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SUMMARY

The principal purpose of this report is to highlight the mineral potential in eight
target countries of East and Central Asia: China, Mongolia, Vietnam, Laos,
Kazakhstan, Kyrgyzstan, Uzbekistan, and Tajikistan. The target countries

constitute one-third of the area of Asia, or 11% of the world’s explorable land
surface, and contain regions of all geological ages and tectonic settings. There are
Precambrian cratons in China and Russia, widespread Palaeozoic fold belts across
the northern arc of the target countries, young volcanic arcs around its margins, and
old arcs amalgamated within the region. The continent has been exposed to all the
processes of sedimentation, magmatism, tectonism and weathering that are related
to the production of ores. A significant proportion of the world’s large deposits of
copper-gold (Cu-Au), gold-silver (Au-Ag), lead-zinc (Pb-Zn) and nickel-platinum
group elements (Ni-PGE) occur in Asia, many within the target countries.

Ore-deposit types with the greatest potential for large contents of copper, gold,
lead-zinc and nickel-PGE have been emphasized in this assessment. In addition to
diamonds, these commodities attract the greatest amount of exploration and
development investment by major and junior companies worldwide. The deposit
types with high potential for discovery include porphyry and sedimentary rock-
hosted copper, orogenic, intrusion-related, epithermal and Carlin-style gold,
sedimentary-exhalative (sedex) and volcanic-hosted massive sulphide (VMS) lead-
zinc, and magmatic nickel-sulphide with PGE plus nickel laterites. The geological
associations and depositional-tectonic environments of formation of these types of
deposits are reasonably well understood. In order to identify broad belts that are
prospective for such mineral deposits, a group of 20 experts with knowledge of the
mineral deposits and the depositional and tectonic settings throughout this vast
region gathered for a brainstorming workshop in Ottawa, March 7-10, 2001. The
results of the workshop are presented in this report on very large area, small-scale
geological, tectonic, aeromagnetic and topographic relief maps. Data on 1209
mineral deposits and occurrences in the region were also compiled.



There is excellent potential for further discovery of porphyry copper-(gold)
deposits throughout the Altaids, a collage of Palaeozoic magmatic arcs that stretch
from Kazakhstan and adjacent countries into Mongolia and parts of northeast China
plus Russia. Central Asia also has potential for sedimentary rock-hosted copper
deposits, and the whole region is prospective for polymetallic VMS deposits in
backarc belts parallel to the frontal volcanic arcs. Suture zones and related
accretionary wedges throughout the region delineate individual arcs that comprise
the collage, and these orogenic zones have potential for both orogenic and intrusion-
related gold deposits.

Similarly, further south, magmatic arcs of various age, many lying on the margins
of cratonic blocks in China, have associated with them belts of copper-gold and
lead-zinc potential. These arcs are related to the Mesozoic Tethysides, which begin
in central Europe, stretch across Turkey, Iran and northern India into Tibet before
bending south into Indochina. The eastern margin of Asia experienced Cretaceous
magmatism that was the precursor to the present-day volcanic arcs. Much of the
Tethyside arc from Iran through Tibet has been poorly explored and assessed. Other
areas of the region are also prospective for a variety of deposits, for example for
Carlin-style gold.

The potential for nickel-sulphide and PGE deposits is limited to relatively small
areas of mafic-ultramafic rocks, but with the largest and third largest nickel-PGE
deposits in the world being located in Russia and China, respectively, East and
Central Asia might well host more world-class deposits. In addition, there is an
abundance of ophiolites throughout the region, the ultimate sources of lateritic
nickel deposits, meaning that broad areas must be assessed for their potential for
nickel, as well as chromium and cobalt. Other commodities that are sure to be found,
given known deposits and the geological setting, include tin-tungsten, antimony-
bismuth, rare-earth element, (REE) and rare metals, titanium-vanadium, iron and
diamonds. Indeed, the target countries have a significant proportion of the known
world reserves of Sb (64%), W (42%), REE (44%) and Cr, as well as >20% of Pb-
Zn and about 10% of world reserves of copper, molybdenum and gold. This is an
enviable position for a region that is so under-explored.

Continued study of the mineral potential of individual countries at scales that are
useful for regional and district targeting of mineral resources can be done in part by
the local national surveys, with assistance from other surveys and international
groups. The most essential need is for reliable geologic maps and regional
geophysical and geochemical surveys at national, provincial and district scale,
supplemented by information on ore deposits and mineral occurrences. Such data
must exist in electronic format and be available to allow rapid integration and
assessment. An enlightened national policy would be to make all geological data
widely available at reasonable cost, in order to compete with other countries to
attract the best explorers who can identify the mineral deposits remaining in a
country. Such data availability increases exploration efficiency, and allows
exploration groups to use their expertise and imagination to target new deposits in
old districts, as well as to identify new districts hiding their mineral wealth. 

Some of the most prospective regions are also the most remote, and so suffer from
problems of limited access to transport and infrastructure, plus unfavorable
elevation, relief and climate. Because of these adverse geographical factors, to be
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economic deposits must be large and high grade, with favorable metallurgy. Gold,
PGE and diamond deposits have high-value, low-volume products, reducing
demands on transport infrastructure, so they are the easiest to develop. The
infrastructure developed to support these mines can then provide better conditions
for the subsequent development of major copper, lead-zinc and nickel deposits.

The mineral potential of Asia is second to none. Combining the natural potential
of the region with the fact that most of the area is under-explored from the
perspective of modern ideas and technologies means that many world-class ore
bodies remain to be found. Investment in proper exploration, assessment and
development will help to underpin the growth and stabilization of the economy of
each country in the region.

Summary

iii
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1
INTRODUCTION

PURPOSE OF STUDY
The purpose of this study, as outlined in the following Terms of Reference, is
two-fold: 

Provide an outline of the known mineral deposits of significance in eight target
countries within East and Central Asia, including China, Mongolia, Vietnam,
Laos, Kazakhstan, Kyrgyzstan, Uzbekistan, and Tajikistan (Figure 1). 
Highlight regions that are prospective for a variety of ore deposit types,
including relevant information on belts of geologic and tectonic continuity.
Attention should focus on deposit types with greatest potential for large
contents of copper, gold, lead-zinc and nickel-PGE. 

The target countries constitute one-third of the area of Asia, or 11% of the world’s
explorable land surface. Although the project focuses on these eight countries, we
discuss the geologic and tectonic continuity and mineral resources of adjacent
regions where these aspects are relevant to assessing the mineral potential within
the target countries, since geological terranes and metallogenic belts do not stop
at political borders.

Asia has a rich history of mining its mineral wealth. The huge area of the
target countries, the geologic diversity and mineral potential, coupled with the
limited exploration by modern methods, all promise further discoveries of
world-class mineral deposits throughout the region. Mining these deposits will
contribute significantly to the economic development of each country that
successfully attracts the exploration and investment required for mineral
resource development.
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OUTLINE OF PROJECT AND REPORT
This report is organized into several portions:

A broad review of the tectonics and mineral resources of Asia, the latter expanded
from a recent Mining Journal supplement
Compilation of information on mineral deposits of the target countries, including
tabulations country by country, and geologic plus tectonic maps, available on CD 
A summary of the mineral potential of Central and East Asia, based on a
brainstorming workshop of experts from around the world

This study has focused on mineral belts prospective for copper, gold, lead-zinc,
nickel plus platinum-group elements (PGEs). Not only do these basic commodities
attract the majority of exploration investment, particularly by major companies, but
the largest examples of the ore deposits containing these commodities are also
typified by relatively few deposit types. In addition, these deposit types are
relatively well understood in terms of environment of formation. Thus, the
potential for these limited deposit types to occur in a region can be based on
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Figure 1: Geography of Asia, with eight target countries highlighted, plus capital cities, railroads, ports and smelters (Cu-Pb-Zn). In Kazakhstan there are

smelters at Balkhash (Cu), Dzhezkazgan (Cu), Ust-Kamennogorsk (Pb-Zn-Ag-Cu) and Chimkent (Pb-Zn), and in Uzbekistan, near Almalyk (Cu-Mo).
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consideration of permissive geological and tectonic setting as well as existing
deposits of similar type. This is the approach used in this study to assess the mineral
potential of the region.

Appendices to this report include basic information on the known mineral
resources of the target countries, their geological and tectonic setting, and a
bibliography of relevant information. 

Appendix 1: Overview of the geologic and tectonic history of Asia, particularly
its relevance to the metallogeny of the target countries

evolution and continuity of the Palaeozoic arcs of north-central Asia, the Altaids
development of the Tethyside belt during the Mesozoic from eastern Europe
through south Asia to southeast Asia

Appendix 2 (CD): Compilation of 1,209 mineral deposits and occurrences on a
country basis, and maps of geology, tectonics and mineral resources at
1:5,000,000 scale

focus on significant deposits, either in terms of size or indication of mineralisation
environment; includes deposit type, and where known, age and size
scope of project, resources and time available limited compilation to maps and
data in the public domain, bolstered by access to confidential databases of
several companies

REASONS FOR STUDY
Asia is a region of paradoxes. It is the world’s largest continent, comprising 33% of
the explorable land surface, and the region is host to over half of Earth’s population.
It has the most densely populated areas on Earth, but also some of the most sparsely
populated. Asia has countries with the world’s fastest economic growth and it has
areas of entrenched poverty. There are also diverse social and economic systems,
many undergoing rapid change.

To maintain rapid economic growth in the wealthy regions of Asia, abundant
raw materials are needed; to overcome the poverty in backward areas there is also
need for basic commodities, plus the infrastructure that comes with the
development of natural resources. Despite the economic slowdown in the
developed world at present, the Asian Development Bank predicts that Asia
(exclusive of Japan) will see 5% growth in 2001, down from 7% in 2000 but rising
to 6% in 2002. China, which constitutes two-thirds of the area of the target
countries and dominates the region economically, is expected to continue to grow
at rates higher than the Asian average. Such continued growth requires either
locally mined or imported minerals. 

Asia has a mining history that extends back several thousand years. The geology
of some gold and other metal deposits in China was described prior to the 7th
century BC (Yang, 1997), and during the Zhan’guo Dynasty (475-221 BC), Guan
Zong described “Upper cinnabar, lower gold; upper magnetite, lower copper and
gold”, possibly the first exploration guidelines anywhere. It was not until Marco
Polo (1254-1323) wrote of gold, copper, tin and other prized metals in the region
that the Western World knew of Asia’s mineral wealth. 

Parts of Asia are rich in mineral commodities and are major world producers. At
present China contains a large proportion of the world’s coal resources; India is a
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substantial exporter of coal and iron ore; Indonesia exports coal, gold and copper. Yet
Asia overall is a net importer of all major mineral commodities: the region as a whole
does not yet meet its own needs for raw materials, despite its geological diversity and
vast area (cf. China: The new Japan, Mining Journal, 10 August, 2001).

For example, despite a five-fold increase in the production of copper ore from
1965 to 1996, China has had to progressively increase imports to satisfy domestic
demand. In 1965, imports supplied 20% of Chinese copper consumption, whereas in
1996 this had increased to over 60% (Shiga and Osame, 2000). Even zinc and lead,
which China exported from the mid-1980s, now barely meet domestic demand
despite respective increases in ore production of these metals by ten and five fold
since 1963.

Asia contains regions of all geologic ages and tectonic settings. There are
Precambrian cratons in Russia, China, India and Arabia, widespread Palaeozoic fold
belts, young volcanic arcs around its margins, and old arcs amalgamated within it.
The continent has been exposed to all the processes of sedimentation, magmatism,
tectonism and weathering that are related to the production of ores. So why does it
not produce all its own needs and more? 

The reasons have little to do with geology, much to do with geography, culture,
history and politics. Despite Asia’s long heritage of mining, exploration of the
region has been patchy. Large areas have had traditional prospecting, but no modern
exploration with the benefit of advanced technologies. Some areas have been
explored extensively, and many deposits are known in some regions. Some of the
known deposits are world class in size. However, even where deposits are known,
many have not been exploited because of their remote or physically difficult
location, lack of supporting infrastructure, or lack of a permissive legal and
administrative environment. 

The extreme winter climate in much of central and northern Asia is a major
obstacle to development of mineral deposits, especially for transport of bulk
resources to market. Land transport (Figure 1) is at a disadvantage compared to sea
transport of bulk commodities such as iron ore, coal, and base metal concentrates.
High-value commodities such as gold, PGE and diamonds do not suffer the problem
to the same extent, and these commodities are all abundant in parts of Asia.
Development of such deposits will contribute to the infrastructure that may
ultimately allow other commodities to be developed economically. 

Use of domestic mineral resources will come eventually to each country in the
region. The only question is the timing and therefore degree to which development
of domestic mineral resources will underpin the economic growth of each of the
target countries.

TERMS OF REFERENCE
Potential for Mining Investment in Transition Economy Countries in East and
Central Asia

1 Background
One of the key features within the mining sector over the past 10 years has been
the tremendous growth of direct investment into developing countries by
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international mining companies. This foreign direct investment is currently
becoming a major source of financing for mineral resources exploration and
development worldwide. Therefore, many governments in developing and
transition countries have been taking steps towards ‘mining sector reform’ to
attract private mining investment. 

The transition economy countries in East and Central Asia (target countries being
China, Mongolia, Vietnam, Laos, Kazakhstan, Kyrgyzstan, Uzbekistan, and
Tajikistan) have excellent geologic potential for mineral resource development by
international mining companies. However, metal production at present comes
largely from state-owned enterprises, and this has declined sharply in the past
decade. The eight target countries account for US$4.3 billion (2.8%) of worldwide
mineral exports, but receive only US$40 million (1.5%) of worldwide exploration
expenditures by private international mining companies.

These countries have largely missed out on such investments for a variety of
reasons despite their excellent mineral potential. If these countries establish
appropriate legal and regulatory frameworks, fiscal regimes, and institutional
capacity to manage mineral projects, they should be able to attract 10 to 20 times
as much private exploration expenditures. The World Bank Group Mining
Department sees an important opportunity to facilitate new private investment
that will lead to strong development benefits if countries can address these
existing constraints. 

2 Outline of the Assignment
A group of experts (Mining Lawyer, Fiscal Expert, Institutional Expert, and
Economic Geologist) hired through this assignment will undertake a strategic
review of the mining sector of these countries. The assignment of Dr. Jeffrey
Hedenquist, Economic Geology Consultant, will cover but not be limited to
fundamental issues such as:
1 Compile the geology, tectonics, mineral resources, and metallogeny of a group of

countries including Kazakhstan, Mongolia, China, Laos, and Vietnam, and where
information is available, Uzbekistan, Kyrgyzstan, and Tajikistan

2 Tabulate information on past and existing ore-deposits of significance, including
location, deposit type, commodity and size, geological setting, and apparent
controls on mineralisation

3 Trace the tectonic and metallogenic continuity across national borders
4 Prepare a map of mineral potential for future private exploration and mining

investment 
5 Compile a bibliography of relevant available information, including information

in the published literature and other information available in the public domain,
plus information available from governmental agencies of the countries
concerned and from third countries.

This assignment will be based on existing information and personal knowledge.
Given the time and resources available, field examinations will not be included. The
output of the work should be a paper including the geology, tectonics, metallogeny
and mineral resources of the region, with a mineral potential map for future private
exploration and mining investment.
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INFORMATION
The goals of this project are ambitious: to compile information on the known
mineral resources of 11.2% of the explorable land surface, and to provide maps of
mineral potential along with information on the geology and tectonic continuity of
this region. Given the time and resources available, there are several caveats about
this information and its interpretation.

This report is based on the expertise of the group; given the scope of the project
and the time and resources available, the purpose was not to provide a quantified
assessment of mineral potential, but to highlight regions prospective for a variety
of ore deposit types.
The US Geological Survey 1:5,000,000-scale maps that have been used for a base
come from four separate sources, and were stitched together for this project. In
some cases the maps do not match perfectly across national boundaries, and
between map series.
The portion of this report that focuses on belts of mineral potential in the target
countries is based on the integration of the extensive experience and expertise of
many individuals, and this is the strength of the study. However, some
differences of opinion remain, 1) on correlation of geological and mineral belts
- in many cases due to lack of adequate mapping - and 2) on the prospectivity of
some regions. These arguments will be resolved only through fieldwork and
intensive exploration. Furthermore, such a broad effort cannot hope to identify
all areas that are prospective for all mineral commodities, although a majority of
the major belts with potential for large deposits of the principal commodities will
have been noted.
As we used data available largely in the public domain, the deposit compilation is
necessarily limited and incomplete. Efforts have been made to check information,
particularly by regional experts, including deposit locations, types, ages, sizes, but
errors certainly remain; we are limited by the quality of the original source. 
We have maintained the deposit classification of the original source, as in many
cases it is not possible to know how to classify a deposit into the type divisions
used here. In some cases the transliteration of names varies, or different names
are used for the same deposit. Deposits in different data bases that appear to be
the same, based on name, commodity and related information, can have minor
(5-10 minutes) to serious (1-2+ degree) differences in listed location. Where
possible original country maps have been used to check which location is likely
to be correct.
Several private companies provided access to their confidential databases to
bolster this compilation, for which we are grateful. To protect the confidentiality
of the databases, we have extracted only the information necessary, and have
prepared derivative products. 
Vectors and shape files for digital maps have not been included with the
accompanying CD to avoid copyright issues. The PDF images are for read-
only access.
All map projections are World Mercator (scale bar shown appropriate only at
equator), except for the shaded relief images, which are Lambert Azimuthal
Equal Area.
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2
OVERVIEW OF THE MINERAL

RESOURCES OF ASIA1

MINERAL POTENTIAL OF ASIA

The following discussion briefly outlines the status of known mineral resources in
Asia. This overview highlights the world-class deposits in particular, and notes the
potential for further such discoveries. This overview puts the mineral potential of the
eight target countries - comprising one-third of Asia - into the perspective of Asia as
a whole.

Ore deposit settings
By using the distribution of known deposits and their relationship to geological
belts, plus knowledge derived from other parts of the world, we predict that Asia will
yield a substantial number of major mineral discoveries. Geological time slices
provide one framework to use in our assessment.

All continents are built around ancient Precambrian cratons, which are relatively
stable portions of Earth’s crust. They may be exposed in shield areas, or lie hidden
beneath platforms of extensive sedimentary rocks. The major cratons of Asia include
the Siberian platform of eastern Russia, also known as the Angaran shield, the Sino-
Korean or North China and Yangtze shields of north and central China, respectively,
the Tarim craton of western China, and the Indian and Arabian shields. The
Precambrian rocks of these regions, where exposed, are prospective for a wide range
of commodities including gold, iron ore, base metals and diamonds, such as the

1 Adapted from a recent article by Noel White, Jeff Hedenquist and Rod Kirkham
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major iron ore and gold deposits mined in India. The Siberian platform is one of the
world’s major producers of diamonds, and the Sino-Korean platform contains gold
and diamonds. 

Palaeozoic-age rocks are extensive throughout Asia, both as flat-lying platform
cover rocks and intensely deformed mobile belts. The latter are related to huge
systems of major structures that cut across central and northeastern Asia, and these
contain world-class sedimentary-rock hosted gold deposits such as Muruntau and
Kumtor. Eroded volcanic arcs of the Palaeozoic Altaids (Appendix 1) host important
porphyry copper ore bodies in Kazakhstan, Uzbekistan and Mongolia. By contrast,
the platform units of both Palaeozoic and Precambrian age are sites of widespread
sedimentary rock-hosted lead-zinc and copper deposits.

The Tethyan orogenic zone consists of Mesozoic to Cenozoic belts that stretch
from central and east Europe through Turkey to Vietnam (Appendix 1); similar-age
rocks also occur along the Pacific margin of Asia. In both regions there has been
extensive subduction-related igneous activity. Indeed, in areas of Indonesia, the
Philippines, Japan, the Russian Far East, Turkey and Iran, arc volcanism is still
active or is only recently dormant. Like the Pacific coast of the Americas, these
belts are widely mineralised with both copper and gold. Major porphyry copper
deposits occur in Iran, the Philippines and Indonesia, and important epithermal
gold deposits are known in Russia, Japan, the Philippines, Myanmar and Indonesia
in the Tethyan belt.

Porphyry and other copper deposits
Porphyry deposits are the world’s most important source of copper and
molybdenum: they provide over half of world production, with much of the
remainder coming from sedimentary and volcanic rock-hosted and skarn copper
deposits. Porphyry deposits also yield significant amounts of by-product gold,
silver, rhenium and other commodities. For example, about 20% of world gold
production outside the Witwatersrand is derived from the mining of large porphyry
deposits. Because porphyry deposits are of such importance to world copper supply,
and because of their relative similarity world wide, we deal with their occurrence as
a single group.

Asia is well endowed with porphyry deposits (Figure 2) which include some of
the world’s giants (Table 1). Some relatively young deposits occur within part of the
circum-Pacific orogenic belt, whereas others occur in older belts that have been
amalgamated into the Asian landmass. 

The young deposits in the Philippines, Indonesia and Papua New Guinea are part
of the Circum-Pacific volcanic arc system that contains many of the largest porphyry
deposits of the world, including those along the eastern Pacific margin. The huge
Grasberg-Ertsberg porphyry-skarn Cu-Au-(Ag) complex in Indonesia, and the
Tampakan epithermal-porphyry Cu-Au deposit in the Philippines are notable
examples. Porphyry copper deposits in the Carpathians and Caucasus of eastern
Europe, and those in Iran, Pakistan, the Yulong belt of Tibet and the Monywa
epithermal Copper deposit in Myanmar, are part of the Tethyan belt, the world’s
second most important belt of young porphyry and related deposits. The giant Sar
Cheshmeh Cu-(Mo-Au-Ag) deposit in Iran, and the recently-discovered Reko Diq
Cu-Au-(Mo) cluster of porphyries in southwestern Pakistan are examples.
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In addition to these relatively young tectonic belts with porphyry deposits, Asia
also contains a number of older porphyry deposits such as the Mesozoic occurrences
in the Dexing area of eastern China, Atlas in the Philippines, Erdenet in Mongolia
and the adjacent Transbaikal area in Russia. The large deposits of Tuwu in China,
Kalmakyr (Almalyk and Dalnee) in Uzbekistan and Kounrad in Kazakhstan are
Carboniferous in age. Other deposits in southern Mongolia are Siluro-Devonian, and
in northeastern Kazakhstan are as old as Cambrian. Malanjkhand in India is
Paleoproterozoic in age and occurs in a shield area, as does the Precambrian
Tongkuangyu porphyry in China. These ancient deposits highlight the potential for
discovery of large porphyry copper deposits outside young volcanic arcs.

Table 1 Asian porphyry copper deposits

Map no. Name Country Cu (Mt) Au (t) Age (Ma)

1 Sar Cheshmeh Iran 14 324 12.5

2 Saindak Pakistan 1.6 19

3 Reko Diq Pakistan 5.3 284 10-12, 23

4 Kalmakyr (Almalyk) Uzbekistan 27 2798 310

5 Qonyrat (Kounrad) Kazakhstan 5 324

6 Nurkazagan Kazakhstan 1.5 65 410

7 Boshchekul Kazakhstan 1.3 49 481

8 Malanjkhand India 5.9? 158? 1816

9 Tuwu China 7 95 290?
10 Yulong China 6.6 52

11 Jinduicheng (Mo) China 0.3 0.9 Mt Mo 124

12 Tongkuangyu China 2.6 2182?
13 Dexing China >8 240 170?
14 Duobaoshan China 3.6 104 292

15 Erdenet Mongolia 8 17 240

16 Oyu Tolgoi Mongolia 2 109 411

17 Tsagaan Suvarga Mongolia 1.3 26 370

18 Monywa (epithermal) Myanmar 4.1 23

19 Batu Hijau Indonesia 4.8 468 3.7

20 Tampakan Philippines 6.8 267 3.5?
21 Sipalay Philippines 4.4 30

22 Atlas Philippines 6.6 225 103

23 Taysan Philippines 1.6 164 15

24 Santo Thomas II Philippines 1.2 232 1.4

25 Far Southeast Philippines 4.2 1123 1.4

Size and age data compiled by Geological Survey of Canada and RV Kirkham

Size refers to reserve and resource plus production. Locations in Figure 2
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Supergene-enriched zones are important components of the Sar Cheshmeh,
Kounrad, Erdenet and Monywa copper deposits. Despite the importance of
supergene enrichment and deep weathering in improving grade, metallurgy and
mining costs, deposits with this characteristic have probably been largely neglected,
especially throughout Central Asia, as they did not meet the requirements of the
centrally planned Soviet industry.

The world’s second-most important type of copper deposits are hosted by
sedimentary rocks; the major deposits of Poland, Zambia and Congo illustrate their
potential size. These deposits are also represented in Asia. The very large
Dzhezkazgan district in Kazakhstan, the Dongchuan area in China, and the huge but
undeveloped Udokan deposit in Russia are the best examples. Volcanic-hosted
massive sulphide deposits also can be rich in copper, but seldom reach the size of
the sedimentary rock-hosted type.

Table 2 Asian sedimentary rock-hosted copper deposits

Name Country Cu (Mt)

Dzhezkazgan Kazakhstan 14
Aynak Afghanistan 4
Udokan Russia 24
Lena Russia >1.4
Dongchuan China 4

A variety of gold deposits 
In contrast to copper, gold deposits of the world span a wide range of types (Table
3), and the varied and complex geological setting of Asia hosts a variety of
significant gold deposits. Of the world’s 29 giant gold deposits or districts
containing more than 600 t (20 Moz) each, there are 11 deposits or districts
representing four distinct types in Asia, and several other deposits nearly as large
(Table 4).

Table 3 Relative amounts of gold in deposits containing >5 Moz

Percentage Ore deposit style

50% Witwatersrand
17% Sedimentary rock-hosted orogenic
12% Epithermal
10% Porphyry (+ intrusion related)
4% Carlin style
7% Other (massive sulphide, etc)
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The world’s second largest gold deposit, Muruntau, is located in Uzbekistan (Figure
3). The deposit is hosted by metasedimentary rocks of a slate belt, and is located above
a late-collisional granitic pluton. Some argue for a slate-belt model, whereas others
suggest it is intrusion related; regardless of origin, its size and complex character make
it unique. Deposits that more closely fit the slate-belt style include Kumtor in
Kyrgyzstan and Sukhoi Log and Olimpiada in Russia. The Russian deposits formed
during metamorphism, deformation and intrusive activity related to Palaeozoic and
Neoproterozoic compressional tectonism, respectively. A variety of other large gold
deposits in Kazakhstan, Uzbekistan, Kyrgyzstan and Russia are slate-belt hosted,
although some may be related to intrusions (Table 4). The giant Jiaodong peninsula
district of northeast China, produced 52 t Au in 2000, contains at least 800 t Au reserve
and is the world’s largest granitoid-hosted gold district. At least seven individual
deposits are 1.5 to 4 Moz in size, but they comprise a single large district and the most
important in China, with much of the gold in the 60 x 40 km size Zhao-Ye belt. Their
origin is debated as being either orogenic or intrusion related; the age of Dongping is
early Cretaceous even though it is hosted by Palaeozoic rocks. The Kolar gold field of
India is Archaean in age, and has been attributed to an orogenic origin, similar to the
large greenstone-hosted gold deposits of Canada, Africa and Australia.
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Figure 2: Distribution of mafic and felsic igneous rocks in Asia (Geological Survey of Canada). Location of nickel and porphyry copper deposits shown

by triangles and circles, respectively. Large deposits are represented by the larger symbols, keyed to Tables 1 and 5.
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Carbonate rock-hosted gold deposits, similar to the huge Carlin-style occurrences
in Nevada, have been found in extensive areas of China, although the principal
deposits are concentrated along the northwest and southwest margins of the Yangtze
craton. The largest yet evaluated is Lannigou, with 2 Moz Au, but there are several
deposits containing about 1 Moz Au each, and hundreds of small gold-mining
operations work the easily processed oxidised ores. This style of gold deposit seems
destined to become a significant part of Chinese gold production. The only question
that remains is the ultimate size of discoveries. This deposit style also occurs in the
southeastern portion of the Siberian craton. The Kuranakh deposit, Cretaceous in
age, was once the single largest Russian hardrock producer. It yielded 240 t (8 Moz)
Au from 1949 to 1998, and the remaining reserve is estimated to be as much again.
In addition, there are several small deposits and prospects, and northeast Mongolia
also has potential for the discovery of similar deposits.

Table 4 Asian gold deposits (>5 Moz)

Map no. Name Country Au (t) Type Age (Ma)

1 Muruntau Uzbekistan 5246 S 275-255
2 Daugiztau Uzbekistan 261 S
3 Zarmitan Uzbekistan 340 I
4 Kalmakyr Uzbekistan 2798 P 270-300
5 Kumtor Kyrgyzstan 570 S
6 Vasilkovskoye Kazakhstan 448 I
7 Bakirchik Kazakhstan 256 S
8 Olimpiada Russia 700 S 850 or 600?
9 Sukhoi Log Russia 1200 S ~354
10 Nezhdaninskoe Russia 483 S
11 Kuranakh Russia 240 (480) S
12 Baleyskoe Russia 466 S
13 Jiaodong peninsula China 800 I
14 Chinkuashih Taiwan 200 E 1.3
15 Hishikari Japan 250 E 0.9
16 Far Southeast- Philippines 1123 P, E, E 1.4-1.2

Lepanto-Victoria
17 Baguio district Philippines 800 E 3
18 Santo Tomas II Philippines 200 P 1.4
19 Tombulilato Indonesia 151 P, E ~2-3
20 Kelian Indonesia 220 E 21-24
21 Batu Hijau Indonesia 468 P 3.7
22 Gunung Pongkor Indonesia 100 E 8.5
23 Kolar Area India 825 A ~2600

Deposit types: E, epithermal; P, porphyry; Sk, skarn, I, intrusion-related or -hosted orogenic; S, sedimentary-rock hosted orogenic; A, Archaean

greenstone lode. Size refers to reserve and resource plus production. See figure 3
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The other giant and large gold deposits of Asia are located in young volcanic arcs
around the continental margin (Figure 3). They are either porphyry or epithermal in
origin, and thus are affiliated with a common volcanic process. Indeed, deposits
such as the Far Southeast porphyry and the Lepanto and Victoria epithermal deposits
in Luzon are spatially and temporally related. This highlights the potential in
porphyry and epithermal districts for the affiliated deposit style to be present but as
yet unrecognised. For example, the Chinese Zhijinshan epithermal Au-Cu ore body
occurs over a porphyry deposit. Some epithermal deposits such as Zhijinshan,
known as high sulphidation, contain arsenic sulphide minerals that make processing
difficult unless the deposit has benefited from supergene oxidation. Where ancient
land surfaces have been preserved, such as in Central Asia, weathering could have
oxidised sulphides associated with all deposit types, thus improving the mineral
economics. By contrast, low-sulphidation epithermal deposits locally exhibit
bonanza grades of several ounces per tonne, eg, Hishikari in Kyushu and Zone 7 of
Porgera in Papua New Guinea. Such grades make this deposit style an attractive
target in volcanic arcs of any age, if they have not been deeply eroded.
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Nickel and PGE potential 
The world’s largest nickel-copper-PGE deposit occurs in Asia, at Noril’sk in Russia.
The third-largest nickel-sulphide deposit is Jinchuan, in China. The major flood
basalt provinces that are associated with the formation of this deposit type are well
represented in the region, especially in Russia, China and India (Figure 2). Use of
modern geological models combined with high-powered geophysical techniques is
likely to lead to the discovery of more such deposits.

Table 5 Asian nickel and lead-zinc deposits

Ni sulphide deposits Ni (Mt)

26 Noril'sk Russia 15.0 6,660 t Pd

2,220 t Pt

27 Jinchuan China 6.0

Ni laterite deposits

28 Buruktal Kazakhstan 1.5

29 Tsagan-Gol Mongolia 0.1

30 Soroako Indonesia 2.0

31 Gag Island Indonesia 2.6

Gebe 0.6

32 Nonoc Island Philippines 0.8

33 Rio Tuba Philippines 0.5

Sedex Pb-Zn deposits Pb (Mt) Zn (Mt)

Angouran Iran 1.2 4.8 Cu (Mt)

Zhairem Kazakhstan >0.4 >1.0 0.1

Tekeli Kazakhstan 2.5 3.0 0.5

Jinding (Lanping) China 3.0 12.7

Keketale China 0.9 2

Changba-Lijiagou China 0.6 3.7 Ag (t)

Qiandongshan China 0.2 0.96 268

Rampura-Agucha India 1.2 8.2 3,050

Bawdwin VMS Myanmar 6 2.2 7,200

Mississippi Valley-type Pb-Zn Pb+Zn (Mt)

Bezymyannaya River Russia, Far N ~40??

Komdok North Korea ~70??

Fankou China ~15

Size and age data compiled by Geological Survey of Canada and R.V. Kirkham

Size refers to production, reserve and resource. Locations for Ni deposits in Figure 2.
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Figure 4: Shaded relief map of Asia, showing the morphologies of the target countries

Production of nickel and cobalt from laterites has expanded recently. Important
nickeliferous laterite deposits occur at several places in Indonesia, and other
occurrences are known in the southern Philippines and in central Asia (Table 5).

Russia is the world’s largest producer of palladium and a major producer of
platinum. Although the bulk of production comes as a by-product from the nickel
sulphide deposits, with Noril’sk containing as much as 8,800 tonnes of these two
metals, PGE are known to occur in many places and in diverse deposit styles
throughout Russia and central Asia. If the metallurgical problems of extraction can
be overcome, the importance of this region for PGE production seems assured.

Lead-zinc and other commodities
Important zinc and lead deposits are known at Angouran in Iran, Leningorsk in
Kazakhstan, Bezymyannaya River on Novaya Zemlya at the northern end of the
Urals, Russia, Mai Sot in Thailand, Bawdwin in Myanmar, Jinding (Lanping),



Overview of the Mineral Resources of Asia

17

Fankou and Changba-Lijiagou in China. Indeed, China may contain nearly 20% of
world base-metal reserves, and the continuing increase of zinc production in China
suggests more and potentially larger discoveries to come. There are many other
deposits in Kazakhstan, Russia and China, as well as Komdok, a large
Paleoproterozoic example in the Korean peninsula near the Chinese border. The
huge zinc-lead deposits at Rampura-Agucha in India are also a major source of base
metals. Asia is well endowed with lead and zinc in both sedimentary and volcanic
rock-hosted deposits, although the actual sizes of some of these deposits (Table 5)
are not yet known with certainty.

Sutures
(estimated)
Faults, thrusts 
(estimated)

Cz arc
Mz flysch
Mz arc

Pz flysch
Pz2 flysch
Pz1 flysch
Pz2-3 basin
Pz1-2 basin

Pz2+Mz arc
Pz arc
Pz3 arc
Pz2 arc
Pz1 arc

Pt3 flysch
Pt arc
Precambrian
basement

Soulun-Linxi F.

S

S

S

S

S

S

S

S

S
S

S

S

S S

S

S

Tarim

Junggar
Balkash

N Tibet

Khanty-
Mansi S.

S Tibet
Yangtze

Indochina
   block

Sino-

Korean
Ta

n Lu F.Songlia
o

Songpan-Ganze

Qaidam

Khingan
 O

.

  W 
Sayan O.

C Mongolian O.

Altaids

Tethysides

Simao   
  B

ao
-

S
ha

n-
Th

ai

Qilian

Qinling belt

Tien 
Shan

Kazakh O.

A. Kipchak arc
B. Tuva - Mongol arc
C. Kazakh - Mongol arc
D. Mugodzhar - Rudny Altai arc
E. Valerianov - Beltau - Kurama arc

1. Khantey zone
2. Gorny Altai - Salair -
    Kuznetsk Alatau
3. Boshchekul - Chingiz
4. Stepnyak - Betpakdala
5. Baikonur - Karatau rift
6. Greater Khingan
7. Qilian
8. South Tien Shan
9. East Urals
10. Irtysh Zaissan suture

D

D
9

5

4
10

E
8

A

3
A

7

B

CA

C

B

  South
Tien Shan

6
1

D 2

Ganze-
Litang S.

Golden
Triangle

Lancangjiang S

 N
an

lin
g 
Belt

 C
at
ha

y 
bl
oc

k
Nujiang S.

Yarlung-
Zangpo S.

Jinshajiang S.

E Kunlun S.

F.  = fault
S. = suture
O. = orocline
 S    = Mz-Cz sediments

Baikalides

Shaoxin-Shaoguan F.

Altin F.

0 1000 2000 km

Figure 5: Tectonic overview sketch of East and Central Asia, produced by workshop participants, coordinated by B. Windley, A. Yakubchuk and K.

Yang. Cratons within the area of the target countries are shown in white, with the outline of Mesozoic-Cenozoic sedimentary cover(s) noted with

yellow lines.



Mineral Potential of Central and East Asia

18

Other commodities that are important in Asia include tin, tungsten and antimony.
China has about half the world reserve of antimony and tungsten, and possesses the
largest rare earth element deposit at Bayan Obo; other deposits are known in the
same region. Kazakhstan has the second-largest silver and fourth-largest chromium
resources in the world, and Kyrgyzstan’s mercury resource ranks third. Vietnam
has about one-sixth of the world titanium resource in beach sands along its
coastline. Bauxite deposits occur in southeast Asia and are also known in north-
central Kazakhstan, extensive evaporite deposits are present in Iran, China, Laos
and Thailand, and the last three also contain potash deposits. With the huge area
and diversity of geology in Asia, it is likely that virtually every kind of deposit is
present somewhere.

MORPHOLOGY AND CLIMATE OF REGION
The target countries exhibit wide variations in morphology, in large part related to
the most recent tectonic activity around the margins of Asia. As a result of its size
and relative youth, Asia contains the extremes of elevation, from Mt. Everest to the
Dead Sea. Twenty-four of the world’s 30 highest peaks are in Asia, attesting to the
ongoing tectonism. The result is a continent with many remote and forbidding
regions (Figure 4). The core of this area is the enormous high region of Central Asia,
which extends from Lake Baikal, north of Mongolia, to the Himalayan range. A
portion of Uzbekistan, Tajikistan and Kyrgyzstan encompasses the mountainous
highlands of Iran and Afghanistan, and this continues east into China as the rugged
Tien Shan. By contrast, the western part of Kazakhstan includes the southwest
portion of the vast lowlands of Asian Russia. East and Southeast Asia consist of the
lowlands adjacent to the Pacific Ocean. 

The morphology, in turn, largely dictates the range in climate, with the present
situation existing from at least the late Cenozoic (Sengör, 1997). Overall the eastern
European plain influences the northern Asian climate. By contrast, the high central
upland and the lowlands of eastern and southeastern Asia are strongly influenced by
the surrounding ocean and associated monsoons. Other factors include the long,
high mountain ranges and the broad continental steppe and desert. 

Climate strongly affects the outcrop conditions. For example, tundra and
swamp of North Asia, as well as the lush vegetation and tropical weathering of
coastal Asia have led to poor outcrop. By contrast, outcrop is good in the dry
central and southeast portions of the continent, except where covered by desert
sand and eluvium. In addition, there is a close relationship between the
morphology and related climate conditions of the region and the cultures that
developed (Sengör, 1997). In turn, each culture has had a major influence on the
respective mining histories.

Asia is a region of geologic variety and complexity, and this is also true for the
one-third of the continent that comprises the target countries. This complexity is
discussed in more detail in Appendix 1 under Geological History of Asia, with
sections on the Altaids and Tethysides, because understanding the tectonic
continuity (Figure 5) is essential to predicting the metallogeny of belts (Table 6).
The continuity and prospectivity of these belts is discussed further in the
following sections. 
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Table 6 Summary of Altaid and Tethyan belts and related ore deposits 
(see Figure 5 for locations)

Belt name Age Ore types Examples

Baikalides Late Riphean to Sed-hosted orogenic Au-PGE; Olimpiada, Sukhoi Log;
pre-Vendian Mt Isa-type base-metal Gorevskoe, Kholodninskoe

Tuva-Mongol arc Vendian-Early VMS Cu-Pb-Zn-Ag-Au, Ozernoe, Kyzyltashtyg;
Palaeozoic porphyry Cu-Mo, orogenic Au Aksug; Zun Kholba

Kipchak arc Vendian-Early VMS, porphyry Cu, orogenic Maikain, Kusmurun, Mizek, Salair
Palaeozoic Au, sed-hosted Pb-Zn Group; Boshchekul, Qyzyltu; Bestobe,

Vasilkovskoe, Zholymbet; Tekeli

Kazakh-Mongol arc mid-Late Porphyry; skarn; Pb-Zn-(Ag) Nurkazagan, Oyu Tolgoi, Duobaoshan,
and its backarc rifts Palaeozoic VMS, sedex, sed-hosted; redbed Kounrad, Aktogai; Sayak; Mirgalimsai,

volcanics, W-Mo Abyz, Progress, Zhairem, Shalkiya;
Kodzhanchad; Akchatau, Batystau

Valerianov-Beltau- Early-mid Porphyry Cu, Cu-Mo; Fe skarn; Almalyk (Kalmakyr); Sokolovsko-
Kurama arc Carboniferous epithermal Sarbaiskoe; Kochbulak

South Tien Shan- Early-mid Orogenic Au Kumtor, Muruntau, Bakyrchik, 
East Urals- Irtysh- Carboniferous- Chinese Tien Shan area
Zaissan suture Permian

Mugodzhar-Rudny Late Ordovician - VMS; porphyry Mo-(Cu); Ridder-Sokolnoe, Maleyevskoe, Sibai,
Altai arc mid-Palaeozoic orogenic Au Gai; Sora; Berezovskoe, Kochkar

Sakmara suture Palaeozoic Cr deposits in ophiolites Kempirsai, Rai-Iz

Central Mongol arc Late Palaeozoic- Porphyry Cu-Mo; Erdenet, Dzhida, Zhireken; Balei
Early Mesozoic epithermal Au

Greater Khingan Jurassic-Early Porphyry, epithermal Possible source for placers in 
arc Cretaceous NE China and Russian Far East?

East Kunlun suture Carboniferous- VMS Cu-Co-Zn Deerni
Permian

Yidun arc Permian to Triassic VMS Cu-Pb-Zn-Ag-Au, Gacun, Gayiqiong
epithermal Au-Hg-Sb

Jinshajiang Carboniferous to Skarn, porphyry Cu, VMS, Gejiu, Yangla, Laowangzhai,
suture + Weixi- Triassic orogenic Au, magmatic Ni Jinchang, Baimazhai
Luchan arcs

Lancangjiang Carboniferous to VMS Cu-Pb-Zn-Ag, Laochang, Dapingzhang, Sandashan
suture +Tuoba- Triassic epithermal Cu-Au
Jinhong arcs

Nujiang suture + Late-Triassic to Porphyry Cu-Mo, epithermal, Yulong, Malasongdou, Monywa
Nianqing-Yulong- Neogene magmatic Ni 
Tenchong arcs
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Table 6 cont Summary of Altaid and Tethyan belts and related ore deposit types 
(see Figure 5 for locations)

Belt name Age Ore types Examples

Yarlung-Zangpo Late-Jurassic Magmatic Cr, porphyry- Luobusa
suture + to Quaternary epithermal Au-Cu
Gangdese arc

Songpan Triassic Orogenic Au, Liba, Dashui, Dongbeizhai, Laerma,
accretionary zone intrusion-related Au Gela, Manaoqiao

Golden Triangle Permian-Triassic Orogenic/Carlin-style Au Lannigou, Gaolong, Mingshan,
accretionary zone Jinya, Zimuhang

Panxi Rift Permian Magmatic V-Ti, Ni-PGE Panzhihua, Yangliuping

West Yangtze Proterozoic VMS (Olympic Dam?) Dahongshan, Dongchuan
Platform Fe-Cu, sed-hosted Cu

Changdu-Simao- pre-Devonian to Sed-hosted Pb-Zn-Cu-Au, Jinding, southern Vietnam (bauxite)
Indochina terrane Tertiary bauxite

North Tibet and Bao-Proterozoic to Intrusion-related Sn-Hg-Bi, West Thailand-Malay Sn belt, 
Shan-Thai terranes Cenozoic VMS-sedex Pb-Zn-Ag, evap. Bawdwin, Xingshan

Mineral Potential of Central and East Asia
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3
ASSESSING THE

METALLOGENY OF THE
REGION

OUTPUT
Tectonic and metallogenic belts do not stop at political borders. Hence, the following
discussion considers the region of the target countries as a whole. It is based on
commodity, and sub-divided in terms of deposit type. We do not discuss prospective
mineral belts on a country basis. In addition, we avoid ranking the prospectivity of
each belt, given the broad scale of this effort. The output of this study includes: 

A summary tectonic map of the region (Figure 5), including the target countries,
plus 
Commodity maps for: 

copper 
gold 
lead-zinc 
nickel and PGE
other commodities, including bauxite, mineral sands, Sn-W and Sb-Bi for a
limited area

APPROACH TO DETERMINE BELTS OF MINERAL POTENTIAL:
BRAINSTORMING WORKSHOP
The principal goal of this project was to highlight areas that are prospective for a
variety of ore deposit types within the target countries. In order to identify belts of



Mineral Potential of Central and East Asia

22

mineral potential, 15 experts on Asian metallogeny and tectonics and others gathered
for a brainstorming workshop on Mineral Potential of Central and East Asia, held in
Ottawa, Canada, 7-10 March, 2001. Economic geologists from around the world and
those from Ottawa, listed under Contributors, provided their expertise to this project.

Following a day of background lectures by members of the workshop, people
divided into three working groups based on their regional expertise, including: 

southern China, Vietnam and Laos, 
Kazakhstan, Uzbekistan, Kyrgyzstan and Tajikistan, and 
Mongolia and northern China.

Each working group summarised the geology, tectonics and metallogeny of each
portion of the region onto 5-M scale maps, using geological, aeromagnetic,
metallogenic and other base maps. Some people changed groups during the exercise
to share experience. On the final day each group compiled their findings on the final
10-M scale maps of prospective mineral belts, presented below. Discussions among
the members of the different groups allowed some reasonable consistency in
continuity between regions, one of the main goals of the effort - nevertheless,
differences of opinion remain. The tectonic continuity that exists across the region
was the major criterion used to correlate belts of mineral potential. The success of
this effort to correlate tectonic and metallogenic belts was one of the highlights of
the workshop, particularly considering the geologic and tectonic complexity.

The assembled experts compiled the tectonic summary map in order to provide
an outline of the tectonic continuity over the region. The four major commodity
groups, Cu, Au, Pb-Zn and Ni-PGE were chosen to help focus the study for two
principal reasons: 

These commodities attract the majority of exploration investment, particularly by
major companies 
Major deposits of these commodities can be related to relatively few deposit types. 

The potential for these limited deposit types to occur in a region can be based on
consideration of permissive geologic and tectonic setting, in addition to the
occurrence of known deposits. 

DEPOSIT TYPES CONSIDERED
Several authors have noted the tectonic settings of the principal deposit types
referred to here, notably Sawkins (1990). The interested reader is referred to this text
for an outline of the tectonic settings of the following deposit types, and the cause
of these associations. The major deposit types that contribute most of the world
production of the principal commodities considered here, and with potential in the
target countries, include the following:

Copper: 
Porphyry, skarn and some epithermal
Sedimentary rock-hosted, sedimentary exhalative (sedex)
Volcanic-hosted massive sulphide (VMS)
Iron-oxide Cu-Au-U-(REE)
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Porphyry Cu(Au or Mo and epithermal Au-Ag ( base metal deposits are associated with
magmatic arcs and form in subaerial settings, and at sub-volcanic and volcanic levels,
respectively. Epithermal Au-Ag(base metal and porphyry Sn-W deposits tend to form
on the inner side of principal arcs. Epithermal gold and porphyry molybdenum deposits
are common in subaerial arc-related rifts. Copper-rich submarine VMS deposits form
along spreading centres, albeit of small size, whereas the larger VMS Zn-Pb-(Cu)
deposits form in backarc submarine rifts. Sedimentary rock-hosted stratiform Cu-(Co)
deposits are associated with red-bed sequences, typically at the redox boundary above
the red beds, and there is commonly evidence for evaporites having been present. They
formed during early stages of rifting, either in continental interiors or foreland basins,
with basaltic rocks common. Iron-oxide deposits (eg, Olympic Dam) are major deposits
of copper and other elements, including gold and uranium. Their origin is enigmatic,
although there may be a relationship to granitoid activity.

Gold
Orogenic
Carlin
Porphyry-epithermal
Intrusion related

Orogenic gold deposits are associated with deformed and metamorphosed mid-
crustal blocks at convergent plate margins, particularly in spatial association with
major crustal structures. They are particularly common in Palaeozoic rocks across
central Asia and portions of China, but are rare in Tethys terrane, possibly because
of the time required to expose them (Goldfarb et al., 2001). An affiliation to
magmatism has been argued by some, with a transition (?) to intrusion-related gold
deposits suggested; the degree of this affiliation, if any, is still the source of
extensive debate. Carlin-style deposits are hosted by carbonaceous-bearing
sedimentary sequences that include carbonate and siliciclastic rocks in continental
margin settings. In their type locality there is a questionable affiliation with
magmatism; their origin is still hotly debated. Similar deposits in China have no
known magmatic association. 

As noted above, porphyry and epithermal deposits form in magmatic arcs and
associated settings. Intrusion-related gold deposits occur in a variety of arc, backarc
and collisional settings, associated with intrusion-related Sn-W deposits. There is a
suggestion by some of a continuum between deposits with orogenic, Carlin and
epithermal characteristics. 

Lead-zinc
Sedimentary exhalative (sedex) and Mississippi Valley type (MVT)
VMS

Major lead-zinc deposits occur in basins dominated by two assemblages, either
carbonates, evaporites and haematitic sandstones, or siliciclastic rocks and shales.
They formed in continental rift environments linked to collisional events that drove
brines out of earlier rift or foreland basins, although MVT deposits may be
associated in platforms without or distant from rifting. 
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Nickel-PGE
Sulphide: Layered mafic complexes, flood basalts
Laterite 

Major deposits of Ni, Cr, PGE, and V are related to layered-mafic complexes
generated by mantle hotspot activity in anorogenic environments. Other nickel
deposits that are rich in copper and PGE are related to mafic-ultramafic intrusions
formed in intracratonic rift settings that produced major flood basalts. Laterites
develop under tropical weathering conditions, and can concentrate nickel in
ophiolites and chromium in podiform deposits that form in collisional settings.

Other commodities (southeastern China and Southeast Asia only)
Anorogenic granites, skarns, etc.: Sn-W, Sb-Bi
Lateritic processes: bauxite
Mineral sands: Ilmenite
Primary and alluvial (paleoplacer) diamonds

Mineral Potential of Central and East Asia
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4
BELTS OF MINERAL

POTENTIAL IN THE TARGET
COUNTRIES

The following discussion outlines the results of the brainstorming workshop on
mineral potential of the target countries. The belts of potential for discovery
of ore deposits, based on the outcome of the workshop, are summarised on

maps for each major commodity, subdivided on the basis of deposit type. Some
prospective areas may be omitted, including small areas and those lying under
Mesozoic to Cenozoic cover. Where belts ‘terminate’ at political borders,
continuation into the adjacent country is implied. The attributes (name, commodity,
deposit types, age and deposit examples) are listed in the accompanying tables. The
most prospective belts are discussed below.

COPPER
The principal types of copper deposits within the region, and those with the greatest
potential for new deposits, are porphyry (plus skarn) and VMS deposits,
sedimentary rock-hosted deposits, and possibly iron-oxide deposits. There are
already huge porphyry (Table 1) and sedimentary rock-hosted (Table 2) deposits
known in Asia. As outlined below, the target countries have significant potential for
discovery of additional copper deposits. 

Porphyry as well as epithermal and intrusion-related skarn deposits are closely
affiliated with magmatic arcs. These arcs typically form magnetic highs, and thus
regional aeromagnetic surveys were used to help delineate the arcs and identify their
extensions, particularly where they are offset by major crustal faults. In addition,
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where arcs extend beneath Mesozoic and Cenozoic sedimentary basins, such as in
Central Asia and northeast China, their continuity can be traced (Figure 6). Given
the extensive development of Palaeozoic and Mesozoic-Cenozoic magmatic arcs,
future exploration is expected to reveal many more porphyry deposits.

A series of arcs (Table 6), from Early to Late Palaeozoic in age, have been linked
on the basis of their geological evolution (Appendix 1 report on the Altaids, by
Yakubchuk) and their propensity to host porphyry Cu-(Au) deposits (Table 7). The
position of this prospective belt, 3, was constrained by the continuity of the
regional aeromagnetic anomaly. This belt consists of the Tuva-Mongol and
Kipchak arcs, which were incorporated into the Kazakh-Mongol arc from mid
Palaeozoic time. Spreading of the Khanty-Mansi backarc basin during the early-
mid Palaeozoic created this huge arc system that extended from Kazakhstan to
northeast China via southern Mongolia. Related subduction also formed the
Mugodzhar-Rudny Altai arc of the future Urals. This arc turns southeast in Russia
and emerges from beneath sedimentary cover in eastern Kazakhstan and northwest
China. By mid-Carboniferous time, the Kazakh orocline collided with the
Mugodzhar-Rudny Altai arc. The magmatism that resulted from the convergence
formed a variety of large porphyry deposits, including Almalyk, Kounrad and
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Figure 6a: Belts prospective for copper deposits (Table 7) in the target countries and adjacent areas (porphyry, VMS, sedimentary rock-hosted, and

iron-oxide deposits), overlain on an image of aeromagnetic anomalies (15-km resolution).
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Aktogai in Central Asia. Some arcs lie beneath relatively shallow Mesozoic-
Cenozoic cover, eg, east of the north end of 3a, and may be prospective for
porphyry and VMS deposits.

The eastern extension of the Tuva-Mongol arc turns south in northeast China to
form the Khingan orocline. Yakubchuk speculates that dextral offset of this arc may
be seen in the Qilian belt, 26, an Early Palaeozoic arc on the southwest flank of the
Sino-Korean craton, and possibly in Qaidam. A mid Palaeozoic arc, West Kunlun-
Altun in western China, 29, has many porphyry occurrences. Although
aeromagnetic data are not available in this area, a curved aeromagnetic anomaly in
southeastern Tajikistan correlates with an extension of the western end of this belt,
and thus the arc may extend further west.

In western Mongolia there is an extensive belt of Early Palaeozoic skarn
occurrences, 16, and the associated magmatic arc turns to the northeast in Russia.
This belt is covered by the western extension of the Triassic belt of Mongolian
porphyry deposits, 17. The arc magmatism related to this Triassic belt covered the
earlier arc, and includes the Erdenet deposit in Mongolia. The belt extends northeast
into Russia to Mo porphyry deposits (eg, Zhireken), and also includes epithermal
deposits (eg, Balei) before turning to southern Mongolia, as belt 19. 
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Figure 6b: Belts prospective for copper deposits in southern China and Southeast Asia (porphyry, VMS, sedimentary rock-hosted, and iron-oxide

deposits), overlain on an image of aeromagnetic anomalies.
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The Mesozoic Qinling (Xiaoqinling - West Qinling) belt, 25, lies on the southern
margin of the Sino-Korean block, and may be prospective because of small deposits
and many occurrences, not to mention the Jinduicheng porphyry Mo deposit in the
eastern part of the Qinling belt. The aeromagnetic image shows a broadly arcuate
trend that can be traced northwest to the older Early Palaeozoic Qilian arcs, 26 and
27. The Southeast Coast volcanic belt, 31-33, is associated with Jurassic-Cretaceous
Yanshanian magmatism. This belt hosts a variety of Cu ( Mo and Au deposits,
including the Dexing porphyry deposit, and its large area is highly prospective. The
Permo-Triassic belts in southwest Yunnan, Lincang, 44, and Laos-Vietnam,
Xiangkhong, 48, host a variety of porphyry-skarn-replacement occurrences and
deposits that require further assessment.

The Jinshajiang, 40, and Yulong belts, 41, parallel to the China-Burmese border,
are Triassic and Neogene age arcs that host porphyry and skarn deposits and
occurrences. The Gandese belt, 30, is associated with Neogene magmatism that cuts
across Tibet. The area has many occurrences, but is poorly explored. Similar-age
magmatic belts in southwest Yunnan, Fanxiping, 36, and Nujiang, 42, the latter
extending into Myanmar, host numerous new discoveries and occurrences of
porphyry and skarn deposits.

Table 7 Belts prospective for copper deposits in the target countries (see Figures 6-7)

Belt # Belt name Metals Deposit Age Deposit examples;
type comments

3b Bozshakol-Bayanaul Cu Por Pz1 Bozshakol, Koktasjal
3c Terskei Cu Por Pz2
3b Chu-Ili-Karaganda-Chingiz Cu, Au Por, skn Pz2 Samarka, Shalgiya, Karatas
3c Balqash-Ili Cu, Au Por, skn, epi Pz2-3 Kounrad, Borly, Sayak, Aktogai, 

Kokusai, Ai
3a Valerianov-Beltau-Kurama Cu, Au Por Pz2-3 Kalmakyr, Dalnee, Varvarinskoe, 

Yubileinoe
3d Mongolia-Tien Shan Cu, Au Por, epi S-D/C Tuwu, Oyu Tolgoi, Duobaoshan; 

Axi, Xitan, 
29 W Kunlun-Altun Cu Por Pz2 many occur., may continue west
27 W Qilian Cu Por, epi Pz1 many occur.
26 E Qilian Cu, Pb, Zn Por, int, VMS Pz1 small dep, many occur.; 

Baiyinchang
16 Lake belt Cu Skn Pz1 many occur., turns NE into Russia
19 Mongolia-China-Russia Cu Por, epi P-Tr/J-K Wulugetu; Balei in Russia
17 Erdenet Cu, Mo Por Tr Erdenet
18 Bayan Uul Cu Por Tr? Bayan Uul
31-33 Southeast Coast volcanic belt Cu, Mo Por, epi, skn J-K Zhongteng, Chilu, Dexing; 

Zhijinshan; Yongping skn; 
Qiyugou Mo

30 Gangdese Cu Por N occur.
41 Yulong Cu, Mo Por N Yulong
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Table 7 cont Belts prospective for copper deposits in the target countries 
(see Figures 6-7)

Belt # Belt name Metals Deposit Age Deposit examples;
type comments

47 Lampang Cu Por P-Tr Thailand to Laos

25 Qinling Cu, Mo, Au Por, bx Mz Jinduicheng, Nannihu-

Sandaozhuang

48 Xiangkhong Cu, Au Por, skn, repl P-Tr Sepon, Xiangkhong

44 Lincang Cu Por-skn P-Tr small dep, many occur.

40 Jinshajiang Cu Skn, por Tr skn dep, occur.

36 Fanxiping Cu Por-skn N new dep, many occur.

42 Nujiang Cu, Sn, Au Por-skn N small dep, many occur.

4 Dzhezkazgan-Chu Cu sed-hosted Pz3 Dzhezkazgan

23 Luxi Cu sedex Pt2-3 Wangjiazhuang

24 Shanxi Cu sedex Pt3 Bizigou

33 Cathay Cu(Pb, Zn) sed-hosted Pt2-3 large dep, ss-host Cu in NW

35 Kang-Dian Cu sed-hosted Pt2-3 Dongchuan, Yimen, many occur.

34 N Vietnam Cu sed-hosted Tr many occur., speculative

49 Dien Bien Phu Cu, U sed-hosted J-K occur. in Thailand

50 S Laos Cu, Ag sed-hosted J many occur., redbeds, evaporites

45 Lanping Cu, Pb,-Zn sed-hosted K-N Jinding Zn-Pb-Ba, small dep

20 Liaodong Cu, Zn VMS L Ar Hongtoushan, Liaodong

1 Tagil-Sakmara Cu±Au,Pb, VMS O-S Mednogorsk, open to N, 

Zn,Ag turns W at S end

2 Magnitogorsk-Mugodzhar Cu±Au,Pb, VMS D1-2 50 Let Oktyabrya, Sibai, 

Zn,Ag Kunduzdy, Letnee

12 Ashele Zn,Cu,Pb, VMS D2 Ashele; see Pb-Zn VMS 

Ag,Au belt 90

15 Rudny Altai Cu, Zn VMS D-S many dep in accretionary wedge, 

oph

28 E Kunlun Cu, Zn, Co VMS Pz2 Deerni, many occur.

39 Yanjin Cu, Pb, Zn VMS P-Tr Yangla

43 Changning-Menglian Cu,Pb,Zn, VMS C-P Laochang, many occur.

Ag,Au

32 Xiqu Cu VMS Pt2-3 dep, many occur. in N end of belt

46 Chiang Mai Cu, Pb, Zn VMS P-C potential, with mafic rocks

44 Lincang Cu, Pb, Zn VMS, por P-Tr Dapingzhuang

22 Jiaodong Cu, Au Feox Mz potential setting

37 Sin Quyen Cu, U, Au Feox K-N? Sin Quyen

38 SW Yangtze Fe, Cu Mt ore Pt2-3 Dahongshan, Feox potential

Abbreviations: Por, porphyry; epi, epithermal; skn, skarn; int, intrusion related; sed-hosted, sedimentary-rock hosted; repl, replacement; VMS, volcanic-

hosted massive sulphide; ss, sandstone; Feox, Fe-oxide Cu; Mt ore, magnetite; dep, deposits; occur., occurrences; oph, ophiolite; bx, breccia body
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Volcanic massive sulphide (VMS) deposits form in submarine settings. Although
typically rich in lead and zinc, some VMS environments have ores rich in copper as
well as gold. The copper-rich varieties occur throughout Asia, such as in the
Archaean block of the Sino-Korean craton. The Liaodong belt, 20, includes deposits
such as Hongtoushan and Liaodong, where greenstone belts have been dated at 3.8,
2.8 and 2.6 Ga. Further south, in the Xiqu belt, a Late Proterozoic setting hosts a
VMS deposit, Xiqu, and there are many occurrences in the north end of belt 32.

On the western margin of Asia, Ordovician to Devonian backarc volcanic activity
formed parallel belts, 1 and 2, of VMS deposits rich in copper, gold and base metals.
Examples include Mednogorsk and 50 Let Oktyabrya, respectively. The copper-rich
belt 12 in northeast Kazakhstan and northwest China (duplicated on the Pb-Zn sheet
as 90) may be related to belts 1 and 2. In China this belt includes the Late Palaeozoic
Cu-Zn-Au Ashele deposit. An ophiolite-bearing accretionary wedge in western
Mongolia, belt 15, also contains many deposits.

The Early Palaeozoic Baiyinchang VMS deposit in the East Qilian belt, 26, is
copper rich, as is the Archaean Hongtoushan deposit in northeast China. The East
Kunlun belt, 28, in central China hosts the mid-Palaeozoic Deerni deposit, with
cobalt and zinc as well as copper, and there are numerous occurrences throughout
the belt. The Permo-Triassic Yanjin belt, 39, parallels the Jinshajiang porphyry belt
and hosts the Yangla deposit. Further south, the Changning-Menglian, 43, and
Lingcang, 44, belts formed in the Permo-Carboniferous and Permo-Triassic,
respectively, and each hosts deposits and occurrences. Further south in Laos, the
Chiang Mai belt, 46, extends from Thailand and the areas of mafic rock occurrences
are prospective.

After magmatic arcs, the most important environment for copper deposits is the
sedimentary basin environment, where sedimentary rock-hosted (sed-hosted) copper
deposits of the Zambian, Polish and Congo style occur. Deposits formed in such an
environment include Dzhezkazgan, the huge Late Palaeozoic ore body in
Kazakhstan (Table 2). The district that hosts this belt, 4, was formed between the
Kazakh-Mongol and Mugodzhar-Rudny Altai continental arcs. Earlier in the crustal
history of Asia, during the Mesoproterozoic, the sedimentary-exhalative Dongchuan
and other large deposits formed in belts 35 and 32. Late Proterozoic sed-hosted
deposits also occur in the Cathay belt, 33. Further north, 23 and 24, Late Proterozoic
sedex deposits are present, including Wangjiazhung and Bizigou, respectively, in the
Shandong and Shanxi provinces. In northern Vietnam, the fact that there are many
sed-hosted copper occurrences in Triassic rocks of belt 34 indicates that this area
may be prospective. Jurassic-Cretaceous sequences host copper and uranium
occurrences in Thailand in belt 49. The presence of Jurassic redbeds and evaporites,
coupled with sed-hosted copper occurrences in southern Laos, makes belt 50
prospective. The presence of the Jinding Zn-Pb deposit plus the widespread
occurrence of Cretaceous and younger sedimentary units in the Lanping belt of
western Yunnan, 45, indicate that this belt is favorable for the discovery of more sed-
hosted deposits.

The final copper deposit type that we consider, iron oxide, typically contains high
concentrations of Cu, Au ( U and REE. The origin of this deposit type is debatable.
Most agree that there is a strong affiliation with intrusions, but some argue that the
source of brines and metals is not magmatic. In the Liaotung province of northeast
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China, the Mesozoic Jiaodong belt, 22, is prospective for this type of deposit. The
Cretaceous Sin Quyen deposit in northern Vietnam, belt 37, has affinities to this
deposit type with its anomalous gold and uranium contents, highlighting the
potential of this belt. This belt extends to the northwest into southwest Yangtze,
where the Mesoproterozoic Dahongshan magnetite deposit with copper suggests
potential for iron-oxide type deposits. The Bayan Obo Fe-REE-Nb deposit in the
Yinshan-Liaoning belt of Inner Mongolia contains as much as 80% of the world’s
REE ore reserves in magnetite and hematite replacement of dolomite marble.
Although Bayan Obo reportedly does not have a high content of copper or gold, this
Mesoproterozoic rock-hosted deposit displays many of the hallmarks of iron-oxide
deposits. However, recent dating indicates the deposit is Palaeozoic in age, and
initial fluid inclusion studies suggest that Bayan Obo is distinct from the Ca-rich
brines that are typical of iron-oxide deposits (Smith and Henderson, 2000).
Nevertheless, the belt in which the deposit lies (95, on Pb-Zn sheet) deserves further
consideration for more Bayan Obo types of deposit.
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Figure 7: Belts prospective for copper deposits (Table 7) in the target countries and adjacent areas (porphyry, VMS, sedimentary rock-hosted, and Fe

oxide deposits), overlain on a map of felsic to intermediate rock distribution (latter from Geological Survey of Canada).
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GOLD
The orogenic history of Asia includes collision, subduction and arc magmatism,
accretion and suturing. These are all factors that favour gold mineralisation in a
variety of environments. These environments include gold in porphyry and related
epithermal deposits associated with magmatic arcs, in epithermal and VMS deposits
in backarc rifts, in shale and related sedimentary rocks as orogenic deposits, and
even in the Carlin-style and intrusion-related deposits. Indeed, Asia is rich in gold
deposits of many types, with nine deposits in the target countries and east Russia
containing at least 15 Moz Au (Table 4), and Muruntau is the largest gold deposit in
the world outside the Witwatersrand.

Late Proterozoic sutures around the Siberian craton are spatially associated with
passive-margin sedimentary sequences that host the huge orogenic gold deposits of
Olimpiada and Sukhoi Log in Russia (Table 4). In Central Asia, suturing and related
strike-slip deformation at the end of the Ordovician led to the emplacement of
plutons that are related to several Kazakh deposits in the Stepnyak-Betpakdala and
Bozshakol-Bayanaul belts, 53 (Yakubchuk, Appendix 1). The northern arm of this
arcuate belt may continue east-southeast into China, and account for the orogenic
deposits on the east margin of the Junggar block, although most of the Junggar
deposits are Carboniferous in age. In the Early to mid Carboniferous, the Kazakh
orocline collided with the Mugodzhar-Rudny Altai arc to form a suture zone 3,000-
km long, extending from the southern Tien Shan to the eastern Urals. This zone
hosts a belt, 52, which can be extended east through the Tien Shan to include the
Wulashan deposit in China. The Zaisan belt, 55, is also related to this suturing and
hosts the Bakyrchik deposit. The Altaid VMS belt, 90, that follows the Russian-
Kazakh border southeast into the northwestern-most corner of China appears to have
orogenic deposits on both of its margins. 

Further east, in Russia, Zun Kholba is a medium-sized orogenic gold deposit
hosted by Proterozoic rocks. Yakubchuk (Appendix 1) suggests that this area, 56,
may have undergone dextral offset from the northern Transbaikalia belt that contains
the Sukhoi Log deposit. The Hangay-Khentey belt, 57, hosts both orogenic and
intrusion-related gold deposits, eg, Boroo, and continues northeast into Russia to
Kyuchevskoe. In the northeastern corner of China, 60, placer gold deposits are
abundant, as they are throughout Heilongjiang on the boundary with Russia. The
source of the gold is likely from orogenic deposits and reworked Palaeozoic placers.
Dongfeng, in Heilongjiang province, is the only banded-iron formation-hosted gold
deposit known in China, but the central portion of the Yangtze craton is prospective
in Wutai and Shanzi provinces.

Basement uplifts of the margins of the Sino-Korean craton host significant Late
Jurassic to Early Cretaceous orogenic and (or) intrusion-related gold deposits in
eastern China. These late Mesozoic resources include 25 Moz Au in Yanshanian
granitoids of the Jiaodong Peninsula along the Tan Lu fault, representing China’s
premier gold producing region, and includes Linglong and Sanshandao deposits.
Ore bodies contain a further 15 Moz Au in Precambrian basement in the Xiaoling
district, and perhaps about 10 Moz Au in Precambrian basement and Variscan and
Yanshanian granitoids along the northern margin of the craton (eg, the Dongping
deposit). The uplifted blocks contain gold deposits in the areas of Xiaoqinling, 68,
Jiaodong, 61-62 (overlapping the position of belt 52), and on the Jiaodong and
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Shandong Peninsulas, 63 and 64, respectively. In the West Qinling orogen, west of
Xiaoqinling, older Triassic orogenic gold deposits, 67, formed during deformation
of oceanic-terrane rocks between the Sino-Korean and Yangtze cratons. Further
northwest there are orogenic occurrences extending along the Qilian Shan, 66. To
the southwest the Longmenshan belt, 70, contains numerous small deposits and
prospects hosted by Precambrian rocks. Jurassic-Cretaceous occurrences are present
on the opposite, southeast margin of the Yangtze block, 73, on the margin of the
Palaeozoic basin. The Yunkai, 77, and Hainan, 79, areas host a variety of small,
Jurassic-Cretaceous orogenic deposits, including Hetai, and a similar Yanshanian
belt is present at Dalat, in southern Vietnam, 84.

The Ailaoshan orogenic belt, 74, is the southern portion of the Jinshajiang suture,
which separates the Yangtze platform from Indochina terrane. It extends over 2,000
km, from Tibet through Sichuan before turning south, along the valley of the
Jinshajiang River. This belt hosts a number of orogenic gold deposits and prospects.
At its southeastern extremity in northern Vietnam the belt crosses the Red River
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Figure 8a: Belts prospective for gold deposits in the Central Asian portion of the target countries, overlain on shaded relief map (1-km resolution,
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Table 8 Belts prospective for gold deposits in the target countries (see Figure 8)

Belt # Belt name Metal Deposit Age Deposit examples
type

53 Stepnyak-Betpakdala Au oro Pz1 Vasilkovskoye, Akbakai, Zholymbet, 
Bestobe

53 Sarysu-Bayanaul Au oro Pz2 Samarka, Maiozek, Aimandai
52 Kyzylkum-W Tien Shan Au oro Pz2-3 Muruntau, Daughyztau, Kokpatas, 

Kumtor, Jerooy, Jilau
52 E Tien Shan-N Sino Au oro,epi Pz2-3 Kanggur, Sawyuerdun; Talyn Meltes 

Bulag, Axi 
52 N Sino-Korean craton Au oro K Wulashan, Dongping (both ages)
54 Balqash-Ili Au oro Pz2-3 Mystobe
55 Zaisan Au oro P2-3 Bakyrchik, Suzdal, Akzhal, Boko
55b W and E Junggar Au oro,epi Pz2-3 Close to Hatu, Salabute, Kelameili F; 

epi, Jinshangou
90 Rudny Altai Au oro Pz2-3 Kelasayi and Duolanasayilate; 

Pz terrane close to NW faults
56 South Transbaikalia Au oro Zun Kholba; Pt host
57 Khentey Au oro,int Pz2 Boroo, NE to Kyuchevskoe
60 NE China Au oro placers along border; Archaean 

adjacent to Tan Lu fault
61-64 Jiaodong Au oro Mz Linglong, Sanshandao, Jiaojia, Taishang; 

Pt block
68 Xiaoqinling-Xinyang Au oro K Wenyu, Dahu, Dongchuan, Yingdongpo
67 W Qinling Au oro Tr Ma'angiao, Baguamiao, Shuangwang, 

Liba; Pz terrane
66 Qilian Shan Au oro Tr
70 Longmenshan Au oro small dep, prospects; pCm host
73 SE Yangtze Au oro J-K margin of Pz basin
74 Ailaoshan Au oro Mz Dong Guolin, Jinchang; Carlin in Vietnam
76 N Vietnam Au oro possible potential
77 Yunkai Au oro J-K Hetai, Longtoushan bx; small deps
79 Hainan Au oro many small dep
82 Ban Mieu Au oro J? oro veins
84 Dalat Au oro,epi K Au occur., in Yanshanian belt
58 Transbaikalia Au,Cu epi,por Pz3-Mz Tsagaan, Balei; Wulugetu
59 NE China Au,Cu por,epi P-Mz Duobaoshan, Xiaoxinancha, Taunjiegou
65 Shatung Au epi J Alkalic and granitic related; Guilaizhuang
71, 72 Southeast Coast Au, Cu epi, por,bx K Zhijinshan, Yinkongshan; Qiuchun

volcanic belt
68 Xiaoqinling Au,Cu por,bx Mz/K Jinduicheng, Nannihu-Sandaozhuang
78 Taiwan Au epi N Chinkuashih
81 Lampang Au epi,int P-Tr Chatree
83 Laos-Campo Au epi Tr Au occur.
51 Magnitogorsk- Au,Cu VMS,por,int Pz2 Letnee, Vesennee, Avangard, 

Mugodzhar 50 Let Oktyabrya; Yubileinoe; 
69 Songpan-Ganze Au Carlin Dongbeizhai, Manaoke; Tr basin
74 Red River Au Carlin Mz? S end of belt; occur. reported
75 Dian-Qian-Gui Au Carlin Mz2 Zimudan, Lannigou, Jinya, Gaolong; 

P-Tr host
80 Sepon Au Carlin P? prospects; epi occur. in N, por potential

oro, orogenic; epi, epithermal; por, porphyry; int, intrusion-related; see Table 7 for other abbreviations
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Carlin-style setting, and to the north is a small area with orogenic potential, 76.
Immediately to the north is the Dian-Qian-Gui Carlin-style area, the Golden
Triangle, 75, at the southern end of the Yangtze block. The best-known Carlin-style
deposits are located here, including Lannigou, Zimudan and Jinya. These mid
Mesozoic deposits are hosted by Permian carbonaceous rocks and mid-Triassic
carbonates, and there are no known intrusions in the district. This area is often
compared to its northern neighbour, the Songpan-Ganze area, 69, which hosts the
Dongbeizhai and Manaoke deposits in uplifted areas of the Triassic basin, in
carbonate-bearing sequences but with clear structural control. The final area with
potential for Carlin-style deposits is the Sepon belt, 80, with its abundant carbonate
rocks and Carlin-style prospects. The Ban Mieu area, 82, at the southeast end of this
belt has showings of orogenic gold veins.

There is potential for epithermal style deposits, both low- and high-sulphidation
ore bodies of Au-Ag-base metals or Cu-Au, respectively, to occur in most
magmatic arcs. The likelihood of preservation of these shallow-formed deposits is
related to the level of erosion. Epithermal deposits such as Kochbulak occur in the
same region as the large porphyry deposits of Uzbekistan. Many epithermal
deposits are also present in northern Tajikistan where the Uzbek porphyry belt
continues eastward. Gold-rich low-sulphidation deposits are also known to form in
backarc volcanic belts. In addition, some VMS deposits are notably rich in gold,
such as in the Magnitogorsk-Mugodzhar belt of the southern Urals, 51. Epithermal
deposits are present in western Xinjiang, such as Axi, on the northern margin of the
Tarim block in the Tien Shan, and there are also others in the province, including
Twin Peaks. Epithermal-style deposits are known in Shandong, at the base of the
peninsula, in Jurassic rocks associated with granitic and alkalic rocks. Further
south, high-sulphidation epithermal deposits are present in Cretaceous rocks of the
Southeast Coast volcanic belt, 72, at Zhijinshan, and a similar large deposit occurs
across the straits in northern Taiwan, 78, at Chinkuashih, which is Pleistocene in
age. Indeed, preserved felsic volcanic products in a variety of environments are
possible hosts for low-sulphidation epithermal veins or disseminated deposits.
There are epithermal gold deposits in the Permo-Triassic rocks of Laos in the
Lampang belt, 81, and similar occurrences are present in the Laos-Campo area, 83,
of southern Vietnam and Cambodia.

The volcanic rocks of Late Palaeozoic-Mesozoic age in northeast Mongolia that
cut across China into Russia, 58, host the Tsagaan and Balei epithermal gold
deposits, with potential for future discoveries. Likewise, the gold potential of some
porphyry copper deposits has already been noted (Tables 1 and 4), and deposits
such as Almalyk, 3c, and Dexing, 33, are major gold deposits in addition to their
copper content. Porphyry deposits in the contiguous belt 71 also have potential for
gold. The northeast China belt that hosts Duobaoshan and other porphyry deposits,
59, has potential for more such gold-rich porphyries as well as epithermal and
Carlin-style deposits.

LEAD-ZINC
The largest lead-zinc deposits in Asia are sedimentary-rock hosted. This category is
divided into sedimentary-exhalative (sedex) deposits, hosted by carbonaceous
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shales or other fine-grained clastic rocks of Proterozoic to Late Palaeozoic age, and
Mississippi Valley-type (MVT) deposits, hosted by carbonate-rich strata. However,
the distinction between these two categories may be transitional, as some sedex
deposits are also hosted by carbonate sequences, with epigenetic features in these
deposits being associated with the carbonate units. VMS deposits formed in some
environments can also be rich in zinc and lead, although usually are not as large on
average as the sed-hosted deposits.

The mid Palaeozoic Karatau and Torgai backarc basins of Kazakhstan, belts 87
and 86, host MVT deposits, including Shalkiya and Mirgalimsai in the south (Figure
9). This basin is open to the north, into Russia. Further east, the late Devonian rift-
related backarc basin of Zhailma-Uspensk, 88, hosts sedex deposits such as Zhairem
(Table 5). Devonian age volcanic rocks also host uneconomic redbed copper
occurrences, such as Kodzhanchad.

To the south, in western-most China, there is a small MVT deposit in Late
Palaeozoic carbonates within a VMS belt, 91, on the southwestern margin of the
Tarim craton, paralleling the West Kunlun-Altun mid Palaeozoic arc. Similarly,
there are widespread mid Palaeozoic carbonates on the South Yangtze platform, 99,
with two MVT deposits in the north, the huge Fankou deposit (Table 5) and
Shuikoushan. A small Paleoproterozoic block, 96, in northeastern China near the
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Figure 9: Belts prospective for lead-zinc deposits in the target countries and adjacent areas (sedimentary rock-hosted, including sedex and MVT, and

VMS deposits), overlain on an image of aeromagnetic anomalies.
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Korean border hosts a lead-zinc deposit at Qingchengzi which appears to be MVT
in style, although the high-grade portions are associated with Variscan intrusions. It
is close to the giant Komdok MVT deposit (Table 5) in North Korea. The Sepon
district of Laos has occurrences of MVT-type carbonate replacement, belt 102, and
carbonates are widespread in the district.

Other related deposit styles, either sedex or simply sedimentary-rock hosted
(where the origin is less clear) occur across Asia. Within Inner Mongolia there are
several deposits and occurrences of Late Proterozoic age in the Yinshan-Liaoning
belt, 95, including Dongshengmiao, Jiashenpan, Hougeqi and Tanyaokou. This belt
of sed-hosted deposit potential probably extends to the east along the northern
margin of the Sino-Korean craton to the vicinity of belt 96. Similar-age deposits and
occurrences in both carbonates and sandstones are located in the East Kunlun-West
Qinling rift basin, 92. Within the coastal Cathay belt, 100, there are several mid to
Late Proterozoic sed-hosted lead-zinc deposits (as well as copper-rich deposits, belts
32-33). Further southwest, in northeastern Vietnam, lead-zinc occurrences in a rift
basin, 101, highlight the potential for sed-hosted deposits. The Cretaceous to
Neogene Lanping belt of western Yunnan, 45 (Figure 6b), is the location of the
major Jinding sed-hosted Pb-Zn-Ba deposit (Table 5).

VMS deposits, although typically not as large as sedex deposits, have an
advantage of commonly being high-grade and polymetallic, containing copper and
silver as well as lead and zinc, and in some cases, significant concentrations of gold.
Most of the Central Asian belts noted here host deposits that are polymetallic with
appreciable precious-metal contents. From west to east in Kazakhstan, the
Magnitogorsk-Mugodzhar, 85, Bozshakol-Chingiz, 89, Karasor-Akbastau, 89, and
Rudny Altai, 90, belts contain many VMS deposits. These backarc rifts formed in
Cambro-Ordovician to Devonian time, with the Rudny Altai belt extending into
northwest China to include the Carboniferous Ashele Zn-Cu-Pb-Au deposit, the
largest VMS deposit in Xinjiang. The southern end of the Magnitogorsk-Mugodzhar
arc, 85, may turn west towards Ustyurt, based on the trend of the aeromagnetic
anomaly, although this area is covered by Mesozoic-Cenozoic sedimentary rocks, in
places more than 1-2 km thick. Within the Kazakh belts there are several deposits
(Table 9), including Maikain, Mizek, Abyz and Ridder-Sokolnoe, with Ozernoe and
other world-class VMS deposits to the north in the Urals of Russia. Yakubchuk
(Appendix 1) discusses the relation of these backarc rifts to magmatic arcs and the
tectonic development of the Altaids. Of particular interest is the correlation of the
Mugodzhar and Rudny Altai island arcs and associated Sakmara backarc basin. This
arc system extends from the South to North Urals, where it bends to the southeast to
eastern Kazakhstan and northwest China, although Mesozoic-Cenozoic sedimentary
rocks cover some areas.

In western China, the West Kunlun belt, 91, hosts many small deposits and
occurrences in a backarc rift along the north side of the porphyry deposit-bearing
volcanic arc, 29, of the same mid Palaeozoic age. This belt continues to the west into
southeast Tajikistan and turns southwest into Afghanistan. North of the VMS Cu
deposits of East Kunlun, 28, the Early Palaeozoic backarc basins of West and East
Qilian, 93 and 94, host a number of VMS deposits with Kuroko characteristics,
including Xitieshan and Baiyingchang. These belts are associated with belts of
porphyry deposits, 27 and 26, respectively.
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Table 9 Belts prospective for lead-zinc deposits in the target countries (see Figure 9)

Belt # Belt name Metals Deposit Age Deposit examples

type

86 Torgai backarc basin Pb,Zn MVT Pz2 open N to Russia

87 Karatau backarc basin Pb,Zn MVT Pz2 Shalkiya, Mirgalimsai, Achisai

91 SW Tarim craton Pb,Zn MVT Pz3 small dep in Pz3 carbonates

96 Fengcheng Pb,Zn MVT Pt1-2 Qingchengzi

99 S Yangtze platform Pb,Zn MVT Pz2 Fankou, Shuikoushan to N, 

wide carbonates

102 Sepon Pb,Zn MVT D MVT at Sepon, carbonates 

widespread

95 Yinshan-Liaoning Pb,Zn sedex Pt3 Jiashenpan, Dongshengmiao, 

Tanyaokou, Hougeqi; also Pz 

Bayan Obo REE deposit 

88 Zhailma-Uspensk rift Pb,Zn,Fe,Mn sedex Pz2 Zhairem, Karajal, Ushkatyn, 

Atabai East

45 Lanping Pb, Zn, Ba sed-hosted K-N Jinding Zn-Pb, small dep

92 E Kunlun-W Qinling Pb,Zn sed-hosted Pz2 large dep E end in carb, ss; 

many occur.

100 Cathay Pb,Zn, Cu sed-hosted Pt2-3 Meixian, large dep, ss-host 

Cu in NW

101 NE Vietnam Pb,Zn,Ba sed-hosted occur. in rift basin, speculative

85 Magnitogorsk-Mugodzhar Cu±Au,Pb,Zn,Ag VMS D1-2 50 Let Oktyabrya, Sibai, 

Kunduzdy, Letnee

89 Bozshakol-Chingiz Au±Cu,Pb,Zn VMS Cm-O Tortkuduk, Maikain, Alpys, 

Suvenir, Mizek

89 Karasor-Akbastau Au±Cu,Pb,Zn,Ag VMS D2-3 Shoptykol, Abyz, Progress

90 Rudny Altai Pb,Zn±Cu,Au,Ag VMS D2-3 Ridder-Sokolnoe, Nikolaevskoe

90 Ashele Zn,Cu,Pb,Au,Fe VMS D-C Ashele; Pz3 oro Au belt; epi Au, 

Aketishikan 

91 W Kunlun Pb,Zn,Cu VMS Pz2 small dep, many occur.

93 W Qilian, Qaidam block Pb,Zn VMS Pz1 Xitieshan

94 E Qilian Zn,Cu,Pb VMS Pz1 Baiyingchang, Xiaotieshan, dep, 

Kuroko

98 Nujiang Pb,Zn VMS Cm Bawdwin in Myanmar

97 Zhengke-Xiangcheng Zn,Pb,Cu VMS Tr Gacun, Gayiqiong

104 Duc Bo Pb,Zn,Cu VMS pCm Duc Bo, small occur.

103 Lampang Pb,Zn,Cu,Ba VMS P-Tr occur. in Thailand and Laos

MVT, Mississippi Valley type; sedex, sedimentary exhalative; sed-host, sedimentary-rock hosted; see Table 7 for other abbreviations.
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Further south, the Cambrian belt of similar age but with Gondwana affinities (Yang,
Appendix 1) extends from Yunnan into Myanmar, 98, and hosts the Bawdwin Pb-
Zn-Ag VMS deposit (Table 5). To the northeast is the Zhengke-Xiangcheng belt, 97,
a Triassic rift that hosts Gacun and similar VMS deposits. The latter belt is north and
east of the similar-age arc-rift pair of Jingshanjiang-Yanjin, 40-39, part of a Permo-
Triassic arc that extends south into the Lampang porphyry belt, 47, with associated
VMS deposits and occurrences in Laos and Thailand, 103. These arcs are paired
with ophiolite occurrences that stretch from Tibet to west Yunnan along the
Lancangjiang suture zone, south into Thailand (Yang, Appendix 1).

NICKEL-PLATINUM GROUP ELEMENTS (PGE)
Most of the world’s nickel and related PGE are produced from nickel-sulphide
segregations in mafic to ultramafic rocks that are associated either with flood basalts
caused by hot-spot activity or in gabbros related to continental rifting, with rifting
possibly triggered by mantle-plume activity. Nickel may also be enriched to a much
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Figure 10: Belts prospective for nickel and PGE deposits in the target countries (sulphide and laterite deposits), overlain on a map of mafic-ultramafic

rock distribution (latter from Geological Survey of Canada).
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lesser degree in the seafloor-spreading environment. Ophiolitic remnants of these
rocks may be exposed during subsequent continental collision, the formation of
sutures, obduction and eventual erosion. The nickel-rich laterites that develop from
weathering of ophiolites are becoming more economically attractive with advances
in processing technology. 

The southern Urals, 105, nickel-rich laterite deposits are associated with belts of
ophiolites. Similar but much smaller areas of ophiolites have Ni ( Co lateritic
deposits plus Cu and Cr occurrences in central Kazakhstan, north-central Mongolia,
107-109, and Inner Mongolia, 113. A Late Proterozoic ophiolite at Jinchaling, 117,
is associated with another nickel laterite deposit. A Devonian-Silurian accretionary
wedge and volcanic arc with ophiolite relics occurs in western Mongolia, 110,
defined by magnetics and geology. The belt contains Ni and PGE ore bodies hosted
by probable Alaskan-type metagabbro and ultramafic intrusions. 

Table 10 Belts prospective for nickel and PGE deposits in the target countries
(see Figure 10)

Belt # Belt name Metals Deposit Age Deposit examples;

type comments on prospectivity

105 S Urals Ni oph lat Buruktal

106 S Urals Cr,PGE oph Kempirsai

107-109 C Mongolia Ni,Co oph lat

113 Inner Mongolia Ni,Cu,Cr oph lat ophiolite VMS Cr

117 Ni oph lat Pt3 Jinchaling

110 W Mongolia Ni,PGE Alaskan D-S accretionary wedge, arc; 

gabbro and ultramafic rocks

111 Xinjiang Ni,Cu sulphide C Kalatongke; gabbro in a 

continental rift

112 Xinjiang Ni,Cu sulphide Hami; gabbro in a continental rift

114 Ni,Cu sulphide Pz3 Hongqiling; gabbro

115 Ni,Cu,PGE sulphide Pt2 Jinchuan, world's 3rd largest Ni dep

116 Ni sulphide magmatic origin

117, 119 PGE sed-host two occur. in each block

118 Panxi rift Ni,PGE,Cu sulphide P Yangliuping; rift with continental 

basalt flow

118 Panxi rift Ti,V magnetite Panzhihua

121 Bon Phuc Ni,Cu sulphide Bon Phuc, prospects; mafic-

ultramafic rocks

120,122 Ni,PGE sulphide C-P small occur. in komatiites

oph, ophiolite; lat, laterite; see Table 7 for other abbreviations

Belts of Mineral Potential in the Target Countries
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To the south in Xinjiang, there are two belts of gabbroic rocks related to Cambrian
continental rifting, 111 and 112. Both belts contain Ni-Cu sulphide deposits,
including Kalatongke and Hami, respectively. Late Palaeozoic gabbro in
northeastern China, 114, hosts a Ni-Cu sulphide deposit at Hongqiling, and there is
a belt of magmatic nickel-sulphide occurrences in central China, 116. The world’s
third largest nickel deposit, with abundant copper and PGE, is located at Jinchuan,
115, hosted by mid Proterozoic ultramafic rocks. Within the Panxi rift, 118, Permian
continental basalts host PGE-rich Ni-Cu sulphides, including the Danba and
Yangliuping deposits. The Bon Phuc belt, 121, of northern Vietnam contains mafic-
ultramafic rocks, various Ni-Cu sulphide prospects, and a Ni-Cu deposit at Bon
Phuc. This belt is encompassed by an area, noted as 120 and 122, with many PGE-
bearing nickel-sulphide occurrences in komatiite, an ultramafic rock type. 

The Panxi rift, 118, also contains a magnetite deposit hosted by a layered
intrusion at Panzhihua. It is China’s largest iron producer and is rich in titanium and
vanadium. On the opposite side of the continent, in the southern Urals, there are
deposits rich in chromium and PGE in the Urals, 106.
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Figure 11: Belts prospective for deposits of other commodities in southeastern Asia (including Sn-W-Pb-Zn skarns, deposits of Bi-Sb , bauxite, ilmenite
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OTHER COMMODITIES
This study focussed on four principal metal commodity groups. However,
Southeast Asia also has large resources of bauxite, potash and ilmenite-rich mineral
sands, the last along the coast of Vietnam. China has some of the largest reserves
and/or production of Sn, W, Bi, and Sb, largely from skarn or granite-related
deposits, and Bayan Obo contains the world’s largest reserve of REE. For example,
the Shizhuyuan W-Mo-Bi deposit in Hunan is the world’s largest W and Bi deposit.
It contains 0.71 Mt WO3 (average grade 0.33%), 0.27 Mt Bi (0.12%) and 0.12 Mt
Mo (0.06%). At Shizhuyuan, Jurassic-Cretaceous granite intruded Devonian
limestone, forming ore deposits of various commodities that are zoned around the
intrusion. Diamonds are known from many areas across Asia, most notably in
eastern Russia, but kimberlite pipes have also been found at Liaoning, Wafangdiao,
Shantung and Mengyilan. Paleoplacers are also known in western Thailand,
Malaysia and eastern Myanmar.

Table 11 Belts prospective for deposits of other commodities in South East Asia 
(Figure 11)

Belt # Belt name Commodity Deposit Age Deposit examples;

type comments on prospectivity

127,130 Sn,W, Pb,Zn granite skn Nam Pathene, Gejiu; granites in 

carbonate belt

125 W,Sn skn established province

124 Yangtze platform Bi, Sb Sizhuyuan Bi, many small dep; 

Xikuangshan Sb

124 Sb D Longshan in carbonates, sandstone

123 Ti,V magnetite Panzhihua

126 bauxite limited resource, Vietnam and 

S China

134,136 bauxite over basalt 4 Bt resource, good grade

133 bauxite over basalt 2 Bt resource?

132 potash evaporites 2 dep feasibility stage, Thailand

128,129,131, ilmenite mineral sands known dep along Vietnam coast

135,137

95 Inner Mongolia REE,Nb,Fe alkaline Feox? Pz1 Bayan Obo, 80% world production

Karatokai Li,Ta,Nb pegmatite Altai, Saertuohai

various locations diamonds pipes, paleo- Liaoning, Wafangdiao, Shandong, 

across Asia placers Mengyilan, western Thailand, 

Malaysia, eastern Myanmar

See Table 7 for other abbreviations

Belts of Mineral Potential in the Target Countries
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5
DISCUSSION AND

SYNTHESIS

QUESTIONS REMAINING

There are several areas in the target countries that require further mapping to the
detail provided by Soviet geologists in Central Asia so that correlations can be
made of volcanic arcs, backarc basins, and suture zones. Such correlations are
useful to help extrapolate metallogenic zones across the region on the basis of the
distribution of known ore deposits. These areas are noted in the recommendations.
Several prospective belts are in areas in which the tectonic interpretation is still in
question, such as the Kyzylkum gold belt, and therefore some of the ideas
presented here are tentative.

The mineral potential of a significant portion of the region is difficult to assess
because of the presence of young cover rocks. Several of the basins in the area have
basement rocks that may host a variety of ore types, but Mesozoic and younger
sedimentary sequences cover these rocks. In some areas such as the Tarim and
Junggar basins, the sedimentary fill ranges from 1,000 to >10,000 m thick, even
close to their margins (Chang et al., 1995). In these cases, the potential of the
basement rocks to host mineral deposits is of academic interest only. Although some
of the basins in Central Asia have at least 1 km of cover, large portions of the
Balkhash basin in Kazakhstan have less than 500 m of fill. Similarly, the Songliao
basin in northeast China has fill from 400 m to 5,000 m thick, although there are
areas on its margin where sedimentary rocks are very thin. Use of aeromagnetic
surveys allowed the workshop group to trace magmatic belts through basins. The
question now will be whether or not any of these covered arcs are shallow enough
to be effectively explored.
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OVERVIEW OF MINERAL POTENTIAL OF TARGET
COUNTRIES AND ADJACENT REGIONS
Even though the Asian region contains major known deposits, it is far from
adequately explored. Countries of the former Soviet Bloc have generally had intense
conventional exploration. However, its focus was limited to commodities needed at
the time by the centrally planned economy. Deposits that did not match the demand
at the time were largely neglected, eg, supergene-enriched porphyry Copper
deposits. Given the weathering history of much of Central Asia, opportunities
remain for exploration using modern technology, as well as for re-evaluation of
prospects recognised but not fully evaluated. 

In China modern exploration was applied over vast regions since the 1970s, and
many prospects were located. Limited resources, however, prevented full evaluation
of many prospects, and in some cases deposits could not be developed for want of
capital. While much of the grass-roots exploration has been done in China,
widespread opportunities exist for evaluation of prospects and advanced projects.
The potential for Carlin-style sedimentary rock-hosted gold deposits in China is
particularly exciting, but important opportunities also exist for porphyry copper
deposits, nickel-sulphide deposits and sedimentary rock-hosted copper and lead-
zinc deposits. The lack of Archaean gold deposits may reflect platform cover, degree
of erosion, or metamorphic masking. In other areas, Carlin-style deposits are
recognised in southeast Siberia at Kuranakh, and in northeast Mongolia.

The Central Asian Palaeozoic belts that are continuous from northeast Kazakhstan
through Xinjiang Province in China to Mongolia and beyond are highly prospective,
and their metal endowment could eventually compare with many younger island
arcs, although the depth of erosion in many places is well below the epithermal
level. Many deposits of copper, lead-zinc and gold are known, but most prospects
have not been evaluated adequately, nor has modern technology been applied in
their assessment. 

Exploration has been patchy across southern Asia, and in most countries
inadequate. While Turkey has received substantial attention, especially along its
northern Black Sea coast, little work has been done in Iran since the late 1970s.
There are excellent opportunities for discoveries of porphyry copper, carbonate-
hosted lead-zinc, oxidised zinc and Carlin-style sedimentary rock-hosted gold
deposits in this area. Significant porphyry copper discoveries have been made
recently in the Tethyan belt, where it extends from Iran into Pakistan, including
Reko Diq. 

Laos, Vietnam, Cambodia, Myanmar, Thailand, and the Malay Peninsula have
received significant exploration activity over the past decade, resulting in
identification of deposits such as Sepon Cu-Au in Laos and Monywa Cu in
Myanmar. Opportunities in this area exist for gold, copper and lead-zinc, bauxite
and evaporites, as well as for tungsten and tin, the latter having been an important
traditional product of this region.
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CONCLUSIONS

Conclusions: The target countries as a whole are very prospective
because of their natural mineral endowment. In general there has been
inadequate assessment of their mineral wealth. Application of modern
exploration methods and tools will lead to many discoveries, including
world-class deposits, particularly in the belts of mineral potential
identified in this report.

There is significant potential for further discovery of porphyry copper deposits
throughout the Altaids, a collage of Palaeozoic magmatic arcs that stretch from
Kazakhstan into Mongolia and Russia. The porphyry deposits in Central Asia are
particularly rich in gold. This belt may eventually rank with the American Cordillera
for the amount of contained copper and associated metal. Central Asia also has
potential for sedimentary rock-hosted copper deposits, and the whole region is
prospective for polymetallic VMS deposits in backarc belts parallel to the frontal
volcanic arcs. Suture zones throughout the region indicate major structural zones,
although using this information to identify the individual arcs that comprise the
collage can be difficult. Associated orogenic zones have potential for orogenic as
well as intrusion-related gold deposits. 

Further south, magmatic arcs of various age, many lying on the margins of
cratonic blocks in China, have associated with them belts that are prospective for
copper-gold and lead-zinc deposits. These arcs are related to the Mesozoic
Tethysides, which begin in central Europe, stretch across Turkey, Iran and northern
India into Tibet before bending south into Indochina. The eastern margin of Asia has
a belt of Cretaceous magmatism, parallel to portions of the present-day volcanic arcs
of the western Pacific. Much of the Tethyside arc from Iran through Tibet has been
poorly explored and assessed. Other areas of the region are also prospective, for
example, for Carlin-style gold deposits. The existing mining in many parts of the
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region is only small in scale, but this does not mean that there is potential only for
small deposits, as exploration has not been adequate.

The potential for nickel-sulphide and PGE deposits is limited to relatively small
areas of mafic-ultramafic rocks, but with the largest and third largest nickel-PGE
deposits in the world being located in Russia and China, respectively, the geologic
setting is right to host more world-class deposits. In addition, technological
advances are making lateritic nickel deposits more economic, and with the
abundance of ophiolites throughout the region, broad areas need to be assessed for
their potential for nickel, as well as chromium and cobalt. Other commodities that
are sure to be found, given known deposits and the geological setting, include Sn-
W, Sb-Bi, REE and rare metals, Ti-V, iron and diamonds. Indeed, the target countries
have a significant proportion of the known world reserves of Sb (64%), W (42%),
REE (44%) and Cr, about 15% of Pb-Zn reserves, and over 10% each of copper,
molybdenum and gold reserves (World Mineral Statistics Yearbook). This is an
enviable position for a region that is so under-explored.

RECOMMENDATIONS
Continued study of the mineral potential of individual countries at scales that are
useful for regional and district targeting of mineral resources can be done in part by
the local national surveys, with assistance from outside surveys and international
groups. The most essential need is for reliable geologic maps plus regional
geochemical and geophysical surveys, supplemented by information on ore deposits
and mineral occurrences. Such data must exist in electronic format and be available
to allow rapid integration and assessment. An enlightened national policy would be
to make all geological data widely available at reasonable cost, in order to compete
with other countries to attract the best explorers who can identify the mineral
deposits remaining in a country. Such data availability increases exploration
efficiency, and allows exploration groups to use their expertise and imagination to
target new deposits in old districts, as well as to identify new districts hiding their
mineral wealth. 

Once an organisation decides to explore for a particular commodity of a given
size and/or characteristic (eg, 50 Mt of oxide ore at 2 g/t Au, or 4 Mt of sulphide ore
at 30 g/t Au), three guidelines for effective exploration are:

Have access to all available information, and generate essential data that are
missing
Employ the most capable and highly motivated people to assimilate the available
information and to identify the regions and districts in which to explore
Maximize the effective and productive time spent in the field by these people, and
provide them the support needed to explore and to assess, the latter with drilling
as warranted

Specific areas that require mapping include the Tien Shan of western China, to help
improve the correlation between Kazakhstan and Mongolia, as well as large portions
of Tibet and areas of Mongolia. Existing survey data, for example geochemical
surveys over parts of Asia, have not been adequately interpreted, despite their value
in defining broad target areas.
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CHALLENGES AND POTENTIAL
The mineral potential of Asia is second to none. As noted above, the diversity and
world-class standard of the known ore deposits of Asia leave no doubt that the
region is capable of using its mineral resources as one base for economic
development, and to provide for its own raw material needs. The obstacles are not
geological, as major deposits have been found despite a varied amount of
exploration and inconsistent exploitation. Physical difficulties such as the vast
extent of the landmass, its high mountains and its extremely cold climate through
much of the year add to the challenges of exploration and the cost of development,
as well as the problems of getting products to a world market (Figure 1). Mineral
discoveries will be made throughout all regions of the continent, but the ultimate
productivity of Asia depends on access to the northern and central regions where the
physical and climatic difficulties are worst. Such access will allow delivery of
resources to the regions of high population density on the edges of the landmass.

Some of the most prospective regions are also the most remote, and so suffer from
problems of limited access to transport and infrastructure, plus unfavourable
elevation, relief (Figure 4) and climate. Because of these adverse geographical
factors, to be economic deposits must be large and high grade, with favorable
metallurgy. Gold, PGE and diamond deposits have high-value, low-volume
products, reducing demands on transport infrastructure, so they are the easiest to
develop. The infrastructure developed to support these mines can then provide better
conditions for the subsequent development of major copper, lead-zinc and nickel
deposits, with their associated concentrate and smelter operations.

The physical and climatic difficulties of the region are beyond our control, even
though better ways to overcome them may be found. However, for the region to
achieve its full potential it is crucial that political, legal and administrative
obstacles, the subjects of other portions of this project, do not exacerbate the
geographic difficulties inherent to a country. This is the aspect of the region’s
minerals potential that is most in need of improvement and indeed is most readily
improved. Governments that fail to optimize their regulations for the minerals
industry will miss out on the economic and social benefits that healthy mining
industries can deliver.

Asia requires an abundant supply of raw materials in order to play a major role in
the global economy and to meet its full potential. Its current inability to supply its
own needs limits its ability to achieve its potential, yet its natural endowment is as
great as any other continent. The geology of the region is extremely diverse, and it
is known to contain many world-class deposits. This is particularly the case for the
target countries that have been the focus of this study. Combining the natural
potential of the region with the fact that most of the area is under-explored from the
perspective of modern ideas and technologies means that many world-class ore
bodies remain to be found, and this will underpin the continuing economic
development of the region.
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APPENDIX 1

GEOLOGICAL AND TECTONIC SETTING OF ASIA

The continent of Asia has had a varied and complex geological history. However,
despite the old cratons around which Asia is constructed, the continent is considered
to be the youngest in terms of its history of formation (Sengör, 1997), having been
assembled largely over the past 500 million years (Sengör and Natal’in, 1996a). As
a result of its size and relative youth, it contains the extremes of elevation, from Mt.
Everest to the Dead Sea. Twenty-four of the world’s 30 highest peaks are in Asia,
attesting to the ongoing tectonism. The result is a continent with many remote and
forbidding regions (Figure 4). 

GEOLOGICAL HISTORY OF ASIA
The modern understanding of the geology and evolution of Asia can be traced to
the synthesis by E. Suess at the end of the 19th Century. He demonstrated the
horizontal movements of the crust, showed that mountain chains had an
asymmetric structure, and contrasted the old, rigid areas with the young fold belts
(Sengör, 1997). Suess also showed that there had been an east-west trending
seaway in the Mesozoic, which he termed Tethys, separating Angara, including
the Siberian shield, from Gondwana to the south. Compression in the Cenozoic
led to the creation of what is now the Asian continent.

A brief geologic history of Asia has been prepared by Sengör (1997),
summarised here to provide the framework for the details that follow on the
Altaids, Tethysides and adjacent areas. Determining the structure of the complex
orogenic collages that comprise Asia is assisted by recognition and tracing of
magmatic fronts that tend to jump trenchward as an accretionary wedge grows
oceanward (Sengör and Natal’in, 1996a). Much of the metallogenic history of the
region was closely associated with the accretionary processes and magmatic belts
of the region. Therefore, discussion of the tectonic history of this complex region
is an essential precursor to any consideration of the mineral resources and
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mineral potential of Asia. In addition, understanding the fragmentation and offset
of what was once continuous metallogenic belts is essential if we are to predict
successfully new areas of mineral potential. 

The Archaean rocks of Asia consist of the Siberian or Angaran shield, and
blocks in the Sino-Korean, Yangtze (Qiu et al., 2001) and Tarim cratons, and the
Indian and Arabian shields. Greenstone belts and related mineral deposits are
abundant in the shields. Granitic intrusion was intense during 2100-1800 Ma in
the Angaran shield, followed by peripheral growth of orogenic belts, the oldest
being the Baikalian event at 1000 Ma. Orogenic gold deposits on the southern
margin of the Siberian shield may have been generated at this time, although
compared with other areas of Archaean crust, few orogenic gold deposits have
been recognised in the Siberian platform and Chinese cratons. This may be due to
the younger sedimentary cover and high metamorphic grade of exposed rocks
(Goldfarb et al., 2001). Platform sediments began to accumulate and were
subsequently deformed, particularly on the margins of this shield. The Yangtze
platform, joined with the Sino-Korean platform along the Qinling mountain range,
continued to evolve orogenically until the Late Palaeozoic due to the Indosinian
Qinling orogeny. By contrast, the Sino-Korean platform underwent deformation
and evaporite accumulation at this time. In Southeast Asia the Kontum massif
comprises a high-grade metamorphic nucleus of Precambrian age.

The Altaids consists of the orogenic collage that accreted around the Siberian
nucleus, starting in the late Proterozoic, as discussed in detail below. Growth
continued during the Palaeozoic by addition of continental and ensimatic rocks,
terminating with the collision of the collage and the East European platform
along the Late Palaeozoic Uralide suture. Thus the main outline of Laurasia was
completed at about the same time as the formation of the Permo-Triassic Pangea,
and most Altaid sutures were closed. Laurasia then separated from Gondwana,
the southern half of Pangea, and the palaeo-Tethys was created. This largely
ended the development of the Altaids and began the evolution of the Tethysides.

The Tethysides complex formed from two superimposed orogenic systems.
The older was the Cimmerides, formed between the Carboniferous and early
Cretaceous by subduction and collisional consumption of the Paleotethys.
During this closing, orogenic gold formation occurred on the margin of
Gondwana, associated with subduction-related tectonics (Goldfarb et al., 2001),
extending from Central Asia to northwestern China. The Alpides started to form
in the Jurassic by subduction of the Neotethys plus collision of Eurasia with
portions of Gondwana. The Cimmerian continent, including Iran, Afghanistan
and Tibet to the Malay peninsula, rifted from Gondwana starting in the Permian.
This opened the Neotethys behind while destroying Paleotethys along its leading
northern edge. To the west the continent was narrow, resulting in the eventual
Altaids overprinting the Cimmerides, whereas in East Asia the continent was
wider, resulting in a clear spatial separation of the younger Altaids from the
older Cimmerides. 

The associated orogenic events resulted in deformation throughout Asia,
characterised by many strike-slip faults, extensional and compressional basins,
and intracontinental uplifts of blocks. The episodic and overlapping deformation
of cratons that was caused by continental-margin orogeny created most of the
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hydrocarbon-bearing sedimentary basins of Asia, basins that also saw movement
of brines and creation of huge sedimentary rock-hosted base-metal deposits.

The oldest Mesozoic sutures in Asia occur in northern Turkey and Iran as well as
Southeast Asia. The Changdu-Simao-Indochina craton collided with the Yangtze
platform along the Song Da suture near the China and Vietnam border at this time.
The Lancangjiang suture in the Malay Peninsula separates the Changdu-Simao-
Indochina block, of Cathaysian affinity, from the Bao-Shan-Thai block of
Gondwana affinity to the west. The events that caused the north-south Lancangjiang
suture also triggered major Triassic granitoid magmatism, the latter related to
formation of nearly half of the world’s tin resources, hosted by the Bao-Shan-Thai
block. The southwest portion of the major Jingshanjiang suture, which correlates
with the Song Ma-Song Da sutures, forms the boundary between the Yangtze
platform and the Changdu-Simao-Indochina block (Figure 5).

By the early Cretaceous, Paleotethys had closed, welding the Cimmerian
continent to the southern margin of Asia. At the same time or even earlier,
Neotethyan subduction began, leading to the beginning of Alpide growth. Although
the major Alpide collisions took place during the Cenozoic, by the end of the
Cretaceous some Alpide sutures had closed, from Oman to central Sumatra,
involving only island arc - continent collision. 

The oldest sutures related to the circum-Pacific orogenic belt are latest Jurassic to
earliest Cretaceous in age, with these events occurring in northeastern Asia. The
Yanshanian magmatic belt, which stretches 8,000 km from east Russia along east
China through eastern Vietnam to western Borneo, was active at this time, and with
it many of eastern China’s mineral deposits formed, including the country’s most
important gold deposits in uplifted blocks of the Sino-Korean craton. The huge
orogenic gold resources of the Russian Far East also formed during this time
(Goldfarb et al., 2001), in turn generating placer deposits following uplift at least 50
million years later. By the late Cretaceous, several fragments had collided along the
east margin of Asia, with closure along the Ussuri suture causing cratonic
deformation and major offset along the Tan Lu fault (Figure 5). 

The Tan Lu fault is a major structure that cuts through the lithosphere, active in
East China from Mesozoic to the present, offsetting the Sino-Korean craton. The
northern extension of the fault is less well understood as it splits into several fault
strands, and its correlation with the lineaments in northeast China and East Russia
is speculative. Offset of the host rocks to the Jiaodong gold deposit on the east side
and the Xiaoqinling deposit on the west side of the Tan Lu fault occurred well before
the main gold mineralisation event, probably in the early Jurassic, although it must
have been reactivated later. Gold mineralisation of both Jiaodong and Xiaoqinling
deposits occurred during the Cretaceous (ca 125-130 Ma). Both Jiaodong (hosted in
Jurassic to Cretaceous granitoids) and Xiaoqinling (hosted in Archaean
metamorphic rocks) are typical orogenic gold deposits, with no apparent magmatic
association. The Tan Lu fault was reactivated during Pacific subduction and, along
with other old structures, acted as a focus for events that formed gold deposits. 

The granitic activity of East Asia during the Mesozoic-Cenozoic can be divided
into three tectonic settings, continental interior, continental margin and island arc
(Ishihara, 1981). The continental interior comprises a paired magnetite and ilmenite
belt of intrusions, with associated deposits occurring largely in the inner magnetite-
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series rocks. These include porphyry copper (Dexing), porphyry tungsten
(Yangchuling), skarn magnetite, and lead-zinc deposits, and in northeast China,
porphyry-skarn molybdenum, the latter with petrologic indications of a rift setting.
The continental margin also has a magnetite-ilmenite pair, but with the magnetite-
series rocks on the coastal side, in the younging direction. Mineralisation in the
magnetite belt was generally weak, forming the W-Mo deposits of Korea; the W and
Pb-Zn skarns of Sandgond and Yeonwha may also be related to such granitoids. The
Triassic-Jurassic ilmenite-series granitoids in East China and Myanmar-Thailand
are related to the belt of W-Sn deposits in this region. Cenozoic island arc
magmatism occurred from Kamchatka to the Sunda arc, passing through Japan and
the Philippines. Most ore deposits are affiliated with magnetite-series rocks,
including the VMS Zn-Cu-Pb deposits on the marginal sea-side of Japan, and the
porphyry Cu-Au deposits of the Philippines.

The Cenozoic history of the circum Pacific belt in Asia involved the opening and
closing of marginal basins, extensive strike-slip faulting and associated rotation of
blocks, and agglomeration of continental blocks and arc complexes. This evolution
was further complicated by the collision of India with Asia, starting in the Eocene,
which was responsible for generation of the Alpine-Himalayan ranges and extensive
deformation throughout much of the continent. The eastward displacement of much
of Asia resulted from this collision, with up to 700 km of movement along the Altin
Tag fault. Such deformation, coupled with the accretion of orogenic collages of the
Circum Pacific, continues today.

The geologic variety and complexity of Asia is still apparent when we focus on
the one-third of the continent that comprises the target countries. For this reason,
we examine in more detail the two major tectonic subdivisions of Asia, the largely
Palaeozoic Altaids in the north and the largely Mesozoic Tethysides in the south,
plus adjacent areas, and the associated metallogeny. The schematic tectonic map
of the region shows major features (Figure 5). We also reproduce this map in
Appendix 2 (Figure A8), and include a 1:5,000,000-scale geological map, stitched
together from four separate sources of US Geological Survey compilations,
overlain by a map of the major structures of China and adjacent areas (Figure A1).
An aeromagnetic image (15-km resolution; Figure 6) and shaded relief map (1-km
resolution; Figure 4) are also useful to gain an overview of the central portion of
the Asian continent. 

TECTONICS AND METALLOGENY OF THE ALTAIDS2

The Altaids consist of an orogenic collage of Neoproterozoic- to Palaeozoic-age
rocks that lie between the East European, Siberian, Sino-Korean and Tarim
cratons (Figure 5; Yakubchuk et al., 2001). The region is traditionally called the
Ural-Mongolian, Ural-Okhotsk or Central Asian fold belt. The internal structure
of the Altaids consists of just three oroclinally bent island-arcs, i.e., magmatic
belts that have undergone horizontal deformation. These arcs include Kipchak (in
Central Kazakhstan and Altai), and Tuva-Mongol and Mugodzhar - Rudny Altai
(in the Urals and Altai). Sutures of former backarc basins separate these three arcs.

2 By Alexander Yakubchuk
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Since the mid Palaeozoic, the Kipchak and Tuva-Mongol arcs were amalgamated
into a single Kazakh-Mongol arc. 

This Palaeozoic orogenic collage is framed by Late Proterozoic crust (0.6 Ga
Baikalides and pre-Uralides). These structures all host important gold, copper-
molybdenum, lead-zinc, uranium, manganese and other deposits of various types,
some of world-class size. The Early Proterozoic rocks in the southern part of the
Siberian craton in Russia host giant sedimentary copper (Udokan) and ultramafic-
related (Chinei) PGE deposits, whereas the Sino-Korean craton hosts the Jinchuan
Ni-Cu-PGE deposit, third largest in the world. A significant portion of the Altaids
and Baikalides is hidden under vast oil-bearing Mesozoic-Cenozoic sedimentary
basins in western Siberia, Central Asia, and northeastern China.

The region of the Altaids is shared between Russia, Kazakhstan, Kyrgyzstan,
Uzbekistan, Tajikistan, China and Mongolia. The Karakum, Tarim and Sino-
Korean blocks represent a demarcation line between the Altaids and the Mesozoic
to Cenozoic-age Tethysides to the south. The Khantei zone of Central Mongolia
can be traced into young Circum-Pacific orogenic belts via the Mongol-Okhotsk
suture between the Siberian craton and eastern part of the Tuva-Mongol arc, and
therefore cannot be considered to be part of the Altaids. 

The are several existing but mutually contradictory tectonic interpretations of
this collage (Puchkov, 1991; Zonenshain, 1992; Mossakovsky et al., 1993; Sengör
and Natal’in, 1996b). Tracing of magmatic fronts, an approach suggested by
Hamilton and Sengör and Natal’in (1996a), helps to decipher the internal
architecture of this complicated collage. Some ophiolites indicate sutures of
former backarc (intra-arc) basins, whereas others occur as slivers within
accretionary wedges that faced the former major ocean. An image of regional
aeromagnetic anomalies was used to trace the continuity of the magmatic arcs,
ophiolitic sutures and accretionary complexes under the Mesozoic-Cenozoic
sedimentary basins.

There are several generations of magmatic arcs in this orogenic collage, eg,
Late Proterozoic (Riphean), Late Proterozoic (Vendian) to Early Palaeozoic, mid
Palaeozoic to Early Carboniferous, Early Carboniferous to Permian-Triassic, and
several Mesozoic arcs (Figure 5). The following discussion examines each
generation, from older to younger (Table 12).

Late Proterozoic-Early Palaeozoic
All orogens contain >1.0 Ga crustal fragments, which occur as pediments in Late
Proterozoic magmatic arcs in the Baikalides, north of Mongolia, and pre-
Uralides, along the east margin of the Altaids. In addition, the Vendian-Early
Palaeozoic magmatic arcs of Kazakhstan, Altai-Sayan, Mongolia and northeast
China also contain old crustal fragments. 

The oldest ophiolitic sutures (Late Riphean or pre-Vendian) are found in the
Baikalides and pre-Uralides. They constitute now-separate fragments, mostly in
Russian territory. The sutures represent traces of the former backarc basins that
separate magmatic arcs and craton-facing Late Proterozoic passive-margin
sedimentary sequences. Around the Siberian craton, these sedimentary sequences
host the giant gold-PGE orogenic deposits of Olimpiada (in the Enisey Range)
and Sukhoi Log (in northern Transbaikalia), whereas magmatic arcs host large
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Mt. Isa-type base-metal deposits (Gorevskoe in the Enisey Range and
Kholodninskoe in northern Transbaikalia). These structures are truncated by the
Main Sayan fault on the southwestern flank of the Siberian craton, which strikes
eastward to the area between the Stanovoy and Aldan blocks on the southeastern
corner of the Siberian craton. 

A possible continuation of the ophiolitic suture in the Patom orocline in
northern Transbaikalia may be found on the southeastern flank of the West Sayan
orocline, now dextrally offset by 1,000 km. The latter is a host to medium-size
orogenic gold deposits (eg, Zunkholba) at the same stratigraphic level as Sukhoi
Log, but they have different ages of mineralisation. Further continuation of this
suture may be traced to west Mongolia, forming the Central Mongolian orocline.
In west Mongolia, this suture separates Riphean ensialic and Vendian-Early
Cambrian ensimatic volcanic units, known as the Tuva-Mongol magmatic arc. In
the opposite direction, the eastern continuation of this arc extends to northeast
China where it turns to the south to form the Khingan orocline; its southern end
has a T-shaped junction with the Sino-Korean craton. Possible continuation of
this arc, dextrally offset, may be found in the Qilian orogen on the southwest
flank of the Sino-Korean craton. Within the Tuva-Mongol arc there are additional
intra-arc sutures marked by Vendian-Early Cambrian ophiolites (Dzhida, Bayan-
Hongor and in northeast China). The western flank of the Tuva-Mongol arc is
rimmed in Western Sayan, south Mongolia and northeast China by a Late
Proterozoic-Early Palaeozoic accretionary complex. The Early Palaeozoic rocks
of this arc host Cu-Pb-Zn-Ag-Au VHMS deposits (Ozernoe in Russian
Transbaikalia and Kyzyltashtyg in Tuva) and Early Palaeozoic Cu-(Mo)-
porphyry deposits in Tuva.

The fragments of the Riphean magmatic arcs can be also found in Kuznetsk
Alatau and West Sayan in Russia, central Kazakhstan and Kyrgyzstan. They
occur in the basement of the Vendian-Early Palaeozoic differentiated magmatic
rocks that represent now-separated segments of the Vendian-Early Palaeozoic
Kipchak arc. These are the Gorny Altai, Salair, and Kuznetsk Alatau segments in
Russia, and the Boshchekul-Chingiz and Stepnyak-Betpakdala segments in
Kazakhstan and Kyrgyzstan. It is not clear where this arc strikes from
Kyrgyzstan. One option is to trace it via the Altyn and Kunlun mountains along
the southern rim of the Tarim block and then to the Caucasus and Europe. In this
case, the Tarim and Karakum blocks could be part of the Kipchak arc; in other
words, the Tarim block and Sino-Korean craton may be independent and
therefore their traditional recognition as a single craton is incorrect. This also
means that the Altaids were formerly related to the Tethysides and not to the
Circum-Pacific belt. 

The Kipchak arc is complex. At its rear, in western Central Kazakhstan, the
1000-km long Vendian-Early Palaeozoic Baikonur-Karatau backarc rift hosts V-
Mo deposits. The simatic segments of the Kipchak arc host VMS deposits
(Maikain, Kusmurun, Mizek in central Kazakhstan and the Salair Group in
Russia), porphyry copper deposits (Boshchekul and Qyzyltu in Kazakhstan), and
granite-related Cambrian gold deposits (in Kuznetsk Alatau, Russia). The
fragments of accretionary complex grown in the front of this arc are now found
inside the Kazakh and West Sayan oroclines.
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Table 12 Summary of Altaid belts and related ore deposits

Belt name Age Ore types Examples

Baikalides Late Riphean to Sed-hosted orogenic Au-PGE; Olimpiada, Sukhoi Log; Gorevskoe, 
pre-Vendian Mt Isa-type base-metal Kholodninskoe

Tuva-Mongol arc Vendian- VMS Cu-Pb-Zn-Ag-Au Ozernoe, Kyzyltashtyg
Early Palaeozoic Orogenic Au Zun Kholba

Porphyry Cu-Mo Aksug

Kipchak arc Vendian- VMS Maikain, Kusmurun, Mizek, Salair 
Early Palaeozoic Group

Porphyry Cu Bozshakol, Qyzyltu
Orogenic Au Vasilkovskoe, Bestobe, Zholymbet, 

Kvartsytovye Gorki, Berikul, 
Kommunar

Sed-hosted Pb-Zn Tekeli

Kazakh-Mongol arc Mid-late Palaeozoic Porphyry Nurkazgan, Oyu Tolgoi, Duobaoshan, 
and its backarc rifts Kounrad, Aktogai 

Skarn Sayak
Pb-Zn-(Ag) Progress, Abyz, Zhairem, Mirgalimsai, 
(VMS, sed-ex, sed-hosted) Shalkiya
Redbed volcanics Kodzhanchad
W-Mo Akchatau, Batystau, Verkhnee Kairakty

Valerianov- Early-mid Porphyry Cu, Cu-Mo Almalyk (Kalmakyr)
Beltau-Kurama arc Carboniferous Fe skarn Sokolovsko-Sarbaiskoe

Epithermal Kochbulak

South Tien Shan – Early-mid Orogenic Au Kumtor, Muruntau, Bakyrchik, 
East Urals – Irtysh- Carboniferous – Chinese Tien Shan area
Zaissan suture Permian

Mugodzhar-Rudny Late Ordovician – VMS Ridder-Sokolnoe, Maleyevskoe, Sibai, 
Altai arc mid-Palaeozoic Gai, Uchaly

Porphyry Mo-(Cu) Sora in Kuznetsk Alatau, 
subeconomic deposits in the Urals

Orogenic Au Berezovskoe, Kochkar, Yubileinoe

Sakmara suture Palaeozoic Cr deposits in ophiolites Kempirsai, Rai-Iz

Central Mongol arc Late Palaeozoic- Porphyry Cu-Mo Erdenet, Dzhida, Zhireken 
Early Mesozoic Epithermal Au Balei

Greater Khingan arc Jurassic-Early Porphyry, epithermal Possible source for placers in NE 
Cretaceous China and Russian Far East?
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Within the Kipchak arc in central Kazakhstan and Kyrgyzstan, ophiolitic sutures
mark a system of Cambrian-Ordovician en echelon-like intra-arc basins. The
suturing and related strike-slip deformation at the end of the Ordovician led to the
emplacement of Late Ordovician gold-bearing plutons (Vasilkovskoye, Zholymbet
and Bestobe deposits). Almost all Early Palaeozoic ophiolite belts of central
Kazakhstan produced Ni-Co lateritic weathering crusts during the Mesozoic, but
their economic significance was considered unimportant during Soviet time owing
to the dominance of Noril’sk. None of these ophiolites contains significant
chromium deposits.

The Kazakh portion of the Kipchak arc is rimmed by ophiolitic sutures, which
strike from South Tien Shan to the East Urals and then end at the Irtysh-Zaissan
Zone. This suture marks the Khanty-Mansi backarc basin that started to open in the
mid to Late Ordovician. 

Mid Palaeozoic - Early Carboniferous
The Khanty-Mansi backarc basin continued to spread during the mid Palaeozoic
behind the Silurian-Devonian Kazakh-Mongol magmatic arc, which
amalgamated fragments of the Kipchak and Tuva-Mongol arcs. This formed a
giant arc system extending from Kazakhstan to northeast China via southern
Mongolia. This arc now hosts several VMS deposits in Kazakhstan and important
porphyry deposits (Nurkazagan in Kazakhstan, Oyu Tolgoi in Mongolia,
Duobaoshan in northeast China), making this stratigraphic position very
prospective for medium-size porphyries.

Palaeomagnetic data indicate the beginning of clockwise rotation of Siberia with
respect to eastern Europe in the Devonian. This rotation caused oroclinal bending of
the Kazakh portion of this long magmatic arc, and began its intrusion between
Tarim-Karakum and Siberia towards the East European craton. This created
temporary subduction on the western flank of the present arc in the Early Devonian,
but since the mid Devonian the evaporite-bearing and molasse-filled rift-related
backarc basins started to cover the previously amalgamated fragments. This event
might be responsible for migration of the Silurian-Devonian magmatic front with
respect to the Vendian-Early Palaeozoic arcs, resulting in a subsequently new
episode of porphyry formation. The Devonian volcanic rocks in Kazakhstan also
host uneconomic volcanic redbed copper occurrences (Kodzhanchad) and economic
Pb-Zn-(Ag) deposits (Zhairem, Mirgalimsai, Shalkiya, etc.) in this backarc setting. 

Late Ordovician to mid Palaeozoic spreading in the Khanty-Mansi basin initiated
subduction under the East European and Siberian cratons, forming the Mugodzhar-
Rudny Altai island arc and its Sakmara backarc basin of the future Urals. This arc
extends from the South Urals to the Middle and North Urals, then turns
southeastward under Mesozoic-Cenozoic sedimentary cover towards Rudny Altai in
eastern Kazakhstan and the Ashele belt in northwest China, where it unites with the
Kazakh-Mongol arc, thus making a double arc system. The Mugodzhar-Rudny Altai
arc hosts large VMS and minor porphyry Mo-(Cu) deposits at the mid-Devonian
horizon in the Urals (Sibai, Gai, etc.) of Russia and Rudny Altai (Ridder-Sokolnoe,
Maleyevskoe, etc.) in Kazakhstan. 

The suture of the Sakmara backarc basin hosts mid Palaeozoic ophiolites with
large Cr-(Os-Ir) deposits (Kempirsai in Kazakhstan and Rai-Iz in Russia). The North
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Ural segment of this arc also hosts the so-called Ural platinum belt, associated with
Alaska-type intrusions. These intrusions have not yet revealed large hardrock PGE
deposits, but they are a source of PGE placers whose cumulative historic production
is estimated to be up to 400 t PGE. The sedimentary sequences of the former
Sakmara basin host minor to medium-size orogenic gold deposits. Palaeozoic
ophiolites are a source of lateritic Ni-Co deposits.

Early Carboniferous-Triassic 
The Early Carboniferous was the time of a transitional event in the evolution of
Central Asia. Siberia continued its clockwise rotation towards eastern Europe and
caused further bending of the Kazakh orocline and southeastward migration of the
western part of the Kazakh-Mongol arc, pushing it further towards the East
European craton along bounding strike-slip faults. This was the beginning of
suturing in the Sakmara and Khanty-Mansi backarc basins.

In the Early to Mid Carboniferous, the Kazakh orocline collided with the
Mugodzhar-Rudny Altai arc to form a 3,000km-long suture extending from the
South Tien Shan to the East Urals and Irtysh-Zaissan zones. This suturing was an
important event in the structural preparation of the region. The suture hosts giant
orogenic gold deposits, forming one belt near the Bakyrchik deposit and another belt
extending from Muruntau to Kumtor and then to the Chinese Tien Shan. Formation
of economic deposits in these belts occurred later when it was saturated with
granitoid intrusions during the Late Palaeozoic. The latter belt also hosts important
mercury deposits (Haidarkan in Kyrgyzstan). The westward motion of the Kazakh
orocline was responsible for subduction of the Khanty-Mansi basin under its present
western flank to form the Valerianov-Beltau-Kurama arc. This arc magmatism
produced large skarn deposits of iron (Sokolovsko-Sarbaiskoe in northwest
Kazakhstan) and very large porphyry copper deposits (Almalyk in Uzbekistan). In
the western part of the Kazakh-Mongol arc, this collision coincided with formation
of porphyry Cu-Mo (Kounrad, Aktogai, etc.), skarn (Sayak), epithermal gold and W-
Mo deposits (Akchatau, Batystau) in Kazakhstan. The giant sedimentary rock-
hosted copper deposit of Dzhezkazgan formed between these two magmatic belts.
The deposits of this stage are related to continental arc and associated backarc rifts.

In the Mid Carboniferous, the Mugodzhar-Rudny Altai arc collided with East
Europe and totally sutured the Sakmara backarc basin. However, the North Barents
basin in Russia and North Caspian basin in western Kazakhstan, which formed due
to stretching of the continental crust of the East European craton and pre-Uralides
during the mid Palaeozoic or earlier, survived as largely undeformed petroliferous
sedimentary basins. The recorded and inferred thickness of sedimentary rocks
accumulated on the oceanic crust from at least the mid Palaeozoic exceeds 15 km.
In the North Caspian basin there are Permian evaporites that represent a fragment of
the evaporite belt extending from Central Europe to the Urals. The famous
sedimentary-hosted metal deposits of East Germany and Poland occur on the flanks
of this basin, and smaller equivalents are found in the Ural fore deep. Similar Late
Palaeozoic deposits exist on the periphery of the North Barents basin.

In southern Mongolia and northeast China the Early Carboniferous to Late
Palaeozoic magmatic arc developed over its older portion, thus hiding the Silurian-
Devonian arc. The frontal part of the Kazakh-Mongol arc is clearly marked by a
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Late Palaeozoic accretionary complex striking from Kazakhstan to northeast China.
The Late Palaeozoic to Early Mesozoic event produced a magmatic arc that rims the
Khantei zone. This belt hosts large porphyry copper (Erdenet in Mongolia),
porphyry molybdenum (Dzhida, Zhireken in Russia) and epithermal gold deposits
(Balei in Russia). 

Mesozoic
The bending of the Central Mongolian and Khingan oroclines in the eastern portion
of the Kazakh-Mongol arc occurred from the Triassic until the mid Jurassic, when
its eastern portion collided with the Siberian craton to produce the Mongol-Okhotsk
suture. If we accept that the Kazakh-Mongol arc and Sino-Korean craton might form
a single structure, one conclusion can be offered. Dextral westward displacement of
the Sino-Korean craton for 2,000 km (possibly the Qaidam block), its juxtaposition
with the Tarim block, and oroclinal bending of the Yangtze craton with respect to the
Sino-Korean craton also occurred during this time. This event completely separated
the Altaids from the Tethysides. 

The final magmatic event in the eastern portion of the Kazakh-Mongol arc was
Jurassic-Early Cretaceous magmatism in the Greater Khingan. This may have
occurred as the result of hidden relic subduction from the west. Its affiliation to the
east with subduction in the Pacific Ocean would require very shallow subduction to
create this arc more than 500 km from the nearest trench. In the Russian Far East, the
anterior portions of this arc are prospective for porphyry and epithermal ore deposits. 

Since the Cretaceous, the eastern portion of the Altaid collage was affected by
Yanshanian magmatic arc volcanism of the Circum-Pacific belt. The central parts of
the Altaids were strongly affected by strike-slip movements resulting from collision
of the Sino-Korean and Yangtze cratons first and then India. These strike-slip faults
reveal an offset up to hundreds of kilometers (along the Altyn Tag or Altin fault) that
caused significant displacement of portions of some metallogenic belts. 

TECTONICS AND METALLOGENY OF THE TETHYSIDES AND
ADJACENT AREAS3

South of the Altaides, the Tethysides is a younger orogenic system that extends from
the western magmatic arc of the southeast Asian archipelago, and stretches across
South Asia, through the Himalayas, Iran and Turkey to the Balkans and into the Alps
of Europe. This vast orogenic belt hosts a number of world-class ore deposits,
including Yulong and Jinding in China, Monywa in Myanmar, Sar Cheshmeh in
Iran, Skouries in Greece, and Bor and Majdanpek in Serbia. It is comparable in age
and extent to some Circum Pacific magmatic arcs (eg, the Cordillera of the
Americas), but is less well explored. 

This orogenic belt recorded the complete history of Tethys - a large, westward-
narrowing triangular embayment of the Late Palaeozoic to Mesozoic Pangea that
was created by the westward propagation of spreading ridges in the paleo-Pacific,
subducted along the margins of continental blocks and closed as Gondwana
fragments collided with Eurasia.

3 By Kaihui Yang
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The Tethysides is a collage of terranes that welded to each along sutures during
the collision between these two super-continents. The terranes, composed of a pre-
Devonian metamorphic formation and paleo-Mesozoic cover, are the continental
fragments that rifted from the margins of Gondwana or Eurasia during the Late
Palaeozoic and Mesozoic (eg, Chen et al., 1987; Yang, 1998). In the 1980s, these
continental blocks were called the Cimmerian continent by Sengör and Natal’in
(1996a). The sutures occur typically along deep fault zones, and are indicated by
dismembered ophiolites or ophiolitic melanges of similar ages. Paleo-magmatic arcs
occur along the sides of the sutures (Figure 5). The main tectonic units and
associated ore deposits, particularly of the eastern Tethysides in Asia, are briefly
summarised here (Table 13).

Main sutures, magmatic arcs and mineralisation of the Tethysides
The Eastern Kunlun belt, >500 km long, lies south of the Qaidam block (Figure 5),
and is indicated by dismembered ophiolitic suites that include pillow lavas, mafic-
ultramafic rocks, Permo-Carboniferous turbidites and carbonates. The mafic
volcanic rocks host VMS Cu-Co-Zn deposits (eg, Deerni). A Permian magmatic arc
about 300km long occurs north of this suture, partially overprinting the west Qilian
belt, and is associated with hydrothermal gold and porphyry copper deposits.

The Ganze-Litang ophiolitic belt lies between the Yangtze plate and the Zhongza
terrane, and is paired with the Yidun arc volcanic belt to the west. It extends more
than 400 km from Yushu in the north to Muli in the south, and is composed of Late
Permian to Late Triassic slates, limestone, radiolarian chert, MORB-like pillow
lavas, ultramafic and mafic blocks. Chrome and PGE occurrences have been
reported from this belt.

The Yidun volcanic arc consists of a Permo-Triassic package that began with
eruption of alkalic basalts, continued with calc-alkalic volcanic rocks and ended
with shoshonitic rocks. The alkalic basalts (Late Permian) are chemically similar to
rift-related continental basalt within the Yangtze plate. The Triassic calc-alkalic and
shoshonitic volcanic rocks form four distinct zones, an outer andesitic chain, a
bimodal volcanic zone, an inner andesitic chain, and a shoshonitic zone. The outer
andesite chain is intruded by a 226 to 204 Ma granitoid batholith. Important VMS
(Cu-Pb-Zn) and epithermal (Au-Hg) deposits are typically associated with the felsic
rocks in the Yidun arc.

The Jinshajiang suture, west of the Ganze-Litang belt, separates the Yangtze
platform or Zhongza terrane from the Changdu-Simao-Indochina terrane (Figure 5).
It extends over 2,000 km, from Zahe (Tibet) in the west, through Yushu (Sichuan),
turns south, along the valley of the Jinshajiang River, to the Ailaoshan area
(Yunnan). To the southeast it is correlated with the Song Ma-Song Da sutures in
northern Vietnam. The southern portion of this suture is called the Ailaoshan belt or
Tengtiaojiang belt, also known as the Red River belt.

Ultramafic blocks and mafic intrusions occur along a fracture zone in the west
segment of the Jinshajiang suture. To the east and south, this suture is defined
mainly by ophiolitic belts of Permo-Carboniferous age. Along the valley of the
Jinshajiang River serpentinised peridotite, ultramafic-mafic cumulates and pillow
lavas occur in Early Carboniferous phyllite, marble and chert. To the south, the
Ailaoshan belt is indicated by more than 300 ultramafic-mafic blocks and intrusions
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emplaced into Permo-Carboniferous turbidites and mafic volcanic rocks. A similar
ophiolitic package occurs in the Song Ma-Song Da area of northern Vietnam.
Significant nickel-PGE deposits are associated with the mafic rocks in the Ailaoshan
area of Yunnan and northern Vietnam. Large gold deposits are found in the
metamorphosed turbidites, mafic volcanic rocks, dykes and serpentised mafic
blocks within the suture zones.

Table 13 Summary of Tethyan belts and related ore deposits

Belt name Age Ore types Examples

East Kunlun suture Carboniferous to VMS Cu-Co-Zn Deerni
Permian

Yidun arc Permian to VMS Cu-Pb-Zn-Ag-Au, Gacun, Gayiqiong
Triassic epithermal Au-Hg-Sb

Jinshajiang suture and Carboniferous to Skarn, porphyry Cu, VMS, Gejiu, Yangla, Laowangzhai,
Weixi-Luchan arcs Triassic orogenic Au, magmatic Ni Jinchang, Baimazhai

Lancangjiang suture and Carboniferous to VMS Cu-Pb-Zn-Ag, Laochang, Dapingzhang,
Tuoba-Jinhong arcs Triassic epithermal Cu-Au Sandashan

Nujiang suture and Late-Triassic to Porphyry Cu-Mo, Yulong, Malasongdou, Monywa
Nianqing-Yulong- Neogene epithermal, magmatic Ni
Tenchong arcs

Yarlung-Zangpo suture Late-Jurassic to Magmatic Cr, porphyry- Luobusa
and Gangdese arc Quaternary epithermal Au-Cu

Songpan accretionary Triassic Orogenic Au, Liba, Dashui, Dongbeizhai, 
zone intrusion-related Au Laerma, Gela, Manaoqiao

Golden Triangle Permian-Triassic Orogenic/Carlin-style Au Lannigou, Gaolong, Mingshan, 
accretionary zone Jinya, Zimuhang 

Panxi Rift Permian Magmatic V-Ti, Ni-PGE Panzhihua, Yangliuping

West Yangtze Platform Proterozoic VMS (Olympic Dam-type?) Dahongshan, Dongchuan
Fe-Cu, sed-hosted Cu

Changdu-Simao- pre-Devonian to Sed-hosted Pb-Zn-Cu-Au; Jinding; South Vietnam (bauxite)
Indochina terrane Tertiary bauxite

North Tibet and Bao- Proterozoic to Intrusion-related West Thailand-Malay Sn 
Shan-Thai terranes Cenozoic Sn-Hg-Bi, evaporite, belt, Bawdwin, Xingshan

VMS-sedex Pb-Zn-Ag
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Permo-Triassic magmatic arcs are associated with the ophiolitic belts. The Jiangda-
Weixi arc in the north includes both calc-alkalic volcanic-plutonic rocks and
tholeiitic rocks, and hosts VMS (Cu-Zn), skarn (Cu-Mo) and porphyry (Cu-Au)
deposits. The Mojiang-Luchun arc, lying southwest of the Ailaoshan ophiolitic
belt, includes calc-alkaline andesite, dacite and rhyolite rocks. Within this belt,
skarn tin, epithermal gold and stratiform Cu-Zn-Pb (VMS) deposits and
occurrences are widespread.

The Lancangjiang belt is another major late Palaeozoic suture zone, lying west of
the Jinshajiang belt. It stretches from Longmucuo (west Tibet), through Leiwuqi
(east Tibet), turns southwest through Deqin, along the valley of the Lancangjiang
River to Jinghong (west Yunnan). Further south it is correlated with the Nan River
suture in Thailand and the Bentong-Raub suture in Malaysia. This belt lies between
the North Tibet or Bao-Shan-Thai terrane and the Changdu-Simao-Indochina
terrane, and is considered to be the boundary between Gondwana and Eurasia.

Dismembered ophiolitic rocks occur for over 3,000 km along the Lancangjiang
deep fault zone, mainly in Tibet and west Yunnan. The ophiolitic suite includes
ultramafic-mafic rocks, MORB-like mafic lavas intercalated with Permo-
Carboniferous metaclastics, limestone and pelagic sedimentary rocks. The southern
extension of the Lancangjiang suture may include two branches on both sides of the
Lincang-Jinghong volcanic-plutonic belt. The west branch is the Changning-
Menglian mafic volcanic belt, representing a Permo-Carboniferous backarc. The
mafic-intermediate volcanic rocks are associated with copper or Cu-Pb-Zn-Ag-Au
VMS deposits. The major branch lies east of the Lincang-Jinghong belt, indicated
by ultramafic-mafic complexes in Banpo, Leshuitang and Palen in Yunnan, and
correlates with the Permo-Carboniferous Nan River-Uttaradit belt in Thailand.

Paired with these ophiolitic suites are Permo-Triassic magmatic arcs. The Tuoba-
Nanzuo belt in northwestern Yunnan includes low-K tholeiitic, calc-alkalic and
shoshonitic rocks typical of a mature volcanic arc. The felsic volcanic rocks are
associated with VMS (Cu-Pb-Zn) deposits and epithermal gold occurrences. A
similar suite occurs in the Lincang-Jinghong volcano-plutonic belt in southwestern
Yunnan, which correlates with the Permian-Triassic Lampang belt in Thailand. A
number of VMS (Cu-Zn-Pb) and epithermal-porphyry related gold and base-metal
deposits and occurrences are present in this belt.

The Nujiang suture marks the boundary between the North Tibet or Bao-Shan-
Thai terrane and the South Tibet terrane (Figure 5). It is continuous with the
Karakorum suture in Afghanistan, and extends eastward to Banggonghu, Dingqing,
Basu in Tibet, southward along the valley of the Nujiang River to Luxi (Yunnan),
and further south along the Sittang valley of Myanmar and the Andama Sea.

This suture is indicated by a Late Triassic-Early Cretaceous ophiolitic melange or
suite, and is accompanied by parallel belts of Cretaceous-Tertiary intermediate-
felsic volcanic and intrusive rocks. The ophiolitic melanges have been reported in
Farah Rud (Karakorum suture) in Afghanistan, Dingqing (Tibet) and Luxi (Yunnan).
The Dingqing ophiolitic belt (Jurassic to Cretaceous in age) extends discontinuously
for over 1,600 km along the Nujiang fault zone. The Luxi belt in western Yunnan
stretches along a fault zone, and consists mainly of ultramafic blocks and mafic
dykes that are exposed for more than 35 km within a middle Jurassic (?) melange
complex. This belt can be traced further south along Sagaing, Indowgyi to Wuntho
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in Myanmar. Nickel-PGE mineralisation is associated with the ultramafic-mafic
intrusions along the Luxi belt in Yunnan.

There are several Late Jurassic to Tertiary magmatic arcs that are adjacent to this
ophiolitic belt. They extend for >4,000 km and include the Hindukush-Basakhshan
arc in the west, the Nianqing-Tanggula arc (in Tibet), Bomi-Tengchong arc
(Yunnan), and the Central volcanic arc (Myanmar) to the south. The Neogene
volcanic rocks and porphyries found in eastern Tibet, west Yunnan and west Sichuan
may also be related to this belt. A number of world-class porphyry Cu-Mo deposits
(eg, Yulong, Monywa) and other smaller porphyry and epithermal Cu-Au-Sn-Hg
deposits are associated with these felsic rocks in west Asia, southwest China and
central Myanmar.

The Yarlung-Zangpo suture is the boundary between the South Tibet terrane and
the Indian plate. It is marked by the Late Jurassic to Cretaceous Yarlung-Zangpo
ophiolitic belt paired with the Cretaceous-Neogene Gangdese magmatic arc on the
south margin of the South Tibet terrane. The Yarlung-Zangpo ophiolitic belt extends
about 1,500 km discontinuously along the valley of the Yarlung-Zangpo River in
Tibet. This east-west trending belt turns south sharply near Bomi (east Tibet),
continues into Myanmar along the Naga Hills, and possibly continues further along
the Sunda trench. The ultramafic-mafic rocks in Tibet host significant occurrences
of chromite.

North of the Yarlung-Zangpo ophiolitic belt is the Gangdese volcanic arc (Jurassic
to Neogene) which, together with the granitoid intrusions of similar ages (95-40
Ma), has been interpreted as an Andean-type magmatic arc. To the south, this arc can
be traced into west Myanmar and further south along the Sunda Arc (Andaman,
Sumatra, Java and Sumba), the latter hosting a number of large porphyry and
epithermal copper-gold deposits. The northern portion of this huge volcanoplutonic
belt in Tibet remains unexplored.

Platforms, terranes, accretionary zones and mineralisation
West Yangtze platform and related terranes: The Yangtze platform consists of an
Archaean crystalline basement and Proterozoic cover. The western part of this
platform includes a thick sequence of late Proterozoic volcanic rocks, turbidites and
redbeds, which host VMS (Olympic Dam-type?) Cu-Fe deposits (eg, Dahongshan)
and sedimentary rock-hosted copper deposits (eg, Dongchuan). Continental blocks
with affinities of the Yangtze platform include the Qaidam, Songpan, Zhongza and
Changdu-Simao-Indochina terranes. The Qaidam, Zhongza and Songpan terranes
are small blocks along the northwestern margin of the Yangtze platform. The
Changdu-Simao-Indochina terrane is relatively large and is separated from the
southwest Yangtze platform. 

There is a large, triangle Triassic accretionary zone (Songpan) that embraces the
Songpan terrane and extends from east Kunlun to Qinling. This zone consists of
thick turbidites, accreted onto the west margin of the Yangtze platform, and hosts
important Carlin-style or orogenic type gold-PGE deposits and occurrences.
Another significant accretionary zone lies on the southwest margin of the Yangtze
platform, and is typified by Permo-Triassic turbidites and limestones. This zone
hosts the so-called Golden Triangle region where a number of large, sedimentary
rock-hosted Carlin-style gold deposits occur.
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Between these two accretionary zones is the Panxi rift system, which is typified
by extensive Permian flood basalts (the Ermei basalt) and associated mafic
intrusions. This rift is comparable both in age and extent to the Noril’sk district in
Russia, host to the world’s largest nickel-PGE deposit. A large vanadium-titanium
deposit and several smaller occurrences are hosted by mafic intrusions within the
Panxi rift. In addition, nickel-PGE deposits and occurrences are found in the mafic
intrusions and flood basalts. 

The north Changdu-Simao-Indochina terrane has been shortened since the
Indian plate began to collide with the Yangtze plate in the Neogene. The
Mesozoic and Cenozoic sedimentary rocks host a world-class lead-zinc deposit
(Jinding in Yunnan) and a number of Cu-Pb-Zn and gold deposits and
occurrences. The southern part of this terrane is more stable, and contains MVT,
sedimentary rock-hosted base-metal, and bauxite deposits, plus possible Olympic
Dam-type occurrences.

Gondwana-related terranes: The North Tibet, South Tibet and Bao-Shan-Thai
terranes are all of Gondwana affinity. In all these, the Late Carboniferous and Early
Permian strata contain cold-water fauna and glacial-fluvial sequences comparable to
the typical Gondwana facies in the Indian plate. Late Mesozoic granitoid rocks and
migmatites are extensive in the eastern portion of the North Tibet terrane and much
part of the Bao-Shan-Thai terrane. Large evaporite deposits with high contents of B,
Li, Be, K and Cs are found in the North and South Tibet terranes. The granitoid/
migmatitic belt within the Bao-Shan-Thai terrane hosts the well-known tin
metallogenic province of western Thailand and Malaysia. In addition, large VMS
sedimentary rock-hosted base-metal (eg, Bawdwin) and orogenic gold deposits are
known in the Palaeozoic sequences. 

Comparison with Pacific Rim
The evolution of the Tethysides includes an early phase of Paleotethys
(Carboniferous to Triassic) and a late phase of Neotethys (Jurassic to Cenozoic). The
magmatic arcs associated with the Neotethys are comparable with those around the
Circum Pacific Rim. The >4,000 km-long volcanoplutonic belt along the Nujiang
suture possibly correlates with the Yanshanian belt in east Asia, and is similar in age
and extent to the Cordillera of the Americas. North of the Yarlung-Zangpo suture,
the Gangdese magmatic arc is comparable with the Andean continental arc of South
America. The Gangdese arc correlates with the >5,000 km-long Sunda magmatic
arc, located along the eastern margin of the Indian Ocean and which extends
eastward and merges with the western Pacific island arcs.

World-class ore deposits have been found in the Tethysides, but this orogenic belt
is much less well explored than the Circum Pacific Rim. Its untapped, enormous
potential for mineral discovery is implied by the geological similarity between the
Tethysides and several highly productive Pacific regions.
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MINERAL RESOURCES COMPILATION OF TARGET
COUNTRIES
The initial portion of this study consisted of a compilation of known mineral
resources on a country basis. The compilation focused on significant deposits, either
in terms of size or indication of mineralisation environment, as both aspects are
relevant to assessing the mineral potential of each country. The tables include
deposits and occurrences of China (523), Mongolia (110), Vietnam (54), Laos (79),
Kazakhstan (251), Uzbekistan (70), Tajikistan (52) and Kyrgyzstan (70). These
compilations are necessarily incomplete, given the resources available, as we were
limited by the data available in the public domain. However, several private
companies provided access to their confidential databases to bolster this
compilation. In most cases we have focused on deposits with some information on
size, and have included commodity and location, and where known, the deposit type
and age plus resource information and reference. In addition, in the bibliography
following we provide published references on more detailed studies. These mineral
deposit compilations are available in Appendix 2 on the accompanying CD. Here we
discuss briefly the mineral resources of each country.

EAST ASIA

China
Recent reviews of the geology, tectonic setting and ore deposits of China include
Fan (1996) and Zhai, Deng (1996) and Chen (1999). China possesses the world’s
largest REE, tungsten and antimony deposits, and the third largest nickel deposit.
There are sizeable deposits of lead-zinc and bauxite. Archaean mineral deposits are
relatively rare when compared with similar cratons elsewhere, although the banded
iron formations of the Sino-Korean block are a notable exception. Proterozoic ores
include sedex and VMS Cu-Pb-Zn and ultramafic- and mafic-hosted Cu-Ni deposits,
formed along rifts in both the Sino-Korean and Yangtze blocks. The Qilianshan-
Qinling orogenic belt along the southwest margin of the Sino-Korean block hosts
Caledonian-age VMS Cu-Pb-Zn deposits, and the huge Bayan Obo REE-Fe deposit
lies on the northern margin of this craton. During the Devonian, sedex Pb-Zn-Ag
and tin deposits, as well as MVT and VMS deposits formed along the southern
margin of the Yangtze block. Other late Palaeozoic deposits include porphyry
copper, epithermal gold, gabbro Cu-Ni-Ti-V and bauxite deposits. The principal
early Mesozoic Indosinian event was the suturing of the Sino-Korean and Yangtze
blocks, with iron, copper, chromium and nickel deposits formed around the Yangtze
craton. The Late Mesozoic Yanshanian magmatism along the eastern margin of
China formed an abundance of mineralisation types, including porphyry copper and
molybdenum, skarn Pb-Zn-Fe-Cu-W-Sn and related deposits. Continental basins
accumulated deposits of Cu-Ag-Pb-Zn. Volcanism and ophiolite formation related to
the Himalayan orogeny are associated with porphyry copper and podiform
chromium deposits plus shear-zone orogenic gold deposits.

The 1987 metallogenic map of China is reproduced as Figure A2 (Appendix 2),
with the metallogenic zones listed in the accompanying legend. Significant mineral
deposits are also plotted on the basis of commodity. 
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Mongolia
The study of Mongolian ore deposits has been conducted by Mongolian and Soviet
geologists, and more recently, by geologists from a variety of groups. Recent
publications include Jamsrandorj and Diatchkov (1996), Sillitoe et al. (1996), and
Jargalsaihan et al. (1996), the latter being a detailed compilation with maps
(ESCAP, 1999). 

There are several known metallogenic provinces in Mongolia: 
Altai fold belt in the northwest; mid Palaeozoic age
Caledonian intrusions with Mo, Cu deposits
Epithermal Au-Ag (Asgat), skarn W (Ulaan Uul), metamorphogenic Au (Urgamal)
Transbaikal fold system, north central; Mesozoic age
important Cu, Mo, W, Au, Fe deposits
porphyry Cu and Cu-Mo (Erdenetiin Ovoo, Bayan Uul), intrusion Au (Zamaar,
Boroo, Erun Gol, Tsagaan Tsakhir, Bumbat, Sujigtei), skarn Fe (Tumurtei)
Central fold belt in the east, extending into Russia; Mesozoic age
replacement Fe deposits, Zn skarn, porphyry Mo-Cu (Arin Nuur), LS epithermal
Au (Tsagaan),
South Mongolia and Gobi fold belt; Late Silurian to mid Palaeozoic age
Hercynian deposits of Cu, Au, polymetallic, Pb, Mo, W, As, Zn, REE
porphyry Cu (Tsagaan Suvarga, Kharmatai), porphyry lithocaps (Shuteen),
intrusion Au (Taliin Meltes Bulag), metamorphogenic Au (Olon Ovoot, Tailag-
Uul), skarn-greisen W, Zn, Mo (Burentsot, Tumurtin Ovoo, Undur Tsagaan)
South Siberian fold belt in northwest Mongolia
MVT Pb-Zn (Hubsgul/Hovsgol), intrusion Au (Tavt-Ereen)

The principal ore deposit types in Mongolia include:
Porphyry Cu-Mo, epithermal Au, skarn Sn, W, Mo, Zn, Cu
Granitic greisens and stockworks with Sn, W, Mo, F, Be, plus Sn placers
Structurally controlled veins and stockworks
Intrusion related Au 
Metamorphogenic Au (and related placers)
Alkaline intrusions with Nb, Ta, REE

SOUTHEAST ASIA

Laos
Up to the mid 1990s Laos had a limited mineral production, primarily alluvial tin,
coal, gypsum, clays, barite and gems, and deposits of copper and gold, worked at
small scales. Historic mining of silver, tin, lead, antimony, copper, and alluvial gold
plus gems pre-dates the 19th Century. Potentially economic deposits of iron ore,
limestone and potash are also known.

Deposit types include volcanic-hosted hydrothermal veins, stockworks,
disseminations and replacements (Sn, Cu, Pb, Zn, Mo, Sb, Au), sedimentary-hosted
copper, iron and manganese deposits, detrital gold and tin, evaporitic potash, and
weathering accumulations of bauxite, kaolin and lateritic cassiterite. Some of the
hydrothermal deposits include skarn and metasomatic replacement deposits,
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including greisen tin. Stratiform and stratabound deposits occur in Late Palaeozoic
to Mesozoic rocks. The metasomatic iron deposit at Phou Nhouan is high grade,
consists of magnetite and haematite, and may be as large as 30 Mt. The Pha Lek
deposit is similar, and may be between 30 Mt and 60 Mt in size.

There are possible sandstone-hosted copper occurrences of Jurassic age in
southern and northwestern Laos. Recently, significant copper and gold deposits
were discovered in the Sepon district. The deposits are centred on several felsic
porphyries. Kahnong is a supergene-enriched copper resource that developed on
hypogene sulphide replacement of calcareous cataclastite, as well as exotic copper.
Mineral zonation around the intrusive centres consists of proximal skarn-hornfels
Cu-Bi, replacement copper and distal sedimentary rock-hosted Au-As-Sb mineral
occurrences. There are several other similar prospects in the district.

Vietnam
Vietnam’s mineral resources are discussed in detail in two ESCAP publications
(1990, 1999), as well as in a variety of other publications listed in the bibliography.
The country has five broadly defined metallogenic epochs. In general, the younger
the setting, the more abundant the deposits. There are few deposits hosted by
Precambrian rocks, principally iron, gold and graphite. The Early to mid Palaeozoic
contains small deposits of iron ore and lead-zinc, and large deposits of potash.
During IndoSinian time, Early Carboniferous to Late Triassic, larger deposits of iron
ore, ilmenite, gold, nickel-copper and bauxite were formed. The principal resources
of tin, tungsten, antimony, molybdenum, gold, REE, barite, fluorite and kaolin-
pyrophyllite formed during the Late Mesozoic to Early Cenozoic, with the tin
deposits largely related to Late Mesozoic granitoids. Middle Triassic volcanic units
host epithermal gold veins. There are large Neogene-Quaternary deposits of bauxite
and alluvial chromite, as well as smaller deposits of alluvial tin, ilmenite and gold.

The five metallogenic epochs can be related to tectonics and magmatism as
follows: the Precambrian ores are largely metamorphic (or metamorphosed) in
nature. During the Early to mid Palaeozoic, subduction, obduction and rifting
occurred. Rifting and related mineralisation occurred in the Indosinian.
Mineralisation of the Late Permian to mid Triassic was associated with plate
collision, whereas the Neogene events were again rift related.

CENTRAL ASIA

Kazakhstan
Kazakhstan leads the world in lead and tungsten plus barite reserves, is second to
South Africa in chromite, and is also second in the world for zinc and silver (Asian
Journal of Mining, 2000). The country is fourth in copper reserves, and accounts for
several percent of world production. It is seventh in iron ore and ninth in gold
reserves. Clearly the country has a major base of natural resources.

Much of Kazakhstan consists of the Urals-Mongol fold belt of Palaeozoic age. A
significant portion of the copper resource is hosted by Carboniferous sandstones,
such as at Dzhezkazgan, while magmatic arcs host porphyry (eg, Kounrad, Aktogai,
Aidarly), skarn and polymetallic deposits. Copper is also associated with

Mineral Resources Compilation of Target Countries
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molybdenum in carbonate rocks intruded by Late Palaeozoic granitoids. In addition
to porphyry and skarn ores, Mo, W and Sn also occur in greisens and stockwork
deposits. Gold is associated with these magmatic-arc hosted deposits, and is also
present in sedimentary (shale) rock-hosted orogenic deposits as well as placers.
Lead-zinc stratiform deposits are associated with dolomitic limestones and cherty
carbonaceous formations, and VMS massive sulphide and skarn lead-zinc deposits
also occur. The chromite deposits occur in the Kempirsai ophiolitic massif of the
South Urals, whereas nickel and cobalt are present in weathering crusts developed
on ultramafic rocks. There are Precambrian jasper and magnetite ores, as well as
volcano-sedimentary manganese deposits. Diamonds have been found in ultra-high
pressure metamorphic rocks at Qumdykol, with potential for more such discoveries.

Ten metallogenic epochs have been identified (Malchenko and Ermolov, 1996):
Karelian: small Pb-Zn and Fe deposits
Gothian: Rare metals
Baikalian: Fe ore deposits, with Ti, REE, V, P
early Caledonian: small ophiolitic Cr, Ni, mafic Fe, Ti, dacitic Cu, Pb, Zn, Au, and
volcanic Fe, Mn, plus large porphyry Cu, Au, Mo, Pt
mid Caledonian: mid to late Ordovician granodioritic plutons, Cu-Mo-Au, Pb-Zn, Au
late Caledonian: granitic pluton and porphyry Cu, skarn Sn-W
early Variscan: volcano-sedimentary Fe, Mn, Pb, Zn
mid Variscan: monzogranodioritic plutons, large porphyry Cu-Au, volcano-
sedimentary Au
late Variscan: sedimentary-rock hosted Cu, extensive rare metals
Kimmerian-Alpine: lateritic weathering, placers

Kyrgyzstan
Kyrgyzstan is broadly divided into North, Middle and Southern Tien Shan (NTS,
MTS, STS) metallogenic provinces, which host porphyry, skarn, greisen and
pegmatite deposits, as well as related lower temperature hydrothermal veins.
Stratiform deposits are also present. 

Metallogenic epochs include:
Precambrian: Poorly preserved and strongly metamorphosed with little economic
significance, including volcano-sedimentary Fe, W-Au-(PGE), Ag-polymetallic,
and REE-Sn-Ta-Nb (MTS) deposits
Early Palaeozoic (Caledonian): Island arc magmatism in NTS, mafic Fe-Ti-V,
porphyry Cu-Mo-Au, skarn and hydrothermal Cu-Au, granite-related skarn and
vein Au and polymetallic deposits; also metamorphosed Au-Sb in MTS plus
backarc stratiform U-Mo-V deposits
mid to Late Palaeozoic (Hercynian): Ni, Cr, Co and PGE in suture between MTS
and STS, porphyry Cu-Au with Mo-Rh-Pt-Pd in NTS, skarn Cu-Au, Au-W-Mo-
Bi; in MTS, stratiform Cu, Pb-Zn, Sb-polymetallic and hydrothermal Au, Pb-Zn
ores; in NTS, U-Mo-V deposits
Late Hercynian: major deposits formed during suturing in Permian, granite-
syenite intrusion, STS, Hg-Sb, Sn-W, polymetallic, Cu-Au; MTS, Au (Kumtor)
and polymetallic ores; NTS, Au, Au-polymetallic, U, with alkalic-hosted Sn-
polymetallic, Bi-Au, Be and REE deposits
Meso-Cenozoic: stratiform Cu, Pb, Mn deposits plus evaporites
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Tajikistan
The southern Tien Shan metallogenic province hosts many important ore deposits,
including those such as the syntectonic granitoid-hosted Jilau orogenic gold and Au-
W skarn deposits (Cole et al., 2000). These deposits formed during the central Asian
Hercynian orogeny, which caused continent-continent collision and associated
subduction-related magmatism, metamorphism and continental margin deformation.
Other ore styles include Au-Ag, Au-Ag-Cu, Ag-Pb-Zn, Ag-Au and Sb-Hg
epithermal deposits, Au-Cu, W-Mo-Cu and Fe skarns, large Pb-Zn polymetallic
deposits, a variety of metasedimentary-rock hosted Au deposits, and sedimentary
rock-hosted copper deposits (Darvaz). 

Uzbekistan
The western Tien Shan terminates in Uzbekistan, and hosts a number of world-
class ore deposits, including the Muruntau orogenic gold deposit, the world’s
second largest gold ore body outside South Africa (with PGE also as a by-product),
and the huge Kalmakyr (Almalyk) porphyry Cu-Mo-Au deposit. Other ore styles
include the Kochbulak epithermal Au-Ag deposit, Pb-Zn and Mo-W skarns, and
many other examples of orogenic gold deposits, such as Daughyztau, Amentaitau,
and Charmitan. The Hercynian fold and fault system of western Uzbekistan hosts
a number of gold-bearing occurrences of mercury, antimony and arsenic,
suggesting a continuum of erosional levels, from shallow to deep, respectively
(Berger et al., 1996), in an epithermal environment. Syn-kinematic granitic
intrusions produced a number of W-Mo-Au occurrences, as well as Cu-Mo-W-Au
skarns. sStratiform massive sulphide ores with gold also occur, such as at
Kokpatas. During the Triassic, the area moved from 30° N latitude to 50° N and
back by the Early Cretaceous. This drift may have been related to the formation of
diamond-bearing K-alkaline basaltic diatremes.
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APPENDIX 2

COMPILATION TABLES ON COUNTRY BASIS

Tables A1-8 Tabulations of mineral deposits for each of the eight target countries.

Format for tabulation of Asian mineral resources. Deposit listings by country

Format for tabulation of Asian mineral resources. Deposit listings by country

1) No. Unique number for each deposit in a country

2) Name Most common spelling, variations follow after comma

3) Commodity Most economic first, if known

4) Size S, M,L, Huge - varies by source, on basis of first reference

5) Type Classification in the original source

6) Model Model type, where known

7) Age Where known

8) Reserve-resource data Data as available, from first reference and updated by later references

9) Location Lat (deg) Lat (min) Lat (sec) Latitude (decimal)

Lon (deg) Lon (min) Lon (sec) Longitude (decimal)

10) Original Map # eg, from MMAJ and/or ESCAP maps

11) References Sources largely compiled in bibliography, or see MMAJ, 1998

NB: For China, see MMAJ, 1998, for resource data. Abbreviations for types, see MMAJ, 1998. For models, see footnotes to Tables 7 through 10.
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Table A9 Variable definitions of deposit size between different sources 
(criteria for L, large , M, medium and S - small deposits)

Source Asia map, Kyrgyzstan, Vietnam,
MMAJ 1998 ESCAP, 98 ESCAP, 99

Metal L/M, M/S L/M, M/S L/M, M/S
Cu, Mt 1.0, 0.05 1.0, 0.2 0.5, 0.1
Mo, kt 500, 5 50, 5 5,1
Fe, Mt 100, 5 ore 500, 100 ore 100, 20 ore
Pb, Mt 1.0, 0.05 0.5, 0.1 0.5, 0.1
Zn, Mt 1.0, 0.05 0.7, 0.1 0.5, 0.1
Ni, Mt 0.5, 0.025 0.5, 0.1 0.03, 0.006
Cr, Mt 1.0, 0.01
Au, t 500, 25 70, 15
10, 2 placer 10, 1-5
1-0.5 placer
Ag, t 10000, 500 1000, 100 1,000, 200
PGE, t 500, 25 5,1
REE, Mt 1.0, 0.001 200, 50 t
Sn, kt 100, 5 20, 5 5, 1
W, kt 10, 0.5 70, 10 WO3 5, 1
Sb, kt 50, 5 50, 10 10, 2
Al, Mt 100, 1 bauxite 50, 5 bauxite 100, 10 bauxite
Ti, Mt 10, 1.0 TiO2 10, 3 5, 1 TiO2

Compilation Tables on Country Basis
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