B | |

There is evidence"to'the .bseuthweet of the'traxismitter: euggeétihg-the
presence of a2 structural barrler tc any hydraullc: connec:tmn betneen the
Jornada and Radlum Spr:.ngs. This evidence is the geometry of the 15 ohm-m

and 20 ohm-m reo'lons in secs. 35 and 36, T. 20 S “R. 1 W, where the

associated with the Jornada basin to the north from the low-resistivity
area near Radium Springs to the south; This V‘saddle extends to the east
where it 1inks with the higher (> 20 ohni-m) resistivity Tegion associated
with the Dona Ana L’bmtaine . Were there a 'connec:tion between Radium
Springs and a reservoir of thermal fluide in the Jornada, a low-resistivity
trend cennecting the two would have appeared.

Resistivities lower than 5 ohm-m were recorded near Radium Springs.
Tightly nested contours near the springs delineate the areal extent of
saturation by the thermal waters as sensed by current from the E-W source.
The fact that the lowest resistivity values were not recorded precisely
at the springs may mdlcate a sens:Ltn:Lty to an acmm:latlon or source
of waters down the Mesilla Valley from the sprmgs. The pattern of dle |
contours could indicate the region of greatest storage of thermal and/or
saline waters in the valley fill. o 7

This speculation seems to be substantiated by the closed' resistivity_ &'

 lows surrounding Radium Springs generated by data from the other (NW)
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| : bipoie source (Fig. 9') «The dens:.ty of dataspo.nts is greatest in the.

area ;umnedlately surromdmg the springs, resultmg in the position of

the low-re51st1v1ty contours in the Mesilla Valley bemg as accurate as
any from e1ther b1pole source, . , | )

Comparlson of Figure. 8 w1th Flgure 9 reveals which of the contours
of each figure are products merely of bipole orientation effects and which
are governed by subsurface changes in earth resistivity. Figure' 9»’

preserves the essential :features noted in Fi'gyure;B: 1) the low-resistivity

_zone cente.redf'about ‘the hot springs as 'discussed above; 2) the saddle between
the het sprJA'.ng“ 1ow¥_resisjtivity zone fand‘ 3) much more extensive low-resistivity
: marking the Jornada 'del‘ Muerto to the north; and 4) the region of highest
resistivity aSsoeiated with the Dona Ana Mountains. An ‘interesting

difference between the figtn‘es is found in the extreme north-east cornmer.

Over 5.5 km along the: perpendlcular blsector to the N. 26° W. transmitter,

the most distant data po:.nts represent the deepest soundings made in the

Jorrada. Thus, the higher resistivity values reccrded here in Figure 8

* may reflect the resistive basement rock of the Jornada basin.

The second phase of our exploration program concentrated on the

1ew-resistivity anomaly 'sufromding the hot springs and fe*itending south
o 'down t.he Meslela Valley., Usmg the 400-m bipole sources: located about 1. 5’

km due east of the hot’ spr:mgs as mdlcated in the. lower ‘portion of

Pz.gures 8 and 9, three blpole dlpole equatonal sounchngs were made.

'Flgure 10 is a plot of one of these soundings, showing the results of data
. taken along a line perpendlcular to the E-W blpole Wthh traverses due ;

south

’Ihe survey line ruming due west of the N- S blpole source passed

over an outcrop of volcanic tuff and directly through Radium Springs.
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St unsmtable for layered :mterpretatlon. HoWever, if. the local effect

of_ the resistive dike were smoothed out of .the curve’;' there would be a

" virtual point-fdr-point ‘correspondence between the data from the lines

passing through Radium Springs and southern traverse: The third sounding -

 ran southWest,»-vbisecting the ‘other two. It produced a very similar

resistivity curve with 'rsli‘ghtly”lowervalues than the other two soundings.

. The close agreement among all three sounding curves reveals a pro-

_ nounced lateral electrical homogeneity in the upper Mesilla Valley. This

indicates that there is no ‘hidden shallow structural 1nhomogene1ty within

- the valley near the hot spr:mgs. " The cbvious exception to this observation

is the presence of the highly resistive rhyolitic dike at Radium Springs.

A computer-generated model for the true resistivities of the sediments

~that nearly- duplicated the -observed ‘apparent resistivities is S’hbim-by the

line graph on Figure 10. The upper two layers, with resistivities of 280

and 35 ohm-m, extend to a tOtal depth of 107 m. 0"' the -two, the upper can

be expected to reflect the su:rflc1a1 unsaturcted pledmono-slope sediments

. ﬂa.nkmg the valley, the 1oner represents vater-saturated sed:unents within
| the valley.- Thls mterpretatlon does not reﬂect known condltmns within
A the valley where the SOll is saturated Wlthln a few meters of the surface.
It must be remembered that thls ~survey is an equatorl_al ‘_sounqmg from ‘a

7 source more than 1 1<m away from the valley center. . At shallow depths,

: therefore, t.hlS cm've will. reflect the more re51st1ve allunal ‘deposits
"_Vof the uplands and not the near- surface aqulfer and/or water quality

e :varlatlons w:Lth.m the valley flll.

The second set of layers oenerated by the con'puter displays remarkably

B low re51st1v1ty values (4, l 6 6 ohm-m) extendma to a depth of 289 m, .

W wlt.h a total thlckness of 182 m. ‘The 1mvest value is sandwiched by a
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: péir that comonly reflects extensive clay zones. It is, however, SO -

7 c:onductlve that add1t10na1 factors must be con51dered As these soundings -

were conducted near Radium Springs it is reasonable to postulate that the
- ’1.6 ohm-m, 48-m-thick layer is the product of admixture of the -saline

‘ /'_fluids that appear at the hot springs and the clays suggestéd by the
other low valués.r Whether the 101~f¥resistixrity velue indicates the presence
of hot saline waters ?:almot bé determined from our data. The fi_nél ™WO
layersA of progressively greater resistivities in Figure 10 may i‘épresent
: ﬂue Paleozoic sequénce and the electrical basement, presumably Precambrian
- rock. I

- Continued resistivity studies of the Radium Springs KGRA are planmed

to define the geothermal control imposed by the Valley Fault. Additional |

bipole-dipole reconnaissance is contemplated to the south, as well as a =~

combined electrical, electromagnetic and self-potential profile perpendicular

to the fault trace.

Geochemical Investigations - Nearly 200 NMERDP financed chemical analyses

have been completed on waters collected from Dona Ana County, which
includes Radium Springs. The majority of samples were collected from
non-thermal groundwater wells, although a few thermal wells, and thermal
and non-thermal springs, are also represented. The results have been

- published by Swanberg (1975a).

The water samples collected from Donzi Ana County yield a‘wid‘e range
of Na-K-Ca estimated temperatures (Fig. 11). The majority of srmnples give
temperatures of less than 50°C, whereas a few samples give tempefatures |
in excess of 200°C. There is a striking Cori'elation betwéen high Na-K-Ca
éstimated temperakturesrand ma;pped and postulated faults V(Fig.. 11). Five
~of the seven samples giving estimated ftemperatures in excess of 200°C
are located on a north-northwest geochemical trend which extends for over
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80 km from just west of the Fra.nklm Mountains to San DleO'O Mountain. -
This geodlemcal trend is- congruent with ‘the Valley fault inferred for the

,,,,,, ;v‘,f_a,;

southern two- thlrds of the total dlstance on the basis. of gravity. - This

geochemical trend also mtersects nearly all known occurrences of thermal

watexf in Dona Ana ‘County including Radium Springs, the hot wells at Las
Alturas Estates, and the kQuatemary travertine deposits near San Diego '

* Mountain (Fig. 11). The cbin'cidence among,the Valley fault, the geochemical

trend, and the areas of known ‘thermal water indicate that this fault is
acting as a conduit for ascending geotheﬁnal fluids. This conclusiou is
also sui:portéd by ‘the rapidfaxid sysf:emat‘ic decrease in estimated tempera-
tures,-away from i:he fault where .presumbly, the thermal waters mix with
the non-thermal groundwaters. Iudics_tiohs are that the entire gecchemical
trend has essentiaiiy the same. geoﬁhemal potential as the Radium Springs
A Seceud approach to assessincr» the geothermal potential of Dona Ana

County is dle apphcatz.on of the silica geothermometer (Fournier and Rowe,

'1966) . The temperatures est:unated by the 5111ca geothemometer are

shown 'in'F_ig. 12. The same trends are apparent in the silica data

"(Fvig. 11) ‘that were ’observed— forlj.the,Na-K-Ca geothemometer. The generally

- lower ~temperatures estimatedifrom the silica 'geothexmometer are consistent

wlth several explanatlons (Swannerg, 197Sa) Wéﬁ:'er diffus ion studies

along the Valley fault are currently in prog-ress ‘where hot a.nd cold

 waters have probably mixed in ‘the subsurface (Truesdell and Fournier s

19 75) “Total concentratlons of ﬂuorlde and boron have been e\camned
to determlne thelr potent1al use as geothermal indlcators. It has been
reported that hot sprmgs in New Mexico are rputmely hlgh in fluoride
(W. X. Summers, personal _connnmicetion) and rel_atively high boron con-

centrations have also been linked with high groundwater temperatures
| . _
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: (Ma.non, 1970) Cencentrations of fluoride and boron in Dona Ana County

__'relnforce the pattem of dlstrlbutlon of geothermal hater as indicated by

the chemlcal geothemometers and the pattern of ¥nown thermal waters.

Cravity and Magnetic Studies - 'Regienal gravity and aeromagnetic data in |

the v1c:1n1ty of Radium Sprlngs KGRA have been accunulated and are bemcr g
! complled from several sources. mcroearthquake data obtarmed by Swanberg
has revealed a hlgh degree of se15mc1ty in the area. Detailed gravity
measu:rements near'Radlum' Springs, along the extension of the Valley -
fault are planned to augment the proposed r951st1v1ty studies. Shallow

‘ thermal gradlent measurements are also planned along the Valley fault.

ALUM ybm’muN ’

Investigation of the geoiogy and geochemistry of this are indicates
the former existence of 2 large elongate acid-sulfate vapor—doxrﬁné.ted
geothermal system. Potassium-argon age determinations bracket the
altefation eveni: at 22-29 m.y. Additional K-Ar ages are to be determined
this next year from specific alteration samples. A new zeolite mineral
of intermediate composition has been identified from the outer alteration
fringe at Alum Mountain. This mineral sets a lower temperature limit for
‘alteration at more than 240°C. Carbon and oxygen isotope analysis of
- geothermal calcite also suggest largely meteoric (ground) ,wéter at
elevated temperatures (> 200°C). Geologic mapping is half completed.
Additional geochemical studies are in progreés. Geologic“ﬁd teetonic
maps were recently published for the Mogollon-Datil volcanic field, site |
of the Alum Mountain and Mangas TrenCh geothermal ancmalies (Elston and
- others, 1976). |
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- TRUTH OR CONSEQUENCES .. <

""’y‘“""gb

.‘:k L E

~ Geologic mappmg, volcanlc petrology, and a gravity ‘survey have
been completed: for the area south and east of the Elephant Butte Reservoir
(Loeber, 1976a, b). A generalized geologic map is shcwn in Figure 15.

At least three periods of volcanlsm have occurred in the area with

kTertlary andesite ‘dike 1ntru51ons follcmed by two perlods of Ouc.ternarv

.alkah basalt volcanlsm. K-Ar ages are pending fqr samples of each

period of volcanism. Evidence from ultramafic inclusions contained in-
basaltic rocks of the regmn is prov:.da.ng 1n51°ht into the nature of the
upper mantle and 1ts depth Grav1ty survey data across Cne Hot Springs
fault hes been used successfully to model the fault and ad;;acent basins
and to map its trend. The Hot Qp*’:.ncs fault has been actlve frcm early
Miocene to middle Pleistocene (at 1east) and has served as a conduit for
volcanism and hot sprlng act:wlty Present efforts are dn'ected to ..
mapping the north and east end of the reservo1r and to tracmg the Hot

Sprlngs fault northward. Apparently_ volcanic and hot spring activity

| along the fault occufred in these a*eas‘ as well.

Numerous maars and ev::.dence for fccsn geo..hermal activity has been

' 1dent1f1ed Plane table mapplng ‘was completed for ‘the Montlcello mazar .
"on the northwest side of the reserv01r. ; On ‘the northeast 51de, mappmg
 of the ‘White Cllffs maar is in prog'ress These maars acted as centers

| vfor hot spnng act.wlty whlch depos:Lted from 25 to 50 feet of opal and
| leatomaceous mater1a1 mthln the maa'r. Travertme and basalt dﬂces cut

the maars and hot spnng depos:.ts.

More detalled hydrologlc and geocnemcal work may be necessary to

‘draw firm conclus1ons on-the geothermal pOtSHLlal of the Truth or

Consequences area. Source waters, mixing models, and plumbing systems
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must be determined. Research on the kinetics of ‘the Na-K-Ca geothermometer L .

is in progress.  Extensive electron microprobe work on the volcanic rocks

, is plamned.

-

B ALBUQUERQUE-BELEN | |
| thpmg and petrologlc studles of the Quatemary volcamc features
lare complete. Resdts have been accepted for publlcat on by the Neu
‘ Me;uco Bureau of Mines and Lhneral Resources (helley and Kudo 1976) A
:guldebook to the Albuquerque Basm is. also avallablev (Kelley and others,

: 1976)' Prellmlnary Sr-lsotone data were g1ven earller in thls Teport.-
;K~Ar ages ‘aré reported in a menuscrlpt submitted to Iscchron West (Kudo -
and others, 1976) The younoest volcanic activity in thls part of the

rift took place in the Cat Hills volcanic fleld (basaltic) about 140,000
years ago. b/bstvmag;natic centers are likely to be deeperr ‘than 24 km, which
precludes their develepment for gebthemal energy. Andesitic centers at
Los Lunas, Torre Hill and Black Butte, however, wére generated at shallow
crustal levels and may have acted as heat sources. Alignment of volcanic
centers parallel to the rift boundaries, and volcanism that has been
active for over two million years and continues to bre so, suggest the
' pdssibility of additional heat sources at shallow depths in the crust.

No active hot springs are knmm, but geothemal waters vay be present

at depth in and below the Santa Fe Group. The western border of the
basin contams ample e\rldence of a "f05511" geothennal system less than two
million years old Detailed geologlc mappmv haS establzshed at least
four periods of hot- and cold—spr:mg act1v1ty, and. the oec'netry of the

local geothermal "plumb:ncr“ system has been delmeated (Callender and

|

o,

r»

r

. r

B G

le:\.nskl, 1976 Callender, in preparatlon) Ceochem.cal samplmg has been k

underta.ken and I'ESlSthIt)’ and gravity surveys are planned in the later

'stages’ of the project.
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SAN YSIDRO-JEMEZ SPRINGS-ABIQUIU-CANGNES-0JO CALIENTE

| ‘ADet.a:"Lled geodlogic inapping and geochemical sampling are almost com-
plete. vTen 7-'1/.‘2" qaadrangles along the westerrr bomaary of the Rio
Grande rift from San Ysidro to Ojo Caliente have been partially or.
complvetely»mapped ‘(Woodward and Ruetschilling, 1976; Woodward, in press;
May, in preparation; Broomfield, in i)reoaration; Wiison, in preperation;
Callender, in preparation) | Extens:we travertme deposits, young volcanic
rocks and hot 5pr1ngs are located along maJor faults. The stratigraphy
of the Santa Fe Group is now suff1c1ent1y well understood so as to give
control necessary to map faults, to reconstruct the '"plumbing system' for
hot thermal water, and to provide physical data for georhysical modeling.
RESEI'VOII‘ temperatmes for thermal waters are.now being calculated.

Electrical re51st1v1ty, gravity surveys,‘ age dates of volcanic and

sedimentary .rocks, and additional geodlemical studies are planned.

Interest and knowledge of the geology; geophysic:s and oeotbemal potential
of thls region has mcreased crama‘.lcally in recent years as shown by a
number of recent publlcatlons (Jn'acek 1974 Brmwell 1976; Baldridge,

1976; among others). Outs:Lde contnbutlons to the project have been made

"Aby palynologlsts and geologlsts of Amoc:o Prodt..ctlon Co. , who are attemptmg
: to date the Zia Sand rormatlon and the Ablqulu Tuff usmg pollen. These
| efforts are directed at obtammg a more prec1se tme for the beginning

, vof,nftmg and assoc:.atedvdefonnatlon‘ in the northern part of the rift.

CO\'TINIL‘\TION OF SEARCH

- A speeified-work: and ‘time corrmittnents “for the first year research
on this project have been achieved (Table 3). It is important to

recognize that this reporting period incorporates the first year of an
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‘IABLE 3

A

| Estlmates of Completed Work in Varlous Target Areas :
. (by discipline) = ‘ &‘b

Retonnaissance Geochemistry ~ . 75% complete

v  Rad1um Svrings

Geology - 100%
Geophysics ~ = 80%
-Geochemistry‘ - 80%

Lightning Dock (Annnws Valley)

Geology : o708 ‘
Geophysics -~ = 80% -
Geochemistry = 60%

Alum Mountain
Geology | 60%
Geophysics . . - Not planned
Ceochemistry 50%

Truth or Conseaquences

— oo e

Geology 60%
Geophysics 20%
Reconnalssance Ceochemistry 50%
San Ysidro
Geology -100%
Geophysics . Not planned
Reconnaissance Geochemistry . 60% '
. - L
Las Alturas
Geology 108 | -
Geophysics .50% : '
- Geochemistry = 60%
-
Albuguerque-Belen: _{-
Geology o 80% o o
Geophysics 30% RO e ;'&~"
" Reconnaissance Geochemistry = 50% - A SRR P
Ojo Caliente , | i
Geology 70% l.
Geophysics - 20%

Rerannas cercnrme Noanchoms o d o ~No.



"5.74

. £ x

on-going research‘effert. :;:Large amounts of reconnaissance work was

conducted. Spec1f1c target areas .that recelved careful study include the
Animas Valley" (nghtnmg Dock KGRA) and’ Radlun Sprmgs Geologic studies

of the other ‘target areas were imitiated. .However,much of the detailed

- geological,  geochemical and geophysical objectives remain for the

second year.  The project emphasis will became more gecphysical and

geochemical in scope as pregress is made.

47




. - REFERENCES CITED

: B,aldridge,j w.S., 1976: ‘PetrelbgyA of an ultramaficxenolity/xenccrystl

o sulte from the northern R‘LO Grande Tift (abs.): Geol. -Soc. America,
Abs. with Prog., v. 8, p 567 568

Bridwell, R.J., 1976, thhospherlc thmnmg and the late Cen0201c thermal
and tectonlc regme of the northern Rio Grande r14—'t" New Mexico |
Geol. Soc Guldebook 27th F:Leld Conf., P 283 292 S

' Callender, J P., and 2111nsk1 R E., 1976 Klnematlcs of Tertlaxy a.nd

Quaternary deferma Vn’along the eastern edge of the lucero upllft,
central New Menco‘ ’\ew Mexlco Geol: Soc. Spec. Pub. 6, p 53- 61.

Conover, C S., 1954 Ground-water condltlons in the Rincon and Mesilla
Valleys and adjacent areas in New \Ieuco U.S. Geol. Survey
Water-Supply Paper 1230, 200 p.

Decker, E.R., Cook, F.A., Ramberg, I.B., and Smithson, S.B., 1975,
Significance of geothermal and gravity studies in the Les Cruces area:
New Mexico Geol. Soc. Guidebook 26th Field_Ccnf., Las Cruces
country, p. 251-259.

Elston, W.E., Damon, P.E., Coney, P.J., Rhodes, R.C., Smith, E.I., and
Biberman, M., 1973, .Tertiary volcanic rocks, Mogollon-Datil province,
New Mexico, .and surrounding regions: K-Ar dates, patterns of eruption
and periods of Mineralization: Geol. Soc. American Bull., v. 84,
p. 2259-2273.

Elston, W.E., Rhodes, R.C., Coney, P.J., and Deal, E.G., 1976, Progress
report on the Mogollon Plateau volcanic field, southwestern New Mexico,
No. 3 - Surface expression of a pluton: New Mexico Geol. Soc. Spec.

‘Pub. 5, p. 3-28.

‘Flege, R.F., Jr., 1959, Geology of the Lo*‘dsburg‘auadr’anglev, Hiladago County,

New Mexic_o: New Me\lco Bur. \Ilnes and Min. Resources: Bull 62, 36 p.

48

.

[

,-w»ﬂ‘
Ld o

.

1

L



‘k Fournier; R. O.. and RQWe:f.j b :

J., 1966, Esti:hat}lon ‘of unerground temperatures
fram the silica content of' water £rom. hot. springs and wet-stream wells:

Am, Jour. Sc1., v.. 264, p.. 685 697.

‘Jlracek G R., 1974 Geophys:.cal studles in the Jemez Mountains reglon,

New Mexico: - New Mexlcov Geol. Soc. Guidebook, 25th Field Conf.,

p. 137-144,

Kelley, -V.C., and Kudo, AM., 1976, Geology of the Albuquerque -Belen

basm -N.M. Bur. Mmes and Min. Resources,. in press.
Kelley, V. C., Woodward, L. A., ‘¥udo, AM., and Callender, J.F., 1976
Guldebook to Albuquerque ‘Basin of the Rio Grande Rift, New Mexico:

New Mexico Bur. Mi’nes and \Iin. Resources, Circular 153, 31 p.

Kudo, A. M., Kelley, V.C., Damon, P.E., and Shafiquallah, M., 1976, K-Ar ages

-

of basalt flows at Canjilon Hill, Isleta volcano, and the Cat Hills
Volcanicfiel‘d,.Albuquerque;Belen Basin, New Mexico: Isochron/West,
in press. L ol ‘

King, W.E., Hawley,.bJ.W.,‘ Taylor, A.M.; and,Wilson, R‘P," 1971, Geology
and groxmd-water, resources ,of central a.nd western Dona Ana County, New

Menco \Iew Mex1co Bureau \hnes & I\Lneral Resources Hydrol Rept. 1, 64 p.

_K;nt"lnger, P. R 1956 Geothemal survey of hot ground near Lordsburg, New

Mex1co : Sc1ence, v. 124 p 629 6.>0

Loeber’, K.N., 1976a, Ceno’mc volcanlc geolooy of the Truth or Consequences

*Engle area, New Mexico (abs .)’, ‘Geol. Soc. ,Amerlca, Abs. with Prog.,
rv8p.601602 S |

§ Loeber,-rl(.N. 1576b, Cenozo:.c volcanlc: geology of the Truth or Consequences

Engle erea,New Mexico: Uruv New MGXICO, M S. the51s, in press.

Mahon, W.A.J .» 1970, Chemistry in the exploration and exploitation of

hydrothermal sjrstems: Geothermics, Spec. Issue 2, v. 2, pt. 2, p. 1310-1322.

49



’ Olivef‘, J., '\and':KaVL‘lﬁrian, S., 1976, Profiling the Rio .Gi‘ande rift: Geotimes,
v. 21, p. 20-25. Rt | -
Reeder, H.0., 1957 Ground water in Animas Valley, Hidalgo County,
‘4Néw Mexico (with a section on geology by Z.E.,'Spiegel) N Néw
Mexico State Engineer Office Tech. Rept. 11, 101 p.
| Renner, J.L., White, D.E., and Williams, D.L., 1975, ki}-fdrotheﬁﬁal coﬁi*ection
o 'Systems: in AsSéssment of Geothermal Resources of the United States-
"'1975, D.E. White and D.L. Williams, eds., U.S. Geol. Survey, Circular
726, p. 5-57. . ‘ |
Sanfofd', A.R;, Alptekin, 0., and .Topp-ozoda, T.R., 1973, Use cof reflectio'nv

phases on micro-earthquake seismograms to map an unusual discontinuity

beneath the Rio Grande rift: Bull. Seism. Soc. .iunerica, v. 63, p. 2021-

2034.

Seager, W.R., 1975a, Geologic map and sections of south half San Diego
Mountain quadrangle, New Mexico: New Mexico Bureau Mines § Mineral
Resources Geol. Map 35.

Seager, W.R., 1975b, Cenczoic tectonic evolution of the lLas Cruces arez, f(éw
Mexico: New Mexico Geol. Soc. Guidebook 26th Field Conf., Las Cruces
county, p. 241-250.

Seager, W.R., Clemons, R.E., and Hawley, J.W., 1975, Geology of the Sierr.
Alta quadrangle, Dona Ana County, New Mexico: Nev;' Mexico Bureau Mines

& Mineral Resources Bull. 102, 56 p.

Sumers, W.K., 1965, Chemical characterisitcs of New Mexico's thermal waters --

A critique: New Mexico Bureau Mines § Mineral Resources Circ. 83, 27 p.

50

-

B —

r

r— r—

r—

r—



SWanbérg,- C.A., 19753_., Détgctionrof geothermal gqubnents in groundwaters of

- Dona Aha County, Soutéherrif Rio Gra.ndé,rift ,New Mexico: New Mexico Geol. |
Soc. Guidebook 26th Field Conf., Las Cruces county, p. 175-180.

Swanber_g, C.A., 19755, Geoc:he.mical‘stud.ies.of two geothermal areas in New

‘Mexico (abs.): EOS (Am. Geophys. Union Tramns.), v. 56, p. 1073.

- Truesdell, A.H. and Fournier, R.0., 1975, Calculation of deep resenfdir

temperatures from cihemistry of boiling hqt springs of mixed origin
(abs.): .Proceedings of Second United Nafions Symposium on the Development
and Use of Geothermal Resources, #IIi-88. |
Woodward, L.A., Callénder, J .F;,, .Gries, J., Seager, W.R., Chapin, C.E.,
'7ilinski, R.E., and Shaffer, W.L., 1975 Tectonic map of the Ric
Grande region, Colorado-New Mexico border to Presidio, Texas: New
Mexico Geol. Soc. Guidebook 26, p. 239 and map. . |
Woodward, L.A., Callendef, J.F., and Zilinski, R.E., 1975, Tectonic map .
of Rio Grandé rift, New Mexico: Geol. Soc. Americé, Maps and Charts
Series, MC-11. | |
Woodward, L:A. a.nd Reutschilling, R.L., 1976 Geology of San Ysidro éuadrangle,

- New México: New Mexico Bur. M:i.hes § Min. R'esourcesi Geol. Map 37.

51



- o APPENDIX A

I. Contact with public and private organizations
‘related to Geothermal research program.

i ‘ II. Geothermal related publications by this group:.
1974-76.

g B  APPENDIX A



o

r .

' APPENDIX A-I

Contact with public or: private organizations

related to Geothermal research program

Albuqt.erque Geologlcal Soc:1ety
Channel 7 (KOAT-TV) '

Los Alamos Scientific Laboratories

U. S, Geologlcal Survey

. (Roswell, Menlo Park, Denver, Reston, Albuquerque offlces)
Aminoil USA (sub51d1ary of. Burmah 011) '

. American 0il Company ~

Bear Creek Mining Co. (subs1d1ary of Kennecott Corp.)

University of Arizona-

 Sandia Laboratories

Bureau of Land Management, Las Cruces, N, M.

Economic Research Assoqates , Los Angeles
Secretaria de Energia, Republica Argentina

Japan Geothermal Enmergy Association
Chevron 0il Co.,:San Francisco .~

- Amax Exploration,. Inc., Denver

Exploration Associates, Tulsa
Earth Satelllte Corp., Berkeley

~ Geonomics, Berkeley :

Phillips Petroleum Co., Del Mar, Callf

 W. Kelly Summers Consultant ‘Socorro, N. M. . |
’Tom McCants, Homeowner Ammas N M.
: Geotnemal Power Corp., San Franc1sco
- Thermal Power Corp., Dallas S
';I-Iydro Search, Inc., Reno, Nevada :
- Burmzh 0il and Gas Co., Santa Rosa, California
: Energy Research g Develomnent Aoency ‘

Tech. Information Center » Oak Ridge, Tennessee

~ Systems, Sc1ence and Softward lerary, La Jolla Ca. o
Sun 0il Co. , Dallas o

Lawrence Berkeley Laboratory, Berkeley
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Brookins, D. G., and Laughlln, A. W., 1976b, Rb-5r Geochronologic
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LASL Rpt. to USERDA, 35 p.

Brookins, D. G., and Laughlin, A. W., 1976c, Rubidium-strontium geo-
chronologic study of GI-1 and GT-2: ECS, Trans. Amer. Geophys.
Un., v. 57, p. 352. :

Brookins, D. G., and Laughlin, A. W., High- Sr/868r ratlos in deep
seated fracture-filling calcite from drill hole GT-2, Los Alamos
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Broomfield, R., Geclogy of the Cancnes area, New Mexico: Univ. N. Mex.,
M.S. Thesis, in preparation.

Callender, J. F., 1974, Influence of structures in the Precembrian
terrain of central New Mexico on late Cenozoic rifting: Geol. Soc.

Amer., Penrose Conference on Rio Grande graben and surrounding
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- Callender, J. F., 1975, Overview of the Rio Grande rift: Field trips

to central New Mex1co Arer. Assoc Petroleum Ceol., Rocky M.
Section, p. 1-4.

Callender, J. F., Woodward, L. A., and Kelley, V. C., 1976, Structural
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Callender, J. F., and Zilinski, R. E., 1976, Kinematics of the Tertiary
and Quaternary de;.omatlon along the eastern edge of the Lucero

- uplift, central New Mexico, N. Mex. Geol Soc. qpec Publ. 6,
P. 53-61




" Carten, R. B., silberman}’

M. L., Armstrong, A."Ki, and Elston, W. E., 1974,
Geology, trace-metal anomalies, and base-metal mineralizations in
the central Peloncillo Mountams Hidalgo County, New Mexico (zZs.):
~N. Mex. Geol. Soc. Gulaebook of Central -Northern New Mexico 2:?:.
F1e1d Conf., p..378.

Elston, W. E., Rhodes, R. C., and Exb, E E., '1975 Control of minerzii--
zation by mld-Tertlary ~volcanic centers New Memco (abs.): N. ex.
Geol. Soc. Gu:Ldebook Las Cruces. County, '26th Field Conference,

D. 3.:8 -339. T

Elston, W. E., Seacrer, W. R., and Clemens, R. E., 19/5 Emor> caulc:::z,"
Black Range, New Mexico: Source of the Kneelmg Nun Tuff: N. =x.
Geol. Soc. Guldebook of Las Cruces County, 26th Field Conference,

p. 283-292, :

- Elston, W. E., , l°76a, Ivhd—Tertlary volcanlsm and plutomsm, southwestemn

New Mexlco (abs )i CGeol. Soc. Amer. Abs. with Programs, v. 8, 2. 58:{.

~Elston, W. E., 1976b, Tectomc 51gn1f1cance of mid-Tertiary volcanisz

in the Basin and Range province: » A critical review with specizl -
reference to New Mexico: N. Iv‘ex._Geol Soc. Spec. Publ. 5, 13% z.
plus pocket. : L

Elston, W. E., Rhodes, R. C., Coney,-P. J., and Deal, E. G., 1976,
Progress report on-the. Mdgollon Plateau volcanlc fleld south-
western New Mexico, No. 3 - Surface express:.on of a pluton N.
Mex. Geol. Soc. Spec. Publ. 5, p. 3-28. -

- Helmick, S. B., and Brookins, D. G., 1975, Trace element studies in GI-2

core, IHR Pro;ect LASL RDt to USERD:\, 52 p.

Helmlck S. B. R Brookms D. “G., Balagna, J. P ~and I-Tusler J. W., 1876,
' Trace element analyses of granite cores £rom LASL dry hot rcck
: experiment. EOS Trans. Amer. Geophys Un., v. 57, p. .350.

J:Lracek R. G., 1974 Geophy51ca1 studles in the Jemez Mountains, New

Me*aco, in N. Mex Geol Soc. Gmdebook Sth Fleld Conf., P. ._-;—144.

7,;;7.1:Lracek G. R 1975a, Deep electr1ca1 re51st1V1ty mvestlgatlons cc.::led

" 'with dry geothermal reservoir experiments in New Mexico: NSF Tech.
Prof. Rpt Unlv. of New Mex1co, Albunu.rque, 47 p

’t,__;,J’racek G. R., 197bb, Geophys:u:al potentlal methods in- geothermal

prospecting: Position papers on:Geothermal Resources, CGoverner's
Energy Task Force publlcatlon, New Mex1c:o Enerfry Resources BOa-\.,
June 1975, . S , , . ,

Jlracek G. R., 1975c, Deep oeothermal exploratlcn in I\ew L'enco using

electmcal resistivity (abs III-47): Abstracts, Second United
Nations Symp. Devel. and Use of Geothennal Res. > San Franca.sco,
May 20-29, 197s. -

Jlracek G. R., 19/5d Ceotnennal e\'oloratmn in I\ew Mexico ,(abs.): New
Mex. Acad. Sci. Bull., vol. 15, no. 2, p. 19.
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Jiracek, G. R., 1975e, Geothermal resources: Enercen, vol. 1 Issne 1,
Energy Resources Board State of. I\ew Mexico, P. "3-4. ,

‘J:Lracek G. R., Domn, G A, Forsythe “G., Gerety, M. T., Schrandt, B.

RS and Smith C., 1975, Resistivity investigations surrounding "hot ary
rock' geothermal dr111 sites in New Mexico (abs J): EOS, “Trans. AGU ,
56, (4), p. 235. :

~Jiracek, G. R., Dorn,- G A., Smith, C., and Gerety, M. T., 1975, Deep
re51st1v1t) measurements at two known geothermal resource areas
-(KGRAS) in New Mexlco (abs.): EOS, Trans. AGU, 56 (12) p. 1073.

Jiracek, G. R. and Kmtzmger, P. R., 1975, De.,p electrlcal Slstl\’lt'y'
mvestlgatlons coupled with "dry" geothemal reservo:.r ‘experiments
‘in New Mexico (abs ): Geophy51cs vol. 40, p. 175

Jiracek, G. R., ~.mJ.th C. S., Forsythe, G. T and Dorn, G. A., 1975,

-Geothermal re51st1v1ty investigations in \ew Mexico (abs.): Abs racts',

Program 24th Amn. Mtg. Rocky Mtn. Sect., AAPG, p. 18.

Jiracek, G. R., and Smth C., 1976, Deep re51st1v1t> ‘Investigations of
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Springs and Lightning Dock: N. Mex. Geol. Soc. Spec. Publ. 6,

p. 71-76. r '

Jiracek, G. R. and Phillips, R. J., 1976a, Deep electrical resistivity
mvestlgatlons coupled with dry geothermal reservoir experiments in
New Mexico: preliminary field and mumerical results: Prec. Conf.
on Explor. Geothermal Reser., Golden, Cole., in press.

Jiracek, G. R. and Phillips, R. J., 1976b, Desp electrical resistivity
investigations coupled with dry oeotnerzral reserveir experiments in
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ERTS photograph -of central part of Rio Grande rift and Jemez Mountains with
Valles caldera (circular structure in center of photograph).
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, N T R mg/l- - - = - - - -~ - -=- -
Sample . ppm - pH  Na K Ca. Mg CO;  HOO, c1 S0, L
W-1 952 7.75 225.5  15.2 28,8 8.6 320.9 88.6 280.5
W-2 1236 8.25 405.8  26.2 46.3  16.4 14.4 439.3 318.7 222.9
W-3 720 - 8.66 223.0 10.6 10.2 7.2 37.2 334.4  82.2 132.6
W-4 552 8.50 180.7 16.8 8.2 8.3 25.2  335.6  54.2 94.1 L
W-5 784  8.00 255.4 14.1 9.0 7.5 0 317.3 77.6 263.2
W-6 888 7.93 286.4  14.1 20.0  10.0 0 358.8 83.7 293.9 |
‘W-7 604 8.36 238.8 0.4 3.0 5.8 22.8 369.8 41.5 130.6 =
-8 840  7.94 1238.8 c.8 24.8  13.0 0 154.0 70.1 146.0
W-9 604  9.26 236.1 8.2 21.4 6.3 90.0  265.6  95.7 105.7 L
W-10 2600 8.60 414.5  22.7 264.1 48.2° 7.2 46.4  314.4 1210.6
W-11 1860 7.56  64.6 7.0 345.7 80.6 0 145.2 19.1 1114.3 L
"wW-12 1392 7.54  72.4 7.4 322.2 80.0 0. 119.6 30.1 1085.5
W-13 1848 7.49 140.2 5.1 240.5  113.3 0 175.7 90.4 1027.9 |
W-14 1328 7.69 176.5 3.9 123.8 70.6 0.  179.4  129.0 624.4
W-15 1224 7.81 164.8 9.4 110.8 50.8 0 120.8 25.2 979.8
W-16 2480 7.15 197.2 9.8 472.7 14.7 0 52.5 22.0 1498.6 ™
W-17 1968 7.94 152.4 9.0 321.4 49.0 0 45.1 20.6 1181.6
W-18 2616 7.59 144.1  11.7 502.8 29.2 0 43.9 20.2 1575.1 &
W-19 2120 8.87 388.5  22.3  155.7 58.3  27.6 37.8  229.7 1018.2
W-20 372 8.35  32.2 5.5  36.9 17.9 1.2 197.7 20.9 4.2 L
W-21 - 548 7.85  65.0 4.7 36.9 30.4 0 328.3  31.5 61.5
' g8 0 225.8  19.8 48.0

W-22 364 7.57 33.8 4.7 43.9 19.

C-2 L



b |  Semple P "B F Fe 5i0,
- W1 .02 .99 2.68 -.20 69.5
‘ W-2 .02 1:02 1.36 .04 73.8
- W-3 .02 .67 2.15 .12 55.6
u W4 .02 .42 2.15 .10 58.8
H W-5 .01 .55 2.24 .15 47.1
W-6 .02 .69 2.68 .42 65.2
- W-7 .05 .35 3.67 .42 37.9
o W8 - .02 .33 2.68 .34 47.1
N W-9 .02 .29 2.68 .01 4.3
- - W-10 .01 .74 1.40 .21 8.3
o W-11 .01 14 .86 1.24 28.4
i W-12 .01 .16 .78 .88 26.5
1 CW-13 .01 .25 . 1.00 2.2 27.4
g W-14 .01 .35 1.26 - 1.94 23.3
W-15 .01 .55 1.11 .30 48.1
R W16 .01 27 107 .90 14.3
L W17 .01 .16 .93 .10 13.3
E W-18 .01 .23 1.15 2.96  68.4
- W-19 .01 .90 150 .62 43.0
O W-20 .02 10 .86 .88 66.3
- w2 .02 .10 1.04 .46 68.4
} w2 .02 .07 6T .25 65.2
o
-



Sample

w23
W24
w25
W26
w27
w28
w29
W30
W31
W32
W33
W34
w35
W36

Latitude

- 32°

32°
31°

- 31°

31°
<ae

*n0
I

32°
31°
31°
31°
31°
31°

31°

11.5
1.2

59.6
55.4
55.0
2.2

20.3
25.6
56.9
51.7
47.3
47.2
49.1
47.5

Longitude

-107° 6.0
107° 4.9

107° 1.2
106° 57.
106° 50.
106° 57.
106° 37.
106° 35.
106° 45.
106° 42.
107° 1.7
107° 6.5
107° 8.6
107° 17.0

C-4

. Termperature

°C

22
27

ro

~F ~1

e . e ep————. .

- Comment

well
well
well
- well-
well
well
well
well
well
| well
well
well
well
well

.

|

r— r
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~E

G-t

) " (pplﬁ) T D mg/l---=w=s==mmmmmomcoomomesoomooenos
" Sample -TDS pH  Na K Ca Mg COg HCO,  C1 S0,
W-23 334 8.21 . 52.9 0.8 40.3  18.3 0 248.9  23.7 63.4
W-24 616 8.75 265.1 4.3 5.6 1.6 13.2  428.3  50.7 50.0
w25 348 8.59 120.0 17.6 - - 8.4 4.2 0 299.0  14.2 50.0
 W-26 728  9.02 271.0 5.5 -~ 2.6 1.1  42.0 454.0 42.9  126.8
W W-27 500  8.50 170.6 16.4 8.4 8.0 13.2  333.2  46.4 80.7
.~ W-28 768 © 8.44 232.0 12.1 . 24.4 8.6 0 222.7° 178.0  178.7
- W-29 228 7.48 18.6 1.2 48.9 - 7.8 0  109.8 3.2 96.1
- W-30 1436 7.85 71.0 3.9 270.0  39.8 O 158.6  80.1 739.7
W W3l 616  8.95 211.7 5.5  15.8 6.1 21.6  234.3  70.9 186.4
T W-32 720  8.55 242.1 7.8 . 19.2 6.3 0 379.5  67.0 194.0
u W-33 720 9.42 233.3 16.8 1C.0 2.1 69.6 371.0 29.4 101.8
- W-34 604  10.56 190.1 20.3 = 3.6 2.3 199.2  41.5  23.7 71.1
| W-35 556 - 8.66 196.8 14.1 - 9.6 5.5 13.2 458.9  22.3 5946
W .36 2028  8.09 671.3 .57.9 84.5  27.5  54.0  445.4  606.9 475.5
.
=
-
o
i
U
-



r—

r—

-------------------- mg/l =--------ceoee-

Sample - p B F Fe S:'LO2 :
W-23 .04 .14 80 <15 41.9
W24 .02 .76° 2.50 61 19.5
W25 .03 .32 2.50 1.43 419
W-26 .28 .90 8.00 .29 53.5
W-27 .04 41 2.25 <.13 65.1
-28 .02 .47 1.65 1.00 77.0
W-29 .02 .05 1.15 .27 33.6
K-30 .01 .15 2.50 <.15 39.8
W-51 .01 .40 2.65 <15 39.8
W-32 10 .53 2.05 <.13 52.4
W-33 .02 .49 3.30 <.15 93.5
W-34 .02 25 1.85 .15 85.8
W-35 .05 .21 1.40 2.04 39.8
- 36 .01 73 3.00 85 18.1

r— r— r—

r

r— r

'
-
r-‘—-q-

—
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Sample

1D1

SW132
'LD2

b Eondrd

SW133
LD3

. SW134

LD4
SW135

LDS
SW136

LD6

"SW137

LD7

SW138

LD8

. SW139

LD9

. "SW140

LD10

~SW141
S D1l
SW142
~LD12
- SW143

LD13
Swl44

. LD14

SW145

LIS
- SI¥146

LD16

SW147

o 1n17
 SW148

-LD18
- SW149

52°

32°

32°

- 31°
31°

31°

 Latitude

18.9

13.7

10.6

37.3
44.8

52.9

108°

"

. 108° 5

108°

108°

- 108°

108°

108°

- 108°
©108°

108°

108°

- 108°

108°

17108°
: i08°
| 108 |
,198?

108° 48.0

- Longitude

46.5
52.5

49.9

54.9
47.9

50.4

52.4

54.

48.6

R,

T PR

Temperature

Corment

oC
'i>25 well
§3‘ ﬁell
-- well

- 24
21

19

19

22

Lone Hill Well
well |
well
well
well
well
well
well
well

Gienega’Springs

well
ﬁell'

| well

| ' we11

well
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--------------------------------------- - R LT EEE TSP PR i
Sample TDS pH Ca Mg Na K co.. HCO4 1 S0, -
132 564 8.09 7.6 1.4 143.2 5.9 0 234.3 27.6 93:7L-
133 816 7.8  28.0 2.7  216.1 11.7 0 314.8 47.5  223.8
134 740 7.48  117.4  18.7 98.6  10.2 0 218.4 116.6 131,5[.
135 592 7.94 10.2 1.8  159.3 1.5 0 301.4 35.0  104.2
16 796 7.82  15.6 1.3  234.5 5.5 0 400.3 50.7  154.6 t_
157 208 7.92 22.0 7.3 27.6 2.0 0 147.7 3.5  18.2
138 208  7.82  40.3 4.9 15.2 2.0 0 156.2 2.5 4;5ib
18 184 7.57 26.0 2.2 211 1.2 0 109.8 2.8 4.5
© 140 176 7.39  21.0 3.2 6.2 4.5 0 65.9 0.7 33.6 L_
141 156 7.31  17.8 3.3 6.9 6.2 0 57.3 1.4 40.3
142 200 7.74 16.6 4.8 36.8 5.1 0 173.3 1.4 3.8 L.
143 136  6.88  15.8 2.9 13.8 3.5 0 37.8 0.7 52.8
144 132 7.00 8.2 1.7 15.2 2.7 0 22.0 1.4 40.3
145 160 S.80 2.4 0.5 54.7 0.4 0 137.9 4.2 16.3 L.
146 212 8.11  27.6 3.2 16.3 3.1 0 124.4 1.0 13.4
147 164  7.94 29.4 1.7 11.5 2.3 0 117.1 0.1 5.7 l_
148 168 8.06 21.2 0.7 12.9 1.5 0 98.8 0.1 9.1
149 320 8.15  16.4 0.6 65.3 1.2 0 175.3 4.2 32.7 L_
\ | L.
k“h.
|
C-8 L



132
33
s

55
Mg
37

38
139

4

13

14 we
Y5
gy oo
g Dot

o

W0
1511' e

Y T T L X A R X P R T

oAz
1.38
1.47
1,06 -
- .82

1,54
RS L
11
.60
.40
S8
S .26
k .27
40

- .24

v ,»,',‘.14 e
.04
6
R U
v,:'v,_:i. 06
.05

.50
.56 -
- 2.84

.30
.26

‘. 04
.14

.05
"05‘-
05
a2
16
13 2.
.09
NOE
.08
06
04 L.
.03 V'.'

Lk R R T R R R R R T R il

‘O 0 OO0 0 00000 60000 oo o

1.34

3.29
.93
1.43

© .10
407

.08
.02
.04

.04
.02
04
12
: 7‘:_.003
12003f

F;lz‘

(72 I 3 S V2 U ~ N

“.09.
.70

94
.66
.78
217
22

.14
.09

.84

.08 -
SUR
.84
.34
.28
a2
W19 0

.68

11.
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Samplé ‘ft

32
133

- 134

135
136
137.
138
139
140
141
142
143
144
145
146
147
148
149

2.02
- <,02
' 4.02‘

‘?02,

<.02-
202

<.02
<.02
<.02
<.02

<£.02 .

<.02
<.02
<.02
<.02
<.02

<.02
<.02

a

L4140

PR

“.14
Z.14
<.14
.14
.14
<.14
<.14
<.14
<.14
<.14
«.14
<. 14
<.14
<.14

Co

‘4.14
414

' Cr_»

<1 .
<zl

<.1
,'<n1

<.1
<. 1

=1

<.l

<.1

<.1
<.l

<.1

<.l

‘.1
<.l

<.1

<.1
< .1

Cu -

- =.10
- <. 10
. <10

<.10
<.10
.69

. <£.10

<.10

11
<.10
<.10
<.10
<.10
<.10
<.10
<.10

<.10

:V <

<

.0002
.0002

.0002

AN

AN A AN NMA

.0002
.0002
.0002
.0002
.0002 -

.0002
.0002

.0002
.0002

.0002
.0004
.0006
. 0004
.0009
.0004

c-10

ppm

Li

A

ANNAN AN

14 -
.31
13
.13
.23

.03

-~

LAY S

.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
A1

Mn .

- &, 05

'<.05

- <.05
<05

g

.05

<.05
<.05

<.05

<.05

.05
<.05
<.05
<.05

<.05
<=, 05
<. 05

.05
~=.05

|

<.05
<.05

© <.05
 <.05

<.05
<.05
<.05
<.05
<.05
<.05
<.05
<.05
<.05
<.05
<.05

<.05
<.05

<.05

— o o -

r ro o

| G

r"""‘""‘_



Sample

ppm
Zn

.02
£.02

.21
.33

05

.13

1.22
T Z.02

.20

.73

 .2}1‘ ‘
. .63
.17

44

.04

.03
a7

.03
.15
.46

.07
.04
.06

.03
.02
.02

.03
402 .
202
CZ.02.

.03

.02

.03

C-11

Se |

.005
.009
.016
.008

.010

| £.002

<.002

<.002
.002

.002.

<002
<.002
<002

~.003
<.002
<.002

<.002

.00z

15.02

™~
N = W o N A
. L] - - L]



<,15 "

<.15

<.15

NoA

[
0t
—

3.66
6.90 -

.44
2.67
7.11

.30

.16
1.34

.12

.11
1.12

.18

.14

.51

.42

.22

.16
2.26

.12
.06
.06
.10

.08

.08
.08
12

C-12

.06
<.06

<.06 '

£.06
Z .06
< .06

<.06
<.06
<.06
£ .06
£ .06
<.06
<.06
«<.06

<.06

428

l..‘..'....i... .
O O O O O O O OO O OO O O O O O O

Ba

<.20

<.20 .

L S T SN
(]

ANAMANANNMNMANNANDNNA

* L2
LI O O 1ty ©

$a
N RS I ¥4

N
i

. . .
[O N IS B O ]
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k4

s
o)

£~

r -

.28
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N

“J 'i‘.
-
n Sample N
had
132 <.16
e 133 - <.16
W 134 <.16
135 <.16
b B 136 =<.16
137 <.16
. 138 <.16
: 139 <.16
o 140 - <16
, 141 <.16
142 <.16
u .
143 C .16
J 44 =.16
145 <.16
146 =<.16
- 147 =
148 -
" 149 <.16
-
o
-
.

16
.16

Sb Pb
<.5 ©.005
<.5 .009
<5 .006
<.5 .006
<.5 .008
<5 .001
<.5 .039
<.5 .006
<.5 .001

- <.5 .001
2.5 .004
<5 .001
<5 .00l
25 .002

<.5 .00z
2.5 C.001
©3.19 867.5

&5 . .025

C-13



Sample Latitude Longitude Tenqoagrature : Comment
1P 32° 8.7 1108° 47.6 23 Road Well
2P 32° 8.7 108° 49.9 85 Hot Well
3P 32° 8.9 108° 4¢.9 81 McCants Well
4p 32° 8.7 108° 50.4 71 C well
5D 32° 8.1 108° 50.9 2 well
10P 32° 13.6 108° 49.7 23 Hill Well
15pP 32° 13.7 108° 52.4 19 well
14P 32° 10.1 108° 52.8 20 well
15P 32° 6.1 108° 50.7 24 well
20P 52° 4.8 108° 54.0 22 well
22p 32° 4.1 108° 52.0 22 well
23p 32° 12.2 108° 48.8 24 - Nation Well
24P 32° 10.9 108° 50.7 -- well
32° 9.1 108° 32.8 23

’ 25P well

c-14
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N
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.
i
: memmmessecceMsmssesccoo———somoooos mg/l--=---------=--s---mcmocoooono
, ~ ppm , | ~
4 Sample  TDS pH  Ca Mg Na K 04 HCO,  C1 S0,
LP 4 820 280 7.3 68.7 1.9 0 183.1 20.5  79.3
2p 1116  7.71 ~ 22.0 0.5  333.6 23.5 0 106.8 88.3  497.1
“ 3 1024 8.16 23.2 0.8 318.6 21.1 0 103.7 87.6  480.
4P 1608  7.84 67.3 5.3 493.1 27.8 0 118.9 111.3  893.4
5P 1660  8.08  159.3  34.9  231.7 9.0 0 209.3 181.9  956.3
W 30p 1708 8.18  67.9  17.1 = 366.2 6.3 0 255.0 133.6  939.0
71 756 7.90 38,3 2.7  105.5 3.1 0 237.9  16.7  298.7
bl 14P 668  8.00 47.9 4.4 710 2.7 0 209.3 23.0  .289.6
1P 868  8.07  78.7 12.6 152.2 5.9 0 201.4 80.5  483.7
W 20P 632 8.02 43.2 - 4.1 7.0 2.3 0 192.2  21.3  305.0
2P 600 7.50  49.3 4.4 1113 2.7 0 192.2 38.6  311.7
W 23p 640 - 8.08 18.6 2.4 120.2 . 1.6 0  250.2 29.1  308.3
24P 1348 7.92 38.5 1.8 321.4  18.0 0 275.8 79.1  768.5
lesp, 604 8.35 38,1 5.7  78.8 3.5. 0 185.1 8.9  285.8
-
o
-
o~
i



|

—

-
-
------------------------------- S R EE TP PP
. : e
_ Total . o Total
Sample Eg_ B Ev.i_g_ _N_a_ E Cations C03 IEO_-E E _S__%_ Anions L
1P 1.40 .60 2.99 .05 5.04 0 3.00 58 1.63 5.23 L
2p 1.19 .04 14.51 .50  16.34 0 1.75  2.49 10.33 14.58
5P 1.16 .07 13.86 .34  13.63 0 1.70  2.47 10.00 14.17 ,
4p 3.36 .44 21.45 71 25.96 0 1.85  3.14 18.60 23.65 L
5P 7.95  2.87 10.08 .25  21.13. 0 3.43  5.13 11.35 19.91
10P 3.3 1.41 15.95 .16  20.89 0 4,18 3.77 11.60 18,53 L
13p 1.91 22 4.59 .08 6.80 0 3.90 .47 1.85 6.22
14P 2.39 36 3.00 .07 5.91 0 3.43 65 1.95 6.053 L
15P 3.93  1.04  6.6Z .15  11.74 0 3.30  2.27  4.50 10.07
20P 2.16 34 4.22 .06 6.78 0 3.15 .60 2.60 6.33 L
22p 2.46 .36 4.84 .07 7.73. 0 3.15  1.09  2.25 6.49
25p .93 .20 5.23 .04 6.40 0 1.10 .82  1.50 6.22 1
24P 1.92 15 13.98 .46  16.31 0 1.52 2.23  9.25 16.00 L
25p 1.90 47 3.45 .09 5.89 0 3.00 .25  2.70 5.95
L
L

[.'-m.n

C-16



1p
2P

5P
4p
5P
10P
12P
14pP
15p
20P
22

23P

24P

25P

1.10
.20
.40
.83

<.10
.53

1.31
.16

.10

A

'21.18
- .36

.35
12.6

12.0
7.25
3.55
7.25
3.90

.85
2.35
2.65

1.20 -

1.15
9.35

3.55

.08

.48

.50
.42
.25
.51
.10
.06
.18

.10

12

.50
.12

P S0,
.01 31.3
.02 147.5
.02 143.0
.01 115.6
.01 42.3
.01 60.7
01 7401
.01 - 48.4
01 - 34.3
.01 50.4
.01 43.3
.01 - 29.3
.01 149.7

.01 34.3

.019

<.70



Sampie

Jwl
Jw2

JW4
JWS

N

-
.
e/

Latitude

4> Uy
(73]

w
oo

33° 14.9

° 14.

(93}
(V2]
(¥4]

° 1.6
58.5

(RS RN VX |
[

(72 I T

Longitude -

108° 21.
108° 47.

w0 w

108° 52.7

108°

Ut
~
.

(=)}

108°

w
to
.

(e

108° 41.
108° 37.9

wm

Temperature

°C

40

49

1

-

25

Corment

Allen Spring

- Upper Frisco

Hot Springs

1gS
Lower Frisco
Hot Springs

Lower Frisco
Hot Springs

Lower Frisco
Hot Springs

well

Warm Spring

o  _ E | o “Jf‘- -

(’"
[ . i



-------------------------------------- MG/ Lo dem e e e e e meeee
(ppm)
Sample TDS pH Ca Mg Na K Co. I-ICO3 1 S0,
JW-1 452 8.12 77.8 8.2 8.3 1.6 0 389.3 2.5  48.0
2 156 9.60 1.2 - <. 2.8 4 49.2 72.0 .4 19.2
3 992 7.89 . 49.7 6.8 307.1 15.6 0 120.4 445.3 . 57.6
4 768 7.95  3°.3 7.4 2i5.6 11.3 0 136.7 294.6 44.2
5 1280 7.79 © 54.5 6.9 406.0 18.8 0 -107.4 574.3 ~ 90.3
6 160 .00 16.8 . 7.3 23.2 2.0 0 131.8 1.1 10.2
7 164 7.89 15.0 6.9 27.4 2.7 0 140.35 1.4 15.4
------------------------------- meq/l---===-==scsmscccoomceno oo
: Total | : | ~ ' Total
| Ca Mg Na X Cations ~CO, HCO, [ul co, Anions
Jw-1 3.88 3.14 .36 - .04 7.42 0 6.38 .07 1.00 7.45
2 .06 <.0l 2.7 .01 2.80 1.64 1.18 .01 .40 3.25
3 2.48 .56 13.36 .40 16.80 0 2.12 12.56 1.20 15.88
4 1.96 . .61 Q.38 .29 12.24 0 2.24 8.31 .92 11.47
5 2.71 .57 17.66 - .48 21.42 0 1.76 16.2 1.88 10.84
6 .84 .60 1.01 .05 2.50 0 2.16 .03 .40 2.59
7 65 .57 1.19 .07 2.48 0 2.30 .04 .32 2.66
"""""""""" I'fo'n"‘""“"mg/lf"“""'-"----""""""'--"-""""""
e E B P SO, A A i B B
Jw-1 <.10 1.05 .04 .02 14.50 <.05  <2.5 .001 <.7 54
2 <.10 72 .03 .02 45.35 <.05 <2.5 .0G7 <.7 3
3 <.10 1.43 .28 .02 75.18  <.03  <2.5 .018 <.7 .56
4 <.10 1.49 .22 .01 64.80 <.03 <2.5 .014 <.7 43
5 <.10 1.80 38 .01 90.94 <.03  <2.5 .021 <.7 .56
6. <.10 51 .02 .02 26.33 <.03 <2.5 .00z <.7 22
7 <.10 62 04 .01 29.31 <03 <2.5 .002 <.7 .27
O L L i N Iy A A TR e
| - (ppm)
.............................. mg/l\---------..------------_--.---_----_------------
: G L & b H  HS L Mn Mo N,
JW-1 <.01  <.15 <.1 = <.10 .0012 <.1 .02 <.07 <.5 .30
2 <.01 - <.15 <.l <.10 ..0011 <.1 .01 <.07 <.5 .90
3 <.01 <.15 <.l <.10 .0012 <.l .48 <.07 <.5 13
1 <.01  <.15 <.l <.10  .0012 <.1 34 <.07 <.5 1.24
5 <.01 <.15 <.l <.10 .008 <.l .65 <.07 <.5 1.35
6 <.01 <.15 <.1 <.10 .0011 <.l .04 <.07 <.5 1.16
7 <.01 <.15 <.l <.10  .0006 <.l .05 <.07 <.5 .69

C%iQ



N YT LI

5.23
.60
.56

W96 .

2.12
1.88

.03
.03
.03

.03
.03

AANAAANNNAN

03

Pb

.027
.006
021
.018
.042
.004
.005

C-20

AAAAAAA
[] - - L] L]
A N NN VIRV IR VIN T, ]

W12
- <04
.33
.28
.43
.03
.04

.17
4

11

. -

15

.14
.12

— o
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o A

Sample Latitude Longitude Temperature Comment

°C
1B 32° 28.2 106° 49.2 .- Cleofas Wells
2B 32° 30.1 106° 55.7 53 Radium Springs
D ' (well)

3B 32° 29.6 106° 56.0 -- well

4B 32° 38.8 106° 55.8 <-  well

5B 32°47.7 - 107° 16.6 -- ~ Derry Spring
6B 32° 47.6 - 107° 16.6 - . Derry Spring
73 32° 48.7 107° 16.4 -~ well

88 0 32° 34.1 106° 59.9 - well

9B 53° 8.1 - 107° 15.2 45 well

: , : o - (Mineral Bath-

. Blackstone)
10B 33° 8.2 - 107° 14.9 41 ' Well (Mineral Bath-
o o : Wierra)

11B 33° 8.0 107° 14.5 41 Warm Spring
12B 33° 16.7 107° 33.8 Lae  Warm Spring
13B 34° 2.2 1106° 56.2 34 Sedillo Spring

14B 34° 2.8~ 106° 56.2 sw i Cook Spring
18B 53° 14.1 . 107° 21.4 - well

6B . 33°30.3  107° 40.4 - --  well

178 33° 34.38 - 107° 36.05 28 . Spring

18B 33° 34,37 107° 35.95 21 © Spring

33° 8.1 - 107° 15.2 . 41 ~Yucca Springs

© o198



(Ponl) == === -- oo e e oo Mg/l=====mmemsooommmceno oo oo ee oo L
Sample TDS H Ca Mgz Na K Co.. HCO.. C1 S
, P w o8 aa =

Bl - 592 8.18  101.2

27.6 1 T4 12 361.2  26.6  147.0

82 3532 8.16 118.6  15.2  1135.9  167.0 ~ 13.2  378.3  1593.6 263.2i-
33 . 872 8.26 87.0  14.1 189.0 - 14.1 0 203.8 ° 227.3  159.5

B4 2236 7.66 - 404.2  29.9 214.0 11.7 0 41.5 14.2  1604.2}
35 1240 8.23 47.1  15.8 323.9 18.8 0 366.1 151.0  376.6

36 1228 - 8.62 47.1  16.0 340.0 19.2  22.8  311.2 153.2  374.6, .
87 252 8.18 39.2  10.5 34.3. 3.7 0 183.5 4 e3.al
B8 2784 - 8.03 153.9  17.9 " 806.7 10.6 0 289.2 828.5  647.5
B9 2508  7.79  145.9  18.0 817.5 61.4 0 164.7  1285.2 196,0lﬂ
310 2688  7.80  143.9  17.9 791.5 63.0 0 162.3  1355.6  169.1
311 2640 7.88  136.5  17.1 764.6 62.6 0 136.7  1370.3 115.31;
312 1392 7.90  110.4 5.5 387.4 21.5 0 211.1 602.7  138.3

Bi3 284 8.48 7.2 4.3 56.1 5.1 0 162.3 10.3 0.0
B14 348 8.33 16.4 4.3 68.5 3.1 0 181.8 2.1 69.21.
B13 420 8.14 49.5 4.5 78.4 5.9 0 175.7 80.5 67.2
B16 352 7.79 53.3 7.1 25.7 2.7 0 146.4 15.6 76.81_
B17 468  §.24 34.9 1.3 125.5 5.1 0 131.8 104.2 96.1
318 544 7.01 2.3 1.7 145.5 6.6 c is7 132.2 107.61;
B19 2708 7.98  164.1  18.7 785.6 62.6 0 G

224.5 ¢ 1314.2 - 107.C

]




B

B2
B3

B4
BS

B6
B7
B8
B9

B10
Bll

B12
B13

‘B14
B15

B16

317

B18

B19

.19

2.27

1.25
1.16

. 2.46

1.30

1.32 .
+86 .

1.47

1.47

1.41

.78
.35

.35

37

.58
A1

4
1.54

2.83
49.41

8.22 =

9.31
14.09
14.79

1.49

35.00

35,56

34.43

33.26
16.85
2,44
2.98
3.41

1.12

5.46
6.24
134,17

L=

1.57

1.61
1,60
.55
.08
.08
10
07
.13

1.60

- e e - e e = = = - - - -

C-23

g
~ Total
Cations C0; HCO;
10.34 .40  5.92
60.85 .44 6.20
14.08 0 3.34
32,24 0 .68
.-18.22 0. - 6.00
18.95 .76  5.10
4,44 0 3.04
44.51 0 4.74
45.79 0 2.70
44.69 0 2.66
43,08 0 2.24
25.69 0 3.46
373 0 2.66
4.23 0 2.98
6.35 0 - 2.88
4.43 0 - 2.40
- 7.44" 0 _V“Z.lﬁ :
866 0 2.26
45.50 0 3.68

.75
44 .95
6.41

4.26
4.32
.01

©23.37
 36.25
38,18 -
38.65
©17.00
.29
.34

.44

2.94
3.73
37.07

HHHNNOJ#‘U"HQ\‘

o]
(oA
o

3.08
5.48
3.32
.40
.84
.80
.32
.48
.08
.52
.40
.88
.04
.44
.40

192
(92}

2,00

2.24

S 2.24




P A k. L e I R A A

Sarple Cd
Bl <.01"
2 <,01

- BS <,01
B6 <,01

B9 <.01
B10 <.01
~Bl1" <,01
B12 <.01
B13 <.01
B14 <.01
B17 <.01
B18 <.01
B19 <,01
Sam;le I\OS+NO2
BL 5.57
B2 .47
BS .08
B6 1.00
BS 2.12
B10 1.88
B11 2.01
B12 11,14
B13 - 1.63
B14 1.82
B17 .84
Bi8 .40
B19

1.40

<.15
<.15
<.15
<.15
<.15
<.15
<.15

:<.15 ,

<.15
<.15

-<.15

<.15
<.15

A A A A A A A
» - » L] - . .
o O o O O o o
LS VIR ¥ TR T B VX B V2 Ry V2

A
.
Q
w

<.1
<.1
<.l
<.l
<.l

‘<.1

<.l
<.1
<.1
<.1
<.1
<,1
<.l

Cu _Hg HsS  Li Mn
<10 0002 <.l .05 <.07
<,10 .0008 1.18 <.07
<.10 0148 <.l 36 <.07
<.10 0011 <.l .35 <.07
<.10 0009 <.l  1.21  <.07
<.10 0003 <.l 1.23  <.0T
<.10 .0004 <.l 1.2 <.07
<10 0005 <.1 .42 <.07
<.10 .0005 <.1 .06  <.07
<.10  <.0002 <.1 .08 <.07
<.10 0003 <.l 11 <.07.
<10 0003 <.l .13 <07
. <.10 0005 <.l 1.20  .<.07
Pb Sb Sc Sr Zn
.070  <.5 .005 1.28 .64
844  <.5 .038 2.49 .10
.090  <.5 .006 .86 .09
.139  <.5 .009 .83 .06
.202 <.5 .018 4.10 .05
200 <.5 017 4.12 .07
105  <.5 .015 4.19 .09
.623 <.5  .009 2.21 12
.025 <.5 .003 .35 .16
.033  <.5 .004 .39 3.58
.008  <.5 .004 .28 .09
.005  <.5 .004 .38 .09
257 - <.5 .029 4.08 .10

A A A A A
- L) L) v . -
LR R Y,

A

A
in



1‘;-"
L
=)
lj - Sammle
| Bl
W B2
3 B3
W B4
. BS
. B
BT
. B8
kel
: B9
' BlO
W.ooppg
v . B12
B 313
. B4
W B
. B16
,hﬁ B17C
- B18
. B19.
H‘
-
o~

- . - - e . e e -

‘>~<.10

<.10
<.10

1.25

.38

<10

<. 10
<.10

<10

<.10

a2

.36

<10
<10
<10

.67
4.44

.57

45

5.90
5.90

1.48

.64
1.49
3.10

3,10
2,46
- 2.02
.69
1.73
.27
5,10
2.86
3.20

12
.86

<23
.34
Ny

008 ;
.69

.38
.35
.35

.20
.09

.09

: .08

.07

.09 -
- 10

.01 .

.02
.01
.03

.01,

.02

1,02
.03

.01

.01

.05

.02

02
.01
06

.01

o1 =
01

- - - B S e G e e A W e e A - W gn e e e A e

<.03

S <03

<.03
<.03
< ,03

1 <.03

<.03

<.03

25

<.03

A

A

A

A

.25
<.,25
<,25

<.25

<25

<25

<.25

.25

.25
.25+

<.7
<'7

<.7
<.7

1.54



| .

| Sé:r:ple - Llatitude Longitude Temperature Corment

€ | | -
- 20B ‘ 33° 5.8 107° 0.6 ' -- ' - well L
SW19 )
21B 33° 17.4 106° 56.2 -- “well L
SwW20 » ’ _ .
22B | 33° 28.6 - 106° 53.5 - Malpais Well o
Sw21 | | L
' 23B 33° 25.1  106° 52.4 ' 18 Chave: Well
Sw22 o | .
24B - . 33° 23.3 106° 55.6 24 Tucson Spring -
o SW23 | ‘ | .
25B . 33° 34.4 106° 35.6 29 Ojo Caliente ‘
o Sw24 | - .
26B 33° 53.1 . 107° 31.7 4 ‘ Spring ,
- SW25 . o ' ; . L
27B 33° 54.0 . 107° 32.2 4 Spring
A-’Z )
28B 33° 45.8 107° 21.0 30 well L
Sw27
Gila 1 32° 28.7 107° 57.5 18 well L
Sw28
Gila 2 32° 33.3 107° 59.7 54 Faywood Hot Spring
Siw29 '
: .
Gila 3 32° 33.5 107° 8.1 21 well
Sw30
Gila 4 32° 44.9 107° 50.1 58 Mimbres Hot Spring L
SW31
Gila 5 33° 12.0 108° 1z.5 63 Gila Hot Spring
SW32 , b
Gila 6 33° 12.0- 108° 12.6 66 . Gila Hot Spring
SW33
: L
Gila 7 33° 14.0 108° 14.2 65 Hot Spring
734 |
Gila 8 33° 9.8 108° 12.7 44 Hot Spring b~
S35 . :
Gila 9 32° 34.6 108° 00.5 -- well E
SW36 , i:.
Gila 10 32° 35.1 108° 00.0 -- well \
SW37 , |
Rt , -
Gila 11 32° 33.8 108° 2.5 | -- well
SIV38 |



' 111/-
-
-
izrmie TDS
1
et 744
20 2652
NS N i
1Ml. 5208
22 2152
3 2500
‘54 516
5 104
g 104
g 192
s 364
29 492
0 456
3 320
2 408
33 416"
] .
g 548
,¥§5> 516
6. 320
g7 344
8 428
-
1i;‘
-
:-‘
g

10.4

15.4

18.4

31.6
32.0.
~ 39,8

36.0
44.1

$273.1.

©97.5

156.6

1.7
2.4
2.2

1.7
7.9
7.6
9.6
<.006
0.1
0.2
0.1
0.8
13.0
18.1
3.2

- 149.7
706.5

1363.1

51.5

66.0

- 137.7
- 10.5
~10.8

24.1

17.4

- 90.8

.7.90.8

' 91.7
- 123.0

129.7
- 151.5
-:141.9

28.9

S .24.8
474

9.7
10.5
37.8
4.7

- 7.0
5.5

1.6
1.6

3.9

-
.de

2.3
1.2
3.1

3.5
2.7

3.5
4.3

5.1

- . o e P S wr AP A

20.4

o6 o o o o o

oooooooooo_o‘0~

154.
181.
143.
134.
184.
124.
36.6
31.7
108.5
207.4

SN YO W

- 283.0
256.2

67.1
108.6

115.9
1311

125.0

- 227.5

213.5

236.6

—

101
269
232

14.
20.
14.
99.

100.

104,

o

\lF‘Ui

[ ] - *® a8
V1 O & N1 W H Ryt 00N R N En

.8
.4
2
27.
47.
150.

~



| XS T S T 3}

O W

(7 S O I S

O L LY LI LY LY. LY L LY Y
~l O Ul £

00 .

-
’ -
.
i
---------------------------------------- mg/l----===s---m-ssmcmemmmemm ool
g/ L
Tota _ | Total,
Ca Mg Na K - Cations €O~ HCO; € 59, Anion:
2.35  3.00° 6.51 .25  12.11 0  2.54  2.87  6.24 11.65
3.29 4.51 30.72 .27 38.79 0 2.98  7.59 28.60  39.1[
9.96  22.76  15.79 .97  60.48 0  2.36 6.54  65.20  74.1%
1.01  8.13 2.24 .12 31.50 .0 2.20 .78 27.00 29.91_
2.06  13.05 2.87 .18 36.16 0  3.02 1.34 30.80  35.1c
2.21 .14 5.99 .14 §.48 - 0 2.04  4.25  2.24 8.5[;
.64 .20 46 .04 1.34 0 .60 .003 .92 1.5
.64 .18 47 .04 1.33 0 .52 02 .84 1.3[-
1.17 .14 1.05 62 2.38 0  1.78 .04 .55 2.3k
2.34 .66 76 .10 3.86 0 3.40 .03 .45 3.85
1.78 .60 3.95 .21 6.54 0  4.64 40 1.50 6.5[,
1.29 .80 3.95 .06 6.10, 0 4.20 .52 1.35 6.0
.12 <.0005 3.99 .03 1.14 68 1.10 41 1.75 3.9[_
53 .01 5.35 .08 5.97 0 1.78 .80  1.45 6.Cx
.52 .02 5.64 08 6.25 0 1.90 2.82 . 1.40 6.1L‘
77 .01 6.59 .09 7.46 0 2.15  2.94  2.25 7.3
.92 07 6.17 .07 7.23 0 2.05  5.26  1.45 7.2{;
1.58 1.08 1.26 09 4.01 0 3.73 .04 .50 4.2t
1.60 1.51 1.08 .11 4.30 0 3.50 48 .35 4.37
11,99 1.10 2.05 .13 5.27 0 3.88 24 1.05 s.1£.

r—



1.28
.32
<.10
.22

?.lQ

<,10

1.15
<.10.
.12

.25
<,10

- <.10
<.10

.22

- 1.25

29

1
<11

6.10
3,10

16.00
8.70
'8.70
9.50"
8.70
.61

3.00

B P
.30 0

3.22 0
1.96 .02

.18 0

.09 0

.02 0

0 .01

0 .01

0

0

.01 .01

.02 0

0 0

.03 0

.02 0
.07 0.
A1 .01

SR 1 I

.00
.01 0

c-29

- -

26.87

8.99
16.04
20.07
26.87
23.58
36.80
36.80
50.12
42.06
43.16
41.03
5.56

~1. U

T £

9 U

73.31
85.89

. 85.89
59.73
6078

‘54,53

2.27 .



. Sammle gé

' 19’

- 20
7
-k
22
-l
-
7

23
36
27
E
179
30

31

32

33

et

S

36

- -
My

44
58

<.02

<.02
<,.0

AN

.02
.02
.02

Lo e

<.10

<.10
<.10
<.10
<.10
<.10

AAAARK

A

.29

.19
.19

A2

.12
A2

-
- 4

12

.12

.13
.13
.13
.13

.0006

.0006
0033
.0007
.0005
.0006

.014

.051
.024
.021
.021
.021

A1
.26
.26
.43
.31

A

ANANANANA

A
L]
o
o
(93]

AAAANA
o)
[e))
(92

oo O

.004 -

.004

.005
.006
.006

-.005

.10 <.ozs‘

<.02

‘- - - -
ittt i dihaing - - -

A

AANANANA

.45
.45
.45
.45
.45

A A AN AA
.

.05

.03
.05
.05

<.028
.02 .06
.02, .06 -
.03 <.028
.02 .05
Ag Al
<,07 <1.10
<,07 <1.10
<.,07 <1.10
<.07 <L.10
<.07 <1.10
<.07 3.10

.008
.006"

.007
.008
.006

-.00S

A

AN N AA

.20

.20
.20
.20
.20
.20



Sarmple

Gila 20

~ SW150

Gila 21
SW151
Gila 22
Sﬂ52

Gila 23
SW153
.Gila 24

SwW154

Gila 25
SW155

Gila 26

SW156

Gila 27
SW157

Gila 28

SW158

Gila 29

¥159

Gila 30
SW160

MF61
SW161

MF62
SW162

MF63

- SW163.

MF64

. Snes

RI
SK165

 $&66

Latitude

6.5
6.5

6.5

1.1

52.6

56.1

55.4

17.0

17.4

~17.4

16.4

o 108°
108

- 108°

108°
108° 3

-108°

08
 '108°
108
© 108°

. 108°

108°

108°
:7. 106°

-~ 106°

Longitude

"108° 56.

16.9
16.9
1s.ov
54.8

§5.3

C-31

Temperature
. °C

7

28
70
29

31

™
W

Comment

'v‘vSpriﬁg*cn Turkey

Creek '
Turkey Creed’.

Spring bn Turkey
Creek :
well

Spring
well
well
well
Artesian Well
Mangas Springs
Spring
Spring

Spring



e r—r— e~ rr-

------------------------------------- mc/l--------—-»---s-------_‘-_______-____
- ~ A\l -
~ Saple  IDS pH Ca Mg Na K s HCO; a S0, LL
150 236 . 8.66 6.8 1.6 61.1 1.5 0 - 94.0 4.2 64.8
151 . 200 8.33  10.6 3.5 48.7 2.0 0 103.7 3.9 13.7
152 260 9.10 2.8  <G.1 69.2 1.2  20.4 40.3 . 5.0 . 75.9 L_
153 292 8.53  10.4 0.6 77.9 1.5 0 75.7  25.9 00,4
154 332 8.13  13.4 1.3 92.4 1.5 0 234.3 - 6.4 49.0 .
155 400  8.04 8.2 0.8 « 1184 2.0 0 244.1  13.1 55.2
136 444 7,64  36.1 6.9 79.3 1.2 0 290.4  10.6  i3.1 L
157 472 8,79 2.4 ¢.1 ~ 146.7 0.8 13.2  175.7 ° 33.0- 107.1
158 272 9.36. 1.0 <0.1 87.6 0.4  46.8  1253.7 2.8 13.4
159 544 8.00 87.0 16.5  34.9 .8 0 356.5 18.8 = 33.0 L_
160 672 - 7.98  10.0 1.3 190.6 2.7 0 386.8  18.8  142.6
£pm Dpm
Semple in Sr Se NO.
150 <.02 .002 .72
151 .03 .003 .15
152 <.02 .003 .06
153 .14 .003 6.72
154 <.02 .003 .17
155 .03 .004 2.00
156 .22 .003 .59
157 .04 .006 0
159 <.02 .003 .89
160 07 .03 .006 1.47
£pm pPrm  ppm |
_Sample & Co Cu Cu_ Hg ES Li M Mo NH,
150 <.10  .0004 <.1 .06 <.05
151 <.10  .0003 <.1 .03 <.05 -
152 <.10 0004 <.1 .11 <.05
153 <.10  .0006 <.1 .13 <.03 :
154 <.10  .0006 <.1 .08 <.05 (-
133 <.10  .0006 <.1 .14 <.05
136 <.10 0006 <.1 .15 <.05
157 <.10  .0006 <.1 .20 <.05
159 - <.10  .0006 <.1 .02 | <.05
160 <02 <14 <.1 <.10 0006  <.1 - .22 .40 <.5 <.05

r,..‘ e ’

o

r—

r

r—



£

£

.31 9,45 .12 67.65  <.06 ~ <1.0 = .007  <.20
<.15  7.65 08 50.00  <.06 © <1.0  .004  <.20
<.13  11.8% 12 68.91  <.06 <1.0  .006 .<.20
.25 10.50 92 21.39  <.06 <10 - .002  <.20
<.15 5.85 16 34.51 <.06 . <1.0  .006  <.20
<.15 7.35 - .44 7.62  <.06 . <1.0  .011  <.20
<.15 3.00 14 49.40  <.06  <i.G . L0086 <.20
<.15  19.05  2.56 63.73 <.06 <1.0  .015  <.20
<.15 1.00 .12 52.95
<.15 .49 14 57.75  <.06  <1.00  .004  <.20
.49 18.45 42 48.22  <.06 <1.0  .014  <.20 .15
---------------------------------- Mg/l---ommmmemm e
g Total Total
Ca Mg Na K Cations €Oy HCO; C1 SO,  Anioms
34 .13 2.66 . .04 3.17 . 0 1.54 .12 1.35 3.01
53 - .29 2,12 .05 -2.99 0 1.70 .11 .91 2.72
.14 006 3.0l .03 3.18 .68 .66 .14  1.58 3.06
52 .05 3.33 .04 - 4.00 0 1.2 73 2.07 4.04
92 .11 4.02 . .04 509 0 3.84 .18 1.02 5.04
.4 .07 5.15 .05 5.68 0 4.00 .37 1.15 5.52
1.80 .57 3.43 .03 5.85 0  .4.76 - .30 .94 6.00
.12 .01 6.38. .02  6.53 .44 2.8 .93  2.23 6.48
.05 - <.006 3.81 . .01  3.93 . 1.56 2.06 .08 .28 3.98
4.34  1.36 1.52 .20 7.34 0 = 6.40 53 .73 7.66
.50 .11 8.29 .07 8.97 = 0 552 .53  2.97 9.02
1.02 .21 1.74 .04 3.10 0 2,39 .09 .62 3.10
19 .13 1.82 0200 2,76 0 2.24 12 .66 3.02
.84 .13 1.0 .03 2.0 0  2.29 .11 .59 2.99
.74 .12 1063 020 92,51 0 2.15 -~ .09 .4 2.64
192 1.36  4.23 .19 7.70 - 0 3.82 . .48  3.68 7.98
2 ‘ 5.84 .21 12.87. O 2.74 8.27 - 11.72

viee




-------------------------------------- ME/1====mmmmmmmmmme i il
Sample TS pH G2 M N K Q R
%1 8.80 204 2.6 40.0 1.6 3.2 O
162 §.07
163 .09  16.8 1.6 457 1.2 3.9 0
164 85 18 L5 55 .8 sz o
165 340 8.40 385 16,5 97.2 7.4 17.0 0
166 784 7.9

--------------------------- mg/l--_-_--------------—---------—---

Sample  HOO S0, > B F Fe 510,

161 145.8 20.8 20 05 4.8 37 51.0
162 16 .02 5.28 12 56.0
163 159.7 28.5 09 07 5.8 210 56.5
164 131.2 19.2 .09 0 5.07 210 53.0
165 253.1 176.8 11 28 .69 92 72.5
166 16 48 1.06 57 65.0

r—
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E K .

) =

Sample Mo

165
166

. Sample
166

Zn M Sr Cd B M Ca Ag

<‘5;'<'15

.01
.01

Se

.26 <.05 .20 <.02 <.4 <.15 <.10 <.06
<5 <15 2.72 <.05 115 <.02 <.4 <.15 <.10 <.06

- Se Sb Hg ,££. - Br NOg H)S
.01 <.5 <.10 7.38 <.l
01 <5 <.10 8.83 <.l

C-35 -

PbLi

.004 .05

.006 .08
<1.0
<1.0



- Sample

TR4-1
TR4-2
TR4-3
TR4-4
~ TR4-5
TR4-6
TR4-7
 TR4-8
TR4-9
TR4-10

W50
SW238

W51
SwW239

W52
SW240

W53
Sw241

' W54
- SW242
W55
- SW243

W56
Sw244

W57
SW245

W58
SW246

W59
- SW247 .

W60
. -SW248

Latitude

32°

32°

15.3
15.4
10.3
14.9
9.6
7.8

14.1

- 11.6

9.4

7.8

10.0

9.2

8.5

11.2

11.

(#2]

Longitude

105°
105°
105°
105°
105°
105°
105°

105°
105°
© 105°

107°
107°
107°
107°
107°
107°
107°
107°
107°
107°

106°

38.2 -

32.3

26.4

25.6
22.6
34.7

39.2°

39.3
44.5
52.8
9.8

12.0

14.7
14.8
4.5
7.0
10.1

2.5

C-36

Temperature
°C

21
19
17
18
13

24

24

- Corment

well

well
well
well
well
well
well

- well
- well

well
well

well
~well
{x'ell
well
well
well
.well
vell
well

well

I

r—r— r-ro

r—-

rr-
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K .

"Sample

wel
Sw249

W6z -

. SW250
W63

SW251

W64
- SW252

W65
SW253

W66
SW254

W67
 SW255

WGS'

SW256

w69

- SW257

w70

- SW258

W71
w72

W73

SW261

W74

- SW262

W75

Sw2r3

W76
5274

W77

- 8W275

W78
SW276

SW259

SW260

o Latitude

32° 9.5
31°°48.0

31° 48.3

31° 47.7

31° 58.2
31° 53.2.

31° 48.3

31° 50.5
,315A53;z
31° 56.2
31° 58.2
31° 54.2

32° 1.3

32° 8.0

' Longiﬁde
106 9.2
”ﬁi6§° 24.5

‘107° 30.1V
107 34.3°
107° 23.2°
107° 26.9
a0 301

l075 0.5
,10?° %1.21,
'1075‘26.91

107° -223,.'1,.
| 167°’23.i
107°-Ss;z;w

107° 40,1

‘ 102° 26.;€” |
10?°.28:8u;. 
‘107°523.9 =
"10?° zs;ofv

C-37

~ Temperature

°C

i 221
264 7
22

21

N
.

21

22

Comment

well
well
wgll
well
well
well
well
well
,weliv

well

well

well
well
well
'wgli.
well i
well

well



Sampie

w70

51258

W -
SW259

w72
SW260

w73
 sw261

W74
SW262

W75
w273

{76
SW274

w77
SW275
‘W78
Sw276

W79
sw277

weo
-SW278

vS1
SW279

wez
SW289

wa3

raRT

o e

LR AN A
O

SW232

Latitudé
31° 53.2
31° 43;3
31° 47.7
»31“50.5

31° 53.2

31° 56.2

31° 58.2

31° 54.2

32° 1.3
32° 13.3
32° 13.4
32° 11.3
32° 8.0
32° 6.7

32° 5.5

W
N
. L4
[
o
.
o

TaBLE 1 (continued)

I.ongi tude

107°
107°
107°
107°
1b7°

107°

107°

107°
107°

1907°

34.3

31.2

26.9

Temperotura -

°C

-
-

26

30

21
22
20

21

21
21

23

&}ell
well
well
well

well

T well

weil
‘well
we}.vl
wéli

well

r—

3
v

.

r—



Sample

w79

SW277

W80

- SW278

W81
Sw279

w82

- SW280
W83

SW281

W84
SI¥282

SiW283

Siw284
S1285

SW286

SW287
Siv288
S289

SIv290

- ‘ Swzgl

s;x-"29'2

SwW293
SW294
 SW295
SW296
w297
Sw298
- SW299

SW300

Latitude -

32°

32°

32°

32°

32°

32°

32°

32°
32°

6.7

5.5.
2.2

34.6

'3.1',

407
3.1
2.7

47‘.3“

(83 ]
.
[}

4.8
5.6

) ' 107°

107°
107°
107°

107°

. 108°

108°
108°
108°
108°
108°

108°
108°
'.1b8°'
. 108°
108°
108°
1 08 o
108°
108°
108°
108°

108°

c-39

‘Longitude
28.7
23.3

25.0

0.2
2.6
4.8

52.2
48.8
52.8

Temperature
°ecC

B

.20

19

18
19
16
24
19
19

20

18
18
19
2

2
20
24
20
22

Comaent
wéll;,
well

- ”\;1‘311
well
well

weil

Nation Well
well

well

well

well

well

well

well

Wellv

well

| well "

‘well

Bert Windmill
: / well
wéll

well

well



 Sample

SW301
SWs02 .

SW303
SW304
. SW305

SW306

- SW307
5308
SW309
SI310

o320

32°
32°
32°
32°

~ Latitude

9.1

5.2

7.2
6.3
5.1
16.4
16.4
16;4

10.6

10.8

108°

108°
108°
108°
108°
108°
108°
108°
108°
108°

- Longitude .

46.4
53‘6 ..

55.3

51.7

52.7
15.0
15.0
15.0
12.1

12.5

C-40

- Temperature
OC, ) .

‘Comment

well
well
weil
well
 well
~-Spring

Spring

Middle Fork Gila River
East Fork Gila.Riyer

West Fork Gila River »

— e T

r— e e

r— ¥
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Worklboﬁpleted on UNM S;able Isotope Laboratory Facility

Funding: U S. Geological S

vey Geothermal Enérgyi 14-08-0001-G-255
'NMERDP: {# 166 UNM 281-396-100 S '
NMERDP: UNM 281-341-100/200 :
Sandia Laboratories - SURP .: ~#51-9537, UNM 381-406-100
Los Alamos Scientific Laboratories: {# LY5-70817-1
University of New'Mexioo o

Amount: ‘Equipment/Maeerials & Service =A$80,OOO.’

 CODE:

Surplus equipment, largely government sources

S =
F = fabricated equipment, UNM, incl desion
$ = purchased equipment
f= repeir and/or modification of equlpment
I. Mass Spectrometer Electronics

CODE No. ; . ITEM
. F | 2 N30 amp power 1ines through main Junctlon box’
s | 1 : thermocouple vacuum gauge: unit 3-station - (TC-3A)

$#‘~ 4 " Vaclon Pump control units-power supplles-Varian
: and Ion Equipment :

' Aumil‘lary Services /- protect panel

F 1
F. 1l -Control-Master: Protect Vacuum Trip unit
F. 1 Suppressor Voltage Power Supply + distribution box
YS 2 Gauss meter meénetlc field monitor '
Sit 1 : 44Sorenson regulated line voltage supply-
S 1 Clock timer swltchlng unit (RT—l) -

1 ‘pSolenold/Air pneumatic switch ng system on 1nlet
st 1 ‘Balance Panel (BP—B) _
8 1 VFC digital 1ntegrator—computer—prlnter output

’ - on-line data reductlon system (IRrZA.+ HP/98254)
-1 ActhD/Pa551ve BCD TTL positive true parallel interface circuitryx

$ 1 Strlp chart recorder (Esterllne)

1l ' Earth. ground- common junctlon Strlp
s# .. -2 ‘Fans, electronlc console
S 1 High voltage supply (660 RMS) :
F 1 Ion source hi voltage focus contrcl (660 RMS)
Si 1

Emmission Regulator (ER-5) 660 RMS

D-7



III

III -

H oW e e

No.

g

70

CITEM

',Cari 401’HyVibratiﬁg reed electrOmeter (GGOfRMS)

Electrometer Amplifier EA-7 (660 RMS)

MR—7/MS-6A electromagnet current regulator ‘power
supply + 12 VDC filament supply (660 RMS) '

Electrical system for caplllary bakeout ‘systenm

ngh voltage power supply: 6KV, spare

 Cary 31 vibrating reed electrometer (360 RHS)

MEC-2: hi voltage supply, focus, emmission
regulator, D.C. amplifier (360,RMS)

MR-16 electromagnet power sunply—control (360 RMS)

' ‘Junction-s1gnal transfer box

‘Oscilloscope. trouole snooting, signal trace

Multiconductor (some low leve 1 shleldea) electronic
cables and mated connectors

Mass Spectrometer Hardware

S
S#

F

General Purpose

Fi

Howvr 3 W»

[ P

3
1

1

Electronic consoles, 19" relay racks

6 inch-60 degree sector Nier type mass spectrometer
for carbom, oxygen, sulfur isotopes

Vacuum pumping - roughing vacuum system (660-RMS)

- Dual inlet system -~ vacuum transfer lines to

660 RMS and 360 RMS
Dual switching pneumatic gas inlet capillary leak

3 inch-60 degree sector Nier Type mass spectrometer
for hydrogen isotopes (slso C, 0, S, N, Ar etc.)

Vacuum pumping/roughing system (360 RMS)

- Samule “reparatlon - Extraction Lines.

‘ Lab room (333) with partition wall lab benches -

hoods wvented to roof

'Analytlcal balance

,.fume hood -

constant temperature water bath-
Lepel RF induction unit

Lattice support racks, . benches w1th power, water
and gas dlstrlbutlon -

Vacuum oven

|

oy

T e

T—

o r

r

r

r— r— r

4FMMﬁ‘

'WJ;

4 F—



CODE

N $ ]
h— ‘ $
F
-
| F
F
(™
$
[ F
e F
. F
- F
W

§ F
hJ ; ,
s#
. s
ol _F
. F
-
-
--
-

Sl S T I R

I e o RS

No. ‘

"ITEM

vfMisc. tools, lab glassware, consumable suppl:.es,

equipment -

E (’ -

1iquid nltrogen storage dewars (160 liters) plus
‘miscellaneous small glass vacuum dewars

Capacitance manometer (MKS) -

resistance furnaces (6 ea) proportional temperature
controllers, w/digital readout of temperature
for 12 general purpose station jacks on ezuractlon
. support racks

Mineral separation, heavy liqulds, 51eVﬂng diamond
saw, polishing etc.

‘glass blowing station and connecting gas lines

to station hook-up near support racks
Misc.:NZ - C0p - F9 - BrFg gas bottle cylinders

Multipurpose - Carbonate extraction line

" H2 = Hy0 ~ Bydrous mlnehal extraction line

Sulfur extraction line .

Thode process = sulfate reduction line

‘ Fluorination line: bromine pentafluoride and fluorine
gas; for oxides and silicates (CO;) silicates (SiFj),

. -and SF6)

microscope heating stage, proportional con roller,
digital temperature readout, and BCD digital printer

microscbpeyfreezing stage, digital temperature
readout, '"chilled" N2 gas cooling medium

Glove box, dry box ‘

Phllllps cold cathode vacuum gauge

Liquid nitroger ‘dewar, 25 liter 'genie" bottle
Rapid carbonate extraction system

solid source: Fy gas supply systenm

‘RF-Pt-Ni/NiO-C sulfate oxygen extraction system


http://pentafluorl.de
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