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thickness of 13 feet. Earth lurching (horizontal translation of cracked 
ground toward a free face) was common on the flood plains of several 
rivers or tidal flats and on manmade fill. 

The great Chilean earthquake of 1960 triggered numerous landslides. 
Most were in fine-grained material, particularly in manmade fill. Lique-
faction of loose sandy soils caused heavy damage along the waterfront of 
Puerto Montt. Loose sandy hydraulic and dumped fills lost virtually all 
their shear strength and flowed into the sea (Duke and Leeds, 1963). 
There was total failure of harbor quay walls, heavy damage to a sheet 
pile seawall, and failure of building foundations. Throughout southern 
Chile, earthfills for highways and railways were heavily damaged by 
slumping, fissuring, and earthflow. Many failures were in sidehill con-
struction, the earth moving laterally downhill (Duke and Leeds, 1963). 
Fill slumped in many bridge approaches and caused cracked abutment walls, 
rotated piers, and collapsed decks. 

Landsliding of surficial deposits during the great Alaska earthquake 
of 1964 was widespread and resulted in tremendous destruction to manmade 
facilities. Damage was particularly heavy along the waterfronts in the 
cities of Anchorage, Seward, and Valdez (see fig. 3 for locations). 

In the Anchorage area, as discussed by Hansen (1965), most of the 
destructive landslides moved on nearby horizontal slip surfaces after 
loss of strength in the Bootlegger Cove Clay. The Bootlegger Cove Clay 
is a fine-grained glacial estuarine-marine deposit, which contains zones 
of low shear strength, high water content, and high sensitivity under 
vibratory stress. Some failures were attributed to spontaneous lique-
faction of intercalated sand layers. Translatory slides devastated 
part of downtown Anchorage and Turnagain Heights. There was virtually 
total destruction to homes in the Turnagain Heights slide area owing to 
complete disintegration of the prequake land surface as the slide moved 

seaward. 

Of several types of landsliding in the Seward area during the 1964 
quake, the most spectacular was large-scale subaerial and subaqueous 
landsliding of alluvial fan-delta deposits along the waterfront. Harbor 
facilities were almost completely destroyed and the entire economic base 
of the town was wiped out. As described by Lemke (1967), a strip of 
land, approximately 4,000 feet long and 50-500 feet wide, slid into 
Resurrection Bay. Ground behind the slide scarp was intricately frac-
tured for a landward distance of as much as 800 feet owing to almost 
horizontal movement of the landmass toward a free face. The submarine 
sliding resulted in marked deepening of water in.the vicinity of the 
former shoreline. Factors other than strong shaking that may have con-
tributed to the sliding were (1) the long duration of strong ground mo-
tion, (2) the fineness of grain and texture of some of the material 
involved in the sliding, (3) the probability that the finer grained ma-
terials liquefied and flowed seaward, and (4) the added load of manmade 
facilities built on the edge of the shore. 
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A massive slide in outwash fan-delta deposits, similar in many re-
spects to the one along the waterfront in Seward, was triggered at Valdez 
by the 1964 quake. The slide, which originated under water along the 
front of the delta but which extended some distance landward, involved 
approximately 98 million cubic yards of generally fine grained material 
and destroyed harbor facilities and nearshore installations. Several 
factors apparently combined to produce the slide (Coulter and Migliaccio, 
1966). Shaking was of critical intensity to liquefy the loose- to 
medium-dense saturated sand of the deltaic deposits and to transform the 
sediment into a concentrated suspension with minimal shear strength. 
Also, withdrawal of water from the beaches during shaking, owing to gener-
ation of abnormal waves, may have been accompanied by a sudden decrease 
in hydrostatic head. This may have resulted in an immediate increase in 
weight of the upper soil layers and a corresponding decrease in support 
at the toe of the slide owing to the lowered sea level. The fact that 
sliding took place at low tide also may have been a factor. 

In addition to landsliding along waterfronts, the Alaska earthquake 
of 1964 triggered landslides in surficial deposits in many other areas. 
Particularly prevalent were those that affected highways and railroads. 
Lateral displacement of unconsolidated sediments toward a free face 
caused severe damage to road fills and bridges. For example, all bridges 
on the Copper River Highway, except one on bedrock, were damaged by being 
placed in compression by lateral displacement of sediments (Kachadoorian, 
1968). Landsliding and snow avalanching onto highways also caused damage. 
Damage to the Alaska Railroad from slides was similar in most respects to 
that for highways. Between Seward and Anchorage, 17 railroad bridges 
were damaged or destroyed as a result of direct shaking, landslides, sub-
sidence, ground cracks and lurching, and inundation at high tides (Hansen 
and others, 1966). 

The above examples indicate that the following factors, occurring 
singly or in combination, could contribute toward earthquake-induced 
landslide failures in southeastern Alaska: (1) steep slopes, (2) rocks 
whose foliation or beds dip toward a free face, (3) easily weathered 
bedrock and associated thick talus, (4) planes of weakness along pre-
existing faults, (5) actual tectonic displacement along a fault during 
an earthquake, (6) presence of earth materials that tend to liquefy and 
flow, even on nearly flat surfaces, (7) prior saturation of deposits or 
sudden emission of water onto deposits, (8) presence of plastic or sen-
sitive clays and silts, (9) presence of stream channels and other open 
faces to facilitate slumping and lurching, (10) presence of loose fine-
grained deltaic and fan delta deposits on unstable slopes, and 
(11) presence of loose manmade fills. Each of these factors probably 
is present in one or more places in southeastern Alaska. 

Earthquake-induced subaqueous slides 

Submarine slides triggered by large earthquakes, although particu-
larly important in respect to navigation because of changed water depths, 
generally are imperfectly known. It is possible to define the areal 
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extent and size of the slides only in those places where accurate nautical 
charts existed before the earthquake and where equally or more accurate 
postearthquake soundings were taken. The amount of tectonic uplift and 
subsicence in the ocean is equally difficult to determine. 

Postearthquake nautical charts, made by the U.S. Coast and Geodetic 
Survey, now the National Ocean Survey, (Environmental Science Services 
Administration, 1967) for a number of places in Alaska following the 
great Alaska earthquake of 1964, showed that most major sliding in the 
sea was concentrated along the foreslopes of fan deltas. At Seward, in 
addition to the sliding along the waterfront that has been described 
previously, large-scale submarine sliding of deltaic deposits at the 
head of Resurrection Bay shifted bathymetric contours several hundred 
feet landward. Water that was 20 feet deep before the earthquake was 
about 130 feet deep after the earthquake and the underwater slope steep-
ened from approximately 15° to approximately 20° (Lemke, 1967). At Valdez 
as previously described, a large submarine slide, which extended headward 
onto land, was triggered along the front of the outwash delta. It is 
not known whether other nearby fan delta fronts slid, but cable breaks 
3 miles west of Valdez during the earthquake of Feb. 19, 1908, were attrib 
uted to earthquake-triggered slides at that time (Coulter and Migliaccio, 
1966). 

A number of other breaks in communication cables in southeastern 
Alaska also appear to have been caused by earthquake-induced submarine 
slides (D. Alford, Alaska Communication System, written commun., 1966; 
Heezen and Johnson, 1969). Cable breaks offshore from the Katzehin River 
delta (5 miles southeast of Haines) can be correlated in time with the 
Lituya Bay earthquake of July 10, 1958. A submarine slide that occurred 
along the face of the Katzehin River delta 8 hours after the Alaska earth-
quake of March 27, 1964, probably also was due to secondary slumping of 
the delta front and related to that earthquake. Considering the limited 
extent of fiord bottoms transected by these cables, there probably have 
been many undetected earthquake-induced slides in southeastern Alaska 
along delta fronts and in perched sediments along fiord walls. 

In attempting to assess the potential for earthquake-induced sub-
aqueous slides, it seems reasonable to assume that future sliding will 
occur most frequently in those types of deposits that have slid in the 
past. On this basis, the largest slides are likely to be triggered 
along the larger delta fronts. However, some of the smaller fan delta 
deposits and the perched sediments along fiord walls also are likely to 
slide during a large earthquake. If these nearshore deposits are sub-
ject to liquefaction, slides may be triggered on fairly gentle slopes. 
The resulting slurrylike mass can move a considerable distance from its 
source and spread out as a relatively thin blanket. 

Effects on glaciers and related features 

Strong ground motion and land-level changes resulting from earth-
quakes can affect glaciers and related features in several ways: 
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(1) cause thickening of glacier ice, (2) cause thinning of glacier ice, 
(3) disrupt glacier-fed streams, (4) change flow characteristics of 
glacier ice resulting in glacial advance, (5) cause accelerated calving 
of the termini of tidewater glaciers resulting in possible retreat of 
glaciers, (6) cause glaciers to advance or retreat as a result of land-
level changes, and (7) produce long-term changes in mass or flow charac-
teristics of glaciers because of tectonic displacement (Post, 1967). 

Tarr and Martin (1914) attributed the sudden short-lived advances 
of nine glaciers in the Yakutat Bay region to the large Yakutat Bay 
earthquakes of 1899 and, as a result, proposed the Earthquake-Advance 
Theory. They theorized that the severe shaking caused large amounts of 
snow and ice to avalanche onto the glaciers from adjacent steep mountain 
slopes. The increased load, they speculated, upset the dynamic equilib-
rium of the glaciers and caused sudden short-lived advances. However, 
since Tarr and Martin's work, it is not known that several glaciers in 
Alaska, western Canada, and elsewhere undergo sudden advances called 
"surges" that are unrelated to earthquakes. No glacier surges have been 
reported in the immediate vicinity of any strong earthquake since 1899. 
This fact, plus the probability that significant avalanching did not 
take place on at least one of the glaciers observed by Tarr and Martin, 
render the Earthquake-Advance Theory suspect (Post, 1967). 

The Lituya Bay earthquake of July 10, 1958, produced only minor 
evidence of avalanching onto glaciers other than small rockslides. How-
ever, as previously described (see section "Earthquake-induced subaerial 
slides and slumps"), a huge rockslide plunged down a steep slope at the 
head of Lituya Bay and generated a wave 1,740 feet high. The wave cut 
off part of the front of Lituya Glacier but did not cover its surface 
(D. J. Miller, 1960). 

The Alaska earthquake of March 27, 1964, produced no snow and ice 
avalanches of large size or any that adversely affected man despite the 
fact that about 20 percent of the area that underwent strong shaking is 
covered by ice (Post, 1967). This is even more surprising because the 
earthquake occurred at a time when large quantities of snow were present 
and the avalanche hazard was high under nonearthquake conditions. Also, 
with few exceptions, hanging glaciers did not appear to have been affecte 
and there was no unusual calving of glacier termini into tidewater 
(Ragle and others, 1965). The most important effect of the earthquake 
upon the regime of glaciers was the extensive rockfalls onto the glacier 
ice. The largest of these rockfalls avalanched onto Sherman Glacier on 
the east side of Prince William Sound near Cordova. It covered about 
50 percent of the ablation area of the glacier town average thickness 
of 5 m (Post, 1967) and was computed by Plafker (1965) to contain about 
25 million cubic meters of rock debris. Possible future long-term effect 
of this rockslide onto the glacier, as well as effects of smaller rock 
avalanches onto other glaciers, include reduced melting, increased flow, I 
and advance of the glaciers (Post, 1967). No evidence was found of 
changes in levels of glacier-dammed lakes by englacial drainage or other 

68 



newly established drainage courses as a result of the earthquake. A 
few minor changes in stream channels were noted near some glaciers, but 
there was no evidence of any permanent changes (Post, 1967). Changes in 
land levels due to tectonic deformation were too small to noticeably 
affect the regimen of the glaciers. 

In contrast to the general lack of glacier effects on man related 
to the Alaska earthquake of 1964, the cataclysmic avalanche of ice and 
rock that fell from a high glacier-covered peak in Peru as a result of 
the Peru earthquake of May 31, 1970, produced devastating effects on man 
and his works. As described by Erickson and Plafker (1970), the ava-
lanche fell from the face of a 5,500- to 6,500-meter-high cliff, moved 
downslope (probably part way on a cushion of air) for a distance of 
14.5 km at an indicated average velocity of 400 km per hr and devastated 

a 15 km2 area. As it moved downvalley, it took on the character of a 
highly fluid mudflow and was estimated to average about 3 m in thickness. 
The mudflow buried the town of Yungay, most of Ranrahirca, and several 
other communities. At Yungay, 320 people are known to have died and 
15,000 were missing. At Ranrahirca, an estimated 1,800 of the 1,850 

residents were killed. 

In trying to evaluate the effects of future earthquakes on glaciers 
in southeastern Alaska, as the effects relate to man, it should be noted 
that present glaciers are limited chiefly to mountainous areas in the 
northwestern and northeastern parts of the region. Only in the Glacier 
Bay area and in a few other bays and inlets do glaciers actually reach 
tidewater. Therefore, most towns in southeastern Alaska are sufficiently 
distant from glaciers so as not to be directly affected by them in the 
event of a large earthquake. Adverse effects in areas near glaciers 
probably would be limited largely to (1) flooding of streams owing to 
sudden release of large quantities of water by the breaking of earthquake-
induced dams of ice or the sudden draining of ice-walled lakes, (2) calv-
ing off of icebergs or avalanching of large quantities of ice and debris 
down steep slopes into bays and inlets causing navigation problems from 
floating icebergs or generating high waves, and (3) snow avalanching on 
steep slopes. The effects of tectonic changes resulting from most future 
earthquakes probably would be too small to significantly change the 
regimen of any of the glaciers. If, however, glaciers did begin to ad-
vance, because of tectonic uplift for example, then facilities such as 
roads near the present termini of glaciers might be adversely affected. 

Effects on ground water and streamflow 

It is well known that large earthquakes can significantly affect 
ground- and surface-water regimens. Examples from two earthquakes, the 
Hebgen Lake, Montana, earthquake of August 17, 1959, and the Alaska 
earthquake of March 27, 1964, are sufficient to illustrate most of the 

expectable effects. 

The Hebgen Lake earthquake produced widespread effects on ground-
and surface-water supplies in the area. As described by Swenson (1964), 
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water issued under pressure from at least two wells in the area, which 
had never been known to flow; water levels in several other wells de-
clined noticeably. Flow began or flow pressure increased in wells with-
in a 200-mile radius of the epicenter. Numerous sand spouts and some 
sinkholes were formed where the ground water reached the surface under 
pressure. Some springs discharged at rates three times as much as nor-
mal; the flow of others decreased or stopped. Water from many of the 
springs, which before the earthquake was remarkably clear, became brown 
and turbid. The water temperature of some springs reportedly was higher 
after the earthquake, and new thermal springs issued from an active fault 
zone. The discharge of many streams promptly increased 0.5-0.2 cfs per 
mile after the earthquake (Stermitz, 1964). Sediment load also increased 
on all streams tributary to Hebgen Lake; most of the material in suspen-
sion consisted of fine clay (Hadley, 1964). Removal of material from 
the large landslide on the Madison River became evident soon after the 
water started flowing through the new spillway across the slide. Short-
ly thereafter, large quantities of sediment were being transported down-
stream as the stream downcut its spillway channel. Aggradation in the 
river and bank erosion were very pronounced for a distance of about 2 
miles downstream from the base of the slide (Hadley, 1964). 

The effects. of the Alaska earthquake of March 27, 1964, on the 
ground- and surface-water regimens were studied fairly extensively. 
Waller (1966a, b) noted that the short-term effects on ground water in-
cluded (1) surging of water in wells, (2) extrusion of water, mud, and 
sand, (3) failure of well systems, and (4) turbidity of water in wells 
and springs. He ascribed long-term effects to physical changes in 
aquifers, which included temperature changes, chemical quality changes, 
and the lowering of the water level or artesian pressures. Ground water 
was drastically affected mostly in unconsolidated aquifers for at least 
100 miles from the epicenter. Water in shallow wells oscillated as a 
result of ground motion. Water levels dropped in some wells after the 
earthquake but increased in others. Many well systems failed owing to 
sanding or silting of the pump column or to differential movement and 
breaking of well casing. Hydrostatic pressure in deep aquifers dropped 
as much as 15 feet. Lower water levels and artesian pressures presum-
ably were caused chiefly by sediment compaction, which lowered the dis-
charge rates or transmissibility of the aquifers. Salt-water encroachment 
to wells on an island near Anchorage seems to have increased. Increased 
pore-water pressure caused liquefaction in some granular materials and 
also caused disastrous landslides. Ice cover on many lakes and streams 
was extensively broken during the earthquake. Some streams increased 
their flow but this was not as common as diminished streamflow. Changes 
in streamflow were controlled by ground fracturing in and near stream-
beds and by snow and rock avalanches. Most avalanches did not block 
the stream flow for long but effects from some persisted for several 
months (Waller, 1966a; Lemke, 1967). 

Most or all of the effects on ground water and streamflow described 
above probably also could occur in parts of southeastern Alaska during 
future large earthquakes. In general, ground-water effects would be 
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most pronounced in major stream valleys and in coastal areas where sur-
ficial deposits are most prevalent and are thickest. Streamflow, as 
previously indicated, may be high if a slide dam, holding large quantities 
of water, is breached suddenly. Water is rarely impounded behind a snow-
slide or a rockslide if there is an absence of fine-grained material, thus 
permitting the water to drain through the slide. On the other hand, if 
the slide material is fine grained and relatively impervious, the dam may 
fail catastrophically by overtopping, followed by very rapid erosion. 

Tsunamis, seiches, and other abnormal water waves 

Abnormal water waves associated with large earthquakes commonly 
cause vast property damage and heavy loss of life. Tsunami effects can 
be devastating to coastal areas many thousands of miles from their gener-
ation source. Seiche effects generally are confined to inland bodies of 
water such as lakes or to relatively enclosed coastal bodies of water 
such as bays. Other abnormal waves, generated by submarine sliding or 
by subaerial landsliding into water, generally produce only local effects 
but may be highly devastating. During an earthquake, two or all three 
types of waves may be present in an area. It may not be possible to 
differentiate the wave type and the resultant damage from one particular 
kind of wave. By some definitions, all three types of waves are called 
"tsunamis." However, for purposes of discussion here, each type and its 
possible effects will be discussed separately. 

Tsunamis 

Tsunamis, otherwise known as seismic sea waves, are gravity waves 
generated by exceptional underwater disturbances, such as those associ-
ated with earthquakes or from other causes (Wiegel, 1964, 1970). Waves 
of this type erroneously have been referred to as tidal waves but they 
are not directly related to tides. Tsunamis consist of trains of waves 
with periods of 5-60 minutes or longer and may be detectable for as long 
as a week on tide gages. Near the point of origin the first wave gener-
ally is the largest, but at greater distances one of the succeeding waves 
may be the greatest. Large tsunamis are believed to be generated by 
sudden tectonic displacement (uplift, subsidence, or tilting) of the 
ocean bottom. For noticeable tsunamis to occur, the magnitude of the 
earthquake must be greater than 6.3+0.0111, where H is the focal depth 
in kilometers; for disastrous tsunamis to be generated, the magnitude 
generally must be greater than 7.75+0.008H (Wiegel, 1964). Also, for a 
tsunami to be of large size, a substantial vertical change of ocean 
bottom is necessary, such as could occur on a dip-slip fault. It is un-
likely that a major tsunami would be generated as a result of movement 
on a strike-slip fault unless the fault offset a seamount, submarine 
cliff, or some other large underwater topographic disconformity (Wiegel, 

1970). 

In the open ocean, tsunami waves are long and low (of the order of 
SO miles long and 2 feet high) and, therefore, are not easily detectable. 

In oceanic depths of 12,000-30,000 feet, they have speeds of 425 to 600 
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miles per hour. In shallower water, such as in bays and inlets, the 
speeds are considerably less. When tsunami waves approach a coast, they 
may greatly increase in height and (or) runup onto land. The wave height 
depends partly upon the offshore topography, the waves generally being 
higher where the offshore zone is gently shelving, where reefs border 
the coast, or where waves have been refracted around shoals, islands, or 
other intricate topographic configurations. Heights attained by tsunami 
waves running into the heads of funnel- or triangular-shaped bays may be 
considerably higher than at the mouths of the bays (Cox, 1961; Hodgson, 
1966). This is not always so, however, because wave height appears to 
be a function of the ratio of the period of the tsunamis to the period 
of the bay (Wiegel, 1970). 

Wave runup onto shore can range from a barely perceptible abnormal 
rise, generally detectable only on a tide gage, to heights of more than 
100 feet (Wiegel, 1964). In most instances the waves come in as fast 
rising swells; in other instances they come crashing onto shore with 
great violence. It is characteristic of tsunami waves that the water 
level draws down along the coast between arrival times of the wave crests 
(Wiegel, 1970). In fact, one of the best indications that tsunami waves 
can be expected in an area is for the water to rapidly recede from shore 
following an earthquake. During past earthquakes many people have not 
recognized this phenomenon for the danger it portends. Thus, instead 
of fleeing to higher ground if they are near the shore, some people have 
actually gone out onto the newly exposed ocean floor to collect shell-
fish or for other reasons and have been drowned by the incoming tsunami 
wave. 

Damage from tsunamis can be exceptionally great. In addition to 
heavy loss of life and damage to nearshore buildings, docks, and other 
harbor and coastal installations, moored boats can be extensively damaged 
by pounding against other boats and docks or by being carried ashore and 
beached. 

One of the largest known tsunamis occurred June 15, 1896, in Japan. 
A wave ran up onto land to an elevation of 75-100 feet above tide level 
and killed more than 27,000 people and destroyed approximately 10,000 
houses (Leet, 1948). This is the largest known loss of life from a 
tsunami. 

The enormous tsunami generated by the large Chilean earthquake of 
May 22, 1960, demonstrated that disastrous wave effects can be produced 
thousands of miles from the generation source. The tsunami waves not 
only inflicted extensive damage on coastal communities throughout a 
large part of southern Chile, but waves traveled at high velocity across 
the Pacific Ocean with significant runups recorded in Hawaii, California, 
Alaska, Japan, New Zealand, Australia, and at many other coastal areas 
(Berkman and Symons, 1964). 
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Along the coast of southern Chile, waves reached a maximum reported 
height of 70 feet at one locality, about 50 feet at another locality, 
and 20-40 feet at several localities. The first wave commonly was not 
the highest. At many localities, the third wave obtained the highest 
runup whereas in still other places the second or even the fourth wave 
was the highest. Water drawdown commonly preceded the arrival of the 
first wave so that in places, for periods of 10-20 minutes or more, the 
offshore floor was exposed out to distances ranging from several hundred 
to 1,500 feet. The tsunami caused catastrophic destruction to the shore-
line part of the town of Ancud in southern Chile. All structures (sever-
al hundred houses) to the maximum height reached by the waves (about 20 
feet) were torn from their foundations and most were swept out to sea 
(Galli 0. and Sanchez R., 1963). Farther north at the mouth of the Rio 
Valdivia, three powerful waves, each about 28 feet high, destroyed docks, 
buildings of wood and concrete, and installations built of reinforced 
steel (Sievers and others, 1963). Three ships anchored in the hay were 
first pounded against the coast, then carried seaward, only to be returned 
by incoming waves, which grounded and sank two of the vessels. Waves 
traveled up the Rio Valdivia a distance of about 15 miles. The depth of 
the Rio Valdivia near its mouth was increased by about 15 feet in places 
by the scouring action of the waves, so it became navigable for ships of 
average tonnage--one of the few examples where a tsunami produced a bene-

ficial effect. 

Tsunami waves generated by the Chilean earthquake of 1960 traveled 
across the 6,600 miles of ocean to Hilo, Hawaii, in 14.9 hours, an aver-
age velocity of between 440 and 445 miles an hour (Cox and Mink, 1963). 
The waves formed a bore at Hilo and reached a runup height of 35 feet. 
In spite of an elaborate tsunami warning system that was put into effect 
5 hours in advance of the arrival of the tsunami at Hilo, 61 people were 
killed and 282 were injured. A few hours later, waves as high as 130 
feet hit coasts in Japan causing extensive damage and drowning many 
people (Bird, 1969). In Alaska, maximum wave heights were 11.0+ feet in 
Massacre Bay (Attu Island in the Aleutian Islands), 5.2 feet at Yakutat, 
3.0 feet at Sitka, and 1.2 feet at Skagway (Berkman and Symons, 1964). 

The tsunami generated by the Alaska earthquake of March 27, 1964, 
was the largest since the Chilean tsunami of May 22, 1960(Spaeth and 
Berkman, 1969). It was caused by broad crustal warping along a hinge 
line which extended northeastward from near the southeast coast of 
Kodiak Island (fig. 3) and across the eastern part of the Kenai Penin-
sula, passed approximately through Valdez, and terminated in the vicinity 
of the Copper River (Plafker, 1969). The generation area was the uplifted 
ocean bottom southeast of this line, where uplift•may have been as much 

as 50 feet (Spaeth and Berkman, 1969). 

The tsunami waves generated by the Alaska earthquake of 1964 struck 
with devastating force along the Alaska coast from Kodiak Island to 
Cordova (fig. 3). In spite of the fact that the effects of the tsunami 
were less than they might otherwise have been, because the highest waves 

struck in most places in Alaska at low tide (Van Dorn, 1964), approximately 
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105 people lost their lives in Alaska (Doak C. Cox, written commun., 
1970) from this type of wave and property damage was extremely high. On 
Kodiak Island and nearby islands, the waves killed 18 people, and about 
45 million dollars worth of property was destroyed by a combination of 
wave action and tectonic subsidence (Plafker and Kachadoorian, 1966). 
The waves also were particularly destructive in other areas of tectonic 
subsidence, such as on the coast of the Kenai Peninsula. Most of the 13 
people who lost their lives at Seward were killed by wave action; prop-
erty damage could not be separated from loss incurred from landsliding 
and other causes but it was exceedingly high for a town of its size 
(Lemke, 1967). At Cordova, the waves caused some damage and one casualty 
(Plafker and others, 1969). About 5 million dollars worth of damage was 
sustained in the twin cities of Alberni and Port Albernia in British 
Columbia on the west coast of Vancouver Island. Minor damage was done 
along the Washington coast and moderate damage occurred along the Oregon 
coast where a family of four was drowned. The tsunami waves reached 
record heights along the coast of northern California. At Crescent City, 
Calif., the highest wave crested about 20 feet above tide level (Tudor, 
1964); 11 people were killed and 35 were injured. Total damage in 
California amounted to almost 10 million dollars (Spaeth and Berkman, 
1967). Damage was light in Hawaii and in Chile. 

As one would expect, arrival time and periodicity of the waves, 
number of large waves, and height of waves of the 1964 tsunami varied 
from place to place. The-first of seven large waves, with periods of 
55-90 minutes, arrived at Cape Chiniak on Kodiak Island, Alaska, 34 
minutes after the quake and crested about 23 feet above tide level 
(Plafker and Mayo, 1965). The first wave reached the southeast coast of 
the Kenai Peninsula about 20 minutes after the earthquake began. It was 
followed by a second wave, 10-12 minutes later, which ran up to an esti-
mated height of 35-40 feet above lower low water. The first wave reached 
Seward (fig. 3), at the head of Resurrection Bay, about 25 minutes after 
shaking stopped; it and several succeeding waves were 30-40 feet high as 
they neared the head of the bay, the third wave probably was the highest 
(Lemke, 1967). Boats, houses, and railroad cars, collected from the 
waterfront, were carried over a railroad embankment and deposited inland. 
Rails were twisted and an overturned locomotive (weighing 85 tons) was 
moved several tens of feet inland, attesting to the energy of the waves. 
Water withdrew from the shores in the intcrva7s between the tsunami wave 
but apparently not before the arrival of the first tsunami wave. The 
first wave was preceded, however, by a withdrawal of water (lowering of 
18 feet) at Rocky Bay near the southwest tip of the Kenai Peninsula, as 
well as at Middletown Island (near Montague Island shown on fig. 3) and 
at several other places to the east (Plafker and Mayo, 1965; Wilson and 
TOrum, 1968). The Coast Guard vessel Sedge ran aground near Cordova dur-
ing a 27-foot drawdown of the sea in the interval between two waves 
(Grantz and others, 1964). At Sitka (fig. 1), waves reached a maximum 
height of 14.3 feet above normal tide, at Yakutat they reached a height 
of 7.6 feet, and at Juneau they were 7.5 feet above normal (Spaeth and 
Berkman, 1967). An unusually high tide occurred at Haines about 5.75 
hours after the earthquake, followed by five more waves or high tides 
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about 1 hour apart (Retha M. Young, Postmaster, Haines, written commun., 
1964). However, arriving as they did a considerable time later than the 
tsunami waves arrived along the outer coast of southeastern Alaska, there 
is some doubt that these were tsunami waves. 

The tsunamis generated during the Chilean earthquake of 1960 and 
the Alaska earthquake of 1964 demonstrated that, under certain conditions, 
tsunami waves can travel up long narrow inlets, similar to those in south-
eastern Alaska, and attain fairly high runups. During the Chilean earth-
quake, tsunami waves traveled approximately 80 miles up a relatively 
narrow island-studded inlet to Puerto Aguirre, where they attained a run-
up of approximately 10 feet; thence, they traveled 42 miles up a much 
narrower transverse inlet to Puerto Aysen, where they reached a height of 
about 5 feet (Sievers and others, 1963). During the Alaska earthquake, 
tsunami waves did heavy damage to the town of Port Alberni in British 
Columbia, located at the head of a long inlet about 40 miles from the 
entrance to Barkley Sound on the west coast of Vancouver Island. The 
inlet is 0.5-1 mile wide, about 600 feet deep at its mouth, and less than 
180 feet deep at its head. Damaging waves may have reached a maximum 
height of 27 feet and had a periodicity of 1.72 hours. Wilson and TOrum 
(1968) believe that the waves must have gained their extraordinary height 
by some near-resonance local phenomenon inasmuch as the maximum waves at 
Victoria, only a short distance away, were only 3 feet high; 

It is beyond the scope of this paper to try to predict the maximum 
height of tsunami waves and of runup on land that might be reached in 
different parts of southeastern Alaska. Most all of the earthquakes in 
southeastern Alaska and vicinity of large enough magnitude to produce a 
tsunami have been along the Fairweather-Queen Charlotte Islands fault 
system where movement has been chiefly horizontal. As noted previously, 
a considerable vertical displacement of the ocean bottom, such as would 
occur along a dip-slip fault, is required to generate a tsunami. However, 
this does not preclude tsunami waves from far-distant generation sources 
hitting the outer coastal areas and attaining high runup levels. The 

degree of attenuation reached by these waves in traveling up the long 
linear inlets in southeastern Alaska is largely conjectural at this time. 
As noted previously, tsunami waves, under certain conditions, will trav-
el up long inlets and attain fairly high runups. However, unless a hy-
draulic model of the inlet is constructed and studied in relation to the 
characteristics of tsunami waves, it is not possible to estimate poten-
tial wave height in any particular inlet. However, theoretical travel-
time charts for tsunamis have been made for 17 towns in southeastern 
Alaska as part of the Alaska Regional Tsunami Warning System (Butler, 
1971). The system is part of the Pacific Ocean Stismic Sea Wave Warning 
System that detects and locates major earthquakes in the Pacific region 
and issues appropriate warnings to the coastal population when tsunami 

waves might constitute a hazard. 
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Seiches 

Seiches are periodic oscillations (standing waves) in lakes, bays, 
inlets, reservoirs, and rivers produced by changes in wind stress, at-
mospheric pressure, or by earthquakes. The periods of the standing waves 
may be the natural period of the basin, or harmonics of the natural pe-
riod as controlled by the physical dimensions of the basin (McCulloch, 
1966). Seiches produced by earthquakes (seismic seiches) are believed 
to be caused by the horizontal acceleration of short-period seismic sur-
face waves (McGarr and Vorhis, 1968). Seiching also may be caused by 
tectonic tilting of the basin causing periodic wave oscillations 
(McCulloch, 1966). Seiche waves generally are generated in enclosed or 
nearly enclosed bodies of water. 

Because seismic surface waves travel much faster than tsunami waves, 
seiche waves are operative in an area before the tsunami waves arrive, 
and therefore, commonly can be distinguished from them. Generally, they 
hit the shore within minutes after the earthquake and have largely sub-
sided by the time the first tsunami wave has arrived. However, they are 
more difficult to differentiate from locally generated waves caused by 
submarine sliding. 

Seismic seiches have been recognized as long ago as the great Lisbon, 
Portugal earthquake of Nov. 1, 1755, and have been described as an earth-
quake effect many times since then. Seiching during only two earthquakes 
will be discussed here: (1) the Hebgen Lake earthquake of 1959, and 
(2) the Alaska earthquake of 1964. 

The Hebgen Lake earthquake of 1959 produced pronounced seiching in 
Hebgen Lake, a northwest-trending lake about 15 miles long, as much as 
80 feet deep, and dammed at its northwest end. The lake area during the 
earthquake subsided differentially 22 feet (Myers and Hamilton, 1964). 
The water surface was warped so that water in a southeast arm of the lake 
was 5 feet higher than at the dam and 10-15 feet higher than in the main 
part of the lake a few miles southeast of the dam. As a result, a wave 
of water about 10 feet high was generated and overtopped the dam about 
10 minutes after the earthquake. The first and highest wave was followed 
by a series of oscillations with gradually decreasing size for at least 
12 hours after the earthquake. Wave periodicity was roughly estimated 
at about 10 minutes by eyewitnesses (Stermitz, 1964). Because of the 
large amplitude of the waves and their general violence, the waves were 
called "surges" by Myers and Hamilton (1964) rather than seiches. How-
ever, damage from the waves was relatively light. Although the earth-
dam (with a concrete-core wall) at the northwest end of the lake was 
overtopped by about 1.5 feet of water, it did not fail. However, gullies 
3-4 feet deep were carved on the downstream face of the dam and the 
spillway was damaged. Some houses along the shore of the lake were 
floated off their foundations and boats and docks were washed away. The 
banks of Hebgen Lake slumped extensively into deeper water and greatly 
changed the bottom topography. How much of this slumping was due to 
bank undercutting from wave action and how much can be attributed to 
other earthquake effects is not known. 
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Seismic seiches caused by the Alaska earthquake of 1964 were of 
two kinds: (1) those caused by horizontal acceleration of water by 
seismic surface waves, and (2) those caused by tectonic tilting of a 
water basin. 

Nearly all of the first type of seiche were recorded at teleseismic 
distance (600 miles or more from the earthquake epicenter). In the 
United States, where most of this type of seiche was noted, 763 of 6,435 
surface-water gages of the U.S. Geological Survey registered seiches 
(McGarr and Vorhis, 1968). The greatest number of these gages that reg-
istered seiches were in States bordering the Gulf of Mexico. The seiches 
occurred on bodies of water having a wide range in depth, width, and 
rate of flow and included rivers, streams, lakes, reservoirs, ponds, and 
swimming pools. Waves as high as 6 feet were described in coastal regions 
of Louisiana and Texas (Donn, 1964). The maximum wave heights recorded 
on gages were (1) 0.87 foot in Missouri, (2) 0.68 foot in Louisiana, 
(3) 0.67 foot in Texas, and (4) 0.66 foot in Florida (McGarr and Vorhis, 
1968). Seiching in the States bordering the Gulf of Mexico began between 
30 and 40 minutes after the earthquake, or about the time that Love and 
Rayleigh types of surface seismic waves were passing through the area 
(Spaeth and Berkman, 1967). Wave periods generally were in the 5- to 
15-second range. In general, the seiches having the highest amplitudes 
and longest durations (about 2 hours) were in reservoirs. Damage, al-
though minor, was widespread in States bordering the Gulf of Mexico. 
Flooding occurred on both sides of a bayou in Louisiana, a number of 
boats broke loose in the same area, and several boats sank or were washed 
ashore. Mooring lines snapped and many barges were set adrift on a canal 
near New Orleans. 

Seiches, caused by tectonic tilting of water basins and perhaps 
also in places by horizontal acceleration of water by seismic surface 
waves, were noted in several places in Alaska following the 1964 quake. 
They were best documented on several lakes. On Kenai Lake (about 20 
miles north of Seward), at least nine distinct seiche waves, with wave 
periods between 1.40 and 36.36 minutes, were produced as a result of 
the lake being tilted so that the west end was about 3 feet lower than 
the east end (McCulloch, 1966). In constricted and shallow parts of 
the lake, seiche waves had 20- to 30-foot-runup heights. Although most 
of the damage along shore was due to slide-generated waves, minor addi-
tional damage was caused by seiching. Had the shore area been densely 
populated, damage would have been markedly higher. Seiche waves also 
were reported on Portage Lake, fronting Portage Glacier (about 30 miles 
southeast of Anchorage). Eyewitness accounts state that the ice on the 
lake first began to violently vibrate, then heave and crack; this was 
followed by about 5-foot-high oscillations of the ice, which continued 
for almost 2 hours (Waller, 1966a). Five-inch-thick ice on Tustumena 
Lake (western part of the Kenai Peninsula) reportedly cracked markedly 
along the shore and the lake level oscillated about 2 feet. Seiche 
action was noted in several other large lakes. 
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In attempting to evaluate the potential effects of seiching in south-
eastern Alaska, it should be noted that there are only a few lakes of 
significant size that are near enough to centers of population to affect 
directly those centers. However, as more facilities are built along lake 
shores for recreational or other purposes, the potential effects from 
seiching can be expected to increase. Whether significant seiching can 
take place in bodies of water that are open at one end, such as inlets 
and bays, cannot be ascertained by us. However, answers to questionaires 
submitted by the U.S. Geological Survey to postmasters and others suggest 
that seiching did take place in some of the long narrow inlets as a result( 
of the Alaska earthquake of March 27, 1964. In at least four places in 
southeastern Alaska abnormal waves, as much as 5 feet high and possibly 
higher, were reported immediately following the earthquake and more than 
an hour before the arrival of the first tsunami waves. 

Other abnormal waves 

Local waves generated by submarine sliding or by subaerial landslid-
ing can be highly destructive because they generally hit the shore sudden-
ly during or immediately after an earthquake and because their occurrence 
and runup height at a particular locality is largely unpredictable. 
Therefore, a warning system, such as for tsunamis, is not possible. 

As noted previously, a gigantic rockslide descended into an arm of 
Lituya Bay during the Lituya Bay earthquake and generated the highest 
wave runup ever described. This huge wave caused water to surge up the 
opposite wall of the inlet to a height of 1,740 feet (D. J. Miller, 1960), 
It then moved toward the mouth of the bay at a speed of 97-130 miles an 
hour, stripped soil and vegetation from 4 square miles of shore, and 
sank two of three fishing boats. Dating of trees in the area and con-
figuration of the trimlines indicate that giant waves had been generated 
previously in the bay and had high runups in the years 1853 or 1854, about 
1874, and 1899 (D. J. Miller, 1960). The 1899 wave probably was generated 
by a landslide triggered by the large Yakutat earthquake of September 
1899. Still other waves between 1899 and 1958 can be documented from 
tree-dating and trimline studies. 

Local slide-induced waves struck violently at a number of places 
during or immediately after the Alaska earthquake of March 27, 1964, and 
were the major cause of loss of life and property. Most of the known 
waves of this kind originated along the shores of fiords and bays in 
northern and western Prince William Sound, in bays on the south coast of 
the Kenai Peninsula, and along the shore of Kenai Lake. A map showing 
location, direction of wave motion, and height oerunup of the larger 
waves in the Prince William Sound area was prepared by Plafker, 
Kachadoorian, Eckel, and Mayo (1969). The waves, which had runups of as 
much as 70 feet at Chenega (southwest side of Prince William Sound) and 
of more than 170 feet in several other inhabitated parts of the sound, 
caused most of the drownings in these areas. Highly destructive waves 
also hit Seward, Valdez, Whittier (about 50 miles southeast of Anchorage), 
and other communities. 
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The town of Chenega was virtually destroyed and 23 of its 75 inhab-
itants were lost (Plafker and others, 1969). Sixty to 90 seconds after 
shaking started, the first wave arrived and traveled about half way up 
the beach. It then receded rapidly and exposed the entire cove at the 
edge of town to a depth of 20 feet. Four minutes after the shaking 
started, a second wave ran up to a height of 70 feet. All the buildings 
(except one house and a school) were carried inland into the trees and 
smashed or were swept out to sea with the backwash. 

At Seward, slide-generated waves probably did not attain the height 
of tsunami waves that followed but, because they were the first waves to 
strike shore, they caused most of the damage and loss of life (Lemke, 
1967). Thirty to 40 seconds after violent shaking from the earthquake 
began, large-scale landsliding began along the Seward waterfront. A 
large mound of water was formed out in the bay owing to the sudden dis-
placement of water near shore. Waves moved out in all directions from 
this mound and overran the shore in several places to heights of 30 feet. 
Two miles south of Seward, a nearly completed marineway was completely 
destroyed and heavy earthmoving equipment and other objects were smashed 
against trees. Along the Seward waterfront, a large swell broke over 
the railroad dock area lifting flatcars off the tracks and picking up 
several vehicles. Burning oil, carried from exploding oil tanks by 

waves, set fire to a freight train whose last 40 cars were filled oil 
tankers. This resulted in a chain-reaction of exploding cars down the 
tracks and of oil tanks along the shore. As wave crests reached the 
small-boat harbor, moored boats were lifted over a breakwater; others 
were driven wildly to and fro. A large dock was lifted by a wave and 
then dumped into the bay. Houses and other buildings were swept from 
the waterfront. Water continued to swirl and slosh back and forth in 
the bay for at least 15 minutes before the first tsunami wave arrived 
about 25 minutes after the earthquake. 

At Valdez, sliding of a strip of deltaic deposits, 4,000 feet long 
and 600 feet wide, created a highly destructive wave (Plafker and Mayo, 
1965; Coulter and Migliaccio, 1966). Shortly after the sliding, a 
"boil" of muddy water appeared offshore, and a wave 30-40 feet high 
rushed shoreward to inundate what remained of the waterfront and other 
low parts of town. Effects of the sliding and of wave action resulted 
in the deaths of 30 people and the destruction of all docks and associ-
ated facilities. A second wave, presumably a return surge with a runup 
nearly as high as the first wave, crossed the Valdez waterfront 10 min-
utes after the first wave and carried a large amount of floating debris. 
Much larger slide-induced waves were generated near Shoup Bay (about 10 
miles west of Valdez) at about the same time and Caused heavy damage 
along considerable lengths of coastline (Plafker and Mayo, 1965). At 
one locality, high-water marks reached 170 feet above mean sea level 

(Coulter and Migliaccio, 1966). 

Multiple submarine slides at and near Whittier (about 50 miles 
southeast of Anchorage) triggered a series of waves, which inundated 
much of the shoreline at the head of Passage Canal to a maximum height 

79 



of 104 feet above mean lower low water (Plafker and Mayo, 1965). The 
first of three waves at Whittier, which was described as "glassy," 
arrived about 1 minute after the earthquake started and reached a 
height of 25-26 feet near town. A second wave, 1-1.5 minutes later 
and described as a breaking wave, carried much debris and reached a 
height of 40 feet at the railroad depot. A third wave, 0.5-1 minute 
after the second wave was a breaking wave and reached an altitude of 
about 30 feet near the depot (Kachadoorian, 1965). Thirteen people 
lost their lives as a result of wave action; in addition, lumber com-
pany buildings, the small-boat harbor, a cargo-barge dock, and several 
homes were destroyed. 

Earthquake-induced slides from nine delta fronts in Kenai Lake 
caused two kinds of destructive local waves: (1) a "backfill" type of 
wave formed by water that rushed toward the delta to fill the void left 
by the sliding mass, and which overtopped the scarp and ran inland, and 
(2) a "far-shore" type of wave, which hit the opposite shore from the 
delta (McCulloch, 1966). Some backfill waves had runup heights of 30 
feet and ran inland more than 300 feet, where they uprooted and broke 
off large trees. One far-shore wave had a runup height of 72 feet; 
trees were shorn of their limbs and bark and some, as large as 2.5 feet 
in diameter, were uprooted or broken off. A log house, one of the few 
manmade facilities along the shoreline, was carried more than 200 feet 
by a backfill wave. 

Slide-generated waves probably would have a higher destructive 
potential in southeastern Alaska than either tsunami waves or seiche 
waves because of their possibly higher local runups and because they 
can hit the shores almost without warning during or immediately after 
an earthquake. The strong indication that slide-induced waves have 
been generated a number of times in the Lituya Bay area portends fu-
ture abnormal wave action in that area. Other places where topographic 
conditions favor earthquake-induced sliding, particularly where there 
is active faulting, also should be considered as sites for the generation 
of future local waves. 

Plafker (1969) suggested that water disturbances might have been 
generated in some lakes, fiords, and rivers during the Alaska earth-
quake of 1964 by inertial effects of the water bodies as the land mass 
was displaced horizontally beneath them. Such horizontal movement of 
the land, if it occurred fast enough, would tend to result in the water 
being piled above its original level along shores on the side of the 
basin opposite to the direction of displacement anod at the same time to 
be lowered along shores in the direction of displacement. Plafker 
postulated that sudden rises of water level and highly destructive 
waves observed at numerous coastal localities during or immediately 
after the Alaska earthquake where there was no evidence of submarine 
sliding, strong tilting, or faulting might have been caused in this 
manner. We cannot evaluate the probability of waves being generated in 
southeastern Alaska in this manner or estimate their potential 
destructiveness. 
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REGIONAL FACTORS BEARING ON THE EVALUATION OF GEOLOGIC HAZARDS 

OTHER THAN THOSE CAUSED BY EARTHQUAKES 

Nonearthquake-related geologic hazards, although generally far less 
dramatic than those related to earthquakes, tend to occur so much more 
frequently or persistently that their aggregate effects can be signifi-
cant. Three kinds of geologic hazards in this category and their 
possible effects in southeastern Alaska are discussed briefly here: 
(1)effects of nonearthquake-induced landsliding and subaqueous sliding, 
(2)effects of flooding, and (3) effects of land uplift. More detailed 
discussions will be given in the reports of specific coastal communities 
in southeastern Alaska. 

Nonearthquake-induced landsliding and subaqueous sliding 

The potential for nonearthquake-triggered landsliding in south-
eastern Alaska ranges widely from place to place, depending upon such 
factors as differences in topography, precipitation, tree cover, rock 
and soil types, and tectonic structure. In a general way, past sliding 
furnishes the key to predicting where and in what materials future 
sliding will occur. However, it usually is not possible to-predict 
when sliding will occur or the exact location. 

Fast-moving rockslides, debris slides, and mudflows can be expected 
to occur from time to time on steep slopes. If the bedrock on a pre-
cipitous slope is strongly jointed or fractured and particularly if 
the process of freeze and thaw is operative, large masses of rock may 
break loose suddenly and be highly destructive to such manmade facili-
ties as highways, power plants, pipelines, buildings, and other facili-
ties on the slope or at the base of the slope. On the other hand, the 
slow downslope movement of talus, now taking place on many steep slopes, 
generally can be expected to continue at about the same rate unless 
conditions are changed by man. Snow and debris avalanches can be 
especially hazardous during winter months. Sequential avalanches com-
monly follow paths downslope that previous avalanches followed. Thus, 
the presence of preexisting avalanche-cone deposits at the base of 
slopes and of slopes stripped of vegetation or covered by young growth 
afford valuable clues as to where future avalanches might descend, and 
therefore, of areas to be avoided for building sites or other works of 
man. Also, moderately fast-to fast-moving mudflows and debris slides 
may develop in surficial deposits after periods of high precipitation. 
These commonly can move even on fairly gentle slides and, if of large 
size, can cause heavy loss of life and property damage. 

Man, by imposing change on his geologic environment, commonly 
accelerates or enlarges naturally occurring landslides. For example, 
landslides that have long been inactive may be triggered into renewed 
activity, or new landslides may be created by the building of a high-
way or a street through or at the base of a slide mass or by other 

man-induced modifications. Also, accelerated slope erosion and debris 
flows may follow large-scale clearing and cutting of timber. Swanston 
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(1969), who has made an extensive study of this cause-and-effect relation 
in southeastern Alaska, states that the erosion occurs mainly as mass 
movements of soil associated with steep slopes and high water levels in 
the soil. He noted more than 3,800 large-scale debris avalanches and 
debris flows in southeastern Alaska. Although most of these slides are 
the direct manifestation of natural mass wastage and slope reduction, 
some are the direct result of logging and logging-road construction. 
More sliding of this type can be expected as additional logging and 
clearing take place on steeper slopes. 

Whether or not damaging waves might be created by nonearthquake-
induced landslides moving down steep slopes into bodies of water, such 
as inlets, bays, lakes, and reservoirs, is difficult to evaluate. To 
our knowledge there have been no destructive waves generated in this 
manner in southeastern Alaska. However, the presence of fresh-appearing 
scars extending in places from the top of an inlet wall to the water's 
edge shows that fairly large rockslides have occurred there recently. 
Conceivably a sufficiently large slide-generated wave might be produced 
sometime in the future that would damage nearby or opposite-shore facil-
ities. A large wave generated in a reservoir impounded behind a dam 
might cause the dam to fail. Or, the wave might overtop the dam and 
cause great loss of life and property below the dam such as occurred 
during the giant rockslide in the Vaiont valley in Italy in 1963.-1-11 

Subaqueous sliding can be expected to continue in those places 
where sliding has been most prevalent in the past. Thus, fronts of large 
deltas and other underwater slopes that have become oversteepened by nor-
mal depositional processes are the most susceptible to future sliding. 
That sliding from nonearthquake-triggered causes has been taking place 
off the front of the Katzehin River delta (5 miles southeast of Haines), 
and in nearby inlets, is indicated by cable breaks in those areas at 
times when no earthquakes have been recorded or felt. Fronts of other 
large deltas also probably will slide from time to time. Sliding in 
these places may disrupt underwater facilities and possibly create navi-
gational problems. Local small-scale sliding also can be expected on 
steep underwater slopes along fiord walls where there may be perched 
bodies of glacially derived sediments. Such materials can fail suddenly 
when offshore structures, such as docks, are built upon them. 

Flooding 

Floods are common in southeastern Alaska. As noted previously, 
precipitation ranges from about 160 inches annually in the southeastern 
part of the region to about 30 inches at Skagway in the northeastern 
part. The precipitation runs rapidly off the steep slopes, causing 

-1-1-/A rock mass having a volume that exceeded 240 million m3 (312 
million cubic yd) slid into the reservoir behind the Vaiont Dam and 
created the worst dam disaster in history (Kiersch, 1964). Waves of 
water swept over the dam to a height of 100 m (328 feet). Although the 
dam did not fail, everything was destroyed by flooding for miles down-
stream and nearly 3,000 lives were lost. 
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Alaska's highest known flood-discharge rates (Childers, 1970). Tempera-
tures generally are mild, resulting in floods even in winter when 
combined snowmelt and rainfall occasionally produce exceptionally large 
floods. Both the short swift streams flowing off the steep mountain 
fronts and the larger through-going rivers are subject to flooding. 
Sudden draining of two glacier-dammed lakes in British Columbia, one 
in the Salmon River valley (Portland Canal area) and another 40 miles 
northeast of Juneau, have caused spectacular downstream floods in 
Alaska with very high peak discharges. 

Flooding has caused heavy damage in the past in southeastern 
Alaska and can be expected to do so in the future, unless more remedial 
measures are taken. Roads and other facilities have been constructed 
or are being planned along rivers and streams where flood hazards exist. 
Flood damage to the city of Skagway, built on the flood plain of the 
Skagway River, has been high on several occasions. However, construc-
tion of dikes has alleviated to some extent the danger of flooding. 
If new communities and associated facilities, such as roads, are built 
on flood plains or present towns are extended onto flood plains, the 
hazard from flooding can be expected to increase. 

Land uplift 

Current uplift of land in most of southeastern Alaska, although 
probably not affecting man significantly in a short period of time, may 
have some adverse long-term effects. As'noted previously, differential 
uplift of land in southeastern Alaska is presently taking place at a 
rate ranging from 3.9 cm (1.5 in.) per year in the Glacier Bay area to 
approximately zero just south of Ketchikan (fig. 2). Also, as discussed 
previously, it is unlikely that the rate of uplift during the next 50 
years will be appreciably different than the present rate. Thus, for 
example, it can be expected that land in the Glacier Bay area will be 
uplifted 6.5 feet (in respect to sea level) during the next 50 years. 
These long-term effects should be borne in mind when consideration is 
given to constructing facilities on or near shore, such as docks and 
boat harbors, where there is a critical relation between heights of 
land and water. 
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