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ABSTRACT

The deposits of the Huancavelica district, the most important producers of mercury in the western
hemisphere, may be interpreted as portions of an enormous geochemical anomaly situated at very high
levels above one or more magmatic systems of general porphyry type. In this model, mercury was
deposited along with Ag, As, Sb, Tl, mobilized hydrocarbons, and small amounts of base metals,
including Bi, from highly differentiated hydrothermal solutions that previously had transporied and
deposited base metals. Gold contents of the mercury ores are extremely low. The enormous amounts of
mercury deposited at high levels suggests that complementary lead, zinc, copper and precious metals
at depth could comprise world-class ore bodies. Potential targets include vein, replacement, skarn and
porphyry-type deposits.

An alternative interpretation involves leaching of metals and other components from basement rocks by
a large, thermally-driven hydrothermal convection system and focussing of upwelling fluids within zones
of structurat permeability. Heat could have been provided by Miocene intrusives directly west of the belt
of mercury deposits and anomalies. There is a lower probability of related polymetallic ores if the
mercury deposits were formed by processes involving water-rock interaction. The existence at depth of
Carlin- or Purisima-type sedimentary rock-hosted gold deposits is a possiblity in either model, and their
formation could explain the very low observed Au contents and very high Ag/Au ratios. Radiogenic and
stable isotope data for ores, volcanic rocks and basement rocks may help to constrain genetic models.

INTRODUCTION

The Huancavelica district, central Perii, remains the
largest producer of mercury in the western hemisphere.
The famous Santa Barbara mine, situated at an eleva-
tion of about 4,300 m above the city of Huancavelica,
was by far the most important in the district. This paper
presents some new geological and geochemical data
and discusses possible origins of the mercury mineral-
ization and the base-metal and silver potential of the
district.

GEOLOGICAL SETTING

Deformed sedimentary rocks ranging from Paleo-
zoic¢ to early Miocene in age are exposed within and
near the Huancavelica district (Narvaez & Guevara,
1968; McKee and Noble, 1982). These rocks were

tightly folded around north-south trending axes during
the early Miocene Quechua I phase and earlier tectonic
events (Yates et al., 1951; Ferndndez Concha et al.,
1952; McKee and Noble, 1982; Mégard et al., 1984).
Recent observations by the author in the northern part
of the Huachocolpa district suggest that compressive
deformation also affected the zone during the Quechua
II phase about 10 Ma. The folded rocks are intruded
and overlain with profound unconformity by younger
lavas of dacitic composition. Although middle Miocene
lavas are present, most of the volcanics within the dis-
trict are of late Miocene age (McKee et al., 1986).

The Huancavelica district is located within the
southern part of a major metallogenetic belt of middle
to late Miocene (about 7 to 16 Ma) age that extends
along the Western Cordillera from the southern part of
ceniral Peri to near the border with Ecuador (Noble et
al., 1989). The district is surrounded by numerous
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mineral deposits and prospects and by a number of
mercury occurrences. Important polymetallic and pre-
cious-metal mines of the Julcani, Huachocolpa and
Castrovirreyna districts are located several tens of kilo-
meters to the southeast, south and southwest (Fig. 1).
Polymetallic veins and replacement bodies are exposed
over a broad area in the Tinyaclla district to northwest
of the Santa Bdrbara mine (Fig. 1). Cinnabar, princi-
pally in stockwork veinlets developed in limestone, is
found in the Manta area in the northwest part of the
Tinyaccla district and at mina Torciopelo and the Cerro
Chufiumayo area south of Santa Bdrbara (Fig. 1).

MINERALIZATION

Almost all of the mercury produced in the Huanca-
velica district was hosted by sandstone of the Gran
Farall6n member of the Goylarisquizga Group of Early
Cretaceous age. A small amount of ore was mined from
deposits in Mesozoic limestone and dacite lava. At the
Santa Bérbara mine, situated near the axis of a tight,
faulted anticline, ore was mined from tabular to irregu-
lar ore bodies, mainly consisting of open-space fillings
in Cretaceous sandstone and Neogene volcanic breccia,
that extended for a vertical distance of about 300 m.
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It is clear that mineralization postdates the emplace-
ment of the dacite lavas, which have been dated at
about 7 to 7.5 Ma (McKee et al., 1986). An upper limit
on the time of mineralization is given by an age of 3.3
* 0.3 Ma on an unaltered dike that cuts altered and
mineralized dacite and sandstone. However, because of
the close relation inferred between magmatic and hy-
drothermal activity, mineralization probably took place
very shortly after eruption of the dacite lavas. This age
is within the period of from about 6 to 12 Ma over
which polymetallic and precious-metal ores were de-
posited in the nearby Julcani, Huachocolpa and Cas-
trovirreyna districts (Bruha et al., 1982; Noble and
Silberman, 1984; E. H. McKee and D. C. Noble,
unpub. data).

Both eruption of the late Miocene dacites and min-
eralization took place after major uplift and formation
of the deep canyons that incise the high plateaus. The
topographic relief of almost 1,000 m controlled the
movement of the dacite lavas and almost certainly in-
fluenced the flow patterns of later high-level hydro-
thermal solutions.

Presently subeconomic polymetallic veins are com-
mon near, and locally within, the Huancavelica district.
Pyrite and tetrahedrite are the most important minerals
in the Ccollccemina and Farallén veins at the Santa
Barbara mine and at Yana Mina about four kilometers
south of Santa Barbara. These minerals are variously
associated with galena, sphalerite, arsenopyrite, chal-
copyrite, jamesonite, stibnite, quartz, barite and hydro-
carbon and/or bituminous material (Yates et al., 1951;
Ferndndez Concha et al., 1952).

The mercury ores of the Huancavelica district con-
tain cinnabar and lesser amounts of native mercury
closely associated with pyrite, realgar, orpiment, arse-
nopyrite and stibnite (Yates et al., 1951; Ferndndez
Concha et al., 1952). Marcasite is present in some
specimens, and may be the dominant iron sulfide phase
in the district. Mercury appears to occur late in the
paragenetic sequence. Base metals are present in gener-
ally low concentrations, but masses of galena 10 to 20
cm in diameter have been found in some places in the
Santa Bdrbara mine. The ores contain significant
amounts of hydrocarbon and/or bituminous material.
Mineralization was contemporaneous with and/or fol-
lowed formation of innumerable narrow, curivplanar to
irregular, commonly crosscutting fractures filled with
small, angular fragments of quartz grains cemented by
hydrothermal quartz. These fractures are similar to
those observed in the sandstone-hosted gold deposits of
northern Perii (Montoya et al., 1995). The origin of
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these anastamosing structures in unclear, but the pres-
ence of fine-grained tuffisite dikes elsewhere in the
district suggest that their formation at least in part may
have involved the action of vapor or supercritical fluid
under high pressure. Clay beds exposed within the
zone of mineralization consist largely of kaolinite and
quartz, although hydrothermal adularia has been recog-
nized elsewhere within the district.

Geochemical analyses of several samples of low- to
medium-grade ores from the Santa Béarbara mine sug-
gest Cu, Mo and Bi contents, respectively, in the 5-15,
2-6, and 1-20 ppm range, with variable, but generally
high (=20) Pb/Cu ratios. Arsenic is in the range 100-
400+ ppm and is generally more abundant than Sb; Se
and Te are <] ppm and TI contents are 1-3 ppm. Silver
is present in appreciable amounts, perhaps as tetrahe-
drite, and specimens can be readily found that contain
several ounces Ag. Although silver is not cyanide solu-
ble (Noble and Vidal, 1990), roasting liberates Ag, per-
mitting cyanide recoveries of about 90 percent from re-
tort tails. The ratio Hg/Ag varies widely, from <1 to
>200.

Even more remarkable are the extremely low gold
concentrations of the mercury ores (Noble and Vidal,
1990). Gold contents are typically <1 ppb, with Ag/Au
ratios of >15,000. Very limited and areally restricted
sampling suggests that the entire district may be abnor-
mally poor in gold. For example, several sulfide-rich
samples from Yana Mina have highly elevated As, Sb,
Bi, Hg and Tl and Ag/Au of from 2x10*to 2105,
Samples with relatively low Ag/Au include an oxide-
rich sample with Ag/Au of about 3,000 and a carbon-
rich specimen with abundant base metals, As, Sb, Hg
and Tl with Ag =40 ppm and Ag/Au =150.

GENERATION OF METAL-BEARING
HYDROTHERMAL SOLUTIONS

There are several potential methods for generating
the hydrothermal solutions that formed the mineral de-
posits of the Huancavelica district.

MAGMATIC-HYDROTHERMAL ORIGIN

As discussed by Noble and Vidal (1990), the mer-
cury ores of the Huancavelica district may be inter-
preted as having been deposited from distal solutions
produced by hydrothermal differentiation (cf. Petersen
et al., 1977; Petersen, 1990) from solutions of the same
fundamental type that deposited the polymetallic and
base metal-rich silver ores of the region. This interpre-
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tation would appear to be supported by the new
geochemical data and is consistent with the general
relative abundance of mercury in various types of hy-
drothermal deposits (e.g., Soler, 1987) and with thefact
that mercury is a highly mobile element that has been
used as a pathfinder for various types of base-and pre-
cious-metal mineral deposits. Only where metals are
precipitated rapidly and at considerable pressure, for
example to form submarine massive sulfide deposits,
are considerable amounts of mercury deposited with
the common base metals.

Extending this line of reasoning, the mercury ores
of the Huancavelica district can be interpreted as an
enormous geochemical anomaly situated above a very
large, unexposed complementary polymetallic (Cu-Zn-
Pb-Ag) mineral system (Noble, 1994). Support for this
interpretation is given by the fact that the distal or up-
permost parts of certain polymetallic veins in this re-
gion, and elsewhere, contain appreciable amounts of
mercury accompanied by arsenic and antimony. These
include the outermost parts of certain of the veins in
the Herminia zone of the Julcani district and the
Carlota prospect west of the Santa Barbara mine (Fig.
1). Specimens of rich Pb-Zn ore from narrow veins at
Carlota are reported to contain about 4 to 7 0z/TM Ag,
0.02% Cu, 2 to 2.5 gm/TM Au, 2 to 4% Sb, 1 t0 2% As
and 20-80 ppm Hg.

The remarkable spatial and temporal association of
Neogene polymetallic and precious-metal mineraliza-
tion of the Western Cordillera with igneous activity
(e.g., Petersen, 1965; Noble & Vidal, 1994), the com-
mon presence of hydrothermal breccias and tuffisite
dikes and the local occurrence of hypersaline fluid in-
clusions (e.g., Shelnutt and Noble, 1985), and the con-
clusive demonstration by stable-isotope methods of the
presence of magmatic fluids at the nearby Julcani dis-
trict {(Deen et al., 1994) all suggest that the poly-
metallic mineralization inferred to be present at depth
would be genetically related to a large, and probably
complex, magmatic system. Intrusives with porphyry
texture are exposed about 15 km south of the Santa
Bérbara mine (McKee et al., 1975) and at Luchito in
the Huachocolpa district and Pb-Zn-Ag-Cu skarn de-
posits are related to intrusive bodies at Rifle in the
southeastern part of the Tinyaclla district. The presence
of bodies of hydrothermal breccia (Modelohuayco,
Cabramachay, Ninabamba) with average diameters of
about 0.5 km (Vidal & Cabos, 1984; Noble & Vidal,
1990) are consistent with a magmatic-hydrothermal
origin, as are the moderately to highly elevated Bi con-
tents and local Te concentrations of from 2 to >10 ppm
in certain ores of the district. The Santa Barbara ores
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contain considerable amounts of mobilized car-
bonaceous material, suggesting the possibility of lime-
stone replacement or skarn as well as vein-type depos-
its, Porphyry copper (Mo, Au) deposits are also a pos-
sibility.

CONVECTIVE LEACHING OF BASEMENT ROCK

Is there some way that large amounts of mercury
could have been deposited at high levels without depo-
sition of complementary base metals at depth? Al-
though there are several marked differences, notably
the absence of gold and elevated silver, the presence of
significant amounts of Bi and, in some rocks, Te, and
the greater abundance of mercury, the geochemical sig-
nature of the Huancavelica ores is reminiscent of that
of Carlin-type gold deposits (e.g., Hofstra et al., 1991).
Another difference is that at least some Carlin-type de-
posits were formed at considerable depth (Bagby and
Cline, 1991; Kuehn and Rose, 1995), in strong contrast

" to the very shallow level of mercury mineralization in

the Huancavelica district. Models proposed for the for-
mation of Carlin-type deposits range from magmatic-
hydrothermal (e.g., Sillitoe and Bonham, 1990) to
models in which gold and other metals are leached
from enormous volumes of sedimentary rock by con-
vecting meteoric, connate or other fluids driven by
magmatic systems or regional heat flow and the result-
ant metal-bearing fluids focussed in structural or other
zones of high permeability (Dickson et al., 1979;
Radtke et al., 1980; Thorman et al., 1995).

The principal mercury deposits of the Huancavelica
district are centered on a zone of tight folding and as-
sociated faulting. The N-8 trending belt of mercury de-
posits and anomalies could reflect upward movement
of hydrothermal fluids along such a structural zone,
possibly when tectonic stresses had relaxed. The mer-
cury belt lies along the eastern margin of a belt of ma-
jor middle 1o late Miocene magmatic activity (Noble et
al., 1975) that could have provided the necessary ther-
mal input for convective fluid movement. Central Peri
was under compressive stress intermittently during late
Miocene time (Mégard et al., 1984), and a variant of
the mode!l would involve tectonic mobilization of deep,
metal-bearing fluids. Alternatively, metal-bearing mag-
matic fluids could have episodically mixed to greater
or lesser degrees with deeply circulating nonmagmatic
waters that had interacted with wallrock. Hybrid mod-
els of this type could explain the varying amounts of Bi
and Te in the Huancavelica ores and may be applicable
to certain Carlin-type deposits, such as Betze and
Meikle, that contain several ppm Te.



The modest amounts of gold found to date in the
district provides perhaps a more serious objection to
the hydrothermal leaching mode! than to the classic
magmatic-hydrothermal mechanism. Hot circulating
fluids containing modest amounts of reduced sulfur
will efficiently leach gold from the rocks through
which they pass, There is no reason to believe that the
Mesozoic or Paleozoic rocks of the region, which are
generally similar to those of similar age in the Great
Basin of the western United States, should be devoid of
gold. Such ready availability of gold would appear to
require essentially total deposition of gold by fluid
mixing, removal of reduced sulfur and/or other mecha-
nism(s), while retaining sufficient Hg, Ag, As, Sb and
other components to produce the known mineral depos-
its and geochemical anomalies. This could conceivably
have been accomplished by the formation of sedimen-
tary rock-hosted disseminated gold deposits of general
Carlin type or, if a magmatic component is present,
Purisima type (Alvarez & Noble, 1988) at depth.

SELECTING BETWEEN GENETIC MODELS

Is there a way, short of deep drilling, to evaluate the
above models? One line of study involves characteriza-
tion of the radiogenic and stable isotopic compositions
of the rocks and ores. Base- and precious-metal min-
eral deposits related to magmatic activity typically are
characterized by very small variations in 2°Pb/2%Pb
and significant variations in 207Pb/?*Pb and in some
cases 208Pb/204Pb, defining steep coherent arrays on
standard lead evolution diagrams (e.g., Gunnesch et al.,
1990; Tosdal et al., this volume). 2°°Pb/2%Pb ratios
show general, although not necessarily exact, relations
to those of spatially and temporally associated igneous
rocks. Ores containing lead from pre-Cenozoic rocks
would be expected to have both a wider range in
206pp/204ph values and a greater difference in absolute
isotopic composition from associated igneous rocks.
Similar reasoning can be utilized for strontium isotopic
composition, with strontium derived from carbonates
or old clastic rocks having appreciably higher 87St/85Sr
ratios than those of associated igneous rocks, which
would probably be similar to the values of about 0.705
obtained for rocks of Julcani (D. C. Noble, unpub.
data). However, the abundant hydrocarbon material in
the mercury ores, implying that the solutions interacted
with carbon-bearing rocks, suggests that even fluids of
magmatic origin could have acquired significant
amounts of wallrock Pb and Sr. Stable isotopic data can
provide constraints on the source(s) of water and sul-
fur in the hydrothermal fluids (e.g., Landis & Rye,
1974).

HUANCAVELICA MERCURY DISTRICT

EXPLORATION AND PRODUCTION
CONSIDERATIONS

Petersen et al. (1990), noting the association of sil-
ver with mercury, pointed out the silver potential of the
Huancavelica district, from which more than 50,000
metric tons of mercury were produced (Bailey et al,
1973; Rodriquez Hoyle, 1974). Many times this
amount of mercury certainly was deposited in rocks of
the district, and was variously lost to the surficial envi-
ronment, eroded, or remains in undiscovered ore bodies
and/or dispersed in subeconomic concentrations around
the ore zones. Mercury is a relatively minor component
of most ore fluids. If the magmatic-hydrothermal
model is correct, the amounts of zinc, lead, copper and
silver originally present in the initial, undifferentiated
hydrothermal fluids of the Huancavelica district must
be in the millions of metric tons. It would appear likely
that complementary base- and precious-metal ore bod-
ies would be centered approximately beneath or, con-
sidering the influence of the topography at the time of
mineralization on fluid flow, slightly south of the most
important mercury deposit of the district, that of the
Santa Bdrbara mine. Clearing and rehabilitating the
Fernandini tunnel, which was driven in the early 20th
century to access the lower part of the old mercury
workings, would allow geochemical sampling and geo-
logical study, and would provide sites from which to
carry out deep diamond drilling.

It would be relatively easy to explore for and mine
ore bodies beneath the Santa Barbara mine. The top of
the mine is more than 650 meters above the valley of
the Rio Ichu near the town of Huancavelica, Because
of the very rugged topography, a tunnel less than 3 km
in length would extend beneath the Santa Bérbara
mine. A major power line passes through Huanca-
velica, the administrative center of the province. The
narrow-gauge Ferrocarril Huancayo-Huancavelica,
which connects to a standard-gauge line at Huancayo,
could readily be extended to a mill site and used to
transport ore as well as concentrates.
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