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HYDROGEOCHEMISTRY AND GEOTHERMAL POTENTIAL

OF MONTEZUMA HOT SPRINGS, NEW MEXICO

FRASER GOFF! anp CATHY J. GOFF?
! Dept. of Earth and Environmental Science, New Mexico Institute of Mining and Technology, Socorro, NM, candf@swcp.com
2 Consultant, Los Alamos, New Mexico

ABSTRACT—The Montezuma Hot Springs discharge relatively dilute Na-CI-HCO;-SO; fluid having moderate silica con-
tents (<80 ppm SiO,) and amazingly high fluoride contents (up to 23 ppm F). There is no geochemical indication that the hot
spring fluid is derived from a more concentrated, high-temperature (>150°C) reservoir fluid. Stable isotope relations show that
the hot spring fluids are composed of local meteoric water. Tritium data show that the hot spring fluids are at least 50 to 70
years old based on a simple “piston-flow” model, and possibly several thousand years old based on a more complicated “well-
mixed” model. The 3He/*He R/R4 value of hot spring fluid is only 0.083, indicating that there is virtually no primordial helium
in the hot spring fluids and that there is no magmatic heat source for the underlying reservoir. The springs issue from crushed
and fractured rocks at the intersection of the Montezuma Fault and the Rio Gallinas, and therefore fit a deep fault circulation
conceptual model. Using a standard suite of chemical geothermometers, a reasonable estimate of the maximum reservoir
temperature is about 115°C and a minimum reservoir temperature is about 90°C. Using a mass balance approach and a crude
estimate of flow rate in the Rio Gallinas (September 1995), the estimated total discharge rate of end-member fluid from the
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Montezuma Hot Springs is 180 1/min (£30%).

INTRODUCTION

This paper provides a geothermal resource interpretation
of hydrogeochemical data from Montezuma Hot Springs,
New Mexico (Fig. 1). The authors obtained the data from 1987 to
present. Samples acquired in 1993 through 1995 were collected
to provide information for a failed Hot Dry Rock geothermal
project conducted by Los Alamos National Laboratory for the
benefit of the United World College (Nickerson, 1995). These
data have not been previously published. Another geothermal
assessment was conducted in the mid-1990s by Witcher (1997).
Based on these earlier results and our own evaluation, we believe
the Montezuma Hot Springs issue from an intermediate tempera-
ture (roughly 115°C) geothermal resource of small to modest size
that could be used for a rebuilt spa, and/or very small-scale green
housing or aqua culture. The resource is not hot or large enough
to effectively generate electric power or provide space heat for
the United World College.

MONTEZUMA HOT SPRINGS

Roughly 20 to 30 hot springs and seeps (<55°C) discharge
along the banks of Gallinas Creek (Rio Gallinas) about 10 km
WNW of Las Vegas, New Mexico (Fig. 2). Initially, the springs
were used for bathing and clothes washing (see historical details
in Summers, 1976). In the late 1800s, the springs were devel-
oped into a fancy resort and spa after a large Victorian style hotel
(referred to as the Montezuma Castle) was built on the property.
By the mid-1900s, the resort and hotel met financial hard times.
In 1981, American tycoon Armand Hammer bought the scenic
and historic property and converted it into one of many United
World Colleges. In 1997, the National Trust for Historic Pres-
ervation placed the old “castle” on the list of America’s Most
Endangered Historic Places. In 2000-2001, the college invested

Appendix data for this paper can be accessed at:
http://nmgs.nmt.edu/repository/index.cfm?rid=2015005

$10.5 million dollars into restoration and “The Castle” became
the Davis International Center. The UWC continues to allow free
bathing in the hot springs for the local populace.

Summers (1976) provides a summary of previous work on
the hot springs including some early geochemistry, and a good
map of the spring area circa 1960. The geology of the area was
mapped in detail by Baltz (1972). Bejnar and Bejnar (1979)
recounted another interesting history of the area, added some
structural geology and offered an early geothermal assessment.
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FIGURE 1. Map showing location of Montezuma Hot Springs with respect
to major roads, the city of Las Vegas, and the United World College.
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Witcher (1997) outlined a geothermal model of the hot spring
system. Later, Witcher (2007) indicated that the spring system is
associated with the convergent margin of a Laramide basement-
cored uplift, a common structural feature of many New Mexico
geothermal systems. The heat flow is estimated at about 105 £20
mW/m? (2.3 £ 0.5 HFU) with an average geothermal gradient
of about 50°C/km over an area of at least 100 km? (Reiter et al.,
1979, fig. 1 and tables).

The springs and seeps issue primarily from a boggy slope on
the south side of the Rio Gallinas. A few seeps can also be found
on the north bank. The entire thermal area extends for about 500
m along the river. Through time, estimates on the number of ther-
mal features vary from about 20 to 40 with temperatures ranging
from “tepid” to 60°C. From 1982 to present, we visited the site
several times, examining roughly 20 thermal features and two
defunct wells. The maximum measured discharge temperature
was 55°C. The original bathhouses, pools and other structures
are in ruins. Invariably, local residents were bathing in the better
spring sites, many of which had been re-engineered with shovels
and concrete to create small canals to bathing pools. Significantly,
there are no hot spring deposits such as sinter or travertine, and
none of the springs or seeps discharged free gas at the times we
visited the area, although some springs occasionally release small
bursts of what appears to be mostly air. One previous investigator
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(around 1875) mentions a “trace of hydrogen sulfide hardly per-
ceptible by odor,” but we have not reliably detected this smell. In
early November 2014, we re-examined the site and measured the
temperature and flow rates of the largest springs that were acces-
sible (Table 1 and Figs. 3A to 3J). The total flow of these sites was
<57 1/min. We could not access the spring in the Main Bathhouse
because it was barred and locked (Fig. 3J).

Geologically, the rocks east of the springs consist of steeply
dipping Devonian through Cretaceous sedimentary strata folded
into a spectacular series of north-trending hogbacks (e.g., Fig. 4).
The sedimentary beds dip 60° east to vertical. In some locations,
the beds are overturned. These folded rocks are in fault contact
to the west with relatively undeformed Precambrian granitic
and metamorphic rocks along the Montezuma Fault (Fig. 2).
Mostly flat lying Paleozoic rocks overlie the Precambrian. The
springs issue from crushed and fractured rocks at the intersection
of the Montezuma Fault and the Rio Gallinas (Fig. 3D). Shat-
tered Precambrian rocks are visible in several locations along
the river and the adjacent highway in the vicinity of the springs.
Displacement along the fault is at least 610 m, down to the east.
The Rio Gallinas flows southeast, cutting across the faulted and
folded rocks, but does not appear to be fault-controlled. Signifi-
cantly, there is little to no hydrothermal alteration of the faulted
and folded rocks.
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FIGURE 2. Map of Montezuma Hot Springs (modified from Summers, 1976, fig. 47) showing locations of springs and seeps, the old bath-
house, the geology, and sites examined in November 2014 (Table 1). Fault zone labeled on extreme right side of figure refers to the north-
trending Montezuma Fault Zone.
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FIGURE 3. Photos of Montezuma Hot Springs in November 2014 (see also Table 1): A. Small bathing pool, site 1; B. Large cascading bathing pools
at site 2, called St. Michael’s Spring by local bathers in the mid-1990s; C. View from site 2 across Rio Gallinas to the Montezuma Castle; D. Fractured
Precambrian rocks in the seep east of site 2; E. View WSW at old concrete crib or tank that presently hosts the “hottest spring” measureable in Novem-
ber 2014 (site 3, 53.9°C); F. Two soaking pools and bench constitute site 4 just NE of site 3; G. Discharge from site 4 was measured at 10.0 1/min;
H. Bathing pool at site 5 west of old bathhouse; I. Long bathing pool, site 7, collects overflow from sites 5 and 6; J. Entrance to old bathhouse which
is now barred and locked. Several samples in excess of 54°C were collected from here in the 1990s. (See also Color Plate 4)



