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Abstract. The evolution of the drainage system in the EasMps is inherently linked to different tectonitages of the alpine
orogeny. Crustal scale faults imposed east-diresteden parallel flow on major rivers, whereas Iategenic surface uplift
increased topographic gradients between foreladdramge and hence the vulnerability of such riverbe captured. This
leads to a situation where major orogen-paralf@hel rivers such as the Salzach River or the ErverRre characterized by
elongated east-west oriented catchments southeopithposed capture points, whereby almost theeedt@inage area is
located west of the capture point. To determinectimeent stability of drainage divides and to pcedine potential direction
of divide migration, we analysed their geometrgatthment, headwater and hillslope scale covening $cales from millions
of years to the millennial scale. Therefore, we @ mapping for different base levels, generalizedtevpaofiles across
drainage divides and Gilbert metrics. Our resuitswsthat almost all drainage divides are asymmetiib steeper channels
west and flatter channels east of a common draidae. Interpreting these results, we proposedhainage divides migrate
from west towards east, so that the Inn catchmeowsg on expense of the Salzach catchment and tzacBacatchment
consumes the westernmost tributaries of the Mureamms catchments. While Gilbert metrics show theesacend at hillslope
scale at the Salzach—Enns and Salzach—Mur dradiaigke, they show no significant asymmetry at the-Salzach drainage
divide. As topography at the latter divide is doatéd by glacial landforms such as cirques and pesthaalleys, we interpret
the missing hillslope scale asymmetry of this divats a result of Pleistocene climate modulatiohs;imocally obscured the
large-scale signal of drainage network reorgaromatiVe suggest that the east-directed divide marairogressively leads
to symmetric catchment geometries, where eventtiadiytaries west and east of the capture pointrimrte equally to the
drainage area. To test this assumption, we hawanséwicted the proposed drainage network geomdtiedifferent time
slices.c mapping of these reconstructed drainage netwoidkisates a progressive stability of the network togg in the

Eastern Alps towards the present-day situation.
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1 Introduction

The drainage system of a collisional orogen isfiehtty linked to its tectonic and climatic evolutigBeaumont et al., 1992;
Willett, 1999; Montgomery et al., 2001; Willett @t, 2001; Garcia-Castellanos et al., 2003; Cedarbbal., 2004; Bishop,
2007; Miller et al., 2007; Roe et al., 2008; Chagmse et al., 2012; Herman et al., 2013; Robl eall7a). In a zone of plate
convergence, crustal shortening is a primary cowotirthe horizontal and vertical metrics of the mtain range (Houseman
and England, 1986; Royden et al., 1997; Robl aiid/&t2005a; Robl et al., 2008b; Bartosch et all,72Robl et al., 2017a).
Progressive shortening leads to thickening of Jipkbyant crust, which results in surface uplift #ormation of high alpine
topography (e.g. Molnar and Lyon-Caen, 1988). Ttweizbntal geometry of the mountain range reflecispression in, and
stretching perpendicular to the direction of platsvergence. In such a stress field, blocks ofttfitde upper crust are
advected along major strike slip fault zones. hiscess is commonly referred to as lateral extrugog. Tapponnier et al.,
1982; Ratschbacher et al., 1989; Ratschbacher, €88l1; Robl and Stuwe, 2005a; Robl and Stuwe5B0Robl et al., 2008b).
As a consequence of the horizontal and verticalanatf the crust, drainage systems are also add€€iark et al., 2004;
Miller and Slingerland, 2006; Stiiwe et al., 2008st&lltort et al., 2012; Kirby and Whipple, 2012ijlbt et al., 2012; Fox et
al., 2014; Goren et al., 2015; Yang et al., 2016e1@ et al., 2018; Eizenhdfer et al., 2019). Hoarevivers are not just passive
markers of crustal deformation, but also adjusirtbigannel slopes to the contributing drainage ,aupéft rate and bedrock
properties until longitudinal channel profiles graded and long-term erosion rates are in balafteuplift rates (Kooi and
Beaumont, 1996; Whipple, 2001; Willett et al., 20Gbren et al., 2014; Robl et al., 2017b). Howetertonic and climatic
conditions are not steady over an orogenic cydte.Signal of temporal variations is routed via n®knickpoints in channels
through the entire drainage system (Wobus et @D62Kirby and Whipple, 2012; Perron and Royderl,2@Royden and
Perron, 2013; Robl et al., 2017b). Evidence forewvipus tectonic phase is erased from their shapes all knickpoints have
left the drainage system at the drainage dividée Velocity of knickpoint migration depends strgngh different factors
such as lithology, upstream drainage area, amglitfdbaselevel drop, and sediment supply (Croshly\&hipple, 2006;
Loget and Van Den Driessche, 2009) and ranges ket@®01 and 0.1 m/year (e.g. van Heijst and PoR20Gi).
Across-divide gradients in erosion rate (stricghgaking, in the rate of change in surface elevatiesult in the migration of
the respective drainage divide, or even to disaie&r piracy events. The difference in erosioreriatusually reflected in an
asymmetric topography where the drainage divideatég from the steep towards the less steep sigleGébert, 1877; Robl
et al., 2017a; Robl et al., 2017b; Whipple et2017; Forte and Whipple, 2018). The reorganizatibthe drainage system
due to divide migration (continuous) and river pyavents (discrete) lasts at least one order ghitizde longer than the
upstream migration of knickpoints in channels (&gren, 2016; Robl et al., 2017b). Furthermorengkea in the contributing
drainage area as consequence of mobile dividesdunte a positive feedback, where the adaption ahmdl profiles to

changing catchment size amplifies across dividemifices in erosion rate (Willett et al., 2014) aAnsequence, information
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on long-term major tectonic phases associatedaMiginge-scale reorganization of the drainage pagiersists in the drainage
network topology and can be revealed from analysileggeometric properties of the drainage systednitandivides, even
after direct evidence from channels profiles hasaaly vanished (Willett et al., 2014; Goren et2015; Yang et al., 2015;
Hergarten et al., 2016; Beeson et al., 2017; Roal.e2017a; Robl et al., 2017b; Winterberg andléij 2019). However, it
should be emphasized that the relation betweematyeai divide migration and topographic asymmetnmyasunique. While
migrating drainage divides are usually asymmetifigre are specific tectonic, lithological or clincascenarios where
asymmetric drainage divides can be stable.

In this study, we aim to decipher the morphologatate of drainage divides in the Eastern Alpsajodistinguish between
mobile and immobile drainage divides and (b) caistthe potential direction of divide migration bypplying a set of
morphometric tools that consider divide disequilibr at catchment, headwater and hillslope scalghEtmore, we discuss
our results in the light of proposed changes indf@nage pattern since onset of topography foonaiDligocene) in the
Eastern Alps (Frisch et al., 1998; Handy et al1%)0and explore how these changes may have afftiotestability of the

divides compared to the present-day situation.

1.1 The drainage system of the Eastern Alps

The drainage system of the Eastern Alps is chaiaetbby two principal drainage divides (Robl et 2008a; Robl et al.,
2017a) (Fig. 1). One major divide follows the maitge of the Eastern Alps including the highestkseand separates the
Inn, Salzach and Enns catchments to the north thenbrau and Mur catchments to the south. The Dauaibd eventually
the Black Sea) represents the common base leal tifose rivers, but their confluence is locatedhie Pannonian Basin
hundreds of kilometers apart from the Eastern Adpsecond major drainage divide separates Alpwersithat flow into the
Adriatic Sea (e.g. Adige River) from the Mur—Dramaithage system. The configuration of the drainggéesns was controlled
by extrusion tectonics. Major tectonic lineamemtsihly strike-slip dominated faults, i.e. Inn VallEault, Salzach-Ennstal-
Mariazell-Puchberg Fault (SEMP), Mur-Miirz Faultrigdriatic Lineament (PL), Méll Valley Fault) conf a corridor of
lateral extrusion, where crustal blocks were atfiggueezed out to the east towards the PannordaaimBe.g. Ratschbacher
et al., 1989; Ratschbacher et al., 1991). Aimdgnajor streams of the Eastern Alps follow thesgomtectonic lineaments
for several tens of kilometers (Robl et al., 200Bartosch et al., 2017; Robl et al., 2017a). Hetloey flow parallel to the
strike of the mountain range, instead of leavirggdtogen towards north and south, following theegaktopographic gradient
(Fig. 1).

The courses of the Salzach and Enns rivers inahh mnd the Mur and Mdrz rivers in the south draracterized by knee-
shaped bends and T-shaped river junctions, wheeesriabruptly leave their tectonically precondiédnvalleys and drain
towards the forelands in the north and south, sy (Robl et al., 2008a; Robl et al., 2017a)c® sudden river course
changes in concert with the observation of windsgaipthe Salzach—Enns valleys and the Salzach-cbadtainage divide

(Fig. 1), as well as the provenance of sedimewtsgathe Enns valley (Dunkl et al., 2005; NeubaR@4,6) are consistent with
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the proposed reorganization of the Salzach and Hraisage systems (Kuhlemann et al., 2001; Dunkl.eP005; Robl et
al., 2008a).

Major valleys south of the alpine main ridge alBows a strong tectonic control (Robl et al., 2017dje eastern tributaries of
the Adige River and the western tributaries of Br@au River roughly follow the Periadriatic Lineanmgfrig. 1). The
occurrence of a prominent wind gap between Adigk@rau rivers, as well as T-shaped river junctiahthe tributaries of
the Adige River is discussed in terms of river giravents and an ongoing reorganization of thendg® system (Robl et al.,
2017a).

1.2 Co-evolution of topography and drainage systewf the Eastern Alps

Morphological observations (e.g. Robl et al., 2QG8ad provenance analyses (e.g. Kuhlemann et(fl1;Kuhlemann et al.,
2002; Kuhlemann, 2007; Neubauer, 2016) give eviddacseveral large-scale modifications of the EasAlpine drainage

system. The evolution of the drainage system isriatly linked to the Late Oligocene—Early Miocémgentation (Handy et

al., 2015) of the Adriatic into the European plateonset of indentation, the landscape of the étasAlps was characterized
by a hilly topography (Frisch et al., 2001), whisfas drained by a series of northward flowing rivgfgsch et al., 1998;

Kuhlemann et al., 2006; Kuhlemann, 2007).

During Early to Middle Miocene times, lateral exdioan tectonics, confined by a set of crustal seai&e-slip and associated
normal faults started and rocks at the Tauern Windeere exhumed rapidly. These processes initiatddrge scale

reorganization of the drainage system, where faomlppsed an east-directed orogen-parallel flow @jomrivers (Frisch et

al., 1998). This tectonic stage set the paleo-&suo$ the Enns, Mur and Drau Rivers (Dunkl et2005; Kuhlemann et al.,
2006; Kuhlemann, 2007). Evidence for a changingndge pattern was recorded by the sedimentarydeifosited in the

northern Molasse basin (Kuhlemann et al., 2006) iandner alpine basins (Dunkl et al., 2005). Tleelimentary record

consists of characteristic rocks of surroundingtfaspine units. Later, during Middle and Late Méoe, rocks from Penninic
and Subpenninic units of the rising Tauern Windekjch were previously overlain by Austroalpine shibccur in the

sediments of the northern foreland basin (Friscil.et.998).

Provenance analyses of sediments reveal the réwérBaw directions and potential stream captuvergs during the Late
Miocene (Kuhlemann, 2007). Frisch et al. (1998) Brumhkl et al. (2005) suggested that the initialprtheast directed Mur
River changed its course to the current southdesttdd drainage path during the Middle Mioceng(B). The detection of
wind gaps (Fig. 1; Robl et al., 2008a) and thdyaim of the sedimentary composition of intra-onoigebasins (Neubauer,
2016), suggest similar changes in the Salzach ant Erainage systems. The abrupt increase in stpEamer, a few

kilometers upstream, but mostly downstream of theekshaped river bend (Fig. 1), and a knickpoialyeis of tributaries

may indicate a stream capture event during thistBene forcing a base level lowering of the SaizRiver (Robl et al.,

2008a).

However, the drainage development since the edidgéhe is poorly constrained. In particular, thgact of the Pleistocene

glaciations, resulting in flat valley floors of tireink streams and hanging valleys with large kpaiits at tributaries (Robl

4



et al., 2008a; Norton et al., 2010; Valla et d01@) altered the geometry of rivers and obscuredebtonic record of preceding

tectonic events (Robl et al., 2017a).

2 Method

All topographic analyses are based on the EU-DEMadunded under GMES, Global Monitoring for Enwineent and
130 Security preparatory action 2009 on Reference Batsess by the European Commission) digital elewatrmdel with a
spatial resolution of approx. 25 m.

2.1 -mapping

In order to detect potentially mobile drainage dés due to across divide differences in erosian k¢ follow the approach
of Willett et al. (2014) by employing the so calledransform (Perron and Royden, 2013; Royden antbRe2013). This

135 approach is based on the detachment-limited madddddrock channel incision (Howard, 1980; Howdr@94; Hergarten,
2002) where the erosion rate is

— (1)

140 Here,H andx are elevation and longitudinal coordinate alorgriker profile, increasing in the upstream direatiwhileK
represents the erodibility of the bedrock. The dbation of the channel slope- and drainage are&to river incision is

represented by the exponemtandn The change in surface elevation at a given ug@it U is then given by

— )

145
The increase of contributing drainage area (anddnédischarge) with downstream distance leads toature of the channel
profile, which obscures the relation between toppgy and erosion rate and thus also the reconbdi®d or temporal changes
in uplift rate or contributing drainage area in tfl@ometry of the river channel. Tlrdransform eliminates the curvature of
the river profile by transforming the longitudiraordinatex to a new coordinate (Perron and Royden, 2013; Royden and

150 Perron, 2013). The contributing drainage area eagliminated if the transformation satisfies thadition

- = ©)

where is the concavity index. This is achieved by
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where the integration starts from an arbitrary giveference poirnt, while A is an also arbitrary reference catchment size,
which only affects the absolute scale of thealues Ao = 1 km? in this study).

Then the erosion rate is

_ 5)
Under spatially and temporally uniform tectonic atlishatic conditions,c transformed steady-statieer profiles are thus
straight lines. We calculatervalues for all channels with a contributing drgiearesdA 1 km2 andg= 0.5. Ascis computed
in upstream direction from a given base level,resdriction toA 1 km? does not affect themap itself, but only removes
the uppermost river segments. Such a restrictioreégssary as increases rapidly when approaching a drainageleliand
the resulting highr values would shadow across-divide contrasts ifihe value of 1 km? is a trade-off between datasilg
and the deviation of the real erosion rate fromrtite predicted by the stream power law. Hergagteal. (2016) found a
moderate deviation in slope of about 20 %A at 1 kmz2 for Taiwan. As this deviation applies wttbsides of the considered
drainage divides, it has a minor effect on the agions drawn fronz mapping.

Major rivers of the Eastern Alps exit the mountange to the foreland at an elevation of about#00Ve therefore chose
this elevation as the common base le¥{k{) = 400 m). In order to limit the influence of s@dhtheterogeneity in tectonics
and climate orr at drainage divides, we also computefbr a series of higher base levels (600 m, 80100 m).

The analysis of across divide differencesiexploits the fact that channels, originating aoanmon drainage divide (i.e.
similar channel head elevation) and sharing theedaase level elevation, are stee; i small (Willett et al., 2014). Hence,
across divide differences mindicate differently steep rivers on both sideshef divide, averaged from the baselevel to the
channel head. Generalizing the ideas of Gilberf {1&nd applying the stream power relation, steepannels result in higher

erosion rates, and hence, drainage divides shoigicita towards the high catchments.

2.2 Generalized swath profiles

We employ generalized swath profiles (Hergartemlgt2014) to explore differences in headwaterefedicross drainage
divides. The drainage divide represents the cubaskline of the swath profile. The signed minimustathce (Euclidian
distance) of every data point of the digital elémMaimodel to the base line is computed and cootdipairs (profile coordinate,
distance) are binned. Topographic maxima and mimapeesenting the summit domain and the drainagfesy respectively,
as well as mean elevation and standard deviatidicadting the degree of landscape dissection aresepted as function of

signed distance from the drainage divide. The walth of the swath profiles is 5 km.



185 2.3 Gilbert metrics

To investigate the symmetry of drainage divides patkntial anomalies at the hillslope scale, wesigheine the so called
Gilbert metrics, originally proposed by Gilbert I and formalized by Whipple et al. (2017). Acrdsdde differences in
channel head elevation, hillslope gradient andlloelgef (represented by Gilbert metrics) were cameal with Divide Tools
(Forte and Whipple, 2018), a collection of morphtnnefunctions based upon TopoToolbox (Schwanghad Scherler,
190 2014).
Channel heads at the transition from the hillsltipthe fluvial domain are defined by a contributohginage area threshold
of 1 km2. Hence, channel head elevation is theagiien at this point. The local relief is the maximelevation Hmay within
a circular window minus the elevation of the chdrread. We chose the default window size with ausdf 0.5 km (Forte
and Whipple, 2018), which encloses the nearby rlagss, but does not reach far beyond. The slopdignt is the average
195 topographic gradient between the channel headrendighest point within the analysed window. Thestrics are averaged
(arithmetic averaging) at each side of the watatshevalues (e.g. eevaion represent the difference of averaged metrics of
the two sides of the drainage divide. Eventuallyalues are normalized to a range from -1 to thabevery deviation from
0 evidences for an asymmetric drainage divide.oillg the nomenclature of Forte and Whipple (2098 ,refer to these

metrics as Gilbert metrics.

200 3 Results

By applying a set of standard morphometric analysediscovered several distinctly asymmetric digendivides. We found

divide asymmetry considering information from emtiiatchments, headwaters, and even hillslopes.

3.1 -mapping: across divide differences at catchment ate

As already described by Robl et al. (2017a) andt¥vioerg and Willett (2019), we also found distimcanomalies at the
205 divides of the Salzach catchment and the Inn andeA@/VS 1) catchments in the west, the Saalach Z)\&tchment in the
north, and the Enns (WS 3) and Mur (WS 4) catchminthe east (Figs. 1, 2a-d). Across divide défexes inc between the
Salzach catchment and the Drau catchment in thih soa small. As a clear trend, all streams atnéstern side of roughly
north-south trending drainage divides feature §icamtly lower ¢ values than adjacent streams east of the diwllesobserve
this trend at WS 1, where tributaries of the easgalzach River show significantly highewalues than tributaries of the
210 western Inn River. Similar anomaliesdroccur at WS 3 and WS 4, where the tributariehiefEnns and Mur Rivers feature
higher ¢ values than tributaries of the Salzach River. /8 @/ separating the Salzach from the Saalach cetthmigherc
values are observed north of the divide within$laalach catchment.
A stepwise increase of the baselevel from 400 m. (&) to 600 m (Fig. 2b) and 800 m (Fig. 2c), tardamount a shift of

the starting point of the computation towards the headwaters, changes Hwduabc values, but does not change the observed



215 across divide gradients in However, starting the integration at the very headwaters of the investid catchments by
setting a baselevel of 1000 m (Fig. 2d), sevenalszcdivide gradients disappear or are even reverted, asvabat WS 1.
There, and in contrast to lower base levels, tabes of the Inn River feature highewalues than tributaries of the Salzach
River. The rivers on both sides of WS 2 and WS@askimilar ¢ values. However, the distinctanomaly observed at WS 4
still remains. All tributaries of the Mur show higihc values than tributaries across the divides tdteai, Salzach and Enns

220 catchments. Beyond that, the analysis showsctheddients across the Mur and Enns drainage diuitesase with increasing
baselevels.

For a baselevel of 400 m, absolute values, @tracted at the channel heads on both sideg dfitlestigated drainage divide,
reflect the described across dividgradients quantitatively (Fig. 3). At the westerraindrainage divide of the Salzach
catchment, the distribution @f ranges between 3190 m and 6740 m in the Inn /éAd&chment and between 5810 m and

225 8890 m in the Salzach catchment. Mean valuasdre 4887 m at the Inn / Adige side and 7525 rh&tSalzach side of the
drainage divide. The gradient indicates that the average steepnesg ahinnels is higher at the Inn / Adige side thahea
Salzach side of the divide. At the eastern draimtigides of the Salzach catchment, the Salzachns Bnd the Salzach — Mur
divide, the c distribution of the Salzach ranges between 2670nth @30 m, while channel heads at the Enns and Mur
catchment feature values between 4410 m and 9100 m. Mean valuesire 4267 m and 5443 m at the Salzach catchment,

230 and 6360 m and 8093 m at the Enns and Mur catclsm&hec gradients indicate higher average channel stespatethe
Salzach side of the divides. Across divide gradi@nttthe northern Salzach — Saalach divide armdist smaller than those
at the western and eastern Salzach watersheds: dis&ibution ranges between 3670 m and 6220 theaBhlzach side and
between 3390 m and 8130 m at the Saalach side. Mé&aslightly shifted towards higher values at trealdch (5834 m)
relative to the Salzach side (4829 m). This, howdsecaused by the long tail of the skewed righistribution of the Saalach

235 catchment.

3.2 Swath profiles: across divide differences at hewater scale

The four curved swath profiles perpendicular towla¢ershed segments WS1 — WS4 indicate a seristovfct across divide
differences in the headwater relief (Figs. 1, &)fikst glance, WS 1 appears to be roughly symmetith a steady decrease
in mean Hmeay and minimum elevatiorHmin) with increasing distance from the divide. Up tdistance of 2 km, the drop in
240 Hmeanis larger at the Inn side of the divide. At a digte of 5 kmHminis slightly lower at the Salzach side in comparismn
the Inn side. At this distance, the swath corrigloeady reached the trunk valley of the Salzacindge system, but reached
only a small tributary of the Inn River at the atls@e of the divide. Overall, the reliflgax — Hmin) is larger at the Inn than
at the Salzach side of the divide. The Saalachza8adrainage divide (Fig. 4, WS2) shows a strasygnmetry irHmeanand
relief, but no spatial trend iHmin. The latter is bound up with the fact that theirthge divide exhibits a wind gap, which
245 connects the valley floors of the Salzach and $aalvers without a significant drop in valley floelevation (Fig. 1). In

contrast, the eastern divides of the Salzach caohshow a strong asymmetry (Fig. 4, WS3, 4). To@ ¢ Hmin andHmean
8
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with increasing distance from the divides is distinmore pronounced at the Salzach side thaneaEtins and Mur sides of
the drainage divide. In consequence, high gradienitk.n andHmeanform towards west, and gentle gradients arise tdsva

east.

3.3 Gilbert metrics: across divide differences atilislope scale

The Gilbert metrics suggested by Forte and Whigp0d8) comprise three measures characterizingotted Hifferences at
drainage divides (i.e. channel head elevation, mgastiream relief, mean upstream gradient). Ovesaalltrong divide
asymmetry at hillslope scale is only observed at3hlzach — Mur drainage divide (Fig. 5).

At the westernmost drainage divide of the Salzaatehoment, elevations at channel heads (Fig 5, Wi 1ip the range
between 1100 m and 2600 m. At the Salzach basamrei head elevations show a unimodal distributith a mean value
of 2044 m, while the distribution at the Inn / Adibasin is bimodal and has a mean value of 1970 verall differences are
small, but indicate a slight shift towards lowemanhel head elevations at the Inn / Adige side efdrainage divide. The
upstream relief ranges between 200 m and 660 nisamtdformly distributed within the Salzach, buesked-left distributed
in the Adige catchment. Mean values of upstrearefrate similar in the Salzach and Inn / Adige batent with 386 m and
382 m, respectively. Analogous to the upstreanefielipstream gradient is uniformly and skewed-tiétributed in the
Salzach and Inn / Adige catchments, respectivebluds for upstream gradient are in the range of@®0.8, with mean
values of 0.45 for the Salzach and 0.44 for the/ lAdige catchments. Beside outliers, upstreanefreind upstream gradient
appears slightly larger in the Inn / Adige catchtrtban in the Salzach catchment.

At the Salzach — Saalach drainage divide, diffezsric all Gilbert metrics are small. Elevation laacnel heads (Fig 5, WS 2)
ranges between 740 m to 1750 m with mean valué4?4 m and 1370 m at the Salzach and Saalach sitle divide. The
upstream relief and the upstream gradient rangedeet 250 m and 760 m, and between 0.35 and 1Heirsalzach and
Saalach catchment, respectively.

While the eastern drainage divide, separating tiza8h from the Enns and the Mur catchments, featoonsistently large
anomalies inc, Gilbert metrics representing the hillslope séaticate a largely symmetric Salzach — Enns, adistnctly
asymmetric Salzach — Mur drainage divide. Chaneatlrelevation of the Salzach — Enns divide (FigV$,3) ranges between
840 m and 2200 m, with mean values of 1206 m a® 12 at the Salzach and Enns side of the divide.|@Wwer channel
head elevation is also reflected by a slightly Bigimean upstream relief and mean upstream graitiethe Salzach, in
comparison to the Enns catchment. Mean valuesHrerBand 0.42 for the Salzach, and 343 m and 0t#hédEnns catchment.
The divide between Salzach and Mur catchmentsagackerized by the largest across divide differsmeall Gilbert metrics
(Fig. 5, WS 4). Elevation at channel head lies betw1350 m and 2220 m. On average, channel headtieleis distinctly
lower in the Salzach catchment (1747 m) than irMbe catchment (1982 m). Lower channel head elewatresult in a larger
mean upstream relief and higher upstream gradierhé Salzach (425 m, 0.5), in comparison to the datchment (375 m,
0.42).
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4 Discussion

Gilbert (1877) already recognized that cross-divifierences in erosion rate result in mobile wsiteds, whereby catchments
featuring higher erosion rates grow on expensedgcant catchments with lower erosion rates. Indingplest case with
overall uniform conditions, erosion rate increasgh channel steepness in the drainage and topbigrgpadient in the
hillslope domain. Hence, divide asymmetry eviderfoeglrainage divide migration from the steep tadgathe less steep side
(Gilbert, 1877; Willett et al., 2014; Robl et &#017b; Forte and Whipple, 2018). Asymmetry at digendivides may occur
at catchment, headwater and hillslope scale, byt mo& necessarily be observed at all these maggstugor example, an
increase or decrease in drainage area due toracapéure event may cause anomaly at the drainage divide, which predicts
drainage divide mobility. However, if the sighaéxpressed by an upstream migrating knick pointnickkzone — has not yet
reached the divide, the divide may still be symiedt the hillslope scale indicating divide stailat that time. Glacially
controlled base level lowering (e.g. Hallet et B896; Whipple et al., 1999; MacGregor et al., 2@@cklehurst and Whipple,
2002; Montgomery, 2002; Anderson et al., 2006; ldabunann et al., 2007; Zist et al., 2014) with amaase in local relief
at the north facing side of divides may causeangtasymmetry at hillslope scale, but will not tesuan anomaly irc maps,

as long as the drainage network topology remaictamged.

4.1 Challenges and limitations interpreting drainag divide asymmetries

A direct determination of present-day divide migratrates is challenging as migration rates arténrange of millimeters
per year (Goren et al., 2014) and major river aapéwents are rarely observed (Brocard et al., 2@a8ites et al., 2013). In
concert with sediment provenance (Frisch et al981%uhlemann, 2007) and erosion rates based amagenic nuclides
(e.g. Dixon et al., 2016), topographic metrics seas proxy for drainage divide mobility.

Due to the superposition of climatic, tectonic &tiilogical signals in tectonically active, glaltyamodified mountain ranges,
the interpretation of topographic metrics in tewhstable versus mobile drainage divides is notju@iand paved with some
pitfalls. For example, the topography of the Eastlps reflects different tectonic phases with atggemporally diverse
vertical and horizontal crustal velocity field cooiting uplift rates and horizontal advection (i.lteral extrusion)
(Ratschbacher et al., 1989; Ratschbacher et &1;1Robl et al., 2008b; Bartosch et al., 2017) hgirag climatic conditions
governing peculiarity and even rates of erosiongbge processes (e.g. Herman et al., 2013; Dikah,&2016), and substrate
properties limiting the steepness of landformsxaseassion of the long-term tectono-metamorphic @imh of the mountain
range (Schmidt and Montgomery, 1995; Kihni andfidif, 2001; Schmid et al., 2004; Robl et al., 2018)particular the
strong glacial imprint altered topographic meti@esl affected exhumation and erosion rates (e.gprbDét al., 2016; Fox et
al., 2016), whereby the turnover time from glattafluvial landscape characteristics is controlisdlithology (Robl et al.,
2015) and uplift rate (Prasicek et al., 2015). Theadients in erosion rate reflect rather a trandigndscape state due to

glacial-interglacial periods than across dividdedénces resulting from the reorganization of trershge system.
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While a transient state caused by changing clin@atitectonic conditions is often considered asrttost likely reason for
divide asymmetry, spatial heterogeneity may in@ple reproduce the same topographic charactesjdtiat even in a steady
state (e.g. Whipple et al., 2017). In the fluviegime, contrasts in uplift rate, lithology, and @p#ation play similar parts.
The crucial question in this context is whetherghe a sharp topographic contrast at the draidagge or a gradual variation.
In a steady state with only vertical tectonic moeemthe local steepness of the topography iseelat the properties at the
respective point. Thus, sharp across-divide cotstras topography require discontinuous variationsprecipitation or
lithology or the existence of active faults closethie drainage divide, i.e. a sharp contrast iiftuglte. However, drainage
divides do not move towards such discontinuitiegémeral (Robl et al., 2017b), so that sharp acdddde contrasts in
topography due to tectonics or lithology shouldraee. This is, however, not necessarily true ifizumtal advection is
involved. Then a divide that is stable in an aboftame is mobile in the moving system and thysresetric with a sharp
contrast. The conditions for the development ohsstable divides were investigated in detail byeBlzfer et al. (2019) by
computing the crustal velocity governed by oveusting at a flat-ramp-flat geometry and modellihg tesponse of the
drainage system. Beyond this, contrasts in pretipit are another candidate for the origin of stamymmetries at drainage
divides because the pattern of precipitation itugriced by the topography, although the controprafcipitation on the
geometry of river channels is still debated (e.grtBnk et al., 2003; Dadson et al., 2003; Moln@f3 Reiners et al., 2003;
Wobus et al., 2003; Hodges et al., 2004).

Concerning the question whether the across divigenanetry of the topography is sharp or rather gnhdhe analysis of
stream profiles has only limited benefits as theash power law does not capture the hillslopess Tihiitation also affects
all analyses based on thd@ransform. The vertical distance between chaneatitand base level divided bys the average
steepness of the channel, but provides no expifcitmation on the steepness of the dividing ridgelf. Consequently, a low
increase irc at the lower channel reach may result in a steapreel on average, and smailalues even at the channel heads.
Even if a stable divide can be excluded by othguiaents, this implies that anomalies at drainage divides may indicate
potential divide mobility in the future, rather thaurrently mobile divides (Forte and Whipple, 2D2\/ithout doubt, many
factors and processes may lead to an amplificatioemergence of across divide gradientscimnd complicate the
interpretation ofc in terms of divide stability (Whipple et al., 2Q1Forte and Whipple, 2018). As a strategy to cowaute
some of these pitfalls, a seriesaahaps with progressively raised base levels nardmms the impact of spatial heterogeneity
in tectonics and climate from catchment to headm&tale. This allows statements on the positiothefdisturbance within
the drainage system and potential divide mobitityhie far and in the near future.

In this context, the question may arise whethenapping, i.e., the consideration @flone without regard to differences in
elevation, is as good as computing an average ehateepness from the differences in elevationimamdvalues. According
to Eq. (5), the slope of atransformed river profile is a proxy for the emsrate at given erodibility. Thevalues at the end
of the rivers would be inversely proportional tistblope if they were at the same elevation eveey@hThis means that both

approaches are equivalent if the steepness ofillapes is the same at both sides of the drairtigdes. Otherwise, the
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interpretation ofc maps is not entirely free from an influence of tikslopes, even if the lower limit of catchmeitesis
large enough to ensure the applicability of thear power law. If the hillslopes at one side aeeptr, the channel heads
(here defined by a minimum drainage area of 1 lar@)at a lower elevation, so that the consideratfanalone overestimates
the mean steepness of the channel. This means tigbping implicitly captures the steepness of itgdpes to some degree
if applied across drainage divides. With regardh relevance of the hillslope regions for the miiign of the drainage
divides, this might even be seen as an advantageraipping over mean channel steepness.

The Gilbert metrics, a set of local topographic sueas, characterize hillslopes at both sides oinestigated divide (Forte
and Whipple, 2018) and hence the (a) symmetryefithide itself. In contrast to mapping, there are no far field effects and
significant asymmetry of the dividing ridge shoualwtrespond in principle to across divide gradiém&rosion rate and divide
mobility. However, in active, glacially modified mntain ranges, several factors and processes rhakiaterpretation of
these metrics challenging. Landslide-controlleéshold hillslopes emerge, where incision ratefiéndrainage system are
high (Montgomery et al., 2001). Then the relatiopdfetween topographic gradient and hillslope emsate breaks down,
and dividing ridges become symmetric although tfesture across divide gradients in erosion rate raigtate. For the
European Alps, an average limiting slope stabdgitbgle of 25° is reported (Schmidt and Montgome895t Kuhni and
Pfiffner, 2001), so that most of the divides in $itiedy area are prone to landsliding. Howeveraiigular within the formerly
glaciated realm of the Alps, many of the non-scaéntted hillslopes are distinctly steeper and &#iture glacial landscape
characteristics (Robl et al., 2015). There, locetrios such as relief, gradient or channel headaélen rather indicate the
impact of the last glaciations on topography thargtterm trends in drainage network reorganizatigacial overprint does
not primarily affect the first order drainage netis but has a strong impact on local relief (Bigpcklehurst and Whipple,
2002; van der Beek and Bourbon, 2008; Norton et28110; Salcher et al., 2014). Aspect-controlleffiedences in relief
formation due to glacial erosion (e.g. north versasth facing mountain flanks) result in local, @msible compensating
motions of the divides (Robl et al., 2017a) thatyroaunteract the regional trend during the turndiree from glacial to
fluvial landscapes. Hence, such local disturbanogsr large-scale and long-lasting changes inthimage network topology.
Generalized swath profiles amdnaps with a base level at the headwaters mayétitggap between catchment and hillslope
scale and assist detecting local peculiaritieseasribed above.

Summarizing, the major advantage of Gilbert metiesin the analysis of short wavelength — higlphtude signals, e.g. the
development of escarpments (e.g. Tucker and Slanggr 1994). In contrast, the reorganization ofrdéige patterns forced
by tectonic processes represents a large length-séaw amplitude signal taking place in millioofyears (Robl et al., 2015),
which can be targeted by the calculationcomaps. Headwater processes and the position ofrtseonal signal can be
addressed by varying the base level fordhensformation and the extraction of generaliagdtk profiles. We hereinafter

discuss the behaviour of the drainage divides irsicteration of the described pitfalls.
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4.2 Mobility of Drainage Divides in the Eastern Alfs

As discussed in the previous section, the obseaggthmetry of drainage divides observed in the stedyon, with steep
western and less steep eastern sides may in gen@pult from spatial heterogeneity at the draéndiyides with sharp
contrasts in uplift rate, substrate propertiesrecipitation. Furthermore over-thrusting along rampay result in asymmetric
but still stable drainage divides. Hence, dividgnametry does not necessarily indicate divide mobilHowever, there is no
evidence that the drainage divides analysed hédomfguch lithological or tectonic structures. Shaontrasts in precipitation
would require (i) a sequence of decrease, recovanry, decrease in precipitations rate in east-wigsttébn and (ii) an
inversion of the north-south contrast along a drgindivide (WS1), both at rather small scales.Heurhore, the observed
west — east asymmetry of divides is not consistéthit the thrusting direction of major alpine unitghich occurred roughly
from south to north. In consequence, it appearsalistic that the observed pattern is entirely aglgd by climate, lithology
or active faults, although some influence of clienggnd also of tectonics or lithology) cannot belesed. Summarizing, the
known long-term reorganization of the drainage mekw(Frisch et al., 1998; Frisch et al., 2001) awpanied by changes in
contributing drainage area appears to be the rikedy interpretation of the observed topographittgra and is enhanced by
progressively increasing the base leveldaomputation. Shifting the observational scale fiorsumable tectonically and
climatically heterogeneous catchments to their nan@ogenous headwaters shows no qualitative changks ¢ pattern.
The ¢ anomalies across the divides remain up to a basded& 800 m (Fig. 2, 3). Our results, therefongggest that drainage
divides of the investigated catchments are mohilé #®llow a general trend. At north — south runniohginage divides,
tributaries feature lower values west of the dividing ridge and hence arefstr on average than tributaries draining towards
east (Fig. 2). However, this trend inbreaks down at some divides for a base level 601® characterizing the very
headwaters, only.

Gilbert metrics characterizing divides at hillslogEale are consistent with tlrgpattern at the Salzach — Enns and Salzach —
Mur drainage divides and indicate that these dividiee currently mobile. However, and in contraghtoc pattern (up to a
base level of 800 m), they indicate divide stapitit the Inn — Salzach drainage divide (Figs. 2)iBparticular at the latter
divide, glacial landforms such as cirques and Usslbavalleys are abundant and we interpret the ngshillslope scale
asymmetry of this divide as a result of glacialsémn, which temporally stops divide migration (Rebhl., 2017b). However,
Robl et al. (2017a) showed that the impact of \deiglacial erosion across divides is small anergble. We suggest that
the topographic signal of cold climate processgs)arily acting during the Pleistocene, locally otnes the large-scale signal
of drainage network reorganizations in many parth® Eastern Alps and in general limits the aglitty of Gilbert metrics
in glacially shaped mountain ranges.

We suggest that the proposed drainage divide nigr&éfom west to east is inherently linked to thermpview geometry of the
Salzach and Enns catchments south of the Northaltaf@ous Alps (Figs. 1, 2, 6). In this domain, thain stem of the
Salzach and Enns still follows the SEMP, whichrie the major tectonic lineaments of the Easterrs Algang and Neubauer,

1998). It has been proposed that during the Midedie, Salzach and Enns formed a common catchmémamweast-directed
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flow path (e.g. Neubauer, 2016), but were sepaiiayadajor river piracy events due headward erodimgh — north draining
rivers (Kuhlemann et al., 2001; Dunkl et al., 20B5pl et al., 2008a). As a consequence, the majdiop of the Salzach and
Enns drainage areas are located west of their @aptints and by reversing the flow direction otadya minor amount east of
the capture points. This is consistent with theentrasymmetry of the catchments, with a large evasand a small eastern
sub-catchment and explains the observed acrosdedgriadients irc. Long east-directed channel segments in conceint wi
distinctly elongated catchments result in a slowrdase in catchment size in upstream directioncélenaccumulates to
large ¢ values at the western and lawalues at the eastern drainage divides. Integréitorg a common base level up to the
same channel head elevation, large and soadllues on different sides of a common divide (I8alzach, Salzach / Enns
and Salzach / Mur divides) are the expressionlofweand high average channel steepness of long-e@st and short east—
west draining channel segments, respectively. Husever, implies that observedanomalies at the investigated drainage
divides are the consequence of the Early to Midddiw lateral extrusion tectonics (Ratschbachekr,et389; Ratschbacher
et al., 1991), where the activity of crustal sdalglts imposed non-ideal flow-direction to majovais (Robl et al., 2008b;
Robl et al., 2017a). The indicated drainage netwedkganization from orogen-parallel to orogen-pedicular flow is a
long-lasting process. While river piracy eventsseaa sudden large-scale modification of the dra&nagtwork, drainage
divide migration and flow direction reversal islavg continuous process at rates of few millimefees year (Goren et al.,

2014), which explains the longevity of morphologidesequilibrium after changes in the tectonic foge

4.3 Stability of divides for different evolutionary states

Based on provenance analyses and geomorphologidi#s, it has been proposed that different tectphases have triggered
a repeated reorganization of the drainage systaoe she onset of topography formation in the Easfdps (Frisch et al.,
2000; Kuhlemann et al., 2001; Dunkl et al., 2005hkmann, 2007; Keil and Neubauer, 2009; Neub&@&t6). As the
position of past drainage divides is not well coaisied, we test if and how different catchment gewi@s, roughly mimicking
the catchment geometry suggested for differentgshagthe drainage evolution, affect the stabditylrainage divides (Fig.
7). We focus on the plan view geometry of catchmently and do not consider potential topographig.(aplift of the
Northern Calcareous Alps) or base level (e.g. isieer of the northern foreland basin, the Molassgr)ahanges. In order to
create the proposed drainage patterns for diffdneet slices, we dammed valleys and forced riverdrain across prominent
wind gaps (see Fig. 1 for wind gaps), which chartigesarge scale system of rivers but leaves thal stale network topology
unaffected. As the computation considers the network topology onlgt eoes not require further topographic information,
it is not a problem here that the topography ofghstern Alps during the evolution is not well doaisied.

For the period of lateral extrusion during the Ead Mid-Miocene, it was suggested that the Salzawath Enns formed a
common drainage system (Paleo-Enns) with an orpgealel flow path following the SEMP fault from steto east (Fig. 7a)
(Frisch et al., 1998). Compared to the presentetainage pattern (Fig. 7d), the elongated catchmihtits long main stem

and numerous short tributaries contributing dragnaigea from south and north, causes very bigllues at the eastern domain
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of the drainage system. In particular, the Inn le@&nns drainage divide is characterized by higbss divide gradients in
¢, but even the southern drainage divide betweeeoPlahns and Drau indicates a strangnomaly. This suggests that the
Early to Mid-Miocene situation, with elongated datents featuring hundreds of kilometers of orogerajel flow, were
prone to river piracy events and the migrationrainhge divides.

The timing of the following drainage network reomngaation is not well known. However, streams oraing south of the
SEMP fault and draining towards the northern fardléasin eroded headwards and captured the eastingiring Paleo-
Enns (Salzach — Enns) drainage system (Frisch, @i9818). Currently, two rivers, the Salzach arelEnmns, follow the SEMP
for more than 100 km each, but abruptly changer tmiirse in a knee-shaped bend towards north {frigthese sudden
changes in flow direction most likely indicate aagt points. In addition, a suspicious wind gap s&jrag the Saalach from
the Salzach valley with a vertical drop of onlyeavfmeters (Fig. 1) may indicate that the Paleo-Bwes once captured by
the Saalach River, but redirected again potentéhilyng the Pleistocene glaciations (Robl et &1Q8&) (Fig. 7b, c).
Although not yet constrained by provenance studigsotential capture of the Paleo-Enns drainagesyby the Saalach
River would stabilize the westernmost drainaged#iviinn — Saalach divide). This is indicated byeardase of the across
divide ¢ gradient similar to the present situation (Fig). Hbwever, in this scenario, the western drairgdigiele of the Enns
catchment shows a distinct across dividgradient with highe values at the Paleo-Enns and lowalues at the Saalach side
of the divide, which would result in a progressiloav direction reversal of the upper Enns River.

It is still debated at which time the orogen-paiditaleo-Enns River was captured by the south—mivaiming Salzach River
(Fig. 7c). A Pleistocene, glacial-induced activataf the northward directed drainage outflow ar@tking the passage at the
Saalach — Salzach wind gap is discussed (Robl,e2@08a). A similar event recently happened in &dfykCanada due to
climate warming and glacial retreat (Headley, 2@htgar et al., 2017). Assuming a Pleistocene oaptent due to waxing
or waning of glaciers, the origin of the Salzadm{kar to the nearby Lammer River) must have inavié¢ been located south
of the NCA. Beyond others, one argument for sushemario is the small amount of flow reversal & tbrmer Enns River
east of the capture point. However, the concudeaihage through Saalach and Salzach valley wealdi o the disappearance
of the ¢ gradient across the Saalach and Salzach water§ligpd7€). The watershed separating Salzach fronms Brasin
complies with the present-day location of the wetted (Fig. 7c, d) and thedistribution shows a similaranomaly indicating

an eastward drainage divide migration as proposethé present-day situation.

5 Conclusion

The tectonic evolution of the Eastern Alps causezbaated reorganization of the drainage netwaordesbnset of topography
formation in the Late Oligocene / Early Miocene. ¥plied various morphometric methods to constiarpotential mobility

of drainage divides on catchment, headwater atgldpke scale. Based on our analysis, we came tiollosving conclusions.
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Almost all drainage divides of the investigated @imare asymmetric at catchment, headwater, aml@ilsiope
scale, which evidences for drainage divide mobilitiiere the steeper side of the divide migratesitds/the less
steep side of the divide.

It turned out that the western side of the consideirainage divides is in general steeper thaedbktern side, so
that the general direction of divide migration isstvtowards east. This implies that the Inn catetirgeows on
expense of the Salzach catchment and the Salztatinmeant consumes tributaries of the Enns and Mghozents.
At some divides, metrics characterizing hillslog€sélbert metrics) are not consistent with thoserahterizing
larger scales. We found that glacial imprint logalbscures large-scale signals of drainage netreariganization.
Hence, the applicability of the classical Gilbertnts in glacially modified mountain ranges sustilee Eastern
Alps is limited.

The general drainage migration trend from west towaast is probably caused by the geometry ohosats,
which dates back to the period of lateral extrusiothe Early to Mid-Miocene. The activity of majfaults north
and south of the central axis of the Eastern Algsased non-ideal, orogen-parallel flow directiamsigjor rivers.
Subsequent capture events restored orogen-perpéardiow, but relics of the lateral extrusion patiremained:
elongated catchments west of the capture poinh ait about 100 km long east-draining main stem sioit
tributaries draining south—north and north—south.

Analysing catchment geometries that roughly mirhie drainage pattern from Early to Mid-Miocene todgathe
present situation shows that anomalies at the divides decreased, indicating that divideity increased over
time. Currently, large across divide gradientsvarage channel steepness (and hence erosion cat@) mostly
at north—south running watersheds (i.e. Inn — $alz8alzach — Enns, Salzach — Mur), where tribegasith short
and long flow lengths from channel heads to theebegel meet at the divides. However, as continutivisie
migration is slow and major capture events at thdiseles are not expected, we suggest that therodde

disequilibrium is long-lasting.

Timing of river piracy events and rates of drainaj@de migration are still not well constrainedhélre is great need for

additional provenance studies of river sedimentd,dating river terraces and cave sediments.
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Figure 1. Topographic map of the study area and thdrainage pattern of the Eastern Alps. The inset showthe position of the study
within the European Alps. Blue lines indicate the dainage pattern, whereby the line width is proportimal to logio of the contributing

drainage area. Drainage divides are shown by thiclhite lines. Major faults are indicated by solid back lines and the direction of
motion is shown by arrows. The red line and the gre hull indicate the course of the swath profiles shwn on Figure 3. Yellow

triangles illustrate the occurrence of prominent wind gaps.
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730

Figure 2. Drainage pattern of the Eastern Alps calciated for increasing baselevels and color—coded fag. All streams with a

contributing drainage area larger than 1 km2 are slown. The line width of the channels is proportionato logio(drainage area).

White lines and annotations represent the major dranage divides. (A) Baselevel set to 400 m of eleiat. (B) Baselevel set to 600 m
735 of elevation. (C) Baselevel set to 800 m of elevati (D) Baselevel set to 1000 m of elevation.
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Figure 3. values measured at channel heads of the investigdtcatchments. Histograms with a black outline repesent the Salzach

drainage basin. Histograms with a blue filling repesent the adjacent Inn/Adige (WS 1), Saalach (WS,2gnns (WS 3) and Mur

(WS 4) drainage basins with n as the total numberfadata points. Data are divided in 10 equally-spaakbins. Error bars indicate
760 the standard deviation and filled circles are the raan values of the dataset.
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Figure 4. Generalized swath profiles (Hergarten el., 2014) across the profile lines (drainage divas) shown in Figure 1. The profiles
have a half-width of 5 km to each side of the pradg line (drainage divide). The black line indicateshe mean elevation. The hull of
780 the blue area is the standard deviation and the hubf the grey area the extreme values within the sath segments.
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Figure 5. Gilbert metric histograms (Forte and Whipple, 2018) for the investigated watersheds of théusly area. Histograms with a
795 blue filling represent the adjacent Inn/Adige (WS }, Saalach (WS 2), Enns (WS 3) and Mur (WS 4) drairge basins with n as the
total number of data points. Data are divided in 1Gequally-spaced bins. Error bars indicate the standa deviation and filled circles

are the mean values of the dataset.
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Figure 6. Proposed direction of drainage migratiorof the main drainage divides of the study area. (AThe major drainage basins
are annotated. Orange arrows indicate the proposenhigration direction of divides based onc. Gilbert metrics for each investigated
catchment are shown. Positive Elevation and ¢ values as well as negativeRelief and Gradient indicate migration towards the
Salzach drainage basin. (B) Normalized plot of Gilbert metrics. Negative values of Relief and Gradient are standardized to
positive values such that all positive values indiate a migration towards the Salzach basin. Error bamand filled circles indicate 1 —
standard deviation and mean values, respectively.
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Figure 7. ¢ colored drainage pattern of reconstructed paleo dirinage geometries of the Eastern Alps. All streamsith a contributing
drainage area larger than 1 km2 are shown and therle width of the channels is proportional to logo(drainage area). The baselevel
for ¢ computation is set to 400 m. White lines and annations represent the major drainage divides. (A) Ens drainage path —
drainage scenario assuming an elongated Enns catchmeepresenting the Mid-Miocene situation as suggésd by Frisch et al.

830 (1998). (B) Saalach drainage path — drainage scemamssuming that the Saalach captured the westernrabpart of the Paleo-Enns
catchment. (C) Salzach drainage path — drainage stario assuming that both Saalach and Salzach tookver parts of the Paleo-
Enns catchment as suggested by Robl et al. (2008@)) Present day drainage pattern for comparison.
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