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Cover. The Turnagain Slide. The earthquake trig-
gered a large, nearly horizontal motion
toward the sea (northerly direction) of a
part of this Anchorage suburban settle-
ment. The locus of that slide was the
sensitive Bootlegger Cove clay stratum.
The steep mounds in the picture are ex-
trusions of that clay left when the slide
came to rest. [Photograph by the author.)
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PREFACE

This report was prepared by Dr. George K. Swinzow, Geologist, Applied Re-
search Branch, Experimental Fngineering Division, US Army Cold Regions Re-
search and Engineering Laboratory.

Technical review of the report was performed by John M Stubstad and Thad-
ceus C. Johnson of CRREL.
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THE ALASKA GOOD FRIDAY

EARTHQUAKE OF 1964

George K. Swinzow

ABSTRACT OF EVENTS

On 27 March 1964, at 5:37:20 pm, the clock on
the Post Office in Anchorage, Alaska, was
stopped by a violent earth tremor. This precise
tume 1s considered the official start of the Good
triday tarthquake Destructive earth tremors
lasted for about 4 minutes, during which time
many towns and cities in southern Alaska were
ruined. Highways, bridges and railroads were de-
stroyed, and people were maimed and killed
Avalanches and landslides rushed down into the
valleys, and the ice on rivers and lakes broke up
The coastline was invaded by tsunamis (tidal
waves), which devastated many populated areas.

According to University of Alaska seismolo-
gists, the quake measured between 86 and 8.7
on the Richter (1958) scale. Its epicenter was be-
fieved to be 75-80 miles east of Anchorage in
Prince William Sound During the following
week there were many aftershocks The last one
had a magnitude of 7 5, and its epicenter was lo-
cated in the Aleutian Trench, 970 miles from the
original epicenter. Although it was clearly felt in
the area affected by the Good Friday quake, lit-
tle destruction was noted. This was partially be-
cause of the remoteness of the epicenter, but al-
so because ali potential avalanches and land-
slides had already occurred, and all weak struc-
tures had been destroyed on 27 March.

It is believed that the earthquake affected
roughly one miflion square miles of dry fand,
about the same area that was affected by the Lis-
bon Earthquake in 1755 Unlike the latter, how-
ever, the Alaska quake was a very thoroughly

studied event Aenal photography, modern sur-
veving techniques, sersmological data. and geo-
desy contributed greatly to the understanding ot
what actually happened The data indicate a
somewhat complex crustal movement durning
the quake. 22,000 square miles of land and sea
tloor sank some 5 4 ft. and 12,000 square miles
rose 7.5 tt (Grants et al 1964)

As news ot the earthquake spread around the
world, there was almost universal concern that
the number of victims might reach the thou-
sands, in line with previous experiences with
earthquakes of similar magnitude. A major
earthquake is a disaster that affects humans in
many different ways: buildings collapse, fires
break out, floods and rock and earth slides oc-
cur, and coastlines are battered by destructive ti-
dal waves (tsunamis). All these things did in fact
happen during and after the Good Friday Earth-
quake; it was unquestionably a major disaster
But the cost in human life was, fortunately, less
than anticipated There were some 200 victims,
including deaths caused indirectly and people
missing.

There were several reasons for the relatively
low loss of human life. The area affected by the
earthquake was sparsely populated. The quake
occurred at 5:37 pm on a Friday toward the end
of the winter; for most people the working day
had ended; the weather was good. At any other
time on almost any other day there would have
been more people indoors and, therefore, more
serious injuries. Witnesses say that the earth-
quake began with tremors which were relatively
weak at first and then gradually grew stronger.
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This alerted many people, who proceeded out-
doors The people in many coastal villages were
warned of the tsunamis by radio Telephone ser-
vice was disrupted, but in this area there had
never been much reliance on the telephone any-
way Finally. trost penetration s deepest toward
the end ot winter. The unconsolidated but tro-
ren ground had concrete-like propertties, and it
encased structures and protected them from
complete destruction. Many houses survived vi-
olent shocks, settlement and landshdes The
great strength ot seasonally frozen sub-bases,
abutments, and the ground surrounding struc-
tures in general prevented the destruction from
being as violent as might have been expected
Neat to solid rock, frozen ground or permafrost
in the best base for a structure during an earth-
quahke

More destruction and loss of human life can
be attributed to the accompanying tsunamis
than to the earthquake itself. Statements col-
lected trom survivors indicate that there were
two or more distinct phases of sea reaction. A
relatively small wave arrived shortly after the
earthquake but was observed in only a few
towns along the Gulf of Alaska. tt was probably
triggered by massive landslides into the sea The
actual tsunami came later, as did many other
waves that washed inland along the shoreline

EARTHQUAKES AND FROZEN GROUND

Alasha is the largest state in the United States,
but it v sparsely populated The city ot An-
chorage contains a large part of Alaska’s popula-
tion Since the southern coast of Alaska s part ot
the Gircumpacific tectonic belt, earth tremors in
Anchorage are rather trequent. Realizing ths,
the burlders of the town—architects, contrac-
tors, and others —often took measures to in-
crease the stability of their structures

However, an untortunate settlement habit is
observable almost universally; with the excep-
tion ot Manhattan and a tew other places, peo-
ple settle and build cities and towns at river
junctions, on deltas and inlets, or on other areas
ot flat ground underlain by unstable alluvium
One of the main attractions seems to be the ease
of cellar hole excavation So strong 1s this habit
that direct warmings about ground instability and
landshide danger are often ignored. Miller and
Dobrovolny (1959), describing the geology of the
Anc horage area in a monograph, pointed out the
dangers of landshdes in the Turnagain Heights

area, a densely populated suburb of Anchorage
The geology profile there, typical of the greater
Anchorage area, consists primarily of alluwial,
fluvio-glacial, unstable deposits Despite this,
many buildings were erected there even after
the monograph appeared Many were lost in the
1964 earthquake

The site of Anchorage, the “Anchorage Bowl,”
15 a gently sloping deposit area consisting of re-
cently accumulated sediments On the bedrock
there is a fill mantle overlain by stratified blue
clay with streaks and lenses of water-permeable
sand. This formation, which slopes gently toward
the sea and increases in thickness, is covered by
a blanket of unconsolidated, coarse, water-
permeable material The bottom of the clay for-
mation, the Bootlegger Cove clay, is below sea
level The streaks of sand allow the passage of
water and make the material sensitive to earth-
quake shocks.

The devastating slides in Anchorage had therr
locus of motion in the clay The nearly horizon-
tal movement in the biggest slide, in Turnagain
Heights (Fig. 2-8), affected the stratum to a con-
siderable depth, possibly below sea level The
shde moved essentially north and traveled a
long distance (up to 1800 ft) into the sea. lThe
top 7 to Y 1t of the otherwise unconsolidated de-
posit was frozen, and the ground broke up into
large blocks, or “ratts” as the people called
them for this reason many residential structures
survived the landshde movement They tifted
badlv., and became completely unusable, but
they did not collapse and crush therr occupants

Unconsolidated deposits such as sand, gravel.
etc are capable of supporting building founda-
tions indefinitely if properly compacted During
an earthquake or a landslide, unconsolidated
subsoil supporting a foundation can collapse,
leading to total catastrophic destruction ot
structures. Freezing of pore water causes a dra-
matic increase in the stability of a subsoil De-
pending upon pore saturation, a frozen mixture
of sand and gravel may have a mechanical
strength close to that of concrete A frozen ma-
terial with many small pores is stronger than one
with large pores, such as umtorm coarse gravel
Pure clay—a material with sub-microscopic
pores —is rather weak in the frozen state. be-
cause a large part of the pore water in clay does
not freesze except at extremely low tempera-
tures. Mixing sand and gravel in a4 proportion of
approximately two to five by volume and flood-
ing 1t results, after treezing, 10 the strongest ma-
terial
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Frigure 2 The Turnagain Heghts shide was o large essennalhy horzontai shide Turmagam a popualated s

burb ot Anchorage suttered creat damage  The 1rozen ground broke up mto large ™11 thick blocks




Fraure 3. Blochs ot trozen ground or ratis as they were called by the local people temporanhy preseryed
many structures A mavimuam ot 1200 1t o shore bhlutl retreat was measured mn the Turnagam dareq
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Figure 4 Clay extrusion in the Turnagain area The plastic. water-saturated clay was squeezed and in some
cases extruded up to 12 ft. The Bootlegger cove clay was the actual locus of the stide. The slide debris tra-
veled 1800 ft
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Figure 6 An outcrop along the shide escarpment The normally uncon
sohdated sands gravel stratum in the top portion ol the outcrop s
trozen Below is a laver of ancient peat ashes, The clay outcropping i
the lower portion is unfrozen and in a plastic state
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Frozen Sand
and Gravel

“ Bootlegger Cove Clay T

Frgure 8 A schematic drawing ot the Turnagain shde emphasizing the predonnmantly hotizontal motion
with the individual slices tlting away trom the direction of motion The shorelme retreated some 800011 (o
the north (nighti The almost horizontal shde surtace was approvimately 50 to 70t deep The width ot the
shde-attected area was approumately 1 nule
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Figure 9. A graben-like surface disturbance in Anchorage The trost presenved sar
face permitted many detailed measurements 11 the maternal ot the surtace had
been unfrozen. many of the features would have bee r obiiterated

Figure 10 A destroved school buildding i the Government Hill area m Anchorage The vertical separa
trion was 1.2 £t The right tault ran through the muddie ot the buillding The school was empty the time
of the quake and there were no victims




VO A Rt

Frozen
7,

Unfrozen \

Figure 11. A 12-ft fault-like vertical drop on
Fourth Avenue in downtown Anchorage. Most
impressive was the relatively small amount ot
structural damage and the large vertical drop.
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Figure 12. Some properties of frozen
ground. Water-saturated soil freezes
into a competent solid. The lower the
temperature, the higher the mechani-
cal strength of the material. Finer
pores mean higher strength since there
are fewer flaws in the ice cement. Mix-
tures of coarse, medium and fine parti-
cles are usually denser than material
of uniform size. The higher the density
the stronger the frozen ground. 20-25
and 70-100 are sieve size numbers of
sand.

In many places in the greater Anchorage area
the upper, frozen layer had such properties That
1s why in all cases of land disturbance —slides,
grabens. etc. —the upper, frozen surface broke
up into large slabs, and the landslide edges were
steep to vertical During thaw later in the spring
the extent of the ground disturbance increased
Soil collapse, settling and slump proceeded as a
series of frost-delayed earthquake aftereffects

Except at Turnagain Heights landslides in An-
chorage did not result in a very large honzontal
motion Some of the motion resulted in graben-
like surface disturbances The use of the term
graben may be inappropriate for the case of un-
consolidated deposits. But the material was con-
solidated. in the sense normally construed by ge-
ologists, by frost. tigures 9 and 10 explain and
show such motion in a series of earthquake dis-
turbances in Anchorage. The damage was rela-
tively low in some cases, as shown schematically
in Figure 11 It s a type of “fault” motion with
vertical displacement up to 12 ft. Anchorage’s
4th Avenue was an example of such motion A
portion of its northern side sank, so that the se-
cond floors of the buildings were at street level

Most ot the numerous landslides, graben tor-
mations and fault movements (Fig. 6-10 and
others) were either close to the Knik Arm coastal
blutf or around the edges of Ship Creek Valley
The frozen ground elsewhere in the Anchorage
area was subject to crevassing and cracking, but
there were no spectacular ground disturbances
Cracking of the frozen ground resulted in a dra-
matic decrease of water flow 1in many streams,
the water suddenly disappearing into the
ground. This phenomenon was a temporary one,
however The crevasses soon closed or were
filled in

Structural damage outside the areas of land-
slide motion, faulting, etc was relatively minor
Apparently the most vulnerable buildings were
concrete block structures and the most stable
were the very popular log houses. It appears that
earthquake survival is possible in a log house un-
der all circumstances unless it is tipped on its
side

The overall view of damage to man-made
structures (Fig 13-17) leads to the impression
that besides the soundness of the construction,
the soundness ot the subsoil—the ground on
which they were built —determined whether or
not they survived the Good Friday Farthquake
Log houses surrounded by frozen ground reach-
ing bedrock ended up with nothing but cracked
chimneys. Incompetent, sensitive clay resulted




Figure 13. This structure in Anchorage was located over a subsidence and was violenthy damaged Modern
light construction prevented its total collapse. Old-fashioned masonry houses found in other earthquahe 1o
gions such as around the Mediterranean Sea inevitably collapse into piles of rubble. resulting in large loss

of property and life.

in catastrophic landshides and demolished struc-
tures. But, as mentioned, the 7-ft-thick “crust” of
solidly frozen ground considerably decreased
loss of property and life.

How is earthquake damage estimated? A col-
lapsed building is a total loss. The cost of repair-
ing damage is the loss when a structure is partial-
ly destroyed. In this aspect Anchorage, with
mostly vertical displacements, such as the |
Street graben and other places in the city (Fig. 10,
11, 15-17), had less damage than the total losses
in Turnagain. Again, it is apparent that the fro-
zen state prevented extensive soil collapse,
which would have resulted in much greater dam-
age.

The amount of ground disturbance caused by
the earthquake, exemplified by fissures, crevass-
es and cracks, decreased to the east. The impres-
sion is that the decreasing total thickness of un-
consolidated material, and perhaps of the sensi-
tive Bootlegger Cove clay stratum, was the rea-
son.

10

Highways in the Anchorage area were severely
damaged in many places But considenng ther
length, the overall damage was relatively less
than that to vertical structures i landshides One
recurring pattern of highway destruction was a
set of longitudinal crevasses, such as those seen
in Figure 18 and interpreted in Figure 19 Hill on
relatively steep bedrock slopes was apparently
differentially compacted and showed evidence
of some downslope motion Again, the deep
frost penetration into the highways apparently
prevented much more extensive damage In
places with fittle or no unfrozen fill, longitudinal
damage crevasses were absent Disturbance hke
that shown in Figure 18 was progressively more
frequent away from Anchorage in a general cast
erly direction. 1t may be that closer to the e
center the rising compressional waves of the
earthquake were steeper and more intensive
Especially bad was the situation on the lighway
leading from Anchorage to Portage along the
Turnagain Arm of Cook Inlet Together with the
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Figure 15. Fault scarp in Anchorage. The ice-saturated ground was frozen T it deep at this location. tempo
rarily preserving the two buildings and the utility line.

Figure 16 Government Hill in Anchorage The 12t displacement appears 1o have caused onhy minimal
damage to the building Trost penetration was irregular but stll sutficient to temporanhy preserye the hoose

12




Figure 17 The eastern end of the graben shown in Figure 10 became o singtle Shde tarther
down the hill. damaging parts of the railroad vard

¥
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Digure 18 Acrial view of damaged Fighway near Portage The longitadimal crevasses were tormed by 10! dis
placement down the slope toward Turnagam Atm on Cook Infet Bessdes asenes otavalancheswhich came
to rest an this highway there were several places with such longitudinal crovasses

13




Figure 19 Deformation of the lower slope ot the
vallev occupied by Turnagain Arm. The alluvium
settled with some downslope motion. The cracks
and crevasses were essentially parallel to the vai
lev tram Trost penetration was deep under the
highway Crevassing, such as that shown m Figure

Bedrock

numerous longitudinal crevasses, avalanches
and rock and ice shides cut the highway in many
places and made it impassable

Other highways also became impassable in
many places. Shdes, avalanches and mud flows
disrupted them, and frozen roadbeds were ftis-
sured and crevassed (see Fig. 18). When the high-
ways were needed most, they could not be used,
because of crevasses, landslides, and  ava-
lanches. But to repair them required only a frac-
tion of the effort needed to build them in the
first place, because trozen till had limited the
destruction

THE RESPONSE OF FRESHWATER
ICE SHEETS TO EARTHQUAKE SHOCK

Except for a few waterfalls and the runoft
from hot springs all fresh water bodies in Alaska
develop ice sheets. In the area affected by the

18. was relatnely rare.

earthquake the ce cover on lakes grows to a
considerable thickness Depending on altitude.
latitude. etc it may be 3 to 7 it thick toward the
end of the winter

The ice cover on fresh water bodies seems to
be most sensitive to earthquake disturbances,
and is the first feature to react to earthquahe
shock energy It was reported that 1ce cracked
on rivers and lakes as far from the epicenter ot
the Good triday barthquake as the toothills ot
the Brooks Range, some 350 miles away In tair
banks, where there was little or no earthquake
damage, the river ice developed crevasses,
breaking open “with a rumbling noise ~ tarther
south the lakes and ponds developed tissures,
ice mounds and icings. Cracks opened and water
flowed out onto the surface. South ot Anchor
age, on the Kenai Flats, the ice on shallow circu-
lar lakes developed circular fissures, indicating
deformation by a seiche (Fig. 20) The ice on
elongated or irregularly shaped lakes broke up

Prm
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Figure 20 A lake on the Kenai Flats. On many small lakes the ice responded in a manner suggesting a serche,
or standing wave. response to the earthquahe shock. Lakes with irregular shorelines broke up without show-
ing dny regular pattern

14




J4. Before

During C

After

Figure 21. Small bridge deformation apparently caused by
wave action. Small rigid bridges on pile toundations were
in many cases uplifted in the manner shown In cases
where such uplift. suggesting a traveling wave in the
water, was irregular. the damage to the bridge was sub-

stantial.

completely The circular pattern of disturbance
could be easily imitated in a qualitative way in
the laboratory A round, shallow container with
the bottom covered with water and a thin layer
ot fine-grained i1ce broke up upon disturbance in
a circular pattern similar to that seen in Figure
20

Rivers and streams broke up into predomi-
nantly transverse blocks of ice Close to the sea,
part of the ice floated out, leaving the water
open The impression was that the earthquake
shock resulted in a quick rise of the water under
the 1ce, breaking it up Part of the ice was found
grounded on the river banks Since in most cases
there were no sources of high water, such as bro-
ken dams, ete, the earthquake must have re-
leased a sort of traveling wave in the river chan-
nels which moved through the ice and water, lift-
ing it up At the time of the earthquake, bridge
ples were frozen into the ice covers of rivers
and streams When the ice was hited up by the
wave the piles went up also, resulting in a dis-
tinctive form of destruction Figure 21 is an inter-
pretation of that process: a represents the origi-
nal position of a bridge support, b is the point of
high water level when the ice lifted up the pile
At that time the bond strength of the adhering
1ce was high enough to overcome the friction re-
sistance of the buned part of the pile and the
weight of the bridge structure The situation af-
ter the water receded is shown in ¢ The pile

could not return to its original position, its hole
in the weak ground had closed up The weight ot
the structure was insufticient to torce the pile
back down The absence of uniformity ot such
an uplift often contnbuted to the extent of the
damage Examples of this type of destruction are
shown in Figures 22 and 23 Such damage was
widely observed on the Seward-Anchorage high-
way in the Girdwood area, on the Twentynule
River, and on many other streams Other dam-
age to bridges consisted of settlement, longitud-
inal compression, and displacement

It is generally recognized that water level
changes under the ice cover around pile-sup-
ported structures can result in damage, but et
fective countermeasures still need to be devel:
oped Actually, there might be several mechan
isms involved in this process The heave of toun-
dation piling beneath shorehne and oftshore
struc tures may proceed in a gradual way due to
changes of water level

lce bonded to piles in winter exerts an uphtt
force whenever the water level nises The ettect
of such repeated uphtting 1s greatest in early
spring when the e s thickest Since tidal water
level fluctuations are repeated regularly and are
predictable, countermeasures can in principle
be devised Most important appear to be mea-
sures to weaken the bond between the ple and
the surrounding ice

However, tidal

fluctuation ot e levels
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Frgure 22 A pule toundation bridee m the Portage dared The oo encasing the ple fusters adbered tremiy
The rapid rise and 1aiof the water in the stream resulted ina regular uplhitt Some HiEand lumber were ised

to make 1t passable

Figure 23 Ditterential heave Parts of this bridge were iterentially uphitted by the mec hanim mdicated in
Figure 2! Due to the dhiterent composition o} the materials imowhich the prle closters were cmbedded the

hridge settled ditterentially
1b




aroutnd embedded pales ot shore astallations
may be smiticanty ditterent trom the cases )
fusteated i broures 22 and 28 Faoure 02 shows g
td remtorced concrete stracture restimg on
cicht ples embedded into antrozen unconsal
dared water satarated rver deposes The total
wersht or the 23 o remmtorced  condrete
stracture was probably o the vicimiey ot 200 000
o The bond strength between the pades and the
suttounding tce was 100 1o 1H0 psioinstantane
ous tesistance tong terme apphication would pro
duce less The skin tocbion ot the bheanimyg parts
ot the piles embedded o the tiver bottom was
between Tand 3 ps

The erght T4n diameter piles had a total o
about 422000 - ot Sk contact with the un
consohidated rverbed  deposits This made a
pull out resistance of approvmately (122 000 2
Rt ooo b Adding to this the weght ot the
Brdue gives over H00 tans of pull out resistanee
The ice tewhich the torce ot the passing wave
was applied had o total sartace are L contact
with the pales ar about 12600 i At T30 pst ot
sond strength between the we and the piles o
Htting torce o approvmately 950 tons coold
have been appliced to the bridge Thetetore the
Sodee damace mechanism suggested m beare
SUas plausible

Prgare 20 Attermath o s tlood o the Kock Rver

There werte gy olitteron coanbanataog. o
mechanisms by which hipbnsans o bred s

were desttoved aor damaged oo baane 2

THE FARTHQUAKE DISTURBANCLE
IN GLACIATED MOUNTAINS

The Nenan Pemmsula and the Chopec b N
tns surtoundme Pronce Wilham Saund b
several types ot glaciers tor examiple Alpine el
cees incudimg valles clacrers and hangmg ol
s with cetalls and Turkestan tvpee wlaciens
ted by recalar avadanches Taccamulation ana
outtlow separatedy There are also wetelds and
Predmont glaciens

Fhe carthquake came at the end o the e
sonal snow  accumalation penod The Shopes
were loaded with snow and the shocks teleased
avalanches cimultaneousIv gt many oo
Al slopes where avalanches rocur seasonagly e
well as those where they are only imternntens
dischareed avalanches Too vallevs they e
most reguenthy the reason tor hiehway and o,
toad distuption

Inmany places tockralls and Tandahdes car

down on the alaciers and many tresh crevasses

tarmed i glacier basims Surging was evadent i

[heot vy e easec oW e o g e a0 e ey

oy emptied by the carthaguake The higaaay swas ofte o bt 5 s i it the b i tre s NSRS

tect deep awas cracked by the earthgraake and U oodeg v iee e waater Troe [ase Coorate puisset fhro b

1




Frrure 25 Rock avalanche A large rock tlow on the Yok Glacior came to rest at the hattom e way s

gesting Huid tiow

places where glaciers reached the sea weberps
broke ott

The brgpest roch mass discharged on the
Schwann Glacier in the Copper River Valley con
ered 10 square majes ot ice with debris

A umque disturbance took place on the Co
lumbia Glacier Part ot the glacier fay ontop ot a
small water body - an ace dammed lake The
carthquake draned the lake, leaving an unusual
depression Another proglacial fake i the area

18

Lake Gearge also dramed abraprihy doe oo the
carthquake isee bz 2410 The Copper River N alhen
contains averny Lirge amount o) massive gtoand
e, and streams  disappear as Tocal people
sy underground  The earthquake resalted
the collapse of numerous thermokarst cavities
and  tresh esposuares ot onusaallv massne
ground ce As Bigures 25 30 show the ettect o
the carthquake on the moontams  snowtelds

and glaciers was dramatic and st ant

s




Fovcire Joo Hlodoate Giacer Thes glacienr Tost g dlarge amount of oo trom s snoat The rockta) to the roht

wert to the bottom of the tiond

L 4

o

)

Pigure 27 Dingelstadt Glacier The large rock shide Landed i the tord apparentiy shattering a part ot the
glacior snout A strong sub glacial stream emerges at the lowser ert

19




Fooire OO0 The westers e e boa! P G g e N

Caonedd By e ogrthGadne s a0 OSe Dgefe Tror b e e Dt Tt s

-

Figure 29 Oblique aerial view of the western embayment ot the Columbia Glacier The treshiv exposed
broken-up glacial 1ce was evidently sitting on a large layver of water which was instantaneousiv draimed by

the earthquake
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Favre 31 Massive ground e exposure in the Copper Rver Valles The e had ~{tot overburden This pho
theraph shows g thermokarst area The we collapsed durnng the earthquake  The vegetation consists ot wil
'

i onas b Dot hagh

21
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DISTURBED WILDLIEE

Few observations o waildhte reacnion to the
tremors ad shocks ot the ('.\ll'l(]n.ﬂ\n‘ Wttt
made Too many events ot more inmediate con
cemwere takime place ot s ankonown whethes
of not moose woll o moantan goat pran hod
of becarie contused However 0 has been s
tablished that porcapine and bear Ters ther dens
and wandered around tollowme the quake Bear
tracks i the snoss were cearly visible trom the
At as well as on the cround Humeny bears an
sedarch ot tood coame gm ormtortabiby close to g

man habitat in several coases

TIDAL WAMVES

W hen the sea bottomos subjected tooan earth
quake s surtace reacts by tormimg o tidal waae
o tsaename Sach adisturbance spreads cnubon
v all doections bt s othenw e dissimilan
the tine waves that torm when g small abject
dropped onagquet waters surtace Forone thies

tearam o awaves travel at ap to oo mph can hav

aveny hivh amploade and weldon, i
proat soutce bartherone
pec o additive o sabtractnce rerteoc e
can be canalized throueh strants and o eases
torvery Large ampditades

Apparenthy the sea tloor and diy fane

as e h as ot to the west ot Shebb o st

Sound durnnge the carthagoaak e by
there swoere midssinve ~subinarie

cach accompaned by s o

waves i the artenmath o the o

aitershoc ks and treamors coasod roaand s
doestragotne waves tao he tecorded von

many others to e pnoted by abisergog

{ hee h«'l::]l? o1 The
rvachere tron nsaamtie an?
\adde s reached o heehe o

Crennar bros oy breen relon e o

Parire 40 W aatertront o Sesvard The earthagane treered secea

Gt Coame rnoednatedy atrer the eanthgas e apparentoy doe t

fograpb sboass thee damaee oo the sonathern part o thee foane




Frpwre 33 Large partions af the Seward watertront shid into the sea sotting ot destractive wa, os gl
reached a considerable distance infand. [arge destructive tidal waves pounded the south-centra! shore o1
Aaska several tmes in the hours after the earthquake

Figure 34 Fifects of sea waves The toppled storage tanks caught tire and burned  The watertiront was de
stroved by several waves Iwas diffreult to distingaish betwoeen tsanamis and the manm waves tormed by
submarine local landslides. but the (oll in Life and property loss due to both types ot waves invading the
fand was high Ahnormallv farge waves continged to mnade Pronce Wailuam Sound antid the day atter the
earthquake

H
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Figure 35. Rising of the sea bottom. The land east of Prince William Sound was uplifted. This cannery in
Cordova was left about 6 ft higher above sea level than before. Homer and Kodiak suffered the oppPosite

fate; Homer sank 5 ft and kodiak 5.5 ft.

The greatest loss of life and property in the
seacoast settlements of Alaska was mainly due
to devastating sea waves rather than to earth-
quake shocks. But while “walls of water” were
observed by survivors in many places, others re-
ported only insignificant rises in water level. [t
seems that along an irregular coastline like
Alaska’s, the extent, violence and destructive-
ness of tsunami waves is unpredictable. That
they will occur, however, is highly predictable.
Tsunami waves were also observed and recorded
in California, Japan and Hawaii.

Finally, the only real measure of the violence
of a tidal wave is the extent of the loss of life and
property. In the Good Friday Earthquake, at
least the loss of life was relatively low.

SUMMARY

Some say that earthquakes can be predicted,
but it seems that most have not been. There are
regions with very few earthquakes while others
have them frequently. Why certain regions have

24

them more often is understood only vaguely, but
based on past experience southern Alaska is one
of these regions.

An earthquake may strike at any season, day
or night. A major earthquake atfects man in two
main ways: by disrupting his transportation
routes and by destroying his structures Man's
habit of settling on rather incompetent ground
aggravates the situation

Earthquakes can be minor, major or disas
trous. There are several scales tor evaluating
their magnitude. The effect on man ot a major
earthquake can be minimized or maximized by
certain factors. If it strikes in the might, in bad
weather, or at the beginning of a cold winter (It
tle or no frozen ground), and in darkness, the
loss of life and suffering will be maximized The
Alaska Good Friday tarthquake struck after a
long winter, at the end of the work week and the
work day, and during good weather (al least in
Anchorage, where most of the affected people
lived). For these reasons there were more people
awake and outdoors than at other imes

At the time of the earthquake, frost penetra-
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Fiure 36 Valdes The earthquake shocks resulted in large crovasses m the allovium on which the
town was buolt Approvimately 650 11 ot the watertront was Tost to a massive shide A port installa
trons were destroved  The temainder of the town settled down because of alluvium compad tion
fire broke aut in spilled petroleam Targe sea way es repeatedh penetrated iniand destros g Tite
and property The town was later relocated to a sater place

-




tion into the ground was at the maximum. The
ground surrounding buildings did not collapse as
it would have otherwise, but broke up into large,
strong slabs. The integrity of many structures
was temporarily preserved, especially in the
Turnagain Heights slide.

Due to its remoteness and the sparsity of the
population, Alaska relies on radio communica-
tions more than on ground lines. Most telephone
lines were down after the quake but radio mes-
sages brought warnings and allowed coordina-
tion of rescue work. For these reasons the regret-
table {oss of life and the suffering were less than
was initially anticipated.
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