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Bering Glacier surge and iceberg-calving mechanism
at Vitus Lake, Alaska, U.S.A.

Bering Glacier, the largest in North America with an
area, including tributaries, of about 5200 km? (Molnia,
1993) (Fig. la), was observed during photographic flights
on 19 and 24 June 1993 during a field program near the
terminus. Extensive fresh crevassing throughout regions
that were unperturbed in air photographs taken on 16
March 1993 by R. Krimmel indicated an acceleration of
flow characteristic of surge initiation. Historically, the
surge cycle for Bering Glacier has been approximately
20 years. The last major surge occurred in 1965-67. A
minor surge, similar in extent to the preliminary surge
evidence described here, occurred in 1981 but did not
propagate into the piedmont lobe.

Figure la is a full-resolution synthetic-aperture radar
(SAR) image of Bering Glacier, acquired on 13
September 1992 by the European Remote Sensing
satellite (ERS-1). The nominal resolution is 30 m. The
terminus is at the lower left. Vitus Lake —which has been
greatly enlarged by up to 10km of retreat since the 1965~
67 surge (Molnia, 1993) —is between the terminus and
the coast, which appears along the bottom of the image.
Figure 1b shows the flight path of 19 June and the
approximate locations of the photographs in Figures 2-8.
The flight of 24 June continued to upper Bagley Icefield,
which did not show evidence of participating in the surge
at that time.

Figure 2 shows a heavily crevassed bulge of ice at the
west end of Grindle Hills; the rectangular seracs result
from increasing transverse extension superimposed on
longitudinal extension. Figure 3, a relatively short
distance up-glacier, shows fresh crevassing in the fore-
ground and right middle distance, indicating propagation
of the surge down the distributary which flows around the
north and east sides of Grindle Hills (Fig. 1b). The
transient late-June snow line also appears in the middle
distance. The intersecting crevasses illustrate the effect of
orthogonal tensile principal stress components. Figure 4
shows fresh intersecting crevasses farther up-glacier,
above the transient late-June snow line, indicating a
complex surface stress field. Figure 5 shows a broad surge
front with fresh rectangular seracs near Khitrov Hills.
The distance along the crest, transverse to the flow
direction (lower left to upper right) is on the order of
2 km. In Figure 6, which is a close-up of the surge front
shown in Figure 5, a small lake is visible at bottom center.
The open “holes” or fractures visible through the lake
suggest subglacial water pressure locally in excess of the
ice-overburden pressure at the surge front. However, the
lake was clear blue rather than muddy as might be
expected if it had formed as a result of direct upwelling
from the bed. The vertical distance from the lake to the
crest of the surge front is probably on the order of 100 m.
Figure 7 shows a small lake in mid-glacier. The open
crevasses clearly visible beneath the lake are probably on
the order of 10-20 m apart.

The striking crevasse patterns shown in these air
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Fig. 1. a. Satellite synthetic-aperture radar image of Bering Glacier and Bagley Icefield, south-central Alaska, acquired by
ERS-1 on 13 September 1992 (orbit 6085, ID 32934100, full resolution ). The numbers indicate (1) Bagley Icefield, (2)
Bering Glacter, (3) the calving ice front, (4) Vitus Lake and (5) band of rock debris between Bering Glacier and Steller
Glacier tributary (not shown). (Copyright ESA 1992.) b. Sketch map corresponding to Figure la. Dashed line is the
route of 19 June 1993 flight. Circled numbers correspond to approximate locations of photographs in Figures 2-8. Arrows
indicate camera-look directions. Photographic flight of 24 June 1993 continued to upper Bagley Icefield, which did not

show evidence of surging at that time.

photographs did not extend across the entire Bering
Glacier. They are relatively local. However, accelerating
ice movement may also have been occurring in the
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relatively uncrevassed regions where chaotic surface
fracturing did not occur because of thicker ice and a
smoother bed. New crevassing faded out about 7km
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Fig. 2. Heavily crevassed bulge of surging ice near the west
end of Grindle Hills, with rectangular seracs caused by
increasing transverse tensile strain superimposed on high
longitudinal tensile-strain rates. (Air photographs in
Figures 2-7 by C. Lingle.)

down-glacier from the eastern end of Waxell Ridge
(aircraft turn-around loop in Figure 1b) where Bering
Glacier descends from Bagley Icefield, suggesting that in

Fig. 4. Fresh intersecting crevasses above the transient late-
June snow line, indicating a complex surface-stress regime.

late June the surge was just beginning to propagate into
the upper icefield that forms the bulk of the accumulation
area. The surge had also just started to propagate into the

Fig. 3. Fresh crevassing farther up-glacier from Figure 2,
showing that the surge is propagaling down the distributary
(ice moving towards center background) which flows
around the northern and eastern sides of Grindle Hills
(right background). The crevasses in the foreground show
the effect of orthogonal tensile principal stresses.
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Fig. 5. Broad bulge of surging ice shattered into
rectangular seracs near Khitrov Hills. Distance along
crest of bulge is on the order of 2 km.
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Fig. 6. Close-up of the surge-front shown in Figure 5.
Note the small lake over fractured ice at the bottom center,
suggesting subglacial water pressure in excess of the ice-
overburden pressure at the leading edge of the bulge.
However, the lake is clear blue (not muddy). Vertical
distance from lake to crest of bulge is on the order of 100 m.

Fig. 7. Small lake overlying open crevasses in broad central
area of Bering Glacier, suggesting that the subglacial
water pressure may be locally in excess of the ice-
overburden pressure. “Reverse flow” through the moulin at
the near edge may be the source of the water. The lake is
clear blue (not muddy). Crevasses beneath the lake are
probably about 10-20m apart.
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large piedmont lobe near the terminus.

In North America, surge-type glaciers exist only in the
high, heavily glacierized ranges of south-central Alaska
and the Yukon Territory, where 204 were identified by
Post (1969) from air photography. Relatively few,
however, have been observed surging. Only one—
Variegated Glacier, near Yakutat Bay in south-central
Alaska—has been measured in detail throughout an
entire surge cycle (Kamb and others, 1985). Numerous
questions thus remain regarding this important problem
in glacier mechanics for ice masses that are much larger in
size, such as Bering Glacier, or located in different
climatic regimes (Clarke, 1987; Raymond, 1987). For
example, the Variegated Glacier surge started, surpris-
ingly at that time, in January 1982. The ice velocity
dropped precipitously in late June and the surge seemed
to have stopped by mid-August (Kamb and others, 1985).
However, the surge began again in October 1982, then
came to a final halt in mid-July 1983 (Kamb and others,
1985). The question of whether glacial surges in general
are characterized by similar seasonal timing is of interest.
Although available evidence suggests that the present
surge of Bering Glacier started in the spring, the air-
photographic coverage of 16 March 1993 does not extend
far enough up-glacier to rule out midwinter initiation.
The timing and exact location of surge onset thus remain
ambiguous.

The question of whether surges characteristically
originate in accumulation areas and propagate down-
glacier into ablation areas is also of interest. In the case of
Variegated Glacier, the surge originated near the head
and was confined to the upper glacier during the first
winter (Kamb and others, 1985). In the case of Bering
Glacier, the present surge seems to have originated well
below the equilibrium line. Rapid and continuing
propagation both down-glacier into the piedmont lobe
and up-glacier into Bagley Icefield was observed by B.
Molnia, A. Post, D. Trabant and colleagues during July
1993.

The first observed surge of Bering Glacier was in 1837
(Pierce and Winslow, 1979), although it was not
recognized as such. Indirect evidence, consisting of
subsequent air photography by B. Washburn and dated
trees, indicates that surges occurred in about 1920 and
1940. Another surge, well-documented with air photo-
graphy by A. Post, occurred in 1957-60. Bering Glacier
surged again only 5years later, in 1965-67, an unex-
pected event also documented with air photography by
A. Post. Conceivably, the latter may have been a second
pulse of the 1957-60 surge. As noted above, Variegated
Glacier surged in two pulses during two successive winters
(Kamb and others, 1985). The 1965—67 Bering Glacier
surge was followed by 28 years of quiescence (interrupted
by the 1981 event), accompanied by almost complete
stagnation of the piedmont lobe near the terminus.

Regularly spaced loops in a medial moraine parallel to
Waxell Ridge and Khitrov Hills (up-glacier from the
“debris band” in Figure la and b), spaced at intervals
comparable to the ice displacement during the 195760
surge (up to 9km), indicate earlier surging of the Bering
Glacier main trunk past steady-flow tributaries with a
period of about 20 years (Post, 1972). Descriptions of the
Holocene history, recent surge history and recent retreat
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behaviour of Bering Glacier have been given by Muller
and others (paper in preparation) and Molnia and others
(paper in preparation); see also Bush (1991).

Calving mechanism

Bering Glacier is a tide-water glacier, in the sense that it is
grounded well below sea level in its lower reaches (Meier
and Post, 1987; Molnia, 1993), in addition to being a
surge-type glacier. Calving occurs, however, not into a
salt-water fjord or the ocean but rather into Vitus Lake.
Figure 8 shows that the calving terminus is a low ice cliff;
in some areas, the ice surface slopes down very nearly to
lake level. Icebergs that have calved float substantially
higher than the general elevation of the terminus,
demonstrating that the terminus is held below the level
of hydrostatic equilibrium. This differs considerably from
the high, active ice cliff at the calving front of Columbia
Glacier prior to the onset of drastic retreat, and during
drastic retreat since 1984 (e.g. Meier and others, 1985).
This calving mechanism appears to be a consequence
of small to negligible forward velocities and velocity
gradients along the ice front, caused by stagnation of the
Bering piedmont lobe following the 1965-67 surge.
“Normal” calving is evidently inhibited by the attendent
absence of deformation. Ablation is therefore the
dominant process. The ice surface, which was substan-
tially higher after the two-fold surge of 1957-60 and
196567, is steadily lowered towards lake level (Fig. 9a).
As ablation lowers the surface below the level of
hydrostatic equilibrium, the terminus is “held down” by
the tensile strength of the ice, which resists the upward
bending moment imposed by unbalanced hydrostatic
pressure acting on the bottom surface (Fig. 9b). This
bending moment increases as ablation continues to lower
the top surface. Fracture occurs, presumably, at the point
of maximum moment (at the distance from the ice front
where the surface rises above the level of hydrostatic
equilibrium), or alternatively, where an irregularity on
the bottom surface results in local stress concentration

Fig. 8. Calving front with low ice cliff and broad,
relatively stagnant piedmont lobe of Bering Glacier viewed
across Vitus Lake (200 mm telephoto lens). Example of
“pop-up’’ iceberg is in the foreground. Many icebergs were
observed in Vitus Lake floating higher than the general
elevation of the terminus. (Photograph by C. Lingle.)
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Fig. 9. Ablation-driven calving at Vitus Lake. a. Ablation
lowers the surface of the piedmont lobe, where “normal”
calving is inhibited by low deformation rates al stagnant ice
front. b. Fracture is caused by upward-bending moment
induced when the surface is lowered below hydrostatic
equilibrium. The resulting icebergs float higher than the
elevation of the terminus.

(Fig. 9b). The resulting iceberg “pops up” and floats
higher than the elevation of the terminus (see example in
the foreground of Figure 8). This mechanism is, in effect,
the reverse of the calving mechanisms described by Reeh
(1968) for floating outlet glaciers and Hughes (1992) for
grounded ice walls, in that the bending moment imposed
by hydrostatic imbalance causes fracture from the bottom
up rather than from the top down.

It can reasonably be anticipated that retreat of the
Bering Glacier terminus will be reversed and the calving
mechanism described above will be dramatically altered
when the surge propagates into the piedmont lobe. The
calving front may then become a high, actively calving ice
cliff. Whether the present surge will be as extensive as the
1957-60 and 1965—67 surges is not yet known.

Note added in proof: Vertical aerial photographs
acquired by R. Krimmel on 10 September 1993 show
propagation of the surge to the terminus, with up to
1.5 km of advance on the western side of the terminus of
Bering Glacier, near the rock-debris band shown in
Figure 1b.
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