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Abstract
The Tarim basin between the Tibetan plateau to the south and Tian Shan to the north in the Indo-Asian collision zone is little deformed as
indicated by flat-lying Cenozoic strata across much of the basin. Due to the lack of direct observations from its crystalline basement, the
geologic setting for the existence of such a rigid Cenozoic block remains elusive. Hypotheses for the nature of the Tarim basement include (1)
Precambrian basement, (2) late Paleozoic trapped oceanic basin, (3) a late Precambrian failed rift, and (4) a Precambrian oceanic plateau.
These models make specific predictions about the age and composition of the Tarim basement. To test these hypotheses, we conduct
geochemical and geochronologic analyses of samples recovered from a deep well that reached a depth of . 7000 m and drilled into the
crystalline basement for , 35 m beneath the central Tarim basin. Mineralogical composition and major element analysis suggest that the
crystalline from the drill core is a diorite. Under think sections the rocks samples consist of fine-grained (0.1– 0.4 mm in the longest
dimension) and medium-grain domains (2 – 3 mm in the longest dimension). The contact between the two domains is sharp and the change in
grain size across the boundary is abrupt. The rock under thin section shows undeformed igneous textures. Rare earth element patterns and
isotopic compositions of Sr and Nd suggest that the central Tarim diorite was derived from an arc setting. The minimum age of the diorite is
determined by 40Ar/39Ar dating of hornblende, which yields three ages from three different samples: 790.0 ^ 22.1, 754.4 ^ 22.6, and
744.0 ^ 9.3 Ma, respectively (uncertainty is reported at 1s). The older age is associated with the fine-grained sample while the younger ages
are associated with the medium-grained samples. We are unable to determine whether the different ages are due to argon loss as the rock was
located in partial retention zone or caused by different phases of igneous intrusion. In any case, the initiation of the pluton intrusion in the
central Tarim region must predate 790.0 ^ 22.1 Ma. The possible existence of a Proterozoic magmatic arc (. 790 Ma) in the central Tarim
region may be spatially correlated to a late Precambrian blueschist belt in the southern Tian Shan and a 970– 920 Ma plutonic belt in the
central and eastern Altyn Tagh range east and west of the drilling site where our samples were obtained. This regional correlation implies the
existence of an east-trending Precambrian subduction system underneath the Tarim basin, which might be related to a north-dipping
subduction zone. Our new data do not support the Tarim to be floored by a remnant oceanic basin or an oceanic plateau. Our results in
conjunction with the fact that the Tarim interior has experienced major deformation as recent as the Jurassic do not support the hypotheses
that the Tarim basement is compositionally different from and mechanically stronger than its surrounding areas during Cenozoic
deformation. Differences in thermal structures or stress state could be alternative explanations for the highly inhomogeneous distribution of
strain across central Asia during the Cenozoic Indo-Asian collision.
q 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
The Tarim block is a prominent Cenozoic depression in
central Asia (Jia et al., 1991; Li et al., 1996; Jia, 1997)
(Fig. 1). The Cenozoic sedimentation has been induced by
* Corresponding author. Tel.: þ 1-310-825-8752; fax: þ1-310-825-2779.
E-mail address: yin@ess.ucla.edu (A. Yin).
1367-9120/$ - see front matter q 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jseaes.2004.01.016

uplift and erosion of the Tian Shan in the north and the
Tibetan Plateau in the south during the Indo-Asian collision
(e.g. Hendrix et al., 1994; Jia, 1997; Yin et al., 1998, 2002;
Yin and Harrison, 2000; Yang and Liu, 2002; Sobel et al.,
2003). Understanding the geologic history of the Tarim
basin has several important implications for testing regional
tectonic models. With respect to the Cenozoic, it has been
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Fig. 1. Simplified tectonic map of the Tarim basin and its surrounding areas in northwest China, modified from Yin and Nie (1996). The location of the Central
Tarim Geologic Survey Well (TC-1) and the magnetic anomaly pattern are also shown.

long noted that the Tarim block has experienced little
Cenozoic deformation in its interior (e.g. Jia et al., 1991).
Two end member views have been proposed to explain this
observation. The first is that Tarim has a mechanically
stronger lithosphere than its surrounding regions (e.g. Neil
and Houseman, 1997). This is based the interpretation that
Precambrian crystalline rocks surrounding Tarim might be
projected beneath the basin (Xinjiang BGMR, 1993; Chen
et al., 2003; Gehrels et al., 2003a,b) This hypothesis implies
that the pre-Cenozoic crustal composition and tectonic
history has played a critical role in controlling the Cenozoic
deformation pattern of central Asia. Alternatively, the
Tarim basin could have escaped Cenozoic deformation
because of the arrangement of large-scale Cenozoic
conjugate strike-slip faults (Molnar and Tapponnier,
1975). That is, the Tarim block forms a stable domain
sandwiched between the two conjugate Coulomb fractures:
left-slip Altyn Tagh fault in the south and the right-slip Tian
Shan system in the north (Yin and Nie, 1996). This
suggestion would not require the basement of the Tarim
basin to be particularly stronger than its neighboring regions
and that plate boundary forces and their induced intracontinental stress field are the fundamental cause of the Cenozoic
tectonic pattern of Asia as originally suggested by Molnar
and Tapponnier (1975) and Tapponnier and Molnar (1976).
In order to understand how the pre-Cenozoic tectonics
may have controlled Cenozoic deformation of the Tarim
basin, a complete understanding of its geologic history is
required. The origin of the modern Tarim basin may be
traced to the late Paleozoic or even farther back to the late
Proterozoic. Hsü (1988) proposed that the Tarim basin is a
remnant oceanic basin trapped in the broad Late Permian
suture zone of the Paleo-Tethys. Alternatively, Jia et al.
(1991) suggest that most of the Tarim basin was floored by a
failed Proterozoic rift system. It has also been debated
whether an Early Paleozoic or Precambrian suture has been

offset by the Altyn Tagh fault from northwestern Tibet and
extends across the central Tarim basin (Yin and Nie, 1996;
Sobel and Arnaud, 1999; Guo et al., 1999).
The extremely thick late Precambrian to Phanerozoic
strata, locally exceeding 15 km, have prevented direct
observations of the composition and deformational history
of the Tarim basement. As a result, the tectonic interpretations are either based on inferences from surface geology
from the basin margins (e.g. Xinjiang BGMR, 1993; Jia,
1997) or from geophysical data (e.g. Hsü, 1988; Tian et al.,
1989; Jia et al., 1991). In the southern and central Tarim
basin, magnetic surveys have revealed broad NE-trending
positive anomalies alternating with relatively narrow
negative anomalies (e.g. Jia et al., 1991) (Fig. 1). This
pattern has been variably interpreted to represent an
Archean crystalline basement (Tian et al., 1989; Wang
et al., 1992), a middle Paleozoic suture (Yin and Nie, 1996),
an early Mesozoic remnant back-arc basin trapped behind
the Paleo-Tethyan suture (Hsü, 1988), a late Precambrianearliest Paleozoic failed rift (Jia et al., 1991), or a
Neoproterozoic oceanic plateau (Sengör et al., 1996). The
above models make specific predictions about the age and
composition of the Tarim basement and can be tested by
directly sampling the basement rocks.
To test the above competing hypotheses, we analyzed
core samples recovered from a deep (. 7000 m) geologicsurvey well during petroleum exploration of the central
Tarim basin. This is the deepest well in China (Zhou et al.,
2002) and is the only one in the Tarim basin that penetrated
the entire sedimentary cover and reached the crystalline
basement. In the following, we outline the geologic setting
of the drill site and report the results of our geochronologic
and geochemical analyses of the samples recovered from the
drill cores. These new data suggest that the central Tarim
basement is composed of a $ 790-Ma diorite that lies
unconformably beneath Cambrian shallow-marine strata.
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Fig. 2. (a) Composite seismic reflection profile across Tarim basin and the location of drill hole TC-1 on top of the middle Paleozoic central Tarim uplift. See
Fig. 1 for location of the profile. (b) Interpreted cross section from Fig. 2a. Note that vertical scale is greatly exaggerated.

2. Geology of the central Tarim basin
Crystalline rocks of Precambrian basement are exposed
along the southeastern margin of the eastern Tian Shan
range and the northeastern margin of the Altyn Tagh range.
In both places, late Precambrian shallow-marine sequences
rest unconformably on top of the Precambrian basement
(Xinjiang BGMR, 1993; Chen et al., 2003). Phanerozoic
marine and terrestrial strata are also well preserved in the
Tarim basin and have been drilled by petroleum exploration

wells and imaged by seismic reflection profiles in the past
several decades (Fig. 2) (Jia, 1997). Within the cover
sequence above the Tarim basement there are several
regionally extensive unconformities resulting from several
phases of tectonic activity throughout the Phanerozoic (Jia,
1997). According to Jia (1997), major contractional
deformation occurred in the Tarim interior as recent as the
Triassic. In the central Tarim basin, a major unconformity is
present between flat-lying Carboniferous strata above and
folded and faulted Cambrian to Devonian strata below

Fig. 3. Stratigraphic section penetrated by TC-1 well in central Tarim. The basement samples (G-1, G-2, and G-3) analyzed for this study were collected from
drill cores below Cambrian-basement unconformity at stratigraphic intervals between 7165 and 7168. See text for details.
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(Fig. 2). The folded Paleozoic strata form a structural high,
known as the central Tarim uplift trending east and
extending across the entire basin (Fig. 1). The Carboniferous unconformity marks the end of a major orogenic event
not only recorded in the Tarim basin but extensively in the
northern Tibetan plateau. This event may possibly be related
to complex collisional tectonics between one or several
island arcs and the North China and Tarim continental
blocks (Yin and Nie, 1996; Sobel and Arnaud, 1999; Yin
and Harrison, 2000; Gehrels et al., 2003a,b). The evidence
for several major Phanerozoic deformational events in the
Tarim basin indicates that this area was quite deformable
prior to the Indo-Asian collision, as discussed by Jia (1997).
In order to constrain the composition of the Tarim
basement, a deep well—the Tarim Geological Survey Well
(TC-1)—was drilled across the central Tarim uplift (Zhou
et al., 2002) (Fig. 2). A complete stratigraphic section
penetrated by the Tarim Geological Survey Well is shown in
Fig. 3. Regional angular unconformities as imaged by
reflection seismic profiles and drill core data are also
shown in Fig. 3. Above the Ordovician and Silurian
unconformity is a sequence of sandstone, siltstone, and
conglomerate with a minor amount of limestone. Below this
unconformity is a thick sequence of Cambrian-Ordovician
shallow-marine carbonate locally interbedded with gypsum
at its base. The Ordovician sequence is a , 2 km thick
carbonate succession. A parallel unconformity is present in
the upper part of the Ordovician carbonate. In the deepest
section, the well drilled into an undeformed pluton for about
38 m below the unconformity at the base of the Cambrian
strata (Fig. 3).

3. Geochemistry and geochronology
Three pieces of rock fragments, with sizes ranging from
2 to 4 cm in the longest dimension were recovered from drill
cores of the Tarim Geological Survey Well (TC-1) at the
stratigraphic intervals between 7165 and 7168 m (Fig. 3).
Information on the exact depth of each rock fragment is not
available. Observations of thin sections show that the
samples are overall quite fresh and the igneous textures are
well preserved (Fig. 4a). Two rock types can be recognized
from the samples: fine-grained and medium-grained (Fig. 4b
and c). The transition between the fine-grained and mediumgrained domains is sharp and the change in grain size is
extremely abrupt, as well preserved in sample G-3 in which
fine-grained domains form inclusions (Fig. 4c). The
medium-grained domain consists of 60 – 65% plagioclase
(mostly andesines), 30 – 35% hornblende, , 3% Ti – Fe
oxide, and , 1% apatite. Similar mineralogical compositions are also observed for the fine-grained domain. In
general, the fine-grained domains in all samples occur as
small patches included in the medium-grained domains. It is
possible that the two textural domains represent two phases
of igneous intrusion.

Fig. 4. Photographs of mineral composition and textural relationships of
samples G-1, G-2, and G-3 from TC-1 well. (a) Fine-grained diorite for
sample G-1. (b) Medium-grained diorite for sample G-3. (c) The abrupt
contact between fine-grained and medium-grained domains for sample G-2.
Pl, plagioclase; Hb, hornblende.

Analysis of major elements shows that the composition
of the samples falls in the field of diorite (with SiO2
ranging from 54.7 to 55.2 wt%) (Table 1). The Na2O
content (5.63 – 5.76 wt%) is higher than that of K2O
(2.39 –2.67 wt%) when compared to typical calc-alkaline
rocks (Defant and Drmmont, 1990). Although, REE
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Table 1
Compositions of major oxides for samples G-1, G-2, and G-3
Samples

SiO2

TiO2

Al2O3

FeO

Fe2O3

MnO

CaO

MgO

K2 O

Na2O

P2O5

LOI

Total

G-1
G-3

54.7
55.2

1.13
0.67

17.04
18.52

2.42
2.16

1.96
3.57

0.56
0.44

7.35
6.13

3.52
2.31

2.39
2.67

5.63
5.76

0.89
0.57

1.81
1.67

99.4
99.68

(rare earth elements) contents are variable (Table 2), the
chondrite-normalized REE patterns are similar with moderately enriched light REE (Fig. 5). There are no significant
Eu anomalies. The trace element patterns normalized by the
primitive mantle (Sun and McDonough, 1989) show
generally similar shapes (Fig. 5a) and display strong
depletion in Nb and Ta, which is typical for subductionrelated igneous rocks (e.g. Briqueu et al., 1984). The
samples fall within the volcanic-arc granitoid field in Rb
versus Y þ Nb and Rb versus Yb þ Ta discrimination
diagrams (Fig. 5b and c) (Pearce et al., 1984). The initial 1Nd
values are between 2 4.4 and 2 9.5 and the initial 87Sr/86Sr
values are between 0.705756 and 0.706666 (Table 3),
which are characteristic of granitoids in a volcanic arc
setting (e.g. Barbarin, 1999).
In order to constrain the age of the pluton, we performed
thermochronologic analysis of mineral separates from the
samples. Although, our original intention was to determine
the crystallization age of the granitoid using U – Pb zircon
geochronology, we were unable to recover zircon grains
from the samples. However, constraints on the age of the
pluton were obtained from 40Ar/39Ar analyses of hornblende. Analyses were performed at UCLA. Detailed analytical
procedures can be found in McDougall and Harrison (1999).
Mineral separates and sanidine flux monitors were irradiated at the Ford reactor, University of Michigan, for
45 hours. Reactor neutron flux was determined using
sanidine standard Fish Canyon Tuff (27.8 Ma) (Cebula
et al., 1986; Renne et al., 1994). After irradiation, samples
were step heated in a Ta crucible in a double vacuum
furnace and isotopic compositions of the released gas
determined using a gas-source automated mass-spectrometer. Isotopic data were reduced using an in-house
data reduction program, AGECAL.EXE. Age uncertainties
are reported at the 1s level, and do not include uncertainties
in J-Factors or decay constants.
The results of 40Ar/39Ar analyses of hornblendes are
summarized in Tables 4 –6 and Fig. 6. Samples G-1, G-2,
and G-3 yielded weighted mean plateau ages of
790.0 ^ 22.1, 754.4 ^ 22.6, and 744.0 ^ 9.3 Ma, respectively. Although, the samples were collected over a distance
, 35 m (the total drill distance into the basement), the
cooling ages vary considerably, from , 744 to 790 Ma. The
oldest and youngest ages are distinctively different even
considering the relatively large uncertainties of each
analysis (reported at 1s). One explanation for the variation
of hornblende ages is that it reflects partial diffusion loss of
40
Ar due to long residence at temperatures close to or

slightly higher than the hornblende closure temperature. In
this case, the oldest hornblende age would provide a
minimum age of the pluton emplacement, and suggests
emplacement at mid-crustal depths (. 16 km assuming a
30 8C/km geotherm and 500 8C closure temperature for
hornblende). Alternatively, the contrastingly different ages
may represent two phases of pluton emplacement. This
interpretation seems unlikely because the potential two
phases of intrusive activities as represented by different
textural domains are seperated by few mm. Additionally, all
samples were collected from within a distance of , 35 m so
that any later intrusion would have thermally reset the older
hornblende ages. In either case, plutonism in the central
Tarim region must have initiated before 790 Ma, and may
have lasted for an extended period (i.e. after 740 Ma).
Table 2
Trace elemental abundance of central Tarim granitoid
Samples

G-1

G-2

G-3

Cr
Co
Ni
Cu
Zn
Rb
Sr
Y
Zr
Nb
Sn
Cs
Ba
La
Ce
Pr
Nd
Sm
En
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta
Pb
Bi
Th
U

67,276
10,933
27,360
23,265
179,862
53,474
1,645,710
44,765
90,654
8876.8
2397
1126.2
944,378
94,912
198,567
23,532
103,663
17,614
3225.2
14,038
1944.3
9320.5
1775.9
4880.4
616.13
3867.5
587.12
2992.6
332.82
12,557
80.283
6338.3
1020.5

254,181
3948.4
98,896
23,220
180,145
110,323
1,829,370
38,925
289,596
11,933
1864.6
1040.3
2,710,490
67,253
148,711
18,778
82,361
14,405
3682.1
11,857
1548.3
8015.8
1534.7
4210.7
579.97
3688.5
559.04
6904.9
832.84
22,462
6.9026
9369.1
1714.3

16,295
6274.1
333.4
22,185
130,495
51,860
1,757,560
24,582
46,631
4696.7
2001.3
1353
1,071,260
58,936
116,127
13,524
57,800
9774
2083.8
7836.9
1080.7
5141.5
964.65
2641
349.64
2048.8
328.11
1388.5
147.91
10813
3552.5
646.68
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Fig. 5. (a) Chondrite-normalized REE patterns for samples from TC-1 well. (b) Primitive mantle-normalized trace element patterns for rocks from drill hole of
central Tarim. (c) Rb versus Y þ Nb and (d) Rb versus Yb þ Ta discriminant diagrams. Tectonic classification follows that of Pearce et al. (1984): Syn-COLG,
syn-collision granite; VAG, arc granite; WPG, within-plate granite; ORG, mid-ocean-ridge granite.

Our age constraints for the central Tarim pluton are
consistent with the geologic constraint that the intrusion is
older than Cambrian as the pluton lies unconformably below
Cambrian strata (Fig. 3).

4. Discussion

The possible existence of a magamtic arc beneath the
central Tarim basin raises the question how it extends
spatially across the basin and correlates with geology in the
Tian Shan and Tibet. Geologic evidence for a Proterozoic
Table 3
Sr and Nd isotopic values of central Tarim granitoid
Samples

G-1

G-2

G-3

Sm (ppm)
Nd (ppm)
147
Sm/144Nd
143
Nd/144Nd
1Nd (0)
1Nd (T)
Rb (ppm)
Sr (ppm)
87
Rb/86Sr
87
( Sr/86Sr)I
2s

16.18
62.31
0.15700
0.511956 ^ 11
213.3
29.5
53.24
1675.03
0.092
0.705756
0.000018

13.58
75.55
0.10870
0.511962 ^ 8
213.2
24.4
113.29
1813.07
0.181
0.706666
0.000018

9.903
56.02
0.10690
0.511933 ^ 10
213.8
24.8
64.89
2002.17
0.094
0.705994
0.000015

4.1. Precambrian geology
The above results suggest that the basement of the central
Tarim basin is composed of a Precambrian undeformed
pluton. Observations from thin sections and major element
analysis suggest that the pluton is a diorite of intermediate
composition. The trace element patterns and initial 1Nd and
87
Sr/86Sr values all suggest the pluton was derived from an
arc setting. These new results do not favor the hypotheses
that the Tarim basement (at least in its central part) is
composed by late Paleozoic remnant oceanic crust or
Proterozoic oceanic plateau. Instead, they suggest that a
Precambrian arc might be present across the central Tarim
basin and may extend to the Tian Shan to the north and the
Altyn Tagh range to the south as discussed below.

(1) All measured 143 Nd/ 144 Nd ratios are normalized to
Nd/144Nd ¼ 0.7219, further adjusted to 143Nd/144Nd ¼ 0.511859 for
the La Jolla, the lab blank background of Sm–Nd is about 5 £ 10211 g.
(2) All measured 87Sr/86Sr ratios are normalized to 86Sr/88Sr ¼ 0.1194. The
lab blank background of Rb–Sr is about 2–5 £ 10210 g.
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Table 4
Analytical data of 40Ar/39Ar thermochronologic analysis of hornblende for sample G-1
Ar/39Ara

Ar/39Ara

Ar/39Ara

Ar/39Ara

ArK (mol)b

Ar*/39ArKd

T (C)

T (min)

40

38

37

36

39

S39ArK

%40Ar*c

40

^s40/39

Age(Ma)e

^sAge(an)

1
2
3
4
5
6
7
8
9
10

700
800
900
10000
1050
1100
1150
1200
1350
1500

10
10
10
10
10
13
10
10
10
15

144.689
69.855
63.394
73.045
71.080
71.527
79.481
84.039
77.687
89.367

1.560
3.222 £ 1021
1.685 £ 1021
3.412 £ 1021
4.457 £ 1021
4.484 £ 1021
4.712 £ 1021
5.892 £ 1021
7.799 £ 1021
7.800 £ 1021

3.616
2.338
1.699
4.271
6.340
6.275
8.635
1.627 £ 101
5.247 £ 101
5.009 £ 101

1.376 £ 1021
3.250 £ 1022
1.360 £ 1022
1.100 £ 1022
5.170 £ 1022
4.210 £ 1022
7.600 £ 1022
1.160 £ 1022
2.210 £ 1022
6.790 £ 1022

4.340 £ 10215
3.260 £ 10215
3.650 £ 10215
6.850 £ 10215
2.040 £ 10214
3.270 £ 10214
1.510 £ 10214
8.830 £ 10215
9.710 £ 10215
9.010 £ 10216

4.1
7.2
10.6
17.1
36.4
67.3
81.6
90.0
99.1
100.0

72.1
86.3
93.7
95.9
98.5
98.9
98.0
97.4
97.3
81.9

104.647
60.541
59.576
70.388
70.458
71.184
78.537
83.147
79.212
76.890

0.573
0.266
0.216
0.501
0.197
0.117
0.234
0.356
0.361
0.556

1019.07
656.87
648.08
744.27
744.88
751.15
813.53
851.56
819.15
799.74

4.26
2.42
1.98
4.34
1.70
1.01
1.95
2.91
3.00
4.67

Corrected for nucleogenic interferences.
Corrected for backgrounds, mass discrimination, abundance sensitivity, and radioactive decay using the following: Backgrounds: m/e 40 (mol), 2.6 £ 10216; m/e 39 (mol), 5.9 £ 10217; m/e 38 (mol),
1.8 £ 10217; m/e 37 (mol), 2.2 £ 10217; m/e 36 (mol), 1.3 £ 10217; Measured 40Ar/36ArATM: 294.7 ^ 0.5; abundance sensitivity: 5 ppm.
b
Normalized to 100% delivery to mass spectrometer.
c
Includes contribution from static line blank.
d
Corrected for atmospheric argon and nucleogenic interferences using the following: 40Ar/39Ark, 0.0234; 36Ar/37Arca, 0.000292; 39Ar/37Arca, 0.000854.
e
Assumes trapped argon is atmospheric. J-factor: 0.007255 (assumes Fish Canyon sanidine, 27.8 Ma).
a

Table 5
Analytical data of 40Ar/39Ar thermochronologic analysis of hornblende for sample G-2
Step

T (C)

T (min)

40

Ar/39Ara

38

Ar/39Ara

37

Ar/39Ara

36

Ar/39Ara

39

ArK(mol)b

S39ArK

%40Ar*c

40

Ar*/39ArKd

^s40/39

Age(Ma)e

^sAge(an)

1
2
3
4
5
6
7
8
9
10

700
800
900
10000
1050
1100
1150
1200
1350
1500

10
10
10
10
10
10
10
10
10
10

225.195
96.810
101.246
90.088
73.632
72.068
71.029
75.950
92.340
1058.380

1.884
5.079 £ 1021
4.494 £ 1021
3.851 £ 1021
3.729 £ 1021
3.860 £ 1021
3.140 £ 1021
3.648 £ 1021
6.512 £ 1021
1.184

3.739
4.538
4.168
8.278
7.532
7.409
7.933
1.499 £ 101
6.412 £ 101
2.142 £ 102

2.901 £ 1021
6.090 £ 1022
5.320 £ 1022
3.160 £ 1022
1.271 £ 1022
5.860 £ 1023
8.960 £ 1023
1.420 £ 1022
3.610 £ 1022
3.197

3.200 £ 10215
2.070 £ 10215
1.880 £ 10215
3.680 £ 10215
8.940 £ 10215
2.390 £ 10214
9.830 £ 10215
7.150 £ 10215
1.230 £ 10215
1.160 £ 10217

4.4
7.2
9.8
14.8
27.1
59.9
73.3
83.2
100.0
100.0

62.0
81.6
84.6
90.3
95.7
98.4
97.1
96.1
94.3
12.0

104.212
79.485
86.170
82.033
70.959
71.404
69.513
73.962
92.231
161.529

3.378
0.585
0.448
0.141
0.230
0.086
0.103
0.240
0.150
635.065

1266.72
821.96
876.65
843.00
749.72
753.56
737.17
775.50
924.84
1400.05

21.93
4.86
3.61
1.16
1.99
0.74
0.90
2.04
1.18
3828.58

Corrected for nucleogenic interferences.
Corrected for backgrounds, mass discrimination, abundance sensitivity, and radioactive decay using the following: Backgrounds: m/e 40 (mol), 2.6 £ 10216; m/e 39 (mol), 5.9 £ 10217; m/e 38 (mol),
1.9 £ 10217; m/e 37 (mol), 2.3 £ 10217; m/e 36 (mol), 1.3 £ 10217; Measured 40Ar/36ArATM, 294.7 ^ 0.5; abundance sensitivity: 5 ppm.
b
Normalized to 100% delivery to mass spectrometer.
c
Includes contribution from static line blank.
d
Corrected for atmospheric argon and nucleogenic interferences using the following: 40Ar/39Ark: 0.0234, 36Ar/37Arca: 0.000292, 39Ar/37Arca: 0.000854.
e
Assumes trapped argon is atmospheric. J-factor: 0.007261 (assumes Fish Canyon sanidine, 27.8 Ma).
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a

51

52

Table 6
Analytical data of 40Ar/39Ar thermochronologic analysis of hornblende for sample G-3
T (C)

T (min)

40

Ar/39Ara

38

Ar/39Ara

37

Ar/39Ara

1
2
3
4
5
6
7
8
9
10
11

700
800
900
10000
1050
1100
1150
1200
1250
1350
1500

10
10
10
10
10
10
10
10
10
10
10

99.329
63.695
65.674
71.800
72.524
71.162
72.828
76.242
75.174
78.162
97.424

9.058 £ 1021
1.202 £ 1021
9.870 £ 1022
2.410 £ 1021
4.112 £ 1021
4.046 £ 1021
4.273 £ 1021
4.893 £ 1021
5.019 £ 1021
5.376 £ 1021
5.456 £ 1021

2.448
1.527
1.329
3.520
5.952
5.556
7.109
8.658
1.426 £ 101
2.352 £ 101
2.105 £ 101

36

Ar/39Ara

39

ArK(mol)b

S39ArK

%40Ar*c

40

Ar*/39ArKd

^s10=39

Age(Ma)e

^sAge(an)

9.660 £ 1022
1.830 £ 1022
9.680 £ 1023
9.070 £ 1023
4.290 £ 1023
3.340 £ 1023
4.290 £ 1023
7.170 £ 1023
9.600 £ 1023
2.190 £ 1022
8.700 £ 1022

5.080 £ 10215
4.380 £ 10215
4.860 £ 10215
8.110 £ 10215
1.050 £ 10214
3.490 £ 10214
1.040 £ 10214
1.130 £ 10214
9.830 £ 10215
3.200 £ 10215
1.390 £ 10215

4.9
9.1
13.8
21.6
31.7
65.3
75.3
86.1
95.6
98.7
100.0

71.4
91.5
95.7
96.6
98.7
99.2
98.9
98.1
97.7
94,1
75.2

71.125
58.465
62.977
69.608
72.113
70.969
72.590
75.404
74.451
75.202
74.859

0.329
0.168
0.327
0.133
0.255
0.052
0.186
0.335
0.166
0.317
0.700

749.21
636.64
677.57
736.09
757.70
747.86
761.79
785.72
777.66
784.01
781.11

2.84
1.54
2.93
1.16
2.19
0.45
1.59
2.83
1.40
2.68
5.93

Corrected for nucleogenic interferences.
Corrected for backgrounds, mass discrimination, abundance sensitivity, and radioactive decay using the following: Backgrounds: m/e 40 (mol), 2.8 £ 10216; m/e 39 (mol), 5.9 £ 10217; m/e 38 (mol),
1.9 £ 10217; m/e 37 (mol), 2.3 £ 10217; m/e 36 (mol), 1.4 £ 10217; Measured 40Ar/36ArATM, 294.7 ^ 0.5; abundance sensitivity: 5 ppm.
b
Normalized to 100% delivery to mass spectrometer.
c
Includes contribution from static line blank.
d
Corrected for atmospheric argon and nucleogenic interferences using the following: 40Ar/39Ark, 0.0234; 36Ar/37Arca, 0.000292; 39Ar/37Arca, 0.000854.
e
Assumes trapped argon is atmospheric. J-factor: 0.007238 (assumes Fish Canyon sanidine, 27.8 Ma).
a

Fig. 6. 39Ar release spectra for sample G-1, G-2, and G-3 analyzed in this
study. See Tables 3–6 and text for details.

subduction event around the Tarim basin has been
previously proposed. Near Aksu in the southernmost Tian
Shan, Precambrian blueschist was recognized, which is
unconformably overlain by a Neoproterozoic passivecontinental-margin sequence (Liou et al., 1989; Nakajima
et al., 1990). Liou et al. (1996) speculate the Aksu blueschist
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to represent a remnant suture between the Tarim block in the
south and the Kazakstan-Yili microcontinent to the north.
This tectonic division is quite different from that of Gao et al.
(1998) and Gao and Klemd (2003) who used an early
Paleozoic blueschist belt in the central Tian Shan as the
suture between the Tarim and Kazakstan-Yili blocks which
was closed in the Carboniferous (Gao et al., 1998). The
limited exposure of the Precambrian blueschist belt in the
southern Tian Shan and complication from Cenozoic crustal
shortening (Yin et al., 1998; Allen et al., 1999; Burchfiel
et al., 1999) make it difficult to determine directly its
relationship to the Paleozoic blueschist belt in the central
Tian Shan to the north. Because their age differences, we
conclude that the two blueschist belts may represent
different tectonic events. We speculate that the development
of the Precambrian blueschist belt of Liou et al. (1989) may
have been associated with the central Tarim arc as part of
the same subduction system.
Late Proterozoic granitoids are also found in the central
Altyn Tagh range immediately south of the Tarim basin,
where a deformed granitoid was dated by the U –Pb method
at 969 ^ 6 Ma by Cowgill et al. (2003). About 100 km to
the east in the eastern Altyn Tagh range north of the Altyn
Tagh fault, a granitoid was dated to be 922 ^ 6 Ma by the
U – Pb method (Gehrels et al., 2003a). A Late Proterozoic
granitoid intruding a passive continental margin sequence
was also dated as 922 ^ 5 Ma in the northern Qilian Shan
south of the Altyn Tagh fault (Gehrels et al., 2003a). The
mineral composition and geochemical signatures of the
granitoids in the Altyn Tagh range and the Qilian Shan have
not been studied, and thus their tectonic origin is unknown.
However, these plutons in northern Tibet could be the
eastern extension of the Precambrian magmatic arc beneath
the central Tarim basin. Our proposed Precambrian
magmatic arc would support the suggestion that the Tarim
block was once separated by a suture in the Late Proterozoic
(Guo et al., 1999). The intervening ocean must have been
closed by Cambrian time, when shallow-marine Cambrian
strata were deposited over the central Tarim pluton.
Similarly, Neoproterozoic passive margine strata resting
on top of the southern Tian Shan blueschist and the eastern
Altyn Tagh Proterozoic basement indicate that subduction
was completed in the Tian Shan by that time. It should be
pointed out, however, that there have been no direct
geologic observations from the Tarim margin that indicate
unambiguously the existence of a Precambrian suture.
It is interesting to note that the suggested Proterozoic arc
in the central Tarim basin overlaps with the middle
Paleozoic fold belt as expressed by the central Tarim uplift.
This uplift can be traced via subsurface data (drill hole and
reflection profiles) westward to the Bachu region of the
southwestern Tian Shan where it is truncated by the
Cenozoic southern Tian Shan thrust belt (Fig. 1). This
regional pattern suggests that only the eastern part of the
inferred Precambrian arc was reactivated in the middle
Paleozoic by contractional deformation. The western
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Paleozoic belt departs to the south may have either been
initiated entirely as an intracontinental fault zone (Jia et al.,
1991) or a Paleozoic suture (Yin and Nie, 1996; cf. Sobel
and Arnaud, 1999). The exact relationship between
Precambrian structures and Paleozoic deformational belts
need further investigation in regions where the two
structures overlap. One such place is the central and eastern
Altyn Tagh range where both types of plutons are present
(Gehrels et al., 2003a; Cowgill et al., 2003). Because the
Tarim basement consists of lithologic units correlative with
its marginal regions and experienced major contractional
deformation in its interior as recent as the Triassic,
compositional difference alone cannot be the explanation
for the contrasting strain distribution between the Tarim
block and Tibet and the Tian Shan in the Cenozoic. Instead,
differences in thermal structure or stress magnitude could
also explain the contrasting Cenozoic deformational styles
across central Asia.
An important question raised by our proposed magmatic
arc is the location of its associated suture in and around the
Tarim basin. Although, the Aksu blueschist is a good
candidate for the suture zone, there is no evidence for its
equivalent in northern Tibet are blueschist belts were
Cambro-Ordovician in age in the Altyn Tagh range and the
Qilian orogenic belt (Liu et al., 1996, 1997; Yang et al., 2001)
and may have been offset by the Cenozoic Altyn Tagh fault
left laterally for several hundreds of kilometers (Yang et al.,
2001). One solution to this problem is that NeoproterozoicCambrian strata rest unconformably above the Proterozoic
arc and thus the suture zone in the southern margin of the
Tarim basin has been buried below these strata or was rifted
away during or immediately prior to deposition of the
Neoproterozoic-Cambrian passive continental margin
sequence in and around the Tarim basin (Jia, 1997).
Although, the exact polarity of the proposed Precambrian subduction zone cannot be determined with great
confidence, some inferences can be made. We note that
the Proterozoic granitoids in northern Tibet extend for a
considerable distance from the northern margin of the
Qaidam basin to the northern Qilian Shan orogen (Gehrels
et al., 2003a,b). However, no late Precambrian suture has
been reported north of the Qilian Shan where only
Archean basement rocks and Paleozoic strata are present.
This observation implies that the suture zone must lie
south of the Proterozoic arc that might have been rifted
away in the latest Precambrian-early Cambrian or severely
modified by the middle Paleozoic collisional event. A
sketch for this proposed scenario is shown in Fig. 7.
4.2. Cenozoic tectonics
Our results from the analyses of central Tarim drill
core samples also provide new insights with respect to
the role of the Tarim block in the Cenozoic tectonics.
Our proposed correlation between the central Tarim
pluton and the Precambrian tectonic elements around the
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Fig. 7. Proposed tectonic evolution of the central Tarim basin and its surround regions in from late Middle Proterozoic to Early Cambrian. (a) 970–800 Ma, A
Precambrian arc was developed associated with a blueschist belt along the subduction zone. (b) 800–750 Ma, Final closure of the ocean basin as a result of
collision between north and south Tarim blocks. (c) 750 –700 Ma, Initiation of continental breakup. (d) 700–500 Ma, Deposition of passive continental margin
sequence over Tarim and its surrounding regions. Most of the Precambrian arc and blueschist belt are covered by this sequence of sediments.

Tarim basin suggest that the composition of the Tarim
basement is not fundamentally different from its
surroundings. This implies that the stable domain of
the Tarim basin in the Cenozoic may be entirely induced
by the arrangement of fault patterns as originally
suggested by Molnar and Tapponnier (1975) and

Tapponnier and Molnar (1976). This inference is
consistent with the observation that the Tarim basement
has experienced significant Phanerozoic deformation,
which lasted as late as the Triassic to Early Jurassic
(Jia, 1997). Our envisioned process for creating the
Cenozoic Tarim basin during the Indo-Asian collision is
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a Proterozoic plutonic belt in and around the Tarim basin
may provide additional geologic constraints on reconstructing late Proterozoic supercontinents (Dalziel, 1997;
Hoffman, 1999). The next step to understand the
basement evolution of the Tarim basin is to determine
the mineralogy, geochemical composition, and tectonic
setting of the Precambrian plutons around the Tarim
basin.
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5. Conclusions
Geochemical and geochronologic analyses of drill core
samples from the basement of the central Tarim basin
suggest the possible existence of a Proterozoic magmatic
arc that was initiated prior to 790 Ma. This arc may be
related to the development of a Precambrian blueschist
belt in the south-central Tian Shan and a 970 – 920 Ma
granitic belt in the central and eastern Altyn Tagh range.
This regional correlation indicates the existence of an
east-trending Proterozoic suture zone separating the
Tarim into two Precambrian blocks. The presence of
Cambrian strata unconformably above the central Tarim
pluton and a Noeproterozoic passive margin sequence
resting on top of the late Precambrian blueschist belt in
the southern Tian Shan suggest that the suture related to
the proposed subduction was closed by late Proterozoic
to Cambrian time. Our new data do not support
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also do not favor the proposal that the lack of Cenozoic
deformation in the Tarim basin is mainly due to its
compositional difference from its neighboring regions.
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