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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 ft (372.1-599 m) — Otowi 
Member of the Bandelier Tuff (1.45 Ma); 1965.2-2434 ft 
(599-741.8 ra)— 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 alteration 
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 
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thermal metamorphism; the gray porphyroblasts are anhydrite, 
possibly of diagenetic origin. m 

Hydrothemnal 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 I 
Paleozoic and Precambrian hosts. " 

The age(s) of secondary minerals in rocks below the 
intracaldera volcanic sequence remain(s) to be determined, 
but initial evidence suggests that they may be related in 
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 I 
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 Paleozoic strata. 

I 
I 

I 
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INTRODUCTION 

I On October 22, 1988, Continental Scientific Drilling 

Program corehole VC-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 exceeding 290°C. 

A collaboration involving Los Alamos National Laboratory 

(LANL), Sandia National Laboratories' Geoscience Research 

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

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

drilled not only to investigate, measure, and sample the 

high-temperature, liquid-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, breccias, 

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. 
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F i g u r e 1. Locat ion map showing posit ions o f scienti f ic coreholes ( larger c l osed 
circles, inset at l e f t ) and geothermal wells (open circles and small, 
c l osed c i rc les) comp le ted t o da te in the Val les ca lde ra complex. 
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veining, and metallic mineralization encountered in VC-2B. 

• The log 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 LITHOLOGY 

The intracaldera ignimbrite sequence and underlying 

Paleozoic to Precambrian baseraent penetrated by VC-2B (Fig. 

2) can be correlated readily with rocks exposed within and 

near the Valles caldera or penetrated by previous geothermal 

or scientific drill holes (Fig. 1). We are reasonably 

confident of these correlations, but stress that their 

confirmation must await detailed study by the research team. 

Major units intersected in VC-2B are interpreted by us as 

follows: 

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

Coarse, unsorted, generally matrix-supported 

breccia, with clasts up to at least 4.5 ft (1.4 m) 

in diameter; highly variable clast to matrix 

ratio; clasts represent most pre- and 

intracaldera lithologies; many of the clasts are 

red, hematitic, and appear to have been derived 

from the Permian Abo Formation. 

-5-
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Figure 2 . Summarized geo log ic l o g f o r C S D P corehole V C - 2 B , Sulphur 
Springs area, Valles caldera. N e w A/]exico. 
I s—l imes tone ; o f — o a l d e r a - f i l l c l a s t i c r o c k s ; bx—hydro-
thermal b r ecc i a and d a c i t e porphyry; Ts—Tshirege Member 
of Bandel ie r Tuff; S —5 c l a s t i c d e p o s i t s ; Ot.—Otoin. Member 
of Bandel ie r Tuff; LT—Lower Tuffs ; SF—Santa Fe Group sand-
s tone ; Py—Permian Yeso Fm; Pa--Fermian Abo Fm; Pm—Penn. 
Madera Limestone; Ps—Penn. Sandia Fm; PC—Precambrn-an qua r t z 
monzonite. 
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113.5551.6 ft (34.6-168.2 m) : Interstratified Debris-

Flow Deposits and Epiclastic Sedimentary Rocks f< 

1.12 Ma) -- Debris-flow deposits resemble 

overlying landslide breccia, but are generally 

more monolithologic, consisting largely 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 red, 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 fl.12 Ma) — Non- to densely 

welded, crystal-rich rhyolite ash-flow tuff; 

extremely lithic-rich intervals, 551.6-571.7 ft 

(168.2-174.3 m) , 1030-1035.3 ft (313.9-315.5 m) , 

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 

-7-



principally of clasts derived from the Permian Abo 

Formation and the Pennsylvanian Madera Limestone; 

we11-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 the unit Is very hard, flinty in appearance; 

locally contains dark, relict glass; lithic-rich 

zone, 1461.8-1488 ft (445.5-453.5 m ) ; mafic-

appearing pumice, 1869-1888 ft (569.6-575.4 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 f2.8 Ma?) — 

Non- to densely welded, crystal-rich and 

(especially) lithic-rich ash-flow tuff; commonly 

20%, and locally up to 70% lithic fragments, 

dominantly porphyritic andesite; distinctive, 

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

-8-
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618.9 ra) , 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 prorainent, 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 possibly 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 Cbchiti 

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 locally present; 

volcaniclastic conglomerate, 3305.5-3334 ft 

(1007.5-1016.2 m), with large porphyritic andesite 

cobbles; arkosic conglomerate with granitic 

-9-



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

I Precambrian Porphyritic Biotite f+ 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 

I about 10-12% disseminated mafic minerals; original 

magnetite (ilmenite ?) and sphene now commonly 

converted to leucoxene; aplite, fine-̂ grained 

granite, and granodiorite dikes locally present. 

I 
I 

I 
I 

STRUCTURE 

The entire stratigraphic sequence outlined above has 

undergone at least some structural disruption, but the 

effects of that disruption are highly variable; fracturing 

and brecciation 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 undergo 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 

50°). 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 is 

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 widespread stockwork 

fracturing of the affected tuffs. These faults and breccias 

are strongly altered, and 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" calcite, a morphology which can 

indicatis 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 these are not throughgoing tectonic features. Only one 

structure in the entire 1633 ft (497.7 m)-thick Permian 

redbed sequence has apparently guided extensive thermal 

fluid flow—an altered arid mineralized fault centered at a 

depth of 3293 ft (1003.7 m)(Fig. 2). 

The Pennsylvanian Madera Limestone and Sandia 

Formations are more fractured than the overlying Permian 

sequence, perhaps because 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 lithologies— 

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 

Paleozoic 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 fractures 

(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 fractures and breccias just described 

and of.primary permeability in certain clastic rocks as well 

as non- to weakly-welded 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 lack 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-



I 
I 

I 

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 

m 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). 
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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 the 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 rocks are shown by XRD to contain abundant mixed-

layer illite/smectite with up to 45% expandable interlayers^ 

far more than 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-
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propylitization is highly variable, but strongest in 

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-crystalline 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 higher-

temperature thermal metamorphism. The anhydrite oddly 

occurs as large, euhedral, sieve-textured "porphyroblasts" 

with chloritic rims; these may be of diagenetic origin, but, 

along with this entire unusual zone, deserve much more 

detailed investigation. 

Mineralization: Mineralized veins and breccias are 

abundant in the VC-2B core. Mirroring the intensity of 

fracturing and hydrothermal 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. 

-17-



Table 1. 

DEPTH 

VC-2B: 
zones 

162.5 - 166.2' 

169.5 - 183' 

431 - 431.8' 

819.9 - 824' 

881 - 897' 

1342.5 - 1346' 

1350 - 1352.5' 

1405.5 - 1405.7' 

1414.5 - 1417' 

1525 - 1528' 

1912.5 - 1932' 

1957 - 1958' 

3291 - 3293.5' 

4293 - 4296.5' 

4325 - 4328' 

4565 - 4565.8' 

4687 - 4691' 

4755 - 4763' 

4821.5 - 4829.5' 

4885.7 

4984.5 

5042.2 

5061.8 

- 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, 
CHALCOCITE : 

QTZ, SER, CAL, CHL, PY . 

CAL, PY 

QTZ, CAL 

CAL 

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

QTZ, CAL, E P , WAIRAKITE, CHALCOPYRITE, 
BORNITE(?) 

QTZ, CAL 

SER, EP , CAL, ANH, PY 

QTZ, SER, CAL 

SER, CAL, PY 

-18-
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TABLE 1 (continued) 

5091 

5303. 

5401 

5403 

5447 

5480. 

5485 

5530 

5590, 

5655 

5660. 

5730 

5750 

5756 

-

5 

-

-

-

5 

-

-

5 

-

5 

-

-

-

5093' 

- 5304' 

5401.7' 

5405' 

5447.5' 

- 5482.7' 

5488.2' 

5335' 

- 5594.3' 

5655.7' 

- 5662' 

5731.5' 

5751.2' 

5758.5' 

EP, 

QTZ, 

QTZ, 

QTZ, 

QTZ, 

QTZ, 

QTZ, 

QTZ, 

QTZ, 

QTZ, 

QTZ, 

QTZ, 

QTZ, 

QTZ, 

927 - 934' 

1152' 

1234 - 1240' 

1257 - 1293.5' 

1308 - 1314' 

2183 - 2185' 

CHL, CAL, PY 

SER, CAL, PY 

EP, CHL, CAL, PY 

EP, CHL, CAL, PY 

EP, CHL, CAL 

EP, CHL, CAL, HEM 

EP, CHL, CAL 

EP, CHL, CAL, PY, SPHALERITE 

SER, EP, CHL, CAL, PY 
> 

SER, EP, CHL, CAL, PY 

SER, EP, CHL, CAL, PY 

SER, EP, CHL, CAL, PY, CHALCOPYRITE 

SER, EP, CHL, CAL, PY, CHALCOPYRITE 

SER, EP, CHL, CAL, PY CHALCOPYRITE 

Other zones with unusual mineralogy 

QTZ, SER, PY. RHODOCHROSITE 

QTZ, SER, CHL, CAL, PY, PYRARGYRITE 

QTZ, SER, CHL, PY, FLUORITE 

QTZ, SER, CHL, PY, FLUORITE 

QTZ, SER, CHL, PY, FLUORITE 

CAL, FLUORITE 
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bornite (?) and other base-metal sulfides occur in veins 

only in Paleozoic and Precambrian rocks. 

Further research is needed to determine 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 a variety 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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( /Kbb rev i a t i ons l i s t e d in Tab le 1) 
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MACTRIV •• .•^:>>iP'M^ ĝ F PUA -̂ Ni**̂  tCTuau.-;^ 

T° V-»eA*a-y VJELDEP A3H-
FW^J T U F F , -P '?-' '•••. » 7 2 - FHE^~rJ5 , IZ.-15 o v e E - A U -
ST:J^E:0 F U K / I C E i ' gStPSFAR. • ' ^ f - J V . LITHil FKA3S., 
AWPeSlTE * iCNOJBK.'-rS.' ALL CMLCPJTI^HI^ 

l '7M.^i'?l«'. ':S'; XL-'PMjz- irrt&jj >efe" c^Vajt'. ^ ; T 

l ^ ^ > ; i ^ ^ i ; i . ^ i : i ^ ^ ^ g ? r ' 7 ^ ^ 

h)St- Focje r̂ -tirvK>z:<-. <^t-.IT2J-, l a ce J ,v^-Clil:^i,tracrtarei. ' 

l72'3.-,'%f.- b a r i t e a , blaasf, c.a!c/t>=; •v'.sJ-r , •Stts^v.-^tPPfrt 

10c^-'^vide. '— Icos l^ (5^. pcrosrhi •, <• 'iv^saxj f PUZE)^" 

t72B-(?*;2':_M-p»JAFr, s.'- FiiX cJi I - "szrrci ri &=< <^/3i7i ' is l ' 

f I'-a rif/ie. 

•purai:g_.-oc:6T- —UTT ^ 
dravjinjj-

b-^W'fa> f-^g^ 

;x ,t i'5'y?6-n'??^v.i3i^j ti:^.^ calctTC ve.iist'il y;i-̂ ii--fy 
l^?B-|^-^'+>*=<'- \ p E L P E P , . VEEf JPyWeE-EJCJ-l -TLfT. FR2P. „ 

SRK/i •5J-J -I- PLUj'.:^ 
'5-7'?. o r s M^CH ^ ^ ' . J H I O J IS 

IH.5C «••?. KLJ., IMC'-U'lKa 

IPBJTICAL. ^ 
l 'T67.5-l?7i) ' : ,V. coiiT. '^g^^j^^'^w.uVpi^'^nxr''^ 

^•^P v-̂  1^73--^ ^fi\aj i a V a ( r ' eii b\-acfc.-
j t j s T ' ^ r a ^ rule. 

eccia •aW' tJQ 

1'T7C-1772.? : . 3 ^ a i s \€ . CjCCep: prtic*! TiMei—or.— a i?uvd i« t 

.•2.—2aX^'-, V- LllHIC-RICH, IvKU'WlELpeP' A9A-FLISM TUFF 

fcUt>S51-rE, -^HC l i p 
put\>ice ^ 

\ j j / ^ , BLJ^Ct CLt.'STS' •. M5UWP, 

•* l ' 7 ^ - | ' ? 7 ^ - 7 ' ; pWivFT LFIHIC- FRA<iMEWT 

D/ULL. J^OZ.£r \ J (L '^ ( R B - P LQ&) 
Z^?c: : j7y<2^ a j L P M U K -SPRlKkag. V ^ L L £ 3 (lALPSR^,k]M 

- 4 1 - , 4 
4.p.HULa4 4 

Au<s. -22, <9a^ 

file:///pELPEP


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'7^-luR^^ 
lA.ANoe-
BOIP CLA-ST 
OP -SAWE 
M^TERIOL 
A? MATB^C, 
ptjr 

UliHTBC 
CDUOfL-

UP 

u 
• y (_FLATTBJEl̂  

' ' 17^9-2.' 

-W!<CPCF,iiJLT 

«=r. 
<%^.2 

CHM-IMEL f (LU? 

ri^^^iP'Le PLLivii4_ 

LAV*ie^ TUFFS — 
jL jST eetoAi „ 

AT TCf CF 
uw&-.TUFf=e' 

5 ^ S £ ^MJ&L IB^ TUFF ^ I M THE UCV^E^ l U f F ^ 

-42-



fORWJS 
MAM; 

jp£ 'SCj?7J=^r)ra/^ 
% . WOTE -. C A L C I T S . * dHLORJTE 

ALjfeRAriON caOLLWlUS^ 
REVE^=eP OH THIS P-lfiE 

^gRss ̂ [ggw"^ge^g§ga;»^^^J^rg7- (^-47:) 
rpp lK 16 PUHef, MCrjABLY UOFPACTUilEP * UsNPlHEP,^^ 

.^Jl MONr-T* 
2P?o.9-*"*<- vieAWii' yjeLPep, LnHK.-y&£>Ri|jet u 7-57.1 

>|ga<jS; eL&5T( t-rmiQup -fa 7 f:^<- PIA'.; A\p. "^ 1-^ O-i PIA. 

VfeUeJ •2^>ti.-4-aM^^ FT ia--gicH, f -~y- , oeo'vygafcM '' 

• » > 4 2 ; 5 - « > t S . e . F T . ' y . lia,-R(CH ('>-^n'SURS€(JfT)-, FAlUTLr 
6EPPB3 , i^\j u x - lA l - l . m u . . V T ^ - f e H ^ ^ g g . ^ ^ 

t^S't^^'^3^"'^'" ' P f i C ^ , UT-MEt?. -SL. pU 'p fU5H~.S?^ 

-Sof}- T"-̂ - pgptp , MEP. g ^ ^ sotase M F>ii>7 r3gppft<. 

^ S i ; ? ? ^ § ^ V : " w g A t o n ' M j J d ^ ^ v . i i ^ , | - c ^ d i , f 3 l s t c ; 

,vc5|c.anff. iowz. -(«H(t AfT„rorc-rVM'«li'i=; »*<•?, pumKC 
(fPMtlg I Up• tn -f-\e rr<\. fw aiaiA'Hjyr ' -, •xrvg. b1a.g^ 

(^•a7TC-5; : /Zcj» l . c la »ja1c»--r<ic«irtta<* 7o/f t V a2;ti^<i. 

^^^E/^cgtix^fc-fct^,';^.^^ ̂ •ipe-.^'^'^;;!' d ined . VK^stW 

• L I T M t % peCRKA5S5 TO « 197, 

HO-Tt:-, PtJMlCBS Uf TO -4 O J . IW LBJJCfl 

C . J i . t l y f . A l . r W o f J J p o r t » ^ > ^ < K i . ^ ^ - ' t W . l - . l v ^ 

rt.1^ 
10-20 
^s<:?) 
- — • ri : - : : — ~ • - - — • - ' • — — M ' — r ' — ~ y \ 

^ 
~ y-Vt-l covj-t.-^- -^o ^lOQ ^ Zc'To 

z a ^ z z ^ ^ Z i s r VC-2B (?^Ei-p Loa) 
LCXZiCriOJV^ SULPHUR 5>F^'.^6^, VALLEY ClAL-P^FA, KJ.M. 

-43- 4 
HULEki i 



^ 

i ? iS4 /^5^^ J I C ^ S " 

ALT 

a^c' 

2 1 I 0 - ! 

21ZO 

2XZ6 

2lHi> 

2tS> 

Ef\ATIOU 

St 

*^_i ) l im'A^-\~y 

15 

Ji":5 
i NI I H 1 ^ 

i c i 

k WOTE$, 
CCMMEWT? 

11* • • 

0 'C? 

q^. 
• • c 

i : ^ ' 

J i ^ 
j ^ ^ ^ I S ? 

«-=££( 

« • « 
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V/ABUNPLMT opE&A5S |O i PlP&S" V/lthl lV WVlCl l llfhlcS-
r e a c k ' T O ? . —-tVe;.a- o f p g s a r e f r r e T . •y<;/S° 7B ca rg . 

w r t t i ' C-&J ̂ f t e . . •' ! -

d l i s C i - i ^ ' : •207, \ r f n t c i 

7-24' .54 ; 4-ITHIC-R4C.H A.CT, SAME AS Z-/2-? J - 2 i i e . \ ' . 

* l - ^ J S O - ^ ^ 9 M M . CAL. V N . , SfiMPEP, M V C H L . 

• 2159 ' ^ r ' . *fUO*\x i v " i c re3s^ >'vj \rjzXayrA 

* • ^ ^ i ^ ' l i f 2-r 2 301','- \ •Atu^datrr rhuo, 

Q+z- Ph3£BS< C-^zarKe-a:' a r C ('jS^'^rlVf-
•ee/7 '<-.•' T p a r f e , ̂ - ^ f 
Oastp ja f CavMi^, rViu*J 

a?7ZZ ^ ^ Z ^ \^-^g> ( FIELP UOS) 
LO<Z^/OJ7 5LiUPHUI^ 5fRi}Jg^^ VKLL&^ d M P E ^ 
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. 7 M M ) U W E C ; •» 

<AX.L£iiA>e.&-. 

* 4 * t - ' i /( t>^. 1 ••• ff iotsi^ -
W15E. 5IM11-AR. TO A 

2->?4.l6'-'Z4M.7S': . 
ni's>i- 't-r'aq.', t ° ^ ' 

Kiqulgr, 

j :>£',^CJF7J=V70/^ 

p e w s a i ] WELPEP, puLa=( ^ S » - P I S M ^ TLtf#, A S Aecve 

^^a405.9-^4<55. t ' ; y . L - p e = i a s j T ^L ) - tH<^-0EFtc ie t 'T (5^T- ) 

•^uCGS •̂  T g j c t u r a l M a Trgcl-9iTilq, 

3.V<,v«_ <iarrfr .Voi i<^- ir te_'•wir^e deposit . 

•* M I S . O " - l o - ' ^ c m - )4-pa5r banJ . 

TO wop. Y lEUep ASH^FLD*" TUFF, <=rrHeR -

•MSf.! - 24>!'. I ? ' : IRPE5. BAWP o r AlTEpED F K * A'S* Ml/vi Z-'::J^V. 
a. <onig-

^^7"^-^' r a l h a 

O f . 

5<5rted; rrvod . gVetvi ' i 
< U 3 5 f ^ . * v a r i o u s r y c t - t < ^ « r , si 

o p t a ^ c m i n q i S : - , -^c lasT i 
roun-

2 . 4 ^ 4 . 7 ^ - - g / j g ' : i Q g J - c r ^ . y n - ; ! • Vtgtyvatitfc:-
b*dbi>^'1'i I'ppeK - j c a u r c.irr^v\rv=i - t t / tet witt» 

v r t o r f e i 

e a . TtjTt 

l ) g d d e j , «^ hg iuat i " t fc -SŜ  ^ ^ \ - . ^ 
.a\>4r — 
ton 

stPiig--, ?c^H- ' y t k x i t 

p f e < i y d ^ r ^ T f r a i . - K > r B V V i e a l e < ^ ^ comp 
tt i is. i t^.,coa»'sE-<iV^<»5U saiA<»s*K. • 5 ^ - 5 . e d 1\W«^T-

^ 4 4 r ~ g 4y .4 ' • • 
2-44I .4- 2-f43''- rc-f, 

l » ^ . . •» ! / . :;a->>d-!.t<a fe? 
) i ^ ^ ^ ^ AT LEFT. 

4 -%r , •san4'^toT>=: I T - E c c i a j v n / a d r n a . 
a to rp ;. "-rt i-» p n z c c v a c o y i T a i r g - g, 

* M 3 - , ^ 9 2 ' : Mpd. a r . I -si. Vienvat iTic, k i > b h •5oet-5<a4- co«>-
t o r r g r ^•arogyPife- ^ g ip< r a i r r ^ trpyn neaF-WorrzoOTal t > 

intrudei ^atd^n^l^ n o * rjrfT P<^ iVitTusjoTn 

vo(c. r;c-? fr»ie->Qli. Ii'>y(e5l&ne LIP 1a | i^rwx. — cyradar^i ' l iaJ 
lovueK c j i M - x t . ; ' ' ' » / ' ? "V , / " 4 " " / ' aw- i -a <i"i . i i ^ . . , 

--r-y7.<.y—-.OT-.-t. 1 / . - 7 g J l l l C » - ? ^ , - ^ y - J - . ^ T , , - . € , 

VJi th ,c j i3 ' ' ts 0£ •andiesite- "P * " 15 c « i , c tas ts cy i i r»£^on« i 
•as ftbouc- up T» X - c w . 

,J1j5 tTl-artl/ l-X-fj lf . 
a4'7^,9-'24i»^^->-T^i4'Ace>j»''%LT'yp>Jg. t t • y v i < . - y e » v > . , u | t a -
f i r i < i — ^ a i ' r c ^ i . t ' r u j ' itjaicK v i s i b t - ; loadir^ ar 'ufpei- conTod-

^46o>g ^ ^ M h ^ f ^ v e e f ^ i - p j ^ 
CLA'JTS t j r TO AT L ^ . •tg 0 < . IH tSlA 

pEprarr, 
X . IH til 

V »AMe A'* Aaays- ; AMOgiTE. 

t y ? , t ? - ^ l ? ; LnH|C-ARJ£i>5t, LT. t-R^T TO fitJFF, RSFEe " P 
^ towl^>s P A g g - F o r . PB.'5CFjmc%i. 

J - - - .. . . .U . ' : '-^ ' drppinq IC-l^*-

b ^ Z Z J/C?^^ Vd-<Zg'(FlELC? LOS) 

VAJ-LE5 c W J ^ e ^ M.M/ -47-
fEPT- 5/ ^'^^ 



Q »-',-t 

^ 

•0.>9''WOW-VO£LPEP 
,k£H-FLrsvJ TUFF 

sii£-T<:!HE^ OF U(JU5UU-

TUFf^ f UKl[:a2LYlM(^ 

I 
I 
I 
fl 
I 
I 
I 
I 
H 
I 

m 1 pi 
rf 

HEMATITid g ^ P S T O J E , . 
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vt>m"c-Vi 
• 6-5lV)e, TO \l\ 

J?£'SC/S/PV7aA/yS' 

UOTE ejfL&JJ.WlOU OF VEI^lLEfS 

I 

i ^ ^ T ^ ^ ^ 
5^ l i t j ^ i J ^ t r ' i c i l i i r e i " 4Tore Jnii 

c r i ' s j ft t V e s ^ a r e Qc: S^ 
^ k££'^?jEp^ 

^ ^ ^ ^ K ^ ^ ^ ^ ^ ^ ^ 

j ^ S J ^ ^ m f t 
Rock- IS 

^°ft^-^^^?)i^."?if^yt^ t<^r";?- ^ ^ ^ ^ 

'^'^^jsa.%;f.",">j^'£a.t ^ 7 , 4 , ' ; r c j m ^ 

8PI)pl|JG PR*>MAT1CAU-̂  S T E E J B J S 

«! e ^ . ^ - g - ^ ' - M p̂-I?.) e<,-)̂  Fr3q< <̂  »gr.-pWT^. 
•alt ,ar-<>2 îsii 55 iy a wWi?^ i^^ m<itriy. 
c J a ^ R T T i t rt^t fflatHA qnic . iT?gt . 

HSMAIITE. -STilW ^ CEf(SJT 

•z^i^g - 2 ^ 9 : 

^ ^ ? k f h - ^ ^ ^ ^ " y ^ ' ^ / ^'••^^'^ 

D/iiLL j/oz.£r v ^ ^ (P'gu:̂  LOO) I 
'COCr^IOJV SULPHUR ^ m u g ) ^ , V^LL^^ d U - V e ^ i t̂ -M- A 

- 4 9 -
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I 
4^64/^55^^ ZO^S" 

Al-TEf\MIOf4 

^CCT 

Qh\0-

1(/2D-

2 ^ -

Ql/fi-

%fp-

lUdO^ 

%70-

^a> 

^ ^ 

f j X i 

' 5 
ll t ^ ( f 

M I H 

^ J l XELNfcE^P^A^-K^: 
^ - 1 

F 

11; 

l l l l l l l 

"t4R 

1̂  
!?<.• 

I iil!F 

^g^jp^pip 

r^^-.»iiV.-... 

^ a S 

E S ^ ^ 

..'̂ '̂  

S > 

5AWT?r^ ^ P «;6^-9': unnic 

\gUACTH 
OCX.>HC^ 

»vewLET& 

j :>£ ;^c j s / / ^7Yo/ /^ 

r i rrn-wrmiTiiWM 

Sis 

«* eEt_DW -zfcia.s FT. 
REFERS TO PRI 
cA^ecMA-Tls 

r , CAL COLUMU 
rAiRf f piAaeHETic 

ARliOSe, AS ABOVE. 

:) iSv^-SK"?••• - l - lc j t . tja^d rr (Lovn.= >T.ij!< ^5^ clrjcorriai|t 
j^i^rtVMg: e j a s t i i ^ diVimy'—o-it> .-y j t / v g ' f f e T . g . ' 

-?̂  

^'^T,^gr;.m7;^."""^r!/:?rT^it%r^ 
••• vermlet?'' <" abcva. • 

/ V E S O -1 2̂  z ^ ^ - ^ ' i ^ ^ a ' : •SiLTt •SAWPS-iotje, t i T t t - q r a ' n e d , 1+. p u r p i 

• 2 ^ 1 
I 
§^yr»;^'„sp;*fi-irBj^aSr'ij;ifisr,-;2-"^ 

2 M O - ? ' 

( îi.-0epcBPj 

^eioiUKSKltsp 

2&W.3-

•Zi^.i 

-•2US.O 

r-:^-=,=v-:^ 

fc'%^ 

2&%-9 

^f^fe^l ^°P iP 

(^x-eeppE^'^ 

f n d , 1+. purPlisk-

pg'Sl tr̂ Y 

i t ic. 5-ayd-?tone., r rwt l .eJ 

J^Andshing >^-nii'n rauddi. iilTniive- rn ^ n i i 
laiw'jvae.; hz-rwatitjC. V-)eli cross--beJd.ed vTo 

I (^ tjppa^ . 0,6 FT 

isvl ,po35ib):j- bt&turbatcJ bgjow 

2^9^-1 —2 i ^£ . . ' ? fT - . MOT-TLSP, P«=5. e iOTurpat=c l ; c W u r t t ) , 

51 hK^ •5-ary •stgne • , „ „ _ , - ^ ^ 5 1 ' H M . ' 
f-^TKg^ •ae. 2 6 - ^ - ? - g ^ 

2^'3.o-a6?.?:Ma55i\«3. t c v-aaLj-icA f . i d d p ^ (i<5JlVlsTitii-, 
v a n a b l t j e-alga-yg°"^ garvaTtotig-. fy°J • yvjalf--50rtei< • 

.a^^.7 

•247J.2.' 
Vie»*. 4? i r W b g J J g J a / i r . y i ? ^ . I,>.iest.h,z 

,a-5-5ive-,he-ntatrtK. ^arJ^otxr, Tiwe. 

DJiJLL J/OL£7 V d - ^ ( FIEIP LQ&) 
LOC^r^/OJV ^ U L P H U K ^f^M<5^S, VAL-LE.^ ^AJ^PER^^ 

LE-W MEK-
- 5 0 -
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J?£'SC/2/J°770A/7S' 
A S % i_ 

sa l MCPUL&5 f a j e K M ^ R L L I J 
S2 RpfTRABLE Pbvqaaenc GR. ^ ml"E'^piA6a~ieBc'QgjtatJ. 
^ MA.-55n/e sAUP^rewe, t̂ -s A£CVC. 

d A L O T E 

ib^jAW V)etii. -siHj -iJ ^ 

lu n ta jJ iVf . , he»atr t t t , 5>rty 5a«i45to«i«, 

"Tr57i2^^'^?i?r2X"art5r7r?T5a:5r5nrT7Fr=rs 
fonve. o '̂ tVi«>= p.jsl'biM •t-rll'M bu.»-rw>^. * " 

^ ' i792- t i—27^.9 ' : q>iHi|. Iilttssbo* v^aakl^ •Ternati'tfa,-'"favli-

'vM^-
Tammi^3rEe3ctTtisr~ ^ ~ ' , . ~ , 
' n ^ . < i - p ^ ^ - cdLleargoor!. h<'<viatrtic yK"i nviH-
^ bi°Turt>aTf t r , -

-7»>.< 

7? 9: 

«l'}t5t5tl«.;, l « < i j btoTurbat- -. 

^7?^-s - g . 7 ^ ' ' ; tatxfvfafcA purpW tmuejjfe^g ^ )t: 3 1 5 ^ 

It- gyfau ^iltstetvg. ^ •fant'SlBfe. 
• ^atro^^;"bltJt^il '^'Sf«dU^ v a r i a * M ca^ ca.'carfeooi • 

ay. , mijjivs To .vfl--s«i-

-TP^i')- '•Pl^' j- j i"^ZO>'' 'V^ r ed ^S/SS abtv-ey f ft. <«"iv-
sHk. Iryg^TOiftg-'i f it>aul'ar--:ippea»'iv • NM^U-HJ ' ' 

% i2.794-2.7>s6 -. 53ni^ as zr^.s-•2753.1 FT 

- lYI 
v. i>z»tlattTit ii«"i!=rhai«^ •sit^j mijdsftn(= 

^ 
^ 

•2-'t7&?^; tiein, mucidM to 'S'ttM t i t i*^ 5S^,bioturbQ+ 
3>)urc).-.bun-pv<» up ^t» i x o - T c r t , t i l ted ^p/Xi" 

Q W , 

•;a6^,s--2gfe9^-. •f(r>g?i..-laTTi"v\£:fcj I raJ n^-^J^M •>''H-ifo»c-/ 

^ ^ ^ y : , . i s ^ : u p ^ t ^ ° - ^ ^ / ^ l T ̂ e^ •̂  
bifff.'SfHi) lVl*esHi 

27^-CT7^ ' ; f l ^ ' - y v ^ - llGWiTIt_--JI>»^ SV, M^u<^Lj 

I T T ^ V ^ * - tnea,7-<yrarra),--J-, hew-•s«ivki-yion=. 

27^, •,e-27S?'5' •- - f l t ic •—'• < -̂ ^*zi '-b«i*«t i o t r f s t o v ^ 

2/ife«-i7e8'; " U ^ a r e ^ j ^ V,en'.'?9, biottirboteii 

^ Z772-e77|#'--••5'ajne as .ffl«3-27«.f^ 

•>a«(i-

:ii< <*r- sr .^* 

^4TJ<4-2770-2: moH/ea-er!Jit» ut ikn^i-

l a ^ Z Z J/OJL^r^O^'T.^ f HELP LOs) 
^LOC^/OJV VALLeS cXLPg^^ M£W M^ | t ! 0 
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I - ^ CRJ6IU. 

1 
•203(-2fl>99' Vi«ni ,v.f--{i '««-g<"-9«-

•>eou«—mSsii'v^ t l " VanW-i b<=U«ad, locailH, CJoKirbsit •eou«, rnSsii'v^- t^" vaAU'^l'i b.=U«ad local In, t}j»Kir 
-a[oi-|4--f|-llgj burro\MS-^apJ^ ca<^m,-K-, U^tj f^^^> 

^fcskJ; 

^ > ^ ^ . ^ 4 ^ r . \ m ' ^ - 3g3^a .,^l^lt-i^'"v."""^'^ '"^^• 
^ Vejn|et'«. % , lo ta jbcr f 
;i2 85 n.fTegy otrt n r a p n 

ta j beck '•:t I t -
rapWs-* 

fl «• c-alo> "^^^ , ^ 

'iis'ie-''2S'2S>.t'-. tt- qtfa-. to bu-ff l l ' f ^ ^ n ^ , L?«TtiVml^ logt^jm;; 
.= 2.% thiV Vet 

'^YiZTt-- y , as -ab "^ , i-
i i ^ e l i t a 
Ji/'g - •n'vi' 

bcnie. 
-jT^ •;.rH?^»?g 

5 C q u S « l " -
•Zggg'.lt- 2gg^-g -• 

crarlfc^ad, iTeJ^aal ^.^1 - J • . L - I—*•—^^ -̂̂  ' '̂ — MVcal 

*pa>'i° local fiPgd btin-g'Wg. 

•2&f2^- 2g44--8': Limte^r^-ie:: A.5 At^ayg, 
\i_j/'aitAt 7% h«»ro-Titic Wnd^lohc % riHjt^Ka-fl^ coTt^f-M, mvca' 

•Zfi.4.4a-a557r.' -̂ AMP^PWE, S'aiTie-a? 28^^-•2*424 

' 2 g 7 l ^ ' ' 2 S ^ - 3 ' : LIME-STOME, ^afTK- 3 S • 2S+ff . l -2&4^'S-

•K*»J 
^ Z ^ f ^ T r t , - ^ n ^ g 4 S y ^ t ^ . J ^ ^ ^ | - o n 

vana ̂  
r ^ 

calc^reouWJ, rames Vl{on>- t r r i tp "T 
-raiYiedj_k<iQj upNMara-ti'r'f''q cViararter/ 

|c><-sJ .'VTvtoeboiq ^^pa.Tll̂ e5.' «^ c--aic5r®5tl5 CGnve»Tt. 

- ^ ^ ^ ? I I n ' t f ^ f / r ^ T g ^ f r i r C i l f g i ^ g f - ^ ' . ^ ^ y . 
a^«aratiC/;; local wavyu he*i/t-* 

Z3«/ZZ >y<PZ^ V d - ^ f FIELP LX t̂a) 
'LO<Z^/pJV V/ \LLE^ dAi-PB^^, MEW ME^^i^O" 
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« Qpn'n*3o or- dfaqene^ic brecct-

r»tDr1«ti l^an^irtspoM 

JP^SC/2/J^77aAi^ 

_5Xt.Tg_ a: OREdMtqg .— W_( 
pltv<SER|gTlC. IKI OfaaiRl. 

nlet*.-, '-'"V^ -at*- iit«jj-MTIed bunrtjutf 

iW.6-! f l»- ' J? tw ttRi!*=WseP •siJYt;^ yoWlWM»AW-WE VJP 
>yk>, MEMATiT)̂  •?"-7y cALfcAEspcg gAMPgTwi -, w i . appear 

j ^ recfj^-^tallieai, bur i t n i r e t a f n t r j 

lft9'-2?l2X;i::anVrt»d,-FracturaJ, r g ( 4 a j - jitmCTtue- bit 
••ati'« 

-* 5 0 T T e e : 3 P AMHVR. WOCUt-E î TE)<.n-CAia^ 
•5IMll-fie_ TO 'cftLXniiS. 

I ' K b t - i l T ^ ^ - b ' •,_>'Kit«, .RF"?- r>t<ltKl-, lri»«5ti=««. 
^ - rparw^ T3.-n»vigrga VJ6ITT% Vigjn- mud^torg. -, wa\fc|^ 

i r iT\in'r Tri^)amfr)a:rei^ 
# *b/p<z ^radezd h&Jding 

m^vu. ' .^^^id- '^7°^'^r&^ 

- .-Awp^ptJe, FjME-wepu&p., H s w o r n i c , LIJ-̂ ^̂ ALLW <IAJ_— 
>a5 , VtlA.\t To LENTfcDLAt- S-E-PP^C-, gt-Ag-se 

UOCJJ-, MJHVPB • li^PULef ^ lf> nim. L/ ton'a to v<ir\-

nJU£.L JfOZ.£7 V d - ^ r F I E L P 
LOCr^/OJV 3 U L P H U R - ^ g R l k l ^ LOC^QSrî  B T 

d.aHULBJ 

^Pl t •?, i'TSe 



I 
I 
I 
fl 
I 
I 
fl 
fl 

\PB'SC/S7J=YYaA^yS' 

.((.5<~C^,4_^ic7; c r i r . t W , <^<gri. - r v i u . ma-ssiv" -ss 

>^ t " I nJftt. W K 1 » 

^ 1> ? O I ^ - ' » ^ r ; iU-U CALCITE YSIRLST, t-OCAu.']' OPEU 
ieA.LiTl(=uL ' i ^ AWi- •5NiKt. i?iA.. :>l^4e A M K . >^LS. L V 
TJ 13 MM V^Hd- — f VE IWLHT UP -T» lo Vv i . V<IPE: • 

'?:7*9.Z- '5n75.6' .SftMP5TOKJ& L7. UARCCM -ID LT- SCJO^ 
g s o , r m E - g g . APT. ' i J & L L - = c x r t g p •5A<~Jl?s-p>4e. 
p R j * . ft.- n J B A i u i o ^ ; Mt^ss ivp Tb V i icuE i i j ' fc>ecpei^ 

,k •%>94--?:>t2.': - i t o ! 
UP TO -z. «•.!». f j i , 

i>rk ^>-5iixA 
C 'yHAgT».A; 

•SC&il VEI>A-eT=-' 

T 3 S P O L S ~ 

ar-4^'p^j^";sytk yp*^ y ^ t H ^ ' ° t t ^ i ^ r ^ ^ ^ 

' ta~S-i>- ' iOTj.-^ ' , u A g s i v e VL/tyfcs a t y f e j A r r f e , ) ° i t . - g < - o . l ^ ' 
s tJ tJbrScSta^Sr^ 

v n , ' 3 - 3>s5.i'- •same e s •?c?y_'î -.'%5T5-i. • 

r w a s 

a -^e^j-^i.i^A^^ijp^tje, riv,*. 
< m a - j t - i y g - To P Avg- ' t o y j - .^.^'ni^ai^'Si^ 

^ i t c ^ - i r W j y n t * - TVdu le* . Ice i ) b'iV>t"''batii»\ 
.TIPAL- F L A T / y _ _ ^ 

Z i ^ / Z Z ^ ( ? Z ^ y i - ^ (F IgLP \JO^) 
LOCZ^IOJV SUL-PHUR, epRIM^g , VALLEY C!ALpER/k/ 

MEW M^IdO -54- k 2:a<;?GfSTi> B T ^- g'- H U L E K J 



TViig. PA^e_ is feHCWAi-Ty (?iA<s&jeTic 
OJ 

M M E : ^ 5lJLft4^TE .A.S KIOPULE-^ #• BUeRCJW - _ 
FIULIM^S: W l f - ^ ^ T Z f CMJ1<TE V B W I U G 0 ? ^ B ^ 

Fee. •f O ' o boiAi 

*• 4io7-<ii''; •K:a«<2V'"=< brie^u r « | 'm^i^ ' t ' : 

~up"?D253^ le 

Il5,»5-«l2?-a-. VF, to , F s p . 9 S , li«h- rvKldisM To pint 
co lo r , ^AI3M<.-^y;rjtJgj w >/ •ipart '^-" |a«1MT>3e .rf 
\>x\c\- r<=^ -^arqi ( lacaqug, 5f/frtoivi - o p v u a t ^ -+tViiv5 
^ L < g i i t a 5 ijy ^ - h i T : ^ f h i a ;, t>p-ai-S'^ c g M i e r r . 
l^ctil oa-lciV' rxadul^rs It -sfrfMif- ' 

mai-^^^^ ^^'-^-.k^^mw^ b t A j l * * ^ 

3t?d Vnt-fc. 

^ ^ - y = 
* ? l ? ^ - ' ? - " 9 5 - ^ ' ' "li^l"- KSXlad. ca/c ' . fe / l i tvtcstonc 

< . 6 1 « , 0 - 9 1 ^ , 9 ' - eKPCCO..- -f. FRiMSS- OF BEP ^ z 

• " ^ ^ • ^ " ^ V ^ ' c ^ ^ ^ e t ^ ^ . ^ -
alio bc3 
to rri^sst-

dfiM Y-ariES tTonv wa ' Jy t» platis-

3191-'5J52,5'-, ccT^iHJiest, i«Jt«.rlaYAiVi«t«d J 
b r a g ^ i a r « Itrae^fottg, vy wrrtor |viuTyt>n r r r 
{"fe^t 

o-IS^ve 
"oftg 'arid 
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PEW f̂ E^qCD -59- 4 2:c>̂ i3fST^ BT 
^epr. -19, î 5S5 
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S - h t e ^ butjpcaji ir i.. b«i«a.Titi'c. • m'S55iV« t« 'pro 

•9?74-'9?7fc,7 : i=l?5iue SUSLE, ne>«, hi jbi j t rac t t t red-

g ? 7 ^ 7 - ?9.Sb.g^; I'fltbdal'aJ arq- Vig»»- •slfyf'. ^ r w g ^ - y . 
•5$ — •5om«=. bl«3ct>2!ti^ «>me- 5TiTi hcr^^tr-tt 

M.M,-^|77^^:^^„^^;^«^y^,^^^i^^>--^ t r a 
5Stj 

?'7SO.<VL.9?ef: Masl-crr-'5<-.,opvja'''-tCM(M'^ arK^-sit. ~ 

(partit-uls/l>' t»^rar<l ba^s*}; b e d * dip up T« W 

»?9?-^?y?-g": tigrw. a rg . •si'ttstone.. 

-9^9^- '9?97.t ' : «anv!. -a-j 9'je>.2-97«^ 

' ^ ' ^ w a t ^ ^ ' ^ ' ' ' f f«^ ' ' * "= ' ^ Srj- ^ i f tsSwt ^ 5>«i5lijiie.— 

z?yg^zz >y<yz^ V<^-gg ( F I E L P Loa) 
LOcZiTIOJV eULPHUK ^fi^MG^y V^J-LE3 C1U.PERA., 

"" MEN?; ME?^lCO. 

I j ;p .HULEU 
1 z<:̂ ?5sagy ^gr 3-M-(^MipUE^ 

5Epr- IT. 1980 
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j:)B'SCJ?/J^VYO//^ 

7 * > * .,~»a 7_», 40XJ.7'. .>n'Lt>--f- +auH(^ -2. pi». muaa/ t^" 
J ' 3 ? I g - a t t T p t gf di-tj<lacgp<eV • -̂  ^ ^ 

-«i05.7-4<^.'5''-^ hein-, -arg. ft'»<l'fa - ihala , r.ajdr't-bromf-

j^oa^.<?~,^],e. '.: \tstK-,<ir^. •fi'Vvg-y- rnai t fbg- •«• 
bleacJ^^J, towepi le cowt-ftd" I't*"'•spiffs" "p 1* 6 CK-

t » a t -55 . -SD'ars- 'V ' ; .g r femc-- . I Q C W I M - ? - 5-Mi'ifg/«1 
ds^^rrha-f iov ^ ' 

,Acv, J _ .4.524: Via.ni-- 5iliM modstok^ W c a l t a r c o u f 
^rodt i l . i^=: -a^ - a N ^ -. .—_[ 

W ^4^^- :40^ ' : , ' 5A*JPW»4S. AS ABOVE/»i/cUri'=crt 5o(-f-501, 

-f C*ct"^. pi-oS lo4<:' 

"TIJT-
- Iilie. thfs t6r 2,-5 FT 1. Qia!J&ILl-?-^' 

g>r-e. <<A>~. Ca.r-io«.«.<a< _^ 

' c>«>i-lv •i»Wc<J- •Sni.'rS^ Ktv-.'-'-'fC \,'clKi>..j 
r^c>7 

'F '̂'V • S p i - r S ^ 

•S-S . -•/sWtf 

i.~i»_j<,Vw^ (<».fT <^p+e i o c » ^ , j l>t^<Jc«ti ' f.- ke.cLcr -fJ 
«'<0'fS -^OVi? - b^g»-dA,"„Q -^/<,,^ <k-lo'"t ^ ' - V^i^(c i f 

^^ ; ^̂ ^ - . Cu i i —1 17̂  
kydr, 
VPV?- t o f } : .poi%. c^c.'p>i'e.^1~ k y a r e ^ ' 

1-UV.i-^- .̂Fil̂ i r r p T^OTfT 

<^(55-, - t^a j " ^ : poof-l^ - .y-r i^J- , VUK.^y 4 • I+"SftrH^ < - o J 

>f;' 40?? -^c;fc5,2 
t |S«f< 

4C<:^/2- ^ ^ - Z ' : i^idiji., ^>r?./_littston5.Tj> T.jv^-j^r 
w/ 5.»r;i1i-<-° lg. ' op -r< a t I s a ^ t ^QcrT;. dits 
rjidai^^-s 

caicrfe 

•-. hiih—*-.frct:,-i>J»;<z- </liydrojl^^^nnnal ^ « ^ r / T . 2 - ^ - b 7 4 ' - hiao—f-.frct:.-t<Jt<z- •* 

y^evifjV mtvri. 

Wttv. -an^. ttf <>t6. htgr-iAatit^t: ffft-ei-a^. gaw^fovic 

^ i ? j - j ^ Ftr^-^j^ i g g a . ^ "^ 5am3?t«»«-, m a 5 -

->^-..1f35^;Af'"-^'^'?'"^°"^''-^''^^ ''^'^Y ^ "̂̂ ^ 

4^ i , -4 io i>f ; *anditor>«, s r n . t o •>ihv, •3-5 abov«., *i' 
b u t \ii; <La\cx^ riMJuTid; ty -tv '^'g-Qgya c w . 
draiT.e 

eitv., 
iv 

DJi7Z,L. J / O Z . ^ V d - ^ ( F I E L P L Q S ) 

L O C ^ / O J 7 ^ULFHUK. 5 F g | l ^ 5 . VAELEg dALPE^ , MM A ^^=^^^^^ ^ ( \ - V - ^A^PME^ 
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j |oi-»-4IC6,: arg.,l.itt«torw •;. t-. y . -5«r>J'5t«ne, Vn-qHlj 
bja-acW)-^al-HgfeJ UTpcy 0-7 FT—"-hi light qf-^yt-qrogw 
prob. d r i l o r r t -S ' /•^f'?'' 

^ • ^ T ^ ^ r ; ^ . y ^ n A r ' t a i ' ^ 4 T ^ . 3 " ' ^ - T T T H T T I -iifeyy^rd- cViloPitf' t& r bei°"l ' i lCf f .S ' " , , . . " 
bawiiv\ , rarw'as t r ' i ^ nnass-iva tri p ro rn . j c -b^Jd ; * 

w/<^oi<J1i:̂  —r--'lave.>\ -iFajg-nti-op^ t°'warti ba-gg 

-^I17--41lff.7 : rtiSaiard^olomi'h''^ mutl^)r»i«-, p-artiv r<jvia^. 
' • ^ ' ' • — - ^- ^ I - : . J - - I - . - < Jqy-g^y, 

•Il7--4llg.7 : noduiar doiomiri'^ rnua^tr«i«., p-aniu rgv;a3 
dol. riodul^s "P ,T= 'P—4 cm- d ia MY wr iu-ay-eirv r u t 
up •jo ^ p\w- tpide • 1 " 

4I1S.7—4K2D̂ 9' PoLOMire, H-. a<a2nii;h-*ray, v, t . jtim., pos-j 
^I ' lV •, H-S5 -'•forpVii^n't'g- •3cpc3r6rv:e ^ / fr. yJ ' ^ to 

% oTaJwi.-qr*' jri,crf.,r»orc. coav-s«*;-M»i- ciots. "p-o 

y 4i«»-"^-4-i?^'; cjfLd. MLp5^c^g, p i . 
_ brfg-ccfa-t-sq.̂  r*?Vt'g-^go. tgidT..-^'^ '. oc<afornvg'Tio'o :'-^"°?'?' S<^ . 

'^r-aij-qrce*'- nii-»ier3l •, j i 
41g-2-4rg9-. h g ^ - . gr<?lllace-ou5 ?irt^w='ro T-ard-albfia i , 4 1 ^ ^ - 4 I - 2 . 7 ,• iT!UiisTcm«/^b-ats. 

48 -^130', r a rg " , h ^ i i l W'STorcL 
• y ' - A \ ^ \ •- 1^ . , V-f<]n-. H-.Jra,' 

A \ - !>—' i i ^ •• a t ^ - f ?"tk Cij^'to 'c8ic«r«°"s »IT»T. 
4 l ^ - 4 l - ^ ' ^ . iTifud;5Tong, \oca l^ g>;ti>gNgt^ •t-i'S-silg, 

local i f-rai. calcH-fc bl^bs up TO 9-̂ fo cot I dia. local irreg. calcttfc bl«bs up TO 9-^t. coil dia. 

>i,^-7 < r - 4 U « A ' - PCX-^MITIO MuP5TO^e. To ABStUL. pOL. 7, 
•4147-g 4 l4g-& . MOTTLEP, V j / l R R & g . POL4-eXL.--UOPULSS 

u p T>= 1.9 C ^ . P IA. *OWfe Of= -TH&SK. 
i ^ P p g A g , -re HA.VE. CHLOglTiC RIMg-

Qrav , lo^><^ ,'̂  fp2c|cj=4 ijnctej-, ha>id I c n 5 - - j c c 3 l 
ijarq-i-te. ng ju l fe^ o r ccY^incTwTis up t s l c « i . d ia. 

• •2---11«?.5 ) NUP'STc^-'^- A* AECA'Eu 

' - i l f c5 .5 -
•^us—f>C-se: ..^a<.ora;< -ri>si ;-=-s.raig-
4146.6-•Ai.e'.icailc^a.r. ett-sT-/loiLier. cjio. H-V>2-3Y>IU 

^ 
-4170.S-" a-rqill-I (<^t>- CV'MI I ' - ( i\l<l c-aJc^yj '£ou?. sibbshsrve. -rar^-

^l74-.g^-4l79-.doloirytftit. raLAd-sR-
„ i'75"'H7'?-: ifiiassiv<!^gra^ aolowi-e,,a? apovc 

fl4160-9-4lgl''. ntoHled, c a l c . mi- "J f<ong v/lO?o cVtlor/ 
caJ. nodules. ^̂  '- ~ ~ ' i / caJ. n<5<ltjte;s. 
4161-4 lg9^ - 9a- , AS A^CN-e: 

4163-4169-^^ <iR»f, <lM-CPJg-,HlCHL^ Fl»6llJE -SHALE-

4lgg.g-4^|gfc .y •. CALC. mlup^TPKe-i^lg^-^-^^lgfe..^ - c-a.i-L- Atut^ione^ 

^ ? r r k o , - concrxfchoTi-: i^p ta l l ^ ^ " - ^ ^ \ . -

^ ^ > g w i ^ ' r ' g - ^ ; . a i r ^ ' ^ v ' g ? ; f t . g ^ ' " °<' 

^ a n t f y ^ ' i c 5 'areinfat i^cout ' ' fff i-^ow-e , i v H - l ' ^ j e / 
j r ^ f r«cl osUsration 

b^ZZZ ^ ^ Z i g r Vd-^g f FIELP LOii) 
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(JCTC •• FRACTURJMS •5HO>^ Bt (^LLEfJT < ^ ° ^ f ^ - ^ ° * 4 J ; £ ^ 

j:)^scjsrP7YOJV7S^ 60IKI& 
peRJueASi-
LITY. 

-f^-<^-£'rfe^.-^- P5SiZ'Mf'";^i-^'^m7y 

uw-eK 

^.ylfU^r'^^rj i^^'" ' ' ' '^^^ ^ 
2vM4? i i r : - ^n ia t1 l cJ , •5£>"''» wpac - l i » i , -arot l)aa?oo* 
-To yiffiy - fTr ig-ara i r igd ^-aiids-fen-^ 

^WX.1 .-2^ •. im«- 39 -423r-42il î̂  
> » 2 ^ - - t i : a 4 . 5 ' : ^ « n i e aJ ^ ^ | i - ^ t ^ 4 

•^iJ22-'?->yZ2B'•• ia rpa. a ^ ^ < 2 A a - 4 ^ ^ ^ 

-W26- > ) i ^7 ' : missrve.. It- oreorvti'sli ~<3^ 
J . , I - ^^ 1., -1-1 .—'-L .^ ^.'.C. ^.•_.^>.,>%Vvj ' 

•"Tyjc-i^tr^ c ^ l r a r a - . t i s »anO-»tQrta. ^ ^ ' , 

J 4 4 9 9 - • \ l f i . ^ ' , iRRss., |-5mm catals. veinl«r. 

•fcsJtli-

J 4 i ? ^ ' ' < 2 * ? . ^ - iRREO-, 1 ^ " " ' ' c a t a l s . vein l i t l ^ ' d i p 

^•J^ ' ^ l ? ; - ig^^^ '^ j r^^ " r S ^ - j ^ ^ ^ ^ 
4 X 9 3 - ^ 3 t ' - ' m ^ ^ ' V ' z , fc.»»t««. redd ish-bwiAVi / 

r tV V?gm 

-< i -? l -424) 

reddis>i 

4 2 A ' - 4 2 ^ l - ^ ; r •5haje,.fr 
^2/4| j ' . - /vg,^4' : m a ^ ^ i y g . i_aiihttL_£i*M!i^ 

r t i i i n t i t 1 rw estoe.e- • 
4<z.A4- -•yz'i'^; arqi l t -acaao' 

l O b 

irtnfe-stofe, iocafl i j ttvs 
rqnt 'acaaog, W)qd.,Vieni. r n i ' c n ' t i c , 
af!<j nvsHl-cd YVrcauC'Cd/bleacWed 

^2.9»- 4 2 p * e : A.4. , '»^»V'^ » ^ om'f , ; ^s r !eL> 
Vip.rit-atlTiC-—nodular ^ coyicrg-tioiAarV ' 

^ -<«B2.5 FT •. FdULT BE.TWEEW AB5 
IKAL6P 

JATt SRE^CIA-. 

9 0 ^ r f ^ r r veq - pg l leT». ra re- ; 
d r j n i p t e a t» j . i t r e g . cai 
CFtn-al -'ggg. 

+1C. \ f ) 

II-
4-a,2-7j.« 3nt(l l«Cffl io«, • f iosi i i i ' teroot , vjavy-betld* 

mrcr t t ig^ . l fmgctepg- - a l t f rY ia t iY tq re f . p t^rg 
-^•etided 

micr t t i i=^ liPi-gctopg-- a r t f r Y i a r y t q ref- p y r g 

^ ^ 3r-:f—Jlrvclocie br»ch«.. j 
16 Y-e.vlla< 

. c ^ a l * . 

» > fa7 l .6-T?^ v^v<k\ ta t r - d i s ^ P v fn carbot^acgou 
n29 t iu« in l a r e e -tiajeil •fVa?^-

-427^-8-,4282..a'• . LT-J<«4. * l . q re««nW 4o Ipro-^ l is i t 
<trau t ^ V i t l ^ i w y t r ^ mae^ iVg- M i cWTe . porr. - ^ « « 1 •»<5>vrttt" *ic>,9 o r . 

a&-2..g--^^g6': i T d f k i l a r - a r g . c-alc. Viem. -al tst-
~r:^z=^—^-.[^.li.- —^.J. j i . - . .^-L. All—l-..«^i- i/\ ^ - . 1 — ; 5 OJ? Tb « l l ^ ja i r lO arĈ  - d i g -

^ -2; \ii.drstli.ei"ivi-a.i 
'2. CI*, vvi'i^-

' W 

\eckn-

acsouf- nflessfve-

^ ^ ^td"1^\rt>,:y^>;'^ "tf^r ĉ  
anpg f i i ' ^ -q rQ ' 

^M ̂ , " SeCiis M^ 
•ay 

1 
£ ^ £ ^ lAg^TO 

y pre-Sgr 
:'|J*J*K7Z-

Tio«? pc.; Bi'^<a. 
Ul^ TO AT 1-E/iCT ^ CM W1P&- hto^TW &«c,«f-6Fgg«l 

n/^/Z^L J/OZ.£7 Vd-2g/Ei£LP LQs) 
L/XTr^IOJ^ VM-LE^ dALPEPA, Mĥ  
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J^£'SC7cY^^770J^ 

/^'^•jray 
? f l ^ i raou»"? i? r? f t f̂e -̂e-'g^^^ a: 

GaJcrte-c,«'TW5it>x3~ 
7 /J?/" • i^f-^ 

^^ '•9 ' lT5c ^Ceous 

•tt'<^ ll ' ine«tooe ( ' * + a « * t l ' h a < h V ; rt^ora cnV l *H. ' biTSCj Ti'<^ li ' ine«tooe ( ' *+a«*tL.«a '»nV; n 
pelgcopag bnj&isoaw i r a g w e r t t s 

- » g i 6 - 4 9 a g ' . ->effg SS '%307-^-e>\\ 

• 4 -» l f l .? -43 l? .5 FT.-. 1W«*& ,C6LC<TE.-CfiMEfJTpp HyiPRO-
TH&p* iAL e t ^scc iA yeiH-e up T " ig I H M . vv i t g 

: ' iZ9 '49^£> ' ' . N o d u l a r i o o r ( t P ' ' f e d , Viia|Vi|v c a t . - v ^ i i a g j / 
pu--r jcJr , prob. a r g i l l . LUVCESTZDJE. .. l o t a i f ^ S p r . w i i ^ 
'?; d f e s : W n ' t e - - irrg^T-, rouHiplu-<ii^lrnp-}o(< 
" c a l ^ pv" V4AI1<T5 up to •zr3 nitn. -wia*--^c.s l^ pv" v ^ V l ^ t s up to •zr3 nitn. •wi'<: 

- 4 3 4 K - 4 9 ' » e i " - LT. SRJity &16CLASTJC L 6 . , , A 5 AiJCWE. 

•nsc 

^ ^ 

'4-y?8.^-^-»}6- '^ 'v 1-le.da^ar, l e n t i c u l a r b e d d e d , I t -
g t ^ I 51 • •arg i l iaceoos »Yti'crTtit-lt'mc?lor>«. 

» 4 » H . 7 - - 4 ^ 4 ^ . ? •• HyPRgJTHERMAL BRECCIA ZO-ie-
lBf=SS., MICH-AMSIE p j t pil£SS 4^TKiMSEPS LSF V-
fe.g CM. vMipe.; WHoLe ccRE^ — -f- ci-fl,-?T5 «^ M A T R K 
MICRtTE. CALCtTE v e i l l MATfeBt.M- tU LOC-Ai.l.i/ FTl!tT>=-, 
PAJiJ^ ^ ~ - f OLCJTfe. ( WICRCTO-M) tvlATRIl'L. ' 

^•?r. ft?^^.fii^i^^T ;̂ (? ,̂crn^>-'̂  v i fo—4- cia'sts 

436li-'<g^': intgrbgdcUd dfc. gray, prg.̂ utnab(^ 
oroanrc-rfcit-, micTM -̂ -^, „ , , - - - i . . , 
<a.rh{ l l<iceous ' l i r a g ^ T o p g -awil IroViTer cuya 

•fo m e d . - ) i l n . P f o c i a ^ f c ^ r r resTOfe . 

•̂ a.;>,̂ -̂ .V:>^?f?^ggs?;̂  yv/rtPc^i{-^gifet4V 

^; ,^cL^"- .1^ l td^1^i^& n̂ »>3r.Ttc, . ^ ^ - ^ ^ . i -

• 4*70. f t -4a72'" . coM'Spicuoasij' NOPUI-AP-.LT. OFA'( -&RM., 
AK/^lL. l -?^o SlLTf MICKTTS. VJOPULg-S • • ' g U x M - U t e : ' ' , Of 

^ S A S r 10 CU. PlAMETER.. , 
•ry77 • eCMSP. FloPLILAR.,HEMATmca. CM-CJK-

V . F . GR. ARCTO SILTJ 55 r Lai»«- Ull^e AfiOy 

-^^77- •^^^'- pisTiMcnve, Yi6elu>ar to Ignti'coler-

4?Sfo -4-367.3: CALCAREL-OS, FISSILE, HEM. SHALE. 
• 4 ^ 6 7 . 3 - - 4 W ' ' 2 ' : M e M * . 7 n i C . LOCAUiJ M^POI -AP, , 5- IRDfts i j f 

^ ^ y ? , z - 4 y ? ) - p ' : sFuJ-cwf , LT . ypn -gg / t ^ A P A . ( ? ) M i c R n E 

• 4 y ? l - 9 - ? g •- st^Ate A-g ' 4 3 7 7 - 4 3 6 ^ 

• 4 9 ^ - j 3 ' 7 7 : -SAME, A S 4g77- t9a^ , g;tcEFr FLiRPLts«4, 
HEMATmc, APfi.iu-Jkcieour MWwjC 

49^7—441'?: »AM£ A.'S > t377 ' - i g« . ' 

j - .HULpa^ 

\0 9 E C . \ ' ^ 

i v u z L j/oz.£r v d - ^ ( F I E L P LOgJ 
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J^^SC/S7Z=Y70A^ 

' ^ ^ ^ ^ t i ^ s s r - ^ ' ^ ^ o ^ ' r - ^ ^ ' T ^ ^ y ^ - f ^ s m ^ ' ' ' 
4-*59 

J ^ \ < ) — A A ^ ^ ' M I C R J T E , M e p . e R A V ^ F l l l g VJK^f< TQ 
LCUTICJULAP- UAMIMKTIOMS ( - i T S t O L ITE?.? V 

L 1 K E . T H 1 * ^=> 

• » 4 g ' 3 - 4 4 3 3 •(>'•• WAVY To L & M T I C U L A P - B g ? p s ? P W c 

— ^ f . pOYJUHC>LE. ^^>- ̂  CM -THICK A.T T H l C C e y p FOtKiTj 

A A ^ . y - AA'\(>-' i^ '• ^^gLACK. $H*J -e" TO Mop^TOfJE, WEAtnLf 

g^jg^'^ai k r^^ '^k'^i^ '^^^^^^T^ Ce*iCAi8--~ 

i f W „ ' L - ^ ' > 2 - 0 : veBv( FOgg lUFEeCKJ^ &LAC1C S H A 1 £ •!& 

P t ^ e S e M T ; ' SH4ELLg u)'' - }S ' S C 

PEL 
a t 

CM ll-J LgJJS-.^if^-
4^?.<.-

CoAl> z 
- ^ ASSEMW-ASe 2 e e N 5 TO & E PO^IIMATEP 

rOP^ BLT AL-;a HAS MIMSR e.O(gAL. 

'4?' DPeo Ft=>5siLiFeBCiL» LiMesjoME 

4494 -7 - • ' 14W '7 ; •WvUPftOUE, FIME-MeP- S R M N g P , TMIHL-f 
X.-eeopep AT L O V ^ ^ S . 

4 - t 5 7 . 7 - 4 4 ^ o - 7 : P^- » R " i '.lUY T» ^AMP^ w u p s j n j W s H A L e T 
4 - ^ - 7 - V 44<;fe •. ot^. frlfeAV, A B ^ . Ta - i L l C H U f d A M > R g o o ^ 

POLOMITE. , „ . , 
•4464-^t46'?-. L T - M E p . tJRAY ?HJ< , S L . C A L C A R g o m ^po<^-

Pnxwnic. ^HAL&'MUP-SRJfJe. 

•44fe'T--4471.&': -bluT^ARS. COLOMrrs, «Jv(i!. A« ' M f c o - T -
4 4 6 6 I 

447l-<>~-4^7-1 .• (jopotAn.^ejjXA.efiOus siLTSTCtJe, B E C O -
TSTMS MORe MCMATI-nc W I T H PERTH 

J U r U - A A T J ' : l-JOPuLJ>R, CALCARBtiUS, ACS. F i n e - S K -
l^gWlATtTlC -SAMP^ToMe-, »RAJt.5^y O-ILORITIC 
RIM-S OH CAUCHre MOPULES. 

•447T—4401 • g L g * g J 4 g P , ^ i L T f i ^ g M - S H A L g \<y 

- ^ S l - e z . ' : I i j t£ - • j . i a ' i , | 4EH/ F .6R. -SS-
^• '132—4^!0?-7': M O T T l ^ D , U o p U L A R , cALCAfJEOlAS 

IMUPr^OME TO A j m i L L A C E O U S L I M E S T O M e . . 
' 4 B 3 . 7 - 4 4 ' ? o ^ PARR R e P P I ^ H - B R c w M , •sptiR^s^W IJOCO-

L A R ' AR&TLLACgQUS T» 5iLTy F ^ I | J ^ - a R . e^iapaTOWlE. 
p e P P i t * ; , A S A B O V E : , O M L - ^ V A S U E L V P I ^ ^ E R M I B L E — 0epp iNs, AS ABOVE:, OML-^ VASueu< P I ^ ^ E R M I B L E - — 

- 4 4 * — 4 9 0 4 ' •. fKDMlMEMJLY KlOPUUMlv, VUtt-V TO MaP-
H E M A T I T I C . A R a l t ACFOU- i TO ^ILT^f R N g - < > R . Se 

^ X k i " ^ 
.VAX. r 

13^ ^^^-^1P^ ^F f^v ' ^Rg^ '^^^&^ 
UOOULE'S A R E U . SRai r U I M E 
Ti3 W - Q O M - L I R ^ U P -TO A.T U = ^ 
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j^ssczsrz^TYoy^ 

.ROS.f : *pa-r5i 

^eptC 
&-.4<50i.«>: sis (iuier, c a j c . $'fisr., rviod. ca \ i 

<zr- I'^spjar'sei^ tt55<nit<zroiJS. ... 7T^ ou^SPT^p3?ieI<7t^5?l l 
4gif7. Mgd. gr-Bu 

-nous. . . 
niVoclit6i-i <• I s - *<->-? 

.-siM-^otig: . orSb. <>roQinic.--ric]ft d vty ^vell -b«£}'^«: 
CggU7 -siM-STo 

cpTic^Fdant PMriHc; band*-

t l i^ tT.WcocvtVvlA Yvio(,«. 

and p<-N'jts.-n"'^..t''»^'l= t>i3l« ^ miii^«t?k/5_L.. , . nCjffff"J.»^"purrtKL'*ti-arJ< u f Ta "I '^rivS. TVIICIC; 
(Ids are. sblTd to nodular -modules -̂  (p miji. dfa. taods are. soMd to nodular -modules -f B mtri. di'a 

'5w.4->^29.y- . M>^4=MTE."r*edi ? r a v . s t u M f t i c . 

-5^2^ . ^ - 4 ^ ^ •. - A M 6 JS5 4^|-;,5--J^^,^,4.' 

>Tg?g'-<g^'g^. Pt^. gpA'f c^^S. ^ Pi'-WCH MA-S-Sfve-

•« 4^?4,- ;u-TE-fJSeu^ , f^T!' ' '-. ' tii'-^i'̂ vlttl'H-'&u.S 
»?»';K \'g.;r:'.a^ j r i 3 » t e 4 ^ ' u f:-c> f-t. ccr^. -axis 

^.i;qgf^-^r}tM?g^g?^g,;>Ragt i ' y<^ r i?^> 
tr^ 

r.>L.dg-oy,^ Ta ^H-TTs\t=-\ »t/ -t, gy^.^ -fa . 
g->g- up:7t-o '4nVm.THi(-|-!--U-— ^ t i r c x i l 
s ^ , cbn-spiciJaLisjV: .cVilan'tic- mft'tS' Is. 

-t«d4'sJt/ ^Z^-g^jgg^-i'^i:^ ^"^' ''^^^"^- " ^ ^ 

4'??=7'4?>£>5>,5 Micjate., nTved. ara>f; csl \Jo|d1?=--tcaiie(i 

^ 49^-3.5 —4=774.9'-. NKipSTPMB, vari'abli^ c-a-jc-areoci^ 
££S.^ rrKyvc ?o.,ToVJar3 Top o f upi' 
^ ^ ^ v.'/'f>ii'cn te to i^aro Top ;, 

t urrt— ac; 
y/ fYii'cn te r o i ^ a r o Top •, 5f^rexzlo j69-sn\\^.r\ 

^ . ; y % - ^ O j . - litfing , CLSA!iajTSJ> JJ?MEP. -KUJ 
:Cri|AC2 i/l'/J 

srKSiS_ 

CALCITE — i - M £ V06 AT TOP 'Z cu. 'w ipe nwep 
-'P^^-^Mt!'C CA!.C4TE jO-S. u f "JS 7-F mm • 

•4577.1— ^'ytfy.^'-. H a m a f f ' ^ , fi'MiiiK^-' 

- > - a ^ " f i p ^ t ' ^ ' 7 f i r t > l ^ ^ ^ f { v ? ' ^ w J Wf-5>^^stn7,>g 
'i-7'>.-—.-rJcjts 11,-dols/i n«TiS«J (tycJil.—.. 

•Si'ba 

»4'5 
a i 

i - 7 r ; - r ' c=JcJ l i DrdoW n «>ip«J "ttV cJjI. -.-y 

fiT'asd t^'iT.2 3.-Klvi. ca lc i te . 

n t u d ^ - H / l g / "orairiu *% 
g^ft 9 « , • ^ f jF r t -

JBÂ  cUhrriit x 'T& i . ^ ' - ^ ' i ^O : MoRied mudsTong, • spy j ^ ' ^ t^l/iprrfit 
h<jvsf i ' t t !^ ' i loiter, •3',rrii5d--3burd, calcrffe no<luies> 
iSi-aifiu ritrtflVte/ v// cVllontt- in y f \ r r : 

^^'71-'»57g--<^'uaouLAR^ h&m. mijdffon-* to 'ji'ltsh»re. 
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^ • 

j?jS'SC/s//=Y7a/^/^ 

u u p e T o t J e , B E C o w e s M O R S . c J k U c A j a e c u s t»J MUPSTOlJS . B E C o V i e S MORK. C jkU 
(SgMISgAL-^VJITH peJT>t - ; LOg-n.lJ-r MOP. A^BO! tJo. 
Piss. P^Pma. iU MopS^' ARiSJtLACeOOS PEPS. 

4fel 1.7—46^0^••r/!''fc^M oc>r}-/oli,rfe--lacli^^, r ne /^ -

'̂ porffin TciT^ V s i / r - — o p s n •ST 
•^l- 'TC m w . 

• i S : , t n o d u l a r , c ? 
c-a/c:a/?got/y -y 

S^^^^^ 
SI n-6Tonc-

».<2.tnr»i 

ll-aoawS 

A i T I S ^ y ? - ^ ^ '• LT. GRiil 
^ L - O L O R E O O S . b g c • fiVier-<^r. w d e p t v -

- g a v t c c - r r 
" ^ ^ n t ^ m ^ t t o t i ^ u / ^ 1 5 ^ ' . p t / g L ^ g o r a up'7» 9niii 

d i ' a . ~ 7 n d i ' 3 . ,, / 

^ T z : ^ 

/^/r^^m-^^^f^jmf^f, 
'g u j / c o i d e -

^ ^ s ^ p a r ws^-̂  

4 M S ~ ' { ( ^ ' > ': w e p - P i c (tRtt^, t -hrnwr2--aonim/-bedi : iad 
^ 5 | L T / ^ALlPeTOLie. B&At lTIFUL'NRipg g j i ^ p ' s T ^ 

FL^T LEM6E5 in* TO ki MU. TBKX. UJITHIM Oi4 ' oF 
I )1^PCJL cbfTTACT. 

A b f ^ - ' K ^ , ' 7 ' : (PTZ-RICH MUPST&ME-/ MEP. &&«<• 
RR^rUl^jFUT p f UaiMLgT? u p TB -3 K<V. WIPE ' 

arts rnorflM - t o ^ i l r t e r o u s v.<r. xln'- li'ipST&''= — j u b ^ 70 
rourdgJ . UP ta a t ' l e a g t -2gcm. I'r. diamgfer-, r v i s t n / 

' ^ 

Tfe cootai'V's' w'AniricantW, rv>ore o r q a n t g. a r o i / i a c o u ; 
gfebrii 'i cal<i-i>= v-eitifkr i^mrn-tuiife. . y 7 ' l ' 5 - 4 ^ ^ | . ^ ' 
$t>r>ve j i l s a - J ^ - a t / t o p cV- i /w?' 3 / T S rhe tn ,>e . ivef 
in f r - a fT i rn 'm^o / i^ v r - coc j ' 3 . 

4&fcl.5-4W'5 ; ^ . F^J^SILlF^ERCTJS, COfJTP-TET^-BCtJPep, 
. . . , ^ 1 . . 1 ^ . , . — • ,L—*_-.-. . ^ — ' i j ^1 . .-.J......—.JJ,, .^t.—^— ARGlLLACEfAjS, Ll»lilE,STO>je;— - i f f ^ n i t i y X } cf&rh- " " 

^«a^r ^ T h n ^ e r . / r i i h T e r < ^ ' r ^ m c n ' h -aiT'Si-i i r y 

c a l c 

sr fcssiVs foss i l s i h . a r a . a t / 7e r . -' T j i T ^ 7 7 ^ 
-Cf7-'>'} y , A k . - h r a c j . qr<>.-nCJi . » -FoSs th i s ' nu 
. tT\ua5tone-—'c_iJr ia i ' t r a ^ ^ . v . c o t t i r n o n . 

4 t ^ K - 4 « ' 7 7 . 7 , : nA-ea. cxns, ' ,-araiTI./Jiicafti \ ) , . toS5 
'gSrtfus-, r w c n t i - r I f rv^e^tnr ik ; t jor^r^ -abjJvid a i t t . 

• 4 ^ 7 7 . 7 - 4 4 ^ - 7 ' : .SAMpe 
-R> (.EMtiajLAe. (c 
f OggAJ^llC-RJOt ' 

LT-MEP. & R ^ ' " " ^ " ^ . f j r ' ' 
eptTS", B6CCW1MC MORE. 

^ g . 7 - 4 ^ g 3 " - . Q C . ce^tf p „ ^ | _ . ^ _ i ^ ^ , ^ j ^ . p p (-^;^^^^^ ^ 
p.rre-RicH- «.iLTV MtJP?-rawE; C77. PYjilTE, . . . .,. 

SfeXlKllSf^, C O U C E R T P ^ T E P IU CoKCoegAKT 6AMP9 ^ 
; , \/,V. F lUE-

UHK!i.5es UP 1^ 1-2. I*M . "THICX—-i'Vloe. v r v ^ j . C1<JTS. a t 

4 A S ^ - 4 ^ 7 ' : P t . 6RAf I OfUi-H-K-H, PBLOlP-peARIhUi 
TinidPilfe, M / v s ^ i y g ' ' ; ^ 

k-.^!-.V-*l&^%^: \/AKYAiSW KIOtXlLAR, &.RS. elLT6T( 

TT 

^-j?^--V.<Sg-r: N/g^ATAJ^ VJODLU^P,. A J ^ . •51L-r6TGRg 
a,l5" -ajVies im color A-^in ptTTpksJr^^pmuvTTVTroijqf a,l5» tj-aVies Vvi color A-- ît( p u r p l r s i i - b r o L o ^ ^ 
I t . y a t ^ - c ^ r ^ . / p / L - t - • f r 

• ^ Irrna^tPrte- • , 

tcftVl pUTpl H-. 3 T a i j - c ^ r - « ^ ^ -

Zi^ZZZ > y ^ Z ^ V d ' ^ ( F I E L P LOa , 
LOCZr^IOJV 5ULpHLlg SpklKlSg, V^LL£'3 dALpg0^, KIK/f 
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j:>£'SCJ?/P7YC>//^ 

-fu«u\iviia- b«iBt'i»i'5 m^crrtc.po**. *rg.i ' 

cl»/ rn&mrilrf $ rejrT7&. 
'iI9l±Z'i7> loi.±-

;r.afeift 
... it,- 5%' 

V/y fi re.rri/e.-fs. 

araiilai 
rua6-5iyg. 

^lU 

araiTiace»i •5 vei(A\ci^r^<^ 
•• aVer ' 

^2_ e % d(>5.^ Pi-— ^TB/rs ••^0,'j. rn0 . "̂^ • 
4 - f / . ^ -?7 l^ f f - - . ^ggcg^5TALU£En_ V. LT. &Ĵ W 

-l7-?e.e-r-̂ 7'*5-5'-' waLV/tLtricrĉ e:? ks64<2A 
art^ill- Ltfig'STt^.E: " • 

^iVe •sitt'stona- - ' 
744..2'/'^°r'".A'f'^''^'"-^''^j' c a i ^ - a r e o u s , -ar?. 

^sfftgtorig to -5rHu l-i.—fVied. ^ ' " 3 ^ - qreg»-^ 

rmdWai^S fa sYiafentTroV.- ' ' JXoet te t r t^Dvri ' te 

•ID, d t leaet,-7C»t. d.ia.; up To 5^Ct) cvri't^/ 
r I r It- ,1, ' 

.„., lD~dt leaet,-7C»t. 
r,^oTtl<-j -as podtj leg, t rTea. ' , t ip 
a m —T^-c^e o l 3 ^ V 
f? rMcriTg- ryg'jlg^/ 

!7^--4759-- mud i ton^ i 

•J U r 
3 t3^ 

5 ' > ^ < ^ i > ^ p < ^ ^ 

'zd.c^« 

-̂ "B?̂  - i i r^" "iwdfttofie/ai^illr^, rvi<za-^r^/ s' 

^ ' ^ ' ^ i c ' i V i g d ' l iv i^^fane, PouR voVii-fe > V- rf.'^ay 
5P^r*^l4i di 'ss.rt lects t_irr=t i . ix^ssses LJ. P 

p<2Ja*-n\a pVfase •- r s i a t t ^ ^ e ^ s.-;hYdrite ivi V e i n ! 
., Qf4< yibr-anl oregn '»gr,;,Vg f ? • -—^Tr- 'dggp 
3S1K. dl55- nM>lcVal-4rycij. C-lot >^'2 IUVR . >LBd«. • 
rfoes yigf ftpp.^.'ar -U frfe rMyU- fHQrk-gr=^ 

«-(£, ^^f" 
^^^^g^";.%n'^.^4"-fy'^-s.-^J(^Iiy.7^^' 

I'amiwatp^ — 
f̂ jf.'m iiA cortcArdef.t 

m^ 
d j ' a . / , L 

^7-7'i-x;774 : ^ ^ above 

Jaf . t "V^fyit y)3'e. A •r-l!=>l l e - r ige^ — 
r ^ ^ 

gfe li^ ' a ^ • v-l',^^?|3;: ̂ |j^f^^^o^^^^,>T • 
V. iti'«j v')v>re. r^-5'vl' 

I'l p i j ' r i t ! ' - . . € r o u ^ — k?c3'-t''3i'<^5 £-1 ^'-j--*^""' 
tt> ; : ; • . IU r.itjfj^i^-e-^. 

47>f-4777.9': lammai^i^nnLd-npfle., med . -^ rau , nr- es 
OTQ^VII!: a e -at)«Mg, btft 5Tnl Jui tg . p t j r fh ' c 

4^-^^?^->nr gRSOCViii.- S 2 i _ 2 E ^ o g M E ^ ^ ^ ^ ^ 
AJ^^sv-LAceoo-:, d;RS--&GAR4iaa « pyfaiTic $iL:T'STB»je 

•4795.^^-^7«yo.fe'. '»>pr-5ap. pEF&eM^.e^iLLf.cigO'-^ 
UWS.5TD)JEil.MUDS3&>^, -5IL«T''-?, ^c.tl i c t u a i l ^ a ^ 

eecia '^,^m<''. m^-i '^jy^fj^rrf^^'-^Z':''-^ ̂  (rfwrr iir i m ^ - r .j-f , ' • ' .,"/ ' " " • y^vi'i- 3 -

^ASy •^,fjr//'icjeoo^ -ho "irrtu irrv^'^iarie. 

coar^^'-qra'Trcd -senq^torie. 

i:>/^/i,L J/OZ.0 vd-gg (F )EI ,P L Q S ) 

LOCr^IOJ^ ^ULFHUf^ ^pf^M^g VALLEY dALPS^^-
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'-vlsrtg'. 

f ^ 

^00-

4S^ 

^m> 

4&0-

Am> 

4^54/^5^^^ Lotus' 

WOTE^ 

m 
Fn^ 

gy '̂ge^c -̂
^sl 

4SC7' -a f t ' -
CL'll • K H 
* o . ^ ntlR-

j ?£ ;^CJ?/ / '77aA7^ 

'̂mti - ^ E on f r a 
r..;H<^^.,>v^|^,^^r^^^ 

.•t#7W, 7< 

^^j.4yL^;:,g^/-^AC^^'• .y .w.i^;^. g^a-rViy v g r a n u / a s " e M h - c r l d & i I'H r n i 
rhaTrjK f<J5uuisiiP5̂ f̂ LM£̂ T'0HOAn PE»M5 

t '^.;<i 'y^2r-%^^.^-^y^y^y^. 
r]<vr/af/ 

PIP- ' 'O 

H & < 

FfiXLZP-

cViertv 

" iT t io mudctoite. to 5r i ts t '3 | ie-

cMforl i i 'c 

^ ^ I f i ^ ^ ^ ' ' ina palShe? ^?r; 

- t ^o^ ; ; ^ ; ^ Te^ t f ^ J ^g ' ^ ^ ^ ^<=^CT"-^^ 
li-<*eVtr>ric-,; to A&^77\ r^cf 
t^>iV)r, YTiu<-J< rutoire ynd i i ^a r f 
1 ^ ' g ' r n f r < i "jaa' 

rutoire yi«d7i^ar ^ c 

4e6a 

f ^ -? f /S^ . A ? ^ - A ^ ' : •^-argg- -ae. 4 g 4 9 . 2 . - 4 g ^ ^ - ' 1 3 1 ^ " ^ ^ 

5R -ilL 
C^EKlY "Sils. (c<-al(>J cotv\*»v)Vi-T WM-alves up to -2 -3 c m iti 

dram..E5<rr I ̂ r.-lsngtl-^- , ,—. , ,,y . ,. 
j i t tL t . -a j -^n i -acetu- i , ( U i l t r i p ' c , l o c l ^ ^ t>il icecui 

^TO 

f̂geo 

> } g ^ 

OR -SILtClFP. 
^ ^ ^ g ^ 

open FRt. 
-, Rp.ia.sp. 

_4»7^:^W£4^_S*M£.Al_4591r4a&^ 

r i fe: f co-arfizfij Tn9siri't<3rou<i biacVa^r/i:. /-s 
l oca l ly oVierty '^ 

Fos-siLir 
FER.C3-:? 
CHERT 

487f.<7 -4£SeR5i C H E R T , fo5s l l i f< 

partings. 

van J 
'arqillad£c>u& 

WPKCTH. 
IW CRlSlUy -3ii <iiALB-'- YAJtlE-TY — HYPRCTHERM/U_ 

rwlPNiy 
&^4& 

E C S V -

= HSRT - ^587 .7 ' - 49^5 ' : 5AJJE AS >^f f7^.5-4ga77' ' 

4-^3 

. . -V. Fl-^^tLE -4e?5--40/fe-9 : F/S5ILE, FBSStLlFERPOS LS. , PC?^. 
D ^ l r ' 3 c c d - k e 3 r i M ^ 

A ^ ' ^ . ^ - A & ' n . V : »>^ t ' ! l . ^ fo .4^) i fe ro t i ^ l# 

DJiJLL J/OZBT \ d - ^ ("EJELP L O ^ ) 

LOCT^/OJV SULPHUR. ^f^^Jj4^S, V-^J-ES d A L P E ^ ^ UM LC <̂̂ i3fSTP B y f \ . a, 
j ; . HULEM 4 
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j:)s;SC/^/z=Y70Jv^ 

RysHLiFeRou^ — loc-aiiy argrliacAJue. 

A'7P.\-Aj\'7-J •• Mic<ilTe,rv)ad,arBYyt+i,fW<i b e d d e d 
4 % k l r H c r s p a t ^ e . 2 : v a r i a M ^ -f;i»srlrf^rp»j^/ fi' 
fivna? locall^ 3\5>LfVWar»t> -5C;*4t«re/i, UWdUlos.* 
&r^<niareoti<l pertftldrV 

lUlo&e., 

^V7l6.1-- -'̂ '71(7.1 "BLACK* iSR/S^RtCH.-n-tlKJL'i' LAVtlMCTEP 

4qJ2!-'4^'iffl^^i5MY , (yi-h-a^rwaTV^wa/ CiSi.. 

n!-.7 r a r e . t^Tg • -sa^TT g/-3//^ 

4??r.g-4f-f "• eryr'/fscsai/f, .fe/si//rn,W-r/cJ!, e/k-
'^r'-ay /inizTfoh^ 

•lliJji^S:^''^'' ' '̂ f̂5M4(c." o7r}-Shr̂  iyi^rit^-rich 

ocrr^ 
it:-4^?.S-44 •. hiahia i r n 

i ^ r e j ; ^ 

^^^rfM C3fafT-p<p:i, 
in/et 0 ^ i - , f mm.' ijOid̂  

I M F '/Tiafjc-

-^^xm^^ ^̂ ^̂ f̂̂ vr̂ "̂  ""^^ 
iiviiu-ogjfTga TO larHivygreo , 

•^piToiRnre n,?aures, ' i. 

^?^^,^-.f?gc>^: filppfcrne., 'art;., f-acvrtW 'plaSi-g-
.i',e^4'S?APyXiTf'^ r _ , ; i . - r ' : . . - f L _ - , , i . 

3 ^ iij'is ora(̂ >-rfcSfl, cu t ^ irrej^: pu-^PC?. zin tip i«^ / i l m m : yyiae-< ^ / - r r / yrJ 'n 

• UHIT eiux bU V«l^h--f/p8niw o fZ^ <grg.'y«tYil«ti 

"aP^vE. fd-
" J / ^ f S U f l / . 

>6<y/-) Y^yi«-^llsi'*or esR^atlh.Vfilrne 

z i ^ / z z >y<;?z^ v d , - ^ (PiELP LCg) 
z<:?c;j7yay 5ULPHUR f ; p ^ k ) ^ . VJCLLH^ dXLPEf^. 
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• ^ e n d a V 9 •\7AS' d7̂ !f̂ )£>C77 ? 
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H f T ^ 2373^; "rJTT 
- p n U I h).j 

xu i 'eSu/K- ATS. 

/• B j p u / -iir^ -z, OJ. 
-•zoi/c/r>i-i^/pp»u -s/evoqc^gg 
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Rgy S6^~^ST 

rij.' -r(f,iKktQ <s..—-B/jp UJ Ufa/ 1 1 ^ 
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•p^^JllBis^y^zJ 
'^//e./pj&d4.<^->rzy^<i,-W}i ST -aî vvs. .^2^(i-%c*a 

•jgaV '-^ua/sM/i 
7iJ< 

7fu6 :rp-P3l^ 
teJ r^^^- '^-^c^ 

w.iu'/^licn -zio 'j^/Wp^t/jsA'paj/n 
^ "CIP^S 

asei--.r:'.l| IS 

6u/j.je<f. 
)^}i- p-isAvJo • . ^ ; ^ -y^fe6 

•6us 
^ 

•s-UQ^pnai ^ M , g/- aUojAU/^ -eJe, TisJb u i j / d 

S l ^ o A i - s U / . n -DlJ./J:)lUJ ^ 6 
7 5 ' J / 7 C ^ - / e 7 

-ILK) I (ll. Jrin sp/np^iJ ^ .sfa/c^ fidjfxajoueoi C&JQXS-

;; i—/.M5ij-.-3.iM«.6io -acijd 

"zH 

' / ^ / . ^^^^^ -^^ "^ / ^ 
(^^^J'^ l f l 
g J A i R F ^ - ^ ^ . 

• ^ 
VAf ^ ^ ^ 

J^JSi&^-^^ 
- ^ :5 i i 3 r t aQk£ . 

"dr "7 B.ip«J -UKJ ^ OL dn 

^ '^V^^P^^^^^-'-^y-^,^f^^,t77^ 
)^ff=°1 

,57vozz,://2z:j^^cr 



- ^ U a l E tfUAttfg. IM ClOLUMK HEAPlUa FHJM eiLlCIF. TO EPIO?IE 

J?£-SCJS/J='770J^ 

To *>vas.â : nfAKBCs, AS APove. 

•n fi i'<>/7of&, i7t^97^rp9frr / : 'o£f o^f^^^ , g / ; . j y i ^ ; ^ ^ ' ^ Q ' ^ / r i ^ - ' - m ^ r ^ r r r . 
TfTri^ 

$f?eareu:/, hrghfu •a.f^&'ed 
>V,^; f^W.qri'^f^nCf^'^'pT.riP^-T^^ m 

: A-S 3/ai/<g, 
Ci9/ 

^^/- /7,o/ 95 Trjtujn^e 
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SAMPLE ACQUISITION 

Core from VC-2B (as well as VC-1 and VC-2A, previously 

drilled Valles CSDP coreholes) 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 in person or submit requests to the 

Repository's curator. A companion volume to this log, 

written by Virginia Starquist of LANL and containing 

detailed curatorial information, will shortly be available 

and should facilitate sample requests. 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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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 

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 

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 

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 
FXLN—fine-crystalline 

G—grained 
GR—grained 
GRN—green 

HEM—hematite 
HORIZ—horizontal 
HYD—hydrothermal 
HYDROTH—hydrothermal 
HYDROVOLC—:hydrovolcanic 
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IG—ignimbrite 
IL—illite 
ILM—ilmenite 
INC—inclusion(s) 
INCR--increase, increasing 
INTBDDED—interbedded 
INTM—intermediate 
INTRAFM—intraformational 
IRREG—irregular 

K—potassium 
KF—potassium feldspar 
KFSP—potassium feldspar 
K-SPAR—potassium feldspar 

LAM—'laminated 
LAP—lapilli 
LEUC—leucoxene 
LG—large 
LIMEST—limestone 
LS—limestone 
LST—least 
LT—light 

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 
MOS2—molybdenite 
MONZ—monzonite 

NOD—nodule 
NW—non-welded 

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 
SOLN, SOL'N—solution 
SP—sphalerite 
SPH—sphalerite 
SPHAL—sphalerite 
SPHALER—sphalerite 
SS—sandstone 
STKWK—stockwork 
SUBH—subhedral 
SURF—surface 

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

TEMP—temperature 
TL—total 
TR—trace 
TRANSL—translucent 
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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 

i --and 
lA —about 
4- —angular 
= --equal to 
> --greater than 
< —less than 
^ —less than or equal to 
>' --micro-
// —parallel 
-•- —perpendicular 
'^- --secondary 
i --with or without 

SYMBOLS 
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