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A reconstruction of the last glacial maximum (LGM) ice-surface
geometry in the western Swiss Alps and contiguous Alpine regions

in Italy and France

MEREDITH A. KELLY!", JEAN-FRANCOIS BUONCRISTIANI?> & CHRISTIAN SCHLUCHTER!
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ABSTRACT

A reconstruction of the last glacial maximum (LGM) ice-surface geometry in
the western Swiss Alps and contiguous Alpine regions in Italy and France is
based on detailed field mapping of glacial trimlines, ice-erosional features and
periglacial forms. Field data provide evidence of LGM ice-surface elevations
and ice-flow directions. The LGM ice surface is portrayed as a grid-format
digital elevation model (DEM) using geographic information system (GIS)
software. LGM ice-surface areas and ice volumes in selected regions are calcu-
lated using a DEM of the present land topography. The reconstruction de-
scribed in this paper is presented in conjunction with a previously determined
LGM ice-surface reconstruction for the central and eastern Swiss Alps.

The LGM ice cap in the western Swiss Alps and contiguous Alpine re-
gions in Italy and France was characterized by transection glaciers. Four main
centers of ice accumulation that influenced the transection glaciers include the
Rhone ice dome, the Aletsch icefield, the southern Valais icefield, and the Mt.
Blanc region. Major ice diffluences were located north of Simplon Pass, on
Gd. St. Bernard Pass and north of present-day Glacier d’Argenti¢re. Estimates
of LGM ice volumes in selected regions show that the largest input of ice into
the Rhone Valley was from the southern Valais icefield. Centered in the
southern Mattertal, the LGM southern Valais icefield had a surface elevation
of at least 3010 m and an ice thickness of at least 1400 m. The LGM ice-surface
reconstruction and calculated ice volumes for selected regions are the basis
for a hypothesis as to how erratic boulders from the southern Valais and Mt.
Blanc regions were transported to the northern Alpine foreland. Certain LGM
centers of ice accumulation and ice-flow directions presented in this paper are
also examined for possible paleo-atmospheric circulation information.

ZUSAMMENFASSUNG

Die Rekonstruktion der Eisoberflichengeometrie wihrend des Letzten Glazi-
alen Maximums (LGM) in den westlichen Schweizer Alpen und in angrenzen-
den Regionen in Italien und Frankreich basiert auf einer detaillierten Kartie-
rung von Gletscherschliffgrenzen, Eiserosionserscheinungen und periglazialen
Formen. Diese Gelandedaten geben Hinweise auf die Hohe der Eisoberfléche
und die Eisflussrichtungen. Die Eisoberfliche wird durch ein gitterbasiertes
digitales Hohenmodel (DHM) unter Benutzung eines Geographischen Infor-
mations Systems (GIS) dargestellt. Die Eisoberflichenerstreckung und die
Eismichtigkeiten werden auf Basis des DHM der gegenwiirtigen Landestopo-
graphie berechnet. Die in dieser Veroffentlichung beschriebene Rekonstruk-
tion wird mit fritheren Eisoberflachenrekonstruktionen fiir das LGM der zen-
tralen und 6stlichen Schweizer Alpen verglichen.

Die Eiskappe wihrend des LGM in den westlichen Schweizer Alpen und
in angrenzenden Regionen in Italien und Frankreich war durch ein Eisstrom-
netz charakterisiert. Die vier Zentren der Eisakkumulation, welche das Eis-
stromnetz beeinflussten, waren der Rhone Eisdom, das Aletsch Eisfeld, das
Eisfeld im siidlichen Wallis und die Mont Blanc Region. Drei Hauptdiffluen-
zen des Eises lagen nordlich des Simplon Passes, auf dem Gd. St. Bernard Pass
and nordlich des heutigen Glacier d”Argenti¢re. Die Abschitzung der Eis-
michtigkeit zeigt dass der groBte Eintrag von Eis in das Rhonetal vom Eisfeld
im siidlichen Wallis stammte. Mit einem Mittelpunkt im siidlichen Mattertal
lag die Oberfliche dieses Eisfeldes in einer Hohe von mindestens 3010 m und
hatte eine Eismachtigkeit von mindestens 1400 m. Die Rekonstruktion der
Eisoberfliche und die berechneten Eismichtigkeiten sind die Grundlage fiir
eine Hypothese, mit welcher der Transport von erratischen Blocken aus dem
Siidwallis und der Mont Blanc Region in das Alpenvorland erklirt wird. Die
verschiedenen Zentren der Eisakkumulation und die Eisstromungsrichtungen
werden zudem in Bezug auf die darin enthaltene Information beziiglich der
atmosphirischen Zirkulation wihrend des LGM betrachtet.

Introduction

The former extents of Swiss Alpine glaciers have been investi-
gated for nearly 200 years, since the founding of ancient glacial
studies by Jean Pierre Perraudin, Ignace Venetz (1822, 1829)
and Louis Agassiz (1837). Early portrayals of a large ice cap in
the Alps, which extended onto the Alpine forelands, include

those by de Charpentier (1841), Favre (1884), Penck & Briick-
ner (1909), Frei (1912) and Beck (1926). The most widely cited
detailed reconstruction of the last maximum ice cap in Switzer-
land is based on a compilation of local studies of moraines and
erosional features published by Jéckli (1962, 1970) (Fig. 1). Re-
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Fig. 1. Location diagram showing the extent of
glaciation on the Alpine forelands during the
LGM (after Jickli 1970). Also shown is the bor-
der of the ice-surface reconstruction.

search by van Husen (1987), de Beaulieu et al. (1991) and
Campy & Arn (1991) extend the ice cap reconstruction into
the eastern and southwestern Alps, respectively.

Most studies portray the last maximum ice cap in the inner-
Alpine region as an “ice-stream network” and, on the northern
and southern Alpine forelands, as large piedmont glaciers
(Jackli 1962; Haeberli & Penz 1985). However, a recent de-
tailed reconstruction shows that the former accumulation zone
in the central and eastern Swiss Alps was not a simple network
of valley glaciers, which generally followed the pre-existing
land topography, but instead was characterized by ice domes
(Florineth 1998). Three ice domes, or centers of ice accumula-
tion, existed in the central and eastern Swiss Alps (Florineth &
Schliichter 1998). Ice flowed outward from the domes in a ra-
dial pattern, independent of the pre-existing valley system. The
locations of the ice domes are interpreted to reflect areas of
high precipitation and are related to paleo-atmospheric circu-
lation patterns (Florineth & Schliichter 1998, 2000).

As a continuation of the mapping in the central and eastern
Swiss Alps, we present an ice-surface reconstruction of the last
maximum ice cap for the inner-Alpine region of western
Switzerland and for contiguous Alpine regions in Italy and
France (hereinafter referred to as the western Alps). The ice-
surface reconstruction is based on detailed field mapping of
glacial erosional features and digital map analysis using geo-
graphic information system (GIS) software.

Study area

Within Switzerland, mapping of glacial erosional features was
concentrated in Canton Valais west of Fiesch, in particular in
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the regions south of the Rhone Valley (Figs. 1, 2). Research
was also conducted in Valpelline, Val Veny and Val Ferret,
Italy, and on the northern side of Mt. Blanc in France.

Regional geography

The upper Rhone Valley dissects the western Swiss Alps, gen-
erally trending to the southwest (Fig. 2). Its headwaters are the
Rhone Glacier, near Gletsch. In Martigny, the Rhone River
bends to the north-northwest and flows approximately 40 km
to drain into Lake Geneva. North of the Rhone Valley, moun-
tain peaks in the Aletsch Glacier region, such as Jungfrau,
Monch and Eiger, are as high as 4000 m. The Aletsch Glacier
is about 24 km long and its meltwater outflow, the Massa
River, enters the Rhone Valley at Brig. South of the Rhone
Valley, the Valaisian Alps comprise the highest topography in
Switzerland. Mountains such as Monte Rosa (4634 m), Mat-
terhorn, (4478 m), and Grand Combin (4314 m) mark the geo-
graphic border between Switzerland and Italy. Long north-
trending valleys, such as Saastal and Mattertal, dissect the high
Valaisian Alps and drain into the Rhone Valley. Two major
alpine passes, Simplon and Gd. St. Bernard, are north-south
openings through the Valaisian Alps from Switzerland to Italy.

Located on the border of France and Italy, Mt. Blanc (4807
m) is the highest mountain peak in the Alps (Fig. 2). The Mt.
Blanc region encompasses numerous high mountains, such as
Aiguille d’Argentiére (3901 m) and Mt. Dolent (3820 m). Out-
let glaciers including Mer de Glace and Glacier d’Argentiere
exit the Mt. Blanc region to the north. With its headwaters at
Glacier du Tour, the Arve River drains the Mt. Blanc region to
the northwest, joining the Rhone River in Geneva. The Mt.
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Fig. 2. Detailed location diagram of the study area. Locations discussed in the text are highlighted. Also shown is the present weather divide, according to Fliri

(1984).

Blanc region is bounded to the south by the northeast trending
Val Veny and Val Ferret. Glaciers del Miage and della Brenva
flow south, into Val Veny. The Dora Baltea River drains Val
Veny and Val Ferret, following the Val d’Aosta to the Po
River.

Glaciers are prevalent in the Valais and the Mt. Blanc re-
gion because of the high-elevation topography and the influ-
ence of both (north)westerly and south/southwesterly atmos-
pheric circulation patterns. For example, the Canton Valais en-
compasses 41.5 percent of the glaciers in Switzerland. Approx-
imately 520 km? of land surface in the Valasian Alps (Maisch
et al. 2000) and 170 km? of land surface in the Mt. Blanc region
is glaciated. Most Alpine glaciers are temperate and are there-
fore erosive at the base, shaping the underlying topography.
However, cold-based ice exists at high elevations (>3600 m)
and where glacier tongues are thin and/or have a north or west
exposition (Haeberli 1976).

Regional and Alpine climate

The regional climate of northern and central Europe is influ-
enced by the proximity of the Atlantic Ocean and the North-
ern Hemisphere westerly storm tracks. The continentality of
the climate in Europe generally increases eastward. The Alps
are an orographic barrier and separate a southern Mediter-
ranean climate from a northern central European climate.

At present, most precipitation in the Alps is the result of
two main circulation patterns, (north)westerly and south/
southwesterly. The (north)westerly circulation is dominant and
is responsible for more than 22% of total annual precipitation,
as opposed to the south/southwesterly circulation, which con-
tributes about 16% (Fliri 1984). However, a weather divide
marks the boundary between the areas of influence of the two
circulation patterns (Fig. 2). In the western Alps, the weather
divide follows approximately the Rhone Valley, with most
precipitation north of the valley and in the western Valais and
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Mt. Blanc region due to (north)westerly circulation (Fliri
1984). The upper Rhone Valley, also known as the Goms, and
the middle Valaisian Alps, including Simplon Pass and the
southern ends of Saastal and Mattertal, receive most precipita-
tion from south/southwesterly circulation (Fliri 1984).

The influence of the two main weather patterns on the
cast-west trending Alps results in high precipitation on the
northern and southern edges of the Alps and low precipitation
in the inner-Alpine valleys (Widmann & Schir 1997). The
Rhone Valley at low elevation (400-700 m) is warm and dry,
with a mean annual temperature of 10 °C and mean annual
precipitation of 500-700 mm (Schiiepp 1965). Precipitation in-
creases at higher elevations to the north and south of the
Rhone Valley. For example, on Gd. St. Bernard Pass (2479 m),
mean annual temperature is —1.2 °C and mean annual precipi-
tation is about 2000 mm (Schiiepp 1965).

Bedrock geology

The study of glacial erosional forms is intimately related to an
understanding of the bedrock geology. A brief overview of the
major lithologic units and structural contacts within the study
area is provided below. Much more detailed explanations are
located in Déverin (1936), Labhart (1977), Trimpy (1980a,
1980b), Escher et al. (1993, 1997) and references therein.

The southwest trending section of the Rhone Valley (be-
tween Gletsch and Martigny) marks a major tectonic boundary
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Blanche Nappe.

between the Helvetic and the Penninic zones of western
Switzerland (Fig. 3). Northwest of the Rhone Valley is the
Helvetic Zone, dominated by two nappes, the Diablerets and
the Wildhorn, which consist of Jurassic and Cretaceous lime-
stones and shales as well as Eocene sandstones. Southeast of
the Rhone Valley is the Penninic Zone of western Switzerland.
which is composed of Penninic basement nappes and zones of
Mesozoic sediments. The Sion-Courmayeur Zone and Combin
Zone are belts of Mesozoic sediments, known as Schistes lus-
trés or Biindnerschiefer, and some ophiolites. The Penninic
basement nappes generally include the Gd. St. Bernard, Monte
Rosa and Dent Blanche Nappes. which are composed of
lithologies such as metasediments and gneisses.

The largest of the Swiss massifs, the Aar Massif, occurs
partly within the study area, north of the Rhone Valley (Fig.
3). This crystalline massif underlies the regions of Aletsch
Glacier and Bietschhorn. In the Rhone Valley, near Martigny,
and in the Mt. Blanc region, two massifs of crystalline base-
ment rocks occur, the Mt. Blanc Massif and the Aiguilles
Rouges Massif.

Geologic basis for the ice-surface reconstruction

Most representations of former glacier extents are based on
mapping of moraines, which define the geometry of the abla-
tion area. In order to reconstruct the extent of a former glacier
above the equilibrium line, in the accumulation area, glacial



Fig. 4. Photos of trimlines in the Grimsel Pass region. The former active ice surface. as interpreted from glacial trimlines, is marked by a dashed white line.

erosional features must be mapped and interpreted. However,
the development and preservation of glacial erosional forms,
which are etched into bedrock, are highly dependent on the
local lithology, structure and weathering characteristics. There-
fore, in many areas, these forms are not easily observed or in-
terpreted.

The maximum ice expansion of the last glaciation in
Switzerland is well defined on the Alpine forelands by abun-
dant moraines (Jackli 1962, 1970). The extent of the former ice
cap within the inner-Alpine region, the former accumulation
area, is less well defined (Favre 1884; Jickli 1970). We present
an ice-surface reconstruction for the accumulation area of the
last maximum ice cap in the western Alps. The ice surface is
reconstructed based on detailed field mapping of glacial ero-
sional features and periglacial forms and illustrates the ice cap
surface geometry and flow lines.

Age of the erosional features

A major assumption, on which the ice-surface reconstruction is
based, is that the mapped glacial erosional features were
formed by the last maximum ice cap in the Alps. The highest
maximum ice surface in the Alps, as marked by erosional fea-
tures, is correlated with the last maximum extent of ice on the
Alpine forelands, as marked by moraines. Radiocarbon and
surface exposure dates of moraines show that the last maxi-
mum ice extent on the northern Alpine foreland occurred dur-
ing the last (global) glacial maximum (LGM; ~18,000-20,000
4C yr BP; Chappell & Shackleton 1986: Schliichter 1988 and
references therein; Ivy-Ochs et al. in press). Therefore, it is as-
sumed that the mapped erosional features are also LGM in age.

Only one other advance of glaciers onto the Alpine fore-
lands extended farther than that during the LGM. The so-
called Most Extensive Glaciation (MEG), which covered most
of Switzerland and extended as far as Lyon, France, is older
than the Penultimate Glaciation, which was approximately
145,000-230,000 yr BP (Schliichter 1986, 1992). The MEG or
other glaciations prior to the LGM may have reached an ice-

surface elevation similar to or higher than the LGM ice cap in
the inner-Alpine region (Jackli 1962). However, due to weath-
ering and erosion in the Alps, glacial erosional features such as
striae or polish, formed during glaciations prior to the LGM,
would not likely be preserved. For example, using a conserva-
tive estimate for erosion in a high relief and mountainous cli-
mate of 0.01 mm/year (Press & Siever 1986), a surface formed
during the MEG (>230,000 yr BP) would have been eroded by
at least 2.3 m. Other erosion rates, in particular for the central
Alpine region, are higher (e.g., 0.5 mm/yr; Schlunegger & Hin-
derer 2003). Over long time periods, even large-scale features
such as trimlines would most likely be highly weathered, if not
completely erased. Care was taken to attempt to avoid areas
that may have been influenced by late-glacial (14,500-10,000
4C yr BP) or Holocene (10,000 #C yr BP-present) ice ad-
vances. Therefore, research was focused on high ridges and
mountain peaks, near the trimline, and outside of late-glacial
or Holocene cirques and moraines.

Glacial trimline

The primary erosional feature on which the ice-surface recon-
struction is based is the glacial trimline (Fig. 4). A glacial trim-
line is a boundary on mountain peaks and ridges, below which
there is evidence for glacial erosion, such as striae or polish,
and above which the bedrock is jagged or frost weathered and
does not show evidence of glacial erosion (Thorp 1981; Bal-
lantyne 1997). It is assumed that the trimline elevation approx-
imates (within a few tens of meters) the former elevation of
the active ice surface.

Glacial trimlines are best preserved on ridges and moun-
tains that are formed of weathering-resistant, massive, crys-
talline bedrock. Sedimentary and calcareous bedrock types
weather more rapidly and glacial erosional forms, such as trim-
lines, are rarely preserved. Trimlines are also poorly preserved
in layered bedrock, or at lithologic or structural contacts. Such
layers or contacts may influence weathering and erosion and
may erase or mask glacial features.
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Fig. 5. Photos of glacial erosional features. White arrows show former ice-flow directions. a) Roche moutonnée in the region of Lac d’Emosson. Person marked
by white circle for scale. b) Striae and rat tails. ¢) Friction cracks. d) Erratic block of Mt. Blanc granite located in the Col de Balme.

In an attempt to reduce the likelihood that interpretations
of trimline elevations might be influenced by variances in the
lithologic or structural features of the bedrock, mapping was
conducted in regions where many different bedrock types are
present. However, due to physical and chemical properties of
certain bedrock lithologies, the extent of a reconstruction
based on glacial trimlines is generally limited to regions of
metasedimentary and crystalline bedrock types, which are
more massive and resistant to weathering. Mapping efforts in
the western Alps were focused on regions underlain by the
Aar, Mt. Blanc and Aiguilles Rouges Massifs, as well as the
metasediments and metavolcanics of the Valpelline complex
and the metagranitoids of the Arolla Complex which are part
of the Dent Blanche Nappe. Northwest of the Rhone Valley,
in the limestone and shale dominated nappes of the Helvetic
Zone of western Switzerland, most evidence of ancient glacial
erosion has been erased by weathering.

Other erosional features

Smaller scale glacial erosional features provide important ad-
ditional information for the ice-surface reconstruction, in par-
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ticular in regions where glacial trimlines are not well pre-
served. These features include striae, rat tails, roches mouton-
nées and friction cracks, and indicate a minimum elevation of
the erosive ice surface, as well as former ice flow trends or di-
rections (Chamberlain 1888; Harris 1943: Sugden & John 1976
Laverdiere et al. 1985; Benn & Evans 1998: Fig. 5). Erosional
features indicating ice-flow directions provide an important
check of the ice-surface reconstruction, which is based on trim-
line elevations. Indicators of ice-flow directions are also neces-
sary to determine the locations of ice domes or diffluences and
to examine ice flow over high-elevation Alpine passes.

Glacial striae are scratches on a bedrock surface produced
by clasts embedded in basal ice (Agassiz 1838: Chamberlain
1888: Fig. 5). Striae occur on many different bedrock litholo-
gies but generally are preserved best on fine-grained bedrock
types. Striae indicate the general trend, but not the absolute di-
rection, of the former ice flow. A rat tail is a residual ridge of
bedrock (10-100 cm length) that exists on the protected, down-
ice side of a more resistant rock knob or nodule (Laverdiere et
al. 1985: Benn & Evans 1998). Based on the location of the
residual bedrock, the absolute direction of ice flow is interpret-
ed from a rat tail. Roches moutonnées (<1-100’s of meters



length) are asymmetric hills of bedrock that have a molded
(up-ice) side and a steep and craggy (down-ice) side (Sugden
& John 1976). Small-scale erosional features, such as striae and
rat tails, commonly occur on the molded, up-ice side of roches
moutonnées.

Friction cracks are crescentic-shaped fractures (10-100 cm
length), which dip into a bedrock surface (Fig. 5). They com-
monly occur as a series of closely spaced fractures (Harris
1943). Two of the most common forms of friction cracks are
crescentic gouges and crescentic fractures, both of which indi-
cate the absolute direction of ice flow. Friction cracks general-
ly occur on crystalline, coarse-grained lithologies and may be
preserved where other glacial erosional features, such as striae,
have been erased by weathering (Harris 1943).

Erratic boulders

Erratic boulders are transported by glacial ice, either as sub-
glacial, englacial or supraglacial clasts, and are composed of a
lithology different from the bedrock lithology on which they
are deposited (Fig. 5). Indicator erratic boulders are composed
of a lithology that has a known and geographically limited ori-
gin (Favre 1884). Therefore, based on the origin of an indica-
tor erratic, the flow line along which it was transported can be
interpreted. Many erratic boulders occur on the northern and
southern Alpine forelands, in the former ablation zone of the
LGM ice cap. Some of these boulders are indicator erratics
and are important for interpretations of ice-flow directions
from the inner-Alpine regions onto the forelands. Erratic boul-
ders also occur in the inner-Alpine regions and are used for
the ice-surface reconstruction to indicate a minimum ice-sur-
face elevation and, if possible, ice-flow directions.

Field and GIS mapping

All features were mapped in the field using Swiss 1:25,000 and
1:50,000 topographic maps from the Bundesamt fiir Landesto-
pographie, French 1:25,000 topographic maps from the Institut
Géographique National, and Italian 1:25,000 and 1:30,000 topo-
graphic maps from the Instituto Geografico Centrale. The ice-
surface reconstruction is based on the Jackli (1970) ice-surface
contour map, updated with 175 points, which represent trim-
line elevations, and 94 points, which represent other erosional
features (elevations and former ice-flow directions; Tab. 1).

The reconstruction is digitally portrayed using the GIS pro-
gram ArcView. The Jédckli (1970) ice-surface contour map was
digitized by Hegner (1995). Trimline and erosional form eleva-
tions as well as ice-flow directions were digitized and used to
edit the contour lines of the digitized Jackli (1970) map. A
three-dimensional DEM representing the ice surface was cre-
ated based on the contour lines and data points. The DEM was
interpreted using a triangular irregular network (TIN) calcula-
tion. A TIN surface is composed of continuous, non-overlap-
ping triangles, which have their edges and points at data lines
and data points (ESRI 1997).

In order to compare the three-dimensional ice surface with
the land topography, the TIN surface was changed into a grid
format. Grids represent three-dimensional surfaces by averag-
ing data points into a mesh of regularly spaced points (ESRI
1997). The grid format allows comparison of two three-dimen-
sional surfaces. RIMINI Hohenmodell 250, a DEM of Switzer-
land with a grid spacing of 250 m, was used to represent the
present land topography (Bundesamt fiir Landestopographie
2001). Due to the unknown nature of the land topography
under the LGM ice cap, it was necessary to use the present
land surface for comparison while acknowledging the proba-
bility of associated errors. The land-topography grid was sub-
tracted from the ice-surface grid in order to show the represen-
tation of ice volume and nunatak areas.

Results: description of the LGM ice surface

The LGM ice cap in the western Alps was characterized by
transection glaciers, defined as an interconnected system of
valley glaciers (Benn & Evans 1998). These transection glaci-
ers were influenced by at least four main centers of ice accu-
mulation: the Rhone ice dome, the Aletsch icefield, the south-
ern Valais icefield and the Mt. Blanc region (Fig. 6). The main
component of the LGM transection glaciers in the western
Alps was the glacier in the Rhone Valley, hereinafter referred
to as the Rhone Valley Glacier. Numerous ice confluences ex-
isted as ice generally followed the preexisting valleys, most of
which drained into the Rhone, Arve or Aosta Valleys. At least
three major ice diffluences existed: north of Simplon Pass, on
Gd. St. Bernard Pass and north of present-day Glacier d’Ar-
gentiere. The locations of ice confluences and diffluences were
influenced by centers of ice accumulation, such as ice domes
and icefields, as well as by the underlying topography.

The Goms

The LGM Rhone ice dome existed at the headwaters of the
Rhone Valley, in the central Swiss Alps, and influenced ice
flow to the north over Grimsel Pass, to the northeast over
Furka Pass, and to the southwest down the Rhone Valley
(Florineth and Schliichter 1998). The Rhone ice dome had a
surface elevation of about 2800 m near the present-day Rhone
Glacier (Florineth & Schliichter 1998). Ice flow in the Goms
generally followed the valley system and the ice surface sloped
down to the southwest, from the Rhone ice dome to 2660 m on
Risihorn, north-northeast of Fieschertal.

South of the Goms, the Binntal region was filled with ice to
at least 2600 m elevation (Arn 1998). Trimlines in the Binntal
region are not obvious due to the predominantly Biindner-
schiefer bedrock. However, two passes show evidence of ice
spilling out of the Binntal catchment area from north to south.
On Albrun Pass (2409 m), which is underlain by augen gneiss,
rough roche moutonnée forms indicate ice flow over the pass
from northwest to southeast (Arn 1998). Arn (1998) also notes
that bedrock ridges above Albrun Pass are more frost-weath-
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Fig. 6. LGM ice-surface reconstruction, western Swiss Alps and contiguous Alpine regions in France and Italy. For location of the reconstruction see Figs. 1 and
2. The ice-surface elevation is shown as the colored area. Black regions are nunataks. Contour interval is 200 m.

ered at elevations higher than 2600-2700 m. Therefore, it is as-
sumed that the ice thickness on the pass was as much as
200-300 m. Geisspfad Pass (2498 m), underlain by ultramafic
bedrock, shows well-developed roches mountonnées and stria-
tions, as well as erratic boulders of gneissic composition, all of
which indicate ice flow from north to south. A vertical transi-
tion to more-weathered bedrock is apparent on the nearby
Grampielhorn at approximately 2620 m elevation.

Aletsch icefield

The present-day Aletsch Glacier region was a large icefield
that fed into the Rhone Valley Glacier during the LGM.
Glacial erosional features in the Aletsch icefield region are
well developed and preserved because of the underlying mas-
sive and weathering-resistant Aar Massif (Labhart 1977).
Trimline elevations can be defined to within a few tens of me-
ters on most bedrock ridges adjacent to the present-day
Aletsch Glacier and in the northern ends of Baltschiedertal
and Bietschtal, which also are underlain by the Aar Massif.
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The LGM ice surface was about 2900 m at Konkordiaplatz
and sloped down to the south, where it joined the Rhone Val-
ley Glacier at about 2600 m elevation. Ice from the Aletsch re-
gion entered the Rhone Valley Glacier through the present
Massa River drainage system, as well as through the Mirje-
lensee area into Fieschertal. Eggishorn (2927 m) existed as a
nunatak, inundated with ice as high as 2680 m. Striations on
the bedrock ridge southwest of Bettmerhorn indicate that ice
flowed over this ridge, due south, into the Rhone Valley.

Well-developed trimlines in the northern ends of Baltsch-
iedertal and Bietschtal are evidence for ice filling these valleys
as high as 2850 m. The ice surface in Baltschiedertal and Bi-
etschtal sloped down to the south and joined the Rhone Valley
Glacier at approximately 2400 m.

Simplon Pass

Simplon Pass (2040 m), south of Brig, is one of the major
Alpine passes from the Rhone Valley into Italy (Fig. 7). The
bedrock in the pass region, pre-Triassic crystalline basement



rocks, such as mica-schists and gneisses, does not show well-
developed trimlines. However, an estimation of the minimum
level of the LGM ice surface is made based upon the presence
of smaller-scale erosional features.

North-northwest of the pass, striations and rat tails (180°)
commonly occur on the southern side of Staldhorn, as well as
sparsely on Staldhorn (2462 m) and on the ridge between
Staldhorn and Tochuhorn (2648 m) (Fig. 7). Striations and rat
tails indicate that Simplon Pass and Staldhorn were covered
by ice, which flowed from north to south. Ice-molded forms
are also observed on the eastern flank of Tochuhorn at least as
high as 2500 m. The ice-erosional features indicate that, during
the LGM, ice exited the Rhone Valley Glacier to the south
over Simplon Pass, and had a thickness of at least 500 m on the
pass. Therefore, an ice diffluence was located in the Rhone
Valley, north of Simplon Pass. This ice diffluence marked the
separation of ice, which flowed west down the Rhone Valley,
from ice that flowed south over Simplon Pass. Ice that flowed
over the pass contributed to the Toce/Ticino Glacier drainage
system.

Within Simplon Pass, a glaciated landscape is evidenced by
numerous ice-erosional forms. Many features, such as rat tails,
striae, and grooves, as well as morainic deposits, which exist as
high as approximately 2200 m, were attributed to the late-
glacial ice advance of the Gondo Stadium (within the Oldest
Dryas chron; Miiller 1984). The Oldest Dryas chron is the late-
glacial time period between the end of the LGM and approxi-
mately 13,000 14C yr BP (Mangerud et al. 1974). During the
Gondo Stadium, Chaltwasser and Hohmattu Glaciers flowed
to the north, and glaciers, such as Hiibsch, Sirwolte, and Ross-
bode, flowed to the south (Miiller 1984). Moraines of smaller
late-glacial ice readvances, such as those formed during the
Zwischbergen or Dorf Stadiums (within the Oldest Dryas
chron), also are preserved within the pass at large (Miiller
1984). Features that are attributed to erosion by LGM ice flow
are restricted to elevations above 2200 m (Fig. 7). These fea-
tures are also sparser and more weathered than late-glacial
erosional forms.

Southern Valais icefield

The main accumulation area, which fed into the LGM Rhone
Valley Glacier, existed in the southern Valais. North-trending
valleys, which extend from the Valaisian Alps into the Rhone
Valley, as well as west- and south-trending Valpelline and Val
Tournche, in Italy, were the locations of the highest regions of
the LGM ice cap. The main north-trending valleys include
Mattertal, Saastal, Val d’"Hérens, Val d’Hérémence and Val de
Bagnes. The southern Valais icefield had its high-elevation
center at the southern end of Mattertal. In the Zermatt region,
a large icefield filled the valley to at least 3010 m elevation. Ice
flowed outward from this central high region as transection
glaciers generally following the pre-existing valleys.

Within Saastal, evidence of ice filling the valley is pre-
served as trimlines as well as numerous roches moutonnées,

7N
!
1

e (
LGM IF (1800) L
Staldhorn (2462m)¥ LS
( ) \

LGM TL (2500m)e, -~ 2200m thorn (2852)
A _ne : =
Tochuhorn (2648m) -~~~ ____
: L =
‘ //"’ “““““ /7 <
ot
Huebschhorn'(3187m)

Legend: e Pass (elevation)
\ -=2200m countour line LGM ice flow (lF)

—River/stream (direction)
=~=Road J4,Post LGM ice flow
---Mountain ridge (feature, direction)
; ®LGM trimline (TL)
A Mountain peak (elevation)
(elevation) A
Map area A Lake N 1km

Fig. 7. Detailed map of Simplon Pass. The LGM ice flow (IF) direction and
trimline (TL) are shown near Staldhorn. Also shown are erosional features
below 2200 m, which are attributed to late-glacial readvances (e.g., Miiller,
1984). Mapped ice-flow indicators include roches moutonnées (RM), striae
(ST), and rat tails (RT).

striae and polish on the valley walls. Trimlines are best pre-
served on the valley walls south of Saas Grund, where the un-
derlying bedrock is weathering-resistant crystalline of the
Monte Rosa Nappe and the Bernhard Nappe Complex
(Bearth 1954). In the region of Saas Grund, the LGM ice sur-
face was as high as 2640 m (west flank of Trifthorn). In the
Saas Fee basin, a trimline on the Gulgen shows that the peak
was inundated with ice as high as 2900 m. At the southern end
of Saastal, in the region of the present-day Mattmark Stausee,
the LGM ice surface reached an elevation of at least 2800 m.

Monte Moro Pass (2853 m), at the southern end of Saastal,
on the border between Switzerland and Italy, shows erosional
features which are most likely younger than the LGM. Roches
moutonnées on the northern and southern sides of the pass in-
dicate ice flow to the north and the south, respectively. Such
erosional forms suggest that the pass, at one time, was an ice
diffluence. However, due to the close proximity (<1 km) of
present-day glaciers, it is likely that these features were formed
during late-glacial ice advances.

Trimlines in Mattertal are not well developed because of
the variable and weathering-susceptible bedrock lithologies.
However, between Zermatt and the high mountain ridge to
the south, glacial striae on the Gornergrat provide evidence of
a large LGM icefield, which had a surface elevation at least as
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Riffelhorn (2927 m)

Fig. 8. Photos of the Gornergrat near Zermatt,
southern Valais. a) Photo of the Riffelhorn (2927
m elevation). which shows roche moutonnée
forms. The Riffelhorn was completely covered by
ice flowing from left to right (to the north). b)
Photo of striations on the Gornergrat, at 3010 m
elevation.

high as 3010 m (Fig. 8). West of Gornergrat train station, these
striae exist in at least 15 locations, some of which are as high as
3010 m elevation, and trend northwest (320-330°). The glacial
striac are etched into the ultramafic bedrock and occur only as
small patches that have been protected from weathering. The
morphologic form of Riffelhorn (2927 m), west of Gornergrat
train station, also shows that it has been overrun by ice and its
rock walls preserve abundant glacial polish and striae (Fig. 8).
Such evidence indicates that erosive ice overflowed Gorner-
grat from southeast to northwest and that the active ice surface
was at least as high as 3010 m.

The well-developed glacial trimlines in Valpelline, south-
east of Mattertal, also show that a large glacier filled the valley
during the LGM. Trimlines in the northern end of Valpelline
are as high as 2900 m near the Téte des Roeses. The LGM ice
surface sloped down to the southwest and was approximately
2580 m near the mouth of the valley. Although the ice surface
was at a high elevation (at least 2900-3000 m) in the southern
Valais, the high mountain ridges of the Dent d’'Hérens, Mat-
terhorn, Breithorn and Monte Rosa contained the ice flow
generally to within the pre-existing valley systems.

Gd. St. Bernard Pass

Trimlines in the Gd. St. Bernard Pass region are not obvious
but some, including a trimline (2650 m) east of the pass on Mt.
Mort, are evident. Well-developed glacial erosional features
are prevalent on the northeastern side of Gd. St. Bernard Pass
between the Hospice and the northern portal of the Gd. St.
Bernard tunnel (Fig. 9). Erosional features in this area include
numerous roches moutonnées, large (~20 cm diameter) rat
tails, as well as abundant striated and polished surfaces. At the
pass (2470 m), striae and rat tails show ice flow to the north-
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east (50°), whereas northeast of the pass such forms indicate
ice flow trending to the north (2375 m, 30” and 2300 m. 10°).
The change in the trend of striae and rat tails generally follows
the trend of the Val d’Entremont, therefore indicating a strong
influence of the underlying topography on the ice-flow direc-
tions.

Striae and a few small rat tails occur on the west side of the
lake that is located at the pass (2470 m, 265°). These features
indicate ice flow to the west from the pass. Based on ice-flow
directions both to the northeast and to the west of the pass, as
indicated by erosional forms, the pass was an ice diffluence.
Strongly erosive ice flow is much more evident on the north-
eastern side of the pass and into the Val d’Entremont than on
the southern side of the pass.

Mzt. Blanc region

The LGM ice-surface elevation on the French side of the Mt.
Blanc region was mapped in cooperation with Sylvain Couter-
rand. The LGM reconstruction on the Italian side of Mt. Blanc
is based on field mapping and on trimline elevations from
Porter & Orombelli (1982).

On the north side of the Mt. Blanc region, the LGM ice
surface in the Chamonix Valley was highest (2200-2300 m)
near the present-day Glacier d’Argenticre. This high elevation
region was the location of an ice diffluence. Striations and rat
tails on L Aiguillette des Posettes (340°, 2201 m) and within
the Col des Montets (1461 m) show that, during the LGM., ice
flowed to the north. Ice east of the diffluence flowed over the
Col du Balme and Col des Montets and was joined by ice from
catchment areas near the Lakes of Emosson and the present-
day Trient Glacier. This ice then entered the Rhone Valley
Glacier between Martigny and Vernayaz. West of the Glacier
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d’Argenticre ice diffluence, ice flowed to the southwest, down
the Chamonix Valley and joined the Arve Glacier.

On the Italian side. ice flowed out from the high peaks of
the Mt. Blanc Massif into Val Veny and Val Ferret. In these
valleys, the maximum ice surface was as high as 2600 m. Ice
from Val Veny and Val Ferret overtopped Mt. Chetif (2343
m). near Entréves, and followed the Dora Baltea drainage sys-
tem. Some ice may have spilled out of Val Ferret to the north-
east, over the Petit Col du Ferret (2490 m) and into the Rhone
Valley Glacier. Glacial erosional features are not present in
the Petit Col du Ferret because of the highly weathered
bedrock of the Courmayeur-Sion Zone. However, the LGM
ice-surface elevation, as evidenced by trimlines on the ridges
south of Mont Dolent and Aiguille de Triolet (~2750 m), indi-
cates that ice must have overtopped the col.

Interpretations
The LGM ice cap in the western Alps: transection glaciers

By definition, transection glaciers occur in mountain land-
scapes that are “too dissected to support an ice cap™ and where
ice is evacuated too effectively to “produce a dome-like pro-
file” (Benn & Evans 1998, p.19). The transection glaciers in
the western Alps were influenced by large relief of the land
topography which dissected the ice. However, these transec-
tion glaciers were also characterized by numerous ice conflu-
ences and by deep and narrow valleys (e.g. the Rhone Valley
between Martigny and Bex is < 2 km wide and ~1000 m below
the present valley floor: Pfiffner et al. 1997) which would con-
tribute to inefficient evacuation of ice.

Except for the LGM Rhone ice dome, located at the head
of the Rhone Valley, the main centers of LGM ice accumula-
tion that influenced the transection glaciers in the western

Fig. 9. Rat tails on the northeastern side of Gd.
St. Bernard Pass (head of Val d’Entremont.) The
large rat tails show strongly erosive ice flow from
left to right (to the northeast).

Alps, in particular in the southern Valais, Aletsch and Mt.
Blanc regions, were characterized by icefields instead of ice
domes. In these regions, the high-elevation mountain peaks
and ridges and low elevation valleys most likely dissected the
ice to an extent that prevented the formation of ice domes. For
example, the LGM southern Valais icefield had a surface ele-
vation of at least 3010 m and was at least 1400 m thick in the
Zermatt region. These dimensions are similar to those of the
large Engadine ice dome in the eastern Swiss Alps (Florineth
& Schliichter 1998). However, the southern Valais is charac-
terized by some of the largest relief in Switzerland (2000-3000
m; Kiihni & Pfiffner 2001). Although the LGM ice thickness in
the Zermatt region was >1000 m, an ice dome did not exist be-
cause the ice was dissected by mountain ridges and ice flow
was confined to follow the pre-existing topography.

Ice from the Aletsch icefield flowed south and entered the
Rhone Valley Glacier at Brig. The floor of the glacially shaped
Massa Valley mouth, north of Brig, is approximately 200 m
higher than the present valley floor in Brig (Hantke 1980).
Therefore, at this confluence, ice from the Aletsch region must
have entered the Rhone Valley Glacier with a steep longitudi-
nal profile and at an approximate right angle. The Rhone Val-
ley east of Brig shows a wide basin that is most apparent as a
half-circle form carved out of the south valley wall, which is
composed of Biindnerschiefer bedrock (Burri et al. 1993; Han-
tke 1980). We suggest that the steep and southward flowing ice
from the Aletsch icefield influenced the Rhone Valley Glacier
such that the southern valley wall was eroded and ice from the
Rhone Valley Glacier, and also possibly from the Aletsch re-
gion, was forced over Simplon Pass. Studies of indicator errat-
ic boulders south of Simplon Pass are necessary to investigate
this hypothesis.

A confluence between ice from the Mt. Blanc region and
the Rhone Valley Glacier existed near Martigny (Fig. 6). From
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Fig. 10. Outline of 1) Goms (Rhone ice dome)/Binntal, 2) Mattertal (southern Valais icefield) and 3) Aletsch (icefield)/Fieschertal, where the LGM ice volumes
are calculated based on the reconstructed LGM ice surface and the present day topography. as represented by RIMINIL

the ice diffluence north of present-day Glacier d’Argentiere,
ice flowed northeast, over the Col des Montets and the Col de
Balme. The LGM ice surface in Martigny was approximately
at 1800 m elevation. Seismic studies indicate that the bedrock
floor of the Rhone Valley at Martigny is approximately 1000 m
below the present valley floor (Pfiffner et al. 1997). It is hy-
pothesized that the valley-fill near Martigny consists of LGM
till and post-LGM meltwater and lacustrine deposits (Pfiffner
et al. 1997). Therefore, the LGM ice thickness near Martigny
may have been as much as 2300 m.

LGM ice volumes in selected regions

Between the Goms and Sion, the Rhone Valley Glacier was in-
fluenced by the Rhone ice dome and at least two main centers
of ice accumulation, the Aletsch and southern Valais icefields
(Fig. 6). The LGM ice-surface areas and ice volumes for the re-
gions of 1) the Goms (Rhone ice dome)/Binntal, 2) Mattertal
(southern Valais icefield) and 3) the Aletsch (icefield)/Fi-
eschertal, are estimated based on the reconstructed LGM ice
surface and the present-day land topography as represented by
RIMINI (Fig. 10). Ice-volume estimates are subject to the un-
certainty of assuming that the present-day topography is the
same as the LGM land topography. Nevertheless, the results
show that the LGM ice volume in the Goms/Binntal (170 km?)
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was similar to that in Mattertal (170 km?)(Fig. 10). Ice in the
Goms/Binntal drained through at least six outlets, partially
contributing ice to the Rhone Valley Glacier, but also exiting
the Rhone Valley over the Grimsel, Furka, Nufenen, Albrun
and Geisspfad Passes (Florineth &. Schliichter 1998). In com-
parison, ice in Mattertal drained through only one outlet,
down Vispertal and into the Rhone Valley, thus contributing
the total calculated ice volume to the Rhone Valley Glacier.

Based on the calculated LGM ice volume for Mattertal,
which constituted only part of the total ice in Vispertal, we
suggest that ice from Vispertal dominated ice flow in the
Rhone Valley west of Visp. The large ice input from the south-
ern Valais icefield may have forced the Rhone Valley Glacier
northward or dammed ice flow in the Rhone Valley to the
east/northeast of Visp. Additional ice from tributary valley
glaciers such as Turtmantal, Val de Zinal, Val d’'Hérens, Val
d’Hérémence, Val de Bagnes and Val d’Entremont also con-
tributed to the Rhone Valley Glacier and continually pushed
ice to the northern side of the Rhone Valley.

The total calculated LGM ice volume for the Aletsch (ice-
field)/Fieschertal (50 km?) (Fig 10.) is subject to a substantial
adjustment because the land topography as portrayed by RIM-
INI includes the present day glacier surfaces. Thus, the vol-
umes of present day Aletsch and Fiescher Glaciers must be
added to the calculated LGM ice volume for the Aletsch (ice-
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field)/Fieschertal in order to represent a more accurate LGM
ice volume estimate.

Distribution of erratic boulders on the northern Alpine
foreland

During the LGM, the Rhone Valley Glacier extended onto the
northern Alpine foreland as a large piedmont glacier, known

as Rhone Glacier. Restricted by the Jura Mountains, Rhone
Glacier split into two lobes: one lobe flowed west into the
Lake Geneva basin and one, the Solothurn Lobe, flowed east-
northeast and terminated at Wangen a.A. (de Charpentier
1841; Jackli 1962, 1970; Hantke 1980; Fig. 1). The distribution
of erratic boulders (some as large as >100 m?) on the northern
Alpine foreland, in particular those transported by the
Solothurn Lobe, indicates that ice flow in the Rhone Valley
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was complex (Hantke 1980). For example, boulders of litholo-
gies such as Hornblende Granite (arkesine) and Smaragdit
Gabbro, which originate in Saastal, occur on Rhone Glacier
end moraines between Biel and Wangen a.A. (Hantke 1980).
Boulders of Vallorcine Conglomerate exist on the former right
lateral margin of the Solothurn Lobe, between Grauholz and
Hindelbank. Other boulders from the southern Valais and the
Mt. Blanc region, including Mt. Blanc Granite, were also
transported and deposited by the Solothurn Lobe, for example
in the Seeland region of the northern Alpine foreland (Hantke
1978).

The LGM ice-surface reconstruction and estimates of
LGM ice volume for selected regions presented in this paper
suggest a mechanism by which boulders from the southern
Valais, and possibly from the Mt. Blanc region, were trans-
ported to the Solothurn Lobe of the Rhone Glacier. As dis-
cussed above, ice from the southern Valais icefield dominated
ice flow in the Rhone Valley west of Visp, possibly forcing
the Rhone Valley Glacier to the northern side of the valley, or
damming the Rhone Valley Glacier to the east/northeast of
Visp. Such ice flow would allow for the transport of boulders
from the southern Valais between Visp and Vernayaz to the
middle or right-lateral side of the Rhone Valley Glacier and to
the Solothurn Lobe. It is also possible that the LGM Rhone
Valley Glacier experienced unstable (i.e., surging) ice flow.
Surging ice-flow may have influenced the contorting of lateral
and medial moraines, resulting in the distribution of indicator
erratics on the northern Alpine foreland.

It is assumed that indicator erratic boulders present on
LGM moraines of the Solothurn Lobe were transported from
their origins in the Alps during the LGM. However, it is possi-
ble that erratic boulders from the southern Valais and Mt.
Blanc regions that occur in the LGM moraines were transport-
ed to the northern Alpine foreland during prior glaciations. In
this case, erratic boulders on the northern Alpine foreland
would have been reworked and re-deposited by the LGM
Solothurn Lobe.

LGM ice-surface geometry and paleo-atmospheric circulation

In the eastern and central Swiss Alps, the locations of the En-
gadine and Rhine ice domes, south of the present weather di-
vide, indicate that the dominant LGM atmospheric circulation
pattern was south/southwesterly (Florineth & Schliichter 1998,
2000) (Fig. 11). The LGM Rhone ice dome, as mapped by
Florineth & Schliichter (1998), was located approximately on
the present weather divide and therefore was affected by pre-
cipitation related to both (north)westerly and south/southwest-
erly circulation patterns. However, the direction of ice flow
from the Rhéne ice dome to the north over the Grimsel Pass is
interpreted to reflect an increased contribution of southerly
circulation during the LGM (Florineth & Schliichter 2000).
Notwithstanding the absence of ice domes in the western
Alps, one main LGM center of ice accumulation, the southern
Valais icefield, also reflects a paleo-atmospheric circulation
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pattern that is consistent with the hypothesis reported by
Florineth & Schliichter (1998, 2000). The LGM southern
Valais icefield was centered in the Zermatt region which is lo-
cated south of the present weather divide (Fliri 1984). There-
fore, the location of this large icefield also supports a strong in-
fluence of south/southwesterly atmospheric circulation in the
western Alps during the LGM.

Conclusions

We present a detailed reconstruction of the LGM ice surface
in western Swiss Alps and contiguous Alpine regions in Italy
and France. The ice-surface reconstruction shows that the
LGM accumulation area in the western Alps was character-
ized by transection glaciers. The high relief of the western Alps
dissected the ice surface and confined ice flow to follow the
pre-existing valley system. An estimate of LGM ice volumes in
three regions, the Goms (Rhone ice dome)/Binntal, the Mat-
tertal (southern Valais icefield) and the Aletsch (icefield)/Fi-
eschertal, indicates that the largest input into the Rhone Val-
ley Glacier was from the southern Valais icefield. The ice flow
from the southern Valais icefield, in particular from Vispertal,
may have been responsible for the transport of erratic boul-
ders from the southern Valais and the Mt. Blanc regions across
the Rhone Valley and to the Solothurn Lobe on the northern
Alpine foreland. The location of the large southern Valais ice-
field is consistent with dominant south/southwesterly paleo-at-
mospheric circulation, as interpreted from the ice-surface
geometry in the eastern and central Swiss Alps (Florineth &
Schliichter 2000).
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Tab. 1. List of trimline elevations (z) used as the basis of the LGM ice-surface reconstruction. Locations are described by the x- and y-coordinates of the Swiss

map system.
TL-ID LOCATION X-COORD Y-COORD Elevation (Z) MAP_# MAP_NAME

1 Schwarzhorn 622350 138725 2600 1268 Loetschental

2 Alplijhorn 622225 136975 2550 1268 Loetschental

3 Hogleifa 626325 136400 2540 1268 Loetschental

4 Bietschhornhutte 629200 138425 2580 1268 Loetschental

5 Jegihorn 629775 134850 2600 1268 Loetschental

6 Crutighorn 631350 134075 2600 1268 Loetschental

7 Jaegihorn (Baltschiederklause) 634700 138375 2850 1268 Loetschental

8 Stockhorn(SE) 634450 136625 2640 1268 Loetschental

9 Stockhorn(S) 633875 136350 2660 1268 Loetschental
10 Tieregghorn 633075 135600 2600 1268 Loetschental
11 Dubihorn 632700 134775 2600 1268 Loetschental
12 Gruebhorn 636550 137450 2800 1268 Loetschental
13 Strahlhorn 636825 136825 2700 1268 Loetschental
14 Laegundegrat (Gredetsch) 636650 136075 2640 1268 Loetschental
15 Alpjuhorn (E) 636900 135450 2600 1268 Loetschental
16 Vordzenbachenhorn (E) 646625 142850 2820 1269 Aletschgletscher
17 Vordzen Rothorn (S) 646175 141875 2810 1269 Aletschgletscher
18 Geisshorn (SE) 645175 141250 2800 1269 Aletschgletscher
19 Grossfusshorn (SE) 643700 140550 2790 1269 Aletschgletscher
20 Grossfusshorn (SW) 643150 140675 2800 1269 Aletschgletscher
21 Sparrhron 642025 138800 2780 1269 Aletschgletscher
22 Olmenhorn (SE) 647575 144275 2820 1269 Aletschgletscher
23 Eiggishorn (NE) 650775 142575 2680 1269 Aletschgletscher
24 Strahlhorn (S) 650275 144450 2820 1269 Aletschgletscher
25 Bettmerhorn (S) 649100 140200 2690 1269 Aletschgletscher
26 Distelberg 640900 143425 2840 1269 Aletschgletscher
27 Oberaletschhutte 641450 141800 2820 1269 Aletschgletscher
28 Hohstock 640700 138475 2750 1269 Aletschgletscher
29 Grisighorn 639075 137250 2820 1269 Aletschgletscher
30 Risihorn 655025 145225 2660 1270 Binntal
31 Schwarzegge 665700 143150 2690 1270 Binntal
32 Albrun 666575 136325 2650 1290 Binntal
33 Tochuhorn 643925 123325 2500 1289 Brig
34 Schwarzhorn (E) 629075 132775 2500 1288 Raron
35 Hufjegrat 629250 133725 2560 1288 Raron
36 Wiwannihorn (SW) 631375 133225 2550 1288 Raron
37 Ougstchummuhorn (W) 631300 132425 2500 1288 Raron
38 Maelchgrat 635950 132275 2540 1288 Raron
39 Garsthorn 637200 132225 2560 1288 Raron
40 Schiltfurgga 637075 133475 2600 1288 Raron
41 Wiwannihorn (W) 632725 133800 2560 1288 Raron
42 Laegundegrat (Saas) 634150 114500 2580 1308 St. Niklaus
43 Mittleberg 629900 111725 2660 1308 St. Niklaus
44 Wasuhorn 625625 112825 2640 1308 St. Niklaus
45 Glatthorn 648100 117950 2200 1309 Simplon
46 Wyssbodenhorn (NW) 644450 118400 2300 1309 Simplon
47 Wyssbodenhorn (SE) 645350 117850 2220 1309 Simplon
48 Bodmerhorn 646350 115700 2160 1309 Simplon
49 Guggilihorn 650225 113900 2060 1309 Simplon
50 Trifthorn (W) 640950 106425 2640 1329 Saas
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TL-ID LOCATION X-COORD Y-COORD Elevation (Z) MAP_# MAP_NAME

51 Trifthorn (S) 641975 106525 2760 1329 Saas

52 Trifthorn (SE) 642525 106500 2800 1329 Saas

53 Dri Hornli 643575 106425 2880 1329 Saas

54 Untershorn 641625 104925 2680 1329 Saas

55 Mittaghorn 639050 104125 2700 1329 Saas

56 Egginer 638775 102700 2820 1329 Saas

57 Kl Allain 638950 101100 2860 1329 Saas

58 Schwarzbergkopf 638950 99175 2880 1329 Saas

59 Punta Turiggia 648100 103200 2250 1329 Saas

60 Cimidi Pozzuoli 649300 104025 2100 1329 Saas

61 Zibelenfluehorn 648600 107675 2500 1329 Saas

62 Schijenhorn 649200 108225 2420 1329 Saas

63 Balmahorn 650175 109200 2340 1329 Saas

64 Guglen 635250 105500 2900 1328 Randa

65 Brunegghorn 625300 108475 2760 1328 Randa

66 Weisshornhutte 623600 103850 2920 1328 Randa

67 Pte Dent de Veisivi (NW) 605825 101525 2480 1327 Evolene

68 Pte Dent de Veisivi (NE) 606225 101375 2480 1327 Evolene

69 Pte Dent de Veisivi (E-N) 607200 100950 2500 1327 Evolene

70 Pte Dent de Veisivi (E-NE) 607575 100475 2540 1327 Evolene

71 Pte Dent de Veisivi (E-E) 607725 100000 2660 1327 Evolene

72 Pte Dent de Veisivi (E-S) 608100 99200 2700 1327 Evolene

73 Pte des Genevois 607775 98300 2800 1327 Evolene

74 M. Mine 609325 98225 2780 1327 Evolene

75 La Maya 610100 100225 2740 1327 Evolene

76 Ptes de Mourti 609425 101600 2640 1327 Evolene

77 La Rousette 602300 98875 2560 1326 Rosablanche
78 Le Veudale (SW) 558075 100775 2470 1324 Barbarine

79 Le Veudale (NE) 558175 100825 2440 1324 Barbarine

80 Pte de L'Ifala 558975 100525 2460 1324 Barbarine

81 Aig du Van (NW) 559475 101000 2400 1324 Barbarine

82 Aig du Van (NE) 560025 101250 2300 1324 Barbarine

83 Aig du Van (SE) 560125 100700 2240 1324 Barbarine

84 Le Charmo 559400 99475 2300 1324 Barbarine

85 Bel Oiseau 561225 102625 2260 1324 Barbarine

86 Tete des Ottans 560675 104300 2500 1324 Barbarine

87 Dt de Fenestral 562850 104525 2200 1324 Barbarine

88 Aig de Berard 554125 93300 2400 1344 Col de Balme
89 Tete du Bechat 553925 91500 2380 1344 Col de Balme
90 Aig de Charlano 554075 89450 2340 1344 Col de Balme
91 Pointe des Vioz 553650 88450 2220 1344 Col de Balme
92 Aig de la Remua B558600 93825 2300 1344 Col de Balme
93 Aig de Tete Plate 557100 93025 2520 1344 Col de Balme
94 Aig de Belvedere B557275 91625 2300 1344 Col de Balme
95 Tete des Evettes B556275 90325 2200 1344 Col de Balme
96 Arete Sup de Charlano B 555025 88825 2200 1344 Col de Balme
97 Plan Praz (le Brevant) B 554125 87525 2200 1344 Col de Balme
98 Mer de Glace (W) B 559025 86125 2300 1344 Col de Balme
99 Aig a Brochard (Mer de Glace E) B 560275 88875 2200 1344 Col de Balme
100 Aig a Brochard up (Mer de Glace E) B 560600 88050 2200 1344 Col de Balme
101 Arete des Flames de Pierre B 561025 86075 2400 1344 Col de Balme
102 Aig des Gds Monetets B 562850 90275 2500 1344 Col de Balme
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TL-ID LOCATION X-COORD Y-COORD Elevation (Z) MAP_# MAP_NAME
103 Bec de Lachat B 562625 92925 2400 1344 Col de Balme
104 Bec Rouge Superieur B 563700 91825 2500 1344 Col de Balme
105 Bec du Picheu 563725 95000 2400 1344 Col de Balme
106 Les grandes Otanes (NW) 563900 97150 2300 1344 Col de Balme
107 Les grandes Otanes (N) 564650 97350 2280 1344 Col de Balme
108 Cornes de Loria 557725 97750 2500 1344 Col de Balme
109 Le Chatelet 573975 94025 2300 1345 Orsieres

110 Pointes des Chevrettes 572475 94175 2400 1345 Orsieres

111 Clochers du Portalet 571150 92850 2600 1345 Orsieres

112 Petite Pte des Planereuses 573125 91250 2380 1345 Orsieres

113 Pointes des Six Niers 572450 87925 2420 1345 Orsieres

114 La Maye 572075 86200 2440 1345 Orsieres

115 Mulets de la Lia 592125 93225 2680 1346 Chanrion

116 La Grande Ashle 593800 94525 2700 1346 Chanrion

117 Pointe d'Otemma (S) 596800 86925 2880 1346 Chanrion

118 Pointe d'Otemma (W) 596100 88050 2820 1346 Chanrion

119 Tour de Boussine (E) 592850 87550 2860 1346 Chanrion

120 Aretes de Lire Rose 595675 90500 2780 1346 Chanrion

121 Vuibe (N) 603175 94675 2600 1347 Matterhorn
122 Vuibe (MID) 603275 94450 2630 1347 Matterhorn
123 Vuibe (S) 603325 94200 2640 1347 Matterhorn
124 La Maya (N) 604350 95975 2590 1347 Matterhorn
125 La Maya (S) 604550 95600 2640 1347 Matterhorn
126 Doves Blanches 604875 94475 2720 1347 Matterhorn
127 Tete des Roeses 610200 88750 2900 1347 Matterhorn
128 Pte Budden 610075 87200 2860 1347 Matterhorn
129 Gran Vanna 607250 86775 2800 1347 Matterhorn
130 Crete du Plan 605625 93800 2820 1347 Matterhorn
131 Untergabelhorn 620500 96625 3000 1348 Zermatt

132 Pizzo Nero 640925 88450 2300 1349 Monte Moro
133 Faderhorn 639675 92450 2400 1349 Monte Moro
134 P. S. Pietro 642200 93875 2900 1349 Monte Moro
135 Pte Fiorio 593625 78475 2580 1366 Mont Velan
136 Mt du Clapy 594400 79425 2600 1366 Mont Velan
137 M de Crete Seche 597250 81750 2660 1366 Mont Velan
138 M de Chamontane 598575 82075 2700 1366 Mont Velan
139 Becca de Chatelet 601550 83500 2740 1366 Mont Velan
140 M Gele (SW) 593325 82625 2720 1366 Mont Velan
141 Pointe d'Ayace 595375 85200 2900 1366 Mont Velan
142 Pte Allobrogia 570925 83350 2750 1365 Gd St-Bernard
143 Aig Rouge de Triolet* PO 569875 82600 2800 1365 Gd St-Bernard
144 M de Greuvettaz* PO 569150 82575 2750 1365 Gd St-Bernard
145 Grand Chenalette (E) 579550 80550 2500 1365 Gd St-Bernard
146 Becs Noir 581275 82075 2460 1365 Gd St-Bernard
147 Comba 577575 78925 2400 1365 Gd St-Bernard
148 M Mort (W) 578900 79225 2650 1365 Gd St-Bernard
149 Pte Gerlach 604250 84850 2770 293 Valpelline

150 Aig Rouge (Becca des Lacs) 605550 85700 2790 293 Valpelline

151 M Dragon 608950 85250 2800 293 Valpelline

152 Pte des Fontanelles 608100 84700 2800 293 Valpelline

153 M Charvin 607200 83750 2780 293 Valpelline

154 M Dzalou 603200 81400 2700 293 Valpelline
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TL-ID LOCATION X-COORD Y-COORD Elevation (Z) MAP_# MAP_NAME
155 Aig de L'Eveque* PO 566275 78625 2725 292 Courmayeur
156 Pte Walker* PO 565350 78050 2750 292 Courmayeur
157 M de Rochefort* PO 563600 77400 2800 292 Courmayeur
158 Tour de Jethoula* PO 562100 76700 2750 292 Courmayeur
159 M Rouge de Peuterey* (NE) PO 558350 72575 2700 292 Courmayeur
160 M Rouge de Peuterey* (SW) PO 557625 72075 2750 292 Courmayeur
161 Aig de Breuillat* PO 555850 71525 2750 292 Courmayeur
162 Aig de Combal* PO 553250 70175 2775 292 Courmayeur
163 Tete Entre Deux Sex 568950 76200 2500 292 Courmayeur
164 Tete de Bernarde 566950 75075 2500 292 Courmayeur
165 Glace (Aigde I'M) B 559540 84950 2400 292 Courmayeur
166 Glace (Aig de la Trelaporte) B 560600 84150 2550 292 Courmayeur
167 Glace (Aig du Grepon) B 559950 82900 2650 292 Courmayeur
168 Glace (Aig du Tacul) B 562400 82150 2750 292 Courmayeur
169 Nid d'Aigle 550800 79700 2250 46 Val de Bagnes
170 Dreieckhorn (NE ridge) 645900 148750 2900 1249 Finsteraarhorn
171 Konkordiahutten 647250 150075 2900 1249 Finsteraarhorn
172 Chamm (SW ridge) 648225 148925 2900 1249 Finsteraarhorn
173 Herbrigrat 649225 147600 2890 1249 Finsteraarhorn
174 Gruenegg (SW ridge) 646925 150875 3000 1249 Finsteraarhorn
175 Gruenegg (S ridge) 647600 151350 3100 1249 Finsteraarhorn
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