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Comparison of apatite fission-
track ages from Bhutan, Nepal and 
India (Himachal Pradesh) indicate 
distinct denudation histories in the 
eastern and the western Himalayas 
since the end of the Miocene. We in-
terpret these along-strike variations in 
denudation as a result of divergence 
in regional climatic conditions. The 
different denudation histories record-
ed since 4-5 Ma have in turn caused 
tectonic and landscape responses, as 
reflected by different levels of ero-
sion, geological structures, seismic 
activity and topographic features. The 
time-scale of denudation and geologi-
cal response to the climatic change is 
estimated to be on the order of one 
million years.

We have performed apatite fis-
sion-track analyses on 41 samples 
collected along strike of the Bhutan 
Himalaya. All the samples are from 
the Greater Himalayan Sequence in 
the hanging wall of the Main Central 
Thrust and the footwall of the out-of-
sequence thrust (i.e. Kakhtang thrust, 
e.g. Grujic et al. 2002). No other low-
angle thrust or normal fault has been 
recognised in the area, therefore, the 
rock uplift rate related to tectonic 
processes for all the samples is in-
ferred to be similar. The age-elevation 
diagram of all apatite fission-track 
ages shows a large scatter of the 
data. Nevertheless, patterns emerge 
when the data set is divided along 
geographic and temporal boundaries. 
Although overlaps exist, the Pliocene 
ages are dominant in western Bhutan 
while Late Miocene ages are domi-
nant to the east of <90°E. The age-el-
evation relation (AER) suggests that 
the divergence in denudation rates 

between the two regions has occurred 
at about 4-5 Ma. Regardless of their 
geographic position, samples with 
ages older than 4-5 My show a clear 
AER. The apparent mean denuda-
tion rate inferred for these samples is 
<0.65 mm/a, which is consistent with 
the results obtained from the local 
transects. This suggests that during 
the time period between 8 Ma and 4 
Ma the denudation rate was constant, 
at both short (25 km) and long (250 
km) topographic wavelength. Spec-
tral analysis of this older data set 
(e.g. Braun, 2002) indicates that the 
isotherms and the landscape were at a 
steady state during the Late Miocene. 
At the Miocene-Pliocene bound-
ary, between 4 and 5 Ma, a change 
in denudation rate has occurred in the 
Bhutan Himalaya. Pliocene apatite 
fission-track ages show no correlation 
with the elevation regardless of the 
geographic position and topographic 
wavelength. On the contrary, further 
west in Nepal and Himachal Pradesh, 
there is a clear and consistent AER for 
all the published apatite fission-track 
ages. Most the ages are Pliocene-Qua-
ternary and the AER indicates a mean 
regional denudation rates on the order 
of 1 mm/a. The regional distribution 
of AFT ages in the Bhutan Himalaya 
is consistent with the regional distri-
bution of the topographic features and 
the recent precipitation pattern. The 
Indian Summer Monsoon is inferred 
to have started at ca. 8-10 Ma, it is thus 
reasonable to assume that the Bhutan 
like the rest of the Himalayas, has suf-
fered an increase in precipitation dur-
ing the Late Miocene. However, this 
rather “uniform” precipitation pattern 
along the Himalayas has significantly 

been disturbed in Bhutan by the rapid 
uplift of the Shillong plateau at the 
Miocene-Pliocene transition. Since 
the Early Pliocene, the Bhutan Hima-
layas are located in the lee of the Shil-
long plateau and consequently receive 
a lower amount of precipitation than 
previously. This has significantly de-
creased denudation rates in the central 
and eastern Bhutan and Miocene apa-
tite-fission-track ages are preserved 
there. In contrast, in the Central and 
Western Himalaya steady denudation 
rates were maintained throughout the 
Late Miocene and increased during 
the last 3-4 Ma as a result of global 
climate change (e.g. Molnar, 2004). 
In Bhutan, these transient climatic 
conditions have prevented the land-
scape to reach the equilibrium.

Tectonic response to different 
denudation histories is manifested 
by (a) shallower level of denuda-
tion in central and eastern Bhutan as 
documented by erosional remnants of 
rocks that are not found elsewhere in 
the Himalaya (Grujic et al., 2002); (b) 
emergence of active tectonic windows 
in central and western Himalaya. 
Based on recent field data (Vannay 
et al., 2004; Thiede et al. 2004) and 
experimental results (Beaumont et al. 
2004) we interpret these structures 
as outcome of focused and increased 
denudation in the frontal part of the 
Greater Himalayan Sequence during 
the last few million years; (c) active 
seismicity in the central and western 
Himalaya is dominated by dip-slip fo-
cal solutions along east-west striking 
faults, while in the Bhutan Himalaya 
the focal solutions indicate strike-
slip and down-dip movement along 
roughly north-south trending faults. 
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This anomalous neotectonic activ-
ity is well manifested in the western 
Bhutan, possibly reflecting structures 
accommodating different shortening 
and uplift between segments of the 
Himalaya to the east and west.
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