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PETROLOGY AND MINERALIZATION OF GRANITES
IN YULONG PORPHYRY COPPER BELT, TIBET

MA Hongwen (Z¥30)
( China University of Geosciences, Beijing 100083, PRC)

ABSTRACT

I.GEOLOGICAL SETTING

Yulong porphyry copper belt, the largest one in China, is located at the eastern margin
of the Tibet plateau, with latitude 29 ° 10’-32° N and longitude 97 ° 20’—98 ° 40’E.
Tectonically it is a part of the Paleo—Tethysian metallogenic province, and elongates
parrallel to Jinshajiang fault representing subduction zone of the Paleo —Tethysian ocean
plate (Fig.1-1), which is believed to be formed during the Indosinian movement.

Strata occurring in the Yulong belt are mainly Palacozoic and lower Mesozoic, i. e.
flysch clastic rocks of lower Ordovician (O,w), marine carbonates of middle Devonian to
Permian, intercalated with intermediate volcanic rocks at top, dacitic to rhyolitic lava and
pyroclastic rocks of lower Triassic, and nonmarine—littoral carbonates and clastic rocks.
Nonmarine clastic rocks of Jurassic to Cretaceous are exposed on the west of the copper
belt, and those of lower Tertiary on the east, hence a anticlinorium along the copper belt
(Fig.1-3).

Granite porphyries emplaced during the early Tertiary mainly as small stocks with sur-
face area less than 1km? All porphyries hosting copper mineralizations and most of
porphyries barren in copper were localized at the near axial positions of subordinate anti—
clines, with various country rocks, showing a close correlation between the regional struc-
tural events and the magma emplacements. Airborne magnetic survey data show a linear
positive anomaly along the copper belt (Fig.]-—S), indicating that these bodies may be off-
shoots of an elongated batholith at depth.

Ore deposits in the Yulong belt are all hosted by granite porhyries and the nearby
country rocks with veinlet—disseminated ore structure. Where carbonates occur as country
rocks, massive sulfide ore was formed. Primary ore minerals include chalcopyrite, pyrite,
molybdenite, bornite, and magnetitc. Metals such as Au, Ag, Re, Fe, S, and platinum
group can be economically utilized in addition to Cu and Mo. Copper reserves of the de-
posits tend to increase with increasing Au / Cu, ¥ Pt/ Cu, and Cu / Mo ratios (Fig.1-6).

Major controlling factors over the porphyry copper mincralizations: 1) the geographical
distribution of the copper belt is controlled by the deep level gcochemistry; 2) the
emplacemental locations, by the shallow level structure, i.c. simultaneous regional structur-



al stress field; 3) the porphyry copper mineralizations mainly by the relevant magma pro-
cesses; and 4) the copper reserves, to some extent, by the naturc of rock— and ore—forming
source materials.

II. GEOLOGY OF THE INTRUSIVE BODIES

The Yulong copper belt is essentially composed of hypabyssal to ultra—hypabyssal
granite porphyries, The following porphyry bodics hosting copper mineralizations have
been studied, i.e., Xiariduo, Hengxingcuo, Yulong, Zhanaga, Mangzong, Duoxia-
songduo, Malasongduo, Gegongnong, Seli, Mamupuxi from north to south (Fig.1-3). Al-
so studied in some detail are copper—barren plutons such as Randala, nearby Yulong
pluton swarm, Secuo, Riqu, Riqunan, and Mamupudong. Geological features of 17 major
intrusive bodies are listed in Table 2—1. Those porphyry bodies dctéilcdly described in the
text include Yulong (Fig.2—1 to 2—3). Malasongduo (Fig.2—4), Duoxiasongduo (Fig.2-5),
Zhanaga (Fig.2—6), and Mamupu (Fig.2—7). All of them have rather well been investigated
and explored.

Character analysis method has been adopted to extract principal characteristics from
34 sclected geological features for both copper—bearing and —barren intrusive bodies, which
include occurrence, surface shape, exposed area, and structural locality of the intrusive bod-
ics, texture, rock type, and hydrothermal alteration of the granites, and chronology,
lithology, and alteration of country rocks etc. Getting through the vector length analysis of
the 34 geological features of 12 copper—bearing and 28 copper—barren intrusive bodies in
the Yulong belt, the following remarks can be made.

Geological marks of copper mincralizability: 1) the occurrences of the intrusive bodics
arc mainly near circular stocks exposed mostly less than lkm? and emplaced at
ultra—hypabyssal level (< 1.5km); 2) the intrusive bodies typically emplaced in subordinate
anticlines; 3) the rock type are mainly monzogranite, syenogranite, and alkali—feldspar
granite porphyries; 4) zonal hydrothermal alteration halos were developed around the
intrusive bodies and the surrounding country rocks; and 5) the copper—bearing bodies are
mostly multistage intruded composite complexes. Another item can be added to the
copper—bearing bodies is their network vein structure, and even explosive breccia in some
plutons.

. PETROGRAPHY

Cluster analysis method has been used to classify the granites based on analyses of 56
major and trace element concentrations of 43 samples. The result shows that the granites
can be divided into three groups according to similarity coefficients (Fig.3—1). All samples
from copper—bearing plutons and related copper—barren ones, by geological criteria, fall
into group one and group two, while lavas with various ages, samples from other

copper—barren plutons, and country rocks among others into group three. It is likely that
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the magmatism to give rise to granites of the group one and two were responsible for the
copper mineralizations in the area. Thus the current research is concentrated on
petrography and petrogenesis of the granites in those two groups, with special reference to
the relationships between the magma processes and mineralizations, particularly to the
marks of copper mineralizability in the area studied.

The granites in the Yulong belt are mostly light—gray, gray to grayish white coloured,
massive structured, and porphyry textured with 30—50%phenocrysts of hornblende, biotite,
andesine to oligoclase, sanidine to intermediate microcline, and quartz. The groundmasses
arc microgranular or micropoikilitic textured, and composed of oligoclase to albite,
sanidine to orthoclase, and quartz. Major accessory minerals are magnetite, apatite, and
zircon with or without sphene.

Based on ANOR—Q’ parameter classification scheme (Strekeisen et al, 1979) the gran-
ites in the area are classified into several rock types such as monzogranite, syenogranite, al-
kali—feldspar granite, and alkali—feldspar syenite porphyries, which are both ore—bearing
(Fig.3—2a) or free from ore (Fig.3—2b). The granites in the Yulong belt are more alkalic
than those in the Cordilleran copper belt (Hollister, 1978) (Fig.3—3), and also more alkalic
and silicious than those in Dexing porphyry copper area in south China (circles in
Fig.3—2a). Although rock type seems not to be a principal controlling factor over porphyry
copper mineralizations in the Yulong belt, the scale of copper reserves tends to decrease
from monzogranite porphyry (Yulong), through syenogranite porphyry (Angkenong), to
alkali—feldspar granite porphyry (Duoxiasongduo) (Fig.1—6).

Petrographic marks of copper mincralizability: 1) the copper mineralizations in the
Yulong belt are hosted by monzogranite, syenogranite, alkali—feldspar granite, and
alkali—feldspar syenite porphyries; 2) rock type is not a principal controlling factor over
porphyry copper mineralizations, but ore reserves show a tendency to decrease with de-
creasing basicity of the host rocks; 3) host rock type can vary from one copper province to
ancther, indicating that porphyry copper mincralizations arc mainly constrained by
geochemical background of the regional magmatic processes.

IV.MINERALOGY

Hornblende: It only occurs as dark green euhedral phenocryst in monzogranite
porphyry (Photo 1), with pleochroism Ng= green, Nm = light green, and Np= light yellow.
Polysynthetic twins and occasionally zonal structure are observed. Based on 10 microprobe
analyses (Tab.4-1, 2) Xy, / Xy ratios of hornblendes from the copper—bearing plutons
vary from 0.42 to 0.59, while those from the copper—barren ones from 0.63 to 0.85, with
similar X, / Xg ratios (=0.14-0.24) for the both. It is found that X / Xy, and
Xa1/ X ratios are closely correlated each other, indicating that substitutions of Fe for Mg
and Al for Si are probably coupled.

Biotite: It is present in nearly all samples studied as euhedral phenocryst, with
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pleochroism Ng= Nm=brown to dark brown, and Np= ycllow to light yellow. Zircon and
apatite are commonly found in biotite phenocrysts as inclusions. Based on wet chemical
analyses the biotites fall into meroxene (Fig.4—5), and the correlation within Fel'—Fe?*—Mg
compositional triangle (Fig.4—4) suggests that compositions of the biotites are dcfincd by
oxygen fugacities close to those of the NNO buffer. Both chemical and microprobe analyscs
show that the biotites from the copper—bearing plutons have Xy, ranging from 0.666 to
0.741, compared with those from the copper—barren ones (X, = 0.583—0.652). Considera-
ble amount of chlorine is detected in the biotites (Tab.4—3), particularly in those from the
copper—bearing plutons, suggesting that the biotites might be equilibrated with
chloride—rich vapor phase to which it was attributed to transfer copper from the magmas
into hydrothermal fluids and, in turn, to cause copper mineralizations. A positive correla-
tion between X,/ Xy, and X,, / Xg; ratios of the biotites is also found (Fig.4—6), indi-
cating that, as in hornblende, the substitutions of both Fe for Mg and Al for Si are proba-
bly also coupled in biotites.

Calculations of best fit to X—ray powdery diffraction data (Tab.4—5) show that the
biotites are all 2M, polytype with cell parameters of a=5.331-5.397A, b=9.222-9.254 A,
c=20.161-20.253 A, f=94° 47"—95 ° 07/, and v=987.40—1006.128 A°, cach of which is a
linear function of the biotite chemistry, Mdssbauer spectra (Tab.4—6) are computer fitted to
Lorentzian line shapes and consisted of two doublets arising from Fe?* in the two
non—cquivalent octahcdral sites of M, and M, and two doublets due to Fe**. Ferric con-
centrations are obtained in accordance with wet chemical analyses (Fig.4—7). Treating
biotite as a Fe’*—Fe**~Mg ternary solid solution, site occupancy assignment shows that
over about 95% of M, site are occupied by Fe*", Fe?*, and Mg, while only 76—85% of
M, site by them, indicating that Ti, AI', Mn and vacancy are probably held mainly in
M, site.

Feldspars: Both plagioclase and K—feldspar are present as euhedral phenocrysts and
hypidiomorphic to allotriomorphic—granular crystals in groundmass of the porphyries. The
plagioclases develop albite twin, Calsbad and albite composite twin, and occasionally
cathrate twin, and orthoclase Carlsbad twin. Zonal structure is observed in plagioclase, and
rarely sanidine. Microprobe analyses show that both plagioclase and K—feldspar can be di-
vided into scveral populations (Fig.4—11, 12). The plagioclase phenocrysts are Ang ,¢, and
An,y 5, and groundmass An,y ;4 and An,, ,, with a gap between An,, and An,;, which
might arise from temperature drop of crystallization (Fig.11-3). The K-feldspar

phenocrysts are mainly Or,g_¢, and groundmass Or,,_g,, probably due to Puo increasing
2

to cause more Or—rich sanidine and orthoclase crystallized in groundmasses (Fig.11-3).
The Al / Si ordering of K—feldspar phenocrysts in the copper—bearing porphyries are more
developed than those from the copper—barren ones (Fig.4—18, 19), partially because the
former might capture a small amount of H,0 to compose SiO;OH (Tab.4-10, Fig.4-22),
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which would enhance the process of A1/ Si ordering. Within a single pluton Al / Si or-
dering degree tends to decrcase outwards and upwards (from 6#=0.55-0.65 to
0=10.30—0.40) (Fig.4—21). Some fcldspars in groundmasses are detected to have excess silica
than stoichiometry. Taking feldspar as a An, Ab, Or, and []Si,O;4 solid solution substitu-
tion of [JSi,04 for (Ca, Na, K) Al, ,Si, ;0; can reach 40% or so by the present data
(Fig.4—-23, 24).

Accessory Minerals: Major accessory minerals are magnetite, apatite, zircon, rutite,
allanite, and sphene. Sphene is only present in monzogranite and alkali—feldspar syenite
porphyries as microphenocrysts and in granodiorite. Magnetite is the most abundant acces-
sory mineral, and nearly pure Fe O varicty (Tab.4—13). Apatite is mostly fluor—apatite.
The early magmatic apatite is usually long prismatic, and inclosed in biotite and plagioclase
phenocrysts, while hydrothermal apatite mostly granular, and distributed throughout.
Zircon, the earliest crystallized mineral, is commonly prismatic, and often present in
phenocrysts (Photo 16). Sulfide microinclusions such as pyrrhotite and chalcopyrite are
found in zircon as inclusions (Photo 20, 21, Tab.4—17), indicating that during early stage
the magmas related to the copper mineralizations afterwards might be oversaturated with
respect to sulfide. Correlation of sphene occurrence with bulk compositions shows that the
stability of sphene is to a great extent depended on concentrations of TiO, and CaO rcla-
tive to Si0, (Fig.4—25).

Mineralogical marks of copper mineralizability: 1) Xg, / Xy, ratio of hornblende is less
than 0.61, X\, of biotite is greater than 0.66, and X, of biotite tends to increase [rom
core to rim of a single biotite phenocryst for the copper —bearing porphyrics; 2) A1/ Si or-
dering degree of K—feldspar is 6>0.42, and Sm>0.36. K—feldspar phenocrysts fall into
orthoclase secries with slight transition to intermediate microcline {or the copper—bearing
porphyries, compared with sanidine scries with slight transition to orthoclase for
copper—barren porphyries; and 3) sulfide inclusions are present in the early crysiallized

mincrals of the copper—bearing porphyrics.

V.BULK CHEMISTRY

Based on 172 bulk rock analyses the granites in the Yulong copper belt are mostly in-
cluded in calc—alkali serics, with Rittman index ¢ ranging mainly from 1.8 to 3.3 (Fig.5-1).
The granites are characterized by lower SiO, and Fe,0,, and higher Al,0,, MgO, and K,0
(Fig.5—2), compared with the average andesite, dacite, and rhyolite (Le Maitre, 1976). With
increasing differentiation SiO, and K,O contents of the granites tend to increase, while
Al,0,, FeO, MgO, and CaO to decrcase (Fig.5-2). The higher contents of Al,0,, MgO,
K,0, and F (Fig.5—4) might come from breaking down of phlogopite during partial melting
of the source rocks.

There exist three distinct metallogenetic belts in the Jinshajiang—Lancangjiang—
Nujiang area, i.e. Jiaduoling porphyrite iron belt, Yulong porphyry copper belt, and Chayu
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porphyry tin belt. It can be seen from Fig.5—5 that from iron, through copper, to tin
mineralizations Si0, contents of the host rocks vary mainly from 59—67wg%, through
64—72wyp%, to 68—76wg%, indicating that the mineralizations are to a great extent control-
led by bulk composition of the magmas, hence by geochemistry of the source rocks and
physicochemistry of the magmatic processes. Discrimination analysis shows that the Fe,
Cu, and Sn—bearing plutons can be distinquished by bulk composition of the host rocks at
90% confidence level (Tab.5-2, 3).

Judging from correlation coefficients of copper with major components of the host
rocks, the copper enrichment is to a great extent controlled by (1) extraction of copper from
the magmas to produce copper—rich hydrothermal fluid; (2) replacement of plagioclase by
K—feldspar, during which Na*would be released to raise concentration of NaCl in the fluid,
thus to enhance the extraction of copper, and (3) pouring sulfur into the hydrothermal sys-
tems at the late stage, thus to promote the precipitation of copper.

Chemical marks of copper mineralizability: 1) iron, copper, and tin mineralizations in
the tectonomagmatic belts are obviously controlled by bulk chemistry of the host rocks, the
potential copper mineralizability of a pluton, therefore, mainly by composition and struc-
ture of the magma; 2) enrichment of copper is mainly controlled by extraction of copper
from the magma by hydrothermal fluid rich in chloride, and the concentration of sulfur in
the magma—hydrothermal systems.

VI. GEOCHEMISTRY OF TRACE ELEMENTS

Listed in Tab.6—1 are the trace element concentrations of the granites from the Yulong
copper belt. Compared with trace element concentrations of the average granitoid
(Bunorpanos, 1962) , the granites are characterized by higher concentrations of Sr, Ag, Hf,
W, Pb, Bi, Th, and U.

Trace element analyses of 51 phenocrystal samples show that the copper concentration
of each phenocryst, including hornblende, biotite, plagioclase, K—feldspar, and quartz,
from the copper—bearing plutons is commonly higher than that of the same phenocryst
from the copper—barren ones, indicating that the extraction of copper from the solidified
host rocks at shallow level, unlike that from the magmas, might be of little significance in
contributing copper to mineralizations.

The granites show a LREE—rich, and slightly Eu—negative anomaly pattern (Fig. 6—3).
The HFS element concentrations follow the evolutionary path of the Andean—type arc
magmas (Fig.6—11) Several plots such as Ce” / Yb vs. Eu” / Yb, Ce vs Eu, Sr vs. Rb, Th
vs. U, and Pb vs. Th suggest that magma mixing might be involved in the magma evolu-
uons (Fig.6—4, 5, 8, 9, 10). It can also be deduced from Tab.6—13 that from Yulong,
through Angkenong, to Duoxiasongduo plutons the major element contents along with
most trace element concentrations and ratios indicate a magmatic differentiation trend,
while Hf concentration, Zr / Hf, and Th / U ratios require a mixing by a melt higher in
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SiO, from a depleted acidic granulite source. The data also show that from Yulong,
through Angkenong, to Duoxiasongduo, scale of the deposits tends to decrease with in-
creasing differentiation of the deep source I-type magma and hybridization of the magma
by shallow S—type partial mclts higher in SiO,. This is also in accordance with dccreasing
Y Pt / Cu and Au/ Cu ratios, and increasing Mo / Cu ratio of the deposits (Tab.6—13,
Fig.1-6).

Trace element marks of copper mincralizability: 1) phenocrysts in the copper—bearing
plutons show relatively higher copper concentration; 2) Li, Rb, and Th concentrations of
phenocrysts tend to increase, while Sc, Cu, and Zn to decrease, with decreasing scale of the
deposits; 3) scale of the deposits tends to decrease with increasing Li, Rb, Pb, Th, U, and Bi
concentrations and Rb/ Sr, Rb/ Ba, Zr/ Hf, Th /U, and Mo / Cu ratios of the host
rocks, and decreasing Sr, Ba, Hf, Sc, V and Co concentrations and Ba / Pb, Au/ Cu, and
Y Pt/ Cu ratios, hence with increasing diffcrentiation and hybridization of the I-type
magmas by S—type partial melts.

VI. CHRONOLOGY

Listed in Tab.7—1 are K—Ar apparent ages of 11 granitic plutons in the Yulong copper
belt. They clearly cluster around three peak ages (Fig.7—1), i.e., by mean value and standard
deviations, 52.0+ 2.8Ma (55.0—48.2Ma, n=35), 40.1+ 1.3Ma (41.5-37.9Ma, n=11), and
33.2+ 1.3Ma (34.6—30.9Ma, n=6) . The Rb—Sr isochronal method gives the Yulong body
52.0+ 0.2Ma, with initial *’Sr/ *Sr ratio equal to 0.7066 + 0.0001, bascd on 6 whole rock
and 4 mineral samples (Tab.7-2). The *““Ar—"Ar method gives phenocrystic biotite from
the Yulong body apparent age 52.84 + 1.68Ma. The U—Pb isochronal method gives zircon
from the Angkenong body 2'Pb —?**U isochronal age 40.9Ma, and Pb—?*U age
33.7Ma (Tab.7-3, Fig.7-2). These results are in excellent accordance with the three peak
ages by K—Ar method, indicating that the magma emplacements in the Yulong belt can be
divided into the early, the intermediate, and the late stages.

It is observed that the K—Ar apparent ages of the Yulong body have two peak values,
i.e.52.0+ 2.8Ma and 40.1+ 1.3Ma as shown in Fig.7—1. These can not be attributed to ana-
lytical errors, because the discrepancy is much greater than the uncertainty limit of the
method. This phenominon may, therefore, be a result of multiple emplacements of the
magma. This is also the case for the Angkenong body, and probably for the Duoxiasonduo
body from the available data.

The scale of the deposits tends to decrease from the early, through the intermediate, to
the late stage of the magmatism in the area, as the case from Yulong (52.0Ma+40.1Ma),
through Angkenong (40.9Ma +32 4Ma), to Duoxiasongduo body (30.9Ma+25.0Ma?).

Chronological marks of copper mineralizability: 1) the magma emplaccments in the
Yulong belt can be divided into the early, the intermediate, and the late stages; 2) the major
copper—bearing plutons arc mainly multi—-complexes formed by multiple concealed em-
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placements of the magmas; and 3) the scale of the deposits tends to decrease with the lapse
of the magma emplaccmental ages.

Vii. GEODYNAMICS OF THE MAGMA PROCESSES

The granites from the Yulong copper belt, according to bulk composition, are affili-
ated with volcanic arc magmatisms. They are also inherently related to the Jiaduoling
diorite porphyrites hosting iron mineralizations (Fig.8—1, 2), which are believed to be de-
rived from partial melting of the subducted Paleo—Tethysian ocean plate along the
Jinshajiang during the Indonisian period. Combined with the data on correlation of
copper—molybdenum mineralizations and bulk composition of the host rocks in the
convergent plate margin of British Columbia (Griffiths et al, 1983), it is outlined that the
complete zoning of metal mineralizations in margin of a convergent piatc (island arc ) is Fe
—Cu—~Mo from the suture to the continent.

Trace element data and LILE pattern show that the granites from the Yulong belt are
comparable with volcanic arc granite (VAG, Pearce et al, 1984), with relatively higher Rb
concentration (Fig.8—3, 4), which can be explained as being dissociated from the source
phlogopite. Lead isotopic composition of the granites is also consistent with the average
lead isotopic composition for typical orogenic belt (Fig.8—5) (Doc et al, 1979).

Tectonic environment marks of copper mineralizability: 1) Himalayan granitic
magmatisms in the Yulong copper belt were developed on a background of the Indonisian
volcanic arc of the Paleo—Tethys along the Jinshajiang, and related to inherited activities of
the Paleo—Tethysian subduction zone induced by large—scale subduction of the Leading
—Tethysian and the Neo—Tethysian ocean plates along Bangong Lake—Nujiang and Yarlun
Zangbo respectively during Cretaceous to early Tertiary periods. An inherited island arc
can produce volcanic arc granite (VAG) geochemically similar to those in high—maturity is-
land arcs and host porphyry—type copper deposits; 2) the idealized schema of magmatism
and the associated metal mineralizations in an island arc is Fe—~Cu—~Mo from suture to the

continent with maturing the arc and lapse of the magmatisms.

IX. GENETIC TYPE OF THE GRANITE PORPHYRIES

The granites in the Yulong copper belt consist of biotite (meroxene), plagioclase,
K—feldspar, and quartz, with hornblende and sphene microphenocrysts mainly in
monzogranite porphyry. Magnetite is the major variety among iron—titanium oxide miner-
als, and ilmentite is rarely found in the granites. This is in accordance with mineral assem-
blage commonly for I-type or magnetite—series granitoid (Hine et al, 1978; Ishihara, 1977).

Geochemically, the granites have S / I index [Al,0, / (CaO+Na,0+K,0) ] mostly less
than 1.1 (Fig.8—2), which is distinctive for I-type granitoid (Hine et al, 1978). Trace ele-
ment concentrations of the granites are also characteristic of I-type granitoid, except slight-
ly higher Cr and Ni (Fig.9—1, 2). It is noticed that the granites in the Yulong copper belt
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have relatively higher K,O relative to Na,0, compared with those of typical I-type
granitoid such as Kosciusko batholith in Australia (Hine et al, 1978), which is probably
controlled by dissociation of near liquidus philogopite in the source rocks.

Isotopically, the granites have 8*'S (%.) ranging from —5.0 to +5.5, the Yulong body
has initial *’Sr/ ¥’Sr ratio equal to 0.7066 £ 0.0001, again resembling I-type granitoid
(8™S (%.) =—3.6~+4.2, Coleman, 1979; initial *’Sr / ®Sr < 0.708, Beckinsalc et al, 1979).

Oxygen fugacity of the magma processes in the Yulong belt closely followed that de-
fined by NNO buffer during the early magmatic stage, and slightly higher than that during
the magma solidification, as defined by Fe,0,/ FeO ratio in the Yulong monzogranite
porphyry (Fig.4—4, Fig.11-1, 4), indicating that the granites fall into magnetite—scries
granitoid.

Genetic type marks of copper mineralizability: 1) the granites in the Yulong copper belt
belong to I—type or magnetite—series granitoid; 2) I—type granitoid is equivalent to
magnetite—series one for the granites hosting copper, gold, and molybdenum
mineralizations, as the case in the Yulong porphyry copper belt; 3) copper, gold, and

molybdenum mineralizations are closely related to I-type or magnetite granitoid.

X.MATERIAL SOURCES

Geochemically, the granites in the Yulong copper belt are characterized by relatively
higher Al,O,, MgO, K,0, Rb, and F contents, indicating a phlogopite—bearing fertilized
mafic source. This is supported by finding of lamprophyre containing more than 30%
phlogopite in the area, which might be an initial magma to cause partial melting of mafic
rocks in the lower crust to produce the copper—bearing magmas. The higher (Ce/ Yb)y
ratio of the granites is also considered a clue of magmas primarily derived from the mantle
(Fig.10-1).

The Yulong body has initial *'Sr / *Sr ratio equal to 0.7066+ 0.0001. That of the
Angkenong body is inferred to be 0.7077 based on Rb—Sr isotopic measurement of
K—feldspar phenocryst, and the Duoxiasongduo body, 0.7079. Source material proportions
of the granites are estimated based on strontium isotopic data, combined with lead isotopic
compositions. The result shows that the granites could be derived over 48—24% from the
mantle, and 52—76% from lower crust, or 81-72% from mantle, and 19—28% from upper
crust, or any combinations of these two limits.

Lead isotopic compositions of the granites follows the normal lead evolutionary path
(Fig.10—3), but within 26pp,—0"pp—2%p} triangle lead isotopic compositions of the bulk
rocks show a tendency to enrich in 2Pb, while that of sulfides to enrich in both 26ph and

207ph, with decreasing scale of the deposits, from Yulong, through Angkenong to
Duoxiasongduo (Fig.10—4). This tendency is concordant with increasing initial $8r / ¥Sr
ratios of the granites.

Sulfur isotopic compositions of the granites show relatively limited 'S (%) values
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ranging from —0.5 to +5.5, which is lincarly corrclated with biotite Fe,0;/ FcO ratios of
the granites (Fig.10—5), indicating that the sulfur isotopic compositions might be closely
controlled by oxygen fugacity of the magma processcs. Thus the slight positive deviation
from zero of sulfur isotopic compositions could be attributed to relatively higher oxygen
fugacity, and the sulfur was mainly derived from a homogeneous sulfur reservoir, i. ¢., the
mantle'or lower crust.

Based on oxygen isotopic fractionation between quartz and water, §'*0(%.) of the ini-
tial magmatic water equilibrated with quartz phenocrysts in Yulong body is about +8.5.
Oxygen and hydrogen isotopic compositions, i. ¢., "0 (%o) and §D(%s) of the surface water
in the arca is —18.21 and —135.64 respectively. Using simple two end member mixing model,
calculated metecoric swater proportions in the hydrothermal fluids at cach alteration and
principal mineralization stage is 11-20% for K—f{cldspar + biotite altcration, 18—29% for
quartz + sericite alteration, 31-34% for clay altcration, 44—57% for chlorite + cpidote
+carbonate alteration, and 16—21% for principal vein sulfide precipitation. Estimated 6D
(%) of the initial magmatic water is —80 to —85. These results show that the hydrothermal
fluids during the principal copper mineralization stage might be mainly separated from the
magmas.

Material source marks of copper mineralizability: 1) both rock— and ore —forming ma-
terial might be derived [rom upper mantle or lower crust, and hydrothermal fluids during
the principal copper precipitation stage might consist mainly of magmatic water, with less
than 21% metcoric water mixed; 2) both strontium and lead isotopic data suggest that the
scale of the deposits tends to decrease with decreasing proportions of deep source material

from upper mantle or lower crust to that from upper crust for an ore—forming magma.

. PHYSICOCHEMICAL CONDITIONS OF THE MAGMA PROCESSES

Two—feldspar gcothermobarometer method (Ghiorso, 1984) is applied to meladiorite
and gneissic biotite syenite xenoliths to estimate geothermal gradient in the area. The calcu-
lated geothermal gradient during the carly Tertiary was 31.2-32.5C / km. Homogeneous
temperature measurements of glass inclusions give estimated liquidus temperature as high
as 1050—1200T . Thus the magmas responsible for the copper mineralizations might be
originated from a source deeper than 32.3—38.5km, hence a transitional zone between the
mantle and crust, as the huge—thick crust of the Tibetan plateau had not been made up
then.

Using various geothermo— and barometers p—¢ path of the magma processes is traced
as: hornblende phenocrysts were crystallized at p= (2—3) x 10°Pa (Hollister et al, 1987 ) and
t=910-990T (Helz, 1979); biotite phenocrysts at P ™ (1.4-3.6) x 10°Pa (Wones, 1972 )

and +=860-960TC (Wones et al, 1965); early zonal plagioclase phenocrysts at py,> 5 X
10%Pa and t= 690—740TC ; and groundmassic two—{eldspars at Pao™ (3.8-5.1) x 10*Pa and
2
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t=630—650C (Ghiorso, 1984; Tab.11-2, Fig.11-3). Temperature at which K—feldspar
phenocrysts persisted in their structural state, estimated by Al occupancy (Ma Hongwen,
1988), is 650—690T, about 12 —16 T above solidus of the granites.

Oxygen lugacity of the magma crystallizations during the early stage closely followed
that defined by NNO buffer (Fig.4—4, Fig.11—-1), while that at the solidus temperatures was
about two log units higher than NNO buffer, as defined dy Fe,0, / FeO equilibrium for the
Yulong body, giving a t——logf02 path from 860—960C and —11.0* 1.0 to 630—650C and

-15.0% 1.0 (Fig.11-4).
The solubility of water in the melts equilibrated with biotite+zonal plagioclase
+magnetite is calculated with the modified Nicholls (1980) method as X Ho™ 0.083 —0.325
2

-
(2.4 —11.7 wy%) and X4, =0.114—0.156 (Ma Hongwen, 1985). The fugacity and solubility
of sulfur in the copper—bearing magma systems are logfs =1.33-1.59+ 0.54, and
2

X3=0.014—-0.033 (mol%) (67—158ppm), compared with logf,  probably less than —0.6+
2

0.6, and Xg=0.002—0.008 (mol %) (12—40ppm ) for the coper—barren magma systems.

Microprobe analyses of single biotite phenocrysts show that the Mg / Fe ratio tends to
increase from core to the rim ol a biotite phenocryst for the copper—bearing plutons, while
that to decrease for the copper—barren ones (Tab.11-5), suggesting that during the early
crystallizing stage the activity of FeO in the copper—bearing magmas tends to decrease,
while that in the copper—barren ones to increase. This might be attributed to that in the
copper—bearing magma systems, the higher fugacity and solubility of sulfur might have
caused the activity of FeO to be bufferd through the following equilibrium:

FeO (silicate melt }+1 / 2S,=FeS (sulfide melt ) +1 / 20,

This explanation is supported not only by the sulfur solubility data (Tab.11-3), but also by
the occurrence of sulfide microinclusions in the early crystallized minerals of the
copper—bearing porphyries (Photo 20, 21). In addition, the orc —forming metals could not
be transported by aqueous phase during the early magmatic stage, as the magmas had been
undersaturated with water until sulfide drops (microinclusions ) were separated from the
magmas. ;

In the Yulong belt the ore—forming material shows a consanguineous relationship with
the porphyry magmas; Cu, Au, and Ag concentrations of the porphyries are closely corre-
lated with each other (Tab.6—12); and a Au content as high as 0.437wy%
(0.082—0.726wg%) and a Ag content of 0.115wz% (0.000—0.291wy %, by 8 analyses ) arc de-
tected in pyrrhotite microinclusions. It is thus infered that the magmas might have been the
main carrier of metals such as Cu, Au, and Ag during the early magmatic stage. Platinum
group elements, Fe, and part of sulfur might also be carried by the magmas from the source
to a shallow level of the crust. The occurrence of sulfide microinclusions indicates that the
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magmas were somewhat oversaturated with sulfide during the early magmatic stage. The
metals might, at least in part, be carried to 6—10km deep, a depth of the second—stage em-
placement of the magmas, where they became saturated with water. Copper concentrations
in the magmas might somewhat be controlled by the composition and structure of the melts
(Feiss, 1978, 1980).

During the late magmatic stage extracting copper from the melts might be a critical
controlling factor over the copper mineralizations. The high correlation coefficients be-
tween each of Cu, Au, Ag and F (Tab.6—11) suggest that the ore—forming material might
be derived from the same phlogopite—bearing fertilized source as the magmas; while higher
correlation coefficients between each of Cu, Au, Ag and Cl (Tab 6—11) further indicate a
close relationship between activity of chloride—rich hydrothermal fluid and the copper
mineralizations. The hydrothermal fluid equilibrated with crystalliziflg quartz phenocrysts
of Angkenong body, by analyses of fluid phase inclusions, contained as high as 9.96m chlo-
ride, giving a partition coefTicient of copper between vapor and the melt phase about 91.6,
thus a hydrothermal fluid containing over 1800 ppm copper could be separated from a melt
containing 20ppm copper. This proccess could accompany depletion of Na,O in the solidi—
fing rocks, causing the copper—bearing porphyries relatively higher in K,0O, lower in Na,O,
and oversaturated with Al,0,, which could further enhance solubility of copper in the
hydrothermal fluid, as OH—ion could be attracted by AI’*, to decrease pH value of the
hydrothermal fluid. The strong outpouring and escape of the fluid at the post—magmatic
stage were responsible for both producing numerous cracks within the porphyries to precip-
itate copper in the fluid and recycling the process.

Physicochemical marks of copper mineralizability: 1) the copper—bearing magmas fall
into deep source derived, high liquidus temperature, and relatively higher oxygen fugacity
type, and underwent a wide span of crystallizing temperature; 2) during the early magmatic
stage the copper—bearing magmas were under higher sulfur fugacity, had higher solubility
of sulfur, and might be oversaturated with sulfide, which would cause the activity of FeO to
decrease with crystallization of the magmas; 3) during the late magmatic stage the magmas
were strongly oversaturated with water Jeading hydrothermal fluid containing copper to be
scparated from the magmas, and outpoured to precipitate copper sulfide, and the process to
be recycled; 4) the granite porphyries with relatively higher K,0/ Na,O ratio and
Al,0, oversaturated are of higher potentiality to host porphyry copper deposits.

XI. CONCLUDING REMARKS
1. The granites in the Yulong porphyry copper belt were formed on the tectonic envi-
ronment of Indonisian volcanic arc related to subduction of the Paleo—Tethysian ocean
plate along Jinshajiang, and fall into VAG—type granitoid. Distributed area of the
porphyry copper belt is controlled by the magmatic processes in the inherited island arc.
2. Locations of the porphyry bodies and related copper ore deposits are controlled by
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