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GE0LOC;IC HAZARDS IN THE YAKATAGA PLANNING AREA, 
SOUTHEASTERN ALASKA: AN OVERVIEW 

by 
R.A. Combellick' and RJ .  ~ o t ~ k a '  

The Yakataga planning area encompasses the 
uplands, tidelands, and submerged state lands between 
Cape Suckling and the northwestern b o u n b y  of 
Glacier Bay National Park (near Dry Bay) (fig. 1). 
Natural processes in this area will impose severe 
constraints on commercial and private development. 
Primary hazards within the planning area include high 
earthquake potential associated with the Yakataga 
seismic gap; active faulting; tsunamis; ground instability 
(both onshore and offshore) associated with high influx 
of glacially derived sediment; coastal erosion, glacier 
outburst and related flooding; snow avalanches near 
steep terrain; severe storms; and pssiblc large icebergs. 

'This report provides a brief summ'ary of available 
information related to these hazards and is a modifica- 
tion of Combellick (1993), which was prepared for 
proposed State of Alaska Oil and Gas Lease Sale 79 
(Cape Yakataga). Geologic maps by Kachadoorian 
(1959), Plafker (1967), and Miller (1971) show the 
distribution of bedrock and surficial deposits and faults, 
but do not identify all active faults. 

EARTHQUAKES 

In the region surrounding the planning area over 
100 earthquakes of magnitude 25.0 were recorded 
between 1899 and 1993 (fig. 2). These include two 1899 
magnitude > 8.0 earthquakes near Icy Bay and Yakutat 
Bay, a magnitude 7.5 event near Mount St. Elias in 
1979, and a magnitude 7.9 earthquake centered near 
Lituya Bay along the Fairweather Fault in 1958. 'Ihree 
additional earthquakes of magnitude 7.0 or greater 
occurred about 100 krn offshore of the planning area 
and are associated with a transitional fault zone. The 
1899 events resulted in as much as 15 m (50 ft) of uplift 
near Yakutat Bay and triggered large avalanches in the 
mountains between Icy Bay and Kayak Island (Tarr and 
Martin, 1912). No great earthquakes (magnitude 7.8 or 
greater) have occurred in this zone since 1899. Recent 
earthquake activity has centered around three zones: 
near the intersection of the Fairweather and Chugach-St. 
Elias faults, in an offshore area south of Cape Yakataga 
known as h e  Pamplona fracture zone (fig. 2), and in 

northern Glacier Bay (Homer, 1990). Most seismicity in 
the area is sh,dow (less than 30 km or 20 mi). 

The Yakataga planning area lies within the 
Yakataga seismic gap (YSG), which extends from Icy 
Bay to Ibyak Island along the boundary between the 
Pacific and North American plates (McCann and others, 
1980; P6re-z and Jacob, 1980). The YSG is a complex 
msi t ion  zone between right-lateral strike-slip motion 
along the Queen Charlotte-Fahweather fault zone to the 
east and underthrust motion along the Alaska-Aleutian 
trench to the west (McCann and others, 1980). This 
zone is regarded as a seismic gap because of the length 
of time that has elapsed since it last ~vptured in two 
great earthquakes in 1899. A magnitude 7.7 earthquake 
near Mount St. Elias in 1979 ruptured only a small part 
of the gap. 

Plate motion in the region is accommodated not on 
a single crustal break but along three primary zones: 
(1) strike-slip faulting along the northwest-trending 
Fairweather fault, (2) thrust faulting along the east-west 
Chugach-St. Elias fault and related faults, which bisect 
the Chugach 'and Robinson Mountains, and (3) lhrust 
faulting along the offshore Pamplona fracture zone 
south of Cape Yakataga. 

Because of the tectonic complexity of this region, 
hazard estimates using the seismic-gap hypothesis may 
be less reliable than those for other zones along major 
plate boundaries (Nishenko and Jacob, 1990). Neverthe- 
less, the YSG, along with two other segments of the 
Alaska-Aleutian seismic zone, has not ruptured in the 
last 50 yr; Lahr and others (1985) regard these seismic 
gaps as the most probable locations for the next great 
earthquake in Alaska. Nishenko and Jacob (1990) have 
estimated a probability of 67 percent during the next 
15 yr for recurrence of the 1899 magnitude 8.2 event 
and 5 percent for recurrence of larger events within the 
YSG. Because of the recent (1958) magnitude 7.9 earth- 
quake along tlie Fairweather fault to the east, the 
probability for recurrence of a magnitude '7.9 event 
along this fault in the next 15 yr is negligible. Although 
the reliability of these probability estimates may be 
poor-they are based on limited historical recurrence 

l ~ l a s k a  Division of Geological & Geophysical Surveys, 794 University Ave.. Suite 2M) Fairbanks, AK 99'709-3645. 
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Figure 1. Yakutaga planning area. 
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Figure 2. Epicenters of eAhquakes with magnitudes >5.0 in the area 58-615N, 136-145 5W. 1899-1993 (Alaska Earrhquake I~formation Center, 4/26/94). 



4 Report of Investigations 94-29 

data and, therefore, poorly constrained-these estimates 
give a rough idea of the likelihood of major earth- 
quakes occurring near the Yakataga planning area in the 
near future. 

Geologic study of elevated tenaces in the YSG 
indicates a recurrence interval of 500-1.400 yr for major 
uplift events during the past 5,000 yr (Plafker, 1990). 
The events recorded by the terraces probably represent 
very large great earthquakes such as the 1964 magnitude 
9.2 event near Prince William Sound. The recurrence 
interval for 'smaller' great earthquakes (magnitude 8-8.5) 
is probably much shorter. The recurrence interval for 
magnitude 7.9 or larger earthquakes on the plate 
boundary along the coast of southeast Alaska, based on 
historical data, is estimated to be about 120 yr (Homer. 
1983; 1990). Earthquakes of magnitude 6 or greater 
would be expected about every 5 yr. For the Fairweather 
fault, Lisowski and others (1987) calculate a recurrence 
interval for a magnitude 7.9 earthquake of 67 to 85 yr 
from measured deformation rates and an average 
coseismic slip of 3.5 m (11.5 ft). 

EARTHQUAKE EFFECTS 

Thenhaus and others (1985) estimate a 10 percent 
probability of exceeding 0.63 g earthquake-generated 
horizontal acceleration in rock during a 50-yr period in 
this area. (For comparison, Woodward-Clyde Consult- 
ants (1987) estimated 0.15-0.20 g ground acceleration in 
Anchorage during the great 1964 earthquake.) Accelera- 
tions in areas underlain by soft sediments are likely to 
be higher than in bedrock areas because of amplifica- 
tion. Thenhaus and his colleagues point out that their 
estimate was a result of analyses completed in 1978, 
before the tectonic models of Pdrez and Jacob (1980) 
and McCann and others (1980) were published. 

Because of high sediment influx from glacial 
meltwater streams, most coastal and offshore areas are 
underlain by thick deposits of unconsolidated sediment 
(Miller. 1971; Carlson and others. 1975. 1977; Carlson 
and others, 1977; Carlson, 1978) (fig. 3). These loose 
deposits may amplify earthquake shaking and are 
susceptible to earthquake-induced failure (Seed and 
Idriss, 1982). West of Kayak Island, large volumes of 
sediment are also supplied to the continental shelf by 
the Copper River. Onshore. ground cracking and lateral 
spreading in glaciofluvial deposits, former beach 
ridges, and other unconsolidated deposits extended 
from Controller Bay to the Cape Yakataga area as a 
result of the 1964 magnitude 9.2 earthquake, centered 
nearly 330 km (200 mi) to the east (Plafker and others, 
1969). 

Maximum surface displacement caused by the 1958 
Fairweather earthquake (magnitude 7.9) was measured 

near Lituya Bay south of the Yalcataga planning area. 
The southwest side of the fault moved about 6.5 m 
(21.3 ft) laterally northwest and about 1 m (3.3 ft) 
vertically relative to the northeast side (Tocher, 1960). 
Fault displacement was observed from Palma Bay to 
Nunatak Fjord. The earthquake triggered an enormous 
rock avalanche into Lituya Bay and generated a wave 
that reached elevations of 530 m (1740 ft) on the 
opposite shore (Miller, 1960). The strongest ground 
shaking was on the coastal lowland, southeast of 
Yakutat. where part of an island subsided about 30 m 
(100 ft), resulting in three deaths (Davis and Sanders, 
1960). Other effects included the damming of the Alsek 
River by accelerated ice calving from the Alsek Glacier 
and subsequent flooding a few hours later. Similar 
effects can be expected from future earthquakes. 

Despite the tectonic complexity and uncertainty 
about earthquake probabilities and accelerations in the 
Cape Yakataga region, the area is generally recognized 
as having a higher likelihood for a great earthquake in 
the next few decades than most other areas along active 
plate boundaries. All future structures there should be 
designed to meet or exceed the Uniform Building Code 
requirements for seismic zone 4 (highest earthquake 
hazard). Builders should take special precautions to 
prevent damage from higher accelerations and earth- 
quake-induced ground failure in areas underlain by 
thick, soft sediments. 

SEAFLOOR HAZARDS 

Detailed shipboard seismic profiling in the 1970s 
revealed numerous areas of unstable sediment on the 
continental shelf in northern Gulf of Alaska (Carlson 
and Molnia, 1977) (fig. 3). Large submarine slides south 
of Icy Bay and west of Kayak Island were probably 
triggered by earthquakes. Surface or near-surface faults 
were also identified in several areas, including the 
Pamplona fracture zone south of Cape Yakataga and a 
zone parallel to the southeastern shore of Kayak Island. 
The ongoing activity of these faults is demonstrated by 
recent seismicity (fig. 2). 

In addition to the earthquake hazards described 
above, man-made structures on or near active surface 
faults may be subject to extreme ground accelerations, 
catastrophic ground failure, or direct displacement due 
to fault offset at the ground surface. Although these 
seafloor faults and slides were mapped largely in the 
federal Outer Continental Shelf (OCS) area, similar 
instability and active faulting probably extends shore- 
ward into state-owned waters. The most effective means 
of reducing hazards to offshore structures due to 
seafloor instability or active faulting is by careful 
mapping and avoidance of these features. 
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Figure 3. Submarine slidis and near-swface faults in the northern Gulf of Alaska (modified from Carlson and Molnia, 1977). 
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TSUNAMIS 

Because of the high likelihood of a local great 
earthquake and exposure of the northern Gulf of Alaska 
coast to nearly the entire Pacific Ocean, tsunami hazard 
in the Yakataga planning area is high. A tsunami, or 
seismic sea wave, generated by a local earthquake could 
be very severe and allow very little warning. Large and 
sudden offshore submarine landslides could also 
generate destructive tsunamis without warning. A 
tsunami generated by a distant source would allow 
public officials more time to warn inhabitants and 
evacuate coastal lowlands, but the physical effects could 
be equally severe. The primary hazards from tsunamis 
are personal injury and inundation of structures in 
coastal lowlands and shallow offshore areas, particularly 
if the tsunami occurs at high tide. 

The Gulf of' Alaska coast east of Prince William 
Sound was not seriously affected by a tsunami as a 
result of the 1964 great earthquake. Erratic tides. swift 
currents, and surges of 0.3-1 m (1-3 ft) were observed at 
Cape Yakataga and Yakutat, but none exceeded normal 
extreme high tide (Plafker and others, 1969). However, 
future large earthquakes involving offshore fault 
displacement or major tilting of the seafloor in the Gulf 
of Alaska could generate a tsunami that would be very 
destructive to coastal facilities. 

VOLCANIC ERUPTIONS 

Although the Yalcataga planning area is more than 
320 km (200 mi) east of the active Cook Inlet and 
Aleutian volcanoes and 160 km (100 mi) south of the 
Wrangell volcanic center, eruptions of these volcanoes 
can result in ash  fallout in the area. A tephra plume from 
the August 18, 1992, eruption of Mt. Spurr, 120 km 
(75 mi) west of Anchorage, blew east over the Chugach 
Mountains, followed the northern Gulf of Alaska coast 
over the Cape Yakataga area, and caused significant ash 
fall at Yakutat (Alaska Volcano Observatory, 1993). An 
eruption about 1,500 yr ago in the Wrangell-St. Elias 
Mountains resulted in a widespread ash deposit (White 
River ash) covering an area of at least 300,000 sq krn 
(125,000 sq mi) in southern Yukon Temtory and eastern 
Alaska (Lerbekmo and Campbell, 1969). Such ash falls 
can 1~ a serious hazard to aircraft, vehicles, and 
machinery. 

GLACIER-RELATED HAZARDS 

Small icebergs from Bering Glacier now pose a 
hazard to coastal small boat traffic in the Gulf of Alaska. 
Since a major surge ended in 1967, Bering Glacier has 
been retreating rapidly, releasing giant icebergs into 

Vitus Lake. The icebergs, some as long as 500 m 
(1,600 ft), are trapped in the lake by the shallow outlet 
at Seal River. If the narrow banier beach holding in the 
icebergs erodes further or is breached by storm waves or 
a tsunami, Vitus Lake would become a fjord open to the 
sea, and the dammed-in icebergs would be released to 
the Pacific Ocean. 

A major surge of Bering Glacier began in 1993 and 
resulted in a nlajor but temporary advance of the terminus 
(Molnia, 1993,1994). The surge did not extend far 
enough to affect coastal facilities, but renewed teiminal 
retreat following the surge could be accompanied by a 
higher than usual rnte of calving, which would increase 
the iceberg hazard if the Seal River outlet to the Gulf of 
Alaska is breached. Elsewhere, glacier surges can 
temporarily block streams and fjords causing outburst 
and related flooding (next section). 

The Guyot, Yahtse, and Qndall Glaciers all 
presently calve icebergs directly into Icy Bay. These 
icebergs pose a hazard to boat traffic within the bay, 
particularly near the calving termini; some occasionally 
stray into the Gulf of Alaska and present a hazard to 
coastal small boat traffic. 

Hubbard Glacier is an advancing tidewater glacier 
that lies at the head of Disenchantment Bay. Icebergs 
from the calving front commonly choke the upper part 
of the bay, and present an extreme hazard to boat 
particulxly near Osier Island and at the mouth of Russell 
Fjord, where tidal currents are exceptionally swift. 

Areas that have beer) recently deglaciated are 
susceptible to ground subsidence due to melting of 
buried ice blocks. These areas include the forelands of 
Bering Glacier and glaciers in Icy Bay (Boothroyd and 
Cable, 1976). Glacial deltas should also be avoided 
because of the potential for delta-front slumping and 
slope failure. 

OUTBURST AND RELATED FLOODING 

Onshore facililies near streams that drain some 
glaciers in or near the planning area may be at risk from 
glacial-outburst flooding. Bering, Yakataga, and White 
River Glaciers all impound lakes with the potential of 
draining catastrophically if the physical character of the 
impounding glaciers changes (Post and Mayo, 1971). 
Berglake, which is impounded by the Stellar lobe of 
Bering Glacier, presents an extreme hazard on the Bering 
River lowland. Other streams with outburst potential are 
Campbell River, Seal River, White River, and all 
channels of Yakataga River. Outburst floods have not 
been documented on these streams, so their frequency 
and severity are unknown; these potential flood areas 
should be avoided where practical. Any structures 
placed along these rivers should be engineered to 
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withstand stream erosion, deposition, and severe 
flooding. New Yahtse, Caetani, and Kettlehold deltas in 
Icy Bay are also subject to outburst flooding from the 
west margin of Malaspina Glacier and therefon: 
unsuitable for shore facilities (Boothroyd and Cable, 
1976). 

Hubbard Glacier has advanced intermittently since 
mapped in 1895 and has dammed Russell Fjord as 
recently as 1986 (Trabant and others, 1990). Lake level 
in Russell Fjord reached 25 m (87 ft) above sea level 
before the ice dam failed catastrophically on October 9, 
1986. The Hubbard Glacier has begun readvancing and 
the U.S. €;eoloe,ical Survey has forecasted that the glacier 
will probably again dam Russell Fjord within 10 yr 
(Trabant and others, 1990). If the blockage holds, 
Russell Fjord will be filled by fresh water until it 
reaches 40 m (130 fi) above sea level and overflows into 
the Situk River. Following this period of dams and 
failures, the glacier blockage of Russell Fjord is 
expected to be stable for centuries and increase the 
average flow of the Situk River tenfold (Trabant and 
others, 1990). Any future activities planned for the Situk 
drainage area should take this eventuality into account. 

Three glaciers can potentially dam the Alsek River 
Tweedsmuir, Lowell, and Konamoxt, all in British 
Columbia (Post and Mayo, 1971). Extremely hazardous 
Lake Alsek will re-form only if Iawell Glacier surges 
strongly. Hazardous lakes rnay form if Tweedsmuir 
Glacier surges moderately. The most recent lake is 
estimated to have formed around 1945. Outbursts from a 
large lake dammed by Konamoxt Glacier pose a 
moderate flood hazard on the Alsek River flood plain. 

COASTAL MORPHOLOGY 

The conclusions of Hayes and Ruby (1977) on the 
coastal morphology of the Northern Gulf of Alaska 
directly apply to shoreline development in the Yakataga 
planning area. The entire planning area is subject to 
severe storm-generated waves and surges wherever the 
shoreline faces the open gulf. The only protected areas 
are Icy Bay and Yakutat Bay. Therefore, any develop- 
ment of these exposed shorelines will necessitate 
reasonable setback distances with special attention to 
storm-surge flooding. 

The spits in the planning area show dramatic 
historical changes, both erosional and depositional. Spit 
breaches by corfined rivers behind them are common 
and unpredictable. Many of the spits are completely 
overwashed during storms and subject to storm surge 
flood or storm surge ebb breaching. 

Erosion at the mouth of Icy Bay and downdrift 
(west) to Cape Yakataga is extreme (37 m/yr or 121 ftjyr 

maximum at Point Riou). Permanent structures in this 
area should be avoided. 'The shoreline immediately 
downdrift (west) of Cape Yakataga is relatively stable 
because of the protection and sheltering of the cape to 
southeast storm waves. 

The inner eastern shoreline of Yakutat I3ay has the 
most stable beaches in the planning area. These shore- 
lines are well protected from storm waves approaching 
from directions other than southwest. They are generally 
composed of mature well-sorted gravels. The inner 
eastern shoreline of Icy Bay is also protected from storm 
waves from clirections other than southwest. Its beaches 
are less mature with considerably more sand. The bay 
has a number of outwash streams depositing fan deltas, 
which ~nodify the shoreline and fill in the bay. Sediment 
transported along Riou Spit also poses infilling prob- 
lems for adjacent downdrift shorelines. 

The Yakutat Foreland beaches are mildly erosional 
but, given adequate setback distances, may be a favor- 
able location for development. However, this would also 
depend on suitability of adjacent surficial deposits, 
which should be determined before construction. 
Westenl shorelines of both Icy Bay and Yakutat Bay are 
subject to relatively high wave energies and should be 
avoided. 

LANDSLIDES AND SNOW AVALANCHES 

Steep te~rain in the eastern part of the Yakataga 
planning area (east of Kaliakh River) presents poten- 
tially serious hazards because of dope instability, 
particularly debris slides, debris avalanches, and snow 
avalanches. High relief combined with heavy, wet 
snowfall, cold temperatures, and erratic strong winds in 
this area create conditions favorable for major snow- 
avalanche activity (Hackett and Santeford, 1980). 
Earthqilakes can trigger large slope failures and snow 
avalanches, as they did in the mountains west of Icy Bay 
during Ule 1899 events (Tarr and Martin, 1912). 
However, these hazards are highly localized and can be 
avoided by careful evaluation and avoidance of suscep- 
tible slopes. 

SEVERE STORMS 

Low-pressure systems that develop in the norlh- 
western Pacific Ocean typically track eastward into the 
Gulf of Alaska, causing strong southerly or southeast- 
erly winds along the northern gulf coast. Streamflooding 
commonly occurs during periods of heavy precipitation 
associated with the storm systems. Pressure gradients 
are strengthened by the damming of air masses along 
the mountain barrier, resulting in even stronger inland 
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winds. Venturi effects in mountain passes cause these 
winch to be erratic and locally intense near rough terrain. 
Average annual wind speed is 19 km/h (12 mph) at 
Middleton Island and 13 km/h (8 mph) at Yakutat, with 
maximums reaching 109 km/h (68 mph) and 120 km/h 
(75 rnph), respectively, during the winter months 
(Searby, 1969). Sustained gusts up to 175 km/h 
(109 mph) have been recorded at Midclleton Island, 
southwest of the proposed lease area (U.S. Dept. of 
Commerce, 1953). In addition to adverse loading effects 
of these strong winds, a secondary hazard to offshore or 
coastal installations is structural icing caused by water 
spray. These weather hazards are significant but can be 
mitigated with proper engineering. 

Development in the Yakataga planning area will be 
subject to potentially severe geologic hazards, including 
earthquake shaking, cmthquake-induced ground failure, 
tsunamis, seafloor instability and faulting, volcanic ash 
fall, possible large icebergs, glacier surges, outburst and 
related flooding, coastal erosion, slope instability, and 
severe storms. All structures should be built to minimum 
requirements of' the Uniform Building Code for seismic 
zone 4. Additional precautions should be taken to 
identify and accommodate special conditions such as 
unstable ground, active faults, flooding, and other 
localized hazards. Proper siting and engineering will 
help minimize the detrimental effects of these natural 
prmesses. 

Information for this report was compiled from 
existing publications on the geology, geologic hazards, 
and hydrology of land and offshore areas along the 
northeastern Gulf of Alaska. The epicenter plot for 
figure 2 was provided by the Alaska Earthquake 
Information Center, courtesy of Charlotte Rowe, 
University of Alaska, Geophysical Institute, and Bob 
Hammond, U.S. Geological Suwey. We thank Richard 
Reger and Jeff Kline for their thoughtful reviews. 
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