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COMPARATIVE GEOLOGY AND GEOCHEMISTRY OF
SEDIMENTARY ROCK-HOSTED (CARLIN-TYPE) GOLD
DEPOSITS IN THE PEOPLE’S REPUBLIC OF CHINA AND IN
NEVADA, USA

Zhiping Li and Stephen G. Peters

Abstract

Sedimentary rock-hosted (Carlin-type)
gold deposits have been  considered
economically significant and geologically
distinct since the early 1960's. Similar deposits
have been discovered in P.R. China, Australia,
Dominican Republic, Spain, Russia, Malaysia,
Philippines, Yugoslavia, and Greece, in
addition to the Great Basin, US. This report
contains data on 113 sedimentary rock-hosted
gold deposits (prospects) in southwest and
central People’s Republic of China. Of these, at
least 19 deposits are of substantial tonnage,
making P.R. China the second leading country
to the United States in exploiting these deposits.
A new Proterozoic age sedimentary rock-hosted
gold deposit in northeastern P.R. China also is
described.

Chinese  sedimentary  rock-hosted
deposits are mainly located along the margins
of the Precambrian Yangtz craton. Their
distribution is controlled by regional rifts,
whereas secondary structures, such as short-
axial anticlines, high-angle faults, stratabound
breccia bodies, and unconformity surfaces, also
are favorable host structures. The deposits are
found in sedimentary formations of Paleozoic to
Cenozoic age, and local deposits in the
northeastern part of China are hosted in
Proterozoic age rocks. Impure limestone,
siltstone, and argillite are the host rocks for ore.
Alteration types are silicification, decalcification,
argillization,  carbonization, and locally
albitization. Igneous intrusions usually are not

present near most Chinese deposits, except for
local lamprophyre and silicic dikes.

Gold is disseminated in sedimentary
rock-hosted gold deposits. The main opaque
minerals include gold, electrum, pyrite,
arsenopyrite, stibnite, orpiment, realgar, and
cinnabar; gangue minerals are quartz, barite,
organic carbon, carbonate and clay minerals,
and local albite. Elements associated with gold
in Nevada deposits, As, Sb, and Hg, also are
closely associated with the Chinese deposits, but
U deposits also are associated with some gold
deposits in China, and platinum group
elements (PGEs) also locally are enriched to
economic levels in some of these deposits. Low
salinity fluid inclusions (3 to 9 wt. percent NaCl
equivalent) and limited stable isotope data
suggest  possible multiple sources of
metallogenic fluids in the Chinese deposits,
similar to those in Nevada. Trapping
temperatures vary from 165 to 290 °C, and
pressures of formation range from 52 to 560
bars, indicating that Chinese Carlin-type gold
deposits formed at or below the epithermal
environment.

INTRODUCTION

The purpose of this paper is to describe
a representative group of Chinese sedimentary
rock-hosted gold deposits, and to compare them
with similar (Carlin-type) deposits in Nevada.
The main sources of information about the
Chinese deposits are from 1980’s and 1990’s



literature, both in English and in Chinese, and
also data collected by the authors from a field
trip to selected Chinese Carlin-type gold
deposits in August, 1997. We hope this will be
helpful for geologists who are interested in the
study, exploration, and mining of Chinese
Carlin-type gold deposits and in sedimentary
rock-hosted gold deposits in general.

By the later part of the 1900's,
sedimentary rock-hosted gold deposits became
an important economic issue and an
international academic research topic. Their
origin is not well understood, and is a much-
debated topic (see Vikre and others, 1997).
Why are geologists motivated to study Carlin-
type deposits? One reason is that the study of
these deposits may help develop important
innovations in metallogenic theory and in
exploration methods for gold deposits.
Secondly, many of these sedimentary rock-
hosted gold deposits are large and have been
part of a high discovery rate in Nevada over
the past 25 years. Thirdly, similar gold
deposits have been found in other countries
besides the United States. In particular, more
than one hundred similar deposits found in
China make it possible to apply comparative
research on Carlin-type gold deposits, and to
develop a better understanding of the genesis
of these deposits.

Recognition of Carlin-type gold deposits
as a separate class of sedimentary rock-hosted
gold deposits has been a significant event in the
history of the science of economic geology, not
only because of their large economic value, but
also because this recognition has brought an
important advancement to the field of economic
geology in terms of exploration using a Carlin-
type genetic ore déposit model. Traditional
metallogenic theory has previously dealt with
gold deposits contained in quartz veins that
formed in igneous or metamorphic rocks (see
Boyle, 1979, 1987, Bache, 1987). However,
Carlin-type gold deposits are mainly hosted in
sedimentary rocks, such as limestone, siltstone,
argillite, and shale. Gold contained in them is
micron-size, usually associated with arsenic-rich
pyrite. One traditional exploration method for
gold deposits is prospecting by tracing gold

placers to their source. This has not worked in
exploration for Carlin-type deposits (Tu, G.Z.,
1994; Liu, K.Y. 1991), because the gold
particles are so small that detectable gold in
placers is not present downstream.

The discovery and exploitation of
sedimentary rock-hosted gold deposits in
Nevada has created significant wealth, jobs, and
industry services, and has expanded cities.
These deposits have made a large contribution
to the economy of Nevada, as well as the USA.
The large, rich, gold deposits along the Carlin
trend, Nevada, a major elongate cluster of
deposits, are a significant contributor to the
United  State's  resource-based  growth.
Although their origin is incompletely
understood, a number of features, including
field relations at all scales, age relations, and
geochemical and isotopic characteristics, bear on
the origin of these deposits. Previous genetic
models have been developed from mining the
oxide or weathered parts of these systems in
Nevada over the last two decades. Recent
extensive exposures of unoxidized parts of the
deposits provide new evidence that leads to
consideration of additional hypothesis of their
origin, particularly those that incorporate the
role of small- and large-scale deformation of the
ores and surrounding rocks.

Over 100 similar gold deposit
occurrences have been found in southwest and
central China since the first Carlin-type, the
Shixia gold deposit, was identified there
between 1964 and 1966 (see Liu, D.S. and Mao,
1994); of these, at least 19 are of substantial
grade and tonnage. Since the 1980’s, Chinese
geologists have devoted a large-scale
exploration and research effort to the Chinese
Carlin-type gold deposits; these studies have
been sponsored by the Bureau of National Gold
Administration, Ministry of Metallurgical
Industry, Ministry of Geology and Mineral
Resources, Chinese Academy of Sciences,
Chinese’ Non-ferrous Metal Industrial General
Company, and other Chinese government
agencies. As a result, there are more than 20
million ounces of proven gold reserves in
sedimentary rock-hosted deposits in P.R. China
and additional estimated and inferred resources



also are present in numerous occurrences and
prospects. This makes China second to Nevada
in contained ounces of Au in Carlin-type
deposits (see Liu, D.K, 1991).

Compared to Nevada deposits, Chinese
sedimentary rock-hosted gold deposits are
smaller in size, contain a shallower oxidation
zone, and thus consist of dominantly refractory
ores. However, this creates an opportunity for
geologists to study the hypogene zones of the
Chinese deposits to better understand those
oxide deposits in Nevada. In addition, due to
strict environmental regulation, and high labor
costs, more and more western companies have
started to move their mining interests to China,
Mongolia and Asia where extraction costs are
less expensive. ~ Most Chinese sedimentary
rock-hosted gold deposits are in an
undeveloped state or are being exploited by
small-scale mining by manual and mechanical
methods (figs. 1, 2, 3, and 4). This is because of
their refractory nature and because of the lack
of financial capital. Therefore, in consideration
of the needs from both economic geologic
science and industry, it is necessary for
geologists to do systematic comparative research
on the Chinese deposits with respect to the
relatively better-documented and studied
deposits in Nevada. Such research is hampered
by a lack of international cooperation,
translation difficulties, and high travel costs and
logistics in P.R. China. Farly comparative
studies of Carlin-type gold deposits between
Nevada and P.R. China have been done during
the past years (Cunningham and others, 1988;
Dean and others, 1988; Ashley and others,
1991; Tu, G.Z., 1992; Mortensen and others,
1993; Wang, J. and Du, L.T., 1993; Liu, D.S.
and others, 1994; and Li, Z.P. and Peters,
1996). These have demonstrated that there are
comparative similarities between the deposits
on the both continents and that the differences
may be helpful in
understanding of them.

In this report information about
Chinese Carlin-type gold deposits has been
collected, translated and summarized into a
database (appendix I), which is supported by
Microsoft Access (97). This database currently

advancing  our

consists of 114 records and 30 fields organized
in six subsets. They are: (1) deposit name and
reference; (2) geographical location (Province,
County, latitude and longitude); (3) commodity
information (size, ore and gangue mineral); (4)
tectonic setting (regional trend, structural
environment); (5) ore-control structures; and
(6) host rock and alteration. Another 3 subsets
are planned, they are: (7) geochemical data
(analysis of rock and ore, trace elements,
isotope, fluid inclusion, age data of rock and
deposits); (8) graphic collection (regional, local,
section, plan geological maps; photographs,
sketch and chart of research result)) and (9)
production, reserves and resources (where
possible). At the same time, part of these
Chinese Carlin-type gold deposits have been
input into MRDS (Mineral Resource Data
System, see appendix-II), which is created by
the U.S. Geological Survey. Translations of two
Chinese language descriptions of the well
studied and large Lannigou Carlin-type deposit
in Guizhou Province (appendix 3-1) and the
Proterozoic rock-hosted gold deposit in Hebei
Province (Jidong area) (appendix 3-2) are
contained in appendix III.

Chinese names and terms used in this
paper are translated from Chinese symbols to
pinyin, but do not contain the Chinese tones.
References to Chinese authors also includes the
author's initials to distinguish common last
names. Chinese provinces have long and short
names, so the two main areas of Chinese Carlin
type deposits are referred to as a combination of
the abbreviated short province names. The
southwest area, Dian-Qian-Gui (Chen, Y.M,,
1987), is located in the Yunnan (short name
Dian), Guizhou (Qian), and Guangxi (Gui)
Provinces. The central area, Qinling (or Chuan-
Shan-Gan), is in the Sichuan (short name
Chuan), Shannxi (Shan), Gansu (Gan)
provinces. Eastern Hebei Province (shortened
to Jidong), northeast China, respectively is a
small and independent area that also contains
several sedimentary rock-hosted gold deposits.
The terms “Carlin-type” and “sedimentary
rock-hosted”  gold deposits are  used
interchangeably throughout this report and
reflect the evolving nature of the classification of
these deposits.









GENERAL CHARACTERISTICS OF
SEDIMENTARY ROCK-HOSTED
GOLD DEPOSITS

In order to describe Chinese Carlin-type
gold deposits and to compare them with those
in Nevada, a description of the known
characteristics of these typical Carlin-type
deposits is summarized below, on the basis of
summaries of previous workers (see Hofstra,
1994; Peters and others, 1996; Arehart, 1996;
Teal and Jackson, 1997).

Carlin-type gold deposits are deposits
mainly hosted in sedimentary rocks. The ores
typically have low gold concentrations but are
present as large tonnage masses, so that large,
low-cost open-pit mining methods are used to
exploit them. These deposits commonly have
0.5 to 30 million ounces Au per deposit (Cox
and Singer, 1992). Carlin-type deposits get
their name from the first deposit discovered in
1960, the Carlin gold mine, near the town of
Carlin, Nevada (Hausen and Kerr, 1968). Since
then, gold reserves of over 80 million ounces
Au have been discovered in north-central
Nevada.

Carlin-type deposits also are known as
sedimentary rock-hosted or carbonate-hosted, or
disseminated gold deposits. The main ore
minerals typically consist of disseminated sub-
micron-sized gold and arsenic-rich pyrite, in
variably silicified, argillized, and decalcified
sedimentary rocks and other minor rock types
(Tooker, 1985; Berger, 1986; Hofstra and
others, 1990; Christensen, 1993, 1996; Peters,
1996; Arehart, 1996). Most common host rocks
are thin-bedded, flaggy, mixed carbonate and
silici-clastic rocks, although host rocks for many
Nevada deposits also include skarn, mafic
metavolcanic, and felsic intrusive rocks. Gold is
hosted in all rock types; however, along the
Carlin trend, 98 percent of all known gold
occurrences are hosted within a 350-m-thick
stratigraphic interval composed of para
autochthonous Devonian and Silurian age
carbonate rocks (see Armstrong and others,
1997).

Deposition of ore minerals was at
moderate depths of at least 1 to 3 km and the
deposits formed at pressures approaching 1
kbar, (Rytuba, 1985, Kuehn and Rose, 1985,
1995; Kuehn, 1989; Lamb and Cline, 1997).
Mineralogy in the ore zones includes gold-
bearing arsenopyrite, As-rich pyrite, pyrite,
marcasite, stibnite, realgar, orpiment, cinnabar,
thallium-sulfide minerals, rare silver-Sb-Hg and
lead-Sb sulfosalt  minerals, sphalerite,
chalcopyrite, and galena. Barite, calcite and
fine-grained quartz are common gangue
minerals. Total sulfide mineral content in the
ores ranges from less than 1 vol. percent to local
massive accumulations of pyrite (Bagby and
Berger, 1985; Percival and others, 1988; Berger
and Bagby, 1991; Simon and others, 1997).

Physical characteristics of sedimentary
rock-hosted gold deposits commonly depend on
the nature of the host rock. In calcareous rocks,
stratabound replacement and local brecciation is
common. In non-reactive rocks, orebodies are
made of millimeter-sized stockwork veinlets to
meter-sized vitreous quartz veins and jasperoid.
Stratabound jasperoid also is common at contacts
between rock units and along other planar
structures. Brecciated rocks of several different
origins are very common in many of the
deposits (see Peters and others, 1997). Ore-
associated alteration types typically are
decalcification and dolomitization of carbonate
strata, as well as argillization and silicification.
Silicified rocks are present as jasperoidal
replacement, silica cementation, siliceous
breccia bodies, or as open-cavity fillings of
quartz veinlets. K-feldspar in the detrital
sedimentary and igneous rocks alters to illite
and kaolinite in the most intensely altered
areas.  Carbonaceous material typically is
present and formed early, such that solid
carbon arrived in a cryptocrystalline state
before the gold, and consists of up to 0.1 to 3
vol. percent graphite plus some disordered
carbon in many of the deposits.

Ore-controls may be considered at a
number of different scales. Generally, regional-
scale control in Nevada is defined by "trends"
or linear zones (Roberts, 1960, 1966; Shawe and



Stewart, 1976; Bagby, 1989; Berger and
Bagby, 1991; Shawe, 1991) that commonly are
associated with tectonic windows, or associated
structural highs, through regional-scale thrust
faults in a region of tectonically over-thickened
crust in the Great Basin. Local control of
individual orebodies is associated with faults or
folds or favorable stratigraphic horizons that are
contained in and commonly parallel with the
trends. An example of trend control is the
northern Carlin trend, a 20-km-long by 8-km-
wide zone of continuous gold mineralization,
composed of at least 40 gold deposits that
contain more than 70 million ounces of
announced gold reserves. Gold mineralization
there is concentrated along a series of NW- and
NE-trending, medium- to low-angle, regional,
Jurassic age shear zones, and NNW-trending,
low-angle shear zones of post-Jurassic age.
These structures represent part of a NW-SE
strike-slip zone coincident with tectonic
windows through the Roberts Mountains
allochthon (Evans and Theodore, 1978; Peters,
1997 a, b and ¢).

Close spatial association exists between
some sedimentary rock-hosted gold deposits
and Mesozoic plutons (Silberman and others,
1974; Berger and Bonham, 1990; Margolis,
1997); closely related Tertiary intrusive rocks
are relatively uncommon and are interpreted as
post-ore in many of the large sedimentary rock-
hosted gold-silver deposits. However, evidence
from a regional perspective suggests that
Carlin-type gold deposits may owe their origins
to the initial Tertiary age extension of the Great
Basin and its associated deeply circulating fluids
(Seedorff, 1991; llchik and Barton, 1995; Gao,
Z.B. and others, 1996; Hou, Z.L. and Guo,
G.Y., 199¢; Henry and Boden; 1997).
Structures in Proterozoic basement rocks also
may be important localizers of deposits and
districts (Grauch, 1986; Grauch and Bankey,
1991; Grauch and others, 1995). Local control
can be either typically structural (see Peters,
1996; Peters, 1997 a, b and ¢) or stratigraphic.
Formations and even narrow stratigraphic
intervals or zones in them are considered to be
significant factors in localizing gold.

Generally, deep weathering of the
deposits usually results in outcropping or sub-
cropping mineralized rock, which involves
some prominent outcrops of hematitic jasperoid.
The geochemical signature is typically gold,
silver with Au : Ag ratios generally greater
than 1 (that is, silver is not of significant value),
with arsenic, Sb, and Hg. Thallium is
anomalously high in some deposits, but minor
to absent in others. Tellurium and bismuth
usually are absent to very low (Hill and others,
1986), but locally occur (see also Hitchborn and
others, 1996).  Base-metals usually are at
background levels, but, locally in some
deposits, such as Gold Quarry, base-metals
attain concentrations in the thousands of parts
per million in the upper parts of the deposits,
although they do not contribute to the overall
value of the deposit (Hausen and others, 1982;
Rota, 1987).

Sedimentary rock-hosted gold deposits
can be subdivided into a subclass of deposits,
the distal-disseminated silver-gold deposits
(Cox, 1992; Cox and Singer, 1992), which are
directly attributable to fluids emanating from
porphyry Cu systems (see Sillitoe, 1988; Sillitoe
and Bonham, 1990). Ore-forming fluids
responsible for most Carlin-type gold deposits
do not show evidence for a relationship to
porphyry-type  systems (Seedorff, 1991),
although some deposits (Twin Creeks, Getchell)
may have been generated from fluids
involving a significant magmatic component
(Norman and others, 1996). 1llchik and Barton
(1995) postulate the genesis of most of these
deposits is associated with an amagmatic
thermal process  associated with middle
Tertiary extension in the Basin and Range.

Distal disseminated silver-gold deposits
contain silver and gold in stockworks of narrow
quartz-sulfide veinlets and (or) iron oxide-
stained fractures in sedimentary rock, and they
contain lead, Zn, manganese, Cu, and bismuth,
which suggests that they may be plutonic-
related (Cox and Singer, 1992). In addition,
stable-isotope studies indicate that the fluids
involved in the generation of the silver-gold
deposits in the northern part of the Battle



Mountain Mining District include a significant
magmatic component (Howe and others, 1995;
Norman and others, 1996). Several deposits of
this type show significant potassium
metasomatism (Bloomstein and others, 1993),
which is comparatively rare in most Carlin-type
deposits. Distal-disseminated  silver-gold
deposits are present in or near mining districts
that contain major porphyry-related skarn,
replacement, and vein base-metal ores, such as
the Battle Mountain mining district (Doebrich
and Theodore, 1995, 1996; Doebrich and
others, 1995).

Examples of distal disseminated
subclass of sedimentary rock-hosted gold-silver
deposits are the Lone Tree deposit (Bloomstein
and others, 1993; and Norman and others,
1996), the Marigold deposits (Graney and
others, 1991). Gold, arsenic, Sb, barium (as
barite), and Hg are enriched, but silver is
generally low. The Marigold deposits, as well
as the Lone Tree deposit, are considered by
Howe and Theodore (1993), and Howe and
others (1995) to be distal-disseminated silver-
gold deposits, partly on the basis of the
apparently abundant magmatic components of
the fluids responsible for their genesis, and
partly on the basis of the geologic setting in
which they occur (see also Doebrich and
Theodore, 1995, 1996).

LOCATION OF SEDIMENTARY
ROCK-HOSTED DEPOSITS

Besides the Great Basin of the United
States, sedimentary rock-hosted gold deposits
have been identified in the China, Australia,
Dominican Republic, Spain, Russia (Liu, D.S.
and others, 1994), Malaysia (Sillitoe and
Bonham, 1990), Philippines (Mercado, and
others, 1987), Yugoslavia, and Greece (Radtke
and Dickson, 1976a). This section summarizes
the location of these deposits in Nevada, US and
in P.R. China.

Location of deposits in Nevada, the
United States of America

After the Carlin gold mine was
developed in 1960, similar gold deposits were
found along the Carlin-trend and elsewhere in
north-central Nevada (Thorman and
Christensen, 1991). There are several hundred
million ounces of known and inferred gold in
the northern Great Basin, of which over half is
contained in the Carlin-type deposits, most
along the Carlin trend. About 114 (table 1)
sedimentary rock-hosted deposits have been
found in Nevada, US. Most of them are
distributed along three mineralization trends:
Carlin, Battle Mountain-Fureka, and Getchell
trends (see fig. 5). There are at least 40 small to
large gold deposits present along the Carlin
trend. Since 1965, 660 t (21 million ounces) of
Au has been produced from mines along the
Carlin trend. In 1995, three companies with 8
mines have produced more than 100 t (3 million
ounces) of Au (Christensen, 1996). Additional
significant amounts of Au have been produced
from the Getchell and Battle Mountain-Eureaka
trends and other areas in Nevada.

Location of deposits in Dian-Qian-Gui,
Qinling and Jidong areas, P.R. China

Chinese sedimentary rock-hosted gold
deposits are distributed in two main areas in
southwest and central China respectively (fig.
6), each of these two main clusters of deposits
lies in several government Provinces (fig. 7).
Most of the 114 Carlintype gold deposit
occurrences are in the form of mines or
prospects (Li, Z.P.,, and Peters, 1996) in the
Dian-Qian-Gui and Qinling areas. The known
size distribution of these occurrences includes
eighteen large, fifteen medium, and twenty two
small deposits (table 2; fig. 8; appendix 1-1). A
few sedimentary rock-hosted gold deposits,
such as the Greatwall deposit, were recently
discovered in the Proterozoic Lengkou basin in
the eastern Hebei Province, north China (fig. 6),
although they are considered to be a new type
gold deposit that differs from typical Carlin-
type gold deposits (Qiu, Y.S. and Yang, W.S,,
1997, appendix III). Other sedimentary rock-
hosted gold deposits are scattered in the
Guangdong, Hunan, Huabei, and Liaoning
Provinces (Liao, J.L., 1987; Shi, X.Q., 1990; Cai,



Table 1. List of Carlin-type Gold Deposits in Nevada (MRDS, USGS)

Location Large Medium Small Unknown Total
Carlin Trend 5 10 20 5 40
Battle 2 5 15 5 27
Mountain
Getchell trend 3 4 5 5 17
Other 2 7 15 5 29

Total 12 26 55 20 113

Table 2. Size* and Location of Chinese Carlin-type Deposits

Location Province Large Medium Small Unknown Total
Yunnan 1 1 3 5
Dian-Qian-Gui  Guizhou 3 2 8 16 29
Guangxi 1 1 3 8 13
Guangdong 1 1
Shannxi 4 1 3 4 12
Qinling Sichuan 4 3 6 13
Gansu 1 5 4 12 22
Hunan 1 1 4 6
Huabei 1 2 3 6
Other Laoning 1 1
unknown 4 4
Total 18 15 22 57 112

* Large: >20 tons Au (include extra large >50 tons Au)
Medium: 5 to 20 tons Au
Small: <5 tons Au
Unknown: not yet identified resource












G.X, 1991; Liu, B.G. and Yeap, E.B.,, 1992; and
Cheng, Q.M., and others, 1994).

GEOLOGICAL SETTING OF
SEDIMENTARY ROCK-HOSTED
GOLD DEPOSITS

The geologic setting of the Carlin-type
deposits is important to understand their
genesis. Below, we briefly discuss the tectonic,
sedimentary environment and the metallogenic
epochs of both Nevada and Chinese Carlin-type
gold deposits.

Tectonic and sedimentary environment

Sedimentary rock-hosted gold deposits
lie in their own spatial geological environment.
The description below summarizes these

tectonic and sedimentary environments of these
gold deposits in both Nevada and P.R. China.

Nevada, The United States of America

Sedimentary rock-hosted gold deposits
in the western United States are located in the
Great Basin and are spatially related to the
western boundary of the North American
Precambrian craton—this boundary can be
determined by both stratigraphic sequences
and by isotopic measurements (Cunningham,
1988). On the eastern part of this boundary,
miogeosynclinal sediments —composed mainly
of Silurian, Devonian and Ordovician carbonate
rocks (eastern assemblage) —were formed across
the Antler foredeep and continental shelf (fig.
9). To the west, eugeosynclinal sediments
consisting of fine-grained, siliceous, dlastic
rocks, chert, and local basalt (western
assemblage) were also deposited in the early
Paleozoic (figs. 9 and 10). The Antler orogeny,
a Mediterranean type orogeny, took place
during the late Paleozoic to early Mesozoic, and
resulted in the Robert Mountains thrust, a west-
dipping thrust fault (Burchfield and Roydon,
1989). This thrusting resulted in western
assemblage (or upper-plate, allochthon) rocks to
be thrust over the eastern assemblage (or lower-
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plate) rocks. Several erosional or tectonic
windows through the upper-plate exposed
lower-plate rocks. Most of the Carlin-type gold
deposits in Nevada are spatially related to these
windows or their associated structural highs
(Christensen, 1993, 1996; Peters, 1997 a, b, ).
Several intermediate composition Mesozoic and
Tertiary stocks and plutons, as well as
lamprophyre dikes, are located near the
sedimentary rock-hosted orebodies in north-
central Nevada, but no direct relation has been
documented between these igneous rocks and
gold mineralization. Most of the Mesozoic
intrusions were clearly emplaced earlier than
the gold deposits.

Cunningham (1988) emphases the
relation between Carlin-type gold deposits and
the regional paleothermal anomaly, the eastern
edge of which is coincident with the edge of
both the Robert Mountains thrust and the
Northern American Precambrian craton. Some
of the largest sedimentary rock-hosted gold
deposits, including Jerritt Canyon, Betze, Gold
Quarry, Carlin, Hose Canyon,
Northumberland, and Round Mountain, are
located near the boundary of the area
containing dominantly supermature (>300°C)
rocks. Most deposits lie in clusters or trends
that are proximal to isotopic contours that
indicate the western edge of the North
American craton, such as the ¥Sr/%Sr 0.708,
Sr/%Sr 0.706, and *Nd/**Nd -7 contour lines
(Cunningham, 1988). These contours also lie
parallel to and in the vicinity of the regional
paleothermal anomaly that has been
ascertained by conodont maturation indices (see
Cunningham, 1988; Togashi, 1992). The
various deposit models used in Nevada call
upon connections to igneous activity at depth,
complex evolution of tectonic windows, inherent
host rock permeability, ore genesis resulting
from evolved meteoric fluids, oil brines or
organic fluids, and many other factors. The
striking alignment of the gold deposits along
trends suggests that these structural trends may
possess features that have served as traps or

conduits for the gold fluids.
Chinese Carlin-type gold deposits are
present in two Paleozoic to Mesozoic
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sedimentary  basins, which tectonically
surround the Yangtz Precambrian craton (fig.
6). The Dian-Qian-Gui area is located on the
southwest margin of the Yangtz craton and the
Qinling area is located on the northwestern
margin of the Yangtz craton (fig. 6, appendix I-
5). The geological features and tectonic history
of the two areas are similar. However, each of
them has some local, unique geologic structures
and lithofacies that influence the style of
mineralization (Yao, Z.Y., 1990; Wang, Y.M.
and others, 1996). Additionally, the Jidong area
is geologically located in a late Proterozoic
(Sinian) sedimentary Lengkou basin that is
much order than Dian-Qian-Gui and Qinling
areas.

Dian-Qian-Gui area, P.R. China

The  tectonic and  sedimentary
environment in the Dian-Qian-Gui area
surrounds a cluster of sedimentary rock-hosted
gold deposits that are present in an area at the
juncture between the Yangtz craton and
Youjang orogenic belt (figs. 6 and 11). From
late Paleozoic to early Mesozoic, this area
consisted of shallow and deep water
sedimentary environments along the northeast-
trending southwest margin of the Yangtz
Craton (fig. 12). Platform, shallow water
(miogeosynclinal) ~ assemblage carbonate
sedimentary rocks were deposited on the
northwest part of continental shelf of the carton
during the late Paleozoic and early Mesozoic
(fig. 13). Limestone and bioclastic limestone
were deposited during the Carbonaceous and
are overlain by Permian cherty limestone,
limestone, bioclastic limestone, and tuffceous
argillite. These rocks are in turn overlain by
Triassic argillite, limestone, and dolomite.
Coeval deep  basin  (euogeosynclinal)
assemblage rocks consist of siliceous sediments,
including feldspathic graywacke, siltstone and
argillite, formed during the same periods in the
southeast part of the basin. Sedimentary rock-
hosted gold deposits are present in both the
deep and shallow water facies rocks, but are
associated with distinct geological and
geochemical features in these two parts of the
basin.
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Airborne magnetic data show that the
upper crust in Dian-Qian-Gui area is made up
of blocks which have been subjected to different
types of stress. This typical tectonic pattern is
clearer in the southwest Guizhou Province (fig.
14), where the Yangtz craton mainly consists of
weakly strained of blocks, while the Youjang
orogenic belt is composed of strongly strained
blocks. The contact between these two tectonic
units is a series of large-scale thrust structures
(Wang, Y.G. and others, 1994). The structural
pattern also is different in these two tectonic
units at the margin of the Yangtz craton (fig.
15). On the northwest side, in the carbonate
platform rocks, brittle faults and short-axial
folds are more common, whereas tight folds and
low-angle ductile-brittle thrust faults are more
common in deep basin rocks in the southeast
parts (Luo, X.H., 1994). The northwest-trending
Indosinian-Yanshanian age Youjiang rift fault
system (including all of the northwest-trending
faults, such as the Xingyi and Ziyun faults)
crosses the boundary of the Yangtz craton and
has been interpreted as an extensional structure
that post-dated compression tectonism in the
region (fig. 14). The distribution of
sedimentary rock-hosted gold deposits in the
Dian-Qian-Gui area is spatially related to the
Youjiang rift fault system (Tan, Y.J., 1994).

Qinling (Chuan-Shan-Gan) area, P.R.

China

The tectonic and sedimentary setting of
the Qinling area is between the Huabei and
Yangtz Precambrian cratons (figs. 6, 16 and 17).
Gold ore deposits are located in an area
approximately 750 km long in an east-west
direction and about 200 km wide in a north-
south direction. Between these cratons is a
Paleozoic sedimentary basin that contains
greater than 10,000 m of sedimentary rocks
deposited during the Devonian to Triassic
periods.  The east-trending Lixian-Baiyun-
Shanyang deep-crustal rift, or subduction zone,
trends east-west within this basin (fig. 17) and is
generally considered as the boundary between
the Yangtz and Huabei cratons (Liu, M., 1994).
Most of the sedimentary rock-hosted gold
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Figure 17. Relationship of lithofacies paleography to the distribution of gold deposits in the

Qinling area. 1-carbonate area; 2-shale-carbonate area; 3-bio-reef facies at the margin of craton;

4-shallow sea platform facies; 5-transitional facies; (1through 5 are Devonian age). 6-craton; 7-

deep crust rift; 8-gold deposit. Adapted from Yao, Z.Y. (1990).
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Figure 18. Regional geologic map of the Liba gold deposit area, showing a
group of sedimentary rock-hosted gold deposits, which include the Liba,
Sanrengou, and Jinshan deposits (appendix I). They are located near the
Zhongchuan granite intrusion. 1-Quaternary; 2-lower Tertiary; 3-slate, meta-
sandstone and conglomerate (C2); 4-phyllite, silty phyllite (Shujiaba group
D2S); 5-meta-sandstone, marble, phyllite (Xihanshui group D2X); 6, 7-granite
(Zhongchuan intrusion); 8-boundary of lithology; 9-sedimentary rock-hosted
gold deposit. Compiled from Liu, M. (1994). Approximate location of figure is
104° 48’ 00’E; 34 36’ 00’N.



deposits in this area are distributed along this
deep-crustal rift zone. Several major deposits,
such as the Longshan, Ertaizi, Shuangwang,
Baguamiao, Pangjiahe, and Anjiacha deposits
are present in this east-west zone (figs. 16, and

17; appendix I).

A complete  upper Paleozoic
stratigraphic section of rocks is present in the
basin between the Huabei and Yangtz
Precambrian from the Devonian to Permian.
Permian sedimentary rocks mainly are
carbonate rocks and include limestone,
argillaceous limestone, interbedded silty shale,
and siltstone. Littoral facies sedimentary rocks,
such as quartz sandstone, carbonaceous shale,
together with some limestone, were formed
during the Carboniferous period. Devonian
sedimentary rocks consist of upper limestone,
interbedded calcareous sandstone, limestone,
argillaceous limestone, and lower biodclastic
limestone (fig. 17).

Magmatic activity was widespread in
the Qinling area, compared to the Dian-Qian-
Gui area (figs. 12 and 16). Igneous intrusions in
the Qinling area mainly consist of intermediate
composition stocks and plutons, such as biotite
granite, and granodiorite, which were
emplaced during the Mesozoic (149 to 230 Ma)
(Liu, M., 1994); (198.3 to 212.8 Ma), (Fan, S.C.
and Jin, 1994). A few small, late Paleozoic,
mafic intrusive bodies and some andesite
porphyrite bodies represent volcanic rocks
present locally in the area. Igneous rocks are
not generally exposed in or associated with the
sedimentary rock-hosted gold deposits.

The Liba deposit (figs. 17 and 18) is an
a exception to this general non-igneous
association and it is located in a contact
metamorphic zone about 2 km north of the
Zhongchuan granite intrusion. Typical Carlin-
type minerals are absent in the Liba deposit,
such as stibnite, cinnabar, realgar, and
orpiment. Instead the deposit contains a
mesothermal mineral association of pyrite,
arsenopyrite, pyrrhotite, chalcopyrite,
sphalerite, galena, and sulfate minerals, which
indicate that ore-forming temperatures were
higher in the Liba deposit than in most
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sedimentary rock-hosted gold deposits. Igneous
rocks in Liba gold deposit may have provided a
heat source for the ore-forming system (Liu, M.,
1994), and account for this different mineralogy.

Jidong area, P.R. China

The tectonic and sedimentary setting of
the Jidong area is at the margin of Huabei
craton, bounded on the north by the inter-
Mongolia fold system (fig. 6). The Proterozoic
sedimentary basin that contains sedimentary
rock-hosted gold deposits is the northwest-
trending Lengkou basin (fig. 19), which is
about 5 to 15 km wide, more than 60 km Iong,
and caosses the Qinglong, Kuancheng, Qianxi,
Qianan and Lulong Counties of eastern Hebei
Province, north P. R. China. The Lengkou
basin consists of Ca- and Mg-carbonate rocks
that belong to the late Proterozoic (Sinian
system) Great Wall and Jixian stratigraphic
systems (see appendix II-2). Sedimentary rock-
hosted gold deposits mainly are present in the
carbonate rocks of the upper Gaoyuzhuang
group of the Great Wall system, and the Iower
Yangzhuang and Womishan groups of the
Jixian system (figs. 20, appendix I-2). The gold
deposits are hosted in stratabound breccia
zones, which extend along the Lengkou basin
(Qiw, Y.S. and Yang, W.S., 1997).

Both the Dian-Qian-Gui and Qinling
areas in P.R. China have similar regional
sedimentary and tectonic features to the
sedimentary rock-hosted gold deposits in
Nevada. The age of the Lengkou basin in
Jidong area, however, is much older, and may
have different metallogenic affinities. It is
likely that many or all of the following features
contributed to the localizing and formation of
sedimentary rock-hosted gold deposits:

(1) Deposits cluster at the margins of one or
more Precambrian cratons, or in areas where
craton-scale tectonic units join.

(2) Deposits are hosted in or lie at the margins
of Paleozoic and (or) Mesozoic sedimentary
basins, which contain both shallow-water
carbonate-rich rocks from the cratonic shelf and
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fine-grained silici-clastic sedimentary rocks from
the deeper basins.

(3) Tectonically, there is a history of both
compressional and extensional deformation in
the geologic histories, with both crustal
thickening and thinning,.

(4) There is evidence of alignment of geologic
features of regional deep-crustal rifts or zones
that were developed after or during major
orogenies.

Metallogenic of Gold

Mineralization

Epochs

Sedimentary rock-hosted gold deposits
are hard to date and contain many conflicting
relations that contribute to controversies of their
genesis and age. Stratigraphic chronology can
only give a maximum age, because the
orebodies are epigenetic and are commonly
controlled by high-angle faults crossing several
stratigraphic units that represent long periods of
geological time. The radiometric methods
require robust syn-ore alteration minerals,
which are wusually lacking in Carlin-type
deposits. Illite and kaolinite are the most
common alteration minerals, and these have not
given reproducible ages in individual deposit
or in ore districts (Folger and others, 1996;
Arehart and others, 1993a). The following
summary describes our understanding of the
ages of these deposits in Nevada and in P.R.
China.

Age of deposits in Nevada, the United States
of America

The age of gold mineralization of
sedimentary rock-hosted gold deposits in north-
central Nevada is controversial, with published
ages ranging from Jurassic to Late Mesozoic to
early Tertiary (see Arehart and others, 1993¢;
Hofstra, 1995; Groff, 1996; Hitchborn and
others, 1996; Hall and others, 1997, Parry and
others, 1997). Most gold deposits along the
Carlin trend in Nevada are present in the lower
Paleozoic sedimentary rocks of eastern
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assemblage rocks, and their maximum age is
between the Jurassic pre-ore Goldstrike stock at
158 Ma and the postore Tertiary Carlin
Formation at 5 Ma.

Age of deposits in the Dian-Qian-Gui and
Qinling area, P.R. China

Chinese Carlin-type deposits, with the
same geologic characteristics as those in
Nevada, also are as difficult to date, and a
similar controversy also is present regarding
their age. Chinese Carlin-type gold deposits
have been found in sedimentary formations
ranging from Paleozoic to Mesozoic in age
(table 3, fig. 21). Of these, about 41 percent of
the deposits are hosted in rocks of lower Triassic
age. These rocks have proven to be ideal host
rocks for the deposits, espedially in Dian-Qian-
Gui area (see also Zhang, F., and Yang, K\Y,,
1993). Some deposits, such as Yata, Sanchahe,
Ceyang, and Banqi deposits, are present near
high-angle reverse or normal faults, which
were formed in the Yanshanian orogeny,
suggesting that the age of gold mineralization
is less than 100 Ma (Ashley and others, 1991).
However, radiometric dating of these deposits is
not available.

About 21 percent of Carlin-type gold
deposits in P.R. China are in Devonian age
rocks (table 3, fig. 21), particularly in the
Qinling area. Ages of gold mineralization
derived from radiometric isotope methods
(K/Ar, ®Ar/*Ar and U-Th-Pb) give many ages
ranging from >300 Ma to <15 Ma (see table 4).
The youngest age of gold mineralization (49.5
to 12.7 Ma) in the Laerma deposit is on the basis
of analysis of both whole rock and ore minerals
(Li, Y.D and Li, Y.T., 1994). The oldest ages
reported are 3375 to 2343 Ma from the
Pingding deposit by isotope analysis of realgar
and  orpiment associated with  gold
mineralization using the U-Th-Pb method (Lin,
B.Z. and others, 1994). Other age dates are 168
Ma (pyrite, U-Th-Pb), 183.09 Ma (pyrite,
“Ar/*Ar) in the Shuangwang deposit (Fan,
S.C. and Jin, Q.H., 1994), and 210 Ma (whole
rock and ore, U-Th-Pb) in Baguamiao deposit
(Wei, LM. and Cao, Y.G. 1994).



Triassic (41.07%)
Cambrian (3.57%) —
Silurian (0.89%) ——
Devonian (21.43%)
Permian (8.93%)

Carboniferous (1.79%)

Figure 21. Chinese Carlin-type gold deposits according to host-rock age. Triassic and
Devonian age rocks are the main host rocks of Chinese Carlin-type gold deposits.

Table 3, Distribution of Chinese Carlin-type Gold Deposits by Age of Host Rock

Host-rock age Number of Deposits Percent (%)
Triassic 46 41.07
Permian 10 8.93
Carboniferous 2 1.79
Devonian 24 21.43
Silurian 1 0.89
Ordovician 0 0.00
Cambrian 4 3.57
Unknown 25 22.32



__Table 4. Age of Gold Mineralization

Arca, P.R. China

Deposit >m% cn:win* sample Result of Method Calculate Source
mineralization :
name (Ma) Dating (Ma) method
49.5-12.7 Dacite(barren) 172 K-Ar
Dacite(gold-bearing) 12.77 K-Ar
Laerma ore 56.8-117.5 U-Th-Pb Li, Y. 1994
Quartz(gold-bearing) 47.3-49.5 Ao\f\ww\:
U ore associated gold 46-10 U-Pb
Late Mesozoic Dike 214.1 K-Ar Lin, 1994
Pingding Realgar orpiment 392-265 U-Th-Pb Double stages
337.5-234.3 Single stages
Jiu uan Intermediate dike 200.7 K-Ar
Shuangwan ;
. g 168 IT pyrite 183.08 Ao>1wc>a Fan, 1994
IV pyrite 168.0 Ao>1ww>a
210 strata 399.62 U-Th-Pb Double stages
Baguamiao “ 386.11 “ Single stages Wei, 1994
ore 289.89 “ Double stages

208.22
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In general, the interpretive ages of
sedimentary rock-hosted gold deposits in both
Nevada and P.R. China span an interval
between the age of the host rocks and the age of
the post mineralization cover. Many of the
dates are compatible with known metallogenic
events and coincide with tectonic or magmatic
activity in the region. The spread of ages is
due to the limits of the analytical methods and
to the unique features of the sedimentary rock-
hosted gold deposits. It is likely, using some of
the minimum age dates from the Chinese
Carlin-type deposits, that they may have
formed at a younger age than the Nevada
deposits. As discussed below, possible
evidence for syngenetic formation of the
Chinese deposits is also present.

GEOLOGY OF SEDIMENTARY
ROCK-HOSTED GOLD DEPOSITS

The deposit-scale geologic
characteristics —such as host-structure, host-rock,
alteration, and ore minerals for both Nevada
and Chinese sedimentary rock-hosted gold
deposits —are well documented in the geologic
literature (see Christensen, 1993; Liu, D.S. and
others, 1994; Wang, Y.G. and others, 1994;
Bagby and Berger, 1985; Kuehn and Rose,
1995; Arehart, 1996). The following discussion
outlines these characteristics, and compares the
difference between deposits in P.R. China and
Nevada. This discussion also helps us
understand the difference in  geologic
characteristics between Carlin-type and other
type of gold deposits that are directly related to
igneous and metamorphic activity.

Host Structures and Feeder Systems

World-wide distribution of Carlin-type
deposits is controlled by Paleozoic or Mesozoic
sedimentary basins at the margins of
Precambrian cratons. Location of Carlin-type
deposits is closely related to compression and
extensional regional structural tectonic events in
these sedimentary basins. Tectonic structures
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and faults are related to these events, such as
the Robert Mountains thrust and weakly
defined trends in Nevada, the Youjiang deep-
crustal rift system in the Dian-Qian-Gui area,
and the Baiyun-Lixian-Shanyang rift in the
Qinling (Jidong) area, P.R. China.

Regional-scale structures or lineaments
usually serve as conduits or host-structures for
most sedimentary rock-hosted gold deposits. In
the Carlin trend area, these structures are high-

angle faults, associated folds or tectonic
windows (see Poole, 1991; Prihar and others;
1996), which are oriented parallel or

perpendicular to the main trend or primary
lineament. High-angle faults are generally
considered to playing a key role in ore-control
in these deposits (Togashi, 1992). Christensen
(1993, 1996) summarized the styles of gold
mineralization into three models, which form a
spectrum between undeformed stratabound
replacement bodies with little structure, more
structurally controlled orebodies with either
high-grade vein-like ores, and massive breccia-
or stockwork-type (fig. 22). Peters (1996, 1997¢)
has suggested that shear folding of pre-existing
regional folds was a major ore-control in the
large Betze deposit in the Carlin trend and that
some of the deformation was synchronous with
ore deposition. Syn-deformational genesis has
also been documented in the Lannigou deposit,
Guizhou Province, by Luo, X.H. (1993, 1996).

Liu, D.S. and others (1994) identify four
main types of host-structure in Chinese
sedimentary rock-hosted gold deposits. These
are: (1) short-axial anticlines; (2) stratabound
breccia bodies; (3) unconformity surfaces; and
(4) joints associated with faults and anticlines.
Shear zones with ductile-brittle deformation
textures of ore and rocks also are observed in
some Chinese sedimentary rock-hosted gold
deposits (figs. 23, and 24).

Short-axial anticlines— defined as folds
with a length in the axial direction roughly
equal to its limb widths—are common and
important ore-controlling structures in the Dian-
Qian-Gui area (fig. 15). Almost all Carlin-type
gold deposits are related to folds or domes in
this area (Luo, X.H., 1994). For example, the

























































rocks Carlin-type gold deposits (Christensen,
1996; Arehart, 1996).

Most Chinese sedimentary rock-hosted
gold deposits are hosted in marine carbonate-
and clastic-rich sedimentary rocks, and locally
interbedded volcanic flow rocks or tuff. The
host-rocks of the main Chinese Carlin-type gold
deposits are listed in table 6. These rocks
typically were formed in abyssal or bathyal and
turbidite environments, such as limestone,
argillite, siltstone, sandstone, and shale. Low-
grade metamorphic rocks such as spotted
phyllite, slate, and crystalline limestone, which
had original carbonate and clastic sedimentary
protolith, host some deposits.

In the Dian-Qian-Gui area (fig. 6),
siltstone, argillite and impure limestone are the
main host rocks. A very important feature,
similar to Nevada Carlin-type gold deposits, is
the presence of impure carbonate and
calcareous clastic rocks that represent a
transitional zone of sedimentary facies. These
are the best host rocks, and gold mineralization
is more common in the clastic rocks of the
transitional zone.  For example, in the
Zimudang gold deposit, the main host rocks are
argillite, silty argillite, basaltic tuffaceous
siltstone and silty dolomite. All of these rocks
near the orebody have been broken by faults
and are strongly silicified. Gold orebodies
occur along these faults with the largest
tonnages and grades located where argillite and
clastic rocks intersect the fault. There is little
ore or no gold mineralization in thick dolomite
and limestone, which also intersect the faults
(Peng, Y.Q., 1994).

Sedimentary rock-hosted deposits in the
Dian-Qian-Gui area usually are stratabound,
and this has lead several workers to suggest
that specific sedimentary or volcanic horizons
should be considered as source-beds for the
gold in the deposits, even suggesting that the
gold deposits could be syngenetic (Tan, Y.J.,
1994). Three kinds of sedimentary formations,
which were formed in different environments
and are related to different types of gold
mineralization, are considered as the main host
stratigraphic units or source-beds for Carlin-
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type gold deposits in this area by Tan, Y.J.
(1994):

(1) terrigenous clastic or volcanic-terrigenous
silicecous clastic rocks formed in a littoral
environment, including the Bejiao (Yujiang)
units (lower Devonian) and the Longtan unit
(including Dachang group, upper Permian);

(2) carbonate-bearing fine-grained clastic rocks
deposited in a platform shallow sea
environment, including the upper Permian
Changxing unit and lower Triassic Yielang
assemblages; and

(3) turbidites deposited at the continental slope
and in a deep sea environment, including
Xinyuan (local name: Xuman, Baifeng and
Banna group, upper Triassic).

The characteristics of these host stratigraphic
units (Tan, Y.J., 1994) are as follows:

(1) Terrigenous clastic or volcanic-terrigenous
clastic rocks, the lower Devonian Yujiang
assemblage, consisting of greenish gray to dark
gray, silty argillite, and interbedded siltstone,
has an average Au content of 4.6 ppb. The
upper Permian Longtan assemblage is argillite
(1.92 ppb Au, locally averaging 8 ppb Au, with
some horizons up to 19 ppb Au), siltstone (2.67
ppb Au), coal layers (1.63 ppb Au), basalt (44.7
ppb Au), and pyrodastic rock (54.33 ppb Au).
These rocks host Au-Sb-pyrite mineralization
(Tan, Y.J.,, 1994) in the northwest part of the
Dian-Qian-Gui area, including the Gedang,
Maxiong, Getang and Dachang deposits
(appendices I and II).

(2) Carbonate-fine clastic rocks, the upper
Permian Changxing unit and lower Triassic
Yielang assemblages, consisting of argillite,
siltstone, and impure limestone averaging 8
ppb Au. Of these, the silty argillite contains
gold values up to 15 ppb. They host Au-Hg-Tl
mineralization in the northwest Dian-Qian-Gui
area including the Zimudang gold deposits
(Tan, Y.J., 1994).

(3) Turbidites, the middle Triassic Xinyuan
assemblage rocks, including 70 vol. percent



Table 6. Host rocks of Carlin-type Gold Deposits in P.R. China

Deposit Overlying strata Host-rock Underlying strata
dolomitic, argillic medium to thick thin, bioclastic
siltstone, silty silty mudstone limestone; medium

Jinya mudstone, dolomite inter-layers limestone inter-

argillic siltstone layers carbonaceous
mudstone, tuffaceous
mudstone and _tuff
calcareous breccia, silty slate siltstone, slate,

Shuangwa sandstone, siltstone, inter-layers argillic limestone

ng crystalline argillic limestone,
limestone, crystalline
bioclastic limestone limestone

Getang chert limestone, siliceous limestone limestone, clay rocks
siliceous shale breccia

Liba phyllite, spotted silty phyllite, meta- phyllite, spotted
phyllite, siltstone siltstone phyllite, siltstone
tuffaceous slate, tuffaceous slate, argillic slate, silty

Pingding limestone, silty carbonaceous, slate, limestone
slate calcareous slate,

bioclastic limestone
argillic _dolomite
siltstone, silty slate spotted silty medium limestone,
Baguamiao phyllite inter- dolomitic phyllite,
layers crystalline
limestone
thick sandstone, clay rocks, limestone,
Lannigou siltstone inter- inter-layers clay
layers clay rocks rocks, micritic
limestone, bioclastic
limestone
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siltstone and argillite, 10 vol. percent
graywacke, and 20 vol. percent carbonate
(micritic limestone, bioclastic limestone). Their
gold content ranges from 2 to 12 ppb,
averaging 6.73 ppb. These rock contain Bouma
sequences (fig. 41), which consist of rhythmic
bedding of calcareous fine sandstone, siltstone,
calcareous argillite; there also are inter-beds
and lenses of argillaceous limestone and
limestone. Au-As-(Sb) mineralized occurrences
are typically related to these turbidites in the
southeast part of the Dian-Qian-Gui area (Tan,
YJ., 1994).

In the Qinling area, sedimentary
formations of Devonian age are the main host
rocks (figs. 6 and 17). Lithology and local
names vary from one place to another so that
correlation of different rock units is not well
understood. Generally, the sedimentary
lithofacies in the Qinling area can be divided
into three zones, which are exposed as stripes
with an east-west orientation: The north and
south stripes are the Tangzang-Shanyang sub-
basin and the Hueixian-Xunyang sub-basin.
The central stripe is the Fengxian-Zhengan sub-
basin in which the well-known Shuangwang
gold deposit resides. The main characteristics of
the Devonian stratigraphic sequence in the
middle of the Fengxian-Zhengan sub-basin
stratigraphic zone, according to Fan, S.C. and
Jin, QH. (1994) are: the middle Devonian
Gudaoling assemblage of calcareous sandstone,
siltstone, interbedded micritic limestone is
present at the top, and a medium-thick micritic
limestone and bioclastic limestone, interbedded
with carbonaceous calcareous slate is present at
the bottom. The upper Devonian Xinghongpu
assemblage includes micritic limestone and
argillaceous limestone interbedded with slate at
the top and silty slate interbedded with thin
layers of argillaceous limestone at bottom. The
upper Devonian Jiuliping assemblage consists
of a sequence of siltstone, slate, and argillaceous
limestone, which were deposited in a flysch
sedimentary environment at the top, and
calcareous siltstone interbedded with silty slate
at the bottom.

The Qinling area, along the northwest
margin of Yangtz Craton, also contains

50

sedimentary rock-hosted gold deposits with
high organic carbon content. Many large or
extra-large gold deposits occur in or are
associated with these carbon-rich, black
sedimentary units. The Laerma deposit is a
typical example, and others include the
Dongbeizhai, Pingding, Jiuyuan, and Heidousi
gold deposits (appendices I and 1II), all of which
are hosted by fine-grained, black clastic rocks
(Zeng, Y.F. and Yin, H.S., 1994). The organic
carbon content ranges from 0.66 to 14.63 wt.
percent (average 3.42 wt. percent) at the
Laerma deposit (Li, Y.D. and Li, Y.T., 1994),
and 0.2 to 0.7 wt. percent (average 0.45 percent)
in the host rocks of the Dongbeizhai deposit
(Mao, Y.N. and Li, X.Z., 1994). The high gold
content in these carbon-rich, black-colored
sedimentary rocks is a common geochemical
feature. For example, the gold content of the
host rock at Laerma (21.06 to 30.70 ppb) is 10 to
15 times higher than the regional background
gold content (1.95 to 2.1 ppb).

Some geologists consider that these
black formations are the source-beds for both
petroleum and gold deposits (Li, Y.D. and Li,
Y.T., 1994; Zeng, Y.F. and Yin, H.S., 1994).
Their theories suggest that organic carbon was
involved in the process of gold mineralization
and was an important factor in the enrichment
of gold; however, other geologists think there
is no direct relation between gold enrichment
and organic carbon (see also Huang, Y., 1993;
and Mao, Y.N,, and Li, X.Z., 1994).

The Liba and Dongbeizhai gold
deposits in the Qinling area are hosted in low-
grade metamorphic Devonian and Triassic
meta-siltstone, phyllite, and slate. Igneous
rocks are more plentiful in the Qinling area
relative to the Dian-Qian-Gui area (figs. 15, 18).
Six large late Mesozoic granitic intrusions,
several small Middle Paleozoic basic rock
intrusions, and local andesitic porphyritic-dacite
bodies, as well as Cenozoic alkalic to ultramafic
volcanic rocks are exposed near the Liba gold
deposits. Spessartite, diorite, oligoclase aplite,
and granodiorite dikes also are present in the
Liba gold deposit (Liu, M., 1994). Some dikes
are mineralized by gold. The geochemical
signature of the granitic intrusions, Sn, W, Mo,
























Argillization is a general term that

includes the processes of sericitization,
kaolinitization, illitization and alunitization.
This type of alteration is common in

sedimentary  rock-hosted gold  deposits,
specifically those hosted by felsic volcanic rock
or by dastic sedimentary rocks such as
sandstone, siltstone and mudstone (Parry and
others, 1997). Illite-kaolinite assemblages also
are common in the decalcified limestone in the
Betze deposit (Ferdock and others, 1996, 1997).
Sericitization is known in deposits proximal to
igneous intrusions, but commonly is interpreted
to be pre-gold alteration (see Phinisey and
others, 1996). Argillization typically is present
when host rocks, rich in feldspar and
argillaceous components, are altered by
epithermal or shallow surface acidic fluids, but
formation of clay minerals also has been
documented in the deeper zones of Carlin-type
deposits (Bakken and Einaudi, 1986; Kuehn
and Rose, 1985).

Argillization often converts the host
rock to a pale color, and therefore may be a
marker for gold deposit exploration.
Argillization has been reported as a common
alteration type in most sedimentary rock-hosted
gold deposits both in Nevada and P.R. China.
For example, sericitization is closely associated
with gold mineralization in the Liba deposits,
where the alteration pattern is observed as
zones grading from pyrite-sericitization,
sericitization, to chloritization (from inner to the
outer zones of ore-bodies). Ore-bodies are
present in the sericitization zone, and the grade
and thickness of orebodies directly correlate
with the intensity of sericitization (Liu, M.,
1994).

Carbonization is defined as alteration
that enriches the host rock in carbon content
and is widely present in most Carlin-type
deposits (Ballantyne, 1988; Berger and Bagby,
1991; Arehart, 1996; Zeng, Y.F. and Yin, H.S,,
1994). This is a part of the metallogenic process,
in which organic materials—together with
gold—are remobilized, transported and re-
precipitated in the hydrothermal, ore-forming
system. Graphite and pitchblende usually are
the products of carbonization in Chinese
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deposits. Carbonization alteration has been
reported in the Dongbeizhai, Laerma, and
Jinyia gold deposits (Liu, D.S. and others, 1994).

Decarbonatization results from oxidation
and this process could decrease the carbon
content of the host rock, and promote leaching
of gold from its source bed. It is considered to
be favorable for gold mineralization (Wang, J.
and Du, L.T., 1993). Carbon is mobilized and
driven outward by hydrothermal fluids, or in
the case of the Betze deposit, Nevada, by
contact metamorphism (Leonardson and Rahn,
1996).

Albitization has been observed in the
Shuangwang, FErtaizi, Baguamiao and other
sedimentary rock-hosted gold deposits in
Qinling area, but is not common in Dian-Qian-
Gui area and in the Nevada deposits. Albite-
and rutile-rich layers in Devonian strata in
these deposits are considered to be favorable
host rocks. Rutile- and other Ti-rich ores also
are present in parts of the Betze deposit in the
Carlin trend and are thought to be derived
from detrital components in the host
sedimentary rocks (Peters, and others 1997). In
the Shuangwang gold deposit, a light-colored
alteration zone consists of early albite, sericite,
and late ankerite that extends beyond the gold-
bearing breccia bodies, and is a chief
prospecting marker for gold deposits in this
area. Fan, S.C. and Jin, Q.H. (1994) studied the
relation between gold mineralization and
alteration in the Shuangwang deposit, and
divided the intensity of alteration into strong,
medium and weak classes (table 7). Although
Au is inversely related to areas of intense
albitization in most deposits, albitization is
associated directly with gold in two occurrences
in the Shuangwang gold deposit; one is as a
gangue mineral with the gold ore; another is
as matrix in the host breccia of the ore body.
Albite is generally considered to be formed at
an early stage of hydrothermal activity,
perhaps pre-ore (Fan S.C. and Jin, Q.H., 1994).



Table 7. Intensity of Albitization and gold mineralization in the
Shuangwang gold deposits. (Modified from Fan, S.C. and Jin, Q.H., 1994)

albitization Gold mineralization
Intensity Feature of rock Gold content Mineralization
type
Brownish red, 0-1 ppm Au-bearing
Strong hard, albite is breccia
as main
mineral
— >1-3 ppm Poor gold
orebodies
Medium Gray yellow, >3-5 ppm Rich gold
medium orebodies
hardness,
carbonate &
albite
weak Dark gray, soft, >5 ppm High grade
sericite & orebodies
albite
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Ore Mineralogy

Hydrothermal mineral species in
Chinese sedimentary rock-hosted gold deposits
are numerous (Shao, J.L. and others, 1982, Xu,
G.F. and others, 1982; Geng, W.H., 1985; Liu,
D.S. and Geng, W.H., 1985; Shao, J.L., 1989;
Wang, KR. and Zhou, Y.Q., 1992; Wang,
X.C., 1993). At least fifty minerals have been
identified from these gold deposits. However,
what is the typical ore mineral association of the
Carlin-type gold deposit? How numerous are
the ore minerals in the ore? And, where is the
gold?

Mineral association: In general, the
hydrothermal minerals in Chinese sedimentary
rock-hosted gold deposits are similar to those
present in Nevada. Typical ore minerals
associated with Carlin-type gold deposits are
pyrite, As-rich pyrite, stibnite, realgar, and
orpiment. Gangue and alteration minerals are
typically quartz, calcite, barite, clay minerals,
and sericite(illite)-clay. A list of minerals and
their frequency of occurrence in Chinese
sedimentary rock-hosted gold deposits is
contained in table 8. Pyrite is present in 96.4
percent of the Chinese deposits, and 73.2
percent of these deposits contain arsenopyrite
(and/or As-rich pyrite). Other common ore
minerals are stibnite, realgar, orpiment,
cinnabar and some base-metal sulfide minerals,
such as chalcopyrite, sphalerite, and galena.
Sub micron-size gold is identified in 51.7% of
the Chinese deposits. Common gangue
minerals in Chinese sedimentary rock-hosted
gold deposits are quartz, calcite, barite, clay
minerals, sericite, and fluorite. The mineral
association is different in different subtypes of
deposits.

Wang, J. and Du, L.T. (1993) considered
Chinese Carlin-type gold deposits as CSA type
deposits  (carbonaceous-siliceous-argillaceous)
and classified them into three types according to
host rock, and further into five subtypes
differentiated by geochemical elemental and
mineral association (table 9). The five mineral
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associations in these subtypes of Chinese Carlin-
type gold deposit are: (1) gold, stibnite,
aurostibnite, tungstite, pyrite, and arsenopyrite
as Au-Sb-W mineralization in argillite and
siltstone; (2) gold, arsenopyrite, and pyrite as
Au-As mineralization in argillite and siltstone;
(3) gold, stibnite, barite, and pitchblende as Au-
U mineralization in cryptocrystalline silica rock;
(4) gold, galena, and sphalerite as Au-Pb-Zn
mineralization in silica rocks; and (5) gold,

cinnabar, realgar, orpiment, chalcopyrite,
pyrite, arsenopyrite, flourite as Au-As
mineralization hosted by carbonate rock,

considered by Wang, J. and Du, L.T. (1993) to
be similar to those gold deposits in Nevada.
Wang, J. and Du, L.T. (1993) think that the first
four subtypes of gold mineralization are
different because they are in a different host

rock from sedimentary rock-hosted gold
deposits in Nevada.

Similar  dlassifications have been
described by Wang, Y.G. (1994), who

recognized two main subtypes of Chinese
sedimentary rock-hosted gold deposits in the
Dian-Qian-Gui area. One subtype is the gold
deposit at Lannigou, which is hosted in silici-
clastic rocks such as siltstone, and fine-grained
sandstone  that contain  pyrite,  gold,
arsenopyrite, orpiment, and cinnabar with
quartz, and clay mineral alteration. Another
subtype is typified by the Getang and
Zimudang deposits, which are hosted by
limestone and interbedded shale, and contain
pyrite, marcasite, gold and stibnite, with
carbonate and kaolinite alteration. The
differences between these two subtype implies
that arsenopyrite, orpiment and cinnabar are
more related to clastic sedimentary host rocks,
whereas gold marcasite, and stibnite are more
commonly related to limestone host rocks.

Chinese sedimentary rock-hosted gold
deposits contain some unique minerals not
commonly found in the Nevada deposits (Liu,
D.S. and others, 1994); for example, pyrrhotite
is present in the Baguamiao gold deposit as one
of the main gold host minerals. Albite is
present in the Shuangwang and Ertaizi gold
deposits and is closely associated with gold
mineralization.  Carbon and U minerals,



Table 8. Frequency of Minerals Present in Chinese Carlin-type gold
Deposits

Ore minerals1 Non-ore minerals2
mineral present %o Mineral presen %0
t
Native gold 29 51.7 Quartz 41 83.7
Pyrite 54 96.4  Chalcedony 3 5.4
Marcasite 15 26.8 Barite 30 61.2
Arsenopyrit 41 73.2  Calcite 32 65.3
e
Stibnite 32 57.1 Clay mineral 24 54.7
Realgar 22 39.3 Fluorite 11 22.4
Orpiment 18 32.1 Sericite 15 30.6
Cinnabar 15 26.7 Dolomite 9 18.4
Chalcopyrit 21 37.5 Carbon 8 16.3
e
Sphalerite 19 33.9 Ankerite 6 12.2
Galena 10 17.8  Rutile 4 8.1
Tennantite 4 7.1 Serpentine 1 2.0
Tungstite 4 7.1 Gypsum 1 2.0
Argentite 3 5.4 Chlorite 1 2.0
Chalcocite 3 5.4 Jarosite 2 4.1
Limonite 13 23.2 alunite 1 2.0
Hematite 3 5.4 Albite 1 2.0
Pyrrhotite 3 5.4 Sulfur 1 2.0
Electrum 2 3.6 Native 1 2.0
mercury
Silver 2 3.6 Muscovite 2 4.1
Magnetite 3 5.4
Molybdenite 3 5.4
Bornite 5.4 3
Cerussite 1 1.7
Siegenite 1 1.7
Bismite 1 1.7
Pearceite 1 1.7
Scheelite 1 1.7

1- the statistic result of ore mineral

statistic

result

of non-ore

mineral
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based

on
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is based on 56 deposits; 2- the

deposits



Table 9. Mineral Associations in Chinese Carlin-type Gold Deposits (Modified from Wang,

J. and Du, L.T., 1993)

Type subtype Host rock Age Mineralogy Deposit example
Deposits  in Gold-stibnite-
Mﬂma:::w Au-Sb-W Argillite, slate, Proterozoic, aurostibnite-tungstite- Woxi, Longshan, Mobing,
siitstone siltstone Sinian pyrite-arsenopyrite Gutaishan
Siltstone, carbonaceous Proterozoic,
Au-As argillite, argillaceous Triassic, Gold-arsenopyrite- Bangi, Yata, Dongbeizhai
limestone, Cambrian, pyrite-realgar
carbonaceous slate Ordovician,
Deposit in Carbonaceous
jasperoid Au-U silicalite, carbonaceous Cambrian Gold-stibnite-barite- Laerma
slate pitchblende
Siliceous-argillaceous  Permian Gold-galena-sphalerite  Kangjiawan
Au-Pb-Zn limestone, silicified
breccia
Limestone, dolomitic Silurian, Gold-cinnabar-realgar- Ertaizi, Shixia, Jinyia,
Deposit in Au-Hg limestone, silty Devonian orpiment-chalcopyrite- Langquan
carbonate dolomite pyrite-arsenopyrite-
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Table 10. Mineral Percent and Au Content of Minerals in Ore of the Bangi Gold
Deposit (After Tao, C.G., 1990

Items Pyrite Arsenopyrite carbon Clay mineral
(including
Marcasite)
Mineral (%) 3.55 0.13 0.05 40.11
Gold (%) 5.03 0.30 0.99 92.99
Grade m) 45.89 75 53.60 75
Items Quartz Carbonate Illuminate(dio Magnetit total
minerals pside, siderite, e
barite)
Mineral (%) 55.85 0.20 0.11 100
Gold (%) 1.55 0.02 0.02 100
Grade m 1.76 0.03 2.94 6.50

Table 11. Mineral Percent and Au Content of Minerals in Ores of the Yata Gold

Deposit (After Tao, C.G., 1990)

Items Pyrite Stibnite Clay mineral carbon
Mineral (%) 4.72 0.05 42.51 0.11
Gold (%) 62.425 0.01 35.01 0.48
Grade (ppm) 83.2 1.32 5.2 27.32
Items Quartz Carbonate Pyrrhotite & total
minerals Magnetite
Mineral (%) 47.96 4.6 0.05 100
Gold (%) 1.82 0.55 0.005 100
Grade (ppm) 0.24 0.75 0.61
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including pitchblende and graphite, are more
common in some Chinese sedimentary rock-
hosted gold deposits such as the Laerma, Bangqi,
Yata, Jinyia and Dongbeizhai deposits. In
addition, several native elements are present in
Chinese sedimentary rock-hosted gold deposits,
such as native sulfur (Qinlong deposit), native
Cu, Zn, iron, aluminum (Getang deposit), and
arsenic (Yata and Jinyia deposits). Native
arsenic has also been reported in the north-
central Carlin trend (Barrick Goldstrike
unpublished data).

In summary, mineral associations of
pyrite, arsenopyrite, stibnite, realgar, orpiment,
quartz, barite, calcite, and illite-clay minerals
are characteristic of most Carlin-type gold
deposits in both P.R. China and Nevada.
Specific mineral associations depend on rock
type, such that in P.R. China, arsenopyrite,
realgar and orpiment are more common in
silici-clastic rock hosts, whereas stibnite is more
prominent in carbonate rocks. In general, the
type and combination of ore, gangue and
alteration minerals in Chinese sedimentary
rock-hosted gold deposits are more complicated
than those in Nevada. The reason for this may
be due to different classification schemes or may
be due to different crustal conditions or
metallogenic epochs. The Chinese Carlin-type
gold deposits are more widely spaced and
distributed, and contain host rocks that
represent more diverse geological settings. The
presence of pyrrhotite, tungstite, and albite, as
well as native metals, chalcopyrite, sphalerite
and galena, are prominent features in a few
Chinese sedimentary rock-hosted gold deposits.

Content of gold in ore: A characteristic
feature of Carlin-type gold deposits is a very
low ore mineral content, with typically fine-
grained and disseminated ore minerals. For
example, the average pyrite content varies from
0.5 to 3 vol. percent in the ores of the Carlin
Mine, Nevada (Togashi, 1992). Similarly, about
4 vol. percent of ore minerals are contained in
ores of the Bangi gold deposit (table 10), and 4.8
vol. percent ore minerals are present in the
Yata gold deposits (table 11) (Tao, C.G., 1990).
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State of gold and its host minerals: Gold
mainly is present as sub-microscopic particles in
Carlin-type gold deposits and is one of the
distinct characteristics of these deposits;
however, where is the gold? Satisfying answers
to the total distribution of gold have not been
found in current studies of Carlin-type gold
deposits, even through several modern
techniques such as Mossbauer spectroscopy
have been applied on this research (Xu, G.F.
and others, 1982; Wagner and others, 1986;
Bakken and others, 1989; Wu, X. and others,
1989; Li, J.L and others, 1993, unpublished;
Aerhardt and others, 1993b; Wang, K.R. and
Zhou, Y.Q., 1994).

Sub-micron inclusions of native gold in
the crystal lattice of pyrite or chemically bound
gold in pyrite—particularly in As-rich pyrite
rims on earlier pyrite—are considered as the
most common probable occurrences of gold in
Carlin-type deposits. Most geologists consider
that gold is present as native gold, as tiny
inclusions in the host minerals. For example,
Mossbauer spectroscopy of pyrite in the Ertaizi
deposit, P.R. China, indicates that there is no
difference between gold-bearing and barren
pyrite; and therefore, it is difficult to
understand how the gold entered into the
crystal lattice of gold-bearing pyrite (Xu, G.F.,
and others, 1981). According to microscopy and
electron microprobe research, gold particles in
the Ertaizi deposit are from 0.5- to 20-mm-size
with granular or irregular and sheeted shapes,
hosted mainly in pyrite and also in oxide
minerals. In other research on the Shixia gold
deposits, P.R. China, by transmitted electron
microscopy, spherical 0.05- to 0.2-mm-size gold
particles are attached to the surface of halloysite
and hematite (Zhang, Z.R., 1984).

Studies using Mossbauer spectroscopy
by Wagner and others (1986) revealed that
some invisible gold was present in an
undetermined non-metallic chemical state in
pyrite and  arsenopyrite. Laboratory
experiments on gold-bearing arsenopyrite
indicated that gold content increased with
increasing As and decreasing Fe content in the
pyrite grains (Wu, X. and others, 1989).
Because gold is present in a metal state, it is



possible that Au may substitute for Fe in the
lattice of arsenopyrite, such as 2Au “ Fe. The
same result comes from dissolution experiments
on arsenopyrite and pyrite (Li, Z.H. and others,
1994). Li, JL and others (1993, unpublished
data) also have suggested that gold in Carlin-
type gold deposits may occur in a non-metallic
chemical state, and possibly as negatively
charged ions in pyrite and arsenopyrite.
Research also suggests that the proportions of
three forms of gold in the Jinyia deposit, P.R.
China, are 90.6 to 96.9 vol. percent of sub-
micron-size native gold; 9.4 to 3.1 vol. percent
of chemically bound gold in pyrite, and
arsenopyrite; and small amounts of gold
attracted by the surface of clay minerals (Li,
Z.H. and others, 1994). In summary, the most
likely occurrence of gold is as sub-micron native
gold inclusions in and as chemically bound
gold.

Several hydrothermal minerals in
sedimentary rock-hosted gold deposits also may
be potential host minerals for gold, depending
on mineral association, host rock, and
metallogenic conditions of the individual
deposits (Mao, S.H., 1991), although As-rich
pyrite is considered to be the most common
gold host. Arsenopyrite, stibnite, cinnabar,
realgar, orpiment, barite, quartz, organic
carbon, clay, and carbonate minerals may also
be gold-bearing in individual Carlin-type gold
deposits. The host mineral and proportion of
gold in some of the Chinese Carlin-type gold
deposits are shown in table 12 and figure 46. It
is clear that pyrite, arsenopyrite and clay
minerals play an important role for hosting sub-
micron gold in the Chinese Carlin-type gold
deposits, and to a lessor extent, quartz, stibnite,
and barite also are important.

Pyrite, especially As-rich pyrite, is
considered to be the most favorable host
mineral of Au both in Nevada and Chinese
sedimentary rock-hosted gold deposits. At least
two main kinds of gold-bearing pyrite are
reported in the Carlin, Cortez and Getchell
Mines in Nevada. One is fine-grained pyrite
(<0.005 mm) with a gold content of up to 4,200
ppm;  another is euhedral, coarse-grained,
zoned pyrite that contains 700 to 900 ppm Au in
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its cores and 1,500 ppm Au in its rim. A
common feature of these two gold-bearing
pyrites is a high As content of about 2.25 wt.
percent (74 wt. percent As in fine-grained
pyrite and 0.29 wt. percent As in coarse-grained
pyrite). Barren and As-poor pyrite is present as
well in unaltered, unmineralized rocks that
contain about 0.05 wt. percent As (Wells and
others 1969; Wells and Mullens, 1973). In the
Laerma gold deposit, P.R. China, two types of
pyrite with the same features as those in
Nevada deposits are present in quartz-veinlets
and in the host rock as disseminations. Most of
these pyrites contain very low As and a
corresponding low Au content, suggesting that
the ability of pyrite to host sub-micron gold
depends on its As content. This positive
correlation between As and Au in pyrites often
is observed in sedimentary rock-hosted gold
deposits (Wells and Mumin, 1973; Bakken and
others, 1989; Arehart and others, 1993b; Fleet
and Hamid, 1997). Corona textures of pyrites,
which are formed by alteration of arsenopyrite,
also are common both in Nevada and Chinese
Carlin-type gold deposits. It is interesting that
these pyrites usually have gold and arsenic
enriched margins and depleted cores (table 13).

Quartz is a common non-metallic
mineral and also an important gold-bearing
host mineral in some of the sedimentary rock-
hosted gold deposits. Quartz, as the main host
mineral of gold in the Laerma deposit (Zhang,
Z.A., 1993), and contains 1 to 28 ppm Au, 13
ppm Hg, and elevated values of As and Sb.
Gold-bearing quartz can be distinguished from
barren quartz by: (1) high ALO, contents
(>0.20 wt. percent)—generally, the ALO,
concentration of quartz ranges from 0.001 to
0.01 wt. percent; (2) high Hg content; and (3)
the high correlation of Au to high
thermoluminescence values of quartz, a
property of thermal analysis when quartz is
heated.

Stibnite is reported as a host for gold in some
Chinese sedimentary-rock hosted gold deposits
(Zhang, Z.A., 1993; Liu D.S. and Geng, W.H.,
1987). The highest gold content of stibnite in
the Laerma deposit is 233.40 ppm Au, and this
stibnite also contains 135 ppm Hg.



Gold Content of Host Minerals in Chinese Carlin-type Gold

Deposits.
(Compiled from Liu, D.S., 1994)

Table 12

Mineral Changkeng Yata Getang Jinyia | Bangqi
Pyrite 14.05 8 62.13 52.61 12.42 5.03
Arsenopyrite 4.34 - - - 76.92 0.3
quartz 17.00 38 1.82 5.6 3.65 1.55
clay minerals 56.80 31 35.01 38.6 493 92.99
carbonate - - 0.55 - 1.83 -
minerals
carbon - - 0.48 4.65 0.23 0.99
others 7.81 19 0.015 - - 0.04

- No data available
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Table 13. Analysis by Electron Probe of Corona Pyrite in Gedang Gold Deposit, P.R. China (in wt. percent) (After
Tianjin Geological Academy, 1992)

Sample location Fe S Au Cu Ni Co As Zn Sb

LL32-G core 45.47 52.75 0 0.04 0 0.03 0 0 0
margin 45.33 5220 0.09 0 0.01 0.02 0.51 0.2 0
core 45.59 53.83 0 0 0 0.01 0 0.04 0.01

LL32-G middle 44.06 52<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>