New Mexico Geological Society
Downloaded from: https://nmgs.nmt.edu/publications/guidebooks/73 @

Critical Mineral Resources in the Cornudas Mountains, Otero County, New
Mexico.

Virginia T. McLemore, Nels Iverson, Mason Woodard, Snir Attia, and Evan J. Owen
2023, pp. 132-141. https://doi.org/10.56577/FFC-73.132

in:
Evaporite Karst of the Lower Pecos Region, Land, Lewis; Bou Jaoude, Issam; Hutchinson, Peter; Zeigler, Kate; Jakle,

Anne; Van Der Werft, Brittney, New Mexico Geological Society 73 rd Annual Fall Field Conference Guidebook, 152
p. https://doi.org/10.56577/FFC-73

This is one of many related papers that were included in the 2023 NMGS Fall Field Conference Guidebook.

Annual NMGS Fall Field Conference Guidebooks

Every fall since 1950, the New Mexico Geological Society (NMGS) has held an annual Fall Field Conference that
explores some region of New Mexico (or surrounding states). Always well attended, these conferences provide a
guidebook to participants. Besides detailed road logs, the guidebooks contain many well written, edited, and
peer-reviewed geoscience papers. These books have set the national standard for geologic guidebooks and are an
essential geologic reference for anyone working in or around New Mexico.

Free Downloads

NMGS has decided to make peer-reviewed papers from our Fall Field Conference guidebooks available for free
download. This is in keeping with our mission of promoting interest, research, and cooperation regarding geology in
New Mexico. However, guidebook sales represent a significant proportion of our operating budget. Therefore, only
research papers are available for download. Road logs, mini-papers, and other selected content are available only in
print for recent guidebooks.

Copyright Information

Publications of the New Mexico Geological Society, printed and electronic, are protected by the copyright laws of the
United States. No material from the NMGS website, or printed and electronic publications, may be reprinted or
redistributed without NMGS permission. Contact us for permission to reprint portions of any of our publications.

One printed copy of any materials from the NMGS website or our print and electronic publications may be made for
individual use without our permission. Teachers and students may make unlimited copies for educational use. Any
other use of these materials requires explicit permission.


https://nmgs.nmt.edu
https://nmgs.nmt.edu/publications/guidebooks/73
https://doi.org/10.56577/FFC-73.132
https://doi.org/10.56577/FFC-73
https://nmgs.nmt.edu/ffc/home.html

This page is intentionally left blank to maintain order of facing pages.



New Mexico Geological Society Guidebook, 73" Fall Field Conference, 2023, p. 132-141, https://doi.org/10.56577/FFC-73.132

CRITICAL MINERAL RESOURCES IN THE
CORNUDAS MOUNTAINS, OTERO COUNTY, NEW
MEXICO

VIRGINIA T. MCLEMORE', NELS IVERSON', MASON WOODARD!, SNIR ATTIA',
AND EVAN J. OWEN!

"New Mexico Bureau of Geology and Mineral Resources, New Mexico Institute of Mining and Technology, Socorro, NM 87801;
virginia.mclemore@nmt.edu

ABSTRACT—Reexamination of the mineral resources in the Cornudas Mountains is warranted in light of today’s economic importance
of critical minerals that are essential in most of our electronic devices. The Cornudas Mountains form the northern Trans-Pecos alkaline
magmatic province in the southern part of the North American Cordilleran alkaline-igneous belt. New mapping, petrography, “Ar/**Ar
geochronology, and geochemical analyses have provided a better understanding of the emplacement of the intrusions and associated mineral
deposits in the area. The igneous rocks in the Cornudas Mountains were emplaced into Permian and Cretaceous sedimentary rocks in two
pulses at 37.14-34.5 and 32.48-26.95 Ma, just prior to or during the early phases of Rio Grande Rift extension, and consist of (1) larger
nepheline syenite-syenite laccoliths and plugs, (2) phonolite plugs, sills, and dikes, (3) smaller syenite plugs and dikes, and (4) volcanic
breccia dikes. New U.S. Geological Survey geophysical data indicate that some of the larger intrusions extend into the subsurface as pipe-
like geometries, with additional buried intrusions potentially at depth that could be additional exploration targets. The focus of exploration
for critical minerals in the Cornudas Mountains is for rare earth elements (REE), niobium (Nb), and zirconium (Zr) that are found within (1)
the basal unit (PEnsp2) of the Wind Mountain nepheline syenite laccolith, (2) syenite-phonolite and volcanic breccia dikes and plugs, and
(3) skarns and carbonate-replacement deposits in Chess Draw and Wind Mountain areas. Some samples contain as much as 3110 ppm total
REE. REE could be leached from a mineral concentrate of REE-bearing minerals (eudialyte, zircon, monazite, bastnésite, calciocatapleiite,
vitusite, roumaite, xenotime). Pyrochlore (Nb), eudialyte (Zr), and zircon (Zr) are also found with the REE-bearing minerals and have
potential for economic recovery. Another potential mineral resource is nepheline syenite for use as ceramics, glass, or other industrial use.
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INTRODUCTION

Although the definition of a critical mineral varies from
country to country depending on supply, demand, and strategic
conditions, critical minerals in the United States are defined as
nonfuel mineral commodities that are essential to the econom-
ic and national security of the United States and are from a sup-
ply chain that is vulnerable to global and national disruption.
In the mining industry, a mineral refers to any rock, mineral,
or other naturally occurring material of economic value and
sold as a commodity. There are currently 53 minerals listed as
critical for the United States (Committee on Critical Miner-
al Impacts of the U.S. Economy, 2008; McLemore and Gysi,
2023), including rare earth elements (REE), niobium (Nb), and
zirconium (Zr). REE include the 15 lanthanide elements (La,
Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, atom-
ic numbers 57-71), yttrium (Y), and scandium (Sc).

The focus of exploration for critical minerals in the Cornu-
das Mountains is for REE, Zr, and Nb (Schreiner, 1994; Nutt
et al., 1997; Nutt and O’Neill, 1998; McLemore, 2018; Mc-
Lemore et al., 2022). REE are used in magnets and batteries,
and Ce is an important polishing agent. Other uses include the
manufacture of wind turbines, solar panels, magnetic refriger-
ation, and more efficient light bulbs. Zirconium is used as a re-
fractory material in laboratory crucibles and metallurgical fur-
naces and as an abrasive. Niobium is used in superconductors,
batteries, and alloys. REE, Zr, and Nb resources are located
in New Mexico (McLemore, 2014, 2018), but these deposits
have not been important exploration targets in the past because
demand has been met elsewhere. However, with the projected

increase in demand for critical minerals and the potential lack
of available production from China, New Mexico deposits are
being reexamined for their economic potential. Another poten-
tial resource in the Cornudas Mountains is the use of nepheline
syenite in ceramics, glass, or other industrial applications (Mc-
Lemore et al., 1994; McLemore and Guilinger, 1993, 1996).

The Cornudas Mountains intrusive center is located along
the North American Cordilleran alkaline-igneous belt in south-
ern New Mexico and northern Texas (Figs. 1, 2; McLemore,
2018) and form the northern extent of the Trans-Pecos alkaline
magmatic province (Barker, 1977, 1987). This study focuses
on a reexamination of the geology and mineral-resource poten-
tial of the Cornudas Mountains and is a summary of McLem-
ore et al. (2022), which includes new detailed geologic, geo-
chemistry, mineralogical, and geochronological descriptions
and supporting data.

METHODS OF STUDY

Geologic mapping of the Cornudas Mountains was con-
ducted by the authors at scales ranging from 1:1,000 to
1:24,000 between 2020 and 2022 (McLemore et al., 2022).
Previous geologic maps aided in the new mapping (Clabaugh,
1941; Zapp, 1941; Timm, 1941; Warner et al., 1959; Schreiner,
1994; U.S. Borax, 1986; McLemore, 1996; Nutt et al., 1997,
O’Neill and Nutt, 1998). Drill core from past exploration ef-
forts were examined, and selected samples were collected for
study. Unaltered igneous intrusions and mineralized samples
were collected for geochronological, mineralogical, and geo-
chemical analyses. Mineralized areas were previously sampled
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and analyzed in 1980 and 2009-2010 by McLemore and in
1995 by the U.S. Bureau of Mines (Schreiner, 1994). These
previous studies concluded that the deposits were not econom-
ic at that time. In 2016, Geovic began new exploration in the
area in light of the recent change in economics and importance
of REE and other critical minerals. These chemical data were
combined, reported in McLemore et al. (2022, appendix 4),
and used in geochemical interpretations.
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FIGURE 1. Simplified map showing the extent of the North American Cor-
dilleran alkaline-igneous belt (modified from Mutschler et al., 1985, 1991;
McLemore, 1996, 2018).
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FIGURE 2. Intrusive bodies in the Cornudas Mountains, showing location of
geochronology samples and drill holes. Summarized in Table 1.
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GEOLOGIC SETTING OF THE CORNUDAS
MOUNTAINS

The oldest rocks in the Cornudas Mountains are Permian
limestones of the Hueco, Yeso, and San Andres formations and
Cretaceous sedimentary rocks of the Campagrande Forma-
tion, Cox Sandstone, and Muleros-Mesilla Valley formations.
Dikes, sills, and laccoliths of varying compositions, ages, and
dimensions intruded the Permian and Cretaceous sedimentary
rocks (Table 1). Quaternary surficial deposits are found along
drainages and slopes in the Cornudas Mountains. Map units are
defined in Table 1 and McLemore et al. (2022).

“YAR/*AR GEOCHRONOLGY RESULTS

The emplacement ages of the Cornudas Mountains intru-
sions have been previously understudied. Prior to this study,
only six of the intrusions had been dated, focusing on Wind
Mountain and intrusions in Chess Draw. Only one of the ages
was done using high-precision *°Ar/*’ Ar geochronology. These
data show a range of ages from 38.6-31.6 Ma (Table 1; Fig. 3).

To better understand the emplacement history of the Cor-
nudas Mountains, 21 different intrusions were dated using the
“Ar/*Ar dating method (Table 1; Figs. 2, 3). In total, 27 sam-
ples were dated, some with two aliquots, and they display a
range of age spectra complexities from alteration or “°Ar loss,
excess “Ar, and/or ¥Ar recoil (McLemore et al., 2022).

All ages are considered to be minimum emplacement ages,
as textural and field relationships do not suggest any of the
igneous rocks were erupted subaerially. Some of the intrusions
were dated using multiple materials (biotite, amphibole, and
groundmass concentrate) to assess cooling history that may be
present because of closure temperature differences between
mineral phases. Comprehensive geochronology presented in
McLemore et al. (2022) shows that igneous rocks were em-
placed in two pulses at 37.14—34.50 and 32.48-26.95 Ma (Fig.
3), just prior to or during the earliest phases of Rio Grande Rift
extension, spanning a longer interval than that recorded by the
previously published K/Ar ages (36.0-31.6 Ma). Two sigma
errors for the individual ages are in Table 1.

DESCRIPTION OF IGNEOUS ROCKS

The igneous rocks in the Cornudas Mountains intruded
Permian and Cretaceous sedimentary rocks and consist of (1)
larger nepheline syenite to syenite laccoliths, (2) phonolite and
nepheline syenite sills, (3) smaller syenite to nepheline syenite
intrusions in Chess Draw, and (4) numerous syenite, nepheline
syenite, volcanic breccia, and phonolite dikes (Table 1, Fig. 2).
Other dikes, sills, and plugs are buried by sedimentary cover,
as indicated by subsurface drilling (King and Harder, 1985;
McLemore et al., 2023), geophysical surveys (Bultman, 2021a,
b, 2022), and are suggested by structural anomalies (i.e., folds,
synclines, faults; Nutt et al., 1997; O’Neill and Nutt, 1998) in
the overlying sedimentary rocks. The geophysical surveys in-
dicate that the intrusions in the Cornudas Mountains are ver-
tical pipes and most of the sills have no magnetic expression
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(Bultman, 2021a, b, 2022). Several intrusions are buried with
no intrusions found at the surface, which offer new exploration
targets (Bultman, 2021a, b, 2022).

Geochemically, the igneous rocks in the Cornudas Moun-
tains are similar in composition, regardless of age and form
(McLemore et al., 2022). They are ferroan, alkali-calcic to al-
kali (according to diagrams by Frost et al., 2001) and metalumi-
nous to peraluminous (McLemore et al., 2022). Most igneous
rocks exhibit light-REE-enriched, chondrite-normalized REE
patterns with a strong negative Eu anomaly. The negative Eu
anomaly indicates feldspar fractionation. Geochemical plots
are included in the road log section of this guidebook (Owen
and McLemore, this guidebook) and McLemore et al. (2022).
The following is a description of the igneous intrusions.
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Wind Mountain

The Wind Mountain laccolith is the oldest intrusion in the
Cornudas Mountains (37.14+£0.65 Ma) and consists of six
mineralogical and textural zones (Table 2, Fig. 4; McLemore,
1996, 2022; McLemore and Guilinger, 1996). The margin of
the laccolith is foliated and dips steeply away from the center
of the intrusive body. The laccolith is typically gray to cream
colored and weathers to darker colors, consisting of albite and
alkali feldspars, nepheline, biotite, and a variety of accessory
minerals. Varying amounts of pyroxene (aegirine-augite to ae-
girine to diopside-hedenbergite) and amphibole (arfvedsonite)
minerals form dark-colored aggregates dispersed throughout
the rock. Locally, the nepheline syenite is red in color due to
the abundance of eudialyte and other Zr- and REE-bearing

TABLE 1. Intrusive bodies in the Cornudas Mountains, locations shown in Figure 2 (modified from Barker et al., 1977; McLemore, 2018; new mapping). Details
of the geochronology are provided in McLemore et al. (2022). Map units defined by McLemore et al. (2022). *Note that fragments of phonolite are found in the

Chattfield Mountain sill, indicating an older phonolite not identified at the surface.

Thickness Sample No. or

Localit it Predominant lithol F Age (M
ocality, map uni redominant lithology orm (km) reference for age date ge (Ma)
Wind Mountain, PEnsp2 Nepheline syenite to syenite Layered 0.25 McLemore (1996), 36.8+0.6,
porphyry laccolith CORN&814 37.14+0.65
Lil’ Windy (west Wind Mountain), PEnsp3 ~ Nepheline syenite Laccolith 0.1 CORN4005 36.98+0.03
Chattfield Mountain, PEp* Phonolite Sill 0.15 CORN4015 36.80+0.04
Deer Mountain (Little Wind Mountain), Nepheline syenite Laccolith 0.1 CORN2000 36.71+0.05
PEns, PEm
Sill west of Cornudas Mountain, PEp Quartz syenite to syenite Sill 0.1 CORN4019 36.46+0.04
Northwest Chess Draw augite syenite, Augite syenite inner zone, Plug 0.1 CORN177 36.33+0.04
PEas (Tas of Potter, 1996a, b), surrounded syenite outer zone, intruded by
by PEs phonolite dike
South Chess Draw nepheline syenite, Nepheline syenite Sill 0.02 CORN20-10 35.96+0.06
PEnsc
Chess Draw, PEbx Volcanic breccia Dikes 0.01 nd nd
Dike north of Wind Mountain, PEp Phonolite Dike 0.01 CORNI181 35.82+0.06
Cornudas Mountain, PEgs, PEs Quartz syenite to syenite Plug or 0.1 CORN112 35.77+0.07
laccolith, sill
McVeigh Hills, PEs, PEqgs Quartz syenite to syenite Top of a ? CORN226 34.96+0.07
laccolith or sill?
Mesquite Hill (north Chess Draw), PEp Phonolite Dike 0.01 CORN4008 34.50+0.03
Dike east of Flat Top, PEp Phonolite Dike 0.01 CORN117 32.48+0.03
Wind Mountain dike, PEp Phonolite Dike 0.01 CORNS805 31.92+0.06
Washburn Mountain, PEns Nepheline syenite Sill 0.15 CND208 31.53+0.44
Alamo Mountain, PEp, PEm Phonolite Discordant 0.25 CORN4002 31.07+0.16
sheet or sill
Northeast Chess Draw (unnamed hill), Phonolite Plug 0.1 CORN4006 30.59+0.04
PEpp
Chess Draw dike, PEp Phonolite Plug 0.01 CORN4007 30.16+0.09
East Chess Draw nepheline syenite, PEnsc ~ Nepheline syenite Plug 0.01 CORN79 29.33+0.23
Flat Top, PEp Phonolite Sill (50-75 ft 0.015— CORN4004 28.49+0.35
thick) 0.023
San Antonio Mountain, PEns Nepheline syenite Laccolith 0.15 CORN4013 27.90+0.18
Black Mountain, PEps Nepheline syenite Sill 0.07 CORN4011 26.95+0.04
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minerals. Geophysical data indicate it is a near vertical pipe in
geometry (Bultman, 2021a, b, 2022).

Chattfield Mountain (PEp)

Chattfield Mountain (36.8+0.04 Ma) is formed by a dark
green to black, aphanitic phonolite sill or laccolith (Tables 1,
3) and consists of aegirine-augite, anorthoclase, albite, anal-
cime, nepheline, and minor arfvedsonite and titanomagnetite.
The fine-grained matrix locally has a trachytic texture formed
by anorthoclase. Small fragments of phonolite are found in the
sill, indicating older phonolite intrusions at depth. There is no
geophysical anomaly associated with this intrusion (Bultman,
2021a, b, 2022).

Deer Mountain (PEns, PEm)

Deer Mountain (36.67+0.04 Ma) laccolith is in the south-
ern portion of Chess Draw and consists of light gray to
pinkish-gray, coarse- to fine-grained, equigranular analcime
nepheline syenite to syenite with nepheline, analcime, aegir-

McLEMORE, IVERSON, WOODARD, ATTiA, AND OWEN

ine-augite, pyroxene, perthitic feldspar, and albite with minor
amounts of biotite, apatite, calcite, and titanite. The nephe-
line syenite comprising Deer Mountain does not appear to
vary in mineralogical or chemical composition, although a
finer-grained border facies (PEm) is present locally along the
western margin (McLemore et al., 2022). Geophysical data in-
dicate it is a near vertical pipe in geometry (Bultman, 2021a,
b, 2022).

Chess Draw Intrusions

The Chess Draw area spatially includes the southern Chess
Draw area between Wind and Flat Top Mountains (Fig. 2) and
includes numerous phonolite (PEp), syenite (PEs), trachyte
(PEt), nepheline syenite (PEns), and volcanic breccia (PEbx)
plugs, sills, and dikes (Tables 1, 3; McLemore et al., 2022).
The intrusions are discussed in more detail in McLemore et
al. (2022) and summarized in Table 1. The ages of the intru-
sions in Chess Draw range from 36.33+0.04 to 29.33+0.23 Ma.
There are two magnetic anomalies in the geophysical data sug-
gesting that these intrusions form the top of buried laccoliths

Updated “Ar/*°Ar Age (Ma)
Intrusion 38 36 34

32 30 28 26 24

Barker et al. (1977)
McLemore (2018)

Wind Mountain

Sill West of Cornudas Mountain
Augite Syenite

South Chess Draw Syenite
Dike North of Wind Mountain
Cornudas Mountain

Washburn Mountain
Alamo Mountain
Unnamed Hill

Chess Draw Dike

East Chess Draw Syenite
Flat Top

San Antonio Mountain
Black Mountain

I 37.14 £ 0.65 Ma (amphibole)

Gray: Formerly Reported Ages
Purple: Laccolith/Plugs

Cyan: Sills

Green: Dikes

Lil"” Windy | 36.98 + 0.03 Ma (biotite)
Chattfield Mountain ] 36.80 + 0.04 Ma (biotite)
Deer Mtn | 36.71 + 0.05 Ma (biotite)

| 36.46 + 0.04 Ma (groundmass)
| 36.33 £ 0.04 Ma (biotite)
| 35.96 + 0.06 Ma (biotite)
] 35.82 + 0.06 Ma (groundmass)
[ 35.77+ 0.07 Ma (biotite)
J] 34.96 £ 0.07 Ma (groundmass)
| 34.50 + 0.03 Ma (groundmass)

McVeigh Hills

Mesquite Hill

Dike East of Flat Top 32.48 + 0.03 Ma (groundmass) |
Wind Mtn Dike 31.92 + 0.06 Ma (groundmass) [J

31.53 + 0.44 Ma (groundmass) [l
31.07 + 0.16 Ma (groundmass) [l
30.59 + 0.04 Ma (groundmass) ||
30.16 + 0.09 Ma (groundmass) [
29.33 + 0.23 Ma (groundmass) i
28.49 + 0.35 Ma (groundmass) [

27.90 £ 0.18 Ma (groundmass) [Jjj
26.95 + 0.04 Ma (groundmass) |

FIGURE 3. Summary view of new “’Ar/*Ar data (colored bars) and published data (gray bars from Barker et al., 1977 and McLemore, 2018). Colored bars denote
the type of intrusion (purple are laccoliths and plugs, blue are sills, and green are dikes), and the length of the bar represents the precision of the age. Most intrusions
do not overlap in time, and there is no spatial or temporal relationship in the timing and type of intrusion for the Cornudas Mountains in New Mexico.
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TABLE 2. Description of the textural units comprising the Wind Mountain laccolith (modified from P. Graseah, field mapping, July 1992, published in McLemore
and Guilinger, 1993). Cross section is shown in Figure 4.

Map symbol Name Description Comments
PEspfgl Syenite porphyry Fine grained, contains minor analcime, aegirine, Na amphibole, biotite, and Top of laccolith
magnetite in a plagioclase-rich groundmass
PEspfg2 Syenite porphyry Fine grained, contains predominant plagioclase, aegirite, Na amphibole, biotite
PEspfg3 Syenite porphyry Fine grained, contains predominant plagioclase, aegirite, Na amphibole, biotite
but is more mafic than Tspfg2
PEspfg4 Syenite porphyry Fine grained, contains analcime, aegirite, Na amphibole, biotite, and magnetite
in a plagioclase-rich groundmass
PEnspl Nepheline syenite porphyry  Coarse grained, contains K-feldspar phenocrysts in a matrix of plagioclase,
nepheline, analcime, with accessory aegirine, Na amphibole, minor magnetite
PEnsp2 Nepheline syenite porphyry ~ Medium grained, contains K-feldspar phenocrysts in a matrix of plagioclase, Base of laccolith
nepheline, minor analcime, with accessory aegirine, Na amphibole, minor
magnetite
PEnsp3 Nepheline syenite porphyry ~ Medium grained, contains blocky, vertical K-feldspar phenocrysts in a matrix of ~ Hill southwest of Wind
(Lil”’ Windy) plagioclase, nepheline, with accessory arfvedsonite-aegerite, minor magnetite Mountain
NORTH SOUTH M?Veigh Hills and are intruded by phongli‘@ (Fig. 2). The sy-
1000 enite to quartz syenite to nepheline syenite is 34.96+0.07 Ma
PEspfg1\ PEspfg2 250 m and are medium gray to orange, weakly foliated, granoblastic
PEspfgw PEspfg4 [ to porphyritic, fine to medium grained. The rocks consist of
s 00 anorthoclase, subhedral clinopyroxene, biotite, and interstitial
quartz. Phonolite dikes intrude the syenite. McVeigh Hills lies
Q PEp PEnsp2 _Q on top of an extensive magnetic high spanning from Cornudas
'\ Llewellyn Ph Mountain southeast toward Black Mountain (Bultman, 2021a,
Ph b, 2022).

FIGURE 4. North-south cross section of Wind Mountain laccolith (McLemore
et al., 2022). See Table 2 and McLemore et al. (2022) for description of units.
Llewellyn is a prospect (symbol x).

(Bultman, 2021a, b, 2022). The abundance of volcanic breccia
dikes supports this interpretation.

Cornudas Mountain (PEqs/PEs)

Cornudas Mountain laccolith is the northernmost of the in-
trusions, is medium gray, weakly foliated, granoblastic to por-
phyritic, fine- to medium-grained syenite (PEs) to quartz-sy-
enite (PEqs), and is 35.77+0.07 Ma. The rocks consist of
tabular, euhedral anorthoclase, subhedral aegirine-augite,
biotite, arfvedsonite, and local interstitial quartz, apatite, and
anatase. Additional outcrops of quartz syenite are exposed east
of the Cornudas Mountains (some are dikes) and are surround-
ed by limestone beds. A 15 m thick sill intrudes the limestone
west of Cornudas Mountain. Geophysical data suggest that this
laccolith is the northwestern part of a larger intrusion or group
of intrusions at depth that extends toward McVeigh Hills and
Black Mountain (Bultman, 2021a, b, 2022).

McVeigh Hills (PEs, PEqs)

Previously unmapped, small intrusions of syenite (PEs) to
quartz syenite (PEqs) to nepheline syenite (PEns) are in the

Washburn Mountain (PEns)

The nepheline syenite sill that forms Washburn Mountain is
31.53+0.44 Ma, dark gray, and consists of anorthoclase, nephe-
line, aegirine-augite, and altered arfvedsonite. Locally, a por-
phyritic texture is formed by large anorthoclase phenocrysts up
to 2-3 cm long. Geophysical data indicate it is a series of near
vertical pipes or dikes in geometry (Bultman, 2021a, b, 2022).

Alamo Mountain (PEp)

Alamo Mountain (31.07+0.16 Ma) consists of a medium
gray to dark green, aphanitic, foliated phonolite sill or lacco-
lith with well-developed magmatic foliation, locally display-
ing trachytic texture. On western and southern flanks of Alamo
Mountain (PEp), the phonolite is platy with foliation dipping at
a low angle relative to underlying sedimentary bedding. There
is no geophysical anomaly associated with this intrusion (Bult-
man, 2021a, b, 2022).

Flat Top Mountain (PEp)

Flat Top Mountain is capped by one to four sills that are
15-23 m thick, black to dark green, fine-grained phonolite
(PEp) that is 28+0.35 Ma. Trachytic to porphyritic texture is
locally found and consists of feldspar, aegirine, and analcime.
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TABLE 3. “Ar/*Ar ages from the Cornudas Mountains. MSWD is Mean Square of the Weighted Deviates and is the parameter used to assess the goodness of fit of

the calculated line to the data.

Sample Unit Material AgeType N MSWD Age (Ma) +2¢ Comments

CORN2000 Deer Mtn. Amphibole Plateau 10/14 1.8 36.67 0.04

CORNI112 Cornudas Mtn. Biotite Isochron 8/12 467.6 35.77 0.07 High MSWD indicates excess
40Ar

CORN&O05 Wind Mtn. Dike Groundmass Plateau 5/10 2.6 31.92 0.06 High MSWD from argon loss
in first few steps

CORNS14 Wind Mtn. Amphibole Isochron 12/14 2.8 37.14 0.65 High MSWD from argon loss
in first few steps

CORN4005  Lil' Windy Biotite Isochron 12/12 347 36.98 0.03 High MSWD

CORN4006 Unnamed Hill Groundmass Isochron 10/10  90.0 30.59 0.04 High MSWD from argon loss
in first few steps

CORN4007 Phonolite Dike Groundmass Plateau 7/10 0.9 30.16 0.09

CORN4008 Mesquite Hill Groundmass Isochron 10/10 289 34.50 0.03 High MSWD indicates excess
40Ar

CORN4002  Alamo Mtn. Groundmass Plateau 5/10 1.9 31.07 0.16 High MSWD from argon loss
in first few steps and scatter
due to recoil

CORN177 Augite Syenite Biotite Plateau 4/13 0.0 36.33 0.04 Contains excess *Ar

CORN20-10  S. Chess Draw Dike Biotite Plateau 5/13 2.1 35.93 0.06 High MSWD from argon loss
in first few steps

CORN4015 Chatfield Mtn. Biotite Plateau 9/13 0.6 36.80 0.04 Contains excess “Ar

CORN4019 Sill W. of Cornudas Groundmass Isochron 10/10 108.4 36.46 0.04 High MSWD and spectra shape
indicates excess “Ar

CORN79 E. Chest Draw Dike Groundmass Plateau 6/10 2.0 29.39 0.22 Argon loss in first few steps

CORNI117 Dike E. of Flat Top Groundmass Plateau 6/10 0.9 32.48 0.03 High MSWD from argon loss
in first few steps and scatter
due to recoil

CORN181 Dike N. of Wind Mtn. Groundmass Isochron 6/10 26.4 35.82 0.06 High MSWD from argon loss
in first few steps

CND-208 Washburn Mtn. Groundmass Isochron 9/10 30.5 31.53 0.44 Climbing spectra and short
plateau

CORN226 McVeigh Hills Groundmass Plateau 4/10 2.5 34.96 0.07 High MSWD from argon loss
in first few steps and scatter
due to recoil

CORN4004 Flat Top Groundmass Plateau 4/10 1.9 28.49 0.35

CORN4011 Black Mtn. Groundmass Plateau 3/10 1.6 26.95 0.04 Argon loss in first few steps

CORN4013 San Antonio Groundmass Plateau 4/10 1.5 28.26 0.21 Argon loss in first few steps

Phonolite dikes intrude the underlying limestone on the south,
southeast, east, and north flanks (McLemore et al., 2022).
There is no geophysical anomaly associated with this intrusion
(Bultman, 2021a, b, 2022).

San Antonio Mountain (PEns)

San Antonio Mountain (28.26+0.21 Ma) consists of a gray,
fine-grained, holocrystalline, porphyritic nepheline syenite,
with local diabasic texture. The nepheline syenite consists of
microcline or anorthoclase, nepheline, aegirine-augite, arfved-
sonite, and hematite, with accessory aenigmatite, fayalite, ti-
tanomagnetite, and monazite. Geophysical data indicate it is
a near vertical pipes in geometry (Bultman, 2021a, b, 2022).

Black Mountain (PEps)

Black Mountain is the youngest of the intrusions
(26.95+0.04 Ma) and consists of dark gray to gray-green, por-
phyritic, foliated, fine- to medium-grained nepheline syenite
sills. Phenocrysts consist of euhedral anorthoclase up to 23
cm long in groundmass of anorthoclase, clinopyroxene, bio-
tite, nepheline, and analcime, with local trace eudialyte. Black
Mountain is part of the Cornudas—McVeigh Hills geophysical
anomaly (Bultman, 2021a, b, 2022).
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TABLE 4. REE-Zr-Nb minerals found in the Cornudas Mountains. *Confirmed by NMBGMR thin section, XRD (McLemore et al., 2022, appendix 6) or electron
microprobe (McLemore et al., 2022, appendix 8). Additional references include DeMark (1989). na = not analyzed. ? = confirmation of the mineral species is re-

quired.

Mineral

Occurrence

Chemical formulae

Approximate
amount of total
REE (wt%)

Reference

*Aqualite (Eudialyte

group)
*Bastnisite

Brockite

*Catapleiite
(calciocatapleiite)

Elpidite
Epididmite

*Eudialyte

*Fluorite

Gaidonnayite

*QGalena

*Georgechaoite

*Hydroxy-
manganopyrochlore
*Lueshite

*Maganoeudialyte

*Molybdenite

*Monazite

Niobian rutile

*Oxynatropyrochlore
(Pyrochlore group)
Parakeldyshite

*Parasite-Ce

*Pyrite

*Pyrochlore

*Rheniite?

*Roumaite

*Sergevanite
(eudialyte group)
*Sphalerite

*Vitusite
*Xenotime

*Zircon

Skarn north of Wind Mountain
(CORN104)

Hexagonal crystals, disseminated
in nepheline syenite

Vugs in nepheline syenite

Miarolitic cavities, platy to
tabular, disseminated in nepheline
syenite

Prismatic, in miarolitic cavities

Psuedohexagonal plates

Dikes, sills, and laccoliths and in
miarolitic cavities

Breccia, skarns

Miarolitic cavities

Dikes, nepheline syenite Wind
Mountain

Miarolitic cavities, coatings on
microcline or acmite, from south
side of Wind Mountain
Phonolite dike

Phonolite dike

Skarn east of Wind Mountain
(CORN108), nepheline syenite
Wind Mountain

Disseminated in nepheline syenite

Miarolitic cavities, disseminated
in nepheline syenite, skarns
Vugs, miarolitic cavities

skarn

Nepheline syenite, Wind
Mountain
Disseminated nepheline syenite

Within mineral aggregates of
ferromagnesian minerals in
syenite dike and skarn in Chess
Draw, Wind Mountain nepheline
syenite

Nepheline syenite

In Wind Mountain nepheline
syenite (CORN812)

In Wind Mountain nepheline
syenite (CORN260)
Nepheline syenite

Disseminated in Wind Mountain
nepheline syenite and dikes
Nepheline syenite Wind Mountain

Nepheline syenite

Nepheline syenite, syenite

(H,0),(Na,K,Sr).Ca,Zr,Si, 0, )(OH),Cl
(Ce,La)(CO,)F
(Ca,Th,Ce)PO, * H,0

Na,Zr(Si,0,) * 2H,0

Na,Z1Si,0,, * 3H,0
Na,Be,Si,0,, + H,0

Na,(Ca, Ce),(Fe*", Mn*")
YZrSi 0, (OH,Cl),

8722

CaF

2
Na,Zr(Si,0,) * 2H,0
PbS

NaKZrSi,0, * 2H,0

(Mn*,Th,Na,Ca,REE),(Nb,Ti),0,(OH)
NaNbO,

Na ,CaMn,Zr[Si, O, (OH),]
(H,0,C1,0,0H),

MosS,
Ce, La, Nd(PO,)
(Ti,Nb)O,
(Na,Ca,U),Nb,O (0,0H)
Na,ZrSi,0,
CaCe,(CO,),F,

FeS

2

(Na,Ca),Nb,0 (OH,F)

ReS

2

(Ca,Na,REE),(Nb,Ti)[Si,0,],0F,

Na, (Ca,Mn,)(Na,Fe)Zr,Si, O.,(OH),
*H,0

(Zn,Fe)S

Na,(Ce,La,Nd)(PO,),
(Y,Th,U,Dy,Yb.Er,Gd)PO,

ZrSio,

9

66

na

na

na

na

na

na

na

65

na

na
na

61

na

na

na

7-10

na

34
16 (48% Y)

4

McLemore et al. (2022)
McLemore et al. (2022)

Mindat.Org

Boggs (1985)

Michayluk and Cone (2017b)
Michayluk and Cone (2017b)

Barker and Hodges (1977),
Clabaugh (1950), Boggs
(1985, 1987)

Barker et al. (1977), Schreiner
(1994)

Michayluk and Cone (2017b)

Schreiner (1994), McLemore
etal. (2022)

Boggs (1985), Boggs and
Ghose (1985), Ghose and
Thakur (1985)

McLemore et al. (2022)

McLemore et al. (2022)

McLemore et al. (2022)

Michayluk and Cone (2017a)
Boggs (1985)
Schreiner (1994)

McLemore et al. (2022)
McLemore (1996)

Michayluk and Cone (2017b)

Schreiner (1994), McLemore
et al. (2022)

This study

This study, needs confirmation
but sample contains 0.002
ppm Re (higher than most)
McLemore et al. (2022)

McLemore et al. (2022)

Schreiner (1994), McLemore
etal. (2022)
McLemore et al. (2022)

McLemore et al. (2022)

Schreiner (1994)
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DESCRIPTION OF MINERAL DEPOSITS AND
ALTERATION

There are three types of REE-Nb-Zr mineral deposits in
the Cornudas Mountains: (1) the basal unit (PEnsp2) of the
Wind Mountain nepheline syenite laccolith, (2) syenite—pho-
nolite and volcanic breccia dikes and plugs, and (3) skarns and
carbonate-replacement deposits in Chess Draw and along the
flanks of Wind Mountain. Mines, prospects, and mineralized
zones are scattered throughout Chess Draw, Wind Mountain,
and the McVeigh Hills, exposing the mineralized areas (Mc-
Lemore et al., 2022).

Calcite veins are common in limestones near the mineral-
ized skarns and intrusions and could be an exploration guide to
mineralized zones. Evidence of contact metamorphism (skarns,
carbonate-replacement deposits) is found throughout the Cor-
nudas Mountains but is not extensive and is mostly concealed
beneath boulders and alluvium eroding from the laccoliths and
sills. Even in drill core, alteration zones are typically less than
1 m thick. The limestones west of Cornudas Mountain and
along the contact with the Wind Mountain nepheline syenite
are locally recrystallized to marble or green skarn or unminer-
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alized tactite (metasomatized shale or siltstone). Skarns con-
taining calc-silicate minerals are rare, but local narrow bands
of aegirine, riebeckite, analcime, calcite, dolomite, and local
eudialyte border many dikes and form small skarns. Locally,
the skarns and contact-replacement deposits are of economic
interest because they contain eudialyte that contains significant
concentrations of Zr and REE.

REE-ZR-NB ECONOMIC POTENTIAL
Mineralogy

Several mineral species in the Cornudas Mountains host
REE, Zr, and Nb (summarized in Table 4; McLemore et al.,
2022). Trace amounts of galena, sphalerite, and molybdenite
are found in the Cornudas Mountains; however, these minerals
are not found in economic concentrations. Rheniite (ReS,) was
tentatively identified by electron microprobe but requires addi-
tional verification. Rhenium (Re) is a critical mineral typically
found associated with molybdenite.

The predominant REE-Zr mineral in the Cornudas Moun-
tains is eudialyte, which is found as red-to-pink to red-brown
disseminations, cavity fillings, and veins in nepheline syenite,
phonolite, skarns, and altered limestones in Chess Draw and
along the flanks of Wind Mountain. Eudialyte is a group of
minerals (Johnsen et al., 2003), and three species have been
identified at Wind Mountain and Chess Draw: aqualite, ma-
gano-eudialyte, and sergevanite (Table 4). A eudialyte con-
centrate can be obtained by magnetic or flotation techniques
(Vaccarezza and Anderson, 2019). REE can be recovered from
eudialyte concentrates by acid leaching (Ma et al., 2019; Vac-
carezza and Anderson, 2019).

Catapleiite is a red-brown hydrated zirconosilicate that
also contains REE. This mineral forms a solid solution series
with calciocatapleiite, both of which have been found at Wind
Mountain. Catapleiite can be separated along with eudialyte by
magnetic or flotation techniques (Silin et al., 2022).

Fine-grained REE fluorocarbonate minerals, predominantly
bastnésite-(Ce) with minor parisite-(Ce) are found disseminat-
ed in nepheline syenite at Wind Mountain. Other REE-bearing
minerals found in the Wind Mountain and Chess Draw areas
include monazite, xenotime, vitusite, and zircon. Metallurgical
testing is required to determine if these minerals can be easily
separated.

Pyrochlore is the predominant Nb mineral. Oxynatropy-
rochlore is locally present.

The only beryllium mineral found in the Cornudas Moun-
tains is epididymite. Beryllium is a light element and difficult
to identify by electron microprobe. The highest whole-rock
concentration of Be in the Cornudas Mountains is 147 ppm
(McLemore et al., 2022). Even though early exploration for Be
occurred in the Cornudas Mountains, there is no evidence of
economic concentrations in the area.

REE Potential in Wind Mountain

The basal unit (PEnsp2) of Wind Mountain laccolith has
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high potential for Zr, REE, and Nb (Fig. 5; McLemore et al.,
2022). REE minerals are found in nepheline syenite, phonolite
dikes, and skarns. Additional sampling and drilling are need-
ed to locate REE-rich bodies with high enough REE, Nb, and
Zr concentrations and tonnage to be economic. None of the
other intrusions, outside of Chess Draw and Wind Mountain,
have elevated REE, Zr, or Nb concentrations. Another poten-
tial mineral resource is nepheline syenite for use as ceramics,
glass, or other industrial use (McLemore et al., 1994; McLem-
ore and Guilinger, 1996).

REE Potential in Chess Draw

New mapping and geochemical sampling in Chess Draw
(McLemore et al., 2022) indicates the aecromagnetic anomalies
(Bultman, 2021a, b, 2022) could be the top of syenite and pho-
nolite intrusions, possibly as laccoliths or plugs. The REE, Zr,
and Nb potential in Chess Draw is high (Fig. 6), but drilling is
required to locate specific areas of economic potential.

CONCLUSIONS

“A1/¥Ar geochronology results indicate emplacement of
igneous intrusions in two pulses in the Cornudas Mountains,
from 37.14-34.5 and 32.48-26.95 Ma, spanning a longer in-
terval than recorded by the previously published K/Ar ages
(36.0-31.6 Ma). There are no significant differences in com-
position between the intrusions. REE, Zr, and Nb have the
highest potential in the Wind Mountain and Chess Draw areas,
specifically the PEnsp2 portion of the Wind Mountain lacco-
lith (basal unit), phonolite and breccia dikes, and hydrothermal
skarns and altered areas. The spatial distribution of REE, Zr,
and Nb concentrations is discontinuous and localized. New
drilling in the Chess Draw, along the contact of Wind Moun-
tain, and in the McVeigh Hills is required to determine if there
are zones enriched in REE, Zr, and Nb for economic develop-
ment. Although the REE concentrations of the Wind Moun-
tain and Chess Draw intrusions and altered areas are below
normal economic grades (i.e., <5% total REE), eudialyte and
other REE-minerals could be concentrated using magnetic sep-
aration and then REE could be leached. Chess Draw samples
have higher Nb concentrations than Wind Mountain samples,
whereas Wind Mountain samples have higher Zr concentra-
tions. Pyrochlore is the predominant Nb mineral, and zircon
and eudialyte are the predominant Zr minerals. None of the
other intrusions, outside of Chess Draw and Wind Mountain,
have elevated REE (>800 ppm), Zr, or Nb concentrations. Geo-
physical anomalies in Chess Draw and McVeigh Hills suggest
presence of buried intrusions that could be sources of addition-
al REE, Zr, or Nb concentrations.
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Pump jack in sinkhole, Dagger Draw oil field, Eddy Co., NM.



