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Abstract: Based on petrological studies of the wall rocks, mineralizing rocks, ores and veins from the
Laowangzhai gold deposit, it is discovered that along with the development of silication, carbonation
and sulfidation, a kind of black opaque ultra-microlite material runs through the spaces between
grains, fissures and cleavages. Under observations of the electron microprobe, scanning electronic
microscopy and energy spectrum, this kind of ultra-microlite material is confirmed to consist of ultra
microcrystalline quartz, silicate, sulfides and carbonates, as well as rutile, scheelite and specularite
(magnetite), showing characters of liquation by the analyses of SEM and energy spectrum. The
coexistence of immiscibility and precipitating co-crystallization strongly suggests that the mineralizing
fluid changed from the melt to the hydrothermal fluid. Combined with the element geochemical
researches, it is realized that the ultra-microlite aggregate is the direct relics of the mantle fluid
behaving like a melt and supercritical fluid, which goes along with the mantle-derived magma and will
escape from the magma body at a proper time. During the alteration process, the nature of the mantle
fluid changed and it is mixed with the crustal fluid, which are favorable for mineralization in the
Loawangzhai gold deposit.

Key words: micro-petrography, black opaque material, ultra-microlite aggregate, mantle fluid
process and evolution, the Laowangzhai gold deposit

1 Introduction

The Laowangzhai gold deposit is located in Zhenyuan
County of Yunnan Province, southwestern China. Since it
was discovered in the 1980s, many geologists have carried
out researches on the genesis of the deposit, but failed to
arrive at a unanimous and receivable conclusion. With
regard to the most disputed topic, the source of the
mineralizing fluid, several hypothesizes are proposed, e.g.,
the volcanic fluid (Hu and Tang, 1995), the metamorphic
fluid (Tang et al., 1991), the magmatic fluid (He, 1993),
the tectonic metasomatic fluid (Xue, 2002) as well as the
fluid produced by mantle degassing process (He and Hu,
1996; Huang and Liu, 1999). Based on the researches of
fluid inclusions from Au-bearing quartz veins, Liang et al.
(2011) argued that the ore-forming fluid from the
Laowangzhai gold deposit is a product of mantle-derived
fluids and its geologic features are similar to those of the
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Himalayan collision orogenic gold deposits. Although
opinions are different, it is accepted that the mineralizing
fluid is closely connected to the deep geological processes.
The following questions are proposed: (1) where did the
mineralizing fluid come from, the deep crust or the
mantle? (2) How did the mineralizing fluid behave: did the
deep fluid provide the mineralizing materials directly or
the crustal materials were activated by the deep fluid?
Based on the petrological and element geochemical
studies, the relationship between the black opaque ultra-
microlite material from altered lamprophyre and the
mineralization is discussed.

2 Regional Geologic Setting

Tectonically, the research area is located in the
Ailaoshan  Mountain
zone sandwiched between the Honghe River, Ailaoshan
Mountain (Cao et al., 2010; Chen et al., 2010) and the

tectonic-magmatic-metamorphic
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Jiujia-Mojiang deep faults, and is an important gold belt in
the Sanjiang River orogen. The Laowangzhai gold deposit
is situated at the hanging wall of the Jiujia-Mojiang fault,
consisting of the Lannitang, Donggualin, Laowangzhai,
Daqiaoging and Kudumu ore blocks from northwest to
southeast. The main attention is paid to the Laowangzhai
and Donggualin ore blocks in this research. Sedimentary
rocks in the two ore blocks are composed of sericite slate,
metamorphosed quartz greywacke and carbonaceous
radiolarian siliceous rocks from the Devonian, lamellar
carbonaceous marl and siliceous sericite slate from the
Carboniferous a red siltstone from the Triassic System.
Igneous rocks in this area, including lamprophyre, altered
ultrabasic rocks, altered basalt and quartz porphyry, are
well studied, but their relationship to gold mineralization
is still in question. The Laowangzhai gold deposit is well
controlled by a suite of faults which consist of northwest
first-grade faults, northwest-west second-grade faults and
northeast third-grade faults.

The three deep faults (Honghe River Fault, Ailaoshan
Mountain Fault and Jiujia-Mojiang Fault) are active in a
long geologic history with high development of tectonic-
magma-fluid activities. During the late Paleozoic Era, pull-
apart and fault depression were the main tectonic
movements in this region. From late Variscan to Indosinian
the compressional movement predominated, while in the
Yanshanian, it was converted to pull-apart again, and during
the Himalayan thrusting movement became the main
tectonic form, entering the collision orogenic process. The
collision orogenic process can be divided into three stages,
the main collision stage (65-41 Ma), the late collision stage
(40-26 Ma) and the post-collision stage (26 Ma-present)
(Hao et al., 2005; Hou et al., 2006). During the late collision
stage, metallogenesis was intensive, especially near the
tectonic node in the eastern Himalayas, and most of the gold
deposits in the Ailaoshan belt were related to the ductile
shear structures. Based on the above analysis, it is
recognized that the Laowangzhai gold deposit was formed
during the intracontinental tectonic transformation stage,
controlled by strike-slip, nappe and ductile shear structures,
and subjected to mantle upwelling, magmatism and deep
fluid activity.

3 Ore Geology Description

The Laowangzhai and Donggualin ore blocks are
composed of ultrabasic and basic volcanic rocks (the
former) and lamprophyre and quartz porphyry (the latter)
respectively, and mainly controlled by both the
Carboniferous System and the northwest structures and
paleovolcanos (Fig. 1).

The main ore bodies in the two ore blocks are in the

shape of layers, bandings, lenticles and veins, while the ore
bodies along the faults appear in branches and swarms. Late
Hercynian-Indosinian rocks are well developed, e.g.
peridotite, pyroxene peridotite, olivine pyroxenite and
pyroxenite (Liang et al., 2011). Quartz porphyry can be
seen as veins. Basic lavas and lamprophyres are closely
related to the ore-forming process (Ren et al., 1995). The
former are mainly composed of dolerite and vitrobasalt. The
lamprophyric rocks occur in veins and are dominated by
minette which is composed of biotite (phenocryst)+
pyroxene (phenocrysts, a few) + potash feldspar +
plagioclase. Some biotite phenocrysts have been replaced
by bissolithe. In the cleavages of biotite and spaces between
bissolithe grains, black opaque materials (BOM) are
developed as veinlets and speckles with the appearances of
silicon alkaline alteration such as plagioclase and quartz.
The BOM can be found in all the altered rocks which are
connected to ores. Au occurs as native gold, Ag-bearing
native gold and electrum. The metal minerals include pyrite
and arsenopyrite,
predominantly ankerite, sericite, siderite and feldspar. The
ore types consist mainly of the altered rock type and the
quartz vein type (Li, 1994, Bian, 1998, Ying and Liu,
2000), and there are still other ore types such as the altered
slate type, the metamorphic quartz greywacke as well as the
brown hematite type (Li et al.,, 1994; Bian et al., 1998,
Ying and Liu, 2000). The primary ore textures include the
cataclastic, enlarged atoll, metasomatic and wrapping ones;
the ore structures are dominated by laminated, brecciform
and network-veinlet ones.

Serpentinization, chloritization, sericitization, silication,
carbonation and sulfidization are well developed, in which
the silication, carbonation and sulfidization are poly-
staged and closely related to the gold mineralization.
Based on the alteration features and mineral paragenesis,
four mineralization stages have been recognized (Ying and
Liu, 2000): in the first stage scheelite-quartz formed with
minor gold; in the second stage carbonation, silication and
sericitization developed and native pyrite-arsenopyrite
formed; in the third stage carbonation developed and
native gold-pyrite-stibnite formed; and in the last stage
quartz and calcite formed with little gold mineralization.
indicated that gold
mineralization in the Laowangzhai gold deposit is related
to the lamprophyres, as both were formed in the
Himalayan Period (Tang et al., 1991; Wang et al., 2001),
and lamprophyre-type gold deposits account for almost
50% of the gold reserves in the Donggualin ore block.
Huang et al. (1996, 1997) suggested that these
lamprophyres were derived from the metasomatized
enriched mantle and affected by the slab fluid which was
high in *’Sr/*Sr and low in "“Nd/"**Nd. According to the

while nonmetallic minerals are

Numerous researches have
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Fig. 1. Geological sketch map of the Laowangzhai gold deposit (After Ren et al., 1995 and Huang et al., 1996).

1. Mudstone, sandstone and glutenite of the upper Triassic Yiwanshui Formation; 2. metamorphosed fine quartz graywacke and glutenite intercalated
with didrimit slate of the upper Carboniferous. Permian packing; 3. quartz graywacke intercalated with didrimit slate of the upper Carboniferous; 4.
metamorphosed quartz graywacke intercalated with didrimit slate and silicalite of the middle Carboniferous; 5. carbonaceous-argillaceous limestone
intercalated with carbonaceous-calcareous slate of the lower Carboniferous; 6. gray flaggy metamorphosed quartz graywacke intercalated with
sandy-didrimit slate of the upper Devonian; 7. basalt; 8. mimesite; 9. hyperbasite; 10. quartzophyre; 11. lamprophyre; 12. fault and number; 13.
mineralization; 14. epimetamorphic belt; 15. metamorphic bathozone; 16. Red River fault zone; 17. Ailaoshan fault zone; 18. Jiujia-Mojiang fault

zone.

PGE geochemistry of the lamprophyre, Wang et al. (2001)
suggested that Au was enriched later. It is argued that the
lamprophyre itself cannot provide ore-forming materials,
especially gold, and the ore-forming fluid should be the
mantle fluid derived from the enriched mantle during the
mantle degassing process (Li et al.,, 1995; Huang et al.,
1996, 2001; Ying and Liu, 2000; Ding et al., 2001; Zhang
etal., 2010).

4 Petrography of Rocks and Ores

Rocks and ores in the Laowangzhai gold deposit are
various, including the altered quartz porphyry, altered
quartz sandstone, serpentinized-carbonated ultrabasic
rocks (pyroxene peridotite, olivine pyroxenite, pyroxenite
and Canaanite), altered lamprophyre and altered didrimit
slate-phyllite gold ores. The petrographic features are
illustrated in Fig. 2.

The matrix of quartz porphyry from the Donggualin ore
block is mainly composed of fine-grained quartz
(seemingly related to silication) with sericite distributed
homogeneously, cut by carbonate veinlets and overprinted
by fine-grained pyrite and acicular stibnite (Fig. 2a). As
exhibited in Fig. 2b, carbonation in the altered quartz
sandstone is overprinted by metalliferous mineralization,
while in the pyroxene peridotite and olivine pyroxenite,
serpentinization was overprinted by carbonation. When
the temperature is higher than 300°C, olivine and
pyroxene will be replaced by radiating moissanite on the
one hand, and on the other hand, their margins or fissures
will be filled with carbonates; if the temperature is lower,
quartz will be released and the silicated quartz will be
contained in the carbonates veins (Fig. 2c).

Porphyritic bistagite, also the diopside, were cut by
multi-stage carbonate veinlets containing microcrystalline
quartz (Fig. 2d), which implies that early-stage alterations
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Fig. 2. Microscopic features of the alterated rocks in the Laowangzhai gold deposit.

(a) to (g), crossed polarized light in penetration of light; (h), plainlight in penetration of light: (a), mineralized-altered quartzophyre: carbonatized veinlet
superimposing mineralization of sulfide in microlithic matrix (Donggualin ore block); (b), slightly mineralized-altered feldspar quartz sandstone: accompa-
nying carbonatization and superimposing mineralization of sulfide (Donggualin ore block); (¢) , carbonatized and grammite-formed pyrolite: accompanying
strong carbonatization and grammite-formation, radiated grammite replacing originally mineral grains (Donggualin ore block); (d), silicated and car-
bonatized porphyritic-like bistagite, one carbonate vein bearing microlite quartz cutting phenocrystic malacolite and microlitic matrix, and another carbon-
ate vein cutting phenocryste, matrix and the former carbonate (Laowangzhai ore block); (e), silicated and carbonatized gold ore, finely crystallized carbon-
ate alternates orientatedly with cryptocrystallized-mirolitic as band and undulatory extinction, which indicates that intense orientated stress accompanies the
mineralization and alteration process (Laowangzhai ore block); (f), mineralized and altered silicinate quartzose sandstone, the mineralization mainly over-
prints the microlitic and finely silicated portions (Laowangzhai ore block); (g), altered lamprophyre, primitive biotite (sheet), metasomatic microciline
(radical, bluish gray-white), bissolithe (columnatic and acicular, dark green ) and BOM as inhomogeneous nodules adherent to amphibole (Donggualin ore
block); (h), altered pinal slate-phyllite: silicated veins and BOM as nodules and veinlets (Donggualin ore block).

were overprinted by later ones. As shown in Fig. 2e,
striped microcrystalline carbonates and quartz veinlets
show wavy extinction, suggesting that the alteration and
mineralization processes were affected by oriented
tectonic stresses. While in the altered quartz sandstone,
later metal mineralization mainly overprinted the
microcrystalline quartz veinlets (Fig. 2f).

However, special attention should be paid to the altered
lamprophryre, radial felsic minerals and acicular alkaline
amphiboles which are overlapped by the BOM (Fig. 2g).
Silicated quartz veinlets from altered sericite slate also
contain the BOM (Fig. 2h). Their optical characteristics
under the reflected light imply that they are not
carbonaceous, ferruginous or sulfides. Analyses of EPM,
SEM and energy spectrum indicate that the BOM is
closely related to mineralization and alteration, and it may
be a new window to look into the deep geological
processes.

5 Compositions and Nature of the BOM

5.1 Characteristics and compositions of the BOM
Results of an EPM analysis of the BOM from altered
lamprophyre are listed in Table 1, while data of the energy

spectrum analysis are listed in Table 2 in correspondence
to Fig. 3. From the data and images exhibited, the
following conclusions can be drawn .

(1) As shown in Fig. 3, the coexistence of immiscibility
and precipitating cocrystallization textures from the BOM
(diameter<6 pum, mostly 2-4 um) implies that the ore-
forming fluid has changed in nature, which is reflected by
the fact that scheelite was exsolved from rutile (Fig. 3a), a
precipitating cocrystallization texture was formed between
dolomite and rutile (Fig. 3a), and between arsenopyrite
and microcline (Fig. 3b); an exsolution texture was shown
by rutile being exsolved from specularite (Fig. 3d) and
scheelite being exsolved from rutile again (Fig. 3d), and
also the unique association of pyrite and anhydrite (Fig.
3¢). Drawn from the above analysis, the BOM is a kind of
microcrystalline-cryptocrystalline  matter composed of
silicates, carbonates and sulfides, and rich in Fe, W, and
Ti. The coexistence of immiscibility and precipitating co-
crystallization suggests that the BOM-forming fluid
changed from a melt to a hydrothermal fluid. When the
environment changed from reducing to oxidizing, S* was
converted to S*° (pyrite—anhydrite). Combining the dual
immiscibility of the BOM (Fig. 3d) and the scheelite-
bearing quartz veinlets in the field, it is argued that the
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Table 1 Electron microprobe analyses of the BOM aggregate from altered lamprophyre (DGL-02) in the Donggualin ore

block (wt%)

Measuring spot Sample No. Si0,  TiO,  AL;O; FeO MnO  MgO Ca0  Na.O K,O Cry04 Total Mineral
1 DGL02-1% 65.79  0.06 18.64 024 0.02 0.00 0.25 2.00 12.61 0.02 99.63 Microcline
2 DGL02-4 65.85  0.05 19.41 0.48 - 0.00 0.22 0.64 13.41 0.03 100.09 Microcline
3 DGL02-6 63.60 0.01 18.59 022 0.01 0.06 0.01 0.19 16.04  0.01 98.74 Microcline
4 DGL02-5 97.55  0.05 0.43 0.27 0.02 0.41 0.53 - 0.04 - 99,30 Quartz
5 075 0.13 0.33 241 057 1979 32,69 0.25 0.14 0.06 57.12 Dolomite
6 1.43 0.03 0.09 377 0.64 1540 2647 042 0.09 0.02 48.36 Dolomite
7 DGL02-2% 1.19  0.04 0.26 0.30 0.06 023 51.80 0.24 0.35 0.02 54.49 Calcite

Notes: Needle-shaped minerals @ and green slaty minerals @ in Fig. 2G; major component CO: is absentin @, ® and @
Data tested by Zheng Shu from the EMP center of the State Key Laboratory of Geological Processes and Mineral Resources, China University of
Geosciences; instrument used: JXA-8100, working voltage: 15kV, working electric current: 20 Na, probing spot diameter: 1 pm+,

Table 2 Energy spectrum analysis of the BOM aggregate from altered lamprophyre (DGL-02) in the Donggualin ore block

Measuring spot Ti Ca Mg Al Si W K Fe C As 5 0 Total Mineral

wt%  46.02  1.05 52.93 100 ]

1 - rutile
X% 2237 061 77.02 100

5 wt%  39.74 1.0l 11.51 2.81 44.93 100 tungstiferous
Xg% 2197  0.67 1.66 1.33 74.37 100 rutile
wt% 11.98 52.61 35.41 100 i

3 scheelite
Xp% 10.68 10.22 79.1 100

q wit% 13.39 7.64 33.93 45.04 100 dciomite
Xp% 5.31 S 44.92 44.77 100

5 wt% 31.02 43.64 25.35 100 SRR
X% 288 302 4l 100 g

6 wt% 8.42 2632 11.04 5422 100 wietuling
Xn% 6.34 19.05 5.74 68.87 100

7 wit% 41.88 58.12 100 s
Xa% 29.26 70.74 100 B
wit% 15.77 0.78 18.2  65.24 100 i

8 anhydrite
X% 7.76  0.64 11.2  80.41 100
wt% 04.28 35.72 100 5

9 specularite
Xu% 34.02 65.98 100

10 wit%  46.16 0.98 52.86 100 rittile
X% 2242 0.71 76.87 100

Note: Tested by Xu Jinsha at the Energy Spectrum Center of Chengdu Institute of Geology and Mineral Resources; instrument used: Hitachi-4800, Oxford

Energy Spectrum 250, probing spot diameter 4 pm=,

ore-forming mantle fluid was overlapped by the crustal
fluid related to the wolfram-forming granitic magma.

(2) Although the energy spectrum analysis is
semiquantitative, minerals of simple compositions can be
determined. And, for the silicates with clear composition
ratios, this analysis is also useful. The data listed in Table
2 and Table 1 is basically concordant. It can be deduced
from Table 2 that CO, data are mainly absent in the
measuring spots 5-7 in Table 1.

(3) As observed from Figs. 2g and 2h, the BOM is
related to silication and
comparison between Table 1 and Table 2 indicates that the
compositions of BOM are similar to those of the alteration
types (silication, carbonation and sulfidation), which
implies that the BOM-forming fluid was independent of
lamprophyre magma and could trigger off mineralization.
Then, what is the nature of this BOM-forming fluid?

alkaline metasomatism. A

5.2 Discussion on the nature of the BOM

(1) Crystalline, cryptocrystalline, microcrystalline or
non-crystalline?

It is well known that carbonaceous or metal materials,

black glass or transparent mineral crystals with diameters
smaller than 10 um will be black and opaque under the
optical microscopes. Based on Fig. 3 and Tables 1 and 2, it
is convinced that the BOM is predominantly composed of
crystalline silicates and carbonates with unclear crystal
shapes, as well as rutile, sulfides and specularite. Rutile
appears in two ways, the one is precipitating with
carbonates, and the other is non-immixing with
specularite.  Therefore, the BOM is an ultra-
microcrystalline aggregate, rather than a carbonaceous or
metal material or black glass.

(2) A melt or a hydrothermal fluid?

The occurrence of the BOM from altered lamprophyre
and sericite slate-phyllite indicates that the BOM-forming
fluid is different from the hydrothermal fluid. (a) The
compositions of the BOM suggest that it is an intermixture
of silicates, carbonates, sulfides and oxides, and not hot
hydrothermal brine. (b) During the hydrothermal fluid
process, new crystals formed, without occurrence of
cryptocrystals or noncrystyals, needless to say
immiscibility. (¢) Cryptocrystals, ultra-microlite and
noncrystyals usually formed as a result of rapid cooling of
the melt. The immiscibility exhibited in Figs. 3a and 3d is
similar to that proposed by Bea et al. (d) The coexistence of



Vol. 86 No. 3

ACTA GEOLOGICA SINICA (English Edition)

June 2012 613

dgl02 15.0kV 15.0mm x10.0k YAGBSE

- 7‘7'\lj’2‘\ Ju=== Y ,‘
dgl02-4 15.0kV 15.0mm x4 .50k SE(U)

6 um

Fig. 3. SEM images showing the compositions of the BOM in altered lamprophyre (DGL-02) from the Donggualin

ore block.

(a), the immiscibility relationship among rutile (1), tungstiferous rutile (2) and scheelite (3), and the precipitating cocrystallization relation-
ship between rutile and dolomite (4); (b), the precipitating cocrystallization relationship between mispickel (5) and microcline (6); (c), the
special-concomitant relationship between pyrite (7) and anhydrite (8); (d), the immiscibility relationship between gray hematite (9) and

rutile (10) with the exsolution of scheelite in it.

immiscibility and precipitating cocrystallization suggests
that the BOM-forming fluid has changed from the melt to
the hydrothermal fluid in correspondence to the changes in
physical and chemical conditions (high temperature—low
temperature and a reducing environment—an oxidizing
environment). Therefore, the BOM was formed during the
rapid cooling of the melt. Coltorti et al. (2004) regarded the
ultra-microlite glass-like material as a metasomatic agent of
the alkaline magma or melt.

(3) A mantle fluid or a magmatic fluid?

Generally speaking, the magmatic fluids refer to the
magma and post-magma fluids. Magma is of the ability of
crystallization, and the post-magma fluid is the
hydrothermal fluid excreted during magma crystallization
and diagenesis processes. Obviously, the BOM-forming
melt is different from the magma or post-magma fluid, but
similar to the mantle fluids. This is demonstrated as
follows:

Based on the researches on melt inclusions from mantle
xenoliths, Andersen and Neumann (2001) observed the
immiscibility among silicates, sulfides and carbonates. The
experimental pressure of the melt inclusions was lower than

the standard mantle pressure 1.4 Pa, and it is then concluded
that melt inclusions were stretched and something contained
in the inclusions might be lost. During transportation of the
melt inclusions from mantle xenoliths, the HTP mantle fluid
changed into one of relatively low temperature and
pressure. From studies of the COs,-bearing inclusions,
silicate glass and carbonates from the amphibolite-
phlogopite-spinel peridotite in Pleistocene alkaline basalts,
De Stefano et al. (2009) noticed that their 6'°0 and §"C
values cannot meet the standard mantle values, and argued
that it is the result of interaction between the alkaline
magma and mantle xenoliths, which was caused by
carbonation and the alkaline magma degassing process.
During the mantle metasomatism as mentioned above, two
assemblages were formed. The one is silicate glass-olivine-
clinopyroxene-spinel, and the other is amphibole-
phlogopite-apatite (Gregory et al, 1997). Du (1996)
regarded the alkaline metasomatism as a symbol of
transformation of a mantle fluid to a crustal fluid. Deduced
from the above analysis, coexistence of immiscibility and
precipitating cocrystallization is the result of transformation
of a mantle fluid to a crustal fluid, and the metasomatic
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elements.

6.2 Trace element geochemistry of ores and rocks

The trace element data and distribution patterns of ores
and rocks from the Laowangzhai gold deposit are given in
Table 4 and Fig. 4. The Sc, Cr and Ni contents in the
calcite vein, silicated quartz vein, wall rocks and ores are
lower than the primitive mantle values, while the LILEs
are enriched. The average contents of all these elements
are similar except the diversity in Sr, Ba and Zr contents.
And, except the altered ultrabasic intrusive rocks,
pyritized rocks and the calcite vein, Th and Ta are
enriched while Cr and Ni are depleted, which indicates
that the ore-forming fluid was derived from enriched
mantle and overlapped by crustal fluids, which triggered
off the depletion of incompatible elements and LILEs,
while the mantle fluid metasomatism brought out the
enrichment of LREEs, incompatible elements and HFSEs
(Liu et al., 2003, 2009). Through researches on the
element geochemistry of ores and rocks from the
Laowangzhai and Dongguanlin ore blocks, we have
acquired a simple but clear understanding about the
geochemical dynamics of mantle-crustal overprint during
the ore-forming process.

6.3 Rare earth element geochemistry of the ores and
rocks

The rare earth element data and major characteristic
parameters of the ores and rocks from the Laowangzhai
gold deposit are listed in Table 5. SREE varies widely,
and that of veins is the lowest. LREE changed from 1.92
to 220.43x10°°, HREE from 033 to 23.86x10°, and
LREE/HREE varied from 0.78 to 13.79. Deduced from the
REE chondrite-normalized pattern of the samples given in
Figs. 5 to 7, from veins—wall rocks—ores, dEu varies
from +JdEu—weak —JdEu—strong —JdEu, while JCe
changes from normal—weak —dCe.

As exhibited in Fig. 5, the calcite vein from the
Laowangzhai ore block, the primitive vein and the calcite
vein from the Dongguanlin ore block show +dEu, while
the late-stage silicated quartz vein from the Dongguanlin
ore block has no dEu or dCe anomaly. The trends of
increasing dEu from veins—wall rocks—ores suggest that
the ore-forming fluid has changed from high temperature
to low temperature, and from a reducing to an oxidizing
environment.

During the ore-forming process, mantle fluids were
overprinted by crustal fluids, resulting in changes of JEu
from +JEu to —JEu. The —JEu is a symbol for
hydrothermal transformation and mantle-crustal overprint
(Xu et al., 1997). Reverse trends of dEu and dCe can be
taken as signs of the mantle-crustal overprint intensity.

Based on the above discussions, it is concluded that the
ore-forming elements or fluids are not predominantly
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Fig. 4. Distribution patterns of trace elements of ore rocks
in the Laowangzhai gold deposit.
The sample numbers are the same as in Table 2.
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Fig. 5. Chondrite normalized REE distribution patterns of
quartz and calcite veins in the Laowangzhai gold deposit.
LWZ-03-3, calcite vein (in ores); DGL-02-2-1, protogene silicated
quartz vein; DGL-02-2-2, late-stage silicated quartz vein; DGL-02-3-
2, calcite vein (in ores).
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Fig. 6. Chondrite normalized REE distribution patterns of
country rocks in the Laowangzhai gold deposit.

LWZ-02-2, carbonatized quartzose sandstone; LWZ-01-4, carbona-
ceous slate; LWZ-01-1, (serpentine) altered hyperbasite intrusive
rock; LWZ-02-1, pyritization altered rock; DGL-02, altered lampro-
phyre (with quartz peritecticum); DGL-01-2, carbonaceous phyllite;
YG-41, granite porphyry*; YD-20, lamprophyre*; YD-62, mineral-
ized lamprophyre* (* data from Huang and Liu, 1999).

provided by the wall rocks or strata, but controlled by the
LREE-rich mantle fluid which was later overlapped by
crustal hydrothermal fluid. Partial melting of the primitive
mantle has led to the depletion of basaltic compositions
and incompatible elements, especially the LILEs, while
the mantle fluid metasomantism has resulted in the
enrichment of LREEs, incompatible elements and highly
siderophile elements. Based on the element geochemical



616 Mantle Fluid Action and Evolution in the Ore-Forming Process

Liu et al.

1000

- LWZ-03-1
A—DGL-02-3

A\\
100& f_'*—.&n.,_&
\E"*-F——EL\

I
SN

Sample/C1 Chondrite

1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 7. Chondrite normalized REE distribution patterns of
carbonic ores in the Laowangzhai gold deposit.

LWZ.-03-1, carbonaceous ores in the gold deposit; DGL-02-3, carbo-
naceous ores in the gold deposit.

studies of the rocks, ores and veins from the Laowangzhai
gold deposit, it is proved that deep geologic processes and
mantle-crustal contamination are the geochemical
dynamics of the ore-forming process.

7 Discussions

Studies have shown that the ore-forming fluid of the
Laowangzhai gold deposit was derived from the mantle.
The &S values of stibnite, pyrite and arsenopyrite
changed from —2.22%. to +2.27%. with a peak at 4.99%.,
suggesting that S came from the mantle (He and Hu,
1996). 6"°C of calcite from the gold ores varying from
—7.00%o0 to —2.70%o exhibited a strong magmatic feature.
The H and O isotopes of the ore-forming fluid showed that
it belonged to the Au-Cu-Fe-Co primitive magmatic fluid
(He and Hu, 1996; Bian et al., 1998), while its Pb isotope
exhibited a mantle-crustal overprint feature (Zhang et al.,
2010).

Based on the noble gas isotope studies, Hu and Tang
(1996) proved that mantle He accounted for about 11%-
52% of the total. This result is in accordance with our
research that the ore-forming fluid was derived from the
mantle. Most of the endogenic ore deposits are related to
the deep geological fluid (Mao et al., 2005) reckoned to be
a trans-magmatic fluid by Luo et al. (2007, 2008). In terms
of the trans-magmatic fluid theory (Luo et al., 2007,
2008), the ore-forming fluid system can be independent of
the magma system. Relationships between the two are
classified into three types: (1) The ore-forming fluid was
well trapped in the magma body, forming an
orthomagmatic ore deposit; (2) part of the ore-forming
fluid escaped from the magma body and flowed to the wall
rocks, forming a contact or skarn ore deposit; (3) the ore-
forming fluid escaped from the magma body totally, and
flowed along the faults, resulting in high
temperature—mesothermal temperature—low temperature
hydrothermal ore deposits. The composite metallogenesis

effects of the mantle fluid consisted of the melt or magma
from the mantle, the supercritical fluid and related
hydrothermal fluid (Liu et al., 2010). The mantle fluid
process can be divided into two steps: (1) Mantle
metasomatism, which refers to the metasomatism process
caused by mantle degassing, and alkaline magma was
formed in the enriched mantle; (2) mantle fluid
metasomatism, referring to the metasomatism process
triggered off by the fluid derived from the enriched
mantle, which is named the mantle fluid. The mantle fluid
may be independent of the magma system and changed
from melt—supercritical fluid—hydrothermal fluid, which
is favorable for the formation of various ore deposits.

Based on the above analysis, it can be deduced that the
BOM from altered lamprophyre is the result of rapid
cooling of the upwelling mantle fluid, during which
process the temperature, pressure and oxygen fugacity
changed, the mantle fluid was transformed from a melt to
a hydrothermal fluid, and the coexistence of immiscibility
and precipitating cocrystallization occurred. At the mean
time, the unconsolidified mantle fluid escaped from the
lamprophyre, moved along the faults and fractures altered
the wall rocks with carbonation, silication and sulfidation
developed. Combined with the geological backgrounds, it
is reasonable to infer that deep faults and secondary faults
played an important role in the mantle fluid transportation
and mineralization.

8 Conclusions

(1) The coexistence of immiscibility and precipitating
cocrystallization in the BOM from altered lamprophyre
suggests that the BOM is a trace or relict of the mantle
fluid during the ore-forming process. It is the mantle fluid
that triggered off mantle-crustal overprint, and provided
part of the ore-forming materials and energy.

(2) The altered wollastonite from pyroxene peridotite
can be regarded as an indicator that high-temperature
recombination reaction of siliceous carbonate melts
occurred in the alteration process, which implied that the
ore-forming fluid is a kind of mantle fluid that triggered
off the mantle-crustal overprint.

(3) The changes of major oxides exhibited as increases
of silication and alkaline elements, which is favorable for
the gold formation. The enrichment of LILEs,
incompatible and HSFEs constituted an
implication of the mantle-crustal overlap. The reverse
evolution of dEu and #Ce from the ores and rocks can be
regarded as an indicator of participation of the mantle
fluid in mineralization in the crust, which incurred the

elements

mantle-crustal contamination.
(4) The ore-forming fluid and mineralizing materials of
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the Laowangzhai gold deposit were derived partly from
the mantle, and the mantle-crustal overprint in particular
played an important role in the ore-forming process.
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