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Abstract 
Waters at 67 locations in New Mexico discharge at anomalous temperatures. 

Details on these thermal water resources such as the location, temperature, dis-
charge rate, field pH, and specific conductance are presented in 29 tables and 47 
figures. Included also are 244 chemical analyses of water from 38 areas. 

Introduction 
PURPOSE AND SCOPE 

This document presents in one volume all available 
information that geologists, engineers, and chemists 
have been preparing for many years on the anomalously 
warm and hot waters of New Mexico. Two types of 
thermal data are included: 

1) Information about individual occurrences that 
could be gleaned from the literature and from 
searching the files of state and federal agencies. 
2) Results of investigations by the New Mexico 
Bureau of Mines and Mineral Resources, including a 
field inventory and laboratory analyses of the waters 
made during the period October 1965 through June 
1966, data obtained at intermittent intervals from 1967 
through 1974, and results obtained when 15 thermal 
areas were revisited in December 1974. 

Earlier lists of thermal water occurrences have not 
been entirely accurate. Some springs have been listed 
several times in some compilations but under different 
names. Some compilers made assumptions about loca-
tions that were not valid. For example, some of the 
references report a hot spring on the Rio Grande at the 
present site of Truth or Consequences. Others report 
Palomas hot spring at the location of the old community 
of Palomas. Still others report Caballo hot springs. A 
study of the area's history and field inspection reveals 
that only one thermal water area occurs in the immediate 
vicinity of Truth or Consequences, that the community 
was once called Palomas Hot Springs, and that the 
springs are located at or adjacent to the Caballo 
Mountains. Thus, these springs, which have been given 
different locations by at least one author are, in fact, 
identical, so that misinterpretations by one compiler 
have been carried forward by several others, making the 
reports in error. 

To overcome these inaccuracies, this report lists only 
those occurrences of thermal waters that I have field-
checked or whose location and character I believe to be 
accurately and responsibly described. Insofar as possible, 
discrepancies are identified and explained. 

Two other problems arose repeatedly: 

1) When water issues from multiple outlets, observers 
failed to describe the outlet sampled. As a result, some 
data are of dubious or limited value. For example, 9 
chemical analyses of water for Mimbres Hot Springs 
collected in May 1904 and reported by Hare and 
Mitchell (1912, p. 48-49) cannot be related to their 
outlet source. 
2) A surprising number of reporters are inclined to 
overstate or overestimate the temperature and dis- 

charge of thermal springs, so various quantitative reports 
are inconsistent with the other reports and with my 
measurements. 

To overcome the descriptive problem for the hydro-
thermal areas listed here, all the data for each are 
presented, even though (as in the Hare and Mitchell 
case) we now lack the capacity to relate specific data to 
their specific source within the area. There is no solution 
to the authenticity problem, so no data have been 
omitted simply because they look wrong. 

As a consequence of the descriptive problem and the 
authenticity problem, great care has been exerted to 
identify the exact location of each water sample col-
lected during Bureau-sponsored investigations. 

This is a water-resource report; yet it is also an 
energy-resource report because it describes natural 
phenomena that may indicate a geothermal energy 
resource. Actually, it describes the character and distri-
bution of water from an amazing variety of hydrogeo-
logic settings. About the only factor that the thermal 
areas of the state seem to have in common is that they 
discharge water with anomalously high temperatures. 
The source of the heat, the mechanism by which the 
water becomes warm, the volume of hot water extant, 
and the long-range consequences of developing the 
thermal-water resources are not immediately evident. 
Nor is there necessarily a clear indication of the role 
water has played, if any, in the hydrologic cycle, even 
though most thermal springs occur in settings compar-
able to those of their nonthermal cousins. 

No attempt has been made to explain the occurrence 
and distribution of the observed hydrothermal 
phenomena. 

ORGANIZATION OF REPORT 
This catalog presents the thermal areas by drainage 

basin, as defined by the Inter-Agency Committee on 
Water Resources, Subcommittee on Hydrology (1960, 
written communication), with the drainage basins 
listed in alphabetical order. Within drainage basins the 
thermal areas are listed in "conventional" downstream 
order; that is, the uppermost area in the drainage basin 
is presented first, then each area downstream is pre-
sented in order of its occurrence. This sequence brings 
related areas together. 

The information is presented via text, tables, maps, 
graphs, and microfiche. The microfiche (in pocket) 
contains the chemical analyses of thermal waters made 
in various laboratories and, identified by the letter M, 
appear in numerical order by drainage basin. 
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HISTORICAL RECORD 
The earliest report containing an eyewitness account 

of a thermal water in New Mexico, uncovered during 
the literature search, is that of Bartlett (1856), who 
describes a visit to Faywood Hot Spring in 1851. 
However, Stanley (1950) refers to a document written 
in 1848 that mentions the warm springs near Socorro. 
Hayden (1869) briefly mentions visiting Las Vegas 
(Montezuma) Hot Springs. 

From about 1870 to about 1890, George W. Wheeler, 
of the U.S. Army Corps of Engineers, was in charge of 
the U.S. Geological Survey west of the 100th meridian. 
Under his orders, surveying parties crisscrossed New 
Mexico and prepared a series of topographical atlas 
sheets. Several of the thermal springs described in this 
report appear on Wheeler's sheets: 

Loew (1875a) presented the first chemical analyses 
of waters collected from hot springs around the state. 
Crook (1899) visited several of the thermal-water spas. 
Jones (1904) compiled a list of thermal waters in this 
state and presented various pieces of new information 
where available. The hot springs in the Jemez region 
received attention from Kelly and Anspach (1913), 

Clark (1929), and Renick (1931). From 1931 to 1965, 
the thermal waters in the state have been studied 
individually or in groups of two or three as part of other 
areal studies. The following publications contain lists of 
thermal waters that by and large are repetitive state-
ments of information gathered earlier by field workers: 
Gilbert (1875), Peale (1886, 1894), Reagan (1903), 
Lindgren (1910), Lindgren, Graton, and Gordon (1910), 
Steams, Stearns, and Waring (1937), Waring (1965), 
and Summers (1965a, b). 

Several papers and reports, such as Trauger and Doty 
(1965), simply state that thermal waters occur at one or 
more localities. 

Since 1965, new information has been generated at a 
more rapid rate. 

For the period 1965-1971, the chemical analyses of 
water from springs and wells made by the U.S. Geological 
Survey for the most part have, been published annually in 
Water Resources Data for New Mexico Part 2, Water 
Quality Records. 

Trauger (1972) discussed briefly the temperatures of 
water in Grant County and presented tables describing the 
location of wells and springs in the county and tables of 
chemical analyses of ground water that include some 
thermal water. 

Purtymun, West, and Adams (1974) sampled the 
thermal waters of the Jemez River basins, and F. W. 
Trainer (1974a,b), a hydrologist with the U.S. Geolog-
ical Survey, described the preliminary results of his 
detailed study of the thermal waters of the Jemez River 
basin. 

Biology of thermal waters of New Mexico has been 
mentioned briefly in papers by Richardson (1898) and 
Brues (1928, 1932). Dr. Austin Phelps, professor emer-
itus, Zoology Department, University of Texas (Austin) 
and his students (Duke, 1967) spent considerable effort 
in the study of organisms that dwell in the thermal 
waters at Mimbres Hot Springs and Gila Hot Springs. 

In recent years, large areas of the state have been the 
subject of intensive regional mapping efforts. Some of 
these efforts have been published in toto, others have 
been published incrementally. A few of them are 
available only as open-file maps and reports of the U.S. 
Geological Survey or of the New Mexico Bureau of 
Mines & Mineral Resources. Several are not yet com-
plete. 

To enumerate all of the reports and maps that cover 
thermal areas would produce a list of 100 to 500 
documents. The length of the list would depend upon the 
scale of the compiler's interest and upon the factors an 
individual compiler considers significant. Readers 
interested in compiling a comprehensive bibliography will 
find the pertinent maps and reports indexed by area and 
author in the New Mexico Bureau of Mines & Mineral 
Resources bulletins, Bibliography of New Mexico Geology 
and Mineral Technology:• through 1950, Bull. 43; 1951-
1955, Bull. 52; 1956-1960, Bull. 74; 1961-1965, Bull. 90; 
1966-1970, Bull. 99; 1971-1975, in preparation. 

Although a concentrated effort was made to consol-
idate literature, the following publications were not 
inspected, even though they may contain some informa-
tion on New Mexico's thermal waters: Abert (1848a,b), 
Fitch (1927), Moorman (1867, 1871), Walton (1873, 
1874, 1883). 
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PROGRAM OF NEW MEXICO BUREAU 
OF MINES & MINERAL RESOURCES 
Work on this publication actually began ten years ago. 

It started with the compilation of the extant data 
(Summers, 1965a) and a critical review of the data's 
usefulness for geological purposes (Summers, 1965b). 

With the blossoming interest in geothermal energy in 
the mid-1960's, a program to inventory New Mexico's 
thermal waters was initiated and carried out during 
1966 and 1967. It was made possible by a matching-
fund grant from the U.S. Office of Water Resources 
Research obtained through the New Mexico Institute of 
Water Resources Research. The unpublished project 
completion report, New Mexico Thermal Waters, con-
sisted of two parts: Part 1 cataloged the basic data 
obtained during a field inventory of 46 to 57 known 
thermal areas and all the nonproprietary data generated 
by others through 1966. Part 2 contained a summary, 
text, and general discussion of the data contained in 
Part 1. 

Since completion of the project, I have learned of a 
few wells that discharge hot water. Thanks to J. C. Ratte 
of the U.S. Geological Survey, I was able to helicopter 
into The Meadows, a warm-spring area in the Gila 
Wilderness, to map the springs and collect water 
samples. 

In December 1974 Frank Trainer of the U.S. Geolog-
ical Survey, Robert F. Kaufman of the U.S. Environ-
mental Protection Agency, and I, as the representative 
of the New Mexico Bureau of Mines & Mineral 
Resources, visited 15 of the thermal areas. 

The Bureau program has produced several shorter 
reports. As a prelude to this catalog, preliminary reports 
on New Mexico thermal water were presented to the 
scientific community (Summers, 1966a,b,c, 1969b, 
1972b, and Summers and Deju, 1972). Geothermal 
prospects in the state were discussed repeatedly (Sum-
mers, 1968a,b, 1969a, 1970, 1972b,c, and Summers and 
Kottlowski, in press). The validity of chemical analyses 
of thermal water was studied in detail (Summers, 
1972b), and some aspects of the geochemistry of New 
Mexico's thermal waters were considered (Summers, 
1966c, Summers and Brandvold, 1967, Summers and 
Deju, 1972). 

1966-1967 INVENTORY 
The procedures used during the inventory of 1966-

1967 were established to obtain maximum data in 
minimum time. Although the thermal waters discharge 
under a variety of circumstances and each area was 
treated as a unique situation, the approach in the field 
was as systematic as time and conditions permitted. The 
area was mapped, field measurements were made of the 
discharging water, rock and water samples were col-
lected, and photographs were taken to illustrate various 
features of the area. 

Because an exact statement of the sample location was 
deemed a must, the individual wells or springs 
discharging hot (and in some instances, cold) water were 
located on a map. These maps ranged in quality from 
simple field sketches to standard U.S. Geological Survey 
topographic maps to detailed plane-table surveys. The 
plane-table maps were drawn at scales varying  

from 5 to 200 ft to the inch. In some instances, plat 
maps and aerial photographs augmented the field 
mapping. 

After the areal distribution of the thermal discharge 
was established, measurements were made at selected 
sites of flow, temperature, pH, and specific 
conductance. A modified Parshall flume, designed by 
A. I. Johnson (1963) of the U.S. Geological Survey, 
was constructed in the metal shop of the New Mexico 
Institute of Mining and Technology. This particular 
flume was not rated in the laboratory, the rating curves 
that Johnson gives being used to determine the flow in 
gpm (gallons per minute). Ideally, the flume should 
have been rated, but several factors contributed to the 
decision not to do so. First, the measurements in all 
probability would not be duplicated for many years; 
therefore, "order of magnitude" accuracy would be 
entirely satisfactory for most purposes. Second, setting 
the flume under field conditions probably introduces 
more error than is inherent in the flume design. Third, a 
cross-check in the field against discharge 
measurements from other sources indicated that the 
probable error is less than five percent. 

In some areas, no discharge measurements were 
possible, but visual estimates of the discharge were 
made. Discharge from wells generally occurred only if a 
pump operated or the well flowed naturally. The 
discharge of pumping wells was estimated from pump 
size and power. The discharge of flowing wells was 
generally measured with the flume. 

The pH of the discharging water was measured 
wherever practical with an E. H. Sargent and Company 
portable pH meter (catalog number S-30007-10). Buffer 
solutions used in the field were pH 4, 7, and 10. The 
meter was calibrated before each use. Under field 
conditions, this meter is accurate to at least ± 0.2 pH 
unit. 

The accuracy of the meter proved to be the least of the 
problems. Experience in the field soon showed that the 
mode of discharge and storage of the water had a 
considerable impact upon the observed pH. In general, 
the pH of the water in the range of 6 to 10 reflects the 
CO2 (carbon dioxide) concentration in the water. Thus, 
the pH of a water as it discharges is not necessarily the 
pH after it has ponded. Similarly, if the water cascades, 
it becomes aerated and will have a pH different from that 
where it leaves the zone of saturation. 

To overcome the variations created by mode of 
discharge and storage (many springs have been chan-
neled into closed reservoirs or have been ponded), the 
pH measurement was made in the discharging water by 
lowering the glass electrode into the water at a point 
where it discharged from the rock. Measurements were 
also made in spring ponds or reservoirs. 

For some springs, it was not possible to measure the 
pH at the point of emergence because of reservoirs or 
ponds. The pH of water discharging from a well was 
also suspect, especially if the water passed through a 
pressure tank; nonetheless, it was measured and re-
ported, whenever possible. A pH probe capable of 
measuring pH at various depths below the water 
surface would have added much valuable information 
about natural thermal waters. 

Specific conductance was also measured in situ, using 
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an Industrial Instruments, Inc., conductivity bridge 
accurate to about ±10 percent and recorded in 
micromhos per centimeter at 25°C. 

Temperatures were measured with a Whitney Under-
water thermometer—a direct-reading, self-calibrating 
thermistor unit. This thermometer is internally accurate to 
±0.1°F; that is, it is possible with the instrument to 
duplicate measurements to ±0.1°F. Such checks as were 
performed showed that this instrument was at least as 
reliable as many non-Bureau of Standards mercury 
thermometers that could be read to ±0.1°F. Because the 
thermistor is at the end of 300 ft of cable, measurements 
were made to that depth whenever possible. 

A Hach Chemical Company portable colorimeter was 
used to obtain values for the concentrations of silica and 
ammonia. The procedures followed are those given on 
pages 47-48 (ammonia) and pages 77-78 (silica) of the 
Hach DR Colorimeter Methods Manual, fifth edition. 

The presence of H2S (hydrogen sulfide) was estab-
lished by the Hach Chemical Company procedure, in 
which the H2S is aerated out of a water sample by the 
addition of an Alka-Seltzer effervescent tablet to the 
sample. The gas is made to pass through a disk of H2S-
sensitive paper inside the cap of the test bottle. The 
paper becomes brown if H2S is present. The amount of 
H2S is determined by comparing the color of the moist 
paper with a color chart. 

Samples were then collected, the number and type 
being determined by the mode of discharge (whether 
from a well, an upwelling spring, or a cascading spring), 
the number of discharging units, the prior knowledge of 
geology and hydrology, and the on-site measurements. 

A complete set included: a 5-gallon sample from the 
principal orifice and 1-gallon samples at other principal 
outlets (to these samples, about 1 ounce of chloroform 
was added to kill any microorganisms present); and 8-
ounce samples from most outlets (these samples were 
acidified to prevent precipitation of the cations upon 
oxidation). 

The data in this report differ from those in the 
completion report of 1967 in one very significant way. 
L. A. Brandvold, of the New Mexico Bureau of Mines & 
Mineral Resources, painstakingly reviewed all chemical 
analyses made in the Bureau's analytical laboratory and 
made the following corrections and deletions: 

1) Carbonate (CO3) and bicarbonate (HCO3) con-
centrations were reported as ppm CaCO3 rather than 
ppm CO-

3= and ppm HCO3 . These values were 
corrected and appear here as ppm COT and ppm 
HCO3 . 
2) The method used to determine nitrate concentra-
tion, the calcium reduction method, has been proved 
unreliable, so the nitrate values have been deleted. 
3) When sulfate concentrations were less than 100 
ppm, a turbidimetric method was used for determin-
ing that concentration. This method has also been 
proved unreliable, so sulfate concentrations of fewer 
than 100 ppm have been deleted. 
4) A check of the original laboratory data books 
revealed some data that had been left out. These data 
have been included herein. 
5) A check of the original data books showed that a  

set of chloride analyses was in error. This was 
deleted. 
6) Where one or more major ion concentration 
values were deleted from the water analyses, the 
"calculated dissolved solids" value has also been 
deleted. 
7) Numeric typographical errors have been cor-
rected. 

DECEMBER 1974 

During the period December 2-5, 1974, 15 thermal areas 
inventoried during 1966-1967 were resampled. 

Kaufman, U.S. Environmental Protection Agency, 
collected water, soil, and algae samples to ascertain the 
radon and radium content. Trainer, U.S. Geological 
Survey, collected 10 water samples for analysis by the 
U.S. Geological Survey laboratory in Salt Lake City. 
Bureau personnel collected 17 samples of water for 
conventional analyses, including trace elements, and 18 
samples for heavy metals. Trainer and Bureau personnel 
made individual measurements of specific conductance, 
temperature, pH, and bicarbonate and carbonate 
concentrations. 

Bureau personnel also made field measurements for 
conductivity, using a Yellow Springs conductivity 
meter; pH, using a Sargent portable pH meter; and 
carbonate and bicarbonate, using a Hach alkalinity kit, 
model AL-AP. In the laboratory, chloride (mercuric 
nitrate method), sulfate (gravimetric method), boron 
(carmine method), bromide (phenol red method), and 
nitrate (diazotization method) were determined by 
standard procedures (American Public Health Asso-
ciation, 1971). Fluoride and nitrate were determined 
using ion selective electrodes. Sodium, potassium, lith-
ium, magnesium, manganese, silica, and zinc were 
determined directly by atomic absorption. The graphite 
furnace attachment to the atomic absorption was 
utilized to determine aluminum, iron, copper, chro-
mium, cadmium and lead. Calcium was titrated by the 
method of Yalman and others (1959). The flameless 
atomic absorption method of Hatch and Ott (1968) was 
used to determine Mercury. Molybdenum was deter-
mined colorimetrically using the thiocyanate method of 
Ward (1951). 

The following table lists the detection limits for the 
trace-level ions reported for these samples: 

Element Limit in ppm 
Al 0.010 
B 0.2 
Br 0.05 
Cd 0.0001 
Cr 0.001 
Cu 0.005 
Fe 0.010 
Hg 0.001 
Mn 0.01 
Mo 0.01 
Pb 0.001 
Zn 0.01  

DEFINITION OF ANOMALOUSLY  
THERMAL WATER 

Subsurface temperatures are affected by climatic 
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conditions to a depth of about 100 ft. Below 100 ft, 
they increase about 1.8°F every 100 ft, on the average. 
Ground-water movement carries heat from recharge 
areas to discharge areas, thus depressing temperatures 
in the recharge areas and increasing them in the 
discharge areas (Domenico and Palciauskas, 1973). 
Collins (1925) demonstrated that ground-water tem-
peratures to a depth of 100 ft in discharge areas 
average about 4°F warmer than the average annual air 
temperatures. Since springs by definition are in 
discharge areas, we should expect the temperature of 
water discharging from springs that derive from 
shallow-flow systems to have temperatures that reflect 
climatic conditions, and those that derive from deeply 
circulating flow systems to have temperatures higher 
than the annual air temperatures and to show little 
seasonal variation. 

The definition of anomalous temperatures must be 
based upon some prespecified difference between ex-
pected and observed termperatures because ground-
water temperatures depend upon both the heat and 
water budgets. In most areas, we lack the information 
needed to make analytic predictions of the expected 
temperature, so even if we could specify a difference, 
we lack the data to determine it. Simply choosing some 
minimum absolute temperature is not entirely practical, 
because this catalog would then include many wells 
whose water temperature is normal for their depth and, 
depending upon the temperature chosen, could exclude 
some occurrences that are truly anomalous. Yet it is the 
method used here. 

A frequency analysis of the temperatures of warm 
and hot springs in New Mexico (Summers, 1965b) 
showed that 90°F offered a convenient dividing point 
between the more abundant cooler spring temperatures 
and the less frequent warmer springs. A consideration 
of the water temperatures in Grant County from springs 
and wells less than 1000 ft deep (Trauger, 1972, p. 120-
200) shows that they may be divided into two 
populations with normal distributions. The population 
that includes most of the temperatures observed is such 
that the temperature which is warmer than 99.99 percent 
of the population is about 80°F. The second population 
includes the anomalous temperatures, and 0.01 percent 
of this population is colder than 85°-90°F. Thus the 
choice of 90°F anomalous seems reasonable. The 
probability of a water•source having a temperature of 
less than 90°F and being anomalous is small. 

When water temperatures from wells in New Mexico 
are plotted as a function of depth, the probable average 
gradient is usually less than 2.0°F/100 ft. For example, 
data for wells at the Pueblo of Zuni indicate a gradient 
of 1.2°F/100 ft (Summers, 1972d); data from the San 
Cristobal Grant, Santa Fe County, indicated a gradient of 
1.9°F/100 ft (Summers, 1970). 

Therefore, the following criteria have been adopted for 
this report: 

1) The water from any spring or from any well less 
than 500 ft deep with a temperature of 90°F or higher is 
assumed to be anomalous. 
2) The water in a well 500 ft or deeper is considered 
anomalous if the temperature is at least 90°F and if the 
temperature is greater than that obtained by the 
relationship, 

T < A + 4 + 0.027 Z, 
where T is the temperature predicted (°F), 

A is the mean annual air temperature (°F), 
Z is the average depth of the contributing 

interval in the well (ft). 
(The factor 0.027°F/ft is an arbitrary choice of a 
gradient that is 1.5 times the average.) 
3) If circumstances suggest that cooling from these 
requisite temperatures has occurred, the water tem-
perature is still assumed to be anomalous. 

DEFINITION OF THERMAL AREA 
The definition of thermal area must also be arbitrary. 

For example, the Truth or Consequences thermal area 
(Hot Springs Basin of the State Engineer) is one 
thermal area. The area is compact and continuous. A 
well anywhere in the area would produce anomalously 
warm water. But what about the Faywood Hot Springs, 
Kennecott Warm Springs, Apache Tejo Warm Springs 
area in Grant County? The springs appear along a line 
12 miles long and are similar in occurrence and basic 
chemistry. Is this one area or three? To resolve ques-
tions of this sort, the following criteria have been used 
to determine those occurrences which are cataloged 
separately: 

I) The area must have at least one occurrence of 
anomalous temperature. 
2) If two outlets occur, they must be either a) less than 
one mile apart or b) the geology and hydrology must 
be such that a continuous anomaly could exist among 
the several known anomalies. 

In the Faywood case, field evidence indicates that the 
zones are not continuous near the surface. 

Thus, the Socorro area and the Cliff-Gila-Riverside 
area, encompassing several square miles each, are 
presented as one thermal area, whereas the occurrences 
of thermal water in the upper Gila River drainage, 
occupying small areas, are each counted as one thermal 
area. 

Doubtless as we learn more about the geology and 
hydrology of these areas, some that seem to be isolated will 
be found to be extensions of other areas, and some areas 
that now seem to be continuous will be found to be 
divisible into separate parts. 

SYSTEM FOR NUMBERING WELLS  
AND SPRINGS 

The numbering system used herein (used by the New 
Mexico State Engineer) is based on the common units of 
township and range. 

The location number consists of four segments sepa-
rated by periods, as 4S.13W.27.314. The first segment 
on the left designates the township and the next, the 
range, with the letter indicating direction; the third 
segment designates the section; and the fourth, or right-
hand segment, locates the well or spring within the 
section, as follows: each section is divided into quarters 
numbered from left to right. The northwest quarter is 
number 1; the northeast quarter, number 2; the south-
west quarter, number 3; and the southeast quarter, 
number 4. Each quarter section is again divided into 



 



Gila River Basin 
UPPER GILA R IV ER BASIN 

The thermal waters of the upper Gila River basin 
occur in the Gila Wilderness and the Primitive Area. 
Ratte and others (1972) mapped the geology of the 
wilderness and primitive area at a scale of one inch to 
one mile. Their report also includes a complete Bouguer 
gravity map, an aeromagnetic map, and geochemical 
analyses of 573 rock samples. According to their report 
(p. 191), "A northwest-trending belt of thermal springs 
within the complex arcuate Gila Hot Spring graben, 
indicates a possible geothermal energy resource in the 
Gila study areas." 

THE MEADOWS (WARM SPRING) 
(1 1S. 14W.30.200) 

The Meadows (fig. 2) is an area about 200 ft wide by 
750 ft long, where thermal waters discharge from 
discrete points and from a bog. On November 12, 1969, 
the flow (table I) from individual outlets ranged from 
less than 1 to 23 gpm. The total flow from The Meadows 
was 69 gpm. 

Temperatures of discharging water ranged from 57° 
to 91°F. Air temperatures ranged from 45° to 52°C. 
The chemical character of the water seems to be 
independent of the outlet. Field specific conductance 
values ranged from 180 to 240 Amho/cm at 25°C. 
Chemical analyses of 6 samples (table M 1) show only 
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trivial differences. The total dissolved solids range from 
145 to 160 ppm. 

No NAME SEEP ON MIDDLE FORK GILA RIVER 
(11S.14W.35.400) 

This small seep is about one-third of a mile upstream 
from Jordan Canyon on the south side of the Middle 
Fork Gila River in the Gila Wilderness, Catron County. 
The water discharges from horizontal fractures in 
rhyolite about a foot above the valley fill alluvium and 
15 ft above the low-water stage of the river. The 
discharge seeps into the alluvium or evaporates; it does 
not run off. 

On February 26, 1966, the discharge was so small that 
it could not be measured by any conventional means (an 
eight-ounce sample bottle filled in three or four 
minutes). Although the flow was very slow and the air 
temperature was 32°F, the water temperature was 
80.9°F. These facts, together with the observation that 
the snow in the immediate area of the seep had melted, 
suggest that this seep reflects a significant thermal 
anomaly. 

A meaningful field measurement of the specific 
conductance of the discharging waters was not possible. 

No NAME SPRING, MIDDLE FORK GILA RIVER 
(12S.13W.7.340) 

This spring is near the Middle Fork Gila River, 
Catron County, about 3 miles downstream from Little 
Bear Canyon. The water discharges from multiple 
outlets on the east side of a little canyon on the 
northeast side of the river. It discharges from the base 
of a talus slope made up of blocks of basalt, rhyolite, 
rhyolite breccia, and rhyolite tuff that has been trun-
cated by an arroyo. Here it cascades over a steep, 
rock-rubble slope. Water also discharges from small 
boils in the floor of the little canyon. 

Willard, Weber, and Kuellmer (1961) show that the 
rock of the area consists of basalt and basaltic andesite 
of Quaternary age that contains thin beds of rhyolite 
tuff, with Gila Conglomerate overlying the basalt to the 
north and east. The Gila Conglomerate is a locally 
derived, massive, buff-colored, volcanic sandstone and 
conglomerate containing interbedded thin rhyolite tuffs 
in a few places. It is possible that the springs emerge 
from the contact between the conglomerate and the 
basalt but that this contact is concealed by the talus. 

The discharge of the cascade or of individual boils could 
not be measured. However, the net discharge to the 
Middle Fork Gila River was gaged at 54 gpm. 

The temperature, density, pH, and specific conduc-
tance at the cascade, a seep in the canyon floor, and at 
the flume where the discharge was measured were 
minor (table 2) as were differences in chemical analyses 
of water samples collected at the cascade and at a boil. 

No NAME SPRING, MIDDLE FORK GILA RIVER 
(12S.13W.31.100) 

On the Middle Fork Gila River, Catron County, is the 
spring that Gilbert (1875, p. 153), Peale (1886, p. 194), 
and Jones (1904, p. 311) referred to as "Diamond 
Creek, near mouth, Socorro County." Wheeler's 1876  

topographic atlas sheet No. 83 shows the stream now 
called Middle Fork Gila River as Diamond Creek. 
Stearns, Stearns, and Waring (1937, p. 169) give a 
location that suggests they used a modern map to 
estimate the location. However, no field check was 
made of the location, and a thermal spring may exist 
near the mouth of present-day Diamond Creek. 

This spring issues at the contact between the recent 
alluvial deposits of the Gila River and a basaltic 
andesite. A thin section of this rock contains 27 
percent plagioclase feldspar (probably andesine), 8 
percent zeolite, probably heulandite, 5 percent 
hematite, 1 percent glass, and 1 percent calcite; 19 
percent of the thin section is an opaque mineral that 
may be hematite. The remaining 39 percent is a matrix 
made up of an intimate mixture of microcrystalline 
feldspar, clay, and hematite. On the west side of the 
river, the basalt is overlain by the Gila Conglomerate. 

The water discharges at three distinct places: The 
most and the hottest water (149.6°F) comes from a small 
pool, 2 ft in diameter, at the rock face; it issues from a 
fracture in the andesitic basalt; and it seeps (114°F) 
from a bog a few feet from the opening in the rock. This 
bog occurs in a small depression 10 to 15 ft in diameter 
in the alluvium. 

About 100 yards downstream, thermal water dis-
charges directly into the Gila River. The discharge given 
in table 2, 47 gpm, comes from both the seep and the 
principal pool. The chemical analyses of the water from 
the pool and a partial chemical analysis of the water 
discharging directly into the Gila River (table M1) show 
that the water contains relatively few total dissolved 
solids. 

TEST WELL (12S.13W.30.231) 

In July 1964 a test well (12S.13W.30.231) was 
drilled into the Quaternary basalt to a depth of 600 ft. 
The water level was approximately 70 ft below the 
land surface when the well was finished. The 
temperature of the water was reported at 90°F. The 
hole was abandoned and is cited here as part of the 
available information on thermal waters of the upper 
Gila River drainage. 

Approximately one quarter mile west, a second test well 
(12S.13W.30.124) was drilled in the alluvium of the 
Middle Fork Gila River valley on August 5, 1964, to a 
depth of 36.5 ft. The temperature of the discharging water 
was 62°F. On February 21, 1966, the following 
temperatures were observed in this well: 

 

A comparison of the chemical analyses of the water 
from these two wells with two analyses of water from the 
Gila River and an analysis of the water from a dug well—
(12S.14W.25.341; table M1), 15 ft deep with the water 
level 6 ft below the land surface—shows that the water 
from the deep well contains roughly 5 times more 
dissolved solids. 



 
GILA HOT SPRINGS (135.13W.5.241) 

These springs, which are in Grant County, are 
probably those referred to by Gilbert (1875, p. 153) and 
Peale (1886, p. 194) as "Gila River, near Diamond 
Creek, Socorro County," and by Jones (1904, p. 310) as 
"Gila River Hot Springs." Gilbert reports the tempera-
ture as "about 100°F" and, apparently, Peale (1886), 
Jones (1904), Stearns, Stearns, and Waring (1937, p. 
169), and Waring (1965, p. 38) simply repeated him. 
However, D. A. Campbell, present owner of the springs, 
says to his knowledge they have always been much 
warmer. Stearns, Stearns, and Waring give the dis-
charge as 900 gpm, but none of their data sources gives 
this number nor is a date given. The validity of this 
temperature report is suspect. 

Note that the description of this spring, which has 
been known as Gila Hot Springs for many years, as 
being near Diamond Creek supports the contention 
that "Diamond Creek" here refers to Middle Fork Gila 
River and not to the present-day Diamond Creek. 

These springs lie on the north side of the Gila River. 
They discharge approximately 150 gpm from multiple  

outlets—fractures in rhyolite—over an elevation interval 
above the river of 0 to 30 ft. The analyses indicate that the 
total dissolved solids of the discharging water are on the 
order of 400 to 500 ppm. Table M 1 gives the chemical 
analysis of water samples collected in 1957 and 1962 
(Trauger, 1972), as well as those of samples collected 
during 1966 and 1974 surveys. 

Jones (1904, p. 310) gives the following analysis, 
which ". . . was made by William M. Courtis of 
Detroit, Michigan, October 5, 1903." 

 
Table 3 gives the analyses obtained for heavy metals 

and radon-222 in samples collected December 5, 1974. 
Scott and Barker (1962, p. 78-79) report the radioactivity 
in water from Gila Hot Springs as: 
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Beta-gamma activity 12±2 ni./C/1 (picocuries/liter) 
Radium <.1 nnC/1 (picocuries/liter) 
Uranium 1.4±.01 ng/1 

About 60 gpm are taken from the spring and delivered 
to Campbell's ranch and trading post. The water 
provides both heat and water to the ranch, the trading 
post, and several mobile homes. 

LYONS HUNTING LODGE HOT SPRINGS 
(13S.13W.10.121) 

These springs are in Grant County on the East Fork Gila 
River and probably correspond to those mentioned by 
Stearns, Stearns, and Waring (1937, p. 169), and Waring 
(1965, p. 38) as being in sec. 3, T. 13 S., R. 13 W. 

Thermal water discharges in about three distinct 
locations and, if reports are correct, at a possible fourth 
location: 

1) Upstream approximately 100 yards from the 
Lyons Hunting Lodge—A pipe, set into a fracture in 
basalt and cemented in, conducts water from the 
fracture to a small swimming pool. This spring is 
named in this report the Swimming Pool Spring. 
Table M 1 contains the chemical analysis of a water 
sample collected at the tap in the 2-inch line, about a 
ft from the natural outlet. The measurements given in 
table 2 were also made at the tap. The temperature of 
the water in each cascade was more than 90°F. 
Trauger (1972) collected a water sample from the 
Swimming Pool Spring on June 23, 1957; table M 1 
contains an analysis of this sample. 
2) About 100 yards downstream from the Lodge in 

the bed of the East Fork Gila River—This spring is 
named in this report East Fork Spring. 
3) Approximately one quarter mile up a narrow 

canyon from the East Fork Spring, water discharging 
from fractures in basalt—A collection system con-
ducts the water to a central pipe that delivers it to the 
Lyons Hunting Lodge. These springs are named in 
this report the Water-Supply Springs. The water 
cascades into view at 3 distinct points from vertical 

fractures in rhyolite, rhyolite tuff, and rhyolite brec-
cia. Andesite and basalt also occur in the steep-
walled canyon. A fourth outlet is not a cascade but a 
seep from a gravel cover at the base of the fractures. 
These springs are 20 to 30 ft above a small stream 
that runs in the canyon floor. The collection pipe is 
about 50 ft above the East Fork Spring at the mouth 
of the canyon. The uppermost discharge may be as 
much as 100 ft above the East Fork Gila River. 

Water-Supply Springs were sampled at 3 points, 
upstream, midway, and downstream. Table M1 con-
tains a partial chemical analysis of these samples. 
The observations reported in table 2 are of a 
necessity for water at the central collection point or 
at a cascade point, because the cascade begins at an 
altitude well above that which could be reached 
easily; in some instances, as much as 20 ft above the 
most accessible level. 
4) According to D. A. Campbell, another spring lies 
in a small canyon upstream from the Swimming Pool 
Spring, about one quarter of a mile north of the East 
Fork Gila River. No effort was made to locate this 
spring. 

The chemical analyses of waters which range in 
temperature from 96° to 126°F show only superficial 
differences and that the water contains about 400-500 ppm 
total dissolved solids. 

NO NAME SPRING, EAST FORK GILA RIVER 
(13S.13W.10.200) 

Because of the inadequacy of the existing maps, the 
location of this spring can only be approximated to half 
a mile east of the Lyons Hunting Lodge. The spring 
discharges about 31 gpm at 106°F from fractures in 
rhyolite tuff. The outlets for the discharging water 
occur over an elevation range above the river. Table 2 
contains the measurements made at the spring; the 
chemical analyses (table M 1) show that this water 
contains less than 400 ppm total dissolved solids. 

No NAME SPRING (13S.13W.20.430) 

This spring was noted by Stearns, Stearns, and Waring 
(1937, p. 169), and Waring (1965, p. 38). It is on the east 
bank of the main stem of the Gila River in the Gila 
Wilderness, Grant County. The spring discharges 20 gpm 
at 112.5°F from beneath a talus cover 20 to 40 ft above 
the elevation of the river, cascading to the river. 

The talus covers a rhyolite—one rock among several in a 
complex fault zone. 

C L I F F - G I L A - R I V E R S I D E  A R E A  

In T. 15 and 16 S., R. 17 W., an area roughly bounded 
by the communities of Cliff, Gila, and Riverside, springs 
and wells yield water with temperatures ranging from 68° 
to 92°F. In the immediate area of Riverside temperatures 
range from 85° to 90°F. Fig. 3, a map showing the 
location of some springs and wells, gives the temperature 
of the various sources (Trauger, 1972). The only well 
sampled during the 1965-1966 inventory was well 
15S.17W.27.111. The temperature was 95°F (March 3, 
1966). This well was drilled to 300 ft, but only 



 
200 ft of 8-inch casing were installed. The casing is 
perforated from 75 to 85 ft and from 170 to 180 ft. The 
driller reported that water-yielding rock is a coarse sand 
and gravel. Trauger (1972) measured the water level in July 
1962 and found it 17.5 ft below the land surface. The 
water-bearing formation at this site is reported to be the 
Gila Conglomerate; however, it may be more recent 
alluvium or terrace gravels. 

Trauger (1972) made the following comments about 
water from other wells in the area: 

 
The chemical analyses of water from the area (table 

M2) show that the water contains less than 500 ppm 
total dissolved solids and is richer in fluoride and silica 
than the nonthermal water of Grant County as reported 
by Trauger. 

According to Trauger (1972, p. 21) the Cliff-Gila-
Riverside area is in the Mangas Trench, a northwest 
trending structural trough, which is in the transition 
zone between the Basin and Range Province to the 
south and the Colorado Plateau Province to the north.  
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ANIMAS VALLEY 

WELL (22S.21W.3.312) 

This well was drilled in 1946 for stock use. Records 
in the files of the State Engineer indicate that on June 
14, 1955, the water level was 445.65 ft below land 
surface and that the temperature of the discharging 
water was 95°F. This well was reported by Reeder 
(1957, p. 73). Hood and Kister (1962, p. 46 and 58) 
cited it as one of those that produce saline water. They 
gave the temperature as 88°F on July 8, 1955. An 
attempt was made on June 20, 1966, to measure the 
temperature and to collect a water sample. The 
discharge rate was slow, less than 10 gallons per hour, 
and only a token sample could be collected. The 
maximum temperature observed was 88.5°F. However, 
the air temperature was between 70° and 80°F, so the 
water temperature at depth must be somewhat greater. 

Hood and Kister reported the following: 

 

HOT WELLS (25S.19W.7.000) 
In 1948, irrigators began developing the Lower 

Animas Valley as a cotton-producing region. Several 
wells were drilled in the valley. In 1948, one well struck 
steam (fig. 4) at 88 ft. One report in the State Engineer's 
files says the temperature of the discharging water was 
240°F. By 1955, two other wells drilled within 100 yards 
of this well also produced steam at a shallow depth. 

In 1955 Kintzinger (1956) made a study of the area 
around these wells. He drilled a series of holes to a 
depth of one meter, filled them with sand, shoved a 
thermistor probe through the sand, permitted it to 
stabilize, and then recorded the temperature at the one-
meter depth. His work (fig. 5) shows that the maximum 
anomaly is located in the center of NW1/4SE1/4 sec. 7, 
T. 25 S., R. 19 W. 

Reeder (1957, p. 26), as part of a thorough discussion of 
ground water in the Animas Valley, said: 

Water of about 210°F was encountered in well 25.19.7.234, 
which is 95 feet deep. Water in this well is a few degrees above the 
boiling point for this altitude and at all times is turbulent and 
appears to boil. This is especially so when the water in the well is 
agitated. 

Later in the same paragraph, he says: 
Water from well 25.19.7.143, which is half a mile to the west of 

the well 25.19.7.234, has a temperature of 98°F. Water from well 
25.19.7.234, depth 74 feet, about 0.6 mile west of well 25.19.7.234, 
has a temperature of 85°F. Other areas may exist in which hot water 
occurs relatively near the surface. 

Strangway and Holmer (1966) made an airborne 
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Water discharges at several points; a concrete reser-
voir has been built around the principal one 
(5S.19W.35.100; fig. 13a). The water wells up from the 
bottom and discharges through an overflow outlet at the 
land surface. This reservoir is 3 ft deep. Figure 13b 
shows the talus slope and some of the other small 
marshy areas that develop where the springs discharge. 
The total area of discharge is about one quarter acre. 
Table 5 summarizes the measurements of the spring. 
Flow from 3 of the outlets, estimated to be 90 percent of 
the total, was 6.2 gpm. The temperature at the concrete 
reservoir, 98°F, was also the maximum temperature 
observed for these springs. 

The chemical analysis for water collected at the 
reservoir (table M4) shows that the wash contains a 
relatively low concentration of total dissolved solids. 
People who live in the area use the reservoir as a bath-
tub with a continuing source of warm water. 

FREIBORN CANYON SPRING (7S.21W.8.442) 

This spring is in Freiborn Canyon in the Apache 
National Forest, Catron County. It discharges 9.4 gpm at 
92°F from what appears to be bedding planes in the 
volcanic conglomerate described by Weber and Willard 
(1959) and described here in the discussion of the upper 
Frisco Hot Springs. The area of discharge is only a few 
square feet, and the spring is only 5 to 10 ft above the 
floor of Freiborn Canyon. Table 5 contains measure-
ments made at this spring in February 1966. The water 
contains only 150 ppm dissolved solids (table M4). 

The temperature of the water at the confluence of the 
discharging spring waters with the small stream that 
runs through Freiborn Canyon was 79°F; upstream from 
the confluence, the temperature was 37.2°F and 
downstream, it was 38.5°F at the top and 43°F at the 
bottom of the stream. The temperature of the spring 
water apparently had very little effect on the tempera-
ture of the stream. 

LOWER FRISCO HOT SPRINGS 
(12S.20W.23.120) 

The lower Frisco Hot Springs are on the San Fran-
cisco River in Catron County. These springs occur 
upstream from the point where the San Francisco River 
crosses a thick sequence of basalt of Tertiary age. 

The river also cuts through the Gila Conglomerate, 
which overlies the basalt at this point. The Conglomerate 
here is a stream deposit that filled an old drainage-way 
that crossed the basalt at an angle of roughly 60 degrees 
to the present drainage. It constitutes only a small part of 
the rock at the site. 

A thin section of a specimen indicates that the basalt is 
15 percent andesine, 7 percent pyroxene, 3 percent olivine, 
66 percent black glass, and 9 percent vesicles. 

These are probably the springs referred to by Gilbert 
(1875, p. 152) as "at copper mines of the San Francisco 
River, New Mexico." He gave the temperature as 130°F, 
citing Oscar Loew as the authority. This reference was 
repeated by Peale (1886, p. 194) and Jones (1904, p. 
311). Stearns, Stearns, and Waring (1937, p. 168), and 
Waring (1965, p. 37), citing unpublished data in the files 
of the U.S. Geological Survey, report 8 springs "1 mile 
south of Pleasanton, SW1/4 sec. 23, T. 12 
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Rio Grande Basin 
For the most part thermal waters of the Rio Grande 

basin occur in the Rio Grande rift. Detailed studies of the 
rift are under way. Reiter and his students (Reiter and 
others, 1975; Hartman and Reiter, 1972; Edwards, 
Reiter, and Weidman, 1973; Reiter, Edwards, and 
Weidman, 1973) and Decker and his associates (Decker 
and Smithson, 1973; Decker, 1972, 1973; Smithson and 
Decker, 1972) have been measuring heat flow in the rift. 

Sanford and his associates have investigated the 
gravity and seismicity of the rift (Sanford, Alptekin, and 
Toppozada, 1973; Sanford and others, 1972; Singh and 
Sanford, 1972, 1973; Singh, 1970; Toppozada and 
Sanford, 1973; Toppozada, 1974; Toppozada and San-
ford, 1972; Budding, Sanford, and Toppozada, 1971). 

Chapin (1971) has discussed the geologic character-
istics of the rift. Detailed studies of the geology of the 
lower part of the rift are under way (Clemons and 
Seager, 1973; Seager and Hawley, 1973; Seager, 1973; 
Seager, Hawley, and Clemons, 1971; Seager and 
Clemons, 1974; Hoffer, 1971a,b; Hoffer and Hoffer, 
1973). 

U P P E R  R I O  G R A N D E  B A S I N  

NO NAME SPRING, SOUTH OF JOHN DUNN'S 
BRIDGE (27N.12E.36.411) 

This spring is approximately half a mile south of John 
Dunn's bridge in the Rio Grande Canyon a few hundred 
feet downstream from the Arroyo Hondo confluence, 
Taos County, and approximately 11/2 miles upstream 
from the Mamby's (American) Hot Spring. It occurs at 
the base of a thick sequence of basalts at the level and 
on the west side of the river. It apparently discharges 
from a fracture in the basalt that has developed a small 
drainageway in the rock. The flow comes from beneath 
a talus cover, so no direct observation is really possible. 
The discharge at this point is extremely small; it seeps 
in at the top on the west side of a pool that drains into 
the Rio Grande (fig. 15a). The temperature of the top 2 
inches of the pool is 98.5°F. Considerably lower 
temperatures occur throughout the remainder of the 
pool. Estimated discharge is half a gallon a minute. Fig. 
16 shows the observed temperatures in the pool and the 
Rio Grande. No use is made of this pool or of the 
seepage; however, minnows live in the pond and the 
water quality is apparently satisfactory to sustain their 
life. Table 6 gives the measurements made at the spring; 
table M5 gives the chemical analysis of the water 
collected at this site. 

MAMBY'S (AMERICAN) HOT SPRING 
(26N.11E.1.120) 

This spring is on the east side of the Rio Grande in 
Rio Grande Gorge. It is about 10 ft above the low-water 
stage of the river and at the base of a basalt cliff some 
600 ft high. About 30 gpm discharges from fractures in 
the basalt into a small pool discharging into the Rio 
Grande. Small bubbles issue from the bottom of the 
pool. The spring is surrounded by the remains of an old 
bathhouse (fig. 15b) and is sometimes used by the  

residents of Taos County for bathing purposes. Seepage 
also occurs along the bank at and below river level. The 
only reference to this spring in the literature is that of 
Herron (1916) in his river profile survey of the Rio 
Grande in New Mexico. Herron gave no information 
about the character of the water; he only noted its 
occurrence as part of his survey. The chemical analyses 
(table M5) of water from this spring show that the total 
dissolved solids content is about 500 ppm. Table 7 gives 
the results of analyses for selected heavy metals and 
radon-222 in a sample collected December 3, 1974. 

This spring may be the Wamsley Hot Springs to which 
Jones (1904, p. 295) refers when he writes: 

These springs occur in the deep gorge of the Rio Grande, just 
below the toll bridge on the road leading from Taos to Tres 
Piedras. This water is little more than lukewarm and very similar to 
the warm springs at Glen-woody camp, about 18 miles below. It is 
observed that the flow from each of these springs is from the west 
and on that side of the river. 

Jones' descriptions generally are inaccurate. The old 
wagon trail is still evident as are remnants of structures 
(fig. 15b). 

PONCE DE LEON HOT SPRING (24N.13E.7.000) 

Ponce de Leon Hot Spring is in a small drainageway 
tributary to Arroyo Miranda southwest of Talpa, in the 
Cristoval de la Serna Grant, Taos County. It lies at the 
northeast edge of the Picuris Mountains. The geology of 
the region was studied in some detail by Montgomery 
(1953). 

The springs discharge from fractures in a fault zone in 
the Embudo granite. This rock is of Precambrian age. 
According to Montgomery (1953, p. 38), it is actually a 
quartz monzonite or quartz diorite. At the springs, it 
consists primarily of potash feldspars and quartz with a 
small quantity of hornblende and biotite. It has zones of 
hydrothermal alteration in which epidote, chlorite, and 
secondary silica are common. An altered pyroxene was 
noticed in one specimen. Where alteration is severe, the 
biotite and chlorite have converted to limonite. A thin 
section of one specimen shows an altered granite 
containing quartz, 17 percent; albite, 7 percent; micro-
cline, 67 percent; and epidote, 9 percent. The principal 
fractures at the site strike N. 5° W. and N. 48° E. and dip 
from 75° E. to 85° W. Fig. 17 is a series of maps of the 
springs showing the layout, the geology, and the points 
at which samples were collected or measurements made 
on December 5, 1965, and December 3, 1974. The total 
discharge of the springs is 240 gpm and the maximum 
temperature observed is 95.3°F. The measurements made 
at the springs (table 6) and the chemical analyses of 
water from sites 2 and 6 (table M5) show that the water 
has an essentially uniform character with temperatures 
ranging from 88° to 95°F. Table 7 gives the result of 
analyses for selected heavy metals and radon-222 in a 
sample collected December 3, 1974. 

OJO CALIENTE (JOSEPH'S HOT SPRINGS; 
24N.8E.24.110) 

In many reports, because of the uncertainty of the 





 



 



 



 

FIGURE 20—MAP OF THE VALLES CALDERA SHOWING HOT SPRINGS, SOLFATARIC AREA, AND STEAM WELLS. 

Baca Land and Cattle Company, and Union Oil 
Company have drilled wells that produced steam and 
hot water. 

Geologists and hydrologists of the U.S. Geological 
Survey have been responsible for more than 30 publica-
tions dealing with the Jemez River basin. Smith, Ross, 
Bailey and their associates have studied the volcano 
history of the Jemez Mountains in detail (Bailey, 1961; 
Ross, Smith and Bailey, 1961; Smith, 1961; Bailey, 
Smith and Ross, 1969; and Smith, Bailey and Ross, 
1970). 

Perkins (1973) described the petrology of some of the 
rock types of the Precambrian basement in the Jemez 
Mountains. Purtymun (1973) and Kudo (1974) have also 
reviewed aspects of geology of the basin. 

Extensive geophysical work, including gravity and 
aeromagnetic mapping, has been carried out in the 
basin (Potter, 1973; U.S. Geol. Survey, 1972; Cordell, 
1972; West, 1973b; Jiracek, 1974; Brandwein, 1974; 
Jiracek and Kintzinger, 1975). Lovering (1956) in-
cluded areas in the basin in his study of radioactive 
deposits in New Mexico. 

Hydrology and geohydrology of the region have been 
addressed by Clark, 1929; Kelly and Anspach, 1913; 
Renick, 1931; Titus, 1961; Conover, Theis, Griggs,  

1963; Griggs, 1964; Cushman, 1965; Summers, 1965a,b; 
Purtymun and Cooper, 1969; Purtymun and Herceg, 
1972; Woltz, 1972; West, 1973a,b; Purtymun and 
Johansen, 1974; Purtymun, West and Pettitt, 1974; and 
Trainer, 1974a,b. 

Five thermal water areas (called in this report San 
Antonio Warm Spring, San Antonio Hot Spring, Sul-
phur Springs, Soda Dam Springs, and Jemez Hot 
Springs) have been confused by early writers (table 8). 
The confusion seemed to arise because their geography 
was not adequately understood. Consequently more than 
one spring has been called by the same name; 3 areas 
are discussed as if only 2 exist; and several names have 
been applied to the same spring. Some difficulties are 
discussed in detail below; others remain unresolved. 

SAN ANTONIO SPRINGS 
Two springs on San Antonio Creek (fig. 20), herein 

called San Antonio Warm Spring (20N.4E.7.000) and 
San Antonio Hot Spring (20N.3E.29.120), have been 
confused in the past by various writers: Reagan (1903, 
p. 102) wrote, ". . . to the northeast are the San 
Antonio Springs . . . [that] attain a temperature about 
the same as Indian Springs to the east of the Jemez 
River. . . ." On the same page, he also wrote, "The San 
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glass, and 13 percent vesicles. The water discharges 
from the rock through alluvium into a small pool (fig. 
21a,b) and then into the San Antonio River. 

San Antonio (Murray) Hot Spring (20N.3E.29.120)— 
San Antonio Hot Spring is in the Santa Fe National 
Forest, approximately 250 ft above San Antonio Creek 
on the east wall of San Diego Canyon. Its approximate 
elevation is 8400 ft above sea level. 

Lieutenant P. M. Price also noted this spring on his 
map of the 1874-75-76 expedition. Loew (1875b, p. 102) 
wrote, 

Ascending about 160 feet from the eastern margin of the stream, 
we meet with a large hot spring, called by our guide Spring San 
Antonio, the temperature of which is 105°F. The water is tasteless. 
The only mineral constituent it appears to contain is carbonate of 
lime, which forms thin crusts over the rocks with which the water 
comes in contact. 

Stearns, Stearns and Waring (1937, p. 167) and 
Waring (1965, p. 371) called it "Murray Spring" and said 
that 150 gpm discharged at a temperature of 130°F from 
late Tertiary lava. 

This spring issues from fractures in a rhyolite por-
phyry. The joints and fractures strike N. 30° E., N. 40° 
W., and N. 80° W. Two sets dip 75°E. to nearly 
vertical. A third set, which dips 25°W., gives the 
rhyolite a bedded appearance. 

A thin section of the rhyolite revealed that it contains 
15 percent sanidine, 2 percent biotite, 10 percent quartz, 
10 percent plagioclase feldspar, 5 percent glass, 57 
percent microfelsite, and 1 percent opaques. In the 
immediate vicinity of the spring, the rhyolite has been 
silicified. 

This spring currently provides the water supply for a 
summer home. 

STEAM WELLS 

Fig. 20 shows the location of the steam wells that 
have been drilled in the Valles Caldera. Table 9 
summarizes the information available on these wells. 
Table M6 contains chemical analyses of the condensate 
from well no. 2(?). The earliest wells were drilled in 
and near Alamo Canyon, an area of solfataric activity 
(Bailey, 1961); that is, the area bubbles gas, largely 
CO2. The ground water discharging at seeps and 
springs is acid (pH = 2.9), but temperatures are low 
(less than 60°F). Table M6 contains chemical analyses 
of water from Alamo Canyon. No data are available on 
the newest wells, most of which were drilled in 
Redondo Canyon. 

SULPHUR SPRINGS (THE SULPHURS; 
19N .3 E.4.000) 

Sulphur Springs are on the east side of Sulphur Creek in 
the Baca Location, Sandoval County, at an altitude of 7950 
ft (fig. 20). 

The oldest reference to Sulphur Springs is an 1898 
map by the U.S. Post Office entitled "Post Route Map 
of the Territory of New Mexico." It shows the post 
routes as of September 1, 1898, with a special supply 
route extending to Sulphur Springs. 

The first mention in the literature of Sulphur Springs 
may be that of Reagan (1903, p. 98, 102), who wrote ". 
. . famous Sulphur Springs . . . ," implying that  

these springs were well known in 1903. However, 
Crook's 1899 listing of the mineral waters in the United 
States and their therapeutic uses does not mention 
Sulphur Springs, suggesting that they were not gener-
ally well known in Crook's time. 

Jones, who compiled the most complete statement on 
thermal springs in New Mexico at the time of his 
writing in 1904, made no mention of Sulphur Springs. His 
section on "The Sulphurs" clearly refers to Soda Dam 
Springs. So Reagan may also be referring to Soda Dam 
Springs. 

In 1913, Kelly and Anspach (p. 26-28) described the 
springs in some detail. Renick (1931, p. 78, 79, 89) 
provided additional information on the springs. Stearns, 
Stearns, and Waring (1937, p. 167) and Waring (1965, p. 
37) summarized these sources. 

In addition, the U.S. Geological Survey collected water 
samples at irregular intervals. An analysis of one 
of these samples was cited by Hem (1959, p. 95, 
analysis 4) and again by White, Hem, and Waring 
(1963, p. F46-F47, analysis 5) as an example of acid 
spring waters. 

The springs discharge from volcanic tuff that ranges 
from poorly sorted to very well sorted. Some specimens 
are very fine grained, others contain coarse fragments. 
The tuff is extremely porous and contains secondary 
sulfur crystals in fractures and in vugs. In part, it is 
stratified and appears to be water-laid. Other beds do 
not show crossbedding or graded bedding and probably are 
not water-laid. The tuff is extensively fractured, the 
fractures striking N. 10° W., N. 40° W., N. 80° W., and E-
W. The dip of the fractures ranges from 45°W. to 
approximately vertical. 

According to Mansfield (1918, p. 367-369) and Wide-
man (1957, p. 37-39), sulfur was mined from under- 
ground workings at this locality from 1902 to 1904. 
Approximately 200,000 pounds were removed. Mansfield 
said, 

All the sulphur at Sulphur Springs was apparently deposited in 
vents, cracks, and pores within a few feet or a few inches of the 
surface. The available sulphur in this area is apparently not large in 
quantity and is irregularly distributed. Samples of ore taken from 
this site contain from 15 to 39 percent free sulphur and 6 to 8.5 
percent sulphur combined as sulphates. The deposit occupies a 
roughly circular area over 600 feet in diameter. Sulphur deposit is 
not considered commercial. The sulphur is irregularly deposited 
and is in a relatively thin deposit measuring only 2 ft. 4 in. to 3 ft. 
4 in. in four cuts in the more promising parts of the area. In one cut 
the deposit was not penetrated at a depth of 4 ft. 2 in. The sulphur 
ore contains from 15 to 39 percent free sulphur and from 6 to 8.5 
percent of sulphur combined as sulphate. The rock under the ore 
contains no free sulphur and about the same percentage of sulphur 
combined as sulphate. 

Fig. 22 is a sketch of the area in which the springs 
occur. Kelly and Anspach (1913, p. 26-28) listed 8 
springs. However, bulldozers and floods have combined 
to reduce the number to those shown. The springs are 
distributed over an elevation range of approximately 50 
ft, and fumaroles occur intermixed with the springs. 
Although they are called "springs," only 3 have any 
surface discharge; the others are pools with no surface 
overflow. Both the springs and the pools boil and 
bubble CO2. The temperatures at the fumaroles (fig. 
22) are as follows: 

No. 1 190°-191°F 
No. 2 190°-192.2°F 
No. 3 193°F 
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of the U.S. Geological Survey, in an often-quoted press 
release erroneously confused the acid drainage of 
Lemonade Springs (a trivial volume) to the acid mine 
drainage of the coal mines of the eastern United States. 

SPENCE SPRING (19N.3E.28.310) 

The pool at this spring, which is more than 100 ft 
above the Jemez River, has been used by local residents 
as a natural bathtub for many years; yet, there is no 
reference to it in the literature. 

Moreover, even the local residents fail to realize that 
the spring they use is the largest of several small seeps 
and springs. These occur in an area of heavy brush and 
timber, perhaps 200 yards long (parallel to the river) 
and 100 yards wide. The area is a small bench on an 
otherwise steep slope, and the discharge is from 
beneath the talus that has accumulated on the bench. 

This bench (or more properly its upper limit) is very 
likely the top of the Abo Formation of Permian age. 
Overlying the Abo Formation are vitrophyres and tuffs of 
late Tertiary age (fig. 21c). Presumably, the water 
discharges from the tuff, flows beneath the talus, and 
emerges at several discrete points at the base of the talus. 
Whether water emerges from the tuff at one place or at 
multiple points is not known. However, the length of the 
area over which discharge occurs and the fact that 
McCauley Spring (discussed below) has a similar setting 
suggest that the outlets are probably multiple. 

The flow from the multiple springs and seeps merges 
to form a single little tributary to the Jemez River. The 
discharge of this little tributary was 57 gpm on Novem-
ber 2, 1965. The observations made at the spring and 
pool and at the southernmost smaller spring are given in 
table 8; the chemical analyses are given in table M6. 
Table 11 contains the heavy metal concentrations in a 
sample collected December 1, 1972, by the U.S. Geo-
logical Survey. 

MCCAULEY SPRING (19N.3E.32.000) 

McCauley Spring is a small, single-outlet spring more 
than 100 ft above the East Fork Jemez River and about 1.1 
miles east of Battleship Rock. 

Water discharges from beneath a talus slope on a 
small bench (fig. 21d), and the relation of the spring to 
the Abo Formation, the overlying volcanic sediments, 
and the talus slope is similar to that described for 
Spence Spring. 

SODA DAM SPRINGS (18N.2E.14.000) 

These springs issue from the west wall of San Diego 
Canyon, perhaps 25 ft above the bed of the Jemez River. 
The origin of the name Soda Dam is not clear. Loew 
(1875, p. 615), Peale (1886, p. 194-195), and Crook 
(1898, p. 336) referred to these springs as the Jemez Hot 
Springs (upper group). Reagan (1903, p. 101-102) was 
the first to refer to Soda Dam. Jones (1904, p. 300-301) 
called them The Sulphurs. 

Loew wrote: 
The upper group consists of forty-two springs; the taste of the 

water is somewhat like Vichy; the temperature ranges between 
70°F. and 105°F., with but few exceptions; the surface of each is 
less than 1 square foot. Most of these springs originate in cones  

and mounds, consisting of spring-deposits, chiefly carbonate of 
lime. One of these mounds is 20 feet high, 10 feet wide, and 130 
feet long, with twenty-two springs on it. A few yards above, and at 
right angles to it, is another mound, 30 feet high, about 200 feet 
long, and 15 feet wide. On the eastern end of this mound is a cave 
10 feet high, 25 feet long, and 7 feet wide, with snow-white walls 
and two columns. The water of the first spring, or the most 
southerly of this group, was subjected to analysis. After the loss of 
the free carbonic acid, it has an alkaline reaction. 
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Peale, Crook, and Jones copied Loew. 
Reagan wrote, 

The Soda Dam.—The Soda Dam is a long travertine ridge built 
directly across the Jemez River at a point two miles above the 
Jemez Hot Springs. The ridge of travertine has completely dammed 
the river. On it are situated 22 springs, or about one-half of the 
springs of this group. They all deposit travertine and their charged 
waters running over the dam causes the cap of the dam to be built 
out farther and farther to the south each year, thus leaving rooms 
beneath the cap. These rooms are decorated with stalactites 
suspended from the roof. They are exceedingly picturesque. 

The waters of the springs come to the surface after encountering a 
granite wall in their southern course, which crosses the country in an 
east and west direction; hence the line of springs. 

These springs existed in former geologic time and then 
dammed the river with their deposits the same as today. The 
remains of the first dam are nearly 1000 feet above the present 
one; and, as the river has cut its channel down, a succession of 
dams in step-like order has been formed. These dams, therefore, 
are evidence that Canyon San Diego was not formed altogether by 
a faulting of the strata; but that the Jemez River has here chiseled 
out for itself the present channel. They also indicate that the Jemez 
plateau has been raided by a series of uplifts, each dam marking a 
period of rest. 

However, for his temperatures and water chemistry, he, 
too, copied Loew. 

Kelly and Anspach (1913, p. 7) wrote, 
The Soda Dam, which lies about a mile above the Jemez Hot 

Springs, is a travertine ridge built directly across the Jemez River. 
It is about three hundred feet long, fifty feet high at its highest part 
near the east end, fifty feet wide at the base, and twenty-five feet 
wide at the top. The river was, at one time, completely dammed by 
the Soda Dam, but later it cut its way around the east end, and 
today flows over the dam underneath a large dome, which has 
been built out over the river by the deposits of a spring on top of 
the dam. 

In the American Geologist, Volume 31. Reagan states that there 
were twenty-two springs situated on the dam in 1902. While there are 
indications of many recent active springs on top of the dam, the 
authors were unable to find more than half this number when they 
visited the region in 1912. 

Stearns, Stearns, and Waring (1937, p. 16) and 
Waring (1965, p. 37) repeated Loew's data, adding only 
that the flow was 10 gpm. Here they seem to be 
confused with Sulphur Springs, because the flow must 
have been much more than 10 gpm for many years; the 
total flow November 3, 1965, was 106 gpm. 

On August 2, 1949, the flow of Jemez Creek a quarter 
mile above Soda Dam was 18.3 cfs (cubic ft per second). A 
quarter mile downstream, it was 18.9 cfs. Thus in the 



 



 

 

JEMEZ HOT SPRINGS (010 CALIENTE) 
(18N.2E.23.000) 

Jemez Hot Springs are in San Diego Canyon at Jemez 
Springs, about 2 miles south of Soda Dam and 12 miles 
north of Jemez Pueblo. 

These springs were first mentioned in the geologic 
literature by Loew (1875a, p. 613-614), who wrote, 

These far famed springs of New Mexico are situated twelve miles above the 
town of Jemez, on the Jemez Creek, and are enclosed in a deep spacious canon. 
The slopes of the cation are formed by strata of limestone and sandstone of 
Carboniferous age, often changed from their original positions by protruding 
volcanic material. There are two distinct groups of warm springs in the valley, 
two miles apart. The springs of the lower group consist of [note: the upper group 
is at Soda Dam]: 

( I) A geyser with a surface of 60 square feet, and an aperture of 1 square foot; 
the temperature is 168°F; large quantities of escaping carbonic acid keep the 
water in violent agitation; thick deposits of snow-white crusts are formed, 
consisting chiefly of carbonate of lime. This spring yields about fifty gallons of 
water per minute. 

(2) One spring with a surface of 6 square feet and a temperature of 
180°F.; it contains free carbonic acid and forms a red-brown deposit. 

(3) Three springs, with a temperature of 119°F., covered with a vigorous 
growth of a peculiar alga. Dr. Schaeffer, of the Army Medical Museum, who 
kindly examined a specimen of this vegetable scum of intense green color, 
pronounces it as filaments of Oscillatoria, 0.005 of an inch in thickness. Globular 
Gonidia were also found. 

When this vegetable scum is left to stagnate in the small pools near the 
springs, a black deposit of sulphide of iron is formed. This is the result of the 
action of the sulphureted hydrogen upon the carbonate of iron in the water and 
the oxide of iron in the alga-plant. The sulphureted hydrogen is a product of the 
reduction of the gypsum contained in the water. 

(4) One spring of 110°F. 
(5) Two springs of 108° F. 
(6) Several small springs of 94° to 102°F. The water of 

the geyser contained in 100 parts— 

 
Tests were made for iodine in the evaporation residue of several gallons of 

water; but none was detected. 
One of the springs of 119°F. gave the following composition: 

Peale (1886, p. 194-195; 1894) and Crook (1899, p. 
336) repeated Loew's work. Reagan (1903, p. 100-101) 
noted that there are actually two groups of springs in the 
Lower Group; he wrote, 

The Jemez Hot Springs.—The Jemez hot springs or "Ojos Calientes," as the 
Mexicans call them are situated in the Jemez River bed in Cation San Diego at 
Perca. The site is a beautifully picturesque one. The Red Bed walls of the 
canyon rise 1200 feet on either side of the river, while in the valley a little north 
of the springs is the ruins of the Indian village of San Juan de los Jemez and the 
Spanish Catholic church and fortification of the first occupation of the 
Spaniards. 

These springs are located geographically in two groups. The lower group is 
owned by a man by the name of Judt, and the upper one by the Oteros. Each 
firm has erected comfortable bathing houses and sweating rooms. Hotels have 
also been erected for the benefit of the health seekers. A stage also runs 
between these springs and Albuquerque. 

The temperature in Judt's group of springs is 119°F. The temperature of the 
Otero group of springs is 168°F. These springs are known throughout America 
and Europe; and it is not infrequent that one meets a foreigner here. 

Jones (1904, p. 299-300) repeated the work of Loew, 
but apparently did not realize that the upper group of 
about 46 springs, referred to by Loew and Peale, is at 
Soda Dam. Nor did he realize that 2 groups of springs 
exist at Jemez Hot Springs proper. Consequently, later 
reports referring to Jones mistakenly report 1 group of 10 
and another group of 40 springs with temperatures 
ranging from 94° to 168°F. 

Kelly and Anspach studied the springs. They quoted 
Reagan verbatim (1913, p. 7), then (p. 25-26) described 3 
springs of the Otero Group: 

Spring No. 1. This is the so-called Soda Dam Spring at Jemez Hot Springs, New 
Mexico. The vent, which lies about the center of the town, is in the river bottom, the 
waters coming up through the river-bed gravels. A green scum of organic matter 
fringes the vent and a deposit of the color of ferric hydroxide lines it inside. The pool 
is about one foot in diameter. A considerable quantity of gas is being evolved. 
Several larval worms about three inches long are in the water just outside the pool 
[fig. 24, location 2]. 

Spring No. 2. This spring is known as the Original Spring. It lies about 30 yards 
northeast of the Soda Spring. The pool, into which the spring flows, is about seven 
feet in diameter and three feet deep. It is lined with a deposit of the color of ferric 
hydroxide and a green scum of organic matter fringes it at the surface of the water. 
A large quantity of gas bubbles from the spring. The pool is covered by a small 
summer house and pipes lead some of the water to the bathhouse about 50 feet to 
the south [fig. 24, location 1]. 

Spring No. 3. This is the Iron Spring, so-called because of the color of the deposit, 
this color being that of iron rust. The color is not due to iron oxide but is due to a red 
algous growth. The spring is situated about 50 feet southeast of the Soda Spring. The 
deposit does not form a sinter but remains soft and flaky. The banks of the small 
stream flowing from the spring are covered with a dark green deposit of organic 
matter at the edge of the water. A platform is built over the spring with a cement box 
in the center into which the spring flows. [fig. 24, location 4]. 

Lindgren, Graton and Gordon (1913, p. 71), Fitch 
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University of California has drilled 2 test wells to 
granite. These wells are called GT-1 and GT-2. 

GT-1 (19N.2E.1.400) has a surface altitude of 8690 ft, 
is 9607 ft deep, and had bottom-hole temperatures of 
295°F at 6704 ft and 387°F at 9607 ft. 

Table M6 gives chemical analyses of water from GT-2 
(19N.2E.13.200). This sample is representative of the 
water in the lower Madera Limestone (Purtymun, West, 
and Pettitt, 1974, p. 13). The temperature of this water 
was 133°F. The U.S. Geological Survey collected 4 
samples from GT-1 August 25, 1972, to determine if 
any changes in water chemistry occurred at depths 
which could be attributed to a hole in the casing when 
the casing is cemented into Precambrian rocks. The 
results indicated that the water was residual water left 
in the casing from drilling operations. 

THERMAL WATERS NEAR JEMEZ RIVER AND 
RIO SALADO 

Near the confluence of the Jemez River and the Rio 
Salado, several sources of warm and hot waters have 
been noted. They are called in this report Indian 
Springs, a plugged well (Kaseman No. 1), a flowing 
well at Warm Springs (Kaseman No. 2), San Ysidro 
Springs, and Phillip's Springs. Only 2 of these (Indian 
Springs and the flowing well) meet the criterion (a 
temperature of 90°F or higher) for the field inventory, 
but to omit the others from the general discussion 
would be erroneous. 

The literature for these springs is somewhat confused. Loew 
(1875a, p. 616) discussed San Ysidro Springs, but his 
description of their location fits Indian Springs. 

Peale (1886, p. 194) listed "San Ysidro Spring, near 
Jemez, Bernalillo County . . . carbonated." This is 
probably a reference to Indian Springs taken from 
Loew. 

In 1903, Reagan (p. 98-99) distinguished The Phillips 
Springs (springs in the Arroyo Pefiasco), The San 
Ysidro Springs, and The Indian Springs. He apparently 
did not realize that Loew's analysis was for Indian 
Springs, because he repeated it as an analysis of the 
water from the "San Ysidro Springs." Jones (1904, p. 
300) gave Loew's Indian Springs data in a discussion 
of "San Ysidro Spring [sic]." In 1913, Kelly and Ans-
pach repeated in detail the work of Reagan. 

The first distinctive and definitive work on the springs of 
the Rio Salado was by Clark (1929), who visited and 
described each of the thermal water occurrences in the 
Rio Salado. Unfortunately, his descriptions of localities 
are not precise and not all of his data stations can be 
identified with confidence. 

In 1931, Renick, apparently unaware of Clark's work, 
also described the thermal waters of the Rio Salado, 
drawing upon the same sources of information for his 
discussion of the 2 wells. Stearns, Stearns, and Waring 
(1937, p. 67) and Waring (1965, p. 37) listed Phillips 
Springs, 70°F; San Ysidro Hot Springs, 85°F; and San 
Ysidro Warm Springs, 68°F. 

In 1948, Harrington discussed the origin and history of the 
travertine mounds. 

Fig. 25 shows the locations of the various wells and 
springs, the sample sites of Clark as best they can be 
established. Table M6 gives the chemical analyses and  

tables 8 and 14 give the field measurements. Table 15 
summarizes Clark's personal observations in the Rio Salado 
drainage. 

Indian Springs (16N.2E.29.142)—These springs occur 
on the Jemez River, midway between the villages of San 
Ysidro and Jemez Pueblo on the Jemez Indian Reserva-
tion. The Jemez Indians have used these springs for 
many years, and the springs are well known. Loew 
(1875a, p. 616) wrote: 

This spring is situated three miles south of the Indian town of 
Jemez. Its water is rich in carbonic acid and of very agreeable taste. 
It contains in 100 parts- 

 

In 1903 Reagan (p. 99-100) wrote: 
The springs here designated as Indian Springs are a 

heterogeneous group, and extend in an east and west direction in 
a narrow belt of land about a mile to the north of the Mexican 
village of San Isidro. At the west their waters are forced to the 
surface along the fault to the north of the little gypsum area just 
north of Salt River. It is also highly probable that this fault 
extends as far east as the springs do, though in that part it is 
covered with later deposits. The springs are alkaline, but not 
depositing springs. They are cold in the west but increase in 
temperature toward the east end of the belt. The temperature of 
the eastern springs, those to the east of the Jemez River, is about 
120°F. They are being covered continually with debris brought 
down by an eastern arroyo and must be dug out when used. The 
Indians use these springs almost continually throughout the 
summer months; even the Ysleta Indians come there to bathe for 
their ailments. These sources of health and cleanliness are on 
Indian lands, whence the name. Should they be properly cared 
for there is reason to believe that they would afford a health 
resort of the first class. 

Renick (1931, p. 86) wrote: 
The Indian Springs are about one and one-half miles north of 

San Ysidro, in the Jemez Pueblo grant. They occur mostly in an 
east-west belt. Kelly and Anspach report that they even extend 
east of the river, where the temperature of the water is 120°, but 
those east of the Jemez Creek were not observed by the writer; 
they may now be covered up by alluvium from the stream. The 
springs west of Jemez Creek are located in a faulted belt, in which 
the trend of the observable faults approaches due north. These 
springs have in places built up small deposits of sinter, but none 
approaching in magnitude the deposits of the Phillips Springs or 
the south group of the San Ysidro Springs. 

Peale (1886, p. 322) and Jones (1904, p. 300) 
reported Loew's comments. Kelly and Anspach (1913, p. 
6-7) quoted Reagan extensively. Stearns, Stearns, and 
Waring (1937, p. 167) and Waring (1965, p. 37) 
mentioned that the temperature was 120°F. 

The springs west of the river were not visited during the 
1965-1966 investigation; those along the river were visited 
twice. Fig. 21 shows the warmest seep along the river in 
November 1965. 

On June 26, 1966, seepage was obvious for about 
300 ft along the east bank of the river from the water 
line to about a ft above. An iron stain on the alluvium 
apparently associated with the thermal waters suggests 



 



 



 

Remained largely sulphates of calcium, magnesium, and sodium. 
1. Water above 940 feet; between the 12 and 8 inch casings. 
2. Water between 940 and 1,810 feet; between the 8 and 6 inch 
casings. 
3. Water between the 1,810 and 1800 feet; below the 7 inch casing 
October 2, 1926. 

Clark (1929, p. 13-14) wrote: 
When the valves were closed at the top of the casing a pressure 

gauge indicated a pressure of 25 pounds per square inch. 
The drilling of this second well was discontinued and exploration 

for natural gas abandoned. 
During the early part of 1927, the first well was plugged with a 

mixture of Portland cement and sand, but before this could be 
repeated on the second well, very considerable corroding of the 
casing had taken place, and water was coming to the surface, 
outside of the casing. At this time the combined flow from the well 
had a temperature of 123°F., had a very, very faint odor of 
hydrogen sulfide, and discharged a quantity of carbon dioxide, 
which was estimated to be one-third of the total volume of the 
flow. A weir erected near the well in the summer of 1927 showed a 
flow of approximately 5.5 cubic feet of water a second. 

A number of measurements of the volume of water coming from 
the well were made by different people, and a number of partial 
analyses were made of the water. Different strata delivered 
different volumes of water. As is shown above, the temperatures 
varied. The total mineral content of the water varied also. 
However, the figures for the mineral matter were between 11,000 
and 12,000 parts per million, and, as the casing corroded, the total 
solid matter in the flow, as noted from time to time, became more 
uniform, and around 11,600 parts per million. 

In August of 1927, a California concern, engaged in the 
business of plugging wells, sent an expert to this artesian well to 
shut off this flow of water by using a method which had been 
shown upon investigation to have worked very successfully in 
many other places. 

A tube of galvanized iron, eight inches in diameter, was charged 
as follows from bottom to top: blasting gelatine; 80% dynamite; 
quick setting Portland cement mixed with large lathe turnings; 80% 
dynamite; and, finally, blasting gelatine. The tube was lowered into 
the well by means of a cable and sank because of a railroad rail 
attached to the bottom. At a depth of about 350 feet, both upper 
and lower charges were fired almost, but not exactly, 
simultaneously. The cement, compressed between the two explo-
sions set to a plug, and for a few moments it appeared that the 
water had been shut off. Then pieces of the red shale from the sides 
of the hole began to come to the surface, and within an hour the 
well was flowing as usual. 

The writer was present when the attempt was made to plug the 
well, and, having some years before made an investigation of the 
waters of the Jemez Canyon, he became interested in the situation 
and raised the question as to whether it was really wise to shut off 
the water. Water for livestock was no longer available along the 
Rio Salado very frequently, as, since recent filling of its bed from 
excessive erosion, the river flowed underground most of the time. 
Opinion prevailed, when the well first flowed, that livestock would 
not drink water so heavily charged with salt and soda. Observation 
was, however, confined to the vicinity of the well and here the 
animals would not drink the water, as it was later shown, not 
because it was saline, but because it was hot. Out of sight from the 
well, and from the highway, sheep and cattle were drinking the 
water regularly. 

The following is a summary of the discharge reported for 
the well:  

because the channel from the well to the swimming pool is 
not adequate for a flow of that magnitude. 

The following is a summary of the temperatures that were 
measured through 1964: 

 
Phillip's Springs—These springs (fig. 25, location 

13 and 17) were not included in the 1965-1966 
inventory. However, in 1903 Reagan (p. 98-99) wrote: 

The Philip's [sic] springs are forty in number. They are situated 
in a little cove between the granite spur to the southwest of the 
Nacimiento range and the Red Beds to the west of Jemez on their 
western side. The space occupied by them is not greater than 
thirty acres, though at an earlier date their area was much more 
extensive than now, as is attested by the travertine cones left by 
the extinct springs. The cove, occupied by these springs, is about 
a mile to the northeast of Salt River; and eight miles nearly west 
of Jemez Pueblo. The springs of this group are soda or iron 
springs. The soda springs are nondepositing. The springs of this 
group usually have a bathing temperature; but they are not used 
for bathing purposes on account of their isolation, though their 
site would make an excellent place for a health resort. The 
scenery is as good as could be desired; and what adds more to 
their value, is that they are so situated in this cove that they are 
sheltered from the sand storms so prevalent in New Mexico. 
These springs, however, have one drawback to their becoming of 
value in the near future: They are situated on the Ojo del Espiritu 
Santo land grant; and title to the area cannot now be obtained. 

Kelly and Anspach (1913, p. 4-5) repeated Reagan's 
comments. In 1931 Renick (p. 87-88) wrote: 

The Phillips [sic] Springs issue at the north end of the Sierrita 
Mesa, mostly along the Arroyo Penasco, near the west edge of the 
Jemez Indian Reservation. Their arrangement is in line with the 
major Sierra Nacimiento overthrust. There are at least a dozen 
large springs and a number of smaller ones, extending from a 
point about half a mile west of the highway for a distance of about 
11/2 miles to the east. The Swimming Pool Spring has built up a 
crater at least 50 feet high, with a gentle slope on the outside and 
an almost vertical wall on the inside. It is about 35 feet in 
diameter, and the water is 40 feet or more deep. This water has a 
decidedly saline taste. Its temperature is 70°. The water spills over 
the edge of the crater at several places and deposits calcium 
carbonate. The flow was estimated at about 8 gallons a minute, 
and there is considerable bubbling of gas in the center of the pool. 
An analysis of a sample of water from this spring is given as No. 
13 (p. 78) This spring, like most others in this area, issues along a 
fault. 

There are a number of craters of extinct springs along a line 
extending northward parallel to the mountain and just north of the 
Arroyo Penasco and west of Poleo hogback, which defines the 
west limit of the mountain. . . . Some of them are 50 feet in 
diameter and at least 50 feet deep. These craters, also, were 
formed by deposition of calcareous material as the water spilled 
over the rim; the inside wall is almost vertical, but the outside 
slope is gentle, the configuration thus being similar to that of the 
Swimming Pool Spring. The amount of material deposited by 
these extinct springs is great, as shown by the fact that for a mile 
or more to the west the high-level gravel above the stream has 
been cemented by calcium carbonate. 

On page 29, Renick gave the following chemical 
analysis of the gas issuing from the Swimming Pool 
Spring of this group: 



 

Clark reported that 2 of the springs in this group that 
occur as pools within travertine craters ceased to flow 
shortly after the 2 wells were drilled and that the water 
level of the pools declined 25 to 20 ft. Swimming Pool 
Spring apparently was unaffected. 

San Ysidro Springs—These springs (fig. 25, locations 
19-36) were not included in the 1965-1966 inventory; 
however, in 1903 Reagan (p. 99) wrote: 

The San Ysidro (San Isidro) springs are situated on either side of 
Salt River in its lower course all along the front of Mesa Blanco, 
their waters coming to the surface along the fault. These springs 
are some forty in number. Those to the south of the river are bitter 
magnesium, and those to the north are soda springs. The waters of 
the springs are cold. They have medical qualities; and throughout 
the summer months, the Mexicans bathe in them. These springs 
are on government land, but, as all salt lands in New Mexico have 
been reserved for the benefit of the university of that territory, 
they will most likely be claimed by that institution on account of 
the magnesium and sodium salts. 

Kelly and Anspach (1913, p. 5) repeated Reagan's 
comment. In 1931, Renick (p. 86-87) wrote: 

There are two groups of springs in the so-called San Ysidro 
Springs—one north and the other south of the Rio Salado. These two 
groups are referred to as the north group and the south group. 

The springs of the north group, not less than 20 in number, issue 
along the San Ysidro-Cuba road, mostly in the N. 1/2 sec. 9, S. 
1/2 sec. 3, and NW. V7 sec. 10, T. 15 N., R. I E. Analysis 11 (p. 
78) shows the chemical character of the water from one of these 
springs. The observed temperature did not exceed 68°F. Many of 
the springs have built small craters of calcareous tufa 1 to 4 feet 
high and 3 to 6 feet or more in diameter. The land near the springs 
is marshy. Gas is being evolved from most of these springs. The 
water comes to the surface mostly in the area of outcrop of the 
Chinle (?) formation near the contact with the underlying Poleo 
sandstone. Although the water is nonpotable for human beings, 
stock apparently drink it in preference to the water in the Rio 
Salado. There are certain of these springs which the stock 
apparently prefer; it is uncertain whether or not there is any 
considerable variation in the quality of the water in different 
springs. 
The springs of the south group are mostly in the central part of 

sec. 8, T. 15 N., R. I E. These springs are thermal, the average 
temperature for the group being about 85°F. They issue on the 
north slope of the Tierra Amarilla anticline, and some of them are 
more than 200 feet above the Rio Salado, showing that the water 
is under appreciable head. This water comes to the surface near 
the contact of the Chinle (?) formation and Wingate sandstone, 
but the actual contact is concealed by a great accumulation of 
calcareous tufa. This deposit of tufa covers the north slope and 
the surface of the hill over an area at least 11/2 miles in length 
and almost one-half mile in width. On the summit of this hill, 
which is the axis of the Tierra Amarilla anticline, there are many 
craters, some as much as 20 ft in diameter and 30 ft or more in 
depth, which mark the site of extinct thermal springs, the water in 
which must have been at considerably greater head than the 
present springs . . . An analysis of water from one of the springs 
on the north slope (No. 12, p. 78) [See table M6 in this report] 
shows that it is highly mineralized. 

On page 89 Renick provided the following analyses of the 
gas issuing from these springs: 

MIDDLE RIO GRANDE BASIN WELL 

(6N.3E.5.234) 

Water Resources Data for New Mexico, Part 2, Water 
Quality Record (U.S. Geological Survey 1970, p. 275) 
gives chemical analyses of a sample from a well 720 ft 
deep which reportedly had a temperature of 80°C 
(176°F). These analyses are repeated in table M7. 

SOCORRO THERMAL AREA 
The Socorro thermal area (by F. R. Hall and W. K. 

Summers) is in the Socorro Mountains about 3 miles 
west of Socorro. The region extends at least 2 miles 
along the front of the mountain and at least half a mile 
westward (fig. 26). 

Thermal water issues from 3 galleries (Socorro, 
Evergreen or Sedillo, and Cook), sometimes referred to 
as springs because they were built to intercept the flow 
of natural springs. Thermal water is also pumped from 
the Blue Canyon well (3S.1W.16.323) of the New 
Mexico Institute of Mining and Technology. Water 
having a temperature of 108°F was reached in a core 
hole deep in a mine shaft north of Blue Canyon. 

Numerous reports mention thermal waters of Socorro 
Spring, but they give few specific measurements. The 
earliest reference to the springs is that of Jacob S. 
Robinson, November 28, 1846. According to Stanley 
(1950, p. 62-64), Robinson, a soldier, wrote: "About 
three miles distant [is] a somewhat remarkable warm 
spring that comes from beneath a range of hills, and 
immediately falls into a pool which forms a fine place 
for bathing." 

Stanley (p. 213) also quotes Mrs. Sadie Abernathy, 
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one of the old timers, who said that in 1876: "The 
water was brought down (to Socorro) from the spring 
in acequias, but everything was well watered and 
produced abundantly." 

Jones (1904) described the springs briefly and gave a 
flow estimate and a chemical analysis for the water from 
Socorro Spring. Stearns, Stearns, and Waring (1937, p. 
168) and Waring (1965, p. 37) listed Socorro Spring but 
gave little information. Waldron (1956) collected some 
data for the Socorro Spring, made some geologic 
observations, and speculated on the probable recharge 
area and source of heat. Hall (1963) discussed the 
thermal springs and presented some chemical data in a 
paper covering springs in the Socorro area. 

Hall carried out a data collection program from 1962 
to 1964. Although he gave the Socorro Gallery, which is 
the most accessible, most of his attention, he also 
collected data for the other galleries and the Blue 
Canyon well whenever possible and collected informa-
tion for the springs prior to 1962. 

As part of the 1965-1966 inventory, in addition to 
the procedures followed elsewhere, Summers mapped 
the Socorro Gallery and made measurements in it. 
Members of the geology department, New Mexico 
Institute of Mining & Technology, mapped the 
geology of the area. As part of other New Mexico 
Tech projects, several test holes were drilled in the 
thermal area. The remarks that follow summarize the 
available information. 

Jones observed that water oozed and bubbled out at 
several places along a fractured zone or fault in the 
mountains, with the chief flow from the lower or big 
spring used by Socorro. According to Stanley, the 
Socorro Gallery is at or very close to the site of the 
natural spring that supplied domestic and irrigation 
water to Socorro from at least the 1850's until the 
present shaft and tunnel were dug. 

Jones does not mention either the Evergreen 
(Sedillo) Gallery or the Cook Gallery. A surveyor's 
notes for the western boundary of the Socorro Grant, 
dated in the 1890's (copy in the files of the New 
Mexico Bureau of Mines & Mineral Resources) 
contains a reference to a spring called Ojita Chiquita at 
a location very close to the present Cook Gallery. The 
name means Little Chica Spring and interestingly 
enough other material in the files of the New Mexico 
Bureau of Mines & Mineral Resources suggests that at 
one time the spring at the location of Socorro Gallery 
was called Chico Spring or Ojo Chico. The surveyor's 
notes do not mention the Evergreen Gallery or a spring 
in the vicinity, but they do place a spring at the present 
location of the Socorro Gallery. The notes also describe 
a spring 264 ft north of the Socorro Spring, but no 
indication of this one can be found at present. 

There seems little doubt that the area has supplied 
water for human use since the Spanish occupation and 
probably for hundreds of years prior to the arrival of the 
Spanish. However, the conditions of discharge have been 
much modified in the last 100 years. The Socorro and 
Evergreen Galleries still supply a part of the water used 
by Socorro. The galleries are nearly horizontal tunnels in 
the east face of the mountains. 

The water discharges within the elevation range 
4900 to 5000 ft above sea level. The terrain west of the  

galleries is steep and reaches an elevation of more than 
6000 ft in less than a mile. East of the galleries, the land 
surface slopes moderately toward the Rio Grande. The 
general vicinity of the galleries is drained by the upper 
ends of eastward-trending arroyos. The galleries, 
however, are independent of the local drainage. 

The Socorro Gallery is reached by way of a 25-ft 
vertical shaft. It is a tunnel 82 ft long in a volcanic 
breccia—which may be a lahar. The water issues from 
fractures in the rock intercepted by the tunnel and flows 
by gravity to a settling basin and then into the Socorro 
water system. The depth of water in the tunnel is only 
about a ft at the deepest, averaging about 4 inches. 

Fig. 27 is a map of the Socorro Gallery showing the 
locations of the fractures from which the water issues. It 
also gives the discharge at several points in the gallery, 





 
ments is 91.3°F. More significant than an average is the 
fact that, except for 3 low temperatures, all mea-
surements fall within the narrow range of 90.9° to 
91.6°F. 

The temperature recorder charts show practically no 
variations during the period considered here. The pen 
trace without exception is a nearly perfect circle with 
minor variations of less than 1°F, due most likely to the 
chart not being perfectly centered. At a few places in the 
record small fluctuations occur, but they are of smaller 
magnitude than the width of the pen trace. If any 
significant variations do occur in water temperature, 
they are less than one half a degree Fahrenheit or the 
accuracy of the recorder. 

Fig. 27 shows that the temperatures of the discharg-
ing water at the fractures range from 90.1° to 93.7°F. 

Table M7 contains the chemical analyses made of the 
thermal waters in the Socorro thermal area. The actual 
point of collection is unknown or doubtful for some of 
the analyses, or the sample was collected somewhere in 
the Socorro water system rather than at the gallery. 
Table 17 contains partial analyses of 20 samples 
collected in the Socorro Gallery at the locations noted 
in fig. 27. Table 18 gives the analyses obtained for 
heavy metals and radon-222 at the galleries and the 
Blue Canyon well. 

An attempt was made to operate a conductivity 
recorder at the shaft of the Socorro Gallery. Suitable 
results were not obtained, however, because of 
problems with gas bubbles, probably CO 2, around the 
electrodes and what appeared to be deposition of 
calcium carbonate on the electrodes. 

A sample for a laboratory determination of conduc-
tivity was collected from the Socorro Gallery each time 
the temperature and water-level recorders were ser-
viced, once a week, beginning on September 21, 1962. 
The conductivity was measured with an Industrial 
Instruments RC-16B2 Conductivity Bridge, using either 
a glass dip or a pipette cell with constants of 0.10 and 
1.00, respectively. Duplicate measurements made with 
these cells should vary no more than 2 percent, accord-
ing to the manufacturer. The conductivity bridge does 
not have a temperature compensator; therefore, the 
measurements are for conductivity at the sample tem-
perature. Fig. 29 shows the results of 118 laboratory 
measurements of conductivity and sample temperature. 

A linear regression analysis of the conductivity and  



 

temperature data yields an equation x = 7.13y -I- 177 
where x = conductivity in micromhos and y = tempera-
ture in °C. 

The correlation coefficient for the 118 measurements 
is 0.985 with a probable error of ±0.002. The use of 
student's t-distribution (Snedecor, 1956) shows that at 
the 0.001 level, the regression coefficient is 7.13 ± 0.24, 
which gives a range of a little less than 2 percent in the 
equation. The solution of the equation at a standard 
temperature of 25°C is 355 micromhos, a value in 
substantial agreement with most measurements for the 
Socorro Gallery in table M7. Lines showing 2 percent 
deviation from the regression equation are drawn in fig. 
29. Several values fall on the lines, but only one falls 
well outside it. Since the instrumental measurements can 
be expected to vary by at least 2 percent, it does not 
seem unreasonable to conclude that the conductivity has 
remained nearly constant during the period of record. An 
added check is to assume a solution with a standard 
conductivity of 355 micromhos at 25°C and to use a 
table of temperature corrections (U.S. Salinity 
Laboratory Staff, 1954) to see what the conductivity 
would be at other temperatures. For the temperature 
range of 18° to 34°C, shown in fig. 29, these calculations 
give a line varying from the regression equation by only 
a few micromhos. 

Scott and Barker (1962, p. 78-79) report the radioactivity 
in water from the Socorro Gallery as: 

The Evergreen (Sedillo) Gallery probably has the same 
construction as the Socorro Gallery, but there is no safe 
access to the gallery, and therefore was not mapped 
internally. It is parallel to and 650 ft south of the Socorro 
Gallery (fig. 30). The gallery is at least 350 ft long, 
assuming that the manhole shaft and the open shaft mark 
2 points of entry to the Gallery. The few temperature 
measurements for the Evergreen Gallery in table 16 are 
lower than those for the Socorro Gallery. The actual 
temperature is probably higher; since the Evergreen 
Gallery is inaccessible, most measurements have been 
made at the outlet of the pipeline several hundred feet 
from the mouth of the tunnel. The only measurement at 
the manhole (fig. 30) indicates that the temperature 
(92.3°F) of the discharging water is at least as warm as 
that issuing from the Socorro Gallery. 

This gallery was probably driven in an effort to 
increase the water yield from the area. Apparently it 
was not successful, since a 1901 measurement of the 
springs' discharge is about the same as the present 
discharge of the 2 galleries. 

The discharge measurements and estimates for the 
area are tabulated in table 19. Unfortunately, not much 
is known about the method of measurement for a 
number of the discharge determinations. The value of 
494 gpm in 1901 (Jones, 1904) is based on a volume 
measured for a 24-hour period and represents the 
Socorro Spring plus other inflow from the spring area. 
The discharge of 900 gpm (Waldron, 1956) for the 
Socorro Gallery was apparently based on an estimate. 
The 3 estimates for 1955, 1956, and 1957 were calcu-
lated from City of Socorro water records by Francis X. 
Bushman of the New Mexico Bureau of Mines & 
Mineral Resources. Little is known about the value for 
January 24, 1957, but it is not close to any other 
measurements. 

The discharge measurement (291 gpm) for the Socorro 
Gallery on April 15, 1964, is a mean-section calculation 
of a velocity meter survey made by Mr. Lorenzo Baca 
of the U.S. Geological Survey. A midsec- 



 
tion calculation of the same survey gives 303 gpm. The 
meter survey was not entirely satisfactory, as the water 
depth was 0.5 ft or less and the velocities ranged from 
0.72 to 0.87 ft per second, except for one at 0.52 ft per 
second. The value of May 25, 1964, is the average of 3 
measurements obtained by plugging the outlet of the 
settling basin below the spring and measuring the 
volume of inflow for a given period of time. Problems 
occurred in determining the exact volume of basin per 
unit rise in water level and in preventing leakage at the 
outlet. The assignment of an accurate discharge for the 
Socorro Spring at one time is difficult; however, 291 ± 
22 gpm includes all the better measurements from 
1955, 1956, 1957, and 1964. 

A Leopold and Stevens Type F water-level recorder 
with an eight-day clock and 1:1 water-stage to chart gear 
ratio was installed at the Socorro Gallery on October 29, 
1962. The recorder operated until 1966. The depth to 
water below a reference point ranged from 24.47 to 
24.51 ft, or a difference in water level of 0.04 ft during 
the entire period. At times, minor fluctuations or flutters 
of slightly greater width than the ink trace lasted for 
many hours. The significance of these variations is not 
known, although they might be caused by friction 
between the float and stilling well or interference by 
animals, such as rats or mice. The recorder charts do 
show that the flow remained nearly constant for the 48 
months of record. Figure 30, which gives flow at five 
places in the gallery, shows that some segments of the 
tunnel produce much more water than others, ranging 
from about 1.4 to 10.1 gpm/linear ft of gallery. 

Studies of tritium (von Buttlar, 1959, p. 1034; 
Holmes, 1963) indicate that the water discharging from 
the Socorro Gallery fell as rain about 4 years earlier. 

Direct measurement of discharge from the Evergreen  

Spring is difficult. The values of 151 to 172 gpm for 1955, 
1956, and 1957 were calculated in 1960 by Francis X. 
Bushman and probably are reasonably good. The 
measurement of March 20, 1958, seems too high. 

The Cook Gallery is the lowermost of a series of 
tunnels into the mountainside. No satisfactory 
measurements are available for the Cook Spring; 
however, the flow appears to be on the order of 10 
gpm (table 18). The discharge point is inaccessible, so 
water temperatures must be taken in a pond at the 
mouth of the tunnel. As a consequence, they are lower 
than the temperatures of the discharging water. 
Temperatures in a tunnel about 100 ft above the Cook 
Gallery are above normal. 

The water samples for which chemical analyses are 
given in table M7 were also collected from the pool. 
They are, therefore, only a guide to the chemical 
character of the water discharging from the aquifer. 

The Blue Canyon Well was drilled in 1956. It is about 
half a mile west of the east face of the Socorro 
Mountains. It has a well head elevation of 5200 ft and is 
265 ft deep, and the static water level is about 5000 ft. 

The log of the well follows: 

Material Interval (ft) 
Gravel 0-25  
Rhyolite tuff breccia in 

part welded (lahar?) 25-295 
Andesite 295-300 

The maximum sustained yield of the Blue Canyon 
Well is 19 gpm, as determined by a pumping test by 
Francis X. Bushman in 1960, although the well is 
normally pumped at a rate of 3 to 5 gpm. 

The temperatures observed at various depths on August 
23, 1956, follow: 



 

 

During the spring of 1966, a vertical 2-inch core hole 
was drilled at the end of a tunnel into the mountain 
(35.1W.4.433). The portal elevation of the tunnel is 5131 
ft. The elevation of the core hole is slightly higher but no 
more than 5135 ft. Land surface lies at an elevation of 
about 5550 ft. This hole was drilled in granite of 
Precambrian age to a depth below the tunnel of 260 ft. 
The water level in the hole is about 160 ft. The hole 
could be neither blown dry by compressed air nor bailed 
dry with an 8-ft-long, 1-gallon capacity bailer. Table 18 
contains a chemical analysis of a sample collected when 
the hole was bailed August 2:3, 1966. 

Bottom-hole temperatures as the hole was drilled, 
measured on a Monday morning after the hole had sat idle 
for 2 days, were as follows: 

 
(Note: Air temperature in the tunnel—even with the 
ventilation system working—ranged from 80" to 88°F.) 
The temperatures measured in the finished hole were as 
follows: 

The Socorro Mountains are part of a series of low 
mountain ranges along the western margin of the Rio 
Grande valley. They are bordered on the west by the Snake 
Ranch Flats. 

An up-to-date summary of the geology of Socorro and 
vicinity is given in a guidebook of the New Mexico 
Geological Society (De Brine, Spiegel, and Williams, 
1963; Smith, 1963; Weber, 1963). 

Fig. 31 is a generalized geologic map of the thermal 
area. Mapping in the area is complicated by the large 
volume of landslide material, which has slid onto the 
mudstone that, when wet, serves as a good gliding 
surface. 

Basically, the Socorro Mountains are a pile of inter-
layered, interbedded, and intruded volcanic rocks, 
volcanically derived rocks, and a red gypsiferous, mud-
stone of Tertiary age. Paleozoic and Precambrian rocks 
are found in exposures and mine workings north of Blue 
Canyon. An extensive perlite deposit is situated south of 
the thermal springs. Basalt flows of Quaternary or late 
Tertiary age cap the older deposits. The most important 
structural feature appears to be the north-trending fault 
that separates the Socorro Mountains from the Rio 
Grande valley and along which the thermal springs 
occur. 
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Two geologic features of interest in the Socorro 
Mountains are the presence of mineralization and 
siliceous sinter north of Blue Canyon along the eastern 
front (Smith, 1963). The mineralization formed 
deposits consisting mainly of secondary cerargyrite 
from oxidized parts of veins actively mined in the past. 
Some barite is also present. The siliceous sinter is of 
Quaternary age and was deposited on outcrops of 
Paleozoic rocks just north of the mining area. Smith 
(1963) suggested that the sinter was deposited by 
springs during final stages of volcanism. 

The Snake Ranch Flats are part of a structural trough 
with an unknown thickness of fill. The upper part 
consists of some Quaternary alluvium and slope wash 
underlain by the Santa Fe Group of late Tertiary and 
Quaternary age. The mudstone may underlie the Santa 
Fe in this trough. 

J O R N A D A  D E L  M U E R T O  

One well has been drilled in the Jornada del Muerto in 
which an anomalous temperature was observed—Vic-
toria Land and Cattle Company No. 1 (10S.1W.25.100). 
Table M7 contains a partial chemical analysis of the 
water. Hood and Kister (1962, p. 41 and 51) used the 
water from this well as an example of saline water from 
the San Andres Formation. 

The well with land surface altitude of 4809 ft was 
drilled during 1951 and 1952. Original total depth was 
6055 ft. The hole was plugged back and the casing was 
perforated from 1270 to 1348 ft. Two samples analyzed 
by the state chemist contained 2540 and 2400 ppm 
dissolved solids. Hood and Kister (p. 51) reported the 
shut-in water level was 164 ft above the land surface on 
July 8, 1955, that the well was flowing 900 gpm, and 
that the water temperature was 94°F. 

L O W E R  R I O  G R A N D E  B A S I N  

TRUTH OR CONSEQUENCES AREA (LAS 
PALOMAS HOT SPRINGS, CABALLO HOT 
SPRINGS, HOT SPRINGS; 13S.4W.33.400; 
14S.4W.4.100) 

The Truth or Consequences thermal area occurs along 
the west side of the Rio Grande between the northwest-
trending Mudsprings Mountain and the Sierra Caballos 
(Caballos Mountains; fig. 32). The thermal waters 
apparently occur entirely within Truth or Consequences 
(fig. 33). 

Peale (1886, p. 194) referred to these springs in 2 
ways: "Caballo Springs (?), 5 miles from Fort 
McRae, Socorro County . . . 136°F" and "Near the 
Rio Grande, north of Palomas, Socorro County." In 
1904 Jones (p. 304-305) listed Las Palomas Hot 
Springs and says, "This spring is in Sierrra County 
on the Rio Grande, and can be reached from Engle, 
the nearest station on the Atchison, Topeka and 
Santa Fe Railway." 

Hare and Mitchell (1912, p. 56-69) gave the following 
dissolved solids of water from Las Palomas Hot Springs: 

{Ju ly 1901  
Octob er  1904  
Octob er  1904  

In 1928, Brues (p. 143) referred to Hot Springs, New 
Mexico. Peale, of course, did not realize that he was 
referring to the same spring in his 2 references. Nor did 
he realize that Sierra County had been formed in 1884 
by taking land from Socorro, Dotia Ana, and Grant 
Counties. 

The name Las Palomas Hot Springs apparently 
derived from the fact that people who visited the springs 
during the period 1900 to 1911 for therapeutic reasons 
were forced to stay at the village of Palomas, a few miles 
south of the thermal area. The site of this village is now 
inundated by the Caballo Reservoir. 

The town of Palomas Hot Springs developed about 
1911 when construction of Elephant Butte Dam began. 
About 1913, the village name was changed from 
Palomas Hot Springs to Hot Springs. In 1950, Hot 
Springs changed its name to Truth or Consequences. 
Thus, early data for the Truth or Consequences area 
appear in the literature under several names. 

The area has been studied extensively. Brues (1928, 
1932) repeatedly refers to the organisms he collected 
there in his classic work on the fauna of North American 
hot springs. Moreover, because of the extensive 
development of the thermal springs for spas, mineral 
baths, and resort hotels, the New Mexico State Engineer 
has published several studies of the hydrology of the 
region (Powell, 1929; Minton, 1941; Theis, Taylor, and 
Murray, 1941; Murray and Theis, 1946; Murray, 1949, 
1959; Cox and Reeder, 1962), and measured water 
levels in selected wells in the area since 1939. Kelley 
and Silver (1952) discussed the geology of the area in 
detail and provided an extensive bibliography (p. 265-
775). In addition to the published work, since 1939 the 
U.S. Geological Survey has periodically sampled the 
spring at Yucca Lodge. 

In 1955 Conover and others summarized the occur-
rence of ground water in south-central New Mexico and 
included a summary of Theis, Taylor, and Murray's 
work (p. 111). In the 1965-1966 inventory, only the 
Yucca Lodge was visited and sampled. 

The earliest description of the springs is that of Brues 
(1928, p. 143-144): 

The springs are near the town at the foot of a small hill. Some 
have been turned into baths, but there is a small amount of seepage 
forming small pools in a large marshy meadow. Some of these 
pools are barely tepid, but a flowing stream which forms the 
overflow from several small springs near the upper edge of the 
marsh, traverses the marsh for a distance of several hundred yards. 
The temperature of this stream, which is several feet wide, is not 
very high, in the neighborhood of 40°(C) along most of its course. 
The specific gravity, corrected for temperature is 1.0039 and pH 
8.1. It supports a fauna of snails, chironomid larvae, and fish. 

The following discussion of the springs is modified 
slightly from Kelley and Silver (1952, p. 190-194). 

The thermal-water area outlined by wells and springs 
lies on the south side of an inselberg of Paleozoic 

limestone. The immediate area of the thermal springs 
and wells is covered with alluvium through which the 
springs issue, in addition to the artesian thermal water 

in the overlying alluviuin and the nearby valley fill. 



 



 



 
narrow band south of the fault. Fig. 35 interprets these 
conditions. 

Evidence of Quaternary spring activity in the form of 
manganese and travertine deposits, solution openings, 
and altered rock extends at least half a mile northwest 
of town. 

The thermal water discharging in the area amounted 
to 3.5 second-ft or 2,260,000 gpd in 1941 (Theis, 
Taylor, and Murray, p. 456), of which approximately 
130,000 gpd were discharged from artesian wells, the 
natural means of balancing the system. The temperature 
of the thermal water ranged between 98° and 114°F, and 
the discharge of heat was about 180 million calories per 
minute. The daily output equaled the amount of heat that 
would be obtained from the complete combustion of 
about 40 tons of coal per day (p. 457). 

Theis, Taylor, and Murray concluded that the thermal 
water was distinctly different and had an entirely 
different source from that of nonthermal ground water 
of the vicinity. This is borne out not only by the 
chemical composition but by the artesian pressure of 
the thermal water as compared to the lack of pressure in 
the unconfined nonthermal water (figs. 32 and 36). The 
water issues from Paleozoic strata into the overlying 
clay, sandstone, and gravel, which are apparently 
capable of holding some back pressure, and moves 
laterally through the alluvium to the river. 

Theis, Taylor, and Murray (1941, p. 481) estimated 
that "if 3.5 second-feet of thermal water emerging at 
Truth or Consequences is derived from rainfall in the 
area, it represents a yearly addition to the deep ground 
water of about 5/8 inch over 70 square miles of area." 
They also concluded that "the hot water at Truth or 
Consequences must be derived over an extensive area 
and probably drains by deep circulation an area 
considerably larger than 70 square miles." 

They estimated (p. 483) that "the condensation of 
superheated steam would furnish the necessary heat to  

the water discharged at Truth or Consequences if the 
resulting condensed magmatic water amounted to less 
than 5 percent of the meteoric water," and concluded 
that "the most probable source of the heat of the hot 
water is igneous rock at depth, either acting by conduc-
tion of heat through the rock and steepening of the 
geothermal gradient or by yielding steam and hot gases 
that rise through fractures to mingle with the normally 
circulating meteoric ground water. The latter alternative 
seems to be favored by the chemical character of the 
water" (p. 484). A slight increase in radioactivity was 
noted with a Geiger counter in proximity to the thermal 
water, thus lending some support to the juvenile origin 
of a small fraction of the water. The existence of 
overturned structure and associated fracturing of the 
rock would appear to allow the transfer of heat through 
vapors and fluids. 

In 1935, an order of the New Mexico State Engineer 
declared an area of about 38 square miles to be the "Hot 
Springs Underground Water Basin." 

The basin was closed to further appropriation of 
mineral (thermal) water July 1, 1937, and 10 years later 
it was closed to further appropriation of fresh (nonther-
mal) artesian water. An area of about 1.5 square miles of 
the basin was reopened for appropriation of mineral 
water in 1947 and 1950. Appropriation of shallow, 
nonthermal water to supplement surface-water rights was 
permitted. The Hot Springs underground water basin to 
the north adjoins the Rio Grande underground water 
basin (declared November 29, 1956, by order of the State 
Engineer). 

Water levels measured in 10 thermal wells and 6 
nonthermal wells showed that daily fluctuations in 
artesian head resulted from wells being pumped; annual 
changes in head resulted primarily from changes in river 
stage, as the natural discharge of the thermal water is to 
the river. The maximum fluctuation from the highest 
level to the lowest level in the thermal water 



 

 

 
aquifer ranged from 1.39 to 2.94 ft. The highest level 
occurred in 1942, the lowest from 1956 to 1959, 
depending upon the observation well. 

The Yucca Lodge has 3 sources of thermal water: One 
is a spring developed into an indoor pool, now a regular 
part of the bathing facilities; the second is an outdoor 
decorative pool, also a developed spring; and the third is 
a shallow, driven, point well about 15 ft deep, which 
flows. The Yucca Lodge samples of table M8 all come 
from the flowing well. Table 20 contains the 
measurements made at the Yucca Lodge. Table 21 gives 
the heavy metal and radon-222 concentration samples 
from this well. 

The temperature, pH, and discharge reported for this 
well follow: 

BARNEY IORIO No. 1 FEE (14S.5W.25.410) 

The Barney Iorio No. 1 Fee well lies 6 miles south of 
Truth or Consequences. It was drilled as a wildcat oil 
test but was completed as water well in April 1941. It 
has a 51/2-inch casing set at 1115 ft in”red sticky clay 
with breaks of volcanic ash." At a depth of 1160 ft, the 
driller noted an "increase of water." At a depth of 1165 
ft the well penetrated a stratified volcanic ash (Thurman 
formation; Kelley and Silver, p. 122 and 189), and water 
rose to a depth of 73 ft below the land surface. As 
drilling proceeded, the water level continued to rise. 
When the well was 1200 ft deep, it was flowing 2 gpm. 
The interval from 1470 to 1501 ft,”water sand," 
produced approximately 25 gpm. At a depth of 1514 ft, 
the well penetrated a "hard volcanic ash" and no 
additional water was noted. Shows of gas were reported 
at 2004 and 2010 ft. The total depth of the hole was 
2100 ft, but it was plugged back to 1530 ft so that the 



 
finished water well delivered water from the interval 
1115 ft (bottom of casing) to 1530 ft (top of plug), with 
most of the water discharging from the 1470 to 1501 
"water sand" interval. 

On December 15, 1965, the valve was opened and the 
well was allowed to flow for 180 minutes. As it flowed, 
measurements were made of discharge (gpm), tempera-
ture (°F), pH, and specific conductance at five- and ten-
minute intervals (fig. 37). Five 8-ounce samples of the 
discharging water were collected (table 22). 

Assuming that the casing was standard 51/2-inch  

 

outside diameter, the water discharged during the early 
part of the experiment (0 to 30 or 40 minutes) had been 
standing in the casing, whereas the water discharged 
during the period from 160 to 180 minutes probably 
represented the water in storage in the aquifer. 

The measured discharge remained steady for about 15 
minutes, then proceeded to drop off gradually. The 
steady discharge during the first 15 minutes probably 
reflected instrumental error. Water had to flow about 15 
ft in an earth ditch, some was lost to seepage in the early 
part of the experiment, and the first measurement was 
made 4 minutes after discharge began. Presumably, the 
discharge actually followed the usual pattern of a well 
discharging at constant head in which the discharge 
diminishes continually with time (Jacob and Lohman, 
1952). 

The temperature gradually increased from 63.0°F to 
a maximum of 91.4°F (air temperature during the 
experiment was less than 40°F; fig. 33). The discrep-
ancy between the reported 90°F and the observed 
91.4°F was probably caused by instrumental differ-
ences. The pH declined from 9.2 to 8.4. Specific 
conductance ranged from 2500 to 3100 micromhos/cm 
at 25°C. 

The specific gravity of the water varied with the 
temperature (as measured by a hydrometer in the field) 
and ranged from 0.992 to 0.988 g/cm3. The concentra-
tions of NH3 and SiO2 in the water were each measured 
twice in the field, using a portable colorimeter. The NH3 
values obtained were 0.5 ppm (at 85 minutes) and 0.45 
ppm (115 minutes). The SiO2 values obtained were 21 
ppm (at 45 minutes) and 25 ppm (at 135 minutes). 

Table 22 contains chemical analyses of water samples 
collected in 1952 and 1965. 



 

 
DERRY WARM SPRINGS (17S.4W.29.340) 

Derry Warm Springs occur on the east side of the Rio 
Grande valley about a mile north of the town of Derry. 

These springs are not well known. Although they 
appear on several maps and although the Rio Grande 
valley has been studied in considerable detail, refer  

ences to this spring in the literature are limited. Conover 
(1954, p. 18, 81) noted their existence next to a 
limestone bluff and gave a chemical analysis (p. 15253). 
Kelley and Silver (1952, p. 194-95) described the 
springs this way: 

Half a mile east of Derry, there are a few small springs with an 
estimated aggregate flow of about 50 gallons per minute issuing 
from openings in a small spring deposit of travertine. The waters 
appear to issue at two levels, ten feet apart. one a foot higher than 
the other. One spring issues about 5 feet and the other 6 feet above 
the valley floor. The temperature of the higher spring is 66°F. and 
that of the lower spring is 92°F. Readings were taken at 5 p.m. on a 
warm day (May 8, 1951). The warmer spring had a very mild 
sulfurous odor and taste and was noticeably radioactive to about 
the same extent as the thermal water at Truth or Consequences. 

The springs apparently rise along a fault at the west base of the 
Derry fault block and issue through alluvial material at the base of 
the hill. There appears to be some mingling of the thermal water 
with the water supplying the cooler spring, and it may be possible 
to develop water of higher temperature from wells which intercept 
the thermal water at depth before it is cooled by the addition of 
water of normal ground temperature. 



 



 



 
Fe Group and related bolson fill, pumped 13.2 gpm. The 
temperature of the water was 90°F. The water came 
from a zone between 1030 and 1197 to 1200 ft. The 
depth to water on February 19, 1955, was 597 ft. A 
chemical analysis of the water sampled on that day is 
given in table M8. The date the well was drilled and the 
drawdown while pumping are unknown. 

Although the well was extant February 5, 1966, its 
use to drain the back flush fluid from a large water 
softener prevented sampling it. The well is within 1000 
ft of an outcrop of basalt of Quaternary age 
(Kottlowski, 1960). 

WELL (23S.2W.35.411) 

This well, which was drilled in 1961, is on the western 
margin of the Rio Grande structural trough. The well is 
1050 ft deep; its casing record and depth to water are not 
known. The water is lifted with a large pump jack, 
suggesting that the depth of the well and the depth to 
water are great. The temperature of the discharge at the 
pump from around the sucker rods was 95°F. The pH of 
the water varied from 8.6 to 9.3, depending upon 
whether the sucker rods were going up or down. 

The analysis of the water collected in 1966 that is 
presented in table M8 is suspect, because the sample 
was collected at a tap after the water had passed 
through an elevated wooden storage tank, a pressure 
tank and pump, and more than 100 ft of pipe. Clyde 
Wilson (U.S. Geological Survey, personal communica-
tion) collected a sample in 1973 (table M8) and 
measured a temperature of 97°F. 

GRIMM WELL (25S. 1E.32.114) 

Officially the Grimm Well is known as Grimm, Hunt, 
Brown and American Artic, Ltd. No. 1 Mobil. It is a 
deep (21,759 ft) oil test, about which Jack Grimm said 
(joint meeting of the Southwest Section, American 
Association of Petroleum Geologists, and Permian Basin 
Section, Society of Economic Paleontologists and 
Mineralogists, El Paso, Texas, January 31-February I,  

1971): "The hole was a hot hole. Petroleum Information 
reported it so hot that the drill pipe could not hold. It 
was not quite that hot, but the heat gradient was higher 
than normal." 

Two nearby water wells (25S.1E.17.111A and 
26S.1W.25.414) discharge warm water (88° and 91°F, 
respectively). Table M8 contains a chemical analysis of 
water from well 25S.1E.17.111A, and table 21 contains an 
analysis of the heavy metals in the sample. 

WEAVER-FEDERAL No. 1 (26S.1E.35.333) 

Texaco Inc. drilled the S. H. Weaver-Federal No. 1 in 
1965-1966 to a depth of 6620 ft. Electric logs report bottom 
hole temperature as follows: 

Depth (ft) Temperature (°F) 
2434 95 
6484 174 
6520 176 

However, residents report the water was very hot, so hot 
that a dog scalded to death in the mud pot. 

BERINO AREA (26S.3E) 

During 1967 the New Mexico State Highway 
Department drilled a new well at the New Mexico Port 
of Entry Station (265.3E.2.000). This well is 720 ft 
deep and the water temperature is reported to be 96°F. 
The Berino Water Consumers Association well 
(26S.3E. 11.111), which has a depth of 501 ft, has a 
water temperature of 88°F (Clyde Wilson, personal 
communication, 1973). Table M8 contains chemical 
analyses of water from these wells. 

WELL (26S.8E.33.200) 

Knowles and Kennedy (1952, p. 48-49) report that this 
well of unknown depth discharged hot, highly 
mineralized water. C. F. Berkstresser (personal commu-
nication, 1970) recalls measuring (about 1953) tempera-
tures of about 155°F in water discharging from a well 
near this locality. 



KILBOURNE HOLE (27S.1W.8.000) 
Kilbourne Hole is in southern Dona Ana County 

(Lee 1907, Reiche, 1940; De Hon, 1965). It is an 
oblong crater about 250 ft deep, 2 miles long, and 11/4 
miles wide. 

Lee (1907, p. 217) wrote: 
The valley filling is saturated with water below a depth of 100 

feet beneath the bottom of the Kilburn crater, a level nearly 
corresponding with that of the river, as shown by wells sunk in 
various parts of La Mesa. The water obtained in the Kilburn crater 
is charged with hydrogen sulphide and has a temperature of nearly 
100°Fahrenheit, 15° or more warmer than water from the same 
horizon in surrounding wells. 

Reiche (1940, p. 217) wrote: 
Dr. W. M. Tucker states (personal communication) that Mr. J. F. 

Kilbourne, the owner informed him in 1930 that broken basalt was 
encountered in the bottom of two wells in Kilbourne Hole and that 
these wells were 180 and 173 feet deep, with water at 100°F rising 
about 70 feet. 

The well was abandoned before Reiche did his field 
work. 

Clyde Wilson's notes (personal communication, 
1973) of a conversation with Jay Gardner, who ranches 
the area, mention that Mr. Gardner's father spoke of a 
very hot well that was drilled in Hunt's hole in 1902. 
Apparently neither the present well in Hunt's hole 
(27S.1W.9.000) nor the well in Philip's hole 
(27S.1W.26.413a) shows abnormal temperature charac-
teristics. 

FEDERAL "H" No. 1 (28.S.2W.24.213) 

This well is a wildcat oil test drilled from October 10, 
1961, to February 8, 1962, by the Pure Oil Company. The 
well had a total depth of 7346 ft. At a depth of 675 to 680 
ft, water was struck that had a temperature of 113°F, 
according to unpublished data in the files of the U.S. 
Geological Survey. The well reportedly pumped 500 gpm 
of water from a limestone of Cretaceous age. One 
observer said this water discharged at temperatures as 
high as 180°F. 

The analysis of the water given in table M8 is of a 
sample collected during the drilling operation. The 
water sample was muddy and foamy when collected, 
because it contained detergents and other drilling 
additives. The analysis is therefore only a suggestion 
of the probable water chemistry. 

A drill stem test record for the internal 4354 to 4412 ft 
gives a temperature of 118°F. Bottom-hole temperatures 
from electric logs are as follows: 

Depth (ft) Temperature (°F) 
3831 112 

7345 158 

MIMBRES RIVER BASIN 

MIMBRES HOT SPRINGS (18S.10W.13.110) 

These springs are in the south end of the Black Range 
on the south side of the Mimbres Mountains. They are 3 
miles east of the Mimbres River in Hot Springs Canyon. 
Although they have served as a spa and were noted in 
1879 by Birnie (p. 250), who gives their temperatures as  
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120°F, they have received only sporadic attention in the 
literature of geology and hydrology. 

Peale (1886, p. 194) called them Ojo Caliente and listed 
them under Mineral Springs. Jones (1904, p. 311) 
copied Peale. Table 24 contains chemical analyses of 
water from these springs, reported by Hare and Mitchell 
(1912, p. 48-49). Apparently they sampled 9 of the 
springs in May 1904 and resampled 20 of them in June. 
Unfortunately, they did not report the particular spring from 
which each sample came. 

These springs are not mentioned again until Bushman 
(1955, p. 6 and 14) and Elston (1957, p. 76-77) 
included brief references to them in their studies of ground 
water and geology and mineral resources of Dwyer 
quadrangle. 

Bushman's work aimed at providing some basic 
ground-water information for Elston; consequently, the 2 
reports contain some of the same information. Table M9 
contains the chemical analyses made for Bushman. 

Elston (p. 77) summarized: "Mimbres Hot Springs is a 
group of about 30 springs, with a combined flow 
considerably in excess of 100 gallons per minute. The 
springs lie in the Mimbres Hot Spring Fault zone. At the 
surface the country rock is Rubia Peak latite and Kneeling 
Nun (?) rhyolite." 

Fig. 41 is a map of the premises showing the area of 
outcrop, springs and seeps, and the places at which the 
measurements reported in table 25 were made. 

A sample for tritium analyses, collected at fig. 41, 
location 3, December 1965 measured 61± 8 tritium 
units. 

Duke (1967) made a four-year (1963-1966) study of the 
ecosystem of one of the springs (fig. 41, location 8). 
She determined that the mean temperature of the water 
was 133°F, with temperature variation less than 11°F. The 
temperature of the water entering the pool varied 
only 5.4°F, and the average discharge was 2.8 gpm. The 
large and fairly frequent gas bubbles consisted largely of 
nitrogen; the water entered the spring free of oxygen (p. 9-
32). 

On December 5, 1974, the pH of the water discharging 
from location 3 (fig. 41) ranged from 8.3 to 8.75 and 
the temperature was 142°F. The specific conductance 
of the discharging water was 450 micromhos/cm 
(iimho/cm). Table 26 gives the heavy metals and 
radon-222 in the thermal water on that day. 

 



 
The rock from which the water discharges appears in 

hand specimen to be rhyolite and rhyolite porphyry with 
biotite and sanidine. A thin section showed that the rock 
is a lithic crystal tuff with approximately equal 
proportions of groundmass and fragment. The 
groundmass consists of glass, 25 percent; limonite, 12 
percent; calcite, 10 percent; and opaque minerals, 3 
percent. The fragments include sanidine, 15 percent; 
andesine, 27 percent; quartz, 4 percent; and biotite, 6 
percent. Accessory minerals included 3 percent magne-
tite, 5 percent zircon, and a trace of sphene. 

The rock has 3 prominent sets of joints striking 
roughly NW, N-S, and NE, which are dominantly 
vertical. Some of these fractures can be traced for several 
feet on the outcrop. 

FAYWOOD HOT SPRING (20S.11W.20.243), 
KENNECOTT WARM SPRINGS 
(20S.11W.18.310), AND APACHE TEJO WARM 
SPRING (19S.12W.19.300) 

These springs are in south-central Grant County near 
the City of Rocks State Park (fig. 42), 4 to 15 miles 
from the Mimbres River in a region where streams flow 
only during and immediately after rainstorms. Of the 3, 
Faywood Hot Spring has received the most attention by 
geologists and hydrologists. Apache Tejo and 
Kennecott Warm Springs no longer flow, because wells 
have been drilled to intercept the spring flow and 
deliver it to the Kennecott mill at Hurley. 



 
In 1851, Bartlett (1856, p. 225) visited the Faywood Hot 

Springs. He wrote: 
This spring lies within a crater-like opening, twenty feet in 

diameter, on the top of a mound of tufa about six hundred feet in 
circumference at its base, and about thirty feet high, all of which 
seems to consist of the deposits made by its waters. The 
temperature of the water was 125°F. Its surface was some six or 
seven feet below the rim of the basin; and its depth I judged to 
be about the same. Dr. Webb collected the gas which bubbled up 
from the bottom, and found it to be neither hydrogen nor 
carbonic acid gas. He consequently judged it to be atmospheric 
air. The water was not unpleasant to the taste, and would be  

palatable if cooled. Lower down, upon one side of the hill, a 
small spring burst out, and at a short distance, where it collected 
in a pool, the water was cool enough to bathe in; but even there I 
found it literally a hot bath. 

Gilbert (1875, p. 152) listed the temperature of 
Faywood Hot Spring as 130°F and Apache Tejo as 
97°F. 

Birnie (1879, p. 250) referred to Faywood Hot Spring 
as "the Hot Spring of Southwestern New Mexico"; he 
said only that the temperature was "very high." He then 
gave the temperature of Apache Tejo as 89°F and of 



 
FIGURE 42—GEOLOGIC MAP OF THE FAY WOOD HOT SPRINGS, KENNECOTT WARM SPRINGS, AND APACHE TEJO WARM SPRINGS AREA, GRANT COUNTY 

(DANE AND BACHMAN, 1961). 

Kennecott Warm Springs as 150°F. Apparently he 
confused Kennecott Warm Springs and Mimbres Hot 
Springs and relied on hearsay for their temperatures. 

Powell and Kingman's (1883) maps of southwestern New 
Mexico showed the Faywood Hot Spring but called it 
Hudson's Hot Springs. 

Peale (1886) listed Apache Tejo at 89°F and Hud-
son's Hot Springs, a resort on a warm spring (Kenne-
cott) near Hudson, at 150°F. 

Wheeler (1899, p. 122) quoting Birnie (1879, p. 250), 
gave temperatures as Faywood, 150°F; "Apache, Idaho," 
89°F; and Kennecott Warm, 120°F. 

In 1899 Crook, (p. 333-334) writing of Hudson Hot 
Springs, said, "The flow of water from these springs has 
not been measured but it is sufficient to irrigate eight 
acres of land." He also stated the temperature as 142°F 
and gave the following chemical analyses made by 
Professor W. D. Church: 

 
Jones (1904, p. 295-298) discussed Faywood Hot Spring 

at length. He gave the temperature as 142°F and the 
discharge as 100 gpm. He also noted that in 1893 a large 
pump was installed, the water level lowered, and  

the sides cemented. He gave the following chemical 
analysis, made by Professor Arthur Gross, chemist, New 
Mexico College of Agriculture and Mechanic Arts, 
Mesilla Park: 

 
Paige (1916, p. 19) made the first comment about the 

geology of the springs. He wrote: 
The warm springs that occur at intervals from Apache Tejo to 

Faywood Warm Springs produce a large volume of water of 
underground origin. These springs lie along a northwestward 
trending fault plain and the high temperature of their water 
indicates that they rise from a considerable depth, presumably 
along a fault. At Apache Tejo the Chino Copper Company has dug 
a deep pit along the principal origin of these springs and has 
developed a greatly increased supply, now estimated at about four 
and a half second feet. This water is pumped primarily for use in 
the concentrator. 

The next reference to these is that of Stearn, Steam, 
and Waring (1937, p. 169), who listed both Faywood 
Hot Spring and Hudson's Hot Springs, confusing 
Faywood Hot Spring and Kennecott Warm Springs. 
They also listed Apache Tejo Warm Springs as dis- 
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charging 2000 gpm at 97°F. Waring (1965, p. 38) 
repeated this list. 

Bushman (1955, p. 12 and 15) estimated the flow at 
Faywood Hot Spring as 5 to 10 gpm at a temperature of 
129.2°F. Elston (1957, p. 76) repeated Bushman's data and 
also wrote: 

Faywood Hot Springs is a single spring, although other hot 
springs are known in the vicinity . . . The surrounding country is 
covered by gravels; hence the structural setting is unknown. The 
spring is within a mile of the Blue Mountain fault and the 
Faywood Rhyolite dome. The volcanic rocks beneath the gravels 
are believed to be relatively thin and probably lie on Paleozoic 
Limestone. 

Fred Trauger, U.S. Geological Survey, collected 
water samples from Faywood Hot Spring and estimated 
the flow as 50 gpm at 128°F on November 11, 1954, and 
April 19, 1957. His 1957 sample was analyzed for 
radioactivity with the following results: beta-gamma 
activity, 19 picocuries/liter (ppC/1); radium, 29 /42C/1; 
and uranium, 0.1 ppb (Scott and Barker, 1962, p. 79). 

Table 20 gives the measurements made at Faywood 
Hot Spring on December 26, 1965, and December 5, 
1974. Table 26 gives the heavy metals and radon-222 in 
a water sample obtained December 5, 1974. The water 
discharged from the top of the calcareous tufa mound; 
the crater in the center of the mound averaged 10 ft in 
diameter. The depth of this circular crater is unknown, 
but it is at least 18 ft below the concrete curb, because 
the underwater sampler used to sample this spring in 
1965 could be lowered easily only to 18 ft; greater 
penetration was not possible. The temperature of the  

water was uniform throughout. Table M9 contains 
several chemical analyses of water from Faywood Hot 
Springs. Table 26 gives the heavy metals and radon-222 
concentrations in a sample collected December 5, 1974. 

Two analyses for tritium were made of the water from 
Faywood Hot Spring. The first, collected on May 1, 1957, 
measured 3.2-m.3 tritium units (von Buttlar, 1959, p. 
1037). The second, collected December 29, 1965, 
measured 70 ---1= 8 tritium units. 

Kennecott Warm Springs are so called in this report 
because the Kennecott Copper Company now owns 
them. A number of wells surround the old spring site, so 
it no longer flows. 

Because so many wells have been drilled, a good deal 
of information about the subsurface geology has been 
obtained. Fig. 43 shows the wells and test wells that 
have been drilled. Table 27 summarizes the data on the 
Kennecott Warm Springs test wells. Fig. 44 gives the 
bottom-hole temperature observed as the wells were 
drilled. The temperature observed seems to be indepen-
dent of discharge rate, specific conductance, and posi-
tion and number of slots in the casing. 

The spring discharged from rhyolite. Well 7 pene-
trated solid rhyolite over its entire depth; well 4 
penetrated rhyolite from 200 to 292 ft. Table M9 gives 
chemical analyses of samples from wells 3, 11, and 12. 
Table 26 gives the heavy metals observed in samples 
from wells 3 and 11. 

The driller's log of well 3 gave simply 0 to 223 ft of 
brown conglomerate. The driller's log of well 4 showed 
adobe, 0 to 20 ft; sand and gravel, 20 to 115 ft; 

 



 
conglomerate, 115 to 200 ft; and rhyolite, 200 to 292 ft. 
The driller's log of well 8 reported alternative intervals 
of sand, conglomerate, and rhyolite. The driller's log of 
well 11 reported only sand and conglomerate with some 
clay. 

Although several people mapped the Santa Rita 
mining area to the north in detail and Elston (1957) 
mapped the Dwyer quadrangle to the east, the imme-
diate area of Kennecott Warm Springs and Apache Tejo 
have been mapped only in the most general fashion by 
Paige (1916, 1932). 

He included the rock at Kennecott Warm Springs in 
his rhyolite or latite lava flow unit, which is of Tertiary 
age. He mapped the surrounding consolidated material 
as sand and gravel of Quaternary age. 

Although the water-level data were not obtained for 
the purpose of drawing a water table or piezometric 
surface and were less than ideal for such purpose, a plot 
of these data showed that the piezometric surface slopes 



 



to the south and also suggested that the slope of the 
piezometric surface at the spring is steeper than the 
slope either north or south of the springs. 

Bottom-hole temperatures suggest that the area of 
heat anomaly is significantly larger than the anomaly 
indicated by discharging water temperature. 

A pumping test on well 3 (September 27, 1950, to 
January 14, 1951) was not susceptible to conventional 
analysis because of the uncertainty of the boundary 
conditions. However, it did show that the transmissivity 
of the aquifer ranged from 5000 to 30,000 gpd/ft. The 
yield of the wells ranged from about 50 to more than 
1000 gpm. 

Development of Apache Tejo Warm Springs by the 
Kennecott Copper Company began before 1916 (Paige, 
1916). By 1965, 11 wells had been drilled, 5 of which 
are still active (fig. 45). Table M9 contains chemical 
analyses of the water from wells 4 and 5. Table 26 gives 
the heavy metal observed in samples from well 4. 

Well 4 was drilled to granite, so a reasonable 
interpretation for a basic stratigraphy of the area from 
the driller's log follows: 

Well 7 was also drilled to the Percha Shale and the 
remaining wells were drilled into the limestone of the 
Magdalena Group, which yielded water from solution 
channels. The drillers report cavities in every well 
where bits dropped 4 to 10 ft. Wells 4 and 7 are now 
open only in the Magdalena Group limestone. 

The net yield of the system ranges from 1000 to 3000 
gpm. Water levels in the available wells are so influ-
enced by pumpage that no estimate could be made of the 
slope of the piezometric surface in the region of the 
wells. 

WELL (19S.12W.12.000) 
E. Boone, a well driller, sent me the following log of a well 

he drilled in 1967



 



Pecos River Basin 
Montezuma Hot Springs (17N.15E.36.440) are the 

only thermal springs in the Pecos River basin. These 
springs have been studied repeatedly. Hayden (1869, p. 
64) wrote: 

The hot springs are most beautifully located in the valley of 
Gallinas Creek, just as it emerges from the mountains on the south 
side. The springs are twenty or thirty in number, and some of them 
are quite large. They vary in temperature from 80° to 140°. The 
spring from which the water is taken for the bath is quite hot, at 
least 140°. The supply is very abundant, enough to meet the demand 
for all time to come. There is no deposit about the spring, and the 
water is as clear as crystal. It was analyzed by Mr. Frazer, and 
found to contain carbonate of soda, carbonate of potash, and 
chloride of sodium, the potash in excess. 

It will be seen at once upon what its medicinal qualities depend. 
Every day in the week all the springs are occupied by women, in 
washing clothes. The water makes most excellent suds, and the ease 
with which the dirt is extracted from the clothes renders these 
springs great favorites. There is every facility for the proprietors to 
establish a place of resort for invalids and pleasure-seekers, when 
there shall be a sufficient demand. 

The temperature of these springs ranges from 90° Fahr. to 130° 
Fahr. 

No. 1. Temperature, 130° Fahr.; basin, six feet deep, five feet 
long, four feet wide; taste, weak saline; no odor observable; 
bubbles of carbonic acid constantly rising; yield, about fifteen 
gallons per minute. 

No. 2. Temperature, 123° Fahr.; basin, three by three and a half 
feet. 

No. 3. Temperature, 100.5° Fahr.; basin, two by three feet. 
No. 4. Temperature, 123° Fahr.; basin, two and a half by one 
and a half feet. 

In 100,000 parts of water are contained parts as follows: 

 
Loew (1875b, p. 110) noted that ". . . the percolating 

mineral water, which contains besides sulphate, carbon-
ate, and chloride of sodium, a trace of sulphurated 
hydrogen—a trace so small, however, that it is hardly 
perceptible by odor. . . ." 

Stevenson (1881, p. 350) wrote, "The Las Vegas Hot 
Springs are at the foot of the Archean exposure, close to 
its junction with the carboniferous. There are twenty-two 
of them, the greater number being found on the south 
side of the creek." 

Crook (1899, p. 334) wrote: 

These springs are situated upon the southeastern slope of the 
Santa Fe range of the Rocky Mountains at an altitude of 6767 feet 
above the sea-level. They are about forty in number, and vary in 
temperature from ice-cold to very hot, the thermal springs ranging 
from 110°F to 140°F. The final analysis of the waters of the largest 
of the latter, flowing 1250 gallons per hour, was made by Dr. 
Walter S. Haines, Professor of Chemistry at Rush Medical College, 
Chicago. 

Spring No 6 (Las Vegas Hot Springs) 
Saline 

One U.S. gallon contains: 

 
In more or less detail these observations have been 

repeated many times (Stevenson, 1881, p. 405-406; 
Peale. 1886, p. 194-195; Jones, 1904, p. 298-299; 
Lindgren, Graton, and Gordon, 1910, p. 71; Stearns, 
Stearns, and Waring, 1937, p. 168; and Waring, 1965, p. 
37). 

Hare and Mitchell (1912, p. 56-57) gave the following 
chemical analyses of a water sample collected during 
November 1910: 

 
From 1939 to 1952, the U.S. Geological Survey. 

collected samples (table M10) intermittently, and reports in 
their files showed the following: 

 
Results of steam flow measurements made by the 

U.S. Geological Survey during February 1966 at map 
location 24, fig. 46 and at the gaging station down-
stream showed the following: 

 
Assuming the difference to be due entirely to inflow at 

the springs, the spring flow was 325 gpm. 
Figure 47 shows the geology in the vicinity of 

Montezuma Hot Springs. The water discharges from 
fractured granite of Precambrian age. The granite 
ranges from a quartz-plagioclase pseudogranite to a 
potash-rich granite containing hornblende. A thin sec-
tion of one specimen contained 54 percent orthoclase, 
4 percent microcline, 3 percent albite, 31 percent 
quartz, 2 percent biotite, 1 percent opaques, and 3 
percent alteration clays. 

Four sets of fractures are apparent in the granite, E-
W to N. 24° W., N. 52° W. to N. 59° W., N. 75° W. to 
N-S, N. 23° E. to N. 38° E. The most pronounced 
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Tularosa Basin 
The Garton well (18S.8E.5.144) is in the Tularosa 

Basin on the White Sands National Monument grounds, 
about a mile east of the Sands themselves. It was 
drilled as an oil test before 1929, but the exact date is 
not known. This well flows naturally at the surface. 

In a letter dated June 5, 1965, Donald A. Dayton, 
Superintendent of the White Sands Monument, said, 

The hole had a 15 inch, a 10 inch, and an 8 inch casing at the 
surface in 1937. In July 1937, the casings were broken when an 
attempt was made to pull the casings. The casing was evidently 
offset at the break. Cratering occurred and the project of relining 
the well was abandoned. A copy of the log is attached. 

The flow is said to have been 1100 gallons per minute initially. 
An estimate in 1937 placed the rate of flow at ten to twenty gallons 
per minute. We suspect the present rate is about half of that figure. 
It is sufficient to maintain two acres of open lake and several acres 
of marsh. 

In 1937 the temperature of the water was reported as 96°F. A 
measurement at the well head earlier this year gave a reading of 
92°F. 

The driller's log by George E. Moffett follows: 

 0-783 Valley fills, clays and gypsum 
 783-797 Red sandstone 

 

The measurements in table 29 for December 12, 
1965, were made in the pond near the well. The average 
temperature of the water near the well was 89°F, the 
maximum at a depth of about 15 ft was 92.7°F, and the 
shallow pond, remote from the well, had an average 
temperature of 52°F. Air temperature was 64°F. 

 



San Juan River Basin 
WELL (15N.16W.30.3443) 

This well at the Fort Wingate Army Depot was drilled 
and test-pumped in 1968 under the supervision of the 
U.S. Geological Survey (Shomaker, 1969). The well 
was drilled to a total depth of 1945 ft and cased to 980 
ft. A packer test October 2, 1968, of the interval from 
1284 to 1945 ft produced a water sample which was 
reported to have a temperature of 142°F. The interval 
tested consists of the Meseta Blanca Member of the 
Yeso Formation and the Abo Formation. Table MI1 
contains the chemical analysis of the sample. 

The bottom-hole temperature on electric logs was 
reported to be TLTM (too low to measure). The well 
was plugged near the bottom of the casing, and the 
casing was perforated in the interval 726-928 ft, the 
Glorieta Sandstone, and tested. The water from this 
interval was not anomalous. 

PURE OIL COMPANY TESTS 
Two wells with anomalous temperatures were drilled 

in T. 19 N., R. 17 W. by the Pure Oil Company. The 
Navajo No. 1 (19N.I7W.29.000) was 7053 ft deep 
originally but was plugged to the surface and then 
unplugged to 2500+ ft. It flows 900 gpm from the 
Morrison Formation. 

According to notes in the files of the U.S. Geological 
Survey, on April I, 1966, the discharge temperature was 
97°F, and on September 9, 1963, it was 96°F. These 
notes indicated that the temperature fluctuated but did 
not give the range of fluctuation. Table Mll contains 2 
chemical analyses of the water from this well. 

The Pure Oil No. 3 (19N.17W.22.000) was drilled in 
1951. The well is 800 ft deep and also flows at the land 
surface. On March 13, 1975, the discharging water had 
a temperature of 95°F (T. Kelley, U.S. Geological 
Survey, personal communication). 



Thermal Waters Not Inventoried 
Several springs probably exist as reported, but 

because of their remote locations, they cannot be 
reached economically. A secondary reason for not 
inventorying these springs is that their remote location 
would preclude their use in the near future. 

The thermal waters and areas that probably exist but are 
not discussed include: 

Hot Springs in Turkey Creek in the Gila Wilderness 
(14S.16W.3.000 and 14S.16W.26.000): several local 
residents confirm the existence of thermal springs in this 
area. 
Hot Spring in the Gila Wilderness in a canyon north of 
the Middle Fork Gila River (1 I S.14W.25.000). 
Agua Caliente (23N.1E.3.000): this spring was reported 
by Rangers of the U.S. Forest Service. 
Spring Canyon area (17S.17W.34.000): the U.S. Soil 
Conservation Service reported (personal communica-
tion) that the Pacific Western Land and Cattle 
Company has a well or spring that flows 30 gpm from 
a 4-inch pipe at a temperature "too hot for bathing." 
Price-Daniels wells (24S.3E.31.000): the U.S. Soil 
Conservation Service reported (personal communica-
tion) 1000 to 2000 gpm water discharging from a 
group of wells 300 to 400 ft deep at a temperature 
"just right for bathing." 
Hot stock well (30S.19W.7.000): this well was re-
ported by the U.S. Soil Conservation Service (per-
sonal communication), and a well did exist at the 
location (June 20, 1966) but the windmill would not 
lift water for field tests; the well was drilled in 1938 
but no specific information is available for it from 
either state for federal files. 

Several reports of thermal areas proved to be unsatis-
factory. These include: 

A well (24S.18W.32.000) reported as "hot" (Sum-
mers, 1965a, p. 12) proved upon field inspection to 
have always produced waters at a temperature of less 
than 70°F; this well still belongs to the original 
owner. 
A thermal pipe (30S.20W.35.000) (Summers, 1965a, p. 
12) proved to be a travertine deposit that might have 
discharged thermal water in the past. 

Springs near La Madera (25N.8E.23, 24, 25, and 
35.000) (Stearns, Stearns, and Waring, 1937 and 
Waring, 1965). These springs appear to be the warm 
(70° to 85°F) springs in 25N.8E.36.100 and 200 on 
the west side of the Ojo Caliente River; except for 
those in sec. 25, no springs exist at the location 
given; moreover, independent conversations with 3 
longterm residents of the area indicated that no 
springs have ever existed at the locations given; the 
spring in sec. 25 had a temperature of 45°F, on 
December 2, 1965. 
Spence Spring (14N.3E.28.000) (Summers, 1965a, p. 
12); this is a poor location for Spence Hot Spring (19N 
.3E.28.310). 

Thermal waters reported but probably not existing at ie 
location given include the following: 

Hot spring on Diamond Creek (12S.13W.11.000) 
Hot spring near Diamond Creek (12S.13W.14.000) 
Warm spring (16S.12W.22.000); this is probably a poor 
description of Kennecott Warm Springs 
Spring on Gila River (14S.14W.16.000); location is not 
in Gila River, probably refers to 14S.16W.16.000, a 
spring reported to exist on or near Turkey Creek 

The thermal waters reported as having temperatures f 
more than 90°F but which had temperatures of less 'Ian 
90°F when visited in the field include the follow- 

Well (2 IS.1W.20.200); discharging water had a tem-
perature of less than 70°F; the well owner, who had 
the well drilled, said the temperature had never been 
greater. 
Statue Spring (25N.8E.26.400); December 2, 1965, the 
temperature of this spring was 82.5°F at a depth of 9 ft 
below land surface and the specific conductance was 
1200 micromhos. 
Ojo Caliente, Socorro County (8S.7W.30.000); 
December 13, 1965, the maximum temperature of the 
discharging water was 82.7°F and the specific 
conductance was 750 micromhos. 
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