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ABSTRACT

In the central Peloncillo Mountains, New Mexico, Penn
sylvanian and Cretaceous shallow marine carbonate strata 
were selectively replaced by calc-silicate and Pb-Zn-Ag-Cu 
mineralization adjacent to middle Tertiary plugs/stocks, 
dikes, and sills. At this time, hydrothermal fluids selec
tively replaced beds of calcarenite, limestone- and quartz- 
pebble conglomerate, and fossiliferous strata with wollas- 
tonite, andradite, diopside, tremolite, quartz, calcite, 
plagioclase, epidote, and base metal sulfides. These sul
fides - galena, sphalerite, pyrite, and chalcopyrite occur 
as disseminations, clusters of coarse crystals, and as 
massive grains along fractures in bioclastic limestone.

A fluid inclusion study of quartz from one mine, the 
Silver Star property indicates that the ore fluids comprised 
a moderately saline (24.4-26.2 wt% NaCle0) mix of NaCl, KC1, 
and MgClj and that they were trapped at temperatures of 430- 
290"C under pressures of 400-500 bars. Calculation of the 
chemical parameters indicates that ore fluids were acidic 
(pH 3.7-6.3) and the mole fraction of CO, was less than 0.1. 
Log fo, had a maximum value of -21; the minimum log fS, 
ranged from -7.33 to -7.8. The fluids evolved with decrea
sing temperature to a more reduced, less sulfidic chemistry.
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CHAPTER I 

INTRODUCTION

Although they vary in geology and genesis, carbonate- 
hosted sulfide replacement ores are important sources of Pb- 
Zn-Ag and Au in the southern Cordillera (Titley, 1985). 
Mineralization occurs as concordant stratiform bodies, 
discordant mantos, or as steeply-dipping chimneys. Many of 
these deposits are associated with faults and are found 
adjacent to large intrusions, or intrusive dikes and sills. 
The host rocks, which are chiefly limestones, were deposited 
in environments ranging from cratonic basins to shallow 
marine shelves.

In the central Peloncillos, Pennsylvanian limestones 
and Lower Cretaceous shallow marine and non-marine terri
genous sediments were deposited. The Lower Cretaceous 
strata, which correlate with the Bisbee Group of southeast
ern Arizona, were deposited at the northern end of the 
Chihuahua Trough (Bilodeau and Lindberg, 1983). During the 
middle Tertiary, plugs, numerous dikes, and sills of gran
ite, granite porphyry or quartz monzonite, rhyolite porphy
ry, and quartz latite porphyry intruded Paleozoic and Greta-
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ceous strata. Adjacent to these intrusive rocks, selective 
sections within the Pennsylvanian Horquilla Limestone, Lower 
Cretaceous Mural Limestone, and Lower Cretaceous Cintura 
Formation were replaced by calc-silicate minerals and base 
metal sulfides. Galena, sphalerite, chalcopyrite, and 
pyrite directly replace carbonate rocks and also replace 
earlier calc-silicate gangue minerals.

Statement of Problem
The intent of this thesis is to: 1) examine the strat

igraphic and structural controls of mineralization in the 
central Peloncillos, 2) identify characteristics of the 
strata that favored mineralization and replacement, 3) 
describe mineralization and paragenesis, 4) conduct a fluid 
inclusion study in order to estimate chemical parameters 
such as ore fluid temperature, salinity, composition, acid
ity, fOj, fSj, fCOj and 5) construct phase diagrams that 
represent the observed mineral relationships.

Field Methods
The author examined prospect pits and adits in the 

central Peloncillo Mountains primarily in sections 28, 31, 
32, 33, 34, and 35, in T. 24 S., R. 21 W.; sections 2, 3, 4, 
5, 6, and 11, in T. 25 S., R. 21 W.; and section 19 in T. 25 
S., R. 20 W., Gila and Salt River Base and Meridian. Mine
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workings and sample locations were plotted on a 1:24,000 
topographic base using appropriate sections of the Steins 
7.5 minute and Vanar 7.5 minute provisional edition quad
rangle maps (Plate 1). Aided by previous map coverage of 
Gillerman (1958), Armstrong and others (1978), and Drewes 
and Thorman (1980a and b), I walked the contacts of the 
Tertiary intrusive rocks with Paleozoic and Cretaceous 
sedimentary rocks. I noted contact metamorphism, skarn 
development, and ore mineralization. Small scale mapping at 
specific mine areas helped to clarify relations between 
sedimentary hosts, intrusive rocks, faults, and ore occur
rences. Numerous samples were taken for geochemical assays, 
petrographic analyses, and fluid inclusion studies.

Laboratory Methods
The author prepared and examined petrographic thin 

sections representing the most important sedimentary hosts 
and intrusive rocks. Polished slabs were prepared for 
reflected light ore petrography in order to determine para- 
genetic relationships between ore and gangue minerals. The 
chemical composition of several garnet samples, and the 
trace element composition of galena and sphalerite speci
mens, were determined by quantitative microprobe analyses.
I examined fourteen doubly polished quartz thick sections to 
determine the salinity, composition, and temperature of the 
hydrothermal fluids responsible for mineralization.
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Location and Access
The Peloncillo Mountains straddle the Arizona-New 

Mexico border (Fig. 1). The range extends from the extreme 
southwestern portion of Hidalgo County northward to Stein's 
Pass and Interstate Highway 10. From Stein's Pass, the 
Peloncillos trend northwest and continue to the Gila River 
in Arizona. The central Peloncillo Mountains are situated 
just east of the Arizona-New Mexico border.

To reach the western slope of the central Peloncillos, 
drive east after exiting Interstate 10 at Cavot Road. An 
all-weather gravel road parallels the Interstate highway for 
two miles (3.22 km) before turning south onto gravel and 
poorly-maintained four-wheel drive roads. Access to the 
eastern flank is by travelling south from Road Forks on 
Highway 80. Several all-weather gravel and rough jeep roads 
lead up to historic mine areas, stock tanks, and abandonned 
houses. Many of the roads have locked gates; it is neces
sary to seek the rancher's or claim owner's permission prior 
to using the roads.

The Bureau of Land Management in Las Cruces, New Mexico 
administers the majority of the land in the central Pelon
cillos. Additional portions are state and privately-owned. 
The mineral rights are retained primarily by the federal 
government. Unpatented mine claims are scattered across the 
range, and patented claims exist at the Johnny Bull Mine.
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Figure 1. Location of study area in the central Peloncillo 
Mountains, Hidalgo County, New Mexico.



17

District History and Past Production 
Production records are incomplete or nonexistent for 

most of the McGhee Peak subdistrict of the San Simon mining 
district. Elston (Pers. commun., 1991) compiled the raw 
production figures from data published in the Mineral Re
sources of the United States (U.S. Geological Survey) and 
the Minerals Yearbooks (U.S. Bureau of Mines) and reviewed 
data available from claim owners (smelter returns, con
sultant's reports). Elston (1963) calculated that the value 
of lead, zinc, silver, copper, and gold produced from the 
McGhee Peak subdistrict between 1900 and 1953 was approxima
tely $500,000. The Silver Hill and Carbonate Hill mines 
each produced over $200,000 in lead, zinc, and silver from 
1924 to 1952 (Elston, 1965). These figures reflect the 
value of these commodities at then current prices (1900- 
1953) and are not adjusted to any particular year or price 
range. Activity at the Copper Queen mine in the SW^ sec. 3 
in T. 24 S., R. 21 W. began prior to 1905 (Lindgren et al., 
1910) which predates accurate U.S. government records.
Elston (1963) estimated that the total production from the 
three patented Copper Queen claims was less than 10,000 tons 
of ore valued at less than $100,000. Sporadic shipments of 
hand-sorted copper ore were recorded by the U.S. Bureau of 
Mines between 1915 and 1920. There is no record of any gold 
production for this area. Appendix A provides a synopsis of



the history of some of the individual mines based on data 
published by Gillerman (1958) and Elston (1963).

The claims at the Carbonate Hill mine, originally 
located in 1894, were purchased in 1916 by the McGhee fami
ly. Donald McGhee, of Lordsburg, New Mexico, is the current 
owner. The McGhees worked the property intermittently from 
1916 to 1948, when a fire destroyed part of the main shaft 
and the 100-ton flotation mill. In 1956, the property was 
leased, and the shaft was repaired (Gillerman, 1958). The 
main working was accessible by a 600-foot (183 m) deep 
vertical shaft. Drifts at various levels extend 1,000 feet 
(305 m) along the dike both northwest and southeast from the 
shaft. According to Donald McGhee (Elston, 1963), the bulk 
of the ore was mined above the 150-foot (45 m) level and was 
extracted from a stope 350-feet (107 m) long, 75-feet (23 m) 
wide, and 30-feet (9 m) high. Numerous small shafts, pits, 
and short adits pockmark the property.

On the western flank of McGhee Peak, the Silver Hill 
mine and surrounding claims (NW% sec. 3, T. 25 S., R. 21 W.) 
were worked periodically from 1877 to 1952. The steeply- 
inclined Silver Hill shaft was driven 200-feet (61 m) deep 
with drifts at 20, 60, 90, 165, and 195 feet (6, 18, 27, 50, 
and 60 m respectively). The property was leased by the Peru 
Mining Company from 1948 to 1953. Although no figures on 
total production exist, the ore averaged 11.47% Zn, 5.19%

18
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Pb, and 3.32 oz/ton Ag (Gillerman, 1958).
Little is known about the Johnny Bull mine in the NW% 

SVh sec. 3, T. 25 S., R. 21 W. as the shafts are caved and 
inaccessible. The mine is located on the fault contact of 
Horquilla Limestone and the Tertiary or Cretaceous sedimen
tary and volcanic rocks on a prominent ridge southeast of 
the mislabelled Johnny Bull mine on the Steins 7.5 minute 
topographic map. When L. C. Graton visited the property in 
1910, he noted two inclined shafts as much as 150 feet (45 
m) in depth and a short crosscut tunnel at the 40-foot (12 
m) level in the deeper shaft. A stope 40 feet (12 m) long, 
15 feet (4m) wide, and 15 feet (4m) high followed a garnet 
zone that dipped 70-80" east (Lindgren et al., 1910).
Copper was the principal metal produced.

The Copper Queen mine, mislabelled as the Johnny Bull 
mine on the Steins 7.5 minute topographic map, consisted of 
a shaft 100 feet deep and was developed by dentist Dr. J. O. 
Hamilton between 1916 and 1918. Small shipments of chal- 
copyrite-galena ore were extracted from two six-foot thick 
garnetite zones 20 and 80 feet below the collar.

Previous Studies
The geology of the central Peloncillo Mountains was 

described in some detail by Gillerman (1958) and in less 
detail by Armstrong and others (1978). Elston (1959, 1963,
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and 1965) discussed the mineralization, mining history, and 
metal production of the area. Hudson (1984) examined the 
stratigraphy, petrography, and hydrothermal alteration of 
the volcanic and intrusive rocks north of the study area in 
the San Simon mining district. Kolins (1986) compared the 
stratigraphy, depositional environments, and provenance of 
the Lower Cretaceous rocks in the Peloncillos with those in 
the Animas Mountains to the east. Overlapping this study 
and unknown to this author, a study by Smith (1987) investi
gated the geology and mineralization in the McGhee Peak 
area. Smith produced detailed geology and hydrothermal 
alteration maps and evaluated the potential for additional 
mineralization. Mapping at various scales was completed by 
Gillerman (1958), Armstrong and others (1978), Drewes and 
Thorman (1980a and b). Hoggatt and others (1977) completed 
K-Ar dating on intrusive rocks in the Peloncillo Mountains. 
Silberman and others (1978) carried out an extensive geo
chemical sampling program in the central Peloncillos.
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CHAPTER II

REGIONAL AND DISTRICT GEOLOGY

Base metal mineralization in the central Peloncillo 
Mountains responded to variations in stratigraphy and lith
ology adjacent to prominent faults. It is useful to review 
the general geology and structure of the range, even though 
the ore deposits were primarily hosted in Pennsylvanian 
Horquilla Limestone and Lower Cretaceous carbonate rocks. I 
will use the stratigraphic nomenclature of Drewes and Thor- 
man (1980a and b).

Precambrian Basement
A coarse-grained granodiorite is the Precambrian base

ment in the Peloncillos and consists of quartz, potassium 
feldspar, amphibole, and chloritized biotite. This intru
sive rock is susceptible to erosion and is exposed on the 
western flank as low-lying hills beneath Cambrian Coronado 
Sandstone. Armstrong and others (1978) reported anomalously 
young K-Ar dates on the Precambrian granodiorite of 34.4 ± 
1.0 Ma (muscovite) and 57.8 ± 1.7 Ma (microcline). They 
noted that the muscovite may have been an alteration product
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of biotite. Early to middle Tertiary igneous activity in 
the Peloncillos may have reset the age by causing argon loss 
from the mica and feldspar grains (Armstrong et al., 1978).

Paleozoic Sedimentary Rocks
Above the Precambrian basement, deposition of conglom

erate and sandstone of the Upper Cambrian Coronado Sandstone 
(Bliss Sandstone of Gillerman, 1958) was followed by Ordo
vician limestones and dolomites of the Montoya Group and El 
Paso Limestone. Silurian rocks were completely eroded or 
not deposited in this region. Dark-gray shale and nodular 
limestone of the Upper Devonian Portal Formation was confor
mably overlain by medium- to thick-bedded, bioclastic, cri- 
noidal and cherty Upper Mississippian Escabrosa Limestone.

Overlying the cliff-forming Escabrosa Limestone is the 
non-resistant Upper Mississippian Paradise Formation. Grop
ing out on the west side of the Peloncillos, this unit com
prises alternating thin beds of calcareous shale, black 
siltstone, fine-grained limestone, quartzitic sandstone, and 
conglomerate (Gillerman, 1958).

The Pennsylvanian Horquilla Limestone overlies the 
Paradise Formation and forms the base of the Naco Group as 
redefined by Gilluly and others (1954). The Naco group com
prises six formations: the Horquilla Limestone, Earp Form
ation, Colina Limestone, Epitaph Dolomite, Scherrer Form
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ation, and the Concha Limestone. Originally described in 
central Cochise County, Arizona, the six formations appear 
to extend into Hidalgo County, New Mexico. Gillerman (1958) 
identified five of the six formations in the Peloncillos, 
but chose to substitute the name Chiricahua Limestone for 
the Concha Limestone. Gillerman (1958) and Armstrong and 
others (1978) were unable to identify any unit in the Pelon
cillos resembling the Epitaph Dolomite; Drewes and Thorman 
(1980a) mapped a single, restricted outcrop of dark-gray, 
coarse-grained, cherty dolomite on the western flank as 
Epitaph Dolomite.

In this study, the most important Naco Group formation 
is the Horquilla Limestone which crops out extensively along 
the crest of the Peloncillos from McGhee Peak south to 
Johnny Bull Gap and Blue Mountain (Plate 1). Drewes and 
Thorman (1980a and b) subdivided the Horquilla Limestone 
into lower and upper members, both of Pennsylvanian age.

The lower member includes moderately thick-bedded light 
gray, fine- to coarse-grained, bioclastic, and fossiliferous 
limestone and minor siltstone. Near the Silver Hill mine, 
black chert nodules and crinoid fragments occur in medium
grained, dark gray limestone. Alternating with these beds 
are light gray to pinkish gray crinoidal limestones con
taining pink chert nodules. Other fossils include fusil- 
inids, brachiopods, coral, bryozoans, and locally, Chaetetes
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milliporaceous (Gillerman, 1958; and Drewes and Thorman, 
1980a and b).

Drewes and Thorman (1980a) mapped an upper member of 
the Horquilla Limestone which they believed was transitional 
to the overlying Earp Formation as mapped by Gillerman 
(1958) and Armstrong and others (1978). The upper member 
caps McGhee Peak and consists of light gray, fine-grained to 
bioclastic, cherty, and fossiliferous limestone. Interbed- 
ded tan to reddish gray siltstone occurs in beds up to three 
meters thick. Fossils found in the thin- to moderately- 
thick limestone beds include fusilinids, brachiopods, and 
corals.

Conformably overlying the Horquilla Limestone, the 
Lower Permian Earp Formation is composed of fine-grained 
clastic rocks. The base of the Earp, as mapped by Gillerman 
(1958) coincides with the base of the upper member of the 
Horquilla Limestone as mapped by Drewes and Thorman (1980a 
and b). The Earp Formation consists of alternating se
quences of thin-bedded, very fine-grained shales, silt- 
stones, and calcareous shales and sandstones. In the 
author's field area, the Earp Formation is. restricted to 
small outcrops of pale-red siltstone with interbedded lime
stone and dolomite.

In the study area, the remaining members of the Naco 
Group either are missing or are in fault contact with the
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overlying Bisbee Group. On McGhee Peak, the topmost beds of 
Horquilla Limestone form an erosional surface upon which the 
Lower Cretaceous Glance Conglomerate was deposited. South
east of the Copper Queen mine, the Bisbee Group was down- 
dropped adjacent to the Horquilla Limestone along the Johnny 
Bull Fault (Plate 1).

Cretaceous Sedimentary Rocks
Gillerman (1958) assigned the Lower Cretaceous rocks in 

the Peloncillos to the Bisbee Group, but felt that there was 
no direct correlation with any of Ransome's (1904) or Stoy- 
anow's (1949) formations from southeastern Arizona. He 
thought that Lower Cretaceous strata in the Peloncillos most 
closely resembled those in the Chiricahua Mountains which 
Sabins (1955) had broadly compared with the rocks in the 
Bisbee area.

Gillerman (1958) used local names to describe the Lower 
Cretaceous strata he mapped. He named the lowest formation, 
the McGhee Peak Formation, for its designated type locality 
west of the Carbonate Hill mine. This formation included a 
basal conglomerate and white sandstone overlain by inter- 
bedded, fine- to coarse-grained sandstone, siliceous silt- 
stone, shale, and thin- to medium-bedded, sandy or silty 
limestone that were later renamed the Glance Conglomerate 
and the Morita Formation by Drewes and Thorman (1980a and b) 
(Fig. 2).
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On McGhee Peak in secs. 33 and 34, T. 24 S., R. 21 W. 
and sec. 3, T. 24 S., R. 21 W., the Glance is a clast- 
supported, polymictic conglomerate (Fig. 3). The angular to 
subrounded clasts range in size from 2 mm to cobbles up to 
15 cm in diameter. The detrital clasts include monocrystal
line and polycrystalline quartz, potassium feldspar, plagio- 
clase feldspar, carbonate rock fragments, siltstone and 
sandstone fragments, and chert, and locallized granitic 
clasts. Kolins (1986) reported that some of the limestone 
cobbles contained Paleozoic crinoids, fusilinids, and 
trilobites resembling those identified in the underlying 
Paleozoic strata.

The very light gray to yellowish gray matrix consists 
of fine-grained quartz and calcite. The Glance Conglomerate 
exhibits mild propylitization? fine-grained clay and/or 
sericite, clinozoisite, epidote, and calcite replaces indi
vidual grains and the matrix.

Conformably overlying the Glance Conglomerate is the 
Morita Formation. The Morita comprises the upper portion of 
Gillerman's McGhee Peak Formation and is comparable with the 
Hell-to-Finish Formation in the Animas Mountains (Kolins, 
1986). Drewes and Thorman (1980a) suggested that the Morita 
might be 200 m thick, but faulting has disrupted the true 
thickness. Kolins (1986) determined the Morita to be 104 m 
thick in the vicinity of the Carbonate Hill mine and McGhee
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Figure 3a. Photomicrograph of angular to subangular, clast- 
supported quartz-feldspar Bisbee Conglomerate from McGhee 
Peak. Matrix consists of quartz, sericite, clinozoisite, and 
calcite. Plane polarized light. Field of view is 2mm.

Figure 3b. Photomicrograph of Bisbee Conglomerate from 
McGhee Peak. Crossed-nicols. Field of view is 2 mm.
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On McGhee Peak, the Merita Formation is composed of 
several facies indicating deposition in a fluvial environ
ment. Thick-bedded, laterally discontinuous beds of 
conglomerate were observed, as well as interbeds of medium- 
to coarse-grained massive sandstone. Kolins (1986) reported 
horizontally laminated sandstone units that he believed to 
represent deposition in a fluvial channel.

Fine-grained, indurated sandstone and siltstone range 
in color from white, tan, and gray to red. The author 
examined one pale red siltstone that contained finely lami
nated grains of subangular to subrounded quartz, plag- 
ioclase, and chert. The siliceous matrix was stained perva
sively by iron oxides. Some grains were replaced by 
epidote.

The upper 35 m of the Morita Formation consists of 
brown-weathering, dark gray limestone. One of the two main 
facies that Kolins (1986) described includes a carbonate 
mudstone with a homogeneous micrite matrix and contains 
pelecypods, ostracods, and more rarely, green alga Chara 
oogonia as allochems. Kolins postulated that this facies 
formed in a calm, shallow, fresh-water or brackish-water 
environment.

The other facies in the upper section of the Morita 
Formation is a brecciated carbonate mudstone. The angular
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clasts are poorly sorted and identical in composition to the i
micrite matrix. Kolins (1986) suggested that this facies 
resulted from successive emersions and submersions of the 
carbonate mud owing to water table fluctuations.

Conformably overlying the Morita Formation is the Mural 
Limestone. This unit was given the local name Carbonate i
Hill Limestone by Gillerman (1958) who measured various 
sections ranging from 34 m to over 68 m in thickness.
Kolins (1986) measured a 67 m thickness. The Mural cor
relates with the U-Bar Formation in the Animas Mountains 
(Zeller, 1965; Kolins, 1986).

The most common rock types in the Mural Limestone are f
thin-bedded, medium- to coarse-grained, sandy calcarenite, 
sandy biomicrite, and interbeds of limestone-pebble conglo
merate (Figs. 4 and 5). In most areas, the base of the 
Mural is a distinctive bed of brown-weathering, oyster-rich 
limestone. The large Ostrea-type bivalves are imbedded in a 
fine-grained, sandy matrix. Several other fossiliferous 
beds were noted in the lower half of the Mural near the

i

Carbonate Hill mine and on McGhee Peak. Whole and disar- j
ticulated bivalves are the most abundant fossils, followed
by gastropods, echinoderm fragments, and ammonites (Figs. 6
and 7). Gillerman (1958) collected and identified seventeen j
types of fossils in the vicinity of the Carbonate Hill mine, j
including several types of pelecypods, uncommon rudistids, I
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Figure 4. Photomicrograph of sandy biomicrite bed in Mural 
Limestone. Algal (A) and shell (S) fragments, ostracod (0), 
quartz (Q) and chert (C). Crossed nicols. Field of view is 
6.5 mm.

Figure 5. Photomicrograph of fossiliferous Mural Limestone. 
Pelecypod (P) and other fragments. Calcite (CC) veinlets. 
Plane polarized light. Field of view is 6.5 mm.
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Figure 6. Outcrop of pelecypod-rich beds of Lower Mural 
Limestone northeast of the Carbonate Hill mine. Knife is 
cm.

9

Figure 7. Mural Limestone outcrop northeast of the Car
bonate Hill mine showing ammonite cast. Knife is 9 cm.
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and a few corals. Kolins (1986) also identified serpulid 
worm tubes and dasycladacean green algae.

In the lower part of the Mural, conglomerate interbeds 
consist of subangular to subrounded limestone pebbles in a 
micrite matrix. South of the powder magazine at the Carbon
ate Hill mine, a small pit exposes cyclic, alternating beds 
20 to 30 cm thick of medium to dark gray limestone. Small 
pelecypods densely pack one 25 cm thick bed. Oxidized, 
fine-grained, syngenetic pyrite stains weathered surfaces. 
The sandy limestone fines upward to thinly laminated, vari
colored shales. These shales and shaley siltstones are 
easily eroded and poorly exposed, so they appear rarer than 
perhaps they really are.

The reader is urged to consult Kolins* 1986 thesis for 
a detailed description of the Mural Limestone rock types and 
depositional model in the Peloncillo Mountains. To sum
marize, he proposed that the diverse marine fauna, the 
oyster-rich beds, and the high ratio of sandstone and sandy 
limestone to limestone indicate that the Mural was deposited 
in an open-circulation, shallow marine, nearshore environ
ment. Mixed carbonate and clastic rocks formed as nearshore 
sandstone interfingered with deeper water limestone, shale, 
and siltstone. Sandy, bivalve-rich beds formed Ostrea-type 
bioherms.



Conformably overlying the Mural Limestone, the Cintura 
Formation is approximately 727 m thick (Kolins, 1986). 
Originally named the Still Ridge Formation by Gillerman 
(1958), the Cintura has been correlated with the silici- 
clastic Mojado Formation in the Animas Mountains. Excellent 
exposures are visible on Still Ridge in sections 33 and 34, 
T. 24 S., R. 21 W. and on the ridge due west of the Carbon
ate Hill mine.

Kolins (1986) divided the Cintura into three informal 
members (lower, middle, and upper). This classification 
follows one by Galemore (1986) in the Animas Mountains. In 
the Peloncillos, however, erosion has removed part of the 
upper member and a complete section is not observed. The 
lower member consists of massive to horizontally laminated 
sandstone, interbedded gray shale, and carbonate mudstone. 
This member is transitional between the underlying shallow- 
marine Mural Limestone and the overlying fluvial sedimenta
tion of the middle member. Kolins noted the local occur
rence of Ostrea-type bivalves in the horizontally laminated 
sandstone facies. He also identified charophytes in the 
carbonate mudstone and wackestone.

The middle member (703 m) of the Cintura Formation 
conformably overlies the lower member. The middle member 
comprises a sequence of massive and horizontally laminated 
sandstone, calcareous siltstone, minor limestone pebble

34
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conglomerate, and shale. After a thorough examination of 
the Cintura, Kolins concluded that the lower member was 
deposited in storm-dominated shoreline, lagoonal, and 
shallow-marine environments. In middle to late Albian time, 
meandering fluvial channels deposited the middle member. On 
Still Ridge in secs. 27 and 28, T. 25 S., R. 21 W., the 
Cintura Formation is conformably overlain by late Cretaceous 
or Paleocene sedimentary and volcanic rocks (TKsv).

Porosity Characteristics of Selected Units
Limestones and dolomites are extremely important hosts 

for both hydrocarbon reservoirs and for base metal deposits. 
Porosity, or the percentage of rock occupied by voids, and 
permeability, the ease with which fluids move through inter
connected voids or pores, have been of critical interest to 
petroleum geologists. For a detailed discussion on porosity 
and permeability, the reader is urged to consult the volumi
nous literature including papers by Archie (1952), Wald- 
schmidt and others (1956), Murray (1960), Choquette and Pray 
(1970), and Friedman (1975). The geologic classification of 
pores and pore systems developed by Choquette and Pray 
(1970) will be used in the following discussion.

In the author's study area, the upper Horquilla Lime
stone and the Mural Limestone were important hosts for both 
base metal replacement ores and skarn alteration. The



specific characteristics of the host's primary porosity and 
the interconnection of the pore spaces facilitated ore 
development. The fossiliferous, fusilinid-rich, upper 
Horquilla Limestone had an excellent interparticle porosity. 
Rock fracturing on the microscopic to mountain-range scale 
enhanced this initial porosity. Secondary, moldic porosity 
increased in importance as hydrothermal fluids dissolved the 
aragonitic fossils and replaced the remaining molds with 
sulfides and skarn minerals.

Fossiliferous, conglomeratic, and sandy limestone beds 
within the Mural Limestone (Figs. 4 and 5) also had a good 
interparticle porosity. The sandy, pelecypod-rich beds of 
the Mural Limestone (Fig. 6) show an additional form of 
interparticle porosity known as shelter porosity. The 
loosely-packed, Ostrea-type bivalve skeletons acted as 
umbrellas for the areas beneath them and protected them from 
completely filling in with interstitial mud (Scoffin, 1987). 
Sparry calcite eventually precipitated in the fluid-filled 
voids. Porosity in the Mural Limestone was also enhanced by 
fracturing and by dissolution of the aragonite fossil skel
etons and debris.

36

Volcanic Sequence
The unnamed sequence of interbedded sedimentary and 

volcanic rocks (TKsv) mapped by Drewes (1980a) includes
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Gillerman's Bobcat Hill Conglomerate. Gillerman (1958) 
described in detail this unit named for its type locality 
west of Bobcat Hill near the corner common to sections 25,
26, 35, and 36, T. 24 S., R. 21 W.. The Bobcat Hill Con
glomerate consists of alternating beds of volcaniclastic 
arkoses and volcanic- and limestone-pebble conglomerate. 
These poorly-sorted conglomerates and arkosic sandstones are 
well exposed north of Still Ridge. -Drewes (1980a) expanded 
the unit to include outcrops on the ridges and slopes west 
of the Johnny Bull fault.

In the sec. 33, T. 24 S., R. 21 W., the Paleocene or 
Cretaceous volcanic and sedimentary rocks (TKsv) consist of 
grayish olive to olive brown volcanic conglomerate, dacitic 
lava, grayish brown arkose, tuff, and tuff breccia. Con
glomerate lenses contain subangular to subrounded pebbles 
and boulders of fine-grained rhyolite, siltstone, and lime
stone.

West of the Copper Queen and Johnny Bull mines, the 
Cretaceous or Paleocene volcanic and sedimentary rocks are 
in fault contact with the Pennsylvanian Horquilla Limestone 
and with the overlying andesite flows. In section 4, T. 25 
S., R. 21 W., a series of prospect pits and shallow shafts 
follow the northwest-trending rhyolite porphyry dikes that 
intruded along the fault contact. The author observed minor 
pyrite and chalcopyrite mineralization in the iron stained



rocks of the workings, as well as pervasive epidote alter
ation.

The age of this volcanic and sedimentary sequence 
(TKsv) has not been determined conclusively. North of Still 
Ridge, a quartz latite porphyry sill isotopically dated at 
27.5 ± 4.8 Ha intrudes along the basal contact of the vol
canic sequence with the Cintura Formation (Hoggatt et al., 
1977). Northwest of the Silver Hill mine in section 33, T.
24 S., R. 21 W., a quartz monzonite sill isotopically dated 
at 31.7, 27.7, and 25.8 Ma intrudes the volcanic and sedim
entary rocks (TKsv) west of the Johnny Bull fault.

On the western slope of the Peloncillos in sections 31, 
32, and 33 of T. 24 S., R. 21 W., the Attorney Mountain 
Andesite (TKa), a heterogeneous sequence over 1,200 m thick 
of pyroxene andesite and dacite lava flows, breccia sheets, 
tuff breccia, conglomerate, and tuffaceous sandstone forms 
rounded, grayish purple and dusky red hills of low to 
moderate relief. Volcanic breccia and agglomerate form a 
resistant ridge on Attorney Mountain north of the study area 
in sections 27 and 28 of T. 24 S., R. 21 W.. Gillerman 
(1958) observed that the flows were conformable on and 
interbedded with the Bobcat Hill Conglomerate (TKsv).

Pyroxene, plagioclase, and the groundmass in the Attor
ney Mountain Andesite flows are pervasively altered to 
epidote. Chlorite, sericite, kaolinite, and disseminated
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pyrite were also noted by Gillerman (1958). Although alter
ation precluded isotopic dating, the minimum age is con
strained by fission-track zircon dates acquired from a flow 
in the overlying Road Forks Andesite or Dacite (Ta). These 
extensive flows are exposed north of the study area and were 
dated at 44.7 ± 2.7 Ha by Marvin and others (1978). For a 
more detailed discussion of the petrology and geochemistry 
of the volcanic rocks of the San Simon mining district, the 
reader is urged to consult studies by Hudson (1984) and 
Smith (1987).

Intrusive Igneous Rocks
Intrusive rocks in the Peloncillos range from the 

Precambrian granodiorite already mentioned to Oligocene 
rhyolite, quartz latite porphyry, quartz monzonite, and 
rhyolite porphyry.

Narrow dikes and small plugs of Older Rhyolite (Tor) 
crosscut and thermally metamorphose Paleozoic and Mesozoic 
strata in the study area. This white to very light gray to 
yellowish gray, fine-grained porphyritic rock is not volumi
nous. Several narrow rhyolite dikes intrude Horquilla 
Limestone in sections 33 and 34, T. 24 S., R. 21 W. and in 
section 3, T. 25 S., R. 21 W. such as at the Silver Hill 
mine. Sparse phenocrysts consist mainly of 0.5-1 mm quartz 
grains, 0.5-1 mm feldspar, 1 mm hornblende, and 1-2 mm
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pyrite. Occasional clusters of coarser-grained quartz can 
be identified. Smith (1987) studied these altered dikes and 
concluded that they were originally petrographically and 
chemically similar to the intrusive andesite body seen in 
the NW% sec. 26, T. 24 S., R 21 W. No isotopic dates are 
available for this rock type. Smith (1987) noted that the 
dikes cut the folds and high-angle faults and in turn, are 
crosscut by granite/quartz monzonite and rhyolite porphyry 
dated at 31 to 32 Ma and by the quartz latite porphyry dated 
at 27 Ma.

Quartz latite porphyry (Tql) crops out as dikes and 
sills in sections 33 and 34 of T. 24 S., R. 21 W. K-Ar and 
fission-track dating gives ages of 27.5 ± 4.8 Ma and 31.4 ± 
0.9 Ma for these intrusions (Hoggatt et al., 1977). The 
quartz latite porphyry dike at the Carbonate Hill mine 
intruded along an older, north-northwest trending fault and 
brought with it mineralizing fluids. Alteration is so 
pervasive that other authors identified the fine-grained 
rock as a "felsite". The light gray to yellowish gray 
unaltered rock at the Carbonate Hill mine is porphyritic 
with an aphanitic to fine-grain groundmass of albite, 
orthoclase, and quartz. Phenocrysts consist of orthoclase, 
quartz, albite, hornblende, and muscovite. Epidote and 
calcite replace both the mafic minerals and feldspars; 
epidote veinlets crosscut the rock (Figs. 8 and 9).
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The most voluminous igneous rock in the central Pelon- 
cillo Mountains is the Oligocene quartz monzonite (Tqm). 
Isotopic dating (Hoggatt et al., 1977) on outcrops scattered 
across the range generated K-Ar dates of 32.2 ± i.o Ma and 
25.8 ± 0.8 Ma. This rock type, also identified as a granite 
porphyry, forms a large stock south of the study area at 
Granite Gap. Quartz monzonite forms Preacher Mountain 
and Granite Peak in sections 26 and 27 of T. 25 S., R. 21 
W.; these peaks are prominent features visible from great 
distances. In the study area, quartz monzonite intrudes the 
Paleozoic and Cretaceous sediments as dikes and sills and 
weathers to grayish orange to moderate orange pink outcrops.

In sections 3 and 4 of T. 25 S., R. 21 W. west of 
McGhee Peak (Fig. 10), the slightly discordant quartz mon
zonite Silver Hill sill strikes N. 35* W. and dips 20-25"
HE. Above the Silver Hill mine, the sill is approximately 
200 feet (61 m) thick. The pinkish gray, fresh surfaces 
consist of euhedral to subeuhedral, 2-4 mm quartz crystals 
(30%), 1-7 mm potassium feldspar (35-40%), 1-3 mm plagio- 
clase (25-30%), l mm biotite and muscovite grains (1-5%), 
and accessory zircon, apatite, and magnetite. Orthoclase 
and albite were the most commonly detected feldspars, but 
determination of the chemical composition of the feldspars 
was hampered by the degree of alteration. Feldspar grains 
are pervasively altered to a very fine-grained clay dust;
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Figure 8. Photomicrograph of Tertiary quartz latite at the 
Carbonate Hill mine. Quartz, plagioclase, hornblende, and 
biotite phenos in an aphanitic quartz and feldspar matrix. 
Crossed nicols. Field of view is 6.5 mm.

Figure 9. Photomicrograph of altered Tertiary quartz latite 
dike at the Carbonate Hill mine. Epidote-calcite (E) veinlet 
is 0.5-1 mm wide. Crossed nicols. Field of view is 6.5 mm.



some crystals are replaced by slightly coarser sericite.
Texturally, the quartz monzonite is porphyritic and 

glomeroporphyritic with distinct clusters of subeuhedral 
quartz and cloudy orthoclase (Fig. 11). Staining reveals a 
matrix composed primarily of fine-grained potassium feldspar 
and quartz. The quartz monzonite/granite porphyry had a 
significant impact on the Paleozoic and Cretaceous sediments 
it intruded; this will be described in the following chap
ter.

Numerous narrow dikes of Oligocene-age rhyolite 
intrusive breccia (Tri) and rhyolite porphyry (Tr) form a 
northwest-trending dike swarm, especially prevalent on the 
western flank of the range. South of Interstate 10 in 
section 21, T. 24 S., R. 21 W., Hoggatt and others (1977) 
isotopically dated one specimen of rhyolite porphyry dike at 
27.0 ± 0.8 Ma (biotite) and 26.1 ± 0.8 Ma (K-feldspar). A 
second specimen of rhyolite porphyry gave K-Ar dates of 25.8 
Ha (plagioclase) and 27.7 Ma on biotite (Hoggatt et al., 
1977). These very light gray rhyolite porphyry dikes are 
commonly found along the major northwest-trending normal 
faults? some have strike lengths up to several kilometers. 
One rhyolite dike previously mentioned is located along the 
Johnny Bull fault where sedimentary and volcanic rocks 
(TKsv) are in contact with Pennsylvanian Horquilla Limestone 
west of the Silver Hill and copper Queen mines. Drewes and
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Figure 10. Silver Hill Tertiary quartz monzonite sill 
exposed on west flank of McGhee Peak. The sill is slightly 
discordant to the Pennsylvanian Horquilla Limestone.

Figure 11. Photomicrograph of Tertiary quartz monzonite 
sill above the Silver Hill mine. Phenos of quartz, oligo- 
clase, orthoclase, biotite. Crossed nicols. Field of view is 
6.5 mm.
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Thorman (1980a) reported Oligocene rhyolite porphyry to 
contain phenocrysts of sanidine, quartz, biotite, magnetite, 
apatite, zircon, and rare sphene. The aphanitic matrix is 
primarily granular to cryptocrystalline devitrified glass.

Figure 12 is a schematic stratigraphic column for the 
central Peloncillo Mountains.

Regional and District Structure - Introduction 
Before describing the controls at the mine, outcrop, 

and hand specimen scale, it is necessary to place the 
individual mines within a regional tectonic and structural 
context. Following is a brief summary of the paleogeo- 
graphic and tectonic setting of southwestern New Mexico and 
the structural characteristics of the central Peloncillos. 
This summary draws upon the excellent work of Gillerman 
(1958), Elston and Erb (1979), Drewes and Thorman (1980a and 
b), Dickinson (1981), Bilodeau and Lindberg (1983), Dickin
son, Klute, and Smith (1986), and others. The reader is en
couraged to consult the cited papers for a more detailed 
discussion.

Tectonic and Structural Setting 
During the late Precambrian to Permian, the southwest

ern New Mexico region was a stable shallow marine platform
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that experienced periodic transgressions and regressions. 
Lower Cretaceous non-marine and shallow-marine sediments 
were deposited at the extreme northwest margin of an 
extensive marine embayment called the Chihuahua Trough (Fig. 
13).At its maximum advance in the early Albian the Chihuahua 
Trough was 800 km long by 500 km wide and merged to the west 
with the Bisbee Basin of southeastern Arizona (Hayes, 1970; 
Bilodeau and Lindberg, 1983; and Lofquist, 1985). The 
development of the Chihuahua seaway is believed to be relat
ed to the Jurassic opening of the Gulf of Mexico and to 
changing plate motions throughout Mesoamerica (Dickinson et 
al., 1986). Interpretations of mid-Mesozoic tectonics 
have been offered for the region surrounding the Gulf of 
Mexico; most involve extensional rifting of continental 
crust across a broad region located on the backarc side of a 
circum-Pacific magmatic arc (Dickinson et al., 1986). 
Bilodeau (1982) called the Chihuahua Trough an aulacogen 
which originated at oceanic spreading centers in the Gulf of 
Mexico and rifted northwestward into continental crust.

Passive thermotectonic subsidence of the Chihuahua 
Trough ended in the middle Albian when the sea began to 
retreat southeastward and the Cintura Formation was 
deposited on an emerging coastal plain (Hayes, 1970; Dickin
son et al., 1986). In the Peloncillo Mountains during 
Campanian to Eocene time, the Laramide orogeny caused the
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extrusion of Attorney Mountain andesite flows, thrusting, 
folding, and strike-slip faulting (Armstrong et al., 1978 j 
and Drewes and Thorman, 1980a and b). Thrusting is best 
demonstrated in the placement of Paleozoic strata over 
Precambrian granite porphyry south of US-80 at Granite Gap 
(Armstrong et al., 1978). Closer to the study area in sec. 
10, T. 25 S., R. 21 W., Drewes and Thorman (1980a) mapped 
thrust faults in the Paleozoic strata on the northwest flank 
of Blue Mountain. Broad upwarping then transformed the 
Peloncillo Mountains into an arch trending north-northest 
(Gillerman, 1958).

Crustal extension in southwestern New Mexico began in 
the mid-Tertiary and continued into the Holocene (Armstrong 
et al., 1978). The major NNW Tertiary-age faults, mapped 
and named by Gillerman (1958), are straight, mainly un
branching, and parallel to the axial trend of the arch. The 
stratigraphic throw along these high-angle block faults 
varies greatly from hundreds to thousands of meters. Esti
mated displacement on the Johnny Bull fault ranges from less 
than 200 meters north of the study area (secs. 28 and 29, T. 
24 S., R. 21 W.) to approximately 1,200 meters northwest of 
the Copper Queen mine in sec. 4, T. 25 s., R. 21 W..

These northwest-trending, subparallel faults were the 
loci of intrusion of dikes, sills, and plugs of Oligocene- 
age rhyolite (Tri and Tor), quartz latite (Tql), and quartz
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monzonite (Tqm). Work by Hoggatt and others (1977) and 
Armstrong and others (1978) indicates that the quartz latite 
and quartz monzonite are very similar in age and whole rock 
chemistry. Late Oligocene rhyolite porphyry (Tr) formed a 
northwest-trending dike swarm which crosscut the intrusive 
rocks listed above.



51

CHAPTER III

ALTERATION AND ORE MINERALOGY 

Carbonate Hill Mine
Carbonate-hosted base metal-silver mineralization at 

the Carbonate Hill mine (SE% sec. 34, T. 24 S., R. 21 W.) 
occurred as a Tertiary quartz latite dike intruded the Mural 
Limestone and the lower Cintura Formation. Thermal metamor
phism first bleached and recrystallized the Mural Limestone 
into a marble. Fine-grained, pale green andradite and diop- 
side replaced the marble adjacent to fossil fragments. 
Hydrothermal fluids migrated from the fault zone into porous 
and permeable sandy biomicrite, calcarenite, and limestone- 
and quartz-pebble conglomerate beds. As previously 
described, these beds had good interparticle porosity 
(Choquette and Pray, 1970). The fossiliferous beds, which 
contain abundant bivalve shells and fragments, echinoid 
spines, algal, bryozoan, and ostracod fragments (Figs. 4, 5, 
and 6) also experienced shelter porosity. Aragonite mud 
infilled algal pores (Oral commun., J. Schreiber, 1990) but 
only partially filled the voids beneath the pelecypod 
shells.

Secondary porosity, including fine-scale fracturing and
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the development of moldic porosity, enabled the hydrothermal 
fluids to flow perpendicular to the dike approximately 75 
feet (23 m) into fossiliferous units. Selective replacement 
textures are particularly well developed at the Carbonate 
Hill mine. Hydrothermal fluids dissolved the aragonite 
shells and fossil fragments while leaving the micritic 
envelopes around them intact. The inner wall of the micrite 
envelope created a mold of the original skeleton which was 
later filled with sparry calcite, hematite, and sulfides.

Ore fluids replaced the host marble and fossil debris 
with calcite, quartz, diopside, plagioclase, galena, sphal
erite, pyrite, and chalcopyrite (Fig. 14 and 15). Pyrite 
rims galena and appears to replace both galena and sphaler
ite. Tiny blebs of chalcopyrite replace sphalerite. Late 
calcite also replaces galena. Other samples are pervasively 
flooded and stained with iron oxides (Fig. 16).

The quartz latite porphyry is also altered. Mafic 
crystals are replaced by epidote. Plagioclase and feldspar 
grains have a dusty appearance and are replaced by calcite 
and epidote. Epidote-calcite veinlets crosscut the por- 
phyritic texture. Mild iron staining results from oxidation 
of pyrite grains.

Silver Star Adit
The development of calc-silicates at the Silver Star 

adit on the eastern flank of McGhee Peak (NW% sec. 3, T. 25
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Figure 14. Marbleized specimen of Carbonate Hill ore. 
Shells replaced by calcite, galena, and hematite. Green 
staining is fine-grained andradite and epidote. Scale bar 
is 5 cm.

Figure 15. Photomicrograph of calcite, galena, and hematite 
replacing pelecypod shell at the Carbonate Hill mine. Plane 
polarized light. Field of view is 6.5 mm.
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Figure 16. Carbonate Hill ore similar to Figures 14 and 15 
showing replacement textures and pervasive iron oxide stain 
ing of the matrix. Scale is 5 cm.

Figure 17. Skarn assemblage at the McGhee Peak adit. 
Coarsely-crystalline wollastonite, nodules of andradite, 
calcite, quartz, and galena. Field of view is 1.5 m.
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S., R. 21 W.) crosscuts carbonate strata and closely hugs 
the contact with dikes of Tertiary rhyolite (Tor). Skarn 
and base metal mineralization extends one to three meters 
from the rhyolite dike into Horquilla Limestone and Glance 
Conglomerate (Fig. 17). On McGhee Peak the upper Horquilla 
Limestone consists of medium gray micrites and biomicrites 
containing abundant fusilinids. The Horquilla Limestone 
appears texturally and compositionally more homogeneous than 
do the limestone-quartz pebble conglomerates and sandy 
biomicrites of the Cretaceous Mural Limestone at the Car
bonate Hill mine. The initial interparticle porosity may 
have been more constricted, lacked secondary enhancement, or 
the pores may not have been interconnected sufficiently to 
allow the hydrothermal fluids to migrate extensively into 
the host beds.

At high temperatures, wollastonite was the primary 
mineral to precipitate. Wollastonite occurs as coarse 
blades (15-18 cm long) in equilibrium with garnet, quartz, 
and calcite and with lesser amounts of plagioclase and diop- 
side. Diopsidic pyroxene is a minor component and occurs in 
clusters with fine-grained andradite. Late stage quartz and 
calcite replace wollastonite (Fig. 18).

Quantitative microprobe analyses identify the McGhee 
Peak garnet crystals to be predominantly andraditic. One 
analysis from sample 6/4/13C (listed in Appendix B) contains 
a significant grossular component (Gr24) and generated the
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Figure 18. Photomicrograph showing calcite (C) and quartz 
replacing wollastonite (W) at the Silver Star adit. Cluster 
at top of andradite, diopside, epidote rimmed by hematite. 
Sample 6/4/13C. Crossed-nicols. Field of view is 6.5 mm.

Figure 19. Photomicrograph of euhedral, weakly birefringent 
andradite and interstitial calcite (C), quartz (Q), and 
plagioclase from the Silver Star adit. Sample 6/4/13C. 
Crossed nicols. Field of view is 6.5 mm.
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mineral formula:

(Ca,„ Mno.o, Fe0-01) 1-17 (Fel-S3 Al0-S1) 1-e5Si10|1«
Garnet compositions range from andradite7,.w accompanied by 
grossular0_,4, pyrope^.^. spessartine01.13, and almandine0.17.s.

In transmitted light under crossed-nicols, coarse
grained, euhedral garnets show a pattern of alternating 
isotropic and birefringent zones which converge toward the 
center of the crystal in pie-shaped sectors. In many cry
stals the center is isotropic and grades outward into the 
alternating isotropic and anisotropic, weakly birefringent 
zones (Fig. 19) . Striated (211) crystal faces were noted. 
Meagher (1980) reviews the prominent theories to explain 
birefringence in calcium garnets including the suggestion by 
Kalinin (1967) that although pure end members of synthetic 
grossular-andradite are usually isotropic, garnets of 
intermediate composition are characteristically birefrin
gent. It is possible that the zoning reflects compositional 
changes from pure andradite to andradite with a grossular 
component.

Quartz and calcite precipitated between euhedral garnet 
grains. Andradite is crosscut by quartz microveinlets and 
replaced by clinozoisite and calcite. The garnet crystals 
are commonly rimmed by minute, interlocking hematite laths.

The sulfides at McGhee Peak consist of coarse-grained 
silver-bearing galena, sphalerite, and lesser amounts of 
pyrite and chalcopyrite. Pyrite rims galena.
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Figure 20. Photomicrograph of sulfide and oxide minerals at 
Silver Star adit. Hematite (HM) needles replace pyrite (PY) 
and galena (GN). Reflected light. Field of view is 6.5 mm.
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Blebs of galena were also trapped between successive layers 
•of coarsely-crystalline quartz. The oxide phases include 
hematite, which rims andradite (Fig. 20), and minor, minute 
magnetite grains that are associated with garnet.

Analysis of Pb-Zn-Ag ore at Granite Gap, south of the 
study area, indicates that silver occurs as blebs and plate
lets of matildite (AgBiS,) in galena (Williams, 1978).
Galena in the ore at Granite Gap contained 100-150 oz/ton 
silver. Williams (1978) noted that bismuth occurs not only 
in matildite, but also in arsenopyrite in the range of 0.1- 
0.2 percent. The author isolated galena crystals at the 
McGhee Peak adit; fire assays by Skyline Labs indicated the 
crystals contained 0.046 ppm Au and 1,100 ppm Ag (32 
oz/ton). Quantitative microprobe analyses indicate the 
galena contains trace amounts of silver, but lacks any gold 
or bismuth.

Silver Hill Mine
The Silver Hill mine (NWk sec 3, T. 25 S., R. 21 W.) 

(Fig. 10) is hosted by micrites and sandy biomicrites of the 
Horquilla Limestone. Mineralization was initiated by the 
intrusion of the Oligocene Silver Hill sill. Ore minerali
zation occurs at the lower contact of the quartz monzonite 
sill where the sill intersected a rhyolite dike. This 
rhyolite dike is similar in composition to the dike respon
sible for mineralization at the McGhee Peak adit.

Interparticle porosity was present in the fusilinid-
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rich, sandy biomicrites. Within the host rocks adjacent to 
the sill contact, secondary, fine-scale fractures increased 
the porosity and concentrated massive, base metal mineral
ization (Fig. 21). One can trace 1 mm wide ore-calcite 
veinlets as they thicken, bifurcate, and blossom into veins 
several centimeters wide. Microveinlets of calcite and. 
quartz form en echelon and random patterns that crosscut 
ore.

One of the most visually striking features of the 
Silver Hill mine is the marble zone (three to five meters 
wide) adjacent to the quartz monzonite sill. Along the 
entire length of the sill, the Horquilla Limestone is recry
stallized and bleached a light gray (Fig. 22). At the upper 
contact, the Horquilla Limestone is very friable and sugary, 
and has eroded to form a flat dipping slope above the more 
resistant, cliff-forming quartz monzonite. In those areas 
along the upper contact where calc-silicates replaced the 
marble, fine-grained friable to very fine-grained andraditic 
garnet, quartz, and andradite, fibrous and radiating trem- 
olite, calcite, and quartz were noted. Tremolite replaces 
the garnet; both minerals are crosscut by calcite-quartz 
veinlets. One microprobe analysis on a coarse-grain crystal 
consisting of andraditeM-grossular7-almandine, (sample 
6/4/10A, Appendix B) collected above the sill generated the 
mineral formula:

(Ca2,, Mn0.„) 2.M(Fe,.„ Al, 2„) i.wSi, ,20,2.
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Figure 21. Polished specimen from the Silver Hill mine 
showing massive sphalerite and galena in fractures. Scale 
bar is 5 cm.

Figure 22. Photomicrograph of recrystallized Pennsylvanian 
Horquilla Limestone at the upper contact of the Silver Hill. 
Crossed nicols. Field of view is 6.5 mm.
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Very fine-grained andradite completely replaced the 

limestone host beneath the sill to form a dense, gray green 
rock. The replaced host has a banded appearance with abun
dant, light-colored microveinlets of calcite alternating 
with the more garnet-rich zones. Minute, euhedral garnet 
crystals line the sphalerite-calcite veinlets. One sample of 
very fine-grained garnet (6/4/6, Appendix B) collected 
beneath the sill consisted of andradite^-grossular^alman- 
dine, and generated the mineral formula:

(Ca2 94 Mn0ili) 1 - t 2 (Fe2-04 A10i0I)2.12Si2-9)O,2 
Ore mineralization is dominated by massive sphalerite, 

coarse-grained galena, and lesser amounts of pyrite and 
chalcopyrite. Microprobe analyses show that the dark brown 
sphalerite contains 2.5 to 3 percent iron and traces of man
ganese and cadmium (Appendix B).

Copper Queen Mine
The Copper Queen mine in the SW?j sec. 3, T. 25 S., R.

21 W. is located in the lower beds of the Horquilla Lime
stone. The shafts are now completely blocked by a plug of 
corrugated tin and boulders. Information about the ore 
mineralogy was garnered from samples collected from the 
sizeable dumps. The host rocks are the medium gray bio- 
micrites of the lower Pennsylvanian Horquilla Limestone. 
Coarse- to fine-grained andradite, minor diopside, calcite, 
and quartz replaced the limestone beds. The garnet is 
stained reddish brown by oxidizing iron oxides. Calcite
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precipitated in voids between euhedral garnet crystals and 
enveloped euhedral quartz crystals. Disseminated pyrite and 
chalcopyrite are the primary sulfides (Fig. 23). Chalcopyr- 
ite is rimmed by iron oxide compounds and is partially 
replaced by bornite.

The control on mineralization is something of an 
enigma. The mine is just east of the Johnny Bull fault 
which dropped Cretaceous and Eocene sedimentary and volcanic 
rocks (TKsv) onto the Horquilla Limestone. A narrow 
rhyolite porphyry (Tr) dike intruded along much of the 
fault, but is covered under alluvium at the mine site. The 
rhyolite porphyry dikes have been isotopically dated at 
between 25.8 and 27.7 Ma (Hoggatt et al., 1977), so they are 
approximately 5 Ma younger than the quartz latite porphyry 
and quartz monzonite responsible for other ore occurrences.

Summary of Mineralization
Base metal-silver mineralization in the central Pelon- 

cillo Mountains resulted from the interaction of three 
factors: 1) structural preparation of the Peloncillos into a 
"broken arch", 2) intrusion of Oligocene-aged dikes and 
sills which were the source of heat and metal-rich hydro- 
thermal fluids, and 3) porous and permeable Pennsylvanian 
and Lower Cretaceous carbonate host rocks.

Figure 24 is a paragenesis that summarizes skarn 
alteration and ore mineralization for all the base metal 
occurrences in the study area. Some of the minerals listed
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Figure 23. Photomicrograph of pyrite (PY) and chalcopyrite 
(CP) at the Copper Queen mine. Reflected light. Field of 
view is 1 mm.
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Wollastonite 
Andradite 
Diopside 
Tremolite 
Epidote 
Calcite 
Quartz 
Plagioclase 
Galena 
Sphalerite 
Chalcopyrite 
Pyrite 
Bornite 
Magnetite 
Hematite 
Quartz-calcite veinlets

Figure 24. Paragenesis of skarn alteration and ore mineral
ization for the Carbonate Hill mine, Silver Star adit,
Silver Hill mine, and the Copper Queen mine.

Early Middle Late
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do not occur at every prospect or mine. The general alter
ation sequence begins with the thermal metamorphism and 
recrystallization of the carbonate host rocks. Woll- 
astonite, diopside, andradite, and minor tremolite are the 
primary skarn minerals. Quartz and calcite are ubiquitous. 
Galena, sphalerite, pyrite, and chalcopyrite replace the 
carbonate hosts and also earlier calc-silicates. Magnetite 
was an accessory mineral associated with andradite. Hem
atite is abundant at the Carbonate Hill mine and commonly 
forms an oxidized rim around garnet crystals throughout the 
central Peloncillos.
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CHAPTER IV

EXPLORATION GEOCHEMISTRY

In 1974, an extensive sampling program was conducted in 
the central Peloncillo Mountains by M. L. Silberman, R. B. 
Carten, and A. K. Armstrong of the U.S. Geological Survey. 
Approximately 900 samples from 500 locations were analyzed 
for Cu, Pb, Zn, Ag, Bi, Mo, and W. Their sampling concen
trated along faults and at contacts of igneous rocks with 
sedimentary units, especially in the Johnny Bull and McGhee 
Peak area (Armstrong et al., 1978). Barren, unmineralized 
intrusive and sedimentary rocks were sampled to determine 
background values. Samples were also collected from skarns, 
faults, shear zones, brecciated units, and veins to detect 
areas of anomalous trace-metal content and zoning patterns 
(Armstrong et al., 1978). Maps of sample locations and 
anomalous concentrations of each element were produced in 
the form of a U.S.G.S. open-file report (Silberman et al., 
1974) .

In this study, eight rock samples collected at the 
Carbonate Hill mine, the Silver Star adit on McGhee Peak, 
the Silver Hill mine, and the Copper Queen mine were ana
lyzed for 18 elements. The samples were analyzed by three
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laboratories using a combination of inductively coupled 
argon plasma spectrophotometry (ICP), atomic absorption 
(AA), and fire assay. The specimens include five repre
sentative ore samples, two of the Tertiary quartz latite 
dike at the Carbonate Hill mine, and one of the Tertiary 
quartz monzonite Silver Hill sill. Coarse-grained galena 
crystals at the Silver Star adit were isolated and fire 
assayed for gold and silver. Although the assays represent 
a limited number of samples, they confirm the geochemical 
results by the U.S.G.S.. Sample locations are plotted on 
Plate 1. Sample descriptions are listed in Table 1; assay 
results are listed in Table 2.

The geochemical assays (Table 2) confirm the observa
tions made by Armstrong and others (1978). The region shows 
anomalous Pb, Zn, Cu, and Ag; Au is virtually nonexistent. 
Elevated levels of Sb, Cd, Bi, and Te are also associated 
with the Pb-Zn-Ag replacement deposits at the Carbonate Hill 
mine and at the Silver Star adit. In the study area, Cd 
apparently has a strong affinity for S; galena and sphal
erite show a parallel enrichment in Cd up to 1036 ppm.

The distribution of anomalous metal concentrations is 
strongly controlled by the location of faults and igneous 
dikes crosscutting sedimentary rocks. Base metal-silver 
replacement deposits are localized in Pennsylvanian Hor- 
quilla Limestone and in carbonate units of the Cretaceous 
Bisbee Group adjacent to: 1) Oligocene quartz monzonite/
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granite porphyry sills (especially at intersections with 
rhyolite Tor dikes), 2) quartz latite dikes, and 3) the 
Johnny Bull Fault. As described by Armstrong and others 
(1978) and confirmed by this study, there is an enrichment 
of copper on the west side of the Peloncillo Mountains 
especially at the Johnny Bull and Copper Queen mines and 
along the northwest-trending Johnny Bull fault. The ratio 
of copper to total base metals decreases eastward.
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Table 1. Description of samples taken for geochemical 

analyses. Assay results listed in Table 2.

SAMPLE DESCRIPTION

CHI Carbonate Hill quartz latite porphyry dike (Tql)?
unaltered. Fine-grained, porphyritic.
Location: SE% sec. 34, T. 24 S., R. 21 W.

CH2 Carbonate Hill Pb-Zn-Ag replacement ore? fossil-
iferous bed in Cretaceous Mural Limestone. Sparry 
calcite gangue.
Location: SE& sec. 34, T. 24 S., R. 21 W.

CH3 Carbonate Hill quartz latite porphyry dike (Tql)?
pervasively altered. Mafic minerals replaced by 
epidote and calcite. Feldspars replaced by seric- 
ite, calcite, and epidote.
Location: SE^ sec. 34, T. 24 S., R. 21 W.

551 Silver Star calc-silicate sulfide ore. Andradite 
garnet-qtz-gn-sph-calcite. Also listed as 6/4/13C. 
Location: NW% sec. 3, T. 25 S., R. 21 W.

552 Silver Star ore. Isolated, euhedral galena 
crystals extracted from sample 6/4/13C.
Location: NW% sec. 3, T. 25 S., R. 21 W.

CQ1 Copper Queen Cu-Pb-Zn replacement ore. Pennsyl
vanian Horquilla Limestone.
Location: NW% SW% sec. 3. T. 25 S., R. 21 W.

SHI Silver Hill Pb-Zn-Ag-Cu replacement ore. Pennsyl
vanian Horquilla Limestone.
Location: NW^ sec. 3, T. 25 S., R. 21 W.

SH2 Silver Hill quartz monzonite sill (Tqm) at mine.
Location: NW^ sec. 3, T. 25 S., R. 21 W.

CR1 Crystal Mine Pb-Zn-Ag replacement ore in Missis-
sippian Escabrosa Limestone.
Location: NW% sec. 19, T. 25 S., R. 21 W.
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Table 2. Geochemical assays representing mineralization at 
five mines and two intrusions in the Central Peloncillo 
mountains. Values are reported in parts per million (ppm) 
except where noted. Analyses by GSI, Inc., Cone Geochemical 
(in parentheses), and Skyline Labs, Inc. (*).
ELEMENT CHI CH2 CH3

AU <0.046 <0.043 <0.045(<0.001) (0.002) (0.093)
AG <0.023 21.8— 0.226

(<0.2— ) (13.3— ) (<0.093)
AS 2.74- <0.916 2.00-
SB <0.229 31.7— 0.379
HG 0.151 1.85- 0.131
CU 5.23- 35.1— 0.618(5.-- ) (32.-- ) (2.-- )
MO 0.985 <0.086 0.464
PB 15.0— >2.5— % 202.--(47.-- ) (5.2——%) (187.-- )
ZN 11.4 — 2.63-% 11.3—(32.-- ) (4.5— %) (19.-- )
SN <0.459 <0.43— <0.441
CD 0.306 381. — <0.224
TL <0.459 <0.43- <0.448
BI <0.221 <0.215 <0.224
GA 7.12- 2.72- 4.39-
SE <1.21- 8.18- 5.37-
TE <0.459 0.944 <0.448
PT <0.229 <0.215 <0.224
PD <0.092 <0.086 <0.088
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Table 2 continued. Assay values in parts per million except 

where noted. Sample descriptions located in Table 1.
ELEMENT SSI SS2* CQ1

AU 0.076
(0.093

AG 214. —
(140.———)

AS 5.45-
SB 149. —
HG 6.20-
CU 6.65— 

(8.-- )
MO <0.088
PB >2.5— % 

(29.4— %)
ZN 0.124%

(0.161%)
SN <0.459
CD 43.5—
TL <0.441
BI 33.6—
GA 3.60-
SE 5.37-
TE 257.--
PT <0.22-
PD <0.088

0.046 <0.048(0.010)
1100.--  3.930

(3.2— )
16.9—
<0.241
<0.097
0.652%
(0.450%)
0.467

473.--(0.480%)
963.--900.--

' <0.483
5.62-
<0.483
22.2—
2.16-
1.53-

<0.483
<0.241
<0.097
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Table 2 continued. Geochemical assays reported in parts per 

million (ppm) except where noted. Assays performed by 
GSI, Inc., Cone Geochemical (in parentheses), and 
Skyline Labs (*). Sample descriptions located in 
Table 1.

ELEMENT SHI* SH2 CR1

AU 0.015 <0.049 <0.047
(<0.001) (0.030)

AG 33. —— 0.165 122.--
(<0.2— ) (71.7— )

AS 44 •-- 6.49- <1.62-
SB 42 • —— <0.243 57.4 —
HG 0 • 04 — 0.236 4.54-
CU 55 • — 9.20- 

(18.-- )
0.734%
(0.520%)

MO 4 • —— 0.797 <0.094
PB 2 • 4— % 97.1—  

(133.-- )
>2.5— % 
(12.5— %)

ZN 4.7--% 68.1—  
(96.-- ) 2.63-%

(11.9— %)
SN <0.486 <0.486
CD 300 • — 0.407 0.104%
TL <0.486 <0.468
BI <0.243 78.0——
GA 1.470 <0.468
SE <1.150 <0.936
TE <0.486 <0.468
PT <0.243 <0.234
PD <0.097 <0.094
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CHAPTER V

SURVEY OF FLUID INCLUSION DATA

A study of fluid inclusion populations was undertaken 
to determine the temperature of ore deposition and composi
tion of the ore forming fluids. Fourteen doubly polished 
thick sections (100-200 /xm) were prepared to measure eutec
tic temperatures, freezing point depression values, and 
homogenization temperatures on a U.S.G.S./S.G.E. Inc. gas- 
flow heating-freezing stage. This stage has a measurement 
accuracy of + 2"C while heating to 700*C and + 0.5'C during 
cooling to -110°C with chilled nitrogen gas (Bradley, 1987). 
The stage was calibrated by measuring homogenization temper
atures and freezing points of pure H,0 fluid inclusions in a 
synthetic quartz standard produced by Synflinc, Inc. at 
Pennsylvania State University (Sterner and Bodnar, 1984).

Description of the Quartz Specimens 
Quartz specimens suitable for fluid inclusion study 

were found at a single location - the Silver Star adit on 
McGhee Peak in sec. 3, T. 25 S., R. 21 W. Samples were 
collected from the walls of the entrance trench at the 
portal. Adjacent to a rhyolite (Tor) dike, a skarn
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assemblage of massive white quartz, fist-size nodules and 
irregular pods of andradite garnet, calcite, and coarse
grained wollastonite replaced Pennsylvanian Horquilla 
Limestone (Fig. 17).

At the Silver Star adit, quartz occurs as a solid 
mosaic of interlocking, variously oriented crystals and as 
single crystals filling vugs in the massive quartz. In 
coarse-grained, massive quartz samples that expose the basal 
sections of euhedral crystals, one can see cloudy 1-2 mm 
wide growth bands alternating with clear quartz (Fig. 25). 
The growth bands are composed of thousands of minute, 
stringy fluid inclusions, transparent brown needles that may 
be rutile, and minor calcite. Phantom quartz crystals are 
demarcated by planes of inclusions and rutile needles. 
Individual quartz crystals (Samples MG1-MG4) were collected 
from open-space vugs within the massive mosaic texture 
quartz.

Accompanying the massive quartz, coarsely crystalline 
galena and sphalerite and lesser chalcopyrite and pyrite 
were deposited. In quartz sections MG6 and MG14, blebs (<1 
mm) of galena, chalcopyrite, and hematite precipitated onto 
faces of growing quartz crystals and were enveloped by 
subsequent growth bands (Fig. 26). This suggests that 
sulfide deposition at McGhee Peak was coeval with quartz 
precipitation.
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Figure 25. Photomicrograph of massive quartz from the Silver 
Star adit on McGhee Peak. Growth bands are delineated by 
thousands of fluid inclusions and rutile needles. Plane 
polarized light. Field of view is 6.5 mm.

Figure 26. Photomicrograph of galena in massive quartz 
fluid inclusion sample MG-14. Reflected light. Field of 
view is 0.75 mm.



Description of the Fluid Inclusions 
Sorting out the chronology of the many generations of
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fluid inclusions at the McGhee Peak mine proved to be a 
complicated and daunting task. Primary inclusions over 10 
Atm are extremely rare while inclusions smaller than 10 /xm 
are exceedingly numerous. Thousands of inclusions are 
associated with the growth bands, but size and poor optical 
resolution eliminated the vast majority from use. The 
sections are cut by dozens of fractures outlining planes of 
fluid inclusions. It was difficult to determine if inclu
sions in specific healed fractures were secondary or pseudo
secondary.

For thermometric determinations, I chose isolated 
inclusions or small clusters with similar phase ratios that 
were not associated with obvious healed fractures (Fig.27). 
Inclusions located along lineage boundaries in mosaic crys
tals were considered to be primary (Eadington and Wilkins, 
1980). I avoided inclusions displaying evidence of leakage, 
natural decrepitation, or necking down. The bulk of the 
thermometric data recorded in Appendix C came from primary 
or pseudosecondary fluid inclusions. A few are probably of 
secondary origin, and some are of undetermined origin.

All of the fluid inclusions are one or two phase inclu
sions. The majority were two phase liquid plus vapor inclu
sions. Samples collected within a meter of each other show 
a variety of liquid phase fill ratios ranging from 1.0 to
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Figure 27. Photomicrograph of primary, two phase liquid 
plus vapor fluid inclusion in sample MG14. Plane polarized 
light. Inclusion in center is approximately 10-15 /Ltm long.



0.5. In general, the degree of fill is between 0.65 and 
0.90. Inclusions containing only the liquid phase are more 
common than those containing only the vapor phase. The many 
generations of secondary inclusions included planes of 
either liquid-rich or vapor-rich inclusions. Inclusion 
shapes vary from elliptical, amoeboidal, tubular, or rec
tangular to negative euhedral.

The fluid inclusions in the individual quartz crystals 
(MG1-MG4) concentrate along single outer growth bands and 
are generally absent from the center. Two phase liquid plus 
vapor inclusions were observed with fill ratios of 0.9 to 
0.7. Inclusion shapes include negative euhedral, ellip
tical, tubular, and irregular.

Daughter minerals were occasionally observed in both 
the massive quartz and in individual vuggy quartz crystals. 
The salts are 1 /m or smaller and are generally transparent. 
Several daughter minerals have a cubic crystal habit indi
cating the likelihood of halite or sylvite. In most 
instances, however, poor optical resolution did not allow 
adequate petrographic identification of the daughter salts. 
The presence of daughter salts is not consistent in any 
population or cluster of primary, pseudosecondary, or sec
ondary inclusions. Approximately 5-10 percent of all inclu
sions contain a single daughter mineral. In some instances, 
elongate or rectangular two phase inclusions trapped or were 
trapped by rutile needles. No oxide or sulfide daughter

79
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minerals were noted.

An extensive search was made for evidence of liquid 
CO,, but none was detected visually. This was confirmed in 
a spot check of several samples by Robert J. Kamilli of the 
U.S.Geological Survey.

Homogenization Temperatures 
An important assumption in fluid inclusion studies 

is that the moment of trapping of the inclusion represents a 
homogeneous system or a single phase (Shepard et al., 1985). 
It is assumed that the inclusions act as a constant volume- 
constant composition system. As the liquid within the fluid 
inclusion cools, a vapor bubble separates. Heating a two 
phase liquid plus vapor inclusion reverses this process and 
causes it to homogenize either to the liquid or to the vapor 
state.

In this study, 98 homogenization temperatures were 
obtained (Fig. 28). The inclusions all homogenized to the 
liquid state. Upon steady heating, the vapor bubble shrank 
and finally disappeared. Homogenization temperatures for 
all inclusions range from 235 to 405°C. With a few excep
tions, the inclusions in the individual quartz crystals 
homogenized at the lower end of the temperature scale (245 
to 320*C). Homogenization of the inclusions in massive 
quartz generally occurred between 300 and 395'C. Over half 
of the massive quartz inclusions homogenized at temperatures
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Figure 28. Population distribution of homogenization temperatures for McGhee Peak quartz inclusions. The solid black indicates inclusions from massive quartz? the stippled 
pattern represents inclusions from single quartz crystals.
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greater than 360*C.

Pressure Corrections
Homogenization temperatures are considered to represent 

the actual temperature of entrapment of the fluid inclusion. 
If the pressure at the time of entrapment was greater than 
the equilibrium vapor pressure of the solution, an appropri
ate temperature correction must be made (Potter, 1977). No 
pressure correction is needed when there is evidence that 
the inclusion was trapped in the presence of vapor along the 
boiling curve (C. Eastoe, oral commun., 1986). This study 
revealed no compelling evidence for boiling. Pressure cor
rections for the homogenization temperatures were determined 
based on an estimate of the lithostatic pressure of the 
overlying strata (Potter, 1977).

The Silver Star adit is hosted by upper Pennsylvanian 
Horquilla Limestone and is overlain by 500-600 m of the 
Cretaceous Bisbee Group. The Tertiary or Cretaceous volca
nic and sedimentary rocks (TKsv) and the Eocene Road Forks 
Andesite (Ta) probably also covered the district with an 
estimated thickness of 700-1300 m. The depth of burial was 
therefore estimated to be between 1.5 and 1.8 km. The 
outcrops at the Silver Star adit do not give clear evidence 
to determine whether or not mineralizing solutions ever 
breached the surface. The ore solutions were probably sub
jected to a pressure somewhere between hydrostatic (100 
bars/km) and lithostatic (270 bars/km). A lithostatic pres
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sure of 400 to 500 bars was chosen to represent the maximum 
pressure conditions at the time of mineralization.

Pressure corrections at 400 and 500 bars for homogeniz
ation temperatures ranging from 250-400*C were calculated 
from the graphs generated for the NaCl-H,0 system by R. W. 
Potter (1977). For a dilute, 1-5 weight percent NaCl„ 
solution at 400 bars, a temperature correction of 25-50*C is 
necessary. Moderately saline solutions (15-25 weight per
cent NaCleq) at 400 bars require temperature correction of 
25-30°C. Temperature corrections at 500 bars range from 40- 
60°C for the dilute brines and 40-50’C for the moderately 
saline fluids.

Eutectic Temperatures
Roedder (1980) defines the eutectic temperature (Te) as 

the first recognized formation of liquid on warming a com
pletely crystalline frozen inclusion. He points out that 
the Te is only an approximate value at best. The temp
erature recorded when the operator first sees a change in 
the frozen inclusion may not actually be the initial melt. 
Eutectic points are useful indicators of the presence of 
certain salts, but not of their abundance. By noting the Te 
(depression of the freezing point of ice), it is possible to 
tell whether a solution contains pure H,0, NaCl or KC1 only, 
or a more complicated mix of salts. A few of the more common 
eutectic points are listed in Table 3.

In this study, I attempted to measure the Te on all 108
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Table 3. Selected phase data for chloride-water systems 
commonly found in fluid inclusions. (Data listed in 
Shepard et al., 1985. Data in brackets from Crawford, 
1981.)

SALT SYSTEM EUTECTIC
TEMPERATURE

CC)
DISSOLVED 

SALTS (WT %)

H20-NaCl-CaCl2 -55.0
(-52.0)

1.8% NaCl 
29.4% CaCl2

H20-MgCl2-CaCl2 -52.2
H20-KCl-CaCl2 -50.5
H20-CaCl2 -49.5 30.2% CaCl2
H20-NaCl-FeCl2 -37.0
H20-FeCl2 -35.0
H20-NaCl-MgCl2 —35.0 1.56% NaCl 

22.75% MgCl2
H20-MgCl2 -33.6 21.00% MgCl2
H20-NaCl—KC1 -23.5

(-22.9)
20.17% NaCl 
5.81% KCl

H20-NaCl -21.2
(-20.8)

23.30% NaCl

H20-KC1 — 10.6 19.70% KC1
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fluid inclusions. Optical limitations prevented me from 
obtaining freezing data on all of the inclusions. All 
samples were supercooled with chilled nitrogen gas two to 
four times in an effort to witness the first melt of the 
frozen inclusion. The liquid phase froze between -60 and 
-110’C. The twenty-seven approximate eutectic points mea
sured and recorded in Figure 29 ranged from -35 to -19*C 
with the majority falling between -35 and -25*C. These data 
should be considered accurate to ± 0.5"C. Freezing point 
depression temperatures of this range indicate that the 
composition of these inclusions is not a simple H20-NaCl or 
HjO-KCl system. The data suggest the presence of HjO-NaCl- 
KC1 or HjO-MgCl, in a mixture of unknown proportion.

Temperature of Final Melting 
The temperature at which the ice crystal finally dis

solved completely (Tm) was recorded for 54 fluid inclusions. 
Generally, the frozen liquid was transparent and formed 
minute, poorly visible ice granules. Sequential freezing 
and heating was employed to nucleate larger ice crystals 
(Haynes, 1985). Ice crystals often attach themselves to the 
vapor bubble; the completely frozen liquid usually crimps or 
dents the vapor bubble. As the last ice crystal melts, the 
vapor bubble sometimes shudders and the sphericity of the
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vapor bubble is restored.

The final melting (Tm) of all McGhee Peak inclusions 
occurs between -25 and -0.2*C (Fig 30). Bimodal peaks at 
-25 to -23*C and at -2 to -0.2*C sandwich scattered values 
that include an overlap of both types of quartz. Final melt 
of massive quartz inclusions occurs between -25 and -4"C, 
whereas Tm in the single crystals occurs between -15 and 
-0.2°C. The bimodal peaks correspond to the massive quartz 
(-25 to -23eC) and the vuggy crystals (-2 to -0.2'C).

Final melting temperatures have been used to estimate 
the salinity of the fluid inclusions and, by inference, the 
ore fluids. H,0-NaCl is the most understood system, and 
salinity is usually reported in terms of equivalent weight 
per cent NaCl. The last melt temperatures are converted to 
weight per cent NaCl in the following equation derived by 
Potter, Clynne, and Brown (1973). Ws is the weight percent 
NaCl in solution; 6 is the freezing point depression in 
degrees Celsius.

Ws = 1.76958(0) - [0.042384 (0)'] +
[0.00052778 (0)1] + 0.028
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Figure 29. Population distribution of the eutectic temp
eratures (Te) measured from McGhee Peak fluid inclusions. 
The solid black pattern represents inclusions from massive 
quartz; the stippled pattern represents inclusions from 
individual quartz crystals.

N =  54

FREEZING-POINT DEPRESSION 
( C)

Figure 30. Population distribution of freezing-point depre 
ssion measurements for McGhee Peak fluid inclusions. The 
solid black pattern represents inclusions from massive 
quartz? the stippled pattern indicates inclusions from 
single quartz crystals.
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The freezing point depressions of the fluid inclusions 

from the Silver Star adit indicate that salinities were low 
to moderate. With a few exceptions, the individual quartz 
crystals have low salinities ranging from 0.30 to 3.37 
weight percent NaCl equivalent. Salinities of the massive 
quartz are variable (0.3 to 26.2 weight percent NaCl eg.) 
with a mode between 24.4 and 26.2 weight percent NaCl 
equivalent.

Crushing of Inclusions
Hedenquist and Henley (1985) demonstrated that substan

tial errors can be made in interpreting fluid inclusion 
freezing data if the possible presence of C02 is not consid
ered. Below 10.4 bars C02 pressure and 9 weight percent,
C02 acts as a simple dissolved species which depresses the 
ice melting point. Below these clathrate-forming levels,
C02 is not visible as a discrete phase in fluid inclusions.

Roedder (1972, 1984) detailed the use of a crushing 
stage to determine qualitatively the presence or absence of 
dissolved volatiles in fluid inclusion vapor phases, and to 
measure semi-quantitatively the vapor pressure of noncon
densable gases. When the host mineral is crushed in an 
immersion oil between glass plates, trapped C02 is released 
and the vapor bubble expands, sometimes almost explosively.
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In this study, eight representative quartz samples were 

crushed in glycerine (C02-insoluble) and in kerosene, which 
is an excellent solvent for methane and other organic gases 
(Roedder, 1984). When the quartz was crushed, small bursts 
of light were detected as the glycerine was drawn into the 
broken inclusions indicating that the pressure within the 
inclusions was less than one atmosphere. Roedder (1984) 
noted that the pressure in fluid inclusions at surface 
temperatures is usually much lower than atmospheric pres
sure; if partial leakage occurred during geologic time, it 
should be inward. Inclusions containing vapor bubbles that 
act as a vacuum and contain no condensable gases indicate 
that inward leakage has been minor or nonexistent.

I did not detect any C02 or CHt bubbles streaming up 
through the immersion media; these observations were con
firmed by R. J. Kamilli of the U.S. Geological Survey. This 
crushing experiment, therefore, indicates that the dissolved 
C02 and CH4 in these fluid inclusions is negligible, and 
that the effect on the freezing point depression and salini
ty values is therefore insignificant.

Summary of Fluid Inclusion Data 
A survey of the primary fluid inclusion populations 

found in the massive and vuggy quartz at the Silver Star
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adit indicates that they are predominantly two phase liquid 
plus vapor inclusions with fairly consistent fill ratios. 
Daughter minerals are visible in 5-10 percent of the inclu
sions; they consist of chloride salts and trapped rutile 
needles. Liquid C02 was not detected. Eutectic temper
atures range from -35*0 to -19*C, the majority falling 
between -35*C and -25*C suggesting that the inclusion fluids 
consist of a mix of NaCl, KCl, and possibly MgCl2 brines.

All the inclusions studied homogenized to the liquid 
phase. Homogenization temperatures ranged from 235*0 to 
405*0. Inclusions in the massive quartz homogenized at 
temperatures greater than 300*0. Erosion has removed the 
Cretaceous through Tertiary sedimentary and volcanic rocks 
overlying the center of the range. The depth of burial 
during mineralization (Oligocene) is estimated to be 1.5-1.8 
km with a lithostatic pressure of 400-500 bars. Temperature 
correction curves for 1 to 25 weight percent NaCleq sol
utions at 400 bars (Potter, 1977) indicate an addition of 
25-40*0 to the homogenization temperatures is necessary to 
reflect the true trapping temperatures. Under a lithostatic 
pressure of 400 bars, the actual trapping temperatures would 
be between 280*0 and 420*0. At 500 bars, 40-60*0 should be 
added to the homogenization temperatures to reflect a true 
trapping temperature of 290-430*0.
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The salinities (equivalent weight percent NaCl) of the 

fluids were calculated based on the final melting tempera
tures of the frozen inclusions and are strongly bimodal. 
Individual open-space quartz crystals have low salinities 
(0.52 to 3.37 weight percent NaCl.q). The massive and 
mosaic-textured quartz show salinities peaking between 24.4 
and 26.2 weight percent NaCl equivalent. The bimodal nature 
of both the homogenization and the freezing point depression 
temperatures suggests that two fluids were present. The 
fluids had a similar composition, but differed in the degree 
of salinity. Mineralization at the Silver Star adit on 
McGhee Peak was associated with the higher temperature, 
moderately-saline fluids and not with the low-temperature, 
dilute brines that produced vuggy quartz crystals. Com
parisons with the Pb-Zn-Ag occurrences at the other mines 
was not possible due to the paucity of suitable quartz for 
fluid inclusion studies.
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CHAPTER VI

CHEMICAL ENVIRONMENT OF ORE DEPOSITION

Using data and observations from geologic field rel
ations, ore and gangue mineralogy, and fluid inclusions, it 
is possible to construct a simplified model of the chemistry 
of the ore-forming fluids in the central Peloncillos. 
Chemical parameters such as pH, fCO,, f02, and fS, were 
calculated to generate stability field boundaries on 
activity and fugacity diagrams.

Acidity
Potassium feldspars in Oligocene-age dikes and sills 

adjacent to mineralized areas are commonly altered to ser- 
icite. If the activity of potassium is known, one can 
calculate the pH based on the hydrolysis reaction between K- 
feldspar and muscovite/sericite (Hemley and Jones, 1964):

l.SKAlSijO, + H* = 0.5KAl}Si,Ol0 (OH) 3 + K* + 3SiO,
K-Feldspar K-Mica Quartz

If the activities of solid phases are assumed to be unity,
the equilibrium constant for this reaction is written as

K,, = alC / aH
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and acidity can be calculated after determining the 
reaction's equilibrium constant at the pressure and temper
atures of interest at assigned activities of potassium in 
solution.

At 500 bars and 400*C, the equilibrium constant for 
this hydrolysis reaction is 107"e' (Helgeson et al., 1978). 
Extrapolation of Fournier's (1981) NaVK* geothermometer 
gives an estimate of the mK* in both the saline and dilute 
solutions observed in the fluid inclusion study. At 400*C, 
the expected NaVK* ratio is 1.78. The moderately saline 
brines contain on average 25.3 weight percent (5.76 m)
NaCleq; the K* content is therefore estimated at 3.24 m, and 
the pH value is 3.7. At 500 bars and 400*C, neutral pH of 
pure water is 5.94 (Marshall and Franck, 1983); the pH of 
the saline fluids at the Silver Star adit was 2.2 units 
acidic. The dilute brines recorded at temperatures between 
245-320‘C contain 1.84 weight percent NaCleq (0.31 m). At 
300"C, the dilute solution contains approximately 0.07 m K*, 
and the resulting value for pH is 7.51. The dilute brines 
are 1.6 units alkaline at this pressure and temperature 
(Marshall and Franck, 1983) (Table 4).

Variations in equilibrium constants and the effects of 
higher salinities contribute to the approximate nature of 
these pH values (Barton et al., 1977). Fournier (1981) also 
reports that the Na'/K* geothermometer is influenced to some 
degree by the Ca3* and Mg3* in the solution. The author noted
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Table 4. Acidity values for 5.76m NaCle, and 0.31 m NaCleQ 
hydrothermal solutions at 500 bars and 400-300*C. Na'/lC 
ratios extrapolated from Fournier (1981). Neutral pH of 
pure water at 500 bars is 5.43 at 300"C, 5.57 at 350*c, and 
5.94 at 400*C (Marshall and Franck, 1983).

NaVlC mK* PH
25.3 weight percent (5.76m) NaCleq

400*0 1.78 3.24m 3.7
350*0 2.82 2.04m 5.2
300*0 4.47 1.29m 6.3

1.84 weight percent (0.31m) NaCl,,

300*0 4.47 0.07m 7.5

the possible occurrence of MgCl, in the saline solutions, 
but was unable to measure directly any Ca" or Mg,‘. 
Therefore, the calculated values for pH listed below in 
Table 4 for temperatures ranging from 400-300*0 have an 
uncertainty of at least ± 0.5 pH units.
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Fuaacitv of CO,

Considerable experimental data exist on reactions 
involving mixed volatiles and pure end-member calc-silicate 
minerals ? the reader is refered to papers cited by Einaudi 
and others (1981). At constant pressure, the stability of 
calc-silicate minerals is described by two factors: temp
erature and the mole fraction of CO, (XCO,) in an H,0-C0, 
solution (Einaudi et al., 1981). On a T-XCO, diagram, 
reactions producing calc-silicates have a positive slope; an 
increase in temperature or a decrease in XCO, will lead to 
calc-silicate precipitation (Einaudi et al., 1981). Einaudi 
and others (1981) also note that calc-silicates develop at 
lower temperatures in H,o-rich fluids than in CO,-rich 
fluids.

The fugacity of CO, can be estimated because the temp
erature and pressure of quartz and calcite in equilibrium 
with wollastonite and CO, is constrained by the fluid in
clusion data. At 500 bars, the reaction CaCO, + SiO, = 
Casio, + CO, yields a log fCO, of 2 at 500"C, 1 at 400"C, 
and -0.1 at 300"C (Johnson and Norton, 1985). The mole 
fraction of CO, drops from 0.2 at 500"C to approximately 
0.01 at 400*C; this value falls below 0.01 with decreasing 
temperature (Johnson and Norton, 1985). In Johnson's (1982) 
theoretical analysis of hydrothermal and chemical conditions 
during calcic skarn formation adjacent to porphyry copper 
plutons, he calculated that the aqueous mole fraction CO,
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concentration during sub-400*C (500 bars) garnet precip
itation was <0.05. A value of 0.1 is the maximum mole 
fraction of CO, expected during quartz precipitation at 
McGhee Peak. The calculations confirm the crushing exper
iment conclusions that the presence of CO, in these inclu
sions is minimal.

Fuaacitv of O. and S.
Fugacities of the gas species CO,, 0,, and S, are 

related to their activities by (for example):
fO, = a0,f*0,

where f'O, is equal to the fugacity of 0, in the standard 
state (Bowers et al., 1984). In this study, the fugacity of 
the gas standard state was chosen to equal unity; therefore 
f’O, = aO,. Estimating the fugacity of sulfur and oxygen was 
based on calculations of the stability fields of coexisting 
ore and gangue minerals identified in the mineragraphy 
study. The phases that were chosen to reflect equilibrium 
assemblages include wollastonite, andradite, quartz, cal- 
cite, pyrite, galena, and magnetite. The reactions consist 
of a series of reduced and oxidized mineral pairs (pyrr- 
hotite/magnetite, pyrrhotite/pyrite, magnetite/hematite, 
magnetite/pyrite, and galena/anglesite (Fig. 31). Equations 
were also written for reactions between gangue minerals such 
as quartz, calcite, wollastonite, and andradite and the iron 
compounds. Equilibrium constants for the reactions at 400"C



and 500*C and at 500 bars were based on data by Helgeson 
(1978) and Bowers and others (1984).

Maximum values for the fugacities of oxygen and sulfur 
were obtained by considering the conditions under which 
wollastonite, andradite, calcite, quartz, pyrite, and galena 
are stable. As discussed previously, the log fCO, at 500*C 
is 2 and is 1 at 400*C. At 500"C and 500 bars, the coexist
ing phases dictate a maximum log fO, of -22.5 and a minimum 
log fS, of -7.33 (Fig. 31). The presence of chalcopyrite 
sets a maximum log fS, of -1.81. Wollastonite, quartz, 
calcite, and pyrite were the primary minerals to be de
posited. At constant temperature, andradite precipitated as 
conditions became slightly more oxidized and/or less sul- 
fidic.

As the temperature fell to 400*C, the fluid chemistry 
became less oxidized and less sulfidic (Fig. 32). The 
stability fields of coexisting minerals decreased in size. 
Andradite, quartz, and calcite overtook wollastonite as the 
primary gangue minerals. Wollastonite was replaced by 
calcite and quartz. Galena, sphalerite, and pyrite precipi
tated together when log fS,was greater than -7.66. At 400"C 
and 500 bars, andradite, quartz, calcite, and wollastonite 
coexisted at a maximum log fO, of -25.8; the minimum log fS, 
was -7.66. Chalcopyrite precipitated at log fS7 conditions 
less than -3.95. Minor magnetite is associated with garnet. 
These fugacity values are based on temperatures and pressure

97
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Figure 31. Log f02 - log fS2 diagram at 500 bars and 500*C, and a maximum XC02 * 0.1 showing the stability fields of the major ore and gangue minerals. The stippled region represents the approximate fugacity conditions under which wollastonite, quartz, calcite, pyrite, and galena precipitated. The source of aC02 is discussed in the text. Equilibria data from Helgeson and others, 1978, and Bowers and others, 1984.
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Figure 32. Log f02 - log fS2 diagram at 500 bars and 400*C, and XC02 - 0.1 showing the stability fields of the major ore and gangue minerals. The stippled region represents the approximate fugacity conditions under which wollastonite, garnet, quartz, calcite, pyrite, and galena precipitated. The source of aC02 is discussed in the text. Equilibria data from Helgeson and others, 1978, and Bowers and others, 1984. Abbreviations listed in Figure 32.
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determined by the fluid inclusion study at the Silver Star 
adit on McGhee Peak. Conditions may vary slightly across 
the study area.
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DISCUSSION AND CONCLUSIONS

Carbonate-hosted base metal-silver mineralization in 
the central Peloncillo Mountains occurred due to the favor
able coincidence of: 1) porous and permeable, chemically 
reactive calcareous host rocks; 2) structural preparation 
ranging from major, throughgoing normal faults to fine-scale 
fracturing; and 3) the intrusion of dikes and sills that 
provided the heat and associated hydrothermal fluids.

The stratigraphic record in the central Peloncillo 
Mountains testifies to almost continual deposition during 
the Paleozoic Era. In the Early Cretaceous, shallow marine 
carbonates and terrigenous sandstones and siltstones 
resembling Bisbee Group strata were deposited at the extreme 
northern end of the Chihuahua Trough. Andesitic and dacitic 
flows and volcaniclastic sediments were deposited during 
Late Cretaceous or early Tertiary prior to the structural 
deformation of the Laramide Orogeny. This deformation 
included uplift, tilting, folding, and normal and reverse 
faulting. The intrusion of dikes, plugs, and sills, and 
Basin and Range style normal faulting began in the 
Oligocene epoch.

The elevated temperatures and hydrothermal fluids 
associated with the intrusion of 01igocene-aged dikes and
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sills caused selective calc-silication and Pb-Zn-Ag-Cu 
mineralization in favorable Pennsylvanian and Early Cret
aceous strata. The advantageous lithologic characteristics 
for replacement included good, primary interparticle poros
ity with interconnected pores which existed in the calc- 
arenite, fossiliferous limestone, and limestone- and quartz- 
pebble conglomerate strata. Fossiliferous beds in the upper 
Horquilla Limestone and lower Mural Limestone apparently 
benefitted from a special type of initial, interparticle 
porosity known as the shelter effect. Mineralization oc
curred in strata where strong initial porosity was enhanced 
by secondary, moldic porosity and fine-scale fracturing.

Mineral alteration varies at the four principal areas 
the author examined and is described in Chapter 3. The 
total width of replacement or skarn mineralization from the 
dike out to unaltered limestone ranges from 3-23 m. Dis
tinct mineral zones are not present in some areas or are 
difficult to demarcate. In general, the Oligocene-aged 
dikes show propyllitic alteration of mafic minerals to 
chlorite, calcite, epidote, and minor actinolite. Epidote 
also occurs in epidote-calcite veinlets and on fractures. 
Additionally, the feldspar phenocrysts and matrix of the 
Tertiary quartz monzonite sills are replaced by sericite, 
quartz, and clay minerals.

The calcic exoskarn in the Mural Limestone exhibits 
variable zoning of andradite ± wollastonite ± diopside ±
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tremolite ± magnetite + calcite + quartz outward to mar- 
bleized limestone and unaltered limestone. Sulfides occur 
as disseminations intimately associated with calc-silicate 
minerals, fracture-controlled massive sulfides, and as 
coarse-grained crystals that replace earlier calc-silicates. 
At the Carbonate Hill mine, spectacular ore textures are 
visible in the faithful replacement of fossil molds by 
galena, pyrite, chalcopyrite, sparry calcite, and hematite. 
The distribution of anomalous metals is strongly controlled 
by the location of faults and narrow igneous dikes and shows 
a crude district zonation. The ratio of copper to total 
base metals increases westward in the McGhee Peak 
subdistrict and peaks near the Copper Queen and Johnny Bull 
mines adjacent to the Johnny Bull fault.

A fluid inclusion study undertaken on the quartz at the 
Silver Star adit on McGhee Peak determined that quartz was 
deposited from CO,-poor, H,0-NaCl-KCl ± MgCl, brines at temp
eratures ranging from 430 to 290' C. Petrographic evidence 
suggests that base metal mineralization was associated with 
the high temperature, moderately saline (24.4-26.2 weight 
percent NaCleq) brines. Lower temperature, dilute (0.30-3.37 
weight percent NaCleq) brines produced non-mineralized, vuggy 
quartz.

Chemical parameters such as pH, fCO,, /O,, and fS, 
were calculated based on petrographic observations and the 
fluid inclusion data. The hydrothermal fluids at the Silver
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Star prospect on McGhee Peak evolved with time and 
decreasing temperature to become less acidic, less sulfidic, 
and more reducing. At the maximum temperature-pressure 
conditions considered in this study (500* C and 500 bars), 
the coexisting calc-silicate and sulfide mineral phases 
dictate a maximum log fO, of -22.5 and a log fs2 of -7.33 
to -1.81. At 400* C and 500 bars, the stability fields of 
the coexisting calc-silicate and sulfide minerals decreased 
in size as the system became more reduced and less sulfidic. 
Andradite, quartz, and calcite overtook wollastonite as the 
primary gangue minerals to precipitate (Fig. 32). The 
moderately saline hydrothermal fluids associated with 
mineralization were approximately two units acidic at 400* C 
(Table 4), had a maximum log fO, of -25.8, and had a log fS2 
of -7.66 to -3.95. As temperatures decreased to 350* C and 
300* C, the saline brines were neutralized and then became 
weakly alkaline. In contrast, the dilute, low temperature 
brines noted in the fluid inclusion study were approximately 
two units alkaline and perhaps represent a distinct fluid 
derived at a later fluid pulse.
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APPENDIX A
A BRIEF HISTORY OF SOME INDIVIDUAL MINES 

MCGHEE PEAK MINING SUBDISTRICT

Carbonate Hill Mine
Location: SE& sec. 34, T. 24 S., R. 21 W.
Claim status: 32 unpatented claims covering 260 acres in

secs. 34 and 35, T. 24 S., R. 21 H. and secs. 2 and 3,
T. 25 S., R. 21 W.

Present owner: Donald A. McGhee of Lordsburg, New Mexico
Production: 90,000 tons of ore and waste removed. 25,000

tons of lead, zinc, silver ore valued at $200,000 pro
duced between 1906 and 1952

Grade: six percent lead, five percent zinc, and one to two
ounces silver a ton

History:
1894 - Carbonate Hill claims located by a Mr. Fox 
1906 - Small amount of ore shipped
1916 - The mine was purchased by C. L. McGhee and his

brother from Mr. William Charles and Mr. Rice
1924 - Several cars of lead ore shipped
1925 - Eight or nine cars of lead and silver ore shipped
1926 - Over 1,000 tons of lead ore assaying a few ounces

silver per ton were shipped
1927 - 100-ton flotation mill built
1928 - Mill operated part-time, lead concentrate shipped
1929 - Mine and mill employed 30 men in a single shift; mill

. treated about 35 tons of ore per day
1930 - Mine and mill operated at a reduced scale, then

closed down
1937 - 73 tons of ore shipped
1940 - Mine was leased by New Mexico Western Mining Corp.

Mill was reconditioned and rated at 75-ton capac
ity. Zinc concentrate shipped to Amarillo, Texas; 
lead concentrate shipped to El Paso, Texas

1941 - Mill treated ore from Crystal mine; shipped two cars 
each of lead and zinc concentrate

Shattuck-Denn Mining Co. leased and rehabilitated1942
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mine and began an exploratory drilling program 1943 - Shattuck-Denn Mining Co. shipped 742 tons of ore
containing 97,430 pounds of lead, 66,803 pounds of 
zinc, 1,515 pounds of copper, 917 ounces of sil
ver, and 1.09 ounces of gold to its mill in Bis- 
bee, Arizona.

1947 - Donald McGhee operated the mine. Ore was shipped to
custom mills until remodeling was finished on the 
75-ton mill in October. The mill treated ore from 
the Carbonate Hill, Crystal, and Silver Hill 
mines.

1948 - Mine operated until a fire destroyed the head frame
and the mill on June 17 

1950-52 Small shipments by Donald McGhee 
1956 - Mine leased to Strong and Mosely, shaft repaired, mining resumed, but no ore shipped

Silver Hill Mine
Location: NW% sec. 3., T. 24 S., R. 21 W.
Claim status: two unpatented claims, the Silver Hill and

the State of Maine
Present owners: Charles G. Perry of Lordsburg; heirs of

Cora C. and Sarah Estelle Cloudman
Production: 6,300 tons of ore valued at $230,000
Grade: 12-20 percent combined lead and zinc, and between 1-

2 ounces of silver per ton. Lead to zinc ratios vary 
from 10:1 to 4:3. In 1948, a pocket of high-grade lead 
carbonate ore assaying 24.5 percent lead, 6.2 percent 
zinc, 0.25 percent copper, 5.6 ounces silver, and 0.005 
ounces gold was shipped.

History:
1906 - Silver Hill claim staked January 1 by Owen Williams 

and T. R. Brandt
1910 - lead-silver ore shipped1917 - State of Maine claim staked on July 2 by H. S. and J.

A. Cloudman. Several cars of Pb-Zn ore shipped 
from Silver Hill mine by the owner, Billy Bradford

1918 - Bradford shipped several cars of Pb-Zn ore. Present
road to mine built and shaft deepened to 100 feet

1927-28 Charles G. Perry leased mine. Several cars of lead- 
silver ore shipped both years.

1929-30 Phelps Dodge Copper Corp. leased mine and shipped 
several hundred tons of Pb-Ag-Zn ore to Copper 
Queen smelter at Douglas, Arizona in 1929; 100
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tons of Pb-Ag smelting ore shipped in 1930.
Lessee deepened shaft to 200 feet (61 m) and mined 
visible ore but did not develope new reserves. 
Phelps Dodge relinquished lease in 1930.

1933 - Charles Perry acquired half ownership of mine on the 
death of Billy Bradford.

1942-45 J. H. Byrd Mining Co. leased and operated mine under 
name of Crosby mine

1947 - Silver Hill mine ore treated at Carbonate Hill mill
1948 - Still Brothers operated mine and shipped 2,000 tons

of Pb-Zn-Ag ore valued at $70,000 to the Peru 
Mining Co. custom mill at Deming, New Mexico. 

1951-53 Mine leased by Whelan Shimsley (Silver Hill Mining 
Co.)

Johnny Bull Mine
Location: NWS; SVh sec. 3, T. 25 S., R. 21 W. Mislabelled

on Steins 7.5 minute topographic map.
Claim status: three contiguous patented claims: the Sterl

ing Price claim in secs. 3 and 10, Mineral Survey No. 
192, the South Virginia claim in sec. 3, Mineral Survey 
No. 193, and the Johnny Bull claim in secs. 3 and 4, 
Mineral Survey No. 194. The mine consists of two 
inclined shafts with a maximum depth of 150 feet.

Present owners: estate of Charles S. Dodge and Irene E.
McFaul, administered by McLean and McLean of New York 
city.

Production: less than 10,000 tons of ore valued at less
than $100,000. Shipments recorded in 1915-1919.

Grade: unknown, copper ore produced from chalcopyrite in
garnetite.

Copper Queen Mine
Location: SW% NW% sec. 3, T. 25 S., R. 21 W. Mislabelled

as the Johnny Bull mine on the Steins 7.5 minute topo
graphic map.

Claim status: Copper Queen mine was developed from the
Happy Promise No. 1 and the S. and W. No. 6 claims.
The mine consists of a main shaft 100 feet deep with 
two six foot-thick garnetite zones 20 and 80 feet below 
the collar.
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Production: Small shipments of garnetite ore were shipped

by Dr. J. 0. Hamilton between 1916 and 1918. The mine 
was leased to Lubbock Mining Company, Lubbock, Texas in 
1958 and 1959. One carload of ore averaging 1.8 per
cent copper was shipped.

Sources cited: Gillerman (1958) and Elston (1963)
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OXIDES
SiO,
TiO,
A1203
Cr203
FeA
FeO
MnO
MgO
CaO
TOTAL
Si
Ti
A1
Cr
Fe1*
FeJ*
Mn
Mg
Ca

APPENDIX B
QUANTITATIVE MICROPROBE ANALYSES

6 / 4 / 6 /  #7 6 /4 /1 3 C 6 /4 /1 0 A  #4

34.3993 35.8417 34.7720
0.0288 0.0089 0.0154
• 0.8192 5.4151 2.0024
0 0 0
31.3155 24.4219 30.7252
0 0.4546 0
0.2558 0.1403 0.2874
0.0740 0 0.0251
32.2410 32.9925 32.2823
9 9 .1 3 3 7 9 9 .2 7 5 1 1 0 0 .1 0 9 8

2.9331 2.9727 2.9240
0.0018 0.0006 0.0010
0.0.823 0.5293 0.1984
0 0 0
2.0477 1.5242 1.9516
0 0.0315 0
0.0185 0.0099 0.0205
0.0094 0 0.0031
2.9455 2.9318 2.9086
12 12 120
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APPENDIX C

FLUID INCLUSION DESCRIPTIONS AND RESULTS

The following fluid inclusion specimens were collected from the entrance trench at 
the McGhee Peak adit in the NW% sec. 3, T. 25 S., R. 21 W.. The samples include 
massive white quartz and individual, transparent crystals filling vugs within the 
massive quartz. All fluid inclusions are 5-1 O^m long.

Abbreviations:
Th = Temperature of homogenization in *C 
Te = Temperature of the eutectic point in 'C  
Tm = Temperature of the last melt in *C 
DOF = Degree of fill of liquid phase 

Salinities reported in equivalent weight per cent NaCI

SAMPLE Th Te Tm NaCI„ DOF************************************************************************************

MG1
384 -29.5
384
384 -32.0
396

-33.5
-35.2

258.5
MG2 245.0

190.0
290.0

-12.2 16.20 0.70
-11.2 15.20 0.75
-12.8 16.80 0.85
-14.5 18.40 0.75

0.80
-0.8 1.30 0.80
-0.3 0.52 0.90

0.75
0.85
0.80
0.80
0.70

-1.7 2.88 0.80
267.0
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SAMPLE Th To Tm NaCI DOF
**********************************•******•*******************•*****?**********•***

MGS 287.0
317.0
169.0
294.0
276.1
303.5
343.0
320.4
304.5
292.7 -19.2
289.1
297.0
297.0

MG4 262.0
266.5
266.2
268.1
268.1
268.1
261.8

MGS
386.0
367.0 -32.0
362.0

MGS 234.0
370.0
357.0 -30.0

0.90
0.90
0.90

-0.3 0.52 0.90
-1.4 2.39 0.70
-2.0 3.37 0.75
-2.0 3.37 0.70
-1.7 2.88 0.55
-2.0 3.37 0.70
-1.7 2.88 0.70
-1.4 2.39 0.80
-1.7 2.88 0.65
-1.7 2.88 0.80
-0.7 1.21 0.85
-0.8 1.38 0.85
-0.8 1.38 0.85

0.85
-0.8 1.38 0.85

0.80
0.80

-23.7 25.15 0.80
-22.9 24.63 0.90
-24.5 25.67 0.80
-25.2 26.12 0.70

0.75
-19.0 21.94 0.80
-19.0 21.94 0.80
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SAMPLE Th Te****************************************** Tm NaCI DOF
MG6 362.0 -30.0 -19.0 21.94 0.85

358.0 0.85
363.0 0.85
366.9 -24.6 -4.7 7.43 0.70

MGS 390.5 -25.1 -15.7 19.21 0.75
382.5 -25.8 -14.9 18.70 0.70
360.0 0.80
374.0 0.80
367.0 0.90
374.0 0.80
301.0 0.90
332.0 -7.1 10.61 0.70

MG9 343.0 -28.0 -22.5 24.37 0.80
343.0 -28.0 -22.5 24.37 0.80
331.0 0.80
335.0 -24.5 -33.3 25.67 0.90
312.0 -24.1 25.42 0.85

MG10 330.0 0.90
330.0 0.90

MG11 309.0 0.85
302.0 -30.0 -24.0 25.35 0.85

MG12 249.9 -33.1 -12.9 16.90 0.80
368.0 0.70
324.0 -34.0 -10.1 13.98 0.80
330.0 0.90
378.0 0.80
390.0 0.85
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SAMPLE
MG12

MG13

MG14

MG14

Th Te Tm HaCI- DOF
337.0 0.80
380.0 0.90
368.0 0.80

-26.0 -23.0 24.70 0.85
280.0 -26.0 -23.9 25.35 0.80
297.0 0.70
384.2 0.60
404.6 -26.1 -4.6 7.3 0.65
395.3 0.65
390.5 -1.4 2.39 0.65
286.0 •0.2 0.34 0.80

•0.4 0.70 0.70
364.5 0.70
369.4 0.70
386.4 0.55
318.0 0.80
378.3 -4.0 0.65
374.0 0.65
259.0 0.80
387.0 -3.0 4.90 0.75
382.4 0.80
369.9 0.80
381.2 0.70
362.5 0.70
361.8 0.70
342.0 0.85
298.6 0.90

MG15
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SAMPLE Th Te Tm NaCI nnp******************************************************************,0*****************
MG15 345.0 0.80

290.0 0.80
303.0 0.70
243.0 0.85
339.4 -36.0 -24.0 25.35 0.85
300.0 0.75
356.5 -24.0 25.35 0.80
359.9 0.80
343.0 -25.3 26.18 0.80
348.5 -31.0 -25.3 26.18 0.80
350.4 -24.3 25.54 0.80
357.6 -32.8 -24.4 25.61 0.80
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PLATE I
GEOLOGIC MAP AND SAMPLE LOCATIONS, CENTRAL 

PELONCILLO MOUNTAINS, HIDALGO COUNTY, NEW MEXICO

by Coro I I a K Hoag

EXPLANATION
MAP UNITS

Q  GRAVEL (PLEISTOCENE and PLIOCENE)

0  RHYOLITE PORPHYRY(OLIGOCENE)

Q  QUARTZ MONZONITE(OLIGOCENE)

0  QUARTZ LATITE PORPHYRY (OL1GOCENE)

Q  OLDER RHYOLITE (OLIGOCENE)

0  RHYOLITIC INTRUSIVE BRECCIA(OLIGOCENE)

0  ATTORNEY MOUNTAIN ANDESITE (EOCENE toU.CRET.) 

0  ANDESITE INTRUSIVE PLUGS

0  SEDIMENTARY and VOLCANIC ROCKS 
(PALEOGENE or UPPER CRETACEOUS)

SYMBOLS
0  CINTURA FORMATION(L.CRETACEOUS)

A / FA U LT . D A S H E D  W H E R E  CONCEALED.

0  MURAL LIMESTONE (L. CRETACEOUS) - t - NORMAL FAULT. BAR AND B A L L  ON DOWNTHROWN SIDE.

0  MORITA FORM ATI ON(L. CRETACEOUS)
- V

75

S Y N C L IN E .

y B E D D IN G  S H O W IN G  S TR IK E  A N D  DIP.

0  GLANCE CONGLOMERATE (L.CRET.) > - A D IT .

B M IN E  SHAFT.

Q  EARP FORMATION (PERMIAN) k/5jl5 S A M PLE S IT E  DESCRIBED IN  TEXT.

Q  HORQUILLA LIMESTONE (PENN.)
A K -A R  AND F IS S IO N -T R A C K  D A T E S  

(HOGGATT ETA L. ,  1977)

0  U. HORQUILLA LIMESTONE (PENN.)

0  L. HORQUILLA LIMESTONE(PENN-)

Q  GRANODIORITE PORPHYRY 
(PRECAMBRIAN)

CONTOUR INTERVAL 10 AND 2 0  FEET.

GEOLOGY ADAPTED FROM (DREWES AND THORMAN, 1980b)
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