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Research Article

 

Absence of Archean basement in the South Kunlun Block: Nd-Sr-O isotopic 
evidence from granitoids

 

C

 

HAO

 

 Y

 

UAN

 

,

 

1,2,†

 

 M

 

IN

 

 S

 

UN

 

,

 

1,

 

* M

 

EI

 

-F

 

U

 

 Z

 

HOU

 

,

 

1

 

 H

 

UI

 

 Z

 

HOU

 

,

 

3

 

 W

 

ENJIAO

 

 X

 

IAO

 

4

 

 

 

AND

 

 J

 

ILIANG

 

 L

 

I

 

4

 

 

 

1

 

Department of Earth Sciences, The University of Hong Kong, Pokfulam Road, Hong Kong, China 
(email: minsun@hkucc.hku.hk), 

 

2

 

Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 
510640, China, 

 

3

 

Department of Geology, Peking University, Beijing, 100871, China and 

 

4

 

Institute of Geology and 

 

Geophysics, Chinese Academy of Sciences, Beijing, 100029, China

 

Abstract

 

The West Kunlun mountain range along the northwestern margin of the Tibetan
Plateau is crucial in understanding the early tectonic history of the region. It can be divided
into the North and South Kunlun Blocks, of which the former is considered to be part of the
Tarim Craton, whereas consensus was not reached on the nature and origin of the South
Kunlun Block. Samples were collected from the 471 Ma Yirba Pluton, the 405 Ma North
Kudi Pluton and the 214 Ma Arkarz Shan Intrusive Complex. These granitoids cover
approximately 60% of the Kudi area in the South Kunlun Block. Sr, Nd, and O isotope
compositions preclude significant involvement of mantle-derived magma in the genesis of
these granitoids; therefore, they can be used to decipher the nature of lower–mid crust in
the area. All samples give Mesoproterozoic Nd model ages (1.1–1.5 Ga) similar to those of
the exposed metamorphic complex of this block but significantly different from those of the
basement of the North Kunlun Block (2.8 Ga). This indicates that the South Kunlun Block
does not have an Archean basement, and, thus, does not support the microcontinent model
that suggests the South Kunlun Block was a microcontinent once separated from and later
collided back with the North Kunlun Block.
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INTRODUCTION

 

The West Kunlun mountain range along the north-
western margin of the Tibetan Plateau is one of
the most poorly understood orogenic belts in
China. It consists of the North and South Kunlun
Blocks (Fig. 1), welded together during the
Paleozoic (Pan 1996). Because of the existence of a
Paleoproterozoic or earlier basement, the North
Kunlun Block is generally considered to be part of
the Tarim Craton (Ding 1996; Matte 

 

et al

 

. 1996;
Mattern 

 

et al

 

. 1996; Pan 1996; Mattern &

Schneider 2000), whereas there is considerable
debate concerning the nature and origin of the
South Kunlun Block. Several tectonic models have
been proposed to explain the geological evolution
of the area, such as the microcontinent model
(Jiang 1992; Pan 

 

et al

 

. 1994; Li 

 

et al

 

. 1995; Mattern

 

et al

 

. 1996; Pan 1996; Mattern & Schneider 2000),
the subduction–accretion model (Chang 

 

et al

 

.
1989; Sengör 1990; Sengör & Okurogullari 1991)
and the archipelago model (Yao & Hsü 1994; Hsü

 

et al

 

. 1995). One of the key points for the validity of
any of these models is whether the South Kunlun
Block shares a common basement with the North
Kunlun Block and the Tarim Craton.

Crust-derived granitoids can be used to probe
the nature of their crustal sources (Miller 

 

et al

 

.
1990; Farmer 1992; Johannes & Holtz 1996); in
particular, the isotopic composition of granitoids
might reflect the tectonic setting and crustal struc-
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ture (Borg 

 

et al

 

. 1990). Large amounts of grani-
toids are exposed in the West Kunlun mountain
range, but systematic isotopic data are rare for
these intrusions. This study provides Nd-Sr-O iso-
topic data for some selected granitic samples from
the Kudi area, which allow us to constrain the
nature of the basement of the South Kunlun Block.

 

REGIONAL GEOLOGY

 

The Tibetan Plateau is composed of several conti-
nental and arc terranes, successively accreted
from Gondwanaland to Laurasia (Chang 

 

et al

 

.
1986; Dewey 

 

et al

 

. 1988). The Kunlun mountain
range in the northern margin of the plateau
records the earliest history of the plateau (Pan

 

et al

 

. 1994). This mountain range is divided by the
Altyn Fault into the west and east segments
(Fig. 1). The West Kunlun is further subdivided
into the North and South Kunlun Blocks by the
mid-Kunlun Suture marked by the Kudi–Subashi
Ophiolitic Belt, which indicates the existence of an
important ocean in the past, the Proto-Tethys
(Deng 1989; Pan 1996; Yang 

 

et al

 

. 1996) (Figs 1,2).
Collision of the two blocks is considered to have
resulted in the closure of this ocean and, conse-
quently, a significant orogenic event in the early
Paleozoic (Matte 

 

et al

 

. 1996; Mattern 

 

et al

 

. 1996;
Pan 1996).

The basement of the North Kunlun Block is
dominated by Paleoproterozoic–Archean gneiss
and migmatite, which are intruded by 2.2 Ga gran-
ites (Xu 

 

et al

 

. 1994; Pan 1996). Isotope analyses
yielded a depleted mantle Nd model age of 2.8 Ga
(Arnaud & Vidal 1990), indicating that the North
Kunlun Block shares an Archean basement with
the Tarim Craton (Matte 

 

et al

 

. 1996). The overly-
ing sedimentary rocks include clastic rocks and
carbonate; that is, the Sinian (Neoproterozoic)–
Ordovician Kilian Group (Chang 

 

et al

 

. 1989), the
Devonian Tisnab Group (Wen 

 

et al

 

. 2000) and the
late Paleozoic–Cenozoic strata (Mattern 

 

et al

 

.
1996; Pan & Bian 1996). The existence of a base-
ment older than the Paleoproterozoic supports the
idea that the North Kunlun Block is the southern
continuation of the Tarim Craton (Matte 

 

et al

 

.
1996; Mattern 

 

et al

 

. 1996; Pan 1996).
A metamorphic complex also exists in the South

Kunlun Block, which primarily consists of schist
and gneiss with local, lens-shaped ultramafic
rocks, and underlies late Paleozoic to Mesozoic
clastic rocks, carbonate and volcanic rocks (Geo-
logical Investigation Team Two 1985; Deng 1989;
Gaetani 

 

et al

 

. 1990; Mattern 

 

et al

 

. 1996). Although
this complex is lithologically similar to its counter-
part of the North Kunlun Block, its age has not
been well constrained. Pan and Bian (1996) and
Matte 

 

et al

 

. (1996) surmised an age of Paleo–
Mesoproterozoic, whereas Sengör and Okurog-

 

Fig. 1

 

Tectonic framework of the
Tibetan Plateau and adjacent areas.
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ullari (1991) and Sengör and Natal’in (1996)
assigned it to the Neoproterozoic–early Paleozoic.
Zhou (1998) obtained 1.1–1.4 Ga Nd model ages for
gneissic rocks of this complex. Recently obtained

 

40

 

Ar/

 

39

 

Ar ages for biotite and K-feldspar separates
from the complex range from 452 Ma to 350 Ma
(Matte 

 

et al

 

. 1996; Li 

 

et al

 

. 2000; Zhou 

 

et al

 

. 2000),
which are interpreted to reflect an early Paleozoic
collisional event (Pan 

 

et al

 

. 1994; Matte 

 

et al

 

. 1996;
Xiao 

 

et al

 

. 2002; Yuan 

 

et al

 

. 2002).

 

GRANITIC PLUTONS IN THE KUDI AREA

 

Granitic plutons are widely distributed in the West
Kunlun range (Fig. 2), with ages mainly in two
populations: an older suite (518–384 Ma) and a
younger suite (290–180 Ma) (Cowgill 

 

et al

 

. 2002).
Samples for this study were collected from the
Yirba Pluton, the North Kudi Pluton (NKP) and
the Arkarz Shan Intrusive Complex (ASIC). These
intrusions occupy approximately 60% of the Kudi

area in the South Kunlun Block. The Yirba Pluton
and NKP have an early Paleozoic age and are con-
sidered to be products of the closure of Proto-
Tethys (Pan 

 

et al

 

. 1994; Matte 

 

et al

 

. 1996; Mattern

 

et al

 

. 1996; Pan 1996). The ASIC, covering an area
of 

 

> 

 

2800 km

 

2

 

, has a Triassic age (Fig. 2), and con-
sequently it is interpreted to be genetically related
to the closure of the Paleo-Tethys, a late Paleozoic
ocean that existed to the south of the study area
(Pan 

 

et al

 

. 1994; Matte 

 

et al

 

. 1996; Mattern 

 

et al

 

.
1996; Pan 1996).

 

YIRBA PLUTON

 

The Yirba Pluton is located approximately 30 km
north of Kudi (Fig. 2). It intrudes the metamorphic
complex of the South Kunlun Block and is intruded
by a late Paleozoic–early Mesozoic granitic pluton
in the north, while its southern margin is in fault
contact with the volcanic sequence of the Kudi
ophiolite (i.e. the Yishake Group) (Xiao 

 

et al

 

. 2002).
To the east, the Yirba Pluton is truncated by the

 

Fig. 2

 

Geological map of the
Kudi area, South Kunlun Block.
Sample locations: (1) 96KL45;
(2) 96KL48; (3) 96KL159, 160,
162, 163; (4) 96KL176, 177;
(5) 96KL179; (6) 96KL188; (7)
96KL193, 196; (8) 96KL209,
210, 211; (9) 96KL241, 243;
(10) 96KL264, 268; (11)
96KL245; (12) 96KL257, 260;
(13) 96KL262, 263.
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Halastan fault. This pluton is a medium–coarse-
grained granodiorite composed of plagioclase
(55%), K-feldspar (15%), quartz (20%) and subor-
dinate ferromagnesian minerals, including horn-
blende and biotite. Accessory minerals include
magnetite, titanite, zircon and apatite. The pluton
is deformed, with lineation and foliation defined by
hornblende and biotite consistent with northwest–
southeast shearing in the country rocks (Mattern

 

et al

 

. 1996). Samples from this pluton are generally
fresh, with local sericitization and kaolinization of
feldspar and chloritization of biotite. Chemical
analyses show characteristics of volcanic arc gran-
ites, and zircon U-Pb analyses give 471

 

±

 

5 Ma con-
cordant age (Yuan 

 

et al

 

. 2002), prior to the Silurian
collision between the North and South Kunlun
Blocks (Matte 

 

et al

 

. 1996). Accordingly, this pluton
was considered to be generated in an active conti-
nental margin during consumption of the Proto-
Tethys (Xiao 

 

et al

 

. 2002; Yuan 

 

et al

 

. 2002).

 

NORTH KUDI PLUTON

 

The North Kudi Pluton intrudes the metamorphic
complex of the South Kunlun Block (Fig. 2). This
pluton is undeformed and predominantly medium-
grained monzogranitic in composition. It consists
of K-feldspar (30–45%), plagioclase (30–40%),
quartz (approximately 28%), biotite (approxi-
mately 10%) and accessory minerals, including
titanite, apatite, zircon, monazite and magnetite
(Zhang 

 

et al

 

. 2000). This pluton is relatively
enriched in K

 

2

 

O and high-field-strength elements,
manifesting A-type granite characteristics, and is
regarded as a post-kinematic granite (Matte 

 

et al

 

.
1996; Jiang 

 

et al

 

. 2002; Yuan 

 

et al

 

. 2002). It has a
concordant U-Pb zircon age of 405

 

±

 

2 Ma (Yuan

 

et al

 

. 2002).

 

ARKARZ SHAN INTRUSIVE COMPLEX

 

The voluminous ASIC is exposed mainly along the
crest of the West Kunlun. It is composed of fine–
medium-grained granodiorite and biotite monzo-
granite, intruding both the metamorphic complex
and the lower Permian volcanic rocks of the South
Kunlun Block. The Permian volcanic rocks possess
an arc signature and are related to the consump-
tion of the Paleo-Tethys (Wang 1996). Samples
from the ASIC all have similar mineral assem-
blages, although in various proportions, including
plagioclase (30–35%), K-feldspar (15–35%), quartz
(25–40%), biotite (approximately 15%) and minor
hornblende. Accessory minerals include zircon,

apatite, titanite, allanite, monazite and magnetite.
Rocks of this complex are generally undeformed
and fresh, although low-grade hydrothermal
alteration of K-feldspar and plagioclase can be
observed. The ASIC is calc-alkaline in composition
and has a U-Pb zircon age of 214

 

±

 

1 Ma, equivalent
to the final stage of the closure of the Paleo-Tethys
(Yuan 

 

et al

 

. 2002).

 

ANALYTICAL METHODS

 

Representative samples were analyzed for Nd-Sr-
O isotope compositions. Nd and Sr isotopic analy-
ses were conducted following the procedure
described by Jahn 

 

et al

 

. (1990). The Sr and Nd
ratios were measured on a VG-354 mass spectrom-
eter (VG Micromass, Manchester, UK) at the Insti-
tute of Geology and Geophysics, Chinese Academy
of Sciences, Beijing. Sr and Nd blanks were 0.2–
0.5 ng and approximately 0.05 ng, respectively.
Mass fractionations for Sr and Nd isotopes were
corrected by normalizing to 

 

86

 

Sr/

 

88

 

Sr

 

=

 

0.1194 and

 

146

 

Nd/

 

144

 

Nd

 

=

 

0.7219, respectively. Repeat analyses
gave a mean 

 

87

 

Sr/

 

86

 

Sr value of 0.710237

 

±

 

0.000014
for NBS-987 and a mean 

 

143

 

Nd/

 

144

 

Nd value of
0.512635

 

± 0.000008 for BCR-1 (all at 2s). The
whole-rock oxygen isotope analyses were carried
out in the Institute of Mineral Resources, Chinese
Academy of Geosciences, following the method of
Taylor and Epstein (1962). These measurements
were accomplished using a MAT 251 (Finnigan
MAT, Egelsbach, Germany), and the analytical
precision was approximately 0.2‰.

RESULTS

All granitic samples in this study showed typical
crustal 147Sm/144Nd ratios (0.083–0.120) and did not
exhibit significant Sm-Nd differentiation. Their
initial Nd and Sr isotope compositions were calcu-
lated based on their zircon U-Pb ages. The Yirba
Pluton was characterized by relatively high eNdt

values (from - 1.09 to + 0.66), and its initial 87Sr/
86Sr ratios ranged from 0.7075 to 0.7091. The d18O
values of this pluton were relatively low, between
5.7‰ and 7.4‰. The NKP had eNdt values
between - 2.5 and - 4.0, and its initial 87Sr/86Sr
ratios were between 0.7076 and 0.7098. Of the
three plutons, the NKP had the most enriched
oxygen isotope compositions, with d18O values
between 7.2‰ and 10.3‰. The ASIC granodiorite
and monzogranite had a wide range of Nd and Sr



South Kunlun Block, Nd-Sr-O isotopes 17

Fig. 4 Sr-O isotope correlations of granitoids from the Kudi area, South
Kunlun Block. ASIC, Arkarz Shan Intrusive Complex; NKP, North
Kudi Pluton. Mantle component data (d18O = + 5.7 ± 0.3; 87Sr/
86Sr = 0.703 ± 0.001) from Taylor (1980).
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Fig. 3 Initial Nd isotope composition and TDM ages of granitoids from
the Kudi area. Depleted mantle line follows Jahn et al. (1990). ASIC,
Arkarz Shan Intrusive Complex; NKP, North Kudi Pluton.
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isotopic compositions (from eNdt = -4.5 to eNdt =
-9.1 and initial 87Sr/86Sr = 0.7083–0.7110 for grano-
diorite, and eNdt = -4.1 to eNdt = -6.2 and initial
87Sr/86Sr = 0.7087–0.7109 for monzogranite, respec-
tively). The oxygen isotope compositions of the
ASIC samples were also variable, with d18O values
between + 5.1‰ and + 8.5‰ (Table 1).

The depleted mantle Nd model ages (mean
crustal residence ages) of a rock suite can be used
to estimate the average time since the precur-
sor magma was extracted from a hypothetical
depleted mantle reservoir and became a part of
the continental crust (Jahn et al. 1990). Because all
samples in the present study had a narrow Sm/Nd
range (from fSm/Nd = -0.39 to fSm/Nd = -0.57) and
crustal signature, their TDM ages were calculated
assuming a single-stage linear evolution model
(Jahn et al. 1990). All samples in the present study
had similar depleted mantle Nd model ages, with
TDM values between 1.06 and 1.53 Ga (Table 1;
Fig. 3).

DISCUSSION

PETROGENESIS AND SOURCE OF THE GRANITOIDS IN THE 
KUDI AREA

The granitic samples in the present study had
eNdt and 87Sr/86Sr ratios similar to those of the I-
type granites of the Lachlan Fold Belt, Australia
(Collins 1998) (Table 1). Most of the samples had
d18O values between 6.4‰ and 10.3‰, similar to
those of typical I-type granites (O’Neil & Chappell
1977). These samples neither contained mafic

microgranular enclaves (Barbarin & Didier 1991),
nor showed any microstructural evidence of
magma mixing, such as mantled quartz xenoc-
rysts, existence of K-feldspar megacrysts or dis-
continued zoning in plagioclase (Vernon 1991). In
addition, there was no coeval mafic magmatic
activity in the area. Therefore, the direct involve-
ment of mantle-derived magma in the genesis of
these granitoids was not significant and, accord-
ingly, their isotopic compositions might reflect the
nature of the lower–mid crust of their source
region.

In a d18O–87Sr/86Sr diagram (Fig. 4), data showed
different trends. The Yirba Pluton and the NKP
both had positively correlated Sr-O isotopic rela-
tions (Fig. 4), which might have resulted from the
partial melting of a mixed source containing both
felsic and mafic materials (Taylor 1980; Haack
et al. 1982). Some samples from the 471 Ma Yirba
Pluton had d18O data similar to the mantle value
(5.7 ± 0.3‰; cf. Taylor 1980), but they possessed
relatively high initial 87Sr/86Sr ratios (0.7075–
0.7091). This might be the manifestation of the
involvement of a significant amount of mafic mate-
rial in their magma source. In contrast, the 405 Ma
post-kinematic NKP had both higher d18O and
87Sr/86Sr ratios, implying a predominant amount of
felsic material in the magma source. Samples from
the third intrusion, the 214 Ma ASIC, showed
a negative d18O and initial 87Sr/86Sr correlation
(Fig. 4), which could imply the involvement of
material with low 18O and high 87Sr/86Sr values,
such as hydrothermally altered rocks (Taylor
1980).
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IMPLICATIONS FOR THE TECTONIC EVOLUTION OF THE 
WEST KUNLUN

The microcontinent model regards both the North
and South Kunlun Blocks as parts of the Tarim
Craton, and argues that southward rifting of the
South Kunlun Block and its later collision back
with the Tarim Craton resulted in the opening and
closure of the Proto-Tethys (Jiang 1992; Pan et al.
1994; Li et al. 1995; Mattern et al. 1996; Pan 1996;
Mattern & Schneider 2000). In contrast, the sub-
duction–accretion model envisages the South
Kunlun Block as an accretionary product of the
northward subduction of the Tethys Plate along
the south margin of Laurasia (Chang et al. 1989;
Sengör 1990; Sengör & Okurogullari 1991). Similar
to the subduction–accretion model, the archipel-
ago model considers the South Kunlun Block to be
a volcanic arc built on an accretionary prism (Yao
& Hsü 1994; Hsü et al. 1995; Li et al. 1999).

Regardless of age and tectonic setting, all gra-
nitic samples in this study exhibit consistent Meso-
proterozoic Nd model ages (1.1–1.5 Ga) (Table 1;
Fig. 3) similar to those of the metamorphic com-
plex of the South Kunlun Block (1.1–1.4 Ga) (Zhou
1998), but significantly different from those of
the North Kunlun Block (2.8 Ga) (Arnaud & Vidal
1990). Therefore, this study indicates that the
South Kunlun Block does not have Archean base-
ment, which makes it distinct from the Tarim
Craton and the North Kunlun Block. Accordingly,
the South Kunlun Block is unlikely to be a micro-
continent once rifted from the North Kunlun
Block.

SUMMARY

Three granitic intrusions, Yirba, NKP and ASIC,
covering approximately 60% of the Kudi area in
the South Kunlun Block, have been analyzed for
their Sr-Nd-O isotopic compositions. These grani-
toids were emplaced in different tectonic settings
in the Paleozoic or Mesozoic as a result of the clo-
sure of two oceans (i.e. Proto-Tethys and Paleo-
Tethys) between Gondwanaland and Laurasia.
Regardless of the differences in their tectonic set-
ting and age, all samples from these granitoids
have Mesoproterozoic Nd model ages (1.1–1.5 Ga)
that are much younger than those of the North
Kunlun Block/Tarim Craton. Therefore, Archean
basement is absent in the South Kunlun Block, and
this block cannot be a microcontinent once sepa-
rated from the North Kunlun Block/Tarim Craton,
as suggested by the microcontinent model.
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