30 Vol. 73 No. 1

ACTA GEOLOGICA SINICA

Mar. 1999

http://www.geojournals.cn/dzxben/ch/index.aspx

Geochemical Tracing of Ore-forming Material Sources of Carlin-type
Gold Deposits in the Yunnan-Guizhou-Guangxi Triangle Area
—A Case Study of the Application of the Combined Silicon Isotopes

Geochemistry and Siliceous Cathodoluminescence Analysis

LIU Xianfan' NI Shijun®, LU Qiuxia® JIN Jingfu® and ZHU Laimin'
1. Open Lab of Ore Deposits Geochemistry, Institute of Geochemistry,
Chinese Academy of Sciences, Guiyang 550002
2. Chengdu Institute of Technology, Chengdu 610059

Abstract This paper deals with characteristics of silicon isotope compositions and siliceous cathodolumines-
cence of host rocks, ores and hydrothermal silicified quartz of the Carlin-type ore deposits in the Yunnan-Guizhou-
Guangxi triangle area. The study shows that primary silicified quartz is nonluminescent but quartz in host rocks and
secondary silicified quartz are luminescent by the action of cathode rays. Correspondingly, silicon isotope composi-
tions of host rocks, ores and hydrothermal quartz veins are clearly distinguished. In strata from the Middle Triassic to
the “Dachang” host bed, 5*Si of the host rocks ranges from 0.0 %.~0.3 %, while that of primary ore-forming silici-
fied fluids from —0.1 %o to —0.4 %, in the Upper Permian and Lower Carboniferous strata and Indosinian diabase
host beds, 8°°Si of the host rocks is from ~0.1 %» to —0.2 %. and that of the primary silicified quartz veins from 0.3
%0—0.5 %o. This pattern demonstrates the following geochemical mineralization process: primary ore-forming sili-
ceous fluids migrated upwards quickly along the main passages of deep-seated faults from mantle to crust and en-
tered secondary faults where gold deposits were eventually formed as a result of permeation and replacement of the
siliceous ore-forming fluids into different ore-bearing strata. This gives important evidence for the fact that ore-
forming fluids of this type of gold deposits were mainly derived from upper mantle differentiation and shows good

prospects for deep gold deposits and geochemical background for large and superlarge gold deposits.
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1 Geological Setting of the Ore District and
Geology of the Ore Deposits

Belonging to the Dian (Yunnan)-Qian (Guizhou)-Gui
(Guangxi) rift valley, the Yunnan-Guizhou-Guangxi
triangle area is situated at the junction of the Yangtze
block and the Youjiang orogenic belt of the South

China Caledonian fold system (Xia et al., 1992) (Fig.1).

This area is bounded by the NE-striking Mile-Shizong
fault, NW-striking Shuicheng-Ziyun-Bama fault belt
and the Wenshan-Guangnan-Funing arc fault belt in
the south, which surrounds the Yuebei old land and
projects northwards. Within the rift there is a domal
structure composed of a set of secondary faults and
folded belts. Gold orebodies were formed right in those
secondary faults or on the limbs of the domal structure.

silicon isotope, siliceous cathodoluminescence, tracing of ore-forming material source, Carlin-type

In these structural belts, early-stage faults were in-
tensely activated during the Indosinian-Yanshanian
Period to eventually form giant crust-penetrating faults.
Evidence for this geological event can be seen in the
following.

(1) Sporadic dyke-like Yanshanian subalkali ultra-
basic intrusive rocks and quartz porphyry and granite-
porphyry are found in southwestern Guizhou and
northwestern Guangxi (Yang et al., 1994). (2) The
latest geophysical data (Wang et al., 1995) revealed
that ultrabasic-basic-acid magmatic rocks are exten-
sively buried in this area, corresponding to mantle up-
lift (Fig. 2). (3) Different measurements and analyses
have confirmed that gold deposits of this area were
generally formed during the period from the late Yan-
shanian to the early Himalayan (Hu et al., 1995). The
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Fig. 1 A sketch map showing regional geology and ore deposits in the Yunnan-Guizhou-Guangxi area (after Yang et al., 1992).
1. Proterozoic-Sinian (Pt-Z); 2. Palacozoic (Pz); 3. granite intrusion; 4. subaikaline ultrabasic intrusive rocks;

5. quartz porphyry; 6. granitic porphyry; 7. symbol of granite intrusion; 8. gold ore zone (deposit); 9. deep-seated fault.

Fig. 2. Moho and density contour map of the upper mantle in the Yunnan-Guizhou-Guangxi area (after Wang et al., 1995).
1. Dense upper mantle; 2. Mcho contour.
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above facts show that the gold deposits in this area
might have a common genesis and that fault structures
controlling rifts and gold distribution are characterized
by crust-mantle penetration. These faults serve as a
favourable passage for deep ore-forming fluids to flow
up into the crust to mix with and replaced by shallower
fluids, so that gold deposits could form in the deep
crust.

The gold ore is hosted in all strata from the Cam-
brian to the Middle Triassic in this area. The ore depos-
its were formed in multiple mineralization epochs and
multiple ore-bearing horizons, and moreover, a gold-
bearing horizon in some areas might not be a host hori-
zon in other areas. The major host rocks include fine
clastic rocks, e.g. tuffaceous clastic rocks, and impure
carbonate rocks with occasional altered diabase and
basalt. This shows that the ore occurrence is primarily
related to lithology rather than stratigraphy. However,
even ore-bearing lithology does not have specialization
for the ore formation, which is also controlled by fault
structures and alterations. Lithology is only of signifi-
cance in respect to ore-bearing space than source beds,
indicating that the gold ore here is not typically
stratabound and the mineralization has no particular
source beds (Ni et al., 1997).

Although different deposits exhibit diversified geo-

logical features, they may have many characters in

common, i.e. the near-ore hydrothermal alterations
basically include silicification, pyritization, arsenopyri-
tization, clayization and carbonatization, and the first
two are most closely associated with mineralization.
By looking into the relationship between silicification
and gold mineralization, this paper discusses possible
ore-forming fluids of gold ore by tracing ore-forming
siliceous substances. Based on field observation and
mineragraphic study, the authors consider that there are
two types of silicification: primary and secondary,
which correspond to primary and supergene gold min-
eralizations respectively. Since the latter is a reworked
product of the former, one of the important approaches
to finding out the primary source of gold mineralization
is to correctly distinguish primary silicification from
the secondary one so as to trace siliceous source of the
primary silicification. An effective method in this as-
pect should be silicon-isotope geochemistry in combi-

nation with siliceous cathodoluminescence analysis.

2 Selection of Samples and Construction of
Composite Ore-bearing Section

The samples were selected from representative host
rocks, ores and hydrothermal minerals (veins), which
are closely related to siliceous materials and quartz, in
typical ore-bearing horizons of some important depos-
its in this area. A sampling composite section of ore-
bearing horizons is described from top to bottom (from
younger to older) as follows.

(1) Yanshanian quartz porphyry (intruding into the
Triassic; Bama of Guangxi,).

(2) Ore: quartz-texture breccia, highly altered cata-
clasite (in the Triassic; Lannigou and Mingshan).

(3) Tyby and T,b (Bianyang and Baipeng Forma-
tions): Calcareous quartz siltstone and silty mudstone
(Lannigou and Mingshan).

(4) Ore and mineralized rocks: silicified breccia (in
the Upper Permian and the “Dachang bed”; Getang and
Qinglong).

(5) P,d (Dalong Form-tion): sponge-spicule sili-
ceous rock (Getang).

(6) P,p (basalt) and P;d (Dachang bed): weakly al-
tered basaltic breccia (Qinglong).

(7) P, and P,d (Dachang bed): pyrite-bearing crystal
tuff (Longhuo).

(8) Ore, mineralized rocks and quartz veins: highly
altered diabase, highly silicified breccia, and late-
mineralization epoch, post-mineralization and super-
gene quartz veins (in the Lower Carboniferous and
diabase; Longhuo and Shijia).

(9) Indosinian diabase: weakly altered diabase
(Shijia).

(10) Cy (bottom of the Yanguan Formation):
weakly altered vitric tuff (Longhuo).

3 Siliceous Cathodoluminescence Analysis

Mineral luminescence may be caused by various fac-
tors, which should be analyzed in consideration of
concrete cases (Song, 1993). Evidently, characteristics
of quartz cathodoluminescence provide significant
information in regard to its geological attitude, forma-
tion temperature, type and content of activating agents
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Table 1 Cathodoluminescence characteristics of different types of siliceous substances and quartz

in the gold deposits of the study area

Relation with Occurrence Characteristics under Luminescence Typical
mineralization mode microscope characteristics photo
Sponge-spicule sili-  Circular texture, filled with cryptocrystal-  Light brownish red silica outside and light m-11
ceous rock line siliceous substance brown silica inside m-12
Calcarcous quartz silty  Silty texture, calcarcous and argillaceous  Light purple-purple quartz with light brown m-1
~ rock cementation, subhedral-anhedral clastic rim of secondary growth m-2
quartz, no wavy extinction m-13
I-14
Host rocks Tuffaceous pyroclastic Tuffy-silty texture, tuffaceous and argil-  bluish-purple tuffaceous substance, brown -3
rock laceous cementation, subhedral-anhedral - and purple quartz m-4
clastic quartz, no wavy extinction
Weakly altered diabase Diabasic texture, silicified pyroxenc, Nonluminescent-dark purple quartz, bright -15
feldspar unchanged, polysynthetic twin green-white feldspar m-16
still seen
Quartz porphyry Quartz separates sorted Light brown quartz 1M-20
Silicified quartz- Siliceous quartz lenses formed by squeeze  Dark brownish purple lenticular quartz m-17
structure rubble of fractured fault structure 1m-18
Highly silicified rock  Anhedral granular quartz, fine quartz nonluminescent-dark purple quartz, light -5
aggregates intersected by coarse ones green sphalerite -6
Mineralized rocks,
ores and quartz, Highly silicified pri- ~ Subhedral-anhedral siliceous quartz, me-  Nonluminescent quartz with some being m-21
veins mary ore divm-fine grained, without wave distinc-  dark purple m-22
tion, late-stage carbonatized replacement 1m-23
penetrating silicified quartz m-24
II-25
1-26
Silicified quartz vein  Quartz-vein replacement penctrating wall  Light purple clastic quartz in wall rocks, m-7
rocks; subhedral-anhedral quartz without  nonluminescent-dark purple vein quartz -8
wave distinction m-27
M-28
Oxidized ore Silicified quartz reworked by post- Bluish purple tuffaceous substance, brown m-29
orcforming hydrothermal and supergene quartz with remnant nonluminescent-dark m-30
solutions penetrating wall rocks purple quartz
Supergene comby  Thin sections made by single-grain quartz  Brown quartz m-19
quartz

Note: Analyzed by Lu Qiuxia, the Institute of Sedimentary Geology, Chengdu Institute of Technology.

and degree of lattice order.

The experiment in this study was performed with the
China-made I[TIxIly-3 cathodoluminescence instrument
i conjunction with the Opton microscope and acces-
sory camera. The polished thin sections are 0.03-0.04
mm thick and fixed by epoxy resin with both surfaces
polished. Conditions of irradiation are as follows: beam
voltage 18-20 kV, beam current 450-500 pA, electron-
beam spot no less than 5 mm, ASA1600 Fuji colour
film and exposure interval 13—15 min.

Table 1 indicates that silica and quartz of all host
rocks are more or less luminescent but siliceous quartz
in typical hydrothermal silicified quartz veins, highly
silicified quartzite and primary ores shows no lumines-

cence;, whereas siliceous quartz in oxidized ores and
supergene comby quartz veins irradiates brown light. It
is interesting to note, however, that primary siliceous
quartz is nonluminescent, and that oxidized quartz and
supergene quartz show dark purple and brown light
respectively. Typical photos for this case are I1I-22 and
I1I-24 (nonluminescent), I11-6 and IMI-26 (from nonlu-
minescent to dark purple), I1I-28 (dark purple quartz
disseminated by brown quartz), [1I-30 (brown quartz
with remnant dark purple quartz), I1I-19 (brown quartz
formed in supergene solutions). It is therefore clear that
luminescence of oxidized supergene quartz is caused
by such activators as Fe*', Ti and Mn resulting from
partial dissolution ¢ “+= host rocks in post-
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mineralization and supergene stages. As shown in
Photo III-2, the rim of secondary growth of pale purple-
purple sedimentary clastic quartz irradiates brown light,
revealing the luminescence of quartz related to dissolu-
tion of host rocks and also the cause of luminescence of
oxidized and supergene quartz.

Correspondingly, Photo I1I-8 shows luminescence of
silicified quartz veins penetrating clastic rocks. It is
quite different from that of sedimentary clastic quartz.
The former is nonluminescent while the latter shows a
light purple colour. Besides, the sedimentary clastic
quartz shows no corrosion. This indicates that silica
causing hydrothermal silicification bears no relation
with sedimentary clastic host rocks. Then is there any
link between the silica and magmatic host rocks?

Lai Yong (1995) applied the cathodoluminescence
technique to gold ore occurring in the faulted contact
zone of migmatic gneiss and monzonitic granite, re-
vealing that in the principal mineralization stage hydro-
thermal silicified quartz and clastic quartz in migmatite
both show evident luminescence. He further conducted
a systematic study of inclusions and proved that both
silica and ore-forming solutions in hydrothermal quartz
were derived from migmatic wall rocks. Obviously, in
the wall rocks, tuffaceous substances in tuff, feldspar in
diabase and quartz in quartz porphyry are all lumines-
cent and moreover sponge-spicule siliceous rock has
clear luminescence. It differs from nonluminescent ore-
forming hydrothermal silicified quartz since the former
was formed at relatively high temperatures (>573°C)
and contained some colour-causing agents, while the
latter had relatively low formation temperatureswithout
colour-causing agent (< 300°C). Photo III-18 shows
dark brownish purple light of siliceous quartz rubbles.
This might result from high temperatures of over 300°C
due to tectonism and might be also caused by mechani-
cal participation of some compositions in wall rocks by
way of structural fissures.

The cathodoluminescence principle (Song, 1993;
Song and Yao, 1992) elucidates that besides other
factors such as low temperature (<300°C), absence of
colour-causing agents and high degree of lattice order,
one more reason responsible for the nonluminescence
of quartz might be the low degree of textural order,
which brings about a trace amount of quenching impu-

rities. The quenching impurities mainly include such
clements as Fe?*, Co and Ni that tend to restrain the
luminescence of minerals. These elements are typically
deep-derived ones. In general, quartz has a firm and
enclosed texture so as to refuse impurities, but its de-
gree of order may lower with fast cooling or crystalli-
zation to cause local disorder of inside particles and a
few vacancies for a small amount of quenching impuri-
ties. This kind of impurities were really discovered by
neutron activation analysis of trace elements performed
in this study for vein quartz of the ore-forming stage
(Liu et al., 1997). The analysis also shows that the
homogenization temperature of quartz is usually below
300°C (Ni et al., 1997). This result provides evidence
for nonluminescence of primary silicified quartz and
meanwhile gives an indirect explanation that hydro-
thermal ore solutions were likely derived from the deep
crust or upper mantle.

4 Composition Characteristics and Tracing
Analysis of Silicon Isotopes

A Comparison of gold grades listed in Table 2 shows
the following.

Rock samples showing no obvious alteration or only
weak alteration or silicification (Nos. 1, 3, 5, 7, 9, 10,
14 and 17) have a gold content around or less than
30x10®° (No.17 is a quartz porphyry sample). Rock
samples with silicification, pyritization and arsenopyri-
tization (Nos.2, 4, 6, 8, 11 and 15) have a gold content
ranging from 0.2x10™ to 2.0x10°°. Vein quartz samples
(Nos. 12, 23 and 16) have a very low gold content
(<0.2x10®). Clay (Nos.18-22) is a gold-bearing min-
eral thanks to its own crystallochemical features. It is
thus clear that siliceous hydrothermal solutions served
as fluids for carrying ore-forming minerals during min-
eralization. Siliceous substances in the solutions, how-
ever, were separated from the ore-forming minerals
during crystallization and the ore-forming minerals
then chose sulphides and clay minerals as their carriers.
Among the four groups of samples mentioned above,
the first represents wall rocks, the second and third
siliceous hydrothermal solutions and the fourth, clay
minerals, are products of siliceous hydrothermal and
supergene solutions.
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Table 2 Silicon isotope compositions and gold grades of host rocks, ores, quartz veins
and clay minerals from the gold deposits in the study area

Ser. No.  Sample No. Rock or mineral 8*'Si % Au(x10®) Sampling area and horizon
1 XQG-11 Sponge-spicule siliceous rock 0.0 5.9 Roof of Dachang bed in Getang Au deposit (Dalong
Formation)
2 XQG-27 Siliceous breccia (primary ore) -0.1 8778.3 Orebody in Dachang bed of Getang Au deposit
3 XQD-20 Weakly altered basalt 0.1 18.8 Roof of Dachang bed in Qinglong Sb (An) deposit
4 XQD-13 Silicified breccia -0.4 120.0 Orebody of Dachang bed in Qinglong Sb (Au) deposit
5 XQL-8 " Weakly altered calcareous quartz silt- 0.0 27.6 Wall rock in T2by of Lannigou An deposit
stone
6 XQL-15 Quartz-structure breccia (primary ore) -0.2 5457.2 Orebody in T,by of Lannigou An deposit
7 Ms94-4 Weakly altered silty mudstone 03 . 486 Wall rock in T2 of Mingshan Au deposit
8 Ms94-15 Highly altered cataclasite -0.2 3268.0 Orebody in T2 of Mingshan An deposit
9 XGL-30-1 Tuff with pyrite crystal fragments -0.2 32.1 Wall rock in P; of Longhuo Au deposit
10 XGL-31 Weakly altered vitroclastic tuff -0.1 14.5 Wall rock in Cyy of Longhuo An deposit
11 XGL4-20 Highly altered breccia (mineralized) 03 431.8 Orebody in Cyy of Longhuo An deposit
12 L3-5 Quartz vein in late mineralization stage 0.5 209.2 Orebody in Ciy of Longhuo An deposit
13 XGL4-16 Supergene comby quartz vein 0.4 56.0 Orebody in Cpy of Longhuo Au deposit
14 XGS-10 Weakly silicified diabase 0.4 321 Host rock in Shijia Aun deposit, Indosinian
15 XGS-2 Highly altered diabase 0.4 1823.1 Primary ore in Shijia An deposit
16 XGS-3-2 Quartz vein in late mineralization stage 0.3 22.6 Orebody of Shijia Au deposit
17 XGB-0 Quartz 0.0 5.9 Quartz porphyry vein in Bama, Guangxi
18 XQG-24-1 Kaolinite -0.2 1054 * Oxidized ore of Dachang bed in Getang Au deposit
19 XGL-4-10-1 Iilite 0.4 1094.2 Oxidized ore in Cyy of Longhuo An deposit
20 XGL-1-3 Tlite 0.2 8013.2 Primary ore in Cyy of Longhuo Au deposit
21 XQL-23-2 Hiite 0.6 21.5 (107 Oxidized ore in Tby of Lannigou An deposit
22 XQL-20-1 llite 0.2 2292.9 Primary ore in T2by of Lannigou Au deposit

Notes: Analyzed by the Institute of Mineral Deposits, MGMR (analytic precision>0.1 %); * after Cheng Feng and Yang Keyou (1992); An contents obtained by
neutron activation analysis, performed by the Neutron Activation Lab of the Third Department, the Chengdu Institute of Technology.

The results in Table 2 are illustrated in Fig. 3, which
shows the following.

(1) Distinct difference is seen in 8°°Si between the
host rocks (including basalt) and the mineralized rocks
or primary siliceous ore in Getang, Qinglong, Lannigou
and Mingshan. The former (Nos.1, 3, 5 and 7) range
from 0.0 %o to 0.3 %o, while the latter (Nos.2, 4, 6 and
8) from —0.1 %o to —0.4 %.. Cathodoluminescence
analysis shows that clastic quartz in the host rocks,
such as siliceous and clastic sedimentary rocks, is lu-
minescent (Photos III-2, 12 and 14), but siliceous
quartz in neighbouring primary ores is nonluminescent
(Photos II1-8, 24 and 26). Thus we can see that silica in
the host rocks is not related to that formed after miner-
alization and superposition.

(2) Great difference of the 5*°Si values can be seen
between the weakly altered host rocks (Nos. 9 and 10)
in the Upper Permian and Lower Carboniferous and
mineralized rocks, ores and hydrothermal quartz veins
(Nos. 11, 12 and 13) in the Lower Carboniferous in the
Longhuo gold deposit. The former ranges from ~0.1 %o
to —0.2 %o, while the latter from 0.3 % to 0.5 %o.

Cathodoluminescence analysis shows that clastic
quartz in the host tuffaceous rocks is quite diversified
in colour (Photos I1I-3 and 4) with rather low maturity,
implying different but less distant sources of the clasts.
However, siliceous quartz in neighbouring primary
ores is nonluminescent (Photos II-22 and 24). This
indicates that siliceous substances in the host rocks are
not related to those formed after mineralization and
superposition.

(3) In the Shijia deposit, the 5*°Si values of the ma-
jor host rock (No.14), Indosinian diabase veins, are
very close to those of the primary ore and ore-forming
quartz veins (Nos.15 and 16), ranging from 0.3 %o to
0.4 %o. Does this mean that ore-forming siliceous solu-
tions came from the Indosinian diabase?

Identification of thin sections of weakly altered dia-
base (Photo III-15) reveals that this weak alteration is
manifested by silicification of pyroxene crystals and
high gold content, being several times as large as the
background (Table 2). Obviously, this rock has been
subjected to weak alteration from ore-forming siliceous
fluids, evidenced by remaining basic plagioclase. One
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can easily explain from the view of mineral crystal-
lochemistry that pyroxene has stronger ability (aptness)
than plagioclase to accept siliceous substences. It is
thus understood that the consistency of their 8°°Si val-
ues does not mean that diabase veins provide silica or
other ore-forming substances for mineralization.
Moreover, 8°Si of weakly altered diabase veins (0.4
%) is notably higher than that of general mafic rocks
(<0.0 %) (Ding et al., 1994), implying that such rocks
were once subjected to fluid reworking after their for-
mation. This agrees with the result of thin section iden-
tification.

Very weak mineralization but no weak silicification
of the Middle Triassic host rocks was observed in the
Lannigou and Mingshan deposits. This is because that
siltstone and mudstone do not contain basic minerals,
and are thus more resistant to silicification and easier
to accept mineralized diffusion halos. As a result, sili-
ceous diffusion halos are less extensive than mineral-
ized ones. This feature can also be seen in other ore
districts. This is good for studying the relationships
between host rocks and orebodies in an ore district by
means of silicon isotopes.

Douthitt’s study revealed (1982) that 5*°Si of dis-
solved silica is not related to silicon content in the solu-
tion and is not related to solution temperature either as
the temperature ranges from 75°C to 275°C. This sug-
gests that 5°°Si of dissolved siliceous in a hydrothermal
system is likely controlled by the source of the silica.
The above discussion proves from different angles that

the distinction of &°°Si between host rocks and ore-

forming siliceous hydrothermal solutions indicates
different sources of siliceous substances.

(4) Tilite and kaolinite have very different 5°Si val-
ues, the former ranging from 0.2 %o to 0.6 % while the
latter being —0.2 %». Besides, the 5*°Si values of illite
are different between oxidized and primary ores with
the former (0.4 %0—0.6 %) being higher than the latter
(0.2 %) even in the same horizon of the same ore dis-
trict or in different horizons of different ore districts.
This not only implies that silicon isotopic compositions
experience further fractionation as primary ores trans-
form into oxidized ones, but more importantly proves
that silicification of the gold ore in the study area
should belong to the same ore-forming siliceous fluid,
which is in agreement with the understanding that the

period from the late Yanshanian to the early Himala-
yan is the metallogenic epoch in this area.

Furthermore, distinction of silicon isotopic composi-
tions between kaolinite and illite might also be related
to fractionation of silicon isotopes between these two
minerals due to their different crystalline textures.
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Fig. 3. Diagram of distribution of silicon isotope composi-
tions of host rocks, mineralized rocks, ores, quartz veins and
clay minerals in the gold deposits of the study area.

1. Host rocks of the Getang, Qinglong, Lannigou and Mingshan gold deposits
(Dachang bed and T-;); 2. mineralized rocks, ores and quartz veins of the
Getang, Qinglong, Lannigou and Mingshan gold deposits; 3. host rocks of the
Longhuo gold deposit (P2 and Cy); 4. mineralized rocks and quartz veins of
the Longhuo gold deposit; 5. quartz in quartz porphyry; 6. weakly altered
diabase (Indosinian), ores and quartz veins of the Shijia gold deposit; 7.
kaolinite in oxidized ore; 8. illite in primary ore; 9. illite in oxidized ore.

The following understanding can be obtained from
the evolution curve shown in Fig. 4.

(1) Disagreement exists between strata divided by
the “Dachang bed” with respect to silicon isotope com-
positions of siliceous fluids: the newer strata corre-
spond to negative and slightly varied values, but the
older ones to positive high values; and the host rocks
show fairly flat curves.

(2) Shape of the curves shows that ore-forming sili-
ceous fluids have no effect on the host rocks, while the
effect of the host rocks on the ore-forming siliceous
fluids lies only in the rather low 5°Si values of sili-
ceous fluids in the “Dachang bed” as they change from
negative to positive or from positive to negative. This is
probably related to the participation of low 6°°Si values
of the Upper Permian tuffaceous rocks owing to intense
interlayer gliding (detachment) of the “Dachang bed”.

(3) 8Si of clay minerals varies moderately from
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low to high as the mineral changes from kao-
linite—illite in primary ore—illite in oxidized ore.
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Fig. 4. A diagram showing silicon isotope compositions of
host rocks and ore-forming siliceous fluids of the gold deposit
in the study area.

1. Curve of host rock; 2.curve of ore-forming siliceous fluid; 3.curve of clay

mineral.

S Dynamic Mechanism of Silicon Isotope
Fractionation and Pessibility of Deep Metal-
logenesis

From Fig.4 one can see that 5°°Si of siliceous fluids
changes from negative (—0.4 %o to —0.3 %) to positive
(0.3 %o to 0.5 %) as the strata change from younger
one (T,) through P, and the “Dachang bed” to older
one (Cyy) and Indosinian diabase. We consider that this
change mainly depends on dynamic fractionation of
silicon isotopes during the migration of fluids.

A great deal of research has proved. that the 5°°Si
values of silica first precipitated in the extrusion of
siliceous fluids are generally negative. The following
examples can be given for this case. In Tengchong,
Yunnan Province, §*°Si values of hot spring quartz
veins, sinter and spring water correspond to —0.6 %o, —
0.1 %0 and 0.3 %o, respectively (Ding et al., 1996); in
the Gongchangling iron deposit, 5*°Si of Archaean and
Proterozoic magnetite quartzite ranges from —0.9 %o to
—2.2 %0 (Ding et al., 1994), which is very close to that
of modern sea-floor exhalation-sedimentary silica (-
0.4 % to —3.1 %) (Hou et al., 1996); Hutchinson
(1973, 1984) held that most of the Precambrian banded
Si-Fe formations were probably deposited from sili-

ceous hydrothermal fluids during sea-floor convection;
in the Honghuagou gold deposit in Chifeng, Inner
Mongolia, hosted in Archaean compound gneiss, the
8%°Si values of hydrothermal quartz veins are from —
0.1 %0 to —0.2 %0 (Ding et al., 1996). As mentioned
above, the metallogenic epoch of Carlin-type gold ore
in this area is the period from the late Yanshanian to
early Himalayan, during which deep ore-bearing sili-
ceous fluids migrated upwards along deep-seated faults
rapidly driven by thermodynamics due to tectonism and
diapiric magmatism and during this process the fluids
themselves had no silicon isotope fractionation; relative
intense dynamic fractionation occurred as the fluids
moved into secondary ore-hosting structures where
they could stay for a longer period than in deep layers
due to more favourable conditions and the silica could
be crystallized more slowly, so that §*°Si values of the
primary silica in shallow layers are lower than those of
older layers. However, a longer stay of ore-forming
fluids in secondary host structures would naturally lead
to contamination and metasomatism, weakly or
strongly, with the wall rocks. This shows that relatively
large depth and enclosed environment are favourable
conditions for mineralization and in turn present good
prospects in searching for this type of goid ore.

Li et al. (1994) bore out the dynamic fractionation of
silicon isotopes and measured the fraction coefficients
aisi, ranging from 0.9990 to 0.9996, indicating that
8°Si of precipitated silica resulting from the dynamic
fractionation varies within a range of 1.0 %, compared
with that of dissolved silica. The variation can be de-
scribed by Reyleigh’s Equation (Fig. 5). Now that
dynamic fractionation of silicon isotopes occurred in
ore-bearing siliccous fluids, the 8°°Si values of sili-
ceous precipitates in primary silica of different hori-
zons can be used to semiquantitatively simulate the
precipitation and crystallization processes of silica in
the fluids. It is estimated based on Fig. 4 that 5°°Si of
primary silica in relatively new host strata varies from
—0.4 %0 to —0.1 %, and the maximum proportion of
silica precipitates is about 43%—57%; whereas 8*°Si
for relatively old strata is 0.3 %.~0.5 %o and the corre-
sponding proportion is 72%—79%. It is believed that
larger quantity of precipitated SiO, may lead to larger
quantity of ore-forming minerals. It is therefore ex-
pected that large or superlarge gold ore deposits will
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more likely occur in depths.
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Fig. 5.
process of precipitation of silica in fluids (after Li et al., 1994).
a5i=0.9990-0.9996; 5**Sizsi=0.0 %o.

Curves of silicon isotope dynamic fractionation in the

Moreover, 5°°Si of quartz in quartz porphyry (0.0 %.)
is the same as that of S-type granite porphyry in Dasi,
Guangxi (Ding et al., 1994), probably representing the
practical silicon isotope value, which is between the
8°Si values of the two ore-forming siliceous fluids in
the study area. The dynamic fractionation mechanism
between dissolved and precipitated silica tells us that if
the ore-bearing siliceous solution is from quartz por-
phyry, 5°°Si of the first precipitated silica will be posi-
tive, if not very large, and the ensuing precipitates have
even larger 8°°Si values. This fact is contradictory to
the case with the gold deposits in this area and at the
same time the quartz in quartz porphyry shows brown
light under cathodoluminescence. Subsequently, quartz
porphyry cannot provide silica for ore formation. Nev-
ertheless, quartz porphyry was formed in the Yan-
shanian (Yang et al., 1994) and has almost the same
petrogenic and metallogenic epoch, hence it gives di-
rect evidence for the thermodynamic condition given by
magmatism in the metallogenic process.

6 Conclusions

(1) Neither silicon isotope fractionation nor compo-
sitional replacement with the wall rocks could occur for
Si-enriched ore-forming fluids when migrating rapidly

upwards along deep-seated giant faults, unless the flu-
ids injected into secondary host structures of different
strata, and the fractionation and replacement were more
intense in deeper layers. Therefore, 5°°Si of primary
silica in newer strata is lower than that of older ones.
Besides, contamination and replacement would inevita-
bly occur between fluids and wall rocks in host struc-
tures at different depths. This is favourable for ore
formation, especially in deep layers.

(2) Silica was generally precipitated in superim-
posed silicified layers. Analysis of gold grade shows
that superimposed silicified layers are the major super-
imposed mineralized positions. This clearly explains
that siliceous fluids serve as ore-bearing solutions.

(3) Silicon isotope study coupled with siliceous
cathodoluminescence analysis reveals that wall rocks
(including magmas) and mineralized rocks have differ-
ent siliceous sources, so do ores and ore-forming quartz
veins. As a result, neither wall rocks nor magmatic
rocks can supply ore-forming minerals. At least they
are not the major source of mineralized substances,
which were derived mainly from deep layers.

(4) Mechanism of dynamic fractionation of silicon
isotopes along with cathodoluminescence analysis as
well as metallogenic age analysis shows that silicifica-
tion results from the same ore-bearing siliceous fluid
even for different horizons of different deposits. If addi-
tional analyses are performed (Ni et al., 1997; Liu, Ni
and Su, 1996; Liu, Jin and Ni, 1996; Liu et al., 1997)
we may conclude that silica and ore-forming minerals
might come directly from the upper mantle.

(5) Based on measurements of 8%Si values of pri-
mary silica in different horizons and semiquantitative
simulation of precipitation and crystallization of silicon
in ore-forming siliceous fluids one can understand that
precipitated SiO; in deep-seated favourable host struc-
tures is far more than that in shallow positions, indicat-
ing that a deep enclosed environment is very favourable
for gold ore and that, more importantly, contamination
and metasomatism in these deep structures might pro-
vide significant geochemical background for large and
superlarge gold deposits. Therefore, there are fairly
good prospects in searching for Carlin-type gold are
deposits there.

(6) In the gold deposits in the Yunnan-Guizhou-
Guangxi triangle area, silicified diffusion halos spread
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generally in narrower areas than mineralized ones ex-
cept for basic host rocks, so silicon isotope geochemi.s-
try in combination with siliceous cathodoluminescence
can be effectively applied to studying and discussing
sources of the ore minerals of Carlin-type gold deposit.
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