











Figure 8.3. Haeussler et al. (2014) investigated changes in bathymetry in Passage Canal by comparing a 1948
bathymetric survey to multibeam survey data acquired in 2011. The inset map (A) covers the entire multibeam
survey area and shows the Billings Creek fan (BCF), Trinity Flats (TF) and the Gradual Point moraine (GPM). The
detailed map of the western end of Passage Canal (B) shows the coastline in 1964 and present, the tsunami

inundation line and wave runup direction and height, in meters (runup data from Kachadoorian, 1965; maps from
Haeussler et al., 2014).
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Stop 9 — Portage Lake, Portage Glacier retreat

Figure 9.1 Photo of Portage Glacier and Portage Lake in 1957

The Portage Glacier could be viewed easily from the U.S. Forest Service Begich, Boggs Visitor Center
when it was first open to the public in 1986. During the past century, the terminus of the glacier has
retreated nearly 5 kilometers to its present location. Like other glaciers that terminate in water, such as
Columbia Glacier near Valdez or Mendenhall Glacier near Juneau, Portage Glacier has experienced
accelerated retreats in recent decades that likely were initially triggered by climate change beginning at
the end of the Little Ice Age in the mid-1800s and subsequently controlled in recent history primarily by
calving of the glacier terminus. Photographic records of the terminus covering 1914 until present day
track the patterns of retreat. These data, coupled with USGS climate information collected from the
southern end of the ice field, provide insight to the patterns of retreat that might be observed in the future
(Kennedy et al, 2006) .

During the late 1800s and early 1900s, Portage Glacier terminated on land at the western end of Portage
Lake, filling Portage Lake with ice (Figure 9.2 - 1914). Since the early 1900s, the glacier has receded,
leaving Portage Lake in the scoured basin. As the glacier receded, its land-based terminus retreated into
proglacial Portage Lake and changed from its relatively stable land-based environment to an unstable
calving environment. The most rapid recession of some 140 to 160 meters per year occurred between
1939 (Figure 9.2 -1939) and 1950, when water depth at the terminus was at its maximum—roughly 200
meters. Recession continued through the 1970s and 1980s (Figure 9.2 -1972, 1984) until by late 1999,
Portage Glacier had receded almost 5 kilometers, to a more stable position at the eastern end of Portage
Lake (Figure 9.2 - 1999). The retreat was driven primarily by calving of unstable ice at the glacier
terminus into Portage Lake. Ice loss resulting from increased melting of the glacier surface during the past
century-long general warming trend contributed to glacier retreat, but to a lesser extent (Kennedy et al,
2006).

The Above is taken from USGS Open File 2006-3141 and references therein.
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Figure 9.2 Approximate terminus positions of Portage Glacier 1914—1999 (Modified from Mayo et al., 1977 with
additional USGS imagery). The 2006 location is very similar to the marked 1999 location. U.S. Forest Service
Begich, Boggs Visitor Center location is marked. Portage Glacier is located in south-central Alaska.

The future of the Portage Glacier

Early scientific theories proposed that calving glaciers cycle between advance and retreat
patterns; with rapid retreats, followed by stable retracted positions, slow advances, and then
stable extended positions that are not directly related to climate change. This would suggest that
the glacier would advance again in the future as part of this cycle. However, current research in
Alaska and elsewhere does not support this theory — thus far showing no evidence for this cycle
with lake terminating glaciers and favoring the possibility that Portage glacier will continue to
retreat (E. Burgess, personal communication). It is possible however that Portage glacier retreat
will stabilize somewhat once the terminus reaches shore, and the glacier no longer terminates in
the lake.

Girdwood (map: https://goo.gl/maps/kyOgL)
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Figure 9.3. Photo record of Portage Glacier retreat from 1914-2006

31



References

Atwater, B., Yamaguchi, D K., Bondevik, S., Barnhardt, W.A., Amidon, L.J., Benson, B .E., Skjerdal, G., Shulene,
J.A., Nanayama, F. (2001) Rapid resetting of an estuarine recorder of the 1964 Alaska earthquake. GSA Bulletin;
v. 113; no.9; p. 1193-1204;

Barclay DJ, Wiles GC, Calkin PE (2009) Holocene glacier fluctuations in Alaska. Quat Sci Rev 28(21-22):2034—
2048. doi:10.1016/j.quascirev.2009.01.016

Bradley, D.C., and Miller, M.L., 2006, Field guide to south-central Alaska’s accretionary complex, Anchorage to
Seward: Alaska Geological Society, 32 p.

Connelly, William, 1978, Uyak Complex, Kodiak Islands, Alaska: A Cretaceous subduction complex: Geological
Society of America Bulletin, v. 89, no. 5, p. 755-769.

Haeussler, P.J., 2008, An overview of the neotectonics of interior Alaska: Far-field deformation from the Yakutat
microplate collision, in Freymueller, J.T., Haeussler, P.J., Wesson, R.L., and Ekstrom, G., eds., Active Tectonics
and Seismic Potential of Alaska: Washing- ton, D.C., American Geophysical Union Geophysical Monograph
Series 179, p. 83-108.

Haeussler, P., and 9 others (2014), New Imaging of Submarine Landslides from the 1964 Earthquake Near Whittier,
Alaska, and a Comparison to Failures in Other Alaskan Fjords, in S. Krastel et al. (eds.), Submarine Mass
Movements and Their Consequences, Advances in Natural and Technological Hazards Research 37, DOI
10.1007/978-3-319-00972-8 32, © Springer International Publishing Switzerland 2014.

Hansen, W.R., 1966, The Alaska Earthquake, March 27, 1964, Effects on Communities — Anchorage: U.S.
Geological Survey Professional paper 542-A, 68 p., 2 sheets.

Harding-Lawson Associates, Weems, S.M., and Combellick, R.A., 1997, Seismically induced ground-failure
susceptibility, Anchorage, Alaska, 1979 (recompiled): Alaska Division of Geological & Geophysical Surveys
Miscellaneous Publication 32, 1 sheet, scale 1:25,000.

Jibson, R.W., and Michael, J.A., 2009, Maps showing seismic landslide hazards in Anchorage, Alaska: U.S.
Geological Survey Scientific Investigations Map 3077, 11 p., 2 sheets, scale 1:25,000,
(http://pubs.usgs.gov/sim/3077).

Karl, S.M., Bradley, D.C., Combellick, R.A., Miller, M.L., (2011) Field guide to the Accretionary Complex and
Neotectonicsof South-Central Alaska, Anchorage to Seward, Alaska Geological Survey

Kennedy, B.W., Trabant, D.C., Mayo, L.R., (2006) A Century of Retreat at Portage Glacier, South-Central Alaska.
U.S. GEOLOGICAL SURVEY Fact Sheet 2006-3141

Kachadoorian R (1965) Effects of the earthquake of March 27, 1964, at Whittier, Alaska. US Geol Surv Prof Paper
542-B: B1-B21, 3 sheets, scale 1:4,800

Mayo, L.R., Zenone, C., and Trabant, D.C., 1977, Reconnaissance hydrology of Portage Glacier basin, Alaska: U.S.
Geological Survey Hydrologic Investigations Atlas HA-583, 2 sheets.

O’Malley, J., 2014, Anchorage Daily News: http://www.adn.com/2014/03/22/3388654/march-27-1964-the-day-the-
world.html

Plafker, G., 1969, Tectonics: U.S. Geological Survey Professional Paper 543-1, 74p.

Shannon and Wilson, Inc., 1964, Report on Anchorage area soil studies, Alaska, to U.S. Army engineer District,
Anchorage, Alaska: Seattle, WA, 109 p.

32



Shennan, I., Barlow, N., and Combellick, R., 2008, Palaeoseismological records of multiple great earthquakes in
southcentral Alaska — A 4000-year record at Girdwood, in Freymueller, J.T., Haeussler, P.J., Wesson, R., and
Ekstrom, G., eds., Active Tectonics and Seismic Potential of Alaska: Geophysical Monograph Series, vol. 179,
American Geophysical Union, Washington, p. 185-199.

Updike, R.G., 1984, The Turnagain Heights landslide: An assessment using the electric cone-penetration test:
Alaska Division of Geological & Geophysical Surveys Report of Investigations 84-13, 48 p.

U.S. Geological Survey Circular 491

U.S. Geological Survey Fact Sheet 2004-3072 (2003), available here: http://pubs.usgs.gov/fs/2004/3072/pdf/fs2004-
3072.pdf.

U.S. Geological Survey Fact Sheet 2014-3018 (2014) , available here: http://pubs.usgs.gov/fs/2014/3018/.

33





