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Abstract

Sedimentary rock-hosted disseminated gold ores lithologically and chemically similar to
those of Carlin-type deposits of the western United States are present in the Yauricocha district,
central Peru. The Purisima Concepcién deposit is located in the core of a steeply plunging
anticline several hundred meters beyond large pipe-shaped Cu-Zn-Pb-Ag-Au replacement
orebodies in limestone bordering a late Miocene granodiorite stock. The central part of the
stock is potassium-silicate altered and contains high-salinity fluid inclusions.

Mineralized impure limestone is generally decalcified and silicified and appears to have
been carbonaceous. Original laminated bedding and other sedimentary structures are locally
preserved. Characteristic minerals include quartz, rhodochrosite, pyrite, calcite, sericite, and
barite. Pyrrhotite, arsenopyrite, plagionite (PbsSbsS7), and altaite (PbTe) have been recognized
locally. Although the chemical composition of the ores is generally similar to that of the Carlin
deposit, rocks of Purisima Concepcion have higher Fe, Mn, Te, Ag, and Tl and lower Hg
contents. Most of the Au-bearing rocks contain between 3 and 6 wt percent Fe, and Te (=4
ppm) and Mn (=4 wt %) are about two orders of magnitude higher than at Carlin. These
elevated elemental concentrations are all epigenetic; there is no regional or local geologic or
textural evidence for a syngenetic and/or diagenetic origin. The Ag/Au ratio of the ores is
about 2.5. Gold correlates positively with Ag, As, Hg, Mo, Sb, Te, and Tl and Ag strongly
with Mn. Porous, leached, but not silicified, beds tend to carry higher gold values than silicified
rocks.

The presence of enargite, tetrahedrite, and high S copper sulfide minerals in the replacement
ores and of pyrophyllite, diaspore, alunite, anhydrite, and high-temperature (=400°C), com-
positionally complex, hypersaline fluid inclusions in altered rocks bordering enargite veins in
the stock, and the intense dissolution of limestone during deposition of the polymetallic ore-
bodies suggest that the fluids initially had low pH and high fo, and fs, values. The magmatic
hydrothermal system may have been similar to that of Julcani and other enargite-tetrahedrite
districts in Peru, with the differences in ore types at least in part reflecting the carbonate
composition of the host rock at Yauricocha.

The elemental chemistry of the Purisima Concepcion ores can be qualitatively explained
by a process of hydrothermal differentiation in which selective precipitation of base metal
and Ag sulfides and sulfosalts depleted the fluids in these components and produced a decrease
in Cu/Zn, Cu/Pb, As/Sb, base metal/precious metal, and Ag/Au ratios. The moderate pH and
low fo, and fs, values implied by the mineral assemblage of Purisima Concepcién presumably
reflect in part the presence of carbonaceous material.

Similar deposits can be expected elsewhere in the Western Cordillera of central and northern
Peru where hydrothermal fluids related to Neogene stocks encountered impure carbonaceous
limestone beds of the Pariatambo and Jumasha Formations and other units. Certain sedimentary
rock-hosted, disseminated Au-Ag deposits elsewhere may have a similar genetic relation to
porphyry, skarn, and/or limestone-replacement systems.

Introduction

DURING the past two decades sedimentary rock-
hosted, disseminated precious metal deposits have
become an important source of gold, and to a lesser
extent, silver. Although most known sedimentary
rock-hosted deposits are located in the western United
States, and particularly in Nevada (e.g., Radtke et al.,
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1980; Bagby and Berger, 1985; Bonham, 1985; Tin-
gley and Bonham, 1986; Percival et al., 1988), similar
deposits are present in other parts of the world, for
example, China (Geng, 1985; Liu and Geng, 1985;
Cunningham et al., 1987).

Central Peru, a major region of base and precious
metal mining (Petersen, 1965), possesses impure car-
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bonate rocks and calcareous siltstones and shales,
some carbonaceous (Mégard, 1978b). These rocks,
largely of Mesozoic age, occur in a transitional envi-
ronment reminiscent of that of lithologically similar
strata in the western United States (Stewart, 1980)
and are cut by many stocks of Tertiary age (Mégard,
1978aandb). Units of relatively pure carbonate strata,
sandstone, and shale—locally coal-bearing—are
present in the section, but volcanic rocks are absent.
The impure carbonate beds should be good explora-
tion targets for disseminated precious metal deposits.

The purpose of this paper is to provide a prelimi-
nary geologic and geochemical description of the
Purisima Concepcion gold deposit and of the intimate
spatial and temporal association of the deposit with a
porphyry system and important polymetallic lime-
stone replacement orebodies, features that are critical
in providing insights into the origin of the deposit.
Purisima Concepcion, located in the Yauricocha dis-
trict at an elevation of about 4,700 m in the Western
Cordillera of central Peru (Fig. 1), is one of the first
sedimentary rock-hosted, disseminated precious
metal deposits to be recognized in the central Andes
(Noble and Alvarez, 1988). This first report is based
mostly on information obtained during mining, de-
velopment, and evaluation activities, supplemented
by small amounts of chemical and petrographic data
obtained for this study.

Geologic Setting and Associated Mineral Deposits

The geology and mineral deposits of the Yauricocha
district have been described by Lacy (1949), Thomp-
son (1960), Petersen (1965), and the Departamento
de Geologia de Cerro de Pasco Corporation (1970).
The ore deposits of the district are spatially and ge-
netically related to the Yauricocha stock, a composite
intrusive body of granodioritic to quartz monzonitic
composition (Fig. 2) that has been radiometrically
dated at about 7.5 m.y. (Giletti and Day, 1968). The
stock intrudes tightly folded beds of the Late Creta-
ceous Jumasha (Coniacian) and Celendin (Santonian)
Formations and the overlying Casapalca Formation
(latest Cretaceous and Paleocene?) (Mégard, 1978a;
Noble et al., 1979).

The central part of the Yauricocha stock is affected
by K silicate alteration. Abundant high-salinity and
vapor-dominated inclusions are present, with the hy-
persaline inclusions commonly containing sylvite and
carbonate daughters and in some cases one or more
moderately birefringent minerals and chalcopyrite(?)
in addition to halite. The K silicate-altered granodi-
orite contains 0.1 to 0.2 wt percent Cu and locally as
much as 12 ppm Mo (Wright, 1966); veinlets in
quartz-sericite-altered granodiorite exposed at the
surface contain as much as 0.02 to 0.03 oz/ton Au
and 0.5 to 1 oz/ton Ag.
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FIG. 1. Map showing the location of the Yauricocha district
and certain other major mining districts in central Peru.

The principal orebodies of the Yauricocha district,
located near the western margin of the Yauricocha
stock, are related spatially and genetically to the main
body of the stock and to narrow fingers of granodiorite
that presumably connect at depth to a western exten-
sion of the stock (Figs. 2 and 3). The orebodies consist
of vertically elongate pipes composed largely of pyrite
and other sulfide minerals that replace limestone of
the Jumasha Formation. Skarn is developed adjacent
to the stock but does not host appreciable amounts
of ore. The pipes typically exhibit both vertical and
radial zoning and there is a pronounced district zon-
ing, with an inner zone of enargite (the principal cop-
per mineral) giving way outward to an enargite-chal-
copyrite-bornite zone, which in turn is succeeded to
the west by zones characterized by sphalerite, galena,
lead, and silver (Lacy, 1949; Thompson, 1970; Figs.
2 and 3).

Enargite veins that cut the Yauricocha stock (Fig.
2) are surrounded by granodiorite altered to a mixture
of pyrophyllite, diaspore, alunite, and small amounts
of anhydrite. Large quartz grains in these rocks also
contain abundant secondary fluid inclusions, some
which contain halite and as many as 14, and perhaps
16, other daughters, including two phases with ex-
treme birefringence, probably carbonate, and a va-
riety of other moderately birefringent minerals. Va-
por-dominant inclusions accompany the daughter-
bearing inclusions, and small amounts of liquid CO,
have been tentatively identified in a few inclusions.
Preliminary heating- and freezing-stage measure-
ments (P. C. Gibson, pers. commun., 1988) reveal a
strongly telescoped fluid inclusion assemblage, with
one type of hypersaline inclusion having vapor ho-
mogenization temperatures in excess of 400°C and
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FIG. 2. Map showing the principal orebodies and zoning pattern of the Yauricocha district. Modified,
with additions, from mapping by K. E. Siegrist (unpub.) and Thompson (1960). Line A-A’ shows ap-
proximate zone across which the generalized cross section (Fig. 3) was drawn.
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FiG. 3. Generalized cross section showing the geology and mineral deposits of the Yauricocha
district. Modified, with additions, from Thompson (1960). See Figure 2 for symbols and abbreviations,
Kp? possible Pariatambo Formation.
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salinities of greater than 50 wt percent. These are
accompanied by a variety of other inclusions having
a very wide range of temperatures and salinities.
Based on the alteration assemblage and the very com-
plex cation and anion chemistry of the fluids indicated
by the many daughters (cf. Metzger et al., 1977), the
hydrothermal fluids responsible for the sulfide ore-
bodies appear to have been relatively acid, oxidized,
and rich in sulfur and probably CO,. The alteration
is an excellent example of advanced argillic alteration
produced by hot, saline ascendant fluids which prob-
ably included an important magmatic component (cf.
Bruha and Noble, 1983; Drexler and Noble, 1983).

The Yauricocha magmatic-hydrothermal system is
interpreted as a high O, and S, fugacity system that
was emplaced into carbonate strata rather than into
dominantly quartzofeldspathic rock. The solutions
were highly reactive and intensely attacked the car-
bonate wall rock, producing the pipe-shaped channels
within which the rich sulfide orebodies were rapidly
deposited (Lacy, 1949; Thompson, 1960). Base and
precious metals were largely precipitated within sev-
eral hundred meters of the stock rather than being
carried upward along structures into an overlying ge-
netically related volcanic pile as, for example, at Jul-
cani (Petersen et al., 1977; Noble and Silberman,
1984).

Purisima Concepcion Gold Deposit

The Purisima Concepcion disseminated deposit
(also known as Purisima Concepcion Oeste), one of
several bulk-mineable precious metal deposits in the
Yauricocha district (Alvarez et al., 1989), is located
outside of the sphalerite-galena and silver zones about
300 m from the outermost part of the enargite zone
(Figs. 2 and 3). Although the orebody is in the early
stages of exploration, about 200,000 metric tons at a
grade of about 0.1 o0z Au/metric ton have been
proven. Column tests have yielded about 90 percent
extraction of Au and 45 percent extraction of silver.
Preliminary results of a pilot heap-leaching operation
have been favorable.

Previous work

The first recorded study of the Purisima Concep-
cion area was that of Iten (1952), who was principally
interested in evaluating the potential for lead ores.
Iten recognized that metal values were present in a
subunit of impure limestone (the ““slate bed”) that
forms the core of an anticline plunging about 50° to
the southeast and were localized, particularly in crush
and shear zones within the subunit. The slate bed is
probably a subunit of the Jumasha Formation, but it
may belong to the underlying Pariatambo Formation.
Iten (1952) also obtained assays for Cu, Zn, Pb, Ag,
and Au on 20 specimens that clearly showed elevated

1371

Au and Ag contents, high Au/Ag ratios, and low base
metal contents.

On the basis of Iten’s (1952) assays, CENTROMIN
began a reevaluation of the Purisima Concepcion zone
in 1986. It was recognized that, in addition to the
lithological control, the plunging anticline in con-
junction with a sill of basalt and andesite and the shear
zones provided structural control for the mineralizing
solutions. The Departamento de Geologia realized
that the deposit had geologic and geochemical simi-
larities to sedimentary rock-hosted deposits of the
western United States.

Lithology and mineralogy

Carlin-type ores: The ores of the Purisima Con-
cepcion deposit are sedimentary rock-hosted, dis-
seminated ores having physical characteristics typical
of the Carlin-type subset of sedimentary rock-hosted,
precious metal deposits of Bagby and Berger (1985).
The geologic setting and the physical features of the
deposit are inconsistent with a syngenetic or diage-
netic origin such as that proposed for sedimentary
rock-hosted, stratiform base metal deposits (e.g.,
Gustafson and Williams, 1981) or gold-bearing but
base metal-poor massive sulfide deposits (e.g., Barnett
et al., 1982).

The ores are largely unoxidized and consist mostly
of decalcified and silicified impure carbonaceous
limestone (cf. Armstrong et al., 1987), which in places
is hydrothermally brecciated and/or sheared. Al-
though some beds possess well-preserved thin bed-
ding with certain laminae preferentially replaced by
rhodochrosite (Fig. 4A), the deposit does not exhibit
the textural and structural features, for example, sul-
fide banding, of sedimentary exhalative deposits. Ox-
idized zones containing abundant limonite also are
locally present, but quartz veinlets and bodies of jas-
peroid are uncommon. It is not presently clear
whether the oxidized ores are hypogene, supergene,
or of mixed origin. The average grade for the deposit
appears to be somewhat higher than the median (3.3
ppm) for the sedimentary rock-hosted deposits of the
western United States (Bagby et al., 1986). About 5
percent of the ore consists of beds composed largely
of soft, porous, fine-grained, decalcified but not silic-
ified, and in part carbonaceous, material that com-
monly contains high pyrite contents (Fig. 4B). These
rocks typically have higher gold contents than the
silicified rocks.

Most mineralized rock is composed largely of
quartz, with lesser amounts of very fine grained rho-
dochrosite, pyrite, calcite, and sericite * barite and
+ carbonaceous material and traces of detrital(?)
tourmaline, sphene, and zircon. Preliminary X-ray dif-
fraction study suggests that some or all of the sericite
may be muscovite rather than illitic material. Quartz
is typically very fine grained and apparently largely
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F1G. 4. Hand specimens of ore from the Purisima Concepcién
deposit. A. Finely bedded silicified rock containing light layers
composed largely of rhodochrosite; specimen is 12 cm long. B.
Porous decalcified rock; specimen is 10 ¢m long.

replaces carbonate removed by hydrothermal solu-
tions. It is unclear to what extent carbonaceous ma-
terial has been added to and/or redistributed within
the deposit. Pyrite is the principal opaque mineral,
occurring as small irregular grains, in part framboidal,
disseminated within the rock. Inclusions of pyrrhotite
have been identified in pyrite in one specimen. He-
matite, limonite, and/or Mn oxides have been iden-
tified in several oxidized samples, and galena has been
identified in several specimens. Grains of native gold
4 to 6 um in diameter, associated preferentially with
quartz and oxide minerals, have been observed in two
of ten specimens of ore-grade drill core studied. A
portion of the gold appears to occur along fractures
and in other readily accessible sites.

Sulfide-quartz veinlets: In the southern part of
Purisima Concepcion the slate bed is cut by veins and
veinlets composed largely of sulfide and sulfosalt
minerals. A vein cut by drill hole PC-4-86 contains
about 40 percent pyrite, 10 percent each of marcasite,
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arsenopyrite, and boulangerite, 2.5 percent each of
pyrrhotite and galena, 1 percent chalcopyrite and al-
taite, and traces of sphalerite and native gold in a
gangue composed largely of microfractured quartz.
Plagionite also has been reported (Iten, 1952). The
native gold, which occurs associated variously with
the major minerals, in some cases fills fractures in
quartz, pyrite, and boulangerite, suggesting late de-
position and/or remobilization. It is unclear if these
veins and veinlets, which do not comprise an eco-
nomically important part of the deposit, were formed
before, after, or contemporaneous with the dissemi-
nated ores.

Geochemistry

The following section summarizes the results of a
large number of assays for the precious metals and a
lesser number of analyses for the common base metals
made during evaluation of Purisima Concepcion plus
a much smaller number of analyses for a wider range
of minor elements obtained for geochemical char-
acterization of the deposit. These results are com-
pared with data available for the Carlin sedimentary
rock-hosted deposit of the western United States
(Radtke, 1985), for which the most comprehensive
geochemical coverage in the public domain is avail-
able. It should be emphasized that the data base
available for sedimentary rock-hosted, disseminated
precious metal deposits suggests an appreciable range
in trace element composition (e.g., Bagby and Berger,
1985). A more detailed discussion of the geochemistry
of the Purisima deposit will be presented elsewhere.

Figure 5 summarizes analyses for Ag, Au, and a
wide range of other minor elements obtained on 12
specimens of mostly unoxidized, decalcified, and si-
licified ore from diamond drill hole PC-1-86 in the
northern part of Purisima Concepcién and compares
these data with average values reported for the Carlin
deposit. (Although the Purisima data are not normally
distributed, the arithmethic mean is used so as to pro-
vide a more direct comparison with those from Car-
lin.) Mean values for Bi and Cd at Purisima Concep-
cién are 1.7 and about 0.5 ppm, respectively. Analyses
for Cu, Pb, and Zn available for 33 specimens from
other parts of the deposit confirm the very low con-
tents of these elements. Concentrations of As, Cu, K,
Mo, Pb, Sb, Se, and Zn are similar to those of the ores
from the main pit at Carlin. Fluorine contents of a
small suite of samples range from 0.06 to 0.46 wt
percent, with a median of 1.10 wt percent. K/Rb ratios
of about 500 are much higher than those of the meta-
somatized dacitic lavas that host enargite-tetrahedrite
veins at Julcani (Scherkenbach and Noble, 1984).

Analyses for more than 150 specimens containing
=0.01 oz/ton Au.show that most of the mineralized
rocks contain between about 3 and 6 wt percent Fe,
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FIG. 5. Plot comparing mean concentrations of selected ele-
ments for the Purisima Concepcidén ore zone with mean values
for the Carlin main pit (Radtke, 1985). The 12 Purisima Concep-
cién specimens consist of silicified impure limestone from drill
hole PC-1-86. The Te and Tl values for Purisima Concepcion are
the mean of duplicate analyses by Geochemical Services, Inc.,
and Bondar Clegg, Inc., and GSI and Barringer Laboratories, Inc.,
respectively. Other values are based on analyses by GSI, Hunter
Mining Laboratory, Inc., and CENTROMIN-PERU.

several times the average of about 1.5 wt percent for
normal ores from Carlin. The 12 core specimens of
ore from PC-1-86 average 3.5 wt percent Fe. Man-
ganese contents are more than 100 times higher than
at Carlin (Fig. 5). The average for the 12 core samples,
5.3 wt percent, is supported by four analyses of other
rocks ranging from 2.3 and 3.6 wt percent Mn. Based
on XRD study of representative samples, the man-
ganese is present mainly as fine-grained rhodochro-
site. The high silica contents of the rocks are sup-
ported by routinely obtained insoluble residue values
mostly between 60 and 80 wt percent.

The average Hg content of the core specimens is
more than an order of magnitude lower than at Carlin
and Ag, and to a lesser degree Ba, Se, and TI, are
higher. Tellurium (=~3-4 ppm) averages about two
orders of magnitude greater than the mean for Carlin,
which is consistent with the presence of altaite. All
the elevated concentrations, including those of Fe and
Mn, clearly represent epigenetic addition of the ele-
ments.

The elements Ag, As, Hg, Mo, Sb, Te, and Tl show
a positive correlation with Au in the small and spatially
very restricted data set available from PC-1-86. The
covariance is similar to that reported by Joralemon
(1951), Wrucke and Armbrustmacher (1975) and
Harris and Radtke (1976). Based on more than 200
fire assays, Au shows a general, but scattered, cor-
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relation with Ag, with samples with more than 0.1
oz/ton Au having an average Ag/Au ratio of about
2.5. Silver exhibits a strong positive correlation with
Mn (Fig. 6). Manganese, most commonly as rhodonite,
rhodochrosite, and/or alabandite, is typical of Ag-
bearing veins in Peru, and the close relationship be-
tween Ag and Mn at Purisima suggests a close asso-
ciation of these elements during hydrothermal trans-
port and deposition.

One bulk sample of soft, porous, and fine-grained
black, barite-bearing material selected for chemical
and metallurigical study contained about 2.7 oz/met-
ric ton Au, 1.0 oz/metric ton Ag, 730 ppm As, 5.0 wt
percent Ba, 10.4 wt percent Fe, 78 ppm Hg, 240
ppm Mn, 26 ppm Mo, 460 ppm Sb, 10 ppm Te, 0.23
wt percent noncarbonate carbon, and less than 10
ppm each of Cu and Pb. The thallium content is about
0.6 wt percent (based on replicate analyses by Geo-
chemical Services, Inc., and Barringer Laboratories,
Inc.); two similar rocks from other parts of the deposit
have thallium contents of 2,600 and 3,800 ppm. Al-
though the site of the thallium in not clear, these sam-
ples demonstrate that very high concentrations of
thallium can develop in a disseminated form in fine-
grained, homogeneous, and unfractured rock. The
carbonaceous material is apparently active, because
only 2 percent of the gold present was extracted dur-
ing a standard cyanide roll test.

Discussion and Conclusions

Comparison with deposits in the western
United States

The ores of the Purisima Concepcion deposit are
similar in general appearance, lithology, mineralogy
and chemical composition to those of the sedimentary
rock-hosted deposits of the western United States
(e.g., Bagby and Berger, 1985; Radtke, 1985; Bakken
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FIG. 6. Plot of Ag versus Mn for specimens from drill hole
PC-1-86.
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and Einaudi, 1986; Birak and Hawkins, 1985; Rom-
berger, 1986; Johnson and Abbott, 1987; Percival et
al., 1988). With an average Ag/Au ratio of about 2.5,
the Purisima ores are similar to those of the Bald
Mountain and Standard deposits, which provide a link
between the typical sedimentary rock-hosted deposits
of the western United States, in which gold greatly
exceeds silver and silver-dominant systems such as
Taylor (Bagby and Berger, 1985). Notable differences
between Purisima Concepcion and the U. S. deposits
include the intimate association with pluton-related
hydrothermal activity and large-scale base metal
mineralization, and based largely on the data from
Carlin, the higher concentrations of introduced Fe,
and particularly, Mn and Te.

Model for the origin of the Purisima
Concepcion deposit

Although igneous rocks are exposed at or near most
sedimentary rock-hosted deposits, the connection
between igneous activity and mineralization is in
many cases tenuous (e.g., Romberger, 1986; Percival
et al., 1988). In contrast, at Yauricocha there exists a
clear and compelling connection between magmatic
activity and mineralization.

The low Ag to Au and base metal to precious metal
ratios of the Purisima Concepcion ores relative to the
sulfide-rich orebodies of the district can reasonably
be interpreted in terms of progressive differentiation
of hydrothermal solutions. The enargite ores of the
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inner part of the zoning pattern contain Cu, with
lesser amounts of Au, Ag, Zn, and Pb, and have an
Ag/Au ratio of about 100, although enargite-rich
specimens commonly have Ag/Au ratios of less than
20 (Table 1). Progressive removal of Cu, Zn, and Pb
in the enargite, enargite-chalcopyrite-bornite, and
sphalerite-galena zones could have largely depleted
the solutions in base metals. Silver to gold ratios of
100 to 500 in the sphalerite-galena zone, and the
presence of ores containing 10 or more oz/ton Ag and
less than 0.02 oz/ton Au in the silver zone, suggest
that the Ag/Au ratio of the solutions were progres-
sively reduced as the ores were deposited. The rel-
ative abundance of silver in the Purisima Concepcion
deposit is consistent with the generally silver-domi-
nant nature of mineral deposits in central Peru (e.g.,
C. E. Vidal and D. C. Noble, in prep.) and with the
closeness of the deposit to the probable source of the
hydrothermal solutions, which appear to have been
saline and thus good carriers of Ag.

The elevated Te contents appear to reflect the close
proximity to the Yauricocha stock (cf. Afifi et al.,
1988). The stocks and associated volcanic rocks of
the main part of the late Neogene magmatic arc are
not alkalic, although alkalic rocks were erupted east
of the volcanic front (Thompson, 1960; Noble et al.,
1975; Noble and Bowman, 1976; Beckinsale et al.,
1985). Although elevated Te contents are conven-
tionally considered to be associated with alkalic rocks
(e.g., Watterson et al., 1977; Bonham, 1988; Hastings,

TABLE 1. Average Compositions of Ores from the Enargite, Enargite-Chalcopyrite-Bornite, Sphalerite-Galena,
and Silver Zones and the Purisima Concepcién Orebody

1 2 3 4 5 6 7
Au 0.35 0.038 0.049 0.061 0.030 0.020 0.12
Ag 5.9 3.4 4.3 6.8 4.6 16.5 0.30
Cu 16.4 2.4 1.7 1.2 0.68 0.4 0.0025
Pb 3.0 3.8 3.6 4.4 8.5 0.0035
Zn 4.3 6.5 7.5 7.9 8.1 0.009
As 0.43 0.16 0.046
Sb 0.05 0.05 0.017
Ag/Au 17 89 88 111 153 808 2.5
Ag/Cu® 1.2 4.9 8.7 19.4 23 141 411
Ag/Pb® 3.9 3.9 6.5 3.6 6.7 294
Au/Cu® 0.07 0.06 0.08 0.18 0.15 0.18 165
Pb/Cu 1.3 2.2 3.0 6.5 16 1.4
Zn/Cu 1.8 3.8 6.3 12 20 3.6
Pb/Zn 0.7 0.6 0.5 0.6 1.0 0.39
Sb/As (very low) (low) (low) 0.12 0.33 0.38

Specimens: 1, mean of 12 bulk specimens of rich enargite ore, Main Catas orebody; 2, mean composition, Cuye orebody; 3, mean
composition, Main Catas orebody; 4, mean composition, Eastern Contact orebody; 5, mean composition, Antacaca orebody; 6, mean
composition, Western Contact orebody; 7, mean composition of 12 samples of Purisima Concepcion ores cut by drill hole PC-1-86

Au and Ag in oz/ton, other elements in wt percent; data compiled from various sources; except as indicated values for columns 2
through 6 are calculated ore-block averages; Au, As, and Sb values for Eastern Contact and Western Contact orebodies are analyses
of specially prepared composite samples; ratios are weight ratios, those marked with an asterisk have been multiplied by 1,000; the
qualitative Sb/As ratios in columns 1, 2, and 3 are based on concentrate assay data
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1988), it appears that a significant Te signature can
develop in nonalkalic terranes (cf. Sillitoe, 1988).

Although we lack stable isotope data, the geologic
relations, mineralogy, and chemistry of the deposit
suggest that the initial fluids were largely of deep-
seated origin which presumably mixed to greater or
lesser degrees with meteoric fluids prior to and/or
during differentiation. These evolved base metal-poor
residual fluids were then structurally focused on a
zone of relatively permeable and lithologically favor-
able strata. The local presence of pyrrhotite and ar-
senopyrite, the scarcity of arsenic sulfides (and the
presumed presence of arsenian pyrite, arsenopyrite,
and/or native arsenic; Rytuba, 1985), and the pres-
ence of carbonaceous material suggest that Au-Ag
deposition took place under conditions of low S, and
O, fugacities markedly different from those of the
initial solutions.

The depth of formation was at least 400 m, because
strongly glacially eroded remnants of Cretaceous
strata reach elevations of greater than 5,000 m several
kilometers north and west of the deposit. The coex-
isting hypersaline and vapor-dominated fluid inclu-
sions in the Yauricocha stock suggest an even greater
depth, which would be consistent with depths of
1,000 m or more inferred by some geologists from
geologic and fluid inclusion data for certain of the
sedimentary rock-hosted deposits in the western
United States (Kuehn and Bodnar, 1984; Bonham,
1985; Schnorr et al., 1986).

Relation to contact metasomatic distal deposits

Sillitoe (1983, 1988) and Bonham (1985, p. 72)
have discussed a class of bulk mineable contact meta-
somatic distal precious metal deposits “believed to
be related to granitic intrusive rocks but which lie
beyond the zone of well-developed skarn formation,”
as, for example, the gold deposits at Copper Canyon,
Nevada (Blake et al., 1984; Theodore et al., 1986;
Wotruba et al.,, 1986, 1988; see also Orris et al.,
1987). Purisima Concepcion would appear to blur the
distinction between the “contact metasomatic distal
deposit” and sediment-hosted disseminated precious-
metal deposit categories (a possibility presciently
recognized by Sillitoe, 1983), with the term applied
reflecting the degree of association of the deposit with
intrusive rocks, the nature of the host material, and
the initial composition and degree of evolution of the
hydrothermal solutions from which a given deposit
was formed. Other examples of the close spatial and
genetic relationship between sedimentary rock-
hosted, disseminated ores, gold-bearing calc-silicate
rocks, and high-level silicic intrusions are provided
by the Bau district, Indonesia (Wolfenden, 1965;
T. J. Percival et al., in prep.), and the Te-rich Star
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Pointer deposit (Smith et al., 1988), which is closely
related to the Ruth (Nevada) porphyry system.

General implications for the origin of sedimentary
rock-hosted deposits

Because of its clear association with a porphyry-
skarn system and major polymetallic mineral deposits,
Purisima Concepcion has implications for the origin
and evolution of the fluids from which certain of the
sedimentary rock-hosted, precious metal deposits of
the western United States and other regions were de-
posited. Ore solutions compositionally appropriate to
form Au-, As-, Sb-, Tl- and Hg-rich and Ag- and base
metal-poor sedimentary rock-hosted deposits can
form from magmatically derived and/or closely related
hydrothermal solutions by a process of hydrothermal
differentiation (see, for example, Petersen et al., 1977;
Hackbarth and Petersen, 1984). Derivation of metals
and other components from metal-bearing carbona-
ceous or other sedimentary rocks (e.g., Dickson et
al., 1979; Romberger, 1986) would not appear to be
required for the formation of all sedimentary rock-
hosted deposits. Admixture with meteoric waters
could mask any high 8'®0 fluids involved. The high
Au/Ag ratios of many sedimentary rock-hosted de-
posits may largely reflect a combination of changes
in the Au/Ag ratio produced during early base metal
deposition and subsequent selective precipitation of
low concentrations of silver in limestone (see below)
and perhaps in other rock types that were not litho-
logically favorable for the deposition of gold. The
presence of hypersaline fluid inclusions suggests a
similar mechanism of formation for the Candelaria,
Nevada, silver deposit (Foster et al., 1988). Boiling
(e.g., Cole and Drummond, 1986) may not be re-
quired to explain the high Au/Ag ratios and very low
base metal contents of many sedimentary rock-hosted
deposits. The relative abundance of carbonate
daughter minerals in the fluid inclusions observed in
the potassium silicate-altered portion of the Yauri-
cocha stock, and the local presence of pyrrhotite (cf.
Rytuba, 1985), would appear consistent with the rel-
atively high CO, contents of the solutions from which
the Carlin and other sedimentary rock-hosted deposits
in the western United States were deposited (Kuehn
and Bodnar, 1984; Bagby and Berger, 1985; Schnorr
et al., 1986).

Exploration for similar deposits in central and
northern Peru

Prime exploration targetsin the Western Cordillera
include localities where thin-bedded, silty to sandy
carbonaceous siltstone or carbonate rock of the Par-
iatambo and Jumasha Formations is cut or underlain
by stocks or other Cenozoic intrusive bodies. How-
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ever, the rich distal silver ores presently being pro-
duced at Colquijirca from the fresh-water Calera
Limestone of Paleogene age (Vidal et al., 1984) and
the range of lithologies known to host disseminated
ores in the western United States together suggest
that exploration should not be restricted to the Par-
iatambo and Jumasha Formations. Tellurium may be
a useful addition to the standard geochemical explo-
ration suite of Au, Ag, As, Sb, and Hg. Alteration and
fluid inclusion features should allow the identification
of productive stocks where they have been exposed
by erosion. Plutons typically are exposed at high
structural levels, and unexposed stocks may only be
recognizable by geochemical or alteration features.
Relatively pure limestone and other rocks near Pur-
isima Concepcion commonly have Ag, As, and perhaps
to a lesser extent, Sb contents similar to those of the
ores, and concentrations of these elements in litho-
logically unfavorable carbonate rock may prove help-
ful in locating hidden gold deposits, although pre-
sumably the fluids that deposited sedimentary rock-
hosted deposits with very high Au/Ag ratios would
not possess a silver halo. Such geochemical anomalies,
which could guide the location of induced polarization
and related surveys, also have the potential for locat-
ing base metal deposits. The Western Cordillera has
been affected by several phases of complex compres-
sional deformation during Cretaceous and Cenozoic
time (Mégard, 1978b; Angeles, 1987) and the faults,
fractures, and folds developed during these phases
can be expected to have had as important an influence
in the channeling of hydrothermal solutions there as
they have in the western United States (e.g., Percival
et al., 1988; Rota, 1988).

Acknowledgments

Part of the work of the second author was done
under the auspices of the United Nations Program of
Technical Cooperation for Development. Some of the
geochemical analyses and certain other items were
paid for by funds from the National Science Foun-
dation and other sources. Julio Bonelli, Director del
Departamento de Investigaciones Metaluargicas,
worked closely in proving the economic feasibility of
the deposit. Gervacio Rodriguez and Antonio Cor-
doba collected many of the specimens on which geo-
chemical data were obtained and N. Landeo and
Pedro Gagluiffi provided petrographic data on the
ores. We thank Carlos Angeles and Frangois Mégard
for comments on Mesozoic stratigraphy, L.-C. Hsu
for help with the Chinese literature, and G. J. Orris
and T. G. Theodore for calling our attention to the
Bau deposit. W. C. Bagby provided a constructive
review of the original manuscript as well as a copy of
his manuscript on the Bau district. We are particularly
indebted to V. R. Eyzaguirre, former Presidente del

A. ALVAREZ A. AND D. C. NOBLE

Directorio of CENTROMIN, Guillermo Guanilo,
Gerente de Minas, Concentradores y Geologia, Ar-
naldo Leén, Jefe de la Oficina de Planemiento Cor-
porativo, and Julio Pastor, former Director del De-
partamento de Geologia, without whose initiative and
support this study would not have been possible.

January 11, July 7, 1988

REFERENCES

Afifi, A. M., Kelly, W. C,, and Essene, E. J., 1988, Phase relations
among tellurides, sulfides, and oxides: II. Applications to tel-
luride-bearing ore deposits: ECON. GEOL., v. 83, p. 395-404.

Alvarez A., A., Bonelli, A,, J., and Noble, D. C., Sedimentary-
rock-hosted precious-metal deposits of the Yauricocha district,
central Pert (extended abstract): Internat. Geol. Cong., 28th
Washington, D. C., 1989, abstract volume.

Angeles, C., 1987, Les chevauchements de la Cordillére occi-
dentale par 12°15’ S (Andes du Pérou Central): Unpub. Ph.D.
thesis, France, Univ. Montpellier, 184 p.

Armstrong, A. K., Bagby, W. C., Ekburg, C., and Repetski, J.,
1987, Petrographic and scanning electron microscope studies
of samples from the Roberts Mountains and Popovich Forma-
tions, Carlin mine area, Eureka County, Nevada: U. S. Geol.
Survey Bull. 1684, 22 p.

Bagby, W. C., and Berger, B. R., 1985, Geologic characteristics
of sediment-hosted, disseminated precious-metal deposits in the
western United States: Rev. Econ. Geology, v. 2, p. 169-202.

Bagby, W. C., Menzie, W. D., Mosier, D. L., and Singer, D. A.,
1986, Grade and tonnage model of carbonate-hosted Au-Ag:
U. S. Geol. Survey Bull. 1693, p. 175-177.

Bakken, B. M., and Einaudi, M. T., 1986, Spatial and temporal
relations between wall rock alteration and gold mineralization,
main pit, Carlin gold mine, Nevada, U.S.A., in Macdonald,
A.]., ed., Gold '86: Willowdale, Ontario, Konsult Internat. Inc.,
p. 388-403.

Barnett, E. S., Hutchinson, R. W., Adamcik, A., and Barnett, R.,
1982, Geology of the Agnico Eagle gold deposit, Quebec: Geol.
Assoc. Canada Spec. Paper 25, p. 403-426.

Beckinsale, R. D., Sanchez-Fernandez, A. W., Brook, M., Cobbing,
E.]., Taylor, W. P., and Moore, N. D., 1985, Rb-Sr whole-rock
isochron and K-Ar age determinations for the Coastal batholith
of Peru, in Pitcher, W. S., Atherton, M. P., Cobbing, E. J., and
Beckinsale, R. D., eds., Magmatism at a plate edge—the Pe-
ruvian Andes: Glasgow and London, Blackie, p. 177-207.

Birak, D. J., and Hawkins, R. B., 1985, The geology of the Enfield
Bell mine and the Jerritt Canyon district, Elko County, Nevada:
U. S. Geol. Survey Bull. 1646, p. 95-105.

Blake, D. W., Wotruba, P. R., and Theodore, T. G., 1984, Zonation
in the skarn environment at the Minnie-Tomboy gold deposit:
Geol. Soc. Arizona Digest, v. 15, p. 67-72.

Bonham, H. F., Jr., 1985, Characteristics of bulk-minable gold-
silver deposits in cordilleran and island-arc settings: U. S. Geol.
Survey Bull. 1646, p. 71-77.

1988, Models for volcanic-hosted epithermal precious metal
deposits, in Schafer, R. W., Cooper, J. J., and Vikre, P. G, eds.,
Bulk mineable precious metal deposits of the western United
States, symposium proceedings: Reno, Geol. Soc. Nevada, p.
259-271.

Bruha, D. J., and Noble, D. C., 1983, Hypogene quartz-alunite
+ pyrite alteration formed by moderately saline, ascendant hy-
drothermal solutions [abs.]: Geol. Soc. America Abstracts with
Programs, v. 75, p. 325.

Cole, D. R., and Drummond, S. E., 1986, The effect of transport
and boiling on Ag/Au ratios in hydrothermal solutions: A pre-
liminary assessment and possible implications for the formation




PURISIMA CONCEPCION DEPOSIT, PERU

of epithermal precious-metal ore deposits: Jour. Geochem. Ex-
plor., v. 25, p. 45-79.

Cunningham, C. G., Chou, I.-M., Huang, T. S, Wan, C. Y,, and
Li, W. K., 1987, Newly discovered disseminated gold deposits
in the People’s Republic of China [abs.]: Symposium on bulk
mineable precious metal deposits of the western United States,
Sparks, Nevada, 1987, Program with Abstracts, p. 11.

Departamento de Geologia de Cerro de Pasco Corporation, 1970,
Geologia de los yacimientos minerales operados por la Cerro
de Pasco Corporation: Cong. Lationoamericano Geologia, 1st,
Lima, Pert, November 1970, 155 p.

Dickson, F. W., Rye, R. O., and Radtke, A. S., 1979, The Carlin
gold deposit as a product of rock-water interactions: Nevada
Bur. Mines Geology Rept. 33, p. 101-108.

Drexler, J. W., and Noble, D. C., 1983, Highly oxidized sulfur-
rich dacite-rhyolite magmas of the Julcani silver district, Peru:
Insights into a productive magma system [abs.]: Geol. Soc.
America Abstracts with Programs, v. 15, p. 325.

Foster, J. R., Larson, L. T., and Noble, D. C., 1988, Hypersaline
and liquid CO,-bearing fluid inclusions suggest that the Can-
delaria sediment-hosted Ag deposit is related to a porphyry
system [abs.]: Geol. Soc. America Abstracts with Programs, v.
20, p. 161.

Geng, W., 1985, Gold deposits of Carlin-type—their essential
minerals and paragenetic conditions: Geology Prospecting, v.
21, no. 10, p. 16-21 (in Chinese).

Giletti, B. J., and Day, H. W., 1968, Potassium-argon ages of ig-
neous intrusive rocks of Peru: Nature, v. 220, p. 570-572.

Gott, G. B,, and McCarthy, J. H,, Jr., 1966, Distribution of gold,

silver, tellurium, and mercury in the Ely mining district, White '

Pine County, Nevada: U. S. Geol. Survey Circ. 535, 5 p.

Gustafson, L. B., and Williams, N., 1981, Sediment-hosted strat-
iform deposits of copper, lead, and zinc: ECON. GEOL. 75TH
ANNIV. VOL., p. 139-178.

Hackbarth, C., and Petersen, U., 1984, A fractional crystallization
model for the deposition of argentian tetrahedrite: ECON. GEOL.,
v. 79, p. 448-460.

Harris, M., and Radtke, A. S., 1976, Statistical study of selected
trace elements with reference to geology and genesis of the
Carlin gold deposit, Nevada: U. S. Geol. Survey Prof. Paper
960, 21 p.

Hastings, J. S., 1988, Gold deposits of Zortman-Landusky, Little
Rocky Mountain, Montana, in Schafer, R. W., Cooper, J. J., and
Vikre, P. G, eds., Bulk mineable precious metal deposits of the
western United States, symposium proceedings: Reno, Geol.
Soc. Nevada, p. 187-205.

Iten, K. W. B., 1952, Purisima Concepcion—lead mineralization.
Progress report: LaOroya, Pert, Cerro de Pasco Corp., private
rept., 4 p.

Johnson, J. L., and Abbott, E., eds., 1987, Bulk-mineable precious-
metal deposits of the western United States, Guidebook for field
trips: Reno, Geol. Soc. Nevada, 418 p.

Joralemon, P., 1951, The occurrence of gold at the Getchell mine,
Nevada: ECON. GEOL., v. 46, p. 267-310.

Kuehn, C. A., and Bodnar, R. J., 1984, P-T-X characteristics of
fluids associated with the Carlin sediment-hosted gold deposit
[abs.]: Geol. Soc. America Abstracts with Programs, v. 16, p.
566.

Lacy, W. C., 1949, Oxidation processes and formation of oxide
ore at Yauricocha: LaOroya, Soc. Geol. Pert, Vol. Jubilar, 25th
Aniv., pt. 2, fasc. 12, 15 p.

Liu, D., and Geng, W., 1985, On the mineral association and
mineralization conditions of the Carlin-type gold deposits in
China: Geochimica, v. 9, no. 3, p. 277-282 (in Chinese).

Mégard, F., 1978a, Carte géologique des Andes du Pérou central:
Paris, Office Recherche Sci. Tech. Outre-Mer, scale 1:500,000.

1978b, Etude géologique des Andes du Pérou central: Office

Recherche Sci. Tech. Outre-Mer Mem. 86, 310 p.

1377

Metzger, F. W., Kelly, W. C., Nesbitt, B. E., and Essene, E. J.,
1977, Scanning electron microscopy of daughter minerals in
fluid inclusions: ECON. GEOL., v. 72, p. 141-152.

Noble, D. C., and Alvarez A., A., 1988, Purisima Concepcion, a
Te-rich sediment-hosted disseminated precious-metal deposit
associated with a high fo, and fs, porphyry system [abs.]: Geol.
Soc. America Abstracts with Programs, v. 20 (in press).

Noble, D. C., and Bowman, H. R., 1976, Geochemical and field
constraints on the depth of differentiation and eruptive history
of silicic calc-alkalic magmas related to base and precious metal
mineralization, Andes of central Peru [abs.]: Geol. Soc. America
Abstracts with Programs, v. 8, p. 615.

Noble, D. C., and Silberman, M. L., 1984, Evolucién volcanica y
hidrotermal y chronologia de K/Ar del Distrito Minero del Jul-
cani: Geol. Soc. Pert, Vol. Jubilar, 60 Aniv., fasc. 5, 35 p.

Noble, D. C., Bowman, H. R., Hebert, A. J., Silberman, M. L.,
Heropoulos, C. E., Fabbi, B. P., and Hedge, C. E., 1975,
Chemical and isotopic constraints on the origin of low-silica
latite and andesite from the Andes of central Peru: Geology, v.
3, p. 501-504.

Noble, D. C., McKee, E. H., and Mégard, F., 1979, Early Tertiary
“Incaic” tectonism, uplift, and volcanic activity, Andes of central
Peru: Geol. Soc. America Bull., v. 90, p. 77-85.

Orris, G. J., Bliss, J. D., Hammarstrom, J. M., and Theodore,
T. G., 1987, Description and grades and tonnages of gold-bear-
ing skarns: U. S. Geol. Survey Open-File Rept. 87-273, 50 p.

Percival, T. J., Bagby, W. C., and Radtke, A. S., 1988, Physical
and chemical features of precious-metal deposits hosted by
sedimentary rocks in the western United States, in Schafer,
R. W, Cooper, J. J., and Vikre, P. G., eds., Bulk mineable pre-
cious metal deposits of the western United States, symposium
proceedings: Reno, Geol. Soc. Nevada, p. 11-34.

Petersen, U., 1965, Regional geology and major ore deposits of
central Peru: ECON. GEOL., v. 60, p. 407-476.

Petersen, U., Noble, D. C., Arenas, M. J., and Goodell, P. C,,
1977, Geology of the Julcani mining district, Peru: ECON. GEOL.,
v. 72, p. 931-949.

Radtke, A. S., 1985, Geology of the Carlin gold deposit, Nevada:
U. S. Geol. Survey Prof. Paper 1267, 124 p.

Radtke, A. S., Rye, R. O., and Dickson, F. W_, 1980, Geology and
stable isotope studies of the Carlin gold deposit, Nevada: ECON.
GEOL., v. 75, p. 641-672.

Romberger, S. B., 1986, Ore deposits #9—disseminated gold de-
posits: Geosci. Canada, v. 13, p. 23-31.

Rota, J. C., 1988, The Gold Quarry mine: History and general
geology, in Schafer, R. W., Cooper, J. J., and Vikre, P. G, eds.,
Bulk mineable precious metal deposits of the western United
States, symposium proceedings: Reno, Geol. Soc. Nevada, p.
49-56.

Rytuba, J. J., 1985, Geochemistry of hydrothermal transport and
deposition of gold and sulfide minerals in Carlin-type gold de-
posits: U. S. Geol. Survey Bull. 1646, p. 27-34.

Scherkenbach, D. A., and Noble, D. C., 1984, Potassium and ru-
bidium metasomatism at the Julcani district, Peru: ECON. GEOL.,
v. 79, p. 565-572.

Schnorr, P. H., Kesler, S. E., and Cloke, P. L., 1986, Micron gold-
associated jasperoid: Fluid inclusion chemistry and geother-
mometry [abs.]: Jour. Geochem. Explor., v. 25, p. 247.

Sillitoe, R. H., 1983, Low-grade gold potential of volcano-plutonic
arcs: Nevada Bur. Mines Geology Rept. 36, p. 52-68.

1988, Gold and silver deposits in porphyry systems, in

Schafer, R. W., Cooper, J. J., and Vikre, P. G., eds., Bulk mine-

able precious metal deposits of the western United States, sym-

posium proceedings: Reno, Geol. Soc. Nevada, p. 233-257.

Smith, M. R., Wilson, W. R., Benham, J. A., Pescio, C. A., and
Valenti, P., 1988, The Star Pointer gold deposit, Robinson min-
ing district, White Pine County, Nevada, in Schafer, R. W.,




1378

Cooper, J. J., and Vikre, P. G., eds., Bulk mineable precious
metal deposits of the western United States, symposium pro-
ceedings: Reno, Geol. Soc. Nevada, p. 221-231.

Stewart, J. H., 1980, Geology of Nevada: Nevada Bur. Mines
Geology Spec. Pub. 4, 136 p.

Theodore, T. G., Howe, S. S., Blake, D. W., and Wotruba, P. R.,
1986, Geochemical and fluid zonation in the skarn environment
at the Tomboy-Minnie gold deposits, Lander County, Nevada:
Jour. Geochem. Explor., v. 25, p. 99-128.

Thompson, D. S. R., 1960, The Yauricocha sulphide deposits,
central Peru: Unpub. Ph.D. dissert., Imperial College, Uniyv.
London, 154 p.

Tingley, J. V., and Bonham, H. F., Jr., 1986, Sediment-hosted
precious-metal deposits of northern Nevada: Nevada Bur. Mines
Geology Rept. 40, 103 p.

Vidal, C., Mayta, O., Noble, D. C., and McKee, E. H., 1984, Sobre
la evolucién de soluciones hidrotermales desde el centro vol-
cancio Marcapunta en Colquijirca, Pasco: Lima, Soc. Geol. Per,
Vol. Jubilar 60 Aniv., pt. 10, 14 p.

Watterson, J. R., Gott, G. B., Neuerburg, G. J., Lakin, H. W, and

A. ALVAREZ A. AND D. C. NOBLE

Cathrall, J. B, 1977, Tellurium, a guide to mineral deposits:
Jour. Geochem. Explor., v. 8, p. 31-48.

Wolfenden, E. B., 1965, Bau mining district, West Sarawak, Ma-
laysia, Part I, Bau: Malaysia (Borneo Region) Geol. Survey Bull.
7,pt. 1, 147 p.

Wotruba, P. R., Benson, R. G., and Schmidt, K. W., 1986, Battle
Mountain describes the geology of its Fortitude gold-silver de-
posit at Copper Canyon: Mining Eng., v. 38, p. 495-499.

1988, Geology of the Fortitude gold-silver skarn deposit,
Copper Canyon, Lander County, Nevada, in Schafer, R. W.,
Cooper, J. J., and Vikre, P. G., eds., Bulk mineable precious
metal deposits of the western United States, symposium pro-
ceedings: Reno, Geol. Soc. Nevada, p. 159-171.

Wright, C. M., 1966, Geochemical and geological studies of barren
and productive plutons in the Yauricocha area, central Peru:
LaOroya, Perti, Cerro de Pasco Corp., private rept., 60 p.

Wrucke, C. T., and Armbrustmacher, T. J., 1975, Geochemical
and geologic relations of gold and other elements at the Gold
Acres open-pit mine, Lander County, Nevada: U. S. Geol. Sur-
vey Prof. Paper, 27 p.




