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Figure 1.—Index map showing generalized geology. Regional areas (delimited by dashed lines) referred to in
pamphlet. Geology modified from Drewes and others (1985).

INTRODUCTION

The Silver City 1° x 2° quadrangle, New Mexico and Arizona, has a wide variety of metallic
and nonmetallic mineral deposits. More than $3 billion worth of mineral products, chiefly base
and precious metals, have been produced from the quadrangle since about 1850, and the known
resources have a gross value of more than $30 billion at current prices.

This report, which consists of this map sheet and accompanying pamphlet, on the mineral
resource potential of the quadrangle is the final element of a folio of maps and reports prepared
under the auspices of the U.S. Geological Survey’s Conterminous United States Minerals Assess-

Table 2.—Known and possible hydrothermal deposit types in the Silver City 1° x 2°
quadrangle, New Mexico and Arizona, listed according to apparent age

[Age of underlined deposit type is assumed; arrows indicate age of deposit type is equivocal; brackets indicate
possible deposit types]

Middle Tertiary
(30-15 m.y. ago)

Late Cretaceous and early Tertiary
(Laramide) (80-50 m.y. ago)

Porphyry Cu (Mo) Au-Ag-base metal vein

e . 3 2 Fe, Zn, Cu-Zn-Fe, and Zn-Pb replacement Ag (Au) vein
ment Program (CUSMAP). It utlhzes'geologlc, geochemical, and geophyfncal.data from other Zn:Ph (Cu-Ag-Au) vein and replacement Mn vein
investigations of the program to provide an assessment of the quadrangle’s mineral resources. Cu-Ag-Au (Pb-Zn) vein U vein

Fluorite vein
Alunite alteration
W replacement

W-Be vein and replacement
Mn (Fe) replacement
Ag (Pb-Mn) vein and replacement
Au (Cu-Bi-U) and Ag-Pb (Cu-Bi-U) vein
Au (base metal) vein
Pb-Ag (Cu-Zn-Au) vein
[Stockwork Mo (W-Sn)]
[Spor Mountain type Be]
[Sn vein and dissemination]
< — Au-Ag-base metal vein and replacement — >
< — Au (Ag-base metal) vein — >
<— W vein — >

METHOD

This assessment is based on identifying geologic terranes that are favorable for the occur-
rence of both known and undiscovered deposit types and focuses chiefly on the mineral poten-
tial of the mountain ranges. Although favorable geologic terranes for metallization undoubtedly
underlie the late Cenozoic basin areas, their extent and relatively great thickness of fill have
precluded an appraisal of the underlying bedrock. Locally, known range geology can be ex-
trapolated into areas of shallow basin fill and in some cases geophysical studies have resulted
in a better understanding of regional sub-basin geology, but delineation of favorable terranes
on these broad parameters would be a guess, at best. Likewise, the extensive areas of middle
Tertiary volcanic rocks may cover favorable terranes and possibly significant ore deposits of Late

Au-Ag (base metal) vein
Cu vein

Turquoise vein
Ni-Co-Ag (U) vein

The resources evaluated include both metallic and nonmetallic commodities but exclude the organic
fuels (coal, oil, and gas) and most low-cost (per unit volume) materials, such as sand and gravel,
and crushed rock products. The report has been prepared to stand by itself; however, reference
to the following folio elements will be necessary if detailed supporting data are desired: mineral
deposits (Richter and Lawrence, 1983), geology (Drewes and others, 1985), geochemistry
(Hassemer and others, 1986; Watts and Hassemer, 1981; Watts and others, 1986a-j), geophysics
(Wynn, 1981; Klein, 1985), igneous rock petrochemistry (William N. Sharp, unpub. data, planned
for inclusion in this series), and remote sensing (Raines, 1984). These references and others
are listed in the accompanying pamphlet.

Description of the quadrangle’s mineral deposits (Richter and Lawrence, 1983) is the prin-
cipal data base for this assessment. In that report more than 600 diverse mineral deposits,
ranging from unexplored prospects to large producing mines, were briefly described and classified
into 42 deposit types on the basis of genesis, commodity, and physical form. These deposit types
have been adopted in this report as the basic unit in the mineral resource assessment (table 1).
In addition to the deposit types known to occur in the quadrangle, the resource potential of
a number of deposit types for which the geologic environment appears favorable is also ex-
amined. Because of similarities among the many base and precious-metal vein and replace-
ment deposit types, type locality names are given where appropriate in an attempt to avoid con-
fusion and to aid in relating deposits to specific areas.

Table 1.—Known mineral deposit types in the Silver City 1° x 2° quadrangle, New Mexico
and Arizona, showing some geologic characteristics and economic significance

Deposit type Geology Economic Cretaceous to early Tertiary and older age. Some attempt has been made to peer under the
significance volcanic cover by geophysical means, but again the data are not sufficient to warrant an appraisal.
Hydrothermal deposits The approach we have taken rehei heavllly on ?e}:axled |2formlat10ndthat ;acﬂlltate_rs] mft:]resrilé::ls
Porphyry Cu (Mo) Small veins and disseminations in 80-50 m.y. old medium-K High about the processes that !"ave shaped.t e QeO'OQV of the quadrangle and on eV'e Opl' g phy.
(Santa Rita type) calc-alkaline plutons and limestone replacement. Deposits in genetic models of the mineral deposit types likely to occur. In general, the delineation of areas
gfonrfgiln?;gmsﬂ;:%ggeasef‘?i‘é'ﬁ;?gnrv i fg < BB IVe OB of favorability for the deposit types examined are based on three broad recognition criteria: (1)
’ : i i i ic environment; (2) necessary geologic
(Safford type) Small veins and disseminations in 67-52 m.y. old medium-K High knowlr? deposits, which generally imply afavoréble geologic en : (2) K hwg di 9
calc-alkaline plutons and dikes and host Late Cretaceous vol- conditions, such as favorable host rocks, eruptive systems, structures, source rocks that indicate
canic rocks. Minor supergene enrichment. the presence of a favorable environment; and (3) suggestive conditions, such as associated deposit
Fo, Zn, Cu-Zneke, and M%Sgi‘geé s“am'alj“‘ﬂgmd "Lmesl“’"ﬁ( ’fp'ac?me"‘s ‘f’elfiphe'a' £o High types and geochemical and geophysical anomalies, that suggest the presence of a favorable en-
Zn-Pb lacement — m.y. old medium-K calc-alkaline plutons of large erup- 4 N oy . ) ol I
(Fie?ro—H:\%s:f type) tive Y 3 c(?mple)‘:. vironment. The ranking of areas of favorability is largely avoided; however, the cn.tena used
Zn-Pb (Cu-Ag-Au) vein Large veins in Cretaceous Colorado Shale and quartz diorite sill High in delineating an area indirectly grade its favorability. The presence of known dep051't's, for ex-
and replacement in fissure system at periphery of large eruptive complex. Lime- ample, implicitly denotes a high degree of favorability. Likewise, an area of favorability based
. stone replac?mems.at = e s on necessary criteria would generally have a greater resource significance than an area based
{‘g’;s‘ﬁ,"’n’ ;ﬁﬁ'?ﬁ;gem Su{::;%?:g _&nl:;fshed e e R o ’ k only on suggestive criteria. However, many areas of favorability delineated on the basis of sug-
W replacement Small, skarn-associated limestone replacements peripheral to Low gestive criteria may, in fact, be V‘_?YS.J significant in .the futur? as ore-forming processes beCO.me
(Granite Gap type) 33-29 m.y. old high-K calc-alkaline plutons. better understood and more sophisticated exploration techniques are developed. No evaluation
W-Be vein and Small veins and skarn-associated limestone replacements related Low of the numbers of deposits that may occur in areas of favorability has been attempted nor has
) {Fi % 25 m.y, ok Uls voleRnis Bigh S durine, there been any concerted effort to quantify the undiscovered resources (either hypothetical or
Ag (Pb-Mn) vein and Supergene-enriched replacements, chiefly in Silurian Fusselman Moderate . f ot
replacement Dolomite, near major NW-trending faults. speculative) of these a.reas by geostatistics. . diti is di
(Georgetown type) In the accompanying pamphlet each commodity, or group of related commodities, is dis-
Au-Ag-base metal vein Small to medium veins and skarn-associated limestone replace- ~ Moderate cussed separately. Following a brief introductory commodity statement, each deposit type in
ahd epiEc e mBnEs Aver contect of 30-29 M.y, oig s antl Alkes. which the commodity is a significant constituent is described. Because it was impractical to re-
Au-Ag-base metal vein Smalll to medi'l(Jm(sveins‘ algngk)fauplts in rl;igh—K middle(TTertiar’y Moderate examine the hundreds of mineral deposits in the quadrangle, most of the descriptive data are
(Steeple Rock, Tyrone, volcanic rocks (Steeple Rock), Precambrian granite (Tyrone), = X = Lk e 3
andeeIegraph types) and Precambrian granite and Cretaceous Beartooth Quartzite based on information from published descriptions of md1v1dua.l deposits. For a feyv models,
(Telegraph). especially for some of the precious-metal vein-type deposits mined long ago, published data
Au (Cu-Bi-U) and Ag-Pb  Small veins in Precambrian granitic rocks localized where faults Moderate are inadequate to allow more than suggestions about the geology of the deposits. References
(V\}giltjéagg:\z;lle{cpe) fr‘,’cfnféﬁﬁi"&ﬁﬂa&yﬂ\?&aZ?kecs".kes R 2 s to sources of data are omitted here because they, as well as additional information on the deposits,
At (basemetal) vein Sthall veins.in Precambrianrocks. (s are available in the foh.o report d'esc.rl-bmg thg knowp deposits (Richter .apd Lawrenf:.e, 1983)..
(Gold Hill type) In the resource evaluation, the criteria used in selecting areas of favorability for specific deposit
Au-Ag (base metal) vein  Veins, chiefly in 80-57 m.y. old medium-K quartz monzonite Moderate types are tabulated, and each area is outlined on the small-scale (1:1,150,000) commodity maps
(Pinos Altos type) pluton of large intrusive complex. of the quadrangle in figures 9 13
Au (Agrbase metallvein  Small to medium veine ciiefly along esjor NiW-pending tault . Maderate The end of each commodity section has a brief discussion of the total resource and, where
(Dos Cabezas type) zone that juxtaposes Precambrian rocks. : o ) . . i
: ; ; S . . possible, quantitative estimates of production, reserves, and identified resources. In a few cases
Ag (Au) vein Small to large veins associated with middle Teritary high-K calc- Moderate 2 ¢ : . X X Bed
alkaline eruptive centers. the undiscovered resource is estimated, but, in general, this part of the total resource is couche
Cu-Ag-Au (Pb-Zn) vein Large veins in 59-56 m.y. old granodiorite pluton and host Cre- High in less quantitative fashion. The resource terms used throughout this report conform to the
(Lordsburg type) taceous volcanic rocks. classification system adopted jointly by the U.S. Bureau of Mines and the U.S. Geological Survey
Cu vein Chiefly oxide- and supergene-enriched veinsrelated to porphyry Moderate (1976)
Cu (Mo) deposits. i
Pb-Ag (Cu-Zn-Au) vein Oxidized replacement veins in Silurian Fusselman Dolomite. Moderate SUMMARY
(Victorio Mtns. type) o gl o i . .
: ; is summarized in table
Ni-Co-Ag (U) vein Small veins in Precambrian quartz diorite gneiss peripheral to Moderate ‘The total resourc? of the principal commod1t1e§ in the quadrang & ) .
(Blackhawk type) 72 m.y. old monzonite porphyry pluton. 3. Since 1850 production of copper, molybdenum, zinc, lead, gold, silver, iron, maganese-iron,
W vein Small quartz veins in Paleozoic limestone and Precambrian schist. Low fluorite and zeolite with small amounts of manganese, tungsten, vanadium, bismuth, and uranium
Mn vein Small fracture fillings chiefly in middle Tertiary high-K volcanic Low is valued at more than $3 billion. Reserves and identified resources, chiefly of base and precious
fockes metals, are valued at more than $30 billion at current prices. The undiscovered resource is con-
Y vein Chiﬁﬂy seconiary: ukasidm. iminatals. in small vains. of divarse o servative and bound by existing technology and economics. The estimate is restricted chiefly
. i s ¢ Ialrafcw;' i b T Sk A - to known areas of favorability in the ranges and does not allow for discoveries of either known
mi 1 = o o . . .
vortte vein n;‘c?cl'(s.r S e i or new deposit types beneath the extensive Cenozoic basins or middle Tertiary volcanic terranes.
Turquoise vein Veins in oxide-enriched zones chiefly in Precambrian granite Moderate _ . . g
D aripheral t0 66 m.y. okl Tyrone quartz monzanite pluton. Table 3. Sut.n.ma.ry of est.rmated. pro:iuctlgn, reserves, and resources of the' principal
Alunite alteration Extensive alunitic alteration of middle Teritary high-K volcanic Low commodities in the Silver City 1° x 2° quadrangle, New Mexico and Arizona
rocks. [Values given in metric tons; leaders —indicate no data available]
Hydrothermal and . - = :
magmatic deposits Commodity Production Reserves Identified Undiscovered
W vein and pegmatite Small veins and simple pegmatites in Precambrian rocks. Low resource resource
Be pegmatite Simple pegmatites in Precambrian rocks. Low Gold 26 200 nx102 nx10
REE pegmatite Simple pegmatites in Precambrian granitic rocks. Low Silver 1,300 1,000 nx10° nx102
6
Metamorphic deposits Copper ) 4,450,000 8,200,000 8,000,000 nx105
Ricoli Met h d xenoliths in Precambrian ranite Low (e hocerite (MOSz) 23,000 50,000 38,000 nx10
icolite etamorphose . g . Lead 140.000 — nx10% e
Magnetite Banded magnetite in Precambrian granite. Low Zinc 1,000,000 _ nx105 _
Marble Metamorphosed Paleozoic limestone. Low Iron 7,100,000 — nx10’ nx108
Sedimentary deposits (50-59% Fe)
e i . ; e . : Manganese-lron 2,000,000 10,000,000 nx108 nx108
Fe Extensive low-grade iron deposits in Cambrian Bliss Sandstone. Low (10-16% Mn ¥
] Chi_efly small “‘sandstone-type’’ deposits in upper Cenozoic basin Low 30-40% Fe) '
fill. Manganese 11,000 - nx103 nx10°3
Au placer Small, dry placers geqerally in areas of precious and base metal Moderate (17-40% Mn)
hydrothermal deposits. Tungsten 2,300 _ nx103 nx103
Brine In water of upper Cenozoic basins. Low (0.1-4% W03)
Zeolite Altered upper Cenozoic ash deposits. High Fluorite 190,000 — nx10% =
Di i | r Cenozoic lacustrine deposits Low (0570 Can)
latolhie RHees B ) Zeolites 10,000 — nx108 -
Volcanic deposits
Perlite In middle Tertiary rhyolites. Low
Pumice and cinder In small middle Tertiary eruptive centers. Low
The Silver City 1° x 2° quadrangle covers approximately 20,650 km? chiefly in the
southern Basin and Range province of southwestern New Mexico and southeastern Arizona.
Bedrock of the ranges includes Precambrian igneous and metamorphic rocks, Paleozoic sedimen-
tary rocks, Mesozoic igneous and sedimentary rocks, and Cenozoic igneous rocks (fig. 1). The
intervening basins, which constitute about 65 percent of the quadrangle’s surface area, are filled N ARIZONA NEW MEXICO

with late Cenozoic (Pliocene and Pleistocene) sedimentary deposits, in places to depths of more
than 1,000 m. The geology of each range is generally different, and most rock units and pre-
Basin and Range structures cannot be correlated across the basin areas. The principal hydrothermal
ore-forming processes in the quadrangle are apparently attributable to subduction-related events
including complex eruptive systems during two distinct intervals in the development of the western
orogenic continental margin (table 2): (1) a medium-K calc-alkaline volcanic arc system in the
Late Cretaceous-early Tertiary time (the Laramide orogeny, 80-50 m.y. ago) and (2) a high-K
calc-alkaline volcano-plutonic arc system in middle Tertiary time (30-15 m.y. ago). The
hydrothermal-magmatic vein and pegmatite type deposits are probably Precambrian in age and
the syngenetic sedimentary and volcanic deposits range in age from Cambrian to late Tertiary
(or younger).
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LOCATION MAP FOR SILVER CITY 1° x 2° QUADRANGLE

This map is part of a folio of maps of the Silver City 1° x 2° quadrangle, New
Mexico and Arizona, prepared under the Conterminous United States Mineral
Assessment Program
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EXPLANATION

DEPOSIT TYPE

KNOWN DEPOSIT OR

GROUP OF DEPosiTs | AREA OF FAVORABILITY

Porphyry Cu (Mo)
Safford type

Santa Rita-Tyrone type
Cu-Zn-Fe replacement
Cu-Ag-Au (Pb-Zn) vein

Cu vein

Cu in other base and precious metal vein and replacement deposits
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Figure 2.—Copper. Letters refer to porphyry Cu (Mo) deposits in table 1 of pamphlet. See pamphlet text for
discussion of numbered areas.

Note: Diagonal line patterns in figures 2, 4, 5, 7, 8, 9, and
12 indicate areas that are favorable for two commodities.
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Bismuth in Au-Ag-base metal veins @
Bismuth, in W vein and replacement deposits @
Bismuth in Zn-Pb replacements @]
Vanadium
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Figure 6. —Bismuth and vanadium
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GROUP OF DEPosiTs | AREA OF FAVORABILITY

Uranium
Au (Cu-Bi-U) and Ag-Pb (Cu-Bi-U) veins
Ni-Co-Ag (U) veins
U veins
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Sedimentary U
Whitlock “sandstone” type

Calcrete

Undifferentiated

Rare-earth (RE) elements
RE pegmatites

RE in other deposits types

o @
© &

pe b

o

Figure 10.—Uranium and rare-earth elements.

Sge_pamphlet text for discussion of numbered areas.
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EXPLANATION
DEPOSIT TYPE KNOWN DEPOSIT AREA OF FAVORABILITY
Porphyry Cu (Mo) o
Molybdenite in base and precious metal vein and replacement deposits ®

Wulfenite in base and precious metal vein and replacement deposits A
Stockwork Mo

Figure 3. —Molybdenum. Letters refer to porphyry Cu (Mo) deposits in table 1 of pamphlet. See pamphlet text for

discussion of numbered areas.
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EXPLANATION
KNOWN DEPOSIT OR

DEPOSIT TYPE GROUP OF DEPOSITS AREA OF FAVORABILITY
Iron
Fe replacement (includes Zn and Cu-Zn-Fe replacement) o &
Sedimentary Fe
Metamorphic Fe e
Nickel and Cobalt
Ni-Co-Ag (U) vein o &

Figure 7.—Iron, nickel, and cobalt. See pamphlet text for discussion of numbered areas.
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Fluorite vein ®

Figure 11.—Fluorite. See pamphlet text for discussion of numbered areas.
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EXPLANATION
KNOWN DEPOSIT OR
DEPOSIT TYPE GROUP OF DEPOSITS AREA OF FAVORABILITY

Zn, Zn-Pb, and Cu-Zn-Fe replacements @
Zn -Pb (Cu-Ag-Au) vein and replacement [
Pb-Ag (Cu-Zn-Au) vein (©]
Cu-Ag-Au (Pb-Zn) vein >
Ag (Pb-Mn) vein and replacement (]
Ag-Pb (Cu-Bi-U) vein (@]
Au-Ag-base metal vein and replacement, and Steeple Rock and Tyrone Au-Ag-base metal O &

vein
Au-Ag (base metal) vein, Au-(Ag base metal) vein, Telegraph Au-Ag-base metal vein, =

and Au (base metal) vein

Figure 4.—Zinc and lead. See pamphlet text for discussion of numbered areas.
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Mn vein
Mn (Fe) vein and replacement

Ag (Pb-Mn) vein and replacement
Manganese in base and precious metal vein and replacement deposit
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Figure 8. —Manganese and manganese-iron. See pamphlet text for discussion of numbered areas.
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EXPLANATION
COMMODITY KNOWN DEPOSIT AREA OF FAVORABILITY
Zeolites (]
Diatomite (]
Brine [ ]

Figure 12.—Zeolites, diatomite, and brine. See pamphlet text for discussion of numbered areas.
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Au-Ag-base metal vein o &
Au (Cu-Bi-U) and Ag-Pb (Cu-Bi-U) vein e &
Au (base metal) vein @
Au-Ag-base metal vein and replacement o &
Au (Ag-base metal) vein o &
Au-Ag (base metal) vein e &
Ag (Au) vein @
Cu-Ag-Au (Pb-Zn) vein @
Ni-Co-Ag (U) vein e &
Ag (Pb-Mn) vein and replatement (]
Pb-Ag (Cu-Zn-Au) vein O
Au placer O
Porphyry Cu (Mo) L
Zn-Pb (Cu-Ag-Au) vein ard replacement (&)
Figure 5.—Gold and silver. See pamphlet text for discussion of numbered areas.
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Tungsten
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W replacement ©
W vein @
Beryllium
Be pegmatite
Be in fluorite vein
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Figure 9.—Tungsten and beryllium. See pamphlet text for discussion of numbered areas.
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INTERIOR—GEQLOGICAL SURVEY, RESTON, VA—1986—G84263
EXPLANATION

COMMODITY OR DEPOSIT TYPE

KNOWN DEPOSIT

Gemstones
Turquoise vein

Turquise in Au (Cu-Bi-U) vein
Agate

Opal

Ametiystine quartz

Apacle tears

Ornamental stone
Ricolie

Meerschaum

Building and construction materials
Marbk

Limesione
Pumice
Perlite

PP 44949494

® ® & O

Figure 13.—Gemstones, ornamental stone, and building and construction materials.

For sale by Branch of Distribution, U.S. Geological Survey,
Box 25286, Federal Center, Denver, CO 80225

Explanatory pamphlet accompanies map



