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GEOLOGY AND MINERAL RESOURCES IN THE OJO CALIENTE 
NO. 2 MINING DISTRICT, SOCORRO COUNTY, NEW MEXICO

Virginia t. mclemore
new mexico Bureau of geology and mineral resources, new mexico institute of mining and technology, socorro, nm 87801, ginger@gis.nmt.edu

AbstrAct—the ojo caliente no. 2 mining district is located in the northern sierra cuchillo in southwestern socorro county. 
Volcanic-epithermal vein deposits (taylor mine) and the apache Warm springs volcanogenic beryllium deposit are found in 
the district. at least three separate geothermal systems are present in the ojo caliente no. 2 mining district in the montoya 
Butte quadrangle: 1) the oldest system forming the volcanic-epithermal veins (~28-36 ma), 2) the system forming the apache 
Warm springs beryllium deposit and associated alteration (~24.4-28 ma), and 3) the current, modern system related to ojo 
caliente, Willow springs, and other warm springs feeding cañada alamosa. Copper-silver production has been insignificant 
from the volcanic-epithermal veins and a small quantity of uranium ore reportedly was produced from the beryllium deposit. 
the resource potential of the volcanic-epithermal veins is low with a moderate to high degree of certainty, because the vein 
deposits exposed at the surface are low grade and too small for economic development in the current market. the resource 
potential of the apache Warm springs beryllium deposit is low to moderate with a moderate to high degree of certainty, because 
the known extent of the beryllium deposit at the surface and in the subsurface where drilled is low grade and too small for 
economic development in the current market. But, additional exploration drilling could locate additional beryllium. deposits 
of uranium and rare earth elements could be associated with the beryllium deposit. any potential exploration or subsequent 
mining would have to plan for environmental issues, especially the effects of mining on the ojo caliente and adjacent warm 
and cold springs feeding the cañada alamosa. 

INTRODUCTION

the ojo caliente no. 2 mining district (also known as the 
Taylor district, district identification number DIS230, New 
mexico mines database, mclemore et al., 2005a, b) is located in 
the northeastern Mogollon-Datil volcanic field in northern Sierra 
cuchillo in southwestern socorro county, central new mexico 
(Fig. 1). Volcanic-epithermal vein deposits (taylor mine) and 
the apache Warm springs volcanogenic beryllium deposit (also 
known as the sullivan ranch site; Hillard, 1967, 1969; meeves, 
1966; mclemore, 2010a) are found in the district. the ojo cali-
ente no. 2 mining district is one of numerous epithermal-vein 
deposits found in southwestern new mexico (mclemore, 1996a, 
2001) and southeastern arizona (Keith et al., 1983) and the dis-
trict also is one of a few districts in new mexico that contains sig-
nificant beryllium deposits not hosted by pegmatites (McLemore, 
2010b, c). the purposes of this report are 1) summarize the geol-
ogy, geochemistry, and mineral production of the district, 2) dis-
cuss the age and formation of these deposits, and 3) comment on 
the future economic potential of mineral deposits in the district.

METHODS OF STUDY

this work is part of ongoing studies of mineral deposits in 
new mexico and includes updates and revisions of prior work 
by north and mclemore (1986, 1988) and mclemore (1996a,b, 
2001, 2010a, b, c, 2012a). This report is part of a field mapping 
project of the montoya Butte 7½ quadrangle (mclemore, 2010a, 
2012a) and an evaluation of beryllium resources in new mexico 
and adjacent areas (mclemore, 2010b, c). names of types of 
mineral deposits (i.e. volcanic-epithermal veins and volcano-
genic beryllium deposits) are from cox and singer (1986), north 
and mclemore (1986, 1988), mclemore (1996a,b, 2001) and 
Foley et al. (2010). 

The first stage in any geologic investigation is compilation 
and interpretation of all available published and unpublished 

geological, geochemical, hydrological, geophysical, and mineral 
production data. mineral databases were examined, including the 
mineral resource data system (mrds) of the U.s. geological 

FigUre 1. location of ojo caliente no. 2 mining district in central 
new mexico.
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survey (mason and arndt, 1996), the minerals industry loca-
tion system (mils) of the U.s. Bureau of mines (U.s. Bureau 
of mines, 1995), U.s. Forest service abandoned and inactive 
mines database, amlis (U.s. Bureau of land management), the 
new mexico mines database (mclemore et al., 2005a, b), and 
unpublished files at the NMBGMR. Mineral occurrences, depos-
its, mines, prospects, and mills were identified using these data-
bases and plotted on base maps, and updated in the new mexico 
mines database (mclemore, 2010a). geophysical data (regional 
magnetic and gravity maps), aerial photographs, and landsat 
satellite imagery of the project area were examined. Using these 
data, areas of anomalous structural complexity, hydrothermal 
alteration, mineralization, and anomalous coloration were delin-
eated, examined, mapped and sampled. many of the mines, pros-
pects, and mineral deposits were examined as part of a regional 
study of mineral resources in sierra county in 1998-2005 and 
additional examination of mines, prospects, and mineral depos-
its was conducted in 2005-2009 during geologic mapping of the 
montoya Butte quadrangle (mclemore, 2010a, 2012a). geo-
logic mapping of the montoya Butte quadrangle was at a scale 
of approximately 1:12,000, using the Usgs topographic map as 
a base by the author as part of the nmBgmr state geologic map 
and mineral resources programs (mclemore, 2012a). cross sec-
tions were constructed (mclemore, 2012a). 

GEOLOGIC AND TECTONIC SETTING 

the ojo caliente no. 2 mining district lies in a tectonically 
active and structurally complex area of the southwestern U.s. 
that is known for numerous types of mineral deposits associated 
with eocene-oligocene volcanic rocks. the mogollon-datil vol-
canic field is part of a late Eocene-Oligocene volcanic province 
that extends from west-central new mexico southward into chi-
huahua, mexico (mcdowell and claubaugh, 1979; mcintosh et 
al., 1991, 1992a, b; chapin et al., 2004). in southwestern north 
america, tertiary volcanic activity began ~40-36 ma with the 
eruption of andesitic volcanism, followed by episodic bimodal 
silicic and basaltic andesite volcanism during ~36 to 24 ma 
(cather et al., 1987; marvin et al., 1988; mcintosh et al., 1992a, 
b). approximately 25 high- and low-silica rhyolite ignimbrites 
(ash-flow tuffs) were erupted and emplaced throughout the 
Mogollon-Datil volcanic field during the second event. Source 
calderas have been identified for many of the ignimbrites (McIn-
tosh et al., 1992a, b; chapin et al., 2004). the western edge of the 
nogal canyon caldera lies east of the ojo caliente district and the 
red Paint canyon fault zone could be a ring fracture of the cal-
dera (Fig. 2; mclemore, 2010a). subsequent faulting, hydrother-
mal alteration, and volcanism have offset, altered, and covered 
portions of the ignimbrites, which creates difficulties for regional 
correlations.

a summary of the geologic units in the ojo caliente no. 2 
mining district is in table 1, shown in Figure 2, and described 
in detail by mclemore (2010a, 2012a) and maldonado (1974, 
1980, 2012). Permian sedimentary rocks are exposed in the 
southwestern portion of the area and likely underlie much of the 
area at depth. Volcanic rocks include an older sequence of andes-

ite, lahar, and latite (around >38-36 ma) followed by a younger 
sequence of ash flow tuffs and rhyolite lavas (around 22-29 Ma) 
associated with the formation of the nogal canyon (28.4 ma) and 
Bear trap canyon (24.4 ma) calderas in the san mateo moun-
tains. the datil group contains all late eocene-early oligocene 
volcanic strata up to the 31.8 to 29.4 ma regional hiatus in vol-
canism, according to the definition of Cather et al. (1994). This 
includes the andesite of monticello Box, lahar, and latite of mon-
toya Butte. additional calderas have been recently proposed in 
the area but are not shown on Figure 1 (Ferguson et al., 2012). 
Local alkaline basalt flows are ~18 Ma (40ar/39ar; mclemore et 
al., 2012), overlie the older tertiary sedimentary rocks and are 
similar in composition to basalt flows in central New Mexico 
that are 2-4 ma (mclemore, 2010a). local and regional fault-
ing formed the Monticello graben where Cañada Alamosa flows 
between the san mateo mountains and sierra cuchillo (Fig. 2). 
Quaternary sedimentary rocks eroded from the san mateo moun-
tains and Sierra Cuchillo filled the Monticello graben and formed 
a series of alluvial fans, pediments and stream terraces. cañada 
alamosa cut through the tertiary sedimentary rocks and the ~18 
Ma basalt flows.

a major fault zone, red Paint canyon fault zone (mclemore, 
2010a), separates the volcanic rocks in the ojo caliente no. 2 
district from Quaternary sedimentary rocks of the upper alamosa 
creek basin (Fig. 2). the red Paint canyon fault zone consists 
of several parallel and subparallel faults and fractures west of 
monticello Box (Fig. 2; mclemore, 2010a, 2012a). the beryl-
lium deposits are along the southern portion of this fault zone and 
the volcanic-epithermal copper-silver vein deposits are east and 
south of the red Paint canyon fault zone. ojo caliente, Willow 
springs, and other the warm and cold springs feeding the cañada 
alamosa, alum spring, and two water wells also are within the 
red Paint canyon fault zone. this fault zone truncates and off-
sets older faults (mclemore, 2010a, 2012a). 

MINING HISTORY

the name of the ojo caliente no. 2 mining district is from 
lasky (1932) and File and northrop (1966), although the dis-
trict also has been called the taylor district, after the name of 
the first known mine. Mineral deposits in the Ojo Caliente No. 2 
district include volcanic epithermal vein deposits (lasky, 1932; 
mclemore, 1996a) and volcanogenic beryllium (volcanic-hosted 
replacement, volcanic-epithermal, spor mountain Be-F-U depos-
its; lindsey and shawe, 1986; Foley et al., 2010). only one mine 
has yielded metals production from this district, the taylor mine 
(mine identification number NMSO0073, New Mexico Mines 
database), which yielded one car load of copper, silver, and 
lead ore about 1950. several veins of calcite, quartz and locally 
fluorite, possibly with trace base metals, are found throughout 
the district (mclemore, 2010a). during the uranium boom a 
small amount of uranium was produced from red Paint canyon, 
according to Hillard (1967, 1969). 

Beryllium, found as mostly as bertrandite (H2Be4si4o9), was 
first noted in Red Paint Canyon about 1961 by M. Howard Milli-
gan (NMBGMR files). Shawe (1966) included the Apache Warm 
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taBle 1. descriptions of geologic units in the northern sierra cuchillo and western san mateo mountains, montoya Butte quadrangle, socorro 
County, youngest to oldest (age dates, thickness, and descriptions are modified from Jahns et al., 1978, 2006; Hillard, 1967, 1969; Maldonado, 1974, 
1980, 2012; mccraw, 2003; lynch, 2003; Ferguson et al., 2007; mclemore, 2010a, 2012a; mclemore et al., 2012).

Symbol Unit (age) Description Thickness  (m)

af artificial fill areas of disturbed, excavated, or filled ground due to human activity, commonly earthen dams 
or stock tanks

Qal modern alluvium valley bottom clays, sands, and volcanic gravel deposits found in modern and active stream 
channels and adjacent floodplain deposits 0-2

Qa valley-floor alluvium
alluvium occupying the floors of modern valleys that is composed of fine-grained sediment 

with minor coarse channel-fills;  Historical erosion has formed low terraces whose upper sur-
face (i.e., tread) lies less than 2-3 m above adjacent major streams

2-6

Qc colluvium and talus, undi-
vided

colluvium and talus deposits on hill slopes that are composed of sand and volcanic gravels; 
these deposits conceal bedrock 0-6

Qtsf santa Fe group
undivided, poorly to moderately consolidated clay-silt, sand, and gravels comprising the main 
piedmont  alluvial fans and bajadas adjacent to uplands, locally includes some terrace deposits 

(Qt); thickness 0-390+ m (in part after mcgraw, 2003)

0-390+  (Qtc, 
Qt, Qp, Qa, Qal)

Qt terrace surfaces, undivided
clays, silts, sands and volcanic gravels forming upper terrace deposits (above active stream 

channels and floodplains), subdivided by age/inset relationships where possible (Qtm, Qtv, Qts) 
(in part after mcgraw, 2003)

3-8

Qtm montoya terrace (youngest)
Fifth or youngest terrace, Qt5-3-15 m above modern grade of cañada alamosa; unit consists 

of silt, sand, gravel, and boulders (mostly rhyolite), generally well-developed, cemented soils; 
locally unconformable on tertiary volcanic rocks; 3-8 m thick

3-8

Qtv Victorio terrace (second 
youngest terrace)

Fourth terrace, Qt4-10-30 m above modern grade of cañada alamosa; unit consists of silt, sand, 
gravel, and boulders (mostly rhyolite), generally well-developed, cemented soils; 3-8 m thick 3-8

Qts san mateo terrace (third 
youngest terrace)

third terrace, Qt3-15-45 m above modern grade of cañada alamosa; unit consists of silt, sand, 
gravel, and boulders (mostly rhyolite), generally thin soil and some caliche development; 3-8 m 3-8

Qp Pediment deposits poorly to moderately consolidated sand and gravel similar to that found on terraces; larger sur-
faces are  included in Qtsf, includes the Burma pediments 0-8

Qtc
santa Fe group—basal con-

glomerate well-cemented, orange to brown to buff, poorly sorted conglomerates and sandstones composed 
of volcanic material 0-9

tb basalt (18 ma; mclemore et 
al., 2012)

fine grained, black to dark gray basalt flows and sills, <1% phenocrysts of feldspar, olivine, and 
late-stage calcite, vesicular to massive with local pillow-like texture 0-10

tc volcaniclastic sedimentary 
rocks

well-cemented, massive to thin-bedded, volcaniclastic conglomerate, sandstone, and siltstone; 
includes a white ash-fall or ash-flow tuff north of Black Mountain 0-7

tan andesite flows andesite flows interbedded with volcaniclastic sedimentary rocks (Tc) 0-7

tts
turkey springs tuff (24.4 

ma; lynch, 2003; 24.5 ma, 
mclemore, 2010a)

gray, welded to nonwelded  tuff containing 5-30% phenocrysts (quartz, sanidine, biotite) (Fer-
guson and osburn, 2007) 0-60

tas rhyolite of alum spring interbedded rhyolite ash-flow tuff, lava and volcaniclastic beds with strong argillic (acid-sul-
fate) alteration, thickness 0-350 m in drill holes 0-350?

til granite of Kelly canyon (28.3 
ma; lynch, 2003)

pinkish gray to gray holocrystalline to porphyritic granitic stocks, typically with large K-feld-
spar phenocrysts intrusion

tac
rhyolite of alamosa canyon 

(28.4 ma; lynch, 2003; 
mclemore, 2010a)

pinkish gray to gray rhyolite lava, phenocryst poor (1-3% sanidine, 1-3% quartz, locally 
amethyst or smokey, 1-5% biotite, pseudobrookite), with contorted flow bands, brecciated and 
vuggy (especially near the top), local sphereulitic texture, interbedded with local ash-flow tuffs 

and vitrophyre, thickness 0-300+ m

0-300+

tvp Vicks Peak tuff (28.4 ma; 
lynch, 2003)

pinkish-gray, welded rhyolite ash flow tuff, phenocryst poor (1-10% sanidine, biotite), 4-15% 
pumice, locally columnar jointed 0-690+

tr rhyolite dikes pink gray rhyolite dikes intrusion
tbd andesite to basalt dikes dark gray to black to olive green andesite to basalt dikes, locally with porphyritic texture intrusion

tgr granite to quartz monzonite pink to gray, coarse- to fine-grained granite to quartz monzonite, consisting of K-feldspar, pla-
gioclase, quartz, and biotite (Hillard, 1963) intrusion

tql latite to quartz latite dikes greenish gray to brown gray, porphyritic quartz latite dikes, 5-10% phenocrysts of albite, some 
carlsbad twins, xenoliths common (Hillard, 1963) intrusion

tpl latite of montoya Butte (35.7 
ma, mclemore, 2010a)

platy, gray to brown gray latite, up to 60% phenocrysts of sanidine, plagioclase, and biotite, 
locally interbedded with green to gray siltstone and sandstone 0-185

tmbx lahar (mudflow) mudflow, matrix supported, contains andesite and rhyolite boulders and cobbles 0-220
tmb andesite of monticello Box black to gray, porphyritic to aphanitic andesite 0-120

Py Yeso Formation and san 
andres limestone, undivided Brown, thin- to medium-bedded sandstone and siltstone, and dark gray, fine-grained limestone <643 in Sierra 

cuchillo 
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FIGURE 2. Simplified geologic map of the Ojo Caliente No. 2 mining district in the northern Sierra Cuchillo and western San Mateo Mountains, 
Montoya Butte quadrangle (simplified from McLemore, 2010a, 2012a). See Table 1 for definition of legend symbols. Color version of this map can be 
found on Plate 2, p. 174.



551ojo caliente no. 2 mining district

springs beryllium deposit as part of the new mexico-arizona 
beryllium belt, which also includes iron mountain to the south 
(Fig. 1). Meeves (1966) described the results of field reconnais-
sance mapping, trenching, and drilling for beryllium by a com-
mercial company under contract to the U.s. Bureau of mines. 
eighteen holes were drilled as part of these early exploration 
efforts (summarized in mclemore, 2010a). 

the Beryllium group, llc controlled the apache Warm 
springs beryllium deposit in 2001-2002, and drilled 14 holes 
(mining engineering, 2002). great Western exploration, llc 
controlled the property from 2004-2007 (P and e mining consul-
tants inc., 2009). in october 2007, Be resources inc. acquired 
the property and was issued exploration permits for additional 
drilling. drilling began in september 2010 (summarized in 
mclemore, 2010a) and the company dropped the project in 
august 2011 due to economic considerations. there has been no 
beryllium production from the property. 

Beryllium, tungsten, and iron have been produced from the 
iron mountain deposit (cuchillo negro mining district), which is 
south of the apache Warm springs deposit in the sierra cuchillo 
(Fig. 1; Lovering and Heyl, 1989). Griffitts and Alminas (1968) 
conducted a stream-sediment reconnaissance of the monticello 
Box area for base metals and found the area to have numerous 
minor geochemical anomalies, but did not analyze for beryllium.

DESCRIPTION OF MINERAL RESOURCES

Volcanic-epithermal vein deposits

the volcanic-epithermal veins in the ojo caliente no. 2 
mining district are small and occur exclusively along faults and 
fractures within fault zones (Fig. 3). three types of veins are 
found in the district, copper-silver veins (<4.5 m wide), calcite 
veins (<2 m wide), and quartz veins (<2 m wide). The Taylor 
mine is the only vein developed by a shaft (Fig. 4); only a few 
small prospect pits are found along some of the other veins in the 
district (mclemore, 2010a, 2012a). detailed descriptions of indi-
vidual prospects and mineral deposits are in mclemore (2010a).

the copper-silver veins are found at the taylor mine, east of 
the red Paint canyon fault zone (Fig. 3). the shaft is estimated to 
be 38 m deep with 29 m of drifts at the bottom (lasky, 1932), and 
is above the water table. Quartz veins with copper minerals strike 
n65-75°e and dip 80°nW to vertical and cut altered andesite. 
The andesite is altered to epidote and chlorite and silicified. The 
main vein at the taylor mine is approximately 4.5 m wide, 300 m 
long and contains various amounts of malachite, azurite, chryso-
colla, and cerussite with iron and manganese oxides. a reported 
assay contained 61.7% Pb, 1.2% Cu, 433 ppm Ag, and 0.65 ppm 
au (lasky, 1932). a sample collected from the mine waste rock 
pile for this study contained 1.29% Pb, 0.99% Cu, and 1.65% Zn 
(mclemore, 2010a; silver and gold were not analyzed).

A second type of vein deposit is simple fissure-filling or 
fracture-coating of white calcite with minor colorless to green 
fluorite and colorless to white quartz (Fig. 5; McLemore, 2010a). 
the calcite is typically coarse-grained, with white calcite crys-
tals as large as several centimeters. complex vein textures, such 

as banding, multiple brecciation and rhythmic layering typical 
of most volcanic-epithermal districts (mclemore, 1996a), are 
generally absent. these calcite veins are variable in size, rarely 
exceeding 1 m wide and usually less than 30 m long. chloritiza-
tion, epidotization, and locally silicification are found adjacent to 
the calcite veins. Coarse-grained calcite also is locally found fill-
ing fractures, amygdules, and cavities within the andesite flows. 
No visible pyrite or any other sulfides are found. Fluorite rarely 
exceeds a few percent.  

a third type of vein consists mainly of quartz that is brecci-
ated, bifurcating, sinuous, and pinches and swells along strike. 
it locally contains calcite, epidote, chlorite and clay minerals. 
these veins exhibit one or two stages of brecciation cemented 
by quartz. complex vein textures, such as multiple brecciation 
and rhythmic layering, are typically absent. these veins are vari-
able in size, rarely exceeding 2 m wide and usually less than 50 
m long. a few of these veins are banded with calcite cores sur-
rounded by quartz-epidote, but there is no visible pyrite or other 
sulfides. Typically silicification, chloritization, epidotization, and 
clay alteration are found along and between the veins. 

the most extensive alteration adjacent to and along faults in 
the district is silicification. Silicified zones vary in width along 
strike and some zones reach widths of several tens of meters. 
locally parallel or bifurcating faults or veins occur that are sepa-
rated by silicified and locally brecciated host rock. Quartz and 
calcite occur as amygdules, fracture coatings, thin quartz veins, 
breccia cements, and as replacements of primary minerals near 
the faults. locally, chloritization, argillization, and sericitiza-

FigUre 3. geologic map of the taylor mine area, ojo caliente no. 
2 mining district, socorro county, new mexico (mclemore, 2010a, 
2012a).
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tion occur in a halo surrounding mineralized faults. epidote can 
occur within this halo and indicates temperatures of formation 
>200°c (mclemore, 1993). the volcanic-epithermal veins in the 
ojo caliente no. 2 district are simple quartz-calcite veins and 
one copper-silver vein that indicates warm to hot hydrothermal 
waters circulated through the area along faults and fractures. 

Apache Warm Springs volcanogenic beryllium deposit

The most significant mineral deposit in the Ojo Caliente No. 
2 district is the apache Warm springs volcanogenic beryllium 
deposit (Fig. 6, 7; mine identification number NMSO0152).  
Volcanogenic beryllium deposits have been previously called 
volcanic-hosted replacement, volcanic-epithermal, and spor 
mountain Be-F-U deposits (lindsey and shawe, 1986; Foley et 
al., 2010; mclemore, 2010b, c). a detailed geologic map and 
cross section as interpreted by the author is in Figure 6. Bertran-
dite (Be4si2o7(oH)2) is found in small quartz veins and string-
ers, along fractures with clay minerals, and disseminated with 
the rhyolite and rhyolite ash-flow tuff. Drilling is summarized 

FigUre 4. taylor shaft, looking east.

FigUre 5. Brecciated quartz veins, eastern montoya Butte quadrangle.

FigUre 6. geologic map and cross section of the apache Warm springs 
beryllium deposit and adjacent area (n section 6, t9s, r7W; mclemore, 
2010a). interpretations are by the author from examination of drill cut-
tings, using available drill data (mclemore, 2010a), and surface map-
ping. A color version of this figure is presented on Plate 3, p. 175.
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in mclemore (2010a, b). meeves (1966) reports assays as high 
as 2.05% BeO in drilling during the U.S. Bureau of Mines drill-
ing program, additional chemical analyses for beryllium are in 
mclemore (2010a). only one hole in the recent drilling, Be18a, 
contained beryllium analyses higher than 50 ppm, with the high-
est analysis of 2600 ppm Be (Fig. 6; P and e mining consul-
tants, inc., 2009; mclemore, 2010a). low values of rare earth 
elements also are found (<2000 ppm). It is possible that the beryl-
lium deposit could continue south of the known extent in red 
Paint canyon (Figs. 2, 6), as indicated by the magnetic anomalies 
(mclemore, 2010a). 

the depth to water at the apache Warm springs deposit varies 
from 16 to 152 m, as determined by drilling (mclemore, 2010a). 
drilling indicates that several perched water tables and/or water-
bearing zones in the rhyolite are present and the perched water 
zones and the rhyolite lavas are offset by faulting (Fig. 6; meeves, 
1966; mclemore, 2010a). at least one of the recent drill holes 
was converted to a stock well for the rancher who owns the area.

Alteration

the apache Warm springs volcanogenic beryllium deposit is 
characterized by intense acid-sulfate alteration (also known as 
advanced argillic alteration), which produces the multiple shades 
of white, red, yellow, orange, purple, green, brown, and black that 
gives red Paint canyon its name. this type of alteration typi-
cally forms a zoned halo surrounding the mineral deposit and is 
an attractive target for prospecting, especially for volcanic-epi-
thermal gold-silver veins, porphyry copper, molybdenum, and 
volcanogenic beryllium deposits, to name a few types of associ-
ated mineral deposits. a modern analog for the formation of this 
alteration and beryllium mineralization would be a geothermal 
system, such as the norris geyser Basin in Yellowstone national 
Park (Muffler et al., 1971; Henley and Ellis, 1983; Kharaka et al., 
2000; rodgers et al., 2002). 

the alteration at the apache Warm springs beryllium deposit 
can be differentiated into two zones on the basis of mineralogy, 
texture, and inferred temperatures as (1) clay zone and (2) silici-
fied zone (Fig. 8). Boundaries between the zones are typically 
gradational and are distinguished by quartz content and texture. 
the altered areas are characterized by the leaching and replace-
ment of the matrix and primary minerals in the original host rock 
by kaolinite, illite, quartz, hematite, and locally illite/smectite, 
pyrite, anatase, alunite, bertrandite, and possibly pyrophyllite. 
the texture of the original lithologies (tas) is typically destroyed 
and replaced by clay minerals. the largest of these altered areas 
are mapped in Figure 8. stratigraphic position and relict textures 
suggest that original lithologies were volcaniclastic rocks and 
rhyolite ash-flow tuffs (rhyolite of Alum Spring, Tas), and possi-
bly were part of a rhyolite dome structure. the intensity of altera-
tion varies and some primary minerals such as quartz, titanite, 
zircon, and apatite are locally preserved. the alteration is older 
than the Quaternary-tertiary sedimentary rocks, which are unal-
tered and contain boulders and clasts of the altered tuff (tas).

the outermost altered zone in apache Warm springs beryl-
lium deposit is designated the clay zone, which is characterized 
by the alteration and replacement of the matrix and primary min-
erals in the host rock by kaolinite, illite, quartz, hematite, and 
locally illite/smectite, pyrite, anatase, tridymite, diaspore, alunite, 
despujolsite(?), and rare pyrophyllite. this mineral assemblage 
results in bleached and iron-stained rocks that occur in multiple 
shades of white, red, yellow, orange, purple, green, brown, and 
black. the intensity of alteration varies and locally some primary 
minerals such as quartz, titanite, zircon, and apatite are locally 
preserved. some areas within the clay zone are soft and friable 
and consist only of clay minerals. this alteration represents the 
outermost altered zone typical of many acid-sulfate altered areas 
in many districts, where this alteration forms a halo surrounding 

FigUre 7. apache Warm springs beryllium deposit (black line), as 
delineated by P and e mining consultants, inc. (2009) as determined 
from trenching and drilling, looking northeast (n section 6, t9s, r7W).

FigUre 8. alteration map of the apache Warm springs beryllium 
deposit. The western fault (between BE27 and BE24) is identified from 
drilling data (mclemore, 2010a).
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precious- and base-metal vein deposits (mclemore, 1993, 1996a, 
2010a). 

 The silicified zone is typically the most extensive 
zone in most acid-sulfate altered areas, but in the apache Warm 
springs beryllium deposit it is found only along faults near the 
beryllium deposit. The silicified zone is characterized by altera-
tion and replacement of primary minerals by quartz, kaolinite, 
illite, and locally pyrite, diaspore, pyrophyllite, alunite, jarosite, 
anatase and other iron and titanium oxides. the intensity of alter-
ation varies, but is typically higher than in the clay zone. Quartz 
content is typically high (>60%) and decreases toward the clay 
zone. these rocks are usually bleached, iron stained, and found 
as multiple shades of white, red, yellow, orange, purple, green, 
brown, and black. Textures vary from fine to medium grained, 
massive to brecciated and vuggy to sugary. silica deposition and 
replacement are common. in some thin sections, thin quartz veins 
cut the altered rock. Quartz also locally replaces primary miner-
als such as feldspar, pyroxenes, and amphiboles.

Faults could occur in the altered areas, but they are masked by 
alteration that is typically too intense to accurately map them. only 
a few exposed faults in the altered zone are therefore mapped in 
Figure 8, based upon visible silicification and brecciation. Addi-
tional altered areas are in the vicinity of faults and on ridges east of 
the known deposit (Fig. 8; mclemore, 2010a, 2012a). 

the apache Warm springs beryllium deposit is similar in geol-
ogy and grade to the spor mountain beryllium deposit in Utah 
(Fig. 9), which is the world’s most important source of beryllium 
(Barton and Young, 2002; cunningham, 2003; jaskala, 2009). 

the spor mountain deposit currently produces approximately 
40,000-60,000 metric tons Be/year (Brush engineered materials, 
inc., 2009) and has reserves at the end of 2009 amounting to 6.425 
million metric tons with a grade of 0.266% Be, or 15,800 metric 
tons of contained beryllium, which is sufficient for 100 years at 
the current production rate (mclemore, 2010b, c). the apache 
Warm springs deposit contains an estimated 39,063 metric tones 
(43,060 short tons, not NI 43-101 compliant) of 0.05-2.5% Be 
(Fig. 9; mining engineering, 2002). 

DISCUSSION AND CONCLUSIONS

Formation and age of mineralization and alteration

the apache Warm springs deposit is hosted by rhyolite that 
could be part of a rhyolite dome similar to the dome found at the 
junction of cañada alamosa and san mateo canyon (mclemore, 
2010a, 2012a) and elsewhere in the sierra cuchillo and san 
mateo mountains (mclemore, 2012b). red Paint canyon fault 
zone likely controlled the emplacement of the rhyolite dome, 
alteration, and beryllium mineralization. deposits at iron moun-
tain and reilly Peak in the northern cuchillo negro district (Fig. 
1; south of the ojo caliente no. 2 district), contain Fe-Be-W-
sn skarn deposits that are related to chemically-similar rhyolites 
(mclemore, 2010a). the rhyolites in the sierra cuchillo are 
~29-22 ma (mclemore, 2010a) and adularia from a scheelite 
skarn at reilly Peak was dated as 27.3±0.6 ma (davis, 1986). 
The Iron Mountain deposit formed from boiling saline fluids 
rich in na-K-ca-cl salts at temperatures between 300-385°c (as 
determined by fluid inclusion studies by Nkambule, 1988). The 
apache Warms springs deposits likely formed at the same time 
by similar fluids and temperatures.

although the age of the mineral deposits in the ojo caliente 
no. 2 district cannot be directly determined because suitable date-
able minerals are lacking, the age of the mineral deposits can be 
estimated by stratigraphic position, age of faults, analogy to other 
deposits, and other geologic evidence. The difference in miner-
alogy, trace-element chemistry (McLemore, 2010a), associated 
alteration, and host rocks between the two types of mineral 
deposits (volcanic-epithermal veins and  volcanogenic beryllium 
deposits) as described above, suggests that they are not related 
and formed at different times by two separate hydrothermal (or 
geothermal) systems. 

the volcanic-epithermal veins cut the latite of montoya Butte, 
but are not found in the Vicks Peak tuff, rhyolite of alamosa 
canyon, or turkey springs tuff. Furthermore, these younger 
rhyolites are not significantly altered by hydrothermal fluids. The 
veins trend north and northeast, similar to the orientations of some 
of the faults (mclemore, 2010a), suggesting that the veins and 
faults are of similar age. these northeast-trending faults appear 
to be some of the oldest faults, probably older than the caldera, 
because they have a different orientation than the caldera ring 
fractures and these faults do not cut the Vicks Peak tuff. there-
fore, the volcanic-epithermal veins likely are at least 36 ma, but 
possibly younger than the formation of the nogal canyon caldera 
(28.4 ma).

FigUre 9. grade and tonnage of selected beryllium deposits, including 
the Apache Warm Springs deposit (modified from Barton and Young, 
2002 using references in mclemore, 2010a). deposits in bold are 
located in new mexico. note that size of deposits includes production 
and reserves/resources and are not always ni 43-101 compliant and sub-
ject to change.
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the apache Warm springs beryllium deposit and associated 
alteration is hosted by the rhyolite of alum spring, which over-
lies the latite of montoya Butte (36 ma) and likely overlies the 
Vicks Peak tuff, and is overlain by the turkey springs tuff (24.4 
ma). small areas of acid-sulfate alteration, similar to that at the 
beryllium deposit, are found in rhyolite tuffs and volcaniclastic 
rocks within the latite of montoya Butte, especially along faults 
(mclemore, 2012a). the Quaternary sedimentary rocks exposed 
along cañada alamosa west of monticello Box contain rock frag-
ments and cobbles of altered rhyolite of alum spring, indicating 
that the alteration occurred before deposition of these Quaternary 
units. therefore, the beryllium deposit and associated alteration 
is older than the turkey springs tuff (24.4 ma), but is younger 
than the latite of montoya Butte (36 ma), and likely younger than 
the Vicks Peak tuff (28.4 ma). similar relationships are found 
further south in the cuchillo negro district in the sierra cuchillo, 
where the Ag-Cu-Pb-Zn veins and skarns are associated with 
the older ~36-38 ma granitic-rhyolitic rocks and the Fe-Be-W-
sn skarns are associated with the younger ~29-27 ma rhyolites 
(jahns, 1944a, b; davis, 1986; mclemore, 2010a,b).

the geothermal system represented by the modern warm 
springs formed recently and is not related to either of these older 
mineralized systems. most modern geothermal systems have 
durations of episodic activity of less than 3 million years, and 
most have durations of less than a few hundred thousand years 
(P.l.r. Browne, unpublished report, spring 1992; mclemore, 
1993, 2010a; silberman, 1985). therefore, at least three sepa-
rate geothermal systems were/are present in the ojo caliente 
no. 2 mining district: 1) the oldest system forming the volca-
nic-epithermal veins (~28-36 ma), 2) the system forming the 
apache Warm springs beryllium deposit and associated altera-
tion (~24.4-28 ma), and 3) the current, modern system related to 
ojo caliente, Willow springs, and other warm springs feeding 
cañada alamosa.

Relationship to other altered/mineralized areas in 
central New Mexico

the rhyolite of alamosa canyon, rhyolite of alum spring, and 
rhyolite of spring canyon are similar in composition to the tin-
bearing taylor creek rhyolite; these rhyolites are metaluminous 
to weakly peraluminous, high-silica, topaz rhyolites (mclemore, 
2010a). at taylor creek, 20 vents were active with pyroclastic 
flows, falls, and surges. The first stage of eruption was followed 
by extrusion of rhyolite flows forming domes (Duffield et al., 
1990). the tin was in the rhyolite magma and as the lava cooled 
and devitrified, the tin differentiated or was transported by resid-
ual fluids into the outer rind of the lava. Subsequent low-temper-
ature convection mobilizes them along faults and within perme-
able tuffs and rhyolites (Burt and Sheridan, 1981; Duffield et al., 
1990). a similar origin is proposed for the beryllium deposits at 
spor mountain, except that the rhyolites were erupted through 
carbonate sedimentary rocks, which appears to have aided con-
centration of the beryllium.

the taylor creek rhyolite, west of the ojo caliente no. 2 

district (Fig. 1), also is a topaz-bearing rhyolite. topaz-bearing 
rhyolites are compositionally distinct, rare high-silica rhyolites 
that are enriched in F, li, rb, cs, U, th, and Be, and are asso-
ciated with volcanogenic and epithermal deposits of Be, sn, U, 
and F (Burt and sheridan, 1981; christiansen et al., 1983). the 
rhyolites at Spor Mountain also are topaz-bearing, high-fluorine 
rhyolite lava flows forming domes that are interbedded with 
tuffs, tuffaceous breccias, and associated fault breccias (Bikum, 
1980; lindsey, 1981; lindsey and shawe, 1986). the rhyolite 
of alamosa canyon, rhyolite of alum springs, and porphyritic 
rhyolite and rhyolite aplite at iron mountain and reilly Peak are 
similar in chemistry to topaz rhyolites. topaz was found in the 
iron mountain rhyolite aplite (robertson, 1986), but topaz has 
not been found in the other rhyolites in the sierra cuchillo or 
san mateo mountains. topaz rhyolites appear to be evolved from 
partial melts of Proterozoic lower crust in an extensional tectonic 
setting, which is consistent with the formation of the younger 
~27-29 ma rhyolites in the sierra cuchillo and san mateo moun-
tains. the older reilly Peak rhyolite, sierra cuchillo laccolith, 
and monzonite plugs in the montoya Butte quadrangle are more 
similar to other calc-alkaline rhyolites, not topaz rhyolites, and 
could represent a transition between older arc-related laramide 
volcanism and younger extensional rio grande volcanism 
(mcmillan et al., 2000).

several beryllium deposits are found within the north ameri-
can cordilleran alkaline igneous belt (Fig. 10), a diffuse region of 
cenozoic igneous rocks that extends along the eastern margin of 
the north american cordillera from alaska and British columbia 
southward into trans-Pecos texas and eastern mexico (shawe, 
1966; Barker, 1977, 1979, 1987; mutschler et al., 1985, 1991; 
Woolley, 1987, mclemore et al., 1996a, b; mclemore, 1996b, 
2010c). rhyolites from iron mountain, apache Warm springs, 
spor mountain, and granites from Victorio mountains associated 
with  known beryllium mineralization are predominantly peralu-
minous (i.e. al3o5/(cao+K2o+na2o) > l.0) to metaluminous (i.e. 
al3o5/(cao+K2o+na2O) < l.0), and high-Si (silica-saturated). 
the rhyolites/syenites from aquachille and round top mountain 
are peralkaline. they are a-type granites (Whalen et al., 1987; 
mclemore, 2010b, c) found within-plate to syn-collusion gran-
ite fields of Pearce et al. (1984) and are similar in chemistry to 
topaz-bearing rhyolites. the similarity in chemical composition 
of rocks in these areas to the composition of rocks formed in 
within-plate tectonic settings infers that the rocks were formed 
in complex tectonic settings related to the subduction of litho-
spheric crust (i.e. volcanic arc) and formation of the rio grande 
rift and great Basin (i.e. extensional tectonic setting). the forma-
tion of the rhyolites is consistent with predominantly fractional 
crystallization (Bobrow, 1984; rye et al., 1990). the differences 
in incompatible trace elements, including beryllium, between the 
different granitic to rhyolitic rocks are likely related to either dif-
ferences in the crustal rocks that were assimilated during mag-
matic differentiation (mcmillan et al., 2000; chapin et al., 2004) 
or by minor potential contamination from crustal sources and/or 
magma mixing (Bobrow, 1984). Beryllium and fluorine could be 
derived from the crustal source and incorporated into the magma.
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Mineral resource potential

The lack of any significant sulfides or other base-metal miner-
als or any mineral or alteration zoning (such as a pyrite halo) sug-
gests that a major volcanic-epithermal system containing precious 
or base metals either never formed in this area or, if one did occur, 
is at depth. The low chemical analyses and lack of significant 
geochemical anomalies in the nUre data (mclemore, 2010a) 
and the survey by Griffitts and Alminas (1968) also indicate that 
these deposits are not economically significant. Therefore, the 
mineral-resource potential for volcanic-epithermal precious and 
base metals vein deposits in the ojo caliente no. 2 district is low 
with a moderate to high degree of certainty.

the mineral-resource potential of the apache Warm springs 
beryllium deposit is low to moderate with a moderate to high 
degree of certainty, because the known extent of the beryllium 
deposit at the surface and in the subsurface where drilled is 
low grade and too small for economic development in the cur-
rent market. the nUre data also indicate that the stream sedi-
ment samples in the area are low in beryllium concentrations 

(mclemore, 2010a). However, additional exploration drilling 
could locate additional beryllium in the subsurface. deposits of 
uranium and rare earth elements could be associated with the 
beryllium deposit. spor mountain, Utah, produces most of the 
beryllium used in the U.s. today and the known reserves at spor 
Mountain are sufficient to meet projected beryllium demand in 
the U.s. in the near future (mclemore, 2010b, c). 

Environmental issues

The lack of any significant sulfides or other base-metal min-
erals suggests that acid drainage will not be an issue. Uranium 
could be present in the deposit. However, any potential explora-
tion or subsequent mining would have to plan for the effect of 
mining, especially pumping water, on ojo caliente, Willow, and 
cold springs in cañada alamosa (mclemore, 2010a). ojo cali-
ente, Willow, cold springs in Cañada Alamosa, and alum spring 
lie along red Paint canyon fault zone where the apache Warm 
springs beryllium deposit also is located. Future hydrologic stud-
ies are underway that will characterize the ground water condi-
tions in this area.
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