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EXPLANATION

[T ] INFERRED IRON PROVINCE BOUNDARY--NUMBER INDEX IN TABLE 1
AREAS OF BROWN IRON OCCURRENCE

N oy
Bx—--7 GeNerALIZED BOUNDARY OF MAJOR GEOLOGIC REGION OF THE CONTERMINOUS UNITED STATES r
ARea oF ProTEROZOIC, Y AND Z AGE, (PRECAMBRIAN) ROCK
264 B ARea oF ARCHEAN AND PROTEROZOIC, X AGE, (PRECAMBRIAN) ROCK o

INFERRED BOUNDARY SEPARATING ACCRETED OCEANIC AND ISLAND-ARC CRUST OF PHANEROZOIC AGE,
WHICH LIES SUBPARALLEL WITH THE PACIFIC AND ATLANTIC (OCEAN MARGINS, AND INTERIOR
OLD CONTINENT CRUST, COMPOSED OF PRECAMBRIAN BASEMENT AND PHANEROZOIC COVER ROCKS
/ LARGE DEPOSIT WHOSE PAST PRODUCTION, MINABLE MINERALS, AND (OR) POTENTIALLY MINABLE
MATERIALS GENERALLY EXCEEDS 50 MILLION LONG TONs (ABOUT 50 MILLION METRIC TONS) OF
IRON ORE
< Type A, ACTIVE MINE--HAD SUBSTANTIAL PRODUCTION IN 1975
o - TYPE B, INACTIVE MINE--A PAST PRODUCER NOW MINED OUT, TEMPORARILY SUBECONOMIC DEPOSIT
THAT CONTAINS POTENTIALLY MINABLE MATERIAL, OR CURRENT LOW PRODUCER NOT RECOGNIZED IN
THE SURVEY
SMALL DEPOSIT OR OCCURRENCE WHOSE PRODUCTION AND (OR) POTENTIALLY MINABLE MATERIALS RANGES
FROM KNOWN BUT UNEVALUATED UP TO 50 MILLION SHORT TONS OF ORE

® Type C, ACTIVE OR INACTIVE LOCALITY--PRESENT OR POSSIBLE PRODUCER AND (OR) UNEVALUATED
IRON OCCURRENCE
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INTRODUCTION - 4 o o . o . . .

Iron, the most used and essential of all metals, amounts to 5 percent of the Earth’s crust and Iron deposits also occur in igneous rocks or are closely associated spatially with them. 100 0 100 200 ) Table 1.--Location, genmeral geologic characteristics, and preliminary resource estimates for ironm provinces
therefore is abundant and concentratable to economic levels in a variety of crustal rocks within a Magmatic deposits of titaniferous magnetite and ilmenite ores occur in layers, lenses, irregular H H e H 57— = — 3]00 400Mile in th t 5 United Stat
number of distinctive province areas of the conterminous United States. These source areas are masses, and dikes in mafic rocks, and nontitaniferous magnetite deposits form irregular veinlike 100 g 1 ] in vhe contemmipous Untie €8 Yvain geologic types of deposits (Carr, Guild, and Wright, 1967)
designated as iron provinces on the map. The purpose of such a map is to show the location and masses in intrusive granitic rocks. Some magnetite and hematite deposits in high-grade metamorphic HEEHH 100 200 300 400 500 Kilometers .
magnitude of current domestic production, and possibly the location of undeveloped potential sources rocks have the characteristics of both igneous or metamorphosed sedimentary types and are of uncertain : — |  ——— Bedded sedimentary deposits:
of iron in the conterminous States. Relative confidence in the preliminary estimates of resource origin. These commonly have been considered as magmatic segregations or hydrothermal deposits having I. Banded iron formation
potential of provinces is measured by the adequacy of geologic information available. an igneous origin. Iron deposits also occur as replacements of limestone near contacts with intrusive Preliminary

Domestic minable minerals and potentially minable materials are available and are probably igneous rock and as breccia fillings in volcanic and porphyry type igneous rocks. Brown ores form as estimates of / Status of geologic II. Ironstones
adequate for decades, but imports will continue to be readily available and very attractive the result of the removal of noniron constituents by ground water and the concentration of iron in Province Main types / resource potential—z— resource information III. Black sand placer
economically (Klinger; 1976). Although the United States is the world’s fourth largest producer of residual or reprecipitated brown limonite materials. of depc::sit:sl
iron ore, nearly 29 percent of its needs were imported in 1978, mainly from Canada and South America Finally, there are the surficial concentrations of iron formed by weathering processes and No. State Area High Medium Low Adequate Insufficient Igenous rock deposits
(U.S. Bur. Mines, 1979). Substantial amounts of iron scrap are recycled, thereby reducing the demand erosion that include laterites, sinkhole fill deposits, and placers. The black sand deposits are IV. Magmatic segregations, titaniferous and nontintaniferous
for primary ore, but at present only small amounts of byproduct iron from other metal mining (i.e., local placer-type accumulations of sedimentary magnetite and hematite, which were derived from erosion i e o . T X X
titanium) are wused. Commercial byproducts of iron mining include manganese, titanium, phosphate, of igneous and metamorphic rocks. 1 Minnesota Mesal nge ’ 4 - - = V. Contact metamorphic
copper, and precious metals. la Do. Cuyuna Range I, Iv X - - X - Hydrothermal deposits:

Iron ore L s a large volume and relatively low unit value mineral commodity that is available from IRON PROVINCES
many domestic and foreign sources. Many iron deposits contain large quantities of high-grade ore, or Thirty-six iron provinces and three subprovince areas containing known and untested resource 2 Michigan Marquette-Menominee- VI. Replacement, and veins in nonferruginous rocks
of ore that can be upgraded and agglomerated to usable forms having optimal characteristics for possibilities are shown on the map, and the geologic character and availability of iron resources are I R I. IX X . . X . VII. Enrichment in ferruginous rocks
smelting. The economies of large-scale mining and transportation of iron ore and the efficiency in tabulated (table 1). The exposed Proterozoic (Precambrian) rock terranes on old continent crust are Ton River *
use of ores or agglomerates of relatively high iron content and relatively uniform physical shown to be closely associated with the main economic iron deposits (types A and B) as well as many of 2a Do. Gogebic I X - - X - Residual:
characteristics favor the development of open-pit mines in large ore bodies in specific geographic the occurrences. Relatively, few iron deposits and occurrences are located in oceanic crust, with the VIII. Laterites

areas. In many cases the mining of small high-grade ore bodies (or occurrences) is not competitive, exception of brown iron types along the landward edge of the Atlantic coastal plain and brown iron and 3 Missouri Pea Ridge - Pilot Knob v
especially by wunderground methods, and in those areas where the cost of transportation of ore to laterite types in western Washington and Oregon. IX. Weathering enriched low-grade ores
markets is high. Provinces 1, la, 2, 2a, and 13 are clustered in the Precambrian shield in the mid-continent 4 Do. Southeast IX £/A high estimate indicates the presence or expectation of more than
The map was compiled from published reports (Carr and others, 1967; Mining Mag., 1976; Reeves, region of Minnesota, Michigan, and Wisconsin, and in the Adirondacks Mountain region of New York. The aien ) ) )
1964; Asher, 1964; Moore, 1966; Livingston, 1966; lhyes and Guild, 1967; Geach, 1968; Brown and main iron mining activity and future resource potential in the United States lie in these midcontinent 5 Wyoming Atlanta City, and one large (type A or B) deposits; a low estimate is
Reeves, 1968; Wright and others, 1968; and Klemic, 1969, 1976) and records of the iron resource shield deposits. Eighty-five percent of the type A (active) and more than 59 percent of the type B - _ . 1. ¥i based on the presence of type C deposits and (or) occurrences alone.
specialists of the U.S. Geological Survey. Geologic information used in defining.province boundaries deposits shown are closely associated with Precambrian rocks in provinces 3, 5, 9, 16, 17, 19, 21, and artville 5 5
is from the Geologic Map of the United States (King and Beikman, 1974). The rationale of province 22. Sa Do. Laramie Range v
maps and some of the technical terms and geologic concepts used to highlight resource discussions in In the Coastal Plains and adjacent parts of the Central Plains and Appalachian belt in the
the Atlas of some metal and nonmetal provinces, of which this map is a part, are defined and discussed Southeastern States (provinces 4, 25, 27, and 29), brown ores predominate and were the source for two 6 Utah Iron Springs v
in a companion background report by Tooker (1979). type A deposits. Commonly in the Central Plains these sedimentary deposits adjoin areas of exposed PRELIMINARY MAP OF IRON PROVI
Precambrian formations that contain iron formations and magmatic segregations. N‘ ES IN T}IE ‘ !O 7 Do. Beaver v, VI
DISTINGUISHING MAP FEATURES On the west edge of the Appalachian belt from Alabama to New York are the red (Clinton type) ores D STATES
The iron province map summarizes current information about the location, size, and areal in provinces 14, 28, and 31. Only a few of the large number of deposits and occurrence have been 8 Do. Uinta Mtns. and eastern VI — — X — X
distribution of deposits and occurrences of iron resource materials and, where possible, does so in shown. Several type B deposits, which contained phosphatic iron ores, once were actively mined in -
the context of the geologic environment in which they were formed. A province as defined here is a northern Alabama. ea sin
contiguous region containing sparsely populated or clustered groups of deposits and occurrence The Cordilleran belt contains a complete variety of deposits. There is a close association of Siack B _— £ i __ _ X _ Background information relating to this map and others in the Atlas
localities anomalously enriched in iron-bearing material that generally were concentrated in a iron formations and magmatic seggregations in Precambrian terrain (provinces 5a, 8, 19, 21, 22, and 9 Wisconsin ac ver ralls of Metal and Nonmetal Provinces in the Conterminous United States
distinctive geologic environment. In some cases, geologic types of deposits may overlap within a 35). Substantial production has come from other types of deposits: for example, contacts with 10 Do fastern II _— — X = X is published as U.S. Geological Survey Circular 792 (Tooker, 1979),
province. No distinction as to economic or subeconomic character is implied in this definition, but Paleozoic and Mesozoic intrusions (provinces 6 and 18); repluc;:)ent and 1veins in Phant;ro:oiz :oet . available free of charge from bhe 0.8, iGeclogical Survey, Teanch
large-size deposits show the main current as well as past productive sites within provinces. When sediments (provinces 16, 18, and 23), and ironstones (province « Similar types are locate n a . _ N N
possible, prot:lnce boundaries are drawn along encloain: geogogic units, with the r:sult that some number of other Cordilleran provinces that have had little or no production to date, or whose 11 Pennsylvania, Cornwall - Grace v, VI X X of Distribution, 1200 Eads St., Arlington, VA 22202.
provinces may consist of a number of detached outlying areas. In the absence of a prominent mappable resources have not been fully assessed. One may note that except for the boundary regions of the B New Jersey
feature, boundaries have been drawn around groups of localities that seem to share a common geologic western Great Basin (province 18), there are few iron deposits of economic consequence or even y
origin. A number of solitary and isolated occurrences are present that do not seem to fall into a clusters of occurrences in oceanic and 1island-arc accreted crustal rocks. The iron located in 12 New York Taconic IX = X _ _— X
regional geologic pattern at present and may represent only a dispersed local concentration. The provinces 32 and 33 is of low-grade enriched by weathering, in part lateritic. The same is generally
dispersion may be regarded as having only small local resource potential or may be an unrecognized true for iron in accreted crust rocks along the Atlantic Ocean margin. With but few exceptions, those 13 Do. Adirondack Mountain v, Vv, VI - _ X _ X
clue to a more extensive undiscovered resource. The province map is intended, therefore, to help provinces where iron currently is being produced will continue to be major sources of primary irom,
narrow the search for iron deposits in areas known to be geologically favorable for its concentration owing to the special economic conditions already noted for such resource materials. The map shows that 14 Do. West Central 11 _ _ X _ X
and to call at tention during systematic resource assessment to such new resource possibilities. almost all regions of the conterminous United States contain abundant primary and byproduct resource
Iron deposits and occurrences have been classified on the map, for purposes of comparison in the possibilities and indeed could become virtually self-sufficient if the economic availability abroad is ° 15 Maine Aroostook Co. II, IX - X - X
atlas series (Tooker, 1979), into large and small sizes. A large iron deposit is defined (Carr and threatened. Ha Klemlc
others, 1967) as containing combined production and (or) remaining minable minerals in excess of 50 ' an . . m er 16 Califoraia Southeast desert v, VI - X - - X
million long tons (50 million metric tons) of ore. Such a deposit would have been valued at about REFERENCES CITED < This report is preliminary and has uot been edited or
$1.1 billion An 1978. On the basis an average iron content of natural ores (U.S. Bur. Mines, 1979), 17 Do. San Gabriel Mountains v - X == == : = =
about 2 tons of ore are mined in the Uniteds States for each ton of usable iron metal, and a large Asher, R. R., 1964, Mineral resources--Iron, in Mineral and water resources of Idaho: U.S. Congress, reviewed for conformity with Geological Survey standards
deposit would yield about 26 million tons. This would represent about 16 percent of apparent United 88th, 2d session, Committee Print, p. 104-111. 18 Nevada Western Great Basin VII o X P X _— and nomenclature.
States consump tion in 1978 (Klinger, 1978, 1979). Small deposits or occurrences shown may represent a Brown, W. M., and Reeves, R. G., 1968, Ferrous metals--Iron, in Minerals and water resources of
range of values from a reported but undetermined resource up to 50 million long tons. Colorado: U.S. Congress, 90th, 2d session, Senate Document 115, p. 93-98. 19 Arizona Central I, III, V, VI == = X _— X
On most atlas maps, the large deposits have been subdivided into those that were active producers Carr, M. S., Guild, P. W., and Wright, W. G. (compilers), 1967, Iron in the United States, exclusive
in 1975 and those which for a number of reasons were not active, on the basis of U.S. Geological of Alaska and Hawaii: U.S. Geological Survey Mineral Investigations Resource Map MR-51, scale 20 Do. Central 11 - - X — X
Survey information and, in part, also of a world survey of major mines (Mining Mag., 1976). Type A 1:3,168,000.
are large active productive mines (deposits) in 1975. Type B includes large (inactive) past producers Geach, R. D., 1968, Iron, in Mineral and water resources of Montana: U.S. Congress, 90th, 2d session, 21 Montana Central Plains-Cordilleran I; IV, V; IX — X? _ _ X
that were mined out, or may contain additional resources but were temporarily closed for economic Senate Document 98, p. 77-80.
consideration, and those in which any current production is small and went unnoticed in surveys. The Hayes, W. C., and Guild, P. W., 1967, Iron, in Mineral and water resources of Missouri: U.S. 22 Colorado Front Range mineral belt v, VI, IX — X —_— i X
distinction between active and 1inactive large deposits provides visual evaluation of the relative Congress, 90th, lst session, Senate Document 19, p. 74-88.
amount of past domestic mines in comparison with current (1975) activity. Already three of the type James, H. L., 1966, Chemistry of the iron-rich sedimentary rocks, Chapter W, in Data of geochemistry, 23 New Mexico Southwest vV, VI, IX - X - - X
A mines (Pea Ridge, Mo.; Grace, Pa.; and Benson, N.Y.) have been closed and must be reclassified in 6th ed.: U.S. Geological Survey Professional Paper 440-W, 61 p.
1979 as type B deposits. King, P. B., and Beikman, H. M., 1974, Geologic map of the United States: U.S. Geological Survey Map, 2 Do. Southwest 1 _— . X . X
Many small active and inactive deposits and occurrences of iron are shown as type C. These may scale 1:2,500,000.
have had past and may have future possible production capability, if known, but most are not yet Klemic, Harry, 1969, Iron, in Mineral and water resources of Arizona: U.S. Congress, 90th, 2d 25 Texas Coastal Plain IX
evaluated. session, Senate Committee on Interior and Insular Affairs Committee Print, p. 168-182.
Iron provinces for the most part are closely identified with a number of characteristic geologic 1976, Iron, in Mineral and water resources of Winconsin: U.S. Congress, 94th, 2d session, 26 Do. Llano VI
host environments and crustal rock types, some of which are located on the map. The deposits are Committee Print, p. 118-131.
formed in four main geologic situations (James, 1966): (1) sedimentary iron-formation and ironstome Klemic, Harry, James, H. L., and Eberlein, G. D., 1973, Iron, in United States mineral resources: 27 Alabama Russellville IX
deposits; (2) intrusive igneous rock segregations and contact metamorphic replacement deposits closely U.S. Geological Survey Professional Paper 820, p. 291-306.
associated with intrusive rocks; (3) hydrothermal solution replacements, probably related to an Klinger, F. L., 1976, Iron ore, in Mineral facts and problems, 1975 ed.: U.S. Bureau of Mines 28 Alabama, and Tennessee Southern Clinton Belt 1I
intrusive source, and solution weathering-enriched deposits; and (4) surface or near-surface Bulletin 667, p. 524'54956-6 — £ Baabi B e
enrichments, such as laterite and placer deposits, the result of in situ concentration during erosion Livingston, V. E., Jr., 1 » Iron, in Mineral and water resources o ashington: *Se ngress,
and sedimentary processes. Exampges of chse ty;)es of iron concentrations, far in excess og crustal 89th, 2d session, Committee on Interior and Insular Affairs, Committee Print, p. 92-100. 29 Alabama, Georgia, Cartersville - Blue Ridge X
abundance, are widely dispersed in the conterminous United States, and some are distinguished Mining Magazine, 1976, International mining survey, table B--1,126 mines accounting for 90 percent of North Carolina,
individually on the map by Carr and others, (1967). Further discussion about these deposit types are all output other than coal: v. 135, no. 3, p. 237. Virginia and Maryland
available in the report by Klemic and others (1973). The following brief summary has been abstracted Moore, Lyman, 1966, Iron, in Mineral resources of California: U.S. Congress, 89th, 2d session,
from that source. Committee on Interior and Insular Affairs, Committee Print, p. 199-212.
Iron deposits form in a wide variety of geologic environments and occur in sedimentary, Reeves, R. G., 1964, Metallic mineral resources--Iron, in Mineral and water resources of Nevada: U.S. 30 North Carolina, and Central Belt VI, IX
metamorphic, and igneous rocks as well as in surficial accumulations. Most of the deposits shown on Congress, 88th, 2d session, Senate Document 87, p. 101-112.
the map are located in rocks on old continent crust, which is defined as containing Archean or Tooker, E. W., 1979, Background information to accompany the atlas of metal and nonmetal mineral Virginia
Proterozoic (Precambrian) basement rocks (Tooker, 1979). Oceanic and island-arc crust rocks, which provinces in the conterminous United States: U.S. Gec;;«;g:l.call:T :ur;ey Circ:l;; 792 [in7gr§:8]-
were accreted to the old continent during the Phanerozoic (post-Precambrian) along the Pacific and U.S. Bureau of Mines, 1979, Mineral commodity summaries, : +S. Bureau o nes, p. -81.
Atlantic Ocean margins, contain mainly lower grade weathering-enriched sedimentary types of ironm. Wright, W. B., Guild, P. W., Fish, G. E., Jr., and Sweeney, J. W., 1968, Iron and steel, in Mineral 31 Virginia, West Northern Clinton Belt L
The largest deposits, and those that provide most of the world’s usable iron ores, are found in resources of the Appalachian region: U.S. Geological Survey Professional Paper 580, p. 396-416. Virginia, Maryland,
Precambrian (1.5 to 2.5 billion years age) banded sedimentary rock units that extend great distances and PenasyIvaRLE
and may have thicknesses measured in tens of meters. In the Mesabi Range, Minn., the Marquette Range
in Michigan, and in some other parts of the Lake Superior region, banded iron-formations average 20 to __ . __
35 percent iron 1in oxide, carbonate, silicate and sulfide phases. Metamorphism of the oxide facies of 32 Washington North-central IX X X
Precambrian sedimentary iron deposits resulted in a fine-grained low-grade magnetic taconite-type ore, 33 Oregon Northeast VIII, IX - . X . X
which now is the main commercial type. The iron silicate and carbonate facies have been weathered
locally to natural ores consisting of hematite and goethite. A second sedimentary type, ironstonme, . . X _ X
contains smaller bedded to lenticular bodies of hematite and limonite, generally without chert, and 34 Id::g’uz:::isgton’ Northern v, v
often as oolitic hematite. Carbonate, silicate and sulfide facies are also found in these Clinton- 35 South Dakota Black Hills i, V1 sessunknowmnsEs=" . X
type ores of Paleozoic (Silurian) age in the Appalachian belt. A third type 1is the weathered
sideritic (iron carbonate) ores, which are not shown on this map, and chamositic (hydrous iron . . . X
silicate) brown ores that occur in Paleozoic and Mesozoic sediments in the Central Plains and Coastal 36 Oklahoma Central I1L, IV, IX X

Plains flanking the Appalachian belt and that locally have been enriched in limonite by weathering
processes.




