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The Chuangde Formation in the northern Tethyan Himalaya consists of the Upper Cretaceous oceanic red beds
(CORBs). Due to the structural complexity and poor fossil preservation, the age of this unit remains an issue. In
one interpretation, the age of the Chuangde Formation in the eastern Tethyan Himalaya is significantly older
than in the western Tethyan Himalaya, suggesting that the formation of CORBs in the Late Cretaceous Tethys
ocean may have been triggered by the ocean circulation pattern change in response to the changes associated
with the collision between Indian and Asian plates. New foraminiferal biostratigraphic data from a well-
preserved and fossil-rich section in Kangmar, southern Tibet, China, reveal that the Chuangde Formation in the
eastern Tethyan Himalaya has an age from Early Campanian to Maastrichtian. Fossil assemblages from this
section allow its correlation with other CORB-bearing sections and argue against the age discrepancy of CORBs
between the eastern and western parts of the northern Tethyan Himalaya.
Biostratigraphic correlation and paleogeographic reconstruction indicates that the CORBs in the Tethyan
Himalaya are restricted to the slope and basinal environments but they are entirely missing in the shelf
environments including the shelf margin. The similar thicknesses (and therefore potentially similar
sedimentation rates) of time-equivalent units between shelf and slope/basinal sections argues against the
formation of CORBs in the Tethyan Himalaya by transportation of terrigenous iron into a sediment-starved
ocean. The lack of CORBs in shelf environments and the widespread occurrence CORBs in slope/basinal
environments suggest that the CORBswere likely formed by oxidation of reduced iron in the upper oceanwater
column close to the chemocline rather than in oxic bottom waters.
l rights reserved.
© 2010 Elsevier B.V. All rights reserved.
1. Introduction

Upper Cretaceous oceanic red beds (CORBs) are widespread in the
northern Tethyan Himalaya of Southern Tibet, China (Hu et al., 2005;
Wan et al., 2005a,b; Wang et al., 2005; Li et al., 2007, 2009a). These
CORBs consist of reddish to pink limestone, marlstones, shale,
siltstone, and radiolarian cherts (siliceous rocks) that are commonly
assigned to the Chuangde Formation. The origin of these CORBs
remains unresolved, although most authors implied that they are
related to the change of ocean circulation patterns and low
sedimentation rates (e.g., Hu et al., 2005; Wang et al., 2005; Chen
et al., 2007). The exact mechanism that caused the sudden change of
bottom ocean circulation is uncertain. In one interpretation, seawater
regression from the east to thewest of the TethyanHimalaya, resulting
from the collision between Indian and Asian plates, may have been
the trigger for the change of ocean circulation pattern and source of
iron (Wan et al., 2005a,b; Chen et al., 2007). Evidence supporting this
view is mainly from the age discrepancy of the Chuangde Formation
between the eastern and western Tethyan Himalaya. In the eastern
part of the northern Tethyan Himalaya, the age of the Chuangde
Formation was considered to be Santonian–early Campanian, while
towards the west it is mostly Campanian–Maastrichtian (Wan et al.,
2005a,b; Wang et al., 2005). However, as the original authors pointed
out, this age discrepancymay be due to the incomplete sequence of the
Chuangde Formation and/or poor preservation of foraminiferal fossils
near the Yarlung Zangbo suture zone, where tectonic mélanges and
high-pressure, low temperature metamorphism of greenschist facies
are common.

In this paper, we report new foraminiferal biostratigraphic data
from the Tianba section in Kangmar county in southern Tibet (Fig. 1),
about 50 km south of the Chuangde section in Gyangze, where
traditional biostratigraphic data representing CORBs of the eastern
Tethyan Himalaya were obtained. The Tianba section is relatively far
away from the Yarlung Zangbo suture zone and the Upper Cretaceous
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Fig. 1. Sketch map showing the location of the Tianba section in Kangmar, southern Tibet, China.
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succession is well-preserved and fossil-rich, providing an opportunity
for clarifying the duration of CORBs in the eastern Tethyan Himalaya.
On the basis of new biostratigraphic data, we discuss the regional
stratigraphic correlation and the origin of CORBs in the Tethyan
Himalaya.

2. Material and methods

Our study focused on CORBs of the Tianba section (89°56′29 E,
28°43′55″ N″) in Kangmar, southern Tibet (Fig. 1). Detailed lithostrati-
graphic studiesweremade in thefield and from thin sections in order to
identify depositional and sedimentological changes. For paleontological
studies, thirty-nine (limestone and siliceous rock) samples (No. TB1 to
TB39) were collected from the Chuangde Formation to recover planktic
foraminiferal faunas (Fig. 2). Numerous thin sections (especially axial
sections of foraminifera) were prepared for taxonomic analysis and
were cut in different orientations after visual observations. All thin
sections are deposited in the collections of the Fossil Identification
Center at the China University of Geosciences (Beijing).

3. The age of foraminiferal assemblages

3.1. Foraminiferal assemblages

The biostratigraphy of the studied section is mainly based on
foraminifera examined in thin sections (Figs. 2–6). Planktic forami-
nifera are the dominant elements of the foraminiferal assemblages
examined in this work. Through axial sections, most of the important
species could be confidently identified. Fossils were well preserved,
but examination of specimens under a scanning electron microscope
revealed considerable recrystallization and traces of corrosion.

The assemblages are dominated by the following genera: Hedber-
gella, Heterohelix, Globigerinelloides, Globotruncana, Globotruncanita,
Globotruncanella, Contusotruncana, Gansserina, Archaeoglobigerina,
Pseudotextularia, Rugoglobigerina, Rugotruncana, Woodringina and
Bifarina. Most of them are the common elements of the Late
Cretaceous planktic foraminiferal fauna widespread in the Tethyan
ocean.

3.2. Age assignment

This paper adopts the Cretaceous planktic foraminiferal zonal
schemes of Caron (1985). Globotruncana ventricosa is Campanian to
Maastrichtian in age.G. stuarti ranges from the latest Campanian to the
end of Maastrichtian, i.e., from the middle of G. havanensis Zone to the
top of A. mayaroensis Zone. G. stuartiformis is restricted to the latest
Santonian to LateMaastrichtian, i.e., from the top ofD. asymetrica Zone
to the lowerA.mayaroensis Zone.Heterohelix globulosa ranges from the
Cenomanian to Maastrichtian (Nederbragt, 1991). Contusotruncana
fornicata ranges from Middle Santonian to Middle Maastrichtian.
Radotruncana calcarata defines the G. calcarata Zone, which is limited
to Middle Campanian. Globotruncanella havanensis is Middle Campa-
nian to the end of Maastrichtian in age. G. petaloidea is restricted to
Maastrichtian, e.g., from the bottom of G. aegyptiaca Zone to the top
of Abathomphalus mayaroensis Zone. G. citae is restricted to Maas-
trichtian, e.g., from the bottomofGansserina gansseri Zone to the top of
A. mayaroensis Zone. Globotruncana aegyptiaca has an age of late Late
Campanian to the end ofMaastrichtian.G. gansseri is of aMaastrichtian
age. All of Rugoglobigerina scotti, R. hexacamerata and R. macrocephala
are restricted to Late Campanian toMaastrichtian, i.e., from the bottom
of G. aegyptiaca Zone to the top of A. mayaroensis Zone. Rugotruncana
subcircumnodifer ranges frommiddle Campanian to lateMaastrichtian,
e.g., from the upper G. calcarata Zone to the middle A. mayaroensis
Zone. Rugotruncana subpennyi ranges from late Campanian to early
Maastrichtian, e.g., from the bottom of G. aegyptiaca Zone to the top
of G. gansseri Zone.



Fig. 2. The lithology and planktic foraminiferal biozones of the Chuangde Formation (CORBs) in the Tianba section.
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4. Planktic foraminiferal stratigraphy

Adetailed study has beenmade on the changes in fossil community
from the base of the Chuangde Formation to the base of the overlying
Zongzhuo Formation (Fig. 6). Important bioevents include: (1) First
occurrence (FO) of G. ventricosa (TB4); (2) FO and last occurrence (LO)
of R. calcarata (TB14 and TB25); (3) FO of G. aegyptiaca and
Globotruncanella petaloidea (TB31); and (4) FO of G. gansseri (TB33).



Fig. 3. Representativeplanktic foraminiferal fossils of theChuangdeFormation in Tianba, Kangmar. 1.Globotruncana sp. (sensuCushman,1927)(TB36); 2–7.GlobotruncanaventricosaWhite,
1928: 2 (TB36), 3 (TB20), 4 (TB22), 5 (TB19), 6 (TB33), 7 (TB22), 8. Globotruncana rosetta Carsey 1926 (TB33); 9. Contusotruncana walfischensis Todd, 1970 (TB35); 10–12. Globotruncana
arca (Cushmani, 1926): 10–11 (TB36), 12 (TB35); 13–14. Radotruncana calcarata (Cushman, 1927): 13 (TB14), 14 (TB19); 15–16. Radotruncana subspinosa (Pessagno, 1960): 34 (TB35),
36 (TB22); 17–24. Globotruncanita stuartiformis (Dalbiez, 1955): 17 (TB19), 18 (TB18), 19–20 (TB37), 21 (TB22), 22–24 (TB36). All are thin section photographs. Scale bar=50 µm.
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Biostratigraphically, the Upper Cretaceous is usually defined by
ammonite and inoceramid zones that provide reliable age constraints
for regional corrections. In the Tethyan Himalaya, however, both
ammonites and inoceramids are too rare to be used for stratigraphic
correlation with other global successions. As an alternative, planktic
foraminifera that are widespread in the Tethyan Himalaya region
(Wan, 1985; Wan et al., 1997; Wan et al., 2000; Wan and Ding, 2002;
Wan et al., 2005a; Wan et al., 2005b; Li et al., 2007) and other
successions globally have been used extensively as index fossils for
regional and global correlation (Caron, 1985; Robaszynski and Caron,
1995; Wan et al., 2005a; Bertle and Suttner, 2005; Li et al., 2007).
The well-preserved planktic foraminifera from the Chuangde Forma-
tion (CORBs) in Kangmar can be divided into several foraminiferal
Zones according to Robaszynski and Caron's (1995) planktic forami-
niferal zonal schemes. These are the ?Globotruncanita elevata,
G. ventricosa, R. calcarata, G. havanensis, G. aegyptiaca, and G. gansseri
Zones (Fig. 6).

4.1. ?G. elevata Zone

TheG. elevata Zone is a partial range zone (PRZ) by Postuma (1971)
which spans the interval from the LO of D. asymetrica to the FO of
G. ventricosa. In theTianba section, this zone covers the interval fromTB1
to TB3. Representative elements of this zone only include Hedbergella
holmdelensis and H. sp. The age of this zone is Early Campanian.

4.2. G. ventricosa Zone

The G. ventricosa Zone is a partial range zone (PRZ) by Dalbiez
(1955) which spans the interval from the LO of G. ventricosa to the FO



Fig. 4. Representative planktic foraminiferal fossils of the Chuangde Formation in Tianba, Kangmar. 1–4. Globotruncanita stuarti (de Lapparent, 1918): 1(TB22), 2 (TB36), 3 (TB19),
4 (TB19); 5–7. Globotruncana falsostuarti Sigal, 1952: 5 (TB22), 6 (TB19), 7 (TB35); 8–9. Globotruncanita conica (White, 1928): 8 (TB36), 9 (TB17); 10–13. Globotruncana lapparenti
(Brotzen, 1936): 10 (TB16), 11 (TB33), 12 (TB35), 13 (TB22); 14. Globotruncana ventricosa White, 1928 (TB33). 15–16. Globotruncana bulloides Volgler, 1967 (TB33); 17–21.
Globotruncana linneiana (d'Orbigny, 1839): 17–19 (TBa36), 20 (TBa35), 21 (TBa36); 22. Globotruncana aegyptiaca Nakkady, 1950 (Tba33); 23. Gansserina cf. gansseri (Bolli, 1951)
(TBa35); 24. Abathomphalus ?sp. (sensu Bolli, Loeblich & Tappan, 1957) (TBa36). All are thin section photographs. Scale bar=50 µm.
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of R. calcarata. In the Tianba section, this zone covers the interval from
TB4 to TB13. The base of this zone is marked by the FO of G. ventricosa
in TB4. Representative elements of this zone include G. ventricosa,
G. bulloides, H. globulosa,H.moremani,H. planata,H. sp., Pseudotextularia
sp., Hedbergella sp. and H. holmdelensis. The age of this zone is late
Early Campanian to Middle Campanian.

4.3. R. calcarata Zone

The R. calcarata Zone is a total range zone (TRZ) by Herm (1962)
which spans the total range of R. calcarata. In the Tianba section, this
zone spans the interval from TB14 to TB25. The base of this zone is
characterized by the FO of R. calcarata in TB14 and the top is marked
by the LO of R. calcarata in TB25. Representative elements include
Archaeoglobigerina cretacea, R. calcarata, R. subspinosa, G. stuarti,
G. stuartiformis, Globotruncana bulloides, G. falsostuarti, G. lapparenti,
G. linneiana, G. ventricosa, G. havanensis, Globigerinelloides prairiehil-
lensis, G. subcarinata, Heterohelix carinata, H. cordatis, H. globulosa,
H. moremani, H. navarroensis, H. planata, H. sphenoides, H. striata,
Laeviheterohelix glabrans, L. dentata, Rugoglobigerina rugosa,
R. subcircumnodifer, Pseudotextularia sp., P. elegans and P. nuttalli.
The age of this zone is referred as Middle Campanian.
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Fig. 6. Occurrence and distribution of planktic foraminifera from the Chuangde Formation in Tianba, Kangmar. Biozone abbreviations: ?Elev, ?Elevata Zone; Havanen, Havanensis
Zone; Aeg, Aegyptiaca Zone.

117G. Li et al. / Sedimentary Geology 235 (2011) 111–121
4.4. G. havanensis Zone

The G. havanensis Zone is a partial range zone (PRZ) by Caron
(1978) which spans the interval with G. havanensis from the LO of
R. calcarata to the FO of G. aegyptiaca. In the Tianba section, this zone
spans the interval from TB26 to TB30. Representative elements of
this zone include G. havanensis, G. bulloides, G. linneiana, G. ventricosa,
G. prairiehillensis, Archaeoglobigerina blowi, A. cretacea, Heterohelix sp.,
Fig. 5. Representative planktic foraminiferal fossils of the Chuangde Formation in Tianba, K
Hedbergella holmdelensis Olsson, 1964: 4–5 (TB33), 6 (TB35); 7–10. Globigerinelloides
Archaeoglobigerina blowi Pessagno, 1967: 11 (TB36), 12 (TB19); 13–15: Globotruncanella p
havanensis (Voorwijk, 1937): 16 (TB14), 17–18 (TB35); 19–21.Globotruncanella citae (Bolli, 1
1955): 22 (TB36), 23 (TB22), 24 (TB33); 25. Rugotruncana subpennyi (Gandolfi, 1955): 25 (TB
30. Rugoglobigerina rugosa (Plummer, 1926): 29 (TB33), 30 (TB36); 31–32. Rugoglobigerina
(Brönnimann, 1952): 33(TB35), 34 (TB36); 35–38. Rugoglobigerina hexacamerata (Brönnim
H. striata, Hedbergella sp., H. holmdelensis and C. fornicata. The age of
this zone is Late Campanian.

4.5. G. aegyptiaca Zone

The G. aegyptiaca Zone is an internal zone (IZ) by Caron (1985)
which spans the interval from the LO of G. aegyptiaca to the FO of
G. gansseri. In the Tianba section, this zone covers TB31 to TB32. The
angmar. 1–3. Hedbergella flandrini Porthault, 1970: 1 (TB20), 2 (TB18), 3 (TB14); 4–6.
prairiehillensis Pessagno, 1967: 7 (TB33), 8 (TB22), 9 (TB35), 10 (TB33); 11–12.
etaloidea (Gandolfi, 1955): 13 (TB17), 14 (TB20), 15 (TB22); 16–18. Globotruncanella
951): 19 (TB33), 20 (TB35), 21 (TB39); 22–24. Rugotruncana subcircumnodifer (Gandolfi,
36); 26–28. Rugoglobigerina reicheli (Brönnimann, 1952): 26–27 (TB33), 28 (TB18); 29–
scotti (Brönnimann, 1952): 31 (TB22), 32 (TB34). 33–34. Rugoglobigerina macrocephala
ann, 1952): 35–37(TB22), 38 (TB20). Thin section photographs. Scale bar=50 µm.
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base of this zone is delineated by the FO of G. aegyptiaca in TB31.
Representative elements of this zone includeG. aegyptiaca,G. bulloides,
G. linneiana, G. ventricosa, Globotruncanita stuarti, G. stuartiformis,
G. havanensis, G. petaloidea, G. prairiehillensis, G. subcarinata, A. blowi,
Hedbergella sp., H. globulosa, H. navarroensis, C. fornicata, R. rugosa,
R. scotti, and R. macrocephala. The age of this zone is referred as Late
Campanian.

4.6. G. gansseri Zone

The G. gansseri Zone is an interval zone (IZ) by Brönnimann (1952)
which spans from the FO of G. gansseri to the FO of A. mayaroensis. In
the Tianba section, this zone covers the interval fromTB33 to TB39. The
base of this zone is delineated by the FO of G. gansseri in TB33.
Representative elements include G. gansseri, A. blowi, Contusotruncana
walfischensis, Globotruncana rosetta, G. falsostuarti, G. ventricosa,
G. stuarti, G. stuartiformis, Radotruncana subspinosa, G. havanensis,
G. petaloidea, G. prairiehillensis, G. subcarinata, A. blowi, Heterohelix striata,
H. navarroensis, H. carinata, H. planata, L. glabrans, L. dentata, Hedbergella
sp., H. holmdelensis, Pseudotextularia elegans, P. nuttalli, C. fornicata,
R. rugosa, R. scotti, R. macrocephala, R. reicheli, R. subcircumnodifer
and R. subpennyi. The age of this zone is referred as latest Campanian
to Maastrichtian.

5. Discussion

5.1. Regional stratigraphic correlations

Using the foraminiferal assemblages, the Chuangde Formation in
Kangmar (Fig. 6; section 11 in Fig. 7) can be well correlated with the
other sections in the northern Tethyan Himalaya. These include the
Shillakong Formation in the northern Zanskar area (section 1 in Fig. 7;
Fuchs, 1982), the Chuangde Formation (CORBs) or the Red Bed
Member of the Zongzhuo Formation in Gyangze (section 10 in Fig. 7;
Zhao and Wan, 2003) and Sa'gya (Li et al., 2007, 2009b). In all these
sections, the CORBs are composed of reddish to pinkmarine carbonate
and/or siliceous/chert deposits, with a similar duration from Early
Campanian to Maastrichtian.

Fossil assemblages also allow stratigraphic correlation of the
CORBs in the northern Tethyan Himalaya to the Upper Cretaceous
units in the southern Tethyan Himalaya, where no CORBs have been
reported. Examples include the uppermost Jiubao Formation and
Zongshan Formation in Gamba (section 12 in Fig. 7; Wan, 1985; Wan
et al., 2000; Zhao and Wan, 2003), the upper Bolinxiala Formation in
Zanda (section 4 in Fig. 7; Li et al., 2009a), and the upper Chikkim
Formation in Spiti (section 3 in Fig. 7; Bertle and Suttner, 2005).

5.2. Palaeogeographic distribution of CORBs

Cretaceous strata in Tethyan Himalaya of southern Tibet have been
considered as deposits from the northern Indian passive margin. In
general, Upper Cretaceous strata from the southern Tethyan Himalaya
record shallow to deep shelf environments, while time-equivalent
units from the northern Tethyan Himalaya document continental
slope to basinal environments (Yu and Wang, 1990; Liu, 1992;
Willems, 1993; Willems et al., 1995; Liu and Einsele, 1994; Wan et al.,
2005a,b; Li et al., 2003, 2009a). On the basis of biostratigraphic
correlation (Fig. 7) and field observations on typical sections, a
tentative interpretation of the Late Cretaceous carbonate platform in
southern Tibet is provided in Fig. 8.
Fig. 7. Correlation of the Chuangde Formation at Tianba, Kangmar (11) to late Early Cretac
(3) Chikkim, Spiti (Bertle and Suttner, 2005); (4) Bolin, Zanda (Li et al., 2009a); (12) Zong
(10) Jiabula, Gyangze (Zhao andWan, 2003). Stages and biozones are abbreviated as follows:
Ma, Maastrichtian; App, Appenninica Zone; Br, Brotzeni Zone; Cu, Cushmani Zone; Arc, Arc
Concavata Zone; Hav, Havanensis Zone; Gan, Gansseri Zone, Ma, Mayaroensis Zone; Hel, He
Zone; Ven, Ventricosa Zone; Aeg, Aegyptiaca Zone.
In the western part of the Tethyan Himalaya, the upper part of the
Chikkim Formation in Spiti and the Bolinxiala Formation in Zanda
(Campanian–Maastrichtian) contain bioclastic grainstones and pack-
stones, benthic foraminifera and abundant bioturbation (Bertle and
Suttner, 2005; Li et al., 2009a), indicating deposition from carbonate
shelf environments at least episodically above fair-weatherwave base.
The presence of sandy limestone beds, large benthic foraminifera,
abundant vertical burrows and hardgrounds in Spiti (Bertle and
Suttner, 2005) suggests deposition in the proximal side of the
carbonate shelf (inner shelf). In contrast, the abundance of bioclastic
wackestone and packstone with bivalves, calcispheres, rotaliids, and
spicules in Zanda (Li et al., 2009a) suggests amiddle shelf environment
that may have been partially restricted by the shelf margin (Fig. 8). In
northern Zanskar, the Shillakong Formation is mainly composed of
shale and marly limestone with occasional olistostrome beds and was
interpreted as being deep-water deposits (Fuchs, 1982), most likely in
the slope environments.

In the eastern part of the southern Tethyan Himalaya, the Upper
Cretaceous (Campanian–Maastrichtian) Zongshan Formation in
Gamba contains abundant grainstone layers that show low-angle
cross bedding, suggesting high-energy depositional environments.
This unit also contains abundant rudist reefs or coral-rudist reefs (Li
et al., 2003). Rudists and corals coexist, forming buildups of a few
meters in height, in which benthic foraminifera, echinoderms,
calcispheres, and oysters are common. These biological combinations,
along with the presence of cross bedding, suggest depositional
environments in the outer shelf close to the shelf margin (Philip,
1980; Masse and Philip, 1981; Gili, 1984, 1992, 1993).

The Upper Cretaceous strata of the eastern North Tethyan
Himalaya are represented by sections in the Kangmar, Gyangze, and
Sa'gya areas, and are characterized by red limestone, siltstone, shale,
siliceous cherts, and marlstone, with abundant olistostromes, turbi-
dites and radiolarian fossils (Wan et al., 2005a,b; Li, 2003; Li et al.,
2009b). These features are consistent with deposition from slope and
basinal environments (Yu andWang, 1990; Liu, 1992; Liu and Einsele,
1994). The corrosion of foraminifera and calcispheres in these sections
(Wan, 1985; Xu and Mao, 1992; Zhao and Wan, 2003) suggest
deposition below the lysocline.

In summary, the CORBs in the Tethyan Himalaya are restricted to
the slope and basinal environments and are entirely missing in the
shelf depositional environments including the shelf margin. Although
the absolute synchrony of CORBs is hard to evaluate, they seem to
begin in the Early Campanian and end in the Late Maastrichtian across
the entire northern Tethyan Himalaya. This challenges the earlier
reports that suggested a westward development of CORBs in the
northern Tethyan Himalaya in response to the sea-level regression
resulting from the collision between Indian and Asian plates and the
closure of the Tethys ocean (Wan andDing, 2002;Wan et al., 2005a,b).

5.3. Regarding the origin of CORBs

The widespread occurrence of CORBs in the Tethyan Himalaya and
other places globally (see reviews in Hu et al., 2005; Chen et al., 2007)
has been taken as an indicator for oxygen-rich bottom water in the
ocean. Particular questions related to this interpretation are the
source of iron and the time and place for the reduced iron to be
oxidized. If the iron (Fe2+) was from hydrothermal fluids in the deep
ocean and the bottom water was oxic, it may have been oxidized
immediately when it entered the water column. Consequently the
hematite-rich “red beds” would be restricted to the deepest part of
eous and Late Cretaceous successions in (1) Itchu La, northern Zanskar (Fuchs, 1982);
shan, Gamba (Wan, 1985; Wan et al., 2000; Zhao and Wan, 2003; Li et al., 2003) and
Al, Albian; Ce, Cenomanian; Tu, Turonian; Co, Coniacian; Sa, Santonian; Ca, Campanian;
haeocretacea Zone; Asy, Asymetrica Zone; Ele, Elevata Zone; Cal, Calcarata Zone; Con,
lvetica Zone; Rez, Renzi Zone; Pri, Primitive Zone; Stu, Stuartiformis Zone; Med, Media



Fig. 8. Schematic paleogeographic reconstruction of the Late Cretaceous depositional environments and the distribution of CORBs in the Tethyan Himalaya.
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the ocean or close to localities of hydrothermal activity. In addition, if
the bottom water was oxic, upwelling waters from the deep ocean
could not carry Fe3+ up to the middle or upper slope environment
(like the case in the Tethyan Himalaya; Fig. 8) because Fe3+ is not
mobile in oxic conditions.

Alternatively, the iron was transported to the ocean from
terrigenous sediments or came from volcanos by eolian processes.
This requires a very low sedimentation rate like those of the red clays
deposited in themodern central Pacific. However, sedimentation rates
of CORBs vary from a few mm/ka to a few cm/ka (Wang et al., 2005;
Chen et al., 2007), much higher than the low sedimentation rate in the
modern central Pacific (b1 mm/ka). More importantly, it is hard to
explain the complete absence of CORBs in the shelf environments
where time-equivalent units show similar or even smaller thickness
(e.g., Fig. 7), implying that at least during some time periods of the
CORB deposition, slow sedimentation rates may have happened in the
shelf environments.

We speculate that during the CORB deposition, the ironwas from the
ocean but it was oxidized in the upper water column close to the
chemocline rather than in the oxic bottom water. Fe2+ from Fe2+-
enriched, anoxic/dysoxic deep-waterwas transported to thechemocline
either by upwelling during transgression or by ocean currents and was
oxidized to Fe2O3. Particulate Fe2O3 sinks with fine-grained sediments
down to the seafloor, forming CORBs below the chemocline. The lack of
CORBs in the shelf environments indicate that the chemocline was
below the shelf margin, at least for the case in the Tethyan Himalayan
ocean. However, because the depth of the chemocline changes
according to basinal structures and topography, deposition of CORBs
may vary significantly in different sedimentary basins.

6. Conclusions

New foraminiferal biostratigraphic data from the Chuangde
Formation at the Tianba section in Kangmar, southern Tibet indicate
that the CORBs in the eastern Tethyan Himalaya have a Late
Cretaceous age from Early Campanian to Late Maastrichtian. Forami-
niferal biozones from the Tianba section allow its stratigraphic cor-
relation with other typical CORB-bearing sections across the northern
Tethyan Himalaya and with sections in the southern Tethyan
Himalaya where no CORBs have been found. The similar duration of
CORBs from the east to the west of the northern Tethyan Himalaya
argues against the earlier interpretation, in which westward seawater
regression associated with the collision between Indian and Asian
plates was considered as trigger for the change in ocean circulation
pattern and for the formation of CORBs in the Neotethys ocean.

Paleogeographic reconstruction indicates that the CORBs repre-
sented by the Chuangde Formation and its time-equivalent units are
restricted to the deep-water environments and are entirely missing in
the shelf environments including the shelf margin. Considering the
similar stratigraphic thickness (and thus similar sedimentation rate)
between shelf and slope/basinal sections, the CORBs in the Tethyan
Himalaya were unlikely to have been formed by the transportation of
terrigenous iron into a sediment-starved ocean. Because iron is
immobile in oxic conditions, the widespread distribution of CORBs in
the northern Tethyan Himalaya is best explained by the oxidation of
Fe2+-enriched, anoxic/dysoxic deep ocean sweater near the chemo-
cline rather than at the oxic bottom waters.
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