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EXPLANATION

=75] INFERRED BOUNDARY OF COLUMBIUM OR TANFALUM PROVINCE--NUMBER INDEX IN TABLE 1
- APPROXIMATE BOUNDARY OF MAJOR GEOLOGIC REGION IN THE CONTERMINOUS UNITED STATES

OLD CONTINENT CRUST IN THE INTERIOR COMPOSED OF PRECAMBRIAN BASEMENT AND

PHANEROZOIC COVER ROCKS
APPROXIMATE BOUNDARY FOR AREA CONTAINING (O) COLUMBIUM-BEARING GRANITE OR (D) COLUMBIUM-

TANTALUM PLACER WITHIN A PROVINCE

MINABLE (PRIMARY OR BYPRODUCT) MINERALS; CURRENTLY NOT IN PRODUCTION
€ TYPE B, INACTIVE COLUMBIUM MINE
r TYPE B, INACTIVE TANTALUM MINE
OCCURRENCE LOCALITY THAT HAS HAD NO COLUMBIUM AND (OR) TANTALUM PRODUCTION BUT MAY CONTAIN

FULLY EVALUATED
. Tyre C, POSSIBLE COLUMBIUM SOURCE--SUPERPOSED CROSS (4) INDICATES CARBONATITE ORIGIN

v Type C, POSSIBLE TANTALUM SOURCE

' INFERRED BOUNDARY SEPARATING ACCRETED OCEANIC AND ISLAND ARC CRUST, SUBPARALLEL WITH THE
PACIFIC AND ATLANTIC\OCEAN COASTLINES AND COMPOSED OF ROCKS OF PHANEROZOIC AGE, FROM

/ DEPOSIT THAT HAS PRODUCED COLUMBIUM AND (OR) TANTALUM AND CONTAINS ADDITIONAL POTENTIALLY

POTENTIALLY MINABLE (PRIMARY OR BYPORDUCT) MINERALS; LOCALITY GENERALLY HAS NOT BEEN
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Planimetric Base from National Atlas 1: 7 500 000, 1970

INTRODUCTION

The map, which is part of the atlas of metal and nonmetal provinces in the conterminous United
States (Tooker, 1979b), shows the distribution of known deposits and occurrences of the critical
metals columbium and tantalum with the objective of focusing attention on patterns of distribution,
common geologic occurrence associations, and the degree to which present resource assessments may be
adequate or deficient. Columbium and tantalum are chemically similar minor elements in the earth’s
crust; their abundance is greater than that of tungsten or molybdenum, although less than copper or
zinc. As shown on the map, concentrations of columbium and tantalum having resource potential are
relatively uncommon and restricted areally in the United States. Although the metals occur in nature
in more than 90 mineral species, they more commonly are found together in columbite-tantalite or
euxenite, or found separately as pyrochlore (columbium), microlite (tantalum), or tantalite. These
metals are also included in other minerals (i.e., cassiterite (tin) and rutile (titanium)) as discrete
mineral phases or as isomorphously substituted ions. Parker and Adams (1973) summarize geologic and
resource information on columbium and tantalum minerals in more detail.

Neither columbium nor tantalum have been mined domestically since 1959, although they have been
important industrial commodities. The metals are technologically and strategically critical for
special metallurgical alloys, and for electronic, chemical, and nuclear industrial uses. Columbium
import dependence has been 100 percent since 1974, from Brazil, Thailand, and Nigeria, and tantalum
dependence during this period varied from 81-98 percent, from Thailand, Canada, Australia, and
Brazil. The remainder came from industry stocks and from recycled old and new scrap (U.S. Bur. Mines,
1979). The United States consumed 25 percent of the world’s supplies in 1975, the base year used in
the atlas of metal and nonmetal provinces (Tooker, 1979b), and demand is expected to grow at an annual
rate of 5 percent (Sutton and Stipp, 1976; Stipp, 1976). Effective substitutes for the metals can be
found for many applications, but at the expense of decreased performance and dependability of the
final product, Some recycling is conducted (50,000 pounds (23 metric tomns) of tantalum in 1975), but
in many products and uses these metals are dissipated or used in a form that is not profitably
salvaged.

The map was compiled from pub#Ished reports (Parker, 1963, 1964, 1966, and 1969). Geologic
information used in defining province area boundaries was adapted from King and Beikman (1974), and
some of the technical terms and geologic concepts used in resource considerations in the atlas of
metal and nonmetal provinces, are discussed and defined in a companion background report by Tooker
(1979b) «

DISTINGUISHING MAP FEATURES

Columbium and tantalum provinces shown on the map are areas that include sporadic to densely
populated groups of deposit or occurrence localities. Those for columbium are shown as a solid dot or
solid dot with overprinted cross symbols; those for tantalum are shown by the solid square symbol.
These localities include former productive deposits, some of which may contain potentially minable
mineral concentrations, as well as reported but mostly unevaluated occurrences that are known to
contain metal concentrations substantially above their average values in the earth’s crust (20 ppm
(parts per million) for columbium, and 2 ppm for tantalum (Parker and Adaums, 1973). Because provinces
may contain a mix of economic, subeconomic, and unevaluated components, no economic significance is
implied here in defining them. Where possible the boundaries are drawn on the basis of geologic map
units that may encompass groups of localities. In the absence of a mappable feature, province
boundaries have been drawn around groups of localities that seem to share one or more common geologic
traits.

A map classification of deposits and occurrences based on size and current mining activity
similar to those of other metal province maps was not possible for these metals, therefore, a somewhat
comparable alternative classification is used. Production information, usually the basis for
determining the size of primary deposits, is not available, in large part, because domestic mining for
columbium and tantalum has been minimal in recent years. Thus, in the strict sense of the atlas
classification (Tooker, 1979b), a minimum size for a large deposit of these metals cannot be
defined. Moreover, there were no active domestic mines reported by the Geological Survey or in a
compilation of major world mines by Mining Magazine (1976) in 1975, and consequently no type A
columbium and tantalum deposits are shown. Parker (1963), however, distinguished former domestic
productive deposits as well as occurrences of each metal, and we here consider the deposits to be
generally comparable with large inactive type B deposits even though their actual size is unknown or
unreported. The occurrences are for the most part here considered to be type C localities.

The type B deposits shown include former producers now mined out or temporarily inactive but
believed to contain additional potentially minable subeconomic materials. Also included as type B are
a few deposits that are known to contain either of the metals as potential but presently unrecovered
byproduct materials. The remaining larger group of type C occurrences consists mostly of unevaluated
localities for both metals.

As shown on the map, the locations of metal provinces are closely related to a number of specific
geologic environments. Metals may be concentrated in intrusive igneous bodies and their metamorphosed
wallrocks at depth in the earth’s crust, and further concentrated by surface weathering and erosion
processes acting on exposed rocks that contain these metals. Columbium commonly is incorporated in
alkalic intrusive rocks such as nepheline syenite and carbonatite, and also occurs, along with
tantalum, in some granites and pegmatites. Carbonatites are now the dominant primary source for
columbium. Pegmatites, which for many years were a major source of both metals, now remain the
dominant primary source for tantalum. A significant amount of tantalum also may be obtained as a
byproduct from tin-bearing pegmatites and placers, both as a constituent of the ore minerals and as an
element concentrated in tin smelter slags. Placer deposits, particularly those in Idaho, have been a
significant domestic source of columbium and tartalum. Bauxite, which was probably derived from the
residual weathering of nepheline syenite in Arkansas, is enriched in columbium, although the metal is
presently not recovered.
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COLUMBIUM AND TANTALUM PROVINCES

The main productive depcsits of columbium and tantalum are located in the eastern part of the
Cordilleran belt and adjacent Black Hills, and in the southern part of the Appalachian belt. A number
of minor deposits and occurrences lie in the central part of the Cordilleran belt and in the northern
Appalachian belt. The genetic types of deposits and occurrences in provinces and their potential as
future domestic sources of these metals are shown in table 1.

In terms of broad geologic crustal structures (Tooker, 1979a), most localities shown in the
Cordilleran belt are in old continent crustal rocks that include a Precambrian basement component, and
most productive deposits in the Appalachian belt are located in old continent crust or close to the
inferred boundary with oceanic crust along the Atlantic coastline. Occurrences are also in or near
small uplifted regions in a few widely separated Central Plains localities. Almost no deposits or
occurrences of the metals are found in oceanic and island-arc crust, which was added to old continent
crust during the Phanerozoic, and now constitutes the western part of the Cordilleran belt.

The westernmost deposits and occurrences, in provinces 1, 3, and 3a, in Idaho and southern
California, are associated with Mesozoic batholiths that lie close to the inferred old continent-
oceanic crustal boundary zone. The metals are concentrated mainly in intrusive granitoids and
pegmatites, and in surface placers. Carbonatite deposits such as those in the Bearpaw Mountains,
Montana, province 2, Mountain Pass, California, province 4, and possibly those in the eastern part of
province 1, lie generally east of the batholith belt. Farther eastward in old continent rocks,
granite, pegmatite, and carbonatite type deposits are associated, at least regionally, with uplifted
exposed Precambrian rock terranes in Arizona, province 5, Colorado and Wyoming, provinces 6, 7, and 8,
New Mexico, province 9, and South Dakota and Wyoming, province 10. Minor occurrences in alkalic rocks
in the Precambrian shield, province 15, are identified primarily to call attention to the possibility
for more widespread occurrence of columbium and tantalum in this geologic setting in the United
States. The Canadian part of the shield contains several large carbonatite deposits. An uplifted,
locally exposed Precambrian terrane is also host for deposits associated with granitic and pegmatitic
rocks in the Appalachian belt in North Carolina, province 21, and the western parts of province 20 in
Virginia. Along the broad indefinite boundary between old continent and oceanic crust in the
Appalachians, columbium and tantalum also occur in pegmatite and granite bodies in New England,
provinces 17, 18, and 19, and the eastern parts of province 20 in Virginia. Carbonatite deposits in
Magnet Cove, province 11, and adjacent residual weathering concentrations in bauxite and saprolite
along the Central Plains and Coastal Plains boundary are the main potential sources. Other Central
Plains occurrences of columbium associated with the geologic structural setting at Hicks Dome,
province 16, and at Elk Creek, province l4, are not yet well known.

Although columbium and tantalum provinces are widely distributed in the conterminous United
States, their combined resource potential is small and the grade low as compared with deposits in
Canada, Brazil, and parts of Africa. Thus, the preliminary and very qualitative estimates of domestic
resource potential in table 1 are comparative only within the United States, based on what is thought
to be geologically available in terms of presently known deposits. Comparatively little geologic
attention has been given to domestic columbium and tantalum so that national resource estimates are
considered tentative at best, and mostly uncertain.

Future discoveries of columbium should be expected and known resources expanded as carbonatite
areas in Colorado, Montana, Nebraska, and Illinois are further studied and explored. Future
discoveries of tantalum in pegmatite areas of the United States probably would not increase
domestic resources appreciably unless large deposits such as that at Bernic Lake, Manitoba, Canada,
were found; the potential for such discoveries is not considered great. Certain types of granite in
the eastern Cordilleran belt contain very small disseminated amounts of tantalum, tin, tungsten,
molybdenum, and other rare metals. The distribution and potential of these deposits as large low-
grade sources of byproduct columbium and tantalum remains to be studied and evaluated. A large
proportion of tantalum productiop now comes from smelter slags in which the coexisting minor tantalum
in the tin ore has been separated in refining. The granite environment containing these minor
elements therefore deserves attention in considering future domestic tantalum potential.
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Table 1.--Location, types of deposits, estimates of resource potential and the state of resource information

of columbiun and tantalum provinces in the conterminous United States

Preliminary

. ) Geologic estimates of Status of geologic
Province location type§ of resource potential? resource information
No. State Area depostus High  Medium Low Adequate Insufficient
1 Idaho and Montana Idaho batholith I, 11, III, -- X -- -- X
v, v
2 Montana Bearpaw Mountains v -- X -- -- X
3 California Southern California IT, III -- -- X -- X
batholith

3a Do Sierra Nevada batholith IT, III -- -- X -- X
4 Do Mountain Pass I -- -- X -- X
5 Arizona Southwest ITI -- -- X -- X
6 Colorado and Wyoming Front Range 11, 111 -- -- X -- X

7 Wyoming Copper Mountain ITI -- -- X -- X

8 Colorado Powderhorn-Wet Mountains v X -- -- -- X

9 New Mexico Petaca-Harding ITI, VII -- -- X -- X
10 South Dakota and Black Hills 111 -- -- X -- X

Wyoming
1 Arkansas Magnet Cove district I, Iv, Vv -- X -- -- X
12 Texas L1ano ITI -- -- X -- X
13 Do Davis Mountain I -- -- X -- X
14 Nebraska ETk Creek v -- -- X -- X
15 Wisconsin Wasau I; 11T IV -- -- X - X
16 I1linois Hicks Dome IV -- -- X -- X
17 Maine and Conway granite IT, III -- -- X -- X
New Hampshire

18 Connecticut Middletown 111 -- -- X -- X
19 Rhode Island Woonsockett I1 -- -- X -- X
20 Virginia Amelia and Piedmont 111 -- -- X -- X
21 North Carolina Spruce Pine IT1 -- -- X -- X

'Index to geologic types of deposits and occurrences.

Formed at depths in Earth's crust, associated with igneous rocks as:

I. Trace elements in alkalic rdck

I1. Trace elements in granitic rocks

II1. Local concentrations in pegmatite

IV. Local concentrations in alkalic rock or carbonatite

Formed at surface, concentrated by weathering and erosion as:

V. Residual deposits in bauxite or saprolite

VI. Ocean beach and alluvial placers

VII. Others.

’Resource estimates are qualitative judgments based on production history.
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Background information relating to this map and others in the Atlas
of Metal and Nonmetal Provinces in the Conterminous United States
is published as U.S. Geological Survey Circular 792 (Tooker, 1979),
available free of charge from the U.S. Geological Survey, Branch

of Distribution, 1200 Eads St., Arlington, VA 22202.

This report is preliminary and has not been edited or
reviewed for conformity with Geological Survey standards
and nomenclature.



