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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 5' 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  then  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% ThoZ  and  up to 70% REE and 2% Y203. 

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 
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REE and  related elements. 
- 

__~_ 

Element Svmbol number weieht 
Atomic Atomic 

Lanthanides 
( m e " h  elements) 
Lathanum 
Cerium 
Praseodymium 

Promethium 
Samarium 
Europium 
Gadolinium 
Terbium 
Dysprosium 

Erbium 
Holmium 

Thulium 
Ytterbium 
Lutetium 

Neodymium 

La 57 
Ce 58 
Pr 59 
Nd 
I'm 

60 

Sm 
61 
62 

Eu 63 
Gd 64 
Tb 65 

Ho 
66 
67 

Dy 

Er 68 
Tm  69 
yb 70 
Lu 7l 

Related elements 
Scandium sc 21 

133.9 
140.1 
140.9 

145 
144.2 

1520 
150.4 

157.3 
158.9 
1625 
164.9 
16i.3 
168.3 
173.3 
lis. I 

FIGURE l-%on of the  periodic  table of the elements showing the REE and related elements 



other  minor  uses  (Adams, 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.S. is  low  reflecting  the  limited  demand  for  these  eleaents; 

the  advancement  of  superconductors  and  more  efficient  magnets  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 Mexiao 

General 

Four  types  of M E ,  niobium,  and  thorium  deposits  are 

recognized  in  New  Mexico:  veins and breccias,  peqmatites, 

carbonatites,  and  Cretaceous  heavy  mineral,  beach-placer  de?osits 

(Table 1, Map 1). The  most  significant  deposits  in  the  state  are 
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the  veins  and  breccias,  although  some  pegmatites  contain 

substantial  amounts  of M E ,  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, niobium, 

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,  narrow 

lenses,  and  breccia  zones  along  faults,  fractures,  and  shear 

zones.  They  vary  from a few  feet to 1,000 ft  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 (#l, 

Map l), Gallinas  Mountains (#2), Capitan  Mountains ( # 3 ) ,  Cornudas 

Mountains (#4), Caballo  Mountains (#5), Zuni  Mountains (#6), and 

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

8 



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

Map No. 
(Map 1) Name  Production  References 

2 Gallinas  Mountains  146,000 Lbs of bastnaesita  Griswold, 1959; Adams. 1965 
Concentrate 

9 Petaca  district 
few  hundred lbs  of  monazite, 
112 Lbs of samarskite,  Parker, 1965; Bingler, 1968 

12,000 lbs of  Ta-Nb-REE  ore 
including  columbite-tantalite 

10 Harding More  than 22,000 lbs  of  micro- 
lite  concentrate  containing 

Parker,  1965;  Jahns  and 
Euing, 1977 

an  average of 68% Ta205 and 
7% Nb205, 500 lbs of tantalite- 
columbite 

12 Elk  Mountain  500  lbs  of  Ta-U-REE  concentrate  Jahns, 1946; Holmquist, 1946 

13 Rociada  district 
trate,  several  thousand  tons 
1.5 tons  of  microlite  concen-  Robertson, 1976; Sheffer  and 

of REE-Ta  ore 
Goldsmith, 1969; Jahns,  1953 

15 Tecolote B10.000 worth  of  beryl,  Robertson, 1976 
tantalite-columbite  and 
monazite 

17 Gold H i l l  Some  production  during  the  Gillermsn, 1964 
1950's. 
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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-e  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  loyated 

(Staatz, 1982, 1985, 1986, 1987) and  adjacent  areas  remain 

unmapped.  They  range  in  size  from 1-1/2 to 1800 ft  long  an1  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 U308 (McLemore, 1983a; McT.emore 

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  a?d 
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Smalley,  1945;  Soul&,  1946a).  Bastnaesite  occurs  as  small  yellow 

crystals  in  the  fluorite  veins  with  associated  barite,  quartz, 

calcite,  pyrite,  copper  sulfides,  galena,  and  iron  oxides  (Adams, 

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  Beinrich,  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  deCails 

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  an3 

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-thxium 

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  deposits  in  N?w 

Mexico  is  poorly known. In the  Laughlin  Peak  area,  brockit?, 

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  shorn  in 
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Table 1. 

The  potential  for REE, niobium,  and  thorium  in  veins  a.nd 

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-, niobium-,  and  thorium-bearing  minerals  have 

been  reported to occur  in  pegmatites  in  New  Mexico  (Northro?, 

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. 



Microlite  was  mined  from  the  Harding  pegmatite  during 1943- 

1947 and  more  than 12,000 lbs  of  tantalum  concentrate  was 

produced  (Parker, 1965). It  is  estimated  that  the  Harding 

pegmatite  contains  about 90,000 tons of ore  containing 0.15% 

microlite  or  about 155,000 lbs  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  economic  resource. 

Carbonatites 

Carbonatites  are  unique  carbonate-rich  rocks  of  appare?t 

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 (#l). 

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 LaugWin 

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  pota,ssium- 

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,  faultc,  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). 

RFE-, 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  Larg? 

carbonatite  reportedly  contained  0.295%  Nb205  (Kelley  and 

Northrop,  1975).  Four  samples  of  carbonatites  from  the  Lemitar 

Mountains  ranged  in  composition  from 503 to 661 ppm 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 Y (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.  No?e  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  a?d 

Murphy,  1977).  Numerous  beach-placer  sandstone  deposits  art3 

found  in  the  San  Juan  Basin  and  at  least  three  wells  have 
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penetrated  similar  deposits  in  the  subsurface  (Table 1, MaF 1 ) .  

Although  beach-placer  deposits  are  found  in  strata  of  all  ages, 

the  known  deposits  in  New  Mexico  are  restricted  to  Cretaceous 

rocks. 

These  deposits  range  in  color  from  olive-gray,  rust-brown, 

to maroon:  they  are  commonly  called  black  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% TiOZ, 2.07% Z r 0 2 ,  15.51% Fe,  and  less  than 

0.10% eThOZ  (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. 

16 



References  Cited 

Adams,  J. W., 1965, Rare  earths:  Mineral  and  water  resources 

of New  Mexico:  New  Mexico  Bureau  of  Mines and Mineral 

Resources,  Bulletin 87, pp. 234-237. 

Adams,  J. W., and  Staatz,  M.H., 1973, Rare-earth  Elements: 

United  States  mineral  resources: U.S. Geological  Survey, 

Professional  Paper 820, pp. 547-556. 

Allen,  J.  E., 1956, Titaniferous  Cretaceous  beach  placer  in 

McKinley  County,  'New  Mexico [abs.]: Geological  Society  of 

America  Bulletin, v. 67, p. 1789. 

Allen,  J. E., and  Balk,  R., 1954, Mineral  resources  of  Fort 

Defiance  and  Tohatchi  quadrangles,  Arizona  and  New  Mexico: 

New  Mexico  Bureau  of  Mines  and  Mineral  Resources,  Bulletin 

36, 192 pp. 

Anstett, T. F., 1986, Availability  of  rare-earth,  yttrium,  and 

related  thorium  oxides--market  economy  countries:  U.S. 

Bureau  of  Mines,  Information  Circular 9111, 19 pp. 

Archer, B.  J.,  Jr., 1957, Reconnaissance  for  uranium  in  the 

Toadlena  area,  San  Juan  County,  New  Mexico:  U.S.  Atomic 

Energy  Commission,  Technical  Memorandum T"99, 15 pp. 

Barker,  D. S. ,  and  Hodges, F. N., 1977, Mineralogy  of  intruqions 

in  the  Diablo  Plateau,  northern  Trans-Pecos  magmatic 

province,  Texas  and  New  Mexico:  Geological  Society  of 

America  Bulletin, v. 88, pp. 1428-1436. 

Bingler, E. C., 1963, Niobium-bearing  Sanostee  heavy  mineral 

deposit,  San  Juan  Basin,  northwestern  New  Mexico:  New  Mexico 

Bureau  of  Mines  and  Mineral  Resources,  Circular 68, 63 pp. 



Bingler,  E.  C.,  1968,  Geology  and  mineral  resources  of  Rio  Arriba 

County,  New  Mexico:  New  Mexico  Bureau  of  Mines  and  Mineral 

Resources,  Bulletin  91, 158 pp. 

Brookins, D. G., 1977,  Upper  Cretaceous  black  sand  deposits  of 

the  San  Juan  Basin:  New  Mexico  Geological  Society, 

Supplement to Guidebook to 28th  Field  Conference,  pp. 31-33. 

Brookins, D. G.,  Chakoumakos, B. C.,  Cook,  C.  W.,  Ewing, R. C., 

Landis,  G. P., and  Register, M. E.,  1979,  The  Harding 

pegmatite--summary  of  recent  research:  New  Mexico  Geological 

Society,  Guidebook  to  30th  Field  Conference,  pp.  127-133. 

Chenoweth,  W. L., 1957,  Radioactive  titaniferous  heavy-mineral 

deposits  in  the  San  Juan  Basin,  New  Mexico  and  Coloradq:  New 

Mexico  Geological  Society,  Guidebook  to  8th  Field 

Conference,  pp.  212-217. 

Collins, G. E., 1958, Preliminary  reconnaissance  for  uranium in 

the  Cornudas  Mountains,  Otero  County,  New  Mexico,  and 

Hudspeth  County,  Texas:  U.S.  Atomic  Energy  Commission, 

DBO-4-T"5, 16 pp. 

DeMark,  R. S., 1980, The  Red  Cloud  mines,  Gallinas  Mountains,  New 

Mexico:  Mineralogical  Record, v. 11, no. 2, pp.  69-72. 

DOW, V. T., and  Batty,  J. V., 1961, Reconnaissance  of 

titaniferous  sandstone  deposits  of  Utah,  Wyoming,  New 

Mexico,  and  Colorado: U.S. Bureau of Mines,  Report 

Investigations 5860, 52 pp. 

Doyle,  J.  C., 1951, Geology of the  northern  Caballo  Mountains, 

Sierra  County,  New  Mexico:  unpublished  M.S.  thesis,  Nev 

Mexico  Institute  of  Mining  and  Technology,  Socorro, 51 pp. 

Foord, E. E., Moore, S. L.,  Marvin,  R.  F.,  and  Taggart,  J.  E., 

18 



Jr., 1983, Petrology of the  Proterozoic  syenites  at  Pa.jarito 

Mountain  and  the  Tertiary  igneous  complex of the  Sierra 

Blanca  region,  Otero  County,  New  Mexico:  Mineralogical 

Society  of  America,  Symposium  on  Alkaline  Complexes, 

abstracts, 6 pp. 

Gillerman, E., 1964, Mineral  deposits of western  Grant  County, 

New  Mexico:  New  Mexico  Bureau  of  Mines  and  Mineral 

Resources,  Bulletin 83, 213 pp. 

Glass, J.  J., and  Smalley, R. G., 1945, Bastnaesite  [Gallinas 

Mountains,  New  Mexico]:  American  Mineralogist, v. 30, pp. 

601-615. 

Goddard, E. N., 1966, Geologic  map  and  sections of the  Zuni 

Mountains  fluorspar  district,  Valencia  (Cibola)  County,  New 

Mexico: U.S. Geological  Survey,  Miscellaneous  Geologic3.l 

Inventory  Map  1-454. 

Goddard, E. N., 1974, Fluorspar  deposits of the  Zuni  Mountains, 

Valencia  (Cibola)  County,  New  Mexico: U.S. Geological 

Survey,  Geologic  Division  Field  records  file  no. 3735. 

Griggs, R. L.,  and  Hendrickson,  G. E., 1951, Geology  and  ground- 

water  resources  of  San  Miguel  County,  New  Mexico:  New  Mexico 

Bureau of Mines  and  Mineral  Resources,  Ground-water  Re?ort 

2, 121 pp. 

Griswold, G. B., 1959, Mineral  deposits of Lincoln  County,  New 

Mexico:  New  Mexico  Bureau of Mines  and  Mineral  Resourcl-s, 

Bulletin 67, 117 pp. 

Harley, G. T., 1940, The  geology  and  ore  deposits of northesstern 

New  Mexico:  New  Mexico  Bureau of Mines  and  Mineral 

19 



Resources,  Bulletin 15, 104 pp. 

Hedlund,  D.  C., 1978, Geologic  map  of  the  Gold  Hill  quadrangle, 

Hidalgo  and  Grant  Counties,  New  Mexico:  U.S.  Geological 

Survey,  Miscellaneous  Field  Map MF"1035, scale 1:24,000. 

Heinrich, E. W., 1966, The  geology  of  carbonatites  (reprinted  in 

1980): Chicago,  Rand  McNally  and  Company, 555 p. 

Holmquist,  R.  J., 1946, Exploration  of  the  Elk  Mountain  mica 

deposit,  San  Miguel  County,  New  Mexico: U.S. Bureau  of 

Mines,  Report  of  Investigation 3921, 7 pp. 

Houston,  R. S . ,  and  Murphy,  J. F., 1977, Depositional  environment 

of  Upper  Cretaceous  black  sandstones  of  the  western 

interior:  U.S.  Geological  Survey,  Professional  Paper 934-A, 

pp. Al-A29. 

Jahns,  R.  H., 1946, Mica  deposits  of  the  Petaca  district, Rio 

Arriba  County,  New  Mexico,  with a brief  description  of  the 

Ojo Caliente  district,  Rio  Arriba  County  and  the  Elk 

Mountain  district,  San  Miguel  County:  New  Mexico Burea~ of 

Mines  and  Mineral  Resources,  Bulletin 25, 294 pp. 

Jahns, R. H., 1953, The  genesis  of  pegmatites--11.  Quantitative 

analysis  of  lithium-bearing  pegmatite,  Mora  County,  Nev 

Mexico:  American  Mineralogist, v. 38, pp. 1078-1112. 

Jahns, R. H.,  and  Ewing,  R. C., 1976, The  Harding  mine,  Taos 

County,  New  Mexico:  New  Mexico  Geological  Society,  Guidebook 

to 27th Field  Conference,  pp. 263-276. 

Jahns, R.  H.,  and  Ewing,  R. C., 1977, The  Harding  mine,  Tao? 

County,  New  Mexico:  Mineralogical  Record, v. 8, no. 2, pp. 

115-126. 

Just,  E., 1937, Geology  and  economic  features  of  the  pegmatites 

20 



of  Taos  and  Rio  Arriba  Counties,  New  Mexico:  New  Mexico 

Bureau  of  Mines  and  Mineral  Resources,  Bulletin 13,  73 pp. 

Kelley, V. C., 1968, Geology of the  alkaline  Precambrian  rocks  at 

Pajarito  Mountain,  Otero  County,  New  Mexico:  Geological 

Society  of  America  Bulletin, v. 79, pp. 1565-1572. 

Kelley, V. C.,  and  Branson, 0. T., 1947, Shallow,  high- 

temperature  pegmatites,  Grant  County,  New  Mexico:  Economic 

Geology, v. 42, pp. 699-712. 

Kelley, V. C.,  and  Northrop, S .  A., 1975, Geology  of  Sandia 

Mountains  and  vicinity,  New  Mexico:  New  Mexico  Bureau  of 

Mines  and  Mineral  Resources,  Memoir 29, 136 pp. 

Kent, S., 1982, Geologic  maps of Precambrian  rocks  in  the 

Magdalena  and  Chupadera  Mountains,  Socorro  County,  New 

Mexico:  New  Mexico  Bureau  of  Mines  and  Mineral  Resources, 

Open-file  Report OF-170, scale 1:24,000,  2 plates. 

Klich,  I., 1983, Precambrian  geology  of  the  Elk  Mountain-Spying 

Mountain  area,  San  Miguel  County,  New  Mexico:  unpublisled 

M.S.  thesis,  New  Mexico  Institute of Mining  and  Technology, 

Socorro, 147 pp.;  New  Mexico  Bureau  of  Mines  and  Mineral 

Resources,  Open-file  Report 180, 170 pp. 

Lambert, P. W., 1961, Petrology  of  the  Precambrian  rocks of part 

of the  Monte  Largo  area,  New  Mexico:  unpublished M.S. 

thesis,  University  of  New  Mexico,  Albuquerque, 91 pp. 

Loring, A. K., and  Armstrong, D. G., 1980, Cambrian-Ordovician 

syenites  of  New  Mexico,  part  of a regional  alkalic  intrusive 

episode:  Geology, v. 8, pp. 344-348. 

McLemore, V. T., 1982, Geology  and  geochemistry  of  Ordovician 

21 



carbonatite  dikes  in  the  Lemitar  Mountains,  Socorro  Ccunty, 

New  Mexico:  New  Mexico  Bureau  of  Mines  and  Mineral 

Resources,  Open-file  Report  OF-158, 112 pp. 

McLemore, V. T., 1983a,  Uranium  and  thorium  occurrences  in  New 

Mexico--distribution,  geology,  production,  and  resources, 

with  selected  bibliography:  New  Mexico  Bureau of Mines  and 

Mineral  Resources,  Open-file  Report  OF-183, 950 pp. 

McLemore, V. T., 1983b,  Carbonatites  in  the  Lemitar  and  Chupadera 

Mountains,  Socorro  County,  New  Mexico:  New  Mexico  Geological 

Society,  Guidebook to 34th  Field  Conference,  pp. 235-240. 

McLemore, V. T., 1984,  Preliminary  report  on  the  geology  an3 

mineral-resource  potential  of  Torrance  County,  New  Mexico: 

New  Mexico  Bureau  of  Mines and Mineral  Resources,  Open-file 

Report  OF-192, 202 pp. 

McLemore, V. T.,  1986,  Geology,  geochemistry,  and  mineralization 

of  syenites  in  the  Red  Hills,  southern  Caballo  Mountains, 

Sierra  County,  New  Mexico--Preliminary  observations:  N?w 

Mexico  Geological  Society,  Guidebook  to  37th  Field 

Conference,  pp. 151-159. 

McLemore, V. T., 1987,  Geology  and  regional  implications  of 

carbonatites  in  the  Lemitar  Mountains,  central  New  Mexico: 

Journal  of  Geology, v. 95, pp. 255-270. 

McLemore, V. T., Broadhead, R.  F., Roybal,  G.,  Chenoweth, W. L., 

Barker,  J.  M.,  North,  R.  M.,  Bowie, M. R.,  Hingtgen,  J. S . ,  

Murray, D., Klein,  K.,  Brown,  K.  B.,  and  Austin,  G. S., 

1986, A preliminary  mineral-resource  potential  of  Cibola 

County,  northwestern  New  Mexico:  New  Mexico  Bureau  of  Mines 

and  Mineral  Resources,  Open-file  Report  OF-230, 268 pp. 

22 



McLemore, V. T.,  and  North,  R.  M.,  1987,  Metallic  mineral 

deposits  in  Colfax  and  Union  Counties,  northeastern  New 

Mexico:  New  Mexico  Geological  Society,  Guidebook  to  38th 

Field  Conference,  pp. 323-329. 

McLemore, V. T.,  North,  R.  M.,  and  Leppert, S . ,  1988, Rare-earth 

elements (REE) in  New  Mexico:  New  Mexico  Geology, v. 10,  in 

press. 

Melancon, P. E., 1952,  Uranium  occurrences  in  the  Caballo 

Mountains  Sierra  County,  New  Mexico:  U.S.  Atomic  Energy 

Commission,  Technical  Memorandum T"213, 7 pp. 

Merker,  R.  R., 1981, Pegmatite  emplacement  in  the  Cribbenville 

area,  Petaca  district,  Rio  Arriba  County,  New  Mexico 

[abs.]:  Geological  Society of America,  Abstracts  and 

Programs, v. 13, no. 7, p. 509. 

Moore, S. L., and  Foord, E.  E., 1986, Roadlog  from Inn of  the 

Mountain  Gods  to  the  Ruidoso  ski  area  on  Sierra  Blanca  Peak: 

Southwest  section  of  American  Association  of  Petroleum 

Geologists,  Transactions and Guidebook  of 1986 Convention, 

Ruidoso,  New  Mexico,  New  Mexico  Bureau  of  Mines  and  Mineral 

Resources,  pp. 29-36. 

Northrop, S. A., 1959, Minerals  of  New  Mexico:  University of New 

Mexico  Press,  Albuquerque, 665 pp. 

OlNeil,  A. J., and  Thiede, D. S . ,  1981, Uranium  resources 

evaluation,  Silver  City  quadrangle,  New  Mexico  and  Arizona: 

U.S. Department of Energy  Preliminary  Report  PGJ-131(81). 

Parker,  R.  L., 1965, Niobium and tantalum:  New  Mexico  Bureal of 

Mines  and  Mineral  Resources,  Bulletin  87,  pp. 290-294. 



Parker,  R. L., and  Fleischer,  M., 1968,  Geochemistry  of  nicbium 

and  tantalum: U.S. Geological  Survey,  Professional  Paper 

612,   43 pp. 

Perhac,  R.  M., 1970,  Geology  and  mineral  deposits  of  the  Gallinas 

Mountains,  Lincoln  and  Torrance  Counties,  New  Mexico:  New 

Mexico  Bureau  of  Mines  and  Mineral  Resources,  Bulletin 95,  

51 PP. 
Perhac,  R.  M.,  and  Heinrich, E. W., 1964,  Fluorite-bastnaesite 

deposits  of  the  Gallinas  Mountains,  New  Mexico  and 

bastnaesite  paragenesis:  Economic  Geology, v. 59,  pp. 226- 

239. 

Redmon, D. E., 1961,  Reconnaissance of selected  pegmatite 

districts  in  north-central  New  Mexico: U.S. Bureau of Mines, 

Information  Circular 8013,   79 pp. 

Richter, D. H., and  Lawrence, V. A., 1983,  Mineral  deposit  map of 

the  Silver  City lo x 2' quadrangle,  New  Mexico  and  Arizona: 

U.S. Geological  Survey,  Miscellaneous  Investigations  Mlp  I- 

1310-B, scale 1:250,000. 

Richter, D. H. , Sharp, W. N.,  Watts, K. C.,  Raines,  G.  L. , 
Houser, B.  B.,  and  Klein, D. P., 1986,  Maps  showing  mineral 

resource  assessment of the  Silver  City lo x 2O quadranyle, 

New  Mexico  and  Arizona: U.S. Geological  Survey, 

Miscellaneous  Investigations  Map 1-1310-F, scale 1:150,000.  

Robertson, J. M., 1976,  Mining  districts  of  northeastern  Nev 

Mexico:  New  Mexico  Geological  Society,  Guidebook  to 27,L.h 

Field  Conference,  pp. 257-262. 

Roeder, P. L.,  McArthur, D., Ma,  Xin-Pei,  Palmer, G. R.,  ansi 

Mariano,  A.  N., 1987,  Cathodoluminescence  and  micropro3e 

24 



study of rare-earth  elements  in  apatite:  American 

Mineralogist, v. 72, pp. 801-811. 

Sheffer,  H. W.,  and  Goldsmith, L. A., 1969, Tantalum  project 

Rociada,  New  Mexico:  New  Mexico  Bureau  of  Mines  and  Mineral 

Resources,  Mineral  Resources  Report 2, 15 pp. 

Soul&, J. H., 1946a, Exploration  of  Gallinas  fluorspar  deposits 

Lincoln  County,  New  Mexico: U.S. Bureau  of  Mines,  Report  of 

Investigations 3854, 25 pp. 

Soul&, J. H., 1946b, Exploration  of  Harding  tantalum-lithium 

deposits  Taos  County,  New  Mexico: U.S. Bureau  of  Mines, 

Report  of  Investigations 3986, 10 pp. 

Staatz, M.  H., 1974, Thorium  veins  in  the U.S.: Economic  Ge?logy, 

v. 69, no. 4, pp. 494-507. 

Staatz,  M.  H., 1982, Geologic  map  of  the  Laughlin  Peak  area, 

Colfax  County,  New  Mexico: U.S. Geological  Survey,  Ope’?-file 

Report 82-453, scale 1:12,000. 

Staatz,  M. H., 1985, Geology  and  description  of  the  thorium  and 

rare-earth  veins  in  the  Laughlin  Peak  area,  Colfax  Couyty, 

New  Mexico: U.S. Geological  Survey,  Professional  Paper 1049- 

E, 32 PP. 
Staatz,  M. H., 1986, Geologic  map  of  the  Pine  Buttes  quadraygle, 

Colfax  County,  New  Mexico: U.S. Geological  Survey,  Map  GQ- 

1591, scale 1:24,000. 

Staatz,  M. H., 1987, Geologic  map of the  Tres  Hermanos  Peak 

quadrangle,  Colfax  County,  New  Mexico: U.S. Geological 

Survey,  Geologic  Quadrangle  Map GQ-1605, scale 1:24,007. 

Staatz,  M.  H.,  Adams, J. W., and  Conklin, N. M., 1965, Thorium- 

25 



bearing  microcline-rich  rocks  in  the  southern  Caballo 

Mountains,  Sierra  County,  New  Mexico:  U.S.  Geological 

Survey,  Professional  Paper 525-D, pp. 48-51. 

Staatz,  M.  H.,  Armbrustmacher,  T.  J.,  Olson, V. C . ,  Brownfield, 

I. K., Brock,  M.  R.,  Lemons,  J.  F., Jr., Coppa, L. V., and 

Clingan,  B. V., 1979, Principal  thorium  resources  in  the 

United  States: U.S. Geological  Survey,  Circular 805,  42 pp. 

Sun, M. S. ,  and  Allen,  J. E., 1957, Authigenic  brookite  in 

Cretaceous  Gallup  Sandstone,  Gallup,  New  Mexico:  Journsl  of 

Sedimentary  Petrology,  v. 27, pp. 265-270. 

Taggart, J. E., Jr., 1976, Harding  pegmatite-outdoor  museum  and 

historical  site:  New  Mexico  Bureau of Mines  and  Mineral 

Resources,  Annual  Report  July 1, 1975 to  June 30, 1976, pp. 

44-46. 

Tschanz, C. M., 1958, Radioactive  phonolite  and  associated 

thorium-rare  earth-niobium  veins  in  the  Laughlin  Peak  area, 

Chico  Hills,  Colfax  County,  New  Mexico:  U.S.  Geological 

Survey,  Trace  Elements  Investigations 230, 4 pp. 

U.S. Bureau  of  Mines, 1987, Mineral  commodity  summaries, 19?7: 

U.S. Department  of  Interior,  Report 1987-704-708, 189 pp. 

U.S.  Geological  Survey,  U.S.  Bureau  of  Mines,  and  New  Mexic3 

Bureau  of  Mines  and  Mineral  Resources, 1980, Mineral 

resources  of  the  Pecos  Wilderness  and  adjacent  areas,  Santa 

Fe,  San  Miguel,  Mora,  Rio  Arriba  and  Taos  Counties,  Nev 

Mexico: U.S. Geological  Survey,  Open-file  Report 80-382, *** 
PP . 

Van  Allen, B. R. , m o n s ,  D. L., and  Paster, T. P., 1986, 

Carbonatite  dikes  of  the  Chupadera  Mountains,  Socorro 

26 



County,  New  Mexico:  New  Mexico  Geology, v. 8, no. 2, pp. 25- 

29,  40. 

Warner, L. A,, Holser, W. T.,  Wilmarth,  V.  R.,  and  Cameron, E. 

N., 1959, Occurrence  of  nonpegmatite  beryllium  in  the  United 

States: U.S. Geological  Survey,  Professional  Paper 318, 198 

PP - 
Weast,  R.  C.,  editor, 1970, CRC  Handbook of chemistry  and 

physics:  Chemical  Rubber  Co.,  Cleveland,  Ohio, 2364 pp. 

Wright, L. A., 1948, The  Globe  pegmatite,  Rio  Arriba  County,  New 

Mexico:  American  Journal of Science, v. 246, no. 11, p?. 

665-1588. 

Zadra,  J. B., Engel, A. L., and  Shedd, E. S . ,  1952, Concentration 

of bastnaesite  and  other  cerium  ores,  with  analytical 

methods  by  A. C. Rice:  U.S.  Bureau of Mines,  Report of 

Investigations 4919, 15 pp. 

Zalenka, B., 1984, Distribution  and  interpretation  of  granitic 

uranium  occurrences  in  the  Vermejo  Park  Ranch,  north  c'?ntral 

New  Mexico:  unpublished  M.S.  thesis,  University of Ala,3ka, 

Fairbanks, 133 pp. 

Zapp, A.  D., 1941, Geology  of  the  northeastern  Cornudas 

Mountains,  New  Mexico:  unpublished  M.S.  thesis,  University 

of  Texas,  Austin, 6 3  pp. 

27 




	Title

	Introduction

	Figure 1

	Geology of Deposits in New Mexico
	Table 1

	Table 2

	Summary
	References Cited
	Plate 1


