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Field trip 13

Inner gorge-slot canyon system produced by repeated major base-level
changes (Northern Calcareous Alps).
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1 Introduction

The Quaternary history of valley development of
the Alps still is largely unresolved. Overdeepe-
ned valleys perhaps are the most prominent fea-
tures probably related to Pleistocene ice streams,
but else, except for models and concepts, little
is known about dynamics and time spans invol-
ved in valley incision. In contrast to sediments,
except where surface exposure dating is appli-
cable, landscape elements (e.g., a graded rocky
slope or a bedrock canyon) do not contain a
direct record of age, so their age in most cases
must be constrained by indirect approaches. With
the present methods of age-dating at hand, this
is still possible only for comparatively few val-
leys, or valley reaches. Many Alpine valleys that
were passed by pleniglacial ice streams show an
inner gorge excavated into bedrock. Previously
it was often implicitly assumed that these inner
gorges formed after the Last Glacial Maximum.
With increasing knowledge about rates of glacial
and fluvial erosion, respectively, it emerged that
at least most of these inner gorges should have

formed over several glacial-interglacial cycles.
Thisis particularly obvious by narrow slot canyons

intercalated between upstream-downstream

reaches of an older and wider inner gorge, and

by abandoned canyon reaches filled with Qua-
ternary deposits (Fig. 1).

In the excursion area near Steinberg am Rofan, a

system of inner gorges and slot canyons - both

inactive (,fossil’) and active — allows to distinguish

major cycles of base-level change during valley
formation (Fig. 2). The present streams thus follow
an inner gorge-slot canyon system that is of mar-
kedly different ages along different reaches. From a

stratigraphic point of view, the excursion shows

that repeated stream epigenesis produces trun-
cation surfaces of extremely differentiated, brusk
relief. The results communicated hereunder and

the methods of investigation are described in

detail in Sanders et al. (2014). Therefore, text will

be kept short and emphasis is placed on figures.
The implications of the observations with respect
to development of the higher-order stream net-
work and the uplift history of the Northern Calca-
reous Alps are discussed.
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2 Setting

2.1 General

The Northern Calcareous Alps (NCA; part of the
Eastern Alps, see Fig. 2A) consist of a pile of thrust
nappes mainly of Triassic shallow-water platform
carbonates (e. g., Schmid et al., 2004). From late
Paleogene to early Neogene times, large parts
of the orogenic edifice became uplifted and
exposed. In the Eastern Alps, the development
of a simple drainage pattern was precluded by:
(a) superposed fold- and fault structures, and
(b) Neogene E-W lateral escape of the orogen
along large strike-slip faults that trend parallel to
oblique to the main crestline (e. g., Ratschbacher
et al,, 1991); these faults controlled the trend of
major trunk valleys at least since ~13 Ma (e.g., Inn
valley; Kuhlemann, 2007). The fault-controlled
trunk streams provided the major drainage con-
duits over Pliocene to Quaternary times, but
their history still is poorly documented (Robl et
al.,,2008a,b). In the Alps, major glaciation and gla-
cial shaping of the landscape probably started
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at 0.87 Ma (Muttoni et al., 2003). The Eastern
Alps were subject to at least four major Quater-
nary glaciations (van Husen and Reitner, 2011).
Along advancing Pleistocene ice streams, many
tributary valleys at first were blocked and filled by
proglacial fluvio-lacustrine successions (e. g., van
Husen, 2000; Reitner, 2007). The Last Glacial Maxi-
mum (LGM; ~26.5-21 ka; Preusser, 2004; Starn-
berger et al., 2011) of the Eastern Alps was fol-
lowed by rapid collapse of ice streams. This,early
late-Glacial ice decay’ (ELGID; ~21 to ~19 ka BP)
reduced ice streams to about 50% of LGM volume
(van Husen, 2004; Reitner, 2007). The ELGID was
followed by the late-Glacial from ~19 ka to the
onset of the Holocene at 11.7 ka BP.

2.2 Catchment of Steinberger Ache

Steinberger Ache is a tributary to Brandenberger
Ache which, in turn, debouches in the Inn River
(Fig. 2). The catchment of Steinberger Ache is
largely located on Triassic platform rocks; along
the southern fringe of the catchment, Jurassic
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Fig. 2: A) Geographic location of study area (red rectangle) in the Northern Calcareous Alps (light green). B) Map of Stein-
berger Ache catchment, with reconstructed ice surface of the Last Glacial Maximum (after van Husen, 1987). During the
Last Glacial Maximum, except for three nunataks, the catchment was buried under an overall northward-flowing ice stream.
C) Laserscan image showing catchment of Steinberger Ache (SA; red outline), and its connection to the trunk valley of the Inn

River via Brandenberger Ache (BA).
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deep-water limestones and cherts are exposed

that are identifiable in the field in pebble-sized

clasts. The present course of Steinberger Ache
and its main tributaries are characterized by inner
bedrock gorges up to 100-150 m wide, changing

downstream with slot canyons about one meter
to afew metersin width near their base (Fig.2C).In

the western NCA, the late Middle Wiirmian (MIS 3;
61-29 ka; Martinson et al., 1987) was characteri-
zed by a cool climate and a tundra-like vegetation.
During the later part of MIS 3, from at least ~36
to 27 ka, thick fluvial and fluvio-lacustrine suc-
cessions accumulated along the Inn valley and its

tributaries. The lower reach of the Inn valley prob-
ably was devoid of glacial ice until at least 27 ka

BP (Reitner, 2011). Significant fluvial aggradation

from ~36 to 27 ka perhaps largely resulted from

increased physical weathering and sparse vegeta-
tion (Reitner, 2011).

As outlined below, U/Th dating of cement in flu-
vial deposits of the pre-LGM Grundache stream

indicates that an inner bedrock gorge already
existed during the late MIS 3 phase, and that this
gorge underwent partial infilling from valley-
bottom aggradation that may be assigned to this
phase. During buildup of the LGM, valley drainage
became blocked by advancing ice streams, and a
proglacial lake dubbed Lake Steinberg formed
(Ampferer, 1905; Horvacki, 1982). Aggradation
in Lake Steinberg was punctuated at least once
by marked lake-level lowering and fluvial inci-
sion. The lake attained a level of at least 1100 m
a.s.l. (highest preserved foreset beds), well-above
most of the present catchment of Steinberger
Ache. The pre-LGM drainage system thus was
leveled-out by fluvio-lacustrine sedimentation.
In the study area, the reconstructed LGM ice sur-
face ranged from 1900 m a.s.l. in the South to
1750 m a.s.l. in the North, so only the nunataks
of Guffert, Unnutz and the northern Rofan sum-
mits stood out (Fig. 2B). Subsequent to the LGM,
perhaps during the Gschnitz Stadial (~17-15 ka),

Fig. 3: Distalmost slot canyon #10 of Steinberger Ache (cf. Fig. 2C) (not visited on the excursion).
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glaciers of East- and North-facing cirques (N slope
of Rofan massif, E slope of Unnutz) advanced
down to near Obinger Moos (1000-1100 m a.s.l.)
and upper Grundache valley (c. 1000-1300 m
a.s.l.) (van Husen, 2004; Wischounig, 2006; Gru-
ber, 2008). The glacial advance had led to another
pulse of sediment input to the upstream reach of
Grundache.There is no evidence that local cirque
glaciers nucleated and advanced during stadials
subsequent to Gschnitz (Gruber et al., 2011b; cf.
Kerschner et al., 2006; lvy-Ochs et al., 2008).

By analogy with the Inn valley adjacent to the
South (Fig. 2C), reforestation in the excursion area
may have started at ~16-15 ka BP (cf. van Husen,
2004); in consequence, hillslopes stabilized and
the geomorphic regime progressively changed
to incision (cf. Sanders and Ostermann, 2011;
Sanders, 2012). During the late-Glacial changeo-
ver from sedimentation to incision, Steinberger
Ache and its tributaries had largely hit again their
pre-LGM inner bedrock gorges. Along these older
reaches, the re-incising streams cleared out the
pre-LGM fluvio-lacustrine succession. Along
some reaches, however, the streams‘missed’their
pre-glacial course, and a slot canyon was incised.
The present course of Steinberger Ache and its
tributaries thus is a‘chain’ of bedrock canyons for-
med: (a) before the LGM, changing downstream
with (b) slot canyons incised after the LGM (Fig. 2C,
Fig. 3).

3 Description of stops

Stop 1: Grundache inner gorge. Explanation
of local geology and Quaternary history.

The stream system of Grundache-Steinberger
Ache s incised into the southern and central part
of a north-vergent, E-W striking anticline mainly
of Middle to Upper Triassic shallow-water car-
bonate rocks. Along the southern fringe of the
catchment, the summits of Rofan massif consist
of Jurassic lithologies (diverse types of deep-
water limestones and marls, cherts).

A few meters upstream of the confluence of
Grundache and Muhlbach streams (Steinberger
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Ache, Fig. 2), the inner gorge of Grundache is
approximately 100-150 m in width. Along this
reach, the gorge is incised into dolomitized
Middle to Upper Triassic shallow-water limesto-
nes (Wetterstein dolomite). During folding and
thrusting in the Northern Calcareous Alps, these
dolostones reacted in brittle style, and became
riddled with a dense network of faults and joints.

Here, Grundache shows a channel morphology
transitional from plane-bed to pool-riffle type.
This present channel status also results from deca-
des of careful development of the stream with
an array of run-of-river dams (compare Stop 4).
Upstream to Stop 5, the channel is an alluvial
channel throughout.

Stop 2: Debouch of Dry Gorge. Walk into the
gorge.

Walking upstream Grundache, a first distinct fea-
tureistheright-hand debouch of abedrock gorge
that is not waterrun (Fig. 4). This gorge, dubbed
Dry Gorge, was inactivated by human action
in 1941, to facilitate commercial drift of wood
logs along Grundache (see also Stop 4). Walking
,upstream’ Dry Gorge, it is obvious that it is more
narrow than the gorge of Grundache stream.

Although inactivated only 75 years past, Dry
Gorge is already filled with an impressive amount
of scree derived from physical erosion of the can-
yon walls (Fig. 4A). Because the deeper, shaded
parts of the rock walls are moist over most of the
year, frost-related weathering may be particularly
effective in such a setting.

Upstream, Dry Gorge progressively narrows; the
most proximal part is a shady canyon some
50-70 m in depth and ~1.5-2 m in width with a
pebbly to cobbly former stream bed (Fig. 4B). The
side walls of the canyon are sculpted by undulati-
ons with well-preserved smooth surface, excava-
ted by sediment-laden stream vortices. Notwith-
standing the inactivation of the gorge in 1941,
these observations indicate that this uppermost,
narrow part of Dry Gorge must be also geologi-
cally veryyoung, i.e.it represents ayounger reach
incised upon re-activation of a pre-existing older
Dry Gorge.
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Fig. 4: A) Upstream view into the medial reach of Dry Gorge, inactivated in 1941 (75 years ago). Note (a) waterfall tufas (wt) of
brooks descending into the gorge, and (b) scree slopes supplied from the gorge cliff. B, C) Upstream view (B) and downstream
view (C) onto waterfall knick of the post-glacially incised sector of Dry Gorge, inactivated in 1941.
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The upstream termination of Dry Gorge is a bed- ~ Stop 3:View over to Gaismoosbach gorge.

rock-incised waterfall step (Fig. 4C). It is clear that Fluvial conglomerates with age-dated

this step provided a major obstacle to log drifting, cement along Grundache gorge.

which was the reason for the decision to artifi- Tracking further upstream the course of Grund-
cially divert drainage to the present Grundache ache, the narrow bedrock canyon of the Gais-
stream (see Stop 4). moosbach tributary (GM) is seen on the left bank
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Fig. 5: Map of confluence, at 908 m a.s.l., of Grundache (GA) and Gaismoosbach (GM). The present Gaismoosbach descends
over a vertical distance of 45 m within a steep slot canyon with waterfalls and plunge pools. Red arrow: pre-LGM course of
Gaismoosbach, through a canyon filled by a proglacial fluvio-lacustrine succession. Dashed white line across Grundache valley
shows approximated crest of the natural sediment ridge that up to 1941 had separated the post-glacial routes of GM and GA.
The ridge consisted of the same fluvio-lacustrine succession that elsewhere accumulated within the bedrock gorges shortly
before the LGM. Before anthropogenic removal of the ridge in 1941, Grundache flowed via a bedload channel (Reach A, light-
grey area) into a narrow bedrock slot canyon (Reach B), dubbed Dry Gorge. Red arrows point to a sharp knick with a formerly-
active waterfall along reach B. Halfway between Reach A and B, note the bedrock canyon filled with the same proglacial suc-
cession as elsewhere. Orange quadrangle: Fluvial conglomerates onlapping the flank of the pre-LGM Grundache canyon. In
this conglomerate, isopachous cement fringes were U/Th-dated to an age of 29.7 + 1.8 ka.
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of Grundache (Fig. 5). The Gaismoosbach canyon
is some 10-20 m in vertically incised depth only,
and consists of a succession of waterfalls and
plunge pools; this canyon thus should be signifi-
cantly younger than the wider Grundache gorge.
The pre-LGM course of Gaismoosbach is filled
with a proglacial fluvio-lacustrine succession
(green labeled section D in Fig. 5).

The right, vertical bedrock flank of Grundache
gorge is onlapped by an erosional remnant of
stream conglomerates (orange quadrangle in
figure). A 34U/%3%Th disequilibrium age of 29.7 =
1.8 ka of cement from the conglomerate provides
ante quam ages for: (a) existence of this bedrock
flank, and (b) sediment aggradation filling an
already existing Grundache canyon.

Stop 4: LGM sediment filling of older Grund-
ache gorge. Walk on post-glacial stream bed
(inactivated in 1941) to waterfall knick of Dry
Gorge.

A short distance upstream, the left-side bedrock
cliff along Grundache gorge sharply disappears,
and the left flank consists of a thick Quaternary
succession; a similar gap of bedrock flank and
change to sediment succession is obvious on the
right stream bank (where the excursion is).

Hiking up to the erosional brinkline on the right
bank, the outlook exposes:

(1) older, inactive bedrock canyons filled with
Quaternary sediments,

(2) fully re-activated canyons (Grundache canyon
with its >29.7-ka age flank; see Stop 3),

(3) a partly sediment-filled bedrock canyon that
was artifically inactivated in 1941.

Up-section, the Quaternary succession in this
area comprises: (a) fluvial deposits that most pro-
bably accumulated during rapid stream aggrada-
tionin buildup of the LGM (see section 2. Setting);
(b) proglacial-lacustrine silts with dropstones of
metamorphic rocks derived from driftin large ice
streams, and (c) basal till of the LGM.

Ad (3); Partly sediment-filled bedrock canyon arti-
fically inactivated in 1941: The sediment filling
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that here comprises the right bank of Grundache
gorge is topped by an inactivated bed of a brai-
ded, gravelly to cobbly stream. Up to 1941, this
stream bed was the course of Grundache; it leads
directly to the bedrock waterfall step in Dry Gorge
(Stop 2).

The solution to the puzzle: To facilitate wood
drift, a ridge (cored by Quaternary sediments)
that here separated the courses of Gaismoos-
bach and Grundache was blasted away. In con-
trast to expectation, the ridge did not consist of
rock, but of the Quaternary succession descri-
bed above. The result was a sudden, tremen-
dous increase in bedload transport that is said to
have caused problems out to Pinegg some 10 km
farther downstream (cf. Fig. 2). This human inter-
ference does not detract from the geohistorical
reconstruction of stream development; the blas-
ting of the ridge rather exposed the conglomera-
tes with the age-dated cements!

In the area of stop 4, the geometrical relations
and routes of all bedrock canyons and their sedi-
ment filling (if present) can only be explained by
three major cycles of base-level change: (1) Post-
glacial stream incision, (2) Pre-LGM incision, and
(3) at least one preceeding phase of incision of
unknown age.

Stop 5: View onto upper Grundache slot can-
yon and fillings of older valleys. Epigenetic
waterfall of Schauertal stream.

Hiking the brinkline of a post-glacial stream
terrace, the outlook onto the left bank of Grund-
ache provides an overview of the pro-glacial Qua-
ternary succession that filled the older canyon
system (Fig. 8). Note also the width of more than
200 m of the inner bedrock gorge of the pre-LGM
Grundache (Fig. 9). After the LGM, Grundache
here did not find into its older canyon but incised
a new, narrow and steep bedrock gorge sculpted
by waterfall steps and plunge pools (Fig. 9).

In the same area, the bedrock canyon of the tri-
butary Schauertal stream also still is clogged with
Quaternary sediments (Figs. 9, 10A). The debouch
of the pre-LGM precursor to Schauertal stream
may have been located at similar level than the
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Fig. 6: Plan (A) and schematic section (B) parallel to Dry Gorge, i. e. along the pre-1941 course of Grundache. The incision of
pre-1941 Grundache was anthropogenically halted at a bedrock knick with a formerly-active waterfall. This knick had later-
ally receded from a presumed initial position near the right flank of Grundache gorge for more than 500 meters. Along the
right flank of present Grundache, no bedrock but a succession of proglacial fluvial gravels is exposed. In addition, the two
bedrock hills shown shaded-grey are separated by a canyon filled with the same proglacial succession as elsewhere along
Grundache. This suggests that the subsurface top of bedrock is located, at least, at the depth of lowest outcrops of the
canyon-like breach (line a) or perhaps even deeper (line b). These relations suggest that, both, the sediment-filled canyon
and reach A of Dry Gorge are part of a canyon incised before the LGM.
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pre-LGM Grundache; i.e. the precursor Schauer-
tal stream may have been graded to the former
Grundache level. The present Schauertal stream
is incised into bedrock along the left gorge flank,
from where it cascades down with two waterfalls
to merge with Grundache (Fig. 10A).

‘ figure not to scale
N

The situation at Stop 5 shows that proglacial
sediment aggradation was high enough to bury
and to overstep the entire Grundache-Schauertal
stream canyon system, i.e., pro-glacial sediment
aggradation completely,cleared the memory’ of
stream course.

LGM
(24-21 ka)l

M528ka(UTh)ee e
present

—_—
s present stream course A

sediment-filled bedrock

post-LGM epigenetic bedrock
gorge reach (‘cycle 3")

time (not to scale)

sediment-filled bedrock gorge
s reach of ‘cycle 2' and perhaps
also of ‘cycle 1°

conglomerates on gorge

gorge reach of ‘cycle 1° flank (WTh age)

GA: Grundache GM: Gaismoosbach SA: Steinberger Ache SB: Schauertalbach

Fig. 7: Summary scheme of stream courses, epigenetic canyons, and relative age of canyon reaches. Stream pattern at Dry
Gorge is shown in its pre-1941, natural state. Upper inset figures 1-3 show hypothetical development of stream network in
the area of Dry Gorge. Lower inset figure: possible relation of phases of stream incision to major base-level changes, probably
mainly related to glacial-interglacial cycles.
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Fig. 8: Quaternary deposits comprising the fill of inner bedrock gorges. A) Banded silt with isolated dropstones and
dropstone ‘trails. B) Banded silt with intercalated, ripple-drift laminated sandy layers showing pinch-and-swell bedding.
Field lens for scale. C) Banded muddy silt with dropstones (arrowtips) with faceted and polished surfaces. Pencil for scale.
D) Banded silt with intercalated, stacked lenses of gravels to cobbles derived from an adjacent palaeocliff (red asterisk
in Fig. 9). E) Lower part of proglacial valley filling, view to southwest. Person stands on gravelly sheet-flow deposits (sf)
which are overlain by an interval of banded silts (pl) with dropstones. Up-section, the lacustrine silts interfinger with and
are overlain by the foreset (fs) of a Gilbert-type delta. Red rectangle indicates location of inset photo. Inset: Detail of sharp
contact between gravelly sheet-flow deposits and overlying banded silts.
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Fig. 9: Map of slot canyon #2 of Grundache (GA), and epigenetic course of Schauertal stream (SB) (cf. Fig. 2C). Dashed yellow
lines indicate walls of pre-LGM bedrock canyons. Red arrow 1: pre-LGM course of Grundache. In this area, the pre-LGM Grun-
dache valley was approximately 200 m in width, and flanked by subvertical bedrock walls (dashed yellow lines). The valley be-
came completely filled with a proglacial fluvio-lacustrine succession. Green line labeled B denotes section. During post-glacial
re-incision, Grundache cut slot canyon #2 across its former right-hand flank. Along the left bank, a terrace (labeled T) veneered
by fluvial gravels rich in clasts of metamorphic rocks (also index clasts of the Inn ice stream) may record a very early stage of
post-glacial valley re-incision. Red arrow 2: pre-LGM course of Schauertal stream (SB). Also this old canyon was filled up with
proglacial fluvio-lacustrine deposits. During post-glacial re-incision, Schauertal stream excavated a short bedrock gully parallel
to the buried canyon. Where the gully merges with the flank of the present Grundache canyon, the stream cascades down a
waterfall ~35 min height. Note also erosional brinkline (barbed dashed red line) delimiting the wide, still-aggraded valley floor

(avf) of Schauertal valley.

Stop 6: Proglacial lacustrine deposits of the
filling of older Grundache gorge. Old canyon
flank, newly exposed. Return to bus.

This stop shows the proglacial-lacustrine deposits
that contributed to filling of the older canyon sys-
tem hands on. Aside of lamination, the lacustrine
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deposits show: (a) dropstones of metamorphic
rocks, (b) thin graded densite deposits, and
(c) and levels of scattered angular carbonate rock
fragments derived from the local rock substrate
(by ice drift or by snow avalanches onto lake ice
or directly into lake water).
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Fig. 10: A) View to SE onto epigenetic stream course and waterfall of Schauertal stream. B) Outcrop of proglacial-lacustrine
succession composed mainly of stacked beds of silt to medium sand with parallel-horizontal lamination and ripple-drift
cross-laminasets. The boulder had fallen right from an adjacent, vertical cliff (=pre-glacial right flank of inner bedrock
gorge) into the proglacial lake. Note deformed sedimentary lamination underneath the boulder. Pen for scale is 14 cm in
length.
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The lacustrine succession onlaps a rock cliff of
Wetterstein Dolomite that provided part of the
former right flank of the pre-LGM Grundache can-
yon (location: red star in Fig. 9). This cliff thus pre-
dates at least the LGM, yet stands high as if geo-
logically very young. In the lacustrine sediments
that onlap the cliff toe, small mounds composed
of angular clasts and isolated boulders fallen from
the directly adjacent rock cliff are intercalated
(Fig. 10B).

Upstream of Stop 6, aside of a small slot canyon
(slot canyon #1 in Fig. 2C) a few tens of meters
in length, no further clear-cut record of longer-
term stream development is present. Channel
types include alluvial and bedrock channels, and
delivery of scree and colluvium from sidehills
becomes prevalent.

4 Discussion

One of the main results of the Steinberg study is
that different reaches of an inner gorge can be of
markedly different age. The base-level changes
required for sediment filling of the canyon system
followed by re-incision most probably were rela-
ted to glacial-interglacial cycles. Further proces-
ses that can significantly disturb stream systems
are: (a) catastrophic rockslides, and (b) tectonism.
In the Alps, several rockslides triggered stream
diversion and re-incision into bedrock. Conver-
sely, for the considered part of the NCA, at least
the present tectonic deformation appears to be
too slow to override potential rates of stream
incision and slope adjustment (i.e., to become
evident in landforms and stream profile). This is
supported by GPS-derived displacement vectors
that suggest practically no active deformation in
the Steinberg area (Caporali et al., 2013).

The incision of the slot canyons manifests the
high erosive capacity of steep-gradient streams
rich in bedload. It thus may seem perplexing
that some reaches of the Grundache-Steinberger
Ache canyon system should have been re-acti-
vated over three base-level cycles. Why did the
successive streams not re-incise in a significantly
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more random pattern? We suggest four cau-
ses: (1) The overall valley shape, with mountain
flanks dipping toward the inner gorge, provides
a first-order control to steer a re-incising stream
to near its former course, and this should apply
also to subglacial meltwater of decaying ice-
streams. (2) If approaching a lateral bank (e.g.,
rock) that is more competent than the opposite
bank (e.g., loose sediment), channel axes tend to
be locked along the competent bank. This helps
to ,trap’ a re-incising reach along a pre-existing
canyon wall. (3) Only where a re-incising stream
is underlain by rock over its entire channel width,
bedrock incision could start. Because the early
re-incising braided stream system was prone to
channel avulsion, the probability for a channel
to stay in place long enough for sufficiently deep
bedrock channel excavation (which then would
tend to remain stable) was relatively low; at the
same time, avulsion enhanced the probability for
a channel reach to hit a lateral wall of bedrock
which may be the flank of an older canyon reach.
In combination, these controls might have acted
together to guide streams back into their former
canyons over most of their extent.

Inner gorge-slot canyon systems are widespread
in the NCA, and are particularly common in lower
valley reaches closely before debouch into a trunk
valley. Because every slot canyon corresponds to
an abandoned reach, the (minimum) depth of
bedrock incision before excavation of the active
slot canyon can be determined by field mapping.
It is a common observation that slot canyons of
the western NCA are incised to similar depths
than the older (pre-LGM) abandoned reaches.
Unfortunately, the ages of these abandoned
reaches are very poorly constrained. For the
Steinberg catchment, a glacio-isostatic rebound
(21 ka to present) between some 80-50 m was
modeled (Norton and Hampel, 2010). As dis-
cussed in detail elsewhere (Sanders et al., 2014),
there is no record of this uplift by the post-glacial
slot canyons in their relation to the older canyon
reaches. In other words, already before the LGM,
Steinberger Ache was adjusted to a similar level
or perhaps even a deeper one as that of today. As
there is hardly a doubt on the phenomenon of
post-glacial rebound, our observations thus may
suggest that at least parts of the NCA underwent
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glacial-interglacial isostatic ,yo-yo’ movement,
but experienced little net uplift, or even slow
subsidence (cf. Hoggerl, 2007), over 10s of ka or
perhaps longer.

The re-activated older canyon reaches of course
are not fully identical to their pre-LGM predeces-
sors; in re-activation, the gorge may be widened
by lateral bank erosion, and re-exposed cliffs are
subject to physical erosion. Locally, the preser-
vation of canyon walls may be very good, such
as the cliff onlapped by the lacustrine sediments
of Stop 6. For pre-LGM talus slopes, it was docu-
mented that in many cases these onlap the toe of
rock cliffs still standing high; in other cases, how-
ever, fossil talus is partly offset or even comple-
tely perched from its present geomorphic setting
(Sanders etal., 2009). The coupling of a fossil talus
to its geomorphic setting is not a straightforward
function of age; it rather results from landscape
dissection that may act at highly different rates
at different locations. Both, the Steinberg can-
yon study and the former observations on fossil
talus thus highlight that the mountain scenery is
a mosaic of landscape elements of different ages.
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