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Abstract

This book is about the metallogenic characteristics, ore—controlling conditions,
metallogeny and metallogenic prognosis of tin deposits in the middle area of Yunkai Up-
heaval, western Guangdong province .The main ideas are briefly described below:

1. Regional Geological Background

The middle area of Yunkai Upheaval situated in NW—trending Yinwulin—Xiping
hidden fault zone is located in the west side of Wuchun—Shihui fault zone.

The ouicropped strata are Quaternary System, lower Cretaceous Series, Lower
Carboniferous Series, middie Devonian Series, formation b (Z:k) and ¢ (Z;k) of Yunkai
Group of Sinian System. Z;’k being widely outcropped in the area consists of slate,
quartzose sericite schist, sericitic quartz  schist, metamorphosed  siltstone,
metamorphosed feldspathic quartz sandstone, diopside—actinolite—quartz schist,
diopside hornstone, marble, siliceous rocks and some ferruginous beds, etc.The rocks of
Z?, with low degree of metamorphism belong to green schist facies.

The chief structural framework is Guizi arc structure and NE—trending
structures. NW-—trending struciures dis: il nuainly in the south side of Guizi arc struc-
ture are mostly subterranean.Based on their forming stages, the NW—trending structures
can be distinguished into three types such as 1) the Caledonian, 2) the
Hercipizni-indosinian, and 3) the late~Yenshanian. Based on the distribution of
late—Yenshanian granitoids and geophysical studies, it can be infered that there are three
late—~Yenshanian NW-—trending hidden fault zones which, from west to east, are
Bodong—Yinyan hidden fault zone, Longwan—Xipin hidden fault zone and
Tuopangdong—Linwan hidden fault zone.The three NW—trending fault zones form a larger
Yinwulin—Xipin hidden fault zone.

Besides Caledonian magmatic rocks and different periods of dikes, the chief
magmatic rocks are Hercinian—Indosian granites, monzonic granites and late—Yenshanian
granitoids.The late—Yenshanian granitoids occurring in small stocks or bosses with K—Ar
isotopic ages of 57.9 to 92. 27 Ma intruded into Z:k. They are distributed in the
Yinwulin—Xipin hidden fault zone and are related with tin deposits. Based on their
intercalated and intrusive contacts, they can be divided into two stages: The first stage
rocks are granities— porphyry and quartzs— porphyry and the second stage ones are
medium—to fine—grained moyites. The petrochemical compositions of the two stage rocks
are of the same characteristics of high magmatic acidity. high degree of magmatic evolu-
tion and low contents of Mg and Ca. From the first stage to the second one, the evolution



is showed as follows: 1) Micas change from siderophyllite to protolithionite; 2)

8i0, changes from 75.83% to 75.29%, Na,0+K,O from 7.00% to 8.02% and DI value
from 89.86 to 91.35; 3) Contents of Sn and Mo increase; 4) Rock—forming tempera-
ture changes from 780C to 740C and Py, from 70 to 90 MPa, 5) Emplacemental
depth decreases; 6) REE turn from “ Abundant Ce Type”to “ Abundant Y Type”.The
late—Yenshanian granitoids with “V* type of REE distribution line, high initial stroutium
isotopic ratio (*'Sr/ %Sr=0.713) and oxigen isotopic value S18g = +9.55~ 12.98%:

were originated from the upper Crust and formed in extensional tectonic setting within

plates.
2. Metallogenic Characteristics of Tin Deposits

The tin deposits are closely related with the late—Yenshanian granites—porphyry or
moyites in space and genesis. They can be distinguished into four types such as porphyry
type, greisen type, stratabound skarn type and vein type that are described below:

(1) Tin Deposits of Porphyry Type, eg. Yinyan Deposit. The orebodies accom-
panying with Mo and W mineralization occur in interior and contact zone of hidden gran-
ite—porphyry, intrusion of the first stage of late~Yenshanian Period .The ores with dissem-
inated or veilet—disseminated structures are composcd of metallic minerals such as
cassiterite, wolframite, molybedemite, bismuthinite, chalcopyrite, pyriie, sphalerite,
specularite, arsenopyrite, galena, bismuth, scheelite and non—metallic minerals such as
quartz, topaz, siderophyllite, clinochlorite, fluorite, sericite, kaolinite, epidote,
monazite, etc.

Alteration and mineralization zoning of the deposit is apparent. It can be
distinguished, from bottom to top part of the granite— porphyry pipe , as
K~ feldspathization superposed line greisenization— weak Sn, W, Mo mineralization
zone, greisenization—topazization—~W(Sn, Mo) mineralization zone, silicification—
topazization—Sn{Mo) mineralization zone, silicification—clinochloritization—~Sn (Bi)
mineralization zone, hematite—phyllitization—Cassiterite—sulfide vein zone and secondary
quartzization zone.

Based on Pb, O, H isotopes and REE relevance of the ores and the
granite—porphyry, ore—forming substances and hydrothermal solution were originated
from granite—-pmphyry magma.

(2) Tin Deposits of Greisen Type. This type of tin deposits such as Dayin tin deposit
in Xinyi county and Damoshi, Shipai, Dahualuo, Mingzhikeng and Dafu tin deposits in
Luoding county are related to moyites, intrusions of the second stage of late—Yenshanian
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Period. The orebodies occur chiefly in planar greisenization zone in the area at the top of
moyitic bodies. The ores with disseminated or veinlet structures are of main mineral
assembleges of cassiterite—quartz—protolithionite—topaz. The metallic minerals are
cassiterite, wolframite, molydbenite, chalcopyrite, pyrrholite, pyrite, sphalerite,
galena and bismuthinite and the non—metallic minerals are quartz, protolithionite,
topaz, fluorite, chlorite, sericite, arsenopyrite, spheﬁe. xenotime and apatite.

The chief wallrock alteration is greisenization accompanying with topazization and
chloritization. Weak albitization and K—feldspathization may be found below the planar
greisenization,

Based on Pb isotopes, REE relevance of moyites and ores, the ore—forming sub-
stances were derived from the moyitic magma.

(3) Sn—Fe Deposits of Stratabound Skarn Type. The deposits such as Shanchaken
deposit in Xipin, Qiufengen and Tuopangdong deposits near Dayin, Dengzhan and
Duimianhe deposits ncar Qishan are distributed in southwestern Luoding and northeastern
Xinyi area and most of them are in small scales. Small intrusions of late—Yenshanian
granitoids can always be found near the deposits.The lentoid or stratoid orebodies occur in
interstratal skarns, which are widely distributed from near contact zones of the intrusions

to areas a few miles away, in the middle rock series of Z:i .The ores with disseminated or

network structures consist of metallic minerals such as magnetite, cassiterite,
specularite, hematite, pyrite, pyrrhotite, chalcopyrite. sphalerite, galena, Dbornite,
stanite, psilomelane and pyrolusite; skarn minerals such as garnet, diopside,
vesuvianite, hornblende, epidote, tremolite, actinolite, chondrodite and other
non—mctallic minerals such as quartz, feldspar, flourite, mica and chiorite.

The main alteration occurring in the calche or calcic—argillacous beds is skarnization
superposed by episodization, chloritization and pyritization,

(4 Tin Deposits of Vein Type. They include cassiterite—sulfide wvein or
cassiterite—chlorite—sulfide vein, cassiterite—quartz vein and cassiterite—greisen vein types
of deposit occurring in internal or/ and external contact zone of the intrusions of
late—Yenshanian granitoids. Most of them such as Yinyan, Xipin, Dayin, Shipai,
Qishan, Tuopangdong and Bodong vein typc deposits are located in metamorphosed
wallrocks in ore districts where granite—porphyry or/ and moyites occurred. The mineral
assembleges of ores are very variable at different ore districts. As a whole, they are com-
posed of metallic minerals such as cassiterite, wolframiic. magnetite, specularite,
pyrrhotite. pyrite, sphalerite, chalcopyrite, galena, smolydbemie, arsenopyrite and
non—metallic minerals such as tourmaline, topaz, fluorite. quartz, chlovite, episode,
mica and garnel, etc. The wallrock alterations are greisenization, tourmalinization,

chloritization and silicification, etc.



3. Ore—controlling Geological Conditions of Tin Deposits

(1) Strata and Lithological Condition. All types of the tin deposit distributed in
Z:k are controlled by the strata.The stratabound skarn type Sn—Fe deposits are most ap-
parently controlled by Z;’,k, and the other three types of tin deposit, to certain degree, are
also controlled by the strata.The Z:k can be distinguished into three rock series.The lower
rock series consists of yrey, gr-v-green or purple thin—bedded phyllite, quartzose mica
schist. micaceous quartz schist, metamorphosd icidspathic quist~ sandstone,
intertratification of lentoid siliceous rocks and marble lens, and thin— becuc?
intertratification of striped episodic diopside schist. The middle one is composed of
gray— white, grey— green metamor phosed feldsparthic quartz sandstone, phyllite,
two— micaceous quartz schist, episode— actinolite— quartz schist, thick— bedded
interatification of episodic diopside schist and ferruginous beds.The upper one consists of
intertratification of grey—white, yellow—brown medium—to thick—bedded metamorphosed
feldspathic quartz sandstone and grey—purple, grey—green thin—bedded quartzose mica
schist and micaceous quartz schist.The stratabound skarn Sn—Fe deposits occurring mainly
in the middle rock series are directly controlled by the episode—actinotite—quartz schist and
episodic diopside schist of the series. Based on chemical analyses of 36 specimens {rom
Fenjie—Luola section of Z:,’k, the average tin content is 4.68 ppm which is three times larger
than the Clarke value and that of the middle rock series is 6.1 ppm.The result indicates
that tin was preliminary accumulation in the middle rock series of Z:k during its
sedimentary stage, forming ore source layer- And it was further accumulated by the
superposed magmatic hydrothermal solution of late—Yenshanian period, forming stratoid
or lentoid skarn type Sn—Fe deposits. The late—Yenshanian granitoids associated with the
Owds o ol 25 e Aemacit also intrudad into the thick- beded erisode—actinolite—quartz

schist and marble lens of the middle rock series.The #-unitoids are advantageons *~ 7., un

deposits by extracting some ore—forming substances from the .. uie rock series.As a con-
clusion, the middie roc snws of Z:, ic aisu Gie source layer of the other types of tin de-
posit.It controlled, to certain degree, the formation of all the tin deposits in the area.

(2) Structure Geological Condition. Tuc ¢mplacements of the late—Yenshanian
granitoids, which are distributed apparce.ly in the three NW—trending fault zones men-
tioned above, are controlled by thz composite structures of NW and NE or EW—trending
faults. For examples, Yinyar intrusion is chiefly controlled by the composite fracture of
NW and EW~trending ‘ault. The isopiestic figure of A7 in Yinyan district also indicates
that the granite—ne, phyry pipe is kocated in the intersection of EW—trending lined negative
anomalv and NW—trending lined negative anomaly. Guilong, Qiufengeng and Shiwuken
in‘.usions are controlled by the composite fracture of NW and NE—trending faults.Xipin
intrusion is also controlled by the composite fracture of NW and NE—trending faults.The
three NW—trending faults are also important ore—controlling structures which controlled
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wectonic conditions of the ore districts. The gl‘ehca ‘type OM in ore disizicts aﬂﬂmé;g
Qiufengen, for example, are apparently controled by the Tractures. The ‘main orebodm

are located in the contact zones of the intrusions. They do not occur, however, in the
whole contact zones but in the intersection of the contact zones and the NW—trending

faults or NE~trending faults.Orebodies in Dayin, Damoshi, Shipai and Mingzhiken ore

districts occurring in the intersection of the NW—trending faults and the contact zone of the

moyitic intrusions are controlled by the composite fractures.Orebodies in Shiwuken, Dafu

and Tianliao ore districts located in the intersection of NE-trending faults and the contact

zones of the intrusions are also controlled by the composite fratures.

(3) Magmatic Condition.Tin deposits especially the porphyry type and the greisen
type occurring directly in the interior or internal and external contact zones of the
late—Yenshanian granitic bodies are closely related to the granitoids in time, space and
genesis and are apparently controlled by the magmauc condition. The ore—bcarmg
granitoids are characterized by follows:

@ All of the ore—bearing granitoids outcropped in small scales such as little
opophyse or boss or camouflaged as hidden rock bodies were formed in the
late—Yenshanian period. Granitoids with less scales and more complicated shapes such as
Yinyan and Xipin granitoids are comparatively advantageous to mineralization.

@ The higher the evolution and differentiation of magma is , the better the *
mineralization is.The multistage bodies with high degree of differentiation are generally ad-
vantageous to mineralization.Both of the ore—bearing granitic bodies of Yinyan large—sized
porphyry tin deposit and Xipin medium—sized greisen tin deposit, for examples, are
composed of the granites—porphyry and quartzs—porphyry of the first stage and the
moyites of the second one. The differtiation indexes { DI) of them ( Yinyan
granite—porphyry: 92.20, Xipin granitle—porphyry: 94.26) are larger than the average
of ore—bearing granitoids in the area and the solidification indexes (SI) of them (0.84,
0.29) are smaller than the average.Intrusions such as Bajiao and Xinbao bodies with lower
evolutionary degree composed only by granites—porphyry of the first stage are not related
to mineralization. The identification criteria for ore—bearing bodies in the area may by
"DI>91 and SI<1.50.

®Ore—bearing rocks are supercidulated rocks rich in 8i0,, K,;0+Na,0 and poor in
Ca and Mg. The average composition of the orc—bearing granitoids is Si0,75. 29% ,
Na,0+K,0 8.02%, MgO 0.14%, CaO 0.50% and that of late—Yenshanian granitoids
without mineralization is Na,0+K,0 6.49%, Na,O 1.60% .Additionally, low ratio value
of Mg / Li may also be-an important criterion for orc—i)caring granitoids.

@ Ore—bearing rocks are of high initial strontrum isotopic ratio
(*Sr / ¥Sr>0.710) and oxigen isotopic value (618> 10%:) and total amount of rear
earth elements (ZIREE) . The rocks with characteristics of the chondrite—nomalized
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patten of REE with an apparently negtive Eu anormaly and in a form of slightly
left—sloped "V” type were originated from the Crust and formed by remelting the Crust ma-
terials.

Based on the metallogenic characteristics and thc ore— controlling conditions, a
metallogenic model of tin deposits was summarized.

Besides all described above, different methods of geophysical and geochemical pros-
pecting were applied to prospect the different types of hidden tin deposit and criteria of
geophysical and geochmical prospecting were summarized. Furthermore, various types of
prognostic target such as types A, B and C were distinguished and discussed.
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