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Lowland from the
mountains.

Cook Inlet and the Anchorage
Lowland were occupied repeat-
edly by large piedmont glaciers in
Pleistocene time (Karlstrom, 1957,
1964; Miller and Dobrovolny,
1959). Karlstrom has distin-
guished five major Pleistocene gla-
cial advances in Cook Inlet,
although not all reached the An-
chorage area. At the site of An-
chorage, Pleistocene deposits
accumulated to a thickness of 600
feet or more. In general, these de-
posits seem to thicken westward
from the mountain front toward
Cook Inlet. They exerted a vital
influence on the location and the
extent of earthquake damage in
the Anchorage area.

Because the Pleistocene depos-
its of the Anchorage area have
been described previously in con-
siderable detail (Miller and Do-
brovolny, 1959 ; Karlstrom, 1964 ;
Cederstrom, Trainer, and Waller,
1964), they will be described but

bordering

The Bootlegger Cove Clay has
become renowned, since the March
27 earthquake, for its part in the
devastation. Most of the severe
damage in the Anchorage area is
traceable to failure within this for-
mation, and an understanding of
the mechanisms of landsliding in
the Anchorage area requires some
knowledge of its character and
physical properties. Because of
its critical relationship to the land-
sliding, it has been studied inten-
sively since the earthquake, by the
Corps of Engineers and by con-
sultants to the corps.

The Bootlegger Cove Clay was
named and first described by
Miller and Dobrovolny (1959, p.
35-48). In general the formation
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briefly here. They consist chiefly
of three categories of material:
glacial till, deposited as ground
moraine; proglacial silty clays
(including the Bootlegger Cove
Clay) deposited in estuarine-ma-
rine or lacustrine-estuarine envi-
ronments; and fluvioglacial depos-
its of several types, but chiefly
outwash sand and gravel.

Most of Anchorage lies on late
glacial  (Naptowne-Wisconsin)
outwash deposited in front of the

youngest Pleistocene glacier that
entered the area. This glacier con-
structed a large end moraine north
of the city at Elmendorf Air Force
Base (Miller and Dobrovolny,
1959, p. 59). Remnants of the mo-
raine are also preserved west of
Knik Arm about 214 to 3 miles
northeast of Point MacKenzie.
Outwash sand and gravel from
this glacier spread southward

across the Anchorage Lowland
and buried ground moraine and

Bootlegger Cove Clay alike to

BOOTLEGGER COVE CLAY

consists of three physically dis-
tinct but gradational zones—an
upper and a lower stiff competent
zone and a central weak sensitive
zone. Failures occurred chiefly in
the central zone. Waves gener-
ated by the earthquake led to a
drastic loss of strength, a conse-
quent failure of dynamically sen-
sitive saturated sand, silt, and silty
clay, and a resultant disruption of
the ground surface by landsliding
(Shannon and Wilson, Inc., 1964,
p. 1-3).

The Bootlegger Cove Clay un-
derlies most of Anchorage and
much of the adjacent area (Miller
and Dobrovolny, 1959, pls. 3 and
6; Trainer and Waller, 1965).
Along Knik Arm, it is exposed

depths as great as 60 feet. In gen-
eral, the outwash thins toward the
west and south away from its
source. It wedges out completely
between Turnagain Heights and
Point Woronzof.

East of Anchorage along the

foot of the Chugach Mountains,
a massive lateral moraine was de-
posited by one or more of the pre-

Wisconsin glaciers that occupied
the area (Miller and Dobrovolny,
1959, p. 21). This moraine stands
generally 1,000 to 1,200 feet above
sea level and has a maximum alti-
tude of about 1,400 feet. Because
the area commands impressive
views across Cook Inlet toward the
snow-swept Alaska Range and
Mount McKinley, it has experi-
enced a mild real estate boom, and
the next few years should see ex-
tensive urbanization of its heights.
The moraine fared well in the
March 27 earthquake; structures
built on it were little, if at all,
disturbed.

almost continuously from a point
about three-quarters of a mile east
of Point Woronzof northward at
least to the Eagle River. Just
north of Anchorage, it passes be-
neath the Elmendorf Moraine.
Toward the east and southeast, it
laps across older glacial deposits
and thins out against higher
ground in the morainal belt at the
base of the Chugach Mountains.
South of Anchorage, it is contin-
uous beneath a cover of sand and
muskeg west from the Seward-
Anchorage Highway to the east
base of the Point Woronzof-Point
Campbell highland area and south
to Turnagain Arm. It laps up
and thins out against the deltal
sand and gravel of the Point



Woronzof-Point Campbell high-
land area.

As described by Miller and

. Dobrovolny (1959, p. 39), the
Bootlegger Cove Clay consists
chiefly of silty clay, light gray
(N7)* when dry and dark greenish
gray (5GY 4/1) when wet. Very
commonly the upper several inches
to several feet immediately be-
neath the overlying outwash is oxi-
dized to yellowish gray. The clay
generally is delicately laminated
in layers a fraction of a millimeter
to several centimeters thick, al-
though some intervals several feet
thick are free of visible bedding.
Throughout the clay are scattered
layers of sand, some mere part-
ings but others 25 feet or more
thick. Such layers are lenticular
and can only be traced short dis-
tances. In at least one landslide
(Fourth Avenue), liquefaction of
a sand layer is believed to have
been the chief immediate cause of
failure (Shannon and Wilson,
Inc., 1964, p. 41).

Scattered pebbles are present
throughout the Bootlegger Cove
Clay. Cobbles and boulders are
present also but are rare. These
stones contributed nothing to the
failure of the clay and had no part
in the landsliding, but they do in-
dicate the periglacial environment
in which the clay was deposited.
Only ice rafting could have em-
placed the larger boulders. Peb-
bles are most numerous in the
lower part of the formation. On
the west side of Knik Arm oppo-
site Cairn Point, where the base
of the formation is above tide wa-
ter, the clay grades downward into
stony till, seemingly without a
clear-cut contact.

1 Numerical designations refer to the Rock-
Color Chart number (Goddard and others,
1948).
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PHYSICAL PROPERTIES

Soon after the earthquake, work
started by the Engineering Geol-
ogy Evaluation Group (1964) and
later taken over by the U.S. Army
Corps of Engineers (Shannon and
Wilson, Inc., 1964) showed that
the physical properties of the
Bootlegger Cove Clay are far from
uniform. Rather, a medial zone
of low static shear strength and
high sensitivity grades upward
and downward into stiffer non-
sensitive zones. Sensitivity is de-
fined as the ratio of undisturbed
shear strength of a soil sample to
remolded (kneaded or squeezed)
shear strength of the same sample,
regardless of the cause (Terzaghi
and Peck, 1948, p. 33).

Numerous physical tests by the
Corps of Engineers—both in the
field and in the laboratory—were
made to analyze the causes of fail-
ure in the Bootlegger Cove Clay
and find possible remedies. These
tests are described in detail by
Shannon and Wilson, Inc. (1964,
p- 13-30) ; most of the information
in the following paragraphs was
abstracted from their report.
About 150 borings were drilled
within and adjacent to the several
landslide areas, either into or
through the sensitive zone of the
Bootlegger Cove Clay. Most bor-
ings were sampled at 5-foot inter-
vals, and continuous samples were
obtained at selected locations. Un-
disturbed samples were collected
in 3- by 86- or 3- by 37-inch steel
Shelby tubes. Five large-diame-
ter “bucket auger” holes were
drilled by the Corps for visual in-
spection of critical zones in the
clay, for in-place shear-strength
tests, and for carving out undis-
turbed samples by hand. Vane-
shear tests in standard 3-inch holes
were made at 12 locations in the
Fourth Avenue, I. Street, and
Turnagain Heights slide areas to
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measure in-place strengths and
sensitivities of the clay. Similar
tests were made on undisturbed
samples both in the field and in
thelaboratory. Inthelaboratory,
samples were also analyzed for At-
terberg limits (see p. Al4), nat-
ural-water content, triaxial shear,
sensitivity, dynamic modulus, and
consolidation strength.

SHEAR STRENGTH

Shear strength was measured
in torsional-vane-shear tests, un-
drained triaxial tests, consoli-
dated-undrained triaxial tests, and
consolidated-drained triaxial tests;
strain, stress, volume change, and
pore-water pressure were recorded
throughout the tests (Shannon
and Wilson, Inc., 1964, p. 28).
The results of vane-shear tests for
the Fourth Avenue and Turnagain
Teights slide areas are shown in
figure 8. Triaxial tests performed
on the clay generally correlated
well with the vane-shear tests
within the ranges of strengths at
which failure was prevalent.
Tests correlated well in the range
0.4 to 0.5 tsf (tons per square foot),
but for clays of higher strength,
the triaxial tests generally yielded
somewhat higher values than the
vane tests. Most of the samples
of clay from critical depths in the
landslides had initial shear
strengths between 0.2 and 0.7 tsf,
and in this range the ratio of tor-
sional-vane-shear-test results to
triaxial-compression-test results is
generally between 0.7 and 1.5
(Shannon and Wilson, Inc., 1964,
p. B8). This ratio indicates a
fairly good correlation between
test methods. In any event, the
vane-shear-test results shown by
the graphs of figure 8 clearly dem-
onstrate the generally lower shear
strength of the clay at intermedi-
ate depths as compared with shal-
lower and deeper layers.
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Percent finer than particle size (microns)

Sample ! Depth (feet) Classification
38 10 8 4 2 1
77.6- 78.3 | Sensitive..__._________ 99.6 81 78.9 64.7 49.0 36.0
124.5-125.2 | Stiff___________________ 96.9 96.7 92.2 73.4 52.7 38.5
73.2- 73.9 | Sensitive..__ | 96.8 64.0 60.3 46.6 33.3 24.4
116.7-117.4 | Stiff . 81.8 2 22.3 12.9 8.1 5.5

1 Samples prefixed with A are from Fourth Avenue area; samples prefixed with C are from Turnagain Heights

DEPOSITIONAL ENVIRON-
MENT

Recent paleontologic studies by
Patsy J. Smith (written commun.,
1964) indicate that the Bootlegger
Cove Clay is of marine origin
throughout but that it was de-
posited in environments of vari-
able salinity. The depositional
environment bears on the origin
and distribution of sensitivity in
the clay. Clay deposited in saline
waters tends to flocculate. Floc-
culation occurs when negative par-
ticle surfaces are attracted to posi-
tive particle edges by electrostatic
forces (Lambe, 1958, p. 8; Rosen-
qvist, 1962, pl. 5; Meade, 1964, p.
B4-B5) ; flocculated clay in turn
acquires sensitivity when the in-
terparticle bond is destroyed, as
when ground water leaches the ca-
tion and thereby diminishes the
electrolyte concentration (Mitch-
ell, 1956, p. 693). Such leaching
is promoted when marine clay beds
are elevated above sea level. Ac-
cording to Bjerrum (1954, p. 49;
1955, p. 108), the reduced electro-
lyte concentration, by decreasing
the activity of the clay minerals,
leads to a lowering of the Atter-
berg limits, which in turn reduces
the shear strength of the clay by
as much as 30 percent.

Until recently the depositional
environment of the Bootlegger
Cove Clay was in serious doubt, if
not dispute (Miller and Dobro-
volny, 1959, p. 44; Schmidt, 1963,
p. 350; Karlstrom, 1964, p. 35;
Cederstrom, Trainer, and Waller,
1964, p. 30). A brief review of
past thinking, therefore, seems
warranted. The environment has
been considered to have been lacus-
trine, estuarine, or marine, or some
combination thereof. Marine or-
ganisms had been noted in the
Bootlegger Cove Clay by several
investigators, although some doubt
had existed as to whether the speci-
mens noted were in place or had
been cast ashore by storm waves
(Miller and Dobrovolny, 1959,
p- 45). Trainer (¢n Miller and
Dobrovolny, 1959, p. 45) found
estuarine mollusks that he was con-
vinced were in place. Schmidt
(1963, p. 350) verified Trainer’s
find and added an abundant micro-
fauna in confirmation. Miller
and Dobrovolny (1959, p. 46) rea-
soned that varvelike beds and
laminations high in the clay near
Cairn Point indicated probable
fresh-water deposition, a view
subsequently shared by Ceder-
strom, Trainer, and Waller (1964,
p. 32) but on slightly different evi-
dence—the presence of well-sorted
interbedded sands. Karlstrom

(1964, p. 38) expressed the opinion
that “the Bootlegger Cove Clay
records proglacial-lake sedimenta-
tion * * * with an intervening in-
terval of marine deposition”—in
other words, fresh-water deposits
separated by salt-water deposits.

Smith’s conclusions (written
commun., 1964) are based on
studies of microfossils from drill
samples collected by the Corps of
Engineers. These continuously
cored samples afforded a chance
not provided by surface exposures
to examine the depositional en-
vironment of the clay from the top
of the formation down through
and below the sensitive zone.
Smith concluded that the forma-
tion was marine throughout the in-
terval studied but that the upper
part was deposited in a deltaic en-
vironment of low variable salinity
such as now exists in the Yukon
and Kiskokwim deltas. Fossils
from the lower part of the forma-
tion, including the sensitive zone,
indicated a shallow (252 meters)
marine environment probably of
near-normal salinity. Vertical
variations in the depositional en-
vironment, as indicated by fossils,
thus may provide an explanation
for the zonal character of the sen-
sitivity : the stiffer clays accumu-
lated in water of low salinity and
the more sensitive clays accumu-
lated in waters of near-normal
salinity. Since deposition, reduc-
tion of the brine concentration by
leaching probably has altered the
plasticity of the clay and increased
the sensitivity.

Fossils identified by Smith, and
their relative abundance, are
shown in tables 1 and 2.
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TABLE 1.—Foraminifera from Bootlegger Cove Clay, Anchorage, Alaska, Shannon and Wilson, Inc. (196}) boring A120 A

[Abundances estimated: A, abundant; C, common; F, few; R, rare)]

Sample interval (feet)

SpeCieS o (=3 (=] (=} w w w o w w 2 Q ; 'Q, ‘Q ‘G' S c ‘Q.

ERSE IR - g e g s = - e gl2|8|8(8|8|9(3

4 EA MR FA S AP R A AT A B A kA F Y P Y P i pg g e
gl3|g|¥|2|2|e|2|e|2|g|s|s|E|E|Z|E|8|8|8B|8|%

Protelg)hidium cf. orbiculare (Brady) oo oo F|F|[..QF|R|F|IR|RIA[...|]F|F|R|C|A|[A|F|F|F|__|C|F
Elphidium clavatum Cushman._____.____...__. SRR (RPRRDR ROUPROR PRRRPR FRPUPRON I ) ROROR) RSN PRUPRR ORI PUION OO (N 2 2 R S O B S
frigidum Cushman RPN R R PO B
bartletti Cushman._._ ... __._..._..... RN (R DR I () PR B,
Pateoris hauerinoides Loeblich and Tappan RPN R B I O R B,
Polymorphing SPa - e e e -- U P
Fi88UTiNG SP - - o e e e e PR P N P
Buliminella curta Cushman RPN R RO R BRI JR B
OStracodes. - e e e e —m e RO P, JR . PR
TABLE 2.—Foraminifera from Bootlegger Cove Clay, Anchorage, Alaska, Shannon and Wilson, Inc. (196}) borings A 110

A and B
[Abundances estimated: AA, very abundant; A, abundant; C, common; F, few; R, rare]
Sample interval (feet) and boring letter

=l8|alal8lalele|zl3|3|2]3|2]2]2a]s

Specles gl8|l=|8|8|lx|8|lc|=|3|a|la|a|a|a|la|=|a]|S

- = ] 8 e s b ] 3 3 3 F 3 g g 3 3 B

g (& |8 |Z(S|T|8 32|22 |2 2|2 8 1|8 |¢%

s | & |& |8 |8 |8 |8 |8 |8 |F |5 |2 |g|c8|3 |82

Protelphidium cf. orbiculare (Brady)...........

orbiculare (Brady)
Elphidium clavatum Cushman. .

subarcticum Cushman.__._.

bartletti Cushman_ _____

incertum (Williamson) - _________
Elphidiella groenlandica (Cushman)..._._.__..
Quinqueloculina cf. seminula (Linné) . . _____.__
Pateoris hauerinoides Loeblich and Tappan...
Polymorphing Sp - - oo icicacaaene
Fissuring Sp-ccoeceeoeooo
Dentalina sp.
Cassidulina islandica Ngrvang.
Buliminella curta Cushman_____.
Bolivina pseudopunctate Hoglund
Buccella frigida (Cushman) ..

inusitata Anderson.
R08aliNG SP- - o ccoceeeeaaen
Globigerina bulloides d’Orbign

pechyderma (Ehrenberg).
Ostracodes. .. _.._._.._.._.

Mollusk fragments.

DIRECT SEISMIC EFFECTS

Most of the more spectacular
structural damage in the Anchor-
age area resulted from secondary
causes such as landslides and
ground cracks, themselves trig-
gered by seismic vibration. Struc-

EARTHQUAKE EFFECTS

tural damage due directly to seis-
mic vibration was subordinate in
terms of total property damage
and financial loss and, for the most
part, was relatively unspectacular.
Nevertheless, the extent of such ef-
fects must not be underestimated.

The cumulative damage was im-
pressive, and had there been no
landslides at Anchorage, vibratory
effects of the earthquake undoubt-
edly would have received more
attention by investigators and by
the press.






Underwriters and Pacific Fire
Rating Bureau, 1964, p. 26). In
the same area, however, many sin-
gle family dwellings, stores, and
small commercial buildings were
damaged little if at all.  Stein-
brugge (1964, p. 71) found no evi-
dence to indicate that one construc-
tion material was superior to an-
other, given comparable attention
to design and construction.

A few buildings seem to have
been designed without regard to
earthquake stresses. The Hillside
Apartments and various ware-
houses that collapsed were ex-
amples. In other buildings,
inadequate connections between
structural parts were the most
common causes of failure; improp-
erly welded joints, inadequate ties
in reinforced-concrete members,
and improperly spliced reinfore-
ing rods all were loci of failure.
Welded precast- and prestressed-
concrete structural members
seemed to be particularly suscepti-
ble to joint failure, although some
buildings so framed were undam-
aged. In some buildings, con-
struction joints were inadequately
keyed. Poured ' nonmonolithic
concrete joints were sites of shear
failures, and some concrete ap-
peared to be substandard. Most
poured-in-place concrete struc-
tures, however, fared well. In
some multistory buildings, provi-
sions for vertical shear were in-
adequate to withstand a stress of
the intensity generated by the
March 27 earthquake (Berg and
Stratta, 1964, p. 58).

Small wood-frame buildings
outside areas of ground displace-
ment were generally little dam-
aged (Steinbrugge, 1964, p. 63—
64). Unreinforced masonry walls
and chimneys were usually intact,
and most interior wooden stud
walls sustained nothing more than
minor nonstructural cracking.
Foundations of poured concrete or
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hollow concrete block (some ap-
parently unreinforced) generally
were intact. Usually windows
were unbroken, and objects re-
mained on shelves indoors.

Of the many buildings damaged
or destroyed by direct seismic vi-
bration in Anchorage, several
structures described briefly below
are most significant for the dam-
age or lack of damage they sus-
tained, relative to design and
construction practice. These
structures, therefore, have received
the most attention from investi-
gators. The following synopsis is
based mostly on the reports of
Berg and Stratta, Steinbrugge,
and the National Board of Fire
Underwriters and Pacific Fire
Rating Bureau.

ALASKA PSYCHIATRIC INSTITUTE

The three-story steel-framed
Alaska Psychiatric Institute,
southeast of the main part of An-
chorage, is notable because it sus-
tained so little damage. There
were minor cracks in stair wells
and broken pipe hangers and ma-
chinery mounts in the penthouse.
The nearby new Providence Hos-
pital and the Alaska Methodist
University also were little dam-
aged.  Significantly,  perhaps,
these three buildings are outside
the area underlain by Bootlegger
Cove Clay.

THE ALASKA RAILROAD
MARSHALLING YARDS

Several buildings in the Alaska
Railroad marshalling yards were
damaged. Warehouses collapsed
and shops were slightly damaged.
The steel-framed wheel-shop
building partly collapsed and has
since been torn down. Some build-
ings were in or near the toe area
of the Fourth Avenue landslide
and, hence, may have been sub-
jected to ground displacements as
well as to seismic vibration.
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ALASKA SALES AND SERVICE
BUILDING

The one-story Alaska Sales and
Service Building on East Fifth
Avenue at Medfra Street was un-
der construction but was struc-
turally almost complete at the time
of the earthquake; it was a total
loss. Collapse is attributed chiefly
to failure of welded connections
between T-shaped precast-concrete
columns and roof beams, caused
either by the breaking of welds or
tearing out of bar inserts. The ex-
terior precast-concrete walls of the
building partly collapsed when the
roof gave way.

ANCHORAGE INTERNATIONAL
AIRPORT

The Anchorage International
Airport control tower, a rein-
forced-concrete  structure, col-
lapsed to the ground (fig. 7), kill-
ing one occupant and injuring an-
other and damaging the connect-
ing walls of the adjacent terminal
building. The terminal building
was otherwise little damaged. At
the airport post office building, a
rear wall pulled away from the
roof trusses and leaned outward;
moderate nonstructural damage
was sustained indoors.

ANCHORAGE WESTWARD HOTEL

The steel-framed Anchorage
Westward Hotel complex is just
west of the Fourth Avenue land-
slide area facing Third Avenue be-
tween E and F Streets and is with-
in the area of peripheral cracking.
Several cracks passed through the
building foundations and first
floors. Some cracks had vertical
offsets. There was little visible
damage to the flexible exterior
metal skin of the 14-story tower,
but there was significant structural
damage (since repaired) to the
more rigid interior structural ele-
ments. Reinforced-concrete col-
umns were buckled, and rein-
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Walls were unreinforced hollow
concrete block. The building was
sheared in an east-west direction
at the third-story level on the
south side and in the lower two
stories on the north side—the up-
per stories lurched west relative
to the lower stories. Seemingly,
no provision had been made for
resistance to strong lateral seismic
stress.

KNIK ARMS APARTMENT
BUILDING
The six-story Knik Arms
Apartment Building, of poured-
in-place reinforced-concrete fram-
ing, is on the west side of L, Street
between Sixth and Seventh Ave-
nues, on the L Street landslide
block between the headward gra-
ben and the bluff overlooking
Knik Arm. It is especially note-
worthy for its apparent lack of
damage, despite a lateral displace-
ment of about 10 feet west-north-
west as it was carried along with
the underlying slide block. Many
smaller residential buildings on
the slide block were also undam-
aged or little damaged.

MOUNT McKINLEY BUILDING AND
1200 L STREET APARTMENT
BUILDING

The Mount McKinley Building
and the 1200 L Street Apartment
Building are twin 14-story rein-
forced-concrete apartment build-
ings about a mile apart and facing
in opposite directions. They sus-
tained similar damage, almost
matching crack for crack, al-
though damage in general was
somewhat more severe in the
Mount McKinley Building. The
Mount McKinley Building is on
Denali Street between Third and
Fourth Avenues; the 1200 L
Street Apartment Building is
across town near Inlet View
School.

The most obvious damage to
both buildings was X-shaped shear

ALASKA EARTHQUAKE, MARCH 27, 1964

cracks in spandrel beams, caused
by vertical shear between exterior
support piers as a result of lateral
swaying. Spandrels in general
were most heavily damaged in the
middle third of the floor levels.
Interior walls were less damaged
than exterior ones.

In the Mount McKinley Build-
ing, vertical piers sheared hori-
zontally at the third-story level
on the north side of the building
(at a construction joint) and at
the second story on the south side.
An exterior column fractured di-
agonally at the first-story level. A
television-antenna tower on top of
the building was undamaged.

Failures similar to those in the
Mount McKinley Building oc-
curred in the 1200 L Street A part-
ment Building in piers at the
south face of the building at the
second- and third-story levels.
Corner spandrels were more heav-
ily damaged than those in the
Mount McKinley Building.

An account of the earthquake
as related by an occupant of the
12th story of the 1200 L Street
Apartment Building was provided
by William G. Binkley (written
commun., 1964). Mr. Binkley, a
geologist, noted wryly that he was
living in a sort of oversized seis-
mograph. The quake was first felt
in the building as a light tremor
that intensified rapidly until ob-
jects began to fall to the floor.
About 30 seconds of trembling mo-
tion was followed by perhaps 2
minutes of violent jarring, in
which the building seemed to sway
8 to 10 feet horizontally and 1 to 2
feet vertically. Bookcases were
overturned, and fallen books and
furniture were thrown back and
forth across the room. Violent
shaking was accompanied by a
deep rumble and by higher pitched
sounds of shattering plaster and

falling dishes and furniture, In
the kitchen, everything from the
cabinets and refrigerator crashed
to the floor, where it was “churned
into a melange of broken dishes
and glass, catsup and syrup, flour,
beans, pots and pans, eggs, lettuce,
and pickles.” Mr. Binkley was
able to crawl from the living room
to a hall where he braced his feet
against one wall and his back
against another. Then the build-
ing stopped “jumping,” the noise
stopped abruptly, and the motion
of the building diminished grad-
ually with a subsiding, weaving
tremble.

Most people at ground level ex-
perienced far less violent shaking
than those in tall buildings. Many
individuals were unaware of the
catastrophic proportions of the
quake urtil much later when the
reports began to come in. In the
heights of the 1200 L. Street Apart-
ments, however, the accelerations
undoubtedly were greatly mag-
nified.

PENNEY’S DEPARTMENT STORE
BUILDING

The Penney’s Department Store
Building (fig. 5) was a total loss
and has since been dismantled.
Photographs of its wreckage have
been widely distributed in maga-
zines and newspapers. Penney’s
was a five-story reinforced-con-
crete structure having shear walls
on three sides and a curtain wall
of precast panels on the north.
Failure is attributed to torsion
caused by rotational displace-
ments, in turn caused by an eccen-
tric position of the center of
rigidity of the structure. This
rotational motion sheared off the
west support wall at the second-
story level, causing the wall and
all overlying floors to collapse.
The floor slabs also sheared at



their connections to the next adja-
cent column wall to the east. The
northeast corner of the building
collapsed (fig. 4), and most of the
precast panels on the north face
fell to the street. Bergand Stratta
(1964, p. 35) reconstructed the se-
quence of events as follows: The
northeast corner of the building
collapsed following failure of the
east shear wall at that point; the
west shear wall then failed at the
second-story level at the north end
of the building. The east shear
wall failed at the south end of
the building, and the precast
curtain-wall panels collapsed at
the north face of the building.

The north-facing curtain wall
must have fallen rather late in the
quake. Some motorists reportedly
were able to start their parked cars
and move them away from below
the wall before it fell. One motor-
ist who ran to her car in an at-
tempt to move it, however, was
trapped and killed (R. M. Waller,
written commun., 1965).

PORT OF ANCHORAGE AREA

Much of the damage in the Port
of Anchorage area was caused by
ground displacements along frac-
tures, but some damage is attrib-
utable to direct seismic shaking.
The main pier lurched laterally 5
to 19 inches. Large longitudinal
cracks and several transverse ones
opened up, and the walls of several
buildings were cracked. All four
gantry cranes were damaged.
Steel piles penetrated the deck of a
subordinate pier. Approach roads
and railroads settled as much as 18
inches. Two cement-storage tanks
were toppled, one at the property
of the Permanente Cement Co. at
the entrance to the U.S. Army
Dock and one at the Alaska Ag-
gregate Corp. facility just north
of Ship Creek. Oil-storage tanks
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in the dock area were mostly super-
ficially damaged, but some tanks
were bulged outward at the bot-
tom, probably by rocking and
pounding back and forth as the
contents sloshed to and fro.

WEST ANCHORAGE HIGH SCHOOL

West Anchorage High School is
on the south side of Hillcrest Drive
a few blocks west of Spenard Road
and just south of a bluff overlook-
ing Chester Creek. Structurally
separate parts of the school build-
ing reacted differently to the vibra-
tions. The two-story classroom
section of the building was heavily
damaged, especially the second
story. Exterior columns failed at
connections with the roof and with
the second-floor spandrels. Ex-
tensive damage was caused by
pounding between the gymnasium
section and the classroom section.
There was extensive ground crack-
ing along the bluff above Chester
Creek and a small rotational
slump formed due north of the
school.

GROUND DISPLACEMENTS
OTHER THAN LAND-
SLIDES

GROUND CRACKS AND
COMPACTION

The distribution of ground
cracks in the Anchorage area (gen-
eralized in fig. 1) was mapped by
the Engineering Geology Evalua-
tion Group (1964, pl. 1) shortly
after the earthquake. Most of the
observations on which this map is
based were made on traverses ad-
jacent to streets and highways but
some were obtained from a scru-
tiny of aerial photographs. Many
unobserved cracks probably form-
ed in the less-accessible snow-cov-
ered undeveloped areas. Frozen
muskeg in and bordering swamps,
for example, was very susceptible
to cracking. The map, neverthe-
less, shows clearly the widespread
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distribution of cracking, and it em-
phasizes the high susceptibility to
cracking of lowland areas under-
lain by silty clay and outwash, as
opposed to highland areas under-
lain by ground moraine. Made
land in former muskeg areas, re-
claimed either by draining or by
filling directly over muskeg, was
also very susceptible to cracking.

Reportedly, many ground cracks
opened and closed with the rhythm
of the earthquake. Such action
may help explain the extensive
damage some cracks caused. A
pulsating fracture would cause
more damage to a superencumbent
structure than a fracture that
merely opened.

The most severely cracked
ground was adjacent to landslides
(fig. 40) where cracks were caused
by tension directly related to slid-
ing. The cracks in turn caused
much structural damage in built-
up areas. Some cracked ground
undoubtedly would have devel-
oped into landslides had the earth-
quake lasted longer, as for exam-
ple at Turnagain Heights, back of
the landslide (pl. 1). Here, the
pattern of fracturing was concen-
tric to the head of the slide, and
many crescentic tension cracks ex-
tended as far as 2,200 feet from the
slide proper, to the vicinity of
Northern Lights Boulevard. In
the downtown area, many streets
and buildings were damaged by
cracks behind the periphery of the
Fourth Avenue slide. Major
cracking and ground adjustments
extended a city block or more back
from the slide. In contrast, the L
Street and Government Hill slides
broke away clean ; they were much
cracked themselves, but few cracks
extended behind them.

Preexisting zones of weakness in
the ground were particularly
susceptible to cracking. Some
cracks followed backfilled utility
trenches, for example, or backfills
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might have on the slide itself. At
several points along the bluff, fill
material dumped onto the slides
probably caused continued move-
ment by overweighting the head
and altering whatever balance had
been achieved naturally. By mid-
May of 1964, new cracks with small
vertical displacements had already
formed in the repaired fills. Un-
less remedial procedures are al-
tered, therefore, continued slow
movements at the heads of the
slumps seem inevitable. A com-
prehensive stabilization program
for these slides, on the other hand,
may be less feasible economically
than intermittent road repair and
maintenance.

TRANSLATORY SLIDES

All the highly destructive land-
slides in the built-up parts of An-
chorage were of a single struc-
tural-dynamic family, despite
wide variations from slide to slide
in size, appearance, and com-
plexity. All moved chiefly by
translation rather than rotation.
They slid laterally on nearly hori-
zontal slip surfaces following dras-
tic loss of strength in previously
weak sensitive zones of the Boot-
legger Cove Clay. Slidesin which
the slid mass was practically intact
are classed as block glides; those
in which the slid mass underwent
appreciable disruption are prob-
ably best classed as failures by
lateral spreading (Varnes, 1958,
pl. 1). DBetween these limits, all
gradations of form were repre-
sented—not only from place to
place but also in time. Structur-
ally, the Fourth Avenue slide was
the simplest and the Turnagain
Heights slide was the most com-
plex. The Turnagain Heights
slide, however, must have begun as
a simple though highly transient
block glide, or perhaps as several
such block glides, arising inde-
pendently along the bluff line. As
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sliding progressed, the Turnagain
Heights slide deteriorated rapidly
into a complex failure involving
simultaneous motions in several di-
rections. Its predominant motion,
however, remained translatory.
Destruction to property in the sev-

. eral slides was caused by tilting,

wrenching, warping, and disrup-
tion of structures over the cracked,
collapsed, and compressed zones of
the slides. Structures in undis-
torted parts of some slides were
little damaged despite horizontal
ground translations of several feet.

Translatory slides are less com-
mon than rotational slides. They
have, therefore, received less at-
tention in the literature. Exam-
ples similar in many respects to
those at Anchorage, however, have
been reported and described from
Scandinavia where the Pleistocene
history has been comparable in
some ways to that at Anchorage.
Notable translatory slides oc-

curred at Skottorp, Sweden, in
1946 (Odenstad, 1951) and at Bek-

kelaget, Norway, in 1953 (Eide
and Bjerrum, 1955, p. 88-100;
Rosenqvist, 1960, p. 10). The
Skottorp slide, particularly, re-
sembled the Turnagain Heights
slide, except that it was smaller;
the Bekkelaget slide was similar to
the Fourth Avenue slide. Trans-
latory slides in the conterminous
United States somewhat like those
in Anchorage have been described
by Crandell (1952, p. 552; 1958,
p- 73) and by Varnes (1958, p. 26—
32). All these slides—in Scandi-
navia and in the United States—
moved in response to gravitational
stress, without the intervention of
earthquakes.
Earthquake-triggered landslides
accompanying the great New
Madrid, Mo., earthquakes of 1811
seem to have been very similar to
the slides at Anchorage. The
physical setting of the slides was

analogous to that at Anchorage.
Fissures, sand blows, and various
other features related to sliding
are described by Fuller (1912, p.
48, 59-61) on the basis of early
accounts and on observations made
nearly 100 years after the quakes.
Fuller’s descriptions might well
apply to the Turnagain Heights
slide. Grabens and tension cracks,
for example, were formed where
clayey alluvium, afloat on quick-
sand, glided laterally.

The Chilean earthquake of May
22, 1960, triggered three large
landslides at ILago Rifithue, 65
kilometers east of Valdivia in cen-
tral Chile. The descriptions of
Davis and Karzulovic (1963, p.
1407) indicate that these slides re-
sembled the Turnagain Heights
slide in form, size, and mode of
failure. Translatory movement
predominated; rotational move-
ment was subordinate. Signifi-
cantly, these slides occurred in an
area of previous landsliding and
were partly superimposed on pre-
existing landslides.

GEOLOGIC SETTING

All areas of translatory sliding
in Anchorage had the same general
geologic environment. All were
underlain at various depths by
Bootlegger Cove Clay that had
zones of low shear strength, high
water content, and high sensitivity.
All surmounted flat-topped bluffs
bounded on one side by steep
slopes. In all areas, except the
westernmost part of the Turn-
again Heights slide, the Bootleg-
ger Cove Clay was overlain by
outwash sand and gravel. These
deposits thinned markedly over a
distance of a few miles from north
to south and from east to west;
grain size diminished concomi-
tantly from gravel to sand. Near
the Alaska Native Service Hospi-
tal the outwash is about 55 feet
thick, near Government Hill
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Extensive drilling and sampling
by the Corps, augmented by sur-
face studies, indicated a complex
and varied stratigraphy, modified
by erosion downslope from the
bluft line and by prior landsliding
of undetermined age.  Shannon
and Wilson, Inc., (1964, p. 54) re-
ported the following general se-
quence of stratigraphy:

1. At the top, outwash sand and
gravel, generally 40 to 60 feet
thick.

. Stiffy silty clay, about 30 to 50
feet thick, and interbedded
layers of sand and silt. This
clay had a static shear
strength generally greater
than 0.5 tsf.

3. Silty clay, sensitive, 20 to 30 feet
thick, having very sensitive
layers of clayey silt, silt, and
fine sand.  Static  shear
strengths ranged from about
0.2 tsf to more than 0.5 tsf,
and sensitivity ranged from
about 5 to 30.

. Stiff silty clay containing scat-
tered sand grains, pebbles,
and lenses of sand; thickness
undetermined but greater
than 50 feet. Static shear
strength in this unit generally
exceeded 0.5 tsf and increased
with depth.

Despite numerous borings, the
position of the zone of failure in
the I Street slide was not definitely
established, although zones of very
low strength and high sensitivity
were clearly indicated. Presuma-
bly, slippage occurred at the top of
the sensitive zone, where the
strength was lowest and the shear-
ing stress was highest (Shannon
and Wilson, Inc., 1964, p. 55).
This position varied appreciably—
from about 55 to 85 feet below
ground surface (45 to 15 feet above
sea level)—in different drilling lo-
cations. Istimates based on the
graben rule place the zone of fail-
ure within that range also. DPres-
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sure ridges at the foot of the slide
lie within the same range of al-
titudes. Therefore, if failure be-
neath the block was within that
range, the pressure ridges—as
noted above—must, have been
caused by shallow translations of
the relatively thin frozen surface
layer—a sort of shove effect—
rather than by deeper surfaceward
shear. If so, some of the remedial
buttresses proposed by the Corps
of Engineers (Shannon and Wil-
son, Inc., 1964, pl. 9.6) would re-
quire design changes to be effective
in the event of future movement.

Failure by liquefaction may also
have occurred in saturated sand
layers within the clay because sev-
eral such layers were penetrated
during the drilling program. Re-
molding would not necessarily lead
to strengthening of these sand lay-
ers, unless repacking led to con-
solidation accompanied by escape
of excess pore water. Unless these
strengthening conditions have
been met, the sand could fail again
under similar circumstances as
before.

Native Hospital Slide

The Native Hospital slide, or
First Avenue slide 2 as it has occa-
sionally been called, disrupted part
of the grounds of the Alaska Na-
tive Service Hospital and wrecked
a fuel-storage tank at the foot of
the bluff (figs. 31, 32). Although
it was a small slide and not a very
destructive one, it was of unusual
scientific interest because of its
clear portrayal of repeated trans-
latory landsliding in the same area.
The slide of March 27, 1964, tran-
sected an earlier slide of identical
habit and exposed the older graben
in full cross section (fig. 32) in the
headward scarp of the present gra-
ben. This site of failure, there-
fore, seems to answer the question

2 Inasmuch as First Avenue does not ex-

tend into this part of Anchorage, the name
“First Avenue slide” is misleading.
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as to whether natural remolding
and consolidation of the clay after
sliding 1s sufficient in itself to fore-
stall further sliding—it obviously
was not, in the Native Hospital
slide. Most other slide areas at
Anchorage and vicinity also pre-
sented evidence of multiple slid-
ing, but none did it as clearly as
the Native Hospital slide. Multi-
ple sliding is discussed further on
pages A66-A6T.

The Native Hospital slide in-
volved only slightly more than 4
acres of ground and perhaps 360,-
000 cubic yards of earth. From
flank to flank—northwest to south-
east—it was about 650 feet across;
from head to toe it was about 350
feet. Most of the disruption was
in the slopes of a cuspate salient
on the bluff line behind the hospi-
tal, but about three-fourths of an
acre of upland behind the hospital
collapsed into the graben as the
main headward fracture opened up
120 feet or so back from the rim.
Part of the parking lot of the hos-
pital and an area of lawn-covered
grounds were destroyed. Frac-
tures that extended back from the
slide damaged the hospital build-
ing itself.

The graben was exceptionally
large for the size of the slide. Its
disproportionate size is attributed
to the large apparent lateral slip-
page of the slide. Arcuate in
plan, it was about 600 feet long;
it had a mean width of about 120
feet and a downthrow (depth) of
as much as 25 feet which averaged
about 20 feet. Its depth dimin-
ished rapidly toward the south,
where horizontal slippage died out
also.

Near the center of the slide, the
downdropped graben wedge broke
off precisely at the bluff line and
tilted headward as it collapsed, so
that the displacement at the head-
wall of the graben was greater
than at the front wall and gave
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probably was due to a seaward
slope on the slip surface itself.
This slope, then, must have had
an inclination of about 4 percent.
The complete disruption of the
ground surface within the Turn-
again Heights slide may have been
due to several factors in combina-
tion—including the shallow depth
to the zone of failure—but the un-
hindered movement of the slide
down the wet mudflat toward
Knik Arm certainly was para-
mount. In every other transla-
tory slide at Anchorage, slippage
was resisted by dry or frozen
ground at the toe and by an
abrupt flattening of the ground
slope at the foot of the slide below
the bluff line. At Turnagain
Heights, however, the slide broke
away from the bluff within the
intertidal zone and slid out di-
rectly onto the sloping tidal muds,
which themselves were wet and
sensitive. At the flanks of the
slide, the tidal flat slopes about
3°, or 5 to 6 percent; before fail-
ure it probably had a comparable
slope in front of the slide also.
Shear resistance of dry or
frozen ground in front of a given
slide must have had a natural but-
tressing effect that in turn must
have been a factor in the resist-
ance of the slide to slippage. All
the translatory slides at Anchor-
age possessed such natural but-
tresses except the Turnagain
Heights slide. The ground at the
top of the intertidal zone, where
the Turnagain Heights slide
sheared to the surface, had pre-
viously had little opportunity to
desiccate, and the thickness of the
frozen layer must have been mini-
mal—if indeed, the ground there
was frozen at all. Reconnais-
sance along the foot of the bluff
several years prior to the earth-
quake, moreover, disclosed a prev-
alence of saturation, slumpage, and
flowage in the clay at the foot of
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the bluff. More or less continuous
slumpage, abetted by wave and
tidal action which constantly re-
moved the accumulated debris,
prevented drying of the naturally
wet clay and kept the bluff line
in a precarious state of repose.

Part of the slip surface of the
slide was left as a window near the
west end of the slide, where the
overlying debris slid free out to
tidewater (fig.43). Sliding, how-
ever, was not confined to this one
surface. On the contrary, there is
every indication that blocks slid
out one on another at higher levels
in the same vicinity. In other
places, failure may have occurred
mainly at some other level. But
this surface was plainly an impor-
tant locus of shearing in this par-
ticular part of the landslide.

Altogether, about a quarter of
an acre of the slip surface was un-
covered. The surface was mantled
here and there by small pyramidal
mounds and blobs of clay. Long
furrows and welts, oriented in the
direction of slippage (N. 3° W.)
and extending the length of the ex-
posure, were well preserved 6
weeks after the earthquake, despite
desiccation and cracking.

The surface itself passed below
highest tide at its seaward mar-
gin. It sloped about 15 feet per
100 feet, on the average, but it was
convex ; the outer edge was steeper
than the inner edge. The exposed
surface was precisely on the projec-
tion of the old prequake shoreline,
so there is no doubt as to where the
slide sheared off with reference to
the prequake topography ; it must
have sheared to the ground surface
at tidewater at the very foot of the
bluff.

Mounds of clay left on the slip
surface, showing evidence of hav-
ing been overridden themselves,
were grooved and slickensided on
their tops and flanks. Their sides
sloped steeply down to the slip sur-

1964

face on which they rested, angles
of 40° to 60°.

In places the slip surface was
overlain by blocks of peat and
forest duff. Frozen at the time of
the quake, these blocks must have
been lowered onto the slip surface
as the intervening incompetent
clay slid and flowed out from un-
der them. The conclusion seems
inescapable that the clay overlying
the slip surface glided seaward
primarily under the influence of
gravity; a window to the slip sur-
face could have been exposed in no
other way.

At the extreme east end of the
slide the slip surface did not break
through to the ground surface.
Instead, it died out laterally, as the
thrust of the sliding mass was
taken up by a large pressure ridge
in the tidal silts just below the foot
of the bluff (fig. 44). This ridge
cut dramatically at an oblique an-
gle across an old riprap embank-
ment placed along the beach at the
foot of the bluff—years before
the earthquake—to retard marine
erosion. The embankment was
arched up into an anticline where
the pressure ridge passed beneath
it. The ridge was about 700 feet
long, as much as 50 feet wide, and
10 to 15 feet high on the landward
side. On the seaward side it was
higher and was modified by sub-
sidiary slumping on its oversteep-
ened flank. Just west of the pres-
sure ridge the translatory move-
ment of the landslide was greater,
and the slide itself was corre-
spondingly more complex. The
tidal silts failed, and the overrid-
ing slide blocks glided far out into
the Knik Arm.

Subsurface explorations of the
Turnagain Heights slide were
made by the Corps of Engineers
after an initial investigation was
started by the Engineering Geol-
ogy Evaluation Group. Undis-
turbed samples for field and labo-
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known, aftershocks did not cause
any additional sliding.

Failure at Turnagain Heights
probably occurred near the top of
the lowest-strength zone of the
Bootlegger Cove Clay, at an alti-
tude of 15 to 20 feet above sea
level. Inasmuch asthe top of this
zone was a subhorizontal surface,
the failure itself must have been
along a subhorizontal surtface also,
and the initial movements of the
slide must have been translatory.
Because the clay contained water
in excess of its liquid limit, be-
cause the strength of the clay
under pulsating or vibratory stress
was appreciably less than under
static stress, and because the zone
of lowest strength coincided with
the zone of highest sensitivity, the
face and crown of the bluft were—
in effect—afloat on a liquefied
layer of viscous clay. The bluft
then began to glide slowly sea-
ward under the influence of
gravity, leaving a gaping crack in
its wake. The presence of open
cracks—denoting release of ten-
sion—is significant ; nearly all eye-
witness reports allude to them.

Earth materials strained under
horizontally directed tension com-
monly have two sets of tension
fractures: one set antithetical to
the other such that alternate frac-
tures dip toward and away from
one another and both sets are ori-
ented normal to the direction of

maximum tension. As the slide be-
gan to spread, countless tension
fractures disrupted its surface and
the surface of the ground behind
the slide ; after movement stopped,
incipient grabens were preserved
in the subdivision behind the slide.

Along antithetical fractures
dipping south, the unsupported
hanging wall generally collapsed
toward the north; along fractures
dipping north, the hanging wall
collapsed toward the south. At a
given clay ridge bounded by
opposed fractures dipping away
from the ridge, adjacent collapsed
blocks commonly were tilted to-
ward the ridge on both flanks
(figs. 41, 42). Farther from the
ridge in the bottom of the adjoin-
ing trough or graben, collapsed
blocks were tilted into helter-
skelter attitudes.

As each new block pulled away
from the bluff, the new bluff line
was left unsupported on the sea-
ward side. Tension fractures re-
duced support on the landward
side. Blocks were pulled away
successively by gravity as long as
the shear resistance at the slip sur-
face was exceeded by the force of
gravity plus the accelerations of
the earthquake. When the earth-
quake stopped, the force of gravity
alone was sufficient to cause large-
scale failure for some time after-
ward. And in the hanging wall of
each tension fracture, subordinate

blocks collapsed and toppled un-
der their own weight—the entire
mass at the same time gliding
slowly toward Knik Arm.

After the earthquake, the outer-
most slide block of the original
bluff line was preserved to view
only at the extreme east end of
the slide (fig. 44) where the thrust
of the toe was countered by a pres-
sure ridge. Elsewhere along the
front of the slide, where movement
was much greater, the toe of the
slide and the old bluff line passed
beneath the waves of Knik Arm.
Only at the east end of the slide,
therefore, where the movement did
not go to completion, is it possible
to visualize what happened at the
outset when the bluff first began to
fail. Rotational movement at the
east end of the slide is ruled out;
stratification in the Bootlegger
Cove Clay was undisturbed despite
lateral shifting of several feet, and
trees on the slide block remained
perfectly upright. Rotational ef-
fects came into play behind the
block, however, where the over-
hanging trailing edge of the block,
lacking support, tilted backward
and collapsed.

Some idea of the complexity of
the disruption is presented in
plates 1 and 2 and in a restored
section through the slide prepared
for the Corps of Engineers by Seed
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(in Shannon and Wilson, Inc.,
1964, pl. 10.8). Seed’s restoration
is in general agreement with figure
43 and with the steps previously
outlined, although it emphasizes
the part played by rotation in the
process and minimizes the effects
of translatory motion. Seed’s res-
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toration also contains minor geo-
metric inconsistencies. Contrary
to Seed’s view, translatory motion
under gravity is here envisaged as
the primary operative mechanism
of landsliding, not only at Turn-
again Heights but at the other ma-
jor slides in Anchorage as well.
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Rotation, as well as flowage, must
have occurred in some degree in all
the slides, but rotation is viewed
as a subordinate process not ger-
mane to the failure of the ground,
even though it certainly was sig-
nificant in the disruption of the
ground surface.

LANDSLIDING PRIOR TO THE MARCH 27 EARTHQUAKE

Geologic evidence indicates that
landslides similar to those set off
by the March 27 earthquake have
occurred previously in the Anchor-
age area. Most of these slides pre-
dated the settlement of Anchor-
age, and it is not known, therefore,
whether or not most of them were
triggered by earthquakes; the
morphology of some, by analogy
with the March 27 slides, suggests
that earthquakes have had a part.
Some inferences as to timing sug-
gest the same. The earthquake of
October 3, 1954, clearly triggered
slides along The Alaska Railroad
near Potter Hill.

Evidence of old landslides in
certain areas of Anchorage has
been cited elsewhere in this report
(p. A31, A49). The evidence is
here reiterated, together with evi-
dence of sliding elsewhere. Miller
and Dobrovolny (1959) recognized
many" areas of past landsliding,
showing them on their map (pl. 1)
as “areas covered by landslides,
slumps, or flows,” with the prog-
nosis that “shocks, such as those
associated with earthquakes, will
start moving material that under
most conditions is stable” (p. 104).

Old landslides, like recent ones,
were concentrated along bluff lines
where topographic relief caused
high static-shearing stress on the
underlying soil. Most old slides
have the form of recessed alcoves
with uneven terracelike floors.
Small slides may have the form of

steplike breaks on the sides of the
bluffs. Some slumps have left
lobate accumulations of earth at
the foot of the blufts. The fact
that an area has slid previously
apparently is no basis for predict-
ing that it will or will not slide
again. Many former landslides
were stable during the March 27
earthquake, but in some places new
slides were superimposed directly
on old ones.

Compelling evidence of previous
translatory sliding was found at
the site of the Native Hospital
slide, where a well-preserved gra-
ben was truncated by the slide of
March 27. The old slide block
and its graben are shown well in
figure 32. Birch trees growing on
the scarp of the old graben average
about 7 inches in trunk diameter
at breast height. Trees of that
size on well-drained ground in the
Anchorage area average about 60
years in age (Reed and Harms,
1956, p. 241). Five years or more
may have been required after slid-
ing to establish forest growth on
the raw gravel. About 65 years,
therefore, is the probable mini-
mum age of the slide, an age which
dates to about the turn of the cen-
tury. Many earthquakes, some of
them severe, occurred at about that
time in southern Alaska (Davis
and Echols, 1962), and one of them
might have triggered landslides at
Anchorage. The great Yakutat
earthquake of 1899 was felt in

much of southern Alaska, includ-
ing points more distant that An-
chorage (Tarr and Martin, 1912,
p. 68 and pl. 33), but whether the
quake’s intensity was sufficient to
trigger landslides as far away as
Anchorage is uncertain.

Remnants of old slides are abun-
dant elsewhere along the bluffs of
Ship Creek. Between the Native
Hospital slide area and the Fourth
Avenue slide area, the Alaska
State Highway Department facili-
ties are located in an old slide area
that was partly reactivated on
March 27. The alcovelike area
centered at the city parking lot
north of Fourth Avenue, between
C and E Streets, probably also is
the scar of an old landslide (Shan-
non and Wilson, Inc., 1964, p. 39;
R. M. Waller, written commun.,
1965). The area coincides almost
exactly with the Fourth Avenue
slide of March 27, except that the
Fourth Avenue slide retrogressed
farther into the bluff. The salient
west of this slide partly bounded
by Christensen Drive and Second
Avenue appears to be a lowered
slump block.

On the north side of Ship Creek,
the recess just west of the de-
stroyed Government Hill School
may be an old slide scar. Points
farther west along the bluff and
north around the bend above the
Port of Anchorage have many of
the topographic markings of land-
slides, including alcoves, step ter-



races, and grabenlike depressions.
The blutt at. Cairn Point below the
Elmendort Moraine has a long
history of minor slumping. KEvi-
dence of prior slumping along
Bluff Road east of Government
Hill School has been noted pre-
viously.

Along the bluft above Knik Arm
between I. Street and O Street,
scallop-shaped recesses and ter-
racelike benches below the crown
of the bluft probably are old slide
blocks. A remarkable channellike
trench that trends diagonally
southwest. from the vicinity of R
Street and Tenth Avenue toward
S Street and Eleventh Avenue
probably is a remnant of an old
eraben. Trees in this trench are
comparable in size to those in the
old graben near the Alaska Native
Hospital.

Farther southwest near the
mouth of Cthester Creek, the bench
along  Bootlegger (‘ove Drive

Alaskan Construction Consultants Com-
mittee [1964], Reconstruction and
development survey of earthquake
damage in Alaska: Prepared for
and published by Federal Recon-
struction and Development Plan-
ning Commission for Alaska ; Hon-
orable Clinton P. Anderson, U.S.
Senator, Chairman, 98 p.

Berg, G. V., and Stratta, J. L., 1964,
Anchorage and the Alaska earth-
quake of March 27, 1964 : New York,
Am. Iron and Steel Inst., 83 p.

Bjerrum, Laurits, 1954, Geotechnical
properties of Norwegian marine
clays: Geotechnique, v. 4, no. 2, p.
49-69.

1955, Stability of natural slopes
in quick clay: Geotechnique, v. 5,
no. 1, p. 101-119.

Capps, S. R., 1916, The Turnagain-Knik
region: U.S. Geol. Survey Bull.
612-E, p. 147-194.

1940, Geology of The Alaska

Railroad region: U.S. Geol. Survey

Bull. 907, 201 p.

EFFECTS AT ANCHORAGE

probably is an old slide block, and
due east from there the broad re-
cess’ centered near Inlet View
School probably is an old slide
area also (fig. 27). This feature
1s very subdued and probably is
very old.

The bluff line along the south
side of Chester Creek from the
mouth of the creek discontinuously
as far east as Rogers Park shows
evidence of past slumping. Ter-
racelike features lacking conti-
nuity along the valley margin,
especially those deeply recessed
into alcovelike niches, or those hav-
ing irregular floors—particularly
back-sloping floors, probably are
slump blocks.  On March 27 a
small slump occurred in the bluff
just north of West High School.
Forest Park Golf Course between
the mouths of Chester and Fish
Creeks appears to be situated in
an area of old landslides.
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