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SUMMARY

1. The Animas area is Tocated in Hidalgo County of south western
New Mexico. The area contains six hot wells and at Teast 10 warm wells.
No springs of even very low discharge were found. The hottest wells
are Tocated in Section 7 of T25S, R19W. Well W90015 is the most
interesting thermal feature in the area. Well deposits consist entirely
of chloride salts and carbonates.

2. Non—therma1 waters generally contain less than 400 mg/1 of
dissolved solids, an average of 33 mg/l of Si0, and an average of
1.5 mg/1 of fluoride. Cations and anions occur as follows:

HCO3> SO4> Ci Na> Ca> Mg> K.

3. The hottest waters of the Animas area contain sulfate as the

principlte anion and they are described as follows:

504> C1> HCO3 : Na> K= Ca> Mg.
Hot waters contain about 1200 mg/1 of dissolved solids and do not exceed
145 mg/1 of SiOZ. Hot waters have low concentrations of Li, B, NH4 and
H,S.  Chloride concentrations indicate hot water systems at depth.
pH ranges from slightly basic te basic {9.1).

4. Sample WI90015 was Tlast in equilibrium with an igneous suite of
minerals and carbonates. Samples X90441 and X9043S shguld be in equili-
brium with similar minerals.

5. Maximum subsurface temperatures do not exceed 165°C. Quartz
and alkali geothermometers .are in excellent agreement for samples

W90015, X90441 and X90439.



6. Chemical data at hand is inadequate to prove or disprove
dilution of the hottest waters. Isotope analysis and deep drilling
are necessary to resolve dilution modeling.

7. The chemical data included in this report begs the following
speculation on the source of the hot waters. The most conservative
model dictates that all hot waters originate through deep cirqu]ation
along fauits on the west flank of the Pyramid Mountains. A more
radical model places a cooling pluton, deeply buried beneath the
Pyramid Mountains. Silica saturated, sodium chloride water then
rises with great difficuity {owing to silica deposition) to the near
surface region where they mix with dilute groundwaters producing the
thermal features located in Section 7. This second model would be
quite believable if very young rocks existed in the area and if a
large continuous heat flow anomaly was associated with the bounding
fault on the west flank of the Pyramid Mountains.

8. The hydrogeochemistry of the Animas area; is ambiguous with
regard to the geographic distribuiton of the chemical anomalies and
subéurface tempefatures. I feel that the area may hold promise for
electric production in spite of the inadequate 165°C subsurface
temperatures. Further heat flow studies and a 4He survey are -

needed to further prove the existence of a 220°C reservoir,



THERMAL FEATURES

Fifty-seven water samples were collected from the Animas area
(Figure 1) during the winter and summer of 1975.
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Figure 1. Location map of the Animas, NM, Geothermal Prospect
A1l data in this report relate to wells because no flowing springs exist
in the prospect area. Nél] temperatures range from 18.5°C to 101°C.
This survey indicates that the background water temperature is 19°C.
The area includes six hot wells and at least 10 w;rm wells (Table 1).
Well deposits consist of chloride salts and some calcite.

The hottest wells are located in Section 7 of T25S, R19W. Hot
waters, probably in excess of 120°C, ascend along a concealed north;
south trending fault but do not surface naturally. During the 1950's,
drillers encountered super-heated water at 80 to 88 feet in a greeh-red
la]tered rhyolite. One of these wells (W90015) can be pumped at‘200-

300 gallons per minute.
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Table 1. Thermal features of the Animas Area.

Flow Heat discharge Well depth Well gradient

T°C 1pm cal/sec km °C/km

W30015 Superheated Hot Well 101 ~—- - g 0.020 - 4085(7?)
¥90441 McCants Hot Well 35 189 2.1x105 0.091 722(7)
X90439 Folk Hot Well 65 132 1.Gx105 0.027 2176(?)
W90002 46°C Hot Well 46.5 945 4.3x10 ? ?
WI0001 -Banner Mine Hot Well 46 1325 5.9x]05 0.853 31
W90003 38°C Hot Well 38 1893 5.7x]05 0. 366 51
W90006 Cooper Tank Warm Well 33 946 Z.ZX]OE ? ?
W390027 Wamel Warm Well 32 189 4.0x10 ? ?
W90039 Elbrock Warm Well 27 1893 2.4x105 0.100
W90430 Uler Ranch Warm Well 27 19 ,1.7x1o§ 0.091 77
X90442 Weatherby Warm Weli 22 75 3.4x]02 0.091 84
X90437 Sec 34 Cold Well 18.5 19 -2.5x10 30

2.4x105cal/sec

9.5x107BTU/sec



Descriptions of each thermal feature are listed in Appendix 1
at the end of this report. Plates 1 through 8 are pictorial representa-
tions of some of the thermal wells. Sample Tocations are posted on

two maps in the pocket at the end of this report.
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Pilate 1. Superheated Hot Well, 101°C at 20 meters.

Plate 2. McCants Hot Well with Tom Melant,
85°C at 91 meters.



Plate 3.

Folks Hot Well, B85°C at 21

Plate 4.

LgoC Hot Well, 46.5°C.

meters.




Plate &. 38°C Hot Well, 38°C.

Plate 8. Cooper Tank Warm Well, 33°C,



Plate 7.

Wamel Warm Well, 32°

Flate 8.

Elbrock Warm Well,

C.

27°C.
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CHEMISTRY

The non-thermal waters of the Animas area generally contain ]ess than
400 mg/1 of dissolved solids and exhibit near neutral pH. Bicarbonate
is the principle ion while sodium, silica, sulfate, calcium and chloride
follow in that order. Cold waters contain an average of 33 mg/1 of 8102.
Fluoride concentrations average about 1.5 mg/1 in cold water. Section
34 Cold Well (X90437) was selected for best representing the average
background chemistry of the area (Table 2}.

Thermal waters range from neutral to basic {9.1). The hottest waters

contain sulfate as the principle anion while hicarbonate predominates

in the warm waters (Tables 2 and 3). Sulfate waters generally originate
from moderate depths and are not common to springs associated with very
deep circulation along faults. Chloride values for the hottest waters
indicate hot Water systems at depths. however, these values seem low
compafed to the concentrations of the remaining ions. Fluoride concen-
trations are very high in the Animas area; the thgrma] waters are
especially enriched with as much as 15 mg/1. Boron and lithium values
are disappointingly Tow and do not exceed 1 and 0.8 mg/1 respectively.
Ammonia was only detected in the thrée hottest wells at very low levels
(0.20 mg/1). Hydrogen sulfide was not detected. Silica concentrations
do not exceed 145 mg/1. The Banner Mine sample (w90001jlis SOmewhatl

perverse and should be considered mine water rather than pure geothermal

effluent.



Table 2. Chemical analyses of the thermal features of the Animas area, New Mexico. Units are mg/1 unless otherwise noted.

Superheated McCants Folks 46°C Banner Mine  38°C Cooper Tank  Wamel E1Brock Uler Ranch Weatherby Sec. 34
Hot Wetl Hot Well  Hot Well Hot Well Hot Well Hot Well  Warm Well Warm Well  Warm Well  Warm Well Warm Well Cold Well
W90015 X90441 X90439 W90002 Wa0001 W90003 W90006 W90027 W90039 X90430 X90442 X90437
pH 7.8 8.1 7.0 - 8.3 7.0 9.1 7.8 7.6 7.9 8.2 7.7 7.8
Cl 112 84 130 87 42 32 54 32 <10 24 <10 16
F 15 12 7.8 10.1 0.8 7.8 6.8 3.5 4.3 3.2 4.3 1.2
HCO3 90 80 93 - 400 119 128 248 200 147 172 177 138
€03~ 0 0 0 0 0 14 0 0 _ 0 0 0 0
S0 400 460 700 265 1100 140 190 350 85 50 95 . 42
5162 145 130 99 63 33 44 47 - 35 -39 32 41 48
Na 340 330 420 400 100 160 240 130 74 110 78 61
K - 20 19 26 ' 6.0 3.6 1.2 9.2 7.1 2.1 3.3 3.1 2.1
Ca 20 21 70 11 £80 2 17 6.1 32 9 50 36
Mg ' 0.3 0.1 5 2 21 <0.1 3 8 3 1 7 3
L1 0.5 0.5 0.8 0.4 <0.1 07 0.3 0.2 0.1 0.1 0.2 <0.1
B 0.4 0.3 0.2 1.0 0.2 <0.2 0.6 <0.2 0.2 0.2 0.2 <0.2
Mo ug/1 NA 25 30 NA NA NA NA NA NA 10 2 <]
NH 0.12 0.12 0.20 <0.1 <0.1 <0.7 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ho < 0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
TDS 1143 1137 1552 1245 1900 529 810 772 396 405 464 347
T°C 10T 85 65 46.5 46 38 33 32 27 ' 27 22 18.5
Flow (gpm)  --- 50 . 35 250 350 500 250 50 500 5 20 5
75i0,°C 159 152 137 . 113 83* 96 93 86 91 82 93 99
TNa/f°C 129 133 134 35% 89* 1.8% 94 ' 123* 72 76 97 86
TNa-K-Ca 165 165 160 1 12% 85 140 ' 66 39 81 42 35
C1/s0 0.8 0.5 0.5 0.9 0.1 0.6 0.8 0.2 0.3 0.4 0.3 1.0
761/HC83 2.1 1.8 2.4 0.4 0.6 0.4 0.4 0.3 0.1 0.2 0.1 0.2
C1/F 4.0 3.7 8.8 4.6 28 2.2 4.2 4.8 1.2 4.9 1.2 7.1

NA = not analysed

* Does not represent true subsurface conditions




Table 3.

Principle anions and cations of the Animas thermal and non-thermal waters.

Spring Number and Name

W90015
X90441
X90439

90001
190003
190027

Wo0002
W90006
W90039
X80430
X90442

X90437

Superheated Hot Well
McCants Hot Weli
Folks Hot Well

Banner Mine Hot Well
38°C Hot Well
Hamal Warm Well

46°C Hot Well

Cooper Tank Warm Well
ET Brock Warm Well
Uler Ranch Warm Well
Weatherby Warm Well

Sec., 34 Cold Well

Anions

SO4>C1>HCO3
S0,>C1=HCO

S04>C1>HCO3

50,4>HC0O3>C]
50,>HC03>C]
504>HC03>C1

HC05>50,>C]
HC03>50,>C]
HC05>504>C1
HC03>50,>C1
HC03>504>C1

HC04>504>C1

Cations

Na>K=Ca>Mg
Na>Ca>K>Mg
Na>Ca>K>Myg

Na>Ca>Mg>K

"Na>Ca>K>Mg

Na>Mg>K>Ca

Na>Ca>K>Mg
Na>Ca>K>Mg
Na>Ca>Mg>K
Na>Ca>K>Mg
Na>Ca>Mg>K

MNa>Ca>Mg=K

Inferred Water Ade

Moderate
Moderate
Moderate

Young
Young
Young

Young
Young
Young
Young
Young

Very young

gl



Figures 2 through 7 are geochemical plots of the hot and cold
waters of the Animas area. Two and possibly three groups of water
exist. Figures 2 and 3, B-C1 and B-Na plots, respectively, reveal
three groups. One group contains the hot wells of section seven,
the second contains two ivrigation wells located southeast of Lordsburg
and fhe third group contains mixed thermal waters and non-thermal waters.
The dearth of boron in the group containing the super heated water may
indicate that these waters are mixed. Figure 4 clearly distinguishes
the Banner Mine water as being unique. Figure 5 shows two groups. The
group containing the super heated water is clearly older than the group
near the origin. Figure 6 is a graphic presentation of Table 3. The
.hottest waters are of the sulfate variety, whereas the remaining waters
are immature and bicarbonated. Figure 7 depicts the relationship between
the TDS/Si0, ratio and the Si0, concentration. The Banner Mine water is

again distinguished as being unique.
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SUBSURFACE TEMPERATURES

Subsurface reservoir temperatures indicated by the water chemistry
reveal maximum temperatures of 165°C. The alkali and quartz tempera-

tures show very good correlation for samples W90015, X90441 and X90439
(Table 2).

MIXING OF HOT WATERS

The hottest waters in the Animas area could possibly be mixed wifh
some unknown volume of cold groundwater. Figures 2 and 3 show that the
hottest waters in the area {(Superheated Hot Well, McCants Hot Well
and Folks Hot Well) are depleted in boron, compared to wéters which
are considerably colder. These hottest waters also seem somewhat
depleted in chloride. Arguing against dilution are the very high concentra-
tion of fluoride (15 mg/1) in the hottest waters. The waters.of Roosevelt
Hot Spring, proven at 230°C contain only 7.5 mg/1 of fluoride. The
~excellent correlation between subsurface temperatures for the hottest
waters provides a second argument against di1ution{ Good subsurface
temperature correlation indicates that hot waters must have mixed at
considerable depth so that sufficient time was provided for good re-
equilibration.

The chemical data at hand is insufficient to prove‘dilution or
no dilution. Water isotope analysis may answer dilution questions.'

I feel that 165°C is a credible subsurface temperature. Deep drilling

Wwill obviously prove the existence of higher temperatures.
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HYDROGEOCHEMICAL COMPARISON

The chemistry. of the Super Heated Hot Well (W90015) was compared
to 18 well and spring analyses from known producing reservoirs of the
world. The only reasonable comparison is shown in Figure 8. The
correlation is good with the exception of 5102, Ca, and S0;. The
Icelandic hot water issues out of a mainly basaltic terrain, in one

of the high temperature regions.

MINERAL EQUILIBRIUM

The degree of saturation of 285 possible hypothetical minerals
has been calculated {Table 4} for McCants hot well (X90441). This
water was last in equilibrium with a predominately igneous suite of

“minerals and carbonates.

Table 4. Gibbs Free Energies in kcal/mole for McCants Hot Well (X90441).

T°C 85°C .
105 1137 mg/1

Carbonates Calcite
Aragonite

w

Silicates Fayalite
Kenyaite
Magadite
Quartz
Chalcedony
Cristobalite

M LD PN D L

Meq/1 cations
anions

Ny Lo OO O W W oo

—
N &
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Figure 8. A chemical comparison of Animas sample W90015 (Super Heated Hot Well) and a producing well
from the high temperature area (Geyser area) Iceland.
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GEOCHEMICAL

SAMPLE FORMS



AUAY. GEOTULERHAL GHOCHUMICAL SAMPLE YORM

Spring No. Sample No. X 190015 Date 7-2-75 _ Time 1730

Name: Super Heated Hot Well West ' Location: CoHidalgo gyardl. Mexico
SWi NFY Sec. 7 T255 Rigw 3 Km/mi. of

Lat.. Long.: Sampler: John (. Devmonez .

Elevation: 4205 . Quad. _gwallow Fork
Sample Type: Spring (p),(well (pj, creek, river, soil, salt, sinter, travertine,

Fas, rock,

Description:

Water Temp., ©C 101 Qischarge: 0 gpm/Lpm
Ground Temp. °C Well Data: Depth ggl. ‘

Air Temp. 28 Bore 12"
Odbv 0

Pump Type pone

Fluid Color O

Level of water in bore v 70!

Fluid Taste ¢ Type of piping Sﬁeel
Bubbling mod Artesian Head

Boiling mod Rock Data:’

Vepetation 0 Type (surface) nal

Fluid issues from no discharqé~ Color

used sampling device

anin size

Megascopic Minerals

Salt: Type

Quantity i

Color Alteration:

Form Rz Type (at depth) altered Rhyolite
Sinter: Type Water used for nothing
Quantity | Immediate area used for: _junk pile
Color I |

Form . Quality of sample: <§E;>; Good, Poox:
Probable cause of manifestation well

Property owned by MachDonald,. Lordshurg, N. Mexico

Previous and/or Current Leases no

Comments: SKETCHES




AHAY GEOTHERNAL GROCHLMICAL SAMPLE FORM

Spring HNo. Sample No. X 90441 Date 1-26-75 Time 12:45
Name: McCants Hot Well Location: Co.Hidalgo StateV. Mexico
Nk Sec. 7 D55 R:19W Km/mi . of |

Lat.: Long. : ﬂ_ Sampler:Frank Dellechaie .
Flevaticn: 4215 . Quad.Swallow Fork Peak

Sample Type: Spring (p),{well (p), creek, river, soil, salt, sinter, travertine,
fas, rock, snow..-- 77

Deseription:

Water Temp. °C 85 pischarge: 50 ¢pm/Lpm
Ground Temp. °C Well Data: Depth g -
Alr Temp. Bore g -
Odor 0 Pump Type electric sub
Fluid Colorclear Level of water in bore -
Fluid Taste_j a4 Type of piping steel
Bubbling ves Artesian Head no
Boiling ves _ Rock Datat
Vegetation none ) Type fsurface) Qal
Fluid issues from gteel pipe 7 Color .
| Grain size
Megascopic Minerals
Salt: Type__ NaCl
Quantity minar '
Color white Alteration:
Form amorp Rx Type (at depth)
Sinter: Type Water used for_drinking, cattle
Quantity | Tmmediate area—useq for: ranching
Color ‘ ;
Torm i Quality of sample: (?;;); Good, Poor

Probable cause of manifestation well

Property owned by Tom McCants

Previous and/or Current Leases none

Comments : SKETCHTS




ALUAX_GEOTHIRINAL CEOCHEMICAL SAMPLE TORM

Spring Ho.

Sample No. X 90439

" Date 1—27—75_ Time 10:15

Name: Folks Well Location: Cdiidalgo State N. Mexico
Sec. 7 - T 255 R:i oy : _ Km/mi. of

Lét.; Long.: Sampler: .

Elevation: 4200

Quad. Swallow Fork Peak

Sample Type: :
gas, rock, snow.-

Description:

Spring (p),/ﬁéii (p)y ecreek, river, soil, salt, sinter, travertine,

Probable cause of manifestation

Property owned by

Water Temp. °C £5 Discharge: 50 +/FBi/ Lpm
Ground Temp. °C Well Data: Depth 17p B
Air Temp. Bore 4n -
Odor O Pump Type electric
Fluid Color 0 Level of wafer in bore?
Fluid Taste 0 Type of piping Stegl
Bubbling Q Artesian Head no
Hoiling 0 Rock Data: \
Vegetation 0 Type {surface) Qal )
Fluid issues from steel pipe. Color
Grain size
Megascopic Minerals
Salt: Type
Quantity I
Color Alteration;
Form kx Type {(at depth)
Sinter: Type Water used for drinking
Quantity Immediate area used for: ranching
Color ;
Form Quality of sample: (ég;h; Good, Poor-

well

Folk

Previous and/or Current Leases

Commentss

SKETCIHES




AMAX GLOTHLRMAL GEOCHLMICAL SAMPLE YORM

Spring No. Sample No. X__JN90002 Date 6-27-75 TimelO:30
Name : 460 Hot Well Location: CoHidalgo State}inggxico
See. T 213y R:17W : ' Km/mi. of .
Lat.: ‘ Long. : Sampler: John C. Deymcnez
Elevation: 4250 Quad Lordsburg, N. Mexico
_ e

Sample Type: Spring (p),iﬁell (p), kreek, river, seil, salt, sinter, travertine,
pas, rock, snow., . -7

Description:

Water Temp: °C 46.5 Discharge: 250 gpm/Lpm
Ground Temp. °C Well Data: Depth .

Air‘ Temp. 30 Bore 16 " -
Odor 0 Pump Type 9as engine driven sub

Fluid Color 0 Level of water in bore

Fluid Taste chloride sulfate fType of piping steel

Bubbling_ _ 0 Artesian Head —
Boiling 0 Rock Datat \
Vepetation 1t. & dk. green algaeType (surface) Qal

Fluid issues from 12" steel pipeColor

8' from well head

anin size

Megascopic Minerals

Salt: Type O

Quantity | i

Color Alteration:

Form Rx Type (at depth)

Sinter: Type PHFO3 Water used for irriqation
Quantity mod . | Immediate area useq for: farming
Color white . V

Form amor Quality of sample:(iéxé?} Good, Poor
Probable cause of manifestation well T

Property owned by ?

Previous and/or Current Leases 2

Comments: WaterAsalee SXETCILS
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AMAX GEOTHERMAL CrnOCHEMICAL SAMPLE TORM

Spring Ho. Sample No. X WOQ001

Date 6-20~75 Time 1L2:00

Location: C.O.H.a 1e State;;. Maxico
Km/mi. of

Sampler:; John Deymonez

Name: Banner Mine

NE% NEY Sec, 23 7 238 R: 19W
Lat.: Long.:
Elevation:___4700 (surface) Quad.

Sample Type:

gas, rock, snow.

Descripticn:
Water Temp. °C 46

Ground Temp. °C

Gary

Discharge:

Spring (p),(ﬁgiim?ﬁb, creek, river, soil, salt, sinter, travertine,

o

350

Air Temp.44 @2000'

Bore

-« pm/Lpm

Well Data: Depth 2800°

Odor g~

Fluid Celor. red

Fluid Taste [Fe

Pump Type

water i1ssues from fracture

Level of water in borepgt ahout 1500° lewvel
Type of piping

)

Bubbling _ 0 Artesian Head
Boiling 0 Rock Data::
Vegetation 0 Type (ESF?%CQ)

Color

Fluid issues from noolwel]l

chalcopyrite (bornite,pyrite}

drilled at 2000' lavel

anin size

Megascopic Minerals

Salt: Type

Quantity 1
| Color Alteration:

Form Rx Type (at depth)Chalcopyrite (bornite, pyrite)
Sinter: Type Water used for | cooling

Quantity Immediate area useq for:mining coppex(minor gold
color P silver

Form Quality of sample: 'E;E?) Good, Poor

.Probable cause of manifestation  well

Property owned by Banner Mining Co.

Previous and/or Current Leases no

Commcnts: Mmine 2000' - temp. 1007 SKETCHLS

O |

water 130°F

Heavy Fe stains in mine.

FeQ & Lime.




ANMAX GEOTHERMAL GEOCHLMICAL SAHPLE FORM

Spring HNo. Sample No. X W90003 Date 6-29-75 Time 2015
Name ¢ 380C Hot Well

Location: CoHidalgo State N, Mexico

SEL Sul Sec. g T o2a  Rip7u ; Km/mi. of
Lat.: Long.: Sampler: John Devmonez
Elevation: 4203 ‘ Quad. Lisbon

Sample Type: Spring (p),(yeiii(éS;)creek, river, soil, salt, sinter, travertine,
gas, rock, snow.

Deseription:

Water Temp. °C 38 Dischapge: 500 , ﬁpm/me
Ground Temp., °C ' Well Data: Depth 1200 '

Air Temp. 24 Bore 14" -
Ddor 0 Pump Type diesel engine driven sub

Fluid Color clear Level of water in bore 2

Filuid Taste gweet sulfate Type of piping gteel

Bubbling 0 Artesian Head

Boiling 0 | Rock Data:-

Vegetationolive green algae Type (surface) Qal

Fluid issues from 12" steel pipe Color

2' from well head Grain size

Magascopic Minerals

Salt:; Type NaCl

Quantity V minor !

Color wyhite-rust red Alteration:

Form _ amoyr Rx Type {at depth) rhyolite
Sinter: Type __CaCQ. Water used for irrigation

2 .
Quantitvminor Immediate area used for: farming

Color White-rust red ‘ ;

= |
Form A&MOT Quality of sample: <Eff;) Good, Poor
Probable cause of manifestation well

Property owned by ?

Previous and/or Current Leases

Comments: sample taken SKETCHES
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AHAY. GECTHERMAL CGROCHEMICAL SAMPLT FORM

Spring No.

sample No. X W90006 Date6-30-75  Timel0:15
Name: (Cpovper Tank WW Location: CeoGrant Statal. Mexico
NWYh SEX Sec, B 7245 R: leW . Km/mi. of
Lat.: | Long.: Sampler: John Deymonez .
Elevation: 4345 Quad. Muir Ranch

Sample Type:

Spring (p), well (p), creek, river, soil, salt, sinter, travertine,

gas, rock, snow.
Description:
Water Temp. °C 33 Discharge: 250 gpm/me.
Ground Temp, °C Well Data: Depth ‘ '
Air Temp. 30 Bore 1o ~
Odor 0 Pump Type gas engine driven sub
" Fluid Color 0

Level of water in bore

Fluid Taste mild sulfate Type of piping steel
Bubbling 0 Artesian Head

Boiling 0 Rock Data:

Vegetation 0 Type {surface) 0al

Fluid issues

15"

from well head

from 8' steel pipe Color

anin size

1

Salt: Type

Megascopic Minerals

Quantity

Color

Alteration:

Form

Sinter: Type

Quantity

Rx Type (at depth)

Water used for IJrrigation

Color

Immediate area used for: Earming
. =

Form

-~
-

Probable
Property

Previous

cause of manifestation

owned by

Quality of sample:('Exg}, Good, Poor

well

?

and/or Current Lecases

"

Comments:

sample taken SKETCHES
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AMAXK GEOTHERMAL GROCHLMICAL SAMPLE TORM

Spring HNo.

Name: Wamel 42

Sample No., X

WwoQQ27 pate ©~21-75 1545

Time

Location: CoHidalgo State] ;Mexico

SE¥% NEX Sec.14

T 265 R: 20W

Km/mi, of

Sinter: Type

Lat.: : Long.:

Sampler: John Devmonez

Elevation: 4290

Quad.

-
e t— .

Table Top Mtn.

T . g
Sample Type: Spring (p),{well (p), creek, river, soil, salt, sinter, travertine,

gas, rock, snow.
Description:
Water Temp. ©C 32

Ground Temp. °C

Discharge: 50

gpm/Lpm
Well Data: Depth _

Alr Temp. 31

Odor 0

Tluid Color 0

. v, mild NaCl
Fluid Taste ;{13 =snulfate

Bubbling 0

Boiling 0

Bore 6" ' -

Pump Type guh., elect.

Level of water in bore

Type of piping_gteel

Artesian Head

Rock Data:

Vegetation O

Fluid issues fromlk" galvanized

steel pipe at well head

Salt: Type

Type {surface) Qal

Color

anin size

Megascoﬁic Minerals

Quantity

Color

Form

Caco,_

T

Quantity minor

Color hrown

Alteration:

Rx Type (at depth)

Water used for | home

Immediate area used for: farming

\

Form amor

Probable cause of manifestation

. - '_“‘\\.
Quality of sample: <?x¢;) Goocd, Poor
well

Property owned by

Bufns. Wamel

Previous and/or Current Leases

yes.

"Some company in Denver" (LVO)?

'
b

Comments: sanmple collected

SKETCHLS
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AMAX GEOTHURMAL QEOCHUMICAL SAMPLE FORM

Spring Ho. Sample No. X W90030 Date 6-23-75 Time 1320
Antelope WW ) ‘

Name:! wi1ntack Warm Well Location: CO{ijda]gQ State y_ Maxico

NWi SWh See. 26 T 275 R:20W : Km/mi. of

Lat.: Long.: Sampler: Frank Dellechaie _

LFlevation: 4424 Quad. pratt

Sample Type: Spring (p), well (p), creek, river, soil, salt, sinter, travertine,
fas, rock, snow.

Description:

Water Temp: °C 27 Qischarge: 500 /EEE?me
Ground Temp. °C Well Data: Depth qqh o
Air Temp. Bore 12" -
Odor 0 Pump Type electric
Fluid Color_ g Level of water in bore 150
Fluid Taste 0 Type of piping steel
Bubbling 0 Artesian Head no
Boiling 0 Rock Data: \
Vegetation O Type (surface) Qal-Bagsalt
Fluid issues from steel pipe : Color .

Grain size

Mepgascopic Minerals
Salt: Type
Quantity il
Color Alteration:
Form Ex Type {(at depth)
Sinter: Type Water used for irrigation
Quantity | Immediate area used for: yanching
Color | r
Foim . Quality of_sample:(;ffg;, Good, Poor’
Probable cause of manifestation well

Property owned by game. Fdward. Elhrack, P.0O.Box .25  Animas. M. Mawi

Previous and/or Current Leases no

1

Comments: R2 F14 . SKETCHLS




S

AMAY, CROTHERMAL GHOCHEMICAL SAMPLE FORM

Spring Ho.

Sample No. X 90430 Date 1-26-75 Timed:30
Name: (Uiler Ranch Well Locatimx:Co.dea]gD Statep -Mexico
NWk% SWi Sec.15 T 218 R: 19W . Km/mi. of
Lat.: Long.: Sampler: Frank Dellechaie

Elevation:

4347 Quad,

Candor Peak

Sample Type:

Description:

Spring (p), Grell {(p), creek, river, soil, salt, sinter, travertine,
fas, rock, snow. '

,Water Temp. °C 27 pisoharge: 5 ' CEéEprm
Ground Temp. °C Well Data: Depth 300'?
~Air Temp. Bore ‘ 7 -
Odor 0 Pump Type
Fluid Colorr 0 Level of water in bore
Fluid Taste 0 Type of piping
Bubbling 0 Artesian Head
Boiling 0 Rock Data:r’
chetatioﬁ -0 Type (surface) valley fill
Fluid issues from stee]‘pjpé Color - -
anin size
Megascopic Minerals
Salt: Type
Quantity !
Color Alteration:
Form Rx Type (at depth)
Sinter: Type Water.used for | drmect 1o
Quantity Immediate area used for: ranching
Color r
Form Quality of sample: (EE;}; Good, Poor
Probable cause of manifestation well
Property owned by Uiler
Previous and/or Current Leases > ]
Comments:

SKETCIHES




AlAx GLROTHERMAL CHOCHEMICAL CAMPLE FORM

Spring MNo. Sample No. ¥ 90442 Datel=27-75 Time 1410

Name: Weatherbv Warm Well Location: Cofidalgo _ Statey Mexico
SW Sec. 7 T 268 R:i_20W 3 - Km/mi. of

Lat.; Long. : Sampler: Frank Dellechaie
Elevation: 4240 ' Quad.

Sample Type: Spring (p), QQIZ’?;;:\creek, river, soil, salt, sinter, travertine,
ras, rock, showe—"

Description:

Water Temp. °C 22 , piseharge: 20 <EEE}me
Ground Temp. °C . Well Data: Depth 300° -

Air Temp. Bore 6" -
Odor 0 Pump Type windmill. @90"

Fluid Color 0 Level of water in bore 90

Fluid Taste O Type of piping  atee]

Bubbling 0 Artesian Head no

Boiling 0 Rock Data:

Vegetation () . Type (surface) valley fill

Fluid issues from steel pipe | Color

anin slize

Megascopic Minerals

Salt: Type

Quantity 4

Color Alteration:

Form Rx Type (at depth)

Sintep: Type Water used for ~Grinking-cattle
Quantity Immediate area used for: ranching
Color r

Form . Quality of sample: Q????} Good, Poor
Probable cause of manifestation well B

Property owned by Weatherby

Previous and/or Current Leases LVO

Comments: ' SKETCHLS




measurements were mads to O0m depths at’ four
locations and liOm depth at a fiftih location.
Water samples wers obtained from two locations.
Water pH was 2,5-3,0 at all lecations dowr

to 60m depth, The temperature strusture at
depth in four of the losations Was very simi-
lar, with 5.5°¢ average temperature at GQm

and 5.9°C average temperaturs-at 10m. The

f3if"  ‘nzation was approximately centered
oy e of yellewish discoleration, about
10, diameter and easily observable from

the ¢aldsra rim., i temperature of 5,657
was measured at both &Hum and 10m depth indi-
cating mixing and upwelling of water. This
sone was marked by the odor of M,8 and by con-
centrations of sulfur at the water surface,
Constant bubbling and frothing activity caused
by escaplhg gases was observed in various
other regionsz of the lake. Thres glaciers
which formed on the inside of the caldera
walls after the 1912 eruption now extend dowm
. Lo the lake level in saveral locations. At
least L2 annual layers were counted in an
- exposed headwall of the South Glacier.

v 24

ABUsNT GLACIOIAGICAL AMD VOLCANOLOGICAL
UTUDLES. OF YHE SUMMLIT Of MT, WHANGELL,
ALASKA

L. 3. Benson

K. J. Motyka (both at: Goophysicel Ins-
titute, University of Alaska, Fairbunks,
Alaska 59701}

The geothermal heat Clux has increased
signil‘icantlg at the LOGUm summit of Mt.
Wrangell (£29N; 14°4) since 1255. This hay
resultad in melting ever 22<10°m” of ice from
the North Urater of the summit caldera, an
order of magnitude inuprease in the area of
exposed roeik, and a setwling of the glacier
surface of un to Téum, UThe average heat flux
oves the past decade hgg gxcecdea 1000 peal
om “sec! over ths 5x1’md area of the North
Grater. Field work at the summit in fagust,
1975, included establishment of five ground
cantrol points for aerial photogrammetry,
meagurement of glacier flow and resurvey of
the snow surface in the caldera and Horth
JUrater, measurement ol temoaratures and tem-
wrature gradients in evposed ash and. sand,
wiel twe Lm glaciological nil studies with
copsd extanding below Tum.  Nearly conldnuous
air temperature, wind, stmosnherie presunube,
and sedlsmic dats were oblained over a three-
wsek period. sAeriad photogranhs were taken

on i mst.,  Pronounced local variations in
hea were obaerved and temperatures of
acti. wmaroles are at the water bolling

noint (0A°C). A subsidence of &-8m since
1545 of the caldera snow surfudce located

-Skm to the 5 of the North Crater indlcates
thiat some thermal activity extends into the
main caltdera. Preliminary analysis of glacier
flaw data indicate an apparent increase in
glacier velacity since 1965, Glaciclogical-
voloanologloal studies at the sumait began

in 19641,
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THE RECOVERY OF CHEMICAL, EMERGY FROM A DRY-ROCK
GEOTHERMAL RESERVOIR

J. R Morrils

C. G. Sammis (both at: Dept, of Gepacleaces, The
fennsylvania State University, Universicy Park,
Pa. 16802)

This paper assesses the condicions under which
the heat associated with hydrothermal redctions
way be recovered from a dry rock geothermal reser—
volr. A finite element romputer model af a kwo—
dimensional fracture in a hot, dry reck geothermal
reservoir was develeped and tested, BSimslated
water cireularion through the fractu¥e at constant
velegity extracted heat from the wall rock via
conductlon as well as from chemical processes.

Hydrathermal reactioms vccurring between water
and a granitic source feck may be subdivided inte
two categeries; dissolving reactlons and altera-
tion reactlons. While we find that the quarte
dissolving reaction has 1ittle or no divect ef-
feet on reservelr temperaturas for any combination
of flow and fracture parameters, hydrothermal
alteration reacticns can cantribute sipnificant
chemical energy te a fractured system under con—
ditions of small flow rate and large alreratian
velocltiea, Detalled studies of the time depen-
dence of rock and water remperatures with and with-
ont alteration will be presented. Although
permeability studies are beyond the scope of this
paper, it appears that hoth types of hydrorhermal
reactions will have an important secondary effect
on e Cwvolr de{:elépment through changlng the
pern "ty with time.

v 2p

DEEP RESISTIVITY MEASUREMENTS AT TWC
KNOWH GEOTHERMAL RESOURCE AREAS (KGRA3)
IN NEW MEXICO

George R. Jiracek

Christian Smith

Geoffrey A, Dorn

Michael T. Gerety ({(all at: Dept. of
Geology, University of New Mexico,
Albuguerque, New Mexico 87131)

Resistivity surveys have besen con-
ducted at two KGRAs in the Basin and
Range Province of southern New Mexico:
Radium Springs in the Rio Grande Rift
near Las Cruces and Lightning Dock in
the Animas Valley near Lordsburg. In
Toth areas the bipole-dipcle reconnais-
sance technique identified regions of
low apparent resistivity (£ 10 cohm-m)
bordered by narrow zones of distinctly
higher resistivity (20-100 chm-m).

Some lows coincide with the locations

of hot springs and wells while the high
resistivity trends may indicate sub-
surface structural control of the thermal
waters. In the Animas Vvalley a.dipole-

“dipole survey through the hot wells

revealed a conductive layer (5210 chm-m)
at depth [(dipole separation 5 km).

Three apparent connections extend to the
surface, one in the vicinity of hot

wells where boiling temperatures are
encountered at less than 30 m depth.
Shallow resistivity soundings at both
areas have been obtained from asymmetric
Schlumberger and bipole-dipole equatorial
electrode arrays. Resistivity data near
the hot wells at the Lightning Dok KGRA
suggest condult-like ascension of thermal
waters along buried faults or fractures,
Interpretations are supported by addi-
tional geologic and other geophysical
investigations ipncluding gravity and
magnetica. ’

vy 27
GEOCHEMICAL STUDIES OF TWO GEOTHERMAL AREAS
IN HEW MEXICO
Chandler A, Swanberg (Dept. Physics/Earth
Sciences, New Mexico State University,
Box 3D, Las Cruces, New Mexico B88003) H
3

Nearly 200 chemical analyses have been com- H
pleted on waters collected from a broad region !
inciuding theé Radium Springs KGRA in south
central New Mexico and another 33 analyses
have been completed on waters colltected in the
vicinity of the Lightning Dock KGRA in sonth-
west New Mexico. The samples reprasent both
thermal and non-thermal waters.

The Radium Springs ¥GRA 1ies near the north
end of a prominent NNW geochemical trend which
extends for 80 km from just west of the
Franklin Mountains in the south to San Diego
Mountain in the north, This geochemical trend
is congruent with the ¥alley fault for the
southern 2/3 of its extent and the trend also
intersects Radfum Springs, the hot wells at
Las Alturas, and the Quaternary Travertine
deposits near San Biege Mountain. the three
most praminent occurrences of geotharmal
activity in the area. Both thermal and nom-
thermal waters within this geochemical trend
are characterized by high Ne-K-Ca and silica
estimated temperatures and by unusually high
concentrations of fluoride and boron relative
to samples coltected in other parts of the
ares, These data indicate that the ¥alley
fault acts as a conduit for ascending geo-
thermal fluids.

Chemical data for the Lightning Dock KGRA
indicate & possihle reservoir base tempera-
ture near 1709C, hased on Ma-K-Ca and
silica data from 4 hot shallow wells, Tocated
near a small (#4 mgalts) residual gravity
closure, A random sampling of non-thermal
wells throughout the Animas Valley generally
yield low geochemical temperatures.

SEAWATER AND BASALT INTERAC-
TIONS
Crystal Room (Hl), Wednesday 0830h

JIM BISCHOFF (U.S. Geological Survey, Menio
Park, Callfornia), Chairman

V¥ 28 INVITED PAPER

HYDROTHERHAL REACTIGN AT MID-OCEAN RIDGES:
SOME IMPLICATIONS AND CONSTRAINTS

T, J. Wolery

N. H. Slzep {both at: Dept. of Geal. Sci,,
Horthwestern University, Evansten, I1l. 60201)

The global rate of hydrothermal heat advection
at mid-otean ridges has been estimated at "4 x
1018 caifyr by a thermal balance model. If the
meay exlt temperature of fluid is 75-2257C, then
its mass flow Tate is 26 x 1ol? g/yr. Such rates
would cycle the mass of the oceans in only 2-7
m,y. Thus, MOR hydrothermal ecirculation may be a
significant mechanism {along with subduction and
volcanism at convergent plate boundaries) for
chemical transfer between exogenie (shallow) and
endogenic (deep) portions of the sarth. The flux
of 5107 from ocean crust to oceans by this mecha-
nism is estimated at 0.02-1.4 x 10'% g/yr, assu-
ming that quartz solubility' is an approximate con—
trol on cesmpesition of the exiting fluid. Leaching

- of calcium from o&sanic erust may explain the ori-
. gin of %1200 x 10

2 of excess gedimentary cal-
cilﬁ, vhich would require an average flux of 34 x
10 g/vyr over 3.5 I:.g. Similarly, a tmagnesium
cransfer of n65 x 10} g/yr from oceans to oceanic
erust appeary necessary for an approximate occeanic
balance for this element. Experimental data on
basalt-sea water reaction and the plobal flew rate
estimate combine to yleld Ca and Mg fluxea which
are about an order of wmagnitude larger than those
required. It weems likely that much af this dis-
crepancy 18 due to the low watex:rock ratios used
in the experiments (3:1 te 30:1, v/v), which, from
the rate of sea-floor spreading and the glebal
flaw rate estimare, correspond to Teaction of
nearly the entire oceanic crust. If rhe averspe
thickness of hydrothermally altered bagalt is only
206 m, for example, then water:vock ratios of
30011 to 1300:1 would be more realistic. Examina-
tion of posatble fluxes of oxidants and reductants
assoclated with MOR hydrocherma) circulation plus
infarmation on the permeabllicy of the oceanic
crust galned durlng recent drilling also support
the conclusion that only a small fraction of the
oceanle crust can be hydrothermally altered,

v 29 INVITED PAPER

BASALT~SEAWATER INTERACTIONS FROM 25°C-300°C
AND FROM 1-500 BARS: AN EXPERTMENTAL STUDY

W. E. Seyfried, Jr. (Department of Gevclogy,
stanford Universicy, Stanford, California 94305)

J. L. Blschoff (United States Geologfcal Survey,
Menlo Patk, California %4025)

F. W, Dickson (Department of Geclogy, Stanford
Universlty, Stanford, California 94305)

{Sponsor; J, G. Liou) )

The Interaction between seawater and bzsalt in
a ratlo of 10:1 has been carried out for time per—
iods up to several montha ia large volume gold and
taflon eells. The experimental system employed
provides continuous and thorough apitation of the
bagalt in the seawater; and furtherwore allows
aqueous samples ro be withdrawn from the reaction
cells throughout  the duration of the rums, while
maintaining the system at the desired pressure and
tempersture, Results to date indicate that the -
direction and wagnitude of chemical exchange be-
tween the seawater and the basalt is strongly tem-
perature dependent. The basalt gives up Ca and 51
at all temperatures studied; however, the direc-
tion of Mz exchange is masked due to the rapld
precipitation of ceawarer Mg as Mg-smectite to a
degree dependent upon the $1 activicy in solutilenm.
This removal of seawater Mg as Mg(OH}, initially
creates acid conditions solubilizing Fe and ¥n.
With the eventual depleticn of Mg in the seawater,
hydrolysis cantinues &nd the pH rises, signifi-
cantly limfcing both Fe and Mn concentrations.
Porassium is leached from the basalt at tempera—
tures »200°C, while at lower tempetatures the al~
tered seawater either ghows no change or a sli-
ght deplerion in potassium with respect to itg
initial content. Sulfide is solubilized from the
vock only significantly at the highest tempera-
ture studled (300°C) reaching a cencentration of
17 ppm afrer [ive weeks of reaction; while sul-
fate, precipitating as anhydrite, was continuously
removed from the system 1n all runs greater than
150°C, Incresses in % (O, are observed at both
200-300"C due to the sulugilization of intersti-
cial €O, trapped in the rock.
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A GEOLOGICAL AND HYDRG-GEDCHEMICAL STUDY OF THE ANIMAS GEOTHERMAL AREA,
© HIDALGO COUNTY, NEW MEXICO

Frank Deilechaie

AMAX EXPLORATION,

Abstract '

_ The Animas Valley thermal area lies on the
west pediment of the Pyramid Mountains. The
Pyram1ds are composed of Cretaceous to Tertiary
igneous rocks.

Two hot wells produce 101°C water at a depth
of 20 meters. The wells seem to relate to a
northerly trending fault having at least 500 me-
ters displacement with the west block downthrown.

An elliptical heatflow anomaly extending
about 3 km in length occurs in this area.

" Thermal waters contain about 1200 mg/1 of
dissolved solids and low concentrations of Li,
NH3 and HsS.
145 mg/1.

B,

Silica concentrations do not exceed
Caticns and anijons -occur as:

- 504>C1=HCO Na>Ca>K>Mg.

“Last equitibrium with a volcanic suite of minerals
and carbonates is evidenced. Geothermometers in-
dicate subsurface temperatures of approximately
160°C.

' Apparently the thermal waters are escaping
rapidly from a deep (>4 km) reservoir along a
conduit formed by fault intersections. Evidence
of igneous heat is lacking.

Gealegy

A geotherma] anomaly occurs in the Animas
Valley, Hidalgo County, southwestern New Mexico-
(Figure 1). The region is arid, sparsely settled
and only locally supports irrigated agriculture.
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Figufe 1. Location of the Animas geothermal

area.
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INC., 4704 Harlan Street, Denver, CO 80212

Six hot wells in T25%, R19W are the main in-
dicators of geothermal potential. Two of the
wells prodice 101°C water from a zone of altered
rhyolite at 20 meters depth. The thermal weils
are on the pediment west of the Pyramid Mountains-
a north trending range composed exclusively of
Cretaceous to late Tertiary igneous rocks. The
wells were drilled in the vicinity of a concealed
range front fault with at least 500 meters dis-
placement. This fault is evident on regional
gravity maps (Figure 2) with sustaining evidence
witnessed on imagery.
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Figure 2. Concealed valley faults deduced

from the regional gravity.

Additional evidence for the fault is supplied by
a 2.25 km deep oil1 test some distance to the north
{Summers, 1976). On the west side of the fault
trace 500 meters of valley fill is encountered,
while on the upthrown side, wells penetrate bed-
rock at less than 50 meters.

The Animas area is Jocated in a region of
crustal extension and thinning common to the Basin
and Range province. The geologic history of the
area consists of four main pericds of volcanic
activity and two main periods of intrusive activ-
ity. A thickness of about 600 meters of basalt
was extruded during the iower Cretaceous.



A granodierite stock was intruded into Cretaceous
basalts during the early Tertiary when the min-
eral veins at the northern Timit of the Pyramids
were formed. A thickness of approximately 800
meters of andesite flows were erupted during
early Tertiary times. These andesites were then
intruded by a small monzonite stock. After a
period of erosion, a thickness of 700 meters of
rhyolite flows, tuffs, welded tuffs and basalt
were erupted during the middle or late Tertiary.
A second period of rhyolite eruption measuring
about 200 meters in thickness occurred during
middie-late Tertiary along with folding and

high angle block faulting.

Lastly, quarternary basalts were erupted
onto valley fi11 scuthwest of Cotton City. These
cbyiously evidence sustained tectonism in the
region but do not bear any visible re]atwonsh1p
to the geotherma1 act1v1ty

Heatflow

Heatflow determinations from 31 observation
holes reveal a 3 km elliptical anomaly in-the
area of the hot wells. Well depths averaged
Tess than 70 meters.

The resuiting anomaly encloses values as
h1gh as 20 HFU. The shape and size af the anom-
aly seems ctonsistent with a point source of hot
water localizéd by a fault intersection. Dis-
persion is compatible with the northerly ground-
~water flow. The northern-most chservation holes,
~exhibit very high gradients at shallow depths
but become isothermal at depth.

Seismic
. The area is seismically inactive. Only one
-1.0 magnitude earthquake was recorded during a

13 day microearthquake survey. Analysis of 130

_ mine blasts recorded during the survey failed

- to indicate any anomalous velocity structures.

Chemistry
Nonthermal waters of the area gsperally con-
tain less than 400 mg/1 of dissolved solids.
Cations and anions eccur as:
H603>$O4>C1 N;>Ca>Mg>K.
Cold waters contain an average of 24 mg/1 of
silica, 1.5 mg/1 of fluoride and exhibit neutral
nH.
Thermal waters exhibit neutral to slightly
: basic‘pH. Cations and anions occur as:
| S04>C1>HCO3  NavCa>k>Mg.
The low concentrations of chloride, boron,
ammonia and-lithium would indicate last equilib-
riom with a crystaliine rock {Table 1}. The
high.f1u0ride concentrations also peint to . equili-
braticn with high fluoride igneous rocks. Min-
~eral equilibrium computations (Kharaka 1973)
indicate saturation with carbonates and several
igneous minerals (Table 2).

. PH
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" Na

Chemical analyses of the thermal

Table 1.
features from T255, R19W. Units
are mg/1 unless otherwise noted.
Superheated - McCants Folks
Hot Well Hot Well Hot Well
7.8 8.1 7.0
Cl 112 a4 130
F 15 12 7.8
HCD3 a0 20 93
€Oy : 0 0 0
S0a ao0 460 700
$i0p 145 130 99
. 340 330 420
K ‘ 20 19 26
Ca 20 21 70
Mg 0.3 0.1 5.0
Li 0.5 0.5 0.8
B 0.4 0.3 0.2
NH3 o 0.12 0.12 .20
HoS <0.2 <0.2 0.2
08 1143 1137 1162 -
T°C 101 85 65
Flow (gpm) --- 50 35
TSi0,° 159 152 137
THa/R°C 129 133 134
TNa-¥-Ca®C 165 165 160
C1/50 0.8 0.5 0.5
C]/HC% 2.1 1.8 2.4
Cl1/F 4.0 3.7 8.8
Table 2. Gibbs Free Energies in kcal/mcle
for McCants Hot Well
Carbonates Calcite 0.4
Aragonite 0.3
Silicates Fayalite 3.3
Kenyaite 3.2
Magadite 3.2
Quartz 0.6
Chalcedony 0.5
Cristobalite 0.2

The hot wells are enriched in silica and
chloride and depleted in bicarbonate relative to
other thermal and nonthermal waters of the Animas.
area (Figure 3}. The hot wells are, however,
generally similar to the reaional waters regarding
other major elements. The silica and alkali geo-
thermometers correlate well (Table 1) indicating
subsurface temperatures of approximately 160°C.
{Fournier and Trusdell, 1973; Fournier and Rowe,
1966).
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Detailed mapping of the Pyramid and Central
Peloncillo Mountains has not revealed any Pleisto-
cene siliceous rocks. The probahility of a recent
intrusive event is thereby diminished.
aseismicity further demonstrates the Tack of an
active intrusive. The Tack of seismicity may

also be symptomatic of a lack of extensive frac-
ture permeability. The heatfliow cbservations
suggest a focused point of hot water leakage,
likely a fault intersection, which is being dis-

. persed by a northerly underflow.

Geochemistry indicates that waters are
heated in igneous and carbonate rocks. That is
inferred by the low concentration of chleride,
boron, 1ithium and ammonia and the very high
concentrations of flyoride. Mineral equilibria
studies also indicate that the waters are slightly
saturated with carbonates. _

Geothermometers show last equilibration at
about 160°C. Waters would have to circulate to
a depth of more than 4.7 kilometers in order to’
reach 160°C, assuming a regional gradient of

_35°C per kilometer constant with depth.

Figure 4, a stratigraphic section compiled
from Gillerman (1958) and the extensive work of
the Tate R. A. Feller, is bisected by a high
angle fault. The depth to which water may need
to circulate in order to equilibrate with the
lower Paleozoic and Precambriam rocks is approxi-
mately 4.0 kilometers. Although many explanations
are possible, the conclusicns to be drawn from
existing geolegy, geophysics, and gecchemistry
implies that deep circuiation of cold ground-
water is the source of the thermal waters in the
Animas area.

The area's .
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Figure 4. Stratigraphic section looking
north in the vicinity of T25S5,
R19W. ~
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measurements were made e 60m depths at four
locations and LOm depth at a fifth location.
Water samples were obtained fram two locations.
Water pH was 2,5-3,0 at all locations down
to 60m depth. The temperaturs structure ot
depth in fnur of the locatjons was very simi-
lar, with 5. S C average temperaturs at 60m
ara § 9°C average temperaturs at 10m. The

location was approximately centersd

zong of yellowish discoloration, wbout
1w in diameter and easily observable from
the caldera rim, A temperature of S.c‘jod
was measured at both 60m and 10m depth indi-
cating mixing and upwelling of water. This
wone was marked by the odor of H;3 and by con-
centrations of sulfur at the wabpr surface.
Constant bubbling and frothing activity caused
by escaping gases wuas observed in various
other regions of the like. Three glaciers
which formed on Lhe insida of the caldera
walls after the 1912 eruption now extend down
Lo the lake level im several locations. at
least L2 annuul iayers were counted in an
exposed headwall of the douth Glacier.

V. 24 -

RECsAT GLACIOLOGICAL AND VOLCAROLUGICAL
UTUDIES OF THE SUMMEIT OQr MT. WiANUELL,
ALASKA

U. 3. Benson .

R, J. totyka (both ai: Gwophysical Ina-
titute, University of Alaska, Fairbanks,
hlaska 99701)

The geothermat heat Ilux has increased
51gnxf1cantlg at tne LOOUm summit of Mt,
Wrangell (&25%; 1L4%W) since 1 ﬂa. This has
resulted in meltlng over 22¢10%m" of ice from
the North Crater of the summit caldera, an
ardasr of mapnitude iucrease in the area of
exposed rock, and a settling of the placier
surface of un te 180m. Uhe average heat flux
over the nast decade hag e(hendad 10U peal
on Sseel over the 5x30°we area of. the Nerth
Crater, Field work at the summii in August,
1975, included establishient of five ground
control .points for asrisl photogrammetry,
measurement of placier [low and resurvey of
the snow surface in the calderi and Horth
Crater, measuremeni of temocratures and tem—
serature gradients In eqoned ash and sand, -
and two lm plactological pit suwlies with
cores exteading below TUm. zarly contlnuous
alr temecature, wind, atmosphecic preasure,
and selsmic data were obitajined over a three-

w0 ariad.  aerial photogranhs were taken
" igust.  Pronounced local variations in
ne 4% were observed and temperatures of

active Tumaroles are at the water boiling
point (86°C). A subsidence of £6-8m since

1965 of the caldera snoWw surfice located

LGlan to the SW of the North Urater indicates
that some thermal activity extends into the
main caldera. Pralimlnary analysis of glacler
flow data indicate an apparent increase in
glacier velocity since 1965. Glaclological-
voleanclogical studies at the summit began

in 1961,
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THE RECOVERY OF CHEMICAL ENERGY FROM A DRY-ROCK
GEOTHERMAL RESERVOIR

J, R. Morris

C. G. Sammis (both at: Dept. of Geasclences, The
Pennsylvania State University, University Park,
Pa. 16802}

This paper assesses the conditions undar which
the heat associated with hydrothermal reactions
may be recovered from a dry rock geothermal reser—
voir., A finite element computer medel of a twa-
dimensional fraceure in a hot, dry rock geothermal
reservolr was developed and tested, Simulated
water circulation throuph the fracture at conatant
velocity extracted heat from the wall Tock via
conduction as well as from chemical processes

Hydrothermsl reactlons eceurving between water
and a granitie source rock may be subdivided inte
two cateporiea; dissolving reactioas and altera-
tion reactions. While we find thart the quartz
digsolving reaction has 1{ttle or no direcc ef~
fect on reservolr temperatures Eor any combinatien
of flow anpd fracture parametars, hydrothermal
alteration reactions can contribute significant
chemical energy to a fractured syStem under con— -
ditions of small flow rate and large altevation
velocities., Detpiled studies of the time depen—
dence of rock and water temperatures with and with-
put alteration will be presented, Although
permeability atudies are heyond the scopa of Lhla
paper, it appears that both types of hydrothermal
rear+Tong will have an Important secomdary effect
or ~voir development through changing the
= ity with time.

v 28

DEEF RESISTIVITY MEASUREMENTS AT TWO
KNOWN GEOTHERMAL RESOURCE AREAS (KGRAs!
IN WEW MEXICO

George R. Jiracek

Christian Smith

Geoffrey A, Dorn

Michael T. derety {all at: Dept. of
Geplogy, University of New Mexico,
Albuguergue, New Mexico 87131)

Resistivity surveys have been con-
ducted at two KGRAs In the Basin and
Range Province of southern New Mexico:
Radium Springs in the Rio Grande Rift
near Las Cruces and Lightning Dock’ in
the Animas Valley near Lordsburg, In
both areas the Lipole-dipole reconnais-
sance technigque identified regions .of
low apparent resistivity (£ 10 ohm-m)
hordered by narrow zones of distinctly
higher resistivity (20-100 ohm-m).

Some lows coincide with the lecations

of hot springs and wells while the high
resistivity trends may indicate sub-
surface structural control of the thermal
waters. In the Animas Valley a dipole-
dipole survey through the hot wells
revealed a conductive layer (<10 ohm-m)
at depth (dipole separation 5 km).

Three apparent connections extend to the
surface, one in the vieinity of hot

wells where boiling temperatures are
encountered at less than 30 m depth.
Shallow resistivity soundings at both
areéas have been obtained from asymmetric
Schlumberger and bipcle-dipole eguatorial
electrods arrays. Resistivity data near
the hot wells at the Lightning Dock KGRA
suggest conduit-like ascension of thermal
waters along buried faults or fractures.
Interpretations are supported by addi-
tional geologic and other geophyszical
investigations including grav1ty and
magnetics,

v 27

GEOCHEMICAL STUDIES OF TWO GEOTHERMAL AREAS
IH HEW MEXTCO

Chandler A. Swanberg [Dept. Physics/Earth
Sciences, New Mexico State University,
Box 3D, Las Cruces, New Mexico 88003)

Kearly 200 chemical analyses have bean com-
pleted on waters collected from a broad region
including the Radium Springs KGRA in south
central New Mexico and another 33 analyses
have been completed on waters collected in the
wicinity of the Lightning Dock XGRA in south-
west New Mexico, The samples represent both
thermal and non-thermal waters.

The Radium Springs KGRA 1ies near the north
end of a prominent KhY geochemical trend which
extends for 80 km from just west of the
Franklin Mountains in the scuth to San Diege
Mountafin 1n the north. This geochemical trend
is congruent with the Valley fault for the
southern 2/3 of its extent and the trend also
intersects Radfum Springs, the hot wells at =~
lL.as Alturas, and the Quaternary Travertine
deposits near 3an Oiego Hountain, the three
trost prominent occurrences of geothermal
activity in the area. Both thermal and non-
thermal waters within this geochemical trend
are characterized by high Na-K-Ca and silica
estimated temperatures and by unusually high
concentrations of fluoride and boron relative
to samples cellected in other parts of the
ares. These data indicate that the Vallay
fault acts as a condult for ascending geo-
thermal flulds. .

Chemical data for the Lightning Dock KGRA
indicate a possible reserveir base tempera-
ture near 1709C, based on Ha-K-Ca and
silica data frem 4 hot shallow wells, located
near 2 small ("4 mgals) residual gravity
closure, A random sampling of non-thermal
wells throughout the AnTmas Yalley generally
yield low geochemical temperatures.

SEAWATER AND BASALT INTERAC- s

TIONS
Crystaf Room {Hl}, Wednesday 0830h

JIM BISCHOFRF (U.S. Geological Survey, Menlo
Park, California), Chairman

Vv 28 INVITED PAPER

HYDROTHERMAT, REACTION AT MID-OCEAN RIDGES:
SOME IMPLICATIONS AND COMSTRAINTS

T. J. Weler
W. H. Sleep (both at: Dept, of Geol. Seci.,

Northwestern Upiveraity, Evanston, I1l. 60201}

The glebal rate of hydrothermal heat advection
at mid~ocean ridges has been estimated at w40 x '
10%8 calfyr by & thermal balance model, oIf the
mean exit temperature of fluid is 75- 225 €, then
1ts mass flow rate is 2-6 x 1017 g/yr, Such rates
would cycle the mass of the oceans 1a owly 2-7
m.y. Thus, HOR hydrothermal circulation may be a
significant mechanism {along with subduction and
volcanism at convergent plate boundariea} for
chemical transfer between exogeuic (shallow) and
endegenic {deep) portions of the earth. The flux
of 5102 froem ocean crust o oeceans by this mecha-
nism is estimated at G.02-1.4 x 0% g/yr, assu-
ming that quartz solubility 13 an approximate con—
trol on compositien of the exiting fluid. Leaching
of calefium from ugganic crust may explain the ori-
gin of 1200 x 10°Y g of excess sedimentary cal-~
ct?g, which would require an average flux of 34 x

gfyr over 1.5 b, 5 Similarly, a magnesium
transfer of w65 x 100 g/yr from vceans to oceanic
cTust appears necessary for an approximate oceanic
balance for this element. Experimental data on
basalt-sea water reactlion and the global flow rate
estimate combine to yleld Ca and Mg fluxes which
are about an order of magnitude larger than those
required. Tt seems likely that much of this dis-
crepancy 1a due to the low waterirock ratlos used
in rhe experiments {3:1 to 38:1, v/v}, which, from
the rate of sea-floor spreading and the global
flow rate estimate, correspond ro reaction of
nearly the entire oceanic crust, If the average
thickness of hydrothermally altered basale is only
200 m, for example, then water:roclk ratlas of
300:1 to 1300:1 would be more realistic, Examina-
tion of possible fluxes of oxidants and reductants
associated wich MOR hydrathermal circulation plus
information on the permeability of the oceanic
crust gained during recent drilling also support
the conclusion that enly a small fraction of the
oceanic crust can be hydrothermally altered.

¥ 29 INVITED PAPER

BASALT-SEAWATER INTERACTIONS FROM. 25°C-300°C
AND FROM 1-500 BARS: AN EXPERIMENTAL STUDY

-W. E. Seyfried, Jr. (Department of Geology,

Stanford University, Stanford, California 94305)

J. L. Bischoff {United States Gealogical Survey,
Menlo Park, California 94025)°

F. W. Dickson {Department of Geology, Stanford
University, Stanford, California 94305}

{Sponsor: J. €. Liou)

The interaction between seawater and basalt in
a4 ratio of 10:% has been carrled out for time perw
iods up to several months in large volume gold and
teflon cells, The experimental system employed
provides continuoue and thoxough agitacion of the
basalt in the seawater; and furthermore allows
aqueous samples to be withdrewn from the reaction
cells throughaut the duration of the runs, while
maintalning the system at the desired preasure and
temperature. Results to date indicate that the
direction and magnitude of chemical exchange be-
tween the seawater and the basalt is strongly tem-
pereture dependent. The basalt gives up Ca and 51
at all temperatures studied; however, the direc-
tion of Mg exchange is masked due to the rapid
precipirtation of seawater Mg as Mg—smectite te a
degree dependent upon the S1 sctivity fn sslution,
This removal of seawater Mg as Mg(OH), initially
creates gcid conditions solubilizing Fe and Mn.
With the eventual depletion of Mg in the seawater,
hydrolysis continues and the pH rises, signifi-
cantly limiting both -Fe and Mn concentrations,
Potassium is leached from the basalt at tempera-
tures >200°C, while at lower temperatures the al-
tered seawater elther shows no change or a sli~
ght depletion in potassium with respect to its
inicial content, Sulfide {s solubilized from the
rock only significantly at the highest tempera-
ture studied (300°C) reaching & concentration of
17 ppm after five weeks of reaction; while sul-
fate, precipirating as anhydrire, waa continuously
removed from the gystem fn all runs greater than
150°C. Increases in % COy are observed at both
200~300°C due to the solubilization of intersti-
cial COy trapped im the rock.
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