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I. SUt10.ARY 

The Valles Caldera, sometimes called Jemez Caldera, is 
located in the Jemez Mountains, a complex volcanic high
land of Pliocene and Pleistocene age, about 55 miles 
north of Albuquerque in north-central New Mexico. The 
caldera is circular in shape, 12 to 15 miles in diameter, 
and SOD to 2000 feet deep. The caldera is a relatively 
young structure, originating about 1.1 million years ago 
following an enormous eruption of rhyolitic ash and pumice. 
The caldera is currently in a stage of hot sprin~ activity, 
although the periodicity of rhyolitic volcanism does not 
preclude future eruptions. 

Hot springs and warm water wells are generally distributed 
over seve~al hundred square miles in the Jemez Mountains, 
indicating a geothermal anomaly of regional scope •. The 
geo~hermal anomaly culminates in the Valles Caldera, most 
obviously in the western half, where a maximum temperature 
of 532°F, has been measured in the Baca #4 geothermal well. 
Because the structure of the caldera is analogous to a pot 
on a stove, high sub-surface temperatures are probably 
available everywhere within the 150 square mile caldera, 
and certainly everywhere within the central 100 square 
miles. 

The deep groundwater system underlying the Valles Caldera 
is essentially a single unit which can be described simply 
as the deep flow of water from the San Pedro and Jemez 
Mountains into the Rio Grande drainage basin. In addition 
to subsurface pressure measurements, ionic and isotopic 
characteristics of the hydrothermal waters can be used to 
trace water flow in the hydrothermal system. The potentio
metric surface of the deep groundwater system is near the 
surface in the northern half of the caldera and over a 
thousand feet below the surface in the center of the caldera. 

Knowing the subsurface pressure-temperature relationships, 
a tentative model of the Valles Caldera hydrothermal 
system is proposed: Relatively cool water enters the 
very hot caldera from the north. As the water flows 
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through the subsurface the enthalpy increases, and 
near the center of the caldera boiling begins. In the 
vicinity of the Baca #4 well, boiling of the deep water 
has led to formation of a vapor-dominated reservoir 
about 2500 feet thick. South of the Baca #4 ~ocation, 
g1ven a continuing addition of calories, the vapor-domi
nated reservoir should be thicker. 

The above considerations lead to the conclusion that 
about 40 square miles in the southern half of the Valles 
Caldera are prospective for dry-steam production. Liquid
phase reservoirs with temperatures at least as high as 
the vapor-dominated reservoirs may be prospected for in the 
northern half of the caldera where the water table is near 

. the surface. Surface manifestations (hot springs, altered 
' rock) of the hydrothermal system are absent in the eastern 
half of the Valles Caldera and in the adjoining Toledo 
Caldera. The lack of surficial expression is due to 
topography and near-surface geology. At depth, the Toledo 
Caldera, and eastern Valles Caldera are fully as prospective 
as the western Valles Caldera. 

2. 



II. 

l 
\ 

•• 

INTRODUCTION 

The primary purpose of this report is to summarize 
the presently available knowledge of the Valles 
Caldera hydrothermal system and, secondarily, to 
present a very tentative model of the hydrothermal 
system for use as a basis for geothermal exploration. 
Over a series of years, many man-hours of study have 
been devoted to the Valles Caldera, which is one of the 
worlds' truly impressive volcanic collapse structures. 
The studies have ranged from the academic pursuits of 
the United States Geological Survey to private attempts 
to win commercial geothermal resources. This report 
is simply an attempt to bring together the pertinent, 
but scattered data generated by other workers. With 
the exception of the proposed model, there is little 
origi~al work in this report. 

The sources of data for this report are published 
geological reports, unpublished United States Geological 
Survey information from the files of the Baca Land and 
Cattle Company, drilling reports and geological reports of 
the geothermal wells, and geologic excursions.in the 
Jemez Mountains. 

I have purposely not elaborated in the topics of strati
graphy and structure. Those subjects are well covered 
by the U.S.G.S. map of the Jemez Mountains by Smith, 
Bailey and Ross. The enclosed copy of that map should 
be considered an integral part of this report. 

Every attempt has been made to utilize reliable data. 
During the course of data collection, however, some 
information, particularly downhole data from geothermal 
tests, had to be disregarded. The accuracy and complete
ness of the included data, therefore, cannot be guaranteed. 

3. 
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III. GEOLOGIC SETTING (Largely from Doell, et al, 1968 and 
Smith and Bailey, 1968.) 

A. REGIONAL GEOLOGY AND GEOGRAPHY (Figure l) 

The Valles Caldera, sometimes called the Jemez'~aldera, 
is located in the Jemez Mountains, a complex volcanic 
highlBnd of Pliocene and Ple~istocene age, about 55 miles 
north of Albuquerque in north-central New Nexico. The 
Jemez Mountains are situated at the intersection of two 
major geologic features. One is the southeastern rim 
of the Colorado Plateau, including the chain of volcanic 
fields that have developed along ~the rim: White Hountains, 
Datil, Ht. Taylor, Jemez, and San Juan. The other regional 
geologic structure is the western margin of the Rio Grande 
Graben; a trough that extends several hundred miles through 
New Nexico and Colorado. Geophysical evidence (Joesting, 
et al, 1961) indicates approximately 19,000 feet of dif
ferential elevation between Pre-Cambrian rocks east and 
west of the graben and Pre-Cambrian rocks buried in the 
center of the graben. 

West of the graben fault zone, the volcanic rocks of the 
Jemez Mountains overlie Pre-Cambrian granite, and Paleozoic
Mesozoic sediments. East of the fault zone, the volcanic 
rocks rest on Tertiary epiclastic sediments that fill the 
graben. The principal focus of volcanic activity is clearly 
within the graben; of the 154 known volcanic vents in the 
Jemez Mountains, only 18 are located on the uplifted block 
west of the graben. (Smith, et al, 1970.) 

Most of the hot springs in New Nexico are associated with 
the chain of volcanic fields around the rim of the Colorado 
Plateau or with the western edge of the Rio Grande Graben 
(Summers, 1965). It is apparent that the hydrothermal 
activity in the Valles Caldera is not an isolated spurious 
occurrence, but is part of a regional, deep-seated thermal 
anomaly. 

Geographically, the Jemez Mountain highland is formed by 
a central, eroded mountainous mass composed mainly of basalt, 
andesite, and dacite, and surrounded by more youthfully 
dissected plateaus composed mainly of rhyolitic ash flows. 
Valles Caldera is a sub-circular depression in the center 
of the Jemez Mountains. The caldera is 12 to 15 miles in 
diameter and 500 to 2000 feet deep. In the center of the 
caldera is a broad structural dome (Redondo Peak) , which 
rises 3000 feet above the caldera floor and has an elevation 
of 11,254 feet. Several smaller ~ountains, rhyolite domes, 
surround Redondo Peak. 

4 . 
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GEOLOGIC HISTORY OF THE VALLES CALDERA (Map I) 

The volcanism, which has led to the present stage of 
development of the Jemez Mountains, began in late 
Miocene, or early Pliocene time. with an eruption of a 
basalt-rhyolite sequence, followed by two complex basalt
andesite-dacite-rhyolite sequences that were erupted over 
a period of about 10 million years. The Valles Caldera 
is a relatively young structure; its history can be con
sidered as a series of stages: 

a) Regional doming of the Jemez volcanic highland with 
formation of a ring-fracture system over a shallow 
masma chamber. 

b) Two gigantic pyroclastic eruptions, 1.4 and 1.1 
million years ago, which produced the Bandelier 
Tuf'f, a deposit of rhyolitic ash and pumice, wide
spread in the Jemez Mountains. Each outburst yielded 
about 50 cubic miles of volcanic debris. 

The eruptions were folJmved by c·ollapse along ring
fracture systems, producing first the Toledo Caldera, 
and; some 300,000 years later, the Valles Caldera. 
The collapse structure of the Valles Caldera trun
cates the southwestern part of the Toledo Caldera. 

c) Formation of a caldera lake and eruption and deposition 
of rhyolitic lavas and pyroclastics on the lower parts 
of the caldera floor. During this stage the caldera 
was filled with about 2000 feet of assorted lacustrine, 
landslide and volcanic rocks. 

d) Uplift of the central dome (Redondo Peak), accompanied 
by radial fracturing and formation of a longitudinal 
graben across the dome (Redondo and Jaramillo Creeks). 
Simultaneously with doming, rhyolitic lava erupted 
within the graben and the northwestern part of the 
ring-fracture system. During this stage, the lake, 
pushed to higher levels as the dome emerged, eventually 
overflowed the caldera rim ori the southwest side. 
The concentration of water flow caused erosion and 
formation of Canon· de San Diego, and the localization 
of the Jemez river which now drains Valles Caldera. 

e) Eruption of rhyolite along the ring-fracture zone 
around the central dome forming a chain of cones, 
flows and domes. Ten major vent areas and at least 
18 separate eruptions spanning 900,000 years are 
recognized. The youngest eruption, El Cajete, is 
less than 100,000 years old. 

f) Hot-spring and solfataric activity in the western half 
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of the caldera. The Valles Caldera is in this stage 
now, and may have been in this stage for the last 
100,000 years. This stage is of much more than academic 
interest, for the probable long duration of the solfataric 
stage in large epi-continental cauldrons suggests major 
ore-forming potential and long-lived hydrothermal systems. ·-. 

HYDROTHERMAL GEOLOGY 

VOLCANIC SETTING 

The Valles Caldera is favorably situated in space, time 
and type of volcanism for development of a large hydro
thermal system. The caldera is situated in the center of 
the J"err.ez volcanic field of over 700 square miles, active 
more or less continuously for the last-lC million years. 

The geoiogic history of the caldera during the last 1.5 
million years of doming-rhyolite eruption-collapse-resur
gent doming-rhyolite eruption, indicates the caldera is 
directly over the shalloHest portion of the magma chamber 
supplying lava to the Jemez volcanic field (Smith and 
Bailey, 1968). The association of large hydrothermal 
systems with rhyolite volcanoes or granite intrusives is 
well documented. The Salton Sea and Long Valley hydro
thermal fields in California, Yellowstone National Park, 
and Wairakei, Hew Zealand, are but four of many examples . 
This association has been observed in other countries and 
is ascribed to the probability that rhyolite magma chambers 
are shallower than basalt sources and are therefore better 
able to heat circulating groundwater (McNitt, 1970). 

TEMPERATURE DISTRIBUTION 

Springs and Water Wells 

Abnormal earth temperature is certainly the most readily 
sensed parameter of a hydrothermal system, and hot springs 
are the most obvious manifestations of subsurface tempera
ture. Because low-density hot water can percolate up 
permeable fracture zones large distances above normally 
heated aquifers, hot springs, in themselves, are not 
necessarily evidence of abnormally hot hydrothermal systems. 

The occurrence of hot springs must be examined with respect 
to the regional geology. Map I shows that hot springs occur 
in the Jemez Mountains over a distance of sixty miles in 
association with major faults which are projected through 
the western portion of the Valles Caldera. Nowhere else 
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along the boundary faults of the Rio Grande graben are 
hot springs so numerous. The concentration of hot springs 
in the Jemez Mountains is therefore an indication of a 
widespread hydrothermal system in the region surrounding 
Valles Caldera. 

.. -
Water wells are another source of subsurface temperature. 
Wells in four areas are pertinent; two inside· Valles 
Calde~a, and two outside are shown on Map I. Twenty-five_ 
miles south-west of the caldera, water with a temp~rature 
of l30"F. flows from an abandoned oil test 2000 feet deep. 
(Summers, l965a) Summers reports the average temJ:Jerature 
of near surface water in this area is 52"F. The depth of 
the water-producing formation is unknown, but in any event, 
the geothermal gradient must be at least 3"F per 100 feet, 
about twice normal. 

Griggs,' et al (1964), reports on several water wells in 
Guaje Canton, 15 miles east of Valles Caldera, near the 
center of the Rio Grande graben. Five wells, each 2000 
feet deep, produce water up to 85°F in composite flow 
from many water-bearing zones between 300 feet and 1800 
feet. Assuming the average flow comes from a depth of 
1000 feet, the geothermal gradient is about 3.3F" per 
100 feet, about twice normal. The abandoned oil test and 
the Guaje Canyon water wells prove abnormal subsurface 
temperatures are available throughout the entire Jemez 
Mourtt~ins region. 

Water supply i~vestigation wells were drilled by the 
United States Geological Survey in two of the valleys 
within the Valles Caldera, Valle Grande and Valle Toledo, 
on the eastern side of the caldera, about six miles from 
hot-spring activity. (Conover, et al, 1963; Griggs, 1964.) 
The location of two pertinent wells are shown on Map I. 

In the authors' concept, rainwater enters the alluviated 
valleys by downflow through the blocky crusts of the 
flanking rhyolite domes and emerges in springs to feed 
the Jemez River and San Antonio Creek. ·The annual through
put of water is estimated at 2200 acre-feet in Valle Grande 
and 1600 acre-feet in Valle Toledo. Under conditions of 
dynamic flow,detailed interpretation of shallow ground 
temperatures is hazardous, but the generalized picture 
is very informative. 

In the Valle Grande, artesian well water from approximately 
450 feet deep is 64"F., and the ground temperature nearby 
at 100 feet is 45"F. The indicated gradient is 5.4F 0 per 
100 feet. · 

In Valle Toledo, artesian well water from a zone 400 feet 
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deep is 64°F, while lvater from a nearby 97-foot well 
is 50°F. The indicated gradient is 4.6F 0 per 100 feet. 
The geothermal gradients in both intra-caldera valleys 
are significantly above normal, and may be lower than 
the geothermal gradient at a depth of a few thousand feet 
if near-surface waters are flushing c~lories down stream. 

To summarize, the distribution of hot springs and high 
geothermal gradients over an area of at least 1300 square 
miles indicates the presence of an extensive hydrothermal 
system which is approximately coincident with Jemez 
Hountains volcanic field. 

2. Temperature Observation Holes (Figure 2) 

During the summer of 1970 about 50 temperature observation 
holes were drilled in various parts of the Valles Caldera. 
Host .of the holes were 100 feet deep, an easily attainable 
depth below the limit of significant annual variation. 
Three were drilled to 300 feet to obtain gradient data. 
The purpose of the survey was to determine the general 
pattern of near-surface temperature distribution to aid 
in the selection of a site for a deep geothermal test. 

The results generally corroborate the hot~spring pattern 
and regional geology: the western half of the Valles 
Caldera has a higher near-surface temperature than the 
east.ern half. With few exceptions the temperature at a 
depth of 100 feet in Valle Grande and Valle Toledo are 
in the range 44. 0-48°F. In the western half of the caldera 
however, only one temperature was recorded below 50°F., 
and the maximum temperature at 100 feet was 106°F. 

Temperatures measured in the zone of active surface acid 
alteration are surprisingly low, generally 70°-90°F., and 
suggest the alteration is caused by escaping gases from 
the deep hydrothermal system, rather than by circulating 
waters, and that near-surface water flow is not connected 
hydraulically to the deep system. This is but one of the 
indications of an under-pressured]DL~LO~h~zmal system, 
conducive to the production of dry steam·. 

--~--~~--··----~-----~--~------ ---~--------------~--

Three holes in Valle Grande were anomalous; the maximum 
temperature at 100 feet was 60°P.. A deeper hole, drilled 
next to one of the anomalous shallow holes had a tempera
ture of 72°F. at 300 feet, noticeably warmer than water 
from a depth of 450 feet in the artesian well 1-1/2 miles 
to the east. The indicated gradient at this location is 
l0F0 per 100 feet, about six times normal. If the gradient 
continues with depth, temperatures in the range of 450°F.-
5500F. would be available at depths of 4000-5000 feet. 
Rex (1970) points out that successful steam wells have been 
drilled in the Salton Sea field, California, at sites 
where the near-surface geothermal gradient is only 6.3F 0 
per 10 0 feet. 
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3. Geothermal Wells 

(Detailed temperature data for the deep geothermal test 
wells is recorded in the Concise Well Summaries in the 
A~cEndix of this report. Only the most pertinent data 
is pres·ented here.) .•. 

The Baca #4 well is the only deep well with reasonably 
good temperature data. Typical observed formation tempera
tures at depth are 300°F. at 2000 feet, 404°F. at 2625 feet, 
and 532°F. at 4820 feet. Above a· depth of 2000 feet, the 
Baca #4 well has an av~rage gecLhermal gradient of no more 
than 12.5F 0 per 100 feet, not dissimilar to the gradient in 
Valle Grande. The low, near-surface gradient is because of the 
low reservoir pressure of the deep hydrothermal system, 
and an impermeable layer of altered tuff which extends from 
the s11rface to a depth of a~~ut 1600 feet in the Baca #4 
well. Below a depth of 2000 feet, temperatures increase 
rapi6ly with depth at a rate approximating the normal 
boili•,g-point-depth curve (F g11re 3) . Temperature observa-

ions the Baca #4 well indi~ate higher temperatures are 
.. ,ilaL.le below the bottom of the well. 

Al thougr· the data are sketchy, temperature information 
from the Baca #2 well, T.D. 5658 feet, indicates downhole 
temperatures are as high, and po ~ibly higher, than in the 
Baca #4 well. The folJowing is pertinent: 

a) Below a depth of 3000 feet, the mudflow line tempera
ture averaged about 160"F. and the suction line about 
130°F., an increase of 30°F. during a round trip of 
the circulating mud. The temperature increase is 
similar to those observed in the Imperial Valley, 
California, where reservoir temperatures are in 
excess of 600°F. 

b') After drilling to total depth, the well was cooled 
by circulating water prior to Schlumberger temperature 
logging. At a depth of 2500 feet, a zone drilled over 
a month befoJ·e, the temperature rebounded from 255°F. 
at 2 hours static to 330°F. at 9 hours static. Such 
a rebound performance is typical of the very hot 
reservoirs .in the Imperial Valley. 

c) There are unconfirmed reports that temperature
sensitive paint strips lowered into the well near 
total depth indicated temperatures over 500°F. 

d) Long term static temperatures of about 400°F. at 
2000 feet, and 350°F. at 1200 feet have actually 
been measured. If formation temperatures increase 
with depth along the boiling point-depth curve, the 
probable bottom temperature in the Baca #2 well 
exceeds 600°F. 
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Baca #1 and Baca #3 wells arc only 2560 feet and 2200 feet 
deep respectively, and do not have adequate static tempera
ture datu. One temperuture survey measu.rcd 390°F. at 
1800 feet in the Daca #3 well, and it is likely that the 
temperature regime at the .Buca #1 and #3 location is 
similar to the Baca #2 location. .,. 

The Bond #1 well, T.D. 3675 feet, similarly has meager 
temperature data. Poor data indicate a formation tempera
ture of 270"F. ut 1400 feet, and this well may have a low· 
ncar-surface gradient similar to the Baca #4 well. A non
equilibrium temperature of 39l"F. was observed at 2400 feet 
which proves, at least, that the well is not "cold" at 
depth, but may be cooler than the other wells. 

4. Geochemical Evi.dence For Temperatures Higher Than 
Observed in the Baca #4 Well 

5. 

M1ite (1970) reports extensively on the use of geochemical 
indicators to estimate the base temperature in hydrothermal 
systems. White states that dissolved silica, and the 
ratio of sodium to potassium in vlate·r are the bcest measures 
of the maximum temperature of interreacting rock and water. 
In a general way, higher temperatures favor the increased 
dissolution of silica and of potassium relative to sodium. 

Data for many hydrothermal systems are shown in Figures 4 
and 5. I have added data from chemical analyses of water 
from the Baca #4 well. It is seen that the silica content 
of the deep water from the Baca #4 well is appropriate for 
the observed temperature at depth, about 530°F. · The sodium
potassium ratio, however, indicates equilibrium with rock 
tempC>rature of about 660°F. (350°C.). \'lhitC> (pC>rsonal com
munication) believes the equilibration time is much faster 
for silica than sodium-potassium, so that the silica may 
measure the producing formation temperature while sodium
potassiwn may reflect higher temperatures from a deeper 
part of a circulating hydrothermal system. Although geo
chemical temperature indicators are not yet fully calibrated, 
it does appear highly possible that tC>mperatures of about 
650"F. are uvailable in the Valles Caldera. At the Baca #4 
well location, such temperatures should be found at a depth 
of about 8700 feet. 

Areal Distribution of Temperature 

Because the s tructun' of the caldera is analogous to a 
pot sitting on a stove, there is every reason, at this 
writing, to expect that the high temperatures observed in 
tl1e geothermal wells are probably. available at depth 
everywhere within the caldera, and certainly within the 
ring-fracture system. I strongly recommend that a detailed 
s!1allow-gradient survey be performed to rapidly evaluate 
the true area extent of the subsurface hydrothermal system. 
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c. rLUID PRL:SSURE DISTRIBUTION AND GROUND\-IATER fLO',~ 
Pi\TTCRil (tiM) II) 

1, General 

2. 

Although abnormal temperature is easily sensed, sub
surface fluid pressure distribution is equally important 
in the description of a hydrothermal system. Knowlcd~e 
of subc,urface fluid pl'essurc distribution is pertinent 
to definition of reservoir capacity and pcrforman6e, water 
supply and recharge, direction of groundwater flow, and 
waste water disposal areas, The combination of subsurface 
temperature and pressure largely defines the physical stat~ 
(vapor or liquid) of tl1e water in the hydrothermal system, 
Combined knowledge of subsurface pressure and temperature 
distribution therefore allows the delineation of areas 
where dry steam or wet steam production can be expected. 

Subsurface pressure data comes from two principal sources: 
springs, ''hich because of temperature or mineral content 
can be deduced to be connected to deep or shallow ground 
water bodies, and drilled wells, primarily those drilled 
for water or steam, Oil tests are also very informative 
if a detailed history of the well is available, 

The subsurface fluid pressure distribution is directly 
due to topography, strati[raphy, and ~eologic structure. 
In a geothermal region, heat flow is also an important 
factor, In general, the subsurface pressure distribution 
can be related to one of two groundwater zones:. a near
surface zone of low-chloride water with a potentiometric 
surface closely related to local topography, and a deep 
zone of chloride-bearing water with a potentiometric 
surface relat~d to regiohal topo~raphy and geology. In 
the Jemez l~untains, there are many separate bodies of 
ncar-surface water, Tl1e deep groundwater system is 
essentially a single unit which can be described simply 
as the deep flow of water from the San Pedro and Jemez 
Mountains into the Rio Grande drainage basin, 

Sprinp;s and \·later \Iells 

A spring is the intersection of a groundWater table with 
the topographic surface. The elevation of the spring, 
therefore, is approximately equivalent to the elevation 
of tl1e potentiometric surface of the groundwater system 
at ~hat ooint. The potentiometric surface of the deep 
groundwater system under the Jemez Mountains can be 
measured at the many !Jot, chloride-bearing springs located 
along the Jemez River, within the Valles Caldera, and at 
Aqua Caliente spring on the north flank of the Jemez · 
llountains, The many cold, chloride-free springs in the 
Jemez !fountains, such as those in Valle Toledo and Valle 
Grande, are clearly not flowing from the deep groundwater 
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system and their elevations do not represent the 
potentiometric surf~ce of the deep groundwater system. 
Sulphur' llot Springs, in fhe 1-1estern part of Valles 
Caldera at an elevation of about 8300 feet, are nassy, 
acid, low volume, hot sprines with a pll of 2, and with 
a nceligible chloride content. The hot springs are 
caused by hot eases from the deep hydrothermal system 
escaping into a shallow perched water table. The ele
vution of the sprinns is not el{uiva~ent to the deep 
potentiometric surface. ,, 

Deep water wells near Los Alamos produce warm water 
from depths to 2000 feet. (Griggs, 1964.) Although 
the chloride content is low, the stratigraphy indicates 
the water is part of the deep Rio Grande system and 
the reported pressure data from the wells can be used 
to determine the shape of the deep potentiometric surface 
under the Jemaz Mountains, The low chloride content of 
the water probably means that the Los< Alamos area is 
over the cooler east flank of the hjdrothermal system, 

Artesian walls, producing from aquifers to 600 feet 
deep i~ Valle Grande and Valle Toledo, have a head a 
feH feet above ground level at the \-Jell sites, an ele
vation of about 8500 feet, (Conover, et al, 1963.) 
They report that the head of the deeper a~uifers in 
Valle. GranJe is less than the shallo~ aquifers, so that 
some downward movement of water is possible, but pro
bably not very rapid throur,h the. clayey near-surfac·= 
sediments. The artesian waters are cold and essentially 
c!Jloritle free, and tand to flow downward; these waters 
are therefore not considered an upwelling of the deep 
hydrothermal system, ~Co_nover, et aJ,. consider Valle ,- ~--·--·---·- -.I __ _, ___ --· . -. ' 

Grande to be a near stat1c bas1n of groundwater ln 
wlJiclJ rechar~e from the flanking hills does not enter 
D1e deep valley aquifers, but emerges in a series of 
springs along the edge of the valley. (Isotope evidence 
reported in another section of this report, proves the 
concept.) Because of the near static nature of the 
ground<later in Valle Grande, some faith can be placed 
in hir,h temperature gradients,reported in a previous 
section of tl1is report. 

3. Geothermal Test ','iells (Detailed Data in Appendix) 

Pressure measurements in the deep geothermal wells 
clearly show that the deep hydrothermal system is a 
sep~rate water body from the shalloH water in Valle Grande 
and Valle Toledo, and from the shallO\v hot waters at 
Sulphur Springs. As measured in'four wells, Baca 02, 
#3 and 011, and Uond #1, the top of the deep hydrothermal 
system is at an elevation of about 7500 feet, deepest 



4. 

at Baca #4, shallowest at Baca #2. 

Su~nary of Pressure Observations 

Consideration of tl1e regionally distPibuted data from 
springs and wells (Map II) reveals that the deep water 
system is very simply related to the superposition of the 
Jemez llountains topo1:raohy upon the nol'mal subsul'face 
water' flow in the Rio Grande graben. Deep water flow 
fl'om the San Pedro and Jemez Mountains radiates nol'th, east 
and south into the Rio Grande drainage area, Most of the 
subsurface water passing across Valles Caldel'a enter'S 
from the higher' mountains nol'th and nol'thwcst of the 
caldera, A limited amount of flow enter's from the 
caldcr2 rim to tl1e west, south and east, and a ccl'tain 
~mount of near-surface water, such as in Valle Grande, 
must percolate downwapds to enter' the deep system. 
Hydrologically, the Valles Caldera is a "flat" zone; 
the nol'mal nol'th-to-south flow is impeded by the lack 
of topor;Paphic dt'ainar;e relief, the abundant Phyolite 
plugs and the localiz.ed non-regional flow pattel'ns 
caused by the caldera rim. 
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D. WATER CHEMISTRY 

1. ~elution Chemistry 

The chemistry of the dissolved solids in waters of the I 
Jemez Mountains permits a very tentative five-fold 
subdivision: deep thermal water., saturated steam, shallow 
tltermal water, shallow perched thermal water, and water 
from outside the hydrothermal system. Typical analyses 
(from many available analyses, chiefly in Summers, 1965, 
a, b; Conover ct al, 1963; and Griggs, 1964), arc presented 
~n the appendix. Only the general characteristics are 
discussed below. 

a) Deco thermal water. The Baca #4 produces from 
dr"- steam zones bet\,•een 34GB feet and 4995 feet, 
an~ from a water zone at about 5000 feet. The 
sample of the deep water zone is a wellhead flowline 
sample of the liquid effluent while the well was 
flowing from all zones beh1ecn 3468 feet and 5048 
feet, total depth. As sampled, the deep thermal 
water is a chloride water with dissolved solids of 
about 7000 ppm. (Analytical results are not 
adjusted for concentration during flashing in the 
well bore, because thermodynamic c~lculations 
indicate about as much dry steam i~ condensed to 
lift the water as is evaporated during flashing. 
In the future, an attempt should be made to obtain 
unflashcd ~;.~:.~1:;ll..cs.) The v..·~tter i_s verv hl_qh i_n 
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Goldschmidt, 1954; Heide and Theile, 1957). The 
analysis shows no calcium or magnesium, however 
a small amount of calcium could have been precit)i
tated during flashing. Lo\<1 calcium content is common 
in Haters of high temperature, calcite decreasing in 
solubility with increasing temperature (White, 1970; 
Hem, 1970). The low calcium content may also reflect 
the lm1 calcium content of the reservoir rock. The 
reservoir rock in the Baca #4 well is a rhyolitic 
tuff Hhich contains 0.24% of CaO compared Hith 1.2% 
for tlw avera9o rhyolite (Daly, 1933). The high 
silica content (820 ppm) of the deep thermal water, 
and the low ratio of sodium to potassium (4.5, 
atomic ratio) ar<e typical of water with a very high 
reservoir temperature (White, 1970). 

Water of similar chemistry to the deep chloride water, 
occurs in the Baca #3 Well (T.D. 1944 feet when 
sampled) , Soda Dam Hot Springs, Jemez Hot Springs, 
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and San Ysidro India11 !lot Sprin~, the latter about 
15 miles south of Valles Caldera, The available 
analysis of the water from Gaca #3 is barely useful; 
the silica analysis is obviou~ly in error and no 
analyses ~Jere made for fluorine or boron, Jlo'"cver, 
the high dissolved-solids (5712 ppm), tha lo'" 
calcium (16 ppm), and the low sodium-potasium ratio 
(11.1) indicate that water is part of tl1e deep 
thermal 'dater, The hot sprin~s along the Jemez 
River differ from the deep well water by a lower 
silica content, and a highe~ calcium and bicarbonate 
content, I believe that much of the hot spring water 
has flowed southward from the high temperature 
caldera regime into the cooler rocks surrounding the 
caldera. Along the course of flow the cooling water 
has lost 1nuch of the initial silica and gained 
calcium bicarbonate from the Paleozoic lfmestones 
in Jemez Canyon. 

Saturated steam. Saturated or dry steam occurs in 
the Gaca H4 well between the deaths of about 2500 
feet to 5000 feet. No condensa~e samples were taken 
of this steam for chemical analysis, 

c) Sl1allow thermal water, A chloride-bicarbonate
sulfate water, with dissolved solids of about 2000 
Pf'm, quite distinct from the deep chloride water has 
been sam;1led from depths of about 1700 feet to 2500 
feet in the Baca #4 well, and from about l300 feet 
to 1500 feet in the Baca fil well, The shallow thermal 
water has a hir,h content of bicarbonate and sulfate 
due to the dissociation of carbon dioxide and oxidation 
hydrogen sulfide, both gases escaping from the deep 
hydrothdrmal system, The shallow thermal water 
contains about 200 ppm silica, reflecting a lower 
temperature environment ,than the deep chloride water, 
and apparently contains no boron. 

In the Baca #4 well, this water overlies a vapor 
phase reservoir, Presence of this water may indicate 
the existance of a deeper vapor phase, through which 
carbon dioxide and hydrogen sulfide may pass to the 
exclusion of chloride iort, 

d) Shallow pe~ched thermal water, A very localized 
·type of thermal water is associated with Sulphur liot 
Springs in the west central part of the. Valles 
Caldera, The springs are about l50°F, with a pH of 
2, and a relatively low flow. Bicarbonate content 
is nil and chloride content· is very low (3.5 ppm), 
The water is clearly perched, heated by conductive 
heat flow and by escapinR gases, The acidity and 
hi~h sulfate content are caused by near surface 
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oxidation of H2S to H2S04. This· type of spring is 
clearly not in fluid communicatiQn with deep 
cl1loridc waters and is ii1dicativc of underlying 
vapor phase reservoirs (White; 1970, 1971). 

e) Water outsideti1e hydrothermal system. Water from 
outside the hydrothermal system is a dilute (100 -
200 ppm dissolved solids) bicarbonate water with 
minor sulfate and very low chloride content. 
Fluoride is high for dilute waters (about 1.5 ppm, 
and boron is nil, both characteristics typical of 
water from a rhyolitic volcanic environment. 'The 
dilute bicarbonate water is ty~ical of the artesian 
wells in Valle Grande and Valle Toledo, and the 
water wells near Los Alamos. 

A variety of this water is found in the warm springs 
around the rim of Valles Caldera: San Antonio Bath
House, McCauley, and Bathtub Springs. The warm 
springs have a slightly higher silica content than 
the typical cold, bicarbonate w~ter, an indication 
the water has percolated at least through the edges 
of the major hydrothermal system. Except for silica 
content the warm springs are identical chemically to 
typical cold water. I believe the warm springs 
represent areas where normally cold ground water is 
heated near. the edges of the deep hydrothermal 
system. The warm springs thus may indicate areas 
where the deep hydrothermal system is totally in 
the liquid phase, possibly with hydrostatid pressures 
to the surface. Such areas would be ideal for pro
duction of wet steam and for hot water. The area 
around San Antonio Bath House is suggested as a 
prospective area which could combine high subsurface 
temperature, good reservoir beds, hydrostatic pressure, 
and low-salinity fluids. 

2. Isotope Chemistry 

It has been known for some time that the isotopes of the 
lighter elements are fraction~ted by chemical and pl1ysical 
processes in natural systems. The stable isotope of oxygen, 
o18 , I 1 a~ Loe 11 particularly useful to hydrologists because 
of the abundance of oxygen in water and rocks. The basic 
geochemistry of olB is quite.simple. Assume the ocean as 
a large mass of water with a fixed ratio of alB to ol6 
atoms. This ratio is about one alB atom per 250 ol6 atoms. 
During oceanic evaporation, the lighter Qlb atoms tend to 
leave the ocean easier thari the heavier olB atoms. Rain
fall is thus depleted in olB relative to ocean water. 
Rocks contain a proportionately higher amount of alB than 
bcean water. As the Ql8 depleted rainwater percolates 
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through the earth, ol6 from the water is'exchanged for 
ol8 from rocks. The excharige process is very slow at 
low temperatures, but increases rapidly with incr~asing 
temperature. The principal utility of olB;ol6 measure
ments in geothermics is as an indicator of the relative 
length of time Hater has been in a hydrothermal environ-
menL. 

., 

Analytical results are usually presented as per mil 
·(per cent x 10) variation from a Standard knoHn as 
Standard Nean Ocean 1'/aLer (S~101•1) .· Thus water HiLh olB 
analysis of -7.6%owould be depleted in olB relative to 
seawater Lo the extent of having a olB;ol6 value 7.6%o 
(0.76%1 lower than sea water. ' 

Tritium (!r3), a radioactive isotope of hydrogen, occurs 
as a natural constituent of the atmosphere througl1 the 
reaction of cosmic-ray-produced neutrons with nitrogen 

ctoms: I 

Nl4 + nl.---+ cl2 + n3 + ENEHGY 
or Nl4 + nl ->- 3He4 + H3 + ENERGY 

(Kaufman & Libby, 1954) 

The natural frequency of tritium atoms is very low; rain
water contains about five naturally occurring tritium 
atoms for every 1ol8 hydrogen atoms. Because of the loH 
activity, a convenient unit of measurement called a 
Tritium Unit, has been defined: 

1 T.V. = Number of tritium atoms X 1ol8 
Number of hydrogen atoms 

Artificial Lritium, 
has been introduced 
amounts since 1954. 
some rains in North 

generated by thermonuclear explosions, 
into the atmosphere in considerable 

In 1963, the tritium content of 
America Has over 10,000 T.U. 

'!'he half-life of tritium, 12.5 years, fl,Arnishes the hydro
logist with a short-range dating tool. T~e large slugs of 
artificial tritium, produced since 1954

1 
also provide an 

excellent natural tracer. For example,, .groundwater which 
originated as rainfall over 50 years ag·, now has a tritium 
content of less than 0.5 T.U., below the limit of routine 
commercial analysis. Groundwafer samples containing tritium 
between 1 T.U. and 2 T.U. contain some water ''younger'' than 
50 years, ~nd samples wifh excess of 5 T.U. clearly have 
some water originating as rain since 1954. 
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Tl1e ol8 and tritium values for some waters from the Jemez 
Mountains, sampled in October, 1970, are: 

Sample Localit;L 

Artesian Well, Valle Grande 
64"F., flow from 450'. 

San Antonio Bath-!Jouse 
Spring, lOO"F. 

Soda Dam Spring, l04"F. 

Sulphur Spring, 150"F. 

Baca #4 Well, T.D. 1892' 

Baca #4 Well, T.D. 5048' 
Flow line water from well 
producing fro1n dry steam 
zones from 3468' -4995' and 
water zone about 5000'. 

( 018) %o 

-12.0 

-12.7 

-11.5 

~12. 5 

-11.3 

- 7. 4 

SMO\v T.U. 

3.6 

•,· 4. 4 

6. 8 

54. 4 

N.D. 

5.1 

The ol8 content of water from the Valle Grande artesian well is 
probably representative of Jemez Mount~in water which has never 
been in a hydrotl1ermal system, The tritium content of the 
artesi~n well water is neither abnormally high or low. The 
tritium content of pre-1954 rain has decayed to about 2 T.U. 1n 
1970. 1954 rainfall has decayed to probably no less than 10 T.U. 
Thus, the artesian water is probably mostly pre-1954 water 
with a small admixture of post-1954 water. 

The water from San Antonio Bath-House spring is warm, with a 
meteoric value for ol8 and a relatively low tritiu~ content for 
a spring. Most springs I am acquainted with ha'A tritium contents 
of over 10 T.U. Evidently .the water has been in the ground for 
several years, b~t has only recently entered the hydrothermal 
syste.m. 

The water from Soda Dam Springs is an interesting contrast to 
the San Antonio Bath-llouse water. The water at Soda Dam has had 
some excl1ange of alB with hot rocks, and contains about 100 times 
as much chloride ion as the Bath-llouse Spring, indicating the 
water has de£it1itely passed through part of the deep hydrothermal 
system. The tritium content of the Soda Dam water is signifi
cantly higher than the Bath-House water, probably the result of 
near-surface contamination. · ' 

Isotopic composition of the water from Sulphur Spring£ proves 
that water to be very young, near-surface water, heated by · 
escaping hot gases. Evaporation could concentrate tritium, but 
it would also concentrate olB. Sulphur Spring water has an 
ol8 deficiency similar to recent rain water, and shows no 
effects of exchange or evaporation, 
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The alB value for water from 1892 feet in the Baca #4 
well reveals some exchange with hot rock, but the sub
surface history of the water is probably so complex 
(the formation water may be a combination of saturated 
steam conde11sate and near-surface ground water) that 
ftirther discussion is not. warranted. 

Interpretation of the thermal water from Daca "#1 well, 
from 5000 feet deep, is slightly confounded by the flash
ing which takes place in the well bore as the water is 
produced. The extent of concentration•pf heavier isotopes 
during flashing is quantitatively unkno0n. Neveitheless, 
the limiting values are of great significance. . . . . 
The deep water has had a significant amount of olB 
exchange witl1 hot rock. The difference between the olB 
values for surface water and exchanged-hydrothermal water 
is knocm as the "oxygen shift." The oxygen shift has 
been measured in ma11y hydrothermal systems (White, 1970). 
The apparent shift in the deep Baca #4 water is: 

Valle Grande Well 
-12 %Q 

Baca #4 

( -7 C 4 %o ) = - 4 , 6 'to 

The actual shift is possibly less because of the concen
tration of ol8 during flashing. A shift of 4.6%o is 
somewhat intermediatco compared to other hydrothermal 
systems of similar depth and temperature. The Salton 
Sea hydrothermal system has a ol8 sl1ift of at least: 13%•. 
Wairakei, tlec; Zealand has an ol8 shift of only l'6o. The 
explanation proposed for Wairakei is that so much water 
has passed through the system (recharge) that the reservoir 
rocks are now in equilibrium with the circulating meteoric 
water supply (\•lhite, 1970). The low oxygen shift in the 
Baca #4 water suggests a similar high throughput of water 
may be present in the Valles Caldera. 

The tritium content of the deep water from the Baca #4 
well is high for water from an unproduced reservoir 5000 
feet deep, although some conc~ntration, up to 38%, by 
flashing is possible. The important fact is that any 
tritium was detected at all.· Assuming perfect separation 
during flashing (impossible)· and no condensation. of the 
dry-steam production (unlikely) 1 the deep thermal water 
contains a minimum of· 3. 5 1'. U. The tri t.i urn content of 
J.9'J4 pre-bomb raimvale.r has decayed to about 2 T. U. in 
1970. Therefore we can conclude that the deep thermal 
watet in Valles Caldera does include a component of post-
1954 rainwater, which has traveled through the earth at 
least one mile vertically in sixteen years. The deep water 
flow at the Baca #4 well location is apparently much more 
rapid than the near-surface grourid water flow in Valle 
Grande. Evidence for rapid movement of hydrothermal water 
is becoming more common, al tlwugh little data has been 
published. l'lhi te (personal communication) recently has 
found tritium ia "'Jresumed" ancient waters ·at Yellowstone . . 
Natio!1al Pr:trl:... 
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TABLE I. CHEMICAL ANALYSES OF WATERS FROM THE JEMEZ MOU NTAINS 

DEEP THERMAL WATIR 

I3aca #4 Baca fJ3 Soda Da::1 Je mez San Ysidro 
Harne and T.D. 5048 1 T.D. 1944 1 Hot Springs Hot Springs I ndian Spring 
Data Source This Report Rogers Eng. S ur.u~e rs 19 6 5 \·lhite 1 963 Surr.r:1.ers 1963 

Constituents 
ppm 

Temperature °F 532°F@ 4820' 39Q 0 f@ 1800 1 110°F l6 4° F 95°F 
pH 9. 0 8. 2 5. 8 7. 2 8 • 0 

( 
Si0 2 820 2 2 (?) 45 93 48 

. A1 Tr. 
Fe Tr Tr Tr Tr 
Ca 0.0(?) 16 321 13 6 1 00 
l'1a • ' e> 0. 0 (?) 3 29 6 . 6 8 . 6 

Na 2100 1959 1010 572 
}1240 K 777 30 0 190 70 

Li 1.0 
.'\ s 6 I 0 

EC0 3 2 87 237 1473 735 1 28 0 
co 3 36 0 0 0 0 
so4 66 100 1 0 7 49 28 6 
Cl 361 8 3119 1426 795 1140 

B 38 91 7 11 6.1 
F 15 3.1 5. 2 7 . 3 

Total 
Solids 7839 5712 3617 24 80 347 0 

Additional 
Dat a in 

( Appen dix 



TABLE I. 

Hc:.:ne and 
Data Source 

Constituents 
ppm 

( Temperature 
pH 

Sio 2 
Al 
Fe 
Ca 
~18 

Na 
K 
Li 
P.s 

HC03 
co 3 so 4 
Cl 

B 
F 

Total 
Solids 

( 

CHE!1ICAL ANALYSES OF \·JATERS FRO M TH[ JEHEZ HOUNTAINS 

or 

Baca. #4 
T . D. 1892' 
This Report 

3 0 OQ F @ 2 0 0 0 ' 
9 • 2 

Tr 
Tr 

0 .0(?) 
0. 0 (?) . 

633 
so 

422 
90 

189 
530 

0. 0 

1938 

Si!ALLOI.J T!IERH,\L r.vATER 

Baca· #4 
T.D. 2408 ' 
This ' Report 

404°F @ 2625 1 

9. 2 

242 
Tr 
Tr 

0 . 0(?) 
0 • 0 ( ? ) 

917 
5 8 
1 0 
1.2 

598 
111 
255 
800 

0 . 0 
8 

2767 

Baca #1 
i·Jater from 
1300'-1500 ' 
Ro ge-rs' Eng. 

320°F @ 15 00 ' 
8 . 4 

227 

400 
37 

54 
242 

1 197 

Baca #1 
T.D. 18001 ' 
Summers '65 

8 . 3 

1.0 
2 . 0 
1. 2 

83 
31 

8 54 

ll7 
114 

24 

17 00 

?I:RC:~L:D Tri ::: ~ : - : . .:..L 
~.·1!-.lL~ 

Sulfur 
Eot Sprin~s 
':Jhi.t e , 1 9 6 3 

1 50 ° F 
1.9 

216 
5 6 
?.3 

1 8 5 
52 

6. 7 
24 

0 
0 

l57 0 
3 • 5 

0 
l.l 

195 0 

Adci -cio!lal 
I: a t ·a i:-1 
/\p ?e:n C. ix 
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TABLE I - CHEHI CAL ANALYSES 0 F i·JATER FROH THE JI:t·1EZ l10U:ITAINS 

Nane and 
Data · Source 

Constituents 
ppm 

Temperature °F 
pH 

Si 02 
Al 
Fe 
Ca 
Hg 

Ua 
l~ 

1"1. 

Li 
As 

iiC0 3 co 3 
so 4 
('' v.J.. 

3 
F 

Total ;_, 
' Solids 

1.~ATER ON EDGE OF THERliAL SYSTEM 

San Antonio 
Bath-House 
Spring , 
Summers, 1965 

106 ° F 
6. 7 

103 

6. 5 
1.1 

340 

77 
0 

15 
17 

0 
1.6 

222 
·~ 

i\dci tiona1 
De.ta in 
Appendix 

t-! cCauley 
Spring 
Sur.uners, 1965 

ggor 
8.1 

53 

11 
4.2 

J 2 3 

87 
0 
8 • 0 
8 . 0 

0 
1.6 

1 52 

Bath-Tub 
Spring 
Sur.u:lers , 1965 

100°F 
7 . 3 

71 

7. 5 
2 • 2 

Js6 

1 39 
0 

17 
11 

0 . 8 
0. 8 

2 3 4 
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TABLE I - CHEMICAL ANALYSES OF WATER FROM THE JEMEZ MOUNTAINS 

Name and 
Data Source 

Constituents 
pprr. 

Tempera"ture °F 
pH 

Si0 2 
Al 
Fe 
Ca 
l'!g 

l1a 
K 

·· · Li 
As 

HC0 3 co 3 so 4 
Cl 

B 
F 

" Total· ' · 
Solids 

MISCELLANEOUS THERMAL ~ATER 

Oil Test, 
7 miles N W of 
San Ysidro 
Indian Sp'rings 
Summers, 1965 

l30°F 
7. 3 

31 
2. 6 
3. 9 

345 
56 

3550 
87 

1450 
0 

3260 
2990 

4.8 
2. 8 

11,000 

. 

San Ysidro 
Hot Springs 
?ummers, 1965 

86° F 

15 

2. 0 
497 

91 

}3310 

1969 
0 

3401 
2500 

50 

10,9130 

Ojo Caliente 
Summers, 1965 

113° F 
7.1 

63 

Tr 
25 

8 • 9 

928 
30 .· 

2160 
0 

15 6 
238 

1.6 
1 6 

2 5 30 

------ - -
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TABLE I - CHEMICAL ANALYSES OF WATERS FROM THE JEMEZ MOUNTAINS 

Name and 
Data Source 

Const -i tuents 
ppm 

Temperature °F 
pH 

Si0 2 
Al 
Fe 
Ca 
~!g 

Na 
K 
Li 
As 

HC0 3 co 3 
S0 4 
Cl 

B 
F 

.• 

Total 
Solids 

Valle Grande 
Art:e sian \.Je ll ' 
Griggs, 1964 

64° F 
8. 0 

70 
Tr 
Tr 
10 

2. 7 

}16 

57 
9 
4 .1 
2 • 0 

0 
0 . 4 

142 

Additional 
Data in 
Appendix 

NON-THERMAL WATER 

Jemez River 
Spring) Valle 
Grande 
\'Jhite, 1963 

55° F 
7 • 2 

55 
0 .1 
0.1 
4 ,4 
1.4 

11 
1.2 

42 
0 
1.9 
2 • 0 

0 . 6 

120 

Guaje Canyon 
Water '.ve ll 
Griggs, 1964 

85° F 

54 

Tr 
13 
l.l 

Js4 

166 
0 
3 . 2 
4. 8 

1.4 

220 

Averap_,e o f 
10 Cold S? rin gs 
From ?-hyolite , 
'.~hi t e , l 9 6 3 
( S;:n'ings not in 
Jemez Htns.) 

38 

13,9 
3 . 9 

15.2 
2. 1 

77.6 

11.6 
s. 6 

0. 3 

174 



E. HYDROTHER!1AL ALTERATION 

1. Near-Surface Alteration (Map I) 

A zone of active hydrothermal alteration covering over 
12 square miles has been mapped by the U.S. G~ological 
Survey (unpublished) in the western part of Valles Caldera. 
Active alteration is most conspicuous near Sulphur Sprin~, 
a low pll, lov1 volume, sulfate-rich hot spring. The rocks 
surrounding the spring area are ~ostly caldera-fill clastics, 
tuffs, and rhyolite lavas which have been bleached and 
leached to a light-gray, porous, siliceous residue, with 
common native sulphur, sulfate ninerals, and clay, probably 
kaolinite. Vegetation is sparse or absent in the hot spring 
area, but over most of the active-alteration area, plant
free areas are .only sporadic. Surface heat flow is 
obviou~ only in the hot spring area, manifested by hot 
springs, steam vents, and numerous gas seeps; however, 
the shallow temperature survey revealed that the entire 
area is underlain by rocks with a very high geothermal 
gradient. 

Hydrogen sulfide, escaping from the deep hydrothermal 
system is the primary agent responsible for the active rock 
alteration, Near the surface hydrogen sulfide reacts with 
atm()spheric oxygen to form sulfuric acid, accounting for 
the high sulfate and low pH of the hot spring waters. The 
acid attacks the rocks, removing most of the cations and 
leaving a siliceous, clayey residue. This type of hot 
spring and alteration activity contrasts markedly with 
near-neutral chloride springs, and is becoming a classic 
indicator of vapor-dominated hydrothermal systems. 
(White, et al, 1971,) 

The active area of alteration is superimposed on a much 
larger area of more subtle, though, pervasive hydrothermal 
alteration (Doell, et al, 1968.) The exposed altered rocks 
cover an area of about 70 square miles, and include all the 
rock units within the caldera except fo~ most of the late 
rhyolite domes. The late rhyolite domes and recent valley 
fill unquestionably cover large areas of older hydrothermal 
alteration, I estimate the total extent of altered rocks 
to be considerably over 100 square miles. 

Away from the active areas of acid-leaching, the alteration 
is predominately mild silicification and oxidation (Doell, 
et al, 1968,) Locally, seams of chalcedony or coarser 
quartz are common, as are opaline deposits in cavities 
and fractures, The late rhyolit~ domes are generally free 
of alteration except for partial hydration of their glassy 
facies, Doell notes an exception is the rhyolite dome near 
San Antonio Bath-House Sprin~, which shows considerable 
veining with quartz, chalcedony, and opal. The widespread 
hydrothermal alteration a~~ears to be associated with 
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subaqueous hot springs that rose under the lakes formed 
in the caldera immediately after collapse, about one 
million years ago. The late rhyolite domes probably 
stood above the lake level, escaping alteration. The 
Bath-House dome has a wave-cut terrace on top, proving 
its subaqueous history. 

It is concluded that a major hydrothermal system, evidenced 
by near-surface hot spring activity has been present at 
the Valles Caldera for at least one million years. The 
preceding statement is quite different than noting that 
volcanism has been active at Valles Caldera for over one 
million years. There are notable occurrences of large 
igneous masses which have been emplaced without concomitant 
hydrothermal systems. Marysville Buttes, California, is a 
good example. The Buttes are a Pliocene andesite-rhyolite 
volcanic complex, over ten miles in diameter, intruded 
through Cretaceous and Tertiary sediments. Not only is 
there no evidence of associated hydrothermal fluids, 
prolific natural gas production has been established in 
the adjacent sediments. Extensive near-surface hydro
thermal alteration, then, is better evidence of deep, 
long-lived hydrothermal systems than is voluminous volcanic 
activity. 

2. Bland Mining District 

3. 

The s~all Bland Mining District, five miles southeast of 
the Valles Caldera, provides interesting evidence that 
hydrothermal systems have been associated with igneous 
activity in the Jemez Mountains for a period far in excess 
of one million years. The host rocks in the Bland District 
are Eocene (?) or Oligocene (?) volcanic flows and tuff 
breccias intruded by small stocks, dikes and sills of 
granodiorite. The rocks are pervasively chloritized, and 
locally argillized and silicified (Smith, et al, 1970, 
Elston, 1961). The mineralogy is characteristic of shallow 
hydrothermal alteration, such as that presently operating 
at the Salton Sea Geothermal Field (l1uffler and White, 1969). 
Gold and silver occur in the Bland District in low grade 
quartz veins; the Albemarle l1ine produced over $1,300,000 
of gold and silver during operations between 1894 and 1948 
(Elston, 1961). 

Geothermal Wells 

The rocks penetrated during the drilling of the five deep 
geothermal test wells have all been modified extensively 
by the hydrothermal waters. !1y knowledge of the strati
graphy and mineralogy of the Bond #1 well and Baca wells 
#l, #2, and #3 is from cuttings descriptions by U.S.G.S. 
personnel. More extensive, though still incomplete, data 
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is available from the Baca #4 well. Therefore, except 
for a cursory description, this section will primarily 
deal with lithologic observations in the Baca #4 well. 

The host rocks in the Bond #1 and Baca #1 and #3 wells are 
intra-caldera tuffs and tuffaceous sediments .. The only 
well to penetrate pre-caldera rocks is the Baca #2 well 
(T.D. 5660 feet} which cut, in addition to intra-caldera 
rock~, a succession of Tertiary sandstone, Paleozoic sand
stone, shale and limestone, and Pre-Cambrian granite. Of 
the wells drilled solely in intra-caldera rocks, the Bond #1 
well is the deepest with a total depth of 3675 feet. Baca #1 
and Baca #3 are 2560 feet and 2200 (?} feet deep respectively. 
The sample log from the Bond #1 well describes pyrite through
out the well with calcite above a depth of 1000 feet and fre
quent mention of silicified zones below 1000 feet. Chlori
tization is noted at 1200 feet and recrystallized secondary 
feldspar described at 2600 feet to 3675 feet. Sample logs 
from the Baoa #1 and #3 wells are similar with the exception 
that secondary feldspar was not noted in the shallower wells. 
The deep Baca #2 well contains ubiguitous pyrite, shallow 
secondary calcite and several silicified zones above 2200 
feet, approximately the base of the intra-caldera rocks. 
Sample descriptions of the Tertiary and Paleozoic sediments 
mention only pyrite, although the well is known to be very 
hot and many mineralogic changes should occur in the Paleo
zoic.carbonate rocks. The Pre-Cambrian granite is described 
as 6ontaining chlorite, sericite, and epidote, corrunon 
minerals in the heart of a hydrothermal system. However, 
the age of the mineralization in the Pre-Cambrian rocks is 
not available from the sample descriptions. 

The rocks penetrated in the Baca #4, T.D. 5048 feet, well 
consist almost entirely of rhyolite ash-flow tuffs, both 
welded and non-welded (Figure 6 } • A few hundred feet 
of tuffaceous sandstone is also present, interbedded with 
the tuffs. Smith (personal communication, text in appendix} 
tentatively identifies the tuff as Bandelier Tuff, a wide
spread rhyolitic tuff blown out of Toledo and Valle Calderas 
at the time of initial caldera formation. 

The Valles Caldera hydrothermal system has extensively 
altered the host rocks both physically and mineralogically. 
Investigations for this report consisted of binocular 
microscope examination of well cuttings, and thin-section 
analysis, chemical analysis, .and porosity and permeability 
determinations on selected large pieces of rock ejected 
from the well during production tests. The original depth 
of the large pieces thrown from the well was determined by 
correlation with cuttings and dr~lling characteristics. 
The data are summarized in Figure __ x6 __ _ 
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The general pattern of secondary mineralization as a result 
of the hydrothermal environment follows the pattern well 
documented on the Salton Sea geothermal field, California 
{Muffler and White, 1969): calcite and quartz veins in the 
near-surface, low temperature environment {300°F. @ 2000 
feet) , changing to epidote and probable potash~feldspar 
with increasing depth and temperature { 530°F. @ 4820 
feet). A general proposed reaction {Muffler and White) 
is: 

Muscovite + Calcite + Quartz + Iron + Oxygen 
) 

Epidote + K-feldspar + Carbon Dioxide + Water 

This reaction is believed to account for the abundance of 
co2 generally associated with the shallow parts of hydro
thermal systems. Epidote is first observed as veins at a 
depth of 4300 feet, however thin sections of rock from no 
deeper than 3177 feet show epidote formation as a ground 
mass alteration product in a rhyolitic tuff breccia. Below 
a depth of about 500 feet, the groundmass of the tuff is 
patchily chloritized, and some hornblende {?) crystals are 
complet9ly replaced by chlorite. Magnetite is an extremely 
common mineral below a depth of 3900 feet. It appears to 
be present as a powdery fracture filling, for although the 
drillsite and equipment were covered with black, magnetic 
dust, ~discrete grains of magnetite were rare in washed 
sampies of cuttings. 

A very interesting and probably important lithologic change 
occurs at a depth of about 5000 feet. During drilling of 
the well, several dry steam zones were encountered between 
2600 feet and 5000 feet. At approximately 5000 feet, a 
water bearing zone was penetrated. The change from steam
bearing-zones to water-bearing-zones is concomitant with a 
color change in welded tuff from medium gray to very light 
gray. Thin-section analysis {details in appendix) revealed 
that the welded tuff above 5000 feet consist of quartz and 
sanidine phenocrysts set in a glassy groun~ass partially 
devi trified to quartz. The approximate ·abundance of rock 
components is quartz 40%, glass shards 30%, sanidine 20%, 
and minor clay, pyrite, epidote, and plagioclase. The 
ground mass of the welded tuff below 5000 feet has been 
replaced almost entirely by quartz, the abundance of rock 
components is quartz 80%, sanidine 10%, glass 5%, plus minor 
components. The nearly white color of the deeper rocks is 
a result of the intensive, very fine-grained silicification. 
The iLtensive silicification below 5000 feet is probably due 
to the high chemical activity of silica in the formation 
water, over 800 p.p.m. Ionic mig-ration and rock alteration 
is impeded in the rocks above 5000 feet which contain vapour
phase water, a very poor solute. The relatively sharp 
lithologic and vapour-liquid phase contacts at 5000 feet 
imply a long-lived equilibrium between heat flow and water 
flow. 

2 3. 
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Chemical analyses of the welded tuffs above and below 5000 
feet were obtained. Dr. Robert Smith of the U.S.G.S. kindly 
supplied two chemical analyses of outcrop specimens of 
Bandelier Tuff for comparison. The analyses are: 

Baca #4 ... Baca #4 
Bandelier Bandelier Above 5000' Below 5000' 

slo2 77.4% 74.2% 77.6% 73.9% 

Al203 12.1 12.0 11.4 11.1 

Fe203 1.1 0.9 1.5 1.3 

MgO 0.0 0.1 0.2 0.2 

CaO 0.3 0.4 0.4 Q,2 

Na2o 4.1 3. 7 4 . 2 3.5 

K20 4.3 4.8 4.1 4.1 

Tl02 0.1 0.1 0.1 0.1 

P205 0.0 o.o 0.1 0.1 

MnO 0.1 0.1 0.1 0.1 

Q9.5 96.3 99.7 94.5 

Except for variations which could be due to analytical 
differences, the bulk chemistry of the Baca #4 welded tuffs 
is identical to the unaltered outcrop samples of Bandelier. 
The hydrothermal alteration consists largely of rearrangement 
of rock material, rather than enrichment and leaching of 
various components. 

Nine pieces of rock from the Baca #4 well were analyzed for 
porosity and permeability. The results are: 

Depth- Rock Type 
Feet 

3177' Tuff Breccia 
" " " 
" " " 

4900'-5000' Welded Tuff 
" " " 
" " " 

Below 5000' Welded Tuff 
" " " 
" Sandstone 
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Porosity:.... 
Percent 

4.8 
5.1 
6.7 

10.4 
8.7 
8.1 

10.9 
8. 8 

16.9 

Permeability
Nillidarcies 

0.09 
0.18 
0.07 

0.33 
0.16 
0.14 

0.18 
0 .19 
1. 82 



Smith (1960) and Smith and Bailey (1966) report that 
outcrop specimens of the Bandelier Tuff have a porosity 
range of 10% to 40%, and porosity is commonly about 30%. 
The welded tuffs from the Baca #4 well have a porosity of 
about 10%. The difference in porosity betlveen outcrop 
and subsurface samples is the result of load compaction 
and hydrothermal silicification. The porosity of the 
sandstone sample is probably similar to most of the sand
stones interbedded with the tuffs. 

The permeability of the sample rocks is low, but as noted 
by White, Muffler, and Truesdell (1971), vapor dominated 
systems, such as The Geysers, California, require low 
initial permeability for separation of the liquid-vapour 
phases, Commercial production of steam usually comes 
from a·few permeable fractures, rather than from the 
bulk rock. The low measured permeabilities are, therefore, 
not considered detrimental. 
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V. GEOPHYSICAL SURVEYS 

A. GRAVITY SURVEY (Figure 7) 

The gravity map (Figure 7) is generalized from an 
unpublished gravity survey of the Jemez Hountains by 
the United States Geological Survey. The station 
density is about one data point per three square miles. 
Gravity data are responsive to the distribution of rock 
density. In areas where the stratigraphy is well knmm, 
petroleum provinces for example, fairly detailed structural 
interpretations from gravity data are possible. In hydro
thermal areas, however, large variations in bulk density 
can result from many causes, such as: intrusions, buried 
lava flows, hydrothermal alteration, dense brines, and 
low~density steam. Gravity interpretations in hydro
thermal areas are always somewhat ambiguous. 

The Valles Toledo Caldera is a negative gravity anomaly 
quite obviously related to the caldera depression, filled 
with volcanic tuffs and intra-caldera sediments less 
dense than the surrounding volcanic flows, Tertiary
Paleozoic sediments and Pre-Cambrian granite. The nega
tive anomaly is greatest near the projected intersection 
of the Valles Caldera and Toledo Caldera, presumably the 
area of greatest substance, and thickest low density 
fill. The slope of the gravity-contour-surface within 
the Valles Caldera is least steep inside the ring
fracture system. This area is thus a positive anomaly, 
for a simple basin of subsidence should have gravity 
contours which exactly parallel the basin boundaries. 
The anomaly is most noticeable in the vicinity of the 
Baca #4 well and the gravity contours east of the well 
which actually are convex into the principal negative 
anomaly. Smith, et al (1970) have unquestionably used 
the gravity data, and in their cross-section B - B' 
appear to explain the positive anomaly by structural 
doming. The reader will recall that the Baca #2 well 
penetrated a succession of caldera fil~, Tertiary sedi
ments, Paleozoic sediments, and Pre-Cambrian granite. 
The doming hypothesis calls for the Baca #2 stratigraphy 
to be found at higher elevations at the Baca #4 location. 
Instead, the Baca #.4 well, whose surface elevation is · 
only BOO feet above the Baca #2 well, penetrated over 
5000 feet of Bandelier Tuff. The actual stratigraphy 
suggests two alternative explanations for the positive 
gravity anomaly: a very near surface .magma chamber, 
dense in contrast to the Bandelier Tuff; or widespread 
hydrothermal alteration of the Bandelier Tuff by 
silicificatio~ generally increasing bulk density. Most 
positive gravity anomalies in the Imperial Valley, 
California are directly related to metamorphism of 
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sediments in hydrothermal systems. (Rex, 1970.) 
Porosity of Bandelier Tuff from three deep zones in 
the Baca #4 well was about 10%, indicating a density 
of 2 .l - 2. 3 gms / cc3 , considerably more than the 
average density of Bandlier Tuff outcrops. Considerable 
ambiguity exists, but it is at least possibl·e that the 
positive gravity anomaly defines the area of most intense 
hydrothermal activity. 

B. MAGNETIC SURVEY (Figure 8) 

c. 

Figure 8 is a generalized aeromagnetic map from unpub
lished U.S.G.S. data. The flight lines are on east-
west courses at one-mile intervals. Magnetic variations 
are a result of the variable distribution of magnetite, · 
Fe364, in rocks. In general, igneous rocks contain 
much, more magnetite than sediments. Among volcanic 
rocks, basalt and andesite usually contain more magnetite 
than rhyolite. In the Jemez Mountains, many rocks con
tain abundant magnetite which occurs as a primary mineral 
in the volcanic flows and as a secondary mineral of hydro
thermal origin. 

The aeromagnetic map of the Valles Caldera shows a series 
of positive magnetic anomalies around the edge of the 
caldera that are associated with the thick pre-caldera 
volcanic rocks along the caldera rim. Hithin the caldera 
an extensive negative anomaly, in the southern and 
eastern part of the caldera, approximately coincides 
with the negative gravity anomaly. The negative anoma
lies are directly over large masses of rhyolite, indi
cating that positive anomalies in other parts of the 
caldera are not a response to the abundant surficial 
masses of rhyolite. 

The major magnetic feature of the Valles Caldera is a 
complex area of positive anomalies in the western part 
of the caldera. The general area is, in part, coincident 
with the positive gravity anomaly, but also extends farther 
west and northeast than the gravity anomaly. Some of the 
magnetic anomalies may be due to patches of outcropping 
pre-caldera andesite ("Tpa" on the geologic map). However, 
the Baca #4 well is situated on a distinct positive anomaly 
generated by large amounts of hydrothermal magnetite 
deposited in Bandelier Tuff. Thus, the aeromagnetic survey, 
like the gravity survey, may be very useful in determining 
the extent of the Valles hydrothermal system. 

SEISMIC NOISE (Figure 9) 

A seismic noise survey maps the distribution of very low 
frequency (1-10 cycles per second) noise which has been 
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found to emanate ubiguitously from the earth. There 
appears to be some relation between seismic noise 
variability and hydrothermal systems (Clacy, 1968), 
but the relation is extremely unclear. The Geysers, 
California geothermal field is an abnormally "quiet" 
area. The Salton Sea geothermal field is abnormally 
"noisy". Dry steam is produced at The Geysers while 
the Salton Sea field is a liquid reservoir. To further 
confuse interpretation, bedrock terrane is generally 
quiet, and alluviated valleys are noisy. 

The seismic noise map of the Valles Caldera is presented 
in Figure 9. Noisy areas coincide with thick deposits 
of valley fill, as interpreted from topographic, geo
logic, gravimetric, and magnetic maps. The quiet zone 
surrounding the Baca #4 well generally coincides with 
the hydrothermally generated gravity and magnetic 
anomalies. 
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VI. GEOTHERMAL ENERGY POTENTIAL OF THE VALLES CALDERA 

A. GENERAL STATEMENT 

The preceding section of this report was devoted primarily 
to a tabulation of facts with as little speculative 
material as possible. With the exception of ~ell data, 
this section is more interpretive and leads to a general
ized model of the Valles Caldera hydrothermal system. 
The general conclusion proposed is that the Valles Caldera 
is an excellent prospect for geothermal development 
including the production from vapor-dominated, and liquid
dominated reservoirs. The general model consists of a 
high heat flow area, the caldera, situated in the path of 
a deep ground-water system tending to flow from north to 

s.outh across the caldera. Heat flow near the center of 
.the caldera is sufficient to cause boiling and separation 
of vap0 r-phase water. This area is prospective for the 
production of dry steam. The most likely area for pro
duction from a liquid phase reservoir, which requires a 
potentiometric surface near the earth's surface, and a 
porous and permeable reservoir, is immediately north of 
the vapor phase prospective area. 

B. SUMMARY OF WELLS DRILLED TO DATE 

1. Bond #1, T.D. 3675 feet 
(More complete descriptions of all wells are in the Appendix) 

Of the five deep wells within the Valles Caldera, four 
were drilled as geothermal tests. The earliest well, the 
Westates-Bond #1, was drilled in 1960 as a petroleum test. 
Drilled largely with mud, the Bond #l well furnished the 
first evidence of a high-temperature, low pressure hydro
thermal system in the Valles Caldera. Lost circulation 
zones were encountered at depths of 1204 feet, 1338 feet, 
and 3650 feet, the latter so serious that the mud system 
was converted to air. The well was abandoned at a depth 
of 3675 feet because the air supply could not keep the 
hole unloaded. During drilling, high mud flow line tempera
tures were observed: l70°F. at 1698 feet increasing to 
l94°F. (boiling at wellhead elevation) at 2966 feet. 

In 1967, the well was cleaned out to 1920 feet, at which 
time it flowed surges of steam and water. Downhole tem
perature and pressure measurements indicated a liquid water 
phase in the lost circulation zone at 1338 feet. The 
formation pressure, about 100 psig, is considerably below 
a hydrostatic column extending to the surface. The forma
tion temperature is about 250°F.,below the temperature at 
equivalent depths in other wells: 

Deeper permeable zones apparently are also liquid filled, 
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for the temperature surveys show that some of the test 
fluid was coming from below 2900 feet, but pressures 
appear too high and temperatures too low to allow a vapor
phase separation. 

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

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

3. 

The Baca #1 well is the first well in Valles Caldera 
drilled to establish geothermal steam production. With 
13-3/8 inch casing emplaced to 461 feet, the well encoun
tered steam zones at 1441 - 1500 feet. As measured by 
Rogers Engineering Company, the zones flowed 85,000 pounds 
of steam per hour with less than 5% liquid water content. 
Their estimate of reservoir conditions was 310° - 320°F. 
and 65 psig reservoir pressure, a saturated steam zone. 
Rogers' estimate of the formation temperature is in good 
agreement with the temperature calculated from the sodium
potassium content of the effluent water: 338°F. The well 
was deepened to 2560 feet and the hole was lost while 
attempting to run casing. 

The Baca #3 well, a twin to the Baca #1, was drilled to 
re-establish production from the steam zones discovered in 
the Baca #1 well. At a total depth of 1983 feet, with 
ll79~f~et of 9-5/8 inch casing, the well had a flow of ll% 
steam and 89% water, chiefly from zones below 1900 feet. 
The water zone apparently was depleted rapidly, for one 
day later the well was flowing 50% steam. After tests, 7 
inch casing was hung from 1000 feet to 1983 feet and the 
well was drilled to total depth, about 2200 feet. A down
hole temperature survey recorded a maximum temperature of 
390°F. at 1800 feet and a water level between BOO feet and 
900 feet. 

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

Baca #2, T.D. 5658 feet 

The Baca #2 well is the deepest geothermal test in the 
Valles Caldera, and is the only well to penetrate Paleozoic 
sediments and Pre-Cambrian granite. The well was drilled 
with mud to a depth of 3445 feet with lost circulation 
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while drilling at 1163 feet and 3332 feet. After setting 
9-5/8 inch casing at 3445 feet and converting to air, 
the well was drilled through Paleozoic sediments to 4726 
feet. Some steam flow was encountered in the Paleozoic 
section for the drilling reports cite: 

9-20-63 Increase in volume noted between 3780' 
and 3809' 

., 

9-21-63 Depth 4446', flow line temp. 204°F., 
wellhead pressure 31#. 

Evidently the flow diminished, for a 7 inch liner was hung 
from 3397 feet to 4726 feet, and the well was drilled to 
total depth, 5658 feet. Drilling reports indicate that no 
permeable zones were encountered between 4726 feet and 
5658 feet. After drilling to total depth, many zones 
between 1300 feet and 3100 feet were perforated, resulting 
in many, flows of hot water. 

Although no adequate down-hole temperature-pressure data 
are available below 2274 feet, drilling records((see Appen
dix and previous discussions of temperature distribution) 
below that depth, and shallower temperature measurements 
prove the well is extremely hot, possibly over 600°F. at 
total depth. The maximum observed temperature in the well 
was 428°F. at 1400 feet. At that time the well had been 
static for several months with a plug at 2288 feet and 
perforations from 1750 feet to 2288 feet. The fluid level 
was at a depth of 860 feet. Assuming the existence of a 
permeable zone at the highest perforations, 1750 feet, 
down hole pressure-temperature surveys (300 psig and 408°F. 
at 1750 feet) indicate liquid-phase water in the reservoir. 

The Baca #2 well further confirms the existence of a very 
high temperature-low pressure hydrothermal system in the 
Valles Caldera. 

4. Baca #4, T.D. 5048 feet 

The Baca #4 well was drilled with mud to 1442 feet and from 
1442 feet to total depth with air. Water-bearing zones 
were encountered between 1887 feet and approximately 2600 
feet. Zones producing dry steam at the surface were cut 
between 2600 feet and approximately 5000 feet. At approxi
mately 5000 feet a liquid water-bearing zone was penetrated. 
The existence of a boiling water feed-zone below vapor
dominated steam reservoirs has been speculated on (White, 
et al, 1971, and others), but the Baca #4 well is believed 
to be the first geothermal well to clearly penetrate such 
a water zone. 

Pressure temperature surveys indicate a low-pressure, high-
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temperature hydrothermal system at the Baca #4 location. 
The potentiometric surface of the deep water zone is 
approximately 2000 feet deep. The above-sea elevation 
of the potential water table is about 300 feet lower than 
the potential surface in the Baca #2 well, showing that 
subsurface water tends to flow from the Baca #2 location 
towards the Baca #4 location, and proves that the deep 
hydrothermal system operates independently of the near
surface drainage effects of Redondo Peak, the dominant 
topographic factor in Valles Caldera. 

Observed downhole temperatures are comparatively very 
high, over 532°F. at 4820 feet. White (1971) reports 
that of about 100 hydrothermal systems explored by dril
ling, only about 10 demonstrably exceed 480°F. (250°C). 

~ittle data are available on the formation pressure of 
the major dry-steam producing zones. On one occasion 
during shut-in, the wellhead shut-in pressure rose to 
over 500 psig, indicating a formation pressure of over 
500 psig at the highest permeable zone open to the well 
bore. That zone is at a depth of 3468 feet and the zone 
produces dry steam. (The temperature of the zone is 
therefore greater than 465°F.) Assuming that the deeper, 
hotter dry-steam producing zones contain saturated steam, 
the reservoir pressure at a depth of 4900 feet (in excess 
of 530°F.) is about 885 psig. 

Because of the influx of deep water, no good data are 
available concerning the potential flow of dry steam 
above the water-zone. The well flow, on the basis of 
visual observation, appeared to be in the order of 
100,000 pounds of steam per hour. 

The Baca #4 well proves the existence of an areally large, 
very hot, under-pressured hydrothermal system in the 
Valles Caldera. Temperatures in Baca #4 well and Baca #2 
well, about three miles apart, are about the same on an 
above-sea elevation basis. The well also proves the 
existence of a vapor-dominated reservoir conducive to 
the production of dry steam. The areal extent and com
mercial utility of the vapor-dominated reservoir will be 
determined by future drilling. 

Data from the Baca #4 well also proves that the pressure 
regime of the deep hydrothermal system is related to the 
deep.groundwater flow of the regional Rio Grande drainage 
basin, and is largely independent of local topography. 
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c. MODEL OF THE VALLES CALDERA HYDROTHERMAL SYSTEM (Map III) 

The proposed model of the Valles Caldera hydrothermal , 
system, presented diagramatically as Cross-Section A-A on 
Map III, is analogous to a stream of water flowing slowly 
over a tilted hot plate or griddle. Dilute subsurface 
water, flowing normally away from the heart of the Jemez 
Mountains to the Rio Granoe basin, passes over the high 
heat flow area of the Valles Caldera. The water is warmed 
while passing across the caldera; boiling and separation 
of vapor-phase water occurs in the southern half of the 
caldera. Evaporation of water from the declining deep 
water table, and leaching of mineral matter from rocks, 
concentrates dissolved salts in the residual liquid. 
The concentrated liquid leaves the hydrothermal system on 
the south side of the caldera, manifesting itself in 
several chloride-rich hot springs along the Jemez River. 

Let us ·review the factual bases for the proposed model. 
The regional pattern of deep ground-water flow is well 
documented by the occurrence of chloride-bearing thermal 
springs, deep water-observation wells, and fluid-level 
de£erminations in geothermal wells. A widespread tempera
ture anomaly in the Valles Caldera is shown by hot springs, 
shallow temperature and temperature-gradient wells, and 
temperatures measured in geothermal wells. 

The water from San Antonio Bath-House hot spring is water 
which has relatively recently entered the hydrothermal 
system. Chemically the water is similar to fresh, cold 
water of the Jemez Mountains, such as water in Valle Grande. 
The tritium content of the water is quite low, proving a 
long history of subsurface flow. The water, however, is 
warm and contains an abnormal amount of dissolved silica, 
indicating the water has circulated through the fringes of 
the hydrothermal system. 

The liquid-phase water travels for several miles before 
boiling occurs. Water underlying the Baca #2 well location 
appears to be entirely in the liquid-phase, although very 
hot. Some saturated steam was encountered in the Baca #l 
well, indicating that boiling begins somewhere between the 
Baca #2 and Baca #l wells. The thickness of the vapor
phase reservoir is unknown at the Baca #2 location, but at 
the Baca #4 location, 'the vapor_: dominated reservoir is over 
2400 feet thick. 

The vapor-dominated reservoir was once filled with liquid 
water. The extensive hydrothermal alteration of the tuf
faceous rocks probably could not have been accomplished 
with saturated steam, a poor sol~te, as the dominant 
reservoir fluid. According to White, et al, (1971): 

"Vapor dominated systems require relatively potent 
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heat supplies and low initial permeability. 
After an early hot-water stage, a system becomes 
vapor-dominated when net discharge starts to 
exceed recharge." 

At least two mechanisms in the Valles Caldera are acting 
to lower rock permeability and thus to lower the recharge 
capacity of the system. Calcium carbonate and calcium 
sulphate decrease in solubility with increasing temperature. 
As cold water enters the hydrothermal system, deposition of 
calcite and gypsum takes place in the flow channels, thus 
decreasing permeability. The deposition of calcite near 
the edges of the hydrothermal system is clearly demonstrated 
in the geothermal wells in the Valles Caldera. In all the 
wells, c.alci te is common as a hydrothermal mineral only in 
the upper, cooler portions of the wells. At depth, calcite 
becomes much less common. Deposition of calcite tends to 
form a caprock preventing vertical intrusion of surface 
water into the reservoir. Presumably, calcite deposition 
also takes place on the northern flanks of the system, 
impeding deep recharge. 

A second mechanism, probably the dominant mechanism in the 
Valles Caldera, is the silicification of tuffaceous rocks. 
In the Baca #4 well, for example, the Bandelier Tuff reser
voir rocks are intensively silicified with a porosity of 
about·lO% and negligible permeability. Outcrop specimens 
of Bandelier commonly have a porosity over 30%, and presumably 
some permeability. The Baca #4 reservoir rocks had a near
surface origin (proven by interbedded sandstones) and, 
therefore, reasonably good initial permeability. The decrease 
of permeability due to silicification has resulted in an 
imbalance between heat flow and water flow leading to boiling 
and generation of a vapor-dominated reservoir. 

At the Baca #4 location, the vapor-liquid interface has 
declined to a level about 5000 feet deep. With the liquid
water table at that depth, an equilibrium between heat flow 
and water flow appears to have been established. The very 
distinct change in degree of alteration at the vapor-liquid 
interface could not have developed rapidly, and certainly 
does not indicate an actively declining liquid-water table. 
The tritium content of the liquid water shows that active 
recharge of the hydrothermal system is significant. Because 
the water recharge is not quenching and filling the vapor
phase reservoir, He can assume the Hater recharge is balanced 
by heat flow from beloH the caldera. Evidence of a high con
tinuing heat floH comes from the periodicity of rhyolitic 
volcanism over the last million years, Hhich as Doell (1968) 
points out does not preclude future eruptions. 

South of the Baca #4 location, the steam-water interface 
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will be found at greater depths in response to the 
addition of heat as the water moves across the caldera. 
Near the caldera edge however, the vapor-dominated 
reservoir will terminate due to decreased heat flow 
beyond the ring-fracture complex. Some surface water 
from the caldera rim may also enter the hydrothermal 
system south of the ring-fracture system, further tending 
to condense the vapor-phase reservoir. • 

The chloride-rich hot springs along the Jemez River 
represent the outflow of water from the Valles Caldera. 
The solution chemistry of the springs is similar to the 
deep water in the Baca #4 well, and the isotope chemistry 
proves a long subsurface residence in a hydrothermal system. 
Some evidence of decreased flow through the caldera is 
given by Soda Dam Hot Springs. The springs are named for 
an enonr,ous deposit of travertine which forms a dam across 
the Jemez River. The springs must have been much more 
active in the past, because under present spring flow the 
travertine dam is being actively eroded. 

Map III also shows the areal distribution of land believed 
prospective for geothermal resources. The speculative 
nature of the map must be emphasized. The optimum conditions 
for production of dry-steam are a deep water table, high 
heat flow, and relatively impermeable reservoir rocks. 
These conditions are best met in the area underlain by silici
fied Bandelier Tuff in the southern half of the caldera 
within the ring-fracture system. 

Production from a liquid-phase reservoir is best accomplished 
where the water table approaches the surface, and the reser
voir rocks are porous and permeable, and filled with relatively 
fresh water. The area immediately north of the vapor-phase 
reservoir is suggested as a likely prospect area. High reser
voir temperatures, similar to those found in the Baca #2 well, 
should be generally available just north of the zone of 
incipient boiling. The potentiometric surface of the hydro
thermal system intersects the surface at San Antonio Bath
House hot springs and should be relatively close to the surface 
in the common valleys between San Antonio Creek and the flanks 
of Redondo Peak. The reservoir fluid may consist largely of 
relatively fresh water just entering the hydrothermal system. 
Some consideration will have to be given to the distribution 
of potential reservoir rocks. The history of the Baca #2 
well indicates that the Paleozoic sediments are not good reser
voir rocks. The outcrops of pre-caldera Tertiary volcanic 
rocks a few miles east of the Baca #2 well, suggest that 
Tertiary sandstones may be present in the subsurface over 
much of the northern half of the caldera within the ring
fracture system. Outcrop samples of the Tertiary sandstones 
appear to have adequate reservoir characteristics, and could 
be logical targets for geothermal tests. 
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I 
A small fringe area on the south side of the caldera 
where the deep thermal \va ter leaves the caldera may be 
prospected for production from liquid-phase reservoirs. 
Although good reservoir rocks are not generally distri
buted through this area, and water chemistry may be dele
terious, subsurface temperatures should be veryhigh and 
hydrostatic pressures may extend nearly to the earth's 
surface. 

The dashed line trending northeast-southwest through the 
prospective areas on Map III, represents the projection 
of major pre-caldera faults through the Valles and Toledo 
Calderas. At this date the subsurface geology east of 
the projected fault zone is very poorly known. Lack of 
knowledge is the sole reason for classifying the Toledo 
Caldera and the eastern half of the Valles Caldera as 
lower quality than the western Valles Caldera. If the near
surface.temperature gradients in Valle Grande and Valle 
Toledo continue with depth, subsurface temperatures equiva
lent to those in the Baca #2 and Baca #4 wells will be 
found at similar above-sea elevations in the eastern valleys. 
Structural considerations argue in favor of a very thick 
section of Tertiary reservoir rocks underlying the Toledo 
Caldera and eastern Valles Caldera. The principal difference 
between the western and eastern prospect areas may simply 
be surface topography. In the western part of the Valles 
Caldera, hydrothermal fluids, including hot gases, are free 
to mig~ate up fractures in consolidated bedrock, and the 
alteration effects of the fluids are exposed by erosion.· 
In the eastern prospect area alteration areas may be hidden 
by recent alluvial deposits and the escape of hydrothermal 
fluids is impeded by thick, soft valley clays and near
surface cold water masses which may actually tend to flow 
int~ the deep thermal reservoir. 
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'~''"'"' WI "'' ''''"............................................................... 3? , 9 
F~,ii>;.:.'!t~::.-:. (~·~} 1;,; ~.'"iJ ....................................... :................. 15 t Q 
t...t.~~~i;;';;,i~~ JN;;J.................................................................. N -. D. 

AUMONIUU --------- LCD8 THAN 0,1 PPM 
SILVE~ ----------- LEDO THAN 0,1 PPM 
AR8ENIC ---------- 6.0 PPIA 
~fACURY ---------- LE30 THAN 0,01 PPU 
Dsou:r;G ---------- lEOG THAN 0"1 rru 

~~~~~.; ~.~~:: :.·::.·.·::: ::: .. ·: : .. ·: :::::::: :.·.:: :.::::::::::::: :::::::::::: :::::::: I 
~-·-- I '1--'u'•l"<,.,,. ............ ,._,_.,.,,.,,.., .................................... ., .... , ....... j 
..... ,...,'\'·~ 1 

; l;~,? ~ ;~·;·; ~-- ~~; --~ ~~·; ~-.-.·:::.-.~~------~------~·.-.-.:-.-.~~------~~·--.~~~~~ ~::: ~-.-. ·. ·_:·.::~--~ 

NO~E 

6 
:.10 :-~ E 
N., Dq 
NONE 

\...>. L l'iP.I ;;!.i ---.-····---- Lt::JC THAN 1.0 pp~ 

c 
3 - ADVRECf.'i!.:E 
C 11-



< 

~· 
L 

. . 
hlC.,I.lU-.:0 0-::::.lU E'-\l'-v'r·l·iilf'~l-" = I::J'"'L· ITS'T·:c> '<:''( 1'1'1.-f'\r:- !~;"=>_!:\ ~-;"0,"" f>...-/ _.J.. ... -.:.,_LI..·..;_j,_.,:__ .... :....:..:1 Y----:o..J...:J._ ... ~ .!-- \0\:..-/Lv ___ ....... l..'--. _... 

rDRI-4 C__. 1·02 LC 
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C'-'"·""' ;:: A C A lAND &. CATTlE 

t.:.::;;:.:.:.JI p <I 0 ~ B 0 X 87 2 
los ALAMos, NEW MEXICO 

A'rl:.i:~TIC~l ;}R. J. HARRELL 

1 970 
1970 

:."... \'::~:.... v;:;;::; c:-z ~ ;~::::.-:::-:.. \.' ~-~~=~"'="='="="=====,i==:=''=(='j=-~=~=~~=~~=~-:1== 11:====:-=:v=,.=. ~=·:=:·;=::=-;=; c=· t=.c=c=~=.;_=; ~=. '="="="='"='=' "====l'===o:;;";;;~;;~;! ~;~ ~;t=' ~ 
Ci~ICA ..................................... !C:J,l .................................. . 
/-.!....~--: ;:-:uu o:-;~(..: ................ ( c,~o1 > ........................ : •....••. 
{;:;:::::..;, C:::Jc::: ............ ,. ............... ( F.:::;;:o~) ................................ . 

Cr".LCll:~~ .... ,.,,,,,.,,,,,,,,.,.,,.,,,.,, ( C:.,..) ''''"'"'''''''''''"'"''"''"""'' 

~-~.:..c ;.~.::.:;; u;~ ............... : ........... ( ~--~·:l ) .................................... .. 

S"-.::r ~: u:-j ................................... ( t>~h ) ...................................... . 

f3Ui.:'" f..T:.: ................................ R ( C-0 ~) ................................... . 

c~:J...c.::::;::::s ..... - ........... ; ............ ( cr..) ............. : ........................ . 

c .. c.f'.::;:::-.::.;:;r.: ... _., .................... c cv-.) .................................... . 
Clcp,:;::..::~.;Al.: ....................... ( H ~:·ol) ........... ; .................... . 
~~ r;-~,\ T:! .................... _ .............. ( r~ :Jj ) ................................... ~ 

N&7;-:~-;-:.: ................................... ( !'~ ~i.) ............ ,.,_ .................. . 

D:.·;.:.~-.-;:: ......................... , •. , .. L,;. (-8'"0"]) .... ~ ............................ . 

POiACBIUU ---- (K) ---------

fo. o-x
TRACE 
THAG}' 
67.3 

3.3 
1 20 0' 0 

37.0 
1t/62.6 

tJo NS 

1441.9 
N.D. 
N.D. 

175.5 
456.0 

707A!.. ::ou:;:J ....................................................... A 85 8 o 6 
'i'cu.t-.. K::::-J V.:::!_-wl:..:; S.:::..1:.~ ......................... L'f 1 2 5. 8 

C7:::t~lC C~:-::;;.:!JC7NJ(;8 e.:J:CP.C~K..;!:";/:;~ ............ ." ..... .. 

Hv~::-.:.:::\1 IC::·~; CC~J!:;:;-J'0'~.:..7i~:~ P:-1 ...................... .. 

Cc~<;:-.J (::;) I~J ~~;'::::J ............................................................. . 

F'~~;:;:::1~~-.i::> ( ~) ~~J ~;;:;·: ........................................................ . 

LA,~;,;:~!..l::Cl :;.!:::.:: ................................................................ .. 

3 ... ADD~C8SEE 
cr. 

= 

6060 
6.8 

49.0 
N.D. 
N ... D. 

C! !..\CA .......................................... , ... 0: ::):;;'"'"'''"'""'"'''' 
t~r~u:.~ 1 Nu~.: c::1c:: ......................... t..~2o~ ................... _ 
1 r.c~~ c::1!J::: ..................................... r::,~o~ .................... . 
C!-d..CIU~.'l C:c:.r:::.:::>I/•7C ............. C;.. ( ~<C·~1 ) i"'"" 

C.t .. t..c I :.1:.1 Ct..:t.l~:..~;!: ....................... C/~C::) ,. ................. .. 

C.'\LCIU:.l C:·:t.O:J:lD:: .................... CAC~ ................. . 

Ut.c~~UUiU u l'JJCA8"::;GNA 1: ....... :·-~a ( !-~C-::)1 ) -"''"" 

~.;A aN :;::::JUl.:l ::lUI..r-A Yr.: ................. f.~c.SO ,. ................. , 

UAarJ::~iO:.I c:-:u~:1lDt:: .............. r-.:c.:::Lr'""'""'"""' 

C:n:.JU:-~ 0 lGJ.r;::-.~;~A7t: ............... 1'1.'\t·:C:Oi""'"'""'" 

S2-::::IJ ur.l C:.!:;::"J.:-JA 7:: .................. , f'!.r. 1CO~········· ...... .. 
SOO\UM Ct!~FJ,";i: .......................... ~~-\:.:::::-;._ ............... .. 

SOQI!Ji~ C:i·lLC:'!I~~---··"'"''''"''""'NI->.CL .................... . 

f;':O:::JtU:-1 t'Jrj-:1fi.7C .......................... :"~A:>.:Ol'""""'"""'' 

1 0. 0 
TRACE 

TRhCE 
272.4 

No:JE 
N u~~ t 
49~7 
No~-i E 

i'J 0 ~JC: 
16~6.0 

N D!' E 

54.7 
1728.3 

N.,D .. 
C~!JIUM. N17~i7.: ........................... i\!.'l.t'~01"'"''''""'''" N,) D" 
p 0 T • c :~ l 0 R I DE - (I< c L ) --- fi 7 II. 1 
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•tc7.~L. H_:.r.c:-.;;-;::::; t.-:; c:.co~................ 2 0 2 G 0 
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RICH'"'OND i!-3"11 §MI'JrJE-I-EMERY COMPANY P"OR!o! C-• 1·12 LC 

CHEMISTS • TESTING • INSPECTION • ENGINEERS 

781 IZ.A.GT WASHINGTON ltOULE:VARO 

LOS ANGELES 2.t, CALII'"OANIA 

kl..llri>O~U AH lllll~!TTUI U THl (:GIIfiDHCTIAl ,ftOHHY OF CLIHITS . .lUTHORllATION rc.~ n'~LICATION Of' OUK •no~U. CONCLU~IOM.J. OR rx. 
llACl1 t•Oio( oa HG.AlOING THfW: IJ. HHl~[O frNOING 0\IR WliTTCN Af,~O~Al AS A ~UTUAL ,AOT[CTIOit TO CllfNTJ. THl ,UtLIC AND OU~SU~H. 

FILE No.: DATE RECEIVED: Q C T 0 8 E R 

CLI!:NT: & CATTLE COMPANY REPORTED: OCTOBER 
1 5' 
21 j 

1970 
1970 

ADDRE.!16: p • 0. Box 87 2 
LOS 

ATTENTION: MR. 
ALAMOS l NEW 

JOE HARRELL 
MEXICO 

WATER 
CLIENT 

LABORATORYNo., C-554695 

SAMPLE: 

SUBMITTED BY: 

MARKED' "GROPCO BACA /14 

REPORT OF WATER ANALYSIS 
WATER FLOW AT 
T.D. 2408' 

ANALYSIS OF DISSOLVED SOLI DB 

5 I LICA. ..................................... ( S I 0 l) •..........••..••...•.•.. 

ALUM INUt-.4 OXIDE ................ (AL;0
1

) ...••••••••••.••••..••.•..•••••. 

I RON OXIDE ............................ ( FE
2 
?

1 
)· ............................... . 

CALCIUM ............................... ( CA) 

MAGNESIUM ........................... ( MG) .. 

SODIUM ................ ---·------·····--( NA) --

SULFATE-- ........ {so 4) .................................. . 

CHLORIDE .... ---------------------·--- ( CL) ---·---·-···--·--

CAR BONATE .............. : ... :------- ( C01 ) ................................... .. 

BICARBONATE ....................... ( HC0
3

) ................................ . 

NITRATE ................................ _ ( N03 ) ................................... .. 

N !TRITE........ . ................ ( N02) ................................... . 

BoRATE ................................. :.( B,.O 
1

) .................................. . 

OTASSIUM ~--- (K) ---------

TOTAL SOLIDS ............................................. . 

TOTAL. f..! ON VOLATILE SOLIDS ................... . 

SPECIFIC CONDUCTANCE MICROMHOS/CM ......... .. 

HYDROGEN ION CONCENTRATION PH ....................... . 

BoRON (B) IN PPh4 ................... ~.§: .. ~ .. Sl: •... J.!J..IJ.N .... :: .. . 
FLUORIDE (F) IN PPM 

LANGEL IE J:l INDEX ................................................................. . 

\...... · .. 

L 
2 
1 
CH 

ADDRESSEE 
-RICHARD DONDANVILLE 

vV 

PARTB PER 
MILLION 

28.0 -x 
TRACE 
TRACE 
NONE 
NONE 

917.0 
255. 1 
800.0 
111 • 0 
598.0 

N.D. 
N.D. 

NONE 
58.0 

27 6 7 • 1 
2463.2 

HYPOTHETICAL COMBINATIONS ~~RT5PER 
_j~ MILLION 

S!LICA .............................................. S!02 ..................... .. 

ALUMINUM OXIDE ....................... AL
2
0

1 
................ .. 

IRON OXIDE .................................. FE
2
0

1 
.................. .. 

CALCIUM BICARBONATE ............ CA ( HC0
1

) l 

CALCIUM SULFATE....... ..CAS0
4 

.................. . 

CALCIUM CHLORIDE. . ..... CACL
1 

.. 

MAGNESIUM BICARBONATE . MG ( HC0
3

) 
2 

....... 

MAGNESIUM SULFATE .MoSO,.. 

MAGNESIUM CHLORIDE .............. ~--!GCL2 .................. . 
SODIUM BICARBONATE ............... NAHC0

1 
.............. . 

SODIUM CARBONATE ................... NA
2
C0

3 
............... .. 

SODIUM SULFATE ........................ NA
1
S0

4 
... . 

SODIUM CHLORIDE ....................... NACL. .. 

SODIUM NITRATE ..... : ............. NAN01 ................ . 

SODIUM NITRITE.. . ................... NAN0
2 
................ . 

POTASSIUM CHLORIDE (K 

TOTAL SOLIDS ......... .. 

TOTAL. HARDNESS AS CAC0
3 
.... 

28.0 
TRACE 
TRACE 
NONE 
NONE 
NONE 
NONE 
NONE 
~Jo ~E 

823.4 
1 96.1 
377.2 

1232.1 
N.D. 
N . D. 

11 0. 3 

27 6 7 . 1 
N·:JNE 

DETERMINATIONS 

4160 
9.2 
0.08 
N • D. 
N.D. 

TURBID I TV ...................................................................... . 

COLOR ..................... ., ....................................................... . 

ODOR .. ~ ..................... _. ...................................................... .. 

TASTE ............................................................................... . 

SUSPENDED MATTER .................................................. . 

RE9PECT,.-ULLY SUBMITTED 

No~~ E 

6 
NONE 
N,D, 
NONE 

SMITH·EMERY COMPANY 

ov_,;-2&;:rw.ti~- ~. -<'~ 
KENNEtt"~ 



LABORATORIES 
J. J. EGUN, REG. CHEM. ENGl. 

3016 UNION AVE. BAKERSFIElD, CALIFORNIA 93305 PHONE 325.7475 

Buca Land & Cattle Company Date Reported 1 1/e/71 
P, 0, 2ox 1641 Date Rcceivell1 1/li/71 
Abilene, Texll3 79Go4 Laboratory llo, 1 1268 

Attention: Hr. Joe Harrell, Jr, Submitted by: l·fr. R. F. Don danville 

Sample Description: Baca §4, 24081 

Sample: \.later 

Total Silica aa 8100 242 ppn 
" 

~ Soluble 8102 1G5 ppm 

Fluoride 8 ppm 

Li tbi Uiil 10 ppm 

Arnenic 1, 21 ppm 

B C L:UlOiiATORIES 

ch 

1-Mr. Dondanville 



SMITJH-EMERY COMPANY 
CHEMISTS • TESTING • INSPECTION • ENGINEERS 

781 IADT WA&HJNQTON bOULtVARD 

LOa ANOtLEiil :U, CALIFORNIA 

Ul lUOUS AH SVIIoiJTl[D AS Hl( tO~TlrJUT\.I.L HOr!kTY Of CLIUIT1, AU1H0~12ATIO!<I TOl ~UILICHIOM Of OUI UfORTS, COI<CUJ'510N.J, Ol IX
TU,C1S HOI-I Ol U:G.HOING. TH[W 11 UHlV[O ff.HOliHi OUII WlJTTlll .VflOV,I,l A1 /.. WUTU.I.L rtOTtCTlOX TO tLIVITI, THI rUILIC AND OURIUVlS, 

FIL<NO" 9596-70 -DAn: RrLCI:JVr:c: 0 C T 0 BE R 

ccJcNT• BACA LAND & CATTLE CoMPANY REI"ORT~D: 0 c T 0 8 E R 

SAMPLII!:: W A T E R 

AooREIIa; p. 0. Box 87 2 SUBMITTED BY: c L I EN T 

1 5' 
21 ' 

1970 
1970 

Los ALAMOS, NEW MEXICO 
ATTENTION: M R • J 0 E H A R R E L L 

LAO ORATORY No .• C- 55 4 6 9 6 
MARK<D• B A c A # 4 AT T • D • 1892' 

/ 
' REPORT OF WATER ANALYSIS 

ANALY019 OF 0tsa0LVEO SoLID!I 

SILICA .................................... (5.102 ) ; .... .-.. 

ALUMINUM OXIDE... . .... (AL20
1

) ................ . 

IRON 0XJDI£ ............................ (Fi:10
3

).... . .............. . 

CALCIUJ4 ................................ ( CA) ......................... .. 

MAGNESIUM ........................... ( M.G) 

SODIUM ................... __ ............ ( NA) .. -

SULFATE ... 

CHLORIDE. . ............. ( CL) .... .. 

CARBONAT!: .............. (COl) .... . 

BICARBONATE ...................... ( HC03) ................ - .... .. 

NITRATE .................................. ( N01) ................................... -

NITRITE .......... _ ....................... (_N02 ) .................................. . 

BORATE .................. -....... . ... ( B,0
1

) .................................. . 

POTASSIUM (K) ----------

TOTAL SOLI OS ............................................... .. 

TOTAL NoN VOLATILE SOLIDS .. 

SPECIFIC CONDUCTANCE MICflOMHOS/CM ...... 

HYDROGEN ION CONCI::NTRATION PH 

BoRON ( 8) IN PPM ..................... J.~ .. 9c.~ ... J.ti.A.N.~.::: 
FLUORIDE (F) IN PPM 

LANGELIER INDEX ....................... . 

2 ADDRESSEE 
1 - RICHARD DONDANVILLE 
CH l---1..--

PARTiii PER 
MILLION 

24.0;:. 
TRACE 
TRACE 
NONE 
NONE 

632.9 
1 89. 3 
530.0 

90.0 
422.3 

N.D. 
N.D. 

NONE 
50.0 

1938.5 
17 23.9 

HYPOTHETICAL COMBINATION& 

SILICA ................... . .. ........... 5102"''"""'""'"••'" 

ALUMINUM OXIDE ........................ AL
1
0J ................... . 

IRON OXIDE .................................... F£
1
0

3 
........ .. 

CALCIUM 81CARBONATE ............. CA ( HC0
1

) 
1 
..... .. 

CALCIUM SULFATE ....................... CA50 .................... . 

CALCIUM CHLORIDE.... ..CACLl' ................ .. 

MAGNESIUM BICARBONATE ...... MG ( HC0
1 

)
1 
..... .. 

MAGNESIUM SULFATE_ ............... MGSO~ ................. . 

MAGNESIUM CHLORIDE .............. MaCL
1 

.... .- ............ . 

SODIUM BICAR~ONATE: ............... NAHCOJ .............. . 

SODIUM CARDONATE ................... NA
1
C0l" .. 

SODIUM SULFATE... .. .............. NA.150~ .. ---
SOOJUM CHLORIDE ..................... .NACL ....... .. 

SODIUM NiTRATE ......................... NANOJ ................ .. 

SODIUM N1TRITE ........................... NAN0
2 
................ .. 

POTASSIUM CHLORIDE (KCL) 

TOTAL SOLIDS ............................................ .. 

TOTAL HARDNESS AB CAC0
1 
............... . 

PARTS PER 
MILLION 

24.0 
TRACE 
TRACE 
NONE 
NONE 
NONE 
NONE 
NoNE 
NONE 

5 81 • 4 
159.0 
279.9 
798.8 

N.D. 
N.D. 

95.4 

1938.5 
NQJIE 

DETERMINATIONS 

3030 
9.2 
0.08 
N.D. 
N.D. 

\. 

g~= ~~=-=:- ==::::1 
SUSPENDED MATTIR ............. , .................................... . 

Fl.EBP£CTFULLY SUBMITTED 

11 0 
7 

NONE 
N.D. 
TRACE 

SMITH·EMERY COMPANY 



r'n .. cl'\:o.r 9596-?0 
u="~"'~.o~vNo.r C-554905 

BACA LAND & CATTLE 
P. 0. Box 872 

-···· -· cnC~~:.. .. :!.:J • ~1:::::.7ti:-:.:.:J • t~.-:~CC'V~C:'J • C~JGir'V=CC"!O 
--· ~ ,.J"-'" •••• _ ..... 

·;o1 CA.-..-"'7 we:.c:;~,;:~;::.-:-c:.J ccuc...::.-J."l.hD . ----

L.C:I ~<C!::.=LSJ ~', c.c..~•.x;.~:;•A -·· 

REC~·I VED: 
REPORTED: 

OcTOBER 30, 1970 
NOVEMBER 16 1 1970 

Los ALAUOS 1 NE~ MEXICO 
r.'.AAi<ED: BATl:::OUSE S~"i&ll-

8 JJ L p t+u 1?._ <;; e a.,_JJ 6-

ATTENTION: UR. J, .HARRELL 

REPORT OF \"lATER AN.41 .. YS IS 

SAMPLE SuBMITTED FOR WATER ANALYSIS OUT CONTAINS A CONSIDERABLE 
QUANTITY OF FR~E ACID (H2S04) AND UETALS IN SOLUTION, RESULTS 
ARE REPORTED BELO~: 

I Dill 

S I L I CAl S I 02 .. 
IRON, FE 
A L u :!. ' ·. <! t.l 1 A L 
s 0 i) i u 1.~ > N A 

POTA30IUM, K 
CALCIUMl CA 

1.~ '· ~ t/1': o I U M I iAG 
SuLrATE) so4 

'(OTAL 

3 - Annr,coot:E 
I] I/ CH 

P P~1 . 

* 20.0 
44.0 

119.0 
9.0 

1 0 • 0 
1 2 4. 1 
:;s.3 

1D22.6 

1907.0 

2.2 

HYPOTHETICAl. COt:SINATIONS 

SILICA 1 Si02 
CALCIUU SULFATE 1 CAS04 
~AGNCOIUU SuLFATE ~GS04 
SODIUU SULFATE, NA2S04 
POTADGIUU SULfATE, K2S04 
IRON SULFATE, FE2 (S04)3 
ALUU/NUU SULFATE,AL2(S04)3 
6ULPUAIC Ao1n 1 ll2S04 

,Dp f1 

20.0 
4 21 • t, 
288.3 

27.7 
22.7 

1 57 • 3 
745.5 
224.1 

190'1.0 
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CLI~NT: 
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7IJI C': .• '\C,'f \'JAOHINClTON COUL:!:VAFlO 
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Cl596-70 ..- DATo Rcce•vco, OcT, 30 l 

RC.i>Ofi:T(;:Di N 0 v " 1 6 ) 8AGA LAND & CATTLE 
0APAPLC• \'lATER 
SUOMITTCD DY: C l J EN ·r 

1970 
1970 

Aoc,coo, P. 0. Box 872 
Los ALA:Aos, NEw 

Arf;:NTION! !.1R. J .. HARRELL 

MEx 1 co LAooRATor.vNo,, C-55~903 
MARI<OO, 11 S U L r U R S? fi i li G 9 11 

-"8rt\ ~~ OV5b: ~ r Y I'""-~~ s" 

Rr=o:>oc:a c;;:- VJATr:::r. 1\Nt\LYC::.;:J Srt,_, A'-'-.<"-''"' C;_P::IZ"Z 

J\N.L!..Y<'W·,; c:;- C;:;;::.:l:...'.>~;:, ~cun::l P('_r:7 -;; P~~ II HvPon:c·nct.L Cm.1:::lNATiONO ~~ ?.~.'174 ~::~ 
================================================,\===~·~··~'";c;'~"~N~==,\,~================================~=====i,====~·~-~~:~~·~·~c~;,~·== 

!JiL.ICA ............................... _. ..... ( !::Ql) .................................. ~ 

AL.U:.tl:'I:Uhl O:::JDt:. ............... (t-,~01 ) ................................ . 

iRON 0/:IOt: ....................... , .... ( r:;ol) ............................ , ... . 
CALCIUi..t ................................ ( CA) ...................................... . 

t~AOi\o:C:JIUI.t ........................... (~:.a) ..................................... . 

SOD! U» ................................... (I"~ A) ...................................... . 

SULFATC ..... ,. __ ,, ................... -($0,) ............................... _., .. 

C:Hl.Ohl ;;:;;:::.,, ............................ ( Ch..} ...................................... . 

C.t..r.z:c~ATii. ........................... {col) ..•......•••.....•.........•....•.•. 

DlcAN:::o~A~:: ....................... ( t~::;::ol > ................................ . 
fJIT:::.:A7>!: .. _ ................................ ( !'-..:03 ) .... , .............................. ~ 

NIT~ iT:! ................................... (NO._) ............... _ .................. . 
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BACA LAND & CATTLE 
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RE: "WATER SAMPLES" 

REPORT OF DETERMINATIONS 

SAMPLE IDE NT I f I CAT I 0 N 

SULFUR SPRINGS ----------------

ARTESIAN WELL -----------------

BATHHOUSE SPRINGS -------------

SODA SPRINGS------------------

FLASHED WATER BACA No, 4 
TD 5048 ---------------------

3 - 8ACA LAND & CATTLE 
ATTN: MR. DONDANVILLE 

CH 

TCHAL SiLICA (Si022_, 

220,0 PPM 

80,0 PPM 

92.5 PPM 

35,0 PPM 

820.0 PPM 

RESPECTFULLY SuBMITTED! 

SMITH EMERY COMPANY 

I'OH).I 1"-:r. 1-c.:r_ LC 
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United States Department of the Interior 
GEOLOGICAL SURVEY 

WASIIIi\:GTON, D.C. 202•2 

Mr. Richard F. Dondanville 
1378 Plaza Pac~fica 
Santa Barbara, California 93103 

Dear Mr. Dondanville: 

November 12, 1970 

The samples from R'lca //4 well arrived last w<eek. The corner of the box 
was torn open and one of the three ba:ss vas hangine; out. Fortunately 
nothing vas lost. 

I have taken the liberty to sacrifice one chip from each bag for thin 
section. 'rhe sections have not yet been completed but rather than ·,cai t 
on them I have decided to send you my coMcents, based on hand lens and 
binocular microscope examination, of all the chips. 

Tnin section examination will not chang<= the fact that all three samples 
are rhyolitic ueldcd tuffs and they are somethinc; of a surprise to us. 
T-wo chips from the ligrJt gray fraction 5000-5043 appear. to be sand but 
as near as I can tell the sand e;rains are derived from the same materials 
that make up the tuff fragments. 

All fragments from all three levels are pervasively altered by the hot 
vaters. They contain pyrite, chlorite, and/ or clay minerals, and intro
duced silica as alteration products. The original phenocrysts are quartz 
and alkali feldspar and the rocks look lil<e Bandelier tuff. They are not 
part of the andesite or dacite section as we lrno1< it. 

In all probability they are from the Otowi member of the Bandelier but out 
of context 1rith the cuttings from the entire hole, it 'Would be presumptuous 
of me to try to interpret the samples and their structural and stratigraphic 
implications at this time. If they are from the lover part of a continuous, 
thick Bandelier section, they probably represent an intracaldera facies 
"We've never seen before. At least 4 or 5 alternative explanations occur 
to me including the possibility that the rocks are not Bandelier. Much 
depends on what, if any, other rock types occur at higber levels. 

Needless to say we are extremely interested in the problem. I 1-rould lil'.e 
t<i keep the samples at least until I see the thin sections, and then return 
them to you. If you have no further use for them nmr, or in the future, 
ve would be happy to have all or any part of them for our Jemez study 
collections. Sone of the feldspars appear only ueakly altered and it nay 
be that we can learn somethinG :rrom their composition. 



I'm sure you understand the potential complexity of the structure and 
stratigraphy in Redondo Creek, and for that lll'l.tter, in the entire caldera 
area. The Baca #4 site may be a delir-htful spot for steam, but it is one 
of the last places I would choose to drill a hole for stratigraphic infor
lll'l.tion, but maybe we will be lucky. 

I will try~ to answer any other specific questions that may occur to you. 

Sincerely yours, 

~;:1; / L:-c:/ 
Robert L. Smith 
Field Geochemistry and 

Petrology Branch 



United States Department of the Interior 
GEOLOGICAL SURVEY 

WASHINGTON, D.C. 20242 

Uchard Dond11nville 
Plc.za Pacifir:!a 

1 Barbar11, California 93103 

Mr. Dondanville: 

January 7, 1971 

'e been trying to use up some accrued annual leave vhich I 
'· othenrise lmve forfeited at the end of tl1e year, hence my 
reply to your'letter. 

thanks for the 11nalyses of the Bllca samples. T'ney are remar}:
sirnilar to facies of the Bandelier. I enclose tvo unpublisi1ed 
ses of Bandelier surface samples for you to Jo::tke cocnparison. 

=, of course, tried to make the comparison myself and for 
as close chemically as are thco Bc.ca samples and the Bcwdelier, 

1ingf'ul cOJ:lparison is difficult if not ircpossible, because t!1e 
;es vere done in different lo.bs by different methods. If one 
~s the ntwjbers at face value the fuca s2.:nples are enoush dif-
~ f· '1 all Y.nm-111 Bandelier chemistry to n:a}>.e me suspect that 
.re uOt Bandelier as we knOIV it. The differences show up in 
1'i02, J.t;o, Al203, 11nd in certain element l'Cl.tios. 

r, the differences could be analytical. T'ne Baca samples are 
hernally altered} but the c!1emistry suc[;ests that tilere has 
ittle) if any} bulk chemical change and if the differences are 
alteration I don't understand the process that would release 

1, but not silica and at the same time add P205, Ti02, and 
Pile lover silica in one of the B11ca samples is probably , 
l to the fact that the sUinmation is only 91>. 52 and H20 is not 
cd. Assul!ling that H20 makes tile difference, and recalcul11ting 
Llysis H20 Free nnd to lOO~jJ Si02 ·is r:lis.cd to about 78~ and 

vitll the other analysis. 

fuca samples are from a chemically slightly different facies 
Pandelier than heretofore Jr~'10irh, 11nd if the analyses are t.;ood, 

expect the Baca samples to plot on B..'lndeli er variation trends. 
not; largely because of the various odd ratios among the 



2-

elements mentioned above and other major elements. 

I am left 1Ti th the feelinG that the roclw are probably Bandelier 
and the ~smJ.ll differences in ciJeJoistry are unelytical but it uould 
tal'e very little ll::trd straticraphic information to make we cl][lnc;e 
my mind. 

Tnanks a::;ain for your letter and the chemical data. 

Enc. 

Sincerely yours, 

Robert L. Smith 
Field Geoci1emistry and 

Petrolosy Branch 



JSh9-2 BMir9-1 

Si02 77-38 74.16 

A12o3 12.10 12.02 

Fe2o3 1.08 0.93 

FcO 0.27 0.38 

MgO. 0.02 0.08 

CaO 0.30 0.35 

Na2o 4.08 3·73 

K2o 4.31 4. 77 

n o+ 2 0.25 2.92 

H20 0.01 0.19 

Ti02 0.08 0.07 

P205 0.01 0.02 

NnO 0.06 0.05 

C02 0.01 0.00 

99-96 99.67 
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Rocky Mountain Geochemical Corporation 
P. 0. BOX 2217 

SALT LAKE CITY, UTAH 84110 

CERTIFICATE OF ANALYSIS 

November 18, 1970 

Richard F. Dondanvi11e 
1378 Plaza Pacifica 
Santa Barbara, California 

2 samples 

R. F. Dondanville 

October 27, 1970 

Silicate analysis 

93103 

P 2os· & Tio2 analyses determined calorimetrically. 
analyses determined by atomic absorption. 
Job No. 70-40-6SL 

'/ cc: Enc. 
File ( 2) 

LRR:pba 

% % % % % % % % 

£.2Q5 Ti0 2 ~£ Na 2o Al 2Q_J Sio2 ~ CaO McrO 
~ 

.06 .141 4.1 4.2 11.4 77.6 .36 .24 

.06 .12 ~.1 3.5 11.1 73.9 .24 .19 

0. I 0 .2q 1-j-"C, 3·3 13·3 7d.·7 1·2- o.3i) 

By~12::-----
. Lawrence R. Held 

Phon• 322-2396 
Ana Cod•• 801 

Pogo 1 of 1 

• 

All other 

% % 
Fe 2 £3 MnO 

1.46 .052 

1.27 .044 

I· tfo 0•07 

aluc:! nre reported in p::1rt1 pe_r.million unleu •rc:c.ific:d otherw-ise. A mlnua tign (-) h to be rr!d ••Je:n th=.n" .t.nd a p1ut llgn (+) .. grr~ttt 
" V 01 !ur:J Jn p:ncnthni.c ue cxtim~!e-..t~. ThU analyticJ.J report l1 the confidential property of the Above mentioned clit.nt and for the proc~·oc 
;, dient and ourrt.lvu we rcHT\'C tb.t: right to forbid ptJL!1o.tion or rtproJuction of tHJ rrport or any put thtrcof witlwut written pamiuion. 
-.:None Det.t-ctcd 1 ppm:::::= 0.0001 o/o I Troy m/t:on ::::= 34.28 ppm ~..IC! Mo X 1.6683 ::= '/CM.o.S . 

• 



CI'~MICAL ANALYSIS 

r EGUN HG CHEM ENGR 

PETROLEUM 

\\1:~~·~~~.t' . .. >LABD,JRATDRIES 
3016 UNION AVE. BAKERSFIElD, CALIFORNIA 93305 PHONE 325-7475 

NO. 1183 FIELD 

DATE 12/7/10 WELL Bnca 114 

CLIENT 

l 

DEPTH 

FEET 

3177 
3177 
3177 

4900 
4900 
4900 

5000 
5000 

100 

!lac a land & Cattle corr.p&:y Core Analysis 
P. o. Box 1641 
Abilene, 1exus ·yy6o4 

Atter:tion: 1-lr. J. :0, u"cre11 

COUNTY 

STATE 

HOf~IZ. RESIDUAl LIQUID SATURATIOH SA.L!NITY OF CORE WATER 

POROSITY 

PEHCENT 

4.8 
5.1 
6.7 

10,4 
8. '{ 
8.1 

10.9 
8,8 

16.9 

PERMEABil ry 

MILUDARCY S 

OIL-WATER PERCENT OF PORE SPACE GRAINS PEA GALLON 

RATIO OIL WATER SODIUM CHLORIDE 
------ --

0.09 
o. HJ 
0. 0'( 

0.33 
0.16 
0.14 

0.18 
0.19 
1. 82 

B C LABORATORIES 

ch 

REMARK 
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ANALYST: 

SAMPLE: 

ROCK NAME: 

THIN-SECTION DESCRIPTIONS OF ROCKS FROM 
THE DACA #4 WELL 

Ralph Higgins, Graduate Student, University 
of California, Sant~ Barbara. 
Sample Notes by R.F. Dondanville. 

Baca #4, T.D. 3177'. The bulk sample consists 
of rocks up to 2 inches diameter thrown from 
well during a flow test. A steam-bearing 
zone which caved badly during drilling is 
believed to be the source of most of the 
rocks. 

Rhyolitic Breccia. 

MINERALS IDENTIFIED: As phenocrysts: Quartz, sanidine. 

DISCUSSION: 

SAMPLE: 

In Groundmass: Quartz, clay, sericite, 
calcite, epidote, pyrite. 

The sample is extensively altered, the 
groundmass replaced by quartz and minor 
amounts of epidote and calcite. Alteration 
has destroyed any textural features which 
could be used to further classify the breccia. 
However, the presence of sanidine as euhedral 
crystals suggests they were originally pheno
crysts in the matrix of this rock. Sanidine 
is most often found in volcanic rocks. 
Therefore its presence is suggestive of a 
volcanic origin for this rock, but not conclusive. 

Alteration products (clay, epidote and sericite) 
are present which differ texturally and minera
logically from normal devitrification. 
Therefore, the sample is thought to have 
gone through two stages of alteration: one, 
the normal devitrification of glass to quartz 
and feldspar, and hydrothermal alteration of 
the original minerals, particularly the feldspars. 

* * * 

Baca #4,. T.D. 5048 feet, sample from 4900 to 
5000 feet. Between 4900 feet and 5048 feet 
the drill cuttings changed color from medium 
gray to very light gray, the most conspicuous 
change being near 5000 feet. Rocks caught during 
a flow test were separated into light gray and 
darker gray rocks. For the thin-section analysis 
the two rock groups· were labellcod "4900 feet" 



I 

ROCK NABE: 

MINERALS: 

OTHER CONSTITUENTS: 

APPROX. FREQUENCY: 

DISCUSSION: 

SAMPLE: 

ROCK NAME: 

MINERALS: 

and "below 5000 feet". The latter sample 
is almost certainly from below 5000 feet, 
the original depth of the former sample is 
more uncertain. 

Rhyolitic Welded Tuff. 

Phenocrysts: Quartz, euhedral to anhedral, 
Sanidine, subhedral to anhedral. 

Groundmass: Quartz, clay, epidote, plagio
clase, pyrite. 

Glass Shards. 

Glass shards 30% 
Quartz 40% 
Sanidine 20% 
Clay 2% 
Pyrite 2% 
Epidote 1% 
Plagioclase 1% 

Feldspar is present as sanidine phenocrysts, 
and a minor amount of plagioclase. The 
sanidine is moderately altered to clay minerals, 
probably Kaolin. The glass is partially devi
trified to quartz. The glass is present as 
shards. Even though devitrification is strong 
(50% of the shards altered to quartz), the 
original texture of the glass matrix is pre
served. A large part of the glass is altered 
to blay minerals. The rock was pyroclastic 
judging from the glass shards. Enough heat 
was present to keep the shards plastic; they 
are flattened and bent around the phenocrysts, 
rather than broken. Emplacement by airfall or 
water would not allow the glass to remain 
plastic while cooling. The sample is from an 
ash flow tuff. The degree of welding is not 
possible to determine due to the degree of 
devitrification and alteration. 

* * * 
Baca #4, T.D. 5048 feet, sample from below 
5000 feet. 

Rhyolite Welded Tuff. 

Phenocrysts: Quartz, euhedral to subhedral 
Sanidine, subhedral to anhedral. 

Groundmass: Quartz, sericite, plagioclase, 
epidote, pyrite. 



OTHER CONSTITUENTS: 

APPROX. FREQUENCY: 

DISCUSSION: 

Glass shards. 

Quartz 
Sanidine 
Glass 
Plagioclase 

_Pyrite 
Clay & Sericite 
Epidote 

80% 
10% 

5% 
1% 
1% 
1% 
1% 

The sanidine is less altered to clay and 
sericite than the 4900-foot samole. The 
glass is almost completely devitrified. 
However, the original texture of the glass 
matrix is preserved indicating a pyroclastic 
origin. The shards are bent and deformed 
around phenocrysts indicating the plastic 
nature of the shards at the time of deposition. 
This sample is from an ash flow, but the 
degree of welding is impossible to determine. 
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United States Department ofthc Interior 
GEOLOGICAL SURVEY 

WAS!llNGTON, D.C. 20212 

f.lr. Riclnrd F. Donclanvillc 
13'13 pJ.,za P"cUicCl 
Santa BClrbara, California 93103 

Dear Mr. Dondanvillc: 

November 12, 1')70 

'rhc smnples from llaca ;/li vell e1rrived last >reek. The corner of the box 
1ras torn open and. one of the three bags 11as hanging out. Fortunately 
nothinG Has lost. 

I have tal'"en the liberty to sacri.fice one chip from each bag for thin 
section. '['he sections have not yet been completed but ratl1er them ·,;ai t 
on them I have decided to send you my conrrnents, based on hand lens and 
binocular microscope examination, of all the chips. 

Thin sec Lion cxarnim.tion Hill. not chance the fact that all three samples 
arc rhyoJj lie 1·/elclcd t.uffs and they are somethin::i of a surprise to us. 
TiiO chips from the l:lr;J,t gray fraction 5000-5043 appear. to be sand but 
as near as I can tell tlw sancl {_jrains are derived from the same materials 
that make up tlw tuff fragments, 

All frasments fron1 all three lGvels are pervasively altered by the hot 
'mtcrs. 'l'ltey contain pyrite, chlorite, and/or clay minerals, and intro
duced silica as alteration proJucts. The orir;inal phenocrysts are quartz 
and allmli fclclsp:cr and the roclm look lil\c R'lndelicr tuff. 1'hey are not 
part of the andesite or dacite section as ve l\JJ01f it. 

In all probability they are from the Otm<i member of the Bandelier but out 
or context 11i th the cut tines from the enti.re hole, it 1wuld be l'resumptumw 
of me to l.ry to interpret the samples and tbcir structural and strCltiera!Jhic 
intplicCltiuns at UJis ticJe. If they are fro;n the loller part of a coi1tinuous, 
thicl< B:mclclicr section, they probably represent an intracaldcru facies 
\orc'vc never seen before. J\t least 4 or 5 alternative e;<plnnat.ions occur 
to me i.ncluclin,~ the possibility that the rocl<s are not Bandelier. l·!uch 
depends on C~ha t, if any, o tlwr rock types occur at higher levels, 

Needless to say H<e are extremely interested in the problem. I 1rould like 
tci l\ecp the samples at least until I see the thih sections, and then return 
them to you. If you ho.vc no furt11cr use for them noH, or in the future, 
we ;rould be happy to .have all or any part of them for our Jemez study 
collectionc. Sm:1c of the felda pars ap9car only \/eakly altered and it may 
be that CIC can learn somethinG rrom their composition. 
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I 1m sure you undcrs tand the potential complcxi ty of -the structure and 
straticraphy in l\ctlondo Creel,, and for that !Tl'1ttcr 1 in the entire caldern 
area. The Baca j/1~ site nny be o: delichtfiJl spot for steam, but it is one 
of the last placcc I would choose to clrill a hole for stratic;raphlc infor
mation, but maybe l{e· .rill be luclw. 

I \fill try to ans.rcr any other specific questions that lTI'lY occur to you. 

Sincerely yours, 

;:fl/1 I/ ~~:?71

. 
llobcrt L. Smith 
Field Geochemistry and 

Petroloe;y Branch 

.. 
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United States Department of the In tetior 
GEOLOGICAL SURVEY 

WASIIINGTON, D.C. 202·12 

l/tr. IUcho.rcl Do11do.nville 
13'(J Plc.z:t Puc i.J'i.''" 
:]cmLa Darbaro., C:tlifornia 93103 

Dear Hr. Dondanville: 

Janmry 7, 1971 

I h:tvc been tryinG to usc up some accr\.tccl a.nm.t!ll lectvc l·rhicll I 
;rould c•thcnricc have forfeited at tne end of tr1e ye,:r, hence my 
late reply to your letter. 

t:·my tinnle3 for Lhc analyses of the Buca srnnples. Tl1ey are rcrnarl;
oJJly si1.·1ilar to facies of t1v~ Bandelier. I enclose tvro unrublislwd 
o.n:J..lyscs of B:J.llclclicr surface saJ;lplcs for you to 1:12ke co:nparison. 

I l•av•c, of course, tried to make tl1e comparison myself and for 
roc}:.s s.s close chc.J:Jicully as are the 13~'..CEL s3.rnples Cl:nd the B~'..ndelier•,;" 

a Jocaninc;J'ul coJ:;lJUrison is difficult if not in:pOssible, becnuse .the 
anuly~;c::; Here Ll.onc in different.: lo.l)G by different ir1et11od;:;. If one 
ncc.cpLs. tflc nur-:11:::-rs at facs vo.lue the B3.ca G:!.~n~Jlcs O.l'C enou~)l dif
ferent i'ro1~1 nll }',JlO',.rn B2ndelier chemistry to ;::J.i~c filC suspect tho.t 
they U.l\~ not D~'..ndclicr a,:; 'de lmm.f it. rth'2- differences show up in 
Pc;O;, Ti021 r.I~O, Al203, und in ccrkcin clclllent re.tios. 

Hm1CVI21', the eli ffercnces could be analyti.co.l. The B:::tco. sm'lplcs _arc 
hy\1rot1-lcrn:_llly ultercdj but the chemi.str;y .succcsts that- t!lcre rw.s 
lJccn li GtlC!-, if any_> bulk_ chemical chc:.ncc and if -Lhc differences are 
d.uc Lo altcra ti on I don 1 t unclcrstand the proccsc; that would relcasc 
al\ll:'l.lnn, but not ;;ilic3. o.n<l at ·the same time a::ld 11 205> 'ri02, .and 
lt~O. Ti1c louer uilica. in One of the D::tca so.mplcs is -probo.t)ly 
rchtcd to the fact that the stanrJatiort is onlJ 9!f, 52 and H20 is not 
r(!por Lc' l. As ~:>Ullli 113 that H20 II1<J.kcs the diffcrenc c, and recalculo. ti ng 
the mnlysis ll; 0 Free rrnd \.o lOo·;;, Si02 is raised to about '(':;,) c.nd 
in line ,.,ri th tile other o.nO.lysis. 

If Uw Inca sawp1cs o.re from a chemically sliGrltlJ diffcl'cnt facies 
of tile J}tndclic.r t.ilo.n here L:ofore Jr~nm-lil, o.nd if the analyses Lll'C' L~ood, 

I '>-wuld c:q)cc L Lhc Dc.tcn s:::1.1nplcs Lo plot on Banclcl:i.(~r variation trends. 
They do not, larccly bcco.usc of the various odd r0.tios amonc; the 
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elements J!lentioncd above and other maj.or clements, 

I am left v.i.th the fcclinc; that tile rocks arc probctbly Jbndclicr 
nnd thc c;rrnll differences in ciJcl:listry m·c ancclyticul but it voulcl 
tcd'c very l:l ttJ.c i1anl ,;traticraphic inf'orwation to mctlm we .c!Jo.nc;c 
my mind. 

Thanks ac;::tin for your letter and the chemical data. 

Enc. 

Sincerely yours, 

Robert I" Smith 
I'icld GcociJcmlstry and 

Petrolouy Branch 
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JSif9-2 B~!l~9-1 

Si02 77.38 74.16 

A12o3 12.10 12.02 

Fc~~o3 1.013 0.93 

Ji'cQ 0,2'T 0.38 

11(;0 0.02. 0.08 

CaO 0.30 0.35 

Ha2o 4.08 3·73 

K20 l~d1 If, 77 

JI o+ 2 0.25 2.92 

H2o 0.01 0.19 
,,~ 

'fi02 o.o8 0.0"( 

(" 
P205 o.o1 0.02 

HnO o.o6 0.05 

C02 0.01 0.00 
--

99·96 99.67 

I 
I 
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Date 

Client 

Report on: 

Submitted byz 

Dale Received: 

1 
Analysis: 

~,y 
rarkst 

;umple No. 

I 
lAC A ff4 4900 

#4 
I 

lAC A 50DO 

'~~·,(t"1 i{/(1., 12/;(11-ITC 

·~ - ,[)( '~ ·~;: ~, •?Lj; /ci ~ 
.;/,, / r< f;;/.P-' 

·-.---·-' 

_Roch:y 1\{ountain Geochemical Corporation 
P. 0. BOX 2217 

SALT LAKE CITY, UTAH 64110 

CERTIFICATE OF ANALYSIS 

November 10, 1970 

Ricl1urd F. Dondanvllle 
1378 Plaza Pacifica 
Santa Darbara, California 

2 samples 

R. F. Dondanville 

October 27, 1970 

Silicate analysis 

93103 

P20~ & Tio2 ana~yses determined calorimetrically. 
analyses detenuned by atomic ubsorpt:i.on. 
Job No. 70-40-GSL 

CCI Enc./ 
File (2) 

LRR: pba 

% '/, % %• % % % ~ 

!?.z2s Ti02 ~2. No2Q. 1\129..3 Sio 2 
11· CaO MnO 

~-

.06 .14 J 4.1 4.2 11.4 77.6 .36 .24 

.06 .12 \ 4.1 3.5 11.1 73.9 • 24 .19 

0. I o .ZCj f-/1t:, 3·3 13•3 7CJ.· 7 I·Z. o.3z; 

Phono 322-~396 
Ana Cod•1 801 

Paa• 1 of 

1111 other 

% % 
Fe29.3 r-mo 

1. 46 • 05: 

1. 27 .04' 

l·tfo 0 ' ( 

H"; 
All valun nre reported in p:nt• per ~~llion units! specified otherwiie. A minu1 sir,n (.-) It to be rud ''lrn thtn" tnd a p!ut ·dr:n ( +) "gro.' 
th:~n."' v~lnu in p:l.tcnthois Rre tJtimt~.l~~. Th!J &n;'llytiCll rtport II the conl!dc.nti.1\ rroptrty of the t~.hove mentioned dltnt and for the protect_:: 
of thh Client nnd ourrdv{• we rc1rrve tht. rl~ht to forl.Jid puUUcr.&tlon or rtproJIJction of thh rtport or any put l.btrcof without writtrn ~'t.rrniu.l1;• 
Nn--:::)lriM Drtcctrd 1 l'l'tu:=-::0,()(101% I Troy ot/ron=::l-4.18 ppm % Mo x 1.66!~3:::::'/oU' 



C!lWICAt ANAlYSIS \I·'~ :>. ·,,"' L/-\BOF{A"fOF=iiES 
\ •• •- .,. "-' . ,,i? I ) . tGUN. HG ClilM fNGI 

PETROLEUM ---" -~'-l' 3016 UNION AVE, BAKERSFIELD, CALIFORNIA 93305 PHONE 32 

DATE 

CLIENT 

., ' ~ 

12/1/10 

B<\ca Ltnd 1, C•lttle con.!J''"Y Core .Analy£is 
P. 0. L>ox lt;hl 
Abilene, 1uxno TY604 

Atter:tion: llr . .J. ;:;, ''"~r·e1l 

FIELD 

WELL Bnca U~ 

COUNTY 

STATE 

HOHlZ. \'I'RT, RES!DU,I..L llOlJIO SllfURlTION SALH~ITY Of CORE WATER 

DrPTH POROS!TY 

f [E.T· PEHCENT 
~~~ 

3117 4.8 
3177 5.1 
31 'T1 6.'[ 

1;900 10.4 
h900 8.'( 
11900 8.1 

5000 10.9 
~.,/. 5000 [1,0 roo 16.9 

B C LABORATORIES 

DY 

\,r'\ 
i ' 

"[rlM.EAOil ry 

MILUC:ARC'f 5 RATIO OIL WATER 

------------~~-----

o.o;:, 
0,11; 
u. 0'( 

0.33 
O.lG 
0.111 

o.lil 
0.19 
1.82 

GRAINS PlA G-'LLON 

SODIUM CHLORIDE 



I 
ANALYST: 

SAMPLE: 

HOCK NM1E: 

THIN-SECTION DESCJUPTIONS OF ROCES l"ROH 
TilE DI\CA 111 ·wr:LL 

P.alph Higgins, Graduate Student, University 
of California, Santa Darbara. 
Sample Notes by R.F. Dondanville. 

llaca #4, T.D. 3177'. The bulk sample consists 
of rocks up to 2 inches diameter thrown from 
well during a flow test. A steam-bearing 
zone 1-1hich caved badly during drilling is 
believed to be the source of most of the 
rocks. 

P.hyolitic Breccia, 

MINERALS IDENTIFIED: As phenocrysts: Quartz, sanidine. 

-~ 
! DISCUSSION: 

SM\PLE: 

In Groundmass: Quartz, clay, sericite, 
calcite, epidote, pyrite. 

The sample is extensively altered, the 
groundmass replaced by quartz and minor 
amounts of epidote and calcite. Alteration 
has destroyed any textural features which 
could be used to further classify the breccia. 
lloHever, the presence of sanidine as euhedral 
crystals suggests they were originally pheno
crysts in the matrix of this rock. Sanidine 
is most often found in volcanic rocks. 
Therefore its presence is suggestive of a j 
volcanic origin for this rock, but not conclusive. 

Alteration products (clay, epidote and sericite) 
are present which differ texturally and minera
logically from normal devitrification. 
Therefore, the sample is thought to have 
gone through two stages of alteration: one, 
the normal devitrification of glass to quartz 
and feldspar, and hydrothermal alteration of 
the original minerals, particularly the feldspar;j 

* * * 
Baca #4, T.D. 5048 feet, sample from 4900 to 
5000 feet. Det0cen 4900 feet and 5048 feet 
the drill cuttings changed color from medium j 
gray to very light gray, the most conspicuous 

1·change being near 5000 feet. Rocks caught duril 
a flow test were separated into light gray and j 
darker gray rocks. For the thin-section analys' 
the two rock groups· were labelled ''4900 feet'' 



ROCK NAHE: 

~1INE.RALS: 

OTHER CONSTITUENTS: 

APPROX. FREQUENCY: 

DISCUSSION: 

SAMPLE: 

HOC!\ NAME: 

MINERALS: 

and "below 5000 feet". The latter sample 
is al1nost certainly from below 5000 feet, 
the original depth of the former sample is 
more uncertain, 

Rhyolitic Welded Tuff. 

Phenocrysts: Quartz, euhedral to anhedral, 
Sanidine, subhedral to an!Jcdral. 

Groundmass: Quartz, clay, epidote, plagio
clase, pyrite. 

Glass Shards. 

Glass shards 
Quartz 
Sanidine 

30% 
40% 
20% 

Clay 2% 
Pyrite 2% 
Epidote 1~ 

Plagioclase 1% 

Feldspar is present as sanidine phenocrysts, 
and a minor amount of plagioclase. The 
sanidine is moderately altered to clay minerals, 
probably Kaolin. The glass is partially devi
trified to quartz. The glass is present as 
shards. Even though devitrification is strong 
(50% of the shards altered to quartz) , the; 
original texture of the glass matrix is pre
served. A large part of the glass is altered 
to ~lay minerals. The rock was ~yroclastic 
judging from the glass shards. Enough heat 
was present to keep the shards plastic; tl1ey 
are flattened and bent around the phenocrysts, 
ratl1er than broken. Emplacement by airfall or 
water would not allow the glass to remain 
plastic while cooling. The sample is from an 
ash flow tuff, The degree of welding is not 
possible to determine due to the degree of 
devitrifidation and alteration. 

* * * 
.Daca #4, T.D. 5048 feet, sample from below 
5000 feet. 

Rhyolite Welded Tuff. 

Phenocrysts: Quartz, euhedral to.subhedral 
Sanidine, subhedral .to anhedral. 

Groundmass: Quarfz, sericite, plagioclase, 
epidote, pyrite. 



OTHER CONSTITUENTS: 

APPROX. FREQUENCY: 

DISCUSSION: 

Glass shards. 

Quartz 
Sunidine 
Glass 
Plagioclase 
Pyrite 
Clay & Sericite 
Epidote 

80% 
10% 

5% 
l% 
1% 

·1% 
1% 

Tl1e sanidine is less altered to clay and 
sericite than the 4900-foot sample. The 
glass is almost completely devitrified. 
Ilowever, the original texture of the glass 
matrix is preserved indicating a pyroclastic 
orig.in. The shards are bent and deformed 
around phenocrysts indicating the plastic 
nature of the shards at the time of deposition. 
This sample is from an ash flow, but tho 
degree of welding is impossible to determine. 
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BACA 1/4 

Well History subsequent to releasing drilling rig. 

Closed well in at 4:30A.M. ·on 10-12-70 and released drilling 
rig. 

10-17-70 Pressured well up with air to 380 PSI. Left closed 
in 45 minutes. Opened master gate. Pressure bled down to 
nearly zero . .Surfaced some water for 5 minutes and then kicked 
off. In 10 minutes had 55 PSI through blooie line on 8 11 orifice 
and 290°F. At end of 15 minutes, 70# and 310°. In 35 minutes, 
30// and 260°. 50 minutes, 25# and 250°. (This was at 12·20 P.M. 

0 
10-17-70) At6:00 P.M., 15# and 232 • 

10-18-,70 7:30A.M. 13# 
6:00P.M. 13# 

10-19-70 7:30A.M. 12# 
6:00P.M. 12# 

10-20-70 7:30A.M. 12# 
l:30P.M. 12# 

0 

230 
230° 
228° 
228° 
228° 
226° 

Closed well in at 1:30 P.M. 15 minutes SIP 160#. Pulled 8" 
orifice and opened well back up with no orifice @ 1:50 P.M. 

2:45P.M. 5# 207 
0 

6:00P.M. 5# 207° 
10-21-70 7·30 A.M. 4# 204° 
Measured free water at end of blooie line in tub. Water calculated 
to be 18 gallons per minutes. 
10-22-70 11:00 A.M. 4# 204° Plus 18 gals. water 

per minute. 

~ .. •' 

10-23-70 
10-24-70 
10-25-70 
10-26-70 

4# 
4# 
4# 
4# 

204° 16 gals. water per minute 
204° 18 l/2 gals. water per min. 
204° 18 gals. water p'er min. 
204° 17 gals. water per min. 

Took water samples for chemical analysis at end of blooie line. 
10-27-70 
Noticed small 
10-28-70 
10-29-70 
10-30-70 

4# 
amount of material 

4# 
4# 
4# 

. 0 
204 20 gals. per min. 

surfacing throuSh blooie line. 
204 18 gals water 
204° 
204° 

Closed in at 11:10 A.M. 25 minute SIP 165#. Opened well through 
4 1/2" orifice@ 11:45 A.M. 

l2:10P.M. 75# 306° 
10-31-70 53# 287° 25 gals water per min. 
ll-l-70 53# 288° 25 gals water 
ll-2-70 54/I 289° 22 gals water. 
Closed well in at 9:50A.M. for temperature and pressure surveys. 

\ 



11-2-7 0 Ran 900 PSI pressure bomb to 4500 1
• Did not mark on 

the chart. Pulled lubricator of bomb. With bomb in hole, well 
blew down through 2" connection and killed itself in approximately 
3 hours. Ran temperature bom·b to 5048-(bomb did not go to this 
depth but set down at smne depth ab<:(ve this). Maximum extension 
on chart showed temperature of 505° while pulling bomb out of 
hole. Line straightened at 1900 1 and pulled up in lubricator. 

11-3-70 Cut line off and ran pressure bomb to 4444'. Clock did 
not run. Maximum extension on chart indicated pressure lobe 
933#. Ran tcn<perature bomb to 4444'. Clock did not run. Maxilnum 

0 
extension indicated temperature of 491 . 

11-5-70 Ran other pressure bomb to determine depth to which bomb 
was settin·g down. Pressure at 4444' W?-S 870. At ~544, 956. At 
4644, 1013. At 4744, 1026. Data indicates bomb stopping at 
approximately 4600'. Ran temperature bomb to 4600 and left 15 
minutes. Clock did not run. Chart e):tension indicated temperature 
of 508°. Ran temperature bomb with new clock to 4600. Temperature 
at 4444 was 499. Temperature at 4600 was 507. 

11-6-70 Ran pressure bomb (2394N) to 4400'. Clock did not run. 
Chart ~:x;tension indicated pressure of 938#. Ran temperature 
bomb (KT6681) to 4600'. Clock did not run. Extension indicated 

0 
temperature of 508 • 

11-7-70 Moved in small air compressnr and started pressuring 
well up at 4:00 P.M. 

11-8-70 Found compressor dead. Apparently had not run over 
one hour. Restarted compressor. 

11-9-70 Found compressor dead and 500 PSI pressure gauge on well 
head was over-ranged against the peg. Well had something over 500# 

p!essure. 

11-10-70 Pressu.re- on well had decreased to 200 PSI. Opened well 
up at 12:00 Noon with no orifice in the blooie line. Well kicked off. 

11-11-70 9:45A.M. 7#, 206°. Closed well 
orifice plat'(,· Opened well up at 10:15 A.M. 

64# and 296 • 

in and installed 4 1/2" 
At 10:45 A.M. had 

-· 
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11-12-70 11:00 A.M. 
1:00 P.M. 

11-16-70 12:00 Noon 
11-19-70 4:00P.M. 
11-20-70 8:00A.M. 

·, 

' 

'· 

\ . 

56# 
58# 
57# 
58# 
58# 

.. 
' ' , ... 

. . 

0 
290 
290° 
289° 

288° 2 0 gals. water per minute 
2'88° 2 1 1 ga s water per minute 

.. 
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