
Planetary Surfaces:

1. What define planetary surfaces geologically? 

2. What controls the evolution of planetary surfaces? 

3. How do surface-shaping processes scale across 
planetary bodies of different sizes, compositions, 
and physical states?

4. How do surface-shaping processes interact? What 
is the role of feedback? 
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Non-cohesive critical taper geometry is defined by:

Where α is surface slope, β is fault dip, µb 
coefficient of friction along the basal thrust, and φ is 
the angle of internal friction as defined in Coulomb 
fracture criterion when its cohesive strength is zero. 
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Naylor and Sinclair 2008
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Whipple (2009)
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Koons 1990

Willett 1999
Case study in the New Zealand 
Alps.
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Case study in the Himalaya

Beaumont et al. (2001)
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Naylor and Sinclair 2008

Due to different shapes 
of the critical wedges 
and convergence rates, 
the architectures of the 
pro- and retro-wedge 
foreland basins can be 
very different. 
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Example of feedback interactions between 
faulting and surface processes

(Ice loading leading to acceleration of 
faulting creating rift dams, followed 
diversion of major rivers, creating river 
anticlines across the Himalaya). 
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Feedback processes between normal faulting and surface 
processes (erosion of the rift shoulder and sedimentation in 
the hanging wall)
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Erosion follows diffusion law

Role of Diffusion in accelerating fault slip
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Effect of fault dip in the feedback processes
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Maniatis et al. (2009, EPSL)
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Feedback Processes between Faulting and Surface Processes for a 
group of faults
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Example of feedback processes in alternating the 
drainage system across the and its landscape

Two concepts: 

1. Rift damming

2. River anticlines 
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If uplift is too fast, it can defeat the river flowing across the rift

Wind gas

Water gap = gorge
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River anticline
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Major Cenozoic 
tectonics events in 
the Himalaya:

1. Shortening of 
Northern Himalayas 
at 50-20 Ma.

2. Shortening of 
Southern Himalaya 
started at 20 Ma 
(MCT) and has 
continued to the 
present (MBT and 
MFT).

3. Initiation of north-
trending rifts at 
about 10-8 Ma.  

Taylor and Yin (2009, Geosphere)

Dominant structures in the Himalaya: 
Orogen-parallel thrusts and orogen-
perpendicular rifts 
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Owen (2009, 
Quat Sci. Rev)

Garzione (2008, Geology)

Quaternary Himalayan 
glacial history 

Cenozoic seawater Sr and 
paleo-atmospheric CO2 

Taylor and Yin (2009, Geosphere)

Himalayan tectonic events 
have been interacting with 
global and local climate 
changes (e.g., repeated 
glacial advances in the 
Quaternary and gradual 
global cooling since the 
Eocene-Oligocene 
boundary).  
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A river course is a faithful expression of topography and 
thus its history provides important information on past 
morphologic evolution. The Yarlung Tsangpo separates 
the Tibetan plateau from the Himalaya. The two have very 
different rock types: the former is composed of an arc 
while the latter composed of continental margin 
sequence and its basement.

Yarlung Tsangpo
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Flow reversal of the Yarlung Tsangpo (Yalu River ) 
was long speculated by Burrard and Hayden (1907), 
but no records of such events were found and no 
causes were proposed. 

Lhasa River

Nianchu
River
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Observations:
1. Presence of Gangdese-batholith detrital zircons in the 

eastern Himalayan foreland basin sediments (Cina et al., 
2009 EPSL). 

2. Rifts have caused damming and ponding of large modern 
lakes in southern Tibet

Nam Co

Yumzhuo 
Yunco

Nyainqentanggulha
Rift

Ningjin Gangshang
Rift Cina et al. (2009) 

200 km

Sewu Basin

Gangdese Batholith
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Presence of Gangdese-batholith detrital zircons in the eastern 
Himalayan foreland basin sediments (Cina et al., 2009 EPSL).

Cina et al. (2009) 

Sewu Basin

Gangdese Batholith
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South
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Rifting caused disruption of major Himalayan drainage systems 
expressed by damming and ponding of large lakes

Nam Co

Yumzhuo 
Yunco

Nyainqentanggulha
Rift

Ningjin Gangshang
Rift

Renbu R.

Nianchu R.

Lhasa R.
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Yalu River

Renbu River

Renbu River

Yamzhuo Yumco
Ningjin Gangshang

Jiangshang Lamu

Wind 
Gaps

50 km

Nianchu River
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Yarlung
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Nianchu River to 
Yarlung Tsangpo
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Lhasa River
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We now examine:
1. Relations between Yarlung and Subansiri Rivers.
2. Morphologic/sedimentological records for their past 

connection.
3. Role of climate change and tectonics in river evolution.

Yalu River
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Tectono-morphologic Map of the Eastern Himalaya

Ar/Ar 
muscovite 
cooling 
ages of 
10-5 Ma
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Valley-fill
Sewu Basin

Location of Sewu Basin
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Distribution of Terraces and Channel 
Fills

Divide Elevati0n
(4750 m)

1. Channel fills can be 
traced from a branch 
of the Yarlung 
Tsangpo (= Siqunama 
River) to  the Subansiri 
River. 

2. Terrace elevations are 
consistent with past 
connection of the two 
rivers. 
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Distribution of Major Terrace 
SurfacesYalu River

N
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T2

T1
Siqunama River

N
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Stratigraphy: Mountain-stream deposits above and below and glacial 
deposits in the middle section.
 Paleo-current directions: Dominantly southward or eastward, 
opposite to current flow direction of Shiqunama River (northward and 
westward).
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Cold climate!!!
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Folded glacier deposits
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At divide

View to east at the head of the Subansiri 
River

East

At divide

T4

We are here
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What caused diversion of the Yarlung Tsangpo into 
the Subansiri River?

We know:

(1)The diversion occurred during rifting in the past 
10-5 Ma (from age of rifting controlling the Sewu 
basin and the age of eastern Himalayan foreland 
sediments containing Gangdese zircons).

(2)Valley-fill event occurred during major glacial 
advance (record of glacial deposits throughout 
Sewu basin).
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East

East

Rift-induced uplift 
acts as a dam, which 
may  have 
periodically blocked 
segment(s) of the 
Yarlung Tsangpo 
modulated by climate 
conditions. 
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A major glacier advance event caused shielding of the rift 
shoulders, allowing rift uplift to outpace downward 
erosion and thus forming rift dams.   
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Maniatis et al. (2009, Tectonics)

If glaciers jam the Yarlung Tsangpo 
river and at the same time erode 
the high-altitude regions of a rift 
shoulders rapidly, delivering the 
detritus to normal-fault hanging 
wall, then a strong feedback can 
lead to accelerated normal-fault 
slip. This process can further 
enhance the rift damming effect.  
Once this climate-induced process 
is removed, the river will be 
restored back to its original course.
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Himalayan Thrust

(A) Major glacier advance events and slow Himalayan uplift favor 
rift damming and thus direct sediment transports across the 
range. Yarlung Tsangpo Rift Shoulder

(B) Warmer climate and rapid Himalayan uplift favor east-flowing 
Yarlung Tsangpo and long-distance delivery of Tibetan 
sediments to the Himalayan foreland basin.

Himalayan thrust system

Himalayan Uplift

Rift-related Uplift
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