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Abstract The Cangshang gold deposit of the north-
western Jiaodong Peninsula contains reserves of greater
than 50 tonnes (t) and is developed by the largest open
pit gold mine in China. This deposit is a Jiaojia-style (i.e.
disseminated-and-veinlet) deposit. It is controlled by the
San-Cang fault zone, which trends ~040° and dips 40—
75°SE at the mine site. The main (no. 1) orebody lies
between a hanging wall of Precambrian metamorphic
rocks (mainly amphibolite) of the Fenzishan Group and
a footwall composed of the Mesozoic Linglong grani-
toid. The ore zone is mainly composed of pyritized,
sericitized and silicified granitoid, which has undergone
variable degrees of cataclasis. SHRIMP U-Pb dating of
zircon indicates that the protolith of the hanging wall
amphibolite was formed at 2530+ 17 Ma and underwent
metamorphism at 1852437 Ma. The footwall granodi-
orite has been dated at 166+4 Ma, whereas zircons
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from the ore zone yield a younger age of 154+ 5 Ma.
Cathodoluminescence images of zircons from the gran-
odiorite and ore zone show oscillatory zonation indica-
tive of an igneous origin for both and the ages of these
zircons, therefore, are all interpreted to be representative
of magmatic crystallization. Dating of sericite by
YOAr—?Ar has been used to directly determine the timing
of formation of the Cangshang deposit, providing the
first time absolute age on formation of the Jiaojia-style
gold deposits. The well-defined age of 121.3+0.2 Ma
provides the precise timing of gold mineralization at the
Cangshang deposit. This age is consistent with those of
Linglong-style (vein type) gold mineralization, also from
the north-western Jiaodong Peninsula, at between 126
and 120 Ma. Therefore, our work indicates that both
styles of gold deposits in the Jiaodong Peninsula were
formed during the same mineralization event.

Keywords “’Ar—Ar dating - Cangshang gold deposit -
Gold mineralization - North China craton -
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Introduction

Total gold reserves for China in 1998 were about
4,000 tonnes (t) with estimated potential resources of
about 10,000 t (Zhou 1998). More than 3,000 gold
deposits have been reported in various parts of China
(Yang 1996), but they are predominantly distributed
along the margins of the Precambrian cratons. Gold
deposits in China are believed to have formed over a wide
time period from early Palaeozoic to Cenozoic (Zhai and
Deng 1996; Miller et al. 1998; Zhou et al. 2002), although
much of this resource formed during the Yanshanian
orogenic event (160—70 Ma), as the result of subduction of
the Pacific plate under Eurasia (Zhai and Deng 1996). The
Jiaodong Peninsula is situated along the south-eastern
margin of the North China craton (inset of Fig. 1). This
peninsula constitutes the most important gold province in
China, with a number of lode-gold deposits combining to
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Fig. 1 Geological map of the 120000
northern Jiaodong Peninsula
showing the distribution and

size of gold deposits. Inset

map indicates its location

within the North China cra-
ton (modified from Shandong
Bureau of Geology and
Mineral Resources 1992)
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contain 25% of China’s total gold reserves (Zhou and L
2000; Zhou et al. 2002).

Jiaodong gold deposits are strongly controlled by
fault zones (Liu 1987; Qiu et al. 2002), and are either of
disseminated-and-veinlet type or of vein type. The for-
mer, which is locally termed Jiaojia-style, is associated
with the regional NNE- to NE-trending fault zones, and
is typically developed at lithologic contacts along the
fault zones rather than within single rock units. These
deposits occur where auriferous fluid infiltrates wall-
rocks along the regional fault zones, and deposits quartz
or sulphide veinlets and disseminated metal-bearing
grains. Lode-gold deposits dominated by vein type are
locally termed Linglong-style (Liu 1987). These deposits
are controlled by secondary faults off the regional fault
zones and occur where auriferous fluids filled large
fractures developed in competent host rock. Qiu et al.
(2002) inferred that both styles of gold deposit formed at
the same time, based on the similarity of geological
features, and also considered that they may be transi-
tional parts of single deposits.

Of the two styles of mineralization, only the age of
Linglong-style deposits has been well dated by both di-
rect and indirect means. Yang and Zhou (2001) have
recently obtained Rb-Sr isochron ages on pyrites of
123-122 Ma from the Linglong gold deposits. This is
consistent with SHRIMP U-Pb zircon ages of the host
rocks and post-mineralization dykes in the Linglong
goldfield, which bracket the timing of this style of de-
posit between 126 and 120 Ma (Wang et al. 1998; Qiu et
al. 2002). Whereas Wang et al. (1998) and Qiu et al.
(2002) provided a maximum age (ca. 126 Ma) for the

Jiaojia-style gold deposits, there has been no direct
dating of this style deposit.

The Cangshang gold deposit (lat. 37°20°58.9” to
37°21’44.0”N; long. 119°53’38” to 119°54’51.2”E) lies
about 20 km north of the city of Laizhou and is one of
the largest deposits (reserves of 50-100 t) in the north-
western Jiaodong Peninsula (Fig. 1). The deposit is a
typical Jiaojia-style gold occurrence. It is associated with
the San-Cang fault zone, which also structurally controls
the large Sanshandao gold deposit located 4 km north of
Cangshang (Fig. 1). The Cangshang deposit is mined
from the largest open pit in China, which exposes
excellent geological features for research work.

This paper provides the first description of the geo-
logy and mineralization at the Cangshang gold deposit.
More importantly, it provides both direct and indirect
dates for the Jiaojia style deposits, based on *°Ar—*Ar
age of sericites and SHRIMP U-Pb zircon ages of the
host rocks.

Geological setting

The western boundary of the Jiaodong Peninsula is marked by the
NNE-trending Tan-Lu fault zone (inset of Fig. 1). To the south,
this peninsula is bounded by the Yangtze craton (inset of Fig. 1),
although the precise location of its northern boundary is contro-
versial (Okay and Sengdér 1992; Yin and Nie 1993; Wang et al.
1998). Jiaodong gold deposits are located within the northern part
of the Jiaodong Peninsula (Fig. 1), which is called the Jiaobei ter-
rane (Qiu et al. 2002). This terrane represents a part of the base-
ment of the North China craton. The Precambrian sequences of
this terrane consist of the Late Archaean Jiaodong Group, the
Palaeoproterozoic Fenzishan and Jingshan Groups, as well as the
Neoproterozoic Penglai Group (Fig. 1), which are covered by



Mesozoic shales, clastic rocks and volcanic rocks (Zhou and Lii
2000). Mesozoic granitoid intrusions occupy about 43% of the
surface area of the Jiaobei terrane (Qiu et al. 2002).

Wang et al (1998) identified two main phases of deformation
within the Jiaobei terrane during the Mesozoic, with the first phase
being NW-SE oblique compression, producing prominent NNE-
to NE-trending brittle-ductile shear zones with sinistral oblique
reverse movements. This was followed by reactivation involving
development of brittle structures, which was accompanied by hy-
drothermal alteration and gold mineralization. The timing of the
two phases of deformation is constrained between 165 and 120 Ma
(Wang et al. 1998; Qiu et al 2002).

Cangshang gold deposit

The Cangshang gold deposit was discovered in 1984 by
the No. 6 Team of Geology and Exploration, Bureau of
Geology and Mineral Resources of the Shandong
Province (BGMRSP), based on interpretation of geo-
physical data, 1:50,000 scale mapping and drilling.
About 20,000 oz. of gold were produced in 1990, with
the known reserves estimated at 28.724 t. By 2001, the
known reserves were extended to 50 t, and 70,000 oz. of
gold were produced in 2001, with an average grade of
4.81 g/t and daily ore production of 1,500 to 2,000 t
(unpublished company data). In 2001, the Cangshang
open pit was 850 m in length and 390 m in width.
Mining depth was down to the minus-166-m bench,
which is the designed final mining depth. A detailed map

Fig. 2 Geologic map of the open pit of the Cangshang gold deposit
showing the location of samples collected for geochronologic study
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of the pit and the principal orebody (no. 1) is presented
in Fig. 2.

The deposit is located at the contact between a
hanging wall sequence of rocks of the Palacoproterozoic
Fenzishan Group to the south-east and the Mesozoic
Linglong granitoid in the footwall to the north-west.
The hanging-wall sequence was incorrectly considered to
be part of the Late Archaean Jiaodong Group in the
Chinese literature because of the lack of reliable geo-
chronological data. The contact is marked by the San-
Cangshang fault zone. This fault zone generally trends
~40° and dips 35-45°SE, and is poorly exposed on land
and extends to the north-east and south-west into the
Bohai Sea.

Deposit geology
Fenzishan Group

The Palaeoproterozoic Fenzishan Group (Fig. 2) makes
up the hanging wall of the Cangshang gold deposit and,
in the vicinity of the no. 1 orebody, comprises amphi-
bolite, with lesser amounts of fine-grained gneiss and
hornblendite. The amphibolite is fine-grained and con-
sists of plagioclase and hornblende, with rare quartz and
garnet. Accessory minerals include titanite, apatite and
zircon. Where fresh, the unit has a grey-green to dark
green colour. The amphibolite was metamorphosed to
upper amphibolite facies. The fine-grained gneiss, which
is intercalated with the amphibolite, is grey in colour and
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mainly composed of plagioclase, biotite and quartz.
Accessory minerals include apatite and zircon. The
hornblendite (>90% hornblende) is fine-grained, dark
green in colour and has intruded the amphibolite.

Linglong Granitoid

The Linglong Granitoid (Fig. 2), which makes up the
footwall of the Cangshang gold deposit, is exposed in
the open pit and consists mainly of granodiorite, which
is grey-white in colour and composed of plagioclase,
quartz, K-feldspar and biotite. Accessory minerals in-
clude magnetite, allanite, apatite and zircon. It has a
fine- to medium-grained, equigranular texture with a
prominent foliation and is strongly fractured.

Late dykes

A series of pegmatite dykes (Fig. 2) occur in the pit
and are flesh pink in colour and composed of K-
feldspar, quartz and plagioclase, with minor biotite.
They have a coarse-grained, massive structure and are
unaltered, which suggests that they post-date gold
mineralization.

An altered mafic dyke (Fig. 2) cuts the no. 1 orebody
and the footwall granodiorite. It is yellow-green in col-
our, and has a porphyritic texture and massive structure.
Because of strong alteration, its composition could not
be precisely determined in the field. Microscopically, it
consists of phenocrysts altered to chlorite, possibly after
ferromagnesian minerals such as pyroxene and/or oli-
vine; some tabular minerals in the groundmass were
probably plagioclase, but are now altered to sericite. The
dyke is inferred to be originally a dolerite. Based on field
observations, the dyke post-dated gold formation, but
its alteration indicates probable overlap with late
hydrothermal stages.

Cangshang fault zone

The Cangshang fault zone is the south-western segment
of the San-Cang fault zone. It is about 7 km long be-
tween the north-eastern (no. 203) and the south-western
(no. 747) exploration lines (not shown on Fig. 2), and
varies in width from 50 to 200 m. This fault zone has a
general trend of ~040° and dips 40-75°SE. In detail,
between the nos. 203 and 459" exploration lines, it
strikes 020° and dips 75°SE; between the nos. 459 and
563 exploration lines, it strikes 080-085° and dips 50°SE;
and between the nos. 563 and 747 exploration lines, it
strikes 045° and dips 40-50°SE. The sense of movement,
deduced from the striations that plunge 45° towards
220°, is reverse and oblique. The fault zone is considered
to be characteristic of compressional-shearing with
dextral movement (No. 6 Team of Geology and Explo-
ration, BGMRSP 1991). A main fault plane, marked by

a grey-coloured fault gouge zone (10-20 c¢cm in width), is
present throughout the area.

Alteration

At the Cangshang deposit (Fig. 2), the alteration styles
are dominantly silicification, sericitization, pyritization,
K-feldspar alteration, chloritization and carbonation. A
large alteration halo within the Cangshang gold deposit
is well-developed along the Cangshang fault zone.
Within the mining area, this alteration halo is 1,900 m in
length, ranges from 85 to 185 m in width, and has been
explored to a depth of 640 m. Based on the type and
intensity of alteration and the nature and distribution of
altered rocks, this alteration halo can be roughly divided
into three subzones, although these change gradually
and there are no clear boundaries between them. The
alteration zones are the nos. I, II and III zones,
respectively, on Fig. 2. The no. I alteration zone is
situated below the main fault plane and adjacent to the
footwall of Linglong granodiorite. This zone is charac-
terized by K-feldspar alteration, sericitization and sili-
cification and consists of altered Linglong granodiorite.
The intensity of alteration is weaker than in the other
zones, because it is farther away from the main fault
plane. The no. II zone is developed below and adjacent
to the main fault zone. This zone is characterized by
strong pyrite alteration, sericitization and silicification
and is composed mainly of pyrite—sericite—quartz rocks.
The no. III alteration zone is located on the hanging
wall side of the main fault plane, within and adjacent to
rocks of the Fenzishan Group, but is terminated to the
west by the F2 Fault, striking 015° and dipping 66—
80°SE. This portion of the alteration zone is wider and
extends for as much as 60 m into the hanging wall
(Fig. 2). The no. III zone is characterized by sericitiza-
tion, silicification and chloritization of the sheared rocks
of the Fenzishan Group.

No. 1 orebody

The no. 1 orebody is predominantly controlled by the
Cangshang fault zone (Fig. 2) and has 98% of the
proven reserves. It lies within the no. II alteration zone
and is as far as 50 m structurally below, and parallel to,
the main fault plane (Fig. 2). The known length of the
no. 1 orebody is 1,360 m between the nos. 449 and 547
exploration lines, and in the open pit the orebody is
mainly exposed between the nos. 451 and 507 explora-
tion lines (Fig. 2). The grade of the no. 1 orebody
changes considerably throughout the deposit (see Fig. 3
for vertical changes in ore grade). Its average thickness is
9.98 m, with a maximum of 43.43 m; its mean grade is
4.81 g/t, with a maximum of 24.53 g/t. In the open pit,
the no. 1 orebody mainly comprises pyritized, sericitized
and silicified granitic rock, with different degrees of ca-
taclasis. It lacks sharp boundaries within the no. II



Fig. 3 Vertical section showing
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alteration zone and it is only distinguished by grade
analysis with the cut-off taken at 2.13 g/t. The no. 1
orebody pitches in a north-easterly direction at 35-40°.
To the north of the no. 459" exploration line, the ore-
body strikes 021-050° and dips 70-88°SE; to the west of
the no. 459 exploration line, it strikes 080-085° and dips
48—60°SE. The trend and sense of movement on the
mineralized fault zone indicates that the orientation of
maximum compression was approximately south-east—
north-west. To the west of the no. 459 exploration line,
there are two groups of mineralized fractures. The best
developed set strike 070-090° and dip 40-60°SE, which
is essentially concordant with the orebody. A second set
strikes 040-060° and dips 50-70°SE (Fig. 4a). To the
north of the no. 459" exploration line, there only exists
one set of mineralized fractures, which strike 040-050°
and dip 45-65°SE (Fig. 4b; No. 6 Team of Geology and
Exploration, BGMRSP 1991).

Ore mineralogy and paragenesis

Sulphide minerals in the deposit include mainly pyrite,
sphalerite, galena, chalcopyrite and arsenopyrite.
Among them, pyrite is the most abundant and the
main gold-bearing mineral within the deposit. Gangue
minerals dominantly comprise quartz, sericite, feldspar,
calcite, barite and chlorite. Gold minerals are domi-
nantly electrum with trace amounts of native gold. The
ore consists mainly of quartz, sericite, pyrite and small
amounts of other sulphide minerals, including sphale-
rite and galena. Based on the mineralogical, textural
and crosscutting relationships observed in the field
(Fig. 5), several stages of hydrothermal mineral for-
mation have been identified. In total, four stages have
been identified (Fig. 6) and, from the oldest to the
youngest, these stages are stage | pyrite—quartz, stage 2
gold—quartz—pyrite, stage 3 quartz—base metal sulphide
minerals and stage 4 quartz—calcite. Fluid inclusion
studies suggest temperatures associated with stages 1 to
4 are 330-300, 300-250, 250-200 and 200-80 °C, re-
spectively (No. 6 Team of Geology and Exploration,
BGMRSP 1991).

The stage 1 mineral assemblage consists of coarse-
grained pyrite and quartz, with minor arsenopyrite. The
pyrite is light yellow-white in colour and has a strong
metallic lustre. It generally forms euhedral cubes and

ranges from 0.5 to 3.5 mm in diameter. Fractures are
well-developed in the pyrite, and many other later stage
sulphide minerals, such as chalcopyrite and galena, oc-
cur as infillings. The quartz is milk-white in colour, with
a greasy lustre, and is coarse-grained with a subhedral
habit.

20°
40°

//
W2

AW/

5 0 5 15
Number of Mineralized Fractures
(total = 82)

Wos 15 5 0 5 15 2s®
Number of Mineralized Fractures
(total =41)

Fig. 4 Rose diagrams of orientations of mineralized fractures in
the open pit of the Cangshang gold deposit a to the west of no. 459
exploration line, b to the east of no. 459 exploration line (based on
data from the No. 6 Team of Geology and Exploration, BGMRSP
1991)

Stage 2 veinlets
[==]Stage 3 veinlets

Altered cataclastic
granite

= Stage 1 veinlets

Fig. 5 A field sketch showing the crosscutting relationships
amongst three stages of veining at the Cangshang gold deposit
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Minerals | Stage |
Arsenopyrite——— =
Pyrite
Quartz
Native gold ——
Electrum —_— =
Siderite —
Ankerite
Pyrrhotite
Sphalerite
Chalcopyrite,
Galena
Freibergite
Sericite
Feldspar —_—
Calcite
Barite
Chlorite | —
TE‘“PEFNUTC;}}O—SOWC 300-250°C | 250-200°C |200-80°C

Stage 4 |

Fig. 6 Paragenetic sequence of hydrothermal minerals of the
Cangshang gold deposit (data from the No. 6 Team of Geology
and Exploration, BGMRSP 1991)

The mineral assemblage of stage 2 is dominantly
pyrite, quartz, arsenopyrite, ankerite, siderite, electrum
and native gold. The pyrite, light yellow in colour with a
weak metallic lustre, generally forms euhedral cubes and
is fine- to medium-grained (0.08-0.36 mm in diameter).
The quartz is fine-grained and granular, with a light grey
colour and vitreous lustre.

In stage 3, the mineral assemblage is more complex and
dominantly composed of quartz, pyrite, chalcopyrite,
galena, sphalerite and electrum. This paragenesis forms
veinlet and disseminated mineralization. The dark yellow
pyrite has a dull lustre and is very fine-grained
(0.012-0.048 mm in diameter). The quartz is also very
fine-grained, smoke-grey in colour, with a vitreous lustre.

The mineral assemblage in stage 4 mainly consists of
calcite, quartz, barite and chlorite, occurring as veinlets
filling late fractures. The calcite is typically anhedral
with well-developed twins. Fine-grained subhedral
quartz is distributed in the calcite aggregates. This stage
post-dates the gold mineralization because it cuts the
mineralized veins.

SHRIMP geochronological constraints

In order to provide constraints on the timing of gold
mineralization, as well as to understand the geological
evolution of the region, whole rock samples from the
no. I alteration zone (Cl), from the no. Il alteration
zone (C2), from the no. 1 orebody (C3) and from the
hanging wall (C4) of the Cangshang gold deposit
(Fig. 2) were selected for U-Pb zircon analysis. Unfor-
tunately, sample C2 contained insufficient zircon for
analysis. A sample from the altered dolerite dyke, which
cuts the no. 1 orebody (CD19-1), was also processed.
However, it lacked zircons, so the minimum age of the
gold mineralization at the Cangshang gold deposit
cannot be constrained in this manner.

Zircon analyses were carried out on a sensitive
high resolution ion microprobe mass spectrometer

(SHRIMP) operated at Curtin University of Technology.
The SHRIMP analytical technique and data treatment
are described in detail by Nelson (1997) and Williams
(1998). SHRIMP results for the samples are listed in
Table 1 and illustrated on concordia diagrams in Fig. 7.
All errors for individual analyses in Table | are given as
lo. Group ages in concordia plots are quoted with 95%
confidence error limits (20).

Altered footwall granodiorite (sample C1)

Sample C1 from the no. I alteration zone of the Cang-
shang gold deposit (Fig. 2) is a weakly sericitized,
medium-grained granodiorite with a hypido- to allo-
triomophic equigranular texture. It comprises plagio-
clase (50%), quartz (30%), potassic feldspar (18%),
muscovite (2%), biotite (mostly replaced by muscovite,
1%), and minor calcite, apatite and zircon. Zircons are
usually enclosed in quartz and range in colour from
colourless to pale purple with most having a pale brown
colour. The selected zircons vary in size from 74 to
132 pm and most are euhedral, with pyramidal termi-
nations. The average elongation ratio is about 2:1, with
a maximum of 4:1. Thirty-four analyses were made on
33 zircon grains (Table 1 and Fig. 7a), and ages range
from 2542+ 8 to 160 +7 Ma.

Ten analyses of the youngest ten grains from the
sample form a coherent group (group 1 in Fig. 7a) with
a weighted mean 2°°Pb/238U age of 166+4 Ma and a
chi-square value of 1.06. The U and Th contents of these
ten spots range from 58 to 365 ppm and from 7 to
347 ppm, respectively (Table 1). The Th/U ratios vary
from 0.06 to 1.00. Cathodoluminescence images of
group 1 crystals indicate all are from grains with well-
developed oscillatory zoning, which either constitutes
the entire grain (Fig. 8a) or forms a broad rim sur-
rounding a core (Fig. 8b). This growth pattern is indi-
cative of crystallization from a melt (Vavra 1990) and
the age of 166+4 Ma is taken as the age of igneous
crystallization of the footwall granodiorite.

The remaining zircons in the sample are considered to
be inherited. These include a second relatively homoge-
neous group (group 2 in Fig. 7a) of six analyses of six
zircons. The uranium content of spot 20.1 is very high
(2,225 ppm), whereas the uranium contents of the other
five spots range from 39 to 761 ppm. The thorium
contents of the six spots range from 1 to 38 ppm, with
Th/U ratios of 0.02 to 0.1 (Table 1). Cathodolumines-
cence imaging revealed group 2 analyses are all from
oscillatory zoned zircons with some evidence of possible
internal recrystallization (Fig. 8c). These give an age of
244+ 11 Ma with a chi-square value of 2.41. This is
coincident with the age of ca. 250-210 Ma for inherited
zircons in the Linglong granitoid reported by Wang et al.
(1998).

Inherited zircons occur with ages between 2200 and
800 Ma, but no statistical group could be defined
(Fig. 7a). The oldest near-concordant *°’Pb/**°Pb age of
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Fig. 7 U-Pb concordia diagrams showing total SHRIMP data for
a sample C1 (host rock of weakly altered granodiorite), b sample
C3 (orebody) and ¢ sample C4 (host rock of amphibolite) from the
Cangshang gold deposit. Error boxes are 1o

2542+ 8 Ma (lo) was obtained from an inherited core
(spot 10.1 in Fig. 7a).

Orebody (sample C3)

Sample C3 was taken from a strongly altered granitic
cataclasite within the no. 1 orebody of the Cangshang
Gold Deposit (Fig. 2). The rock has undergone ex-
tensive silicification, along with pyrite and sericite al-
teration. The rock is now composed mainly of quartz
(80%), sericite (18%) and opaque minerals (2%). The
zircons are contained mainly in sericite aggregates and
also within quartz. The zircons analysed range in size
from 105 pum to minus 74-pm and are colourless. They
vary in shape from rounded to euhedral and the
average elongation ratio is about 2:1. Twelve analyses
were carried out on ten zircon grains, with ages
ranging from 2517+8 to 145+5 Ma (Table 1 and
Fig. 7b).

The main population consists of six analyses of four
grains, which form a coherent group (group 1 in Fig. 7b)
and have a weighted mean 2°°Pb/238U age of 154+ 5 Ma

149

with a chi-square value of 1.59. The uranium content of
spot 5.1 is high (1,060 ppm), whereas the uranium con-
tents of the other five spots range from 85 to 302 ppm.
The thorium contents of the six spots range from 27 to
168 ppm, with Th/U ratios of 0.2 to 1.06 (Table 1).
Cathodoluminescence images show oscillatory zonation
patterns (Fig. 8d), which suggests that these grains are
magmatic in origin and 154+ 5 Ma is interpreted as the
age of the host to the orebody. The age of 154+5 Ma
may represent either a slightly later period of granite
crystallization, or a granitic dyke emplaced along the
eventual ore zone after intrusion of the footwall gran-
odiorite at 166 £4 Ma. It thus provides the maximum
age of gold-related alteration at the Cangshang gold
deposit.

Analysis spot 9.1 yields the oldest inherited concor-
dant 2°’Pb/20Pb age of 2517+8 Ma (lo; Fig. 7b),
which coincides with the oldest inherited zircon age

(b) C1
—
7
1675 Ma m

166+4 Ma F!!

100 pm

(d) C3

e

242+6 Ma
20 pm

100 pm

“1796+123 Ma

i A0
S0 pm S0 pm

Fig. 8a—f A selection of cathodoluminescence (CL) images of
zircons extracted from samples Cl, C3, and C4 from the
Cangshang gold deposit. Scales are given on photographs in pm.
The white circles are the SHRIMP ion-probe analysis spots.
a Zircon grain 5 of sample C1, showing the very distinct magmatic
oscillatory zonation throughout the crystal. The 2°°Pb/***U age of
spot 5.1 is 16745 Ma. b Zircon grain 11 of samgle Clﬁ showing a
distinct core overgrown by a younger rim. The 2°°Pb/***U age of
spot 11.1 is 166 +4 Ma. ¢ Zircon grain 13 of sample C1, showing
oscillatory zonation with some evidence of possible internal
recrystallization. Spot 13.1 is located in the oscillatory zoned
portion and its 2°°Pb/**¥U age is 242+ 6 Ma. d Zircon grain 5 of
sample C3, showing igneous oscillatory growth zones. The
206pp/238Y age of spot 5.1 is 156+2 Ma. e Zircon grain 6 of
samgle C4 showing no structural zoning and a bright CL pattern.
The 2°’Pb/?%Pb age of spot 6.1 is 1796 + 123 Ma. f Zircon grain 19
of sample C4 shows concentric growth zoning, which is typical of
magmatic zircons, and a bright low-uranium content of the
metamorphic rim. The 2°’Pb/?°°Pb age of spot 19.1 is 2553+ 17 Ma
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(2542 £8 Ma) of sample C1. Accordingly, the age of ca.
2500 Ma represents a Late Archaean igneous event in
the basement of this region.

Hanging-wall amphibolite (sample C4)

Sample C4 was obtained from the hanging wall of the
no. 1 orebody of the Cangshang gold deposit (Fig. 2)
and is an amphibolite containing green and brown
hornblende (48%), plagioclase (40%) and pyroxene
(10%), as well as accessory grains of quartz. Zircons
occur within the hornblende and those analysed range in
size from plus 132 to minus 74-pum. They are pale purple
to colourless, and neither optical zoning nor cores are
evident. Twenty-seven analyses were undertaken on 27
zircon grains, and ages vary from 2553+17 to
1125+ 809 Ma (Table 1).

Six analyses of six zircons define a concordant pop-
ulation (group 1 in Fig. 7¢) with a 2*’Pb/**°Pb age of
1852+ 37 Ma. Another zircon population consists of
seven analyses of seven zircons, which form a cluster of
variously discordant anal(?/ses (group 2 in Fig. 7c) having
a weighted mean 2°’Pb/?°°Pb age of 2530+ 17 Ma.

Under Cathodoluminescence, the two different pop-
ulations of zircons (groups 1 and 2) exhibit distinct
patterns. The younger zircon portions (group 1) lumi-
nesce brightly, indicating low uranium content, and have
no structural zoning (Fig. 8¢). The older zircons (group
2) have well-defined concentric growth zoning, which is
typical of magmatic zircons, and have low-uranium
(bright) overgrowths (Fig. 8f). This evidence substanti-
ates that the older zircon represents the age of the ig-
neous protolith and that the younger zircon formed
during a major metamorphic event resulting in meta-
morphic overgrowth of zircon rims onto pre-existing
zircons and also the formation of new grains (Fig. 8e).

YOAr—?Ar geochronology

Because white mica is a common hydrothermal mineral
in these gold deposits, “’Ar—°Ar dating of this mica is a
potentially useful technique for determining the timing
of gold mineralization. This is particularly so in regions
where ambient temperatures during mineralization were
below the closure temperature (35050 °C) for argon
diffusion in muscovite (McDougall and Harrison 1988),
which is the case here (see Fig. 6). Muscovite is also
resistant to diffusive argon loss when subjected to post-
crystallization thermal disturbances (Dunlap et al. 1991)
and rarely incorporates large amounts of excess ‘’Ar
(McDougall and Harrison 1988).

Strict definitions of age plateaus, which assume vol-
ume diffusive behaviour during vacuum heating, have
not been used for hydrous minerals such as muscovite,
as they degas largely by dehydroxylation and other
mechanisms (Hodges et al. 1994), rather than by volume
diffusion. Instead, using the age of plateau-like segments

(i.e. flat portions in “’Ar—>°Ar spectra) has been advo-
cated (Kent and Hagemann 1996). Ages of plateau-like
segments can be calculated by weighing the age and
precision of each step to the amount of 3°Ar released. If
steps are older or younger than the majority of steps in
the plateau-like segment, they are not included in the
final age calculation.

Based on the above assumptions and in order to
better constrain the age of gold mineralization at the
Cangshang gold deposit, hydrothermal muscovite from
sample CD8-2 (Fig. 2) from the no. 1 orebody was se-
lected for analysis by the *“°’Ar—*°Ar technique. In hand
specimen, sample CD8-2 is green-grey in colour and
consists of quartz, muscovite and opaque minerals.
Muscovite commonly occurs as aggregate among quartz
grains. In thin section, the size of individual muscovite
flakes ranges from 20 to 800 um, but is generally in the
range of 150-350 pm. These flakes surround quartz and
opaque minerals. Quartz is common and shows undu-
lose extinction. Auriferous pyrite occurs in textural
equilibrium with muscovite as euhedral crystals. The
muscovite separate was prepared using standard heavy-
liquid techniques (Kent and McDougall 1995). A 79.3-
mg separate with high purity was sent to the US
Geological Survey’s isotope laboratories in Denver,
Colorado, for argon analysis. A detailed description of
the “°Ar—?Ar analytical technique used in the Denver
laboratories may be found in Shaw et al. (1999).

The “°Ar—*’Ar release data are presented in Table 2
and age spectrum and isochron diagrams for sample
CDS-2 are shown in Fig. 9. Errors for apparent ages in
Table 2 are given as lo. The plateau-like segment age
and corresponding isochron age in Fig. 9 are quoted
with 95% confidence error limits (2¢). In this study, 12
temperature steps were used. The **Ar—"’Ar spectrum of
muscovite (Fig. 9a) from sample CD8-2 exhibits young
ages in the early stages (steps 1, 2 and 3) and final stage
(step 12) of gas release, and illustrates well-defined pla-
teau-like segments (steps 4-11) with 95.6% of **Ar re-
leased corresponding to an age of 121.3+0.2 Ma. The
isochron age is 121.1 £0.5 Ma (Fig. 9b), which is iden-
tical within error to the age of the plateau-like segments.
Because the age spectrum for sample CDS8-2 reveals no
indication of argon loss sufficient to significantly lower
the plateau-like segment age, the “°Ar—"Ar age of ca.
121 Ma obtained from muscovites is interpreted as the
time of gold mineralization at the Cangshang deposit.

Discussion

The Cangshang gold deposit is a structurally controlled
ore system within the local Cangshang fault zone and is
associated with a zone of auriferous alteration as wide as
185 m. The Cangshang fault zone underwent several
deformational episodes, with the trend and sense of
movement on the mineralized fault zone indicating that
the orientation of maximum compression was approxi-
mately south-east-north-west during the period of gold
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Table 2 “°Ar—°Ar release data for sericite separates from the sample CD8-2 from the Cangshang gold deposit

Temp. Radiogenic “°Ar K-derived *Ar F Radiogenic PAr Apparent age
(°C) (107'¢ mol) (107" mol) Value yield (%) (Ma at lo)
500 0.31573 0.02601 12.137 56.1 1.0 105.07 +1.06
600 0.21375 0.01619 13.199 87.8 0.6 113.97+£1.55
700 0.83953 0.06106 13.749 94.3 2.4 118.57+0.33
800 2.86703 0.20208 14.188 97.2 7.8 122.23+0.18
850 2.99296 0.21271 14.070 97.6 8.2 121.25+0.18
900 3.85203 0.27404 14.057 97.5 10.6 121.13+0.18
950 5.79932 0.41441 13.994 98.2 16.1 120.62+0.18
1,000 7.39248 0.52588 14.057 98.9 20.4 121.14+0.29
1,050 7.42284 0.52608 14.110 98.7 20.4 121.58 £0.23
1,100 3.22358 0.22886 14.085 98.1 8.9 121.37+0.18
1,150 1.17392 0.08347 14.063 96.7 3.2 121.19+0.44
1,250 0.14430 0.01049 13.750 88.0 0.4 118.58 £2.28
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Fig. 9a,b Age spectrum for hydrothermal muscovites from sample
CDS-2 from the Cangshang gold deposit. b Isochron diagram of
plateau-like segments (steps 4-11) in a

mineralization. It forms part of a larger structure, the
San-Cang fault zone, which is a deep, ductile shear zone
with superimposed later brittle components that prob-
ably ultimately relate to the Eurasian and Pacific plate
interactions during the late Mesozoic. The nearby first-
order Tan-Lu fault zone, which constitutes a major
lithospheric fracture, has been proposed as a fluid
pathway for mineralization in the Jiaobei terrane (Zhang
1990; Cai 1993; Ren et al. 1997) and may have been the
main regional fluid conduit.

The Cangshang gold deposit is a Jiaojia-style (i.e.
disseminated-and-veinlet) gold deposit. It is situated
at the contact between a hanging-wall sequence of

Palaeoproterozoic Fenzishan Group amphibolite and a
footwall sequence of Mesozoic Linglong granitoid. The
alteration styles at the Cangshang gold deposit include
silicification, sericitization, pyritization and K-feldspar
alteration, which are consistent with other gold deposits
in the Jiaobei terrane (Wang et al. 1998). On the basis of
the mineralogical, textural and crosscutting relation-
ships, four stages of veining have been identified, con-
sisting of pyrite—quartz (stage 1), gold—quartz—pyrite
(stage 2), quartz—base metal sulphide (stage 3) and
quartz—calcite (stage 4). During stages 2 and 3, dissem-
inated-and-veinlet style gold deposition formed the main
orebodies.

The host rock in the footwall of the no. 1 ore zone is
granodiorite with a crystallization age of 166+4 Ma,
obtained from whole zircon grains and zircon over-
growths. The no. 1 ore zone mainly consists of pyritized,
sericitized and silicified granitic rock with different de-
grees of cataclasis. The zircons obtained from it have an
age of 154+ 5 Ma and cathodoluminescence images re-
veal oscillatory zoning, suggestive of a magmatic origin.
Therefore, the host granitoid was crystallized at ca. 166—
154 Ma. It belongs to the Linglong granitoid suite (with
ages between 165 and 150 Ma) of Wang et al. (1998),
which is related to the Yanshanian tectono-magmatic
event (Xu et al. 1989). The age of 154+ 5 Ma could be
interpreted to indicate the age of one magmatic episode
within the Yanshanian orogen. During this stage, a
younger granitoid possibly intruded along the contact
between the granodiorite (166 +4 Ma) and amphibolite
(1852 +37 Ma) and was strongly altered and deformed
during ore formation. Accordingly, this provides a
maximum age for gold mineralization at the Cangshang
gold deposit. However, the host granodiorite of the
Sanshandao gold deposit, also controlled by the San-
Cang fault zone, is 128+2 Ma (Wang et al. 1998) and
these two deposits have essentially the same ore minerals
and alteration assemblages (Qiu et al. 2002). Therefore,
it can be argued that the age of 128+2 Ma indirectly
constrains the maximum age of gold mineralization
event in this area.

In order to directly determine the timing of formation
of the Cangshang gold deposit, Ar—Ar dating of sericite
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from the gold orebody was carried out. The well-defined
plateau-like segment age of 121.3+0.2 Ma provides the
precise time of Cangshang deposit formation. In a recent
study, Yang and Zhou (2001), using the Rb—Sr method
on pyrite in gold-bearing quartz veins, directly dated the
age of formation of the Linglong gold deposit (Ling-
long-style) in the north-western Jiaodong Peninsula as
123-122 Ma. In addition, the ages of the host rocks and
a post-mineralization porphyry dyke in the Linglong
goldfield, determined by the SHRIMP zircon U-Pb
technique, constrained the age of gold mineralization at
between 126 and 120 Ma (Wang et al. 1998; Qiu et al.
2002). Therefore, the sericite Ar—Ar age for the forma-
tion of the Jiaojia-style gold deposit at Cangshang is
consistent with the age of Linglong-style gold deposits in
the north-western Jiaodong Peninsula. Furthermore,
our results confirm that there was a single lode-gold
mineralization event (ca. 123-121 Ma) in the north-
western Jiaodong Peninsula (Wang et al. 1998) during
which both Jiaojia-style and Linglong-style gold depos-
its were formed.

Miller et al. (1998) pointed out that multiple orogenic
events and associated magmatic activity, along with
crustal scale structures at terrane and craton sutures,
provide a favourable metallogenic scenario for gold
deposits along the margins of the North China craton.
The Jiaobei terrane of the Jiaodong Peninsula, which is
located along the south-eastern border of the North
China craton, experienced both strong Indosinian (early
Mesozoic) and Yanshanian (late Mesozoic) orogenies
(Wang et al. 1998). Therefore, its unique tectonic setting,
leading to a very favourable system of fluid conduits,
may explain why such large gold deposits occur in this
area. Wang et al. (1998) showed that the geological and
isotopic characteristics of the gold deposits in the Jia-
odong region are consistent with derivation of the ore
fluid from deep-seated sources in the lower crust and/or
mantle.
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