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Map showing locations geothermal wells and scientific coreholes
completed to date within and adjacent to the Valles caldera com-
plex. Long dashes delineate the ring-fracture margin of the
Valles caldera. Short dashes outline the Valles caldera's resur-
gent dome.
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Map of the Valles caldera complex showing locations of completed
and proposed CSDP coreholes. VC-1 and VC-2A are already comple-
ted. VC-5 will be located in the Toledo embayment. RCG - Redon-
do Creek graben. VRF - Valles caldera ring-fracture zone.

TRF - Toledo caldera ring-fracture zone.
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Generalized stratigraphic relations (A) and aereal distribution (B) of major rock
Irregular stipple - Keres Group formations.

Random dashes - Tewa Group forma-
B - Major fault zones and geomor-
SFZ - Santa Ana Mesa

units in the Jemez volcanic field.
Regular stipple - Polvadera Group formations.

tions. A - Dashed lines indicate uncertainty.

phic features labeled as follows:
fault zone; CFZ - Canada de Cochiti fault zone; PFZ - Pajarito fault zone; VC -
SPD

Valles caldera complex; R - resurgent dome of VC; T - Toledo embayment;
From Gardner et al. (1986), as modified from Gardner and Goff

(1970) .

JFZ ~ Jemez fault zone;

St. Peter's dome.
(1984) and Smith et al.
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Postcaldera rhyolite
0.43-1.09 Ma

Miocene volcanic and
sedimentary rocks Gy

Precambrian granite
and gneiss

Caldera-fill rocks (<3.6 Ma)
principally the Bandelier
Tuff (1.45-1.12 Ma) and
associated ignimbrites

Paleozoic sedimentary
rocks

Fault; arrows indicate
displacement

Geologic block diagram showing interpreted subsurface structure and
stratigraphy in the Sulphur Springs area of the west-central Valles

caldera complex.
fill units south of the Alamo Canyon
Creek fault are stripped away in the

complex configuration of basement rocks in the floor of the caldera.
Wells B-1 and B-3 not shown for clarity.

Goff and Gardner (1980).

For location, please refer to Figure 7.

Caldera-
fault and east of the Sulphur
drawing to show conceptually

Surface geology from

2791
%

2500
2438

ELEVATION IN METRES

‘305



Table 1. Stratigraphic data for geothermal wells and scientific
coreholes within and adjacent to the southwestern
Valles caldera.
Borehole Collar ET. Unit Top ET. Bottom ET. Thickness
() (m) (m) (m)

B-1 2566.3 uT? 2426.1? 2279.87 146.37
SH? 2279.8? 1786.0?(TD) >493.87

B-3 2566.3 uT? 2352.9? 2255.47 97.57
Sp? 2255.47 1895.87(TD) >359.67

B-2 2590.6 uT 2354.5 2226.5 128.0
S2 2226.5 2182.3 44,2
Ts 2182.9 2029.9 153.0
Sz 2029.9 2026.8 3.1
0 2026.8 1862.2 64.6
SF 1862.2 1691.6 170.6
A 1691.6 1328.9 362.7
M 1328.9 1066.7 262.2
PG 1066.7 865.6(TD) 201.1

B-7 2651.6 Ts 1950.6 1850.7 99.9
S3 1850.7 1828.7 22.0
0 1828.7 1719.0 109.7
SF 1719.0 1444 .7 274.3
A 1444.7 1225.2 219.5
M 1225.2 987.5 237.7
PG 987.5 960.1(7D) 27.4

B-8 2636.4 ut 2459.6 2259.1 200.5
So 2259.1 2228.0 31.1
Ts 2228.0 2134.7 93.3
S3 2134.7 2125.6 9.1
0 2125.6 1819.6 306.0
LT 1819.6 1685.5 134.1
SF 1685.5 1545.3 140.2
A 1545.3 1300.2(7TD) 245 .1

AC-1 2657.7 uT 2413.9 2321.2 92.7
S2 2321.2 2309.1 12.2
TS 2309.1 1694.5 614.5
S+ 1694 .5 1676.3 18.2
0 1676.3 1146.0 530.3
S4 1146.0 810.7 335.3
LT 810.7 438.9 371.8 /
PC 438.9 402.3(TD) 36.6

£}
A

il




Table 1, continued ;
Borehole Collar ET. Unit Top EI. Bottom E1.  Thickness
(m) (m) (m) (m)

Bond-1 2650.7 “IG" 2352.0 1876.6 475.4
SF 1876.6 1530.6(TD) 346.0

WC-234 2625.4 ‘16" 2500.4 2457.8 42.6
A 2457.8 2210.9 246.9
M 2210.9 1962.5 248.4
Sa 1962.5 1884.8 Y
PG 1884.8 661.1(TD) 1223.7

VC-1 2492 .4 uT? 2,343.7 2194.7 149.0
Sy? 2,194.7 2158.4 36.3
A 2,158.4 2070.6 87.8
M 2070.6 1684.7 385.9
Sa 1684.7 1666.1 18.6
BX 1666.1 1636.3(TD) 29.8

VC-2A 2560.2 uT 2538.6 2494 .4 44 .2
S 2494 .4 2480.0 14.4
Ts 2480.0 2204.5 275 .5
Sz 2204.5 2198.5 6.0
0 2198.5 2083.2 115.3
LT 2083.2 2032.4(TD) >50.8

-ABBREVIATIONS-

UT - Upper Tuffs

Sp2 - S2 clastic deposits

Ts - Tshirege Member of Bandelier Tuff

Sz =S¢ clastic-deposits

0t - Otowi Member of Bandelier Tuff

Sqg - S4 clastic deposits

LT - Lower Tuffs

“IG" - Intracaldera rhyolitic ignimbrite sequence, undivided

PC - Paliza Canyon Formation (intermediate-composition volcanic rocks; Miocene)

SF - Santa Fe Group sandstones (Miocene)

A - Abo Formation (redbeds; Permian)

M - Madera Formation (carbonates; Pennsylvanian)

Sa - Sandia Formation (carbonates and siliciclastic rocks; Pennsylvanian)

PG - Granite and granitic orthogneiss (Precambrian)

BX - Complex, multilithologic, tectonic and hydrothermal breccia sequence



Stratigraphic Data for Well

s in the Baca Project Area

Well

Baca 4

Baca 5

Baca 6

Baca 9,9RDA .

Baca 10

Baca 11

Baca 12

Baca 13

Baca 14

Baca 15

Baca 16

Baca 170H

Baca 17 RD

2840

2841

2562

2633

2662

2763

2569

2832

2623

2779

2933

2853

2853

Elevation, m  Unit

Top El  Bottom El Thickness

2719
2316
1709
1639
1462
1414
1017
2713
2573
1417
1387
1022
809
2560
2524
2499
1845
12307
2609
2481
1884
1878
1506
2568
2552
2504
1636
1629
1269
1077
862
2665
2367
2342
1846
1337
1153
776
2520
1508
LCZ
644
565
263
—238
—532
1115
401
926
827
665
2736
2401
2395
1874
1851
1383
1213
2665
1871
1835
1326
1257
887
2512
1880
1874
1381
1191
1867
1861
1362
1197

2316
1709
1639
1462
1414
1017
925 TD
2573
1417
1387
1022
809
716 TD
2524
2499
1845
12307
1212 TD
2481
1884
1878
1506
1018 TD
2552
2504
1636
1629
1269
1077
862
840 TD
2367
2342
1846
1337
1153
776
666 TD
1508
LCZ
644
565
263
—238
—531
—642 TD
401
360 TD
827
665
629 TD
2401
2395
1874
1851
1383
1213
1161 TD
1877
1835
1326
1257
887
852 TD
1880
1874
1381
1191
1108 TD
1861
1362
1197
979

463
607
70
177
48
397

140
1156
30
365
213

36

25
654

128
597

372

632

493
190

499
165
218

Well Elevation, m Unit Top El Bottom El Thickness
Baca 18 2662 S, 2547 2486 61
T 2486 1640 846
o 1640 1261 TD ~
Baca 18 RD 2662 o 1646 1259 387
LT 1259 1130 129
PC 1130 1103 TD
Baca 19 2779 UT 2740 2334 406
S, 2334 2328 6
T 2328 1840 488
S, 1840 1825 15
o 1825 1334 491
LT 1334 1114 220 ’
Baca 20 2763 UT 2659 2367 292 1644300
S, 2367 2355 12
T 2355 1846 509
S, 1846 1843 3
) 1843 1350 493
LT * 1350 1129 221
PC 1129 671 TD
Baca 20 RD 2763 S, 1848 18846 2
o 1846 1441 TD
Baca 21 2853 T 2502 1992 TD
Baca 22 2826 UT 2594 2301 293
s, 2301 2277 24
T 2277 1856 421
S, 1856, 1850 6
o 1850 1439 411
LT 1439 1210 229
PC 1210 994 TD
Baca 22 RDI 2826 Ss i858 1849 9
6) 1849 1452 397
LT 1452 1170 282
PC 1170 861 TD
Baca 22 RD2 2826 S, 1840 1834 6
O 1834 1433 401
LT 1433 1219 214
PC 1219 999 TD
Baca 22 RD3 2826 S, 1850 1838 12
9) 1838 1442 396
LT 1442 1178 264
PC 1178 733 445
SF 733 497 236
A 497 235 262
M 235 144 TD
Baca 23 . 2662 UT 2601 2541 60
S, 2541 2516 25
T 2516 1632 884
o 1632 1215 417
LT 1215 1070 145
PC 1070 928 TD
Baca 24 2664 UT 2611 2456 155
S,t
T 2454 1570 884
S, 1570 1567 3
o 1567 1252 315
LT 1252 1134 118

PC 1134 990 TD

Data are in elevation (in meters) above sea level. UT, Upper Tuffs;
S,, S, sandstone; T, Tshirege Member of Bandelier Tuff; S;, S, sand-
stone; O, Otowi Member of Bandelier Tuff; S,, Sy sandstone LT,
Lower Tuffs; PC, Paliza Canyon Formation; SF Santa Fe sandstone
and Abiquiu Tuﬂ' undivided; A, Abo Formation; M, Madera Forma-
tion; PG, Precambrian granite and gneiss.

*May include some Lower Tuffs.

tNo sample.

Frod MIELZON 4 HULEW , 1984
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(Looking Southwest)

Southeast (left) to northwest (right) geologic section
through the medial graben of the Valles caldera's re-
surgent dome, with control provided by UOC geothermal
wells. Section shows most of the major stratigraphic
units intersected in the explored portion of the cal-
dera as well as major structures.
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Argillic alteration

/Foult, approximately located. but
shown as solid line for clarity

Propylitic alteration
A-very weak

o2

. Borehole

-—Major thermal fluid entry Z~weak to moderate; illite
VI locally more abundant
v -moderate to strong; epidote

locally abundant

2

9%
&

DK 5
o) Phyllic alteration
& thickness of individual zones
slightly exaggerated tor clarit

...... =200+ Static " isotherm

Generalized northwest-southeast hydrothermal altera-
tion cross-section through the medial graben of the

Valles caldera's resurgent dome (Redondo Creek area)
with control provided by UOC geothermal wells. Cor-
responds to geologic cross-section of Figure 5, ex-

cept viewed from the southwest.
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Figure 10: Temperature surveys for geothermal wells and CSDP

corehole VC-2A, Sulphur Springs area. Shown for

comparison is a temperature survey for well B-11,
in the Redondo Creek area. Data from UOC (1982)

and Dondanville (1971) (B-1 to B-11, Bond-1); Goff
et al. (1987) (VC-2A7); Shevenell et al. (1987) (WC-
23=4).
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Figure 1l. Pressure surveys for various geothermal wells in the Sul-

phur Springs area and, for comparison, for well B-11 in
the Redondo Creek area. Also shown are cold hydrostatic
and lithostatic (2.5g/cm) pressure profiles and a profile
corresponding to theoretical pressure required for hydrau-
(from Hubbert and Willis, 1957). Well
(1971) .

lie rock rupture

data from UOC (1982) and Dondanville
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Fumarole 200°C /4 \C‘/, Baca #13, Separator Fluid
-
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Mans’ Bathhouse
(e \ Mudoot

‘@

Lemonade Spring

%

° Sulphur Creek

[e]

(D
Baca #13, Deep Fluid at 278°C

Hypothetical high-level
reservoir at 200°C

T T Y

-8
d'® 0,%0

Plot of deuterium vs. oxygen—-18 from geothermal
and surface meteoric waters, Sulphur Springs area.
Open circles denote meteoric fluids; dots denote
thermal fluids; square represents composition of
steam produced by single-stage boiling oforeser~
voir fluid from well B-13 (Fig. 2) at 278 C; tri-
angle represents composition of parent water that
producgs fumarole steam by single-stage boiling
at 200 C; star represents a hypothetical, high-
level reservoir at 200 C beneath Sulphur Springs.
(From Goff et al., 1985)




NOTES ON DRILLING CHARACTERISTICS OF ROCES
T0 BE PEMETRATED RBY VC-Z2E

i High—level volcaniclastic rocks and debris—flow deposits

B—1: "ash altered to clay“ "powdery®™, "very
triablis" to 00, but silicified below that depth.
2. Intracaldera ignimbrite sequence (Lower Tuffs, BRandelisr
Tuf+, Upper Tuffs

These rocks are highly variable in terms of both
primary texture and hydrothermal alteration
characteristics. Doensely welded tuffs are flinty,
hard; and i+ unfractured should provide no real
dwi?74n5 probiems.  Mon— to poorly-welded varieties
could bse very soft even i+ unaliered, and might

l

Eiamgs or cave into the borehole:; these tuffs are
slso commonly intensely aliesred, further promoting

instability. Volcaniclastic rocks interheddsd with
ﬁ!e s ignimprites would respond to drilling much
tike their high—lsvel counterparis.

Fe Banta Fe Group sandstones (including the Abiguiua “"Tuff")

Al e “wm??g which have penetrated this unit
have had sloughing problems"s caused severe lost
circulation Prab_nmg "ran into holes”; commonly
only very poorly cemented (Union 011 Company logl.

B-Ee "Haepd, silicified, epidotized’ (Union 0il
Company, 1%¥8Z): Silicified, large, coherent,; well-
canznted chipse {(Hulen and Mieslson, 1984}

-3k *Lonse sandsitone, drilled without returns®
(LI Logd .

He1de "Unoconsol idated to cemented with calcite
andlar olay” (00 logl.
4. fho Formation —— gensrally ved, hematitic shales

ailtatones and sandstones

Feone to slumping and caving where
at the surface in bhe 5%ngz Mountains {(+tor
i FINGgE CPOSSes

£ 3

eguently broken by




thereforse probably more competent.

H—He YLarge p
gy,

it

ieces indicate much caving®™ (UOC

H—-1Z: "Gome lost circulation® UOC logl

Ef_(w_"‘}*"\

it

FD~-Z%:  Dominantly "soft, friable", locally

unconsolidated
(locally dense

5. Madera Limsstong ——
iriprheddsd calcare

Gensrals The
problams in co
Commpmuntlocationd
I Ly

L AR o

RO~ Describ
cutibings sampl
(UGG log: obs.

A Sandia Formation —
illing characterishics
ot the HMadera and abo.

s but variable characteristics
s Tirm, well-cemented).

mostly massive limestone with minor
ous shale, siltstone; and sandstone

Madera apparently drilled with few
rehnole VO-1 (L. FPisto, personal

ed as "massive limestones”, but
s abre 3% lost circulation material

of cuttings samples)

mixed clastic and carbonate stratag
probably intersediate between those
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APPENDIX A

DETAILED LITHOLOGIC, STRUCTURAL, HYDROTHERMAL. ALTERA—
TION AND VEIN MINERALIZATION LOG FOR CSDP COREHOLE
VC—2A, SULPHUR SPRINGS AREA, VALLES CALDERA, N. MEXICO

by

Jeffrey B Hulen' & _Jamie N, Gardner®

1—UNIVERSITY OF UTAH RESEARCH INSTITUTE, SALT LAKE CITY, UTAH 84108
2—LOS ALAMOS NATIONAL LABORATORY, LOS ALAMOS, NEW MEXICO 87545

ROCK TYPE OR

SYMBOL EFEATURE

2 5 —NON- TO WEAKLY WELDED ASH-FLOW TUFF

g ———MODERATELY WELDED ASH-FLOW TUFF
___—DENSELY WELDED ASH—FLOW TUFF

e —LITHIC—RICH ZONE IN ASH—FLOW TUFF
| LITHIC LAG BRECCIA IN ASH-FLOW TUFF

2l —MOTTLED DEVITRICATION TEXTURE IN
| ASH-FLOW TUFF

~ ___—VERY CRYSTAL-RICH HORIZON IN ASH-
] FLOW TUFF OR PYROCLASTIC SURGE
DEPOSIT

HYDROTHERMALLY PITTED/ETCHED ZONE
,,-/—PYROCLAST/C' SURGE DEPOSIT

FALLOUT TUFF

T~ UNDEFORMED SHARDS

\RUMICE

\EP/CLAST/C SANDSTONE

o S~ ACCRETIONARY LAPILLI

0 @ 9
@ ACCRETIONARY LAPILLI TUFF

&D

&
ﬂ@ r'Y TS DEBRIS-FLOW AND LANDSLIDE DEPOSITS

V@M"ﬂ T——HYDROTHERMAL BRECCIA

A VAV
EVANAS.

{TTTT—FAULT BRECCIA

VG2A: EXPLANATION OF LITHOLOGIC SYMBOLS
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IEF LTI 1 P00

REVISED DEC. 1987
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INTENSITY

CATEGORY
WEAK (WD MODERATE A1) STRONG (5
OUARTZ— ORIGINAL PLAGIOCLASE | QRIGINAL PLAGIOCLASE ORIGINAL PLAGIOCLASE
PARTIALLY SERICITIZED. > 50% SERICITIZED, COMPLETELY SERICITIZED.
SERICITE ORIGINAL K-FELDSPAR ORIGINAL K—FELDPAR ORIGINAL K-FELDSPAR
CPHYLLIC) £10% SERICITIZED. 10-50%%6 SERICITIZED >50% SERICITIZED.
GROUNDMASS <10% Al— | GROUNDMASS 10-50% GROUNDMASS >50 %
ALTERATION TERED TO MICROCRYS— ALTERED TO MICRO - ALTERED TO MICRO-
TALLINE QUARTZ—SERI- | CRYSTALLINE QUARTZ— CRYSTALLINE QUARTZ—
CITE AGGREGATE. SERICITE AGGREGATE. ‘SERICITE AGGREGATE.
GROUNDMASS L10%% GROUNDMASS D10 ~-50% GROUNDMASS >50%
SILICIFICATION | ALTERED TO ESSENTIAL—~ | ALTERED TO ESSENTIAL~ | ALTERED TO ESSENTIAL—
LY MONOMINERALIC LY MONOMINERALIC - LLY MONOMINERALIC
MICROCRYST. QUARTZ. AMICROCRYSTALLINE QTZ. | MICROCRYSTALLINE QTZ.
ORIGINAL PLAGIOCLASE | SAME AS WEAK COUN—| SAME AS WEAK. COUN—
<710% ALTERED TO TERPART EXCEPT PLAGIO— | TERPART EXCEPT PLAGIO—
SERICITE, MINOR CHLO- | CLASE 10-50% AL— CLASE >50% ALTERED,
RITE AND PHENGITE. TEREDy; GROUNDMASS GROUNDMASS >50%%
CHIHLORITE— ORIGINAL K—FELDSPAR 10-50% ALTERED, OR/— ALTERED, ORIGINAL
UNALTERED, ORIGINAL | GINAL K—FELDSPAR K FELDSPAR<20%
SERICITE MAFICS A;TERED ro FRESH OR <10% SERICITIZED,
CHLORITE # CALCITE, SERICITIZED, -
ALTERATION PHENGITE, LEUCOXENE,
GROUNDMASS < 10%%
ALTERED TO MICRO—
CRYSTALLINE AGGRE~—
GATE OF SERICITE WITH
CHLORITE, PHENGITE,
CALCITE, AND (BELOW
A420M) ALBITE.
CALCITE $70% OF ORIGINAL 10—50% OF ORIGINAL >50% OF ORIGINAL
AFTER PLAGIOCLASE ALTERED PLAGIOCLASE ALTERED PLAGIOCLASE ALTERED .
PLAGIOCLASE TO CALCITE. TO CALCITE. TO CALCHE.
D/SSEM/NATED <% 15 %% S59
PYRITE
FRACTURING <70 FRACTURES./M 10-30 FRACTURES /M > 30 FRACTURES /M

VEINING AND
VUG—FILLING

10 VEINLETS /M £
Yo (VOLD VUG—FIL—

<
7 “
LING*PHASES

10-30 VEINLETS /M £
1-5% VUG—FILLING*
PHASES,

S>30 VEINLETS /M £
>5% VUG—-FILLING *
PHASES

LOGS,

k HYDROTHERMAL

VC—2A: EXPLANATION OF ALTERATION, FRACTURING, AND VEINLET INTENSITY




VG—2A: ABBREVIATIONS

AB--albite
ACCR--accretionary
ACC--accessory
AF--ash-flow
AGG--aggregate
ALT--altered
ALTN--alteration
AND--andesite
ANH--anhedral
APP--apparently
AVG--average
BX--breccia(s)
caL--calcite
CALC--calcite
CH--chlorite
CHL--chlorite
CHLTZD--chloritized
CM--centimeter(s)
COMP FOL--compaction foliation
CPY--chalcopyrite
CRS--coarse
DEF--definitely
DIA--diameter
DISS--disseminated

DK--dark
DW--densely welded
E G.--for example

ESP--especially
EUH--euhedral
EXC--except

F--fine

FL--fluorite
FLUOR--fluorite
FLD--fluid
FM--formation
FSP--feldspar
GEN--generally
GR--grained
HYD--hydrothermal
HYDROVOLC--hydrovolcanic
IL--illite
INC--inclusion(s)
INTM--intermediate
IRREG--irregular
K--potassium
KF--potassium feldspar
KFSP--potassium feldspar
LAP--lapilli
LEUC--leucoxene
LIMEST--limestone
LST--least

LT--1light
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M--meter(s)
MED--medium
MICROXLN--microcrystalline
MM--millimeter(s)
MO--molybdenite
MOLYBD--molybdenite
MoSy--molybdenite
MOD--moderate
PH--phengite
PHENG--phengite
PL--plagioclase
PLAG--plagioclase
POSS--possible,possibly
PPY--porphyry
PPYTIC--porphyritic
PR--primary
PY--pyrite
Q--quartz
QTZ--quartz
REL--relatively
RH--rhodochrosite
RHODOCHR--rhodochrosite
RHY--rhyolite
SEC--section
SEQ--sequence
SER--sericite
SL--slightly
SLTST--siltstone
SP--sphalerite
SPH--sphalerite
SPHALER--sphalerite
SS--sandstone
SUBH--subhedral
TRANSL--translucent
TR--trace

V--very

VAP--vapor
VNLT--veinlet
W/--with
WO/--without
WT--weight
XL--crystal
XLINE--crystalline
XLN--crystalline

SYMBOLS

¢ --and

v --about

& --angular

> --greater than

< --less than

+ --with or without
1 --perpendicular
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VC=2A: DEFINITIONS -

ITlite--White or nearly white, clay-grade, essentially non-expandable
potassium mica-1ike mineral similar to muscovite but with less po-

tassium, more $ilica, and more bound water; may contain up to 5%
interstratified smectite, an amount not readily detectable by

routine X-ray diffraction.

Phengite-QBrown to (characteristically) vivid gray-green, iron-rich
illite analogue

Sericite--A general term encompassing both illite and illite-rich, m1xed-
layer illite/smectite

Smectite--Fully expandable, mica-like sheet silicate with charge deficien-
cy of 0.2-C.6 per formula unit balanced by various interlayer cations
(typ1¢a1]y calcium and sodium) which readily adsorb water or polar
organic molecules (such as ethylene glycol) to produce the characte-
ristic expansion; commonly interstratified with il1lite to form par-

tially expandable mixed-Tayer clay.

Leucoxene--White to light grayish-yellow, microcrystalline aggregate of
sphene and anatase in various proportions with or without minor rutile.
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FROM  DONPAVILLE, {971

for the temperature surveys show that some of the test
fluid was coming from below 2900 feet, but pressures
appear too high and temperatures too low to allow a vapor-

phase separation.

It is concluded that the rocks penetrated by the Bond #1
well contain liquid water at elevated temperature, and
significantly less than hydrostatic pressure. ,.

Baca #1, T.D. 2560 feet
Baca #3, T.D. 2200(2) feet [

: 5 o !
The Baca #1 well is the first‘well in Valles Caldera
drilled to establish geothermal steam production. With
13-3/8 inch casing emplaced to 461 feet, the well encoun-
tered steam zones at 1441 - 1500 feet. As measured by
Rogers Engineering Company, the zones flowed 85,000 pounds
of steam per hour with less than 5% liquid water content.
Their»estimate of reservoir conditions was 310° - 320°F.
and 65 reserv ressure, a.saturated steam 2zone.

'Rogers' estlmate of the formation temperature is in good

agreement with the temperature calculated from the sodium-
potassium content of the effluent water: 338°F. The well
was deepened to 2560 feet and the ‘hole was lost while

attempting to run caSLng.

The Baca #3 well, a twin to the Baca #1, was drilled to
re-establish production from the steam zones discovered in
the Baca #1 well. At a total’depth of 1983 feet, with
1179 feet of 9-5/8 inch casing, the well had a flow of 11%
steam and 89% water, chiefly from zones below 1900 feet.
The water zone apparently was depleted rapidly, for one
day later the well was flowing 50% steam. After tests,
inch casing was hung from 1000 feet to 1983 feet and the
well was drilled to total depth, about 2200 feet. A down-
hole temperature survey recorded a maximum temperature of
390°F. at 1800 feet and a water level between 800 feet and

900 feet.

The Baca #1 and #3 wells establish that low pressure-high
temperature conditions.are available in the Valles Caldera
suitable for formation of saturated steam reservoirs.
Although the wells, as drilled, did not discover commercial
production, data from the Baca #4 well indicates the Baca
#1 - #3 location 1is pnobably on the fringe of a saturated
steam reservoir and méy be prospective for dry steam pro-
ductlon from greater depths.

F

Baca #2, T.D. 5658 feet

The Baca #2 well is the deepest geothermal test in the
Valles Caldera, and is the only well to penetrate Paleozoic
sediments and Pre-Cambrian granite. The well was drilled
with mud to a depth of 3445 feet with lost circulation

30,
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Figure 2. Lithology and distribution of rock-forming and hydrothermal alteration minerals, borehole B-8.

/

%éf UOS|3LN pue ua|ny



(O8]
[

4

Y

(

Measured Depth Along Wellbor

\\ Q)O 1000 1500 (psig
4 -
\
[
“ / i ' o-—o SI-T
1000 t ’ e S x—-x $1.p } 8/2/74
- a—a S3-T
S ~_| v c3.p b oorsima
2000 ™
\-\ ™~ N
§ N
3000 . \a:\ ; ™
*Q‘\ \ \
40001 : \§\\\ \i \
1 \A
™~ | Baca Reservoir Pressurd
5000, N
i S —L . S R
100 200 300 400 500

Figure 3.8. B-8 Pressure and Temperature.

600°F

1oLk 'SV & LD NGE




Casing Data:
1. Bottom of 9-5/8" casing: 2908 ft
2. 7" liner from 2697 to 5515 ft; liner slotted from 3202
to 5512 ft
Formation Encountered During Drilling:
1. Valles Rhyolite: 0 - 1400 ft
Caldera Fill: 1400 - 2300 ft
Bandelier Tuff: 2300 - 3300 ft
Tertiary Sediments: 3300 - 3960 ft
Permian Redbeds: 3960 - 4840 ft
Pennsylvanian Limestones: 4840 - 5460 ft
Granite: below 5460 ft

SNOYO AWM
. L] - - - L)

Only one pressure/temperature survey is available for this
well (see Figure 3.7). Baca reservoir pressure, as deduced from
Redondo Creek Wells, is'also shown in Figure 3.7. Both the downhole
pressure and temperature surveys show a change in gradient at
approximately 4500 ft; since the fluid in the well is liquid, this
change in pressure gradient 1is most easily explained by a
measurement error. Above 4000 ft, the measured pressure in B-7 is

similar to the Baca reservoir pressure.

3.12  Well Baca No. 8 (Sulphur Creek Area)

Ground Surface Elevation: 8631 ASL
Zero Point for Downhole Surveys: 8637+1 ASL
Date Completed: 9/13/72
Total Depth of Well: 4384 ft
Deviation Data: Unavailable
Casing Data:
1. Bottom of 9-5/8" casing: 2281 ft
2. 2-3/8" tubing: 0 - 4225 ft
Formations Encountered During Drilling:
1. Caldera Fill: 0 - 580 ft
2. Bandelier Tuff: 580 - 3100 ft
3. Tertiary Sediments: 3100 - 4000 ft
4 Permian Redbeds: 4000 - 4384 ft

The availabie pressure/temperature surveys for B-8 are shown
in Figure 3.8.  Temperature survey S3-T in B-8 s a nice
boiling-point profile, indicating that boiling water is entering and

flowing up the well. It, therefore, appears that B-8 penetrates
iwo-phase conditions toward bottomholie with no information
available about conditions elsewher

o . Posp—

:s
|
i
i

R




ELEVATION (FT X 103

|
[N

REODONDO CR.

/7

s RING ~FRACTURE ZONE ——1 freslove GRABEN
cyoLire  Sulphur  Q Canyon 30
oomes anp  Creek & L ANDSLIDE Fault eyl
FLOWS Fault @ ~ O
CALDERA—FILL ROCKS,
PRINCIPALLY THE QUA~—
TERINARY BANDELIER [ 25
shallow, sub-ore TUFF AND ASSOCIATED
grads  fault-con— IGNIMBRITES
trofled molybdenite
7ﬁhewaﬁzaﬂbn ot 200 °C + g
| \ G [
: . woresent a
6 AN 2 . fe Ot N
i \/ X intermediate depth, isotherm) Q
N Urad—type, stock— %
N i - work molybdenite
-] N mineralization H5§
~ \ - ) e N
4 Moraec <
o § . l = A 0
c | HOT i ~
- | wATER # v e JO%
| ENTRIES deepr, Climex—type, I B
stockwork molybdenum N
o \\mineralization Q
iy s
5
\‘composite sTock
. OF HIGH SILICA ¥A\T.
O -O
-5

(Looking North)

Springs

West-east conceptual geologic cross-section through the Sulphur
loca-

area and the west-central Valles caldera complex (see Fig. 7 for
tion) . Control provided by geothermal wells along and north of the
section, by CSDP corehole VC~2A, and by the geologic mapping of Goff
and Gardner (1980). Section shows position of hypothetical Urad- and
Climax-type stockwork molybdenum mineralization relative to the low-
temperature, high-level molybdenite occurrence of VC-2A. Also shown
is a hypothetical composite stock of high-silica rhyolite and granite
genetically related to the molybdenum mineralization. From Hulen et

al., 1987.




VALLES CALDERA
sw NE
RESURGENT DOME
ELEVATION SOUTHWEST MOAT ELEVATION
(oot} {metecsh
SAN DIEGO E. FORK . FUMAROLES
w0000y CANYON/  CAT  jeMEZ RIVER ACD SPG, BACA4 000
RIA TNy
JEMEZ SPARINGS 005G Fo0 O
g [ i”-}"‘"‘ ZRICH
DERIVATIVE ~200°C~ | - L2500
000 HOT SPRING iy pN
W/ TRAVEATINE  ASErap N
= 250°C._
\g =5 y; ) - METEORIC f-2000
6000-fRRATEE e
- _— %ecumee
R o e
- .
. ,1'-.'4:"'1 ..v“":<2:"..",::
4000+ . Lt 7 ; pes ¥
~150°C " VAR 1
SRS v J Y
.- ./ {
//
20004 - 500
_ 200°C JEMEZ
_- FAULT ZONE A
of -7 ’ : A
g A A - | SEA LEVEL
st pEu
‘. . --500
KEY 0 05 1MILE
[ N S}
(&3 v voat voLcanics O 1 2KILOMETERS

5] Qb; CALDERA FILL AND
e

Tu; TERTIARY VOLCANICS
AND SEDIMENTS
Pu; PALEOZOIC ROCKS

[E=] v61x PRECAMBRIAN FOCKS

Southwest-northeast cross—section showing stratigraphy, struc-
ture, isotherms, and conceptual fluid pathline in the Valles

hydrothermal system.




Table

Aspects of tectonic, volcanic and magmatic evolution of the

Valles caldera complex addressed by collaborating investigators.

TOPIC OF
INVESTIGATION

Pacies within caldera-fill
units and their relation-
ship to hydrothermal sys-
tems

Vertical variation in rock
composition, VC-2B (as a
guide to magmatic evolution

Pre-~ and post-eruptive
volatile distributions in
intracaldera rhyolites (as
a guide to magmatic evo-
lution}

Paleomagnetic stratigraphy

Comparison of intracaldera
ignimbrites with correspon-
ding outflow sheets .

Geometry, caldera-fill
characteristics, and evo-
lution of the pre-Bande-
lier~age Lower Tuffs cal-
dera

Petrography and composition

of a hypothetical, subvol-
canic, rhyolitic pluton be-
neath the VO-2B site

INVESTIGATOR(S)

Heiken, Broxton, Krier,

Wohletz (LANL)

Goff (LANL)

Wolff (UTA), Gardner,
(LANL), Sykes (UTA).,
Self (UTA)

Stix (UT), Gorton (UT),

Williams (LSU)

Geissman (UNM)

Wolff (UTA)., Gardner
(LANL), Sykes (UTA),
Self (UTa)

. Hulen and Nielson
(UURI)

Musgrave (NMIMT)

Goff (LANL)

METHOD OF
INVESTIGATION

Geologic mapping, core logging, stra-
tigraphic correlation, various petro-
graphic techniques

Major/minor/trace element geochemis-~
try and isotopic analysis of whole-
core samples

(Bandelier Tuff) petrographic study;
geochemical analysis of whole-pumice
and matrix in rhyolitic ignimbrite
cores; correlation with outflow-sheet
characteristics; integration of these
data to model magmatic evolution

Analysis of H O, CO_, F, S, and Cl in
melt inclusiofis in Phenocrysts and in
coexisting matrix glass

Measurement of intensity, orientation,
and polarity of paleomagnetism in core
samples

(Bandelier Tuff) integration of results

of past field studies with petrographic,
geochemical, and isotopic characteriza-

tion of the Bandelier Tuff in cores from
VC-2A and VC-2B

(Lower Tuffs) detailed logging, petro-
graphic examination, geochemical and
isotopic analysis of cuttings from UOC
geothermal wells and core from VC-2A and
2B; 3-D reconstruction of caldera

Petrography, XRD

and




Table Aspects of evolution of the Sulphur Springs hydrothermal
system addressed by collaborating investigators.

TOPIC OF
INVESTIGATION

Variation in fluid composi-
tion with depth and time

Variation in temperature/
pressure with depth and time

Sources of fluids at dif-
ferent stages of the sys-

tem's evolution

Relative ages of alteration/

mineralization events

Absolute ages of alteration/

mineralization events;

tinguishing present (active)
from past alteration and

mineralization

Metamorphic and contact-meta-
somatic mineralogy, zoning,
paragenesis; active metamor-—
phic and metasomatic reac-
tions (conductive/convective

heat transfer zone)

INVESTIGATOR(S)

Musgrave  {NMIMT)

Bohlke (ANL)

W-Gabriel (LANL)

McKibben and Williams
(UCR)

Sasada (GSJ)

Sasada (GSJ)
Musgrave (NMIMT)

Geissman (UNM)

Bohlke (ANL) and
Irwin (UCB)

Musgrave (NMIMT)

Musgrave (NMIMT)

Geissmann (UNM)

W-Gabriel (LANL)

Sturchio and Bohlke
(ANL)

Elston and Grambling
(UNM)

METHOD OF
INVESTIGATION

Geochemical and light stable isotopic
analysis of secondary phases and inclu-
sion fluids; fluid-inclusion microther-
mometry; gas analysis of fluid inclusions.

Halogens and noble gas isotopes in
fluid inclusions

Oxygen isotopes in sericite

Gas analysis of fluid inclusions

Fluid inclusion microthermometry

Fluid-inclusion microthermometry
Fluid-inclusion microthermometry

Determination of past maximum tempe-
ratures by progressive demagnetiza-
tion of rock

Halogens and noble gas isotopes in
fluid inclusions

Light stable isotopic, helium iso-
topic, and Pb/Sr isotopic analysis
of inclusion fluids

surface geologic and alteration map-
ping, core logging, petrography

Measurement of intensity and polarity

of secondary magnetism acquired during
hydrothermal events

K-Ar dating of hydrothermal sericites

U-series isotopic geochronology

Geochemical and light stable isotopic
analysis of secondary phases and inclu-
sion fluids; petrography, XRD

*numbers refer to research obljectives listed on pages




Table continued.

TOPIC OF
INVESTIGATION

Sources and migration of
sulphur in the Sulphur
Springs hydrothermal
system

Sources of metals in the
Sulphur Springs hydro-
thermal system

Mechanisms of alteration
and metallic mineraliza-
tion

Clay mineral geothermometry

Compositions of unaltered
lithologies (protoliths)
as references for studies
of alteration and fluid-
rock interaction

*numbers refer to

Aspects of evolution of the Sulphur Springs hydro-
thermal system addressed by collaborating investigators.

INVESTIGATOR(S)

McKibben (UCR) and
Eldridge (ANU)

Musgrave (UNM)

Bohlke (ANL) and
Irwin (UCB)

Sasada (GSJ)
Musgrave (NMIMT)

Ballantyne and Moore
(UURI)

Wolff (UTA), Gardner
(LANL), Sykes (UTA},
Self (UTA)

Elston and Grambling
(UNM)

METHOD OF
INVESTIGATION

Sulphur isotopic analysis of sul-
fides, sulfates, and fluids

Pb and Sr isotopic analysis of in-
clusion fluids and metallic mine
rals of hydrothermal origin

Halogens and noble gas isotopes in
fluid inclusions

Phase relations in fluid inclusions

Sericite geochemistry and expanda-
bility as correlated with past and
present temperatures

Major/minor/trace element and iso-
topic analysis of unaltered calde-
ra-fill lithologies or their proxi-
mal-facies, outflow-sheet equivalents

Major/minor/trace element and isoto-
pilc analysis of unaltered, pre-caldera
lithologies.

research objectives listed on pages




Table continued.

TOPIC OF
INVESTIGATION

Subsurface configuration of
fluid regimes

Physical/chemical controls
on contemporary hydrother-
mal alteration and metallic
mineralization ’

Rates of mass transport

Contemporary fluid
sources

Physical/chemical
controls on contem—
porary isochemical
thermal metamorphism
and contact metasoma-
tism

Aspects of the active Sulphur Springs hydrothermal
system addressed by collaborating investigators.

INVESTIGATOR (S)

Wannamaker (UURI)

Musgrave

Sturchio
(ANL)

Laul and
{BPNWL)

Laul and
(BPNWL)}

Sturchio
(ANL)

(NMIMT)

and Bohlke

Gosselin

Gosselin

and Bohlke

Kennedy (UCB)

McKibben
Eldridge

(UCR) and
{ANU)

Goff (LANL)

Laul and
(BPNWL)

Gosselin

Elston and Grambling

numbers refer to research objectives

METHOD OF
INVESTIGATION

Controlled-source audiomagneto-
telluric survey

Combining geochemical and iso-
topic analyses of fluids and
secondary phases with which they
are in contact; computer modeling

U-series disequilibrium studies

Measurement of radionuclide abun-
dance patterns, correlations, and
activity ratios; REE geochemistry,
relative abundances

U-series disequilibriuwm studies

U-series disequilibrium studies

Measurement of elemental and iso-
topic compositions of noble gases
in fluids

Sulphur isotopic analysis of reser-—
voir fluid

Geochemical and isotopic analysis
of reservoir fluids

REE geochemistry of reservoir fluids

Geochemical and isotopic analysis of
fiuids, solutes, and the secondary
minerals with which they are in con-
tact

listed on pages




Table Aspects of the active Sulphur Springs hydrothermal system
addressed by collaborating investigators.

TCOPIC OF
INVESTIGATION

Thermal conductivity of

reservoir rocks: heat flux

at Sulphur Springs and

throughout the Valles cal-

dera complex

Variation in fluid compo-
sition with depth

Current state-of-stress

Nature of permeability and

porosity

Electrical properties of
reservoir rocks

Thermal conductivity of
reservoir rock during
drilling

INVESTIGATOR (S)

Sass (USGS), Morgan
(NAU) , Lachenbruch
(USGS), Christensen (PU)

Goff (LANL)

Sattler (SNL)

Owen and Little
(TTR)

Heiken, Broxton,

Krier, Wohletz (LANL)

Owen (TTR)

Lee (NMIMT)

METHOD OF
INVESTIGATION

Thermal conductivity measurements of
water-saturated VC-2B core at simula-
ted reservoir pressures and tempera-
tures; computer modeling

Geochemical and isotopic analysis of
fluids collected both at the wellhead
and at specific sites down the borehole

Differential strain-curve analysis and/
or waveform analysis; petrographic
characterization of microcracking in
oriented core; sonic wave amplitude and
relative to core diameter and orienta-
tion

Measurement of permeability at simulated
overburden pressure; 3-D reconstruction
of porosity network from computerized X-
ray tomography (CT) scans; measurement of
visible fracture orientation using compu-
terized goniometer

Characterization of primary permeability
(nature and distribution) intracaldera
volcanic and volcaniclastic units)

Measurement of dielectric permittivity and
electrical resistivity of core at various
simulated reservoir pressures and tempera-—
tures

Mathematical modeling of effective thermal
conductivity, theoretically removing ef-
fects of drilling fluid and its circulation

*numbers refer to research objectives listed on pages
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Third Hole
Planned |
at Valles Caldera

Valles caldera, N. Mex., is the culmination
of more than 13 million years of volcanism in
the Jemez volcanic field and is an excellent
model for resurgent calderas and for the
high-temperature geothermal systems found
with them. This month one of the biggest di-
amond drills in the world will start the third
research core hole in the caldera. Valles Cal-
dera 2B will be the tenth core hole in the De-
partment of Energy’s Continental Scientific
Drilling Program.

CSDP drilling in the 1.1-million-year-old
caldera began in 1984 in the southwest moat
zone when the research hole Valles Caldera 1
was continuously cored to 856 m. VC-1 inter-
sected a hydrothermal outflow plume from
the deep geothermal system. Data indicate
multiple episodes of hydrothermal activity in
the volcanic field’s history, as well as multiple
episodes of rhyolite magma generation dur-
ing evolution of the caldera. The June 10,
1988 (vol. 63), issue of Journal of Geophysical
Research—Solid Earth and Planets carried a spe-
cial section on results from VC-1.

Core hole Valles Caldera 2A was drilled in
1986 to a depth of 528 m, into the shallow
vapor cap of the Sulphur Springs hydrother-
mal system on the west flank of the resurgent
dome. Research is still underway on VA-2A;
preliminary results include production of su-
perheated fluids from the top of the neutral
chloride liquid-dominated zone of the hydro-
thermal system and identification of subore-
grade molybdenite deposition at shallow
depths from an earlier configuration of the
evolving hydrothermal system (see Eos, July
28, 1987, cover and p. 649).

VC-2B will penetrate vapor and liquid
zones of the active Sulphur Springs system
and will bottom at about 1.75 km and 300°C
in Precambrian granitic rocks. The core hole
will be sited near the junction of the caldera’s
resurgent dome with the main ring fracture
and will continuously sample Quaternary cal-
dera-fill tuffs and sedimentary rocks, Mio-
cene-Pliocene arkosic sandstones, Permian
red beds, Pennsylvanian limestone, and Pre-
cambrian rocks. All will exhibit effects of
young caldera-related hydrothermal activity
and thermal metamorphism. The hole will be
kept open for 4 years following drilling so re-

;searchers can do experiments and log or sam-
- ple fluids.

Prime scientific objectives for VC-2B are to
study
® structural and geochemical evolution of hy-

drothermal systems

EOS, V. &9, p.&IT (1989

@ active ore deposition in geothermal systems

@ development of vapor-dominated geother-
mal systems

e structural and magmatic development of
large calderas

o physical chemistry of fluids and mineraliza-
tion

@ nature of boiling transition between vapor

* and liquid zones of the hydrothermal sys-
tem

e structural settings and facies models for cal-
dera-hosted natural resources

@ heat transfer and active metamorphism in a
conductive-convective thermal regime tran-
sition zone )

Scientists interested in participating in the
project, obtaining core or fluid samples, or
conducting downhole experiments should
contact Jamie Gardner or Fraser Goff (Los
Alamos National Laboratory, MS D462, Los
Alamos, NM 87545; tel. 505-667-1799) and
Jeff Hulen (Earth Science Laboratory, Uni-
versity of Utah Research Institute, 391-C Chi-
peta Way, Salt Lake City, UT 84108; tel. 801-
524-3446). Following completion of drilling
and digestion of preliminary results, there
will be an open workshop in spring 1989 to
coordinate research activities and to evaluate
and revise the long-range plan for continen-
tal scientific drilling at Valles caldera.

The VC-2B coring, logging, and associated
logistics operations will be paid for by DOE’s
Office of Basic Energy Sciences. Most associ-
ated scientific studies will be supported by the
U. S. Geological Survey, National Science
Foundation, or DOE. Interested scientists
should solicit research support by indepen-
dent proposals to their customary funding
agencies. After submission of proposals, coor-
dination of proposal reviews and selection
will be handled by the Interagency Coordina-
tion Group under the USGS/NSF/DOE Ac-
cord for Continental Scientific Drilling.

This news was contributed by Jamie Gardner,
Los Alamos National Laboratory, New Mexico.
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