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INTRODUCTION 

The largest earthquake ever recorded in North America occurred in southcentral Alaska on Good 
Friday, March 27,1%4 at 5:36 pm. The epicenter of the moment-magnitude 9.2 event was 45 mi west 
of Valdez in Prince William Sound. This earthquake was the result of displacement along a segment of 
the Aleutian megathrust, a subduction zone where the Pacific Ocean tectonic plate is thrust beneath the 
North American plate. 

The effects of the earthquake were devastating at Old Town Valdez. Observations of these effects 
provide valuable information about the behavior of soils and man-made structures during the earthquake 
and resultant tsunamis. A survey of eyewitness accounts was conducted during 1985 in the interest of 
compiling these observations in a form that can be used to help anticipate effects of future earthquakes 
on the area of Old Town and other similar areas. 

Because this survey took place 21 years after the event, the quality of the data was difficult to judge. 
The primary objectives were to assimilate as much data as possible without dwelling on specific details 
because of the time lapse involved, and to present the data in a tabular or graphic manner that might en- 
hance our understanding of how the ground and man-made structures at Old Town responded during 
the earthquake. 

PREVIOUS STUDIES 

Numerous earthquake investigations of the Valdez area have been performed since the 1964 event. 
The most widely referenced study is the initial report of the effects on Valdez by Coulter and Migliaccio 
(1966), which was used extensively in preparation of this report. Also of substantial interest is an unpub- 
lished report by Bracken (1966), who experienced the earthquake in Old Town. More recently, a 
seismic-risk assessment of Old Town by DOWL Engineers (1983) reviewed geotechnical, geological, and 
seismological data of Old Town and the surrounding coastal area. 
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GEOLOGIC SUMMARY 

Old Town Valdez is located on a large outwash delta on the eastern shoreline of Port Valdez. The 
soils underlying Old Town are composed of more than 600 ft of saturated and interlayered silt, sand, and 
gravel deposited by the Lowe River and Valdez Glacier Stream. The sediments are coarsest upstream 
near the Valdez Glacier and become finer away from the source area. Offshore, the finer particles car- 
ried in suspension settle out in the low-energy intertidal waters forming soft sediment with very low 
strength. 



Port Valdez fjord is surrounded by steep mountains, rising to 5,000 ft above sea level, composed of 
metasedimentary mudstone, siltstone, and graywacke of the Valdez Group of late Cretaceous age 
(Tysdal and Plafker, 1978). Detailed descriptions of the rocks are reported by Updike and Ulery (this 
volume). A well-developed foliation strikes east-west and dips steeply to the north. 

SEISMIC HISTORY 

At least 70 earthquakes with Richter magnitude 5 or greater were recorded in the Port Valdez area 
prior to 1964 (Coulter and Mighaccio, 1966). Five of these were major earthquakes with resultant sub- 
marine landslides at Old Town. Also reported were locally generated sea waves that accompanied 
ground shaking in Port Valdez. The most recent major earthquake prior to 1964, which occurred in 
1925, damaged structures, power lines, and dock facilities. Submarine cable breaks in Port Valdez have 
been reported for four of the major earthquakes. Turbidity currents resulting from the submarine land- 
slides have most often been cited as the cause of the breaks. Displacement on local faults has also been 
suggested, although no known Holocene surface faults have been discovered in the area, nor has there 
been any recorded seismic evidence. 

Three seismic-hazard zones have been delineated at Old Town Valdez and the surrounding coastal 
area (DOWL Engineers, 1983). Zone A includes the waterfront inland to McKinley Street. It is very 
highly susceptible to continued submarine landslides, ground cracking and stretching, subsidence, lique- 
faction, and wave run-up. Zone B is highly susceptible to ground cracking, stretching, subsidence, and 
liquefaction, and extends inland including sections of the Richardson Highway, and eastward to an area 
south of the airport. Wave run-up could affect low lying areas in Zone B. Zone C is a strip of land 
about 2000 ft wide which is moderately susceptible to ground stretching and lies parallel to and inland 
from Zone B. 

DATA COLLECTION AND TABULATION 

A six-page questionnaire was prepared and mailed in March of 1985 to 132 people who experienced 
the 1964 earthquake in or near Old Town Valdez. The results of this survey are based on 51 responses 
(39 percent of the contacts), 35 of which were personal interviews. Residents who lost family members 
in the earthquake were not contacted. Despite the time lapse, many townspeople had very detailed rec- 
ollections of events and damage that occurred in Old Town as a result of the earthquake. 

The data were analyzed in two parts. Data set 1 (tables 1-5) is based on where each person was in 
Old Town during the earthquake so that observations could be plotted on a map. These observations in- 
cluded type of motion, ground waves, ground cracks, and water spouts. Of the 51 responses, 46 people 
were in Old Town at the time of the earthquake. Data set 2 (tables 6 and 7) is based on damage to 
structures. Of the 51 responses, plus four additional descriptions of damage, but excluding those who did 
not live in Old Town, 50 total data points were used. All tabulated data exclude information about ob- 
servations or structural damage outside of the Old Town map area. 

t 

The tabulated data in tables 1-7 show, for each event or observation, the number of positive re- 
sponses, the percent of the total respondents, and the percent excluding the number of "no responses". It 
is questionable whether "no response" indicates that the event was not observed because it did not occur 
or that the person was not in a position to observe it, or did not notice. All percentages discussed in the 
text refer to the total minus the number of "no responses" (column four), unless otherwise noted. 

Column five gives the total number of responses for a given event which is used to calculate per- 
centages in column three. This number is either 46 (data set 1) or 50 (data set 2) for each major cate- 
gory in column one. Column six gives the number of responses less those who did not respond to a main 
or sub-heading and is used to calculate the percentage in column four. 



Event 

Location 
At home 
Not at home 
Inside 

Psychological effects: 
calm 
anxious 
frightened 
hysterical 
no response 

Dizzy or seasick: 
Yes 
no 
no response 

Direction of sound: 
N-E 
N-W 
N or S 
below ground 
no sound 
all directions 
no response 

Table 1. Miscellaneous Data (Data Set 1) 

Number of 
responses 

% of 
total - 

% less no Tot. No. less 
res~onse - No. no resnonse 



Table 2. Ground Motion Data (Data Set 1) 

Number of 
resDonses 

% of % less no Tot. No. less 
total - res~onse No. no resuonse Event 

Duration: 
4 - 6 minutes 
2 - 4 minutes 
0 - 2 minutes 
no response 

Able to stand? 
Yes 
no 
no response 

Motion: 
jerking 
rolling 
both 
no response 

Ground waves: 
Yes 
no 
no response 

Height: 
0-2 ft 
2-4 ft 
no response 

Wavelength: 
0-50 ft 
50-100 ft 
100-200 
no response 

Direction: 
N-S 
E-W 
no response 



Event 

Tree sway: 
Yes 
no 
no response 

Direction: 
N-S 
NE-SW 
E-W 
all 
no response 

SplitIBroken: 
Yes 
no 
no response 

Swing direction in homes: 
N-S 
E-W 
all 
no response 

Table 3. Sway Direction Data (Data Set 1) 

Number of 
resDonses 

% of 
total - 

% less no Tot. No. less 
res~onse a. no res~onse 



Table 4: Data on Spouts (Data Set 1) 

Event 

Spouts: 
Yes 
no 
no response 

Height: 
0-5 ft 
5-10 ft 
10-20 ft 
greater than 20 ft 
no response 

Ejecta: 
water 
mud and water 
no response 

Associated with 
fissures or ground waves: 

Yes 
no 
no response 

Formed in line or sheet 
Isolated 
no response 

Associated with mains 
and sewers: 
Yes 
no 
partly 
no response 

Number of % of % less no Tot. No. less 
resuonses - total res~onse No. no response 



Table 5: Fissures (Data Set 1) 

Number of 
resDonses 

% of 
total - 

% less no Tot. No. less 
response - No. no resuonse Event 

Fissures: 
Yes 
no 
no response 

Primary direction: 
N-S 
NW-SE 
E-W 
NE-SW 
all 
no response 

Width (largest): 
0-2 ft 
2-4 ft 
greater than 4 ft 
no response 

Open and close: 
Yes 
no 
no response 

Ejecta: 
mud 
water 
both 
none 
no response 



Table 6. Damage to foundations (Data Set 2) 

Event 

Foundation type: 
piling 
block 
stilt 
mudsill 
reinforced concrete pad 
other 
no response 

Worst damage: 
cracked 
shifted 
destroyed 
no damage 
no response 

Building type: 
wood-frame 
log 
mobile 
no response 

Interior walls (worst): 
cracked 
split 
separated 
fallen 
doo jams 
no damage 
no response 

Exterior walls (worst): 
bulge 
hairline fracturs 
large cracks 
no damage 
no response 

Widows broken: 
Yes 
no 
no response 

Number of % of % less no Tot. No. less 
responses - total response - No. no resuonse 

Table 7. Damage to Structures (Data Set 2) 

Number of % of % less no Tot. No. less 
responses - total res~onse No. no response 



DATA ANALYSIS 

Table 1 lists miscellaneous information from data set 1. The way that a person responded to the 
earthquake psychologically does not appear to affect the amount or quality of data obtained. Many re- 
ported being calm at the onset of the earthquake, but as it progressed, their state of mind worsened. 
One woman, upon learning of the death of her husband, eventually progressed to a state of shock which 
continued for months afterward. 

Many respondents said buds disappeared a day or two before the earthquake and did not return for 
months. Dogs, fsh, and birds that remained were reported as acting strange along with an abnormal si- 
lence preceding ground-movement. After the tremor began, a husky dog broke a nine-gauge wire in 
fright. 

Descriptions of sounds were numerous, but those most often described were of a low-pitched rum- 
bling, the sound of a D-9 caterpillar, or freight train. Some heard what they thought was a volcano 
erupting, a hurricane, a thousand mice squeaking (apparently the sound of the freight ship Chena rolling 
and heaving) and, "did the furnace blow up?". 

The direction that the sound came from was reported in 37 percent of the observations from all 
directions. In this case, the "no response" category could represent that the sound came from no partic- 
ular direction since there was no "no" space to check on the questionnaire and all claimed they heard 
sounds. If so, then up to 63 percent heard sound coming from all directions. Sound was reported as 
coming from the northeast 22 percent of the time. This direction is inconsistent with the location of the 
epicenter and probably represents sound waves moving west to east being reflected back from the east 
mountain front toward Old Town. Sounds from the northwest to south were most often reported by 
those who were within a block or two of the docks and heard noise associated with wave action and up- 
heaval of the Chena. 

Ground-motion data are presented in table 2. Of those who responded to the duration category, all 
but five indicated that ground motion lasted from 2 to 6 minutes, which is consistent with the seismic 
data collected in 1964. Ground motion was most often described as a combination of both jerking and 
rolling. Some described initial jerking followed by rolling motion, others described the opposite; neither 
can be correlated to other data. However, those who experienced both types of motion often described 
the rolling sensation as lasting the longest; jerking occurred either as the initial or final movement. Al- 
though an apparent east-west trend of dominant jerking only is present along Alaska Avenue (fig. l),  
these data are probably too subjective to be used as a basis for interpreting the causes of variations in 
style of ground motion. 

Less than half of those surveyed reported seeing ground waves. The direction that the ground 
waves traveled was most often reported north to south (fig. 2). Ground waves traveling east to west 
were observed near the outskirts of town, which suggests a possible interference caused by the dike sur- 
rounding Old Town. Two persons who indicated a specific direction of ground-wave movement also in- 
dicated circular or chaotic movement at some time during the earthquake. Ground waves were observed 
where both jerking and rolling motions were noted and, predictably, no ground waves occurred where 
only jerking was reported. The data point at Broadway and the Richardson Highway reflects 1-ft waves 
observed on the floor inside the home whereas trees swayed in an east-west direction. 

Tree-sway data (table 3) appears inconsistent in that trees would be expected to sway back and 
forth in the same direction as the ground waves. Only two data points show this correlation, but the re- 
maining data points do show a consistent 45' angle between the direction of trees swaying and ground- 
wave movement. This may be a coincidence, but the tree-sway data show that some people saw trees 
sway chaotically in all directions. These sites are scattered throughout town (fig. 3). Directions given for 
tree-sway and ground-wave categories could reflect a tendency toward a single direction of movement 
with considerable circular motion. 









Swing directions of objects in homes (Data Set 1) and damage direction to structures (Data Set 2) 
are combined in figure 4. The data are scant, but two data points show swing direction at an expected 
180' from damage direction (table 3). Swing directions, when given, trend similar to tree-sway and 
ground-wave directions. 

Gilson's store and Foodlanes store were located next to each other on the southwest corner of 
Alaska Avenue and McKinley Street. The shelves in Gilson's store were aligned in a NNW-SSE direc- 
tion and all the shelves were emptied as a result of ground movement. The shelves in Foodlane's store 
were aligned ENE-WSW and only some items fell from the top shelf. The relationship suggests ground 
motion with an east-west directional component. A woman whose home was located one block to the 
east on the southwest corner of Hobart Street and Broadway claimed that her fine china in a glass cabi- 
net and pictures on her west wall remained intact, but on the north and south everything was demolished. 
She also indicated an east-west swing direction in her home. This suggests ground motion the same as 
that noted one block to the west. Both locations are in areas where both rolling and jerking were noted. 
No ground-wave data was given for either site but they are near sites indicating north-south directional 
component to ground-wave movement. It appears that in the central part of Old Town an area at least 
two blocks trending east-west (fig. 4) was subjected to ground motion such that the direction was 
opposite to that of the surrounding area, notably to the north. Circular or chaotic motion must have 
been minimal in this area. 

A possible explanation for the nature of reported tree and ground-wave movements relates to 
ground conditions at the time of the earthquake. The earthquake occurred in March when the ground 
was still frozen. Five feet of snow plus the thawing effect of drainages, water mains, and structures 
minimized frost penetration. However, below plowed streets, the ground was frozen to the depth of the 
water table at about 5 ft. 

Evidence for the effects of differentially frozen ground was observed in the refraction of fissures 
along frozen zones and their tendency to follow thawed zones. The combination of refracted fissures, 
fssures that repeatedly opened and closed with or without ejecta, and lateral spreading and subsidence 
that resulted from the submarine landslide suggests that there was enough interference to cause erratic 
motion of ground waves and trees. 

Coulter and Migliaccio (1966) compared the fissures, ground waves, and spouts resulting from the 
1%4 earthquake at Old Town to similar effects associated with high-magnitude earthquakes in other 
areas where competent deposits overlie saturated, unconsolidated, fine-grained sediments. They sug- 
gested that the frozen ground at Old Town acted in the same manner as the overlying competent de- 
posits that allowed liquefaction to occur in the underlying saturated granular sediments, forcing sediment 
and water up through the frozen ground. 

This phenomenon was noted by a large percentage of respondents as ejecta in the form of isolated 
spouts or, more often, as spouts that occurred in a line or sheet of mud and water (fig. 5). All of those 
who responded indicated that the spouts were associated with ground waves or fissures (table 4). The 
fssures reportedly opened as the wave crest passed, and closed with the passing of the ground-wave 
trough, squirting water and sediment upward. 

Nearly all respondents acknowledged that they observed fssures in Old Town. Many noted primary 
and secondary directions, width, and whether the fissure opened and closed, but most neglected to plot 
them. The data presented in table 5 are based on both data sets because most people did not indicate if 
the fssures they described were those seen during the earthquake, if they were away from home, or if 
they were near their home. The fissures that were plotted were vague and thus not presented in this re- 
port, but they generally agree with fssure patterns mapped by Bracken (1964) and Coulter and 
Migliaccio (1%6). 
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Coulter and Migliaccio (1966) mapped two sets of fissure patterns from aerial photographs taken 
three days after the earthquake. Lateral spreading toward the zone of failure associated with the subma- 
rine landslide at Port Valdez was cited as the cause of the transverse fissures that trend ~ 3 0 % ,  parallel 
to the shoreline. Longitudinal fissures show more evidence of liquefaction and trend normal to the 
shoreline. Both trends, especially the longitudinal fissures, were more evident outside of Old Town 
where the effects of differentially frozen ground were minimal. 

The fissures were also mapped by Bracken (1%4) four to six days after the earthquake using ace- 
and-compass method. Bracken mapped a third set of small, tightly spaced cracks trending N60-80 & 
that showed very little, if any, displacement. He associated this set with "mud boils ... and most often 
where evidence of more violent motion was present". Other regionally oriented cracks were mapped at 
mile 2 of the Richardson Highway, where 1 ft of vertical displacement was noted to the south, and at the 
airport where respondents to this study indicated 7 to 8 ft of right lateral displacement along a 3-ft-wide 
crack running parallel to the runway. For weeks workers attempted to fill the crack. A year later a well 
was drilled near the crack and one respondent who was on site claimed "it seemed like nothing was 
there". 

The data on foundations and buildings are presented in tables 6 and 7. Categories that describe the 
types of damage are based on the worst damage reported. Most homes were single-story wood-frame 
construction built on a variety of foundation types. Over half of the respondents did not know what type 
of foundation their homes were built on, but of those who did, pilings were the most common. 

Foundation damage, plotted on figure 6, and building damage, plotted on figure 7 correlate well as 
would be expected. An area of destroyed and damaged foundations trends north-south in the north- 
central part of town. To the southeast lies an area of no damage. Similar patterns are seen in plotting 
the building damage data. Destroyed foundations and damaged buildings are in the same area where a 
strong north-south component of ground-wave motion, tree sway, and swing directions are indicated. 
This damage usually occurred in locations where people noted that they could not stand and where both 
jerking and rolling motion was reported. However, the area does not coincide with the most intense fis- 
sure pattern mapped by Coulter and Migliaccio (1%6) in the southwest area of Old Town. 

The least damage to both buildings and foundations occurred in the southeastern part of town 
where there were fewer observations of ground waves, although tree-sway data suggest an east-west 
component to ground motion. This area also coincides with the east-west trend of jerking-only motion 
that extends westward into the two-block area where Gilson's and Foodlane's stores were damaged. 

Data on seismically induced wave action, high tides, areas of subsidence, mounds and ridges, 
stream-flow or lake-level change, changes in water wells, and miscellaneous data from outside Old Town 
are not included in this discussion because the response was poor and the data received did not add to 
information already known from previous studies. 

CONCLUSIONS 

The distribution of data for most types of observations is sufficiently widespread to delineate areas 
of a specific response, or can be combined with related response categories and additional information to 
develop some conclusions about trends in observed effects. When directional data are combined from 
ground waves, tree sway, and the swing of objects in homes, a north-south component of ground motion 
is apparent in the north-central part of town, which correlates well with the area of destroyed founda- 
tions. This trend is confused by the east-west component seen at several data points near the dike and in 
at least a two-block area that trends east-west in central Old Town. The data from this two-block area 
combine with data from the area of no building and foundation damage, the jerking only area, and tree- 
sway area in the eastern part of town to produce an apparent east-west trend through the central part of 
town. Although the two major trends may be in part controlled by data distribution, the observations 
suggest differential ground response for at least the north and central parts of Old Town. 







The east-west trends of reported ground movement are roughly parallel to the closely spaced cracks 
mapped by Bracken (1966); both may have resulted from refractive effects of the underlying bedrock or 
variations in density of subsurface sediments. However, the data from this survey and existing subsurface 
information are insufficient to develop this kind of model. 
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