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Abstract The Liugu Conglomerate, situated to the south of Yarlung Tsangbo Suture Zone (YTSZ), is a suit of molasse formed
in a foreland basin of the Himalayan orogenic belt after the collision between the two plates of the Indian and Eurasion. It is of great signif-
icance in constraining the younger limit time of the collision of the two plates and providing stratigraphic evidence to reveal the post-colli-
sional tectonic evolution and uplifting history of the Tibet plateau. However, the age of this molasse suit and its correlation to other syn-
chronous strata distributed in southern Tibet have been in great disputes for a long time. Especially in recent years, argues on its ages are
growing violently with the recognition of the great sedimentary tectonic significances of this molasse. During the field work carried out re-
cently on this molasse suit, a lot of plant fossils were found preserved in fairly good conditions in the upper part of this strata, which is of
great help in determining its age. By identification, the assemblage of the plant fossils belongs to a tropic to subtropic flora developed in the
southern margin of the Northern Hemisphere supercontinent during the Middle to Later Eocene, which can provide good constraint on its
formation age. This paper is to give a brief introduction of the plant assemblage and its age, and to discuss their tectonic significances.
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The convergence and collision of the two plates
of Indian and Eurasion has been one of the most im-
portant global geological events ever since Mesozoic
Era, which not only resulted in the closure of the
Tethyan ocean, but also caused the uplifting and for-
mation of the magnificent Tibet Plateau. Therefore,
it has always been one of the most important geologi-
cal subjects to reveal the evolutionary history of this
global event, and studies on the geology of the Tibet
are kept being one of the hottest scientific subjects for
a long time.

In convergent margins, accompanied with the
formation and uplifting of the orogenic belts, a lot of
basins will also develop and evolve during this pro-
cess, and sediments and its sequences kept in these
basins will record this geological process. There are
many molasse basins distributed along the two sides of
the Yarlung Tsangpo Suture Zone (YTSZ) (Fig.1),
in which a large quantity of molasse-type sediments
are filled. These marine or terrestrial molasse suits
are obviously formed during the evolution of the su-

ture zone after the continent to continent collision of
the Indian and Eurasion plates, and thus they con-
tained a lot of geological information about the tecton-
ic evolution of this region during the post-collision

(I, However, these molasses have not been well

stage
studied for a long time because of the limitation of the
austere natural geographical conditions in Tibet
Plateau, and as a result, the tectonic evolution of Ti-
bet is fairly constrained by this situation. In recent
years, the authors made a detailed study on the se-
quences, sedimentary environments and formation
ages of the Liuqu Conglomerate, one of the most rep-
resentative molasse suits in southern Tibet, and espe-
cially, found a large quantity of well-preserved plant
fossils in the upper part of this molasse suit. Further
identification indicates that they belong to an assem-
blage of Middle to Later Eocene in age. These find-
ings provide not only concrete biostratigraphical evi-
dence for further subdivision and correlation of the
molasses outcropped in southern Tibet, but also new
materials to constrain the collision age and tectonic

evolution of the YTSZ.
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1 Geological backgrounds of the studied area

The Liuqu Conglomerate is distributed discontin-
uously along the YTSZ, extending for about 150 km
from west to east. It unconformably overlies the
ophiolite to the north and the Triassic to Cretaceous
sedimentary sequences of the Indian passive continen-
tal margin to the south, respectively. Lithologically,
it is mainly composed of a set of striking purple red
conglomerates of multi-sourced components, which
are supposed to be originated from both the passive
continental margin of the Indian plate and the ophio-
lite suit in the YTSZ. Yin® first named it the “Liuqu
Conglomerate” after the small village of Liuqu in
Lhazi county in 1979 since the outcrops there are the
best, but he did not describe it in detail at that time.
During the 1980s, Yin et al. renamed it the “Liuqu
Formation” 2! on the basis of systematic study on its
lithologies and stratigraphic sequences, and they con-
sidered it to be the “outer molasse belt” of the YTSZ,
which constitutes the conspicuous “paired molasse
belts” distributed on both sides of the suture zone
with the “inner molasse belt” of the Gangdese con-
glomerates. Since then, this molasse has become a re-

search focus.

So far, the components of the conglomerates in-
side the molasse suit and their tectonic backgrounds,
the sedimentary environments and ages of the mo-
lasses have been studied to different degrees[z—“],
and some agreements on its sedimentary environments
have been obtained. However, there are quite differ-
ent opinions on its formation ages and correlations
with other similar strata distributed in southern Tibet.

As early as 1968, Yin and Chan found some
plant fossils in the red sandstones and conglomerates
outcropped near Liuqu village during their first field
investigationm, which were identified as a Later
Cretaceous flora by Guo'?l. In 1982, Yin and Liu
found more plant fossils at three different sites from
the upper parts of the Liuqu Conglomeratesm. They
also collected a lot of plant fossils which were identi-
fied later by Tao as an assemblage of Middle to Later
Eocene floral™®. Compared with the plant fossil as-
semblages found in the nearby Qiuwu and Mentu For-
mation and the middle Miocene Wulong Formation
outcropped in Xigaze region, Yin et al. (2] considered
that the age of the plant fossil assemblage in the Li-
uqu Conglomerates represented an earlier limit age of
the molasses suit, while the younger limit one might
extend into Oligocene. In the 1990s, Einsele et al. (3]
thought that the Liuqu Conglomerate was formed
during the Oligocene to Miocene based on analysis on
the sedimentary facies of the Xigaze fore-arc basin as
well as the regional stratigraphic correlations’®!. Re-
cently, by synthesizing the former geological data on
the Liuqu Conglomerate, Davis et al. (97 analyzed the
sedimentary contacts between the conglomerate and
its overlying and underlying strata, and they conclud-
ed that the Liuqu Conglomerate was formed in the
Palaeogene by collision of an early island arc which
resulted from inner-oceanic subduction of the Tethyan
with the Indian plate. In general, it is obvious that
opinions on the ages of the Liuqu Conglomerate are in
great disputes, which almost covers the total Paleo-
gene epoch. As a result, it is impossible to provide a
valuable constrain on the younger limit time for the
collision of the two plates of Indian and Eurasion.

1) Yin J.X. Guidance for Scientific Travel in South Tibet (in Chinese), part 2, 1980.
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Therefore, the plant fossils should be studied in detail
to provide some more accurate biostratigraphic evi-
dence in determining its age and thereafter to con-

strain the collision time.

2 Sedimentary sequence of the Liuqu Con-
glomerate and the plant fossil outcrops

Strongly affected by the post-collisional tectonic
movements in this region, both the ophiolite and the
Mesozoic sedimentary sequences of the Indian passive
margin have obducted over the Liuqu Conglomerate
through steep-angled thrust belts in its north and
south edges, respectively ( Fig. 2). Furthermore,
the ordinary successions of the Liuqu Conglomerate
are interrupted by numerous folds and thrust faults,
which brings a lot of difficulties in measuring its nor-
mal geological sections. On the basis of recovering its
vertical sequences by getting rid of influences from
the regional tectonic deformations, we divided the Li-
uqu Conglomerate into three parts according to their
lithological assemblages and sedimentary characteris-

tics:

l.ower part: thick to mega-thick layered purple
red coarse conglomerates intercalated with thin purple
red mudstones and siltstones. Lithologically, the peb-
bles inside the conglomerates are mainly from chert
and ultramafic rocks within the ophiolite suit and
some flysch fragments. It unconformably overlies the
ophiolite, and gradually changed upward into part
two.

Middle part: purple, dark red coarse conglomer-
ate intercalated with purple mudstones and siltstones.
The pebbles inside the conglomerate are mainly from
the Indian passive marginal sedimentary sequences,
together with small parts of the chert and ultramafic
rocks from the ophiolite.

Upper part: gray greenish and purple red con-
glomerates intercalated with mudstones and silt-
stones. With obvious cyclic characteristics, the peb-
bles inside the conglomerates are mainly from the In-
dian passive marginal sedimentary sequences, togeth-
er with small parts of igneous rocks and fragments
from the Yarlung Tsangpo ophiolite suit. It con-
formably overlies the strata of part two, and contacts
with the Indian passive marginal sedimentary se-
quences by a thrust fault.

Vertically, the plant fossils are collected from
the middle of the upper part of the Liuqu Conglomer-
ate, which is about 150 m away to the south from the
contact between the conglomerate and the Indian pas-
sive marginal sedimentary sequences. The spot where
the plant fossils are found is located at about 4 km to
the west of the village Liuqu, on a small hill near a
bridge on the road from Xingjiang to Tibet (Fig. 2
(¢)). All the plant fossils are picked up from thin
mudstones that topped over thick coarse sandstones or
pebbly sandstones, the sequences containing these
plant fossils are subdivided as shown in Fig. 3.

3 The plant fossil assemblage in the Liuqu
Conglomerate

Among all the samples collected in the field, we
picked out about 30 blocks of them containing fairly
well preserved plant fossils for further identification.
The tectonic movements in this region are so strong
that most compression fossils are destroyed, and
therefore almost all the fossils we collected belong to
impression ones. To enhance the reliability of the re-
sults from our identification and subdivision, we made
the best use of the vein textures and shapes of the
leaves preserved in our samples as major marks to
compare with those in standard plant fossils identified
in the references and the surrounding areas.

The majority of the plant fossils collected this
time belong to leaf impressions, with a few fruit and
seed impressions. By further identification, they be-
long to more than 14 species, which are subjected to
7 branches and 9 genus of the dicotyledon an-
giosperms. Compared with the plant assemblages first
reported by Tao in 1988!"%), the assemblages of the
plant {ossils found this time are quite different from
each other!’. Although the amount of the plant fossils
collected and its species identified are not enough to
fully recover its paleo-flora, it also provides very im-
portant information to rebuild the paleobotanic evolu-
tionary history in southern Tibet since most species of
the plant fossils were extinct in this region and they
are quite different from the present survived flora.

Specifically, the species that were identified this
time include: Platanus cf. comstoki, Platanus sp.,
Corylites megaphylla, Corylites sp., Populus gi-
gantophylla, Ficus sp., Mallotus sp., Grewiopsis
sp., Grewia sp., Cissites sp., Cornophyllum cf.

1) Fang A. M., YanZ., Liu X.H. etal. The flora of the Liuqu Formation in South Tibet and its climatic implications. Acta Palaeotologica Sini-

ca (in Chinese), (In press).
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Fig. 2. Field pictures showing thrust contacts between the Liuqu Conglomerate and its surrounding terranes and the site where the plant
fossils occurred. (a) Contact between the ophiolite and conglomerate; (b) contact between the conglomerate and the Indian passive

marginal sedimentary sequences; (c) field section where plant fossils occurred.

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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\k/]en[lﬁa] Sequen]ce of Layebr Thickness | Lithologies (1) Massive gray greenish coarse conglomerate, >4 m;
the Liuqu congl omerate numboer (2) dark red mudstones, about 20 cm;
1500 m (3) grey greenish sandstones interbedded with conglomerate  lenses, with
—t fairly good stratifications, 1.8 m;
(4) thick massive gray greenish coarse conglomerate, 4 m;
(5) gray greenish middle-coarse sandstones interlayered with greenish
mudstones in which large quantity of plant fossils are well preserved,
about 10 m; it can be further subdi  vided into two layers: the upper one
is thick fine-pebble conglomerate interlayered with sandstones and mud-
stones, 8 m; the lower one is interbedded sandstones and mudstones, in
B which the plant fossils are found, about 2 m; observed in the field, the
5 p
S largest leave fossils is up to 10 cm in diameter, with its veins preserved
2 10 considerably well;
g (10) (6) massive gray greenish coarse-pebble conglomerate, 20 m in thickness;
é the shapes of the pebbles are mainly angular, with the largest one up to 1.3
m in diameter; the constitutes of the pebbles are fairly complex, including
cherts and low-metamorphosed mudstones, slates, sandstones and carbon-
ates; according to their miscellany sedimentary characteristics, they should
be fluvial to slope fan deposits;
(7) gray greenish middle- to thick-layered angular conglomerates, with a
considerable amount of fine particle (sandstone and mudstone) matrix to
make a massive texture, which should be alluvium, 3 m;
(8) mega-thick layered gray greenish massive angular conglomerates, with
skeleton grain ined belonging to slope fan deposits, 4 m;
(9) middle-layered massive coarse conglomerate, with unclear striatifica-
tions, deposited by alluvial fan, about 4 m;
(10) purple to dark red thick layered massive pebbly sandstones, with
matrix sustained textures, about 100 m in thickness.
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Fig. 3. Vertical sequences of the Liuqu Conglomerate and the plant fossils outcrops.

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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swidiformis, Phyllites sp. A, Phyllites sp. B,
Carpithes sp. . Besides these species, Taol'*! also re-
ported a lot of different species of plant fossils in the
middle and upper parts of the Liuqu Conglomerate.
In summary, the plant assemblages in the Liuqu Con-
glomerate include such species as follows: the fern
species;: Cyclosorus; the gymnosperm species:
Ginkgoites; the angiosperm species: Annona presan-
guinea, Caesalpinites sp., Cissites sp., Cornophyl-
lum of.  swidiformis, Corylites megaphylia,
Daphnogene polymorpha, Eucalyptophyvilum obo-
longifolia, Eucalyptophyllum geinitzii, Eucalyp-
tophyllum sp. A, Eucalyptophyllum sp. B, Evodia
sp., Ficus protobenjamina, Ficus sp. A, Ficus sp.
B, Grewia sp., Grewiopsis sp., Juglans sinustus,
Lithocarpus Litseaphyllum

angustus , presan-

guinea, Laurophyllum sp., Livistona tibetica,
Magnolia inglefieldii, Magnolia sp. A, Magnolia
sp. B, Mallotus sp., Melanorrhorea alaska, Mil-
letia sp., Meliosma sp., Myrica sp., Nephelium
sp., Platnus cf. comstoki, Platunus sp., Populus
giganiophylla, Plafkeria rentonensis, Rhamnus
preleprophylla, Sapindus

sp., Sabalites sp., Typha sp., Viburnum specio-

Rhamnus marginatus,

sum.

According to the distribution of their survived
modern corresponding species, we tried to rebuild the
palaeo-flora of the fossil assemblages found in the Li-
uqu Conglomerate. The survived species of the Mal-
lotus grow mainly in the tropic to subtropic zones of
Asian nowadays, and in China, they are only dis-
tributed to the south of the Yangz River. As for the
Ficus, which occurred in the fossil assemblage as a
very important component, their modern correspond-
ing species also grow in tropic and subtropic zones.
The Grewia are mainly presented in tropic regions of
the eastern hemisphere, and in China, they are main-
ly distributed in its southwestern region; while its
similar species, the Grewiopsis are now only dis-
tributed in tropic regions of Africa. The Cissites,
which is similar to modern Cissus, are widely dis-
tributed in the tropic to subtropic zones, and in China
they mainly occur in its southwestern and Taiwan is-
land. As for the species occurring in the assemblages
reported by Tao!*¥, most of them also belong to
components of a tropic to subtropic flora, among
which the representative ones include Magnolia,
Lintseaphyllum, Laurophyllum, and
Lithocarpus. Furthermore, the Nephelium and
Supindus are also distributed in the tropic to subtrop-

Annona,

ic zones. The species belonging to Eucalyptophylium
are distributed in tropic zones of America and the
tropic to subtropic zones of Australia nowadays. Al-
though the genetic subdivision of the Eucalyptus is
still in dispute, they are also supposed to be compo-
nents of a tropic and subtropic flora. As for the
species in Palmae branch, the Livistona and Sa-
balites are distributed in the tropic zones of Asia,
Africa and Australia, respectively. And in China,
there are also several species of Palmae living in the
tropic or seasonal rain forests in the areas of Taiwan,
Guangdong, Hainan, southern Tibet and Yunnan. It
is obvious that the paleoclimate and paleoflora reflect-
ed by these two assemblages are almost similar to each
other. In summary, it can be concluded that most of
the components in the plant fossil assemblages in the
Liuqu Conglomerate belong to a tropic flora although
a few may belong to subtropic or temperate ones
(such as the Platanus), which are geographically
subjected to the southern margin of the Northern
Hemisphere supercontinent, but not the Gondwana.

4 The age of the plant fossil assemblage in
the Liuqu Conglomerates

Totally, there are 39 species of the angiosperm i-
dentified in the plant fossil assemblage in the Liuqu
Conglomerates. Most of these species have also been
found in the Paleogene strata outcropped in different
places around the world. Therefore, the age of the
plant assemblage in the Liuqu Conglomerates can be
roughly inferred by comparing it with other plant as-
semblages.

Comparing the plant fossil assemblage in the Li-
uqu Conglomerate with that occurred in the interlay-
ers of Indian Deccan basalts[m], there are only 4 gen-
era in common between them, while the latter be-
longs to an early Eocene flora and contains 29 species
of the dicotyledon (include leaf and timber fossils)
with more tropic flora components and without any
temperate ones. However, compared with the Paleo-
gene flora of the North America and Asia in the
northern heimisphere['s'lf’], the ratios of the species’
similarities between them increase more. For exam-

ples, the Ficus, Mallotus, Magnoliu, Annona,
Litseaphyllum, Laurus, Sapindus, Corylites,
Platanus, Grewiopsis, Cornophyllum and Sa-

balites, etc. that occurred in the plant assemblages of
the Liuqu Conglomerate are the common components
of an early Tertiary flora in the northern heimi-
sphere. Among them, the Corylites have occurred in
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the Paleogene Paskapoo Formation outcropped in
western Atberta of North America and the later Pale-
ocene to early Eocene Xianchen Formation outcropped
in Linbao of Henan Province in China. The Grewiop-
sis has occurred in the late Cretaceous strata out-
cropped in Wyoming of Northern American, and it
also occurred in the Paleogene Kamnatka Formation
outcropped in Russian together with Populus gianto-
phylla, Cornophyllum, etc. Furthermore, compar-
ing the plant fossil assembalge in the Liuqu Conglom-
erate with those occurred in the Paleogene Qiuwu and
Mentu formations that outcropped in the adjacent re-
gions in southern Tibet, there are about 13 species of
10 genera in common among them although the latter
two assemblages contain more species from the Euca-
lyptophyllum and have majority components with
small leaves. Therefore, the ratios of similarities be-
tween these assemblages are much higher than those
outcropped elsewhere, which demonstrates that they
might be the contemporaneous flora with considerable
degrees of affiliation. Furthermore, most components
occurred in the Liuqu Conglomerate belong to a Pale-
ogene flora in the Northern Hemisphere, and some of
them belong to Creataceous and Paleocene. However,
there are no species lived later than Paleogene in it.
According to paleoclimatic studies, the global cooling
tendency began in Oligocence, and the corresponding
changes occurred in plant assemblages should also
obey this tendency, i.e. there should be some com-
paratively cold components occurred in the Oligocene
flora. However, no such plant fossils have been found
in the Liuqu Conglomerate so far, which demon-
strates that the age of this plant assemblages should
be older than Oligocene. As a conclusion, we think
that the plant assemblages occurred in the Liuqu Con-
glomerate should belong to Eocene, most probably
the middle to late Eocene, which is identical to the
results obtained by Taol'*!.

5 Tectonic implications

5.1 Regional correlations of the inner and outer mo-
lasse belts and their tectonic situations

According to the regional tectonic skeleton of
south Tibet (Fig. 1), a large scale of ophiolite zone
(the Yarlung Tsangpo sututre zone), a maga-arc belt
(the Gangdise — Ladaka volcanic arc), and a fore-
arc basin between them (the Xigaze forearc basin )
had been formed during the northward subduction of
the Tethyan ocean ever since Jurassic. After that, the
subsequent collision of the two plates of Indian and

Eurasion not only resulted in the tectonic emplace-
ment of the ophiolite, but also built the paired mo-
lasse belts on each side of the suture zone!?). The in-
ner one, located to the north of the suture zone, is
discontinuously distributed along the southern foot of
the Ladaka — Gangdese mountain chains, in which
Hindustan River
Gangdese Conglomerates are included; while the out-

the famous molasse and the
er one, represented by the Liuqu Conglomerate, is lo-
cated to the south of the suture zone, and extends
from Renbung to Lhaze discontinuously. These two
molasse belts are supposed to be formed during the u-
plifting process of the Hymalayan orogenic belt in a
same tectonic background, and the existence of them
not only provides concrete evidence for the collision of
the two plates of Indian and Eurasion, but also offer
us invaluable materials in disclosing the tectonic evo-
lution after the collision of the two plates. However,
the spatial distribution of the strata in these two mo-
lasse belts and their sedimentary environments and
formation ages are different from each other since
they are situated in different tectonic positions and
have experienced different stages of evolution, which
also resulted in the disputes in their stratigraphic cor-
relations and subdivisions.

The inner molasse belt — the Gangdese Con-
glomerate: it was first put up by Heim and Ganss-
er''”), who named the molasse deposits developed at
the foot of the Kailas Mount the Gangdese Conglom-
erate (the Kailas Congl. ). After that, Liu et al. re-
named it the “Gangdese Group”, ['#]
the Cretaceous — Qligocence molasse suits that were
formed in the foreland depressions of the Gangdese
Mountains during its uplifting process resulted from
the formation and evolution of the volcanic arc. Gen-

which refers to

erally, these molasses are composed mainly of terres-
trial deposits with a certain number of marine inter-
layers in its lower part. Regionally, the “Gangdese
Group” is discontinuously distributed along the
Yarlung Tsangpo suture zone in southern Tibet, and
it also extends into the Indoburman Ranges!'®’. By

comparison[z’ “],

the Gangdese Conglomerate corre-
sponds to such outcrops as the coal series of the Qi-
uwu and Giabulin formations, the Mala Conglomer-
ates, the foraminiferous conglomerate occurred in the
Cuojiangding geological section, and the mottle and
red colored conglomerates that distributed in Dazhuga
and Luobusa to the east of the Kailas Mount. And to
the west of the Mount Kailas, it corresponds to the

Mentu formation outcropped in Arli region and the
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Middle Eocene —
[20,21]

Miocene Indus River mo-

lasses Totally, the inner molass belt narrowly
extends from the east to the west for more than
1000 km, as a large scale of striking tectonic belt ac-
companied with the Yarlung Tsangpo suture zone
marking the collision belt of the two plates of Indian
and Eurasion. Tectonically, the Kailas conglomerate
is situated to the north of the suture zone in the front
belt of the obduction plate, and it disconformably
overlies the Gangdese volcanic arc and the sedimenta-
ry sequences of the Yigaze forearc basin. Lithological-
ly, it is a suit of molasse formed in the front region of
the Gangdese Mountains with close genetic relation-
ship to the Xigaze forearc basin sequences. And nor-
mally, it is rich in the granitic and igneous pebbles in
its lower part, and the granitic, igneous, cherts and a
few ophiolite pebbles in its middle to upper parts. As
for the ages of the “Gangdese Group”, the conglom-
erates outcropped in different regions have different
ages[5‘6' 10.22-26]  which demonstrates that the colli-
sion of the two plates and the uplifting of the
Gangdese Mountain chain should happen spatially in a
certain time order.

The outer molasse belt: as represented by the
Liuqu Conglomerate, this molasse belt is located to
the south of the Yarlung Tsangpo suture zone, with a
total thickness of more than 1800 m. Spatially, the
outer molasse belt is mainly distributed in the Xigaze
region, extending from the east of Bainang county to
the west of Sagui county. However, it may also ex-
tend east far into the Shannan region of southern Ti-
bet, and even to the western Burma. And to the
west, there are also some sporadic outcrops of con-
glomerates in Arli and Ladakh regionsul that might
belong to this belt. Among these outcrops, the con-
glomerate exposed around the small village Liuqu is
the best one, which is up to 6 km in total width. The
Liuqu Conglomerate is a set of thick purple red terres-
trial molasse, which is distinguished from the con-
glomerates that make the inner molasse belt by its
abundance in ophiolitic and chert pebbles but scarcity
in the granitic pebble, which also demonstrates that
the conglomerates in the two molasse belts are formed
in different sedimentary basins with different sources.

Compared with the inner molasse belt, the outer
one is not only on a much less scale, but also with a
relatively simple constitutions. Tectonically, the Li-
uqu Conglomerate is situated to the south of the su-
ture zone in the front of the subduction plate of Indi-

an. It was formed in the oblique-slip basins in front of
the Indian passive margin during the emplacement of
the ophiolite, so its sources originally come from both
of the Indian passive margin to the south and the
ophiolite to the north.

5.2 The ages of the molasse belts and their con-
strains to the collision time of the two plates

Although most researchers agree that the colli-
sion of the Indian plate with Eurasion commenced in
Cretaceous and ended in Paleogene[s], there are still
great disputes on the exact time of the final contact
between the two plates occurred at different regions
along the YSSZ. For example, biostratigraphic evi-
dences from the upper most marine strata formed be-
fore the collision and the lower most molasse formed
after the collision show that this final contact might

(1.2,11] Theoretically, as di-

prolong into the Eacene
rect evidence, the sedimentary records of the upper
most marine strata and the lower most molasses found
within the suture zone can provide the most rigorous
constrains on the time of the collision since this pro-
cess should happen during the shift from marine to
terrestrial sedimentary environments between the two
plates, i.e. the collision should happen earlier than
the formation of the lower most terrestrial molasses,
while later than the upper most marine strata. There-
fore, it is one of the most important approaches to
find and date these special sedimentary units inside

the suture zone.

The age of the upper most marine strata: the
marine Upper Cretaceous — Paleogene strata are well
developed in southern Tibet, and they are distributed
mainly in the regions of Gamba and Tingri with fairly
stable successions and lithologies. Among them, the
marine strata outcropped in Gamba area are the most
integrity, which can be subdivided from bottom to
the top into the Gamba Group, Zongshan Formation,
Jidula Formation, Zongpu Group and Zhepuno For-
mation, respectively. And the upper most marine
stratum, the Zhepono Formation, was supposed to be
deposited in Middle Eocene!?"28) . However, Qian et
al. %! thought the upper most marine strata in south
Tibet was the Eocene conglomerates outcropped in
the section of Cuojiangding, whose opinion was sup-
ported by Yin et al. 3% since they had found large
quantity of the Eocene marine foraminifera faunas in
it. Furthermore, in the section of Sandanlin near
Sagui, Li*" first reported a Later Eocene —
Oligocene radiolarian faunas in the cherts of the sec-
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tion, which means that the upper most marine strata
in southern Tibet should be much younger than what
the previous researchers thought. However, Dingmz]
doubted Li’s result about the age of the marine strata
in the Sangdanlin section because it is only based on
the radiolarian fossils picked up from several thin-sec-
tions. He thought that the latest radiolarian faunas
from the deep water deposits preserved in the Sang-
danlin section was formed in Paleocene in the foreland
basins that developed in front of the Indian passive
margins, and thus he deduced that the collision be-
tween India and China along the middle part of the
YSSZ should happen between the boundary of the
Cretaceous and Paleocene. Nevertheless, recently we
systematically analyzed the radiolarian faunas in the
cherts from the Sandanlin section and found that the
youngest ones belong to Middle Eocene (Fang et al.,
in prepare), which provides concrete evidence to
show that the upper most marine strata in southern
Tibet might be younger than Paleogene. Further-
more, we also found some Eocene foraminifera in the
marine successions of the Gangdese conglomerate!’,
which is coincident with those found in the Cuo-
jiangding section reported by Yin et al. [**! Therefore,
according to the upper most marine strata in southern
Tibet, the final collision between India and China

should at least last into Eocene.

The age of the earliest terrestrial molasse: the
occurrence of the terrestrial molasse within the YSSZ
represents the closure of the Tetheyan ocean and the
beginning of the continent to continent collision be-
tween China and India, so the ages of the oldest ter-
restrial molasse indicate the younger limit time of the
collision. Therefore, the molasse outcropped along
the two sides of the YSSZ provides very good con-
strains on this process.

As for the ages of the inner molasse belt, differ-
ent researchers have quite different opinions. Zhang
et al.!®] studied the foraminifera in the thin lime-
stone interlayers within the conglomerates exposed in
the southern pass of the Mount Mala, about 110 km
northwest away from Zhongba, and considered it to
be the Eocene strata; Liu et al. " also found a lot of
Paleogene and Eocene foraminifera in the conglomer-
ates outcropped in the Cuojiangding section near
Zhongba, and thought its older limit as Early
Eocene; Gen et al. 2! studied the plant fossils in the

coal series of Qiuwu and Mentu formation, and con-
sidered them to be the Cretaceous — Eocene strata,
while Qian et al.['®! thought that they are formed
during the Late Paleocene — Oligocene; the Geologi-
cal Bureau of the Tibet!?®! considered that the Qiuwu
and Giabulin formations are Eocene and Oligocene —
Miocene, respectively. However, Wul?! thought
these two formations were formed in Late Cretaceous
on the basis of the radiolarian faunas inside them,
which is almost coincident with the results of Liu et
al.’!]. Einsele et al. ) studied the sequence of the
Xigaze basin and thought that the Qiuwu Formation
was formed during the Eocene to Oligocene; Wang et
al.!"! considered that the Qiuwu Formation was
11 gyn-
thesized the different conglomerate units that can be

formed in Eocene. Recently, Aitchison et a

correlated with the “Gangrinboche conglomerates”,
and thought that they were formed during the
Oligocene to Miocene. According to the above data,
although the ages of the conglomerate units preserved
in the inner molassees belt cover a fairly long time
span, most of them are concentrated in Eocene, re-
flecting that the time for the peak of the collision be-
tween India and China should happen at this period.

As for the ages of the conglomerate units pre-
served in the outer molasse belt, there are also quite
However,
those constrained by the plant fossil assemblages are
Middle to Late
The age obtained from the plant assem-
blages proposed in this paper can confirm this conclu-

different opinions as mentioned above.

concentrated mainly in the

Eocene! 13!,

sion. Combined with analysis on the ages of the upper
most marine strata outcropped in southern Tibet, we
think that the closure of the Tethyan ocean in this
area should happen in Middle Eocene.
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