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Figure 1.1. Sketch of southern Patagonian glaciations during LGM of the
major paleo-glacier lobes from 46° to 54° S. Modified from Rabassa et al.
(2011), and references therein. Last 5 Kyr B.P. shows neoglacial
chronologies proposed from the fluctuation of Patagonian glaciers in the
Holocene by Mercer and by Aniya, modified from Glasser et al.
(2004 .

Figure 1.2. SRTM Digital Elevation Model of Southern Patagonia showing
major lakes and structural regions (FTB: Magallanic Fold-and-Thrust Belt, FB:
Magellanes Foreland Basin; DM: Deseado Masiff). Contour lines show equal
precipitation (DGA, 1987) and the orographic effect of the Andean Main
Range and Sierra Baguales Mountain Range. PA: Punta Arenas, PNat:
Puerto Natales, White dotted box shows study area................cccocviviiennnn.

Figure 2.1a. Right box shows the location of the study area. Elevations were
obtained from the SRTM model. The brown dotted line shows the major
moraine systems east of Lago Argentino, Brazo Rico and Brazo Sur (Mercer,
1976; Strelin and Malagnino, 2000; and references therein), and south and
east of Lago Toro and Lago Sarmiento respectively (Sagredo et al., 2011,
Garcia et al., 2013). Cirque activity corresponds to 1). current glacier activity,
2). perennial snow activity, 3). no glacier or snow activity, 4). not categorized.
Figure 2.1b. Mapped cirque floor elevations, which show the increase in
elevation towards the east. A — A’ shows a topographic profile from the SPIF

to the easternmMOSt SBMR . ... e

Figure 2.2. Google Earth © image showing the study area from the SW.
Photographs a) and b) (see location on Google image) show a hanging valley
and glacial cirque, and photo c) shows a glacial valley. Current snow and
glacier processes are particularly active along the high elevations on the

eastern side of the SBMR (i.e., see Figure. 2.1)........ccoiiiiiiiiiiiiiiiiienn,
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Figure 2.3. Lateral moraine (dark lines) below the cirques shown in figure 2a
(F3 N Fig. 2.0 e

Figure 2.4. Striated erratic (F4 in Fig. 2.10).........cooiiiiii

Figure 2.5. Definition of key morphometric attributes. Left box shows the
length (L) and azimuth (for aspect) in a grey line and width (W) in a white
dashed line. i - ii correspond to a topographic profile on ASTERGDEM. The
right box shows the characteristics of range (H) and the topographic

Figure 2.6. Cirque showing evidence of glacier activity, at the easternmost
section of the SBMR (F6 in Fig. 2.1D0) ...,

Figure 2.7. Cirgue showing perennial snow activity (F7 in Fig. 2.1

Figure 2.8. Frequency distribution of L, W and H. Cirque mean surface (km?)
decreases with an increasing in depth (H). Otherwise, when the average
slope becomes gentle (i.e. decrease of H), cirques are most likely to grow
longitudinally and laterally. As shown in figure 2.1, large cirques are
concentrated along the eastern margin of the SPIF and gradually get smaller

towards the interior of the continent around the SBMR........coooeiiiiiiiiiiii ...

Figure 2.9. Rose diagram showing frequency distribution of aspect. Cirques
with a SW aspect tend to be located in the intermediate zone and altitudinal
range E (1,472 — 1,741 m a.s.l), while cirques with S aspects are preferably
located at the SPIF. Otherwise cirques with a S to SE aspect show a
homogeneous distribution within the study area and an altitudinal range
between C to D (1,126 —1,292 and 1,293 — 1,471 m a.s.l.). Moreover, cirques

with W to SW aspects tend to show larger surface areas....................coeeues

35

36

37

42

42

43



Figure 2.10. Tree cluster of cirques (Euclidean distance measurements and
amalgamation conducted by Ward's method). The analysis shows two major
morphological types where the differences are based on the cirque activity
(i.e. glacial, perennial snow, or absence of both), surface, shape and spatial
distribution. Morphological type 2 tends to show largest cirques compared
with the morphological type L........ouiiiiii e

Figure 2.11. Composite map of study area. Cirques were categorized using
10 parameters extracted from the morphometric analysis (Table 1.2). Black
dotted lines show outlines of LGM lobes. Cirque areas closest to the SPIF,
such as in the far SW, were partly covered or adjacent to the large ice sheet
during the LGM (Garcia et al., 2012; Strelin et al., 2011). This contributed to
their higher areal development in relation to those located in the eastern
SBMR, which were isolated from the ice sheet outlet lobes. Note that high
values show the spatial distribution of currently active snow/ice processes,
which particularly for the eastern SBMR, are conditioned by cirque floor
elevations (Fig. 2.1) and the rainshadow effect. The lowest values spatially
match with evidence of areas covered or adjacent to former outlet glaciers of

the SPIF, and cirques with no evidence of current glacier or snow activity......

Figure 3.1. The right box shows the general location of the study area, and
the blackstippled box shows the SBMR. Major lakes appear in dark blue,
SPIF is shown in light blue. The black stippled line shows an outline of the
mapped moraine systems around Lago Argentino (Strelin and Malagnino,
2009, and references therein, Kaplan et al., 2005; 2008; 2011; Strelin et al.,
2014), and Lagos Toro and Sarmiento (Marden, 1997, Sagredo et al., 2011,
Garcia et al., 2012). CG: Cerro Guido; RC: Rio Las Chinas; TdP: Torres del
Paine, which correspond to meteorological stations of the Direccion General

de Aguas (DGA). Elevations were obtained from an SRTM model................

Figure 3.2. SBMR glacial geomorphology. White boxes show the location of
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samples for radiocarbon dating. RB-RB" shows the location of the
topographic profile (Figure 3.8). AA", BB, CC" show the former surface
topography of alpine glaciers (Figure 3.10).........c.cooiiiii e

Figure 3.3. U-shaped valley in the area where the former Alpine glaciers

coalesced to form a small Icefield (F3in Fig. 3.2)....ccoiieiiiiiiiiiiiieeee,

Figure 3.4. Remnant of lateral moraine and boulders deposited and aligned
with the moraine (FA iN Fig. 3.2). ..o e

Figure 3.5. Lateral moraine and boulders below the U-shaped valley shown in
FIGUrE 3 (F5 N Fig. 3.2) e i

Figure 3.6. Figure 3.6. Hummocky terrain and remnants of lateral moraine.
These deposits, located in the middle section of the Baguales River basin,

constitute evidence of a former Icefield (F6 iIn Fig. 3.2).......cccoviiiiiiiiin.nn.

Figure 3.7. Eroded kame terraces along the Baguales River (see also Figure
3.8) (F7 N Fig. 3.2 et

Figure 3.8. RB-RB’ topographic profile............coooiiiii
Figure 3.9. Spatial distribution of rock mass strength in SBMR, the box on the
left shows that at greater rock resistance cirque areas tend to
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Figure 3.10. Former surface topography profiles of alpine glaciers.

Topography and ice thickness vary depending on changes in the bedrock
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