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co are concentrzted 

southwestern part of the State (Fig. 1) 

anomalies, not in the Rio Grande rift,  

1) ,4nimas Valley (Lightning Cock 

O f  these, the himas 

Valley lies in the Basin Province and the others in the 

lcanic field,  a transition zone between 
l 

the B a s i n  and Range prov 

have the general 

potential, including active-extensional tectonics, recently-active 

volcanism, active seismici 

deposits, and numerous ho gs and wells. Partially-molten rock may 

occur at depth beneath the Socorro segment of the Rio Grande rift, (Oliver, 

Ka&an, 1976; Sanford, and others, 1973). 

and the Colorado Plateau. A l l  these areas 

cs of regions of geothermal energy 

gh heatflow, yomg hydrothermal mineral 

This continuing rese designed to  provide an integrated 

rift. Basin 

til volcanic f i e  

ding recomaissance 

magnetic techniques (Radium Springs, Anhas Valley and Truth or Consequences). 
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I Figure 1. Thermal s p r i n g s  ant! wells i n  New Mexico (from Summers, 1965) .& 

LL 

- 
. Circled sreas are t a r g e t s  mentioned i n  t h i s  proposal (exc luding  

Socor ro ) :  1 = Ojo C a l i e n t e ;  2 = S a n  Ysidro;  3 = Albuquerque- 
Belen; 4 = Socorro; 5 = Truth  or Consequences; 6 = Radium SFr inqs ;  
7 = A l u m  Mountain; 8 = Lightn ing  Dock; 9 = M a s a s  Trench recion; 
1 0  = Hilbourne Bole.  I 
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If summer f ie ld  

, laboratory 

faci l i t ies .  About 

'the U. S. Geological Survey 

5 to June 27, 1976-on grant 

rest by the State of New Mexico throug Y m b e r  14-08-0001-G-255, 

grants administered by the New Mexico Energy Research and Development 

Program (NMERDP). The second year of U.S.G.S. funds w i l l  be dispersed L 

Ib 
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 

u i n  January, 1977. Publications, comunications, and public service 

resulting from this first year of U.S.G.S. and State 5unding are l is ted 

4 in Appendix A. 
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chemical reservoir tempera 

ecently published 'Tectonic map of the Rio 

ico border t o  Presidio, Texas," @?oodward 

and others, 1975 - NMEW-funded). The U.S.G.S.plans to conipile similar 
t 

d 

t 

L data for southwestern New Mexico with contributions by Elston w. S.G. S . - 
funded). 

- 

G E O C r n & Y  
f 
L A reconnaissance sampling of mre thm 200 thexmal and non-thermal 

i waters were collected south of Socorro and analyzed (Swanberg, 1975a). 

Analysis of additional samples collected north of Socorro are i n  progress. 

The sampling procedure has been t o  collect  several non-them1 waters 

from each hot spring area in order t o  establish background chemistry 

against which t o  compare the chemistry of *he t h e m 1  waters. A l l  s:xples 

were analyzed for T ("C), TDS, pH, Na, K, 9, Mg, C03, Haj, C1, SOr., PO4, 

the following aqueous species: h, Co, An, Mn, Sr, Cd, Ba, N i ,  Cu, Ag, 

Pb, L i ,  As, Se, Sb, Hg, C r ,  B r ,  NO3, HzS, iW4, and ,U. A par t ia l  list of 

these data are given i n  Appendix C. This list includes all elements which 

may involve adverse environmental or engineering effects of geothermal 

development in  addition t o  those that are of use in asessing the energy 

potential of geothermal areas. 

L 

b 

B, F, Fe, and SiOz. In addition, the- waters have been analyzed for 
L 
t 

. 

The hottest springs in southern New bkxico are located i n  the Gila k 
t 
4* National Forest i n  the southwest part of the state. Many of these springs, 

including Faywood, Gila, Mimbres, and the hot springs on Turkey Creek have t 

L 
-- 

temperatures in excess of 50°C. Despite the high surface temperature of 

these springs, their  chemistry does not suggest the existance of a suitably 

t 
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opnent of geothermal 

t o  chenistry data of 

se springs, possible reservoir base temperattkes below 125OC are generally 

obtained. Such values fa1 short of the 15O-18O0C minimum values 

generally qmted for commercial developent of geothermal electricity.  

These springs are also low in such elements as boron, arsenic, and mercury, 

a l l  of which are frequently found in  promising geothermal fields. However, 

the  high q u a l i v  (low to ta l  salts) of the hot springs in the Gila National 

Forest make these waters ideal €or nm-electric uses of geothermal energy 

such as space heating, industrial processes, and agricultural uses. 

One area in western New Mexico that does show good geothermal poten- 

tial is the Lightning Dock KGRA, located 

s i l i ca  and Na-K-Ca geothemmeters suggest a reservoir base temperature 

near 17OoC for this geothe 

e Animas T<alley. Both the 

The geothermal prospects in southern New Mexico which show the 

greatest geothemal potenti 

rift, a tectonic province 

A t  least  seven thermal areas 

with reservoir base 

generally located within the Rio Grande 

sociated with high regional heat flow. 

ddition t o  the hot springs 

Diego Mountain. 

Mexico, and the P 

A campilation of ry data for  thermal 

New Mexico. Calculatioii of chemical 

"reservoir1' temperatures were performed, ranked, and plotted as overlays 

5 
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de invaluable regional background information on extent i 

L nnal activity. These data, maps, and overlays are available on . L  
Mexico State University at  Las Cruces. Detailed -. 

I water chemistry and calculated chemical temperatures were determined from well and thermal - 
waters in the Animas Valley. Calculated s i l i ca  and alkali temperatures clearly define 9 * ’  

I the extent of the lightning Dock KGRA as shown i n  Figures 2 and 3. Chemical analyses of 

x c. I 

investigated in order to  establish background values for volcanic rocks 

common in the Rio Grande rift and related geothermal areas of New Mexico. Selected 

samples from the following three areas were studied before attempting an in-depth 

I 

L 

investigation of mdcs which may have been hydrothermally altered in areas of potential 1 
geothermal resources: 1) Mount Taylor volcanic field,  2) San Antonio &fountain volcanic 

e 

field, and 3) Albuquerque-Belen volcanics. 

Table 1. 4 

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

Results of these analyses are given in  

. 

to  the normalized 87Sr/86Sr ratios. Ifhole rock chemistry for the c q l e s  have been 

completed using combined gravimetric, fluorimetric, and atomic absorption techqiques 

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

e 

L 
+ 

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

SrC03 yielded 0.7080 0.0002 during the course of this  work. 
I 

t 

Data are too few from the San Antonio Mountain volcanic area to  state other than 
r 
i 

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

i 
i 
L results of leaching experiments performed on two samples from the Albuquerque-Belen 

. I  ‘ t  
basin clearly show that Sr with a high 87/86 ratio, probably due t o  calcite,  is 

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

i L  i t i n g  a value intennediate between the leachate and insoluble residue 
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G D O C K  K G R A  

A N I M A S  VALLEY 
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st rate  the necessity of 

similar studie 1 areas in order t o  

s from the k u n t  Taylor volcanic 

field,  with the exception of No. 75-1, yield an ‘average 87Sr/ 86 . Sr ra t io  of 

. 

y ,  

0.7050 - + 0.0010 (one sigma). Strontium 87/86 rat io  data sEow no correlation 

Y between the 87/86 ratio data and SiO,/K,O. _ -  

’ Work i n  progress incl the.collection and preparation of five whole 
hd 

rock samples fm the .  

Belen area for K-Ar age determinations. 

insoluble residue -Sr/ Sr experiments are in progress for eighteen 

s q l e s  . Eight calcites possibly related t o  hydrothermal actitrity from 

the Alum hbuntain area have been dissolved as well. 

equences area and from the Albuquerque- 

In addition, whole rodc-leachate- 
Y 

87 86 

L 

Proposed stable isotope 
* 
Y difficulties and the development of necessary analytical faci l i t ies .  , 

I C a r h ~ ,  oxygen, and 

instrument (1360 BE 

tation standards. ovenunent surplus , 
purchased (not U.S. 

Y 

I 

bi 

w ectronic andmass sp 

u specifications. 

tn,nnent is now in 
Y 
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78-1 
109-1 
B23B 

41a-1 
66-1 

FLJ-01 
75-1. 
D-11 
134 

0.7056 
0.7039 
0.7053 
0.7049 
0.7061 
0.7047 
0.7142 
0.7047 
0.7051 

11. San Antonio Mountain Volcanic F i e l d  

DE-5 
DE-19 

DE-80-R 
DE-327 
DE-440 

111. Albuquerque-Belm Volcanics 

E - 7 A  (whole rock) 

TS-7B (whole rock) 

(leachate) 
(insol. res.) 

(leachate) 
( inso l .  res.) 

a l k a l i  b a s a l t  
t r achy te  
a l h l i  b a s a l t  
trachyte 
hawaiite 
tra*&yte 
m g e a r i t e  
benmorite 
basani te  

0,7070 
0.7075 
0.7036 
0.7032 
0.7048 

0.7080 
0.7093 
0.7069 
0.7057 
0.7093 
0.7070 

t 
t 

t 
t 
6 

L . 

b z s a l t i c  andesite 

b a s z l t i c  andes i t e  

Construction of the U.S.G.S. funded Srcpiline pentzf luor ide  ex t r ac t ion  

r line is completed. Extensive modif icat ions and added safety features were 

requi red  vhen it was determined that BrFs,was e i t h e r  n o t  ava i l ab le  (most 
L 

s tandard  suppliers) o r  cotlld be obtained at  an extrenely high cost and long 
I 

Lr 

delivery period.  Fluorine gas  w a s  obtained as an alternate f l u o r i n a t i n g  

agent ,  w i t h  the provis ion f o r  us ing  BrF5 re ta ined .  F2 will have several 

decided advantages. The f luo r ina t ion  l i n e  in its present  conf igura t ion  L 
c -  

' L  
(see Appendix D> w i l l  enable the use of .either BrF5 o r  FZ f o r  e x t r a c t i o n  - 
of oxygen from oxides and silicates, and conversion t o  Cog gas by - i .b 

10 i 
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TABLE 2 

c 
SPEC1 

rj 
Y 

\ 

Radius - Sector Angle - 13an - 60' sector 
Total Ermnission 

-. 1 milliaxp 

(I t r a p ] ' ( L s e ~  1.5 
L 4.3 amps Filanent (1% thoriated tungsten) - 

Flight The Pressure (during analysis) 1 x lo- '  t o r r  
L Peak T ~ i l  Correction m/e = 45 1.0015s 

. -  - 1.00069 . 
Other Instmental Corrections: Y 

Valve cross-mix'uzg: Decade A-B: 

- w Background: Capillary le& 1.00000 
Abrmhce Sensitivity (IJ/(Im 1> 3.8 l o 5  

u Ratio of Peak Widths (W90%)/(W108) 0.429 
Effective Collector S1 0.024" * A c t u a l  S l i t  Width 0.025" 
Effective Im Beam Width at  Co 0.012" 

0 . 010" 
+0.001" 

rsd 

J 
Pesolution R/@ic + lei) 144.35 (97%) 

tical Resoluticn 148.57 
45 ion m e n t  @A) 2.5 1 0 - ~ ~ ~  (25 volts ) 

ri 1.5 x 10-llanp (2.91 volts) 

ui sitivity. @errnil/* inch 

J and (30 mv rati 0.35 pennil 
(30 in ratio node) 

h 

Coil Q factor matched) 

wi 

J 4 
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RF induction, and photo 

Immediate plans are for 6 18 0 and 6D analysis of selected - recolnaissvlce 

water samples and of water samples collected f r o m  L 

Springs, Truth o r  Consequences, and San Ysidro are 

study of the Alun huntain tlfossiltt geothermal sys 

ain study should provide valuable insight into the namre 

of geothemal plumbing systems, particularly hi th  regards t o  vapor-dcminated 

systems. 

GEOPHYSICS 

t 

r 
i 
I 

L 

i Resistivity rewrnaissance and detailed soundings were init iated a t  

Los Alturas Estates, 2 km southeast of Hew Mexico State University, Las 

Cruces. Bipole-dipole ma7ping from two 2-Ian long current sources was 

cmpleted over an area of approximately 25 sq. mi. (64 sq. Icn.) . Two 

deep Schlmberger soundings were made across the hot, domestic water wells 

and shallow soundings were cmpleted near the bipole sources. The prelimi- 
t 
1 nary interpretation of the data suggests that  three in t r a r i f t  horsts 

circumscribe a potentially valuable shallow geothermdl reservoir. L e 

LIGHIXING DOCK b 
the geothermal mmaly in the h i m a s  Valley now k o m  as Lightning Dock 

TARQT AREAS 

Setting - In 1948 attention I -- t 1, 

L 

L a  KGRA. Several shallow wells dril led in -the area h i t  steam and boiling 



L. 
water (101.5OC) at depth of 27 m. Other 

than the Valles caldera the only identified ip; 
-water convection syst New Mexico with indicated subsurface tempera- 

1 

L tures in excess of others, 1975). The area of t h i s  anomaly - 
is clearly outlined i n  winter when the snow melt irmnediately upon fall ing 

w i t k i n  a radius of roughly 0.4 km fron: the hot wells. Thers is abundant 
w 

evidence for numerous extinct 

ley, w i t h  a north-south di 

t springs on both sides of the Animas d 
I 

ance af more than 100 km. Hot-spring 

evidence for numerous extinct 

ley, w i t h  a north-south di 

t springs on both sides of the Animas d 
I 

ance af more than 100 km. Hot-spring 

kj deposits grade into low-t ins of fluorite, psilomelane, calcite 

h 
(including travertine), and 

The Animas V a l 1  w i t h  Lightning Do& KGW is in the Basin arid Range . 

province of New Mexico. F Id mapping of the PyramidMountains, the range 

on the east- side of Anima Valley (four 7-1/2' quaZrangles: Pyramid Peak, 

swallow fork Peak, Tabletop Mountain, and South F'yranid Peak), suggests 

that the Ppamid Mountains of mid-Tertiary volcar??cs upon 

lu 

u 

s been.qerimposed. A t  l eas t  one and 
1w 

J associated resurg 

enmapped. These cal 

d Mountains because the Basin and Range u 
ir western half below the sedimefitay 

in the Animas V a l  
d 

d 

Ir Basin and Range f 

fault noted by Re 
ha 

epresents only  the most recent 

J 14 
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north. This shape is by not means surprising given the hydrologic 
1 .  

information la te r  published by Reeder (1957). The flow of grorznd water in 

t 
I 

e Anbas Valley is from south t o  north, with some local contribution from 

t the flanking wuntains Given a northerly shallow flow of low- texperature 

ground water, the the- waters rising a t  the location of the hot wells Lr 

would be spread in  the pattern that  Kintzinger reports. Reeder also 
t i  

h 

published chaniwl analyses and speculated abofit the proximity of the 

recent fault  t o  the hot wells as evidence for  structural control for  the 
.) 

'I cccurrence of the high-tenperatwe waters. Geochemical tenperatures (this 

study) throughout the -as Valley are generally low; a base temperature 

near 1 7 O O C  is indicated for the hot wells (Swulberg, 1975b). F 
Evidence suggests that  the modern geotlieml anomaly (Lightning Dock 

L 

KGRZ) may be a relic of a much larger hydrotheml system that is now 

extinct. Widespread fumarolic hydrothermal alteration in the Pyrmid blorn- 

tains is related t o  a pre-34 m.y. caldera and not t o  the zodern geothermal 

ancmaly. Rhyolite domes interpreted as younger than B a i n  and Range 

faulting by Flege (1959) 2re Oligocene or older @re-34 m.y.) and also 

unrelated t o  the modern geothermal anomaly. No post-Oligocene fe l s ic  i 
t 

i volcanism is mw knom from t h i s  part  of New b4e;uico. The time of massive 

geothermal activity, exhibited by the cytensive hot-spring deposits, is 

now known but is younger than an early Miocene (20.6 + 1.5 m.y.) basalt 

flow in the footwall of one of the manganesr! oxide veins (Elston and others, 

b 
- I  

b - 

). Fluid inclusion and stable isotope studies are i n  progress i n  hoijes L L  
i 

14 ' L  
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relation between the ancient and modern 

geothermal systems 

connaissance roving dipole res is t ivi ty  

ing 1975 using more than 200 receiver measurements were c 

125 sq. km. Figure 4 is a total-  

ea surrouzding the hot wells, 

the figure. , approximately 

er located in the valley to  the west n o r ~ e s  t-oriented bipole 

of the hot wells was used t o  gemrate the map. There are several inter- 

esting features on this 

Y 

Y 

1. Resistivity ge increases toward the boundaries of the 

w valley t o  the 

2, Resistivity ge creases toward the center of the valley, 
4d 

i n  the vicinity View Church, and t o  the north. 

low-resistivity area associated with 

\ 

hi 

d e trending from about CottorL 

fd 
Figure 5 is anothe 

f the same are 

essentially E-W bip 
J 

9.5 essentially the same 

Y 

ohm-m) a t  the eastern 
Y 

oximity of mcre resist ive 

Y 

of a thick 
id 

lpl 

sequence of Paleozoic marine sediments and granite stocks. 
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F i g r e  4. Total-field apparent resistivity mp of Lightning Dcck p r o j e c  area 
t 

derived from Y-IV biDole tram!; r-pr ----------- - ~~ 





t 
i 
Ir- 

t 

onite stock possibly -- t L 

-i 
1 
-L 

deras . Steplike L 
for  these resistivity higfs. 

r of the valley, in +&e 

I 
t 
i 

.L 
/L 
L 
I, 
I 
i 

salinity of the waters, These conclusiorns are support 

L 

is a near-surface cox--ductive anomaly l ike the 5oiling, s l i g  t 
waters encountered by the wells. The georcetry and location of these 

closures relate t o  the bipole source orientations and in either case 

indicate that the thermal waters are rising within a constricted zone or 

conduit a t  tiepth. This conduit could possibly be a flexure in  Basin and 

Range faults caused by deflection a t  the caldera margin. 

The pronounced, high-resistivity ridge extending throcgh the hot 

wells region to the northeast presents further evidence for such deflection 

in faulting. 

of transmitter orientation, reflects structural variation iT1 the near 

subsurface. 

t o  baseqent produced by a fault. 

of the proposed caldera margin. The northwest ridge on the resistivity 

maps is directly on trend xith the projectioz of the caldera margir-s m q e d  

on the surface in the Pyramid Mountains. 

A high-resistivity ridge, present i n  both figures, indcpezdent 

This ridge may indicate a simple 5ut abrupt change in the depth 
6 
i It may, however, reflect  the I 

r 
L. 

\ 

- $  
- i  

r 

Southeast of the hot tcells, i n  both figures, is mother low-resistivity 
L 

- 

L region separated f r o n t  the lows in the center of the Val1 

18 
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1 1  

L '  is t iv i ty  ridge . ed by a slight increase 

+J t o  basement in that dire . Such an incre o d d  be accanpanied 
ibd. 

\ by thickening of f i la .  mid -Tert iary 

Figure 6 is a deep dipole-dipole pseudo-section sounding made with 
L ,  

500-m dipoles extending aloag t l e  line of the E-IV bipcle transmitter from 

Valley View Church on the west to  b a d  Is'ell or? the east  (Figs. 4, 5 ) .  

The lowest values (<4 ohm-m) are found a t  the deepest souii&ng; the 

highest (>24 ohm-m) are in  the center below %\e hot wells. 

J 

hl 

Y The low-resistivity regions near the surfacg a t  either end of the 

sounding are the low-resistivity areas in the valley and t o  the east, 

Y detected by the bipole-dipole surveys. The conductive region intersecting 

the surface near stations 

conduit for  the ascending a1 waters. The high-resistivity regions 

might be due to  the 

This inte-ret 

11s night indicate the 
yr, 

cs of the caldera boundary. ru- 
not miiqpe; e.g., a similar pattern 

id ~ of highs and be gezerated Sy a restricted 

d 
three-dimension21 mn 

ogeneous half -space. 

uri 

The 1owFresistivi.gr t the bot tm of 

*i 

hi 

Y 

A combined asymmetric 

sumding was corrducted on the E-IV bipole t r z m i t t e r ,  and t o  the north 

perpendicular t o  it, through the thickest section of valley f i l l  (Fig. 7) 4 
rcl 
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1 i I E .  I e E_ E E - L  L ,  .r t L. E= t .  t- E k E 

OBSERVED 0 I 

CALCULATED A , 

, 8  , .  

1:igure 7. Conibinecl asyiiuiiet ric Scli1tniiberger and equator i ill bipolc-dipole so 
Liglitriiiig ibck aiitl five- layer iiiodel intcrpr'ctcd by geiicralizctl i inm*sioiis. 



t 

i 

L 

I 

b 

s calculated by. the linear inverse (r ccanputer routine 

which generated the model indicated. These results indicate a low- i' 
i 

. resis t ivi ty  layer (4&10 oh-m) between 65 and 466 m in depth. This is I 

-L  
i 

probably a layer of decreased water quality i n  the saturated zone, with 

less saline water above and decreased permeability below. 

Limited self-potential results from the past f i  

f 
ln 

a negative anmaly over the hot wells. In 1976, a 

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

and self-potential profiling was continuously measured frm the hot wells 

to  8 km east almg the previous dipole-dipole line. Shallow Schhnberger 

soundings were c q l e t e d  across the hot wells. Interpretation of these 

data are i n  progress. 

1 I 
L 
i 

k 
-t 

The newly acquired cryogenic magnetmeter w a s  used to  make  five 

magnetotelluric soundings across the Animas Valley and to  record frequency 

domain electronagnetic soundings a t  the hot wells i n  the range of 1 t o  100 I 

sec periods. L 

Gravity and Magnetic Studies - Regional gravity and selected detailed 

gravity and magnetic profiling were conducted in  the lower .himas Valley 

near Lo&burg, Xew Mexico. The regional gravity sumey covered 600 sq. 

kni. located a t  longitude 109'OOt - 108°45t and latitude 32'00' - 5Z015', 
excluding the Peloncillo Mountains and the Pyramid bfountains on the xestern 

and eastern boundary of the area. Gravity measurements were 

five hundred locations in the above area using a Lacoste- 

stable gravimeter with an accuracy of 0.01 milligals. In additiox t o  a l l  

points of known elevation approximately two hundred new points were added 

using differential  leveling techniques t o  2rovide adequate 

t 
t 

t 

_ i  

h 

spacing. A c q u t e r  progrq (Prof. Sham Biehler, UCR) w a s  L 
gravity data to  complete %uguer anomalies, point plats of f ie ld  

77 



c free air, Bouguer, 

les of the relation- regional or residual 

, ships between average g rav iv  anomalies and average suxface elevations 
h 

for a given unit area. Data are on f i le  with C.A. S d e i g  (Neiq Mexico 

State University, Las Cruces). 
u 

Y Several interesting features of the cornplete Bouzuer gravity map 

include the following: 
Y 

1. Gravity generally increases toward the boundaries of the 

valley to the east  and west. h 
2. Gravity generally decreases toward the center of the valley 

(2nd to the north and south. 

3. Gravity generally increases twoard the southeastern boundary. 
bd 

4. There is an elongated gravity high ridge located just east  

Li of the hot wells. 

l 

u 

u 

binl Momtains are composed of 

rd the bomdzries of the valley t o  

and are due t o  the proximity of 

the eastern margin of the valley the r density basement rock. 

dMountains are c a d  a monzonite stock and on 

granite stocks. The 

rease in gravity towards 

is due to an incre 

r of the valley and to the north and lu*l 

s of detr i ta l  sedimentary f i l l .  
h 

increase in gravity ast is due t o  decreasing depth 

Y t o  higher dezsity bas mall rhyolit ic and pyroclastic 

lower Animas Valley. 

The elongated graviv high ridge is an interesting featxre because & 

2( of lack of surface expression and close poximity t o  the hot wells and 
LEi 



north t r e  fault. This gravity high ridge feature wzs resolved in 

ta i l  by selective detailed gravity and magnetic profiling. Five 

t gravity and magnetic profiles were q across the ridge feature 

with a station spacing of seven stations per kilometer.- East-west profiles 

were separated in  a north-south direction by a distance o f l 7 3  kilmeters. 

Elevation at  these station locations accurate t o  + .1 meter w a s  obta-ined 

by using differential  leveling techniques 

magnetic profile results are show in  Appendix E. 

interesting features shown on these graphs: 

- 
The residual sravit>r and 

There 

1. The m a x k  residual gravity value is  + 5 milligals. 

2. 

3. The general shape of the residual magnetic profile curves 

suggest that this gravity and magnetic high ridge is 2 

slightly inclined dike dipping to  the west. 

I 

The maximurn residual magnetic value is + 500 gammas. 
I 

4. Variations i n  the general shape and magnitude of the 

gra\rity and magnetic profiles suggest variable shape, 

size, and compositiori of this dike. 

Magnetic profile curves are quite useful in  interpreting subsurface 

geological structures. 

over theoretical geologic structures and w e l l  documented and aid interpre- 

Diagnostic features of magnetic prof i le  curves 

tation of magnetic f ie ld  data. The residual magnetic profile curves 

obtained over the gravity and magnetic high ridge in the lower Animas 

Valley generally show theoretical dia,anosstic features associated w i t h  an 

inclined dike. However, this interpretation is certainly not unique. The 

diagnostic features shown by the residual magnetic profile curves are: 

1. A sl ight  decrease in magnetic intensity a t  the eastern 

edge of the magnetic anomaly. 

24 



c 
2 high magnetic l ight decrease 

in magnetic intensity before the maximLrm magnetic intensity 

i s  encountered. 

3. A low magnetic gradient just af ter  the maximum magnetic 

intensit). all magnetic profile curves generally show 

these features. 

h. 

h 

A l l  magnetic and gravity profile a u w s  show variations i n  general id 
shape and magnitude of gravity and magnetic intensity. These variations 

suggest possible variations i n  shape, size, h osition, and o r  distortions 

caEsed by other structural  features in  this area. In profile nmber 4, 
Ld 

E) the minimum gravity val asociated with the mavimum 

magnetic intensity whereas in  profiles numbers 2 and 3,  the m a x i n u n  gravity 

value is associatedtcith the minimum magnetic intensity. 

indicate possible variations mposition as might be expected in a 

coqosite dike. One other lasown structural feature in this area that  

could cause possible distortions of the profile curves is the north 

lrcr 

These variations 

4 

ki 

d trending lower An 

~ magnetic profiles do cross zone. The steep gr 

d profiles could be caus 

69 

The eastern edge of the gravity and 

However, the magneti i l e  curves do not appear t o  be affected 

t h i s  ridge is 

geothermal activ 

lu ce control of t geothermal f 

rvey as a resist ivity high. Most geothermal 
L 

activity is associated with resist ivity lows. Kintzinger's shallow (1-2 

me t e r j  temperature and temperature gradient 

25 

survey did not show this  dike 



tenperatme contour lines was observed. 

that  this intrusion may be related t o  other h o r n  intrusions in the ,bimas 

Geologic infoxma€icz? indicates 

Valley which date from mid to  la te  Tertiary. A mall shallow dike of mid 

to  late Tertiary age couldno tain its origina 

ate and therefore could not be associated with any p i 
I 
k 
I 

activity. However, close proximity of the dik 

zone indicates possible subsurface control of the flow of geothermal fluids. 

Furthermore, close association and parallel  a l i m e n t  of the long axis 

of the dike k i t h  the north trendhg fault suggest that +&s dike forcefully 

intruded in to  the structurally weakened fault zone. I t  is also possible 

that this dike is relzted to  the calderas proposed by Elston. The gravity 

survey delineated no other gravity ancmalies that could be associated with 

tap rocks, si l icification, or buried nagma chambers, cam;!on features 

associated w i t h  geothermal reservoirs. 

RADIUM SPRINGS 

Geologic and Geohydrologic Setting - There is  l i t t l e  avai 

t o  guide the initial investigation of Radium Springs; the 

were contained in  two hydrologic reportsr l ist ings of hot springs, and one 

revealing study of its geothermmetry. During the f a l l  of 

map of the area and several pertinent art icles were published by Seager 

(1975a, b). 

has been f ie ld  checked and re-examined in  the context of this study. 

l e  l i terature 

ly references 

i 
i, 75, a geologic 

-! 
& Geologic detail  re3orted by W. R. Seager (and R. E. Clenons) 

ita L 
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Springs of the Mesilla ba i in ,  

oce of the southernmos o Grande rift. The 

ings emerge a t  the intersection of features produced by three major 

ages of tectonism: 1)Laramide upl i f t ,  2) Oligocene rhyolit ic volcanism, 

and 3) l a te  Tertiary block fault ing in ' the  Rio Grande rift. The a - s  of 

a nor+&- trending Laramide anticline passes apFroximately 3 lan west of 

Radium Springs and, in the subsurface, it could provide a large, as yet 

uspected, reservoir fo r  the waters that  emerge *a t  Radium Springs. 

This posblated reservoir for geothermal fluids could be governed by many 

of the confinned relations found in anticlinal o i l  and gas traps. These 

relatioiii have becn explored by Smith 01,s. thesis i n  progress, University 

of New hkxico). 

loj 

id 

d 
Two Oligocene volcanic centers have been mapped in the vicinity of 

se events gave way &oat 4 
ic flaws (Seager and others, 1975). The 

erence from t h i s  shift t h i s  age marks the 'xgjnning of active sori 

u 

kid m m d i n g  Radium Springs. The 

appesrs to re;, and basalt ic 

5 0 x 1  tectonics in the 

iocene to  Pleistocene time 
, I  

c 

ent intrabasic 

Seager, 197%). . u 

Y 

is the same fault along which Radium Springs emerge (Seager, personal 

communication, 1976). The pres 

Iri. 

e of this horst may be inferred from 
b l i d d  



i 
i 
Lr Radium Springs lies on the contact of the intrabasin horst and the 

L 
k 

e 

a Laramide anticline and emerges along a faul t  or systern of 

ich have been active for much of the Cenozoic They are mdoubt&ly I 

! 
by these complex strucmral elements. 

o major ground-water studies have concerned the Ra&m Springs area 

i n  the upper Mesilla Valley, those of Conover (1954) and King and others 
i 
t 
t (1971). The limited thickness of the aquifer in the valley nem Radium , 

Springs is governed by the pinching out of the Mesilla Valley 
f 

i 

L 

abuts the upl i f t  to  +he north. The aquifer thickness a d  hridth can be 

expected to  increase southeastward down the valley. t 

The recordsd surface teqerature of RacZum Springs is 85°C as re;.rorted 

by S m e r s  (1965), hho also published a c!emical analysis of the waters. 

A thorough study of the geochemical indicators of substlrface equilibrium 

tenperztures i n  the region was recently completed by Swznberg (1975a). I 
I 
1 
i 
L 
L 

H i s  data f o r  the Na-K-Ca geothemcmeter show temperatures in  excess of 200°C 

both a t  Eiadium Springs aqd a t  a nearby xel l .  Swanbergrs wcrk also postu- 

lated xi intersection with a nor*hern extension of the Valley faul t  which 

passes throzgh L a s  Cruces t o  the soxth. Swanberg (1975a) reTorts no high 

geothemmetry temperatures in the J o n a d a  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 &t consider 

the high heat flow (>2 HFU) and a gravity high interpreted by Decker and 

others (1975) i n  the Las  Cruces area. Their explanation is for  either 

- -h shallow basaltic crustdl intrwions or local upwarping of the mantle. 



‘be answered concerJ-dng . 

the thermal fluids include: 

solated phenomenon or do similar waters rise dl 

along nearby faults? 2) Is there 3 structural barrier between the Jornada 

del Muerto basin, potentially a vast reservoir, and the upper blesilla 

i r  for  the thermal fluids be 

at? To approach these questions, we 

ctrical resis t M t y  exploration 

ated that the Jornaza del bluerto 
I 

l a  Valley. Serordly, a series 

ated the depth t o  the saline- 

the s t i l l  deeper Precambrian 

basenent. The t w i  - the location of a large 

ki 
resist ivity contour (10 oh-m) coincides, on either end of the bipole, 



........ 
......... 
.......... 

........... 
............ 

............. 
.............. 

.............. 
.............. 
............ i

.
 

.............. 
.............. 
............... 
............... 
............... 
............... 
:::::::::+e:::: 
............... 

................ 
................ 
................ 

-_ 



Y 

I 

I 
1 .  

I 

td 

i 

Y 



t- 

i 
crr In the southeast comer of Figure 

the high resist ivity values (% 40 

teep contom gradient and 

are associated with the Dona Ana 

These rocks 

' 

h m t a i n s  which are remnants of an Oligocene volcanic center. 
L . 
-L 
i 
i 
L 
- L  

may extend as f a r  north in the subsurface as our high- 

s. The steepest gradients, east of the transmi , correspond 

gion where the intrusives would be down 

the da fault. 

e is evidence e somhwest of 

presence of a stnrc 

Jornada and Radium Springs. This evidence is the geometry of the 15 ohm-m 

and 20 ohm-m regions in secs. 35 and 36, T. 20 S., R. 

. resistitiv pattern forms a saddle separzting the law t '  sistivit)l regions 

associated with the Jornada basin t o  the north from the lowresis t ivi ty  
L 

area near Radium Springs t o  the south. This saddle extends to  the east 

where it links w i t h  the higher [> 20 ohm-m) resist ivity region associated 

with the OOM Ana M w t a h s .  Nere there a connection between Radium 

Springs and a reservoir o f  thermal fluids in the Jornada, a lowresistivity 

tren6 connecting the two would ham appeared. 

1 

Resistivities lower than 5 ohm-m were recorded riear Radium Spings.  L 
Tightly nested contours near the springs delineate the areal extent of 

saturation by the themal waters as sensed by current from the E-11' source. 

The fact  that the lowest res is t ivi ty  values were not recor6ed precisely f 
a t  the springs may indicate 

of waters down the Bbsilla 

contours could indicate the 

saline waters in  the valley 

This speculation seems 

a sensit ivity t o  an accumulation or source 

Valley from the springs. The pattern of *&e 

region of greatest storage of themal and/or 

L 
a t 

J 
- 1  

fill . ' L  

t o  be substantiated by the closed resist ivity 

lows surrounding Radim Springs generated by data from the other (XXPo 

32 
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Lr 

from either 

Conprison of Figure 8 with Figure 9 reveals ~ h i c h  a- the contours 

of each figure are proOucts merely of bipole orientation effects an0 which 

are governed by subsurfice changes in earth resist ivity.  Figure9 

preserves the essential features noted in Figure 8 :  

zone centered about the ho 

the hot spring lowresistivity z 

I) the lowresis t ivi ty  

rings as discussed above; 2) the saddle between 

d 3) much nore ex~ersive low-resistivity 

marking the J o m d a  6el bhrerto to the north; and 4) the region of highest 

res is t ivi ty  associated with the Cona Ana bbuntains. An interesting 

difference between the p e s  is kund in the extrene north-east corner. 

Over 5.5 h along the perpendicular bisector t o  the X. 26" W. transmitter, 

the most distant data 

Jorcada. Thus, the higher resist i t5ty values reccrckd here in  Figure 8 

may reflect  the resist ive basement rock of the Jornada basin. 

ints represent the deepest soundings inade in &&e 

e second phase of 

8 and9, three b pole equatorial s o n  

esults of data 

trziverses due 
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SGLRl&Ig C w q ,  m!ing 

f . t he  local effect 

there would be a 

r t u a l  point-for-point coi-respondence between the data from the lines 

rse;. The third sounding 

ed a very similar 

I . resistivity curve w i t h  slightly lower values than the other two soundings. 
M 

, The close agreement among a l l  three sounding curves reveals a pro- 
I 

nounced lateral electrical  homogeneity in the upper Nesilla Valley. This 

indicates that there is no-hidden shallow structural inhomogeneity h i t h i n  
iu 

. 

id the valley near the hot springs The obvious exception t h i s  obsen-ation 

ending t o  a depth of 289 m, 

value is  sanckichet; by a 

ij 



I S  
\ 

a t  commonly reflects extensive clay zones. I t  is, ho.riever, so J 

L. 
L that  additional factors m u s t  be considered. A s  

re conducted near Radium Springs it is reasonable t o  postulate that the 

I 
I 
L 

1.6 ohm-m, 48-m-thick layer is the product of admixture of  the saline 

fluids that appear a t  the hot springs and the clays suggested by the 

other low values. Wether the lowresisti16ty \ d u e  indicates th 

of hot saline waters cannot be determined from our data. The final two 

layers of progressively greater res is t ivi t ies  in Figure 10 may represent 

. 

the Paleozoic sequence and the electrical  basement, presumably Precmbrian 1 

Continued resist ivity studies of the Rac?ium Springs K G M  are planned 
L. 

a, t o  define the geothemal control imposed by the Valley Faul t .  Additional 

bipole-dipole rewnnaissvlce is contemplated to  the south, as well 2s a 

combined electrical  , electmmagnecic and self -po tent ia l  profile perpendiczllar 

t o  the fault  trace. 

Geochemical Investigations - Nearly 200 MiERDP financed cherical znalyses 

have been completed on waters collected from bna  Ana Comv, which 

includes Radium Springs. The m j o r i t y  of samples Kere collected from 

I 

non-thermal groundwater w e l l s ,  although a few therm1 wells, and thenncal 
t 
1 
t 

and non-thermal springs, are also rqreserztei!. 

published by Swanberg (1975a). 

FA? ~es~L?lts hare been 

The water samples collected from EOM Ana Count). yield a wide rmge 

f of Na-K-Ca estirmted temperatures (Fig. 11) The majority of snp le s  give 

teqerztures of less t b n  5O"C, whereas a few s q l e s  give temperatures 
L 
I 

- I  b excess of 200°C. 

estimated temperatures and mapped and postulated faults (Fig. 11). 

There is a striking correlation betwzen high Ka-K-Ca .b 

Five 

of the seven samples giving estimated temperatures i~ excess of 200°C I. ' L  

are located on a north-northwest geochemical trend xhich exter,ds COT over 

36 
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I 

b 
I 80 Ian from just west of the Franklin !buntaim t o  San Diego bbuntain. 

This geochemical trend is congruent with the Valley fault  inferred for the 

southern two-thirds of 

d 6 
basis of gravity.. This 

b geochemical trend also intersects nearly a l l  known occurrences of thermal 

water in Ibna Ana County including Radium Springs, the ho; wells a t  Las 

Altnras Estates, and the Quaternary travertine deposits near San Diego 

buntain (Fig. 11). T 

trend, and the areas 

Y 

Y 

Ili acting as a conduit geothermal fluids. This conciusion is 

also supported by the r systematic decrease in estimated tempera- 

the thermal wsters mix with k 

the non-thermal 

trend has essentia 

e that  the entire geochemical 

ential  as the Radim Springs 
Id 

Y - 
geothermal potential of Ibna Ana 

geothemometer (Foumier and F.owe , County is *he applicat 6 

L 
1 

thermoreter are 

rJ ter. The generally 

t e r  are consistent 
Icj 

ld 

Y 

G 
high i n  fluoride 

(If. K. Summers, personal communication) and relatively high boron con- 

centraticrs have also been ~ linked with high groundwater teqeratures 

d . 
b 



f t 

k 
I 

i 









b 

i 

@!ahon, 1970)- Concentrations of fluoride and boron in Oona h a  Comty )r 

L 
b 
t 

the chemical geothennometers L 

are shown in Figs. 13 a d  14, 

reinforce the pattern of distrib 

gh concentrations of both ions generally 

as inficated by 

attern of known thermal waters, 

1 Gravity and Magnetic Studies 

the vicinity of  kdium Sprin 

Regional graev and aeromagnetic &ta in 

ICm have been acrumufated and are being i 
compiled from several sources. Efimearthquake data obtained by Sdmberg L 

1 revealed a high degree of seismicity in the zr . &tailed piety 
c1 

measurements near Radium Springs, along the extension of the Valley . 

fault, are planed t o  augment the proposed resist ivity stxdies. Shallow 
I 

I 

thennal gradient meuuremnts are also planed 

ALUM h X " i U N  

along the Valley f a d t .  

L 

L 
I 

Investigation of the geology and geochemistry of this  are inficates L 
the former e-xistence of a large elangate acid-sulfate vapor-dominated 

g e o t h e d  system. Potassium-zrgon age determinations bracket the 

alteration event a t  22-29 m.y. Additional K-Ar ages are t o  be determined 

this next year from specific alteration samples. A new zeolite mineral 

i 

of intermediate composition has been identified from the outer alteration L 
fringe at  Alum bbuntain. This mineral 

alteration a t  more than 240OC. Carbon 

sets  a lower temperature l i m i t  for 

and 0-xygen isotope analysis of 

i 
I 

geotheml calcite also suggest lzrgely meteoric (ground) water a t  

elevated temperatures ( 5  2CO°C). Geologic mapping is half  completed. 

Additional geochemical studies are in progress. Geologic and tectonic 

maps were recently published for the bbgollon-Datil volcanic field,  s i t e  
of the i 

I 

Alm Mountain and Mangas Trench geothermal anomalies (Elston and 

others, 1976) 

42 i 
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TRUTH OR CONSEQUENCES 

Geologic mapping, volcanic.petrology, and a graviw survey have 

been corirpleted fo r  

(Loeber, 1976a, b) . A generalized geologic map is s k m  in Fieme 15, 

a south and east the Elephant Butte Reservoir 

A t  least  three periods of volcanism have occurred in the area w i t h  

Tertiary andesite intrusions followed by two periods of -ternary 

alkali basalt volcani 

period of volcanism. E c inclusions contained in 

s are pending for samples of each 
u 

b basalt ic rocks of the g m i g h t  in to  the nature of the 

upper mantle and survey data across the Hot Springs 

faul t  hzs been used successfully t o  nodel the f a d t  and adjacent basins w 

and t o  map its trend. The Hot Springs fault has been active frcm early 

E.liocene t o  middle Pleistocene (at least) and has served = a conduit for 
G 

u volcanism and hot spr vity; Present efforts are directed t o  

map~ing a e  north and east ir and to  tracing the Hot 

volcanic and hot spring activity bd 

u 
1 activ2ty hzs been 

d r the Mnticello mar . 

J '  

w 

Y 

Ir 

d 
Ir 
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L d. Research inetics of the Na-K-Ca geothemreter 

progress. Extens electron lnicroprobe work on the volcanic roc23 

ALBUQUERQUE-BELEN - 
Mapping and petrologic studies of the Quaternary volcanic features 

lete. Resclt n accepted fo r  publication by the Nev 

ral Resources @ell 

in is also avail& 

1976) Prel a were given ear l ier  i n  this report. 

K-Ar ages 'are reported in a rranuscript submitted to Iscchron We 

hers, 1976). The youngest wlcanic activity in +Ais part of the 

rift took place in the Cat Hills volcznic f ie ld  (basaltic) about 140,000 

years ago. hbst rapt ic  centers are l ikely to  be deeper than 24 lan, which 

precludes their  development f o r  geothemd energy. Andesitic centers at  

Los Lunas, Torre H i l l  and Black Butte, however, were generated a t  sFal low 

crustal levels and my  have acted as heat sources. Ali,onrrnt of volcanic 

c e m s s  parallel  t o  the rift boudaries, a d  volcanisn that has been 

active f o r  over two million y e a s  and continues to  be so, sqgest the 

possibility of additional heat sources a t  shallow depths in the crust. 

No active hot springs are ham, but geothermal waters nay be present 

zt  depth, in and below the Santa Fe Group. The western border of the 

basin contains ample evidence il" geothermal s).s less than mo 
millicm years old. Detailed geologic mapping hzs established at  l e s t  

four periods of hot- and cold-spring activity, and the getmetry of the 

local geothermal "plumbing1' systen has been delineated (Callender and 

Zilinski, 1976; C a l l  C.O&&cal l ing has been 

undertaken and resist iv=v and gravity surveys are plamed in the later 
L 

i s-of the project. 
44 
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SAN YSIDRO- SP 

Detailed geol 

plete. Ten 7-1/2' 

&an& rift from San Ysidro to  OjoCaliente have been p a r t i d l y  or 

ing and geochemical s ay l ing  are almost com- u 
angles d o n g  t\e western bom6ary of the Pi0 

L- 
completely ed QVoohqard and Ruetschilling, 1976; Koodward, i n  press; 

May, in prepzration; Broomfield, in preparation; Wilson, in preparation; Lr 

completely ed QVoohqard and Ruetschilling, 1976; Koodward, i n  press; 

May, in prepzration; Broomfield, in preparation; Wilson, in preparation; Lr 

Calender, in preparation). 

rocks and hat springs are d along major faults. The stratigmphy 

of the Santa Fe Group is now ciently well understood so as t o  give 

control necessary to  map f a d  o reconstruct the 'plmbing s)istem" for 

hot t h e d  water, and t o  provide physical h t a  f o r  geoFhysiczl norieling. 

Reservoir temperatures for ttlermal wate are now being calculated. 

Electrical resist ivity,  g rav iv  s age-dates of volcmic and 

sedimentary .r'Qcks,, and additional geochenical studies are p l m e d .  

Interest and knowledge of the geo 

Extensive travertine Geposits, young v o l d c  
b 

u 

rj 

i 

iJ 
- 

geophysics and geothemal poter-tial 

d of this  region has Cramtically in s a s  shmn by a 

nunher of recent p 

1976; mxmg others). 

1976 ; Baldridge, bd 
ontributims to the project have been Fade 

b I by palynologists 

J 

of the rift. d 

u 
st year research 

on this project have been achieved (Table 3) .  It is important t o  hh 

I recognize that this ixxorporates the first year of an 
b 
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Sari Ysidro 

Geology 
Geophysics 

Reconnaissance Geochemistry 

Las Alturas 

100% 

~ 60% 
Not planned 

10% 
so % 
60% 

Albuquerque-Belen 

h l o g Y  80% 
Geophys ic. 50% 

Reconnaissance Geochemistry SO% 

Ojo Caliente 

I 

t 
i 

L 
I 

-L 
I' L 

1 



u- of the other target  areas were init iated.  HoKever ,- mch of the detailed 

geological, geochedcal and geophysical objectives remainfor the 

second year. e project enphasis will becme more geophysical an% 
I 
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147 . -LI 3 3  .22 .08 .01 
148 1.91 .16 .08 0 

, 139 .78 2.26 .12 0 

140 4.15 .12 .04 .14 

144 4 15  .13 .06 .01 

L 
L 

Si02 Ag A 1 

.53 33.52 d . 0 6  41.0 .012 4 . 2 0  

43.36 L . 0 6  41.0 .008 4 . 2 0  
32.30 4.06 ~ 1 . 0  .018 <.20  
47.15 L . 0 6  ~ 1 . 0  . Oi7 
35.08 d . 0 6  ~ 1 . 0  .0@3 6 - 1 0  3 :  

4 . 2 0  e .06  ~ 1 . 0  . .003 
4 . 2 0  45.23 2 . 0 6  4 . 0  .DO5 
L. 20 47.62 L . 0 6  L 1 . 0  .003 

3S.28 L . 0 6  ~ 1 . 0  .002 c . 2 0  
4 . 2 3  5 2 . 3 i  d . 0 6  ~ 1 . 0  .006 
4.20 35.68 d . 0 6  41.0 .003 

14.23 4 . 0 6  41.0 .004 

39.64 L . 0 6  41.0 .01i 4 . 2 0  . .67 1 
1.52 

.56 

.99 

r 

L. -= -20 

L . 25  47.62 

L 

39.25 L . 0 6  4 . 0  .Ol7 4 . 2 0  .16 i 

0 

.35 O L  

.13 

.41 -=. 20 

47.62 d . 0 6  ~ 1 . 0  .0@3 c. 20 . 2 3  t 

t 
41.65 L . C ' ~  ~ 1 . 0  .003 G. 20 .25 
43.03 L . 0 6  41.0 ,031 L . 2 0  .23 
42.55 L . 0 6  d l . 0  .0@7 4 . 2 0  .41 

f 
I 

c-12 



Y 



Sample 

3P 
4P 
5P 
lop  
13P 
14P 
15P 
2 OP 
22P 
2 SP 
24P 
2 5P 

Latitude 

52" 8.7 
52" 8.7 
32" 8.9 
32" 8.7 
X 0  8.1 
32' 13.6 
52' 13.7 
3 2 O  10.1 
32" 6.1 
32" 4.8 

32" 4.1 
32" 12 .2  
32" 10.9 

Longitude Temperzture Comment 
O C  

I 108" 4?,6 23 Road Well 
108" 49.9 e5 
loso 4c.9 Sl !.kCznzs Ifell 

108" 50.4 71  v:e 11 

Hot Ne11 L 

i 
10s' 50.9 
108" 49.7 
loso 52.4 
108" 52.8  
108' 50.7 
108" 54.0 

108" 52.0 

108" 35.5 
133" 50.7 

22 well 
25 Hili Ne11 
19 well 
20 we 1 1 
25 we 11 
'13 well 

we I 1 3 9  -- 
24 . Xazion Itell 

well 

t 
I, 



b 

Y 



f 

Sample Ca - - 
.60 
04 
.60 
04 

3? 1.16 .07 

?? 3.36 .44 

10P 5.39 1.41 
13P 1.91 .22 
14P 2.39 .36 
1 5P 3.93 1.04 
1OP 2.16 .55 
2 2P 2.46 .36 
23P . _ V  0'; .20 
23P 1.92 .15 
2 5P 1.90 .47 

Na K - - 
2.99 
14.51 
13.56 
21.45 
10. os 
15.93 
4.59 
3.09 
6.62 
4.22 
3. S3 
5.23 
13.98 
3.43 

.os 

.60 

.54 

.71 

.23 

.16 

.08 

.07 

.15 

.06 

.07 

. os 

.46 
i 09 

Total 
c03 Cations - 

5.04 
16.53 
13.63 
25.96 
21.13 
20.89 
6.80 
5.91 
11.74 
6.78 
7.73 
6.40 

16.51 
5.89 

C- 16 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 0 

0 

HC03 C1 

i ------- 

Total 

3.00 .58 1.65 
i.75 2.19  10.35 
i.7C 2 . 4 7  10.00 
1.S5  a . ~ +  18.60 
3.13 5.13 11.35 . 

- ' 1 1  

4.18 3.77 11.60 
3.90 . l 7  1.85 

.65 1.95 - .- 
3.42 

3.30 3.27 4.50 
3 . i s  .60 2-60 
3.13 1.09 2.25 
4.10 .s2 1.50 
1.52 2.23  9.25 
3.00 . 2 5  2.70 

- -l- 

6.22 
6.05 I 
10.0: 

6*35 6.49 I 

t 
I 



L 

As - Al - - P -2 Si0 A!% - B - F Smple - Ee 

1P 1.10 .35 .08 . 01 31.3 
-* 3P .20 12.6 .48 . 02  147.5 

Br 
7 

Ba - 

3P .40 12.0 .50 .02 143.0 <.03 q 2 . 5  .019 <.70 .56 
4P .83 7.25 .42 .01 115.6 
5P c.10 5.55 .25 . 01 42.3 
10P .53 7.25 .51 . 01 60.7 
12P 1.31 3.90 .10 .01 74.1 
14P .16 .85 .06 .01 48.4 
15P <.lo 2.35 .18 .01 34.3 
2 OP <.lo 2.65 .10 . 01 50.4 k 

z 2? < . l o  1.20 .06 
1.15 .12 

c-17 im 



i 

Ccdment Temp, Tature  
O C  

26 
37 

loso 21.5  
loso 47.9 

Allen Spring 
Lpper Frisco 
Hot Springs 
Lov.-er Frisco 
lqot Springs 

33" 49.8 

33" 14.6 108" 52 .7  43 

40 33' 14.9 108' 52.6 Low r F r  isco 
Eo: Sgrings 

33" 14.5 108' 52.8  

1C)S" 51.5 

49 

33" 1.6 
32' 58.5 108' 37.9  



Tozal 

' J f - 1  3.58  3.14 .36 .04 7.42 c) 6.38 u 2 .06 <.01 2.73 .01 2 .80  1.64 1.18 
3 2 .JS .56 13.36 .JO 16.80 0 2.12 
3 1.36 . .61 9.38 -29 12.24 0 2.24 
5 2.71 .57 17.66 - .48 21.42 0 1.76 

.84 .60 1.01 .05 2.50 0 2.16 

.65 .57 1.19 .07 2.38 0 2.30 
7 6  

7 

c1 - 
.07 
. O l  

12.56 
8.31 

16.20 
.03 
.04 

co, 
1.00 

.40 
1.20 

.92 
1.88 

.40 

.32 

Tota l  
Anions 

7.45 
5.23 

15.85 
11.47 
19.84 

2.59 
2.66 





I 
L 

G 

cli 
i 

Sample Lat i tude Longitude Temperature Cormrent 
cC 

1B 32" 28.2 106" 49.2  -- Cleofas Ii'ells 
2B 32' 30.1 106' 5 5 . 7  53 Radium Springs 

35 32" 29.6 106' 56.0 
4B 32" 38.8 106' 55.8  

(we1 1 
w e l l  
w e l l  

-- 
-- 

t 5B 3 2 O  47.7 107" 16.6 -- Deny  Spring 
8d 6B 32" 47.6 - -  Gerry Spring 

73 32" 48.7 107O 16.4 - -  well 
8B 32" 34.1 106" 59.9 -- well 
9B 33" 8.1 107" 15.2 45 well 

2 

I (Mineral Bzth- 
Blacktone)  

Kierra) 
Well (Mineral Eath- 

Ilkm Spring 
Warm Spring 
Sed i l lo  Spring 
Cook Spr-hg 

-- well 

Yucca Springs 

c- 21  



i 31 5s 5.18 
32 3532 8.16 
53 872 0.26 
34 
35 

I 36 1228 8.62 

E8 2784 8.03 
39 2508 7.79 
E10 2688 7.80 
511 2040 7.88 
312 1392 7.90 
Ei3 284 8.48 

252 8.18 r)r) 

01 

314 548 8.33 
515 420 8.14 
516 352 7.79 
31 7 468 5.24 
31s 533 7.91 
B19 2708 7.98 

Ca - 

101.2 
118.6 
87.0 

404.2 
47.1 
47.1 
.4., TO . 2 

153.9 
143.9 
143.9 
136.5 
110.4 

17.2  
16.4 
49.5 
53.3 
34.9 
33.3 

163.1 

2:.6 

15.2 
14.1 
29.9 
15.8 
16.0 
10.5 
17.9 
18.0 
17.9 
17.1 

9.5 
L? . 3  
3.3 
4.5 
7 . 1  
1 .5  
1 . 7  
18.7 

55.1 r . 4  12.0 361.2 26.6 147 .9  
1135.9 167.0 15.2 378. 263.2L 

227.3 i59.5 189.0 14.1 0 203.8 
214.0 11.7 0 41.5 
323.9 IS. 8 0 366.1 151.0 376.6 
340.0 19.2 22.8 311.2 153.2 374,6,, 
34.3 4 .7  C 155.5 .4 6 3 . 3 1  

506.7 10.6 0 259.2 828.5 647.5 
817.5 61.4 0 164.7 1255.2 1 9 6 . 0 1  
791.5 63.0 0 162.3 1353.6 163.1 
764.6 62.6 0 136.7 1370.3 
387.4 21.5 0 lil .1 602.7 138.3 

14*2 1604.,i 

115.t 
69.2 1 56.1 3.1 0 i62.3 LO. 3 

68.5 3.1 0 181.8 1 2 . 1  
75.3 3.9 C i:5.7 80.5 67.2 
35.7 -. 7 7  ' 0 146.3 15.6 76 .8f r  

125.5 5.1 0 131.8 I@&. 2 96.1 
133.5 6.6 c i3:. 9 122.2 
785.6 63.6 0 221.5 1.514.2 101.G 1 

. 
1 

C- 22 



I M 

' L  
* d  
ri.i 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -meq/l---------------------------------------- ei 
Total Total 

Anions FIg Na K Cations C03 HC03 - G1 - 504 - - - - -  
B1 5.05 2.27 2.83 4 .40 5.92 .75 3.08 10.15 
B2 ' 5.92 1.25 49.41 4 5 e44 6.20 44.95 5.48 57.07 

t4.34 1.16 8.22 .36 14.08 0 3.34 6.41 3.32 13.07 
20.17 2.46 9.31 .30 32.24 0 .68 .40 33.40 34.48 B4 

B5 2.35 1.30 14.09 0 6.00 4.26 7.84 18.10 ' B6 2.35 1.32 14.79 .49 18.95 .76 5.10 4.32 7.80 17.98 

, d :; 7.68 47 35.09 .27. 44.51 0 4.74 23.37 13.48 41.59 
7.18 1.48 35.56 1.57 45.79 0 2.70 56.25 4.08 43.03 

1.61 44.69 38.18 3.52 44.36 

Id B3 

1.97 86 1.49 .12 4.44 0 3.04 .01 1.32 4.37 

6.81 1.41 33.2 43.29 
.78 16.85 3.46 17.00 2.88 23.34 

.29 1.04 3.99 

.34 1.44 4-76, 
6.55 
4.44 
7.10 
8.23 
42.99 

d Y 

' I  c-23 
hi 



----------------- mg/l----------------------------------- t 

i, 

I B2 <.01 <.IS C.1 <.lo .0308 1,iS <.07 c.5 c l  
-os t 

2.01 G L  

H,S - Li - $In No - 1\M, c. Ho 
-L- 3 cu I SaTle 

1 Bi c.01 K.15 <.1 <.I@ ,0002 q . 1  .03 <.07 <.5 

- Cr - co - Cd - 
0 

I 0 35 <.01 c.15 <.1 c.10 .0148 <.1 .36 <.07 <.S I 

1 B6 <.01 c.15 c.1 <.lo .0011 c.1 .55 <.07 c . 5  

39 c.u1 <.15 <.l < . l o  .0009 <.1 1.21 c.07 < . 5  
<.5 El 0 c.01 c.13 c.1 < . l o  .OOOj c.1 1 . ~ 3  <.07 

B11 e.01 <.15 c.1 <.lo .0004 c.1 1.24 c.07 <:5 

B12 <.01 <.15 c . 1  c.10 .0005 <.1 .42 <e07 < e 5  1.84 
B13 <.01 C.15 <.1 <.lo .0005, <.I .06 e.07 < . S  .58 

.30 B13 <.01 c.15 C . 1  <.lo <.0002 <.l .08 c.07 < . 5  

B17 C.01 -<.15 <.1 <.lo .0003 c.1 .11 C.07. C . 5  .SO 1 

i 

0 
.) e- 

0 B18 c.01 <.15 c.1 <.lo .0003 <.I. .13 <.07 <.5 
i313 C.01 c.15 <.1 <.lo .0005 <.1 1.20 .< .07  

< .5 O L  

h 
- I  
1 
1 
1 
c 
1 

---------------------------~~,~l------------------------ 

Szqie KO-+NOz Ni Pb Sb sc Sr Zn 

31 5.57  <.03 .070 < . 5  .005 1.28 .64 

E2 .47 .03 .834 c.5 .038 2.49 .10 

E5 .08 < .03 .c90 c .5 .006 .86 .09 

BO 1.00 < .C3 .i39 < . 5  .009 .83 .06 

.018 4.10 .05 B9 2.12 c.03 .202 < . 5  
B10 1.88 c.03 .ZOO c . 5  .017 4.12 .07 
Bl 1 2.01 c .03 . lo5 < .5  .015 4.19 .09 

1.63 <.03 .025 c . 5  .@03 .35 .16 
B14 1.82 c.03 .OS3 c.5 .004 .39 3.58 
E17 .84 < .03 .008 < .S  ,004 .28 .09 
Bi8 .40 <.Os .005 < . 5  .004 .3S .09 

.10 319 1.40 <.03 .257 <.5 .!I29 4.08 

- - - - - - 3 

B E  11.14 <.Os .623 <.5 . .009 2.21 .12 

f 

-k 

b 1 

C- 24 





Coment 

/ 

well 

well 

hfalpzis Well 

Ciia-e= Kell 

t 

L 
L 
I 

i 
f 

L 

Longitude Ten=. yeratme 
"C 

r .  

20B 33" 3.8 
Sf19 

2 I B  33" 17.4 
Sit'2 0 

107" 0.6 

106" 56.2 

33" 28.6 106" 53.5 

18 33" 25.1 106" 52.4 

24B . 33" 23.3 
SV23 

106" 55.6 24 Tucson Spring L 

1. 29 Ojo Caliente 
L 

2 5B 33" 34.4 
SV2 4 

106" 35.6 

107' 31.7 4 Spri?lg I 

L 
4 Spring 

30 well 

107" 52.2  

2 8B 
St2 7 

33' 45 .8  107" 21.0 

107" 5 7 . 5  Gila 1 
SY2 8 

32" 28.7 18 w e l l  

54 Fap-ood Iiot Sgring i 
Gila 2 
ST2 9 
Gila 3 
Si30 

32" 33.3 107" 5 9 . 7  

L 32" 33.5 lo?" 58.1 

107" 50.1 

10s" 12.5 

108" 12.6  

21 well 

Gila 4 32' 41.9 
9;51 
Gila 5 33" 12.0 
Si5 2 

Gila 6 33" 12 .0 -  
SiG3 

Gila 7 33' 14.0 
9,-34 
Gila 8 33" 9.8 
SX3 5 

Gila 9 52" 34.6 
Si36 

1 63 Gila Hot Spring 

66 Gila 3ot S ~ r k g  

65 Hot Spring 108" 14.2 
1 

Hot Spring L 44 108" 12.7 

198" 00.5 

108" 00.0 

108" 2.5 

C-26 



1 

d9 744 8.05 47.0 36.0 149.7 9.7 0 153.9 101.8 299.5 
20 2652 8.18 65.8 44.1 706.5 10.5 0 181.8 269.4 1372.8 

7.99 599.2 ' 273.1 363.1 37.8 0 143.9 232.2 3129.6 
27.7 1296.0 7.90 420.2 97.5 

2500 8.10 441.2 156,,6 66.0 7.0 0 184.2 47.5 1478.4 

9 4  516 8.10 44.2 1.7 137.7 5.5 0 124.3 150.1 107.5 

g 6  104 7.81 12.8 2.2 10.8 1.6 0 31.7 0.7 40.3 
T. 1 7 192 7.84 23.4 1.7 24.1 .8 0 108.5 1.4 26.4 

U S  364 8.10 46.8 7.9 17.4 3.9 0 207.4 1.1 21.6 
29 492 7.74 35.6 7.6 90.8 8.2 0 283.0 14.2 72 .O 

J O  456 7.63 25.8 9.6 90.8 2.3 0 256.2 20.8 64.2 
3 1  320 8.97 2.4 1.2 20.4 67.1 14.5 84.0 

08 8.19 10.6 108.6 99.4 69.6 
416 8.15 16.4 115.9 100.1 67.2 

131.1 104.5 118.0 

125.0 115.7 93.6 
227.5 1.4 24.0 
213.5 17.0 16.2 
236.6 8.5 50.4 

1 

51.5 4.7 0 134.2 
d1 

1 22 
1 4 -  

:j 104 7.90 12.8 2.4 - 10.5 1.6 0 36.6 0.1 44.2 

d2 -- 

d 
Y 

ir c-27 



t 

19 2.35 3.00 6.51 
20 3.29 4.51 30.72 

. 21 2Q.96 22.76 15.79 
-- 37 21 01 8.13 2.24 

22.06 13.05 2.87 
24 2 . 2 1  .l4 5.99 
25 .64 .20 .46 
26 .64 .18 .I7 
27 1.1'7 .14 1.05 
28 2.34 .66 .76 
29 1.78 .60 3.95 
30 1.29 .8@ 5.95 
31 .12 4.0005 3.99 

9- 
3 

32 . 55 .Ol 5 . 3 3  
5.63 33 .52  .02 ..- 

.01 
35 .92 .07 
56 1.58 1.08 

-- 35 . i /  

1.60 1.51 
38 1.99 1.10 

6.59 
6.17 
1.26 
1.08 
2.05 

11*6? 
0 -3 3' 12.11 0 2.54 2.87 6.24 
.27 38.79 0 2.98 7.59 28.60 39.11 
.97 69. $8 0 2.36 6.54 65.20 74.1C 
.12 31.50 ( 0  2.20 .7s 27.00 

.18 36.16 0 3.02 1.34 30.80 35. It 

.13 5.48 e 0 2.04 4.23 2.24 8.5f 
,t .04 1.34 0 .60 .003 .92 1.2- 

.04 1.33 0 .52 .02 .54 

. G2 2.55 0 1.78 .04 .55 2 . 2 .  

.10 3.86 0 3.50 .03 .45 

.21 6.54 0 4.64 .40 1.50 6.5 

.06 

.03 

.os 

.08 

.09 

.07 

.oo 

.ll 

.13 

6.10, 0 4.20 . 5 2  1.55 6. C i  

G.14 .65 1.10 .41 1.75 3.c1 
* 

5.97 0 1.78 2.80 1.35 6. CT 
6 . 2 5  . o  1.90 2.82 1.40 6.1t 
i .46 0 2.15 2.94 2.25 I .5- 

0 2.05 5.26 1.45 1-23 
4.01 0 3.73 .04 . 50 4.2 
4.30 0 3.50 .48 .35 
5.27 0 3.88 .24 1.05 5.1 

c - 4  

7-21 
Y 

- 

c- 2s b 





39 c.02 c.18 <.lo <.12 
50 

.0006 

.oootj 
0 0033 

.0005 
0006 

. eoo- 

t .11 <.063 e.45  <.OS e.07 <1.10 .006 <.20 

.26 <.063 < . 4 5  <.OS <.07 <1.10 -007 C.20 

.26 <.063 <.45 <.OS c.07 <1.10 .008 C.20 

.43 <.063 < . 3 5  <.OS c.07 ~1.10 .006 <.20 

.31 c.063 <.-I5 <.05 <.07 3.10 .009 <.20  

C- 30 
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-- L 



I Gila 26 3 2 O  55.4 108' 35.0 19 
SI11 5 6 
Gila 27 3 2 O  57.9 108' 36.4 20 

, 
d 

Coment 

Spring cn Turkey 
Creek 

Turkey Creed ,' 

Spring on Turkey 
Creek 

well 

Spring 

well 

well 

well 

Arzesian Well 

hiangas Springs 

S p i n g  

Spring 

Spring 

Spring 





' 150 .3: .13 2.66 .04 3.17 0 1.54 .12 1.35 3.01 
151 .53 .29 2.12 .05 -2.99 0 1.70 .11 .91 2.72 
152 .14 .006 3.01 .03 3.18 .68 .66 .14 1.58 3.06 

4.04 
.15 1.02 5.04 

4.00 .37 1.15 5.52 
4.76 . .30 .94 6.00 

"" .04 4.00 0 1.24 . 1 3  2.07 

7.66 6.40 .53 . / 3  

.53 2.97 9.02 
2.39 .09 .62 5.10 

-" 

4 
c19 

I/.r c-33 



161 

162 

t 





TR4-3 

TR4-9 

If5 0 
St238 

w51 
SV239 

1Y5 2 
91'2 4 0 

It5 3 
sIY2241 

lV54 
9,?? 4 2 

P 

p.* 

\ 
well t 

Lati tude Longitude Temperature Coment 
"C 

i- well 

w e l l  

well 

-- 32' 15.3 105" 38.2 

32" 15.4 105' 32.3  -- 
32" 10.3 105' 26.4 -- 
32" 14.9 105' 25.6 -- 
32" 9.6 105" 22.6 21 well 

32" 7.8 105' 34.7 19 well 

32' 6.5 105" 39.2 17 well 

. (\ 
- *  

L 

I t 
I-' 

32O 6.6 105" 3 9 . 3  18 well L 
32" 5.3 105' 44.5 13 well 

well 32" 2.3 105" 52.8 -- 

32" 12.9 107' 9.8 -- well 

32' 14.1 107' 12.0 -- well 

32' 11.6 107" 1 2 . 7  -- well 

32' 9.4 107' 14.7 

32' 7.8 107" 14.8 

32" 5.3 107" 4.5 

32O 10.0 107" 7.0 

-- well 

-- well 

23 we1 1 

32" 9.2 107" 10.1 22 well 

well 32" 8.5 107' 2 . 5  -- 

I 

32" 11.2 

32' 11.3 

107" 0.3 

106" 53.4 

C-36 

t 

- -1 
Lr 

k 
L 

i 





6 7  0 31" 53.2 
S:*:::258 

K ? l  31" 56.2 
SY'259 - 
W7 2 31" 58.2 
SG2 6 0 
1.773 
SX2 6 1 
137 4 
S"252 

\I7 6 
Si32 74 
w7 7 
S!;2 7 5 

31" 54.2 

32" 1.3 

32" 13.3 

32" 13.4 

32" 11.3 

W 8 32" 8.0 
S'n'276 . 

1.779 32" 6.7 
SW277 

W20 32" 5 . 5  
. SX2 7 8 

12s 1 32" 2.2 
W279 

-: - . -  C . .  107' 3.i -s,- 
t 
i L 

107" 35.2 

107" 40.1 

107" 26.1 

& 107" 2 3 . 8  

107O 28.9  

20 w e l l  

21. well 

b 107" 28.0 21 well 





k 





r 
t 



.;-....I l i  [-I ...,v FI 

. 
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l e t e d  on UNM St tope Laboratory Faci l i ty  b 
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Smdia Laborat 381-406-100 
Los Alamos Sc ient i f ic  Laboratories: B LY5-70817-1 - 

I 
I 
d 
- 

ba 

U 

i 

I. Y?kss Spectroaeter Electronics 
d 

1 CODE No. ITEM 

F 2 nes through main junct ion box 

S 1 cum gauge unit 3-station (TC-3A) 
sf: 4 ntrol units-paver s~mplies-Varian 

F 1 ' Auxilliary Services / protect panel 

u 

I 

I 

d 

%J 1 

- 
1 1 
I 

2 

1 
S 1 

Face circuitr; 

Y 

- 1  

ui 
S i: d. 1 Xi& voltage supply 

S a 1 Ernmission Regulstor (ER-5) 660 WS 
2 F 1 

y.r 

D- 7 
*. 



#- 

t 
F - 
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Cary 401 M Vibra t ing  r e e d  e lec t rometer  (66 

Electrometer  Amplifie 

MR-7/&SS-6A, electroma r . 
supply + 1 2  VDC f i l amen t  supply (660 RMS) 

F 1 Electrical system f o r  c a p i l l a r y  bakeout system 

Sd 1 High vol tage  power supply 6KV, s p a r e  

S 3 Cary 31 v i b r a t i n g  reed e l ec t rome te r  (360 DE) . 
$ 1 FEC-2: h i  vo l t age  supply,  focus, e p d s s i o r  

$ 1 MR-16 electromagnet  power supply-control (360 RMS) 

F 1 Junct ion-signal  t r a n s f e r  box 
S # 1 Oscilloscope: t r o u b l e  shoc t ing ,  signal trace 

F# 70 Multiconductor (some low 1 sh ie lde6)  e l e c t r o n i c  

4 

r egu la to r ,  D.C. a m p l i f i e r  (360 RIB) 

f 
cables  and mated connectors  - L  

11. >kiss Spect rone ter  Hardwzre 

S 3 E lec t ron ic  consoles, 19" re1 

S# 1 6 inch-60 degree s e c t o r  Nier ss spectrometer  

F 1 Vacuum pumping - roughing vacuum system (660-LXS) 

F 1 Dual i d e t  system - vacuum trznsfer l ines t o  

F 1 Duzl switching pneunat ic  gas inlet  c a p i l l a r y  l e a k  

$ 1 3 inch-60 degree s e c t o r  Niei Type a s s  spectrometer  

f o r  carbon, oxygen, s u l f u r  i s o t o p e s  

660 WE5 and 360 RIB 

f o r  hydrogen i so topes  (also C, 0, S, N, A r  etc.) 
I Vacuum pumping/roughing system (360 =E) F 1 L 



CODE No. L 

L- 
rI $ 1 , lab glassware umable s u p p l i e s ,  

> $ '  2 60 l i t e r s )  p l u s  
miscellaneous small g l a s s  vacuum dewars 

- $ 1 Capacitaoce manometer (W) 

F 1 resistance furnaces  (6 ea) p ropor t iona l  temperature 
c o n t r o l l e r s ,  w l d i g i t a l  readout of ten?era ture  
f o r  12 genera l  purpose s t z t i o n  j a c k s  on e x t r a c t i o n  
suppor t  racks  

id F 1 Mineral s epa ra t ion ,  heavy l i q u i d s ,  s i e v i n g  diamond 
saw, po l i sh ing  etc. 

t o  s t a t i o n  hook-up near support  racks  

. t 

F 

$ 

1 glass blowing s t a t i o n  and connect ing gas 1: 1 nes 

Misc. Nz - C02 - F2 - BrF5 gas b o t t l e  cy l inde r s  

ILr 

tk F '1 Multipurpose - Carbonate e x t r z c t i o n  l i n e  

F 1 H2 - 820 - Eydrous mineral e x t r a c t i o c  f i n e  

F 1 S u l f u r  e x t r a c t i o n  l i n e  
F 1 Thode process  - sulfate reduct ion  l i n e  

F 1 Fluor ina t ion  l i n e :  bromine pentafluorl.de znii fluorine 

biii 

gas; f o r  ox ides  and silicates (C02)  silicates ( S i F 4 ) ,  
end SFg) f 

J 
F 2 microscope hea t ing  s t a g e ,  p ropor t iona l  c m z r o l l e r ,  

F 2 microscope f r e e z i n g  s t a g e ,  d i g i t a l  terrperature  

d d i g i t a l  temperature readout ,  and BCD d i g i t a l  p r i n t e r  

readout ,  "ch i l led"  E2 gas cool ing  medium id 

itid 
de vacuum gaug 

ar,  25 l i t e r  "genie" 

ction system 

u supply system 

e oxygen e x t r a c t i o n  system 
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