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A group of varicolored marine deposits, including red colored beds, are widespread in the Kangmar area,
southern Tibet. They are lithologically similar to the Upper Cretaceous Oceanic Red Beds (CORBs) (the
Chuangde Formation) outcropping at other localities in southern Tibet. At Daba locality, they are mainly com-
posed of intercalated pelagic red clays and reddish colored pelagic limestones. Micropaleontologic study of
the strata led to the discovery of radiolarians in siliceous rocks and siliceous limestones. Radiolaria preserva-
tion is mostly satisfactory and fifty-four species from forty-nine genera were identified. These allow recogni-
tion of three main radiolarian assemblages: Cavaspongia califoniaensis — Xitus spicularius assemblage,
Praeconocaryomma lipmanae — Clathropyrgus titthium assemblage, and Lithostrobus punctulatus — Lithocampe
marinae assemblage.
Occurrence of these radiolarian assemblages indicate a Campanian age of the CORBs at Daba, corroborated by
co-occurring planktic foraminifers. Radiolarian and foraminiferal microfossil evidence and lithology of the
strata indicate that the sediments were deposited at the lower continental margin of the Indian continental
plate and in an adjacent abyssal oceanic basin.
The discovery of radiolarians from the CORBs at Daba area contributes to the paleogeographic interpretation of
Late Cretaceous strata in southern Tibet and the Tethyan Himalaya. Unanswered is the remaining question:
Was it the difference in palaeoceanography, such as ocean circulation, or plate tectonics, which resulted
in the CORBs in the Tethyan Himalaya being younger than similar deposits in the western Tethys, where the
deposition of this lithofacies had already begun in the Turonian? To answer this question more detailed bio-
stratigraphic studies in southern Tibet are needed.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

The Himalayas are subdivided into a number of tectono-
stratigraphic units, mostly separated by major thrusts and/or normal
faults. Among these units, is the Tethyan Himalaya located between
the Indus–Yarlung Suture Zone marked by the ophiolite belt to the
north and the High Himalayas to the south. It is composed of a se-
quence of Early Paleozoic to Palaeogene sedimentary rocks including
minor volcanics (Zhu et al., 2005; Mo et al., 2009). Directly south of
the ophiolite belt, lies a broad belt of sedimentary mélange extending
discontinuously for hundreds of kilometers in length along the strike
and more than 10 km in width. This sedimentary mélange is in abrupt
contact to the north with the ophiolite belt and to the south with a
variety of marine sediments (Yang et al., 2002; Li and Shen, 2005).
The Tethyan Himalaya can be further subdivided into the southern
Tethyan Himalaya sub-belt and the northern Tethyan Himalaya sub-
trict, Beijing 100083, PR China.

.
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belt separated by a regional Tingri–Gamba thrust (corresponding to
the Gyirong–Kangmar crustal fault) (Yu and Wang, 1990; Li et al.,
2009a). The Tethyan Himalaya is composed of a thick metamorphic
basement (>20 km) incorporating pre-Ordovician miogeoclinal clas-
tic sedimentary rocks. Sedimentary environments and biotic composi-
tion of Paleozoic marine sedimentary strata in the Tethyan Himalayan
belt are similar to those in North and South China. Middle and Late
Carboniferous and Permian strata yield large, thick-shelled brachio-
pods and solitary corals characteristic of Gondwana-type strata in
the Tethyan Himalaya. The northern and southern Tethyan Himalayan
sub-belts started to differentiate during early Triassic time. Sedimen-
tary environments within the Northern Sub-belt became diversified,
while in the Southern Sub-belt marine sedimentation continued on
the Indian continental plate margin (ASTSET, 1974).

The Cretaceous sedimentary strata of the southern Tethyan
Himalayan sub-belt were deposited on the northern shelf of Greater
India, while the sediments of the northern Sub-belt were laid down
on the lower continental slope and in an adjacent Neotethyan oceanic
basin (Yu andWang, 1990). The currently used lithostratigraphic subdi-
visions and biostratigraphic zones based on radiolarian and planktic
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Fig. 2. Sketch map showing the location of the studied section in Kangmar, southern Tibet, China. ★ shows the location of the Daba section.

Fig. 1. Stratigraphic chart showing biostratigraphic zones and correlated lithostratigraphic formations for the Cretaceous in southern Tibet. Abbreviation: Fm = formation.
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Fig. 3. The lithology and radiolarian range of the CORBs of the Daba section.
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foraminiferal studies in the Tethyan Himalaya in southern Tibet are
summarized in Fig. 1.

Radiolarian micropalaeontological studies have proven to be im-
portant in geological investigations of tectonically complex regions,
such as of plate sutures zones (e.g., Yarlung Zangbo Suture Zone,
in southern Tibet). This is because radiolarians can be preserved
in a variety of oceanic sediments such as chert, siliceous mudstone,
tuffaceous and flysch/flyschoid sediments, and micritic limestones,
where other fossils may be lacking due to deposition below CCD,
or destruction during sedimentary diagenesis and/or severe tectonic
deformation. Radiolarian biochronology of Palaeozoic through Cenozoic
time is reasonably well established, so that radiolarian fossils can
be used as age-indicators and also can provide information about
paleoceanographic conditions and paleogeography.

The Late Cretaceous sedimentary strata cropping out in Southern
Tibetwere involved in complex tectonics resulting in extensive faulting,
folding and formation of complicated systems of nappes. Because of
the complex geological structure of the Cretaceous strata in southern
Tibet and the general lack of macrofossils, the microfossils, especially
planktic foraminifera and radiolarians play an important role in regional
biostratigraphy and geological investigations. A set of variegated ma-
rine deposits cropping out near Daba, Kangmar area (Fig. 2) was previ-
ously correlated with the Cretaceous Zongzhuo Formation, but without
fossil evidence (TBGMR, 1983, 1993). They are lithologically similar
to Cretaceous Oceanic Red Beds (CORBs) known from several other
localities in southern Tibet (Wan et al., 2005a, 2005b; Wang et al.,
2005; Li et al., 2009b).

We conducted field work in southern Tibet to investigate litho-
and biostratigraphy of the CORBs at the Daba section at Kangmar.
The latter area is tectonically situated in the northern Tethyan
Himalayan sub-belt. In this paper, we present results of the study of
Cretaceous radiolarians extracted from samples collected from the
Chuangde Formation (equivalent to the CORBs) and from the top of
the Jiabula Formation in Daba, Kangmar area, southern Tibet, with
some of the species illustrated by scanning electron micrography. We
discuss implications of these occurrences for the reconstruction of
the paleogeography and paleoceanography of the Tethyan Himalayas.

2. Previous investigations

Cretaceous radiolarians of the Northern Tethyan Himalayan
Sub-belt were the subject of several earlier studies (Li and Wu,
1985; Wu, 1988, 2007; Yang et al., 2002; Li et al., 2009b; Xu et
al., 2009). Li et al. (2009b) first reported occurrences of Cretaceous
radiolarians from the mélange directly south of the Yarlung–
Zangbo Suture Zone (YSZ) at Saiqu, Sa'gya, the strata of which
were previously considered to be part of the Triassic Xiukang
Group. The three superposed radiolarian assemblages found, namely:
Holocryptocaniumbarbui–Dictyomitra turris, Thanarla veneta–Pseudodic-
tyomitra pseudomacrocephala, and Dictyomitra magnifica–Dictyomitra
turritum assemblages document the presence of Upper Cretaceous stra-
ta at Saiqu.

The Upper Cretaceous strata at Daba section in Kangmar are com-
posed of red limestone, siltstone, shale, siliceous chert and marlstone.
Olistostromes/olistoliths and radiolarian fossils are abundant. The in-
tercalated limestones are mainly micrites though a few packstones
or grainstones could be rarely found. The micritic limestone and
wackestone are mud-supported enclosing 5–25% well-preserved
planktic foraminifers. Foraminiferal tests are mostly infilled with
Fig. 4. Scanning electron photomicrographs of representative species of identified radiolarian
(Pessagno); 3–4. A. stocki (Campbell and Clark); 5. A. aff. stocki (Campbell and Clark); 6–7. Arch
cf. califoniaensis Pessagno; 11–12. Cenosphaera kizilkamensis var. conferata Aliev; 13. Crucell
Dactyliodicus cf. cayeuxi (Squinabol); 17. Dorypyle anisa (Foreman); 18. Eucyrtidium camegiens
aff. eiformigum Empson-Morin; 21. Lithocampe marinae Gorbovetz; 22. L. sp.; 23. Orbiculiforma
and Clark); 27. Paronaella grapevinensis (Pessagno); 28. P. solanoensis Pessagno; 29. P. sp.; 30. P
fabianii (Squinabol). Scale bar=20 μm.
sparite. They are scattered within a red, occasionally gray-colored
cryptocrystalline matrix. The packstone is grain-supported with
25–76% moderate to well preserved planktic foraminifers in a mainly
red cryptocrystalline matrix. The grainstone occurs mainly in car-
bonate concretions. It is grain-supported with about 75–95% well
preserved planktonic foraminifers and a minor gray cryptocrystalline
matrix. The corrosion noted on some foraminifera and calcispheres
suggests that the deposition was occurring below the lysocline (Li
et al., 2009b), close to CCD. Turbidite beds are common in the under-
lying Jiabula Formation and are rhythmically banded and usually
composed of siltstones intercalated with shales.

The planktic foraminiferal biozones recognized in CORBs of Daba
section include Globotruncanita elevata, Globotruncana ventricosa,
Radotruncana calcarata, Globotruncanella havanensis, and Globotruncana
aegyptiaca zones, which indicate a Campanian age for the CORBs of the
Daba section. Representative elements of the planktic foraminiferas in-
clude Globotruncanita elevata, Globotruncana bulloides, Contusotruncana
fornicata, Globotruncana arca, Radotruncana subspinosa, Globotruncana
aegyptiaca and Heterohelix globulosa.

Samples for this study were mainly collected from the CORBs and
from the top of the Jiabula Formation cropping out at the Dada
(Fig. 2), Kangmar region. The CORB's strata at the Dada locality
are about 250 m thick. They comprise intercalated reddish and purple
pelagic limestones, shales and siliceous shales. Pelagic limestones
quantitatively dominate over intercalated shales in the outcrop
(Fig. 3). CORBs have conformable contact with the underlying
Lower Cretaceous Jibula Formation. The upper contact with overlying
dark gray siliceous limestones of the lower part of the Zongzhuo
Formation is also conformable.

Identification of the genera and species of radiolarians and determi-
nation of their morphotypes from our study area were based on the
shape of their skeletons, though some of them are poorly preserved
and recrystallized, with quartz filling some of the fine skeletal struc-
tures, complicating the optical microscopy. In conclusion we comment
on the paleoceanographic and paleogeographic implications of these
radiolarian occurrences for the Cretaceous of southern Tibet and the
Tethyan Himalayas.

3. Materials and methods

Seventy-two samples were collected from the Upper Cretaceous
strata at the Daba section (28˚43 54˝E, 89˚56 28˝N), Kangmar, southern
Tibet (Fig. 2) and thirty-eight samples of limestone, chert and siliceous
shale were collected from the CORBs. Usually 1 kg from each sample
was processed for radiolarians.

The processing and determination of the radiolarians were done
in the laboratory of China University of Geosciences (Beijing). For
freeing the radiolarians from the cherts and siliceous shales, the
following procedures were applied: (1) The rocks were broken me-
chanically into small (centimeter-sized) pieces. (2) Broken pieces
were then dissolved in diluted (5%) hydrofluoric acid (To remove the
free radiolarians before they dissolve, it is advantageous to suspend
the fragments above the bottom of the beaker). (3) Each sample was
washed in distilledwater and then examined to see if further treatment
was required. (4) Encrusting iron oxides were removed by washing in
a solution of 1% oxalic acid. (5) The free radiolarians were mounted
on 22×40 mm glass slides for examination under transmitted light.
(6) Representatives of each species were measured, gold-coated and
photographed using a Scanning Electron Microscope (SEM).
assemblages from the CORBs of Daba. 1. Acaeniotyle sp.; 2. Amphipyndax pesudoconulus
aeodictyomitra simplex Pessagno; 8. A. sliteri Pessagno; 9. Becus regius Luis; 10. Cavaspongia
a euganea (Squinabol); 14. Cytocapsa grutterinki Tan Sin Hok; 15. Phaseliforma sp.; 16.
e Campbell and Clark; 19. Holocryptocanium geysersensis (Pessagno); 20. Homeoarchicorys
aff. cachensis Pessagno; 24–25. O. multa (Kozlova); 26. O. renillaeformis group (Campbell

atellula ecliptica Luis; 31–32. Pautanellium lanceola (Parona); 33. P. sp.; 34. Pessagnobrachia
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All radiolarian specimens examined during the present study are
permanently deposited in the Fossil Identification Center of China
University of Geosciences (Beijing), China.

4. The radiolarian assemblages

Lithological and paleontological features of the CORBs are summa-
rized in Figs. 3–5. Abundant Cretaceous radiolarians were discovered
from the CORBs of the Daba section. Radiolarian species identified are
listed in Fig. 3 and radiolarian assemblages are illustrated in Figs. 4
and 5. The preservation of microfossils is satisfactory, though some
specimens were filled by recrystallized quartz. Fifty-four species
from forty-nine genera of radiolaria were extracted from cherts
and siliceous limestones of the Chuangde Formation (CORBs) and
from the top of the Jiabula Formation in Kangmar. The specimens
were identified on the basis of their shape and ornamentation (see
Figs. 3–5). Most of them are common elements of the Late Cretaceous
radiolarian microfauna assemblages in the Tethyan ocean (Wu and Li,
1982; Wu, 1988, 1993, 2007; Li et al., 2009b).

Three radiolarian assemblages have been distinguished which in
ascending order are: (1) Cavaspongia califoniaensis–Xitus spicularius
assemblage; (2) Praeconocaryomma lipmanae–Clathropyrgus titthium
assemblage;and (3) Lithostrobus punctulatus–Lithocampe marinae as-
semblage (Fig. 3). These assemblages were compared to radiolarian
zones of Sanfilippo and Riedel (1985), referred to below, and which
provide a broad indication of ages of the radiolarian assemblages
recognized.

4.1. Cavaspongia califoniaensi–Xitus spicularius assemblage

These taxa occur in samples DB25-D33 collected from the top of the
Jiabula Formation to the bottom of the Chuangde Formation, near the
base of CORBs. Representative species of this assemblage include: Acae-
niotyle sp., Actinomma sp., Alieviumgallowayi,A. syperbum, Amphipyndax
pseudoconulus, A.stocki, A. aff. stocki, Becus regius, Cavaspongia califo-
niaensis, Crucella euganea, Cryptaphorella conara, Dactyliodicus cf.
cayeuxi, Dorypyle anisa, Eucyrtis sp., Holocryptocanium geysersensis, H.
sp.,Obesacapsula cf. somphedia,Orbiculiformamulta,O. cf. sacramentoen-
sis, Paronaella grapevinensis, P. solanoensis, Parvspis aff. shastaensis, Patel-
lula ecliptica, Patulibracchium lawsonic, Pautanellium lanceola, P. sp.,
Pessagnobrachia fabianii, Petellula yerteroensis, Phaseliforma sp., Pseu-
doacanthosphaera galleata, Pseudoaulophacus sp., P. pargueraensis, P.
superba, Quinquecapsularia cf. grandiloque, Savaryella quadra, S. stella,
Schaumellus aufragendus, Sethocapsa aff. lagenaria, S. trachyostraca,
Staurodictya fresnoensis, Stichomitra communis, S. livermorensis, Theo-
campe urna, Vitorfus campbelli, and Xitus spicularius.

Among them, Amphipyndax pseudoconulus, A.stocki, C. califoniaensis,
Orbiculiforma multa, Patellula, Pseudoaulophacus, Stichomitra and X.
spicularius were reported to occur in an Upper Cretaceous radiolarian
assemblage from the Russsian Platform (Moscow Basin) (Vishnevskaya
and Wever, 1998). Amphipyndax pesudoconulus ranges from the top of
the Santonian to the upper Campanian. A. stocki is frequent in Upper
Cretaceous sediments. C. califoniaensis is stratigraphically limited to
the Coniacian to Santonian.Orbiculiformamulta is common in Coniacian
to Santonian sediments and occasionally occur in Turonian strata.

Therefore, the age of this radiolarian assemblage can be inter-
preted as late Santonian, and the CORBs strata at Daba should not
be older than this.
Fig. 5. Scanning electron photomicrographs of representative species of radiolarian assembla
aff. concentrica (Lipman); 4. Praeconocaryomma lipmanae Pessagno; 5. Pseudoacanthosphaera
sp.; 10. Savaryella quadra (Foreman); 11. S. stella Luis; 12. Schaumellus aufragendus Empso
Spongodiscus orbis(Campbell and Clark); 17. Stichomitra communis Squinabol; 18–21. S. liver
Campbell and Clark; 24. Tanarla cf. conica (Aliev); 25. Theocapsa (Theocapsomma) aff. amp
Pessagno; 28. Xitus spicularius (Aliev). Scale Bar=20 μm.
4.2. Praeconocaryomma lipmanae–Clathropyrgus titthium assemblage

These taxa occur in sample DB59 from the upper CORBs (the
Chuangde Formation). Representative species of this assemblage in-
clude: Acaeniotyle sp., Archaeodictyomitra simplex, A. sliteri, Cenosphaera
kizilkamensis var. conferata, Clathropyrgus titthium, Cytocapsa grutterinki,
Eucyrtidium camegiense, Homeoarchicorys aff. eiformigum, Orbiculiforma
renillaeformis group, Petellula verteroensis, Phaseliforma concentrica,
Praeconocaryomma lipmanae, Sethocapsa aff. lagenaria, S. trachyostraca,
Spongodiscus orbis, Stichomitra livermorensis, Stylotrochus (Stylotrochiscus)
aff. antiquus, Tanarla cf. conica, Theocapsa (Theocapsomma) aff. amphora
and Triactoma compressa.

Among them, Acaeniotyle, Archaeodictyomitra, Orbiculiforma,
Praeconocaryomma lipmanae, Spongodiscus, and Stichomitra were
reported from the Upper Cretaceous of the Russsian Platform (Moscow
Basin) (Vishnevskaya and Wever, 1998). Praeconocaryomma lipmanae
ranges from Coniacian to Campanian. Stichomitra livermorensis is
stratigraphically limited to the radiolarian zone 5 of the Bering region,
of Late Campanian to Early Maastrichtian age (Vishnevskaya, 1986).
Clathropyrgus titthium is limited to the Campanian (Sanfilippo and
Riedel, 1985).

Therefore, this radiolarian assemblage indicates a Late Campanian
age.

4.3. Lithostrobus punctulatus–Lithocampe marinae assemblage

These taxa occur in sample DB60 collected from the uppermost part
of the CORBs (the Chuangde Formation). Representative radiolarian
species in this assemblage include: Amphipyndax stocki, Lithocampe
marinae, L. sp., Lithostrobus pundtulatus, Orbiculiforma aff. cachensis,
Pseuoaulophacus sp., Pseudodictyomitra sp., Stichomitra livermorensis
and Xitus plenus.

Among them, Amphipyndax stocki, Lithocampe marinae, Lithostrobus,
Pseuoaulophacus, Pseudodictyomitra, and Stichomitra livermorensiswere
reported to occur in Upper Cretaceous radiolarian assemblages in the
Russsian Platform (Moscow Basin) (Vishnevskaya and Wever, 1998).
A. stocki, L. pundtulatus and S. livermorensis are also common elements
of the radiolarian zones 4–6 of the Bering region and their range is
Late Cretaceous (Vishnevskaya, 1986). S. livermorensis is stratigraphi-
cally limited to the radiolarian zone 5 of the Bering region, which has
been interpreted as an age of Late Campanian to Early Maastrichtian.
Therefore, this radiolarian assemblage indicates a Late Campanian age.

As above mentioned, the age span of the three radiolarian assem-
blages recognized is late Santonian to Late Campanian. Based on the
identification of radiolarian species and their correlations to radiolarian
biozones, the CORBs (the Chuangde Formation) at Daba section are ac-
cordingly of Campanian age. As for S. trachyostraca, it is usually limited
to the Valanginian to Santonian but occurred in samples DB25 and 59
of the Dada section, which should originate from the underlaid older
strata.

5. Implications of the radiolarian occurrences for the Late
Cretaceous paleogeography of the Tethyan Himalaya

Regional paleontology and sedimentologic studies of Cretaceous
strata exposed in the southern Tethyan Himalaya document
that their deposition occurred mainly on the northern Indian passive
continental margin. The Upper Cretaceous strata from the southern
ges from the CORBs of Daba. 1. Petellula verteroensis (Pessagno); 2. P. sp.; 3. Phaseliforma
galeata Luis; 6. P. superba (Squinabol); 7–8. Pseudoaulophacus sp.; 9. Pseudodictyomitra

n-Morin; 13–14. Sethocapsa trachyostraca Foreman; 15. S. aff. lagenaria Wu and Li; 16.
morensis(Campbell and Clark); 22. S. sp.; 23. Stylotrochus (Stylotrochiscus) aff. antiquus
hora Campbell and Clark; 26. Triactoma compressa (Squinabol); 27. Vitorfus campbelli
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Tethyan Himalaya record deposition from shallow to deep shelf envi-
ronments while the time-equivalent stratigraphic units in the north-
ern Tethyan Himalaya indicate deposition on a deeper continental
slope and in the adjacent deep oceanic basin (Yu and Wang, 1990;
Liu, 1992; Willems, 1993; Liu and Einsele, 1994; Willems et al.,
1995; Jansa and Hu, 2009; Li et al., 2009a). The fauna of these two
sub-belts are quite distinct, reflecting different bio- and litho-facies:
a planktic assemblage, including ammonoids, belemnites, radiolaria
and planktic foraminifera occurs in the northern sub-belt; while a
mixed assemblage of both benthic and planktic faunas/flora (including
ammonoids, bivalves, gastropods, echinoids, corals, ostracoda, planktic
and benthic foraminifera and calcareous nannofossils) occurs in the
southern sub-belt (Wan and Hao, 1993).

Regionally, the Upper Cretaceous strata in the western part of the
Tethyan Himalaya are represented by a broad variety of lithofacies
and of biota. In the upper part of the Chikkim Formation in Spiti and
the Bolinxiala Formation in Zanda, which contain bioclastic grain-
stones and packstones, benthic foraminifera and signs of bioturbation
are abundant (Bertle and Suttner, 2005; Li et al., 2009a). This suggests
deposition on shallow carbonate platforms built on a shelf, with the
depth episodically above the fair-weather wave base (Li et al.,
2009a). The presence of sandy limestone beds, large benthic forami-
nifera, abundant vertical burrows and hard grounds in Spiti (Bertle
and Suttner, 2005) favors an inner shelf location. In contrast, the
abundance of bioclastic wackestone and packstone with bivalves,
calcispheres, rotalid foraminifera, and spicules in Zanda (Li et al.,
2009a) indicates a middle to outer shelf depositional environment.
In northern Zanskar, the Shillakong Formation is mainly composed
of shale and marly limestone with occasional olistostromes which
were interpreted as deep-water deposits by Fuchs (1982), but
most likely represent a slope environment (Li et al., 2009a).

In the eastern part of the Southern Tethyan Himalaya, the Upper
Cretaceous Zongshan Formation in the Gamba region contains abun-
dant grainstone layers that show low-angle cross stratification,
and enclose a broad variety of fauna, such as benthic foraminifera,
echinoids, calcispheres, oysters, gastropods and abundant rudist and
coral-rudist reefs (Li et al., 2009a), suggesting deposition on the
outer shelf, or outer shelf margin (Li et al., 2011; Masse and Philip,
1981). The Upper Cretaceous strata of the eastern Northern Tethyan
Himalaya represented by sections in Kangmar, Gyangze, and Sa'gya
areas are in contrast composed of pelagic red limestone, siltstone,
pelagic red shale, cherts, siliceous shales, marlstone, intercalated
abundant olistostromes, and turbidite beds. Microfossils present are
predominantly radiolarian and planktic foraminifera (Wan et al.,
2005a, 2005b; Li et al., 2009a, 2009b; Li et al., 2011). Such features
are consistent with the deposition at the lower continental slope and
in deep oceanic basin environments, with some of the sediments
being deposited below CCD (Yu and Wang, 1990; Liu, 1992; Liu and
Einsele, 1994).

As in the Late Cretaceous CORB's lithofacies, the Late Cretaceous
radiolarian occurrences are restricted to the Northern Tethyan
Himalayan Sub-belt and are rare, even if not entirely missing, in
the Southern Tethyan Himalayan Sub-belt.

It has long been recognized that microfossil assemblages in sedi-
ments reflect the paleoenvironmental and paleoclimatic conditions
at the time of deposition, and in addition they are also important
paleoecologic indicators. Much attention has been devoted to paleo-
climatic and paleoecologic studies using calcareous microfossils,
such as foraminifera and nannofossils. Early investigators (e.g. Phleger
et al., 1953) examined foraminiferal assemblages in Pleistocene cores
from the North Atlantic, and determined that biogeographic faunal
provinces migrated in response to changing climatic conditions.
Subsequent investigators have successfully utilized Quaternary
foraminiferal assemblages for paleoceanographic interpretations
(e.g., Berger, 1968; Ruddiman, 1971). But, in contrast, much less is
known about the biogeography and paleobiogeography of siliceous
microfossil groups— diatoms, radiolarians, and silicoflagellates.Mandra
(1969) and Jendrzejewski and Zarillo (1972)made some progress using
silicoflagellates; Jousé et al. (1963), Donahue (1970) and Burckle
(1972) have utilized diatoms; and Casey (1971), Nigrini (1967, 1971),
Sachs (1973) and Johnson and Knoll (1973) have examined the poten-
tial use of radiolarians as paleoclimatic indicators. Major progress
has been achieved during the past several decades toward a better
understanding of both the biostratigraphic importance of radiolaria
and their significance as paleoecologic indicators. Ecologic studies
have been mainly restricted to the Cenozoic (Casey, 1963, 1971, 1972;
Nigrini, 1967; Goll and Bjørklund, 1971, 1974; Petrushevskaya, 1971;
Casey et al., 1972; Renz, 1976; Bjørklund, 1977), but not much progress
has beenmade in the environmental aspects ofMesozoic radiolaria. The
first attempt to analyze distribution patterns of Mesozoic radiolarian
populations was made by Empsom-Morin (1984). After studying
the depth and latitude distribution of radiolaria in Campanian (Late
Cretaceous) tropical and subtropical oceans, the author (ibid) drew a
conclusion that the radiolarian faunal composition showed three basic
responses to the environment: (1) morphotypes present, (2) diversity,
and (3) abundance. Although abundance is influenced by localized pro-
ductivity and sedimentation rates, numbers of radiolaria tend to in-
crease with the depth in any given depositional basin. The author
further pointed out that most of the forms were restricted to low and
intermediate paleolatitudes, but some species such as Penobrachium
were present only at high latitudes. Similarly Goll and Bjørklund
(1974) concluded that some modern radiolaria species in the South
Atlantic are latitudinally restricted. Takahashi (1991) studied the flux,
ecology and taxonomy of the radiolaria in the Pacific and Atlantic
and concluded that because significant numbers of nassellarian and
phaeodarian species are deep-water dwelling forms, the diversity of
radiolarians increases with increasing depth in the mesopelagic
zone. The highest standing stock of living radiolaria is generally
found at the vicinity of the thermocline (e.g., Renz, 1976; Takahashi,
1991). The advantage of using radiolaria in open, deep oceanic sedi-
mentary environments is that the preservation of siliceous microor-
ganisms such as radiolaria in deep sea sediments is little affected by
water depth and is therefore controlled by biological productivity
and related rate of sediment accumulation (Renz, 1976), and is not
influenced by the CCD, as calcareous microfossils are. The siliceous
oozes are generally more extensive in the equatorial and polar sili-
ceous belts than in other latitudinal regions, which reflects both sili-
ceous productivity in the overlying waters and indirectly carbonate
dissolution on the sea-floor.

In southern Tibet, radiolarians are widespread in the Upper Creta-
ceous of the Northern Tethyan Himalaya Sub-belt and are particularly
common in the Yarlung–Zangbo Suture Zone (YSZ), and the adjacent
sedimentary mélange belt, which are remnants of the Neotethyan
oceanic basin. However, only occasionally do radiolaria occur in the
Southern Tethyan Himalaya Sub-belt (Fig. 6).

The sedimentary strata within the Yarlung Zangbo Ophiolite
Zone contain abundant radiolaria-bearing sediments, such as chert
and siliceous mudstone. Radiolarian dating has been used extensively
to determine the timing of the ophiolite belt formation and of the
geologic processes associated with the Neo-Tethys oceanic basin
closure (Wu, 1988; Yang et al., 2002; Ding, 2003; Li et al., 2007). In
the YSZ, both the Xialu Chert to the north and the Chongdui Formation
to the south are rich in radiolarians (Li andWu, 1985;Wu, 1988, 2007).
Radiolarian assemblages of Middle and Late Jurassic and Early and
Late Cretaceous ages have been discovered from the Xialu cherts
(Wu, 1988, 1993, 2007). This indicates that radiolarian ooze deposition
was widespread in bathyal depths of the Neotethys ocean, at least
from the Middle Jurassic to Late Cretaceous (Cenomanian) (Wu,
2007). Indirectly, these occurrences provide clear evidence that the
depth of the Neotethys oceanic basin was already in excess of
4500–5000 m. Directly south of the suture zone occurs the sedimentary
mélange zone including flysch and other pelagic–hemipelagic



Fig. 6. Schematic biopaleogeographic reconstruction of the Late Cretaceous depositional environments of the Tethyan Himalaya.
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sediments also rich in radiolarians. Middle Triassic to Late Cretaceous
radiolarians have been reported from chert and/or siliceous mudstone
blocks, or sheets from the mélange (Wu and Li, 1982; Yang et al.,
2002; Li et al., 2009b). Wu and Li (1982) reported the presence of
Late Cretaceous Turonian radiolarian assemblages in cherts from
the olistostromes of the Zongzhuo Formation, near Gyangze. Later on,
Sun et al. (2002) described Late Cretaceous Santonian–Campanian
radiolarian assemblages from the chert of the mélange at Zongba.
Late Cretaceous radiolarian assemblages from cherts of the mélange
of the Zongzhuo Formation in Sagya were recently discovered by Li
et al. (2009b).

At Sangdalin section located at the southern boundary of YSZ,
within the sedimentary mélange belt lie the youngest, early Cenozoic
CORBs in southern Tibet, with radiolaria present in chert and siliceous
red mudstones (Wang et al., submitted for publication). They are of
Early Eocene (Ypresian) age.

The Daba section at Kangmar discussed in this paper is one of
the most southern CORBs-bearing localities in southern Tibet, from
where the Late Cretaceous radiolarian assemblages were reported.
However, in the Cretaceous strata of the Southern Tethyan Himalaya
Sub-belt, only occasional radiolarian fossils have been found.

6. Discussion and conclusions

The CORBs are a useful Late Cretaceous lithostratigraphic “marker”,
present not only in southern Tibet, but globally widespread from New
Zealand westward to Asia (southern Tibet, Iran), Turkey, Greece,
southern Europe and the North Atlantic oceanic basin (Chen et al.,
2007; Jansa and Hu, 2009). In southern Tibet such strata are comprised
of intercalated noncalcareous abyssal, red colored mudstones, vari-
ably interbedded with pelagic marlstones, limestone, calcareous tur-
bidites, radiolarian cherts and common olistostoliths. Such strata
were named the Chuangde Formation in southern Tibet (correlative
with CORBs, Wang et al., 2005). The CORB's occurrence was reported
from Gyangze (Li et al., 1999; Wan et al., 2005a, 2005b), Sagya (Li et
al., 2009b) and Gyirong-Sagya areas (Wan and Ding, 2002).

The presence of pelagic, red, noncalcareous mudstones reflect
deposition below the carbonate compensation depth (CCD), in an
abyssal depth setting, similar to modern deep sea red clays of the
Pacific Ocean. The intercalated, thin-bedded fine grained limestones
and marlstones usually represent turbidites and fine grained turbidite
tails, derived from the upper reaches of the continental slope and
transported into the adjacent deep basin, where the basin floor was
below CCD. The radiolarians retrieved from the Chuangde Formation
(CORBs) of Daba, Kangmar, southern Tibet indicate Late Cretaceous
Campanian age of the strata, similar to the other locations of CORBs
in southern Tibet. The CORBs deposition in southern Tibet coincides
with the Campanian diversity peak in the occurrence of planktic
foraminifera (Li et al., 2009a; Li et al., 2011).

Radiolaria microfossils are abundant in pelagic sediments of the
Yarlung Zangbo ophiolite zone and in the sedimentary mélange and
bathyal sediments to the south of the ophiolite zone. However, only
a few radiolarians had been reported so far from the Cretaceous
shelf deposits of the Southern Tethys-Himalaya Sub-belt. The current
status of radiolarian studies in southern Tibet is not as advanced as in
such regions as western North America, Russia, Europe, Philippines
and Japan. To establish the radiolarian biostratigraphic zonation and
rebuild the evolutionary history of the Neo-Tethys ocean, more de-
tailed and systematic studies of the radiolarian paleobiostratigraphy
is needed.

We consider an important conclusion of our study for paleogeo-
graphic and plate tectonic reconstructions of Neo-Tethys, that all
known localities of CORBs in southern Tibet provide clear evidence
that deposition was occurring near the boundary of the continental
slope/rise and adjacent abyssal basin. This implies that all of
the open ocean floor of the Neo-Tethys was subducted, and only
the sedimentary cover of the deep continental margin of the Indian
continental plate escaped a similar fate. An important caveat to
such an interpretation is that it indicates that both the mélange and
ophiolite belt zones of YZS are tectonically displaced and were
“pushed up” onto the lower reaches of the Asia continental plate.
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