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THE SERIES OF THE SCIENTIFIC EXPEDITION
TO THE HENGDUAN MOUNTAINS OF THE
QINGHAI-XIZANG PLATEAU

PREFACE

The vast Qinghai-Xizang Plateau, consisting of the Xizang (Tibet) Autonomous Region,
the southern part of Qinghai, western part of Sichuan and northwestern part of Yunnan
Provinces, is often eulogized as the third polar of the world. The major parts of the Plateau are
4 000 metres above sea level, while the areas around drop drastically setting off the tremendous
monentum of the roof of the world. The particularities of the geological history and physical
conditions, the variety of biological composition and the different types of bio-communities
make the Qinghai-Xizang Plateau a unique geographical unit. As the Plateau, being rich in nat-
ural resources, lies on the border regions where inhabit many national minorities, the rational
conservation and utilization of the natural resources in this region are of particular importance
in developing cconomy, improving the local livelihood and consolidating national solidarity as
well as strengthening national defence.

Ever since the foundation of new China, many scientific surveys have been carried out in
this region so as to make a better understanding of the history of the formation and evolution of
the Qinghai-Xizang Plateau, to study the characteristics of its natural conditions, their effects
on the environment around and the quantity and quality of the natural resources and thus, to
find a way of exploiting and utilizing them rationally. Especiallv after the forming of the Com-
prehensive Scientific Expedition to the Qinghai-Xizang Plateau in 1973, an even more compre-
hensive, systematic integrated research has being made on this region.

A survey was mainly carried out on the Xizang (Tibet) Autonomous Region during the
period of 1973—1980. The scientific findings of the survey, part of which have already been
extended and applied to actual production and have brought a far-reaching influence both in
and outside China, will be concentratedly compiled in the series of the scientific expedition to
the Qinghai-Xizang Plateau (Xizang Volume), proceedings and pictorials. Since 1981, the sur-
vey team has shifted its major researching area to the Hengduan Mountains Region which is a
constitutional part of the Qinghai-Xizang Plateau and is located in the east of Xizang, west of
Sichuan and northwest of Yunnan Provinces in southwest China. The total area of this region
is about 0.5 million square kilometres and administratively speaking including the Qamdo dis-
trict of Xizang, Erba, Cangzi, Liangshan of Sichuan and the Lijiang » Nujing and Dali districts
of Yunnan.

The Hengduan Range is complicated in ge‘ological structure and active in new tectonic
X



movements. It lies on the east flank of the juncture area where south Asia and Eurasia are
mounted. It is the transition region between the east zones encircling the Pacific and the west
zones of ancient mediterranian. The altitude of this area declines from northwest to southeast.
Most parts of the area are characterised by a series of paralleled mountain ranges and rivers
from south to north, and with a sharp altitudinal differentiation. Its unique physical conditions
and variety ecosystems being rich in flora and funa with abundant relic species, give the area a
critical nature for the fundamental research in the field of biology and earth science.

The Hengduan Mountains Region is abundant in natural resources, among which multi-
mineral products, hydrological resources, forest and grasslands account for the great part. But
with fast growth of the population and an extensive exploitation and utilization of the natural
resources» the human pressure on natural resources has vastly increased which even caused eco-
logic equilibrium damagement in some part of the area. In order to make a more reasonable uti-
lization of natural resources, it is necessary to study the characteristics of the resources in this
region so as to work out certain ways and methods for protecting , utilizing and exploiting them
rationally.

There are six major subjects in the research work being carried out in the Hengduan
Mountains ;

1. The geological history of the Hengduan Range;

2. The physiographical characteristics of the Hengduan Mountains and their refationship
with the rise of the Plateau;

3. The structure and rule of the altitudinal belts of the Hengduan Mountains;

4. The composition of bio-communities in the Hengduan Mountains;

5. The natural conservation and nature reserves in the Hengduan Mountains;

6. Evaluation of the natural resources in the Hengduan Mountains and their rational devel-
opment and conservation.

Five integrated projects have also been given special attention in the research on natural
resources evaluation, exploitation and utilization. They include as following : compilation of a
series of maps on the conditions of agricultural resources ; deforestation and regeneration of sub-
alpine conifercus forest in subalpine areas; the multiple utilization of local energy resources;
strategy for the development of animal husbandry and finally the management of the natural
resources in the arid valleys. This has been done in line with the purpose of linking scientific re-
search closely to the development of the local economy.

The integrated survey on the Hengduan Mountains Region is organized by the Commis-
sion for Integrated Survey of Natural Resources, Chinese Academy of Sciences and the State
Planning Commission. There are more than 300 people, coming from more than 40 institutions
including different institutes of the Chinese Academy of Sciences, universities and local scienti-
fic research and production departments engaged in natural resources research. A series of sci-
entific publications on the Hengduan Moumgins will provide the results acquired. from the sec-
ond phase of the integrated scientific survey in the Qinghai-Xizang Plateau. It is designed that
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this series will be consisted of 39 volumes and 48 monographs. It is also expected that this se-
ries will play an important role in exploring the wonders of the Qinghai-Xizang Plateau and in

the construction of China.

The Comprehensive Scientific Expedition to the Qinghai-Xizang Plateau,
Chinese Academy of Sciences
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Geochemistry of Tin Ore Belts in Hengduan Mountains
Preface

What appears first or exclusively in their mind is the the Nanling tin mineralization belt
whenever scholars of intellectual circles, including geological workers are talking about tin min-
eralization belts in China. That is because this EW-extending , world-known tin mineralization
belt is abundant in Sn in the western part and in W in the eastern part. Little has been known
about other Sn-W mineralization belts in China. '

Comparatively speaking, another tin mineralization belt in China——the Mt. Henduan-
shan tin belt, documented in this book, is far less known than the Nanling tin mineralization
belt. However, as viewed from the scarce previous data and those presented in this book , the
Mt. Henduanshan tin belt has brilliant prospects in mineralization. Because of its sparse popula-
tion, inaccessibility, great relief and agricultural and industrial back wardness the investigation,
exploitation and development of the Mt. Henduanshan tin belt are far from enough as compared
with the Nanling tin mineralization belt itself and its southward extensions in Thailand, Mur-
ma, Malaysia and Indonesia. It can be said with certainty that the Mt. Henduanshan tin miner-
alization belt needs to be further studied in many asepects.

Presented in this monograph are a great wealth of first-hand geochemical data based on
the previous geological work. The abundant data on petrology , petrochemistry and element and
isotope geochemistry are contained in this monograph, from which new ideas and viewpoints
concerning the tempo-spacial distribution of Sn-bearing granites and Sn mineralizations, the
correction between Sn-bearing and S-barren granites and the relationship between the evolu-
tion of granites and Sn mineralization are deduced, hence providing the important scientific
grounds for the further survey, exploration, development and utilization of Sn resources in the
Mt. Henduanshan region.

What is equivalently important is that th= monograph places great emphasis on the multi-
stage (Late Precambrian , Mesozoic, Cenozoic) , multi-type (cassiterite-sulfide , cassiterite-quartz
vein, Sn-bearing greisen, pegmatite and skarn) and multi-origin hypothesis of Sn ore deposits
in the Mt. Henduanshan region. It is this feature that marks the difference between this tin belt
and the Nanling tin mineralization belt. The latter was formed mainly during the Mesozoic,
with the cassiterite-polymetallic sulfide type being predominated over the other types. It can be
said that the Mt. Henduanshan tin mineralization belt is one that could rarely be found in other
parts of the world with respect to its multi-stage, multi-type and multi-origin characteristics.

We are sure that the publication of this monograph will be benefitial to the exploration of
Sn resources in southwestern China and contribute a lot to the geochemical study of Sn.

Tu Guangzhi
5.9.1992
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GEOCHEMISTRY OF TIN ORE BELTS
IN HENGDUAN MOUNTAINS

Abstract

This research program is a part of the five-year project of Comprehensive Scientific Inves-
tigation of the Qinghai-Xizang Plateau-Hengduan Mountains Region, under the supervision of
the Academia Sinica and the Committee of Natural Resources Survey of the State Planning
Commission. The Qinghai-Xizang Exploitation Team of the Academia Sinica was responsible
for its implement and the Institute of Geochemistry, Academia Sinica, undertook most of the
field and laboratory work.

As the north extension of the well-known Southeast Asia Tin Belt, the Hengduan Moun-
taing tin belt is localized in west Sichuan, east Xizang and Yunnan in the east part of the Qing-
hai- Xizang Plateau. The region is characterized by a highly complicated geology » with frequent,
intensive and zonally distributed granitic intrusion, ranging in age from Precambrian (Jinning
period) to Tertiary (Himalayan period). and coeval tin mineralization. Geographically roughly
corresponding to the Tethys-Himalayan tectonic province, the region is also at the intersection
of the NNW structures and the approximately EW structures with which the prominent Nan-
ling W-Sn belt and the SE Asia Sn belt are associated respectively. The repeated subduction
and oollision of plates may have provided a favorable condition for the multicyclic and multige-
netic tin mineralization in this region. A detailed geochemical study of this tin belt will be of im-
portant theoretical and pratical significance. It is expected to greatly improve our knowledge of
the genesis of tin mineralization and thus to offer better prospecting techniques for new discov-
ery.

The regularity of zonal distribution of tin deposits has been well established as a result of
extensive studies carried out in the last two decades by many geological téams and institutes.
Since 1981, systematic geochemical studies have been conducted by the Institute of Geochem-
istry. Detailed field investigations and sampling were made by, among others, Zhang Yugquan,
Xie Yingwen, Hu Guoxiang, Zhan Xinzhi and Dong Zhensheng in their four field trips. Con-
certed laboratory researches began in 1984 by using various lines of approach including isotopic
geochronology, stable isotope geochemistry, petrology , petrochemistry , trace element and REE
geochemistry.

The book contains seven chapters.

Chapter [ deals with the distribution of tin deposits in this region. Four belts of tin min-

eralization have been well recognized based on structural features, ages of magmatic rocks and
v



ore deposits as well as deposit type; (1) The Precambrian Kangdian Ancient Land Tin Belt.
The distribution of tin-bearing granites is controlled by the approximately SN striking An-
ninghe-Yuanmou deep fault in the basement. Tin mineralization seems to be related to granites
of the Jinning—Chengjiang period . with isotopic ages between 860 and 637 Ma. Major tin de-
posits and prospects, including cassiterite-sulfide , cassiterite-quartz vein and cassiterite-greisen,
are known, from the north to the south, in Lugu, Chahe, Pingdi and Jiudaowan. (2) The
Mesozoic Ailaoshan-lJinshajiang Tin Belt. Distributed along the east side of the Ailaoshan-Jin-
shajiang ancient sutured zone, the tin-bearing granites are of Middle—Late Y anshanian (Juras-
sic—Cretaceous) period, with isotopic ages between 147—80 Ma. Deposit types include cassi-
terite-sulfide, cassiterite-quartz vein, cassiterite-greisen, cassiterite-pegmatite and tin-bearing
skarns, with deposits known, from the north to the south, in Dengke, Hailong, Yidun, Xi-
angcheng , Mahuaping , Gejiu, Bozhushan and Laojunshan (Dulong). This belt extends south-
eastwards into the north and central Vietnam. (3) Precambrian—Paleozoic Lincang-Zogang
Tin Belt. Instrusives related to tin mineralization are distributed along the ancient sutured zone
from the upper reach of Nujiang River to Lancang, with tin deposits (and prospects) found in
Lengshuigou, Shiganghe, Zhibenshan, Tiechang , Haobadi, Jingmenkou, Taiyingong, Yunling ,
Ximeng , Mengsong and Bulangshan. The mineralization is of Chengjiang—Hercynian age
(648—250Ma). Major ore types include cassiterite-quartz vein, cassiterite-greisen, cassiterite-
pegmatite and cassiterite sulfides. As the east branch of the SE Asia Tin Belt, it extends north-
wards to Changdu and Leiwugi in east Xizang and southwards, through Burma, into Thailand
and Malaysia. Tin mineralization is related to granite and granodiorite , which are always gneis-
sic as a result of later thermal metamorphism. What is striking is that tin mineralization is much
younger than the intrusion. For example, the Zhibenshan two-mica alkali-feldspar granite has
a whole rock Rb-Sr isochron age of 648 Ma in comparison with the “Ar/*Ar age of Sn-W
quartz vein of only 69—32 Ma. (4) The Mesozoic—Cenozoic Luxi-Tengchong Tin Belt. Tin-
bearing granites flank the east side of the ancient sutured zone along the Yarlung-Zangbo Riv-
er-Mizhina. Tin deposits (cassiterite-quartz vein , cassiterite-greisen, cassitetite-pegmatite , cassi-
terite-quartz-sulfide , tin-polymetallic sulfides , tin-rare-metal-bearing pegmatite) are distributed
in Lailishan, Dasongpo, Xiaolonghe, Tieyaoshan, Zhenan and Pinghe. The mineralization is
of Late Yanshanian—Himalayan period (Cretaceous—Tertiary) with isotopic age of 112—13
Ma. Corresponding to the west branch of the SE Asia Tin Belt, this belt extends along the
Gaoligong Mountain northwards to Zayu and Langxian in Xizang and southwards, through
Zoushan, Zhefang, into Burma and Indonesia.

In Chapter I, Granite Petrology, classification of the granites has been attempted on a
chemical and mineralogical basis (Strecheisen A., 1976). The Or-Ab-An plots of 220 data of
CIPW norms from 43 granites in the four tin belts show that the majority of them (including
porphyritic biotite-monzonitic granite, biotite-monzonitic granite, porphyritic biotite-potash-
feldspar granite, prophyritic two-mica-potash-feldspar granite, biotite-potash-feldspar granite,
two-mica-potash-feldspar granite, biotite-alkali-feldspar granite, two-mica-alkati-feldspar gran-
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ite and muscovite-alkali-feldspar granite) fall in the fields of monzonitic granite, potash-feldspar
granite and alkali-feldspar granite with rare exceptions (the potphyritic biotite-granites from
Longcahe (Gejiu) and Kelunpo) which plot onto the granodiorite field.

In most cases these tin-bearing granites occur as composite batholiths consisting of multi-
stage intrusions. In general, the earlier intrusions are more basic than the later ones. For exam-
ple, the Moshaying mass in Kangdian Ancient Land Tin Belt is composed of Precambrian por-
phyritic biotite-monzonitic granite, equigranular biotite-potash-feldspar granite, porphyritic
two-mica-potash-feldspar granite and equigranular two-mica-alkali-feldspar granite, and the
Lailishan mass in Luxi-Tengchong Tin Belt comprises Cretaceous hypersthene-bearing por-
phyritic biotite-monzonitic granite , biotite-potash feldspar granite and Tertiary equigranular bi-
otite-potash-feldspar granite and equigranular two-mica-alkali-feldspar granite. The alkali-
feldspar granite or potash-feldspar granite emplaced in later times show more close association
with tin mineralization.

Among the 20 typical tin-bearing granites in this region (Gejiu, Laojunshan, Lailishan and
Dasongpo ) and South China {Dachang and Limu in Guangxi; Sizhuyuan, Hunan ; and Keshul-
ing, Yunshan, Zhangtiantang, Zongshukeng in Jiangxi), including medium—coarse grained
porphyritic granite, biotite granite,, two-mica granite, muscovite granite and etc. , 75% of them
plot in alkali-feldspar granite field in the Strecheisen diagram and only 25% falls in potash-
feldspar granite. It is clear that tin mineralization is mostly associated with alkali-feldspar gran-
ite and , to a lesser extent, potash-feldspar granite, and monzonitic granite is notably devoid of
tin deposit. This is an important criterion for distinguishing tin-bearing granite from barren
granite.

Chapter 0, Petrochemistry of Granite, presents petrochemical data of 206 samples from
43 granite masses in the four tin belts. The results show that,in comparison with those in south
Xizang, South China and in other places of China and the world, granites in this region are
characterized by higher contents of SiO; and lower contents of Ti0;, Fe,0; and MgO. It is also
noticed that SiO; increases, while Ti0,, Al:O;, Fe;03; and FeQ decrease, progressively in going
westwards from the Kangdian Ancient Land Tin Belt, through the Ailaoshan-Jinshajiang Tin
Belt and the Lincang-Zogang Tin Belt to the Luxi-Tengchong Tin Belt.

While very similar chemical compositions are observed for the same type of granite in dif-
ferent belts and of different ages, there are apparent differences between different rock types,
with SiO; increasing (69. 15%—73. 42%—T74. 97%) and TiO; (0. 45%—0. 24 %—0. 14%),
A1,05 (14.86%—>13. 38%—12.73%), FeO (2. 42%—>1.52%—>1.17%), MgO (0. 85%—
0. 28%—0.21%) and CaO (2.37%—1.18%—0. 68%) decreasing from the earlier intruded
monzonitic granite through potash-feldspar granite to the later intruded alkali-feldspar granite.
Additionally , Acidity (82. 77 %,—84. 28%—84. 27%), alkalinity (2, 19%—2. 51%—3. 26 %)
and differentiation index (78. 68 %—>88. 11 %—=91. 91%])all tend to increase following the same
segquence.

As can be seen from the S5i0;-FeO+MgO+Ca0-Na,0+K,0+AlLO; diagram (Juniper,
b1



D. N. et al., 1979), most tin-bearing granites in this region as well as in adjacent areas are
alkali-feldspar granite and ,to a lesser extent ,potash-feldspar granite,with the character of Si;O
=73%, R*0<33. 2%, D186, $i,0/Ti0,2>340, (Na,0+K;0) /Ti0,=>30, Si0,/ (MgO
+Ca0) =40. )

In Chapter IV, Trace Element Geochemistry, the distinction between tin-bearing and bar-
ren granites is further discussed based on trace element data of 169 samples from 20 mineral-
ized and 26 barren granites in this region. As has been revealed ,in comparison with the average
acid intrusives in the crust, granites in this region contain lower Ga, V, Cu, Ba, Sr, Be and
Zr but higher W, Sn, Mo, Li, Rb, Th, Nb, Ta, F, B, Pb, Sc and Ni, with a particularly
attractive feature of the apparent enrichment (3 times over the Clarks) of W and Sn.

From the early monzonitic granite, through potash-feldspar granite, to the late alkali-
feldspar granite, Be, Nb, Ta, Li, Rb, Cs, W, Sn, Th, V, Ga, Pb, F and B are found
increasing while V, Ni, Sr, Ba, Sc and Zr decreasing with magmatic evolution. The monzonitic
granite has the lowest tin content (7.33 ppm) and the alkali-feldspar granite the highest
(17.99 ppm), with potash-feldspar granite showing the intermediate tin abundance (10.32
ppm). This is consistent with the conclusions reached in the previous chapters that the alkali-
feldspar granite is the most important tin-bearing rock while the monzonitic granite is generally
barren.

Tin-bearing granite can be better distinguished from barren ones by using Li+Rb+Cs-F-
Sr+Ba diagram, and some ratios of elements are of particular significance. It has been found
that Sn content is inversely related to Mg/Li, K/Rb, Ba/Rb, (Sr+Ba} / (Li+Rb+Cs) and
Ti0:/Ta, and is positively related to 1000Li/K, Rb/Sr and F. In the sequence of monzonitic
granite—>potash-feldspar granite—>alkali-feldspar granite, Rb/Sr and 1000 Li/K increase pro-
gressively while Mg/Li, K/Rb, Ba/Rb, (Sr+Ba) / (Li+Rb+Cs) and TiO./Ta decrease.
Tin-bearing granite is characterized by Rb/Sr>3. 5, 1000 Li/K>>1.8, K/Rb<(130, Ba/Rb
<C0. 85, Mg/Li<(30, Ti0,/Ta<<550, (Sr+Ba) / (Li+Rb+Cs) <1, among which the first
four criteria are usually of critical importance.

Chapter V ; REE Geochemistry. REE analyses of 173 granite samples in this region show
wide range of variation (22—537 ppm). REE contents of same rock type differ from batholith
to batholith, and in the same batholith , earlier intrusions contain higher REE than the later in-
trusions. From monzonitic granite through potash-feldspar granite to alkali-feldspar granite,
REE.Q; decreases from 270.9 ppm to 231. 6 ppm to 219. 4 ppm. A negative correlation is ap-
parent between Sn and REE,O: in granites, with a correlation coefficient of —0. 2885.

In the sequence of monzonitic granite—~potash-feldspar granite—=alkali-feldspar granite,
total REE (314. 7 ppm—270. 9 ppm~—»263. 9 ppm) and LREE (226. 1 ppm—198. 5 ppm—
118. 6 ppm) decrease, HREE (51. 9 ppm-+59. 8 ppm—+94. 9 ppm) increases, accompanied by
increasing Eu depletion (6Eu 0. 38—0. 23—0. 1). Three types of REE patterns can be distin-
guished in major rock types of this region. (1) The (porphyritic) biotite-monzonitic granite is
characterized by LREE enrichment (LREE/HREE =4. 36) and intermediate Eu depletion (6Eu
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=(. 38), with a right-declined V-shaped curve (La/Yb=14). (2) The biotite (two mica)
potash-feldspar granite is less LREE-enriched (LREE/HREE=3. 32), with strong Eu deple-
tion (6Eu=0. 25) and a right-declined steep V -shaped cruve (La/Yb=9.6). (3) Biotite (two-
mica) alkali-feldspar granite has about equal amounts of LREE and HREE (LREE/HREE=
1. 25), a very obvious Eu depletion (dEu=0. 10) and a symmetric V-shaped curve (La/Yb=
3.7), similar to that observed in the Sn-W-bearing granites in South China (Zhu Jinchu,
1989). This symmetric V-shaped REE pattern may be taken as a ctiterion of tin-mineraliza-
tion. Tin tends to increase with decreasing LREE and increasing HREE in the granijte, and the
most favorable condition for tin mineralization is LREE<{150 ppm and HREE>>100 ppm or
150 ppm.

In Chapter VI, Geochronology and Isotopic Geochemistry, Rb-Sr and K-Ar ages and Sr,
Rb, O, S isotopic compositions are presented and evaluated for granites in the four tin belts.
Based on 11 whole rock Rb-St isochrons and 74 mica K-Ar clatings', it is concluded that miner-
alization-associated granites in Moshaying , Jijudaowan and Lugu in Kangdian Ancient Land Tin
Belt were formed in Precambrain Jinning—Chengjiang period (860—637 Ma) ;those in Hagala,
Cilinchuo, Gejiu, Bozhushan and Laojunshan (Dulong) in the Ailacshan-Jinshajiang Belt is of
Middle—Late Yanshanian (Jurassic—Cretaceous) age (147—80 Ma); those in the Lincang-
Zogang Belt range from Precambrian to Paleozoic (648—250 Ma, corresponding to the
Chengjiang—Hercynian Period); and the granites in the Luxi-Tengchong Belt are dated as
Late Yanshanina (112—46 Ma, corresponding to Cretaceous-Tertiary). It is worth noting that
the Lincang-Zogang Belt is characterized by: (1) Tin mineralization is associated with not only
granites but also granodiorites ; (2) The intrusives are gneissic as a result of subsequent thermal
metamorphism; and (3) Mineralization is much later (69-—32 Ma) than the emplacement of
plutonic rocks (648—296 Ma).

Pyrites for sulfur isotope measurements are selected from 10—20 kg rock samples (por-
phyritic biotite-monzonitic granite, gneissic biotite-monzonitic granite, biotite-monzonitic gran-
ite and biotite-potash-feldspar granite) and from ores of cassiterite-quartz vein, cassiterite-sul-
fide and cassiterite-skarn types. The results show that ¢*'S values range from —B6. 87%; to
+10. 37%; in rocks and from —7. 84%, to +7. 01%, in ores. Sulfur isotopic compositions dif-
fer, to varying extent, from area to area, but for a give mining district rather consistent results
are obtained, suggesting syngenetic character. Whole rock 6'*0 values are between -+ 8. 99%,
and +10. 38%:, and ¢"O values of quartz range from +9. 71%, to +11.52%, in rocks and
from +10. 08%, to +12. 03%, in ores. The close similarity in 6*S and 6"O values between
ores and rocks strongly indicates the dominance of magmatic water in the ore-forming solutions
as well as the close relationship, in terms of time, space and genesis, of tin mineralization and
granitism.

Chapter VI, Genesis and Evolution of Granite and the Criteria of Tin-Bearing Granite. T he
genesis of granites in the region is discussed in detail based on various lines of evidence of geolo-

gYy»temporal and spatial relationship,petrology and geochemistry. The magmatic origin of gran-
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