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The evolution of  Himalayan syntaxes is debated: they have been subjected to anomalously young (<10 Ma) high 

grade metamorphism, melting and unusually high rates of exhumation (~10mm/yr), compared to the main arc of the 

range where peak metamorphism / melting occurred in the Early Miocene and exhumation rates of ca 2mm/yr are 

more common (Rasmus et al., 2004). The history of the young metamorphism and rapid exhumation of the eastern 

syntaxis is debated. Bedrock studies have been interpreted to imply rapid exhumation since either 3-4 Ma (Seward 

and Burg, 2008) or 8-10 Ma (Zeitler et al., in press). However, the earlier history of the sampled region is removed 

by erosion and should be preserved in the sedimentary record. Bracciali et al. (2012) focused on distal detrital 

deposits and suggested a much more recent onset, during the Quaternary. 

 

 A number of models have been proposed to explain the syntaxial evolution, supporting different controlling 

influences, from lithospheric channel flow, to tectonic-surface process interactions. 

 

Ductile extrusion of weak lower crust from beneath Tibet by “channel flow” (Beaumont et al., 2001) is a process 

that has been proposed to account for the outward growth of the plateau to the east (Clark and Royden, 2000), 

exhumation of the Higher Himalaya in the Miocene when coupled with high erosion rates, and could be responsible 

for rapid exhumation of the syntaxis (Booth et al., 2009). Ehlers and Bendick (2013) propose that initiation of rapid 

and localised exhumation at subduction arc terminations may result from the 3D geometry imposed by subducting 

curved shells at such locations. Clark and Bilham (2008) evoke a change in regional stress along the India-Asia-

Burma plate boundary, perhaps due to the introduction of denser (oceanic and transitional crust) material into the 

eastern part of the boundary late in the orogen’s history. Zeitler et al. (2001) consider that exhumation of the 

syntaxis is driven by surface processes. 

 

In order to understand how and why the syntaxis formed, this project aims to better constrain the onset of 

exhumation of the Namche Barwa using the proximal detrital record of material eroded from the syntaxis by the 

paleo-Brahmaputra. We analyse the sedimentary record to have access to earlier erosion products than preserved in 

the bedrock itself, in a proximal location. The Remi River section, in the Siwalik Group, is located directly 

downstream of the syntaxis and therefore is the most likely location to contain these sediments. Sediment 

provenance is characterized by U-Pb dating on detrital zircons, which allows specifically documenting an Indus-

Yarlung suture-zone (and therefore paleo-Brahmaputra) provenance. 

 

Detrital U-Pb rutile, zircon fission track and Ar/Ar mica dating is used to document rapid exhumation. When ages of 

the youngest population for all analysis types are essentially the same (stacked thermochronological ages), a period 

of very rapid exhumation at this time is indicated.  

 

Depositional ages are determined through magnetostratigaphic dating of the Upper and Middle Siwaliks in the Remi 

section. Comparison of the detrital mineral cooling ages with their host sediment depositional age will allow us to 

determine the lag time and then exhumation rates. 

 

Preliminary results will be discussed; they better constrain the period of rapid exhumation history of the syntaxis and 

will better inform the crustal deformation models presented above.  
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Figure 1. Geological map of the eastern syntaxis, Chirouze et al. (2012) and Bracciali et al. (2012) study locations, 

after Garzanti et al. (2004). 
 
References 
Rasmus, C., Thiede, R.C., Bookhagen, B., et al., 2004, Climatic control on rapid exhumation along the Southern Himalayan 

Front, Earth and Planetary Science Letters, 222, 791-806. 

Seward, D. and Burg, J.-P., 2008, Growth of the Namche Barwa Syntaxis and associated evolution of the Tsangpo Gorge: 

Constraints from structural and thermochronological data, Tectonophysics, 451(1-4), 282-289. 

Zeitler, P.K., Meltzer, A.S. and Brown, L., in press, Tectonics and topographic evolution of Namche Barwa and the easternmost 

Lhasa Block. Towards and improved understanding of uplift mechanisms and elevation history of the Tibetan Plateau, GSA 

Special Paper. 

Bracciali, L., Parrish, R., Najman, Y. et al., 2012, Using Detrital Zircon, Rutile and White Mica Chronometry to Constrain 

Exhumation and Provenance of the Brahmaputra River in the Eastern Himalaya, Abstract T33C-2671 AGU Fall Meeting.  

Beaumont, C., Jamieson, R.A., Nguyen, M.H., et al., 2001, Himalayan tectonics explained by extrusion of a low-viscosity crustal 

channel coupled to focused surface denudation, Nature, 414(6865), 738-742. 

Clark, M.K. and Royden, L.H., 2000, Topographic ooze: Building the eastern margin of Tibet by lower crustal flow, Geology, 

28(8), 703-706. 

Booth, A.L., Chamberlain C.P., et al., 2009, Constraints on the metamorphic evolution of the eastern Himalayan syntaxis from 

geochronologic and petrologic studies of Namche Barwa, Geological Society of America Bulletin, 121(3-4), 385-407.  

Ehlers, T.A. and Bendick R., 2013, "Bottom up" subduction geometry initiation of extreme localised exhumation at orogeny 

snytaxes, GSA Abstracts with Programs, 45(7), 222. 

Clark, M.K. and Bilham, R., 2008, Miocene rise of the Shillong Plateau and the beginning of the end for the Eastern Himalaya, 

Earth and Planetary Science Letters, 269(3-4), 336-350.  

Zeitler, P.K., Meltzer, A.S., Koons, et al., 2001, Erosion, Himalayan Geodynamics and the geomorphology of metamorphism, 

GSA Today, January 4-9. 

Chirouze, F., Dupont-Nivet, G., Huyghe, P., et al., 2012, Magnetostratigraphy of the Neogene Siwalik Group in the far eastern 

Himalaya: Kameng section, Arunachal Pradesh, India, Journal of Asian Earth Sciences, 44, 117-135. 

Garzanti, E., Vezzoli, G., Andó, S., et al., 2004, Sediment composition and focused erosion in collision orogens: the Brahmaputra 

case, Earth Planet. Sci. Lett., 220, 157-174. 


