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ABSTRACT

VC-2B, - the third Continental Scientific Drilling
Program (CSDP) corehole in the Valles caldera, was completed
in October 1988 at a depth of 5780 ft (1761.7 m) and a
bottom-hole temperature of nearly 300°C. Drilled in the
Sulphur Springs area, in the west-central portion of the
caldera, VC-2B penetrated most of the thick, Valles
intracaldera ignimbrite sequence as well as precaldera
basement rocks ranging in age from Miocene to Precambrian.
Major units intersected are as follows: 0-113.5 ft (0-34.6

m) -- landslide debris; 113.5-551.6 ft (34.6-168.2 m)--
interstratified debris-flow deposits and epiclastic
sedimentary rocks (<1.12 Ma); 551.6-1196.8 ft (168.2-364.8
m) -- Tshirege Member of the Bandelier Tuff (1.12 Ma);
1196.8 =1221 ft (364.8-372.1 m) -- S3 clastic deposits
(1.45-1.12 -Ma); 1221-1965.2 (372.1-599 m) =-- Otowi
Member of  the Bandeller Tuff (1 45 Ma); 1965.2-2434 ft
(599-741. 8 m) --:Lower Tuffs (2.8 Ma, possibly as old as 3.6
Ma) ; 2434-2619 ft (741.8-798.2 m) -- Santa Fe Group
sandstone (Miocene); - 2619-3435.5 ft (798.2-1046.9 m)--

Permian Yeso Formation; ' 3435.5-4252 ft (1046.9-1295.9 m)-
- Permian Abo Formation; 4252-4962.8 ft (1295.9-1512.6 m)-
- Pennsylvanian Madera Limestone; 4962.8-5113 ft (1512.6-
1558.4 m) -- Pennsylvanian Sandia Formation; 5113-5780 ft
(1558.4-1761.7 m) -= Precambrian quartz monzonite.

Whereas much of the intracaldera volcanic sequence and
the deep Precambrian quartz monzonite have been extensively
fractured and' brecciated (both tectonically and
hydrothermally), intervening Paleozoic strata have undergone
little structural disruption. This disparity is mirrored by
the distribution and intensity of hydrothermal alteratlon
and vein mineralization.

Rocks in the upper 800 m and lower 250 m of VC-2B are

extensively altered, brecciated and veined. The Paleozoic
rocks between these zones are essentially unaltered and only
sparsely veined. Alteration in near-surface landslide
debris is in part- pre-slide in age. = Below :the slide,
sericitic alteration -- illitic, mixed-layer illite/smectite
changing with depth to illite -~ prevails to a depth of
about 300 m; this alteration is overprinted by kaolinization
to a depth of 161.8 m. . Chlorite-sericite (illite)

alteration prevails between 300 and 800 m. Deep alteration
is primarily propylitic, but. the upper 12.5 m of the
Precambrian quartz monzonite is intensely chlorite-
sericitized. Near the contact with the quartz monzonite,
siliciclastic rocks of the Pennsylvanian Sandia Formation
have the appearance of calc-silicate hornfels, complete with
large, tabular, translucent gray, sieve-textured
porphyroblasts rimmed with chlorite. Preliminary

petrographic examination of these rocks, however, has so far

revealed no secondary phases ‘indicative of high-temperature



thermal metamorphism; the gray porphyroblasts are anhydrite,
possibly of dlagenetlc origin.

Hydrothermal veins and breccias are widespread in the
VC-2B core, particulary in the more highly altered =zones
above and below the Paleozoic sequence. Identified vein
minerals . comprise quartz, calcite, ankerite, dolomite,
fluorite, anhydrite, barite, epidote, wairakite, sericite,
‘chlorite, hematite, and pyrite as well as rare
rhodochrosite, chalcopyrite, chalcocite, sphalerite,
galena, tetradymite (?), stibnite (?), and pyrargyrite. The
latter two metallic minerals and rhodochrosite occur only at
high elevations in the corehole; the other sulfides (and
telluride?), except pyrite, are apparently confined to
Paleozoic and Precambrian hosts.

The age(s) of secondary minerals in rocks below the..

- intracaldera volcanic sequence remain(s) to be determlned
but initial evidence. suggests that they may be-relatedvin

part to the currently or recently active Valles hydrothermal

- system. Homogenization temperatures for. primary fluid

inclusions trapped in several of these deep veins closely

match current temperatures.  Furthermore,; several of the

deeper veins apparently contributed significant-  amounts of -

chloride to the otherwise essentially chloride-free drilling
mud when first encountered; 'if not deposited by the
contemporary hydrothermal system, these veins may at least

be channeling its thermal fluids. If this is so, VC-2B may

have penetrated "stacked" hydrothermal cells - separated by
essentially impermeable Pa1e0201c strata.



INTRODUG'ION
On October 22, 1988, Continental Scientific Drilling
Program cofeholé VCc-2B, in the Sulphur Springs area of the
Valles caldera (Fig. 1), was completed at a depth of 5780 ft
(1761.7 m) and a bottom-hole temperature exéeeding 290°C.
A collaboration involving Los Alamos National Laboratory
(LANL), Sandia National Laboratories' Geoscience Research

Drilling Office (GRDO), Tonto Drilling Services, and the

University of Utah Research Institute (UURI), VC-2B was"

drilled not only to investigate, measure, and sample the
high-temperature, 1liquid-dominated Sulphur Springs
hydrothermal system (Goff et al., 1985) but in doing so to
address a broad range of related scientific objectives
(Hulen et al., 1988). Successful completion of the hole
helps ensure that these‘objectives will be achieved.

Through the efforts - of Tonto Drilling Services, core
recovery for VC-2B was nearly 100%. The core provides the
first continuous and undisturbed (as opposed to cuttings)
record of the complex Valles intracaldera ‘ignimbrite-
sequence and the subjacent Paleozoic to Precambrian
basement. It also'preserves delicate fractures[ bréccias,
hydrothermal alteration textures, and paragenetic
relationships, extremely useful (and hitherto unavailable)
for reconstructing the. Valles caldera's tectonic and
hydrothermal history.

This report presents a detailed preliminary log of the

lithology, stratigraphy, structure, hydrothermal alteration,

_3 -
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veining, and metallic mineralization encountered in VC-2B.
The 1log is designed to help guide the diverse research
efforts of the 94 geoscientists forming the VC-2B research
team (Appendix 2). Abbreviations used in the log are listed

in Appendix 1.

STRATIGRAPHY AND_ IITHOLOGY

The intracaldera ignimbrite sequence  and underlying
Paleozoic to Precambrian basement penetrated by VC-2B (Fig.:
2) can be correlated readily Qith rocks exposed-within and.
near the Valles caldgra or penetrated by previous geothermal
or scientific drill holes (Fig. 1). We are. reasonably
confident of these cofrelations, but stress that their
confirmation must await detailed study by the research team.‘
Major units intersected in VC-2B are inﬁerpreted by us. as

follows:

Surface to 113.5 ft (34.6 m): Landslide Debris--

. Coarse, unsorted, generaily~ matrix-supported
breccia, with clasts up to at least 4.5 ft (1.4 m)
in diameter; highly variable clast to matrix
ratio; clasts repreéent most  pre- and
intracaldera lithologies; many of the clasts are
red, hematitic, and appear to have been derived

from the Permian Abo Formation.
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Figure 2.

TEMPERATURE (°CELSIUS)

Summarized.- geologic log for CSDP corehole VVC-2B, Sulphur
Springs eres, Valles calders, New Mexico. o
ls--limestone; cf--caldera-fill clastic rocks; bx--hydro-
thermal breccia and dacite porphyry; Ts--Tshirege Member

of Bandelier Tuffs; S -—S clastic deposits; Ot--Otowi Member
of Bandelier Tuff; L’}——Lower Tuffs; SF--Santa Fe Group sand-
stone; Py--Permian Yeso Fm; Pa--Fermian Abo Fm; Pm--Penn.
Madera Limestone; Ps--Penn. Sandia Fm; PC--Precambrian quartz
monzonite.
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1135551.6 ft (34.6-168.2 m): Interstratified Debris-

Flow Deposits and Epiclastic Sedimentary Rocks (<
1.12 Ma) -— Debris-flow deposits resemble
overlying 1landslide breccia, but are geﬂerally
more monolithologic, consisting 1largely of
sandstone clasts in a clay-rich, sandy matrix;
epiclastic siltstones and sandstones are bleached,
"‘clay-rich, and commonly contorted ‘to
intraformationally brecciated; - interbedded
accretionary lapilli tuff and tuffaceous sandstone
to conglomerate between 467.6 ft (142.5 m) and
487 ft (148.4 m); debris-flow breccia consisting
entirely of réd,‘remObilized Abo Formation shale
and sandstone between 496 ft (151.2 m) and 530 ft’
(161.5 m); unusual dacite or andesite porphyry;
with associated hydrothermal breccia, apparently
intrudes this sequence between 152.2 ft (46.4 m)

and 183 ft (55.8 m).’

551.6-1196.8 ft‘(168.2—364.8 m) : Tshirege Member of

the Bandelier Tuff (1.12 Ma) -- Non- to densely

welded, crystal-rich rhyolite ash-flow tuff;
extfemely'“lithic-rich intervals, 551.6-571.7 ft
(168.2-174.3 in), 1030-1035.3 ft (313.9—315;5 n),
1052.7-1089.5 ft (320.8-332.1 m), and 1103.2-
1134.2 ft (336.2-345.7 m); the latter two lithic

breccias are strongly fines-depleted, and consist



principally of clasts derived from the Permian Abo
Formation and the Pennsylvanian Madera Limestone;
well-developed vapor-phase cavities from 663 ft

(202.1 m) to 674 ft (205.4 m).

1196.8-1221 ft (364.8-372.1 m): S3_Clastic Deposits

(1.45-1.12 Ma) -- Interbedded dacite breccia,

tuffaceous sandstone breccia, ~and sandstone;
- important marker. horizon separating the Tshirege

~and Otowi Members of the Bandelier Tuff.

©1221-1965.2 ft (372.1-599 m): Otowi Member of the

Bandelier Tuff (1.45 Ma) -- Dominantly densely

welded, crystal-rich, rhyolite ash-flow tuff; much
of thé unit -'is very hard, flinty in appearance;
lbcally contains dark, relict glass; 1lithic-rich
zone, 1461.8-1488 ft (445.5~453.5 m); mafic-
. appearing pumice, 1869-1888 ft (569.6—575.47 m) ;
. - possible fused fallout tuff (50%+ pumice, (Guaje .

pumice bed?)), 1958-1965.2 ft (596.8-599 m).

1965.2-2434 ft (599-741.8 m): Lower Tuffs (2.8 Ma?)--

Non- to densely welded, crystal-rich and,
(especially) 1lithic-rich ash-flow tuff; commonly
20%, and 1locally up to 70% 1lithic fragments,
dominantly ‘porphyritic andesite; distinctive,

micro-eutaxitic texture, 2003.3-2030.5 ft (610.6-



618.9 m), with fiamme averaging only 3-4 mm in
length; extremely lithic-rich zone (lag breccia),
2209.5-2223.2 ft (673.4-677.6 m); fines-depletion
(degassing) pipes prominent, 2236-2266.7 ft

(681.5-690.0 m).

2434-2619 ft (741.8-798.2 m): Sandstone of the Santa

Fe Group (Miocene) ~--Friable, porous, bleached and
punky-appearing; massive to steeply cross(?)-
bedded, very poséiblY'of aeolian origin in part;
highly contorted and intruded by hematitic clastic
-dikes, 2434-2452 ft (741.8-747.3 m): complex
interval of interbedded debris-flow deposits,
tuffs, carbonates (?), and sandstones, 2452-2469.5
ft  (747.3-752.7 m) (possibly, Miocene COchiti.

Formation equivalent).

2619-3435.5 ft (798.2-1047.1 m): Permian Yeso

Formation -- Dominantly hematitic, fine-grained,
plane- to wavy-bedded, commonly bioturbated,
locally argillaceous sandstone; anhydrite nodules
and filled burrows common; thin .anhydrite,
limestone, and mudstone beds 1locally present;
volcaniclastic conglomerate, 3365.5-3334 ft
(1007.5-1016.2 m), with large porphyritic andesite

cobbles; arkosic conglomerate with granitic



pebbles and cobbles below this sub-unit to a depth

of 3358 ft (1023.5 m)

3435.5-4252 ft (1047.1-1295.9 m): Permian _Abo
Formation ~-- Interbedded hematitic arkosic
mudstones and sandstones; thin 1limestone and

dolomite interbeds as well as diagenetic calcite

nodules locally present.

4252-4962.8 ft (1295.9-1512.6 m): Pennsylvanian Madera

Limestone -- Interbedded, . relatively pure to
argillaceous limestones and siliciclastic rocks;
locally very fossiliferous (brachiopods,
fusulinids, corals, pelecypods):; black, pyritic
and possibly .organic-rich shales and mudstones .
locally present; massive chert, 4879.5-4896.5 ft
(1487.2-1492.3 m&} very sulfide-rich (pyrite and
sphalerite) "black"™ mudstone, 4941-4944.2 ft

(1505.9-1506.9 m) .

4962.8-5113 ft (1512.6-1558.4 m): Pennsylvanian Sandia.
Formation -- Dominantly interbedded mudstone,
siltstone, sandstone and argillaceous to sandy
limestone; much of the unit seems

recrystallized.

-10-



5113-5780 ft (1558.4-1761.7 m) (total depth):

Precambrian Porphyritic Biotite (+ Hornblende)

_Quartz Monzonite ' -- Very distinctive, coarsely

porphyritic, with 20-25% large potassium feldspar
phenocrysts (up to 3 X 2 cm in X-section) embedded
in a medium-crystalline, granitic matrix; average
about 10-12% disseminated mafic minerals; original
magnetite (ilmenite ?) and sphene nbw commonly
"converted to leucoxene; aplite, fine~grained

granite, and granodiorite dikes locally present.

STRUCTURE
The entire stratigraphic' sequence outlined above has
undergone at least some structural disruption, but the
effects of that disruption are highly vqriable: fracturing
and_.brecciatioh are strongly dependent 'on rock type and

elevation in the Valles hydrothermal system. The Bandelier

- Tuff, associated ignimbrites and volcaniclastic sedimentary

rocks -are commonly intensely fractured (Fig. 2), both
tectonically and hydrothermally; the deep Precambrian
basement is similarly but moderately fractured. Curiously,
however, the intervening Paleozoic sedimentary sequence is
overall only weakly fractured, and the Permian redbeds (Abo
and Yeso Formations) remain (except for fissile shales and
mudstones) essentially undisturbed.

As in corehole VC-2A, compaction foliation dips in the

Tshirege and Otowi Members of the Bandelier Tuff are

-11-



essentially identical, indicating that unlike the Valles
caldera, the Toledo caldera (formed simultaneously with
eruption of the Otowi at 1.45 Ma) did_not.undergg structural
resurgence; had it done so, dips presumably would be steeper
in the Otowi than in the  Tshirege. Curiously, compaction
foliation dips throughout the Bandelier Tuff are much

shallower in VC-2B (generally 10- 20°) than in VC-2A (up to

509). .The relatively steep dips of VC-2A are apparently.

~due to rotation along faults rather than resurgent doming of.

the Valles caldera.

The most intense fracturing encountered in VC-2B 1is

hosted by densely welded ignimbrites of the Tshirege Member

of the Bandelier Tuff in the interval 775-990 ft (236.2-

301.7 m). - Several major fault zones (tectonic breccias) in.

this interval .are accompanied by widgspread .stockwork
fracturing of the affected tuffs. These faults,and—breccias
are»strongly‘altered,zand have clearly focused high-level
fluid flow in the Valles hydrothermal. system.

-Between 1320.5 ft (402.5m) and 1579.5 ft (481.4m), the

Otowi Member of the Bandelier Tuff is extensively but

- moderately broken by hydraulic fracture networks and local

hydrothermal breccias. Most of these. are partially infilled
with bladed, "fishscale" célcite, a mérphology which can
indicate deposition from boiling'hydrothermal solutions; it
is possible that the fluids responsible here for hydraulic
rock rupture deposited this calcite in the resulting open

spaces.

-12-
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The Lower Tuffs and underlying Santa Fe Group
sandstones are largely unfractured although moderately
altered (Fig. 2). Permeability in these units is probably
of primary origin.

Considering the location of VC-2B near the ring-
fracture margin of a major caldera, the Permian Abo and
(particularly) Yeso Formations are remarkably unfractured.
Intervals of several hundred feet in the Yeso, in fact, are
nearly devoid of fractures, and several intact cores
exceeding 10 ft (3.1 m) in length were obtained from this
unit. The underlying Abo is locally broken and rubblized,
but primarily in fissile shales and mudstones; we suspect
that theée are not throughgoing tectonid-featurés. only one
structure in the entire 1633 ft (497.7 m)-thick Permian
redbed sequence has apparently guided extensive thermal
fluid flow--an altered and mineralized faulf centered at a
depth of 3293 ft (1003.7 m) (Fig. 2).

The Pennsylvanian Madera Limesfone and Sandia
Formations are more fractured than the overlying Permian
sequence, perhaps bécause of their more brittle primary
textures. As a result, these units host a few more, but
still widespread, hydrothermal veins.

The contact between the Sandia Formation and underlying
Precambrian quartz monzonite coincides with a subhorizontal,
intensely sheared "melange" of various 1lithologies--.
actually what could be described as a protomylonite--

spanning the interval 5108.2-5119 ft (1556.9-1560.2 m).

-13-



This unique structure suggests the possibility that here the
Paleozolic sequence may have been thrust over the Precambrian
(perhaps during Laramide compression).

Although not as disrupted as the high-level ignimbrite
sequence, the deep Precambrian quartz monzonite penetrated
by VC-2B also hosts numerous fractures and breccias of both
tectonic and hydrothermal origin. In addition, the upper 41
ft. (12.5 m) of the unit is intensely altered, indicating

‘past invasion by thermal fluids along now-healed fractﬁres

(perhaps in part developed during weathering and unloading). -

ALTERATION AND MINERALIZATION

Alteration: Hydrothermal alteration and mineralization

in VC-2B reflect the distribution both of secondary
permeability along the‘ﬁracturesAand breccias just described
and of primary permeability in certain cléstic rocks as well
as non- to weakly—weided ignimbrites. Accordingly, the
high-level intracaldera ignimbrite sequence and ' deep
Precambrian basement are separated by essentially unaltered
Paleozoic strata (Fig. 2). Since current temperatures in
these Paleozoic rocks are more than sufficient for
relatively high-grade hydrothermal alteration, the 1lack of
that alteration most‘likely reflects insufficient host rock
permeability. This suggests the possibility (assuming that
all or most alteration encountered is related to the current
or recently. active Valles hydrothermal system) that the

Paleozoic rocks, particularly the Permian redbeds, form a

-14-~
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largely impermeable barrier separating "stacked"

hydrothermal cells. Hydrothermal ‘alteration in VC-2B is

most pervasive and intense from the surface to a depth of

990 ft (301.7 m). Much (though not all) of the alteration
in landslide debris above 113.5 ft (34.6 m) probably
predates development of the slide; in an otherwise punky,

clay-rich matrix, absolutely fresh Madera limestone clasts

are locally present. Between 113.5 ft (34.6 m) ‘and 183 ft

©(55.8 m), epiclastic sediments, debris-flow breccias, and =

the dacite/andesite porphyry-hydrothermal breccia interval
are strongly altered to mixed-layer illite/smectite and

phengite/smectite, quartz, calcite, and kaolin; the latter

" mineral is particularly abundant in association with the

porphyry/breccia interval. The same alteration without

"kaolin affects most of the debris-flow/epiclastic interval

to a depth of 551.6 ft (161.8 m). Between that depth and

775 ft (236.2 m), illite is the principal secondary phase;

" the illite is accompanied by locally intense silicification

below 735 ft (224 m). Densely welded ash-flow tuffs in the
interval 775-990 ft (236.2-301.7 m) are intensely quartz-

sericitized (here sericite = illite), silicified, and

hydrothermally etched along fractures and between breccia

clasts. This dissolution has resulted in secondary
porosities locally reaching at least 10 vol.%. Note that

this etched zone corresponds to a prominent reversal in the

‘most recently obtained temperature profile (Fig. 2).

-15~



. Chlorite-sericite alteration is the dominant alteration
type between 990 ft (301.7 m) and 2619 ft (798.2 m). It is
particulary well-developed in th; Lower Tuffs and Santa Fe
Group sandstones.

Paleozoic strata intersected in VC-2B are mostly
unaltered, though a few coarser-grained sandstones in the
Abo Formation appear to have been weakly to moderately
sericitized. - Clay fractions extracted from selected samples
of.these‘rocksuare”shown by XRD to contain. abundant  mixed-
layer illite/smectite with up to 45% expandable interlayers;
far more éhan would be expected at presently prevailing
temperatures (e.g Hedenquist and Reid, 1985).  Most of these
" clays are believed to represent the rocks' .older, relatively

low-temperature diagenetic signatures.. We suspect that they

have retained these signatures because of their host rocks':

impermeability; even though heated to high temperatures, the
clays were isolated from potassium-bearing hydrothermal
fluids, and there was insufficient local potassium to effect
the  transformation to ' low-expandability illite.
Alternatively, the <clays were heated to these high
temperatures very recently, and are even now transforming to
.illites at depth.

With the exception of intense chlorite-sericitization
of - the upper Precambrian (Fig. 2), propylitic alteration
(chlorite-sericite-epidote-calcite-hematite) apparently

prevails at depth in VC-2B. Intensity of this

-16-



propylitization is highly variable, but strongest 1in
association with hydrothermal breccias and veins. |

Much of the Sandia Formation below a depth of 4962 ft
(1512.3 m), although tentatively included in the ‘deep
propylitic alteration zone, appears to be recrystallized and
looks very much like a mottled, fine—cfystalline calc-
silicate rock. However, preliminary petrographic
examination, XRD analysis, and electron-beam microanalysis
have identified only epidote, illite, mixed-layer
illite/smectite, . chlorite, calcite, hematite, = wairakite,
and anhydrite, with no minerals characteristic of highef-
temperature thermal metaﬁorphism..' The .anhydrite oddly
occurs as large, euhedral, sieve-texturéd "porphyroblasts"
with chloritic rims; theée may be of diagenetic ofigin, but;
along with this entire unusual =zone, deservé much more
detailed investigation. |

Mineralization: ‘Mineralized veins and breccias are

abundaﬁt in the VC-2B core. = Mirroring the intensity of.
fracturing and hydrothérmal‘alteration,.they.occur primarily
in the intracaldera volcanic sequence and - the ‘deep-
Precambrian basement. Vein textures  and mineral
assemblages are diverse, ‘and rather than being described
exhaustively here, are catalogued in Table 1.

Based on our preliminary work, it appears that typical
"epithermal" metallic vein minerals (pyrargyrite, stibnite)
in VC-2B are confined to the intracaldera

volcanic/sedimentary sequence. =  Chalcocite, chalcopyrite,
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Table

DEPTH

162.5

169.5

431 -

819.9

881 -

1342.5

1350
1405.5

1414.5

1525

1912.5

1957

3291

4293 -

4325 -

4565 -

4687 -

4755 -

4821.5

4885.7
4984.5
5042.2

5061.8

1. VC-2B:

zones

- 166.2"

- 183"

431.8"
- 824"
897!
~ 1346
1352.5"
- 1405.7!
- 1417"
1528" |
- 1932"
1958"

3293.5!

4296.5"
4328"
4565.8"
4691"
4763

- 4829.5"

- 4887.7"
- 4997'

- 5043

5063

Major hydrothermal vein and open-space—filling’

IDENTIFIED HYDROTHERMAL VEIN
AND OPEN-SPACE-FILLING MINERALS

QTZ, CHALCEDONY, ANK, CAL, PY, KAOL

QTZ, CHALCEDONY, ANK, CaL, PY, KAOL,
STIBNITE?

QTZ, CAL

QTZ, SER, PY

QTZ, SER, PY

SER, CHL, CAL, PY
SER, CHL; CAL, PY
SER, CHL, CAL, PY(tr)
SER, CHL, CAL, PY(tr)
SER, CHL, CAL.
SER, CHL, CAL, PY

SER, CHL, CAL, PY

'QTZ, SER, CHL, CAL, BARITE, ANH, SPHALERITE,

CHAL.COCITE -

QTZ, SER, CAL, CHL, PY
CAL, PY

QTZ, CAL

CAL

QTZ, SER, ANH, PY, TETRADYMITE(?)

QTZ, .CAL, EP, -WAIRAKITE, CHALCOPYRITE,
BORNITE (?)

QTZ, CAL
SER, EP, CAL, ANH, PY
QTZ, SER, CAL

SER, CAL,PY
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TABLE 1 (continued)

5091 - 5093 . EP, CHL, CAL, PY
5303.5 - 5304' . - QTZ, SER, CAL, PY

5401 - 5401.7" QTZ, EP, CHL, CAL, PY

5403 - 5405 QTZ, EP, CHL, CAL, PY

5447 - 5447.5" QTZ, EP, CHL, CAL

5480.5 - 5482.7" QTZ, EP, CHL, CAL, HEM

5485 - 5488.2° QTZ, EP, CHL, CAL

5530 - 5335' .~ QTZ, EP, CHL, CAL, PY, SPHALERITE

5590.5 - 5594.3" 'QTZ, SER, EP, CHL, CAL, PY

5655 - 5655.7" QTZ, SER, EP, CHL, CAL, PY

5660.5 - 5662 QTZ, SER, EP, CHL, CAL, PY

5730 - 5731.5" QTZ, SER, EP, CHL, CAL, PY, CHALCOPYRITE
5750 - 5751.2° QTZ, SER, EP, CHL, CAL, PY, CHALCOPYRITE

5756 - 5758.5'" QTZ, -SER, EP, CHL, CAL, PY CHALCOPYRITE

Other zones with unusual mineralogy

927 - 934! QTZ, SER, PY, RHODOCHROSITE
1152 QTZ, SER, CHL, CAL, PY, PYRARGYRITE
1234 - 1240' ° QTZ, SER, CHL, PY, FLUORITE
1257 - 1293.5" QTZ, SER, CHL, PY, FLUORITE .
1308 - 1314 QTZ, SER, CHL, PY, FLUORITE
2183 - 2185"'. " CAL, FLUORITE
“19-



bornite (?) and other base-metal sulfides occur in veins
only in Paleozoic and Precambrian.rocks.

Further research is needed to defermine'whether or not
these deep veins and associated alteration are related to
the presently or recently active Valles hydrothermal system;
preliminary fluid-inclusion evidence, however, suggests that
they may be.

Homogenization temperatures for primary fluid
~inclusions in éAvariety of minerals from several of the deep

.veins are very close' to presently- measured temperatures

" (many of these samples contain coexisting primary vapor- and. . . . :
‘liquid-rich inclusions,. indicating deposition from boiling

hydrothermal  fluids, 'so pressure . corrections. are.

unwarranted). While this does not conclusively prove vein
'mineralization from present or' recent fluids, it is

certainly  suggestive evidence. Furthermore, many of these

deep veins apparently yielded chloride-rich  water to the:

- drilling mud when first penetrated. If the veins were not .

deposited from presently circulating - fluids, they -may at

. least serve.as contemporary fluid channels. .
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FUELD GEOLOGIC LOG [FOR COREHRHOLE VC-2B8

(Abbreviations listed in Table 1)

De,ot_b Scale Tin=12ft.
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SAMPLE ACQUISTTION

Core from VC-2B (as'well‘as VC-1 .and VC-2A, previously
drilled Valles.CSDP.coreholés) is ready for sampling at the
Dept. of Energy's Core and Sample Repository in Grand
Junction, Colorado. Those wishing to obtain core samples
can either do so 1in person or submit requests to the
Repository's curator. A companion volume to this 1log,
written by Virginia Starquist of LANL and containing
detailed curatorial information, will shortly be available
and should. facilitate sample requésts; These should be
directed to:

Richard Dayvault, Curator

DOE Core and Sample Repository

UNC Geotech

P.O. Box 1400

Grand Junction, CO 81502

(303)-242-8621

A copy of each request should be sent to Jamie Gardner at

LANL (address in Appendix 2).
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recrystallization and hydrothermal alteration in the Sandia

Formation. VC-2B site operations were supervised by Pete
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APPENDIX 1
ABBREVIATIONS

AB--albite
ABUND—--abundant
ACC--accessory
ACCR--accretionary
ACCRET--accretionary
AF--ash-flow
AFT--ash-flow tuff
AGG-—-aggregate
ALT--altered
ALTN--alteration
AND--andesite
ANH--anhydrite (rarely
"anhedral")
ANHYD--anhydrite
APP-apparently
ARG-argillaceous
ARGILL--argillaceous

BEC—--becoming
BIPYR--bipyramidal
BN--bornite
BRACH--brachiopod
BX--breccia ,
BXTN--brecciation

CAL--calcite
CALC--calcite, calcareous
CALCAR--calcareous
CARB--carbonate
CH--chlorite
CHALCED--chalcedony
CHALCOPY--chalcopyrite
CHL--chlorite
CHLTZD--chloritized
CHLTZN--chloritization
CM--centimetres(s)
COMP--compaction (rarely
“composition")
COMPAC--compaction
COMP FOL--compaction foliation
CONT--contact '
CPY--chalcopyrite
CRS—--coarse
CRSR--coarser

84—

DEF--definitely
DEFM--deformation
DEP--deposited
DIA--diameter
DISS--disseminated
DK-dark :
DOL--dolomite, dolomitic
DOM--dominated,
dominantly
DW--densely welded

E G.--for example
EP--epidote.
ESP--especially
EUH--euhedral
EXC--except

F--fine
FL--fluorite
FLD--fluid.
FLUOR--fluorite
FLT--fault
FM--formation
FOL--foliation
FOL'N--foliation
FRAC--fracture(s)
FRACT--fracture(s)
FRAG--fragment
FRX--fractures,
fracturing
FSP--feldspar
FT--feet
FXILN-~-fine-crystalline

G--grained
GR--grained
GRN--green

HEM--hematite
HORIZ--horizontal
HYD--hydrothermal
HYDROTH--hydrothermal
HYDROVOLC--hydrovolcanic



IG--ignimbrite

IL--illite

ILM--ilmenite
INC--inclusion(s)
INCR--increase, increasing
INTBDDED--interbedded
INTM--intermediate
INTRAFM--intraformational
IRREG--irregular

K--potassiunm
KF--potassium feldspar

. KFSP--potassium feldspar
~K-SPAR--potassium feldspar

LAM--laminated
LAP--lapilli
LEUC--leucoxene
LG--large

. LIMEST--limestone
ILS--limestone
-LST--least
LT--1light

M--metre(s) (rarely "medium")

MAG--magnetite
MAX--maximum

MED--medium
MICROXLN--microcrystalline
MINRL--mineral
MM-millimetre(s)
MO--molybdenite
MOD--moderate, moderately
MOLYBD--molybdenite
MOS,--molybdenite.
MONZ--monzonite

NOD--nodule
NW--non-welded

PH--phengite
PHENG--phengite
PHENO--phenocryst
PL--plagioclase
PLAG--plagioclase
PORPYROB--porphyroblast
POSS—--possibly
PPY--porphyry
PPYTIC--porphyritic
PR--primary

PREDOM-~-predominantly

PROB--probable, probably

PROM~--prominent,
prominently
PTLY--partly

.PY--pyrite

Q--quartz
QTZ--quartz

REL--relatively
RH-~-rhodochrosite
RHODOCHR--rhodochrosite
RHY--rhyolite

. RND--round (ed)

RX--rock(s)

. S--strong

SCATT--scattered
SEC--section
SED--sediment
SEP--separated
SEQ--sequence
SER--sericite
SEV--several

. SILIC--silicification

SILTST--siltstone
SL--slightly
SLIX--slickensides
SLTST-~-siltstone .
SOIN, SOL'N--solution
SP--sphalerite
SPH--sphalerite
SPHAL--sphalerite
SPHALER--sphalerite
SS--sandstone
STKWK--stockwork
SUBH--subhedral
SURF--surface

TEMP--temperature
TL--total

TR--trace }
TRANSL--translucent



V-very
VAP--vapor
VN--vein
VNLT--veinlet
VOLC--volcanic

W/--with
WO/--without
WK--weak
WKLY--weakly
WT--weight
X--cross

XL--crystal
XLINE--crystalline
XLN--crystalline
XTAL--crystal

¢ --and

w —-about

4 --angular

= --equal to

> --greater than
< =--less than

£ --less than or equal to
A —-micro-

/# --parallel

1 --perpendicular
72d ——secondary

* --with or without

SYMBOLS
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APPENDIX 2

VeC-28 BESEARCH TEAM

Dr. Judith Ballantyne
University of Utah
Research Institute

391-C Chipeta Way

Salt Lake City, UT 84108

Dr. Phil Bethke

U.S. Geologicad Survey
12201 Sunrise Valley Drive
National Center, MS 959
Reston, VA 22092

Dr. Gudmundur S. Bodvarsson
Earth Sciences Division
Lawrence Berkeley Laboratory
1 Cyclotron

Berkeley, CA 94720

Dr. J. K. Bohlke
Argonne National Laboratory
Argonne, IL 60439

Dr. J. P. Bradbury

U.S. Geological Survey
12201 Suarise Valley Drive
National Center, MS 959
Reston, VA 22092

Prof. Doug Brookins
University of New Mexico
Department of Geology
Albuquerque, NM 87131

Mr. D. Broxton

Los Alamos National Laboratory
ESS-1, MS D462
Los Alamos, NM 87545

Mr. Robert J. Casaceli
Annapurna Exploration )
2995 Skyline Blvd., Ste. 202
Reno, NV 89509

Dr. Robert Charles

Los Alamos National Laboratory
INC-7, MS J514
Los Alamos, NM 87545

Dr. N. I. Christensen

Purdue University
West Lafayette, IN 47907
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Dr. Allen H. Cogbill

Los Alamos National Laboratory
ESS-3, MS (335

Los Alamos, NM 87545

Prof. Cliff Dahm
Department of Biology
Castetter Hall 173
University of New'Mexico
Albuquerque, NM 87131

Prof. Wilf Elders
Dept. of Earth Sciences, IGPP ' _

University of California, Riverside
Riverside, CA 92521 '

Dr. C. Stewart Eldridge

Research School of Earth Sciences
Australian National University
Canberra A.C.T. ‘
AUSTRALIA

Prof. Wolfgang Elston

Department of Geological Sciences
University of New Mexico
Albuquerque, NM 87131

Dr. Steve Flexser

Earth Sciences Division
Lawrence Berkeley Laboratory
Berkeley, CA 94720

Dr. Nora K. Foley

U.S. Geological Survey
12201 Sunrise Valley Drive
National Center, MS 959
Reston, VA 22092

Prof. Craig Forster

Utah State University
Department of Geology
Logan, UT 84322-0705

Dr. Christian Fouillac
BRGM

SGN/IRG

BP 6009

45060 Orleans
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Dr. Jamie N. Gardner

Los Alamos National Laboratory .
ESS-1, MS D462

Los Alamos NM 87545

Prof. John Geissman
Geology Department
University of New Mexico
Albuquerque, NM 87131

Dr. Fraser Goff

Los Alamos National Laboratory
ESS-1, MS D462

Los Alamos, NM 87545

Prof. Mike Gorton
Department of Geology
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