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Abstract : Gold deposts hosted in the Gezhen shear zone at Qingxi , Hainan Idand occur in the
Precambrian metamorphic rock series and are regionaly developed in the N-E direction aong
the tectonic zone. From northeast to outhwes are distributed the TuwaisharrBaoban gold
mining district , the Erjia gold mining district and the Bumo gold mining district , making up
the most industriadly important gold metalogeness zone on the Hainan Idand. Istope geo-
chemicd studiesof the typica gold depodtsin this metdlogeness zone indicate that their ore
forming materials semmed largely from the Baoban Group migmatite series, though the in-
volvement of some plutonic materials could not be ruled out. The ore fluids are the mixture of
migmatitized hydrothermal slutionsand meteoric watersin addition to the involvement of loca
magmatic hydrotherma lutions. The superimpostion of plutonic materids and magmatic hy-
drotherma slutionsis controlled by the deformation environment of the shear zone and later
magmatic activities. Obvious variations are noticed in iotopic compostion in the region stud-
ied, probably related to tectonic deformation, metamorphism and other evolutionary character-
igics. This study isof great dgnificance in understanding the relationship between the shear
zone and gold metalogeness, the rulesof gold metalogeness and gold ore prognos's.
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1 Geology

Gold deposts controlled by the Gezhen shear zone at Qiongxi occur in the contact zonesof ocu-
lar-lami nated migmatites and migmatitized mica-quartz schists, prophyllites, etc. , aswel asin their
indde parts, in the Baoban Group metamorphic rock series (Fig. 1) . Lithological characterigics and
iotopic ages (zircon U-Pb isotope apparent ages: 206ppy) 28y = 1,24 x 10%, X"P/ 28U =1.34 x
10%, "Pb/ ?®Pp = 1.49 x 10%a) , permit us to desgnate the rocks to the Middle Proterozoic.
Their protoliths are a suite of detrital sediments and intermediate-basc volcanic rocks and tuff aceous
rocks. As viewed from the high contentsof gold in the strata, high variance values and the increas
ing trend of gold contentsfrom high-grade to low-grade metamorphic rocks, it is deduced that the
Baoban Group provided at least part of the gold and other ore-forming materias.

The major N- Eextending structure —the Gezhen shear zone cuts across the whole region and
controlsthe metalogeneds of the Tuwaishan, Baoban, Erjia and Bumo gold deposts. This shear
zone is characterized by multi-episdic tectonic activities, as represented by ductile- or brittle-duc
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tile nature in the early period and by ductile-
brittle or brittle nature in the late period. In
gace the upper part possesses ductile-brittle or
brittle characterigtics, in going further downr
wards the ductile characteristics tend to become
more and more obvious. Additiondly, the ex-
posed northeastern portion of this shear zone is
characterized by a brittle-ductile deformation
environment and the southwestern portion by a
ductile-brittle deformation environment. This
may explain why there is ome difference in
metallogeness of gold from northeast to south-
west.

The main typesof gold depostsin the re-

gion studied include the atered mylonite-type . .
\ . Fig. 1. Regondly geologicd sketch map of the Gezhen
and the quartz veinrtype gold deposts. The .
L. . oold orezone. 1. Quaternary clayey sand and sandy grave ;
former type is distributed |.n the ce_nter of the 5 Upper Cretaceous Baoban Growp shale and sandy com-
mylor_“te zone. (old dePOStS of this type are gomerate; 3. Permian crystaline limestone and metamor-
large in scale, the orebodies are composed of a- phic sandstone; 4. Carboniferous metamorphic sandy con-
tered mylonite or dlicified quartz core and show glomerate and crystaline limestone; 5. Ordovician Slurian
no clear-cut boundary with the country rocks. metamorphic sltstone, phyllite and schist; 6. Midde Pro-
The latter type occurs as fillings in the fissure terozoic Baoban Group migmatite; 7. Indo-Snian granite;
system asociated with shearing , the orebodies 8. Indo-gnian migmatic granite; 9. geologcd boundary ;
. . . 10. unconformable boundary; 11. mylonite zone; 12.
are very smpleinform and usualy occur asin- _ .
. : fault; 13. gold depost (prospect) .
dividua dykesor lensesor ore veins. The ores
are smple in compostion. In accordance with
the mineral assemblages and ore textures and structures, the hydrotherma mineraization of gold
processes can be divided into three stages: (1) the quartzpyrite-arsenopyrite stage, during which
gol d-poor coarse-grained hypidiomorphic-idiomorphic arsenopyrite and pyrite were formed; (2) the
guartzpolymetadlic sulfide-native gold stage, which is the main mineraization stage during which
fine-grained or fine-veined arsenopyrite, pyrite and micro-grained quartz , as well as minor amounts
of galena, phderite and chacopyrite were formed , asociated with precipitation of native gold in
large amounts, with electrum seen locally. In addition to quartz, there are some other gangue min-
erals, incuding sericite and chlorite; (3) the cacite-quartz stage, during which the mineralsformed
usualy contain no gold and minor sulfide mineras can be seen. The wall-rock aterations asociated
with metallogeness are dlicification, pyritization, sericitization, chloritization and carbonatization.
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2 Sulfur isotope geochemical characteristics

In the gold depodtsof the Qiongxi shear zone the sulfides closaly associated with metallogene-
dsare manly pyrite and arsenopyrite. Shown in Fig. 2 are the resultsof sulfur isotopic measurement
of pyrite and its compostiona variationsin the ores and wall rocks such as migmatites and metamor-
phic rocksin the typical mining digtricts. The results of sulfur itopic measurement of afew ar-
senopyrite samples show smilar characteristics of pyrites, whosed %3 values vary between 3. 78 %o
and 6.80 % From the above we can acquire the following rules.

(1) The sulfur isotopic composition characteristics of ore pyrite are in good consstence with
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Fig. 2. Histogramsof sulfur istopesin pyritesfrom ores and rocksin the Gezhen gold zone (f
from Zhang Ligang, 1985; gfrom Feng Lianshun, 1988) .

those of pyritefrom the Baoban Group migmatite and metamorphic country rocks, but are dgnifi-
cantly different from those of Yanshanian granites and ome intermediate-basc dykes. The sulfur
i otopic values of ores and the Baoban Group metamorphic rock series are al of norma distribution,
with the peak val ues very close to one another , andd® **Svaluesare within the range of 6 %o- 7 %dfor
theoresand 5 %o- 6 %ofor the metamorphic rock series, reflecting that the ore sulf ur i sotopic compo-
gtion is controlled by the background values of the country rocks and the ore sulf ur semmed mainly
from the Baoban metamorphic rock series, and the Yanshanian granites and i ntermediate-basc dykes
would not be probably the main contributors of ore sulfur.

(2) The ores are characterized by a small variation range of sulfur istopic vaues, enrichment
in %S, and thed 3*Svauesfor the whole ore zone are within the range of 1.85 %o- 9.76 %owith a
range of 7.91 %o0and the peak vaues ranging from 6 %o- 7 %o, as observed in the various ore de-
posts. In addition, the averaged **S values are very close to each other: 6.24 %oin the Baoban-
Tuwaishan mining district; 5.86 %oin the Erjia mining district; and 5.83 %oin the Bumo mining
district , reflecting a relatively smple urce of sulfur for the whole ore zone.

(3) Pyrite-arsenopyrite cogenessisacommon phenomenon encountered in the ores and the two
mineras, epeciadly pyrite, occupy a mgor portion of the ores. Barite and other sulfates are absent ,
probably reflecting that the oxygen fugacity (foz) in the metallogenic sysem is low , with reduced

sulfur being dominant. S, the averaged %3 val ues of pyrite could gpproximately represent the sul-
fur i otopic composition of the metallogenic system (L uan Shiwei , 1987) . The *Sva uesof oresand
country rocks are very close to each other , indicating that sulfur in the oreforming system had not
undergone intensve fractionation and that the oxygen fugacity and pH in the ore-forming setting are
not © high (Ohmoto, 1972 ; Ohmoto et d. , 1979) .

(4) Asshownin Fig.3, from the early to late metalogenic stages, thed *S vaues of pyrite
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tend to decrease dragicaly. For ingtance, in the < Bumo
Baobarr Tuwaishan mining district thed **S val ues of o Erjia
pyrite vary from 8.22 %o, 6.27 %oto 4.01 %o; in the ol 8.22 . Baoban-Tuwaishan

Erjia mining district, 7.66 %o, 5.53 %o to 3. 40 %q;
and in the Bumo mining district, nod 3*S values of 3 [766
pyrite formed in thefirst metalogenic stage have been f;; 6l
acquired. But , from the second to third stages, smi- 3o
lar variations ind® *S are observed , from 6. 44 %o to

4.30 %a According to Ohmoto (1972) and Ohmoto et 4r
a. (1979) , this phenomenon implies that the sulfur
iotope fractionation is predominantly controlled by 2 L

the two factors fo_and pH. This reflectsin the pro- I , 1 o i
2 Mineralization stage

cess of evolution of the hydrothermal solutions from

early to late the oxygen fugacity tends to increase and Fig. 3. Sulfur isotopic variationsof pyritein differ-
the pH value tends to decrease. Such changes in ore- ent metalogenic stages.

forming conditions are in congstence with the trans

formation trend of the shear zone from ductile to brittle in nature, revealing the influence of tectonic
activitieson metalogeness.

3 Lead isotope geochemical characteristics

L ead itopes are usualy caled the tracer elements and they bear much information about the
ource of oreforming materia s and the history of metalogenes s and evolution. Measurementsof Pb
iotopes in ores and rocks, aswell as whole-rock samples (Fig. 4) indicate that the data pointsof Pb
iotopic composition of rocks are linearly plotted in the 2®Pb/ 2 Po- \  + 207Pb/ ***Pb diagram (Fig.
4) , falling near the sameline. Fitting thisline with the least square method , thefollowingidea lin-
ear eguation can be acquired:

27ppy 2%ph = 0. 0927 x \ + 206Ph/ ***Pb + 13. 8586

Thisline intersects the Stacey’ s evolution curve (Stacey and Karamers, 1975) at the point where
206pp 24P = 15, 761 and ' Pb/ Pb = 15.320, with the age of 1.70 x 10%a at the intersecting
point , close to the zircon U-Pb age of the Baoban Group (1.49 x10 °a). It isclear that the ageis
indicative of the characteristics of initia lead in the Baoban Group and represents its forming age.
The line reflects the characteristics of accumulation and evolution of radiogenic lead &ter the formar
tion of the Baoban Group.

Ore lead iotopic compostion is generally characterized by high radiogenic Pb, dgnificantly
varying ®® Pb/ 2 Pb ratios and a relatively narrow range of 2%’ Pb/ %**Pb variations (Fig. 4). Ascom-
pared with the plumbotectonic mode evolution curve (Ohmoto et a. , 1979; Zartman et a. ,
1981) , the data pointsfal near or above the upper crust evolution line, with part of the data points
against the orogene evol ution curve and individual pointsfalling near the mantle evol ution curve. S,
it can be seen that the source of ore lead in this ore zone is very complicated, i.e. , ore lead comes
predominantly from the shalow-surce orogenic belt and partly from the superimpostion of deep-
urce materials. Therefore, no sgnificant differenceis noticed in ore lead i topic compodgtion from
one depodt to another.

Asal can be seenin Fig. 4, the datapointsof lead i sotopic compostion of pyritein the diorite
porphyrite fall below the orogene evolution curve, close to the mantle evol ution curve, reflecting the
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Fig. 4. Lead isotopic compostion diagram of ores and rocks (the Pb evolution curvein thefig-
ure from Zartman and Doe, 1981) .

characteristics of degp-urce lead.

As viewed from the relationship between lead and sulfur isotopic compostions (Fig. 5) , it is
found that %" Pb/ > Pb has a good postive correlation withd **S. Thisindicates that lead and sulfur
in the pyrite must have been trangorted and precipitated from the same lution. Insgnificant vari-
ationsin both Pb and total Sisotopic composition of pyrite can indirectly indicate they (metdlic sub-
stances and sulfur) stemmed from the same source and evolutionary environment , thus lending sup-
port to the understanding that the ore-forming materials ssemmed predominantly from the Baoban
Group.

On the bagsof the lead i odtope tracing and age data in combination with the regiondly geologi-
ca background data, it can be concluded that the formation of gold depodtsin thisregion underwent
a multi-episodic evolution process, and gold is derived predominantly from the Baoban Group , of
which the Middle and L ate Proterozoic strata were enriched , to ome extent , in gold, and in the lat-
er processes of metamorphism , migmatization and magmatism gold in the strata was remobhilized and
then trangported to the favorable tectonic loci where it wasfurther enriched as gold ores. Additional-
ly, superimpostion by later hydrotherma activities made gold from the deegp-source and other
urces incorporated into the strata where it was further mobilized and enriched to form gold ores.

4 Hydrogen and oxygen isotope geochemical characteristics

On the bads of oxygen itopic analyses of the gangue minera quartz and hydrogen isotopic
anaysesof itsfluid inclusons and making use of the quartzwater oxygen itope equilibrium equar
tion [Matsuhisa, 1979 (from Zhang Ligang, 1985) ] , we have acquired thed ‘0 andd D values of
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the oreforming solutions, which fal within
the mixing field between meteoric water,
metamorphic water and magmatic water on the
5 0d D diagram (Fig. 6) , reveding the ore
forming fluid may be the mixture of various 16.07 * r=0.807

ources or the outcome of their superimpos- /M/r‘”’:“ss
tion. Thisoreformingfluid ssemsto be Smilar o+

to that involved in the mineraization of gold

depositsin the East Shandong areaof our coun- 15.0 I | | 1 | 1
5.0 6.0 7.0 8.0
try. 5Yg (%)

Acoording to thed **Op o andd D values
of different geologica bodies in the ore zone, Fig. 5. Plot showing the relationship between suifur and
we can see clearly that gold metallogeness in lead istopic compostionsof pyrite from the ores.
this gold ore zone from early to late follows the
order of migmatite —ore —quartz which filled in the extendle veins during the late stage in the
Gezhen shear zone; from the early to late stages of hydrothermal metalogenes's thed D val ues of
quartz fluid inclusons are obvioudy increased whereas thed *20 val ues are decreased , both goproach-
ing to those of modern meteoric watersin Haikou. These hydrogen and oxygen iotopic characteris
tics show that the ore-forming solutionsin thisore zone appear to have resulted from the mixture of
hydrothermal oolutionsinherent in thed D-low and® *0-high migmatites andd D-high andd *20-low
meteoric waters. With metallogenes s proceeding from early to late in time and from the deep strata
to the shalow stratain gpace, meteoric waters tend to increase in volume. In addition, magma hy-
drotherma activities would have some influence on metalogeness, thus leading to the deviation of
ome iotope datafrom the rules described above. That isto say , in case thed D values are relatively
high, thed 0 should be relatively high, too; the projecting points should be closer to the field of
magma hydrotherma olutions. However , thisphenomenon is particularly attractive in the Baoban
Tuwaishan mining district.

107Pb/104pb

5 Discussion of the metall ogenesis of gold

5.1 Source of oreforming materials

The sulf ur and lead i topic composition of various geologica bodiesin the ore zone reflects that
the oreforming materials are derived predominantly from the Baoban Group migmatites and
migmatitic rocks.

5.2 Source of ore-forming hydrothermal solution

It is conddered from the hydrogen and oxygen iotopic compostion of geo-fluids that the ore-
forming hydrothermal solutions were derived from the mixture of migmatitized hydrothermal olu-
tions and meteoric water-derived hydrotherma slutions.

5.3 Gold metall ogenesis and metallogenic prognosis

Gold metalogenessin the ore zone has a close bearing on the tectonic activities of the Gezhen
shear zone. Multi-epidic activitiesin this shear zone resulted in the multi-gpi0de gold metallogene-
ss. Differencesin nature of the tectonic activities during different stages led to the precipitation of
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Fg. 6. Hydrogen and oxygen isotopic composition of ore-forming fluidsfor the gold depodtsin
comparion with the sdected meteoric water hydrothermal gold deposits (Zhang Ligang,
1985) . Samples were collected from the Baoban Tuwaishan mining district ; O samples col-
lected from the Erjia mining district. H. migmatite sample; G rock samplesfrom the Gezhen
fault zone; D. modern meteoric water samplesfrom Haikou (from Zhang Ligang, 1985) ; Y.
from Feng Lianshun, 1988; Yu Shoujun, 1988; 1, 2, 3 represent the metdlogenic stages.

oreforming materias in large amounts. As reflected by the istopic compostional characteristics,
from early to late the tectonic activities tend to trandorm from ductile to ductile-brittle and brittlein
nature 8 **S values tend to decrease .0 D andd 20 va ues change from amost thed D andd® 20 val-
ues of migmatitized hydrothermal lutions to amost those of meteoric water-derived hydrothermal
lutions, i.e. , the oreforming conditions change from closed to sub-closed. Under such circum-
stances, changes would a 0 take place in physcochemica conditions. These are the essentia factors
leading to the precipitation of oreforming materias (Xia Yong, 1991). In space, from north to
uth, the deformation and ore-forming environments both become shalow. All the above goes to
reveal the control of tectonic environment on gold metallogened's, and tectonic activities are the driv-
ing force for gold metallogeness. Therefore, in metalogenic prognos s close attention should be paid
to the characterigticsof various structures (Bursndl , 1989) . On the badsof the ore-controlling fear
turesin the shear zone, the ore-search orientation is described asfollows: in the hanging-wall strata
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developed in the northern part of the Gezhen shear zone, attention should be paid to the search of
the Bumo-type gold depostsin the relatively shalow oreforming environment , while in the south-
ern part attention should be paid to changes at depth in the shear zone and efforts should be devoted
to the search of the Baoban- Tuwaishan or Erjia altered mylonite-type gold depodtsin the relatively
deep dtrata. Inthe prognossof gold depodtsoccurring in the Baoban Group ource strata, attention
al2 should be paid to the expanded locations during the formation of the Gezhen shear zone.
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