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The Himalayan orogen consists of three major lithologic units that are separated by two major
north-dipping faults: the Lesser Himalayan Sequence (LHS) below the Main Central Thrust (MCT), the
Greater Himalayan Crystalline Complex (GHC) above the MCT, and the Tethyan Himalayan Sequence
(THS) juxtaposed by the South Tibet Detachment fault (STD) over the GHC. Due to widespread meta-
morphism and intense deformation, differentiating the above three lithologic units is often difficult. This
problem has been overcome by the use of Sm-Nd isotopic analysis. The previous studies suggested
that the LHS can be clearly distinguished from the GHC and THS by their Nd isotope compositions.
However, the lack of detailed and systematic Sm-Nd isotopic studies of the THS across the Himalaya in
general has made differentiation of this unit from the nearby GHC impossible, as the two appear to
share overlapping Nd compositions and model ages. To address this problem, we systematically sam-
pled and analyzed Nd isotopes of the THS in southeastern Tibet directly north of Bhutan. Our study
identifies two distinctive fields in a gy -Tpy plot. The first is defined by the £4(210 Ma) values of —3.45 to
—-7.34 and Tpy values of 1.15 to 1.29 Ga from a Late Triassic turbidite sequence, which are broadly
similar to those obtained from the Lhasa block. The second field is derived from the Early Cretaceous
meta-sedimentary rocks with g4(130 Ma) values from -15.24 to —16.61 and Tpy values from 1.63 to 2.00
Ga; these values are similar to those obtained from the Greater Himalayan Crystalline Complex in
Bhutan directly south of our sampling traverse, which has &4(130 Ma) values of —10.89 to —16.32 and Nd
model ages (Tpy) of 1.73 to 2.20 Ga. From the above observations, we suggest that the Late Triassic
strata of the southeast Tibetan THS were derived from the Lhasa block in the north, while the Early
Cretaceous strata of the THS were derived from a source similar to the High Himalayan Crystalline
Complex or Indian craton in the south. Our interpretation is consistent with the existing palaeocurrent
data and provenance analysis of the Late Triassic strata in southeastern Tibet, which indicate the
sediments derived from a northern source. Thus, we suggest that the Lhasa terrane and the Indian
craton were close to one another in the Late Triassic and were separated by a rift valley across which a
large submarine fan was transported southward and deposited on the future northern margin of the
Indian continent.
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1 Introduction

The Himalayan orogen consists of three lithologic units
that are stacked over one another by orogen-scale,
north-dipping faults: the Lesser Himalayan Sequence
(LHS) at the lowest structural level between the Main
Boundary Thrust (MBT) below and the Main Central
Thrust (MCT) above, the Greater Himalayan Crystalline
Complex (GHC) in the middle structural level between
the MCT below and the South Tibet Detachment fault
(STD) above, and the Tethyan Himalayan Sequence
(THS) at the highest structural level above the STD
(Figure 1) *. The LHS consists of a Mesoproterozoic
to Cambrian sedimentary sequence and is considered to
be in depositional contact on top of the Archean and
early Proterozoic Indian crystalline basement™®. The
GHC is a high-grade metamorphic complex containing
meta-sedimentary sequences that are intruded by de-
formed granitoids with ages of 487—550 Ma!”. How-
ever, an orthogneiss with a U-Pb zircon age of 825 Ma
intrudes a quartzite of the GHC in Bhutan™, implying
that at least some portions of the GHC metasediments
are older than 825 Ma. Although dominant Himalayan
metamorphism event occurred in the Cenozoic, the GHC
has also experienced metamorphism at garnet grade at
around 500 Ma, possibly related to collision of India
with an exotic terrane in the Cambrian-Ordovician® %),
The exotic terrane hypothesis for the origin of the GHC
has been disputed by Myrow et al.l'") who suggested that
the GHC was part of northern Indian margin despite the
noted early Paleozoic deformation. The THS records
continuous marine sedimentation from the Cambrian to
the Eocene on the northern Indian margin'®. Marine
sedimentation from Cambrian to Permian time mostly
occurred in a cratonal setting, although Carboniferous
rifting locally disrupted this simple sedimentation pat-

(") Triassic to Early Jurassic time marks the initia-

tern
tion of a major rifting event on the northern Indian mar-
gin, as expressed by basaltic eruption and deposition of
a thick carbonate and siliciclastic sequence™ "> This
rifting has been related to the separation of the Lhasa
block from India 7%,

Due to widespread Cenozoic metamorphism and de-
formation across the Himalayan orogen, differentiating
the major Himalayan units has proven difficult in the
field. This has led to debates on the exact locations of
major structures such as the MCT and STD in some

[5,19-22

parts of the Himalayan orogen 1. For this reason,

some workers used Nd isotopic compositions to differ-

$IL-237200 The existing

entiate major Himalayan units!
Nd and Sr isotopic data suggest Nd model ages of the
THS between 1.14 and 2.31 Ga, &y(0) values between
—20.05 and -6.16, and Sr/*Sr initial ratios between
0.705 and 0.750%*"*). The GHC and THS have similar
Nd composition with &yg(0) between —19.06 and
—6.16!8:11:1222:232572730732] ‘e [ HS typically has eyg(0)
values between —32.26 and —15.92, and Tpy values from
1.84 Ga to 2.84 Ga, indicating a much older crust as its
sourcel®!1:22:23.25.26.28.32]

The major problems with the existing chemo-strati-
graphy of the Himalayan units are that (1) it has focused
almost exclusively in the western and central Himalaya
with only a sparse coverage of the eastern Himalaya,
and (2) the number of samples analyzed from the THS is
significantly less than those from the GHC and LHS
units (see Yin'* for a review of this problem). The latter
issue makes it ambiguous whether the similar Nd iso-
topic composition of the GHC and THS is an artifact of
incomplete sampling of THS strata.

To address the above issue we conducted systematic
sampling of the THS in the eastern Himalayan orogen in
southeast Tibet. Our work indicates significant internal
variation of Nd isotope variations within the THS be-
tween the Late Triassic and Early Cretaceous strata. The
former exhibits Nd isotopic compositions similar to
those from the Tibetan terranes whereas the latter has Nd
compositions similar to the GHC. The similarity in the
Nd isotope values between the Triassic strata in the THS
on the northern Indian margin and the Tibetan terranes,
along with early work indicating that the Triassic sedi-
ments in southeast Tibet were transported from a north-
ern source, supports the early proposal that the Lhasa
terrane and the Indian craton were both parts of the
Gondwana; they were separated in the early Jurassic
during the opening of the Neo-Tethys™'>'%). This geo-
logic link suggests that Nd isotopic composition alone
cannot be used as the sole criterion to differentiate Ti-

betan terranes from the Indian lithologic units™**,

2 Regional geology

The eastern Himalayan orogen lies between longitude
88°E and 98°E and is bounded by the Indus-Tsangpo
suture in the north and the Himalayan foreland basin in
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the south (Figure 1). The three major Himalayan units,
LHS, GHC, and THS are separated by the MCT and the
STD®™**% The geology of the high-grade GHC above
the MCT and the LHS below the thrust is best studied in
Bhutan and around the eastern Himalayan syntaxis. In
Bhutan, the LHS consists of garnet-bearing schist,
quartzite, phyllite, and granitic gneisses whereas the
GHC is composed of paragneiss, orthogneiss, migmatite,
and Tertiary leucogranite[39’40]. The LHS schist unit ex-
perienced peak metamorphism at 650 —675°C and
9.1x10°—1.3x10° Pa at 18—22 Ma'*!, whereas the
granitic gneiss units have yielded a Rb-Sr age of ~1.1
Ga'* and a U-Pb zircon age of ~1.76 Ga'*'l. The LHS
also contains a 1.8 —1.9 Ga meta-rhyolite and an arenite
unit with U-Pb detrital zircon ages between 1.8 and 2.5
Ga'™. Kyanite-bearing migmatites in the GHC experi-
enced a peak P-T condition of ~750 —800°C and
1.0x10°—1.4x10° Pa at ~18 Ma, followed by retrograde
metamorphism under a condition of 500—600°C and
5.0x10° Pa; the latter was associated with intrusion of 13
Ma leucogranite and a 14— 11 Ma cooling event in the
MCT zone!**. A quartzite unit yielding U-Pb detrital
zircon ages of 980— 1820 Ma in the GHC is intruded by
an 825 Ma orthogneiss™®. The GHC and LHS appear to
have distinctive Nd isotope compositions, with the cor-
responding Nd model ages Tpy ranging from 1.73 to

2.20 Ga for the GHC and 2.46 to 2.61 Ga for the GHC™.

The eastern Himalayan syntaxis consists of metamor-
phic rocks that record a peak condition of ~800°C and
~1.5x10° Pa™!. The high-grade rocks experienced mag-
matism at 400—500, 120, 40—70, 18—25, and 3—10
Ma!*. Exceptionally young (<10 Ma) zircon ages and
A1/ Ar muscovite ages are clustered at the core of the
syntaxis, which may be a result of focused exhumation™’.

Our study area is located on the north slope of the
Himalayan Range in southeast Tibet, between longitude
90°E and 92°E (Figure 2). In the north, the THS is
bounded by the south-dipping Oligocene-Miocene
Renbu-Zedong Thrust (RZT), which places the THS
(mainly Triassic flysch complex) over the Creta-
ceous-Early Tertiary Gangdese batholith!*® **!. In the
south, the THS is bounded by the north-dipping STD.
The THS between the RZT and STD is internally di-
vided by two north-dipping thrusts (Figure 2). The
northern thrust places Late Triassic strata over Jurassic
and Early Cretaceous sediments, and the southern thrust

places Jurassic strata over Cretaceous strata (Figure 2).
Although major lithologic units in the study area are
Late Triassic to Cretaceous in age, Late Proterozoic and
Early Paleozoic metasedimentary rocks are also exposed
around the Yala Xianbo gneiss dome in the easternmost
part of the study area, all of which had experienced
high-grade metamorphism in the Cenozoic (Figure 2)P".
The THS strata in our study area experienced isoclinally
folding and the bedding in many places is completely
transposed by axial cleavage. Although the age of the
THS units generally decreases southward, their meta-
morphic grade increases steadily to the south, reaching
to the garnet grade directly above the STD near the
China-Bhutan border. The Triassic strata against the su-
ture zone in the north are mostly in the lower greenschist
facies, containing chlorite. To the south near the STD
Cretaceous marine strata are metamorphosed to become
schist and meta-greywacke, containing biotite, musco-
vite, and locally garnet. The high-grade Cretaceous
metamorphic rocks are also intruded by Tertiary leu-
cogranites directly above the STD (Figure 2). Due to
intense deformation and metamorphism, the ages of Tri-
assic and Cretaceous strata are not well constrained;
their age estimates are established from lithostrati-
graphic correlations with the better dated Late Triassic
strata by fossils in the regions directly to the west of our
study area”"). Some of the Triassic units in our area have
been reinterpreted to be Cretaceous owing to the dis-

- 1.150,52,53
covery of ammonoids?’">!,

3 Nd isotope analysis

3.1 Samples

A total of 10 samples were collected from 7 locations for
Nd isotope analysis and the results are summarized in
Table 1(Figure 2). Among them four samples were col-
lected from the Late Triassic Langjiexue Group and six
samples were collected from Early Cretaceous Lhakang
Formation (Figure 2). The Langjiexue Group is domi-
nated by turbidite sequences comprising mudstone, silt-
stone, and sandstone. Its lithology, provenance, sedi-
mentary structures, and depositional setting were exam-
ined in detail by Li et al.”* . Sedimentary structures
such as tool marks and cross-bedding relationships sug-
gest that the paleocurrent directions during the deposi-
tion of the Late Triassic strata were mainly southward,
with minor components to the southwest and south-
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east®. Basin analysis of the Triassic strata led Li et

al."* to conclude that the sediments were deposited in a
south-flowing submarine fan system that had migrated
southward during their build-ups. Sandstone composi-
tion analysis of the Triassic turbidite suggests it to have
been derived from a recycled orogen, with lithic frag-
ments dominated by sedimentary and metamorphic de-
tritus"°). Additionally, trace element analysis indicates
that the source region of the Triassic strata consists of a
continental arc and a passive continental margin®®. Li et
al.’% speculated that the northern source region of the
Triassic fan system was the Lhasa block before the birth
of the Early Jurassic Neo-Tethys when it was finally
separated from India during the breakup of the Gond-
wana. Unlike the Triassic strata in southwest Tibet,
sedimentology and depositional settings of the Creta-
ceous strata have not been examined in detail. This is in
part due to the fact that the unit has experienced much
higher grade metamorphism and stronger contractional
deformation, which have eliminated most original sedi-
mentary structures due to transposition of original bed-
ding to metamorphic foliation. Nevertheless, the work
by Xia et al.”*! and Zhong et al.”’! suggests that the
Lhakang Formation comprises sandstone, siltstone, slate,
and micritic limestone that have all undergone biotite to
garnet grade metamorphism. The above study also indi-
cates that the unit was deposited in a lagoonal environ-
ment along the northern margin of the Indian continent.

3.2 Method

Sm-Nd isotopic compositions were determined on bulk
rocks which were powdered to less than 200 mesh.
Sm-Nd isotopic analyses were carried out on 120—150
mg of the bulk rock powders to which a "**Sm -"*"Nd
spike had been added. The samples were dissolved by
using a mixture of HF-HCIOy in Teflon bombs at 100—
120°C for seven days. The samples were then dried at
180°C. After several rounds of HCI treatments, Sm and
Nd isotopes were separated and measured following
standard procedures outlined by Hegner et al.’’. sm-Nd
was separated from rare-earth elements on quartz col-
umns using 1 mL Teflon powder coated with HDEHP,
di(2-ethylhexyl) orthophosphoric acid, as the cation ex-
change mudium. Sm-Nd isotopic compositions were
measured by Finnigan MAT 262 Thermal Ionization
Mass Spectrometer (TIMS) at the Laboratory for Ra-
diogenic Isotope Geochemistry in the Institute of Geol-
ogy and Geophysics, the Chinese Academy of Sciences

(Beijing). Sm-Nd were loaded as phosphate on precon-
ditioned Re filaments and then measured in a Re double
filament configuration. '*Nd/'*'Nd ratios are normal-
ized to "°Nd/'**Nd=0.7219 and Sm isotopic ratios to
1Sm/"*2Sm=0.56081. All errors quoted in Table 1 cor-
respond to 2 sigma standard deviation from the mean.
During the study the isotopic analyses of the Ames Nd
standard yielded '*Nd/'**Nd=0.512129+11 (20, n=5).
The total procedural blanks were < 50 pg for Sm and Nd.
Further details on the Sm-Nd analytical techniques are
described by Chen et al.’**!,

3.3 Results

Results of Sm-Nd isotopic analysis of bulk rocks are
summarized in Table 1. In general, samples from Trias-
sic and Cretaceous strata have different Nd isotope
compositions, with the former having much less nega-
tive &vg(0) values (—5.42 to —9.76) and younger Nd
model ages (1.15—1.29 Ga) than the latter with the

&nd(0) values from —16.74 to —18.00 and Nd model ages
from 1.63 to 2.00 Ga. We describe our results in detail
below.

Four samples were collected from the Late Triassic
Langjiexue Group. Sample AY06-29-06-8A from sample
site 1 is coarse-grained sandstone in the northernmost
part of our sampling traverse (Figure 2). This sample has
a &vd(0) value of —8.63 and a & (210 Ma) value of
—6.27. Its Nd model age is 1.23 Ga calculated using the
deleted mantle model of DePaolo!®”. From the same
sample location, we also analyzed a finer-grained silt-
stone sample (sample AY06-29-06-8B), which yields
slightly less negative &va(0) (—8.15) and &w(210 Ma)
(—5.75) values and a younger Nd model age (1.18 Ma)
than the coarser grained sample from the same site (Ta-
ble 1). Sample AY06-29-06-9A was collected at sample
site 2 from the Late Triassic strata (Figure 2). This sam-
ple yields a &vg(0) value of —9.76 and a &y(210 Ma)
value of —7.34, with a Nd model age of 1.29 Ga. Sample
AY07-03-06-1 is meta-greywacke from the Late Triassic
strata at sample location 7 (Figure 2). It has a &yq(0)
value of —5.42 and a &y(210 Ma) value of —3.45, with a
Nd model age of 1.15 Ga.

In contrast to Triassic samples, Cretaceous samples
generally have much lower &y4(0) values and much older
Nd model ages (Table 1). Sample AY07-01-06-2 was
collected from a slate unit at sample site 3 (Figure 2).

This sample yields a &vg(0) value of —16.84 and a
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Table 1 Sm-Nd isotopic data of siliciclastic rocks from southeastern Tibet
. . 147 144 143 144 Error N ) N d) Tom Age
Sample No. Location Lithology Sm (ppm) Nd (ppm) “'Sm/""Nd Nd/"™"Nd (20) ena(0)”  ena(?) (Ma)) (M)
AY06-29-06-8A17 ;?;2?;??; coarse-gd ss 5.21 28.99 0.1087 0.512196 13 -8.63 -6.27 1230 210
o
AY06-29-06-8B1 28°58.279'N siltstone 7.96 45.06 0.1068 0.512220 14 -8.15 =575 1175 210
91°39.571'E
AY06-29-06-9A2 3?02233;?; fine-grained phyllite 8.89 50.53 0.1063 0.512138 14 -9.76 -7.34 1286 210
29°05.565'N
AY07-03-06-17 00923 602'E meta-greywacke 6.31 30.96 0.1232 0.512360 13 -5.42 =345 1152 210
28°15.604'N
AY07-01-06-23 91°13.699'E slate 4.83 27.23 0.1072 0.511775 12 -16.84 -15.36 1815 130
AY07-01-06-5A4 3?0112?2‘;:1; meta-pelite 6.95 44.37 0.0947 0.511770 10 -16.93 -15.24 1630 130
AY07-01-06-5B4 g?oi(‘i‘:g‘;g quartz arenite 6.63 35.57 0.1128 0511742 14 -17.47 -16.08 1965 130
28°07.270'N .
AY07-02-06-45 91°05.805'E phyllite 7.81 46.06 0.1025 0.512230 12 =795 -6.39 1117 130
AY07-02-06-6A6 3?03)?) ?I‘(‘),’I]\EI sandy phyllite 6.26 33.64 0.1125 0511715 13 -18.00 -16.61 2002 130
AY07-02-06-6B6 3?0(1)?) ;‘:‘(‘)g phyllite 10.94 61.92 0.1068 0.511780 14 -16.74 -15.25 1799 130

a) Sample numbers correspond to those shown in Figure 2. b) Coarse-grained sandstone. ¢) Calculated at the present. d) Calculated at assumed age ac-
cording to the sedimentary age in order to get initial values. swa(f)= &na(0)—fsmna*Onaxt, Ona=AX("'SM/*Nd)crur(0)/("*Nd/**Nd)crur(0)x 10°,
Fsmma=(""Sm/ ** Nd)qampie(0)/("'SM/ **Nd)ciaur(0)-1, (“*Nd/M**Nd)crur(0)=0.512638, ("'Sm/'**Nd)cur(0)=0.1967, the two values are the ratio of CHUR at
present time, and normalized to "**Nd/'**Nd=0.7219. And One=25.09 Ga™', 1=6.54x10"%a™". ¢)Tpy is model age or crustal residence age, represents the age
of crustal material separated from depleted mantle, Tpy were calculated by using the quadratic solution for depleted mantle evolution of DePaolo!®”), that is,

ena(Tom)=0.25Tpm > —3Tpm +8.5, &nd(0)—f smnaXOna* Tom=0.25Tpm >3 Tpum +8.5.

&nd(130 Ma) value of —15.36, with its Nd model age of
1.82 Ga. Sample AY07-01-06-5A is meta-pelite col-
lected at sample location 4 (Figure 2). This sample
yields a eng(0) value of —16.93 and a &vq(130 Ma) value
of —15.24, with its Nd model age of 1.63 Ga. Sample
AY07-01-06-5B is quartz arenite collected from the
same location as sample AY07-01-06-5A (sample site 4
in Figure 2). This sample yields a &vg(0) value of —17.47
and a &y(100 Ma) value of —16.08, with its Nd model
age of 1.97 Ga. Sample AY07-02-06-6A is sandy phyl-
lite collected at sample location 6 (Figure 2). This sam-
ple yields a &y(0) value of —18.00 and a &yg(130 Ma)
value of —16.61, with its Nd model age of 2.00 Ga. From
the same location, a finer-grained phyllite sample (sam-
ple AY07-02-06-6B) was also analyzed. This sample
yields less negative &ng(0) (—16.74) and &y(130 Ma)
(—15.25) values than the coarse grained sample from the
same site.

Although the above Cretaceous samples all yield sig-
nificantly more negative &vq(0) values and older Nd
model ages, one Cretaceous sample (sample
AY07-02-06-4) collected from sample site 5 near a Ter-
tiary leucogranite yields a Nd composition that is dras-
tically different from the rest of the Cretaceous Nd iso-
tope compositions but similar to the values obtained

1312

from our Triassic samples (Figure 2, Table 1). Specifi-
cally, this sample yields a &vg(0) value of —7.95 and a
&nd(130 Ma) value of —6.39, with its Nd model age of
1.12 Ga. There are at least three possible explanations
for this anomalous Nd isotopic composition. First, the
age assignment of the unit is in error. We note that the
Cretaceous unit south of the southern thrust in the study
area, as mentioned above, was originally assigned with a

61 .
1. However, recent discovery of

Triassic age in Liul
Cretaceous fossils in a sequence with a similar lithology
in an area to the west led Pan et al.’” to reinterpret the
entire fault-bounded panel to be Cretaceous in age. In
the field, we observed that the lithology of the Creta-
ceous unit of Pan et al.’” in places is similar to their
Late Triassic strata except that the former has experi-
enced a higher-grade metamorphism. We also noticed
that the Cretaceous unit of Pan et al.[so], as shown in
Figure 2, is isoclinally folded and its bedding is mostly
transposed by metamorphic foliation and slaty cleavage.
As a result, it is possible that the folded sequence con-
tains fragments of Triassic strata such as in the core of
an anticline. The second possibility is that the Creta-
ceous strata record a drastic change in sedimentary
sources, some being similar to those for the Triassic
rocks. The third possibility is that sample AY07-02-06-4
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may contain young volcanic ashes, which were ejected
from volcanic centers along the northeastern margin of
India during its separation from Australia and Antarctica
in the Early Cretaceous'®®). Young felsic volcanic
ashes may be responsible for the rise of the S m/M'Nd
ratio. Interestingly, Robinson et al.**’ have reported
similar &g and Tpy values for one of their samples from
the Cretaceous Chukh Formation in the uppermost part
of the THS in central Nepal; that sample has &y(100 Ma)
=-5.15 and Tpp=1.31 Ga, similar to our results. Differ-
entiating the above possibilities requires much more
careful and systematic structural, stratigraphic, and iso-
topic analysis of the Cretaceous strata mapped by Pan et
al.’% between the STD and the southern thrust in the
area. We do not consider the emplacement of the nearby
Tertiary leucogranite to have had any effect on the Nd
isotopic composition of this anomalous sample. The
Himalayan leucogranites typically have Nd composi-
tions and model ages similar to those for the GHC,
which are very similar to the values we obtained for all
but one of the Cretaceous samples'' ! (Figure 3).

T (Ga)
0 05 1 15 2 25
0.00 . - . - :
_2.00F
400}  Triassic flysch-ig * ™. Lhasa block
~6.00} \:‘: “oe /
S 800} Tt "
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—16.00T Cretaceous sedimentary rocks --:," . ‘r '
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+ Lhasa block « GHC a This study

Figure 3  &u(?) vs. Tpwm plot for samples from our study area and those
from the High Himlayan Crystalline Complex in Bhutan!® and the Lhasa
blockB*+31 g4(7) values for two gneiss samples from the Nyaiqentanglha
area are interpreted to represent middle and lower crust of the Lhasa ter-
rane and are calculated at present time!®”. &vy(f) values for one granite
gneiss sample and one gneissic granite from the Nyaigentanglha area are
calculated at 50 Ma according to their ages. sva(f) value for one granite
sample derived from crust in the Bange area is calculated at 121 Ma. &va(?)
values of two orthogneiss samples with their ages >500 Ma may represent
the basement of the Lhasa terrane and two Early Permian shale samples
from the northern Lhasa terrane are calculated at 210 Ma in order to com-
pare with the Late Triassic flysch samples from this study™ % s(f)
values of schist and gneiss samples with their ages >500 Ma from Greater
Himalayan complexes are calculated at 130 Ma. Two discrete fields can be
identified. The Nd compositions of Late Triassic samples characterize the
input of arc materials, as well as the Lhasa block. These observations are
consistent with the results of Pan et al.*), which indicate that the Gang-
dese plutonic belt in the Lhasa terrane had experienced two phases of arc
magmatism in the Late Triassic and Cretaceous to early Tertiary, respec-
tively.

We note that more negative &vg(0) values and older
Nd model ages are associated with coarser-grained
sedimentary samples than the finer-grained samples col-
lected from the same sample locations (i.e.,
AY06-29-06-8A vs. AY06-29-06-8B; AY07-01-06-5B vs.
AY07-01-06-5A; AY07-02-06-6A vs. AY(07-02-06-6B )
(Table 1). This observation may be explained by the
coarser-grained components being mainly derived from
continental sources associated with older crust and the
finer-grained components being mainly derived from
oceanic sources associated with younger crust.

4 Discussion and conclusions

The Nd compositions of our Late Triassic samples are
drastically different from those of the Early Cretaceous
samples (with the exception of sample AY07-02-06-4) in
that the former have less negative &vg(0) values and
younger Nd model ages than the latter. The difference
indicates that the two sequences were derived from very
different sources; the protolith of the Triassic sediments
was from a younger crust formed mostly at ~ 1.15—1.29
Ga, whereas the protolith of the Cretaceous units were
detritus from an older crust formed at ~ 1.63—2.00 Ga.
One possibility is that both units were derived from the
Indian continent in the south, with the older Triassic
rocks eroded from a younger crustal source at a shal-
lower depth and the younger Cretaceous rocks from an
older crustal source from a deeper crustal level. That is,
the Nd compositions of the Triassic to Cretaceous strata
essentially record an inverse stratigraphy of a crustal
section with an increasing crustal-formation age down-
ward. There are two problems with this interpretation.
First, the existing Sm-Nd isotope data of the Late Trias-
sic strata in southeast Tibet are similar to those obtained
from the Lhasa terrane (Figure 3). Sedimentologic stud-
ies of the Triassic strata indicate that they were derived
from a northern source, possibly the Lhasa block”". In
contrast, the Nd composition of the Cretaceous samples,
with the exception of sample AY07-01-06-4, overlaps
with the Nd composition of the GHC in Bhutan' (Fig-
ure 3), suggesting a strong tie between the two Himala-
yan lithologic units. Based on these observations, we
propose that the Triassic sediments were derived from
the Lhasa block during its initial rifting from India as the
Gondwana was breaking up (Figure 4). The rift valley
must have been narrow enough to allow the submarine
fan deposits to travel across the basin axis and to be de-
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Figure 4 Schematic diagram showing a possible evolution of the Tethyan Himalaya from the Cambrian to the Jurassic. The continental rifting developed
during the Late Permian to Early Triassic. The Late Triassic flysch sediments derived from the Lhasa block were transported and deposited on the future
northern margin of Indian continent during the initial opening of the Tethyan ocean. Remnants of the Triassic sediments are preserved as part of the north-

ern Indian passive margin sequence.

posited on the future northern margin of India. As the
Lhasa block drifted away from India in the Jurassic, the
Neo-Tethys was fully open causing isolation of sedi-
mentation on the northern Indian margin from the Lhasa
block!">'%l The Jurassic rifting may have been associ-
ated with the emplacement of mafic and ultramafic
rocks in the southeastern Tibetan THS from 150 to 130
Mal®7,

The above proposed model is quite preliminary and
there are other possible explanations for the isotopic
differences between the Triassic and Cretaceous strata
and the southward flowing paleocurrent directions dur-
ing deposition of the Triassic rocks. One possibility is
that the Triassic strata were not part of the northern In-
dian passive margin sequence, but instead a mélange
complex jammed in the Indus-Tsangpo suture zone as
envisioned by Yin"!. This explanation is possible as the
highly deformed Late Triassic strata in southeast Tibet
are commonly associated with ultramafic fragments
whose ages and origins are poorly determined™". The
ultramafic rocks could be fragments of oceanic crust and
thus parts of a large accretionary complex'*. From the

distribution of the ultramafic rocks, the southern bound-
ary of the accretionary complex is the north-dipping
northern thrust in the study area that juxtaposes Triassic
and ultramafic rocks over the Jurassic-Cretaceous units,
which have clear ties to the northern Indian margin se-
quence. In this alternative interpretation, the Late Trias-
sic Langjiexue Group may have been deposited in a
forearc setting at the onset of the subduction of the
Neo-Tethys oceanic plate. The presence of Triassic vol-
canic rocks in the Lhasa block™"®! is consistent with
this hypothesis. A problem with this interpretation is that
the continuous subduction of the Tethyan oceanic plate
would require a continuous development of a fore-arc
basin from the late Triassic to the early Tertiary. The
lack of Jurassic flysch complexes in our study does not
support this prediction, although this could simply be an
artifact of complete erosion of the Jurassic strata. Addi-
tionally, the Triassic volcanism in the Lhasa terrane
could be completely related to subduction of the Ban-
gong-Nujiang ocean from the north rather than a result
of northward subduction of the Neo-Tethyan ocean from
the south®. Although we favor the interpretation that
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the Triassic flysch deposits were derived from the Lhasa
terrane at the initial breakup of the Gondwana supercon-
tinent, we do not rule out the other possibilitieis such as
a accretionary-prism origin for the Triassic flysch com-
plex. Clearly, more detailed field mapping and a broader
sampling scheme are required to better resolve the above
issues.
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