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Abstract
The interactions among tectonic uplift, river erosion and alluvial deposition are
fundamental processes that have shaped the landscape of the Himalayan-Tibetan
orogen since its creation from early Cenozoic time. To understand these processes
around the eastern Himalayan Syntaxis and southeastern Tibet, we conducted a study
of riverbank sediments along the Yarlung-Tsangpo and Irrawaddy River. Detrital
zircons separated from the sediments were subjected to in-situ U-Pb dating using
SHRIMP II at the Beijing SHRIMP Center and Hf isotope measurements using
LAM-MC-ICPMS. These results, together with the U-Pb ages and Hf isotope data
that we have recently obtained for the Transhimalayan plutonic and surrounding
basement rocks, allow a more quantitative examination of the provenance or
“protosource” areas for the riverbank sediments.
From the upper reaches of the River in the west to the Namche Barwa Syntaxis
in the east, our results indicate that the percentage inputs from the major source
provenances vary significantly, e.g., those of detrital zircons from the Gangdese
batholith increase from ~18% to ~50% and those from the Tethyan Himalayan
sequences decrease from ~80% to <50%. Before the River flows into the Big Bend
gorge, the percentage of Gangdese-derived zircons lowers to ~40%, but it arises back
to ~50% in the Muotuo area. Moreover, in each part of the River, these
Gangdese-derived zircons show characteristic εHf(T) values that could be correlated to
the neighboring batholithic values. Strong erosional processes are suspected to have
been taking place in Tibet and the eastern Himalayan Syntaxis that, in turn, implies
the Yarlung-Tsangpo and Brahmaputra River system to be one of the most dynamic
mountain rivers on modern Earth.
The first in situ Hf and U-Pb isotope analyses of detrital zircons from a Late
Miocene sandstone in the Inner-Burma Tertiary Basin enable us to study the
sedimentary source to sink relation and river system evolution around eastern
Himalayas. Among 47 out of 62 dated zircons that exhibit Cretaceous and Paleogene
206

Pb/238U ages, 24 grains have positive εHf(T) isotope values up to +16. Whilst
zircons of such ages are common in the Transhimalayan plutons, those showing high
εHf(T) values have been observed only in the Gangdese batholith, southeastern Tibet.

Our results, therefore, validate the notion that by Late Miocene time the
Yarlung-Tsangpo River, which cuts across the Gangdese batholith, drained into the
Irrawaddy River. We attribute this river routing to the dextral Jiali faulting that was
most active in the Middle Miocene. Subsequent reorganization of the mountain rivers
was affiliated with uplift of the Namche Barwa Syntaxis, resulting from enhanced
headward erosion of the Brahmaputra River that eventually captured the
Yarlung-Tsangpo drainage to form the modern eastern Himalayan river system.

References
Bodet, F. and Scharer, U., 2000, Evolution of the SE-Asian continent from U-Pb and
Hf isotopes in single grains of zircon and baddeleyite from large rivers,
Geochimica et Cosmochimica Acta, 64, 2067-2091.
Clark, M.K., Schoenbohm, L.M., Royden, L.H., Whipple, K.X., Burchfiel, B.C.,
Zhang, X., Tang, W., Wang, E., and Chen, L., 2004, Surface uplift, tectonics, and
erosion of eastern Tibet from large-scale drainage patterns, Tectonics, 23, 1006,
doi:10.1029/2002TC001402.
Clift, P., 2006, Controls on the erosion of Cenozoic Asia and the flux of clastic
sediment to the ocean, Earth Planet. Sci. Lett., 241, 571-580.
DeCelles, P.G., Gehrels, G.E., Quade, J., LaReau, B., Spurlin, M., 2000. Tectonic
Implications of U-Pb Zircon Ages of the Himalayan Orogenic Belt in Nepal.
Science 288, 497-499.
DeCelles, P.G., Gehrels, G.E., Najman, Y., Martin, A.J., Carter, A., and Garzanti, E.,
2004, Detrital geochronology and geochemistry of Cretaceous–Early Miocene
strata of Nepal: implications for timing and diachroneity of initial Himalayan
orogenesis, Earth Planet. Sci. Lett., 227, 313-330.
Garzanti, E., Vezzoli, G., Andò, S., France-Lanord, C., Singh, S.K., and Foster, G.,
2004, Sand petrology and focused erosion in collision orogens: the Brahmaputra
case, Earth Planet. Sci. Lett., 220, 157-174.
Griffin, W.L., Pearson, N.J., Belousova, E., Jackson, S.E., van Achterbergh, E.,
O'Reilly, S.Y., Shee, S.R., 2000, The Hf isotope composition of cratonic mantle:
LAM-MC-ICP-MS analysis of zircon megacrysts in kimberlites. Geochim.
Cosmochim. Acta 64, 133–147.
Myrow, P.M., Hughes, N.C., Paulsen, T.S., Williams, I.S., Parcha, S.K., Thompson,
K.R., Bowring, S.A., Peng, S.C., Ahluwalia, A.D., 2003. Integrated
tectonostratigraphic analysis of the Himalaya and implications for its tectonic
reconstruction. Earth Planet. Sci. Lett., 212, 433-441.
Singh, S.K., Reisberg, L., and France-Lanord, C., 2003, Re-Os isotope systematics of
sediments of the Brahmaputra River system, Geochimica et Cosmochimica Acta,

67, 4101-4111.

