
PROGRESS INNATURAL SCIENCE　　　　　　 　　 　　 　　　　　　　　　　　　　　Vol.13 , No.12 , December 2003

＊ Supported by the National Natural S cience Foundation of China(G rant No.40072065)
＊＊ To w hom correspondence should be addressed.E-mail:sw liu@pku.edu.cn

Nd isotopic characteristics of Proterozoic metasedimentary rocks
and constraints on their provenance in the eastern segment of

Central Tianshan Belt , Xinjiang
＊

LI Qiugen1 , LIU Shuwen1
＊＊
, HAN Baofu1 , ZHANG Jian1 and CHU Zhuyin2

(1.The Key Laboratory of Orogenic Belt s and C rustal Evolution , Minist ry of Educat ion , School of Earth and Space Sciences , Peking U-

niversity , Beijing 100871 , C hina;2.Insti tute of Geology and Geophysics , Chinese Academy of Sciences , Beijing 100029 , China)

Received April 22 , 2003;revi sed June 6 , 2003

　　Abstract　　Sm-Nd isotopic characteristics , εNd(t)values and Nd model ages(TDM)of Proterozoic metasedimentary rocks in the

eastern segment of Cent ral Tianshan Belt (ESCTB), Xinjiang , are used to const rain the sedimentary provenance as well as to evaluate

thei r tectonic implications.εNd(t)and T DM values of these samples range f rom -4.00 to +6.36 and f rom 1.29 to 2.29Ga , respective-
ly.These feature values are dist inguished f rom those of Archean Tarim C raton.Their average εNd(t)values of the Weiya , the Kumishi

and the south to the Dikar samples are -2.46 , +2.06 and +1.37 , respectively.Nd model ages of the Weiya samples vary betw een

1.86 and 2.29 Ga , but those of the Kumishi and the south to the Dikar samples show a signif icant concent rat ion at 1.6～ 1.9Ga and the

youngest Nd model age is 1.29Ga.T hose Nd isotopic characteristics suggest that these metasedimentary rocks could be derived f rom a sig-
nif icant proport ion of Paleoproterozoic crustal sou rce and a part icipation of young arc materials, rather than Archean Tarim Craton.Fur-

thermore , the data also indicate that these tw o sources w ere paleogeographically separated.Thus w e can deduce that the Kumishi and the

south to the Dikar metasedimentary rocks were formed proximal to the arc side of the back-arc basin , but the Weiya metasedimentary

rocks were closer to the cont inental side of the back-arc basin.

　　Keywords:　Nd isotopic features , metasedimentary rocks, Xingxingxia group , provenance and forming time , Tectonic setting , the

ESCTB of Xinjiang.

　　Sm-Nd isotopic investigations on clastic sedimen-
tary rocks have been widely used not only to t race the

provenance but also as the impo rtant indicators of the

crustal evolution and the regional tectonic divi-
sions[ 1 ～ 7] .It is believed that Nd isotopic composition

can indicate the nature of the sediment sources , and
the Nd model ages of the fine-g rained sediments gen-
erally represent an average crustal residence age de-
rived f rom dif ferent sources[ 7 ～ 9] .Although the Nd

model age of the sedimentary rocks can not be regard-
ed as the age of a specifically geological event , it can
reflect the basic characteristics of sedimentary source

regions.Sedimentary rocks usually consist of materi-
als derived from various sources.Their Nd isotopic

composi tion and Sm/Nd ratios are unaffected by

w eathering , sedimentary t ranspo rt and diagenesis , so
they w ill record varying proportions in the chemical

and isotopic compositions of different provenance

components[ 3 , 6 , 8 , 10 ,11] .Although some reports men-
tioned secondary disturbance of Sm-Nd isotopic sys-
tem during w eathering , sediment sorting , diagene-
sis[ 12～ 15] , the primary Sm-Nd system has not been

remarkably changed.As already pointed out by Gold-
schmidt[ 16] , rare earth elements are mainly retained

in clay minerals during w eathering and sedimenta-
tion , only very small amounts being carried by solu-
tions.Therefore , they are transported almost totally

into the fine-g rained clast ic sedimentary rocks , indi-
cating that differentiation of Sm-Nd could almost be

neglected[ 7 , 10 ,11] .Gleason et al.[ 17] suggested that

Nd isotopes are ideal fo r establishing provenance dif-
ferences because of (1)their sensi tivi ty to dif ferences

in crustal age , (2)the coherent behavior of rare earth

elements(REEs)in clastic sediments during trans-
port[ 10] , and(3)the low mobility of REEs during di-
agenesis and metamorphism.Hence , it is possible for

selecting Nd isotopic characteristics of fine-g rained
sedimentary rocks to t race back their provenance and

to discuss the crustal g row th and evolution[ 4 , 7] .

The metasedimentary rocks are w idely exposed

in Pro terozoic Xingxingxia g roup in the eastern seg-
ment of Central T ianshan Belt (ESCTB)and are the

major component of Proterozoic Xingxingxia g roup.



The aims of this cont ribution are to systemically ana-
lyze Sm-Nd iso topic characteristics of metasedimenta-
ry rocks from Xingxingxia group and to determine the

nature of their source regions and thei r tectonic impli-
cations.

1)Guo , Z.J.et al.The basement characteristics, upli ft ing processes and mineralization rem ote scene in the early Precambrian complexes in the

eastern Tianshan upwelling belt , Xinjiang , China.Report of “ 305” Project(in Chinese), 2001.

1　Geological setting

The ESCTB uplifted zone is characterized by a

lot of Precambrian metamorphic blocks and is overlain

by the unmetamorphosed Paleozoic and M esozoic clas-
tic sedimentary st rata.The Precambrian metamorphic

blocks are w idespread in ESCTB which are composed

of Xingxingxia g roup and Tianhu g roup.These rocks

in Xingxingxia and Tianhu groups in ESCTB have

been w idely deformed and metamorphosed from

g reenschist to amphiboli te facies , particularly , gran-
ulite facies in some locations

[ 18]
.The main lithologi-

cal assemblage of Xingxingxia group consists of am-
phiboli tes and various parametamorphic schists ,
which w as intruded by the M eso-Neopro terozoic and

Paleozoic grani toids[ 19 ,20] . The parametamorphic

rocks include garnet bio tite schist , kyanite garnet bi-
ot ite schist , kyanite mica schist , mica quartz schist ,

stauroli te mica schist , cordieri te biotite schist , gneiss
and some marbles.Guo et al.1)reported a zircon U-
Pb age of (1216 ±74)Ma from mica schist in the

Weiya area , which is interpreted as metamorphic

age , and another U-Pb age of (1218±17)Ma from

crystallization zircons of granitic gneiss intruded into

mica schists.In addition , a discordant U-Pb upper

intercept age of(1750±25)Ma from detrital zircons

of kaynite biot ite schist in the Kumishi area w as also

repo rted , which reflects the fo rmation age of the pro-
toliths1).

2　Analytical method and results

Nd isotope analysis of all samples , collected f rom

the Kumishi , the Weiya and the south to the Dikar

areas(Fig.1 and Table 1), was carried out at the

Isotope Laborato ry of the Institute of Geology and

Geophy sics , Chinese Academy of Sciences.Mass

analyses were perfo rmed using a VG354 thermal ion-
ization mass spect rometer.For details of the analyt i-
cal techniques , procedures and data normalization for

the Sm-Nd iso tope analyses refer to Refs.[ 21 ,22] .

Fig.1.　Tectonic frame map of the Eastern Tianshan Orogen and the sampling locat ions(revi sion based on Guo et al.1), 2001).

Table 1.　Simplified sam ple descript ions and sampling locat ions

Sample No. Lat itude Longitude Lithology Mineral assemblage

Kumishi area

KM2105-2 42°19′42″ 88°24′00″ Garnet biotit e schist Grt+Bt+Mus+Kfs+Qtz

KM2106-1 42°19′33″ 88°24′45″ Kyanite biotit e schist Ky+Bt+Pl+Qtz+/-Mus+/-Grt

KM2106-2 42°19′34″ 88°24′46″ Biot ite schist w ith s tauroli te Stau+Ky+Pl+Qtz+/-Mus+/-Grt

To be continued
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Continued

Sample No. Lat itude Longitude Lithology Mineral assemblage

KM2107-1 42°19′27″ 88°24′35″ Biot ite schist w ith kyani te Ky+Bt+Pl+Qtz+/-Mus+/-Grt

KM2107-2 42°19′27″ 88°24′35″ Biot ite schish Bt+Mus+Kfs+Qtz

KM2112-2 42°14′11″ 88°48′32″ Staurolit e garnet biotit e schist Stau+Grt+Pl+Qtz+/-Mus

KM2113-1 42°13′23″ 88°48′06″ Garnet biotit e schist Grt+Bt+Mus+Kfs+Qtz

KM2114-2 42°12′33″ 88°47′26″ Garnet mica schist Kfs+Pl+Bt+Grt+Stau+Qtz

KM2127-2 42°19′12″ 88°25′56″ Staurolit e biot ite quart z schist Stau+Grt+Pl+Qtz+/-Mus

KM2127-3 42°19′12″ 88°25′56″ Kyanite biotit e quartz schist Ky+Bt+Pl+Qtz+/-Mus+/-Grt

KM2127-5 42°19′12″ 88°25′56″ Garnet staurolit e kyanite bioti te schist Grt+Stau+Ky+Qtz+Bt+Kfs

The south to the Dikar area

DK2101-2 41°47′47″ 89°59′19″ Hornblend plagioclast gneiss Hbl+Pl+Qtz+Bt+/-Kfs

DK2102-2 41°48′20″ 90°00′08″ Hornblend plagioclast gneiss Hbl+Pl+Qtz+Bt+/-Kfs

DK2103-1 41°48′36″ 90°00′21″ Mica quartz schist Bt+Mus+Kfs+Qtz

DK2104-1 41°48′54″ 90°00′44″ Biot ite schist Bt+Mus+Kfs+Qtz

DK2106-1 41°49′15″ 90°00′56″ Mica quartz schist Bt+Mus+Kfs+Qtz

DK2107-1 41°50′00″ 90°01′44″ Kyanite mica schist Ky+Bt+Pl+Qtz+/-Mus+/-Grt

DK2107-2 41°50′00″ 90°01′44″ Kyanite cordierite biotit e schist Pl+Bt+Cord+Qtz+Ky

DK2108-1 41°51′01″ 90°02′33″ Biot ite plagioclast gneiss Bt+Pl+Kfs+Qtz+/-Mus

Weiya area

WY2103-2 41°41′35″ 94°12′10″ Staurolit e mica schist Stau+Pl+Qtz+Mus

WY2103-4 41°41′35″ 94°12′10″ Garnet mica schist Grt+Pl+Qtz+Mus

WY2104-1B 41°41′15″ 94°12′19″ Staurolit e mica schist Stau+Pl+Qtz+Mus

WY2104-1C 41°41′15″ 94°12′19″ Staurolit e mica schist Stau+Pl+Qtz+Mus

WY2104-2 41°41′15″ 94°12′19″ Garnet cordierite biotit e schist Cord+Grt+Qtz+Bt+Kfs

　　Nd isotopic data of totally twenty-four samples

analy zed are listed in Table 2 and plotted in Fig s.2
and 3.The Nd model ages for the samples in ESCTB

range f rom 1.29 to 2.30Ga(Table 2).T DM for the

samples f rom the Weiya area is betw een 1.86 and

2.29 , 2.05 Ga on average , suggesting that there is

Paleoproterozoic or much older crust in the prove-
nance.TDM values for the samples f rom the Kumishi

and the south to the Dikar areas , how ever , mainly

concentrate between 1.6 and 1.9Ga , 1.66Ga on av-
erage.The youngest TDM value is 1.29Ga , which is

close to the time of island arc magmatism (ca.

1.2Ga)
1)
.The deposi tional age of the sediments

must be equal to or younger than the youngest deplet-
ed mant le model age;moreover , a magma crystalliza-
tion age of(1218±17)Ma of granitoids intruded into

these metasedimentary rocks , indicating that the de-
posi tional age of the metasedimentary rocks of Pro-
terozoic Xingxingxia g roup must be in the range of

1.2 ～ 1.3Ga , co rresponding to the Jixian system in

the North China Craton.Therefore , we adopt

εNd(t)=εNd(1.2Ga)to discuss the characteristics of

the provenance.

1)Liu , S.W.et al.Neoproterozoic granitic gneisses at Gangou-Chumishi , eastern Tianshan , northw estern China:i ts petrogenesis and tectonic

implications(t o be publi shed)

Table 2.　Nd isotopic data of Xingxingxia group m etasedimentary rocks

Sample No. Sm (μg/ g) Nd(μg/ g) 147Sm/ 144Nd 143Nd/ 144Nd 2σ εNd(0) f Sm/Nd εNd(t) TDM(Ga)

KM2105-2 4.58 23.69 0.1168 0.512308 11 -6.4 -0.41 5.86 1.32

KM2106-1 8.11 41.51 0.1182 0.512112 9 -10.3 -0.40 1.81 1.65

KM2106-2 15.05 79.53 0.1144 0.512071 10 -11.1 -0.42 1.59 1.65

KM2107-1 4.87 23.91 0.1231 0.512042 10 -11.6 -0.37 -0.32 1.86

KM2107-2 4.85 24.70 0.1187 0.512054 11 -11.4 -0.40 0.60 1.75

KM2112-2 3.25 15.87 0.1239 0.512295 11 -6.7 -0.37 4.51 1.45

KM2113-1 9.61 48.59 0.1196 0.512009 10 -12.3 -0.39 -0.42 1.84

KM2114-2 4.47 23.24 0.1163 0.512121 9 -10.1 -0.41 2.28 1.61

KM2127-2 6.48 32.49 0.1205 0.512073 9 -11.0 -0.39 0.69 1.76

KM2127-3 6.47 32.14 0.1218 0.512047 12 -11.5 -0.38 -0.02 1.82

KM2127-5 7.02 35.35 0.1201 0.512345 8 -5.7 -0.39 6.08 1.31

To be continued
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Continued

Sample No. Sm (μg/ g) Nd(μg/ g) 147Sm/ 144Nd 143Nd/ 144Nd 2σ εNd(0) f Sm/Nd εNd(t) TDM(Ga)

DK2101-2 5.23 26.15 0.1209 0.512201 14 -8.5 -0.39 3.13 1.56

DK2102-2 4.35 21.34 0.1232 0.512384 8 -5.0 -0.37 6.36 1.29

DK2103-1 5.95 30.15 0.1193 0.511998 10 -12.5 -0.39 -0.59 1.85

DK2104-1 6.88 36.06 0.1154 0.512150 11 -9.5 -0.41 2.98 1.55

DK2106-1 5.91 32.02 0.1116 0.512053 9 -11.4 -0.43 1.67 1.63

DK2107-1 10.49 53.19 0.1193 0.511879 10 -14.8 -0.39 -2.92 2.04

DK2107-2 6.87 34.00 0.1221 0.512060 12 -11.3 -0.38 0.19 1.81

DK2108-1 7.77 40.51 0.1160 0.512009 9 -12.3 -0.41 0.13 1.78
WY2103-2 8.37 45.85 0.1104 0.511885 9 -14.7 -0.44 -1.43 1.86

WY2103-4 7.95 34.32 0.1402 0.512040 11 -11.7 -0.29 -2.99 2.29

WY2104-1B 6.98 35.27 0.119 60.511826 10 -15.8 -0.39 -4.00 2.14

WY2104-1C 4.07 21.18 0.1161 0.511904 11 -14.3 -0.41 -1.94 1.94

WY2104-2 8.45 40.79 0.1252 0.511976 8 -12.9 -0.36 -1.93 2.02

　　Note:εNd=[(
143Nd/ 144Nd)s/(

143Nd/ 144Nd)CHUR-1] ×10000 ,

f Sm/Nd=[(
147Sm/ 144Nd)s/(

147Sm/ 144Nd)CHUR] -1 ,

(143Nd/ 144Nd)CHUR=0.512638 and(147Sm/ 144Nd)CHUR=0.1967 ,

TDM=1/λ×ln{1+[(143Nd/ 144Nd)s-0.51315] /[ (147Sm/ 144Nd)s-0.2137] },
w here S=sample , t=1.2 Ga.

Fig.2.　t-εNd(t)diagram of the metasedimentary rocks.Epsi lon

Nd values are calculated using the referenced age of 1.2Ga.
Fig.3.　t-T DM diagram.

　　 The εNd(t)values for all samples range f rom

-4.0 to +6.4 , and most values fall in the range

-2.0 to +3.2(Table 2).The εNd(t)values for the
five samples f rom the Weiya area are smaller than

-1.4 , presenting average value of -2.46.The
samples from the Kumishi and the south to the Dikar

areas range f rom -2.93 to +6.36 (averaged 1.37)
and from -0.42 to +6.08(averaged 2.06), respec-
tively.All of samples f rom the Kumishi and the south

to the Dikar areas display an average εNd(t)value of

1.77.The εNd(t)values fo r the samples from the

Kumishi and the south to the Dikar areas are bigger

than -1 , but those of the samples f rom the Weiya

area are smaller than -1.4.Although three samples

from the Kumishi area (KM2105-2 , KM2112-2 and

KM 2127-5)and one sample from the south to the

Dikar area (DK2102-2)have similar 147Sm/144Nd ra-

tios(0.111 ～ 0.141 , Table 2)to others , they have

significantly higher εNd(t)values(>4.5).

3　Discussion

3.1　Provenance

In general , sediments derived f rom an old craton

w ill display the characteristics of more negative εNd
values ( for example , for Archean crust , εNd <
-20), and from younger crust will present less nega-
tive εNd , or even positive εNd(for example , for recent
island arc volcanic rocks , εNd>2)

[ 4 , 23] .According to

the research of Hu et al.[ 20] , the Nd isotopic analysis

of Archean g ray gneisses , schists and Pro terozoic

g ranitoids in the Tarim Craton indicated that the

youngest Nd TDM is older than 2.7Ga , and εNd(t)
values by our recalculation concentrate in the range of

911Progress in Natural Science　Vol.13 No.12　2003



-23 ～ -8.In contrast , the samples f rom Pro tero-
zoic Xingxingxia group in ESCTB display TDM rang-
ing f rom 1.29 to 2.30Ga , and higher εNd(t)values
(>-4.0), which indicates that the Nd isotopic

composi tion of these samples is evident ly different

from that of the Tarim Craton.So far , nei ther has

there been the repo rt about the Archean age nor exis-
tence of Archean TDM value in ESCTB.Hence , these
metasedimentary rocks of Xingxingxai g roup could

not be mainly derived f rom the Archean Tarim cra-
ton , but one or more accreted terrain(s)of w hich ac-
creted time and tectonic backg round are under further

studies.We can notice from Table 2 that these sam-
ples show a narrow range of Sm/Nd ratios(0.111 ～
0.141), but display a w ide range of εNd(t)values ,
which suggests that the source regions can be more

than one[ 5] .Three samples(KM2105-2 , KM2112-2
and KM 2127-5)from the Kumishi area and one sam-
ple f rom the south to the Dikar area(DK2102-2)dis-
play the relatively high positive εNd(t)values , indi-
cating they w ere derived from the place w here young

island arc material might be predominant.On the

t-εNd(t)plot (Fig.2), all the sample data points

fall inside or close to the field of the Paleoproterozoic

crust and between evolutional lines of the Paleopro-
terozoic crust and 1.2 Ga island arc magma rocks.
This suggests that there are tw o derivations for these

sediments , one is an older crust with an age of more

than 1.8Ga , the o ther is the M esoproterozoic juve-
nile materials.All of these indicate that these sedi-
ments are the mixing products in a various proportion

of these two end members.Almost all the data of the

Weiya samples fall w ithin the field of the Paleopro-
terozoic crust w ith average Nd model age of 2.05Ga.
In contrast , apart f rom sample DK2107-1 falling into

the field of the Paleoproterozoic crust , the others

from the Kumishi and the south to the Dikar are dis-
tributed between evolutional lines of the Paleopro tero-
zoic crust and 1.2 Ga island arc magma rocks , with
1.64Ga and 1.69Ga average Nd model age , respec-
tively.These changes of εNd(t)and TDM indicate an

increased flux of young materials , f rom the Weiya

area , through the south to the Dikar area , to the Ku-
mishi area.

1)See footnote on page 910

The Nd model ages of metasedimentary rocks in

Xingxingxia g roup and a discordant U-Pb upper in-
tercept age((1750±25)Ma)f rom detrital zircons of

metasedimentary rock in the Kumishi area show that

the sediments could be derived f rom a signif icant pro-
portion of Paleoproterozoic crust and a various propor-
tion of participation of juvenile materials.Four sam-
ples w ith relatively high εNd(t)values (KM2105-2 ,
KM2112-2 and KM2127-5 from the Kumishi area

and DK2102-2 from the south to the Dikar area)dis-
play the relatively young Nd model ages.Except sam-
ple WY2103-4 w ith a 147Sm/144Nd ratio of 0.1402 ,
the other samples show 147Sm/144Nd ratios ranging

f rom 0.11 to 0.13 , indicating litt le dif ferent iation/
f ract ionation of Sm/Nd ratios during sedimentat ion

and /or earlier source magma processes
[ 3 , 6]
.Thus , it

indicates small disturbance probability of Sm-Nd iso-
topic system.Even if there is disturbance in Sm-Nd

isotopic sy stem , it s inf luence on Sm/Nd ratios of the

samples is very small.The Nd model ages also

st rongly support that the samples f rom the Kumishi

and the south to the Dikar areas contain a component

of younger detrital material.Farmer et al.
[ 5]

suggest-
ed two obvious possibili ties for this case:(1)high

εNd arc components and(2)high εNd components de-
rived f rom younger Precambrain crust.Samples

KM2105-2 , KM2112-2 , KM2127-5 and DK2102-2
have εNd(t)values ranging f rom +4.5 to +6.4 ,
w ith Nd model ages of 1.3 ～ 1.5 Ga.This range of

Nd model age corresponds to the rocks of the Grenvil-
lian o rogenic belt[ 17 , 24] .In addi tion , the major

tectono-magmatism in ESCTB , occurring at about

1.2Ga , may correspond to the amalg amation of Ro-
dinia1), and the relatively young clastic component

could be derived from the arc magmatic material.
Hence , the sediment provenance of the Xingxingxia

g roup metasedimentary rocks of ESCTB could be de-
rived from a significant proportion of Paleopro terozoic

source region and a participation of y ounger island

arc.

3.2　Tectonic implications

Nd isotope could be used no t only to determine

the provenance of the sedimentary rocks , but also to

recognize their ancient tectonic implications[ 7 ,25] .
The Nd iso topic compositions (εNd(t)=-4.0 ～
+6.4)and Nd model ages(TDM =1.29 ～ 2.30Ga)
of the samples from ESCTB reveal that these

metasedimentary rocks fo rmed from various propor-
tional mixing of the materials from older Paleopro-
terozoic continental blocks and younger arc , and Pale-
oproterozoic components could occupy the highest
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proportion.Whole Xingxingxia g roup has been wide-
ly deformed and metamorphosed to various deg rees ,
from greenschist to amphibolite facies , part icularly ,
g ranulite facies in some locations , which is very likely

to be the Grenvillian accreted terrain(s)and to derive

from the amalg amation of Rodinia.This is also sup-
po rted by the metamorphic zi rcons U-Pb age of(1216
±74)Ma from the paragneiss and the magma crystal-
lization zircon U-Pb age of(1218±17)Ma from the

g rani tic rocks int ruding into these paragneisses.The
isotopic signature of these samples also indicates that

these two sources w ere palaeogeog raphically separat-
ed.The samples f rom the Kumishi and the south to

the Dikar areas show lower Nd model ages(T DM =
1.29 ～ 2.04Ga)and higher εNd(t)(>-1)values ,
indicating that they could yield proximal to the arc

side of the back-arc basin , but those f rom the Weiya

area show higher Nd model ages (TDM =1.86 ～
2.29Ga)and lower εNd(t)(=-4.00 ～ -1.43)
values , suggesting these metasedimentary rocks were

formed close to the continental side of the back-arc
basin.

4　Conclusions

In summary , we can get some conclusive remarks

from Nd isotopic characteristics of the Xingxingxia group

metasedimentary rocks in ESCTB:(1)The depositional

time of Xingxingxia group metasedimentary rocks could be

in the range of 1.2 ～ 1.3Ga , corresponding to the Jixian

system;(2)these sediments could be derived from a sig-
nificant proportion of Paleoproterozoic source and a partici-
pation of young materials , rather than the Tarim Craton;
(3)these sediments were probably deposited in a back-arc
basin tectonic setting , the metasedimentary rocks from

the Kumishi and the south to the Dikar areas could yield

proximal to the island arc side , but those from the Weiya

area could form closer to the continental sides.
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