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PREFACE 

This document contains core-related geologic and geophysical information 

about VC- 1, the first core hole drilled in the Valles caldera as part of the 

Continental Scientific Drilling Program (CSDP). The CSDP is a collaborative 

effort among the U.S. Department of Energy, the U.S. Geological Survey, and 

the National Science Foundation. 

For more than two decades, workshops, panels, and studies concerned with 

the CSDP have consistently selected characterization of active magma

hydrothermal systems as a major objective. The Valles caldera has always 

been considered a prime site for research coring because of its size, youth, 

preservation, hydrothermal system, and extensive subsurface data base. 

The attendees at one such workshop on core and sample curation formulated 

a set of recommendations on drilling targets and supporting science for 

shallow, intermediate, and deep wells. From these recommendations the 

general location of the first CSDP well, VC-l, was selected and a proposal 

prepared. 
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CORE LITHOLOGY 

VALLES CALDERA #1, NEW MEXICO 

by 

J. N. Gardner, F. Goff, S. Goff, L. Maassen, 
K. Mathews, D. Wachs, and D. Wilson 

ABSTRACT 

Valles caldera #1 (VC-l) is the first Continental 
Scientific Drilling Program research core hole in the 
Valles caldera and the first continuously cored hole in the 
region. The hole penetrated 298 m of moat volcanics and 
caldera-fill ignimbrites, 35 m of volcaniclastic breccia, 
and 523 m of Pal eozoi c carbonates, sandstones, and shales 
wi th over 95% core recovery. The pri mary research 
objectives included coring through the youngest rhyolite 
flow within the caldera; obtaining structural and 
stratigraphic information near the intersection of the 
ring-fracture zone and the pre-caldera Jemez fault zone; 
and penetrating a high-temperature hydrothermal outflow 
plume near its source. This report presents a compilation 
of 1 itho 1 ogi c and geophys i ca 1 logs and photographs of core 
that were collected while drilling VC-l. It is intended to 
be a reference too 1 for researchers interested inca 1 dera 
processes and associated geologic phenomena. 

I. INTRODUCTION 
This report is a reference document and catalog for the core 

collected during the drilling of Valles Caldera #1 (VC-l) under the 
Continental Scientific Drilling Program (CSDP). It consists of a complete 
set of lithologic logs, geophysical logs, and photographs of all the core 
recovered from VC-l. 

The core recovery record of over 95% wi 11 aid further research into 
the structure of the Valles caldera and the nature of the associated 
hydrotherma 1 system. Low recovery in the upper 45 m of the well ref1 ected 

1 

J 



the broken condition of the flow top of the Banco Bonito rhyol ite, the 

youngest volcanic unit inside the caldera. Lower in the core hole, 

particularly in the Madera Limestone, core recovery per run was commonly 100%. 

Core is protected under U. S. Department of Energy (DOE) curatori a 1 

guidelines and procedures (S. Goff 1986) and now resides in a permanent CSDP 

curatorial facility at the DOE Grand Junction Office in Colorado. Inquiries 

on the availability of samples should be addressed to R. D. Dayvault, Bendix 

Field Engineering Corp., Grand Junction Operations, Grand Junction, CO 

81502-1569, (303)242-8621, ext. 535. 

II. DRILLING HISTORY OF VC-l 
Because of the wi despread interest to dri 11 the Valles caldera for 

the CSDP, a workshop was held in Los Alamos, New Mexico, in October 1982 to 

bring together interested parties from the government laboratories, the U. S. 

Geological Survey, un i versities, and i ndustry (EOS 1983). A set of 

recommendations on dri 11 ing targets and supporting science was obtained for 

shallow, intermediate, and deep wells, and from these recommendations the 

general locations of shallow, intermediate, and deep boreholes were chosen. 

In 1 ate 1982, representat i ves of the Lawrence Berkeley Nat i ona 1 Laboratory, 

Lawrence Livermore National Laboratory, Sandia National Laboratories , and Los 

Alamos National Laboratory met to formulate a IIfour - laboratory ll proposal that 

would address specific scientific questions at Long Valley, Valles, and 

Salton Sea magma-hydrothermal systems by means of shallow drill holes 

(Eichelberger et ale 1983) . It was at this meeting that Valles Caldera #1 

was first conceptualized. 
The submittal of the proposal for VC-l was preceded by considerable 

di scussion with the Union Oil Co., geothermal leaseholder of the Baca land 

grant, and with various coring companies to ensure that a feasible coring 

plan with sound scientific objectives was presented . The original objectives 

were to core down the vent of the youngest volcano inside th e Valles caldera 

(Banco Bonito rhyolite, age 0 . 13 Ma) and to intersect any associ ated 

hydroth erm al f luid s in t he s ou t hern r ing -fr acture zone . 

After presentation and funding of th e proposal in Octob er 1983 by t he 

U. S. DOE/Off ice of Basic Energy Sciences , negoti ations and planning began in 

earnest . F. Goff, J . Rowl ey , and J . Gardn er f rom Los Al amo s coordi nat ed 

negoti ation s , permits , s ubcontr acts, environmenta l i mpact studi es , and s ite 
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layout. During early 1984, the climate for coring on the Baca land grant 

became unfavorable because of sensitive relations between the Baca Land and 

Cattle Co. and Union Oil . In order to ensure the success of the CSDP at 

'Valles, negotiations then ensued with the U.S. Forest Service on a second 

site , which would be used only if it was impossible to occupy the original 

site on a timely basis. This modification to the proposal was approved by 

the principal investigators and the funding agency in April 1984. By early 

June , the Baca Land and Cattle Co. was still unable to allow coring on their 

property; thus, planning focused on the second site. 

Because the Banco Bonito vent could not be occupied, the primary 

objective of VC-l shifted from coring down the throat of a young rhyolitic 

vent to penetration of a high-temperature hydrothermal outflow plume. The 

second VC - l site (Fig. 1) optimized the potential for success in encountering 

th e hydrothermal plume because it was located close to the intersection of 

t he southwes tern r in g-fr acture zone and the pre-caldera Jemez fault zone. 

Several investigators had postulated that geothermal fluids leaked out of the 

caldera along the Jemez fault zone (Trainer 1974; F. Goff et al. 1981; White 

et ale 1984). Additional objectives of VC-l were to obtain structural and 

s tratigraphic information at this intriguing tectonic intersection and to 

obtain continuous core through the caldera-related volcanics, particularly 

t he young Banco Bonito rhyolite flow (EOS 1984a; Geotimes 1984) . 

During the various site negotiations, the tasks of subcontract 

preparation, DOE approval , competitive bid, and final award were pursued. To 

ac hiev e the project goals at either site, continuous core was required from 

pot enti ally complex intracaldera volcanic rocks and faulted pre-caldera rocks 

with the hope of encountering hot (>120°C) hydrothermal fluids. Of major 

tec hnic al importance was the need to procure a coring subcontractor with 

demonstrated experience in the use of blow- ou t preventers (BOP) , 

hig h- te mperature drilling muds and cements, and exploration - orien t ed rig 

opera tions (Rowley et al e 1987) . The s ubcontract was awarded to Tonto 

Dri l ling Se rvi ces Co . of Salt Lak e City , Utah, after competit i ve bi d and 

techni cal ev aluation . 

By J un e 1984 , an on - site management t eam and well sitter s were 

organi zed to over see the cor ing oper at ions. Thi s group tot al ed abou t 20 

peop l e who wer e t r ained to cl ean , lab el , and bo x the cor e accordin g to 

prescribed methods ( S. Go ff 1986 ) and instructed in standard and emergency 
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Fig. 1. Core hole site of VC-l (modified from Dondanville 1978). 

operating procedures. A specific site in a forested valley between two large 

pressure ridges on the Banco Bonito flow was agreed I upon by the Forest 

Service and Los Alamos. Various regulations on road access, maintenance, and 

. sanitation, as well as environmental restrictions and archeological 

limitations, were reviewed. After the site was laid out, a cellar was dug 

for the core hole, a trailer was hauled to the site for the convenience of 

the well sitters, a 10 OOO-gallon tank was set in place for the water supply, 

and all 1 arge trees were covered wi th protect i ve plank s. On Ju 1 y 31, 1984, 

the coring rig arrived and an ice-breaker meeting was held on-site involving 

all participating parties to review procedures and Forest Service regulations. 

Thirty-five days later, on September 3, 1984, VC-l was successfully 

cored (F. Goff et al. 1984, 1985, 1986; EOS 1984b; Geotimes 1985). The 

entire project took a little over two years, from formulating the concept to 
reporting preliminary results • 

III. 
A. 

VC-l OPERATIONS 

Cori ng 

Coring of VC-l was a 24-hr/day, 7-day/week operation in which all 

crews worked l2-hr shifts. Coring operations as a function of depth and time 
are described in detail by Rowley et al. (1987). The original coring plan 

was based on a proposed depth of 650 m and a temperature of 120°C. The 
target depth was reached about 10 days ahead of schedule; the average advance 

rate was 25.9 m/day during the 33 days of rig operations. 

After initial rotary drilling to 3 m, a surface conductor with 
l6.5-cm outer diameter (o.d.) was cemented in place below the cellar floor. 

Once the cement hardened and was drilled out, coring with an HQ bit (9.73-cm 

o.d.) commenced into very broken, pumiceous rhyolite on the top of the Banco 

Bonito flow. Circulation of fluids was lost immediately and never returned; 

thus, cuttings were never collected during the entire coring project. At 

l22-m depth, the hole was reamed to l4.3-cm diameter with a tricone bit in 
preparation for the first string of casing. An attempt was made to log the 

open hole, but a zone of caving (bridge) at 37 m prevented the logging tools 

from penetrating below this depth. A casing shoe was screwed onto the bottom 
of the 11.4-cm o.d. casing that was then used to ream through the bridge to 

total depth. This casing formed a solid structural tie for mounting the BOP 

and prevented drilling fluids from contaminating shallow warm aquifers known 
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to circulate near the base of the Banco Bonito rhyolite (Goff and Grigsby 

1982). 
Once the first casing string was cemented and the BOP attached, HQ 

coring resumed through moat and caldera-fill volcanics at a rate of nearly 60 

m/day. At 310-m depth, the core tube became stuck in the core barrel while 

coring through sticky clay in volcanic breccia. In order to free the core 

tube, an attempt was made to pull the coring string. The tube remained stuck 

in the hole at 275 m until it was finally fished from the core barrel with a 

special adapter fabricated on-site. The rods, however, remained firmly 

planted in the hole. Thus, a decision was made to cement in the HQ bit and 

rods and to continue coring with an NQ core bit (7.70-cm o.d.). Coring 

proceeded slowly with light bit pressure through the cement plug from 275 to 

310 m to keep the bit from wandering out of the original hole. When the 

formation was tagged again at 310 m, operations ceased in order to repair the 

hydraulic ram on the main hoist of the rig that was damaged during fishing. 

These various delays totaled 5-1/2 days but resulted in a hole that was 

essentially cased from top to bottom. 

Following rig repairs, NQ coring resumed through the volcanic 

sequence into red shales and sandstones of the Permi an Abo Formation at 334 

m. Identification of this contact was greeted with considerable apprehension 

because, from experi ence gained in the dri 11 i ng of other we 11 s around the 

region, clay horizons in the Abo were notorious for squeezing in on drill 

strings. To combat this problem, the drilling mud was modified to retard 

swelling of clays and the Abo was cored without any problems. Coring 

continued into Pennsylvanian Madera Limestone at 422 m, and oriented cores 

were taken at 473 to 477 m. These oriented cores were immediately placed 

into on-site devices that measured stresses and relaxation rates (Dey et al. 

1984; Holcomb et al. 1984). 
As cori ng cont i nued through the Madera, temperature read i ngs from a 

maximum-reading thermometer attached to the wirel ine overshot began to rise 

steadily. On night 21 of operations, the core of a limestone breccia cut 

with vuggy calcite veins (518 m) came out of the hole steaming. This 

i nd i cated probab 1 e penetrat i on of one of the aqu ifers in the top of the 

postulated hydrothermal plume leaking from the Valles caldera . 

By day 23 of operations , the primary objectives of VC - l had been 

satisfied. Because funds remained in the budget and the hole was coring 
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without difficulty, it was decided to continue NQ coring until (1) the 

project ran out of money, (2) the coring string got st,uck, or (3) the core 

ho 1 e reached Precambri an basement. Based on the depth of the Abo-Madera 

contact in VC-l and the known thickness of Madera Limestone in other wells of 

the region, the depth to Precambrian was estimated at 735 m. The lure of 

penetrating basement was great because a complete geologic section of core 

would be obtained and the core hole might enter a purely conductive thermal 

regime below the hydrothermal plume. 

As coring passed the 760-m interval, still in Madera Limestone, the 

temperature rose steadily to roughly 140°C. At 808 m, the formation changed 

from limestone to a conglomerate-sandstone-shale sequence identified as 

Pennsylvanian Sandia Formation. This unit, which is of variable thickness, 

fills an irregular erosion surface on Precambrian basement around the 

region. On night 30, the core bit began to stick in a mixture of brecciated 

Sandia shale and Precambrian granite, and it was decided to terminate coring 

so as not to jeopardize the success of the hole or overtax the budget. To 

this point, 60% of rig time was spent on coring. Final depth of VC-l at 4 

a.m., September 1, 1984, was 856.2 m (2809 ft). 

B. Logging and Completion 

After the core string was pulled from the hole, an attempt was made 

to run a suite of geophysical logs. This was delayed because clay zones in 

the Abo Formation squeezed into the core hole, causing several bridges. A 

casing shoe was attached to the N-rods, which were run back into the bottom 

of the hole to ream out the bridges. Temperature, natural gamma, and neutron 

logs were then completed inside the rods. Once these were completed, the 

rods were pulled in 150-m increments and the remainder of the logs were run 

below the rods in each newly exposed open -hole interval. Logging in this 

fashion was completed up to the bottom of the Abo, about 427 m (Fig. 2). A 

preliminary comparison between the logs and the stratigraphy can be found in 

Rowley et al. (1987) . 

The core hole was finished by attaching a dull NQ core bit to a 

worn -out set of rods and running them as deep as possible (854 . 4 m) to act as 

a solid liner. A cement slurry was then pumped to the bottom followed by a 

plug and the liner was filled with fresh water. The rig was released at 1 :15 

p.m., September 3, 1984, and a gate valve was installed on the wenhead the 
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next day. The cellar was filled with gravel, and the site was returned to 
its original condition by Los Alamos personnel. 

Core is protected under DOE Curatorial Guidelines and Procedures 
(S. Goff 1986). All personnel handling core at the drill site worked under 

the direction of the CSOP Curation Office and were trained in curation 
procedures. Well sitters were responsible for transferring core from the 
core tube to the core box, core labeling and numbering, and renumbering 
broken core. Every 20 ft a 15-cm piece of core was wrapped in aluminum foil 
and dipped in beeswax to preserve it for physical property measurements. A 
comprehensive field form was completed immediately upon labeling each core 
piece from a core run. The core boxes were then transferred to a temporary 
facility at Los Alamos, about 30 km from the coring site. Before samples of 
the core were removed or mail ed to interested researchers, the boxed and 
labeled core was photographed in color and the lithology described in detail 
for this document. Researchers submitted formal requests to the Chief 
Scientist of the coring project for samples of the core; requests were filled 
by the Sample Manager. Scientists are expected to return unused pieces of 
core to the curat ion f ac il i ty with in one year. Si nce mi d-1985 a dedi cated 
curation facility on the DOE compound in Grand Junction, Colorado, has 
handled sample distribution of VC-l core and core from other CSOP (thermal 
regimes) holes. 

C. Cost 
The total cost of VC-l in 1984 dollars was $240,000. Cost per unit 

depth of VC-l was $278/m ($85/ft). This cost includes site preparation, road 
maintenance, core drilling, and related services materials. These costs do 
not include the time of planning and site-management teams, well sitters and 
other support personnel, the cost of transporting these people to and from 
the site, nor do the costs reflect core curation, preliminary data 
interpretation, and report preparation. 

O. Lithologic Summary 

VC-l penetrates 298 m of intracaldera volcanics, 35 m of Tertiary 
volcaniclastic breccia that pre-dates caldera formation, 91 m of Permian Abo 
Formation, 381 m of Pennsylvanian Madera Limestone, and 40 m of Pennsylvanian 
Sandia Formation (Fig. 3) (F. Goff et al. 1985, 1986). Based on detailed 
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examination of the lower part of the core (Hulen 1985), the core hole 

bottomed in a cataclastic(?) breccia zone of Sandia shale and Precambrian 
granite. 

The Banco Bonito rhyolite (140 m thick) is four times thicker than the 

nearest exposure 0.3 km away in the northeast wall of San Di ego Canyon, 

southwest of Valles caldera. This suggests that it filled a paleo-valley in 

the caldera moat. In contrast, the Battleship Rock Tuff, which is over 100 m 

thick in San Diego Canyon, is only 12 m thick in VC-l. In addition, a 

previously unknown obsidian flow 19 m thick underlies the Battleship Rock 

Tuff. Lower in the volcanic sequence are lithic-rich, densely welded upper 

and lower Bandelier Tuff (probable intracauldron facies) and a pre-Bandelier 

ash flow, which most likely erupted from a nearby vent west-northwest of VC-l 
(Self et ale 1986). 

A volcaniclastic clay-rich breccia is at the base of the main volcanic 

sequence. This breccia, 35 m thick, has about m of black-to-brown 

andesitic soil at the top and consists of poorly sorted rock containing 

angular andesite and subordinate dacite, rhyolite, and basalt fragments in a 

variegated clay matrix. The unit is interpreted to be an altered colluvium 

shed from surrounding volcanoes of Tertiary Keres Group (13 to 6 Ma; Gardner 

and Goff 1984) into a paleo-San Diego Canyon or some similar valley along the 
evolving Jemez fault zone. 

The Paleozoic rocks are faulted, sheared, and mineralized. From 

examination of oriented cores from Madera Limestone at 476 m, the Paleozoic 

section in VC-l strikes approximately N35E and dips 25SE as opposed to the 

gentle northeast dip observed in Paleozoic rocks of upper San Diego Canyon. 

This tilting may have been caused by drag along the northeast - trending Jemez 

fault zone. The Paleozoic lithologies correlate well with cuttings from the 

Jemez Spri ngs geothermal well and with outcrops exposed in San Di ego Canyon 

southwest of the caldera (F. Goff et ale 1981). The Madera Limestone, 
however, is approximately 120 m thicker than expected. 

Mineralization observed in VC - l core is most intense along shears , 

fractures , and faults below 550 m. The alterations consist primarily of 

clays , calcite , pyrite, quartz, and chlorite . Ore minerals include 

chalcopyrite (CuFeS2), sphalerite (ZnS), galena (PbS) , and molybdenite 

(MoS2), as well as pyrite (FeS2), marcasite (FeS
2

), and pyrrhotite 
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(Fel_XS), There is a general increase in the intensity and rank of 

alteration mineral assemblages with depth. 

The summary above describes some initial scientific results from VC-l. 

The core and all aspects of the core hole will continue to provide 

fundamental data about, and new insights into, the nature of the Valles 

caldera thermal regime. 
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LITHOLOGY - VALLES CALDERA NO.1 

Alteration Sulfides 
Recovery 

Feet Box Run Lithology (feet) Porosity FractUring 
10.0r-r-,r-----~:_::_-----.:.~--------~-------=--------

Soil 
_11.0 

12.4 

16.0 

18.0 

21.1 
21.4 

25.0 

28.3 

31.8 

33.5 

42.0 

45.2 

49.3 

52.0 

57.0 

58.7 

62.0 

65.8 

2 

3 

4 

5 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Banco Bonito ObSidian 

Predominantly white pumi
ceous biotite rhyolite w/minor 
obsidian flow bands 

_26.5 
Pumiceous banded rhyo
obsidian 

Obsidian and rhyolite 

-42.0 

White pumiceous biotite 
rhyolite 

White pumiceous biotite 
rhyolite 

White pumiceous biotite 
rhyolite 

0.6 very high 

0.9 medium 

0.7 medium 

0.7 medium 

0.3 medium 

0.7 medium 

1.6 medium 

0.5 medium 

0.7 medium 

1.5 medium 

3.0 high 

3.1 medium 

3.7 medium 

1.8 medium 

3.0 

1.1 very high 

2.7 medium 

3.3 high 

sOil 

rubble 

rubble 

rubble 

rubble 

rubble 

rubble 

rubble 

rubble 

rubble 

rubble 

medium to 
rubble 

rubble 

rubble 

rubble 

rubble 

minor 

medium 

weathering 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none to 
weathered 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

LITHOLOGY - VALLES CALDERA NO.1 

Recovery 
Box Run Feet Lithology (feet) Porosity FractUring Alteration Sulfides 

65.0C--------------~---~~-.-:....:::.=~~==~-==:::.-~==-
65.8 

1 
6 

69.5 

73.4 
21 

74.9 

22 

76.0 

23 

79.0 

8 

84.0 

9 

876 

90.3 

95.0 10 

99.9 

11 

105.0 

30 
12 

107.8 

31 I 

111.4 

32 

114.2 
13 

118.6 

White-pink pumiceous rhyolite 3.1 

_76.0 

Grey perlltic biotite rhyolite 

White to grey flow-banded 
biotite rhyolite 

-999 

Black banded perlitlc obSidian 

_1070 
OXidIZed rhyo-obsldlan flow 
breCCia 

Black banded perlltlc obSidian 

3.1 

1.0 

0.4 

12 

3.6 

13 

11 

3.3 

2.6 

3.7 

1.9 

12 

1 7 

1.9 

high to 
medium 

high to 
medium 

high 

high 

high 

medium 

medium 

medium 

medium 

low 

very 
high 

very 
high 

high to 
rubble 

medium 

medium 

rubble 

rubble 

medium to 
rubble 

rubble 

ruoole 

medium to 
rubble 

medium to 
rubble 

low to 
rubble 

rubble 

rubble 

rubble 

rubble 

minor 
oxidatIOn 
of mafics 

none 

none 

none 

minor 
QXldatlon 

'lone 

none 

minor 
OXidation 

minor 
OXidation 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 
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LITHOLOGY - VALLES CALDERA NO.1 
LITHOLOGY - VALLES CALDERA NO.1 

Recovery 

Feet Box Run 

Recovery 
(feet) Porosity Fractunng AlteratIOn Sulfides 

Feet Box Run Lithology (feet) Porosity F 165.0r-____________________________________________ ~~ __________ ~~ ________ ~~ __ ~~r:ac:t:u~r~ln~g~~A:I~te:r~a~I~lo:n~~S~u~'~fl~d~e~s __ 
lithology 

-./ 118.6 169.0 

t I )0' \ 
_169.0 

118.6 34 Mixed pumice. rhyo-obsldian 0.7 medium rubble minor none 

119.8 \ breccia and obsidian 
oXidation 

35 12 low rubble mmor none 24 47 

121.6 
120.0 

Black vitrophyre w/smeared 4.6 low Cllgh 
oXidatIOn 

10\ \ I 
minor none 

14 
pink lithophysae oXidation 

36 1.6 low medium minor none 173.6 _ 174.0 
oXldat:on 

125.2 
Black flow-banded obsidian ! J ~ I 37 1.3 low high to OXidation none 

126.6 rubble 
25 48 Black vltrophyre w/plnk 5.0 low medium minor none 

\ 0/ 
lithophysal cavities oXidatIOn 

15 
38 2.3 low high ')xldatlon _178.6 none 178.6 

_ 1300 

b ~) I 131.4 
26 49 Black vltrophyre w· 2 genera- 5.0 medium medium OXidation none 

hons of Iithophysae ismeared 

I 
183.6 ~ 0 ~ ~:i I and not smeared) 

16 39 Black to pink flow-banded 29 medium high oXidation none 

pumiceous oosidian 

I \ 
27 50 

70(0 L 0 0 
5.2 medium low OXidation ~o~'? 

1370 
to high 

17 40 4.6 low high oXidation ""008 188.6 I}op 
\ 

IE-corel 

141.2 28 51 4.7 medium low oXidation none 

I / 18 41 

)1 
5.0 low high OXidatIOn none 193.5 o Jo! 

) o 'r/ 195.0 

146.3 _ 1470 29 52 -1 Mixed glassy and devitnfied 4.9 medium low oXidation 

\ 
none 

biotite rhyolite wf2 genera-
lions of lithophysae 

19 42 j Black to pink flow-banded 4.3 medium high oXidation none 

obsidian with mottled devltrJ-
198.0 

( 
Ilcation and oXidatIOn 

3 53 3.1 medium low oXidation none 

151.3 

201.5 iE-core) 

) 
20 43 49 low high oXidation none 31 54 5.1 medium low oXidation none 

\ 
) 206.8 

156.2 

21 44 Black .,trJPf'lyre 42 low very oXidation flon8 32 55 4.8 medium medium 

high 

oXidation none 

160.4 l _ 161 211.6 

rl 22 45 Blac~ ,It':J[)hyre w large 50 very medium minor none 
212.0 

smeared ~:nK Idhopnysae low to low oXidation 
33 56 --'Banded glassy rhyolite wi2 5.2 medium high to minor none 

generations of lithophysae medium oXidation 

_ 1650 
165.4 

\ I) 

216.8 

23 46 Black vl\ropnyr8 36 low medium minor none 

r 
oXidation 34 57 4.8 medium medium minor no:"')e 

169.0 - 1690 

oXidation 

221.6 _0 

18 19 
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LITHOLOGY - VALLES CALDERA NO.1 LITHOLOGY - VALLES CALDERA NO.1 

Recovery Feet Box Run 
Recovery 

Feet Box Run lithOlogy (feet) Porosity Fracturing Alteration Sulfides 384.7 
Lithology (feet) Porosity Fracturing Alteration Sulfides 

329.8 - 330.0 (111)1111 
385.0 

Grey flow-banded devitrified 5.1 medium high none none 70 92 

'I! )1\ (\/, 
5.0 low low to 

rhyolite w/abundant litho-

none none 
none 

physae 389.8 Obsidian flow-breccia 

334.8 
w/sparse rhyolite fragments \ I \ 1 \ /\\1 \1 60 82 5.0 medium high none none 71 93 4.9 low none none none 

339.8 (0 
394.7 III 1\ \ ! 

0 _ 341 0 d \) II h 
61 83 '\ 0 

Grey flow-banded lithophysal 5.0 medium high minor none 72 94 5.1 low none none none 

~ ~\I 
rhyolite containing obsidian 

oXidation ()II(\I) 
fragments 

344.8 _ 3450 
399.9 399.9 

\ : I 
Note: 2 feet lost during 

402.0 
reaming/casing 402.0 

° I I ( ) II') \ 111(11\ 62 84 Grey to black Iithophysal 5.0 medium medium minOr none 

I \0 I rhyolite obSidian flow oreccla 
oXidation 73 95 4.9 low none none none 

349.8 

f /1(0\ ['I \ \ ,I1'1, \ 
407.0 

85 
I I 1 5.0 medium low minor none d I'I I 63 

!I,!{ to low :Jxldatlon 74 96 I ( ) I J 
Obsidian flow-breccia 4.9 low medium none none 

354.8 "II ~ q \ 
wlvarlety of lithic fragments 

I i ° / \ \ 
412.0 

64 86 Pinklsn OXidation 5.0 medium medium minor none 1,\/1\ ( 0 II oXidation 

0 75 97 5.0 none low none 

~ \ d I ~ 6) 1 1 
none 

359.7 

1~'llol {I 
417.0 ~ I I II ~ I 65 87 

5.0 medium medium minor none 
oXidation 

I \ I \ fo I 
76 98 I, I, i I 4.85 none 

364.5 

none none none 

422.0' 'Ifl I" I 
_4220 

66 88 /0 50 medium low oXidation none 

0) \ / ° to low 

I \ 0 \ I 
77 99 I ) I \ Obsidian flow-breccia 4.95 none none none none 

369.5 oj 1 I 0) 

wlvery sparse lithic 

427.0 "ill" )) I 
fragments 

67 89 10100 'Saseoall size Iithophysae 5.0 medium low oXidation none 

O\IOk;O to low 
100 ( \ \ 78 5.0 none low none none 

374.6 (6/ ~ \ I ~o 432.0 

68 90 1:
1 

I 48 medium medium OXidation none 
\ \ \ 

79 101 1,1 ",1"1 
5.0 

1 
none low none none 

379.6 

'\ 'IIIH II') 
J8ll' 

435.0 

1 437.0 

i I ( !. I( I 
69 91 Obsidian flow-breccia WI sparse 5.1 low none none none 

I) j ,I )1 (I J I 
Iithophysae I "i' "I I 80 102 Obsidian flow-breCCia wi 5.0 

deformed lacustrine sediments 
none none none none 

384.7 l I l I l ) 442.0 
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LITHOLOGY - VALLES CALDERA NO.1 
LITHOLOGY - VALLES CALDERA NO.1 

Recovery Feet Box Run 
Recovery 

Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides Lithology (feet) Porosity Fracturing Alteration Sulfides 

495.0 

442.0 

4970 

t i 1'11'1 11 
16 / 1 / 92 114 White weathered crystal-lithic 

81 103 I \ I Obsidian flow-breccia wI 5.0 none low none none 
5.0 high rubble weathered none 

welded tuff 

1 16 I 
variety lithic fragments 

t IJ I 502.0 

447.0 

93 115 

82 104 
1 II 

4.9 none none none none _504.0 4.5 high high to none none 

I l' ~ I 
rubble 

506.8 

452.0 
16 l I . I \ I 94 116 White weathered crystal-lithic 

83 105 
I I I 6 \ / 

5.0 none low none none 
5.2 high high to weathered none 

_455.0 
welded tuff rubble 

) I ~ I I 
Obsidian flow-breccia 512.0 

457.0 

II \ I 
95 117 

84 106 / ) 
5.0 none low none none 

5.0 high high weathered none 

I 

(I 

I: I> 517.0 _5170 

462.0 
I 

Weathered nonwelded crystal- 5.0 very rubble weathered none 

I 
lithic tuff high 

I I) 
96 118 -519.0 

85 107 
! ) 

4.9 none low none none 

I I 
Weathered soil 

_521.0 

I ) I I 
522.0 

467.0 

I) I I / d 97 119 
Reworked zone of rhyolite and 
lithic fragments 50 high rubble 

86 108 5.0 none medium none none _525.0 
weathered none 

I ( 
527.0 VC-1 rnyollte (unnamed 

472.0 

) 
obsidian) 

I 
87 109 5.0 low medium 

98 120 Grey to black rhyolite flow-top 4.9 medium 
none none 

medium weathered 
breccia w occasional exotic 

none 
to high 

lithic fragments 
532.0 

477.0 

88 110 I 
4.7 medium high OXidatIOn none _5350 

99 

482.0 121 10.0 low high to none none 
rubble 

89 111 Obsidian flow-breccia 5.0 low to high oXidation none 539.0 

medium 100 
_~86 0 542.0 

487.0 
Battleship Rock Tuff 101 122 Black sparsely porphYritic 3.6 low to high to none none 

90 112 Tan crystal-lithic welded tuff 49 medium medium none none obsidian w, alternating zones of none rubble 
545.7 flow-banded perlltlc. splintered 

obSidian 

492.0 

102 123 91 lOW to high to none none 

91 113 5.0 medium high to none none none rubble 

_4950 to low rubble 

553.0 

497.0 
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LITHOLOGY - VALLES CALDERA NO . 1 
LITHOLOGY - VALLES CALDERA NO.1 

Recovery 
Recovery Su lfides Feet Box 

Feet Box Run Lithology (feet) Porosity Fracturing Alteration 
Run Lithology (feet) Porosity Fracturing Alte ration Sui fides 

6000 600 

553.0 

t 
White to pink lithic-rich welded 8.4 high low none none 

554.9 _555.0 
Upper Bandelier Tuff (E-core) 

103 
124 

2.4 low high none none 

557.4 6080 
1112a 

610.2 

104 125 Black porhyrilic flow-banded 10.2 none high to none none 

perlitic obsidian 
rubble 

9.0 high high to weathered none 
rubble 

565.0 

105 

567 .6 
619.2 

106 

10.0 low high none none 
126 

573.0 9.8 high high weathered none 

107 

577 .6 
629.2 

9.9 low high none none 

108 127 10.1 very high to weathered? none 
(E-core ) high rubble 

587 .6 638.0 

128 
2.7 high rubble weathered none 

590.5 

590.3 109 -'Reworked lithic-rich 

129 
- \Upper Bandelier Tuff 2.5 high medium ox idation none 

590.7 
White to pink l ithic- rich we lded 10.0 very low none none 
Upper Bandelier Tuff high 

592.8 

646.6 
mediu m OXidation none 

110 130 Dull orange lithic-rich welded 8.9 high 

Upper Bandelier Tuff: 
uppermost 5 ft . is baked 

116 10.0 ve ry low none none 

600 .L 
_6000 

high 

653.0 

117 
655.0 

27 
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LITHOLOGY - VALLES CALDERA NO.1 LITHOLOGY - VALLES CALDERA NO.1 

Recovery 
Sulfides Feet Box Run 

Recovery 

Feet Box Run Lithology (feet) Porosity Fracturing Alteration Lithology (feet) Porosity Fracturing AlteratIOn Sulfides 
705.0 

6550 

708.0 
658.0 

660.4 

125 142 10.1 very low none none 
high 

White to pink lithic-rich welded 10.0 very very none none 

Upper Bandelier Tuff high low 715.2 

126 

668.0 
718.0 

High angle sheaf/fracture 

10.0 none 
127 143 White-grey lithic rich welded 84 very low none none 

very very none 
high low 

Lower Bandelier Tuff high 

_ 673.0 

Grey lithic-rich ash and lapilll 724.0 

675.6 
tuff I Tsankawl?) 

_ 676.0 128 

728.0 

678.0 Grey lithic-rich ash-flow tuff 
w' possible 0.5 ft-thlck lapilll 129 
tuff at base 

144 Grey densely welded lithic- 10 high medium none none 
riCh Lower Bandelier Tuff iE-core) 

_ 682.5 

683.2 White to pink lithiC-rich welded 10.0 very low none none 733.0 

Lower Bandelier Tuff high 
130 } "0"," ""' """"""' flamme 

736.8 

688.0 

131 145 10.2 medium medium none none 
690.4 

743.0 

10.0 very low none none 

high 132 

747.0 

698.0 
133 146 102 low low none none 

752.7 

704.0 134 

10.2 very medium none .'lone 

high 757.0 

708.0 

28 29 



100 none 

805.0 

30 

very 
low 

none none 9.9 none low none none 

853.8 

861.2 

31 



LITHOLOGY - VALLES CALDERA NO. 1 LITHOLOGY - VALLES CALDERA NO.1 

Recovery Feet Box Run 
Recovery 

Feet Box Run Lithology (feet) Porosity FractU ring Altera tion Sulfides Litho logy (teet) Porosity Fracturrng Alteration Sulfides 

861.2 917.0 

157 Grey densely we lded Lower 10.0 none medium none none 

151 Bandelier Tuff w/ abundant to low _920.0 

fiamme: more abundant lithics 
158 Grey densely welded Lower 10.0 low medium none none 

at 860 ft: welding decreases at Bandelier Tuff below 920 It : few to high 

860 ft . 
lithics: abundnant fiamme. A 
piece of amber is included 

868.6 
924.6 

w ithin welded tuff 

927.0 
152 158 10.0 low medium none none 

160 9.7 medium very some none 
875.9 high carbonale 

& srl lca 

934.0 _ 934.0 

153 9.7 med iu m med ium none none Fault zone 

159 161 _ 937.0 

884.2 
94 1.0 

10.0 medium medium some none 

154 carbonate 
162 165 & si l ica 

_ 890.0 

160 Grey welded Lower Bandelier 9.9 medium medium none none 

892.4 
Tuff with lith ic fragments and 
fiamme 947.9 

_951 .0 
163 Pink welded lithic-rich Lower 10.0 medium low none none 

166 Bandelier Tuff 

954.5 

900.4 

161 9.9 med ium medium none none 
to high 

164 _9590 

156 Ash laplil l fa ll (OtOWI?) 

167 
_9610 

Reworked lithic tu ff 100 high low oX id ized none 
962.7 

908.3 _9650 

Grey-white lithic-rich welded 
Pre-Bandeli er Tuff 

157 162 10.0 medium medium none none 
to high 

969.9 

917 .0 

32 33 
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LITHOLOGY - VALLES CALDERA NO.1 

Recovery 
Alleratlon Sulfides Feet Box Run Lithology (feet) Poros ity Fracturing 

965.0,.-------------------.:::..:...---------------------

967 .0 

969.9 

977.9 

985.7 

992.6 

1000.8 

1007.3 

1014.7 
172 

1016.4 

34 

lS5 

166 

167 

168 

169 

· . .'6' · . · . . ___ 9StO·.·. 
· -6'.·.·. · . . . · . . . . · . . . · . . . . 
'A'A' · . . . 

170 ••••••••• · . . . 
'b'b' · ... . · .. . · . . .. · . . . 
~b~~: ___ 997 .0 •• 

169 •••••• 

171 

. 

.:~&:.;& 
'72 ••••••••• · . . . · .... 

•• tt:;. '/1. · ... ___ 1008.6.·.· 

· . . . ___ )0}2.p ·.·. · . . . 
'b'b' · . . . . 174 •••• · . . . . · . . . 
• .Jv. •• 1\.. • 

___ ,016.4Y ' 

Grey-white lithic-rich welded 
Pre-Bandelier Tuff: zone of 
pumice leaching at 970 ft. 

_ 977 .0 

Dark brown soil w/ abundant 
andesite fragments 

_ 983.0 

Pink-orange very poorly-sorted 
volcaniclastic conglomerate 
w/pumice, xtals, and rock 
fragments to boulder-size: 
lithics predominantly andesite 

_,998.0 
Tan clay 

- ,999.0 

6"-thick grey lithic wacke at 
1004 ft. 

Grey-pale brown poorly-sorted 
vo lcaniclastic conglomerate: 
extremely high In clays: lithics 
to boulder-sizes are dommantly 
andeSite and daCite 

_ 1016.4 

98 

10.2 

9.6 

6.4 

0.7 

7.2 
(E-core) 

4.4 

high 

very 
high 

very 
high 

extremely 
high 

high 

extremely 
high 

extremely 
high 

low oXidized no ne 

high oX idized none 

high oXidized none 

high oXidized none 

medium oXidized none 

medium oX idized none 

medium OXidized none 

1022.0 

1029.7 

1037.0 

1043.5 

052.5 

1060.0 

1067 .3 

b 

Box Run 

· . . . · ... . · .. . 
173 :~:4" 175 •••• · . . . · . . . '''-... .. 

• 't.,.r .C,'. · ... · . . . . · ... 
:'~:i': · ... · . . . · . . . 

174 76 •••• 

1 .:~ 'P: · . . . · . . . · ... . :~.~: · ... · . . . · . . . ___ ~1;3;1;~: 
175 

177 

176 

178 ~. 
177 ~ 

~ 
t. 

__ 1051 .0 

178 179 

180 

P 

.L;. · .. · . . · ... 
·L;·A' · .... 

181 ••••••••• · ... 
• .1\.. • b • 
.Y ... 

___ 1072.0 _ • 

LITHOLOGY - VALLES CALDERA NO.1 

Lithology 

Grey-pale brown poorly-sorted 
volcaniclastic conglomerate 
with interbedded clay-horizons: 
contains minor sandstone and 
shale fragments 

_ 1042.0 

Abundant slickensides and 
shear planes: possible 
fault zone 

_ 1065.0 

Grey-pale brown poorly
sorted volcaniclastic conglom
erate w/ interbedded clay 
horizons: contains mostly 
rhyolite-dacite fragments 

5.3 

9.6 

10.1 

9.3 

8.7 

4.2 

75 

Porosity 

high 

high 

high 

high 

high 

high 

high 

medium 

medium 

medium? 

rubble 

high 

high 

high to 
rubble 

Alteration 

oxidation 

minor 
oxidation 

minor 
oxidation 

minor 
oxidation 

minor 
oxidation 

minor 
oxidation 

minor 
OXidation 

Sulfides 

none 

none 

none 

none 

none 

none 

none 
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LITHOLOGY -- VALLES CALDERA NO.1 

Recovery 
(feet) Porosity Fracturing Alteration Sulfides Feet Box Run Lithology 

t005.0~------------------------------------~------------------------------------------------

1067.3 

10745 

1082.0 

1091.0 

1102.0 

1108.0 

1115.7 

36 

180 

181 

182 

181 

182 

1072.0 

':6'A' · . . .. · . . . · . . .. 
':6'A" · . . .. · . . . · . . . . · . . . 
·.b·b· · . . . . · . . . · . . . . · . . . •• /J • .t:, • · . . . . · . . . · . . . · . . · . "-... .. 
• t..l'. · . · . · · · · · 183 •• 

· · · · · · · · · · __ 1092.0 · . · 
183 184 

184 185 

185 

186 

11199:::~-:-

Grey-pale brown poorly-sorted 
volcaniclas tic conglomerate 
as above 

_1096.0 
Abo Formation 

_1097 .0 

White sandstone 
_1099.0 

Mostly brick red siltstone; 
sparse lossil tests Irom 
1112-1120 ft. 

Abo Form ation 

9.8 

9.4 

7.6 

10.0 
IE-corel 

8.0 

high 

high 

high 

low 

high to 
rubble 

high to 
rubble 

low 

OX idiZed none 

oXid ized none 

oxidi zed none 

none none 

none none 

7 

LITHOLOGY -- VALLES CALDERA NO.1 

Feet Box Run Recovery 
lithology (feet) Porosity Fracturing Alteration Sulfides 

1115.7 F===:;~--------------------------------~~~~--------~~~--~~~~--~~~~--~~~~~~~~~ 

1123.9 

1131.3 

1139.6 

1146.6 

1154.7 

116 1.1 

1169 .6 

186 

186 ___ ----.;~ 

187 

188 

189 

190 

191 

192 

187 

-_1126.3 = 

188 

.-.-.-.
_____ '1 36.6· •• · ... · . . . · . . . · . . . · . . . · . . . · . . · . . . 

189 ••••••• 

190 

191 

· .. · . . · .. · .. · .. 
~ -'- .!--

..... . . . . . . . . ... 
__ 1166.8::::-

192 

Abo Formation; mostly brick 
red siltstone 

_1135 .0 

Abo Formation : white hydro
thermally altered sandstone 

_1143.0 

Abo Formation : mostly brick 
red siltstone and clay: 
minor sandstone 

8.7 
(E-core) 

10.0 

10.3 
(E-core) 

10.0 

10.1 

high 

high 

high 

high 

medium 

medium 

medium 

medium 

none 

none 

minor 
carbonate 

& SIlica 

none 

none 

none 

none 

yes 

none 

none 

37 



LITHOLOGY - VALLES CALDERA NO.1 

Recovery 
Sulfides Alt era tion Feet Box Run Litho logy (feet ) Porosi ty Fracturing 

1165 .0r-----------------~-~---------------~---------------

1169.6 

1180.2 

1185.4 

1195.5 

1202.7 

1210.0 

1218.7 

38 

193 

194 

195 

196 

__ 1166.8 _ _ 

192 

· . . . · . . .. · . . . · . . . . · . . . · . . . . 
__ 11 769::::-:-:-

193 

194 

195 

· . . . · . . . · . . . · . . . · . . . · . . . . · . . . · . . . . · . . . · . . . . · . . . · . . . . · . . . · . . . . · . . . · . . . . · . . . · . . . . · . . . · . . . . · ... · . . . . · . . . · . . . . · ... 

--- 1205.5 
197 

196 

· . . 
~- !...~-

198 197 

· .. · . . . · .. · . . . · . . · . . . · . . - .... 
___ 1220.2· • 

Abo Formalion; mostly br ick 
red siltstone and c lay ; minor 
sandstone 

_ 1185.0 

Abo Fo rm ation; banded bri ck 
red and whi te sandstone wi th 
minor sil tstone: carbonate 
veins at 11 86 and 1187 ft. 

_ 1195.0 

Abo Form ation : mostly brick 
red siltstone and c lay : minor 
sandstone 

Fossi l i ferous Zone: 121210 
1215 ft. 

_ 12 t6 0 
Abo Formation : mostly brick 
red sands tone 

8.0 

10 .2 
(E-co re) 

9.5 

4.7 

10.2 
(E-core) 

10.2 

high 

high 

high 

low 

medium 

low 

high 

high 

medium 
to high 

none 

none 

ca rbonate 
ve in fil l ings 

none 

none 

none 

none 

1'10ne 

yes 

none 

none 

none 

LITHOLOGY - VALLES CALDERA NO.1 

Recovery 
Porosity A lterat ion Sulf ides Feet Box Run Litho logy (feet) Fracturi ng 

121 5 .0r--------------------------------~-----------------------~----------------

1218.7 

1226.8 

1234.9 

1243.3 

125 1.4 

1258.8 

1266. t 

199 

197 

___ 1220 .2 • · .. · ... · . . . · . . . · . . . · .... · . . . · . . . . · . . . 198 ••••• · . . . · .... · . . . · . . . . · ... · . . . . · . . . · . . . . · . . . · . . . . · . . . · .... 
___ 1230.0·.· • 

200 ••••••••• 

201 

202 

199 

· . . . !. _e_ !. _e_.! 

-.-.. -.-· .... · . . . · .... · . . . 

__ 1240.3'-: 

200 

__ 1250.3 

203 201 

__ 1269.8 

Abo Form ation : mostl y brick 
red sands tone: minor silt sto ne 

_ 1235.0 

Abo Formation: mostl y brick 
red sil tstone 

_ 125'; J 

ADO F:)rma tlo n . banded bri ck 
red d fl O grey sand stone; m inor 
$ll!sione 

10 .2 
(E-co re) 

9.8 

9.9 

10.1 
(E-core) 

10.0 

hig h med ium 

high med ium 

high medium 

high med ium 

high med ium 

none 

none 

Hematite 
on 

frac tures 

none 

none 

no ne 

non e 

no ne 

none 

none 

39 





1414 
218 _14 

8.7 low minor none pyrite 
1415 

225 Burrowed light-gray limestone 
with brachiopod and crinoid 
fossils 

1420 

1422 

219 

1425 9.7 none none none none 
226 

1430 
2 7 

42 43 



LITHOLOGY - VALLES CALDERA NO.1 LITHOLOGY - VALLES CALDERA NO.1 

Feet Run 
Recovery Recovery 

Box lithology (feet) Porosity Fracturing Alteration Sulfides Feet Box Run lithology (feet) Porosity Fracturing Alteration Sulfides 

1430 29 1485 

Gray limestone with high clay 9.7 none none none none 
content 

227 220 As above 10.0 
1490 

1435 none none none none 

1492 
_37 

1439 1495 10.0 none none none none 
1440 

_97 

228 1499 Burrowed . brecciated light 10.1 none medium calcite none 
1500 to dark-gray limestone with filled ve ins 

1445 Gray to brown silty limestone 9.7 none none none none many calcite-filled veins. Two 
with va rying amounts of clay. generations of brecciation 
Few burrows 

1448 
1505 10.0 none medium calci te none 

1450 228 filled veins 

229 

5.5 none none none none 

1510 
1455 _55 1511 

230 
Cross bedded gray sandstone 7.4 none none none none 
with calcite cement 1515 

1460 229 

1462 
1518 

1520 
1465 231 

10.0 none none none none 

1469 1525 9.9 none medium calcite none 

1470 _70 230 filled veins 

232 

1530 _30 

1475 1531 

t 1477 225 light to dark-gray brecciated 9.9 medium medium carbonate dissem-
limestone. Some solution ve ins Inated 
cavities containing large py rite I 
euhedral calcite crystals 1535 Gray limestone with fossil 9.8 none none none none 

1480 231 
fragments in a mud-supported 

233 matrix 

1539 

226 1540 
1485 -85 -41 

44 45 



46 

LITHOLOGY -- VALLES CALDERA NO.1 

Recovery 
Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides 

1539r---,------------------------------------------------------------------------------
1540 

1545 
1546 

1550 
1551 

242 

243 

1555 244 

1560 

1564 
1565 

1570 

1572 

1575 

1580 

1585 

1587 

245 

246 

247 

248 

249 
1590

0 1592 

250 

1595 

231 
-41 

232 

233 

-~3 ••• 0 •• 0 0l · . . . . · . . . . • ·l •••••••• 
• • 0 • 0 

• • 0 •• o 0 • 0 • 

• 0 ••• 
234 •• 0 0 • °l •• 0 0 

o • 0 •• 
o •••• 
• ·1. ° ••• 0 0 • · .... o • • ••• · .... 
• 0 0 • 0 

-63·.:. :1.:.: 
235· •• 0 ••••• 0 

• 0 • 0 • 

236 • :c. : . : . : . :l. 
° • • • • 

-66 •••• 
0 
•••• 

• • 0 •• · .... 
o ••• • °l. • •• 

237 •• 0 ••• 0 ••• · .... 
• 0 ••• 

• ~ ••••••• 0 · . . . . · . . . . . 
- • 0 ••• · . . . . . 

• • • • 0 
• • • 0 • • 
o • 0 • • (: •• 0 • 0 · . . . . · .... 

• 0 ••• · . . . . · .... 238 •• 0 •• 
o ·le 0 0 •• 0 • 0 

• 0 • • 0 o 0 0 0 0 · . . . . 
• • 000 

• ••• 0 
.00 • 0 

• • 0 0 0 c ••• 0 
o ••• 0 · . .0. 

-82 •••• 00000 

o .00 0 · ..... .01 ••••••• • ,. · ... . · .... . · ... . 
• • • 0 0 0 

• 0 • 0 0 

239: • : 0 : 0l: • : • 0 
• • 0 •• 

• • 0 •• o 0 • • • 
o 0 • 0 • 

• • • • 0 

: 01: 0 : • : • : Ol~ 
• 0 ••• · . . . . 

- • 0 • 0 0 
o • • • • 
• •• 0 • ".000 ° 

240 0 0 ••• 
o • • ••• 
0010· • 0 0 • 0 °lo 

- 0 0 0 0 0 

As above 

White argillaceous sandstone. 
XRD analysis reveals 80% 
quartz. 20% clay. Exhibits 
stratification and minor 
brecciation 

10.0 none none 

1.0 none none 

3.7 low none 

0.5 low none 

0.6 low none 

5.7 low none 

10.0 low none 

10.0 low none 

10.0 low none 

none 

none 

argillic 

argillic 

argillic 

argillic 

argillic 

argillic 

argillic 

none 

none 

Finely 
dissem
Inated 
pyrite 

Finely 
dissem
Inated 
pyrite 

Finely 
dissem-
Inated 
pyrite 
Finely 

dissem-
Inated 
PYrite 

Finely 
dissem
inated 
PYrite 

Finely 
dissem
Inated 
PYrite 

Finely 
dissem
Inated 
pynte 

LITHOLOGY -- VALLES CALDERA NO.1 

Recovery 
Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides 

1592r-----------------------------____________________________________________ __ 

1595 

1600 

1605 

1607 

1610 

1615 

1620 

1622 

1625 

1630 

1632 

1635 

1640 
1641 

250 

251 

252 

253 

254 

255 

1645

U
?56 

1649 
1650 

· . . . fl ••••••• · . . . . · .. . · ... . 
240 ••••••••• · ... • •• • fl •••• · . . . · ... · . . . · . . . -02' .• 

o • 0 

fl ••••••• · . . . · . . . · . . . . · . . . · ... . · .. . 
241 •••• fl •••• · . . . . · . . . · . . .. · ... · . . . . · . . . al ••••••• · ... . · .. . -12·.·.· . · .. . · .. . • •• • fl •••• · ... · . . . · .... · . . . · ... . · .. . 
242 fl •••••••• · ... . · .. . · ... . · .. . · ... . · .. . · .. . it .. . · .. . · .. . - ... . · .. . · .. . · .. . · . . . . · ... '2. •••••• · ... . · .. . 
243' •••••••• · .... · . . . • •• • fl •••• · . . . . · . . . · ... . · .. . · ... . · . . . 
- -Z ••••••• · . . . . · . . . · . . . . · ... · . . . . · . . . ••• • °l.· •• · . . . . 

244 ••• • ••••• · . . . · . . . . · . . . 
• • • • 0 · . . . ·l ••• • •••• · . . .. · .. . · ... . 

-42. 0 
••••• · ... • •• • ·1 •••• · ... . · .. . · . . . . 

245 -: -: -:-:~ ·l. • 0 • 0 ••• · ... . · .. . · . . .. · ... · . . . 

10.0 low 

As above 10.0 low 

10.0 low 

7.4 low 

10.0 low 

9.8 low 

none argillic 

none argillic 

none argillic 

none argillic 

none argillic 

none argilliC 

Finely 
dissem
inated 
pyrite 

Finely 
dissem
inated 
pyrite 

Finely 
dissem
Inated 
pynte 

Finely 
dissem
inated 
PYrite 

Finely 
dissem
Inated 
PYrite 

Finely 
dissem
Inated 
pyrite 

47 
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LITHOLOGY - VALLES CALDERA NO.1 

Recovery 
Box Run lithology' Feet (feet) Porosity Fracturing Alteration Sulfides 

1649r:~~--~~~~----------------------------------------~---------------
1650 ~ ••••• 

1655 

1656 

1660 

1663 

1665 

1670 
1671 

1675 

1679 
1680 

1685 

1687 

1690 

1695 

1696 

1700 

1703 

1705 

- stS·.·.·.· 
246 _ 52 000"1000 

257 

258 

· . . . · . . . . · . . . . · . . . . .1 ....... . · . . . . · . . . . · . . . . 
247· ••••••••• · . . . . 

• ••• • 't •••• · . . . . · . . . . · . . . . · . . . . · . . . . 
0/0/0,./0/" 

- 62 I / I I 
I I I / I 
I I I I I 
I I I I I 

248 I I I / I 
259 

-72 

260 

249 

-82 

261 

250 

262 
-92 

251 ' 

263 

-02 

252 
264 

As above 

Breccia; carbonate and non
carbonate fragments 

Gray limestone, burrowed in 
places. Stylolites and mud
stone most prevelant in 
Interval 1667' - 1672' 

95 

IB . . - recclated limestone 

\ 
96 

Gray limes tone , bu rrowed and 
laminated In places 

0.4 low none 

9,7 low none 

10.0 none none 

9.8 none none 

10.0 none none 

9.0 none 

10.0 Ilone none 

argillic 

argillic 

minor 

none 

none 

none 

none 

Finely 
dissem
inated 
pyrite 

Finely 
dissem
Inated 
pyrite 

none 

no ne 

none 

none 

none 

LITHOLOGY - VALLES CALDERA NO.1 

Feet Box Run Recovery 
1703r-__ lr ____________________________________ L:�~·th~0:f~0~9~y __________ ~(:fe:e~t)~ __ ~p~o~r~o~s~it~y __ ~F~r~a:ct~u~r~in~g~~A~'~te~r~a~tl~· o~n~~S~u~'~fi~d~e:s_ 

1705 

1710 

1712 

1715 

1720 
1721 

1725 

1728 

1730 

1735 

1737 

1740 

1745 

1750 

1753 

1755 

1760 
1761 

264 

265 

266 

267 

268 

269 

270 

252m 

25411 
255' 

256 

o 0 0 · .. . · .. . · ... . · .. . · . . . . · .. . · ... . · .. . 
257 ••••••••• 

_09 10.0 

Dark-gray limestone and minor 
mudstone, Locally contains 
burrows and fossil fragments 

Gray mudstone and siltstone 
with minor crossbedding 

Cross bedded white sandstone 

56 
~ 

Burrowed , brecciated light to 
dark-gray limestone 

\ 
57 

9.9 

9.3 

10.2 

10.0 

10.1 

none 

none 

none 

none 

none 

moderate 

none none none 

none none none 

none none none 

none none none 

none none none 

none none pynte 

49 
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LITHOLOGY - VALLES CALDERA NO.1 LITHOLOGY - VALLES CALDERA NO.1 

Feet Box Run 
Recovery Recovery 

Lithology (feet) Porosity Fracturing Alteration Sulfides Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides 
1870 70 1925 

As above 10.0 none none none none 

1873 
1929 

1875 Gray recrystallized limestone. 10.0 none none none none 1930 _30 

Minor burrows Fossiliferous limestone 
_32 

_79 
1880 1935 Gray limestone, burrowed and 10.0 none none none dissem-

1881 275 fossilferous in places mated 

1937 
pyrite 

1885 Gray and reddish-brown shales 10.0 none calcite none none 1940 

270 with varying amounts of car- vei ns 
bonate within burrows and 
veins . 

1889 
1890 1945 9.3 none none none none 

276 

1895 
1950 

1896 271 10.0 low none none none 
1952 

_ 98 

Gray argillaceous limestone 1955 
1900 - 00 

277 
10.0 none none none none 

Burrowed limestone with 
indications of brecciation while 

1904 soft 
1960 

1905 272 10.0 none none none none _61 
-06 1961 

1965 Dark-gray lithoclastic 10.0 none none none none 

1910 Lithographic gray limestone limestone with few burrows 
with calcite-filled veins 

1912 

1968 

1970 _70 

1915 Dark-gray fossiliferous lime-
273 10.0 none calci te none none stone 

veins _73 
_18 

1975 Burrowed. gray limestone 10.3 none none none none 

1920 Dark-gray burrowed and 1976 279 _ 76 
1921 laminated siltsones. Minor 

carbonate Gray. clas ti c limestone 

_ 79 

274 10.0 none none none none 1980 Burrowed . gray limestone 

1925 - 81 

52 53 



LITHOLOGY - VALLES CALDERA NO.1 LITHOLOGY - VALLES CALDERA NO.1 

Recovery Recovery 

Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides Feet Box Run Lithology (teet) Porosity Fracturing Alteration Sulfides 

1980 2035 
Brown limestone 

Burrowed. gray limestone _36 

Gray limestone 
84 

1984 -.lCoat 
2039 _39 

2040 Red shale 
1985 _85 _41 

Laminated detrital gray lime- 10.0 none none none minor 

stone sulfides 
in coal 2045 Burrowed. stylolitic limestone 10.0 none none none none 

1990 _90 Minor intercalated mudstone 

1991 
2047 

2050 

1995 
281 Burrowed . gray limestone 10.0 none none none none 

2053 

2055 10.0 none none none none 

2000 

2001 

2060 
10.0 none none none none 

2005 
282 

2007 
2065 10.0 none none none none 

2010 

2070 
_13 

2015 
2016 283 Dark brown shale: burrowed 10.0 none none none non e 

in places 2075 10 .0 none none none none 

2078 

2022 2080 

3 1 

2025 
284 

10.0 none none none none 2085 
290 

2086 
\ 

87 

2030 31 
2031 -' 

Poorly-sorted sandstone 2090 3 Burr owed . fos siliferous gray 10.0 none none none none 

-. limestone 
32 

285 
Burrowed . gray ilmestone 10.1 none none none ncne 2094 _94 

~ 

54 55 



LITHOLOGY - VALLES CALDERA NO.1 LITHOLOGY - VALLES CALDERA NO.1 

Recovery Recovery 

Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides 

2094 94 2150 50 

2095 

320 
291 

313 10.0 none none none none 2155 

2100 2157 
297 Gray limestone 10.0 none none none none 

321 
2103 

2160 
2161 

2105 292 
Lithographic. dark-gray 10.0 
limestone 

none none none none _63 

314 
322 Gray mudstone 10.0 none none none none 

2165 
_66 

2110 

2168 

2170 

2115 315 10.0 none none none none 
293 323 

2175 

_19 
299 Burrowed. stylolitic gray lime- 10.0 none calcite none none 

2119 2177 stone with calcite veins veins 

2120 Burrowed mudstone. Burrows 
are ca lcite filled 324 

_22 
2180 

316 
2181 

2125 10.0 none none none none 
294 2184 

2127 2185 325 
300 10.0 none none none none 

2130 317 2189 

2190 

326 
2134 
2135 Burrowed. stylolitic limestone 9.9 none none none none 

295 
2195 

318 301 9.9 low none none none 

327 _98 

2140 
-4 2200 Gray Siltstone 

_ 01 

Dark-gray ca lcarenite (> 50% 
_03 detrital calcite graIns) 

2145 
319 

- 46 2205 328 302 Burrowed . stylo litic gray lime- 10.0 none calCite none none 

stone With ca lci te veins veins 
Burrowed mudstone. Burrows to .O none none none none 

2148 are calcite filled 
320 2209 

2150 2210 

56 
57 



LITHOLOGY - VALLES CALDERA NO.1 LITHOLOGY - VALLES CALDERA NO.1 

lithology 
Recovery 

(feet) Porosity Fracturing Alteration Sulfides 
Recovery 

Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides Feet Box Run 

2209 
2260 

2210 2262 

329 

2265 Burrowed gray limestone 9.7 none low none none 

2215 Burrowed. stylolitic gray lime- 9.5 none calcite none none 30B 
2216 303 stone with calcite veins veins 

2270 

2220 330 2271 

58 59 
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LITHOLOGY - VALLES CALDERA NO.1 LITHOLOGY - VALLES CALDERA NO.1 

Recovery Feet Box Run 
Recovery 

Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides Lithology (feet) Porosity Fracturing Alteration Sulfides 

2535 
381 

2590 
2591 

2540 
342 Light to dark gray fossiliferous 10.1 none calCite none none 

2595 
stylolitic limestone veins 

382 

As above 9.1 none none none none 

2543 

2545 2599 
2600 

343 10.0 none high (cal- none none 
383 cite filled) 

2550 51 

2551 ..J 2605 
Laminated gray limestone with 10.0 none calCite none none 

calCite filled veins veins 2607 
~ 

53 

" 
2555 

54 
2610 

384 
9.0 none high (cal- none dissemi-

cite filled) nated sulfide 

2558 _ 58 on fracture 
plane 

2560 2615 

8 Laminated gray to black mud- 10.0 none none none none 

stone with minor clay. car-
bonate and possibly some 385 

2565 anhydrite 2620 _20 

Black shale containing cal- 7.2 none none none stratiform 
cite fragments. Bedding 40° sulfides In 
to long aXIs of core shale 

2624 

2570 2625 

9.5 none none none none _26 

386 Fossiliferous light-gray lime- 8.3 none none none none 
stone with varying amount of 
clay 

2575 
2630 
2631 

2576 
77 

10.1 none none none J to 4 cm J 
2635 

2580 aggregates 
01 Fe 387 

Bottom of Madera Limestone 9.8 none none none none 

Sulfides 

"<0 j 
_37 

341 

FOSSiliferous and argillaceOUS 
Gradational contact 

2584 

2585 
Itgnt to dark-gray limestone 
and fTlu(btone 

"1j 388 Detrital limestone in a dark-red 9.0 none none none vugs filled 
to brown matrix of shales and with Fe 

342 101 none high (cal- none none 
2645 

mudstone sulfide 

2590 
_ 90 Cite Itlled) 

64 
65 



LITHOLOGY - VALLES CALDERA NO.1 

Recovery 
Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides 

2645r-~r---~~~------------------~------------------~----__ ~ __ ~~~~~ __ 

2650 

2651 

2655 

2660 

2665 

2667 

2670 

2675 

2680 

2685 

2690 

2695 

2700 

66 

.-. . . · . . . . . · . . . . . 349 • • • ••• · . . . . . · . . . . . · . . ... · . . . . . · .... . · ... . · . . . . . · . . . . · . . . . . · . . . . · . . . . . - ..... · . . . . . · . . .. · ..... · . . . . · . . . . . · . . . . · . . . . . · ... . · . . .. . · . . . .. 
350' ••••••••••• · . . . . . · . . . . . · . . . . . . · . . . . . · . . . . . . · . . . . . · . . . . . . · . . . . . · . . . . . . · . . . . . · . . . . . . · . . . . . · . . . . . · . . . . . · . . . . . · . . ... · . . . . . · . . . . . · . . . . . · . . . . . 

Top of Sandia Formation 

_54 

Greenish·gray to gray sand
stone with varying amounts of 
carbonate as cement . Locally 
contains carbonate clasts 

Red shale 

Motiled greenish-gray silt
slone with varying amounts of 
carbonate cement 

9.0 none 

10.0 none 

9.4 none 

10.0 none 

9.6 none 

10.0 none 

none none 

none none 

none none 

none none 

none none 

none none 

vugs with 
Fe sulfides 

dissemi
nated Fe 
sulfide in 
fracture 

none 

none 

none 

none 

Feet 

2705 

2710 

2715 

2716 

2720 

2725 

2730 

2732 

2735 

2740 

2745 

2749 
2750 

2752 

2755 

Box Run 

· · . · · . · 355· •• · . · · . · · . · · . · · . · 

LITHOLOGY - VALLES CALDERA NO.1 

Lithology 

As above 

_12 

Dark-red argillaceous sand
stone containing angular chert 
fragments 

Dark to light-gray brecciated 
limestone 

_ 41 

Gray stylolitic limestone 

_ 51 

Crossbedded. coarse-g rained 
sandstone 

Recovery 
(feet) Porosity 

10.0 

7.5 

7.0 

6.0 

9.0 

9.3 

9.5 

low 

medium 
to high 

medium 

high 

low 

low 

low 

Fracturing 

medium 

low 

low 

low 

low 

low 

med ium 

Alteration 

chlorite. 
hematite & 
celadonite 
in cavities 

lightly 
altered 

none 

none 

none 

none 

none 

Sulfides 

minor 
pyrite 

minor 
pyrite 

none 

none 

dissemi
nated PYrite 

pyrite In 
sty lOlite 
seams 

pyrrte In 

sty lOlite 
seams 
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LITHOLOGY - VALLES CALDERA NO. 1 

Recovery 
Feet Box Run Lithology (feet) Porosity Fracturing Alteration Sulfides 

2755 · · · · · · · · · · · . · 360·.·.· 
401 · · · As above 9.5 low medium none PYrite In · · · · · stylolite · · · 2760 · · · seams 

_61. · · _61 · · 276~ · · · · · · · · · · · · · · · · · · · · · · · · · · · 2765 · · 361'. · · · 402 · · · Brecciated green sandstone 10.1 medium medium chlorite PYrite · · · · · with Precambrian fragments · · · · · · · · · · · · · · · 2770 · · · · · · · 2771 - . · · · · · · · · · · · · · · APPENDIX · · · B · · · · · · · · · · · · 2775 403 · · · I 362. · · · 10.3 meo!um low chlOrite molybdenite · · · · · · ,n · · · · · · · fractures · · · · CORE PHOTOGRAPHS · · · · · · · · · 2779 · · · · · · 2780 · · · · _81. · · · · · · · · · · · · · · · · 404 · · · · · · 363. · · 9.2 medium low chlOrite molybdenite 
2785 · · · · · In · · · · · fractures · · · · · · · · · _87 · · · · · · 2788 - · · · · · · · · Coarse-to-flne-gralned. 2.0 none high chlOrite dlsseml-· · 2790 · massive. dark-gray sandstone nated PYrite · 405 364 • · _91 

:L 
2793 --

2795 

406 Brecciated black to greenlsh- 6.0 none high none disseml-

gray shale and calcareous nated PYrite 

shale 

2800 

.) 8 none high none dissemi-
nated pyrite 

407 
2805 

Ilone high 1l0lle dissemI-
nated pyrite 

2809 
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