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ABSTRACT: Shewushan do deposit is located at 16 km southwest of Jiayu County, Xianning City, Hubei
Province, with approximately 10 Mt reserve and average around 2.2 g /t gold grade. That resulted from
chemistry of carlitype orebody hosted in Cambridermian strata under t&ary tropical rainforest climate,

which exposed to the oxidation interface by the regional uplift movement. Shewushan gold deposit is a closed
negative terrain controlled by faults, where broad karst landform also developed in the fault and unconformity
boundary, and obviously is a favorable environment for weathering gold deposit.

Primary orebody is controlled by Shewushan overturned anticline and Shewushan thrust nappe
structure, which respectively belongs to EW trend tectonic belt developed in Iadeasiiry Yanshanian and
NE, NW trend tectonic belt developed in Himalayan. Thenoaddle temperature serials of alteration minerals
include silicide, pyritization, baritization, calcite, realgar and orpiment in outcrop area of Shewushan deposit,
which isan important alteration mineral assemblage for caiigpe deposit.

The fACherts hato, associated with primary orebod:
and result from fillingmetasomatism whe®iO,-rich ore-forming fluid flowed to the Bfault. Besides that, our
further research implies that Si element is derived from the CamBdamian stratum or older stratum ihe
area.

The characteristic of fluid inclusions is-Z0% at gasl i qui d rati o, 10¢e mN at
homogenization temperature is from 80 to 240salinity is 2.269.34 wt% NaCl, average density is
0.817~0.990 g/cthpressure is 420x18430x10Pa (equivalent 1.2.0 km at depth), which can be referred to
high density, low salinity and low temperature dogming fluid. Whas more, the compositions of gas phase in
fluid inclusion contain C® and CH, which indicates that it is a reducing eferming fluid. Finally, we
conclude that the orborming fluidishotbo r i ne based on evidence from baritiz
ratio of Au/Ag.

KEYWORDS Genesis, Primary orebody, Carligpe gold deposit, Shewushan deposit.

l. INTRODUCTION

In China, this kind of gold deposit has been pamte attention (Cao, 1998; Tu, 1999; Chen and Yang,
1999; Wang and Tan, 2002). Shewushan gold deposit located in southern Hubei, central Chisig, (Riasl
the first lateritic gold deposit discovered in central China in 1989, which is also the largést Asia. Since
then, a series of laterite gold deposits have been found in succession from end of 1980's to beginning of 1990's,
and have become an important type of gold resource in China (Cao, 1998; Chen et al., 2001; Wang and Tan,
2002).

Shewushan dd deposit is a new type of economically gold deposit that is currently being exploited in
China.Economic grade of the ois confined largely to the lower portion of the-86thick weathering profile
rather than to the fresh, unweathered parts of thesiteplowever, both the climate and the tectonic settings in
Shewushan are different from the area where typical lateritic gold deposits are located. For example, the climate
is warm and humid in the Shewushan area. The annual rainfall is ~1100 mm, rfadiimy between April and
October, and the average temperature i§C,8with a mean of 4.9C during the coldest month (January) and
29.2°C during the warmest month (July).
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Fig. 1-1: Location of Shewushan gold deposit (after Hong, 2001)

The landscapeansists of hills covered with evergreen trees and bushes and comprises relatively flat
aggraded and coalesced alluvial fans, with the base level of erosion 20 m above mean sea level (Hong and Tie,
2005). The intensive tectonic movement during the Cendiroited the development of an erosional plain, and
most of the bedrock is primary carbonates. As a result, the particle size of the gold in the weathering profile is
extremely small; most grains are <0.02 mm in size and occur at the rims of clay minéral(giong, 1996;

Hong et al., 1999).

The gold in the ore is not visible by reflectethd transmittedight microscopy at high magnification.
It is, therefore, extremely difficult to study the occurrence of gold and its distribution by conventional means.

Previous studies of the Shewushan gold deposit have mainly focused on the geological setting,
geochemical characteristics, and genetic model of this type of weathelated gold deposit (Li, 1993; Li et
al., 1994; Yu, 1994; Liu, 1996; Hong et al., 2DOdowever, the genesis of the primary orebody is still argued.
There exist two viewpoints: weathered residual type (Yu, 1994; Li, 1998) and carlin type (Li and Liu, 1995; Liu
and Li, 1995).

The Shewushan gold deposit, hosted in weathered mantle abov@héwveushan thrust zone, is
probably an example of a type of deposit where all thegoade gold is related to surficial weathering processes
of a previously uneconomic gold deposit. Based on regional strata, from bottom to top, as the first large scale
laterized gold deposit to this day, Shewushan gold deposit is characterized by large scale, lower grade, easy
mining, easy dressing, top economic benefits dttthe weathering type gold deposit, a part of the Shewushan
gold deposit, whose orebodies ocaurthe loose clay bed, and contain different amounts of gravel and sand
serving as the host rockn this paper, we illustrate the genesis of the primary ore body by fluid inclusion,
geochemistry and electron microprobe analysis.

. REGIONAL GEOLOGICAL SET TING

2.1 Strata

The basement in the area is mesoproterozoic strata, and the cap consists efugassin strata.
Lengjiaxi group is the most important part of mesoproterozoic strata in the southern minerals area of Hubei
province, which comprise loweretamorphic rock with flysch rhythm, and primary rock is slate and tuffaceous
sandstone. The sedimentary strata mainly comprise carbonate rock with mud, sandstone and silicified coal. The
rift basin in the local area, resulted from extension in Late Yalemacontain red terrigenous clastic rocks.

In this area, Doushantuo Formation and Pingyuan Formation of Lengjiaxi proup, mainly hosted mineral
deposit, comprised dolomite with mud, limestone, shale and slate. Some mineral spots can also be observed in
Canbrian strata.
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Fig.2-1 Simpled regional map of ore district in the south of Hubei province (after Wang et al., 2011)
Strata: Q: QuaternaryiK,-R: Upper CretaceotiBertiary; Tz-J: TriassieJurassicy -T,: CambrianTriassic; Z:
Sinian; Pt: Proterozoic

Magmatic rocks: 9% -g r a n % -tieite U
Structure: 1. compressive fracture; 2. tenso fracture; 3. fracture; 4. anticline, syncline; 5. inverted anticline
inverted syncline; 6. complexing faults with several stages; 7. uplift and depression boundaries

2.2 Sructures

The ore deposit district in the south of Hubei province is located in the WRéngze folded zone belonged to
Wuling-Xiushui depression belt, Fangshan anticline and DamuBhayang anticline at the west of TongsHananchang
folded zone. The d tectonic, at the north of Tongsh@hongyang fault, consists of basement with center type of Sichuan,
the cap, and basement with south type of Yangtze River from bottom to top, but at the south of the fault, consists of
basement with south type of YamgtRiver and basement with center type of Sichuan from top to bottom. The covering
relationship of them respond southern strata thrusts to the basement with center type of Sichuan along the faults, and lead t
EW trend folds and EW trend faults, NE trerdilfs, NW trend faults occurred together, which bring about the alternating
characteristic between depressamd uplift.

2.3 Igneous rock

The Yanshanian magmatism is frequently in the area {#ig.&vhen Mufu mountain meltintype
granite emplaced inhe Tongcheng, Jiugong Mountain, Shadian and some other place, most of the rock is
diorite (i.e. Yinzu diorite) and common granite. It is suggested that igneous rock possibly is at the depth of
Tongshan and Shewushan based on aeromagnetic reports (1:5668e)x

2.4 Regional mineral resources

Mineral resources in the area, mainly in fraatallic mineral, followed by metal ores, energy, water
and gas mineral. 37 kinds of minerals have been found, but only 18 species of them were identified at mineral
reerves, including two kinds of energy minerals, metal ores;metallic mineral, mineral water. 11 kinds of
mineral resources, at reserves, rank in the top five in Hubei Province, the first in the province of minerals
include magnesium, antimony, monazitgntalum, geothermal, the second includes gold, niobium,
metallurgical dolomite and so on, finally, the fourth include coal, vanadium and manganese.

Most of gold mineralization in the south of Hubei province are laterite gold deposits, for example, large
Shewushan deposit and smstlle Bazimen deposit, Fushui deposit and Tongshan deposit, in addition to a
large number of anomalous area, which mainly are associated with the glacial warm and humid climate between
middle Pleistocene and late Tertiary, ldadintense chemical weathering, at same time, many-logdding
silicified rocks are also crystallization. Recently, some researches indicate thatt@aeligold deposit,
possibly origin of the laterite gold deposits, may be at the depth.
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Antimony mineal deposit is another important mineral types in the south of Hubei province, including
Fangshan, Damushan and Huangshanyan mineralization concentrated area, very similar genesis to each other, is
associated with early Yanshanian tectemagmatism. Recemesearches suggest that metals are mainly derived
from the Middle Proterozoic Lengjiaxi group and magmatic hydrothermal of granite.

. GEOLOGICAL SETTING OF SHEWUSHAN ORE DRISTRICT
3.1 Strata

Shewushan gold deposit lithologically overall constituted byldker strata, middle strata ore body
and upper strata. Constitute the slopdmsinal platform facies and restricted platform facies, but the water
depth is obvious by the shallowing upward variation. The bottom portion of the middle strata and the upper
strata constitute the main bedrock area of lateritic gold.

The water deep facies lower part of the rock formations in the anticline, the main body by a thin layer
of mud calcareous slate folder in the thin layer of mudstone, set lithology subject mayilment subtidal
zone half, slowly deposited debris content the product, including calcareous slate color is dark, and local to see
asphalt may indicate higher biological content. Mud calcareous and argillaceous rocks staggered indication the
subtidal emironment Porgy surface under the shallow part of the terrigenous material containing terrigenous
material relative water deeper mutual transition of the environment, that it may phase to the edge of the Wilson
cycle Basin the bathyal slot basin facies aadinal quite.

The central body of a thick layer of marl, calcarenite containing shelly limestone component, the shelly
limestone are often thin, local shelly limestone may Department reef shattered redeposition part. Rock and
mineral identification indiate the segment containing dolomitic and a small amount of quartz sand and other
debris ranging from 0 % (of course, the vast majority of quartz is a product of hydrothermal activity), so this
set must contain some restricted platform components, thdtgerom this rock and mineral identification
containing the dolomitic located near the -E.®acture. Saw another strong siliceous rocks of the local zone
part of the original Department of rocks may be impure calcium quartz sandstone, some linestansmded
siliceous gravel, and support it. Short, the central rock body is opened cocdusive platform facies, and
clip part of the platform margin shoal (shelly limestone), reflecting an unstable tidal

A

Quulcmury alluvium Sillcifit‘Ll tectonite
200 .Iurassw sandy mudstone Argillation tectonite
0 100 200m
— . Fault, N
i Sﬂurmn siltstone dashed line is inferred fault

Fig. 3-1. Geological sketch map showing mistructure and lithology in Shewushan gold deposit

zone and the intertidal environment with constantly alternating. Early emergence of terrigenous material,
reflect the early hydrodynamic conditions extremely turbulent, set strata at least represarggragsive phase
sequence. Upper strata body composed of thezkded marl, the lower part of the folder also have some of the
thin layer of calcarenite, whose main shallow shelf phase (Fiy. 3

For mine set of strata area predecessors, has been ewvsimbvObserved to lower strata based on

regional geological maps prepared by the Hubei four teams, mine quite Silurian strata, middle and upper strata
equivalent to the Carboniferou$ermian strata. The work in the central limestone collected a smallrd of
brachiopods, crinoidso |l ayer foraminifersé fossils
identification of paleontology Department of China University of Geosciences Professor Cai Xiongfei,
speculated that there may belong toBleonian.

3.2 Structure

The Carlintype gold deposits in China are structurally controlled by both faults and folds formed in the
Yanshanian orogeny (Cunningham et al., 1988; Ashley et al., 1991; Gao, 1992; Mao, 1992; Yang, 1992; Jian,
1996).The depositga usually located along secendder faults (e.g., Lannigou) near major faults, but a few of
them are hosted in large regional fault zones (e.g., Dongbeizhai).
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The deposit occurs in the Shewushan Thrust Zone Rig.8vhich was a conduit for epithermal
mineralization as well as the present site of formation of the weathered mantle formed at the expense of the
mineralized tectonic melange (Ding, 1992). The orebodies are located mainly in the lower portion of the
weathered mantle, which comprises brownddlsrown clay and gravelly clay, and consists of an assemblage
of illite, kaolinite, goethite, quartz, and oxides of Fe and Mn (Hong, 1995).

N Shewushan

water, table

anticline axis

Fig. 3-2. The generalized model of the bimodal thrust faults in Shewushan gold deposit
(modified from Wang andfang, 1992)

This deposit occurs within the over thus in the southern limb of Shewushan reversed anticline. The
distribution of the ore at Shewushan is structurally controlled. The sequence of structures observedsst east
trending structures, incluaddg the major anticlines and faults.

The structures in the deposit show features of multistage deformation. Theesastructures may
represent the regional norfiouthtrending Indosinian orogeny in earlier stage. The nsatith structures may
be relaed to the later tectoArmagmatic event with eastest maximum principal stress (Yu, 1995).

Shewushan deposit has its own feature including the structural location of occurrence, mineralization,
gold-bearing weathering crust laterite profile, gétdming resources, and gold occurrence features. This gold
deposit belongs to carlitype which can be divided into two subtypeginal gold ore and, the weathered gold
ore has been formed from exposed original gold ore which occurred in tectonite witgenthedipping fault
by weathered and leaching. Shewushan gold deposit consists of series of mineralization faults containing high
gold grade in a larger lower grade zone peripheral. Shewushan orefield occur the-igjgleleCambrian and
Ordovician, whichbear plenty of gold deposits; mineralization and geochemical abnomalies evidently, reflect
the source bed characteristic. The hydrother mal circulation passage is composed of gently dipping overthrust
and steep extensive slide fault.

3.2.1 Fault

In geolayy, a fracture in the rocks of the Earth's crust, where compressional or tensional forces
develops, causes the rocks on the opposite sides of the fracture to be displaced relative to each other. Faults
range in length from a few inches to hundreds of méesl displacement may also range from less than an inch
to hundreds of miles along the fracture surface (the fault plane). Most, if not all, earthquakes are caused by rapid
movement along faults. Faults are common throughout the world.

However Shewushamold deposit developed norffouthtrending faults, which are the second
important structures observédig.3-3). The northsouthtrending structures, a set of faults oriented at83;
which appear to postdate eastst faults and fractures and thus @bly postdate mineralization. The faults dip
east at around 30°, showing local interference with theveast structures especially, and offset silicified
limestone.

The hypogene mineralization is closely associated with thedeskloped faults and fteures present
mainly on the crest of the reverse anticline.
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3.2.2 Fold

Fold is used in geology when one or a stack of originally flat and planar surfaces, such as sedimentary strata, are
bent or curved as a result of permanent deformation. Many fielsdirectly related to faults, associate with their
propagation, displacement and the accommodation of strains between neighbouring faults.

Thus Shewushan gold deposit, structural orientations of folds are roughly southriasest. Easivest
structuresare dominant in the deposit and include the major anticline and associated parasitic fractures. The major anticline
is a reversed fold with shallowly dipping southern limbs in the Shewushan region and the axial zone just beneath the deposit.
They occur asxialplane fanning fractures in fold crests. Away from the crests they are at high angles or even normal to
bedding. Comkiextured or massive veins, which may be truncated by slip along the bedding or terminated against adjacent
mudstone, commonly filligeh fractures. These folds and faults have been interpreted as the result of sliding movement of
the sediment cause by the Indosinian orogeny.

N
o 150 o
A .

Fig. 33 Structural sketch map of basement rock in Shewushan gold mine Yu Renyu (1995)
Ky: Lower CretaceoysS;: Lower Silurian r »>-0: the upper Cambriaf®rdovician
1. Unconformity, 2. Fault 3. Contours of the bedrock surfafm); 4. Native gold mineralization boundary line
5. Weathering bundary line type goldb. View native gold drilling location.

The elevation of the ore Hg occurrence is strongly controlled by structures, and the thickness and grade of the
ore body increases in the fracture zone. The mineralization is confined to the structural area with the metasediments and
crushed quartz veins and calcitization. Basst-trending fractures are most intense in the limestone, with a spacing0of 5
cm (average 20 cm). The ore bodies are confined between the North Boundary faulitlfFdip angle between 380°)
and South Boundary Fault @ (Fig.3-4a, b), where devefed crushed limestone and tectonic breccias (Hg,31). East
westtrending fractures occur as axial plane fanning fractures in fold crests. Away from the crests they are at high angle or
even normal to bedding. Conrtextured or massive veins, which miag truncated by slip along the bedding or terminated
against adjacent mudstone, which commonly fills such fractures.

of & A%
- ot

Fig.3-4. Characteristics oserve i te field. -
a North Boundary Fault (f), about 120° trending;-Bouth Boundary fault (f);
c-crushed limestone neagfd-tectonic breccias occurs near F
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3.3 Alteration of Wall Rock

Above the water table, silification, argillation, ferritization occurred, whereas pyritization,
realgarization, baritization, bituminization, occurred below the mtatde.

Silification is the wide spreading alteration in
by onsite producers. It is limited to the faulted crushed zone and limestone units. The most intense areas of
silification are the faulted oshed zones, where the massive siliceous rock occurs @Big,. I3). It presents
discontinuous shaped, trending mainly southwards and projecting at the surface for weathering. The areas of
intense silification are generally related to a higher gold grade.

Argillation develops mainly in the weathering profile, where clay minerals occur in the matrix and in
fractures, with kaolinite and halloysite mainly in the upper portion and illite and minor kaolinite in the lower
portion, which caused gold occurstlin small Agbearing particles, nfacale in size, adsorbed at the edges of
illite and kaolinite (Wang and Yang, 1992; Hong, 1996; Hong et al., 1999; Hong and Tie, 2005).

Ferritization is the most intense surficial alteration in the mine. It is confmectathering profile. Ferritization
occurs as psendomorphs of the earlier sulfide (pyrite and marcasite), disseminated in the oxidized zone.

Pyritization develops widely in limestone, especially in western part of the mine, i.e. jarosite widely occurs,
implying pyritization development (Fig.-8c). In addition, realgarization develops together with orpiment (Figl)3They
could be recognized in the calcite vein or in limestone, which occurred as granulous or filmated in calcite vebejFa. 3
disseninated in limestone (Fig-3f). Baritization occurs in vein or breccias, and coexist with calcite (Fbg)3

Bituminization occurs in bedrock outcrop, which cement or cut calcite vein, later than calcite§R)g. 3

In brief, both hypogene and supemgemineralization are present in Shewushan gold deposit. The hypogene
mineralization, i.e. primary mineralization, is closely associated with silification. Three silification stages are oli3erved:
the first stage is barren, characteristically coplandhécaxial plane, and devoid of sulfides; 2) gbkhring sulfide quartz
veins and calcite veins postdate the first stage chalcedony quartz veins, which crosscut the former chalcedony quartz veins
and probably represent the primary gblkehring mineralizén; 3) the third stage is characterized by the disrupting of
sulfide quartz veins and calcite veins by barite quartz veins.

bitumen

Fig. 35 Various alterations in Shewushan gold deposit.
achalcedony cement brecciaous limestone in fault crushed zegik¢ified limestone (primary mineralized
bodies) outcrop in fault crushed zongarosite widely occurs in western part of ore mineedlgarization
coexist with orpiment in polished section with oblique light, five times magnificatioealgarization, orjpnent
disseminated occurs in calcite vein in fault zoredlgarization and orpiment in brecciaous limestorearite
cut across the siliceous limestondyitumen envelope the calcite in fault zone
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3.4 Characteristic of Orebody

The oxidated ore bodfi ) in the Shewushan deposit is above over weathered surface and at the bottom of
gold-bearing silicious beltN ). The shape of ore bodii () is layered, stratiform and lenticular, 1.8 km at length
and n~100n m at width. All sulfides are oxidated and ordyileg quartz, chalcedony, clay and limonite in the
oxidated ore (Fig.-8). The range of gold grade is wide, from 1%¥16 3x10°, and 18.26x18 at most.

The primary ore bodyn() at the bottom of the oxidated ore bodly)(consist of Ordovician goldearng
broken (brecciated) limestone (contains some clay) and gravel silty claystone (contains some siltstone).The gold
grade of ore bodyn() is at the range of-2x10°.

b

-

Primary orebody Il

Fig. 36. Shewushan arnica mine 0 line schematic esestional view (after Wang, 129
I, the silicon capii , oxidized ore body (ofjn primary ore (of) the body

3.4.1 Minerals

Ore minerals occur in open faults, stock works, and breccias and replace adjacent strata resulting in the
formation of disseminated ore (Fi@3. In brittle, imprmeable, and unreactive rocks, the bulk of the ore is
along faults and fractures. In less competent, permeable, and reactive lithologies, ore extends outward from
faults to form large tabular bodies.

The increment of fine grade size aggregates is ot gigaificance to absorb Au particles and to form
the economic ore bodies.

Fig.3-7 Ore minerals in Shewushan gold deposit
A. pyrite and arsenopyrite symbiotic (x10), B. limestone interspersed with pyrite and arsenopyrite veins,
C. Symbiosiswith realgar and orpiment (x5), D. Brecciated limestone realgar, orpiment
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3.4.2 Gauge minerals
Primary ore body contains gangue minerals calcite, dolomite, barite, fluorite, and clay minerals.

3.4.3 Texture and structure of ore

There are three types ofe in Shewushan deposit, contain gbkhring silicious (AN ), oxidation and
primary ore.

Gold-bearing silicious orebody (AlI) , which is brown, gray and mar ool
clastoporphyritic fragmentation, brecciated structure seen limonite leaching phenomenoB4¥ig.3

The characteristic of odation ore is cataclastic structure,argillaceous structure, containing structure,
residual structure, brecciated structure, disseminated structure, banded structure, vein structure, and honeycomb
structure.

The characteristic of primary ore is cataclastiticture, interspersed structure, micritic biological structure,
brecciated structure, vein structure, and higher gold grade in broken Téekere was crushed, fragmentation
structure (Fig.8B), the filmlike structure (Fig.8C), interspersed struge (Fig.38D), pulselike structure
(Fig.3-8E), brecciated structure (Fig8F).

Fig. 38 Typical ore structure of primary orebody in Shewushan gold deposit
A-silicified tectonic rock, Bfragmentation structure Ore nearlyFC-film-like structurenearly R,
D-realgar, orpiment disseminated structure neat]yBE-arsenopyrite vein, $recciated structure
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IV. ANALYSIS OF ORE GENESIS
4.1 Study on Fluid Inclusions
Several studies on the petrography, and microthermometry, of fluid inclusions haveyrbeentlon
samples in the Laboratory of China University of Geosciences (Wuhan). Nineteen samples were observed for
homogenization temperature. The location of the samples could be seen inlFigrestone, dolomite,
cryptite and silicite samples were lemted from outcrop. These samples were cut and double polished into
around 0.3 mm thick sections to observe.

Fig. 41. The location map of the analyzed samples in Shewushan deposit

Al | the three typesd i ncl usi manyJFigh42a le), pteaedesecormdrys(fig. 4 ed i n
2c¢) and secondary (Fig-2d) fluid inclusions.

Primary inclusions are typically 1l arger (maxi mum 20 ¢
inclusions define linear trails and are much smallep ftyc al 'y <5 em) . Analysis was in mos

thought to be of primary origin and hence allows us to document temperature in mineralized fluid.

Two kinds of inclusions exist, i.e. aqueous (most abundant) fluid inclusions apdoB@uid inclusions. For the
first type, the vapor phase occupies 5% to 10%, and to a lesser extent 15% to 40% of the total volume of individual
inclusions. They are mostly irregular and el |l i ptarge, i n shaj
reaching 20 em in the |l ongest dimension. They occurred eit
wide hands. The homogenization temperatures range frdi@ #0350°C, concentrating between 130 and 220C, which
is midde-low temperature (Fig.-8).

Fig. 42. Fluid inclusion petrography in Shewushan gold eposit
aPrimary fluid inclusion with isolated occurrencePbimary fluid inclusion in small clusters: ¢
Pseudosecondary fluid inclusion distributed in calcitaufissd Secondary fluid inclusion in calcite fissures




