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Rapid exhumation of the eastern Himalayan syntaxis since the late Miocene

Cooling ages from Siang River samples
include older ages similar to those observed
in Himalayan tributaries with the addition of
younger ages clustering around, and younger
than, 9 Ma. We interpret these young micas in

Siang River sediments to be derived from the
Namche Barwa massif. This interpretation is
consistent with previous interpretations of young
zircon cooling ages in Siang River samples (Pik
et al., 2005; Stewart et al., 2008; Enkelmann et
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al., 2011) and with bedrock thermochronologic
data from the massif itself. Extremely young
OAr/Ar ages are observed in bedrock biotites
from Namche Barwa (5 Ma and younger than
1 Ma; Zeitler et al., 2014); considering that
white mica has a slightly higher closure tem-
perature than biotite (McDougall and Harrison,
1999; Harrison et al., 2009), erosion of bedrock
contributing the extremely young biotites could
produce the slightly older (younger than 9 Ma)
white mica ages we observed. Furthermore, no
alternative sources of similarly young “Ar/*Ar
cooling ages have been reported within the
immediate eastern syntaxial region. Biotite and
K-feldspar “’Ar/*Ar cooling ages from igneous
bedrock upstream of the massif are older than
8-10 Ma (e.g., Maluski et al., 1982; Coulon et
al., 1986; Copeland et al., 1987, 1995; Cope-
land and Harrison, 1990; Harrison et al., 2000;
Zeitler et al., 2014) and may be the source of the
older ages observed in Siang River samples but
not also observed in Himalayan tributaries.
Mica analyses producing extremely young
apparent cooling ages (e.g., <4 Ma) often also
exhibit a reduced percentage of radiogenic
“Ar. A reduced percentage of radiogenic “Ar
may result from the addition of nonradiogenic,
possibly atmospheric “°Ar to a truly young
mica grain (McDougall and Harrison, 1999).
We note, however, that no grains with appar-
ently young (younger than 9 Ma) cooling ages
also have anomalous **Ar measurements (a
proxy for an atmospheric source of nonradio-
genic “Ar) exceeding two standard deviations
from the mean of 500-1000 mm analyses.
Consequently, we do not attribute the reduced
percentage of radiogenic “*Ar in grains with
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Figure 5. (A) Correlation of polarity zone
sequence to the 2012 Geomagnetic Polarity
Timescale (GPTS; Gradstein et al., 2012)
and comparison to a Siwalik section along
the Kameng River near Bhalukpong (Chir-
ouze et al., 2012a). We evaluated the best
correlation by iterative comparison of se-
quence permutations to the GPTS. The best
correlation minimized local variability in
the accumulation rate (grain size classified
as in Fig. 3). (B) Comparison of accumula-
tion curves and accumulation rates. Our
correlation shared several polarity zone—
chron matches with the work of Chirouze et
al. (2012a), and neither section contains evi-
dence for a long normal polarity zone (i.e.,
that might correspond to the C5n.2n), indi-
cating the entire sequence is younger than
9.9 Ma. Both sections also exhibit similar
trends in grain size and bed thickness.
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apparently young cooling ages to anomalous
nonradiogenic “’Ar contamination from an
atmospheric source, and we interpret all cool-
ing ages as thermochronologically significant.
We recommend that additional step-heating
experiments in future analyses might provide
valuable insight to evaluate alternative mecha-
nisms to reduce the percentages of radiogenic
“Ar in Siang River minerals.

Analyses of Siwalik Samples

Coupled zircon fission-track and U-Pb
analyses. By coupling new fission-track ther-
mochronology with previously published U-Pb
geochronology, we can discriminate between
cooling histories from multiple source terranes.
Detrital zircon U-Pb geochronology is a well-
established indicator of detrital provenance in
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Figure 6. Lower-hemisphere projected equal-
area plots of mean magnetic susceptibility
orientations (corrected for bed tilt) for (A) all
specimens and (B) each third of the sampled
Middle Siwalik subsection. Specimens in-
dicate a south- to west-southwest—directed
paleocurrent consistent with a northern
source region within the eastern Himalayan
syntaxis. Ovals represent the 95% confidence
region estimated from a parametric boot-
strap analysis, where replacement data are
perturbed by normal variation consistent
with their or the population’s statistical pa-
rameters (Tauxe et al., 1991; Tauxe, 1998).
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the eastern Himalaya (e.g., Stewart et al., 2008;
Cina et al., 2009; Lang and Huntington, 2014).
Zircons with crystallization ages younger than
300 Ma are predominantly derived from Tran-
shimalayan intrusive units in Tibet (Zhang et
al., 2012; Lang and Huntington, 2014), whereas
zircons from the Namche Barwa massif are
typically older than 300 Ma with the important
exception of anatectic units younger than 30 Ma
(Booth et al., 2004; Lang et al., 2013). To con-
strain exhumation of the massif specifically, we
filtered fission-track analyses using the crystal-
lization age of the same grain, only considering

“0Ar/®Ar cooling age (Ma)
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zircons with U-Pb ages exceeding 300 Ma, or
less than 30 Ma if the U/Th ratio exceeded 10
(i.e., Th/U < 0.1), indicating a metamorphic ori-
gin (Hoskin and Schaltegger, 2003).

To interpret fission-track data, we decon-
volved cooling age populations into constituent
age components, or “peaks,” using the Density-
Plotter application of Vermeesch (2012). Over-
lapping analytical error on single-grain analyses
reduces the interpretability of individual grain
analyses, so we focus interpretation on the mini-
mum distinguishable age component. Results
including decomposed age components are pre-
sented in Figure 8 and detailed in the GSA Data
Repository (see footnote 1).

The Upper Siwalik sample (DTC3) is domi-
nated by young zircon fission-track cooling ages
with two discernible age components at 1.8 and
4.1 Ma. These young ages are similar to young
cooling ages previously observed in samples
from the Siang River (Stewart et al., 2008;
Enkelmann et al., 2011). This previously pub-
lished work attributes two young cooling age
components at 0.9 and 3.5 Ma observed in Siang
River samples to recent exhumation of the mas-
sif, and slightly older age components at ca. 7
and ca. 11 Ma to an earlier pulse of exhumation
in the late Miocene (Enkelmann et al., 2011).
Similarly, we attribute the young cooling ages
of sample DTC3 to a rapidly exhumed source
within the Namche Barwa massif.

Middle Siwalik samples have a wider range
of zircon ages, with a young age component
that decreases up section. The lowest sample
is dominated by Tibetan zircons, with Himala-
yan zircons defining only a single component
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Figure 7. Detrital white mica “Ar/*Ar
cooling ages from modern river sediment
samples (see Fig. 1 for sample locations).
Cooling ages from Himalayan tributaries
contain narrowly defined age populations
characteristic of cooling histories for units
within each drainage area. Cooling ages
from three Siang River samples span a
wider range that includes very young cool-
ing ages younger than 9 Ma. The total num-
ber of single-grain analyses () is listed for
each sample, although a few cooling ages
older than 55 Ma were considered precur-
sory to the Himalayan orogeny and were
not included in data plots. Plots include area
normalized, summed probability density
functions (PDF, thin black lines), and kernel
density estimates (KDE, thick gray lines).
Kernel density estimation was determined
using the DensityPlotter application of Ver-
meesch (2012).



Geological Society of America Bulletin, published online on 27 April 2016 as do0i:10.1130/B31419.1

Rapid exhumation of the eastern Himalayan syntaxis since the late Miocene

at 16.7 Ma. Samples 25c, 50b, and 75b are
defined by three components, the youngest of
which systematically decreases from 11.4 Ma to
6.0 Ma to 4.3 Ma in each sample, respectively.
Older age components may originate in igneous
sources in Tibet, as zircons with crystalliza-
tion ages indicative of a Tibetan igneous source
have relatively old (12 Ma and 26 Ma) cooling
ages, or reflect an early pulse of massif exhuma-
tion preserved in older cooling ages around the
massif perimeter. Previously, Enkelmann et al.
(2011) attributed detrital age components older
than ca. 18 Ma to either Transhimalayan or
Lesser Himalayan units exposed in local Hima-
layan tributaries.
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White mica “’Ar/*’Ar analyses. Compared to
the zircon fission-track results, “°Ar/*Ar analy-
ses produce a wider range of cooling ages in
Siwalik samples (Fig. 9). Irregular age spectra
may reflect a heterogeneous distribution of the
target mineral in source region bedrock (e.g.,
Clift et al., 2004) in addition to variability in
source exhumation patterns. To avoid specula-
tion on such complications, we restrict inter-
pretations to the simple presence or absence
of diagnostic young “Ar/*Ar cooling ages in
Siwalik samples. Whereas interpretations of
detrital fission-track data rely on age compo-
nent decomposition to identify the youngest
representative age signal, individual white mica
grain ages can be interpreted with greater con-
fidence due to the high analytical precision of
“OAr/°Ar analyses.

Analysis of the Upper Siwalik sample DTC3
primarily produced older cooling ages matching
observations from Himalayan tributaries, with
the small addition of grains younger than 4 Ma
originating from the Namche Barwa massif. The
predominance of older Himalayan cooling ages
in the Upper Siwalik may reflect recycling of
older ages from Himalayan tectono-stratigraphic
units in a depositional area closer to the moun-
tain front but removed from the axial basin dep-
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Figure 8. Detrital zircon fission-track cooling
ages from Upper and Middle Siwalik samples
compared to ages from modern Siang River
samples (Enkelmann et al., 2011). U-Pb dat-
ing of the same Upper and Middle Siwalik
zircons permits differentiation of cooling
ages by source region. Pie charts indicate the
percentages of Himalayan zircons with crys-
tallization ages older than 300 Ma and Tran-
shimalayan zircons younger than 300 Ma.
Only Himalayan zircons are illustrated in
line plots. Young cooling age components at-
tributed to the Namche Barwa massif (En-
kelmann et al., 2011) persist in young lag
times of Upper and Middle Siwalik samples
until 25¢ and 5b. Sample 5b is dominated
by zircons with a Transhimalayan U-Pb age
provenance, which may reflect erosion of the
suture zone and Transhimalaya intrusive
units prior to exhumation of the Namche
Barwa massif. Fission-track age components
(white boxes) were determined with the Den-
sityPlotter application of Vermeesch (2012).
The total number of analyses (z ) and num-
ber of zircons with U-Pb ages older than
300 Ma (n,,,) are reported. Plots include area
normalized, summed probability density
functions (PDF, thin black lines) , and kernel
density estimates (KDE, thick gray lines).
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ocenter. Grains younger than 4 Ma observed in
this sample may have been eroded from recently
exhumed rocks of the massif or recycled from
upper portions of the Middle Siwalik. Whereas
the modern Siang River sample contained a sig-
nificant component of very young ages with a
reduced percentage of radiogenic argon, only
a few cooling ages with similarly reduced per-
centage of radiogenic argon were observed in
sample DTC3, and none were observed in sam-
ples from lower stratigraphic samples.

The youngest single grain cooling ages
in Middle Siwalik samples systematically
decreased up section. The lowest sample, Sb,
was dominated by older ages between 20 and
35 Ma. Such ages were also observed in Hima-
layan tributaries draining portions of the suture
zone, suggesting that this lowest sample may
record early erosion of the suture zone prior
to deep exhumation of the Namche Barwa
massif. This interpretation may be further sup-
ported by a dearth of zircons with characteristic
Himalayan crystallization ages in this sample.
The youngest individual ages from the remain-
ing Middle Siwalik samples decreased from
12.9 Ma to 8.1 Ma to 6.9 Ma up section for
samples 25¢, 50b, and 75b, respectively. The
upward younging of minimum ages may reflect
sustained, and potentially accelerating exhuma-
tion of the Namche Barwa massif.

DISCUSSION

Interpretation of Thermochronological
Lag Time

We interpret the exhumation history of the
source rocks contributing detritus to the Hima-
layan foreland based on calculation of detri-
tal thermochronological lag time (Bernet and
Garver, 2005). Thermochronological lag time
is the difference between a minimum detrital
mineral cooling age (or age component) and
the depositional age of the sampled sedimen-
tary horizon (Garver and Brandon, 1994). When
the residence time of intermontane sediment
storage is small relative to the time scale of
mineral cooling (e.g., Garver et al., 1999; Ber-
net et al., 2004), and dynamic perturbations to
the subsurface thermal field may be accounted
for with thermal modeling (e.g., Braun et al.,
2006), lag time is indicative of source region
paleo-exhumation rates. Systematic variation
in lag time with depositional age may eluci-
date fundamental changes in the exhumation
of source terranes. For example, an up-section
lag time decrease (i.e., a decrease in lag time
with decreasing depositional age) may indicate
acceleration of source rock exhumation during
a constructive phase of orogenesis (Bernet and
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Garver, 2005). Constant lag time may indicate
constant or steady-state exhumation (e.g., Wil-
lett and Brandon, 2002; Burbank et al., 2007).
We calculated thermochronologic lag time
for minimum single-grain “Ar/*°Ar cooling
ages and minimum fission-track age compo-
nents in Siwalik samples (Fig. 10). In both data
sets, lag time decreases up section, approaching
cooling ages observed in modern river sediment
samples (i.e., younger than 2 Ma fission track
ages—Stewart et al., 2008; Enkelmann et al.,
2011; younger than 4 Ma “Ar/*’Ar ages) by
the stratigraphic horizon at sample 50b, mag-
netostratigraphically correlated between 5 and
6 Ma. After this stratigraphic horizon, lag times
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remain consistently low. We interpret the lag
time pattern prior to sample 50b to result from
an increase in source region exhumation rates
in the late Miocene, and the pattern after sam-
ple 50b to indicate rapid exhumation sustained
since ca. 5 Ma. Because lag time decreases to
within the range of modern bedrock cooling
ages uniquely attributed to the Namche Barwa
massif, and no alternative sources of similarly
rapid exhumation have been reported within
the syntaxial region, we attribute this exhuma-
tion rate increase specifically to unroofing of the
Namche Barwa massif.

Thermal Modeling

To quantitatively constrain the timing and
magnitude of an exhumation rate change in the
source region, we used a simplified version of
Pecube, a finite-element numerical code often
used for predicting thermochronological data
(Fig. 11A; Braun, 2003; Braun et al., 2012) to
predict a time series of cooling ages resulting
from a step change in the late Miocene exhu-
mation rate. Pecube accounts for heat advection
in mineral cooling—an important influence in
regions of such extreme rock exhumation rates
(Braun et al., 2006). Our simple model assumes
only vertical rock exhumation since both the
crustal-scale folding (Burg et al., 1998) and
pop-up structures (Ding et al., 2001) proposed
as exhumation mechanisms for the Namche
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Figure 9. Detrital white mica “Ar/*Ar
cooling ages from Upper and Middle Siwa-
lik samples compared to modern samples
from the Siang River and characteristic
age ranges from Himalayan tributaries. We
interpret the predominance of Himalayan
ages in the Upper Siwalik sample to reflect
Siwalik recycling and increased contribu-
tion from local Himalayan sources. Detrital
samples contain young cooling ages relative
to depositional age (young lag times) that
disappear in lower samples 25c¢ and 5b.
The lowest sample, 5b, contains much older
ages similar to those observed in tributaries
draining Himalayan crystalline and suture
zone units, possibly supporting the inter-
pretation from fission-track ages that this
sample reflects contribution from the suture
zone and Transhimalayan intrusive units
prior to massif exhumation. The total num-
ber of single-grain analyses () is listed for
each sample. Plots include area normalized,
summed probability density functions (PDF,
thin black lines), and kernel density esti-
mates (KDE, thick gray lines).
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Barwa massif are dominated by vertical rock
uplift. Similar to prior modeling by Zeitler et
al. (2014) of the area surrounding Namche
Barwa, our approach does not account for the
potential effects of lateral heat transfer, which
are assumed to be insignificant relative to the
extreme vertical component of heat transport.
Our model further neglects the influence of
changing topographic relief, which is not inde-
pendently well constrained, as previous model-
ing of detrital cooling populations indicates that
even large changes in topographic relief have
only a secondary effect on the range of a detrital
age distribution (Whipp et al., 2009) and do not
significantly influence median ages (Ruhl and
Hodges, 2005). Thermal parameters used in the
model are comparable to previous thermal mod-
els of the eastern Himalaya (e.g., Robert et al.,
2011; Adlakha et al., 2013) and are detailed in
the GSA Data Repository (see footnote 1).

Our simple approach predicts cooling ages
from scenarios reflecting changes in three
parameters: the time of a change in exhumation
rate (between 1 and 15 Ma), a factor increase
in the exhumation rate (1-20 fold), and the
final exhumation rate, which was fixed between
5 km/m.y. and 10 km/m.y., characteristic of rates
interpreted from bedrock samples. For each
model run, we used the root mean squared error
to separately compare cooling age predictions
to our observations for each thermochronom-
eter system. The composite root mean squared
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Figure 10. Thermochronologic lag time
systematically decreases to within the
range of cooling ages from the Siang River
by ca. 5 Ma. Lag time was calculated from
youngest fission-track age components
(white squares) and minimum “Ar/*Ar
single-grain ages (white circles) from
Siang River samples. Siang River fission-
track age components are from Enkel-
mann et al. (2011).
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Figure 11. Results of thermal modeling
used to predict thermochronologic lag time.
(A) We varied the factor change (xE) and
timing (¢) of a step-wise increase in exhuma-
tion rate, keeping the final exhumation rate
(E,) fixed between S and 10 km/m.y. to stay
consistent with observations from bedrock
data. (B) Contoured plots of root-mean-
squared (RMS) misfit between predicted
and observed lag times. Both thermochro-
nologic data sets are best explained by a
5-10-fold increase in exhumation rate be-
tween 5 and 7 Ma. Each gridded point rep-
resents an individual model scenario. RMS
misfit is summed over six sets of model out-
put where the final exhumation rate (E)
varied between 5 and 10 km/m.y.

error from all six sets of models is shown in
Figure 11B.

While this modeling remains simple, it con-
sistently indicates that the observed change in
lag time is best explained by a 5—10-fold increase
in the source region exhumation rate between 5
and 7 Ma. However, lacking additional obser-
vations from lowest Middle Siwalik or Lower
Siwalik units older than 8 Ma, the maximum
bound on the onset of rapid exhumation is not
well constrained. Thermal modeling of bedrock
cooling ages surrounding the Namche Barwa
massif by Zeitler et al. (2014) instead indicates
that rapid exhumation initiated at 10 Ma, and we
anticipate that further analyses of Lower Siwa-
lik samples may constrain a lower bound on this
onset time more precisely.

Emergence of Thermo-Mechanical
Feedbacks

Our interpretation of extreme exhumation
rates sustained since 5 Ma may reflect the
emergence of the thermo-mechanical feed-
backs proposed by Zeitler et al. (2001). Zeitler
et al. (2001) originally proposed that thermo-
mechanical feedbacks may have emerged in
both Himalayan syntaxes following the cap-
ture of large, longitudinal river systems—
specifically, capture of the Yarlung River in the
eastern syntaxis by a Brahmaputra River tribu-
tary. Since observations of Tibetan detritus in
foreland basin units (Cina et al., 2009; Lang and
Huntington, 2014) and distal Bengal fan depos-
its (Bracciali et al., 2015) indicate that if such
a capture event occurred, it must have predated
deposition of these units in the middle or early
Miocene, we consider that such a discrete ero-
sional event is unlikely to have directly resulted
in increased rock exhumation rates after 5 Ma.
Instead, increased exhumation rates between
5 and 7 Ma, or even 10 Ma, may represent a
period of incision into the southeastern margin
of the Tibetan Plateau as the ancestral Yarlung
River system adjusted to increased rock uplift
while maintaining a low-elevation base level.

Recent documentation of >550 m of sediment
aggradation along the Yarlung River upstream
of the Tsangpo Gorge suggests that an ances-
tral Yarlung River system may have previously
achieved a graded or near-graded longitudinal
profile (Wang et al., 2014). Cosmogenic dat-
ing of buried sediment collected from a core
~150 km upstream of the gorge provided a
ca. 2-2.5 Ma minimum constraint on the tim-
ing of Yarlung aggradation, which Zeitler et
al. (2015) extrapolated to 3—4 Ma based on
the maximum estimated sedimentary thickness
closer to the gorge. If increased rock uplift at
the margin of the Tibetan Plateau steepened

Geological Society of America Bulletin

the ancestral river profile beginning in the late
Miocene, then reduction of the river’s gradient
above the newly development knick zone, a cli-
matic reduction of river transport capacity, or
both may explain aggradation in the Pliocene.
Since 5 Ma, thermo-mechanical feedbacks may
have sustained rapid exhumation in a steep
knick zone at the plateau margin.

Lag Time Across the Himalaya

Geodynamic modeling of subduction in
generalized syntaxial regions predicts locally
elevated rock uplift as a consequence of a
curved subducting plate geometry (Bendick
and Ehlers, 2014). If a similar subducting plate
geometry characterizes the eastern margin of
the Himalayan orogen, enhanced rock uplift
rates may have developed from stiffening of the
subducting Indian crust. In response, thermo-
mechanical feedbacks may have only developed
where a large, antecedent river system crossing
the syntaxis could sustain sufficiently high rates
of crustal exhumation (Koons et al., 2013). To
determine how our observations compare to
transverse river drainages outside of syntaxial
regions, we compared lag time data across the
Himalayan orogen.

We compiled lag time data from eight loca-
tions across the orogen, including lag time cal-
culated from minimum zircon fission-track age
components and minimum single-grain white
mica “*Ar/*°Ar analyses from six locations along
the Himalayan front and both Himalayan syn-
taxes (Fig. 12A). To illustrate the general trend
of lag time with depositional age, we fit lin-
ear regressions to each data set independently
(Fig. 12B), and we observe that decreasing ther-
mochronologic lag time up stratigraphic section
is only observed in foreland sequences proximal
to the Himalayan syntaxes.

Along the Himalayan front, lag times calcu-
lated from minimum zircon fission-track age
components have remained constant or increased
since the middle Miocene. This trend has
been previously interpreted to reflect constant
Himalayan exhumation rates of ~1-2 km/m.y.
across the central and eastern Himalaya since
ca. 16-13 Ma (Bernet et al., 2006; Chirouze et
al., 2013) or possibly reduced Miocene exhuma-
tion in eastern Nepal (Chirouze et al., 2012b).
Lag times calculated from minimum single-
grain white mica “’Ar/*°Ar ages have increased
since the Early Miocene, and this is interpreted
to represent a decrease in Greater Himalayan
exhumation as thrusting propagated forward
to Lower Himalayan sequences (White et al.,
2002; Szulc et al., 2006; Najman et al., 2009).

In contrast, lag times reported from the west-
ern Himalayan syntaxis have decreased since
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the early Miocene. Lag times calculated from
minimum zircon fission-track age components
and single-grain white mica “Ar/*°Ar ages
have been interpreted to represent a progres-
sive increase in source exhumation rate since
ca. 18 Ma (Cerveny et al., 1988; see decompo-
sition from Ruiz and Seward, 2006; Najman et

80°| W 90°
Tibetan Plateau

yarlung R-

Indian Shield

e

Himalayan syntaxes

. &
J

/
/

/
n
o3
a
o
o
vl
o

1
"o
<

L ]

-
N ™

1 1

[]

[}

%

_

Depositional age (Ma,

o o
1

n

o
|

Depositional age (Ma)
@
1
[]

T e T
o 4 8 120 4 8 12 16

Zircon fission track White mica “°Ar/*°Ar
lag time (m.y.) lag time (m.y.)

Figure 12. Compilation of lag time data from
Siwalik Group across the Himalaya. (A) Lo-
cations of sections illustrated on a simplified
map of tectonic and foreland basin units
(CV—Chinji village area, J—Jogindernagar
area, K—Karnali River, SK—Surai Khola,
TK—Tinau Khola, MK—Muksar Khola,
KA—Kameng River, SR—Siji River; modi-
fied from Critelli and Garzanti, 1994).
(B) Linear regressions of lag time from Si-
walik sections proximal to the Himalayan
syntaxes indicate an up-section lag time de-
crease in both thermochronologic systems.
In contrast, regressions of lag time data from
sections along the Himalayan front indicate
an increase or constant lag time up section.
Lag time is calculated from minimum zircon
fission-track age components and minimum
“Ar/PAr white mica single-grain ages. See
text for data references.
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al., 2003; Chirouze et al., 2015), broadly consis-
tent with the observations reported here for the
eastern Himalayan syntaxis. If this emergence
of very young lag times indicates the onset of
thermo-mechanical feedbacks, then this obser-
vation suggests that syntaxial regions may be
the only locations where thermo-mechanical
feedbacks have developed in the Himalayan
orogen, and potentially much earlier in the west-
ern syntaxis than the eastern syntaxis. New anal-
yses from additional locations and lower strati-
graphic levels will be useful to further compare
exhumation histories across the Himalaya.

SUMMARY AND CONCLUSIONS

The Himalayan syntaxes host exceptional
landscapes where efficient erosional systems
have rapidly exhumed young metamorphic mas-
sifs at the eastern and western margins of the
orogen. This study extends the record of crustal
exhumation preserved in bedrock thermochro-
nological cooling ages of the eastern Himalayan
syntaxis by reconstructing the exhumation his-
tory from detrital cooling ages in foreland basin
units. We focused on a proximal 4.6-km-thick
stratigraphic section for which sedimentary
provenance had been studied previously using
detrital zircon U-Pb geochronology. Detailed
stratigraphic ~ surveys, —magnetostratigraphy,
detrital white mica *Ar/Ar thermochronol-
ogy, and fission-track dating of detrital zircons
for which previous U-Pb ages were available
enabled us to measure thermochronologic lag
time since the late Miocene.

Lag times for both thermochronometers
decrease up section in the Middle Siwalik, best
explained by a 5-10-fold increase in syntaxial
exhumation rate between 7 and 5 Ma. Since
5 Ma, extremely rapid exhumation rates have
been sustained in the Namche Barwa region,
an observation that may be consistent with the
development of thermo-mechanical feedbacks
in the eastern Himalayan syntaxis, and which
suggests that the steep topographic gradients
and rapid surface erosion presently exhuming
the massif may be long-lived features of this
landscape. Because a late Miocene increase
in rapid exhumation significantly postdates a
hypothesized river capture event in the early or
middle Miocene, we conclude that integration
of the river system did not initiate rapid exhu-
mation of the Namche Barwa massif. Instead,
we suggest that exhumation rates increased in
the late Miocene as an antecedent river system
adjusted to tectonic uplift of its headwaters
while maintaining a low-elevation base level.

Similar observations of accelerating rock
exhumation are observed in lag time studies of
Siwalik units proximal to the western Hima-
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layan syntaxis, but not also in studies from
across the main Himalayan front. Consider-
ing our observations within the context of this
broader pattern, we emphasize the importance
of antecedent river drainage in the development
of localized thermo-mechanical feedbacks that
may have sustained steep topography, rapid
exhumation, and high sedimentary discharges
at the Himalayan syntaxes for a considerable
expanse of time.
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