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AB STRACT

The Upper Cretaceous to Lower Tertiary sediments in the Indus-Yarlung suture zone provide critical records on the
history of accretion along the southern margin of Asia prior to, and during, the India-Asia collision. In this article, we
report field and petrographic observations, in situ detrital zircon U-Pb ages, Lu-Hf isotopic analyses, and Cr-spinel
electron microprobe data from the Upper Cretaceous to Lower Tertiary sedimentary rocks of the Renbu mélange zone
in east Xigaze, southern Tibet. The Renbu mélange zone consists of two serpentinite mélange subzones separated by
a mud-matrix mélange. Using similarities found in the compositions of detrital Cr-spinels and detrital zircon U-Pb
ages, we propose to correlate the northern Renbu mélange subzone with the upper part of the Xigaze forearc basin.
Detrital zircons from sandstones in the southern Renbu mélange subzone indicate an influx of Cretaceous–early
Cenozoic zircon grains with juvenile Hf isotopic compositions, suggesting a provenance from the Lhasa terrane, es-
pecially the Gangdese arc. Compared to the mélange in the western Xigaze, our new results show that much younger
sediments were deposited on the top of the accretionary wedge, with the youngest U-Pb age cluster including six
single grains in the range of 64–53 Ma and a large peak at 67 Ma. Our results support the idea that the foreland basin
developed along the Indus-Yarlung suture during the India-Asia collision.

Online enhancements: supplementary tables.

Introduction

Accretionary complexes record subduction, ero-
sion, and deposition of sediment and accretion
along active continental margins. Late Mesozoic–
early Cenozoic accretionary complexes are thought
to be exposed in the Tibetan Himalaya, where they
provide important clues to the closure of the Neo-
Tethys Ocean (Burg and Chen 1984; Aitchison
2000; Cai et al. 2012). There are two common sce-
narios proposed to explain the origin of these ac-
cretionary mélanges. One suggests that these com-
plexes were formed in an oceanic subduction zone
beneath the southernmargin of the Asian continent
and/or under the suprasubduction Indus-Yarlung
ophiolite prior to being obducted onto the Tethyan

Himalayan (Burg and Chen 1984; Cai et al. 2012;
Hébert et al. 2012; Wang et al. 2012). The other
proposes that the complexes formed in an intra-
oceanic arc during the Eocene (Aitchison 2000;
Aitchison et al. 2007). These interpretations in turn
lead to very different scenarios for the progressive
closure of the Neo-Tethys Ocean (Aitchison 2000;
Ding et al. 2005; Aitchison et al. 2007;Najman et al.
2010). Fragments of the early Cenozoic (Paleocene-
Eocene) sediments preserved in the mélanges prob-
ably recorded the India-Asia collision process and
are probably part of the proposed Paleocene-Eocene
foreland basin system in south Tibet located near
the accretionary complexes of the Indus-Yarlung
suture zone (Ding et al. 2005, 2009; DeCelles et al.
2014).
In this article, we investigate the Renbu mé-

lange, located in the eastern Xigaze region, along
the Indus-Yarlung suture zone (fig. 1). We present
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new field and petrographic observations and Cr-
spinel analysis in combination with in situ U-Pb-Hf
isotopic analyses of detrital zircons to help dis-
criminate the different components of the accre-
tionary complex. We show that the younger sedi-
ments, dating to the Upper Cretaceous to Lower
Tertiary, represent components of the foreland ba-
sin along the Indus-Yarlung suture sourced from
the southern Asian Lhasa terrane and provide new
constraints on the evolution of the India-Asia col-
lision.

Geologic Setting

The Renbu tectonic mélange is part of the Indus-
Yarlung suture zone, sandwiched between the
Lhasa terrane to the north and the Tethyan Hima-
laya to the south (fig. 1). The Indus-Yarlung suture
zone marks the remnants of the Neo-Tethys Ocean
and thus represents the boundary between the In-
dian and Asian plates (Burg and Chen 1984; Yin and
Harrison 2000). This suture zone is bounded by the
Great Counter Thrust and the Zhongba-Gyantse
thrust (Yin 2006) and is defined by ophiolitic rocks
of late Jurassic to early Cretaceous age (Aitchison
2000; Malpas et al. 2003; Miller et al. 2003; Dubois-
Côté et al. 2005; Wang et al. 2006; Aitchison et al.
2007). These ophiolitic rocks are associated with
late Jurassic–early Cretaceous island-arc volcanic

rocks (McDermid et al. 2002; Aitchison et al. 2007)
and the controversial Liuqu Conglomerate (Davis
et al. 2002; Fang et al. 2006; Wei et al. 2011). The
ophiolitic rocks are locally in thrust contact with
a 10- to 50-km-wide mud-matrix turbidite mélange
exposed in the hanging-wall Zhongba-Gyantse or
Lhunze thrusts (Ding et al. 2005; Yin 2006; Li et al.
2010, 2011; Dunkl. et al. 2011; Cai et al. 2012;
figs. 1, 2). The coherent blocks of sedimentary strata
found within this mud-matrix mélange form the fo-
cus of this study.

The Xigaze basin is exposed immediately north
of the Indus-Yarlung suture zone and is fault
bounded by the Gandese Thrust to the north and
the Great Counter Thrust to the south. The basin
consists of Cretaceous and Lower Tertiary strata
that are further divided from oldest to youngest
into the Xigaze (in a forearc-basin setting) and Tso-
Jiangding (in a foreland-basin setting; Ding et al.
2005) groups. The lower part of the Xigaze Group,
consisting of the Chongdoi and Ngamring forma-
tions, is comprised mainly of sandstone and shale,
with some intercalations of marly limestone and
conglomerate. These rocks are interpreted to have
been deposited in a deep marine environment (Ein-
sele et al. 1994). The upper part of the XigazeGroup,
defined by the Panada and Qubeiya formations,
consists of sandstone, mudstone, and interlayered
limestone interpreted to have been deposited in

Figure 1. Simplified tectonic map and distribution of the upper Cretaceous–Cenozoic basins in the Himalayan
orogenic belt, south Tibet (modified after Ding et al. 2009). From north to south, the main strata in these basins
include the Tso-Jiangding Group (low Tertiary) in the north of the Zhongba area; the upper Zhongzuo formation
(latest Cretaceous) and Zheba group (Paleocene-Eocene) in the Saga-Gyangze zone; the Zongpu Formation (Late
Cretaceous), Jidula sandstone formation (Maastrichtian-Paleocene), Zhepureshanpo limestone formation, and Pengqu
formation in the Gangba-Tringri zone; and the Siwalike foreland basin (e.g., Willems et al. 1996; DeCelles et al. 2000,
2004; Wan et al. 2002; Ding 2003; Ding et al. 2005, 2009; Najman 2006; Cai et al. 2011). GT, Gandese Thrust; GCT,
Great Counter Thrust; ZGT, Zhongba-Gyantse Thrust; STDS, South Tibetan detachment system; MCT, Main
Central Thrust; MBT, Main Boundary Thrust; IYSZ, Indus-Yarling suture zone.
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a shallow marine environment (Ding et al. 2005;
Wu et al. 2010). The lower Tertiary Tso-Jiangding
Group unconformably overlies the Xigaze Group
and generally shows upward fining from conglom-
eratic strata at the base to sandstone and limestone
with lesser conglomerate in the upper part of the
sequence (Einsele et al. 1994; Liu and Ensele 1994;
Ding et al. 2005; Wang et al. 2012; fig. 1). These
young rocks are inferred to have been deposited
in the residual foreland basin after the India-Asia
collision (Ding et al. 2005). Most of the sediments
in the Xigaze basin are thought to be sourced from

Lhasa terrane (Dürr 1996; Wu et al. 2010; Wang
et al. 2012).
The Lhasa terrane crops out north of the Xigaze

basin and the Indus-Yarlung suture zone and in-
cludes local exposures of Proterozoic and Early
Cambrian basement (Dewey et al. 1988; Harris
et al. 1988; Guynn et al. 2006). The southern Lhasa
terrane (Yang et al. 2009) is comprised predomi-
nantly of Mesozoic-Cenozoic igneous rocks of the
Gangdese arc Late Cretaceous to Eocene arc-related
volcanics, volcaniclastics, and interbedded fluvial
lacustrine sediments of the Linzizong group (Chu

Figure 2. Geological map and profile of Renbu area. A, A’ represents the section of the northern Renbu mélange
subzone (Xima-Dazhuka subzone). B, B’ is the section of the southern subzone (Dejilin-Kadui subzone) between the
Songre (T3s) and Nieru (T3n) formations. GCT, Great Counter Thrust.
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et al. 2006; Mo et al. 2007; Ji et al. 2009; Zhu et al.
2009). These rocks are locally overlain by Ceno-
zoic sediments. The northern Lhasa terrane is com-
prised of mostly upper Palaeozoic–Cretaceous sed-
iments, although it includes localized exposures of
Paleozoic and Mesozoic igneous rocks (Leier et al.
2007; Zhu et al. 2013; Li et al. 2014).

The rocks of the Tethyan Himalaya, exposed to
the south of the Indus-Yarlung suture, are bounded
by two major fault systems: the north-dipping
South Tibetan detachment and the north-dipping
Zhongba-Gyantse thrust (Ding et al. 2005; Yin
2006; fig. 1). A distinctive structural feature of the
Tethyan Himalaya is the Northern Himalayan
Gneiss domes system, which consists of Cambrian-
Ordovician medium- to high-grade metamorphic
rocks intruded by 44–10 Ma leucogranites (e.g.,
Chen et al. 1990; Lee et al. 2004; Quigley et al.
2008; Zeng et al. 2011). The Tethyan Himalaya
is comprised mainly of Palaeozoic-Cenozoic sand-
stones and mudstones, shales, and limestones. The
Palaeozoic-Mesozoic strata are interpreted to repre-
sent the Indian passive continental margin shelf de-
posits in the south, grading northward into conti-
nental slope deposits (Liu and Einsele 1994; Wan
et al. 1997; Ding 2003). The uppermost Cretaceous
to Eocene strata (upper Zhongzuo, Sangdanlin and
Zheba formations) to the north consist of a succes-
sion of shale and coarse-grained sandstones interbed-
ded with lenses of planktonic-benthic foraminifera-
bearing limestone and radiolarian chert (Wan and
Ding 2002; Ding et al. 2005, 2009; fig. 1), regarded as
part of the foreland basin in the Indus-Yarlung su-
ture (Ding et al. 2005, 2009; DeCelles et al. 2014).

Tectonostratigraphic Units of the Study Area

The study area is located in the Indus-Yarlung
suture zone, with the key exposures near Renbu
(fig. 2). The study area incorporates the largest ex-
posed ophiolite body of the Indus-Yarlung suture as
well as a number of smaller inliers of these rocks
exposed to the east of the main body of ultramafic
rocks. The most recent geological surveys of this
area have defined a tectonic mélange (Renbu tec-
tonic mélange: Trm·sm) that separates the Indus-
Yarlung ophiolite from the Late Triassic flysch de-
fined by the Nieru (T3n) and Songre (T3s) formations.
The mélange zone is divided into the northern
Xima-Dazhuka and southern Dejilin-Kadui sub-
zones (Hu 2002; Li et al. 2010, 2011; fig. 2). The
matrix of the mélange consists of the slate and
sandstone as well as discrete blocks of serpentin-
ized dunite, diabase, basalt, and chert interpreted to

define relicts of the Indus-Yarlung ophiolite. Other
less common exotic blocks include dolomitic lime-
stone and sandstone.

The northern subzone of the Renbu mélange
is in fault contact with the conglomerates of the
Oligocene-MioceneDazhukaFormation(E3N1;Wang
et al. 2013), Cretaceous basalt and diabase (K1), and
the Eocene granitoids of the Gangdese batholith.
The southern boundary of the northern subzone is
defined by the Great Counter Thrust, which sepa-
rates the mélange rocks from the Triassic Songre
Formation (fig. 2). The rocks of the northern sub-
zone are defined by the deformed bodies of Jurassic-
Cretaceous ultramafic and mafic rock, sparse red
radiolarian chert, and some Permian marble. In ad-
dition, we have identified abundant blocks of Cre-
taceous sedimentary rock, which are mainly com-
posed of two types. One is found in contact with
the Dazhuka Formation (figs. 2, 3a) and includes
medium- to thick-bedded sandstone that grades
into limestone and mudstone/siltstone (figs. 2, 3).
The other consists of the thin- to medium-bedded
sandstone with interlayered limestone, together
with abundant mudstone and shale. These rocks
are strongly deformed and preserve structures, sug-
gesting top-to-north transport (figs. 2, 3b, 3d).

The southern subzone of the mélange is exposed
in the vicinity of Dejilin (fig. 2). This unit is fault
bounded and lies between the Triassic Songre For-
mation (T3s) to the north and the Nieru Formation
(T3n) to the south (Hu et al. 2002; Li et al. 2010,
2011). Sedimentary blocks within the mélange, de-
fined here as Dejilin sedimentary relict, consist
mainly of well-layered green and gray siltstones
and sandstones. These units nonconformably over-
lie the ophiolitic rocks (figs. 2, 3e–g) and define a
sequence that is ∼40 m thick.

Analytical Methods

Zircon and spinel grains for isotopic and chemical
analysis were separated from their host rocks by
crushing and then purified to a concentrate via
heavy liquid and magnetic techniques. Zircon was
then handpicked and mounted in epoxy resin and
ground to expose the centers of the grains. Cath-
odoluminescence images were taken and used
to check the internal structure of individual zir-
con grains. U-Pb isotopic analyses were conducted
at the school of Earth Sciences, the University of
Melbourne, employing an Agilent 7500a quadru-
pole inductively coupled plasma mass spectrome-
ter (ICP-MS), coupled to a 193-nm ArF excimer la-
ser. Analytical methods follow those described by
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Figure 3. a, Sedimentary relicts with well-preserved strata in the northern Renbu mélange zone (Xima-Dazhuka
subzone, XDS), immediately adjacent to the Dazhuka conglomerate. b, The thin midsandstone sequences in the XDS,
and the s-c structure indicating top-to-north movement. c, The deformed serpentinite block in the XDS. d, The j-type
rotational textures from the sandstone interbedded with carbonate in the XDS showing top-to-north movement as
well. e, The relationship between the upper part of the turbiditic sandstone and the middle part of the siliceous shale.
f, The sedimentary relicts in the southern subzone (Dejilin-Kadui subzone, DKS). g, The contact between the sedi-
ments and serpentinite in the DKS. A color version of this figure is available online.



Woodhead et al. (2004, 2007), Eggins et al. (2005),
and Paton et al. (2010). The Plesovice (337 Ma),
TEMORA (417 Ma), and 91500 (1064 Ma) zircon
standards were analyzed, along with zircon un-
knowns to correct for U-Pb fractionation. Data re-
duction was conducted using the Iolite data reduc-
tion package, which runs within the Wave metrics
IgorProdataanalysis software (Hellstrometal.2008).
Concordia plots were processed using Isoplot 3.0
(Ludwig 2003).

Lu-Hf isotopic analysis was undertaken with a
Nu Plasma MC-ICPMS coupled to a HelEx laser
ablation system utilizing a 193-nm ArF excimer
laser. Zircon standard 91500 and TEMORA were
used for external correction. The eHf andmodel ages
reported here use 176Lu decay constant l p 1.867 #
10211a21 (Scherer et al. 2001), (176Lu/177Hf)CHUR p
0.0332, (176Hf/177Hf)CHUR,0 p 0.282772 (Griffin et al.
2000), (176Lu/177Hf)DM p 0.0332, and (176Hf/177Hf)DM p
0.282772 (Bichert-Toft and Albarède 1997).

Spinel composition was determined using a Ca-
meca SX51 electron microprobe at the Institute of
Geology, Chinese Geological Academy of Sciences.
Analysis was undertaken using an accelerating vol-
tage of 21 kV, a sample current of 10 nA, and the
beam diameter of 5 mm. For the sandstones hosting
zircon and spinel, petrographic analyses was under-
taken using the Gazzi-Dickinson point-counting
method (Dickinson 1985). More than 300 points
were counted for each sample. The grain composi-
tion data is displayed in figure 4, while the isotopic
and compositional data from zircon and spinel are
presented in figures 5–7 and in supplemental ta-
bles S1–S5, available online.

Results

Sandstone Petrology. Three sandstone samples
were collected from the northern subdomain of the
Renbu mélange. All three samples are poorly sorted
and contain grains showing mostly angular to sub-
angular shapes. Quartz constitutes between 57%
and 66% of the rock and includes both monocrys-
talline and polycrystalline (chert) grains. Feldspar,
which is commonly twinned, constitutes 9%–17%
of the rock. Lithic clasts constitute 23%–25% of
the rock and are defined by volcanic fragments,
sedimentary clasts, and metamorphic lithics. All
three samples plot within the recycled orogen prov-
enance field on QtFL and QmFLt diagrams (fig. 4;
table S3).

Three sandstone samples were collected and an-
alyzed from the Dejinlin sedimentary relict within
the southern subdomain of the Renbu mélange.
These rocks are dominated by quartz grains and
lithic clasts, which constitute ∼66%–75% and
∼13%–27% of the rock, respectively. Quartz is
mainly monocrystalline (160%) and shows un-
dulose extinction suggestive of a volcanic origin.
Feldspar constitutes ∼5%–11% of the rock and is
mostly twinned. The lithic fragments are predomi-
nantly of sedimentary origin. These constitute 5%–

14% of the rock volume and are mostly sandstone
and mudstone. Comparatively lower percentages
of volcanic (2%–6%) and metamorphic lithic frag-
ments (5%–17%)were observed in these rockswhen
compared to the sediments from the northern zone
of the Renbu mélange. Similar to the sandstones
from the northern subdomain, the sandstones from

Figure 4. Petrographic discrimination of the sandstones from the Renbu mélange plotted on standard QpLvLs, QtFL,
and QmFLt diagrams (Dickinson 1985). F, feldspar; L, lithic; Lt, total lithics; Ls, sedimentary lithics; Lv, volcanic
lithics; Qm, monocrystalline quartz; Qp, polycrystalline quartz; Qt, total quartz.
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the southern subdomain plot in the recycled oro-
gen provenance field on QtFL and QmFLt diagrams
(fig. 4; table S3).

Heavy Mineral Assemblages. Two medium-fine-
grained sandstone samples (5-2 and 5-3) from the
Dejilin sedimentary relict were used for heavy min-
eral assemblage analysis. The detrital heavy min-
erals are predominantly composed of zircon, apatite,
tourmaline, rutile, octahedrite, leucoxene, magne-
tite, limonite, and sporadic pyrite and barite. No Cr-
spinel was found. Sample 5-2 contains up to 28%
apatite and lacks tourmaline, while sample 5-3 has

a high tourmaline component (59%). The calculated
ATi value (Morton and Hallsworth 1994) is up to
100 for sample 5-2; it is 3 for sample 5-3. Sample 5-2
has an RZi value of 16, while sample 5-3 has a value
of 7 (see table S4).

U-Pb-Hf Detrital Zircon Results. Three samples
(T-1, T-5, and T-7) were collected from the northern
subdomain of the mélange (figs. 2, 3a, 3b) and ana-
lyzed for U-Pb-Hf isotope compositions. Zircon
grains for all samples are mainly euhedral and yield
Th/U ratios in a range between 0.14 and 4.7. Sam-
ples T-1 and T-5 were collected from sandstones

Figure 5. Relative age probability curves of detrital zircons of the sedimentary relicts from the Renbu mélange zone.
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that crop out close to the Dazhuka conglomerate
(figs. 2, 3a). These rocks yielded, respectively, 74 and
85 analyses, with ages concordant within 510%,
out of a total of 108 analyses for T-1 and 105 analyses
for T-5 (fig. 5). Most analyses formed two clusters
with ages between 130–80 and 440–400 Ma. The
remaining analyses yielded significantly older ages,
up to 2900 Ma. Sample T-7 was collected from the
sandstone in the middle part of the northern sub-
domain (figs. 2, 3b). Zircon from this rock yielded
ages in a range of 140–80 Ma and a scatter of older
grains with ages between 2450 and 155 Ma. These
results are similar to those obtained from samples

T-1 and T-5; except in the case of sample T-7, the
youngest grain is somewhat younger and dates to
70 Ma (fig. 5; tables S1, S2).

Samples (5-1, 5-2, and 5-3) were collected from a
40-m section of sedimentary strata that overlies
the ophiolite in the southern subdomain (figs. 2, 3).
Zircon from these rocks was also dominantly eu-
hedral and yielded Th/U ratios of 0.12–3.3. Eleven
grains, however, had somewhat lower Th/U values
(0.03–0.09). A total of 480 analyses were under-
taken on these three samples, from which 465
analyses yielded ages that were concordant within
510% (fig. 5). The youngest zircons from all sam-

Figure 6. Hf isotopic features of detrital zircons from the Renbu mélange zone in the Renbu area. The compositional
areas shown are from Wu et al. (2010).

Figure 7. a, TiO2 versus Al2O3. b, Cr# (Cr/(Cr 1 Mg)) versus Mg# (Mg/(Mg 1 Fe21)) diagrams for detrital Cr-spinels
from the northern Renbu subzone. Data for the Xigaze forearc basin come from Hu et al. (2014). CFB, continental
flood basalt; OIB, ocean-island basalt; MORB, mid-ocean ridge basalt, SSZ, supra-subduction zone.
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ples yielded ages between 70–53 Ma, while the
largest age population was between 65 and 160 Ma.
Smaller populationswith age ranges of 250–180Ma,
700–490 Ma, and 1300–840 Ma were also present.
The remaining grains yielded a scatter of ages be-
tween 1380 and 3560 Ma (figs. 5, 8).
To complement the age data, 161 zircons from

these samples were analyzed for Hf isotopic com-
positions (fig. 6). More than half of the zircons with
ages !250 Ma yielded 176Hf/177Hf isotopic ratios of
0.28284–0.28319 and positive eHf(t) values of 14.6

to 116.9. Hf model ages for these zircons are 605–
110 Ma. The remaining Mesozoic zircons showed
176Hf/177Hf isotopic ratios of 0.28217–0.28271 and
yielded negative eHf(t) values of 20.8 to 216.9 and
Hf model ages of 1533–786 Ma. Zircons older than
250 Ma have 176Hf/177Hf isotopic ratios of 0.28066–
0.28270 and yielded eHf(t) values between 239.4
and 19.9. Two-stage Hf model ages for these zir-
cons were between 3589 and 785 Ma.

Cr-Spinel Compositions. Sixty-nine Cr-spinel
grains were analyzed from three samples (T-1, T-5,

Figure 8. Detrital zircon age probability plots for all samples from the Renbu mélange zone, compared to age
probability curves from the Lhasa terrane, the upper part of the Xigaze forearc, and foreland basin near the Indus-
Yarlung suture zone (IYSZ; references in text).
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and T-7) of the northern mélange zone (fig. 2). Most
spinel grains had compositions characterized by low
TiO2 (!0.2 wt%), a Cr# value (100 # Cr/(Al 1 Cr))
between 40 and 90, Mg# (100 # Mg/(Mg 1 Fe21))
ranging from 51 to 68, and Fe21/Fe31 ratios mainly
between 0.71 and 6.82. Two exceptions preserved
higher Fe21/Fe31 ratios of 20.1 and 33.3, respec-
tively. The detrital spinels mostly plot in the
“suprasubduction-zone peridotite” field (fig. 7;
table S5).

Discussion

Constraining the Deposition of the Sedimentary Rel-
icts in Renbu. Detrital zircons from both the north-
ern and southern subdomains of the Renbumélange
zone contain a dominant age mode of 170–70 Ma.
Based on the youngest zircon detrital ages, the max-
imum depositional age of the northern subdomain
is ∼70 Ma, while for the southern subdomain, the
maximum depositional age is 53 Ma. These results
suggest that the sedimentary relicts within the
Renbu tectonic mélange were deposited from the
Late Cretaceous (north) or early Tertiary (south).

Given the geographic location, similarity of li-
thology, age patterns of detrital zircons (fig. 8; see
further discussion below), and timing of deposition
between the Xigaze forearc sediments and the
rocks of the northern subzone, we propose that the
rocks in the northern subzone likely represent part
of the Xigaze forearc basin. This interpretation is
supported by the close compositional match of de-
trital Cr-spinels in the northern subzone with those
in the Xigaze forearc basin (fig. 7), which likely de-
rive from the Lhasa terrane (Hu et al. 2014). As
such, we suggest that the sediments of the northern
subzone are correlatives of the upper Cretaceous
Padana/Qubeiya Formation (Wu et al. 2010). The
immature nature of the studied sandstones im-
plies their derivation from proximal sources, con-
sistent with formation as part of the Xigaze forearc
basin, which is thought to be derived from the ad-
jacent Lhasa terrane (Dürr 1996; Wu et al. 2010).
As an alternative, these northern sediments may
have been deposited in a trench basin when the
Neo-Tethys was subducting under the south Lhasa
terrane, which had a same source with the Xigaze
forearc basin.

For the sandstones of the southern subzone of
the mélange, abundant apatite and tremolite are
also indicative of short transport distances and the
presence of volcanic rocks and granites as major
contributing rock types in the source region. Most
of these sandstones have high lithic components,
and the QtFL plots also show that their source be-

longs to an orogenic provenance field. We inter-
pret these features to suggest that the adjacent
Gangdese arc to the north may be the main source
for the sandstones of the southern subzone of the
mélange.

U-Pb Ages of Detrital Zircon. These ideas sug-
gested above can be further verified with reference
to the isotopic compositions and age populations
of the detrital zircons from various potential source
regions.

The Gangdese batholith is widely exposed in the
Lhasa terrane and is defined by mainly Cretaceous
igneous rocks, although elements of the arc also
date to the Cenozoic. Crystallization ages for the
various components of the Gangdese batholith are
between 260 and 8 Ma. The eHf(t) values for these
rocks are variable, from 213.8 to 117.7 (Li et al.
2003; Chu et al. 2006; He et al. 2006; Liu et al. 2006;
Zhang et al. 2007; Zhu et al. 2008, 2009, 2011; Ji
et al. 2009).

In contrast to the Gangdese batholith, zircons
from the Triassic and Cretaceous intrusive rocks
from the central and northern Lhasa terrane have
much lower, mostly negative eHf(t), ranging between
212.4 and11.3 (Wu et al. 2010). Recently, Zhu et al.
(2012) report that the Cambrian volcanic sequences
have eHf(t) values in the range of 213.9 and 17.5,
with TC

DM values ranging from 900 to 2300 Ma. Pre-
Mesozoic inherited zircons and detrital zircons from
these rocks give age population peaks at 550 and
1170 Ma, show eHf(t) values in the range of 238.1 to
∼15.6, with TC

DM ages ranging from 300 to 3900 Ma
(Chu et al. 2006; Leier et al. 2007; Ji et al. 2009; Zhu
et al. 2011; Li et al. 2014). Detrital zircon popula-
tions from theXigaze forearc basin are characterized
by a dominant agemode between 130 and 80Ma and
a subordinate one with an age range of 190–150 Ma
(Wu et al. 2010). These zircons are characterized by
high 176Hf/177Hf isotopic ratios and positive eHf(t)
values.

In the Indus-Yarlung suture zone, the zircons
from gabbros exposed in the Xigaze and Zedong re-
gions have yieldedU-Pb ages of 162 and128–120 Ma
(Malpas et al. 2003; Dubois-Côté 2005; Wang et al.
2006; Zhong et al. 2006). Island-arc volcanic rocks
in Zedang, in the eastern part of the Indus-Yarlung
suture zone, yielded U-Pb ages of 161–152 Ma
(McDermid et al. 2002). Detrital zircons from the
mainly Late Triassic flysch of the LangjiexueGroup
in the Zedang-Renbu area yielded ages between 400
and 200Ma (Aikman et al. 2008; Li et al. 2010),while
the detrital zircon population from the mélange
complex in Xigaze was characterized by age modes
at 230–70 Ma, 700–500 Ma, and 800–1300 Ma (Cai
et al. 2012).
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The detrital zircon age pattern from the strata
prior to the Late Cretaceous in Tethyan Himalaya
is characterized by age peaks at ∼540, ∼950, and
∼1700–1500 Ma with a wide range of eHf(t) values
(229.5 to ∼12.6) and varying TC

DM ages (1000–
3700 Ma). Granitic basement exposed within the
Himalayan gneiss domeswithU-Pb ages of ∼500Ma
are intruded by the ∼44 to –28 Ma leucogranite (Lee
et al. 2000; Zhang et al. 2004; Quigley et al. 2008;
Myrow et al. 2010; Zeng et al. 2011). Several vol-
canic rocks yield U-Pb ages of 133 and 140–119 Ma
with negative eHf(t) values from21.5 to27 (Hu et al.
2010; Zhu et al. 2011). Thoseof theLateCretaceous–
early Cenozoic strata show a large population in the
range of 160–50 Ma, which are regarded as parts of
the foreland basin system near the Indus-Yarlung
suture zone and derived from the Lhasa terrane (Cai
et al. 2011; Wang et al. 2011; DeCelles et al. 2014).
Farther south, the rocks of the Greater Hima-

laya are defined predominantly by Precambrian
crystalline basement. These rocks yield detrital
zircons with a dominant age mode between 1300
and 900 Ma, with lesser peaks at 540, 1700–1500,
and 2500 Ma, respectively (Gehrels et al. 2003,
2006; DeCelles et al. 2004).
Detrital zircons from the northern subzone of the

Renbumélange are characterized by a dominant age
mode with a range of 130–80 Ma and a series of
smaller age peaks between 140 and 2890 Ma. These
are comparable to the detrital zircon signatures ob-
served for the rocks of the Xigaze forearc basin, the
mélange units to the west in the Lazi area, and the
younger strata in the Tethyan Himalaya (fig. 8).
The rocks from all of these areas are consistentwith
derivation from a common source with character-
istics of the Gangdese arc (Wu et al. 2010; Cai et al.
2011, 2012). Given the similarities between the
data from these rocks, and those described here
from the northern subzone, it seems plausible that
the sedimentary relicts in the northern subzone
may also represent now disrupted components of
the Xigaze forearc basin and are chiefly derived
from the Gangdese arc and the Lhasa terrane (Wu
et al. 2010). This is consistent with our Cr-spinel
data (fig. 7) and the sandstone petrology, which in-
dicates that these rocks are immature and derived
from a nearby orogenic source.
Detrital zircons from the southern subzone show

large age peaks between 150–60 and 220–180 Ma,
which indicates that theywere derived frommainly
Mesozoic-aged sources. As shown in figure 6, the
majority of these Mesozoic zircons reveal positive
eHf(t) values similar to those observed for the detri-
tal zircons from the strata of the Xigaze forearc ba-
sin (Wu et al. 2010) and the sediments of the fore-

land basins near the Indus-Yarlung suture zone. All
these are considered to be mainly derived from the
Lhasa terrane, especially the Gangdese arc (Ding
et al. 2005; Cai et al. 2011; Wang et al. 2011). Con-
temporary deeper-water sedimentary basins (Zong-
zhuo and Sangdanlin Formations) deposited be-
tween the Cretaceous volcanic rocks in the Tethyan
Himalaya and the sediments in the Renbu mélange
seemingly preclude a source from those volcanic
rocks in the Tethyan Himalaya. Thus, we propose
the most likely source for the Mesozoic zircons
to be the Gangdese arc, or partly the gabbros and
volcanic rocks exposed in the ophiolite belt. De-
trital zircons with ages older than 500 Ma are also
most likely derived from the Lhasa terrane, where
basement of this age is locally exposed, although
similar-aged rocks are also exposed in the Greater
Himalaya (Gehrels et al. 2012).
Taken together, our petrologic results, Cr-spinel

analyses, and detrital zircon chronologic and Hf
isotopic constraints suggest that the upper Creta-
ceous sediments in the northern subzone are likely
to represent tectonically disrupted relicts of the up-
per Xigaze forearc basin. The major source for this
unit is the Lhasa terrane, particularly the Gang-
dese arc, although the Indus-Yarlung ophiolite may
also have provided input. The Dejilin sedimentary
relict from the southern subzone was probably de-
rived from the Gangdese arc and/or recycled Xi-
gaze forearc basin sediments. For these rocks, there
is less evidence for input from the Indus-Yarlung
ophiolite.

Tectonic Implications. The proposed correlation
of the northern subzone Renbu sediments extends
the easterly limit of the Xigaze forearc basin sedi-
ments. It suggests that the Xigaze forearc basin was
probably more extensively developed within the
Indus-Yarlung suture zone than currently under-
stood, with its present distribution limited by tec-
tonic excision during or after the collision between
the Indian and Asian plates (Yin et al. 1999; Yin
and Harrison 2000). The inferred setting for the
southern subzone Renbu sediments, as well as for
the Cretaceous relicts of the mélanges in the Lazi
area (Caiet al. 2012), is part of the top wedge strata
and/or foreland basin on the accretionary wedge
in the Indus-Yarlung suture zone. The preservation
of younger strata in the Renbu mélange zone can
match the Paleocene-Eocene sediments in the Saga
area (Sangdanlin-Zheya formations) and Zhongba
area (Tso-Jiangding Group), which is a component of
a Paleocene-Eocene foreland basin (Ding et al. 2005;
DeCelles et al. 2014; Hu et al. 2014). This suggests
that Late Cretaceous–Tertiary sedimentary rocks
probably have been broadly developed in the Indus-
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Yarlung suture zone, although only limited expo-
sures remain as a result of more recent uplift and
erosion.

Nevertheless, the units described from our stud-
ied area can be compared with the rocks of the
accretionary complex in the Lazi area (Cai et al.
2012). The rocks from the Lazi area consist of
the trappedophiolite, ophiolitic mélange, and off-
scrapped Tangga and Pomunong mélanges (Cai
et al. 2012). Both mélange areas show southward
younging and indicate accretionary processes were
likely active along the Indus-Yarlung suture zone
during the late Cretaceous and Tertiary. We sug-
gest that these accretionary units could have been
produced in a single north-dipping subduction zone
beneath the southern margin of the Lhasa terrane
(Cai et al. 2012), rather than formed in an intra-
oceanic arc during the Eocene (Aitchison et al. 2007).

To summarize the evolution of the Renbu mé-
lange zone, we suggest that in the Cretaceous, the
Xigaze ophiolite was obducted to the south and
became the basement of the Xigaze basin (Wang
et al. 2012). Subsequent to this, uplift of the Lhasa
terrane exposed the Gangdese arc and the rocks of
the Lhasa terrane into which these arc rocks were
intruded, and erosion led to the sourcing of detri-
tus from this area, which was deposited in the
Xigaze forearc basin (Wu et al. 2010; fig. 9a). By the
Late Cretaceous, mélange accretion was complete
(Cai et al. 2012) and the Xigaze forearc basin was
filled (Einsele et al. 1994; Wan et al. 1997). Detrital
material from the Lhasa terrane would have been
progressively uplifted and transported southward
and deposited in the trench, forming parts of the
sedimentary relicts in the Renbu mélange zone
(southern subzones) and upper Zongzhou/Sang-

Figure 9. Tectonic schematic of subduction accretion along the Indus-Yarlung suture zone from the Upper Creta-
ceous to Early Miocene. MCT, Main Central Thrust; STDS p South Tibetan detachment system; GCT, Great
Counter Thrust; GT, Gandese Thrust.
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danlin Formation in the Tethyan Himalaya. Fol-
lowing the India-Asia collision during the Paleo-
cene (Ding et al. 2005; Najman et al. 2010), the
topmost sediments were deposited on the accre-
tionary wedge in the Renbu area, as a wedge-top of
the foreland basin system continuously received
the sediments from the north and conveyed the
Asian materials onto the Indian continental mar-
gin (fig. 9b). Subsequent India-Asia convergence
and deformation led to parts of the northern accre-
tion being overthrust onto the Xigaze basin strata
and mixed with the Xigaze forearc basin strata
during the activity of the Great Counter Thrust in
the Miocene (19–10 Ma; fig. 9c). Most main-fault
systems of the Himalaya-Tibet orogenic belt in
south Tibet were activated at this period (Yin et al.
2006).

Conclusions

Late Cretaceous to early Tertiary sediments in the
Renbu area were deposited in/on the accretionary
complex along the Indus-Yarlung suture zone prior
to and during the initial India-Asia collision. As

with sedimentary remnants in the mélanges far-
ther west in the Xigaze area, the Renbu mélange
sediments preserve petrographic and geochemical
signatures consistent with a Lhasa terrane prove-
nance to the north. While still conjecture, the youn-
gest strata in the Renbu melange are likely to rep-
resent a remnant of an early postcollisional foreland
basindevelopedalong the Indus-Yarlung suturezone
during early Cenozoic time.
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