REE, Niobium, and Thorium
Districts and Occurrences
in New Mexico

Virginia T. McLemore, Robert M. North,
and Shawn Leppert

New Mexico Bureau of Mines and Mineral Resources
Open-file Report 324

January 1988



INTRODUCTION

Rare-earth elements (REE), niobium, and thorium typically
occur together in nature. The REE include a group of 15
chemically similar elements called the lanthanide group since
lanthanum is the first of the series (Fig. 1). Yttrium, although
not a lanthanide, is sometimes included because it has similar
chemical properties and typically occurs with the REE. The REE
and yttrium have similar ionic radii (0.85-1.03 A: Weast, 1970)
and 3% valance, therefore they can easily substitute for on<
another and are always found together. Tantalum typically occurs
with niobium (also known as columbium); both have similar ionic
radii (0.68-0.69 i) and 57 valance. Most deposits also contain
some uranium.

REE, niobium, and thorium are found in over 100 minerals
(Parker, 1965; Parker and Fleischer, 1968; Adams and Staatz,
1973; Anstett, 1986), but significant concentrations of them are
rare. Some of the more common REE minerals in New Mexico are
monazite (lanthanum-cerium phosphate), bastnaesite (cerium
fluo-carbonate), xenotime (yttrium phosphate) and euxenite (REE
columbite-titanite), among others. The major niobium ore
minerals are complex iron-niobium-tantalum-REE oxides and include
columbite-tantalite, microlite, euxenite, samarskite, and
fergusonite. The major thorium mineral is monazite which
contains between 3 and 10% ThO, and up to 70% REE and 2% Y,05.
Thorite and thorogummite also are common.

Industrial applications of these elements are varied. REE
are used as petroleum cracking catalysts, metallurgical uses,

ceramics and glass, electrical applications, as phosphors, and



REE and related elements.
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Element Symbol number weight
- Lanthanides

(rare-carth elements)
Lathanum La 57 138.9
Cerium Ce 58 140.1
Praseodymium Pr 59 140.9
Neodymium Nd 60 144.2
Promethium Pm 61 145
Samarium Sm 62 150.4
Europium Eu 63 152.0
Gadolinium Gd 64 157.3
Terbium Tb 65 158.9
Dysprosium Dy 66 162.5
Holrnium Ho 67 1649
Erbium Er 68 167.3
Thulium Tm 69 168.9
Ytterbium Yb 70 173.2
Lutetium Lu 71 173.)
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FIGURE 1-—Section of the periodic table of the elements showing the REE and related elements.
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other minor uses (Adame, 1965; Anstett, 1986; U.S. Bureau of
Mines, 1987). Recent developments in superconductors may
increase the demand for REE. REE are important components of
permanent magnets; the most powerful of which uses a neodymium-
iron-boron alloy. This application alone is worth approximately
$100 million annually (Anstett, 1986).

Niobium (or columbium) and tantalum are used as metal alloys
in electrical, construction, transportation, machinery, and oil
and gas applications (Parker, 1965; U.S. Bureau of Mines, 1987).
Thorium is used as a nuclear fuel in one commercial power plant
in the U.S. (at Fort St. Vrain, Colorado). Nonenergy uses
include incandescent lamp mantles, magnesium-thorium alloys,
refractories, welding electrodes, among others (U.S. Bureau of
Mines, 1987).

Although current and past production of these elements in
the U.8. is low reflecting the limited demand for these elemnents;
the advancement of superconductors and more efficient magne*s may
significantly increase the demand for REE and niobium. Thorium
may be used in more power plants in the future. Therefore the
NMBMMR is investigating these deposits in New Mexico; Map 1 and

Table 1 is a summary of known deposits in the state.

Geology of Deposits in New Mexico
General
Four types of REE, niobium, and thorium deposits are
recognized in New Mexico: veins and breccias, pegmatites,
carbonatites, and Cretaceous heavy mineral, beach-placer devosits

(Table 1, Map 1). The most significant deposits in the state are



Tabla 1 - REE, thorlum, and nichium districts and occurrences in New Mexico.
laboratory, samples collected by V. 7. Hoclemore}.

#Chenical analyses by Lynn Brandvold and associatya (NMBHMR chomioal

Typei{s) Gaglogioal description REE minerals
Hap of and elze of known &nd asacoiated Chemical Production Selevtad
number  Haoe tooation deponit{s} t deposite commodities ° - analymsis and rasnuroe refarences
1  Laughlin  east central valnsg, A carbonatlte eccure in brogkite {Ce, Th}, 150~2000 ppu Ce, —— staatr, 1974, 1902,
Peak Colfax County carbonatite fragture rones in or ad- crandalita (Ce), 74-7000 ppm La, 1985, 1986, 1987y
{Chiao dika jacent to the largs xenotima, Th, U 146~20,000 ppm Holamore and Worth,
Hills) trachyte sill on Raspberry total REE, 1987
Hountaln. The weins cut 70-10,000 ¥,
trachyts, Dakota sandstona, 15¢ ppm i
intrugive braccia and 0.32% Th
trachyandesita. 2% veins
have bsen mappad.
2 Gallinas 12 mi southwast velns, Bagtnaseite occurs as an bastnaesite, F, bastnaasite: 146,000 lbs of Glase &nd Smalley,
Mountaina of Corona, nor- breccia accengory in epithermal Cu, ba 74.39% REGQ in- bastnaesite 1945; Bouls, 1946a)
thexn ILinceln copper sulfide-fluorite cluding 21.87% congentrite Griswold, 1959,
County veins and breccia fillings Ca, 25.61% Parhaco and Helnrich
in sandstone overlying Ceo05, and 48.78% 1964 Parhag, 1970,
alkalic trachyte hypabyesal {La, D1)2 [+] DaMark, 1980
intrusives. Most of the [5+10% bastnaeaitae
bagtnaeslte deposits are in in tha daposit];
the Yesc sandstone {Permian). 1400 lbs fluorite
The majority are in brececis contained 3.2% REEO
zones wherse mineraliratien
occurs as opan space fillings
and along jolnts and bedding
planas.
3  Capitan Capitan breccia veins Deposits occur in thae allanite, Th valns have up to —— Griswaold, 1959;
Mountalns alaskite breaccia veins that 1.7% Th; *gaelect pteate, 1974r

¢ut the Capitan Mountains.

The velns ccneist of angular
fragments of alaskita which

have been recemented by red
thyolite. The veine are a few
inches in width, lengths are
unknown {buried by soll heriron).

oample assayed
2500 ppm La, 4350
ppm Ca, and 330
ppm Y

Molemore, 1983ap
WHMEMMR file data

4 Coranudas  southern Cterc velns Laccolith of porphyritic eudialyte, Th, *dike sample: — zapp, 1941
Mountaina County, WM; nepheline gyenita that U, Ba, Nbh, P 1235 ppm C4, Collins, 1958y
(Wind northern intruded Cretacesus and 700 ppm La, Harnex et al, 19459;

Hountain) Hudapeth County, Parmian strata. Adjacent 270 ppm N4, Barker and Hodges,
Texas areas have sills and dikes 242 ppm ¥ 1977; ¥MEMHR file
of similar composition. data
These injection veing and .
replacement bodiea trend
nertheast.

5 Caballo lerra County velns HWore than 45 radicactive thorita, up to 0.44% —— Doyle, 1351
Hountaine bodles that occcur in a bagtnaanite, Th Malancon, 19523
and Red coarse~grained quartz mon- thorogummite, Staatr at al.,
Rills ronite. These bodles are ¥b, O, Th, Ba, 19553 MolLemors,

slongate and range from F 19834, 1986
a few feat to 300 £t in

length and from a few

inchaes to 20 ft in width.

6 2uni Grants, Cibola velns REE are assoalated with baatnaesite, ——— —— Zadra et al., 1952y

Mountains County fluorlte veins and ocour F, Ba Goddard, 1966, 1974
along northwest trending MoLemore st al.,
faults in the Precambrian 1986
and Paleozaic rocks, mastly
in precambrian granites.
Velns ranga from a few
Inches te 15 feet wida.
Mest of the veins have
been brecciated.
7 Bromida Tusas Hountains veins REE in fluorite-uranimm allanite, —— ——— Binglex, 1968;
Moetrict velns along the contact monzonite, KMEMMER file data
of the granite with the »enctine,
Hoppin volcanios. 9, Th, F,
Cu, Ba




Table 1 {cont'd}

Type(s) Geological descxiption REE minerals
Hap of and size of known and agsociated Chemioal Produation Salected
“mher  Hame Location depositis) Q.apouits commodities a.n‘ulyﬂia and resou-ce rafsrences
8 pajarito Mescalero Indian  unkpown, HEE ara associated with allanite, thorite, analysis of apatite: — ¥elly, 1968
Mountain  Reeervation, posdibly vaein Precambrian alkalic recks eudialyta, F, 04306 wtd ¥,05, Foord at al., 1983;
Otare County {cocurrence which ara surrounded by zircon, apatite, 4.48 wts La,0q, Hoore and Feord,
in quarts Parmian marina gedimenta. elpldite 8.50 wta Cay0q, 19861 Roader st al.
aysnlta) Radicmetrio dates suggest 3,69 wty Nd Ugr 1987
1,230~1,140 m.y. for the 0.93 wts Pra0y
syanite. Syanite,
malasyanlte and quarktz
ayenite are present, along
with syanite pagmatltes.

9  Pataca Tusas Mountains pegquatite, The avarage outarop length mponarite, *average Nb of 112+ lbse- Just, 1937 Jahns,
{incliu- placar is 410 £t, the average samargkite, 87 pegmatites ganarskite - 1946y wWright, 1548;
ding dsposits breadth is 35 ft. BEEE auxenits, 0.04%; globe few hundred Radmon, 1961;
o0jo {nichliun) are rastricted to albite- hatchettolite, pagmatits an~ lbg of monr= Binglar, 1968;
Callenta) rich zones in the pagma- apatite, Cu, elysla: 600 ppm, zite; 12,000 Parker and

tites. Socme enrichment i, Bi, Wb, Ta, ¥, 660 ppm Yb, 1lbs Ta-Nb- Fleischer, 1968;
zones are located in Be, F, mica 606 ppm Dy, REE ore Robarteson, 19763
fractures within the 396 ppm Er, ¥erker, 19814
quarte cores. Host rocks 186 ppm G4,

ineluda: muscovitio 3117 ppm eREE

quarteite, schlate, + ¥, 10,332 ppm

granitic gneins and Th

amphibolltes.

10 Harding pricuris Range, pagnatite, There are 3 types of nlcrolite, ——— 22,000 lba Sould, 1946by

district ‘Tacs County plager pogmatites in the area: monazite, migrolite Jahns, 1946, 1953;
daposite (1} long thin northeast allanite, {niobitm pParker, 1965; Jahns
{niobium) trending dlkes, (2) smal- tantalita- ore)| re- and Ewing, 1976,
lar pod-like occurrences, columbite, asrves agti- 1977; Taggart,
and (3) thick mineral- Ba, Cs0, mated as 1976; Brookins et
rich zones. A well de~- apatite, 90,000 tonr al., 1379
fined pegmatita balt 0, Th, 14, of 0.15%
that is 250 £t long, Ta, nica, miorolite
150-250 ft wide, and 5-20 Thorite ore
ft thiock is exposed
trending west-northwest.
The econemically potential
pagmatitas are internally
zoned. One of the largeat
tantalun depoelts in the 0.S.

"1 Vermelo northern Taos raqmatite These are bighly localizea allanite, 91-337 ppm Oy m—— Zalanka, 1904
Park County on the veina(?} deposlts that are hosted thorite, 40-137 ppm Y,
area Yarzejo Ranch by Precembrian granite, thoragumaite, 6-130 ppm La,

paguatitic granites, and apatite, 23+176 ppm Wb
and gneisses. Tha REE zircon,

ooour in pagmatite dikes, uranophana,

lenses or pods, and along U, Th, ¥b

fractures.

12 Elk southexn part pagmatite The pegmatltes occur in monazite, sawpla of nearby 500 1bs of Holmmuist, 19464

Hounktain of Bangre da Precambrian schisnte and sanarskite, gyenite; 116 Ce Ta-U-REE Jahns, 1946: Griggs
Cristo Range range in shape from thin gadolinite, and Hendrickson,
sinuvous dlkes to thlck euxenite, 1951; Redmon, 1961)
pods that crosecut the hatchettolite, U.B. Geological
host rook. All of tha tantalom, survey et al.,
deposits contain quartz, columbita, 1980; Xlioh, 1983
albite, and mioerocline. U, Th, nioca

13 FRoclada Ias Vagae pegnatite The pegmatites range in nicrelite, —— 1.5 tons of Jahns, 1353
Distriat  range width from several inches Ta, Wb, Li, miorolite and Bhaffer and Gold-

to 43 ft and have lengths Be, mioa, gaveral thou- smith, 19693

in excess of 350 ft. topaz sand tons of Roberteon, 1976)
Thers are also discordant REE=Ta ors U.8. Gmological
lenses, Most of the pag- Survay at al., 1980
satites sre ransd.

14 El 3.0 nl north reqmatite, The pegmatites are con- monazite, poamples of —— Harley, 19409
Porvanir of Porvenir, veins tained in a coarse- Mo, Cu, Bi, quartzite Robeartson, 1976

in the las grained granite that Ta, Wb, mica 546 ppm aTh,
Vagas Range intrudes tha Precambrian 582 ppm L&,
matamorphic rocks. 1160 ppa ¥y

950 ppm Ia,

1020 ppm Y by
emigsion spec-
tromatry (U.B.

Dapt. of Energy files)




Typs(s)

Gecloglcal description

REE minerals

Map of and gilrze of known and assoolated Chamical Production Selected
nunhar  Mams Locatlon deposit(s) deposity commodities analysis and reacurge references
o
15 ‘Tecolote 8 mi south~ pegaatite The pegmetites are con- monszita, ' ———— £10,000 worth Harlay, 1940;
wast of Lae tained in a coarsa- Wb, Ta, Be, of beryl, tan~ Robertson, 1976
Vegas in the grained granite that Mo, Cu, mica, talite-cclumbita,
foothills of intrudes the Precambrian tantallte- and monazite
the Las Vegas metamorphic rocks. columbite
Range
16  Blacok near Emory Paas poegnatite amall, Tertlary psgmatites columbite et —— Xalley and Branson.
Range in rhyolite porphyry plug 1947
containing minor amounts
of columbite in a seam of .
magnetite and ilmenite.
17 White Burro pagmatite, The pagmatites are in allanite, 702 ppm Th — Glllerman, 1964;
8ignal Mountaina volns(?) the western portion auxenite, O'Heil and Thiede,
of the district and samarskite, 1981; Richter and
are very similar to ayrtolite, Lawrencs, 1983;
thoge of the Gold Hil) Th,; Ta, ¥b, Be, Riochter et al.,
arsa. They occur as mioa 1986
pods or lenses in the
Proterozelc Burro
Hountaln granite.
18 Gold Burro pogmatite, The pagmatites vary In allanita, Thorium content 2oma poseible Gillerman, 1964;
Hi11 ¥ountaina velns #lza from pods a few euxenite, in a vein 1a production Hedlund, 1978;
inches in dlametar to samarskite, 0.05-0.72 wk% doring th» Btaatz, 1974
lene-shapad bodies cyrtolite, 1950's
several hundred feot thorite {vein}, (unknown)
long. The larger of mica, quarte,
theas bodles are zoned. Th
Two velna occur and are
2 ft wide and 46 ft leong.
The hoat rock is part of
the Protesrozolc Burro
Hountain granite.
19  Monte 22 ol nertheaat carbonatita Ogcurs as a diks 1-2 ft Th, U, mica, Wb 0.295% Kb oxide — Lambart, 1961y
I Largo of Albugquerque dikes wide and approximately *gelected sample Kelley and
area in the gandia 200 £t long. The known 795 ppm Ce, Horthrop, 19751
Mountains deposita are in breccias 385 ppo 1A, ¥olemore, 1983b
in ipolated exposures of 305 ppm WA,
. the Precasbrian rocks of 123 ppm Y,
tha pouthwastern part of 78 ppey Pr
the district.
20 Lebo Boriarty carbonatite Thin, carbonatite dike u, Th 230 ppm Th, ——— Loring and
Aill dike intruding ayenitaes in 243 ppo ¥b, Armptrong, 19807
Precanbrian gnelss. 2225 ppm LA, HoLemora, 1984
3500 ppu Ce,
975 ppm Hd,
19 ppm b,
146 ppm ¥
21 Lamitar Bocorre aarbonatite Mora than 100 carbonatite U, Th, Wb, Ti, Maximum congan=- —— Heclemors, 1982,
Mountains dikes and dikes and veina intrude Cu, Ba, F, traticne from 1383b, 1987
vainn tha Precambrian granite - baatnansite saleoted samples
and metamporphic rocks. 0.19 wts total REE,
They rangs in thickness 0.35 wty U430,
from less than 1 inch to 1950 ppm Tﬁ,
more than 3 ft. 8Soma dikes 445 ppm Mb
oan be traced 1900 Ek.
The dikea are fracture-
controlled and form sharp
agontacts with the host rooks.
The host rocks are granites,
Alorite/gabbro, and gneissic
granites.
22 Chupadera Bggorro ¢arbonatite The veins and dikes are rirkelitae, T, ranges for selec- —— McLemore, 1583b,
Mountains dixes and in a 2 mi? sxposure of Th, Wb, Ti, ted gamples: 1987; van Allen
veinse Preacambrian rockg. They Cau, Ba, F 46- 700 ppm X, et al., 1986

trend northeast and occar
a8 swarna of steeply dipping
dikes that cut follation of
tha hoat. Thay ars commonly
0.7=5 £t thick and can have
widths of 200 ft and lengths
of 1000 f£. 1Ths host Yooks
are interfingsring quartz-
feldspathic schists and
¢nelgses and mica schist.

8~4900 ppm Ca,
£0-1700 ppa La,
110~ 650 ppm Wb

6



Table 1\ {cont'd}

Typeis} Geoleglcal deseriptlon REE minerals
Hap of and size of known and apmnciated - Chemical Productian Salected
numher  Hame Location deponitin} daposits commditien analysis and remource referencen
21  Bancates 1.0 mi wast heavy-mineral vaposit occurs in and at zircon (principal 0.1t wtt Yttrium prodicted Allan and Balk,
of Sanostas taach-placer the top of the lower unit  mineral contaln- oxider 0.11 wkh resoporce 19543 Chenoweth,
Trading Post, deponlit of the Gallup Sandatone ing REE'm}, T1, b oxidey 20.0 batwean 3,76~ 1957) Dow and
San Juan County {Crotacanua}. There are tb, Th, I, mon- wth Tl oxlde; 16% tona o tathty, 1961y
& en echelon heavy azitn(7} N.12% e"l‘hco2 ytirium Rlngler, 1963;
mineral lannes approxi- oxlde fArockine, 1977;
mately 12 ft thick, 450 Mclemore, 1963s

it wide, and trace 1.5

mi. These were prohably
formed in the litkoral zone
v the Cretacacus asa.

4 Toadlena 2.0 mi mouth~ heavy mineral Deposits ate in the zilrcon (principal 32 wty T oxidey _—— Archer, 1957;
southaast of beach placer basal spandstone unit mineral contain- 0.08% radiometric Chanoweth, 1957
the settlement depoBit of the Gallup Bandmtone ing REE's), ™, U40p bow and Ratty,
of Toadlana, {Cretacanusl. An olive W, Th, U, non- 19511 Rrookina,
gan Juan gray rone ls 1,758 ft arite(?) 1977 Mclsmore,
gounty leng and as much anm 19g83a

6 ft wide, ODepositionally
similar to the gancsetaa.

5 Gallup 6 mi southeast haavy-mineral A titaniferous gandstona Zircon (principal  *snlected sample —— Mlen, 1956
[Torrive of gallup beach=-placer depoalt on top of the minaral contain- assayed 83175 ppm Chencwath, 1957
Anticline) deponit middle unit of the Gallup  ing REE'S), T4, o, 4750 ppm 1A, Sun and Allen,
Sandstone {Cretacsour). Wb, Th, U, mon- 3250 ppm MA, 19571 Houaton and
¥ithln an olive«gray azltal?) 650 ppm Pr, Murphy, 1977
heavy mineral zone which 550 ppm ¥ Hclemore, 1983a

{8 less than 4y thick,
and can be traced W25%
for abaut t0an fr.
Dapogitional anvironment

similar to Sanostea. 1
26 Farmington known deposits heavy mineral The dapoelts occur zircon (principal ——— —— Chanowath, 1957;
placers in tha beach pleaer mostly in the Polnk mineral contmin- Dow and Patty,
Farmington arvea deponit Lookout Sandstone ing REE's), T4, 1961; Mclemore,
San Juan basin {Cretaceous). These Hh, Th, U, mon- 1983a
deposlits are beach azite(?)

cencentrations and
represent a trangition
from marine to non-
marine bade. All ara
apsoclated with clesn,
nmasslve, well sorted,
littoral marina pand-
atone, which ate over-
laln by lagoonal coal
and phale. They traond
northuwent, parallel to
the directicn of the
Cretzceous sea skrand

lines.
27 Other 14 known heavy mineral The depoaits occur in zircon (principsl ———— —— Chenowath, 1957,
placars depoaits in beach placer nany of tha Cretacaous nineral contaln- Dow pnd Dathy,
south-centzal, doposlt sandatonas and have a ing REE'8}, TL, 1961; McLemore,
southeantern, depositional environment Hb, Th, U, mon- 1983a
and aast-central similar to the Farmington azite{?)
Ean Juan Wasin placers. sSimllar zones
have been reported in the
subgurface.




the veins and breccias, although some pegmatites contain
substantial amounts of REE, niobium, and thorium. Although the
largest REE deposit in the world is in a carbonatite, known
carbonatites in New Mexico tend to be small and contain, at best,
modest amounts of these elements. The world’s largest thorium
resources are in veins and breccia deposits (Staatz et al.,
1979). All of the deposits in New Mexico, especially the
carbonatites, have not been examined in detail for REE, nicbium,
or thorium content. Drilling of all deposits is required.

Minor amounts of REE, niobium, and thorium have been
produced from veins and breccias and pegmatites in New Mexico
(Table 2). Most of this production occurred during the 1940’s
and 1950’s (Jahns, 1946; Adams, 1965; Jahns and Ewing, 1976).
None of the deposits in the state has yielded any ore recently,
but a few areas are currently being investigated by mining

companies for REE potential (McLemore et al., 1988).

Veins and breccia deposits

Veins and breccia deposits occur as tabular bodies, natrrow
lenses, and breccia zones along faults, fractures, and sheart
zones. They vary from a few feet to 1,000 £t long and from less
than one inch to 10 ft wide. The veins are spotty,
discontinuous, of variable grade and typically contain
significant concentrations of REE, thorium, and uranium.

Veins and breccia deposits are found at Laughlin Peak (#1,
Map 1), Gallinas Mountains (#2), Capitan Mountains (#3), Covnudas
Mountains (#4), Cabkallo Mountains (#5), Zuni Mountains (#6), and

Bromide district (#7). Many of these deposits are associated



Table 2--REE and niobium production from New Mexico deposits.

Map No.
(Map 1)

Name

Production

References

2

10

12

13

15

17

Gallinas Mountains

Petaca district

Harding

Elk Mountatin

Rociada district

Tecolote

Gold Hill

145,000 Lbs of bastnaesite
concentrate

112 lbs of samarskite,

few hundred lbs of monaezite,
12,000 Lbs of Ta-Nb-REE ore
including columbite-tantalite

More than 22,000 Lbs of micro-
lite concentrate containing

an average of 68% Tazo5 and

7% szos, 500 lbs of tentalite-
columbite

500 (bs of Ta-U-REE concentrate

1.5 tons of microlite concen-
trate, several thousand tons
of REE-Ta ore

$10,000 worth of beryl,
tantalite-columbite and
monazite

Some production during the
195073,

Griswold, 1959; Adams, 1965

Parker, 1965; Bingler, 1968

Parker, 1965; Jahns and
Ewing, 1977

Jahns, 1946; Holmquist, 1946
Robertscn, 1976; Sheffer and

Goldsmith, 1969; Jahns, 1953

Robertson, 1976

Gillerman, 1964




with fluorite veins. Deposits in the Capitan Mountains occur
with quartz. The host rocks are alkalic and vary in composition
from trachyte, alaskite, nepheline syenite, syenite, and alkali
granite. The veins in the Caballo Mountains may be Cambrian-
Ordovician (McLemore, 1986), whereas the majority, if not all,
of the remaining deposits are probably Tertiary in age.

The most important deposits are in the Laughlin Peak area
and the Gallinas Mountains. Thorium, yttrium and REE veins with
associated niobium were first discovered in the Laughlin Peak
area during the 1950’s. Although there has not been any
production, these veins have been examined sporadically sin-ze the
1950’s. The veins are steeply-dipping, lenticular, fracture-
filling deposits in Oligocene to Pliocene alkalic igneous rocks
and Cretaceous sandstones. More than 30 veins have been lo=ated
(Staatz, 1982, 1985, 1986, 1987) and adjacent areas remain
unmapped. They range in size from 1~1/2 to 1800 ft long ani less
than one inch to 2 feet thick. Most of the veins parallel the
strike of early faults. Total REE content ranges from 100 to
30,000 ppm (Staatz, 1985; Tschanz, 1958). Yttrium contents as
high as 10,000 ppm are reported (Staatz, 1985). Niobium
concentrations as high as 1200 ppm are reported (Staatz, 1935).
Thorium content ranges from 30 to 24,000 ppm (Tschanz, 1958;
Staatz, 1985; miscellaneous analyses by the authors). Uranium
analyses range as high as 510 ppm U;0g5 (McLemore, 1983a; McYemore
and North, 1987), but are mostly less than 50 ppm.

The REE mineral bastnaesite was discovered in the Gallinas
Mountains in 1943 during an investigation of the fluorite- and

fluorite-copper-bearing veins and breccia deposits (Glass and

10



Smalley, 1945; Soulé, 1946a). Bastnaesite occurs as small yellow
crystals in the fluorite veins with associated barite, quartz,
calcite, pyrite, copper sulfides, galena, and iron oxides (Adans,
1965). About 146,000 lbs of bastnaesite concentrate was produced
during the 1950’s (Griswold, 1959; Adams, 1965). The deposits
occur in the Yeso sandstone (Permian) and are probably related to
younger intrusive alkalic rocks (Perhac and Heinrich, 1964).
Niobium and thorium contents are insignificant.

REE and possibly niobium are associated with the Precambrian
alkalic rocks at Pajarito Mountain in the Mescalero Indian
Reservation. Several mining companies and the U.S. Geological
Survey have investigated this deposit, although specific details
concerning the type of deposit, mineralogy, and economic
importance are unavailable. Veins and breccia deposits are
likely to be found in the area.

Elsewhere in the United States and the world, veins ani
breccia deposits are commonly associated with alkalic rocks and
carbonatite complexes (Heinrich, 1966; Adams and Staatz, 1973).
Two small carbonatite dikes occur in the vicinity of REE~th-orium
veins at Laughlin Peak and REE, niobium, and thorium veins might
occur in areas in New Mexico where carbonatites have been found.

The mineralogy of known vein and breccia aeposits in N3w
Mexico is poorly known. In the Laughlin Peak area, brockits,
crandallite, and xenotime have been reported (Staatz, 1986).
Bastnaesite occurs in the Gallinas Mountains (Glass and Smalley,
1945) and possibly the Zuni Mountains (Zadra et al., 1952).

Specific mineralogy of other deposits in New Mexico is shown in
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Table 1.

The potential for REE, niobium, and thorium in veins and
breccias in the state is good, however, very little geologic work
has occurred in most areas. Detailed geologic mapping,
geochemical sampling, mineralogical studies, and drilling cf

these deposits are needed.

Pegmatites

A number of pegmatites have yielded REE and niobium
production in the past (Table 2), but in general pegmatites are
poor mining targets because the REE, niobium, and thorium
minerals are scattered throughout the pegmatite and are difficult
to selectively mine and process. At least 75 pegmatites in New
Mexico contain REE, niobium, thorium, and uranium minerals; 49 of
these occur in the Petaca district.

The pegmatites generally are Precambrian in age and intrude
granitic and metamorphic rocks; however, some in the Burro
Mountains and Black Range are Tertiary. They vary in size, but
are typically several hundred feet long and several tens of feet
wide. The minerals of interest commonly occur in the albite-rich
zones and some enrichment of them occurs in fractures within the
quartz cores.

Numerous REE-, nicbium-, and thorium-bearing minerals have
been reported to occur in pegmatites in New Mexico (Northron,
1959; Jahns, 1946); the more common minerals include monazite,
samarskite, apatite, allanite, microlite, and thorite.
Geochemical analyses of selected samples from pegmatites in the

Petaca district are shown in Table 1.
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Microlite was mined from the Harding pegmatite during 1943~
1247 and more than 12,000 1lbs of tantalum concentrate was
produced (Parker, 1965). It 1s estimated that the Harding
pegmatite contains about 90,000 tons of ore containing 0.15%
microlite or about 155,000 1lbs of tantalum, making it one of the
country’s largest deposits in the 1960’s (Parker, 1965). However,
the Harding pegmatite is owned by the University of New Mexico as
a natural museum for collectors and field study; it cannot be

considered as a viable ecqnomic resource.

Carbonatites

Carbonatites are unique carbonate-rich rocks of apparent
magmatic origin which are characterized by a distinct, but
variable mineralogy, composition, and associated alteration.

They commonly contain REE, niobium, uranium, and thorium. In New
Mexico, carbonatites have been found in five areas: Lemitar and
Chupadera Mountains, Socorro County (#21, 22, Map 1, Table 1);
Monte Largo Hills, Bernalillo County (#19); Lobo Hill, Torrance
County (#20):; and Laughlin Peak, Colfax County (#1).

In New Mexico, the carbonatites occur as dikes with
associated stockworks; large intrusive bodies such as Iron Hill,
Colorado and Mountain Pass, California have not been found in the
state. All of the carbonatites, except for the one at Laughlin
Peak, intrude Precambrian host rocks and are most likely
Paleozoic in age (McLemore, 1983b, 1987). The Laughlin Peak
carbonatite intrudes a phonotephrite that was dated by potassium-
argon methods as 25.3 + 0.9 m.y. (Staatz, 1986). The dikes range

in thickness from less than one inch to more than 3 ft and they
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are discontinuous along strike because of pinchouts, faulte, or
erosion. A few dikes in the Lemitar and Chupadera Mountains can
be traced intermittently along strike for over 1,000 ft
(McLemore, 1982; Kent, 1982).

REE-, niobium-, and thorium-bearing minerals in these
carbonatites include apatite, fluorite, and complex iron-titanium
oxides. Bastnaesite occurs in a Lemitar carbonatite dike
(McLemore, 1982, 1983b, 1987). REE, niobium, and thorium
contents are variable. A select sample from the Monte Largn
carbonatite reportedly contained 0.295% Nb,Og (Kelley and
Northrop, 1975). Four samples of carbonatites from the Lemitar
Mountains ranged in composition from 503 to 661 ﬁpm La, 999 to
1201 ppm Ce, 59 to 76 ppm Sm, and 90 to 122 ppm Y (McLemore,
1987). Samples of the Chupadera carbonatites ranged from 87 to
1,700 ppm La, 8 to 4,900 ppm Ce, and 46 to 700 ppm ¥ (Van Allen
et al., 1986). Other analyses are listed in Table 1.

The potential for mineable concentrations of REE, niobium,
and thorium in carbonatites in New Mexico is uncertain. Nome of
the areas have been explored at depth; drilling is needed,
especially in the Lemitar and Chupadera Mountains where num=rous

dikes are found at the surface.

Heavy-mineral, beach-placer sandstones

Heavy-mineral, beach-placer sandstone deposits are
concentrations of heavy minerals that formed on beaches or in
long~shore bars in a marginal-marine environment (Houston and
Murphy, 1977). Numerous beach-placer sandstone deposits are

found in the San Juan Basin and at least three wells have
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penetrated similar deposits in the subsurface (Table 1, Mar 1).
Although beach-placer deposits are found in strata of all ages,
the known deposits in New Mexico are restricted to Cretacecus
rocks.

These deposits range in color from olive-gray, rust-brown,
to maroon; they are commonly called bklack sandstones. They occur
at the top of beach deposits and at places in two or more
intervals. They rarely extend for more than several hundred feet
in length and are only tens of feet wide and 3-5 ft thick.

Detrital minerals comprise about 50-60% of the sandstones
and consist predominantly of magnetite, ilmenite, and other iron-
titanium oxide minerals. Minerals found in these deposits
include monazite, zircon, apatite, and allanite, among others.
Very little geochemical work has been done; one sample from the
Gallup placer contained 9375 ppm Ce, 4230 ppm La, and 550 ppm Y.
the niobium content of the Sanostee deposit is estimated as 0.11%
(Bingler, 1963).

The beach placers in New Mexico are low tonnage and probably
low grade; they remain undeveloped. It is estimated that
collectively the resources amount to a total of 4,741,200 tons of
ore containing 12.82% TiO,, 2.07% Zr0,, 15.51% Fe, and less than
0.10% eThO, (radiometric equivalent; Dow and Batty, 1961). The
REE and niobium content is unknown and probably low. Additional
deposits probably remain undiscovered in the San Juan Basin.
Similar deposits have been intercepted in several holes during
drilling for coal by the NMBMMR. However, the small size, low
grade, and difficulty in recovering economic metals currently

discourages large-scale mining.
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Summary

Economically, the most important REE, niobium, and thorium
deposits in New Mexico are veins and breccias. Pegmatites can be
mined sporadically but with little REE production. Exploration
of these deposits, especially the veins and breccias and
carbonatites is required to properly assess the mineral potential
in New Mexico. The NMBMMR plans to continue geologic mapping and
geochemical sampling of some of these areas and additional

potential targets.
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