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The Namche Barwa massif in the eastern Himalayan syntaxis is characterized by very rapid exhumation
and provides a signi“cant proportion of the sediment "ux carried by the Brahmaputra River. We present
new detrital zircon “ssion-track (ZFT) and muscovite “°Ar/3°Ar (MAr) data from modern sediments of
rivers draining the eastern Himalaya. The cooling-age populations for both thermochronometers contain
a characteristic <2 Ma signature related to the rapid exhumation of Namche Barwa, which can be traced

hundreds of kilometers downstream from their source into the Brahmaputra foreland, despite dilution
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detrital thermochronology
mixing model

present day erosion rate values
Namche Barwa syntaxis
Eastern Himalaya

from downstream tributary catchments. To estimate present-day erosion in the catchments, we apply a
mixing model based on linear inversion of the binned age distributions. The inversion predicts relative
erosion rates in the syntaxial region that are an order of magnitude higher than those in upstream
catchments, and about twice as high as those in the southern Himalayan catchments, consistent to
“rst order with previous estimates of erosion-rate patterns in the eastern Himalaya. A comparison of
the observed downstream evolution of age distributions with a sediment-"ux model suggests that the

ZFT signal can be explained by dilution from Himalayan tributaries only, whereas the MAr signal is
also affected by selective sequestering (possibly through winnowing) of micas as they are transported

downstream. Nevertheless, thermochronological

ages <2 Ma provide a diagnostic signal of syntaxial

exhumation in the sedimentary record of the eastern Himalaya; this study suggests the most robust
signal to be recorded in the most proximal deposits with respect to the syntaxis.
2018 The Authors. Published by Elsevier B.V. This is an open accessarticle under the CCBY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/ ).

1. Introduction

The distinctive courses of the Indus and Brahmaputra rivers
draining the Himalaya, characterized by two quasi-symmetrical
bends asthey cut across the orogen at its western and eastern syn-
taxes, respectively (Fig. 1a), re"ect a complex interplay of crustal
deformation and drainage reorganization (Bracciali et al., 2015;
Clark et al., 2004; Hallet and Molnar, 2001). The spatial link be-
tween the sharp bends and major knickpoints in these rivers
within the two syntaxial massifs, which represent the loci of most

* Corresponding author at: Faculty of Earth and Life Science, Vrije Universiteit,
Amsterdam, the Netherlands.
E-mail address:|.gemignani@vu.nl (L. Gemignani).

https://doi.org/10.1016/j.epsl.2018.07.019
0012-821X/
(http://creativecommons.org/licenses/by-nc-nd/4.0/ ).

rapid exhumation in the Himalaya, has sparked ongoing debates
on the coupling and feedbacks between tectonics and surface pro-
cessesin the syntaxes (e.g., Finnegan et al., 2008; King et al., 2016;
Wang et al., 2014; Zeitler et al., 2001).

The Namche Barwa massif, occupying the eastern syntaxis, is
characterized by young (<10 Ma) metamorphism, rapid and highly
localized exhumation, and extreme river-incision and erosion rates
(Enkelmann et al., 2011; Finnegan et al., 2008; Larsen and Mont-
gomery, 2012; Zeitler et al., 2014). Both the timing and mechanism
of rapid exhumation in the massif (King et al., 2016; Seward and
Burg, 2008; Wang et al., 2014; Zeitler et al.,, 2014), as well as
the potential links with the evolution of drainage patterns in the
eastern Himalayan region (Bracciali et al., 2015; Cina et al., 2009;
Lang and Huntington, 2014), remain controversial. The geochem-

2018 The Authors. Published by Elsevier B.V. This is an open accessarticle under the CCBY-NC-ND license
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ical, petrographic, geochronologic and thermochronologic signa-
tures of both the modern river sediments and the Neogene detrital

record in the eastern Himalayan foreland have been used to assess:

(1) the spatial pattern of present-day erosion rates in the east-
ern syntaxis region (Enkelmann et al., 2011; Garzanti et al., 2004;
Lupker et al., 2017; Singh and France-Lanord, 2002; Stewart et al.,
2008); (2) the evolution of syntaxial exhumation rates (Bracciali et
al., 2016; Chirouze et al., 2013; Govin, 2017; Lang et al., 2016);
and (3) the evolution of drainage patterns in the eastern Hi-

malaya through time (Bracciali et al., 2015; Chirouze et al., 2013;
Cina et al., 2009; Govin et al., 2018; Lang and Huntington, 2014;
Zhang et al., 2012).

Detrital thermochronology data are central to several of the

above studies because of their
term (million-year scale) exhumation rates and track the distri-
bution of present-day erosion rates (e.g., Enkelmann et al., 2011;
Gemignani et al.,, 2017; Glotzbach et al., 2013; Ruhl and Hodges,
2005). In particular, “°Ar/3°Ar thermochronology of white mica
(MAr) and zircon “ssion-track (ZFT) analysis have been widely
applied in detrital thermochronology (Bernet and Garver, 2005;
Hodges et al., 2005). The nominal closure temperatures of these
systems (300...450 C and 240...360 C respectively, depending on
cooling rate, crystal size, and mineral kinetics) allow tracking of ex-

capacity to both record long-

Main Boundary Thrust; MFT ...Main Frontal Thrust; ITSZ ...
Greater Himalayan Sequence; AATB ...Assam Akaram Thrust Belt; NB ...Namche Barwa. (For interpretation of the colors in the “gure(s),

Indus...TsangpoSuture Zone; TSS...Tethyan Sedimentary Sequence; GHS ...
the reader is referred to the web

humation from upper- to mid-crustal depths (Reiners and Brandon,
2006). However, a detrital thermochronology signal will evolve
downstream from its source as a function of numerous in"uences,
including spatial and temporal variations in erosion rates, lateral
variations of lithology and abundance of the target mineral, me-
chanical and chemical breakdown of the target mineral during

transport, and its preferential extraction during transient storage
(Bernet et al.,, 2004; Brewer et al., 2006; Garzanti et al., 2010;
Malusa et al., 2016; Zhang et al., 2012). Robust interpretation of

detrital mineral-age distributions depends on understanding these
factors and their in"uence on the measured signal.

Here, we address this issue by systematically sampling modern
river sand from the Brahmaputra catchment at increasing distances
downstream from Namche Barwa, and by analyzing the down-
stream evolution of the detrital age signal. We utilize the unique
thermochronological signal of the massif (Bracciali et al., 2016;
Zeitler et al., 2014) and apply both detrital MAr and ZFT analyses
to investigate potentially different behavior of these two systems.
We use our data to quantitatively assessif and how the signal is
transformed downstream, in order to investigate possible causes
of diverging interpretations of detrital thermochronology datasets
from the region (e.g., Bracciali et al., 2016; Chirouze et al., 2013;
Govin, 2017; Lang et al., 2016). We also employ a recently de-



50 L. Gemignani et al. / Earth and Planetary Science Letters 499 (2018) 48...61

veloped stochastic mixing model (Braun et al., 2018) to pre-
dict the spatial variability of present-day erosion rates through-
out the eastern Himalaya from our data supplemented with data
from the literature. We compare our results to previous studies
(Enkelmann et al., 2011; Garzanti et al., 2004; Lupker et al., 2017;
Singh and France-Lanord, 2002; Stewart et al., 2008) in order to ex-
plore the ecacy of the detrital thermochronology signal to quan-
titatively constrain modern erosion rates. Finally, we estimate sed-
iment "uxes from the different catchments sampled by our data
to predict the expected degree of dilution in the detrital age sig-
nal downstream of Namche Barwa, and use this estimate to assess
if additional processes modify the signal.

2. Geological setting

The 2900-km-long Yarlung...Tsangpo...Siang...BrahmaputrRiver
"ows from Tibet, via India into the Bengal Fan (Fig. 1). The
Yarlung...Tsangpois sourced near Mount Kailash in southwestern
Tibet and "ows >1000 km eastwards, along strike of the Hi-
malaya, along the India...Asiasuture zone. The river bends sharply
at the eastern Himalayan syntaxis and continues to the south
through the Tsangpo gorge, forming a >2-km-high knickpoint as
it crosses the Namche Barwa massif (e.g., Finnegan et al., 2008;
Wang et al., 2014; Zeitler et al., 2001).

2.1. TheLhasablock and the Himalayan units

The Yarlung...Tsangposuture zone (YTSZ)de“nes the collisional
contact between the Indian and Asian continental blocks (Gansser,
1980). North of the YTSZ, the Lhasa block is composed of Pa-
leozoic and Mesozoic meta-sedimentary sequences intruded by
Cretaceous...Paleogenecalc-alkaline plutonic rocks of the Gangdese
(Transhimalayan) batholith (Yin and Harrison, 2000). South of the
suture zone, the Himalaya is subdivided from north to south into
four main tectonic units (e.g., Hodges, 2000; Fig. 1b): the Tethyan
Sedimentary Sequence (TSS), Greater Himalayan Sequence (GHS),
Lesser Himalayan Sequence (LHS), and Sub-Himalaya (including
the Siwalik Group). The TSScomprises Paleozoic...Eocenerocks de-
posited on the Indian plate margin and is separated from the
underlying GHS by the extensional South Tibetan Detachment sys-
tem (STDS).The GHSis composed of metamorphic rocks intruded
by Miocene leucogranite bodies. An inverse regional shear zone,
the Main Central Thrust (MCT), separates the GHS and LHS. Ex-
humation and metamorphism of the GHSis dated at 25...17Ma
(Hodges, 2000). The LHS consists of meta-sedimentary rocks of
Precambrian to Mesozoic age, that are deformed in a complex
fold-and-thrust belt (e.g., DeCelles et al., 2016). Finally, the Siwalik
Group consists of Neogene foreland-basin deposits separated from
the LHS by the Main Boundary Thrust (MBT).

2.2. Easternsyntaxis; Namche Barwa massif

In the easternmost Himalaya, the suture zone changes strike
>90 around the Namche Barwa massif (Fig. 1b), a northeast-
verging crustal-scale antiform characterized by young (<10 Ma)
metamorphism and rapid (at least 3...5km/Myr and possibly up
to 10 km/Myr; Bracciali et al., 2016; Zeitler et al., 2014) exhuma-
tion. Estimates for the onset of rapid exhumation vary from around
10 Ma (Zeitler et al., 2014) to 3...4Ma (Seward and Burg, 2008) or
less (Bracciali et al., 2016; Wang et al., 2014). Proposed mecha-
nisms to explain the rapid exhumation and erosion rates at Nam-
che Barwa include: (1) crustal-scale buckling (Burg et al., 1997),
possibly associated with northward migration of the syntaxis (King
et al., 2016; Seward and Burg, 2008); (2) localized uplift above the
curved underthrusting Indian plate at the indenter corner (Bendick
and Ehlers, 2014); (3) vigorous erosional downcutting following

capture of the Yarlung...Tsangpoby the Siang...Brahmaputra River,
weakening the crust and resulting in a stectonic aneurysmZ (Zeitler
et al., 2001, 2014).

The Namche Barwa massif comprises Indian plate rocks and
is bounded to the west, north and east by the Lhasa block and
the Transhimalayan plutonic belt (Fig. 1b). Southeast of the syn-
taxis, the Lohit plutonic complex is separated from underlying
mélange, gneiss and schist units by northwest...southeast aligned
thrusts orthogonal to the Himalayan strike (Haproff et al., 2018;
Misra, 2009); the Lohit plutonic complex and underlying mélange
can be correlated to the Gangdese batholith and Yarlung...Tsangpo
suture zone, respectively (Yin and Harrison, 2000). The Siang win-
dow to the south of Namche Barwa (Fig. 1b) exposes Meso-
Cenozoic sedimentary and ma“c volcanic rocks (Acharyya, 2007).

2.3. Bedrockthermochronology data from the eastern Himalaya

In order to provide the context for our detrital thermochronol-
ogy data, we present a summary of available bedrock ther-
mochronology data from the eastern Himalaya (Fig. 2). Within the
Lhasa terrane and Gangdese batholith, mica and feldspar “CAr/3°Ar
ages suggest cooling from mid-crustal temperatures between 20
and 30 Ma (Copeland et al., 1995; Yin et al., 1999). Apatite “ssion-
track (AFT) and (U...Th)/He (AHe) ages suggest rapid cooling to
surface temperatures during the middle Miocene ( 15...20 Ma; Li
et al., 2016). Likewise, AFT, AHe and zircon (U...Th)/He(ZHe) ther-
mochronology data from the northern TSSindicate rapid middle-
Miocene cooling (Li et al., 2015), whereas MAr, ZHe and AFT
ages from the footwall of the STDSare 11...16 Ma, implying
rapid (tectonic) exhumation at this time (Carrapa et al., 2016;
Kellett et al., 2013; Schultz et al., 2017).

In the eastern syntaxis, in-situ thermochronology data show a
bulls-eye pattern around the Namche Barwa massif (Bracciali et al.,
2016; Zeitler et al., 2014; Fig. 2). Both medium- (biotite “9Ar/3°Ar)
and low-temperature (ZHe, AFT) systems show ages <2 Ma, which
extend toward the NE in the Parlung River basin (Fig. 2; Seward
and Burg, 2008; Zeitler et al., 2014). ZHe ages of 4...14Ma and AFT
ages <2.5 Ma have been reported from the Siang window (Salvi et
al., 2017).

Further west in Arunachal Pradesh, AFT and ZFT ages from the
GHS are 1..3Ma and 5...9Ma, respectively, whereas they are

6...13and 11...14Ma in the LHS (Adlakha et al., 2013). MAr
cooling ages reported from the GHS of Arunachal Pradesh are

8...12Ma (Yin et al., 2010). In Bhutan, AHe, AFT and ZHe ages are
somewhat older and show consistent patterns, with a northward
increase of cooling ages across the LHS followed by a decrease
north of the MCT and a renewed increase toward the STD (Adams
et al., 2015; Coutand et al., 2014; Long et al., 2012). ZFT ages are

8...17.5Ma, whereas AFT and AHe agesare 2.5...7Ma. MAr ages
across the MCT in eastern Bhutan are 9...14Ma and 1 Gain the
LHS (Long et al., 2012; Stiwe and Foster, 2001).
The youngest AHe, AFT and ZHe ages from the Shillong plateau
are 8...14Ma, with older agesof up to 100 Ma for AHe/AFT and

400 Ma for ZHe (Biswas et al., 2007; Clark and Bilham, 2008).
No thermochronology data are available for the Lohit and Dibang
drainage basins. In summary, ZFT and MAr ages <2 Ma have only
been encountered in rocks from the Namche Barwa massif.

3. Methods
3.1. Detrital thermochronology

We sampled bulk modern sediments from the Brahmaputra
River at regular intervals downstream of the syntaxis, from its en-

try point into the Assam plain at Pasighat to its con’uence with
the Ganga, nearly 1000 km downstream of the Namche Barwa. We
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also sampled the main tributaries to the Brahmaputra River; the
Siang, Dibang, Lohit, Subansiri, Kameng and Manas Rivers (Table 1;
Figs. 1 and 2). We sampled in October, after the main monsoon
season, and targeted dry sand banks within the main channel of
the rivers away from major tributaries, collecting sand from dif-
ferent locations on each bank to augment the representativeness
of the samples. Both detrital MAr and ZFT analysis was applied
on all samples where possible. Detailed analytical techniques are
reported in Appendix A. Resulting age distributions were decom-
posed into age peaks (Table 2) using the mixture-model function
of the DensityPlotter program (Vermeesch, 2012) for MAr data and
Binom“t peak “tting (Stewart and Brandon, 2004) for ZFT ages.

3.2. Inversion of agedistributions

We used a linear inversion method to predict the spatial vari-
ability in erosion rates between the different sampled catchments
from the binned age distributions, and compared the outcome to
previous studies of erosion rates in the eastern Himalaya in or-
der to quantitatively assessthe robustness and representativeness
of the detrital age patterns. Unlike other methods that used de-
trital age distributions together with present-day hypsometry to
assess the spatial variation of erosion (e.g., Brewer et al.,, 2006;
Ruhl and Hodges, 2005; Stock et al., 2006), our approach requires
no a-priori information on the spatial distribution of ages in the
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Table 1
Summary of the new and published data used for mapping the spatial variation of erosion rates in the Eastern Himalaya.
River Sample short label Sample full label Lat. (N) Long. (E) Method References
Main river trunk
Yarlung...Tsangpo T1 TGO05-40a 2921.281 90 43.589 MAr + ZFT Bracciali et al. (2016)
Yarlung...Tsangpo T2 TG05-41a 29 15.529 91 39.909 MAr + ZFT Bracciali et al. (2016)
Yarlung...Tsangpo 302 302 29 25.989 94 31.591 ZFT Stewart et al. (2008)
Yarlung...Tsangpo P P 29 36.442 94 56.189 ZFT Enkelmann et al. ( 2011)
Siang A A-Kapu MAr + ZFT Lang et al. (2016)
Siang S6 Lg-06 28 38.208 95 01.503 MAr This study
Siang B B-Nubo 28 34.599 95 04.212 MAr Lang et al. (2016)
Siang C C-Pasighat 28 05.920 95 17.630 MAr Lang et al. (2016)
Siang S S-Pasighat 28 05.982 95 17.631 ZFT Enkelmann et al. ( 2011)
Siang S5 Lg-05-Pasighat 28 06.140 95 17.984 MAr + ZFT This study
Siang Q 2902.963 94 54.610 ZFT Enkelmann et al. ( 2011)
Siang R 28 34.628 95 04.222 ZFT Enkelmann et al. ( 2011)
Brahmaputra B4 Lg-04 27 26.664 94 45.531 MAr + ZFT This study
Brahmaputra B2 Lg-02 26 47.308 93 30.356 MAr + ZFT This study
Brahmaputra B5 Lg-10 26 11.965 91 46.349 MAr + ZFT This study
Brahmaputra B6 Lg-11 23 53.351 89 41.106 MAr + ZFT This study
Tributaries to the main trunk upstream of the Namche Barwa syntaxis
H H 2936.385 94 56.212 ZFT Enkelmann et al. ( 2011)
Himalayan tributaries
Yang Sang Y 28 58.123 94 54.583 MAr Lang et al. (2016)
Siyom X 28 13.160 94 51.953 MAr Lang et al. (2016)
Yanme z 28 11.067 95 13.411 MAr Lang et al. (2016)
Subansiri S3 Lg-03 26 47.308 93 30.356 MAr + ZFT This study
Kameng K1 Lg-01/KAM30 * 26 11.931 91 46.297 MAr + ZFT This study
Manas M9 Lg-09 26 46.955 90 57.441 MAr This study
| & 57.700 94 51.826 ZFT Enkelmann et al. ( 2011)
J 8254.599 94 46.441 ZFT Enkelmann et al. ( 2011)
Yang Sang K 28 58.700 94 54.283 ZFT Enkelmann et al. ( 2011)
L &20.184 94 57.460 ZFT Enkelmann et al. ( 2011)
M & 13187 94 51.321 ZFT Enkelmann et al. ( 2011)
Yanme N 28 11.099 95 13.211 ZFT Enkelmann et al. ( 2011)
Lohit / Mishmi hills tributaries
Dibang D7 Lg-07 28 09.496 95 40.743 MAr + ZFT This study
Lohit L8 Lg-08 27 26.664 94 45.531 MAr This study
Abbreviations: MAr: muscovite “°Ar/3°Ar; ZFT: zircon “ssion-track.
Table 2
Summary of the new detrital MAr and ZFT data, and peak-‘tting results.
Sample Analysis N Age range N< 2 Ma N< 5 Ma P1 P2 P3 P4 P5
S6 MAr 69 0.5...45 5 16 6.3+ 0.2 [34] 116 = 0.2 [15] 19.9 * 0.2 [40] 28.3 = 0.6 [9] 457 + 18 [2]
S5 MAr 97 0.5...60 4 4 0.6+ 0.1 [4] 16.3 + 0.5 [28] 234 = 0.1 [60] 32.0 £ 0.2 [] 43.7 + 0.4 [3]
D7 MAr 41 16...54 0 0 242+ 01[11] 310 + 01[22] 38.0 + 0.0[17] 416 + 01[19] 472 + 01[31]
L8 MAr 43 41..71 0 1 71+ 0.3 [6] 210 = 0.0 [26] 23.4 = 0.1 [30] 28.7 = 0.1 [26] 48.0 = 0.1 [12]
B4 MAr 80 0.5...430 2 9 11+ 01[13] 10.6 = 0.1 [48] 18.6 + 0.1 [20] 224 % 0.1 [19] 38.0 + 0.4 [3]
S3 MATr 64 2.6...28 0 4 3.8+ 01[7] 9.2 + 01 [13] 10.6 + 0.0 [43] 16.2 + 0.2[25] 24.0 £ 01 [12]
B2 MAr 68 1.3...423 4 6 1.6+ 0.0 [7] 7.4 + 01 [18] 119 + 0.1 [27) 19.0 = 01[38] 27.0 + 0.0 [10]
K1 MAr 66 0.6...118 2 8 24+ 0.3[10] 6.4 + 0.0 [21] 9.2 £ 0.2 [27] 13.9 * 0.1 [36] 27.0 = 0.2 [5]
B5 MAr 82 0.3...526 6 9 17+ 0.0 [11] 115 * 0.0 [30] 17.0 = 0.0 [26] 24.0 = 0.0 [26] 42.0 + 0.2 [7]
M9 MAr 43 6.1...42 0 0 6.0 + 0.7 [5] 9.5 + 0.0 [28] 119 + 0.0 [44] 15.6 + 01[20] 215 + 0.2 [3]
B6 MAr 152 16...259 1 4 11.0 £ 0.0 [40] 16.3 = 0.0 [36] 27.0 = 0.0 [17] 29.3 = 0.0 [4] 46.2 + 0.1 [3]
S5 ZFT 103 0.5...66.4 12 46 10t 0.2 [11] 3.1 + 0.6 [35] 79 * 13[28] 18.6 * 3.3 [25]
D7 ZFT 96 35..1154 0 0 8.8+ 2.2 [15] 141 + 2.3[47] 256 + 4.8[35] 56.6 + 36.3 [4]
B4 ZFT 100 0.5...46.4 16 42 15+ 0.4 [27] 4.7 * 0.8 [28] 125 = 25 [15] 23.9 * 3.8[31]
S3 ZFT 64 2.4..435 0 8 5.0t 0.9 [22] 104 £ 15([52] 16.8 * 3.2 [20] 29.4 % 9.0 [6]
B2 ZFT 74 0.8...92 5 15 12+ 0.4 [7] 4.4 + 18 [14] 8.9 * 14 [53] 16.9 + 2.9 [27]
K1 ZFT 94 2.6...272.6 0 14 6.4+ 0.6 [51] 174 = 19 [38] 138.9 + 25.2 [11]
B5 ZFT 100 0.2...93.6 20 33 1.2+ 0.2 [30] 8.8 + 14 [44] 221 + 3.8 [26]
B6 ZFT 78 0.6...76.1 9 39 2.7+ 0.4 [39] 9.3 + 14 [47] 34.9 + 61 [14]

Note: N is the number of single-grain analyses: P is the peak age in Ma * 1

used; in brackets is the size of the age population in %.

source catchments but relies on the downstream evolution of de-
trital age patterns alone. In principle, if these age patterns change
strongly between two successive sampling sites, the intervening
catchment area has to be eroding relatively quickly (accounting
for the size of the catchment and the relative concentration of
the target mineral) and to supply a distinct age population to the

of the computed age population.
calculated with the Mixture Model function of the DensityPlotter program (Vermeesch, 2012) and for the ZFT ages Binom‘t

For MAr analysis the deconvolved age populations were
peak “tting (Stewart and Brandon, 2004) was

river sediments. In contrast, if the age distribution does not change
signi“cantly between successive sites, then the intervening catch-
ment area either has an age pattern that is indistinguishable from
that of the upstream river sediments, or does not provide a large
"ux of target minerals to the river (because it is small, eroding
slowly, and/or does not contain a high concentration of the target
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mineral). The model can also be applied to tributary catchments,
but in this case it will only return a precise estimate if the trib-
utary erosion rate is smaller than that of the trunk catchment; if
the tributary erosion rate is larger than only a minimum estimate
that is equal to the trunk erosion rate is obtained. The method is
based on solving a coupled system of linear equations to invert for
both relative erosion rate and age pattern in the different source
catchments. It is fully described in Braun et al. (2018); a concise
description of the model and its main equations is provided in Ap-
pendix D.

For the modeling, we completed our new dataset with addi-
tional data from the literature (Bracciali et al., 2016; Enkelmann et
al., 2011; Lang et al., 2016; Stewart et al., 2008; Table 1; Figs. 4, 5).
The linear inversion was run separately for the MAr and the ZFT
data, using bin ages of <5 Ma, 5...10Ma, 10...20Ma, 20...50 Ma,
and >50 Ma. The bins were chosen so as to include the most
commonly occurring age peaks in all samples (Table 2). Numerous
model runs were performed to test the sensitivity of the inversion
to the number and the widths of the chosen bins. We found that,
for realistic bin ages and widths, the mixing model predicts spatial
patterns of erosion rates that do not vary strongly (Supplementary
Table B3). We assessthe uncertainty of our estimates of relative
erosion rate by a bootstrapping approach, in which we apply the
inversion to a large number of random sub-samples (with replace-
ment) of the observed age distribution.

3.3. Concentration factors

The mixing model requires information on the relative concen-
tration of the target minerals in the different sampled catchments
(cf. Appendix B; Egs. (B8), (B9)). Variable mineral concentrations
can be a source of bias when interpreting detrital age distributions,
and are observed even in units with similar lithology (Malusa et
al.,, 2016). We have estimated the abundance of zircon and mus-
covite in source catchments based on their concentrations in river
sands (Table 3). Grain sizes of 100...500 um, similar to those of the
dated minerals, were used. Mineral concentrations were obtained
from quantitative assessment of petrographic and heavy-mineral
modes by point-counting of thin sections and grain mounts un-
der the microscope, combined with weighing the dense sediment
fraction separated with heavy liquids (>2.90 gcm53).

4. Results

Detrital thermochronology data are synthesized in Table 2 and
Fig. 3; detailed analytical results are provided in Supplementary
Tables A1 and A2. ZFT data for the Kameng River sample (K1) were
previously reported by Chirouze et al. (2013).

4.1, Detrital muscovite “°Ar/3° Ar (MAr) ages

The Brahmaputra samples (B2, B4, B5, B6) all yield broad ranges
of ages, with peaks from 2 Ma to 40 Ma. 9...12%of the ages
are <5 Ma and 5%are <2 Ma, except in the most downstream
sample B6, which has <1%ages <2 Ma. Sample B4 has 10% pre-
Himalayan ages (> 50 Ma), other samples have <5% of those ages.
7% of the cooling ages are <2 Ma in the Siang sample (S6); how-
ever the major age peaks are at 6 Ma, 11 Ma and 20 Ma.
The next sample downstream (S5) has a similar percentage of
ages <2 Ma, with no grains 2...10 Ma; the large majority of
grains is in the range 15...30 Ma. Eastern tributaries (Dibang,
D7; Lohit, L8) show a large majority of ages >20 Ma; D7 con-
tains no ages <20 Ma, while L8 has a small age peak <10 Ma.
Samples from rivers draining the southern Himalayan "ank (Sub-
ansiri, S3; Kameng, K1; Manas, M9) show major age peaks between

10...15 Ma,with smaller peaks around 3 Ma (S3, K1) and 6 Ma
(K1, M9).

4.2. Detrital zircon “ssion-track (ZFT)ages

Brahmaputra samples all have a majority of ages <10 Ma, with
signi“‘cant age peaks around 2 Ma (except for B2, where this peak
is minor) and 9...12Ma. 8...23%of the ages are >20 Ma. The Siang
sample (S5) yields a positively skewed distribution with a majority
of <5 Ma ages (55%; 13% of ages <2 Ma). The Dibang sample (D7)
shows a broad age peak at 15...25Ma ( 80%); 17% of the ages are
>30 Ma. The Himalayan tributaries (S3, K1) have large age peaks
at 5...10Ma, encompassing 50% of the data, and an older peak at

17 Ma.

4.3. Inversion of detrital agedistributions

The inversion results, i.e., the distributions of predicted relative
erosion-rate values using the MAr and ZFT age distributions, are
presented in Figs. 4 and 5, respectively. Note that the inversion
predicts the relative (non-dimensional) erosion-rate values of each
catchment, with respect to the most upstream catchment (in our
case represented by sample T1 on the Yarlung...Tsangpoupstream
of Namche Barwa). We rescaled these values so that the average
for all catchments, weighted by catchment size and target-mineral
concentration, is equal to 1. We report the median relative erosion-
rate values, with the standard deviations around the mean as the
credible intervals, in Supplementary Tables B1 and B2. The “t of
the predicted and observed age distributions for each sample are
shown in Supplementary Figs. Sland S2.

The inversion of the MAr dataset predicts low relative erosion-
rate values upstream of the syntaxis (median values of 2 X 10°3
for samples T1 and T2). Downstream of Namche Barwa, relative
erosion-rate values increase “ve- to two-hundred-fold in samples
S6 (median value 0.01) through S5 (a composite sample for the
Pasighat site constructed by combining our sample S5 and sam-
ple C from Lang et al., 2016; median value 0.4), as signi“cant
proportions of young (<10 Ma) ages are mixed into the popula-
tions. Lower relative erosion-rate values ( 0.01) are predicted for
the Lohit and Dibang tributaries, as their characteristic age dis-
tributions, with large proportions of old ages, do not signi“cantly
in"uence the trunk-stream distribution. The model predicts rela-
tively high relative erosion-rate values with medians of 0.05...0.15
for the Brahmaputra catchments and their south-"ank Himalayan
tributaries. The highest relative erosion-rate values ( 1) are pre-
dicted for the most downstream catchment (B6) and its tributary
the Manas (M9).

Inversion of the ZFT data similarly leads to low predicted rel-
ative erosion-rate values along the Yarlung...Tsangpo upstream of
the syntaxis: samples T1, T2, 302 and P all have median values
of <0.05 (and for two of them, <0.01). The estimated relative
erosion-rate values increase by an order of magnitude (median val-
ues 0.15) as the river crossesthe Namche Barwa massif (samples
H and Q), and then by another order of magnitude (median val-
ues >1) for the tributary samples I...Kdraining the massif and the
trunk-stream sample R just downstream. All of these samples are
characterized by a large bin of <5 Ma ages. Downstream of the
massif, relative erosion-rate values drop again by an order of mag-
nitude (median values 0.1) both in the tributary samples L...N
and the trunk-stream sample at Pasighat (combination of S5, sam-
ple 301 from Stewart et al., 2008, and sample S from Enkelmann
et al, 2011). The Dibang sample (D7) shows different behavior
for ZFT than for MAr: relative erosion-rate values are predicted
to be relatively high (median value 0.1) because it contributes
to the large proportion of >10 Ma ages observed in the down-
stream trunk sample B4. The foreland Brahmaputra samples and
their southern Himalayan tributaries show contrasting behavior:
samples B4 and B5, as well as the Kameng River, suggest me-
dian relative erosion-rate values of 0.2, consistent with the MAr
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