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Figure 1. Location of
Ocean Drilling Program
(circles) and Deep Sea Dril-
ling Project (triangles)
sites used, with directions
of summer (continuous ar-
rows) and winter monsoon
(broken arrows) winds.

ABSTRACT
Uplift of the Himalayas and Tibetan Plateau (ca. 10–8 Ma)

has been said to be the main cause of the origin or intensification
of the Indian monsoon system, because mountains modulate the
land-sea thermal contrast. The intensification of the monsoons, in
turn, is seen as the cause of major changes in fauna and flora on
land (as a result of changing precipitation patterns) as well as in
the Indian Ocean, where the monsoons drive increased upwelling
and thus increased productivity. We argue that the interactions
between the elevation of the Himalayas and Tibetan Plateau, the
onset of the monsoons, and their effects on the Indian Ocean biota
remain uncertain. The timing of these events (uplift, monsoons, and
biotic change) is not well constrained. Neogene deep-sea benthic
foraminiferal faunal and isotope records of the Ninetyeast Ridge
combined with published data show that a major increase in bio-
genic productivity occurred at 10–8 Ma throughout the Indian
Ocean, the equatorial Pacific, and southern Atlantic. We suggest
that this Indian Ocean high-productivity event was not simply the
result of monsoon-induced upwelling or nutrient delivery from the
weathering of newly uplifted mountains, but may have been caused
by strengthened wind regimes resulting from global cooling and
the increase in volume of the Antarctic ice sheets.

Keywords: Indian monsoons, Indian Ocean productivity, benthic fo-
raminifera, stable isotopes, Neogene, Ocean Drilling Program, Antarc-
tic ice sheets.

INTRODUCTION
The Indian (or Asian) summer and winter monsoons, marked by

seasonally reversing winds, influence precipitation and runoff as well
as vegetation in South Asia and the biota in the Indian Ocean (Fig. 1).
It has been suggested that uplift of the Himalayas and Tibetan Plateau
heightened the land-sea thermal contrast (Hahn and Manabe, 1975),
thus causing the origin or strong intensification of the Indian mon-
soons, with their heavy summer rainfall (summer monsoon) over the
Indian subcontinent (e.g., Ruddiman and Kutzbach, 1989; Hastenrath,
1991), and their cold dry winter monsoons. According to this hypoth-
esis, changes in the elevation of the Himalayan-Tibetan region have
modulated the development of the South Asian monsoons since the
middle to late Miocene (Molnar et al., 1993; Clift et al., 2002). Various
proxy records have been interpreted as indicating that the monsoons
started or strongly intensified between ca. 10 and 8 Ma, as a response
to Himalayan-Tibetan uplift to at least about half of its present eleva-
tion (e.g., Prell and Kutzbach, 1992; Rea, 1992). These proxies indicate
that the intensification of monsoonal winds led to increased upwelling
in the Arabian Sea (Kroon et al., 1991) and eastern Indian Ocean
(Singh and Gupta, 2004), a shift from C3- to C4-type vegetation on
land (Quade et al., 1989), and increased terrigenous flux to the Indian
Ocean as a result of increased weathering and erosion in the uplifted
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mountainous region (Prell and Kutzbach, 1992). The high weathering
rates increased nutrient flux (including P) to the oceans, increasing
oceanic productivity even more (Filipelli, 1997).

Changes in the flora and fauna of the Indian subcontinent and the
Indian Ocean thus have been linked primarily to the development of
the Indian monsoons, which in turn has been linked to the uplift of
the Himalayas and Tibetan Plateau. However, the timing of the three-
component sets of events necessary to this model (1—uplift of the
Himalayas and Tibetan Plateau, 2—changes in climate, and 3—chang-
es in biota) is not well constrained (Table 1). This model thus is far
from proven, although it or parts of it may be valid (e.g., see Hay et
al., 2002).

In contrast, we propose that the biotic changes ca. 10–8 Ma in
the Indian Ocean were not simply related to the initiation or intensi-
fication of the monsoons, because they occurred over a much larger
region and extended into the Pacific and the Atlantic Oceans, as a part
of the so-called ‘‘biogenic bloom’’ (Dickens and Owen, 1999; Her-
moyian and Owen, 2001). The strengthening of the Indian monsoon
system, if it occurred at this time, may have been only one of the
several responses to global climate change. We present benthic fora-
miniferal faunal and isotope data from Ocean Drilling Program (ODP)
Sites 752, 757, and 758 (Leg 121) and Deep Sea Drilling Project
(DSDP) Sites 214 and 216 (Leg 22) in the eastern and southeastern
Indian Ocean (Fig. 1); we then compare these to published carbonate
data (Peterson et al., 1992).

LOCATION AND METHODS
ODP Hole 752A (lat 30853.489S, long 93834.659E; water depth

1086 m) is on the Broken Ridge, whereas Holes 757B (lat 17801.469S,
long 88810.909E; water depth 1652 m) and 758A (lat 5823.059N, long
90821.679E; water depth 2924 m) are located on the Ninetyeast Ridge
(Fig. 1), as are DSDP Holes 214 (lat 11820.219S, long 88843.089E;
water depth 1671 m) and 216A (lat 01827.739N; long 90812.489E; water
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TABLE 1. EVIDENCE AND TIMING OF THE HIMALAYAN UPLIFT AND
MONSOON INTENSIFICATION

Source Type of evidence Event Timing
(Ma)

Ramstein et al.
(1997)

Modeling Monsoons and
Paratethys retreat

ca. 30

Guo et al. (2002) China loess deposits Monsoon climate 22
Wang (1990) Sediments in China Monsoons 20
Clift and

Gaedicke
(2002)

Indus Fan sediments Erosion and weathering ca. 16

Clift et al. (2002) South China Sea
smectite mineral

Precipitation and
monsoons

ca. 15.5

Spicer et al.
(2003)

Fossil flora Himalayan elevation
and monsoons

before 15

Coleman and
Hodges (1995)

Tectonics Himalayan elevation before 14

Blisniuk et al.
(2001)

Tectonics Himalayan uplift and
monsoons

before 14

Chen et al.
(2003)

Oceanic microfossils Monsoons and
upwelling

12–11

Dettman et al.
(2001)

Isotopes and land Monsoons ca. 10.7

An et al. (2001) Land and marine
sediments

Uplift and onset of
monsoons

9–8

Kroon et al.
(1991)

Oceanic microfossils Monsoons and
upwelling

8.6

Filipelli (1997) Weathering and
sediments

Monsoons ca. 8

Quade et al.
(1989)

Isotopes and flora Monsoons 8–7.6

Figure 2. Benthic foraminiferal biofacies based on R-mode factor
analysis and Q-mode cluster analysis of deep-sea benthic forami-
nifera from Ninetyeast Ridge Ocean Drilling Program Sites 757 and
758 and Deep Sea Drilling Project Sites 214 and 216. Biofacies (ab-
breviations are explained in Tables DR1–DR4; see text footnote 1)
are arranged from northernmost (deepest) site in top panel to south-
ernmost (shallowest) site in bottom panel. Gray bar represents pe-
riod of change from biofacies generally characteristic of low-
productivity species to those dominated by high-productivity
species at 10–8 Ma. Present water depths are in parentheses below
site numbers. Key: green—seasonal organic carbon flux; yellow—
low organic flux; purple—low-oxygen, intermediate organic flux;
blue—high, annually sustained organic flux.

depth 2262 m). These sites all have good sediment preservation; they
were ;58 south of their present position in the early Miocene (Peirce
et al., 1989). Age models for ODP Sites 752, 757, and 758 (Peirce et
al., 1989) and DSDP Sites 214 and 216 (von der Borch et al., 1974)
are based on updated faunal datums (Berggren et al., 1995).

We produced the Neogene record of deep-sea benthic foraminifera
from Sites 214 and 757 and the Miocene record from Sites 216 and
758 (Fig. 2; Tables DR1–DR41). Samples were processed by using
standard procedures (e.g., Gupta et al., 2001). Benthic foraminiferal
census data were generated from an aliquot of ;300 specimens from
the .125 mm size fraction from Sites 752, 757, and 758 and the .149
mm size fraction from Sites 214 and 216. R-mode factor and Q-mode
cluster analyses were run on the correlation matrix of benthic forami-
niferal census data from Sites 214, 216, 757, and 758. Different bio-
facies were extracted on the basis of the dominant species and their
scores on significant factors (Fig. 2; Tables DR1–DR4 [see footnote
1]). Q-mode cluster analysis using Ward’s minimum variance method
helped to identify the grouping of samples explained by each biofacies.

We used information on Holocene deep-sea benthic foraminifera
from different ocean basins to interpret these benthic biofacies (e.g.,
Singh and Gupta, 2004). We also plotted the relative abundance of the
benthic foraminiferal species Uvigerina proboscidea. We compare the
faunal data with percent CaCO3 and the benthic foraminiferal stable
isotope data from Ninetyeast Ridge sites (Fig. 3; Appendix DR1 [see
footnote 1]). The isotope data show a pattern similar to that for the
global oceans (Zachos et al., 2001): an increase in d18O values ca. 15–
11 Ma and ca. 3.1–2.0 Ma (indicating increased polar-ice volume) and
a decrease in d13C values ca. 15.5–14.0 Ma and ca. 9–6 Ma (Fig. 3).

RESULTS AND DISCUSSION
Benthic biofacies indicate that deep-ocean environments changed

in a major way ca. 10–8 Ma: at all sites, over a range of depths between
1650 and 2920 m, biofacies that indicate a seasonally fluctuating or
low to intermediate flux of organic matter were replaced by biofacies

1GSA Data Repository item 2004131, Appendix DR1 and Tables DR1–
DR4 (quantitative faunal data), is available online at www.geosociety.org/pubs/
ft2004.htm, or on request from editing@geosociety.org or Documents Secretary,
GSA, P.O. Box 9140, Boulder, CO 80301-9140, USA.

that indicate high organic fluxes, and at all sites, over that wide range
of depth, the U. proboscidea biofacies first appeared. High abundances
of the nominate species indicate a year-round, sustained high flux of
organic matter from the sea surface to the ocean floor (Thomas et al.,
1995; Gupta et al., 2001) (Fig. 2; Tables DR1–DR4 [see footnote 1]).
We conclude that at 10–8 Ma, biogenic productivity increased sub-
stantially in the eastern Indian Ocean.

At the same time, productivity increased throughout the Indo-Pa-
cific region: the productivity increase marked the beginning of the bio-
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Figure 3. A–B: Carbon (d13C) and oxygen (d18O) isotope records of
benthic foraminifera from Deep Sea Drilling Project Sites 214 and
216 and Ocean Drilling Program Sites 757 and 758 (Appendix DR1;
see text footnote 1). d13C values show stepwise decrease ca. 15–11
and ca. 9–6 Ma (chron 6 carbon shift), as marked by thick arrows.
Middle Miocene positive oxygen isotope shift is also shown by ar-
row. C: Carbonate percentages from Ninetyeast Ridge sites. D: Car-
bonate mass-accumulation rate (MAR) vs. age at western equatorial
Indian Ocean sites (Leg 115). E: Relative abundances of high-
productivity benthic foraminifer Uvigerina proboscidea plotted
against age at Ninetyeast Ridge sites.

genic bloom, during which the oxygen minimum zone at intermediate
depths expanded to large parts of the Indian Ocean (Dickens and Owen,
1999). The biological, sedimentological, and geochemical responses to
this late Miocene event have been observed across the Indian, Atlantic,
and Pacific Oceans (Kroon et al., 1991; Dickens and Owen, 1999;
Hermoyian and Owen, 2001) as well as the South China Sea (Chen et
al., 2003). Sedimentation and mass-accumulation rates (MAR) of bio-
genic CaCO3 increased rapidly throughout the Indian Ocean (Peterson
et al., 1992; Rea, 1992), in the Arabian Sea, and at our eastern Indian
Ocean study sites, coincident with a sudden and major increase in the
relative abundance of U. proboscidea (Fig. 3). The MAR of biogenic

CaCO3 also increased rapidly in the western (Kroenke et al., 1990) and
eastern tropical Pacific (Theyer et al., 1985; Farrell et al., 1995; Pisias
et al., 1995) sites at 10–8 Ma. In the South Atlantic, the MAR of P
increased significantly (Hermoyian and Owen, 2001).

The widespread geologic, geochemical, and biological expressions
of this event indicate that the region of increased biogenic productivity
reached as far south as lat 308S in the Indian and Atlantic Oceans,
throughout the tropical Pacific (Dickens and Owen, 1999; Hermoyian
and Owen, 2001), and into the South China Sea (Chen et al., 2003).

Increased chemical weathering rates in the Himalayas and Tibetan
Plateau, in response to the intense Indian monsoons, have been sug-
gested as a cause for the Indian Ocean biogenic bloom event (Dickens
and Owen, 1999). The large geographical extent of the event, however,
makes it improbable that this was the only cause: its occurrence in
numerous records at bathyal to abyssal depths throughout the Indian
and equatorial Atlantic and Pacific Oceans cannot be explained by in-
creased sediment delivery from the Himalayas alone. If the Himalayan-
Tibetan uplift occurred in the early to middle rather than late Miocene
(Blisniuk et al., 2001; Spicer et al., 2003), the 10–8 Ma event was too
late to be a response to uplift-induced monsoons (Edwards and Har-
rison, 1997).

The 10–8 Ma Indian Ocean high-productivity event occurred at
the end of a phase of buildup of the East Antarctic ice sheet and pos-
sibly the beginning of the formation of the West Antarctic ice sheets
(Zachos et al., 2001; Barker and Thomas, 2004), as reflected in the
oxygen isotope record of benthic foraminifera from the Ninetyeast
Ridge sites (Fig. 3) as well as in the global compilation of deep-sea
oxygen isotope records (Zachos et al., 2001). We suggest that the in-
creased glaciation caused a drop in sea level (Haq et al., 1987), re-
sulting in increased exposure of continental shelves (Fig. 3), thus in-
creased delivery of terrigenous matter to sites far out in the open
eastern Indian Ocean (Fig. 1). The decrease in weight percentage of
CaCO3 at ODP Sites 757 and 758 since 8 Ma (Fig. 3) was caused by
increased dilution by terrigenous flux, not by dissolution (Peirce et al.,
1989).

The increased glaciation on Antarctica may have strengthened
wind regimes, causing widespread open-ocean as well as coastal up-
welling over a large part of the Atlantic Ocean and Indian Ocean–
Pacific Ocean regions during the late Miocene. This increased upwell-
ing could have triggered the widespread increased biological
productivity. Other changes in the ocean-atmosphere system may also
have played a role; e.g., just before 10 Ma, the carbon isotope records
of the Pacific and Atlantic started to diverge (Zachos et al., 2001), and
it has been suggested that the formation of North Atlantic Deep Water
(NADW) started at that time (Roth et al., 2000). There is, however, no
agreement on the reconstruction of NADW over time: e.g., Lear et al.
(2003) argued that NADW formation began earlier and stopped during
the period 10–8.5 Ma. We argue that the late Miocene may have been
characterized by changing deep-water circulation, especially in the
North Atlantic, but that the influence of the changing deep-water cir-
culation on biogenic productivity probably was not as strong as that
of increased upwelling driven by the strengthening wind systems of
the late Miocene.

CONCLUSIONS
Benthic foraminiferal census data in combination with published

data indicate that there were major changes in the mode of oceanic
productivity, toward a higher and more annually sustained productivity,
at 10–8 Ma. Such a change has been linked to initiation or intensifi-
cation of the Indian Ocean monsoons. We argue, however, that (1) the
oceanic high productivity occurred in a larger region than that affected
by the monsoons, and (2) the effects of mountain uplift on global
climate are not well documented (e.g., Hay et al., 2002). Possible ef-
fects of changing deep-ocean circulation are not clear, mainly because
there is no agreement on the exact timing of changes in circulation in
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the North Atlantic. We argue, however, that high-southern-latitude
cooling and increased ice volume may have been the major causal
factors, through a teleconnection to increased productivity and overall
reorganization of deep-sea faunas over a large part of the Indian, At-
lantic, and Pacific Oceans at 10–8 Ma.

ACKNOWLEDGMENTS
We thank the Ocean Drilling Program for providing the core samples.

Gupta thanks the Department of Science and Technology (DST) and Council
of Scientific and Industrial Research (CSIR), New Delhi, for the financial sup-
port [grants ESS/CA/A-16/94 and 24(0256)/02/EMR-II, respectively]. Thomas
thanks the Geological Society of America for the 1996 Storrs-Cole Award,
which funded isotope analysis. We thank Bill Ruddiman and Peter Clift for
their constructive reviews.

REFERENCES CITED
An, Z.S., Kutzbach, J., Prell, W.L., and Porter, S.C., 2001, Evolution of Asian

monsoons and phased uplift of the Himalayan-Tibetan Plateau since late
Miocene times: Nature, v. 411, p. 62–66.

Barker, P.F., and Thomas, E., 2004, Origin, signature and palaeoclimatic influ-
ence of the Antarctic Circumpolar Current: Earth-Science Reviews (in
press).

Berggren, W.A., Kent, D.V., Swisher, C.C.I., and Aubry, M.-P., 1995, A revised
Cenozoic geochronology and chronostratigraphy, in Berggren, W.A., et
al., eds., Geochronology, time scales and global stratigraphic correlation:
Framework for an historical geology: SEPM (Society for Sedimentary
Geology) Special Publication 54, p. 129–212.

Blisniuk, P.M., Hacker, B.R., Glodny, J., Ratschbacher, L., Bi, S., Wu, Z.,
McWilliams, M.O., and Calvert, A., 2001, Normal faulting in central Tibet
since at least 13.5 Myr ago: Nature, v. 412, p. 628–632.

Chen, M., Wang, R., Yang, L., Han, J., and Lu, J., 2003, Development of east
Asian summer monsoon environments in the late Miocene: Radiolarian
evidence from Site 1143 of ODP Leg 184: Marine Geology, v. 201,
p. 169–177.

Clift, P., and Gaedicke, C., 2002, Accelerated mass flux to the Arabian Sea
during the middle to late Miocene: Geology, v. 30, p. 207–210.

Clift, P., Lee, J.I., Clark, M.K., and Blusztajn, J., 2002, Erosional response of
South China to arc rifting and monsoonal strengthening: A record from
the South China Sea: Marine Geology, v. 184, p. 207–226.

Coleman, M., and Hodges, K., 1995, Evidence for Tibetan Plateau uplift before
14 Myr ago from a new minimum age for east-west extension: Nature,
v. 374, p. 49–52.

Dettman, D.L., Kohn, M.J., Quade, J., Ryerson, F.J., Ojha, T.P., and Hamidullah,
S., 2001, Seasonal stable isotope evidence for a strong Asian monsoon
throughout the past 10.7 m.y.: Geology, v. 29, p. 31–34.

Dickens, G.R., and Owen, R.M., 1999, The latest Miocene–early Pliocene bio-
genic bloom: A revised Indian Ocean perspective: Marine Geology,
v. 161, p. 75–91.

Edwards, M.A., and Harrison, T.M., 1997, When did the roof collapse? Late
Miocene north-south extension in the high Himalaya revealed by Th-Pb
monazite dating of the Khula Kangri granite: Geology, v. 25, p. 543–546.

Farrell, J.W., Raffi, I., Janecek, T.R., Murray, D.W., Levitan, M., Dadey, K.A.,
Emeis, K.-C., Lyle, M., Flores, J.-A., and Hovan, S., 1995, Late Neogene
sedimentation patterns in the eastern equatorial Pacific Ocean, in Pisias,
N.G., Mayer, L.A., et al., Proceedings of the Ocean Drilling Program,
Scientific results, Volume 138: College Station, Texas, Ocean Drilling Pro-
gram, p. 717–756.

Filipelli, G.M., 1997, Intensification of the Asian monsoon and a chemical
weathering event in the late Miocene–early Pliocene: Implications for late
Neogene climate change: Geology, v. 25, p. 27–30.

Guo, Z.T., Ruddiman, W.F., Hao, Q.Z., Wu, H.B., Qiao, Y.S., Zhu, R.X., Peng,
S.Z., Wei, J.J., Yuan, B.Y., and Liu, T.S., 2002, Onset of Asian desertifi-
cation by 22 Myr ago inferred from loess deposits in China: Nature,
v. 416, p. 159–163.

Gupta, A.K., Dhingra, H., Melice, J.-L., and Anderson, D.M., 2001, Earth’s
eccentricity cycles and Indian summer monsoon variability over the past
2 million years: Evidence from deep-sea benthic foraminifer: Geophysical
Research Letters, v. 28, p. 4131–4134.

Hahn, D.G., and Manabe, S., 1975, The role of mountains in the South Asian
monsoon circulation: Journal of Atmospheric Science, v. 32,
p. 1515–1541.

Haq, B.U., Hardenbol, J., and Vail, P.R., 1987, Chronology of fluctuating sea
levels since the Triassic: Science, v. 235, p. 1136–1167.

Hastenrath, S., 1991, Climate dynamics of the tropics: Dordrecht, Netherlands,
Kluwer Academic Publishers, 488 p.

Hay, W.W., Soeding, E., de Conto, R.M., and Wold, C.N., 2002, The late Ce-
nozoic uplift–climate change paradox: International Journal of Earth Sci-
ences (Geologische Rundschau), v. 91, p. 746–774.

Hermoyian, C.S., and Owen, R.M., 2001, Late Miocene–early Pliocene biogenic

bloom: Evidence from low-productivity regions of the Indian and Atlantic
Oceans: Paleoceanography, v. 16, p. 95–100.

Kroenke, L.W., Berger, W.H., Janecek, T.R., et al., 1990, Proceedings of the
Ocean Drilling Program, Initial reports, Volume 130: College Station, Tex-
as, Ocean Drilling Program, 1240 p.

Kroon, D., Steens, T., and Troelstra, S.R., 1991, Onset of monsoonal related
upwelling in the western Arabian Sea as revealed by planktonic foramin-
ifers, in Prell, W.L., Niitsuma, N., et al., Proceedings of the Ocean Drilling
Program, Scientific results, Volume 117: College Station, Texas, Ocean
Drilling Program, p. 257–263.

Lear, C.H., Rosenthal, Y., and Wright, J.D., 2003, The closing of a seaway:
Ocean water masses and global climate change: Earth and Planetary Sci-
ence Letters, v. 210, p. 425–436.

Molnar, P., England, P., and Martiod, J., 1993, Mantle dynamics, uplift of the
Tibetan Plateau and the Indian monsoon development: Reviews of Geo-
physics, v. 34, p. 357–396.

Peirce, J., and 26 others, 1989, Site 758, Shipboard Scientific Party, in Peirce,
J., Weissel, J., et al., Proceedings of the Ocean Drilling Program, Scientific
results, Volume 121: College Station, Texas, Ocean Drilling Program,
p. 359–453.

Peterson, L.C., Murray, D.W., Ehrmann, W.U., and Hempel, P., 1992, Cenozoic
carbonate accumulation and compensation depth changes in the Indian
Ocean, in Duncan, R.A., Rea, D.K., et al., eds., Synthesis of results from
scientific drilling in the Indian Ocean: American Geophysical Union Geo-
physical Monograph 70, p. 311–333.

Pisias, N.G., Mayer, L.A., and Mix, A.C., 1995, Paleoceanography of the east-
ern equatorial Pacific during the Neogene: Synthesis of Leg 138 drilling
results, in Pisias, N.G., Mayer, L.A., et al., Proceedings of the Ocean
Drilling Program, Scientific results, Volume 138: College Station, Texas,
Ocean Drilling Program, p. 5–21.

Prell, W.L., and Kutzbach, J.E., 1992, Sensitivity of the Indian monsoon to
forcing parameters and implications for its evolution: Nature, v. 360,
p. 647–651.

Quade, J., Cerling, T.E., and Bowman, J.R., 1989, Development of the Asian
monsoon revealed by marked ecologic shift in the latest Miocene of north-
ern Pakistan: Nature, v. 342, p. 163–166.

Ramstein, G., Fluteau, F., Besse, J., and Joussaume, S., 1997, Effect of orogeny,
plate motion and land-sea distribution on Eurasian climate change over
the past 30 million years: Nature, v. 386, p. 788–795.

Rea, D.K., 1992, Delivery of Himalayan sediment to the northern Indian Ocean
and its relation to global climate, sea level, uplift, and seawater strontium,
in Duncan, R.A., et al., eds., Synthesis of results from scientific drilling
in the Indian Ocean: American Geophysical Union Geophysical Mono-
graph 70, p. 387–402.

Roth, J.M., Droxler, A.W., and Kameo, K., 2000, The Caribbean carbonate crash
at the middle to late Miocene transition: Linkage to the establishment of
the modern global ocean conveyor, in Sigurdsson, H., Leckie, M., et al.,
Proceedings of the Ocean Drilling Program, Scientific results, Volume
165: College Station, Texas, Ocean Drilling Program, p. 249–273.

Ruddiman, W.F., and Kutzbach, J.E., 1989, Forcing of late Cenozoic Northern
Hemisphere climate by plateau uplift in southern Asia and the American
West: Journal of Geophysical Research, v. 94, p. 18,409–18,427.

Singh, R.K., and Gupta, A.K., 2004, Late Oligocene–Miocene paleoceanograph-
ic evolution of the southeastern Indian Ocean: Evidence from deep-sea
benthic foraminifera (ODP Site 757): Marine Micropaleontology, v. 51,
p. 153–170.

Spicer, R.A., Harris, N.B.W., Widdowson, M., Herman, A.B., Guo, S., Valdes,
P.J., Wolfe, J.A., and Kelley, S.P., 2003, Constant elevation of southern
Tibet over the past 15 million years: Nature, v. 421, p. 622–624.

Theyer, F., Mayer, L.A., Barron, J.A., and Thomas, E., 1985, The equatorial
Pacific high-productivity belt: Elements for a synthesis of Deep Sea Dril-
ling Project Leg 85 results, in Mayer, L., Theyer, F., et al., Initial reports
of the Deep Sea Drilling Project, Volume 85: Washington, D.C., U.S.
Government Printing Office, p. 971–985.

Thomas, E., Booth, L., Maslin, M., and Shackleton, N.J., 1995, Northeastern
Atlantic benthic foraminifera during the last 45,000 years: Changes in
productivity seen from the bottom up: Paleoceanography, v. 10,
p. 545–562.

von der Borch, C.C., Sclater, J.G., Gartner, S., Jr., Hekinian, R., Johnson, D.A.,
McGowran, B., Pimm, A.C., Thompson, R.W., Veevers, J.J., and Water-
man, L.S., 1974, Initial reports of the Deep Sea Drilling Project, Volume
22: Washington, D.C., U.S. Government Printing Office, p. 119–191.

Wang, P., 1990, Neogene stratigraphy and paleoenvironments of China: Palaeo-
geography, Palaeoclimatology, Palaeoecology, v. 77, p. 315–334.

Zachos, J.C., Pagani, M., Sloan, L., Thomas, E., and Billups, K., 2001, Trends,
rhythms, and aberrations in global climate 65 Ma to present: Science,
v. 292, p. 686–692.

Manuscript received 19 March 2004
Revised manuscript received 27 April 2004
Manuscript accepted 4 May 2004

Printed in USA


