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PREFACE

Anchorage is a dynamic city both in the sense of its rapid
and diverse socio-economic growth and with respect to the
geologic setting within which it is located. €ven with the
profound strides the people of Anchorage have made in the
realms of culture, technology, industry, and commerce,
still the complexity of the earth mechanisms influencing
the region make progress here an unrelenting challenge.
The following guide is not intended to be an exhaustive
study of either the geology or the history of the area.
Instead, 1t is our intent to provide you with a sense of
the geolegic problems, as well as the successes and the
occassional failures, which have characterized the brief
but colorful history of Anchorage. We encourage you to
pursue individual topics introduced herein; you may find
some of the references in the Bibliography teo be of help.
We welcome you to Anchorage and sincerely hope that you
will enjoy your visit.

- R.U.



Introduction

The natural setting of Anchorage has been quite conducive to
growth as a population and economic center. Topography in the
central Anchorage area is of Jow relief, gently sloping from the
Chugach mountains on the east toward Cook Inlet on the west and
south. Much of the central part of Anchorage lies on a broad,
gently sloping altluvial plain truncated by bluffs along the Inlet
and along major streams flowing from the mountains to the Inlet,
the most important of which is Ship Creek.

In addition to favorable topography, the region also offers
a3 moderation of the more typical Alaskan climates, being warmer
and wetter than the continental climate of the interior of the
state and yet cooler and drier than the maritime climate of the
coastal areas. This climatic modification is a result of the
surrounding mountain ranges and Cook Inlet. The mean annual
temperature is 36°F. Average minimum winter and maximum summer
temperatures are 6°F and 66°F respectively. The coldest
temperature recorded is -68°F, the warmest being 83°F. The mean
annual precipitation is 14.5 inches and the mean annual snowfall
is 59 inches, To the east, in the Chugach Mountains, the
temperatures are lower and precipitation higher supplying the
Anchorage lowland with abundant water resources both through
surface runoff and groundwater aquifers. The average wind
velocity is 5 mph. The prevailing winds are out of the northeast
in winter and northwest in summer. Gusting winds along the
Chugach mountain front occasionally cause damage to hillside
hames and businesses.

Vegetation in the Anchorage lowland outside the urban areas
varies somewhat in relation to water table levels and soil
drainage. The well dratned podsol s@ils support coniferous types
of vegetation, mainly spruce, alder, and willow, and the
deciduous types, primarily birch, cottonwood, and aspen. Mixed
coniferous and deciduous trees are common in coastal areas that
have not been disturbed. In the lowland areas of poor drainage,
spruce bogs consist of stunted and slowly growing black spruce,
These spruce bogs are sometimes referred to as "“drurken forests"
or “elfen forests" where the spruce are extremely stunted and
leaning at various angles which may indicate the presence of
near-surface permafrost. Treeless bogs occur where the
vegetation is primarily mosses and shrubs caused by extremely
poor drainage.
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General History

On the famous search for the Northwest passage, British
explorer Captain James Cook sailed into the waters that bear his
name, dropping anchor off Fire [sland within site of present-day
Anchorage. On June 1, 1778, Captain Cook sent 2 boats ashore and
took possession of this part of Alaska in the name of George III.
Cook described encounters with natives of the area and surmised
the Russians had not had direct contact with the people yet. The
natives of the region, the Tanaina people of the Athapaskan
tribe, were limited in their travel by the mountains enclosing
the area on three sides. Russian fur traders arrived in the early
19th century as did Russian orthodox missionaries and there is
much evidence of the Russian influence on the native culture.
The native population may have numbered several thousand at this
time, however, a smallpox epidemic began in 1839 and killed
almost 50% of the population. Later, an influenza epidemic in
1918 struck the population, further decimating their numbers,

Today, the Russian Orthodox church, St, Nicholas, probably
built around 1870, and a cemetery at the village of Eklutna, 30
miles north of Anchorage, is the closest remaining evidence in
the area of this early Russian and Native history. The people of
Eklutna restored the church in 1975 and maintain the colorful
spirit houses in the cemetery.

Archaeological research of earlier inhabitants has shown at
least seasonal Eskimo habitation in the Cook Inlet area dating
from 1000 AD to 1700 AD. Archaeologists conclude that the
Tanaina people arrived in the area sometime between 1650 Al and
Captain Cook's 1778 visit. The Tanaina people established fish
camps along Ship Creek in the summers. The only archaeological
site in the Anchorage bowl area is at Point Woronzof, where
evidence of summer camps and possibly a permanent winter site
have been studied. One group of house pits possibly dates back
prior to 1741, the time of Vitus Bering's explorations. There is
also an archaeological site at Beluga Point, a rocky point
jutting into Turnagain Arm about 1 mile south of McHugh Creek,
that has been termed the most important site in the Upper Cook
Inlet area in terms of the area's prehistory. Materials from
this site have been dated to range in age from 800 years to
estimates of 6,500 to 9,000 years ago.

Although Captain Cook claimed much of the territory he
visited for the British, it was simply too difficult to develop
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without a northwest passage. Subsequent British expeditions to
Alaska found Russian trade firmly established. The Russian
interest in Alaska's furs from the abundant sea otter dates back
to the mid- 1740's. Ruthless bands of professional nunters
arrived in the Aleutian Islands. Countless Aleuts unfortunately
were slaughtered by these Russians along with the sea otters.
Eventually the Russians realized the Aleuts were more valuable
alive and the remaining Aleuts were enlisted as hunters along
with their well-suited native craft, the kayak.

The Russian Czar granted the fur monopoly with all Russian
activities in Alaska consolidated under the Russian-American
Company in 1799 with Alexander Baranov as resident manager.
Baranov had been busy since 1790 establishing trading posts on
Kodiak Island and at Sitka. Russian orthodox missionaries and
the Russian-American Company combined to bring some degree of
fairness in dealing with the native population, at least when
compared to the first group of Russian fur hunters in the
Aleutians. Many native people were converted to the Christian
faith by the missionaries. Sitka became the central government
and grew into quite a civilized community during the next half
century and the fur trade flourished.

However, in the mid 1860's the Russians faced many problems
and the North American colony was becoming too much of a burden.
In 1867, Russia sold Alaska to the U.S for $7,200,000. Much
opposition was in evidence as Americans termed the deal "Seward's
Folly" ang called the territory “Seward's Icebox". The percep-
tion of Alaska as one continuous snowfield and little else even
persists today, despite the fanfare of statehood, the enormous
publicity generated by the building of the Alaska pipeline, and
the attention paid to the vast Natural Resources of this state.

The transfer of Alaska to American rule was not without
problems. The Russians departed peaceably and the Americans sent
Brigadier General Rousseau and 250 soldiers to oversee the trans-
fer. The town of Sitka wished to set up a government to
establish order. However, they found that Alaska being neither a
state nor a territory was something of a legal non-entity.
Congress cared 1ittle about supporting the new land and the
military was not especially interested in governing the Americans
in Alaska, much less their own troops. Reports were not indica-
tive of smooth, well-run society. Altaskans mostly decided to
estab)lish their own systems and tried to create some order.
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Congress remained unconcerned and, still being displeased with
the original purchase, took little action to help the territory,
passing the Organic Act in 1884 which gave Alaska a governor and
placed it under the civil and criminal laws of Oregon. In 1900,
after a slew of lawsuits over gold-mining ciaims in Nome, along
the Yukon, and elsewhere, Congress was forced to establish an act
providing for three U.S. District Judges for Alaska. Then in
1906, Congress allowed Alaska to send a non-voting delegate to
Washington. Finally, in 1912, 45 years after the purchase and
only after numerous problems from the gold rushes of the previous
years and the attendant development, Congress passed legistation
giving Alaska Territorial status with an elected legislature.

The town of Anchorage actually got off to its start with a
survey crew of the Alaska Engineering Commission in 1914. The
AEC was the federal agency charged with building the Alaska
Railroad. Gold, it seems, was the eye-catcher congress had
needed to take note of its northern territory. Once the rush had
eased, the desperate need to open up the vast, inaccessible
country finally was addressed. Congress had given President Taft
authority to establish a commission to develop the country and
its resources along with the territorial status in 1912, An
initia) study was made in the fall of 1812 but no decisions were
made as Taft prepared to turn over the government to newly
elected President Woodrow Wilson. Wilson was definitely
interested and supportive of the Alaska Railroad legislation as
was his Interior Secretary. The Alaska delegate, James
Wickersham, worked to garner more support and the Alaska Railroad
bill was passed in 1913, This bill authorized the president to
locate, construct, and operate a railroad by which the Pacific
could be united with the navigable waters of the Interior. Two
primary routes were studied, one based out of Cordova and using
the Copper River as a northwestern route, the other with a basic
alignment linking Seward to Fairbanks through the Susitna basin,
known as the western route. The survey crew of AEC in 1914 was
particulary interested in access to the Matanuska coal fields and
arqued for the Susitna route with headquarters at Ship Creek.

There was a community in the Cook Inlet area at that time
at Knik, located further up the Knik Arm on its northern shore.
Unfortunately, this trading community was not located on the
direct route for the proposed railroad nor did it have a good
harbor. The AEC picked Ship Creek as location for headquarters
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because it was on the proposed route and also offered good
anchorage for supply ships.

In 1914, the AEC crew found few inhabitants in the Ship
Creek area - a homesteader 4 miles upstream on Ship Creek, 2
cabins occupied by foresters nearer the mouth of Ship Creek, a
small cabin in the Government Hill area, and a warehouse
pelonging to G.W. Palmer supplying his trading post at Knik.
Ship Creek became AEC headquarters and a few log buildings were
buitt. By March of 1915, "Tent City", as the original camp was
called, began to form along the north side of Ship Creek beneath
Government Hill on speculation that President Wilson would pick
the western route for the Alaska Railroad. On April 9, 1915,
Wilson announced his choice of the western route for the
railroad. By June, nearly 2,000 people lived in tent city, most
of them sourdoughs from all over Alaska and the Northwest
Territory.

The tent city location had become overcrowded and was needed
for the expansion of the railroad. In July of 1915, the AEC laid
out a townsite and held an auction. The townsite was chosen to
the. south of the tent city and the plan was reminiscent of
western railroad towns of the past. Originally, 240 acres were
cleared and the boundaries were from present day lst Avenue to
9th Avenue and from the bluffiine to Cordova Street. Areas were
reserved for municipal, federal, and school buildings as well as
for the railroad and park areas. Elderberry Park, at the end of
Fifth Avenue on the inlet is one of the 3 original park reserves
from the townsite. A crowd estimated at bevween 1,000 and 3,300
turned out for the auction and the mood was indeed speculative.
Several lots in the central business area sold for 3 and 4 times
their appraised values.

There are various stories about how Anchorage got its name.
However, the Historic Landmarks Preservation Commission of the
Municipality of Anchorage published accounts in its book on
Anchorage, "Patterns of the Past" that put the credit to the U.S.
Post Office. Evidently, shortly after President Wilson selected
the western route for the railroad, the U.S. Post Office
Department declared that mail delivered to the Ship Creek
settTement should be addressed to Anchorage, Alaska. The area
had been primarily referred to as Ship Creek, but was also known
as Ship Creek Landing and Knik Anchorage. Although citizens
voted on a name in August, 1915 and chose the uninspiring name of
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“Alaska City", the Post Office and federal agencies refused to
change and the name remained Anchorage.

The AEC managed Anchorage through a townsite manager for its
first 5 years. Water lines for fire protection and sanitary
reasons were extended to the town and power was provided by the
AEC power plant. Anchorage townspeople began a Chamber of
Commerce and a Commercial Club which unofficially advised the AEC
manager but there were no elected officials. The AEC turned over
management to the civilians upon the city's incorporation in 1920
and citizens elected an 8 member council with the highest vote-
getter as Mayor.

World War 1 slowed work on the railroad and once over, many
workers who had left to fight returned to the U.S instead of
Alaska. The economy did not boom quite as expected. The
railroad was completed in 1923 and Anchorage turned out to
welcome President Harding on July 12, 1923, who was on his way to
Nenana to drive the golden spike marking the opening of the great
Alaska Railroad.

The Anchorage economy of the 20's and 30's remained
dependent on the railroad. If the Alaska Railroad did well, so
did Anchorage. The town was linked to Seward and Fairbanks and
the interior by the railroad. Otherwise, one took a boat out,
or, after 1922, possibly an airplane. Vehicles other than dog
sleds in winter did not get very far from Anchorage. Anchorage
began its aviation career in 1922 with the arrival of its first
airplane and in a few shor¢ years boasted 4J more. Aviation
became the 2nd biggest payrol]l behind the railroad. The airplane
continues as an important link to the vast areas of Alaska,

Alaska did not suffer as much as the U.S under the great
depression, In 1935, the U.S. government under the New Deal
administration selected 204 families from hardy midwestern stock
to come north and start an agricultural colony in the Mat-Su
Valley, some 45 miles north of Anchorage. Citizens turned out to
welcome the first group of 68 families and wish them well in
their venture.

The economy experienced a boom due to military spending in
the 1940‘s, and the effect of mititary spending continues to be
important to Alaska today. Over a 6 year period from 1934-1940,
numerous congressional authorizations for military development in
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Alaska, especially for the Army Air Corps, were made but funds
were never appropriated. Finally, with world tensions
increasing, Congress approved funds in May, 1940. Construction
of Fort Richardson began in June of 1940 at the present site of
Elmendorf AFB. The base was named for a former Alaska Road
Commission President and its airfield named after Capt. Hugh M.
Elmendorf, a noted Army Air Corp test pilot. 1In 1950, Fort
Richardson was moved to its present site and the newly organized
Air Force took over the original site calling it Elmendorf Air
Base. Most of the land north of Ship Creek to the tagle River,
13 miles north on the Glenn Highway, is military langd.

In November of 1942, the U.S. Army Corps of Engineers opened
the Alaska Highway. The construction, through agreements between
the U.S. and Canada, was needed to relieve Alaska from total
dependence on shipping in wartime and to supply a land route for
wartime supplies and equipment. Approximately 1500 miles,
involving some hurculean engineering feats, were completed in a
record 8 months. The link from Dawson Creek, British Columbia,
to Fairbanks finally gave Alaska an overland access to the rest
of the country. The following year, 1943, the Glenn Highway from
Anchorage to Tok, tied Anchorage into the Alaska Highway.

Anchorage entered the decade of the 50's with a population
of 43,000. Homesteading was made easy for G.I.'s and growth
followed the war years. 0il was discovered on the Kenai
Peninsula in 1957, a road was completed between Anchorage and
Seward, and an 01l ripeline from Whittier, in Prince William
Sound, was built.

Aviation was growing by leaps and bounds. After the war,
flying in Alaska was upgraded with hundreds of new airfields and
technology left over from the military buildup. Anchorage also
needed a new airport to accomodate increased traffic and the new
potar flight routes which, for example, cut 2,000 miles off the
usual New York-San Francisco-Tokyo trip. The Anchorage
International Airport was officially opened in December of 1951,

Alaska was becoming less remote and Anchoragée was growing
up. Voters had been asked the question of statehood in 1946 and
the answer had been nearly 3-2 in favor. However, the battle for
statehood was neither smooth nor short. Ffinally, on June 20,
1958, Congress voted to admit Alaska as the 49th State and
President Eisenhower signed the proclamation for Statehood on
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January 3, 1959. #While Juneau was the state capitol, Anchorage
was the largest city, becoming the business center of Alaska.

The 0i1 development on the Kenai Peninsula in 1957 represented
the first seismic interest in Alaska by the major oil companies,
By 1963 the oil business was firmly established with major
companies and support firms headquartered in Anchorage. Off-shore
drilling in Cook Inlet was also beginning,

The 60's were bringing prosperity and continued growth to
Anchorage and Alaska. However, good times were disastrously
interrupted by the Good Friday, March 27, 1964 Earthquake.
Centered in Prince William Sound, the quake measured 8.6 on the
Richter scale and was one of the strongest earthquakes to ever
hit the North American Continent. The destruction in Anchorage
was severe; many homes were destroyed, an entire olock of
downtown businesses dropped 10 or more feet, roads twisted and
heaved, and communications were cut off. But Alaskans are
resourceful people and they rebuilt their damaged city, beginning
almost immediately after the ground settled down. Two years
later Anchorage was given the All American City Award, largely
based on the speedy recovery from the disastrous quake.

The oi} boom from the Kenai peninsula was to take a second
seat to a new discovery. Early in 1968, Atlantic Richfield and
Humble 0il struck oil at Prudhoe Bay, on the North Slope of
Alaska's arctic region. This promised to begin a boom of
fantastic proportions. Plans were made by major oil companies to
build a mind boggling 800 mile pipeline through some of the most
rugged counury in the world, from the Worth Slope to Valdez,
where they would construct a terminal for oil tankers to carry
off the black gold.

Plans for the pipeline were not to move quickly, however, as
environmental and Native tand Claims settlements had to first be
addressed and settled before construction could begin. The
battles over these two issues were often bitter and dragged out
over several years with construction finally authorized in
January, 1975, and beginning that spring. The rush to the state
by construction workers from all over the U.S. was not
anticipated and taxed the facilities of the city. Prices
escalated and laborers working the pipeline made astounding
wages. The line was completed and the first oil gushed forth at
Valdez on July 28, 1977. The crush of the boom was over, but the
economics of such a construction project gave Anchorage a new
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look and new sophistication as oil company corporate
headquarters centered here,

The Anchorage of today faces a bright future. Tourism has
been growing over the years into a big business. 0il money in
the state coffers helps fund large construction projects
throughout the state. There are definitely problems with this
source of income, but Alaskans realize the importance of
broadening the economic base and are continually searching out
new ways to do so.

Anchorage continues to grow, with the municipality now
including the fast growing suburban communities to the north of
Eagle River and Chugiak. Population figures from the 1980 census
exceed 200,000. The arts and educational institutions rival
those of many cities much greater in size. Alaska offers great
potential in many areas, with the natural resources of oil,
timber, fish, and minerals heading the list. Development
continues and Anchorage seems to dominate as the hub of Alaskan
activity.
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of the Cook Inlet region.

PAGE 10.




General Geologic-Setting
The active tectonic framework within which the Anchorage
area is located is evidenced both by the rather freguent
occurrence of felt earthquakes and by the surface expression of
active fault traces in nearby Quaternary deposits.

The Greater Anchorage area lies on the eastern margin of the
Cook Inlet Forearc Basin. This tectonic basin is bounded to the
west by the Bruin Bay-Castle Mountain Fault System and to the
east by the Border Ranges Fault System along the front of the
Chugach Mountains (fig. 1). This is an active tectonic setting
with resultant seismicity along both fault systems as well as the
underlying Benioff Zone (Aleutian Megathrust) resultant from the
subduction of the Pacific Tectonic Plate beneath the North
American Tectonic Plate. Although, during a given time period,
most seismic events occur along this zone of underthrusting, the
likelihood of near-surface events on, or adjacent to the surface
fault systems s significant. Seismic activity related to the
Castle Mountain system is generally comprised of low magnitude
shallow events (M = 3.0 to 4.5) even though the potential for
larger magnitudes (greater than M = 6.0) is guite real. The
Border Range System is more of an enigma regarding Holocene
seismicity. The unpublished work of investigators has shown
evidence for low magnitude seismicity along the front but
skepticism seems to prevail regarding the source of this
seismicity.

The bedrock beneath Anchorage consists of Tertiary clastic
segimentary rocks whicn to the east form a wedge lapping up
against the Mesozoic metamorphic rocks of the Chugach Mountains.
No bedrock is exposed in the Anchorage area, as it is generally
330 to 650 feet (100 to 200 m) below the surface, and has been
only rarely encountered in deep boreholes.

The Alaska Earthquake

The Good Friday Earthquake of March 27, 1964 was of
magnitude 8.4-8.6 on the Richter scale and perhaps the strongest
known to have occurred in North America. It was felt over most
of Alaska and its destruction was evident within a radius of 400
mites of the epicenter, located 80 miles east-southeast of
Anchorage in Prince William Sound., Seismically, it has been tied
to the Benioff Zone associated with the Aleutian Megathrust.
Anchorage, because of its population, sustained greater losses
caused by lands)lides than all the rest of Alaska combined, Nine
lives were
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tost in Anchorage, and many more were lost in coastal areas due
to sea waves (tsunamis).

The triggering of landslides was related to the physical and
engineering properties of the finer facies of the Bootlegger Cove
Formation, underlying much of the Anchorage area. The Formation
contains zones of sensitive clayey silt of low shear strength
with high water content and liquefiable sand layers that failed
due to increased pore pressure caused by the vipbratory stress of
the earthquake.

Most of the destructive landslides caused by this event were
moved by a combination of translation and rotation, at times
s1iding on nearly horizontal slip surfaces. Most of the
structural damage to buildings occurred in the graben areas at
the head of the landslide and within pressure ridges at the toe.
Many buildings located within the large slide blocks, away from
the head or toe were only slightly damaged despite horizontal
translations of several feet. A}l translatory slides occurred
where filat topped bluffs were bounded marginally by steep slopes.
These destructive slides occurred in the downtown area at fourth
Avenue and "L" Street, and at Government Hill, and Turnagain
Heights. Other less destructive landslides occurred in
undeveloped areas. A generalized map of major landslides and
ground cracking is shown in Figure 2.

Increased stream discharge, seiche action on lakes and
marshes, and fluctuations in ground water levels all occurred
temporarily following the earthquake. Residents near (ampoe) i
Lake reportedly saw water and sediment ejected over 200 feet from
the 1ake.

Glacial History

The best summaries of the Quaternary history remain those of
Karlstrom (1964), Miller and Dobrovolny (1959), Schmoll and
Dobrovolny (1972), and Reger and Updike (1983, in press).
Karlstrom proposed that at least five major glaciations occurred
in Upper Cook Inlet: Mount Susitna, Caribou Hills, Eklutna,
Knik, and Naptowne. The dates he established for some of these
advances are now seriously questioned, but the geomorphic and
stratigraphic evidence still supports their use in the
literature. The three earlier glaciations were presumably far
more extensive than the later ones, Based upon stratigraphic and
geomorphic criteria, Karlstrom (1964) envisions that the ice of
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these eariijer glaciations coalesced to fill the Cook Inlet
trough.

Reconstruction of the earliest glacial and interglacial
events has been made cumbersome due to post-glacial topographic
modifications, leaving only fragmentary evidence behind, The
very earliest of the glaciations recognized is named after Mt.
Susitna, whose ice scoured slopes contain erratics to within 100
ft (30 m) of the 4396 ft (1332 m) summit., This altitude cannot
be used to calculate the true thickness of the ice at that point
in time. Upper Cook Inlet is a seismically active area where
post-glacial elevation changes could likely be the result of
tectonism. Sea level fluctuations and isostatic changes due to
crustal loading and rebound associated with the advance and
retreat of glacier ice can also be held responsible for changes
in elevation. The Caribou Hills and Eklutna glaciations named
elsewhere are also observed at successively lower elevations of
Mt. Susitna. The two latest glaciations, Knik and Naptowne, were
not extensive enough to fill the entire basin but may have
restricted or totally dammed off upper Cook Inlet. This lake
could well have contained brackish and/or fresh water during the
many years of its existence (or multiple existences).
Controversy continues regarding the time frame and extent of
glaciers and lakes during middle and late Plejstocene times, and
more specifically, the correlations that can be made between
glaciofluvial, glaciodeltaic, glaciomarine, and true glacial
tills within the basin.

The Bootlegger Cove Formation

A general harmony is believed to exist among researchers
that the Bootlegger Cove Formation, as recently defined by Updike
(1983, in press) was deposited during late Naptowne times. The
Formation was formerly defined primarily on the basis of the
cohesive units (Miller and Dobrovolny, 1959) as a light gray,
silty clay, localty called the "blue clay". The type locality
for the clay is located at Bootlegger Cove, east of the Turnagain
Heights Landslide within Westchester Lagoon. The unit has been
renamed because clay commonly is a secondary contituent, and the
unit has been expanded to encompass a wider variety of sediment
textures ranging in size from clay to boulders. The informal
nomenclature "Bootlegger Cove Formation" has been chosen (Updike,
1983, in press), which is more consistent with the stratigraphic
code where two or more rock types are common, The diversity of
textures is resultant from a variety of depositional regimes tied
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to a single glaciomarine-glaciodeltaic system. Eight geologic
facies are defined based upon their respective engineering and
textural parameters, each reflecting the subtle variations

characteristic of a late Pleistocene glaciomarine environment.

Facies F.I CLAY, with very minor silt and sand

Facies F.II SILTY CLAY AND/OR CLAYEY SILT

Facies F.I11 SILTY CLAY AND/OR CLAYEY SILT, SENSITIVE

Facies F.1V SILTY CLAY AND/OR CLAYEY SILT, with thin
silt and sand lenses

Facies F.V SILTY CLAY AND/OR CLAYEY SILT, with random
pebbles, cobbles, and boulders

Facies F.VI SILTY FINE SAND, with silt and clay layers

Facies f.VII FINE TO MEDIUM SAND, with traces of silt
and gravel

Facies F.VIII SANDY GRAVEL AND GRAVELLY SAND, with
discontinuous Jayers of silt and fine
sand

At the maximum extent of the late Naptowne glacial advance,
approximately 14,000-18,000 yrs B.P., an ice front entered the
Anchorage basin from the northwest, terminating west of Point
Woronzof and Point Campbell. The basin is believed to have also
been glacially bounded to the northeast by the Knik-Matanuska
jobe and to the south by the Turnagain lobe creating an
environment that at times limited the influx of marine water from
Tower Cook Inlet, resulting in fluctuations between marine and
brackish-fresh waters. Ablation of the northwest terminus
produced a glacial fan agelta prograding eastward into the deeper
waters of the basin. The non-cohesive facies F.VI, F.VIl, and
F.VII] extend eastward from the Point Woronzof and Point Campbetil
highlands. They are found to grade into and be interbedded with
the cohesive facies F.l through F.V representing transitions from
the coarser deltaic regime into the finer deep water regime.

This gradational transition occurs at the topographic rise to the
Point Woronzoff and Point Campbell highlands. Although
fluctuations of the fan delta are evident from observed
interbedding of the facies, generally this textural sequence
reflects the gradational nature of the system from ice contact to
glaciodeltaic, to a deep water regime.
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During the early phase of the fan building period, F.VIII
was beginning to accumulate off of the active ice front,
resulting in ice-contact sedimentary features being typically
found within this facies. Ice calving from the glacier front
caused ice-rafted stones and coarse sand to be randomly
interspersed with the silts and clays accumulating in the basin
to the east, resulting in F.V being typical of the lower part of
the section. The glaciodeltaic deposition continued to be active
throughout the period in which an ice front existed to the west.
Generally, the non-cohesive facies (F.VI, F.VII, and F.VIII} are
the dominant units in the west, and the cohesive facies of the
traditional “"Bootlegger Cove Clay" (F.I through F.V) are most
abundant in the east. The 1964 landslides in the Turnagain
Heights area have been attributed to liquefaction and/or
sensitive clayey silt failures respectively associated with
facies F.VI and F.III.

The formation was deposited on a sequence of indurated til]
and glaciofluvial deposits which Reger and Updike (1983) believed
to be of Knik age. A pronounced unconformity exists between
these glacial deposits and the overlying Bootlegger Cove
Formation.

Most of the Bootlegger Cove seguence is capped by very fine
to coarse, well-sorted sand beds (facies F.VI and F.VII) which
represent the waning phase of the Bootlegger Basin when the
source-area ice had stagnated, glacial dams had been breached,
and the basin was essentially drajned. In the Turnagain Heights
area and noctheastward to Jowntown Anchoreg2, these siids are
overlain by glacial outwash sand and gravel representative of a
very )ate Naptowne (Elmendorf) glaciation occurring in the fagle
River area. This outwash plain continuously thins to the
southwest, eventually wedging out just east and south of
Earthquake Park. The facies F.VI/F.VIl sands at the top of the
Bootlegger Cove Formation are typical throughout Anchorage,
regardless of the overlying stratigraphy, implying that little
erosion of the upper surface has occurred since deposition in
Late Pleistocene time (ca. 12,5000 y.b.p.).

During the progradation of the delta, grounding and burial
of stagnant ice blocks occurred in the delta. The ice could thus
persist for a considerable time span after glacial stagnation
began. As the ice retreated, an outwash terrace was eroded
between the glacier and the abandoned fan delta deposits and can
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be observed from Point Woronzof south to Point Campbell. A
similar terrace occurs on Fire Istand and together they may
represent the remnants of an outwash floodplain draining
southward from the retreating glacial terminus. At the same time
that the ice margin was receding from the vicinity of the map
area, the stranded and buried ice blocks in the fan delta
deposits were melting, producing kettles and poorly integrated
drainage ways and is portrayed as the hummocky terrain of the
Point Woronzof and Point Campbell highlands. The surface of the
then-recently deposited Bootlegger Cove Formation was exposed as
the embayment drained. Materials derived from the irregular
dissection of the fan delta were transported eastward onto the
cohesive facies surface as channels and fans of medium to coarse
sand and gravel, Similarly, retransported deltaz sediments were
deposited on the outwash terrace to the west and to now
non-existent areas to the south. Much of the aggregate quarry
operation in the Sand Lake area has been carried out in the
coarse facies of the fan delta and in the retransported channel
deposits in the marginal segments of the delta. Associated with
the draining of the embayment and the melting of stranded ice in
the fan delta facies was the development of drainage channels
which are now abandoned or contain underfit streams, e.q.,
channels entering the Campbell Creek drainage from the north.

During Holocene (recent) time, the area has been subjected
to isostatic rebound coupled with periodic tectonic uplift (Brown
and others, 1977) which, combined with fluctuations in sea level,
has caused bluff topography to form along Knik Arm, and along
streams draining into Cook Intet. The effect of tidal inlet
erosion and slope instability of the Bootlegger Cove Formation
has resulted in gradual bluff retreat. Periodic seismic events
in the region have further enhanced this retreat by causing
massive landslides. The 1964 earthquake landslides are an
example.

Soil Testing Procedures

Following the 1964 earthquake, soil studies were performed
by private engineering consultant firms and agencies of the
federal government (e.g., Shannon and Wilson, 1964; Seed and
Wilson, 1967; Hansen, 1965). Little additional research on the
engineering geology of Anchorage had been canducted until
recently. In 1978, the Alaska Division of Geological and
Geophysical Surveys in cooperation with the Office of Earthquake
Studies, USGS began new studies.
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Because of limited natural exposures within the area, much
of the geologic mapping and geotechnical analyses have depended
on subsurface exploration. The evaluation of subsurface soil
conditions c¢an be accomplished by (1) drilling, sampling, and
laboratory testing, and (2) in situ testing. Regardless of the
care exercised, the first method has inherent problems with
sample disturbance and testing in other than actual conditions.
In situ testing is limited both in the variety of techniques
available and the interpretation of the derived data based on
existing soil behavior theory. Penetration testing is the
approach most universally employed and is based on the concept
that the force or energy required to push or drive a standardized
probe into the soil can be translated into a measure of soil
strength or bearing capacity. Two principal penetration test
methods are in use, Standard Penetration test (SPT) and Cone
Penetration Test (CPT). The SPT method has been in use in
Anchorage for many years and remains & standard for local
foundation design. Although the CPT method has been in use in
Europe for several years, only recently has the method attained
the sophistication necessary for acceptance in the United States
geotechnical industry and only in the past year has it peen used
in Alaska. Several CPT sites were selected within the Anchorage
area to further enhance our understanding of the Engineering
parameters of the Bootlegger Cove Formation. The test consists
of pushing an instrumented cone-tipped probe into the so0il and
continuously recording the resistance of the soil to that
penetration. The logs recorded by the CPT system correlate very
well with previously obtained geotechnical borehole logs (fig.
3). For example, the stratigraphic cross-section of Figure 13
was derived from both CPT logs and borehole data. Such
correlations provide a three dimensjonal stratigraphic picture
consistent with the previousily proposed model of an ice-marginal
deltaic regime extending into a quiet water depositional basin to
the east.

Cores acgquired from drilling porgrams have been subjected to
a number of static and dynamic testing programs. State-of-the-
art testing of the various facies of the Bootlegger Cove
Formation using cyclic simple shear, resonant column, and cylcic
triaxial techniques have yielded a suite of index properties for
the formation which are presently being used in the design of
large structures (e.g., Updike and others, 1981).
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ROAD LOG.

Assemble at the Westward Hilton Hotel, 3rd and "E" Streets.
Drive north on "E" Street to T-intersection and turn right,
continue downhill turning left to the front entrance of the
Alaska Rajlroad, Anchorage Passenger Terminal Building. Meet
near the steam engine across the street from the terminal,

STOP 1. Base of the 4th Avenue Buttress.

You are now standing at what was the toe of the 4th Avenue
Landslide that resulted from soil failure during the 1964 Prince
William Sound Earthquake. Severa) landslides occurred in the
Anchorage Area as a result of the earthquake and the 4th Avenue
syide was one of the largest of these (fig.2). All of these
landslides had in common a loss of integrity within the
Bootlegger Cove Formation (see Introduction). Vertical
displacement along the 4th Avenue Landslide was as much as 10 ft
and horizontal movement was up to 20 ft (fig.7). The result of
such displacement was total destruction of buildings between
where you are standing and the far side of 4th Avenue which is
four blocks south of this stop.

In an effort to lend future stability to the slide area, the
U.S. Army Corps of Engineers constructed an earthen buttress
between 4th Avenue and where you are standing. This buttress is
visible as the uniform grassy slope that extends up (south) to
the Post Office Mall, east (to your left) to the Travelodge
Motel, and west (right) to the Westward Hilton. Oetails of the
principles and des.gn of the butiress are discussed in Atiachaent
1. Immediately after the landsiides, a number of specifically
designed metal slope indicator casings were installed in and
around the 4th Avenue Landslide. These casings can be surveyed
by means of an electronic probe inserted down the casing which
will indicate any gradual or abrubt displacements within the
landslide or surrounding area since installation of the casings.
Updike (1983) has completed an examination of these casings and
has concluded that only minor (a few inches) movement has
apparently occurred in this area since 1964,

The Alaska Railroad terminal building was built in 1942 and
includes administrative offices. Anchorage owes its very
existence to a the campsite selected by a survey crew for the
Alaska Railroad dating to 1914. The original site for the
railroad camp was north of Ship Creek, however, the creek basin
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has been altered over the years beginhing with a rechanneling of
the creek in the 1920's. Very few of the original buildings
remain today; a few have been moved others were lost to fire.
Most present-day structures date to a building program in the
1930's and 1940's.

END Stop 1. Depart east from the Railroad Terminal to “C"
Street, turn left onto "C" Street and cross the bridge over Ship
Creek. This creek drains into Knik Arm from the Chugach
Mountains and in mid to late summer supports.a substantial run of
salmon. In the 1920's the channel was altered here from a
meandering to straight configuration for land utilization. At
the stop sign after the bridge turn left, drive across the
ratlroad tracks that go to the repair yards on your right, and
stop at Ocean Dock Road intersection. Turn left onto Ocean Dock
Road, in about 4 blocks the road makes a right curve and becomes
Port Road; continue north. You will note petroleum tank farms on
both sides of the road as we drive north. This is a major
storage and distribution point for petroleum products for Alaska.
Extensive ground fissuring and damage to tanks occurred
throughout this area in 1964 (fig. 8). Just before reaching the
Ancharage Port you will note a municipally-owned section of land
to left now being used for temporary parking and storage. Enter
this area and stop.

STOP 2. Anchorage Port Area

The area near the mouth of Ship Creek has long been used as
a point of disembarcation for Upper Cook Inlet. The original
Anchorage townsite, however, was not picked because of its ideal
port advantages. The problems of extreme tidal fluctuations,
heavy silt load in the waters, and broad mudflats of Knik Arm
affect shipping, but because of the access to the railroad the
port location was developed. ODelivering goods for the nearby
military bases gave impetus to the port's early growth., Prior to
the 1964 Earthquake, the ports of Whittier and Seward were more
preferred for Targe ships, but the destruction from the
earthquake was nearly total for both these ports. In contrast,
the Anchorage port suffered only minor damage and shipping
activities resumed in a matter of days. Some major companies
that sustained serious damage at these ports relocated their
centers of operation to Anchorage. As a result, since the
earthquake, the Anchorage port has grown very rapidly to assume
its present-day dominance. Even so, periodically a channel must
be dredged off-shore from where we are standing to accomodate
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large ships approaching the port, The dredging is required to
remove the very large volumes of glacially-derived silts that are
transported on the tides. Some people have claimed that certain
submarine chanrels off-shore are filled with gold-bearing sands
and gravels and have filted mining claims to support their
contentions. Thus far no placer gold claims have been proven.

The wood piles that you see off-shore are all that remains
of Ocean Dock, complieted in 1919. On the far side of Knik Arm,
the point of land you see is Point MacKenzie, approximately 2.5
miles away. This area was occupied by only a few hearty
homesteaders until recently. In the past few years several
significant thrusts of activity promise to change the character
of thousands of acres adjacent to Point MacKenzie. Large parcels
of land are being cleared in preparation for use as agricultural
land, possibly to include dairy farms, grain, and vegetable
production. In support of the agricultural development a good
quality, year-round road to the area near the point has been
constructed providing access for other purposes (e.g. recreation,
home sites, etc). The Matanuska-Susitna Borough, which has
jurisdiction over the area, is attempting to attract light
industry and even a port facility to be established at Point
MacKenzie.

One of the most intriguing prospects for Point MacKenzie is
the possible connection with Anchorage by means of a bridge,
causeway, or tunnel. This would be a major engineering
undertaking because of the problems of poor foundation soils,
lacx of bedrock to depths of several hundred feet, dramacic tides
(30 foot normal range, 5 to 10 knot current velocity), winter
ice, and heavy siltation problems. Nevertheless, feasibility and
preliminary engineering design studies are underway with a
causeway Structure most commonly touted. At low tide, large
stretches of tidal mud are exposed between here and the far
shore. At the same time, however, some channels having depths of
more than 180 ft exist directly adjacent to the mudflats. The
system of channels and flats can shift with each tide. In winter
the system becomes even more complex as sea pack ice mixes with
the silty marine waters to form a constantly moving gray and
white collage.

[f the lighting is good, as you look along the bluff on the
far side of the arm from the point you will note the
horizontality of both the sediments comprising the bluff and the
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upper surface of the bluff. This attests to the glaciomarine and
glaciofluvial origin of both the sediments and the surface
landform. This later continiuity is, however, punctuated by
occasional major declivities which will be emphasized by
vegetation descending to high tide line. These are landslides;
the one directly across the arm from you is pre-modern times
white the one upstream (to the right) occurred in 1964. The
Bootlegger Cove Formation, which makes up the lower two-thirds of
the bluffs, is again the cause for the ground failures.

END Stop 2. Return on Port Road and Ocean Dock Road about four
blocks to West Bluff Road in the vicinity of the Chevron Tank
Farm. Turn left onto West Bluff Road. Certain of these tanks
have sustained foundation problems due to artificially~induced
permafrost resulting in differential heaving and settling of the
floors of the tanks. Apparently, the liquids stored in these
tanks for long periods maintain temperatures near freezing, the
underlying soi) freezes in winter but cannot fully thaw during
the summer due to the overlying cold )iquid.

At the top of the hill turn right onto Cunningham Road, then
right onto Cook Road. This road proceeds down through a low area
which Updike and Carpenter (1983) believe resulted from a
liquefaction-type ground failure in prehistoric time. Cook Road
curves left (south) becoming Delaney Road. Continue on Delaney
Road to Brown's Point Park. During winter months an excellent
view across Cook Inlet is provided here. Note the early American
style of architecture of the the two homes adjacent to the park.
Turn left onto Harvard Avenue., You will note more homes of early
20th century design, some in various phases of remodeling or
total reconstruction. This is one of the oldest neighborhoods in
Anchorage. The railroad was authorized to construct housing for
permanent employees in 1915. The area above the railroad camp
was chosen and soon became known as "Government Hill". There are
two stories as to the origin of the name. The first points to
the obvious, that the houses were built for government (railroad)
employees. The second story indicates that several railroad men
were involved with the Panama Canal construction and the housing
site reminded them of a similar "Government Hil1" in Panama.

You will have a number of glimpses of downtown Anchorage
across Ship Creek, to the south, as we continue driving along
Harvard Avenue. Wedge-type landslides (pre-1964) occur
continuously along (and below) the bluff to your right. Orive
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through the traffic 1ight (Loop Road)- continuing straight on
Hollywood Drive for one block, turn right on Ash Drive and stop
at the park at the end of the road.

STOP 3. Government Hill School Landslide

You are now standing at the site of Government Hill School
which was severely damaged by vertical displacement along a
landslide caused by the 1964 tarthquake (fig. 9). The stepped
terrain to the south {baseball field) is the regraded suface of
some of the landslide blocks. The toe of this slide impinged on
the Alaska Railroad facilities on the Ship Creek floodplain as a
soil flow (fig. 10). Both sand facies (F.VI and F.VII) and
sensitive silty clay facies (F.III) of the Bootlegger Cove
Formation underiie the site. Geotechnical studies immediatley
after the earthquake (Shannon and Wilson, 1964) suggested that
sand liquefaction was responsiole for the slide. However, recent
studies by Updike and Carpenter (1983) conclude that
liquifaction of F.VI and F.VII is unlikely, even during large
magnitude earthquakes, and instead collapse of sensitve silty
clay facies was primarily responsible for the landslide.

Fortunately, the earthquake occurred in the late afternoon
of Good Friday and as a result the school was unoccupied at the
time of the slide. For several years the intact part of the
school remained unused, a new school having been constructed
several blocks away from the bluff. Recently, the old school was
removed and the park constructed, a good example of how
potentially hazardous areas can be prudently put to good
community use.

I[f one looks west (to your right as you face Ship Creek),
another, much older, landslide of simitar dimensions and
displacement is now occupied by the Government Hill Curling Club.
In fact, most of the bluff line surrounding Government Hill is
bordered by old to relatively recent landslides (fig.i!l), each
being attributed to past failures within the Bootlegger Cove
Formation. Some of these slides show evidence of not presently
being entirely stabilized and downslope creep continues under
aseismic conditions.

From this vantage point, downtown Anchorage and the 4th

Avenue buttress are clearly visible. If the weather is good, the
front of the Chugach Mountains can be seen to the east.
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ELMENDORF A.F.B.

Ocean Dock Rrad

Alaska RR. Yards

Ship Creek Valley

Figqure II.

Distribution of
giscussed in the text.

{2) younger landsiides, (3) (964 landslides.

in text: {(A) Gaylor's Gulch, (B)
{C) Curting Club,

landslides in the Government Hill

area 8BS
Fatterns denote: (1)

older lands)ides,

Lands | ides discussed
Government Hill School,

{D) Chevron Tank Farm, (E) P.O.L. Tank Farm.
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END Stop 3. Return on Ash Road to Hollywood Drive, turn
left, drive to traffic )light, turn left onto Loop Road. Descend
the Government Hill bluff and cross the Ship Creek floodplain on
the "C" Street overpass. Turn right at the first traffic light
(3rd Avenue) and drive west to the end of 3rd where it curves
into "L" Street. Continue on "L" Street to 5th Avenue, turn
right on 5th Avenue and descend the bluff to Elderberry Park.

STOP 4. Elderberry Park.

You are located at the toe of the "L Street slide of 1964.
This slide was somewhat different than the others we have seen in
that here essentially no vertical disptacement occurred; movement
was almost entirely horizontal as a translational gliding block
with a graben being produced behind the moving block (fig. 12).
This slide involved al) or parts of about 30 city blocks, was
about 3/4 mile long and over one thousand feet wide. The graben
at the back of the slide was up to about 250 feet wide and 10
feet deep; it was here that most building damage occurred. The
translational block carried overlying structures as much as 14
feet horizontally with little vertical movement and surprisingly
low damage figures. Pressure ridges formed seaward from the
s1ide in the low areas such as where you are standing. These
ridges disrupted the Alaska Railroad tracks in front of you.
Again, the sensitive clays and silts (F.IIl, Bootlegger Cove
Formation) are believed to have been the source of failure. Some
geologists and engineers have speculated that the "L" Street
S1ide is an example of a slide that did not have sufficient time,
shaking, and/or momentum to progress to block failure mode typi-
cal of the Anchorage landsiides. The logical extension of this
line of thinking is to surmise that movement may resume in the
next large earthquake. Conversely, one might prefer to believe
that F.III is not as extensive or sensitive here as elsewhere so
that no further movement should be anticipated, i.e., the 1964
earthquake caused what sensitive soils that were present to fail
on a limited basis, in turn inducing present stabilization.

The question of future stability in this area has not been
resolved. Soon after the earthquake, the graben was back-filled
with sand and gravel, the damaged structures were removed or
condemned, and new construction has since followed. One cannot
help but be impressed or dismayed by the large high rise
structures constructed on the bluff front of the "L" Street slide
block and astride the regraded graben. One further note, as you
survey the area around Elderberry Park, observe the irregular
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shape of the terrain. Foundation exploration for some of the
luxury condominiums nearby encountered chaotic masses of
bDlue-gray silts and clays mixed with buried trees, all of which
leads one to conclude that this entire area below the bluff
consists of old landslides which have failed in a manner similar
to Government Hill or 4th Avenue.

If you are visiting this stop at low tide you will have a
particularly good view of Anchorage's "beaches". The tidal flats
visible here are typical of most coastal areas of Cook Inlet.
The high mountains surrounding the inlet are presently glaciated
so that large quantities of glacial rock flour, silt, and sands
are constantly poured into the inlet. These geologically
immature sediments are incessantly being transported, deposited,
retransported, mixed, and redeposited to form the olive-gray to
blue-gray tida)l flats. Minor springs near sea level combined
with tidally-receding marine waters result in the numerous smal)
meandering channels cutting across the flats. Those of you
anxious to dash out on these "beaches” to sunbathe should be
forewarned that the waters of the inlet are a chilly 34 to 38°F
throughout the year.

In the middle distance to the west across the inlet the
prominant mountain you see is Mt. Susitna. In the lowltands on
the near side of that mountain is one of the most active faults
in this part of the state, the Castle Mountain Fault. This is a
strike-slip fault, with a dominant right lateral sense of
movement. It extends for several tens of miles in length see
fig. ) and displaces middle to late Holocene sediments. Recent
regional seismicity studies have concluded that this fault (about
20 miles from Anchorage) is capable of generating earthquakes in
excess of magnitude 7.0.

Historically, Elderberry Park was one of the original park
reserves of Anchorage dating back to 1915. In those early days
crime was one of the biggest problems facing the city. Combined
with a territarial prohibition law in place since 1916 and the
Alaska Engineering Commission's prohibition of the sale and
manufacture of alcohol, bootlegging grew into a big business for
the young town. Bootleggers built connecting tunnels atong the
shores of the inlet and the end of 5th Avenue at the bluff was
frequently referred to as “Brown Sugar Road" due the wagonloads
of sugar hauled to the area. In the 1960's a couple living in a
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log cabin at the base of the bluff at Sth Avenue fell into a 10 X
10 foot underground room once used to house a still.

END Stop 4. Return on 5th Avenue to the traffic light, turn
right on "L" Street. You are now driving parallel to and cross-
ing the "L" Street Landslide graben. At 3th Avenue we will cross
the Delaney Park Strip, a green belt several blocks in length
which is the site of numerous athletic, social, and cultural
activities throughout the year.  Continue south on “L*“ Street
descending to what was once the mouth of the floodplain of
Chester (Creek. An artificial dam at the mouth of this floodplain
has produced Westchester Lagoon, a favorite spot for non-
motorized boating in summer and ice-skating in winter. Just
south of the lagoon take the exit ramp that leads up to West High
School. When this school was constructed isolated remants of
discontinuous permafrost were encountered. Turn right onto
Hillcrest Drive, continuing to the first stop sign. Turn left
onto Forest Park Drive and continue south to Northern Lights
Boulevard. Turn right on Northern Lights and within a few blocks
you will be driving by the Turanagain Heights subdivision (on
your right). The Knik Arm bluff line is about 4 blocks from
here. A dense network of open ground fissures extended from the
bluff (1964 Turnagain Heights Landslide scarp) to Northern Lights
Boulevard. Continue west on Northern Lights to the parking lot
at Earthguake Park,

STOP 5. Earthquake Park.

You are now situated at the scarp directly behind the
Turnagain Heights Lands)lide, the single most extensive 1964 )ana-
slide in Anchorage (fig. 13). This is a municipal park and a
series of interesting displays are provided. Take time to exam-
ine these geologic and ecologic pictorials. ({see Attachment 2)

END Stop 5. Return from parking area to Northern Lights
Boulevard and turn right. Driving west the road becomes Point
Woronzof Road and continues approximately 2 miles to Point
Woronzof. Turn off (right) into the overlook area at the point.

STOP 6. Point Woronzof.

This area is underlain by stratified silt, sand, and gravel
at least to sea level. These deposits are of the late
Pleistocene age and were accumulated in an ice-marginal
environment. The glacier itself was situated west and north of
where you are standing, having entered the Knik Arm-Point
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MacKenzie area from the north. This-glacier was fronting
{perhaps floating) in marine waters of the ancestral Upper Cook
Inlet. Resultant sedimentation was in the form of glacio-marine
fan deltas and ice-contact deposits. The walls of the pit behind
the point at this stop show the fan delta sands and gravels; a
gully cut into the face of the bluff in front of you shows the
highly contorted beds of silt, sand, and gravel typical of
ice-contact deposits. Updike and Ulery (1983) have concluded
that these deposits are contyemporanecus with the Bootlegger Cove
Formation, i.e., the ice marginal deposits grade laterally
(eastward) into the quiet basin deposits of the Bootlegger Cove
Formation. Fire Island, visible to the west, has been carefully
studied by Schmoll and Gardner (1982) and appears to represent a
near-ice front complex of silty diamictons and stratified sands
and gravels {Attachment 3).

Point Woronzof is a particularly good example of the bluff
erosion system typical of Upper Cook Inlet. It is subjected to
forces associated with both the incoming and ocutgoing tides. The
point is composed of predominantly sand and gravel which are
usually dry, loose, and easily washed away. The bluff line is
sparsely vegetated, over 150 feet high, and quite steep. These
factors combine for rapid erosion rates. A report by the U.S.
Geological Survey (Miller and Dobrovolny, 1959) discusses Point
Woronzof erosion rates, According to this publication, the bluff
retreated about 30 feet between 1909 and 1918, 26 feet from 1918
to 1941, 13 feet between 1941 and 1947, and 21 feet between 1947
and 1953, for a total of about 90 feet of retreat in 44 years (an
average of 2 feet per year). DOr. James Riehle of the USGS
conducted some additional measurements utilizing the comparison
of several sets of aerial photographs taken between 1960 and
1964, and found another 10 feet of erosion between 1969 and 1978.

One of the primary sources of electrical energy for
Anchorage comes from the Beluga River area several tens of miles
to the west across Cook Inlet. The transmission lines come to
the pluff at Point MacKenzie (acraoss Knik Arm), lie along the
floor of the arm, and re-emerge here at Point Woronzof (note the
large warning sign regarding the cable's presence).

A pervasive problem in Anchorage construction is the
presence of peat deposits up to several feet in thickness at the
ground surface. These deposits must be excavated prior to
construction because of their poor bearing capacity. The large
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volumes of peat must be disposed of and pits like the one behind
you have been targeted for such disposal.

On a clear day from this point you will be able to see Mt.
McKinley (elevation 20,320 feet) 125 miles to the north, the
Talkeetna Mountains 40 miles to the northeast and the Alaska
Range 60 miles to the west. The conical peak on the Alaska Range
skyline is Mt. Spurr, an active volcano which last erupted in
1953, spreading a thin layer of ash over Anchorage.

About a quarter mile south of Point Woronzof are the remains
of what was probably a summer fishing camp for the Tanaina, a
nation of the northern Athapaskan Indians. The Tanaina
Archaeological Site is the only known archaeological site within
the Anchorage bowl. Parts of this site have been dated prior to
1741 (the time of Vitus Bering's explorations) and thus are
considered pre-history.

There are three distinct areas of the village site, two of
which are considered historic. The "“pre-historic" house pits
consisted of a semi-subterranean house known by the Russian term
“barabara”. The eight pits found are located below the bluff and
consist of two connecting rectangular rooms covered by a log
structure. Located approximately one-eighth of a mile north of
the house pits a "banya" or steam house is found and is probably
the most recent of the remains. Above, on top of the bluff is
the grave site consisting of several pit areas and a grave house
roof. The sites are not easily accessible but one house pit has
recently been damaged by activities related to gravel
extraction.

END Stop 6. Return east on Point Woronzof Road to Postmark
Drive, turn right. Drive past the main post office to stop sign
and turn left. Anchorage boasts one of the largest
concentrations of small, privately owned aircraft in the world.
Many of the aircraft are tied here at Anchorage International
Airport (on land) and at Lake Kood, the nation's largest
floatplane base. Alaska has the largest number of 1licensed
private pilots per capita in the United States primarily because
so much of the state is accessible only by airplane. Turn right
onto Aircraft Drive and in a few blocks left onto International
Airport Road to Jewell Lake Road and turn right. You will note
many large commercial transport aircraft used to transport goods
internationally to and from the “"Jower 48 states" as well as
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making shipments to and from Alaska bush communities and oil
fields. Continue past Delong Lake Park to traffic light
(Raspberry Road) and turn right. At next traffic light (Sand
Lake Road) turn left and proceed to the large sand and gravel
quarries. Park beside the road overlooking these pits.

STOP 7. Sand lake sand and gravel quarries.

Sand and gravel aggregate is the second largest money
producing natural resource in the state (after oil). For several
years the Sand Lake pits have produced much of the aggregate
necessary in Anchorage for construction. - These pits are
excavated into the stratified glacial fan delta sands and gravels
simitar to those at Stop 6. Unfortunately, most of good quality
gravel has been removed and only sand and gravelly sand remains.
No other major source of aggregate is presently being used in
Anchorage and as a result much of the present-day gravel is
brought into the city by truck and train from as far as 50 miles
away.

The ditemma now facing the city is what to do with these
soon-to-be-abandoned pits. Alternatives include: 1) regrading
slopes, landscaping, and constructing homes, 2) backfilling the
pits with waste peat, or 3) using the area for solid waste
disposal. The problem has not been resolved (see Attachment 4),

from this point you have a good view of the Chugach
Mountains. In the area you can see the mountains are composed of
the Valdez Group and McHugh Complex (Jurassic-Cretaceous)
including greywacke, phyllite, argiilite, metavolcanic, and
metasedimentary rocks. These rocks were formed in an island
arc~trench environment which has subsequently been folded and
thrust onto the continental margin along a suture zone which
extends from the Gulf of Alaska along a broad arc to beyond
Kodiak Island. Further north from Anchorage recently active
faults have been identified along the front of the Chugach
Mountains as part of the Border Ranges Fault System (fig. ).

Looking south you will see Sand Lake Road ending in a
T-intersection. Two to three blocks of houses are visible south
of the intersection and beyond that is Turnagain Arm with bluffs
similar to Knik Arm. In recent years narrow wedge-type
landslides have occurred along these bluffs giving some concern
to bluff-front property owners. These slides are due to both
slope undercutting at high tide level and to man-made
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modifications above or on the slopes affecting natural drainage
and vegetation.

END Stop 7. Continue south on Sand Lake Road to Dimond
Boulevard intersection. If optional stop 8 is to be made turn
right. [If stop 8 is to be skipped turn left onto Dimond and
turn forward in the guidebook to “End Stop 8".] Proceeding rignt
on Dimond Boulevard (west) note that some of the abandoned pits
are in the process of being backfilled with waste peat. The road
curves right, becoming Jophur Road. Continue to the entrance to
Kincaid Park; turn left and drive to the end of the dirt road.

STOP 8. Kincaid Park Motorcross Pit.

This area was once an uncontrolled solid waste dump site for
Anchorage residents. In the past few years as part of the
municipality's efforts in parks and recreation, the sandy basin
has been transformed into a motorcycle race course., The
sediments underlying the area are eolian silts and sands of
middle to late Holocene age. Strong prevailing winds fiow down
Turnagain Arm (east to west) acting voraciousty on the bluff
faces here composed of glacial fan delta silts and sands. The
sediments are wind-retransported to the crest of the bluffs where
longitudinal dunes are constructed inland at an oblique angle to
the bluff line. If you have time to hike to some of the natural
exposures in or around the pit you will find distinct buried
volcanic ash beds (airfall) and peat layers, some of which date
back about 3500 years b.p. Dunal morphology is preserved in the
¢diacent heavily wooded uptands.

END Stop 8. Return to Jophur Road, then east on Dimond
Boulevard, Note Jade Park on the left side of road which has
been built on backfilled waste peat in one of the abandoned pits.
Continue east on Dimond Boulevard about 9 miles up the lower
slope of the Chugach Mountains. The road curves right becoming
Hillside Drive. Continue about 4 blocks to Upper 0'Malley Road
to where pavement ends and road forms a "Y". Take the left road
(Prospect Road) and continue along this gravel road to the
entrance to Chugach State Park, Enter the park and stop at the
parking area.

STOP 9. Chugach State Park.

You will note that you are now near timberline on the moun-
tainside. This i1s the 1imit of private land in the area,
Property in this part of Anchorage is very expensive because of
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the spectacular view and alpine environment. Although the land
here is in high demand, it is fraught with problems. Beneath a
mantle of glacial till is continuous bedrock. No municipa}l water
supply is available up here, so each home must have its own water
well. Groundwater resources are at best sporadic and some homes
have wells hundreds of feet deep to acquire very modest amounts
of water. Because of the shallow bedrock some homes have
difficulties in establishing suitable septic systems. Because of
the elevation spring comes weeks later and winter begins weeks
earlier than at lower elevations. Strong winds are often the
case; 50 mph winds occur yearly, occasionally damaging exposed
structures. Nevertheless, the Alaskan perseverance prevails and
some of the finest homes in Anchorage are Jocated on these
sub-alpine lots.

If time permits we recommend that you take a short hike on
one of the trails from the parking lot, noting the distinct
changes in climate and vegetation from that which you have
experienced at previous stops.

END Stop 9. Return to park entrance, turn right onto S)alom
Drive, then onto Schuss Drive. Continue south on Schuss Drive to
Upper O0'Malley and left onto 0'Malley Road, driving down from the
Chugach Mountains to the New Seward Highway. Turn right onto the
New Seward Highway and travel north into Anchorage, to 5th
Avenuve. Turn left onto Sth Avenue and drive west to downtown
Anchorage. At "E" Street turn right and return to the Westward
Hilton,

END ROAD LOG
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Fourth Avenue Buttress
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BUTTRESS DESIGN EARTHQU AKE-INDUCED SLIDES®

By Erwin Long, M. ASCE, and Warren George?

INTRODUCTION

The Fourth Avenue siide 1s one of a number of major landslides that took
place as a result of “The Great Alaska Earthquake of 1964." Because this slide
affected and endangered the business section of Anchorage, an area of high
property value and improvements, 1t was of special interest to the community.
The area of disturbance covers a block of ground approximately 1,800 {t long
by 900 ft wide. The stabilization measures for the area were especlally sig--
nificant becauge of the econemic values involved.

' CHARACTERISTICS OF THE EARTHQUAKE
;

The earthquake, which took place in South Central Alaska, with initial shocks
timed at 5:36 p, m.on Good Friday, March 27, 1964, had by constderation of all
evidence a Richter magnitude variously rated between 8.4to 8.8 and a duration
of 5 min plus. The destruction was esgtimated at one-half to three~guarter
btllion dollars. The toss of life was timtted to 114, the result solely of many
uhusually good attendant circumatances,

According to one analysis, this earthquake has beenrated to have released
at Jeast twice the energy of the San Franclsco earthquake.) Tectonic uplift or
subsltdence occurred over an area of 34,000 sg miles, an area four times the
size of the State of Maasachusetis. Coastal land masses subaided 2a much as

3 This paper was part of the copyrighted Journat of the Soit Mechanies and Founda-
tlens Division, Proceedings of the American Society of Civil Engineers, Vol. 93, No.
SM4, Juyly, 1967. Manuscript was sulsnitted far review for posslble publication vn
J nu. h% 1967,

r 'Long, Erwin, Chf., Soil Design Sect., U. 8. Army Engr. DIst., Anchoruge, Alaska,
3(.eorge Warren, Ch.f Eagrg. Div., U. 8. Army Engr. Dist., Anchorsge, Alaska,
Grantz A.. Plafker, G., and Kachadoorizn, R., “Alaska’s Good Fridey Earthquake,

March 27, 1964 » Circular 491 Ceological Survey U. 8, Department of the Interlor,

Washington, D. C., 1964.
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658 SLOPES AND EMBANKMENTS
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o "ailler, {)O‘I?J.. Gilant Waves in Lituya Bay, Alaska,” Profesaional Papcr No. 954~C,

Gueological Survey, U. S. Depariment of the lnterlar, Waakington, D. C., 1960, p. 65.

4 . HL., op. cit., pp. 34-36.
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U. 5. Department of the Interlor, Washtagton, D. C., 1912, p. 119,
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Strong-motion records of magnitude, {requency, or duration are not avail-
able for the 1964 Alaska earthquake. W, K, Cloud, of U, 5, Coaat and Geodetic
Survey, has estlmated a maxtmum aceeleration of 0,18g, based on 2 study of
compiled data from other earthiguakes. An Interestlng analysia of tilted tomb-
stones in the Anchorage area Indicated a possgible maximum acceleration of
8.30g."° Because soilfallure waggradual and progregsive, an average elfective
acceleration of 0.12g has been gelected for analysis purposes.

GEQLOGY AND SOIL CONDITIONS OF THE ANCHORAGE AREA

A fairly delalled geologic knowledge of the Anchorage silde area has been
developed as a result of data obtaired from 200 exploration borings, varying
in depths up to 240 f1,'* and from the iogs of several hundred water wells ¥
The deepest well was B50 1t deep, with tertiary rock encountered at approxi-
mately 700 it.** Many of the exploration holes required double drilllag to ob~
tain, as closely as possible, continuous samples for correlation and more
accurate coverage of the strata, Bucket auger holes were drilled fo delineate
the zone of failure more accurately, and to observe and study each strata
directly.

The terrace on which Anchorage fs bullt {s topped by a sand and gravel
alluvium formed by meandering streams duripng the late Wisconsin-Naptowne
Glaclal period." The present bluff edges of the aliuvium terrace were praobably
formed by atream and sea eroslon and from the effects of numerous previous
landslides of static and earlier earthquake origin, The underlying Bootlegger-
clay formation iz belleved to have been formedbetween the Xnik and the Nap-
towne subglacial advances.® The Bootlegger formation embraces an upper,
stiffer, silty-clay layer strengihened by desasication and poasible Ireezing
during the latter stages of its formation. This upper formation contains fre~
guent 5ilt and sand lenses. The intermediate layershave miore infrequent sand
and silt lenges, and the clays are commonrly soft and highly seaatiive. The

lI wer clay layers show an Increase In sirength with depth and sand and stlt

IPnses are almost totally absent. Underlying the Bootlegger-clay formation
and continuing to the tertiary rock, are glaclal tills of an earlier age and
inter-bedded sands, gravels, silts andclays.'® »#® Mineralogical examination of
the Bootlegger clay shows predominately quartz with lesser amounts of feld-

I« Anntysls of Earthguake Damage to Mititary Constructlon in Alaske, Mar. 27, 1964,"
Directorate of pMilltary Construcilon, Engineering Division, Corps of Englneers, U. §.
Depariment of the Army, Washington, 1. C., Aug., 31, 1964, Appendix I, p. 8.

'8 anchorage Arce Soll Studles, Alsska,” report by Shannee & Wlison Inc., for U. §.
Army Englneer District, Alaska, Aug., 28, 1964.

Swaiter, M. M., Cederstrom, {). V., Trainer, F. W., “Data on Wellg in the Anchorags
Areg, Alsska,” Tieport No. 14, Depaciment of Health and Welfare, Stale of Alagks, In
cooperation with the U. 5. Geologlest Survey, 1961,

'Swalloer, B, M., Cederstrom, D. V., Trainer, F. W., op. cit,, Well No. 28.
¥pmuler, R, D., and Dobrovoiby, Ernest, “Surflclal Geology of Anchorage and Vici-

erior, Washingtor, . C., 1959.

n&y, Alasks " Professlonal Paper No. 1083, Geological Survey, U, 3, Department of the
l T
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spar flour. The domipant “clay” mineral la chlorite and illiteclay. Montmo-
rillonite was not tound In any sample *

FOURTH AVENUE SLIDE AREA

The Fourth Avenue slide took place along an east-west trending blulf with
varlable north-facing alopes averaging 22%. The elevation of the alope toe
varied from 20 ftto 26 ft msl. The top of the slope had an elevaticn of approxi-
mately 107 ft msl. The slope failed as a translatory slide with movement to
the north and northwest. A graben waa lormed along the head of the slide by
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FIG. 1.—GRAREN AND PASSIVE ZONE DISTHIBUTION

the movement of the slide mass toward the bluff and by a soil wedge sinking
into the crack formed. The soil wedge descendedprogressgively into the crack
that formed. Investigations revealed that the approximate elevation of failure
was 45 ft msl with passive fallure areas extending down-slope to elevations of
25 ft to 35 ft mst. The extension of the passive zone failure is believed to have
been influenced by the effect of the frozen crust. The areas of pasglve fallure
appeared t0 occur in thawed areas, such as along water lines and adjoining
basements of heated structures {Fig. 1).

The main graben at the head of the slide dropped 11 ft along the porth side
of Fourth Avenue. Horlzontal ground displacements of 1.8 it NNE were mea-
sured st E Street and Third Avenue (the hinrge point} and 19 ft NNE al Second

ghapnon & Wilson, Inc., op. cit., Appendix H,

-
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Avenue and B Street. Settlement in ground elevation linmediately behind the
sllde scarp varied from 0,03 ft to 0,2 fi. Indications are that the ground-
elevation drop of the sllde biock between the graben area and the passive toe
varied from 0.2 ft to 0.7 ft.

A socond graben had started to form 300 ft south of the Fourth Aveaue
graben across D Strest. The graben settled 0.51t by the end of the earthquake
and caused severe damage to one modern three-story oifice building. This
second weadge s betlaved to have started toward the end of the sarthquake, and
ln sll probabllity would have gradually enlarged with a longer duration of
shaking, The main graben spiit intotwograbenseast of C Street. The northern
branch may be connected structurally to the extension of an old graben which
wad located between C Street and E Street on Third Avenue. The suspected
old graben Iying north of the Fourth Avenue graben was subsequently expoeed
in a trench excavation,

Maay qulte comprehensive inveaiigations were accomplished in the glide
areaz to ascertaln the mechaniesm of failure and to guide buttress design.
Borings to obtainundisiurbed samples were made at 41 locations, Bucket suger
holes were also drilled at strategic locations. Siope-indicator casing was In~
stalled for observations at ten locations. In-place vane-shear itests ware
conducted at three locations. Testing and studies included contlruous torsional
vane and pocket penetromeier shear-strength determinations, unconfined
compressive~girength tests, Qand R triaxial compression-strength determina-
tions, consolidation tests, dynamitc modulus tests, pulsating-load tests, and
mineralogical studies. Physigco-chemical znalysis and foramanifera deter-
minations were made on samples from other slide areas. Thege were con-
sidered repregentative of this particular Bootlegger strata.

PHYSICAL PROPERTIES OF SOIL MATERIALS

Although Initial fallure within a sand layer 15 indicated, failure was algo
pogaible in the adjacent underlying clay layers, and both factors were con-
sidefed in the stabilization design.

Sand.—S5and, inter-bedded with thin silt and clay layering, was found to
exist predominately between eb, 40 msl and el. 60 msl, with an average thick-
ness of 1% ft. Standard pepetration resistance varied from 50 blows per ft to
over 100 blows per ft in this strata, indicating a very dense formation,

Clay.—The shear strength of the clay was more than 0.5 ts{ In the upper
zone, where more contlpuous sand layers were present. Below these sand
layers, the undisturbed shear strength averaged 0.35 isf down to el, 20 msl.
The strengths thenincreased withdepth. Some highly sengitive samples showed
undisturbed strengths as highas 3.66 tsf, Other tests indicated shear strengths
as low as 0.2 tsf. Although sampling was carefully performed, some tnfluence
of disturbance from hardlirg cannot be Ignored.

The remolded strengthhag special significance, as it indicatea the nilnlmum
stnefizth resisting sliding with remolding along a potential slide plane. The
|re nélded strength was generally found to be more than 0.1 tsf above the
princtpal sand layer. Shear-strength values aslowas 0,006 taf to 0.05 tsf were
encountered between el. 20 msl and el. 40 msl.

In the upper clay zone above el. 45, and in the clays below el. zero, sengi-
tivities were generally found to be below ten.In the zone between €l. 0 and el.
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itivities varled in individual layers from less than 10 to values over
;g: :le:;nsmany samples showing aenaitivities above 30,1t 18 noted, and bellaved
to have signlficance, tha! the highest senaitivities and lowast remolded
strengths occurred in the area of greatest volume of ground water 880pREO.
As expected, the watar-plasticity ratio or liquidlty indexincreass. with sensi-
tivity., Remolded strengths werve also lowest where the liquidity index was
mg’t;‘?lzl’majority af the liquid 1imita of the typlcal clay range between 24% andg
46% for the upper, atiff-clay layes, from 20% to 36% in the sensitive clay zone,
and from 32 to 52% (n the lower, stUt-clay4zoona. The liguid limits vary !rom_
tar clay with sensitivities aver 40.
zzqﬁzi:ﬁc modul?m tests conducted by Wilson'® tendtoindicate a medulus of
ghear of 1,500 pal for soft, aensitive clay, 5,000 psi for the stif clays, and
approximately 20,000 psi for sand at a 60 ft depth. The shearing modulus of
gand and clay would approach zero as liquefactionof the layer occurred.
Pulsating-load tests conducted by H. B. Seed on _saturatecl sands bave in-
dicated®*”® tha! fallure caused by dynamiclcading will probably oceur sooner
at shallower depths because of the increased probability of siresg reversal
coupled with & low confining pressure. A higher degree of compaction would
tend to Increase the sumber of cycles required for Iallurc.lln the etay the
number of cycles required for failure appear to be reduced willi an increage
in the degree of siress reversal; however, because the shear moduiuy in-~
creases very stowly with depth, clays tend tofall more readily under dynamic
at greater depths.”
10311&8 1:!1‘3;g density :?& the clays generally ranged between 80 pcf and 100 Lbg
pct, with an average apparent specific gravity of 2.78, The wet dengity of the
clays waa about 125 1D pel.

EARTHQUAKE DYNAMICS LOADING

Dynamic lcading of the soll mass during the earthquake would have a vary-
ing effect on the goils, depending on their inherent strengths and their defor-
mation characteristics. The more sensitive, high water-content clays would,
of course, have a greater deformation for an applied stregs than sands or leas
sensitive clay. The greater stralnor deformation in such materials would tend
to cause a relatively rapld pore-preagure increase with associated reduction
in strength. Where a soft clay adjoins a harder layer', the moevement of the
more rigid soil would tend to cause a greatey {ncrease in pore pressure. The
atraln of the goft clay adjoining a sand layer would be greater than that of the
sand layer up to the point of liquelaction of the sand layer._ Depending on the
density of the sand, the effective stress level, and the initial irength of the
clay, the aliding should begininthe clayif stress applications we.e insufficlent
to cause liquefaction of the sand; conversely, the sand might liquify prior to

2igeed, H. Bolton, and Lee, Keaneth L., " Liguelactlon of Seturated Sanda U.urlng Cy-
elic Loading.® Journal of the Soll Mechanlcs and Foundsttons Divislon. ASCE, Yol. 02,
No. SM6, Proc, Paper 4372, Nov,, 1966, pp. 105-134.

2 ghannon & Wilson, Inc., op. cit., Appendlx C.

13Seed, H. Balion, apd Chan, Clarence K., Stre
guake Loading Condltion, Ingtitute of Tranaportation and Ty
of Callfornla, Berkeley, Callf., 1968.

h of Clays under Simllated Earth-
Ic Engineering, University
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the fallure of the clay. l.aboratory tests have indicated that the smaller the
surcharge on sand, the more easily it will liquify under dynamic streas of the
earthquake *' Experlence In the 1954 and 1064 earthquakeg at Rabbit Creek
near Anchorage and at Nilgats, Japen, have further supported this theory, The
New Madrid earthquake of 1811 also showed evidence of liquefaciion at rela-
tively wmall static siressens.i-!3.# Teagts on ciay indicate a pronounced in-
¢rease Iln early failure with greater Intensity of applied cyclic stress.®

Evaluation of all ¢lay-related slide falluresin the Ancharage area Indicated
that they occurred near the surface of the soft, senstitve-clay layers.w In-
vestigattons by H. B, Peck discloged that soll resopance did result in large
horizontal displacements during small distance earthquakes in Mexico City
in May, 1962235 These phenowmena are helpful in understanding the Fourth
Avenue slide,

ZONE OF FAILURE

Evidence from exploration data indicates that liguefaction of a sand layer
occurred at el. 48 misl Immediately behind the slide scarp on Fourth Avenue,
It t8 probable that falture occurred either entirely withln the dominant sand
layer or by an underlying layer {n which both 3and and clay were present.

There is sirong evidence that the lateral movement of soil outward In a
translatory slide relative to the pre-earthquake slope relates to the loss In
quantity by seliiement in the grabens. On this basis, the volume of goll loas
divided by the horizoutal displacement of the section should approximate the
depth of failure. The values thus obtained Indicate a possible depth of fallure
at the el. 45 msl.?®

Fallure wasg of a translafory nature in all of the major Anchorage slide
areas. The translatory plane in the Fourth Avenue slide may have had a slight
slope, and it is possible that fzilure occurred at several elevations, As pre-
vﬁsly indicated, the passive toe failure zone of the aliding wedge occurred
predomirantly along a line of heated structures and utility lines, indicating
the greater failure-resistance afforded by frozen ground, which, without
thawing influence, probably ranged from 6 fi to 10 ft deep. The break-out sle-
vations of the pasgsive ioe failure zoneg were more predominant at a lower
elevation than that of the assumed zone of primary failure. The lower fallure
plane elevation may algo have been cauged by horizontal translation of the
frozen crust.

Because the opening of cracks must precede the formation of a graben, it {s
repsonable to assume that well-reinforced foundationas could influence the
formation of 4 graben. This possibility is indicatedin several locations of the
slide areas. For example, the western end of the Fourth Avenue slide termi-
nates at Third Avenue and E Sireet where the strong foundationa of the

A Peck, laiph, B., *Characleristios of Anchorage Earthquake,” Letter Report, I781,
Jupd B, 1964 {unpubilshed).

F eoveert, Loonardo, "The Effect of karthquakes In Soft Subsgil Canditions,” pre-
sontexd pt the Structural Englneers Asscelation of Callfornia Conventicn, held at
Yosemlite, Cailf., Oct. 4, 1963,

283hannon & Wilsen, Inc,, op. cit., Paragraph 8.3.
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Anchorage-Westward Hotel were belleved to have had an influence, Several
other Instances can be cited.

STABILITY EVALUATION

The most direct method for evaluating relative stability of slopes {Stability
1) was developed by Bjerrum? (see Fig.2). The aslope-stability charts provide
a convenient gulde for the rapid evaluation of potentially stabie and unstable
slopes. Using Bjerrum’s chart, a number of potentlally unstable stopes that
did not fail were obscrved to be naturally butiregsed. The poses or points of
many steeper bluffs remained stable, apparently because of better drainage
conditions. Other considerations of the effect of drainage are (1) the degree of
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FIG, 2.—8LOPE STABILITY CHART

saturation with lts effect on liguefaction; (2} the influence on sait leaching
from the clay and its effect on both the undisturbed and remolded strength;
and (8) its Influence on hydro-static pressure. With fae aid of the siope-
stability chart, it was determined that a flatter slope would be required to
provide sfability to the Fourth Avenue area,

An independent problem area, involving a steep slope r-lated to the Fourth
Avenue slide and bordered by Flrat and Third Avenues and G and K Streets,
was Included in the stabilization design. The plane of weakness in this area
was found to be at el. 20 msl, which is near the toe of the slope. A large gravel
fill had been previously placed along the siopes, which . estricted fajlure at

higher elevations, Evaluation of this area Indicated the presence of 6 fi of -

seasonal frost, possibly the major strengthening element.
Dghannon & Wilsos, Ino., 0p. cit., Plate 7.1, Fig. 5.

H
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The second method of analysis {(5-2) congldered in stability evaluation was
a gtatic-wedge analysis, waing the probable remolded shear atrengths along
the plane of stlding. Analyais by thisa method Indlcated that faflure should have
occurred at the deepest pussible fallure planes rather than at the shallowest
possible plane, where failure actually ocecurred,

As a result of the obvious magnitude of reslstance required to satisfy a
normal wedge analysis, Wilson and Seed conducted laboratory testa to In.
vegtigate and reflne the probable mechanisma of the dynamlic translatory
fallure. When an earthquake causes a sotl column to oacillate back and forth,
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reveralng shear stralns are developed betweenadjacent soil layers, The rela-

tive magnitude-of the shear strainsg throughout the soll column is not known,

However, it is Inferred from the fact that fallure developed at the top of the

oft, sensitive-clay stratum, that the stralngwere a maximum at this eleva-

‘Hion.®® The change in shear modulus and shear strength with depth is shown
in Fig. 1. It was decided that stabilizatior could be accomplished more effec-
tively within economic Ilimits by providing increased shear resistance at the
toe of the fallure wedge.

28I51d., Plate 7.1, Figa. 1 & 2.
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Evaluation of ail slides indicatea that the physical dimensions of a slide
mass may have some Telationship to the half wave tength of the shock waves.
As the wave lengths and characleristics were not measured, the probable wave
Iengths and acceleration were determined from the physical dimenslons of the
stide. In the final evaluation of buttress requirements, four methuds of analyals
were used. The [irst method of analysis (Buttress-1)** assumed upward trans-
mission of the seismic wave with soil weakening, occurring along the zones
previously discussed, From this analysls, it seems likely that the maximum
forces acting through underlying strata and tending to accelorate the slide
wedge will not exceed the shear resistance along the plane of failure, The
force-cauging movement after failure would be limited to the active pressure
al the head of the slide. A buttress would be required to regist ihis pressure.
it is \nteresting to note that once liquefactionof a clay layer occurred, sHding
could only progress as the result of active pressure at the head of the slide
zone. Since sliding ceased immedtately on the termination of strong seismic
motion, fallure as a result of sand Hquefaction is indicated. Even with lique-
faction of clays, however, a finite resistance approaching the remnlded strength
could be assumed.

The remaining methods of buttress analysis (B-2, B-3, B-4)" assume that
selsmic forces were translated throughthe head of the slide mass which forms

TABLE 1.~ ¥ORCES OBTAINED DY BUTTHESS DESIGN METHODS

Method number

Static pressaure

Dynamie preasure

B-1 132 kips por foot -0-

B-2 80 kips per lcot 120 kips per foot
B-3 80 kips per foot 75 kips per foot
B-4 BO kipa per foot 145 klps per foot

the main force after the shear motions through the base have attenuated as
faiture is approached. B-2 assumes that the averageacceleration of the mass
would be approximately equal to 0.64timesthe magnitude of the peak acceler-
ation. The driving force would be this acceleration acting in a mass of soil
600 ft long plua the active pressure at the head of the slide. The restraining
force to be considered would be a buttress capable of resisting iie total force,
assuming the reslstance along the shear plane equals zero.

B-3 assumes thal the sliding mass approximates a half wave length (600 1t)
and that a 2-in., compressior displacement within the slide mass occurs at
each end, for a total compression of 4 in. in the 600-1t length. Assuming an
average compression modulus, the force necessary to cause thie 4-In. com-
pression plus the active pressure at the head of the slide mass would be the
maximurn force transmitted to a restraining buttress.

B-4 agsumeg that the liguified layer extends a conaiderable distance behind

22[bld. . paragrapha 7.2 and 7.3, Figs. 3 and 4.

0 Bubin wnd Masun, Go B CAsalyaia of te Foeth Avence and tL7 Steeet
Shiw- Arens,” hemoidug ol Boodegper Cove Cley with Explosivis, brebminery Suebi~
lizition Sludles for the Turnagain Buttrese, Shannon & Wilson, Inc., for U. 8. Army
Enginecr Disirict, Anchorage, Alasks, Feb., 1965, Appendix D,
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the head of the sitde and that fallure could ocour from harmonic motion of
reflected waves transmitted tohrough the stiffer soils. Assuming the buttreas
to be a vigid struclure on a nonmoving base and using a 2-in. horlzontal am-
pltiude of wave motion, the movement was assumed to be related to the dlg-
placement under harmonic conditiona. In a ronrigld butiregs, tlie stresses
would be sumewhat less than assumed, Slnce failure actually occurred on an
oscillating base, the forces (stress) could be higher than assumed. The net
result of the two assumptions would make the harmonlc analyais s reagonable
approximation of the dynamle force. The total force that the tultress must
resgist would be the actlve pressure at the head of the slide plug the maxdmum
dynamic force and the inertia force on the buttress {tself, Forces obtained by
the various methods are shown In Table 1, in which the calculationa are based
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on zero resistance along the failureplane.1f we assune a portion of the ghear
zone is liguified sand and a portien is remolded clay, the remolded clay can
suppart an additional resistance of 20 kips per foot along the elide plane,

BUTTRESS DESIGN

The buttress design seiecled was baded on s therough anatysis of alt data
and possible solutions. The bagic criterion for the design was to provide a
butiress to resist the forces of an equivalent earthquake. Baged on the evalua-
tion of the various stability analyges, the buttress was designed to realst 1&°0
kips per ft. This force Is resisted by a buttress using gravel having a 40(-
angle of Internal friction at the designed placement dengity of 140 1b pel~~98%
of Modified Maximum Providence Vibrated Standard {Flg. 4). The support of
the gravel bultress was obtained through tlie shear of Its base.

LIMITATIONS

timilations on future compstruction in the slide area have been recoin-
mended 18:3! ta minlmize the risk of damage to structures in the event of future
earthguakes, All references to grades hereinalter not otherwise indicated are
to the grades established In the Fourth Avenue Stabilization Degign.®

It {s recommended that the area south of the toe of the upper buttress 20%
slopes and north of the north side of Fourth Avenue within the Urban Renewal
Area be Umited In accordance with the [ollowing:

1. Buildings should be limited to two-story structures ol light construction
such that the net increase in soil loading over the limits of the building area
will not exceed an average of 500 psf. Above-grade structural floors should
not exceed 125 psf tive load.

2. Bulldings should be limited to a height not exceeding two stories above
the highest grade glevations adjzcent to the structure.

3. The amount of fill should not exceed the quantity removed first by ex-
cavation within that area.

4, The maximum depth of excavation should not exceed 10 ft.

The following critaria are recommended for construction and slte grading
in the area bounded by the lower elevation of the upper 20% slope buttress and
the upper elevation of the lower 20% slope butiress on the south and north
sldes respectively and by Barrow and E Street on the east and west sides
reapectively:

1. The maxmum depth of cut and the maximum height of {ill shouid not
exceed 5 ft except for temporary excavations for placement of footings and
footing subgrade. The temporary excavations should be backfilled and com-
pacted immediately following completion of footing constructinn,

2. The average depth of cut and height of fill should not ex~eed three fect.
3, Buildings should be limited to two-story structures of Hght congtruction

3ugp)nal Recommendations on Riak Clessifications, Anchorage and Viclnity," Jelnt
release of the U. 5. Army Engineer District, Alaska, and Task Force 9, Alaska fte-
construction Commigaion, Sopt. 8, 1964.
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so that the net increage in sofl loading withln the building area will not exceed
an average of 400 psf. Above-grade structural floors should not exceed 125
pst Live load. No basement should be allowed in this area.

4. All cxcess excavation should be removed from the site.

5. Utllities may be constructed throughout the area, tut in each ¢case proper
backfilling and compaction should be rigidly enforced,

The followlng criterta apply to the lower butiress slopes. They include the
200 slope located from 170 ft to 470 ft south of First Avenue between Barrow
Street and D Street and extending north-west west of D Street, and the 20%
sicpe bounded by First Street, Christensen Road, Second Street, and K Streest.

. No cut should be perntitted onthe stope or within the limiis of the lower
huttress construction except on a temporary basgls to permit construction of
footings or utilities as limited above, No basement is permitted in this area,

2. No fill should be permitted on the butiress slope unless the fill glopes
are at a 2% or flatier slope. Construction of fills with 20% or Natter aide
slopes over and porth of the toe of the buttress increases the effectiveness of
the buttress and ls both permissitle and desirable.

3. Buildings should be limited to two-story structures of light construe-
tion such that the net increase in loading within the building area shall not
exceed 400 psf, A two-story structure will be interpreted as two floors. Col-
unws required to suppord the first {loor shallnot e ¢considered in Hmiting the
height of the structure,

Building heights in the area south of the G to K buttress should be re-
stricted only by individual stability analysis, .

The following additional criteria apply to all construction within the Urban
Renewal Development Area:

1. There shoutd be mandatory requirements for bullders to furnish alj
structural and foundation geismic-design calculations for buildings over one-
story in helght and for any structure with a design live load In excess of 100
psf above the ground [lgor.

2. All selsmic design calculations, drawings, and specifications ahould be
made by registered professional structural and foundation engineers. This s
probably the most important consideration given herein for the safety of any
Indlvidual structure.

3. All construction should have quallfied inspection to assure that it is
within the intent of approved drawings and specifications.

4, There should be continuous review and updating of selsmic-code
prdﬂslons as found necessary for structures and foundations. If a kigher-
classification seiamic zone s ever established, this area should be included,

5. Adequate horizontal and vertical reinforcement should be provided to
reslst stresses imposed on the building and foundation by the effect of goil
movement on the structure.

6. Basement walls ghould be designed as retalning walls to withetand
statically and dyramically induced earth forces.

7. Special consideration should be given to harmonic motion developed in
buildings of extreme length and width during an earthquake.
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The censtruction of the buttress fill and hoprovement of dralnage will in-
crease the verticel load on the slide-disturbed materiala. This will result Ia
ercatic setllementis of the regraded slope for a period of gevoral years or
more. In additlon, a future earthquake of an intensity and duration comparable
to that of March 27, 1964 may result in permaunent lateral :aovemsent up to
approximately 1 ft, Because of these anticipated lateral movements, pile or
pler foundatiops should be considered ungultable unless carefully tied together
at the base and Intermediate points by approved tiea, Floor slabs should be
structurally tied to the walls.

To provide further guidance, it has beenrecommended that the joint releass
of Alaska Task Force 9, Alaska Reconstruction Commlssion, and the U, 8.
Army Engineer District, Alaska, be guoted:

“When the stabilization work is completed, all of that area will be re-
turned to Nominal Risk. In the slide area below Fourth Avenue and be-
tween Barrow and E Streets, however, coustruction shouldbe limited to
parke, parking areas, and light-occupancy structures not over two
stories in height, Even for such structures, certain restrictions must
be imposed on depths of excavations or filla and on weights of buildings
te prevent an unbaiance of the buttiress which could tmpair ar destroy
ity elffectiveness.”

“In all of the Fowrth Avenur slide area between Barrow and 1
Sireets, bounded on the south by a line running from Bar-ow Street lo
F Street midway between Fifth and Sixth Avenues and along Fourth Av-
enue between F Street and I Street, itis anticipated that noymal consol~
idation of the underlying soils will result in some vertical and horizontal
movement. Because thlis condition can be expected toresult in localized
differential movement, both horizootal and vertical, particular attention
must be glven to the deslgn of structures and their foundstions so that
such movemeénts may be accommodated without undue damage to the
building, "t

In other gvaluatlons of the above paragraphs, the calculations should be
submitted to the sgency responsible for review and control of the seismic-
code provisions. Ordinarily the city wouldundertake thia function. The writers
assume that the city Intends to supplement the Bullding Code, 1964 edition,
with the inclosed recommendations. Alternatively, the city could developa
completely new code, It is recomranended that the clty employ a well-recognized
consulting firm if a new code is ta be drafted.

SUMMARY AND CONCLUSIONS

A more accurate analysis of earthquake stability isdifficult to obtain unless
the basic knowledge of earthquakes and soil dynamics is broadened. Greater
knowledge of {1) the nature and properties of seismic waves in soft, saturated
and multi-layered soils priar to soil failure and after i}, and (2) the complete
static and dynamic properties of soll subject to setsmic waves is requlred,

Further delineation and solution of such probiems would permit savings in
geismic desigx_: and a more rational evaluation of slope stability,

i

!
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In conclustod, the writers have made the foliowing observations:

1. Tests confirm the observed condition of Hquefaction at the shalloweat
possille depth,

2. The most probable depth of failure was el. 45 masl.

J. A number of different theorstical approaches to etabllity analysis can
be aeparately analyzed to arrive at & reasonable stability solution.

4. Stabillty against tuture fatlure from an equivalent earthquake can be
provided by a buttress capable of resiating 180 kips per fi,

5. Limitations on Iuture conmstruction must be provided to guarantee the

Integrity of the buttress and toprotect structures constructed within or directly
adjacent to the area of failure,
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F1G. 11.—DETAILED SOIL PROFILE THROUGH EA
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12,—SOIL PROFILE IN TRENCH SECTION THROUGH EAST END OF SLIDE AREA

FIG.

_

TURNAGAIN HETGIHTS Ju9

SMundreds of sharp ceested clay ndges alteevnating with collapsed
Uramplis, and oviented ngrmal to the dircetioas off shippape distluguished
the hsruplion yestiern ol the Fuin e Heights slide .. 0 Most ot the
clay ridges ranged 1 heaghit 1rom abod 10 W 15 1L bat a few were maee
thitn 20 11 bigh. They were as muchas 300 1t Long aned wore sprvad oU 1o
100 LU apart, TPhere sloevp sudes, which sluped 60 to 70, we re Turrowel
: prooved by slippage ol one surlier- o) stanuther. On the average
oS were shiarper epested wanl mone clusely spaved” L (e
west end of Uie shde aven U g the sast emd,

A view of a particulary weli-1ormed ridee al the castComd of the shide wrea
15 showuin Fig. 13(«) and a view of o lowe) g ridge in the west end of the slile
area, with the uriginal sorl overburden stull perched on top of it alter translat-
ing several hundred fecel, 13 shown in Ihg. 13(h).

:_

FLG. 1L =RILGES OF CLAY IN SLIDE AREA

' Observations reveuled that these ridges of clay had undergone large dis-
placements willi vitluatly no change in inclination and with only small changey
In clevation. Mcasurements showed that the chaonges inelevation of the ridges
were compatible willy sliding on a slip surface having an inclination of about
41 downwards toward he original toe of the bluff, as shown In Fig. 12.
Observadions in Slide: Vrea.—Recounaissance in the west end of Lhe slide
area revealed the presence of a zone, about a quarter of an acre In extent,
which was completely free of stide debris (see Fig. 14), and along which slid-
(ing had apparently occurred. This zonge, located on the original bluff Itne, had
.r«r»: average clevation of about 420, hut {1 slaped down with au average grade of
about 15'% (owards the orlginal tue of the bluff. The presence of this zone indi-
caled that sliding at the west end of the slide zone occurred on surfaces above
El. +20. However, the lower surface of sliding was almost certainly deeper

. at the east end of {he slide area.



SLOPES AND EMBANK MENTS

1 s{ L gl — the eerthquake a 5Urvey waa °
y . Bohind Stide Avge.—Followlng

magzs;;‘ﬁ\:n:;nl:mems of the area behind the slide zone, it wgsl [ou;ncilthal
Lide scarp, settlements up to 8 In. had oc-

within several hundred feet of the s . ad o
i > {s were much smaller in mag .

d. Beyond this distance gettlemen

;ﬁz;eobserfa\lons are indicative of a move ment of goil towards the maln slide

area.
ANALYSIS OF TURNAGAIN HEIGHTS SLIDE

slide 2 - 4 section through the cast end of the slide
D e KOH-‘-'r;e :xliiias:tl\?mtrench and the results of tests on samples
g this section, 1s shown in Fig. 11. Samples
lide area show unusually low slrengths over
dden marked increase in strength. It
probanty indicate material dis-

zone, as revealed by t
trom several hovings made alo
taken from borings within the s
certain depth ranges followed by a su
was coagidered that the low strength vajues

PLETELY FREE OF DEBRIS

FIG. 14.—ZONE OF SLIDL AREA COM

s |
turbed by sliding and the higher valucs reflect the presence of undlsturbad f|

soll. Thus the boun
indicative of the position of the main sliding surface.

Furthermore, in two of the borings shown in Fig. 11,
goll from the slide area were cri
severe disturbance. The presenceé 0
thig examination. The positions pf sampleg ev
each of these holes are noted on Flg. 11.

Based on the positlons of the severe
between low and high strengths of the clay, an
hibiting lower strengths t
the slide area, It was concl
at about El, & near the back end of the section, sloping 8
of the original bluff line.

The logs of borings made throu :
area gave some indication of a similar sliding surface a

contlnuous samples of i

[ thin seams inthe clay greatly Iacllllatad: 1
idencing severe digturbance in %

1y disturbed samples, the boundarieg
d the posltions of clay zones X~

uded that the main surface of sliding was probaply (4
gh the center of the west end of the slidg
t about E1. 10, }_lcm,-,l',

e

daries at whichmarkedincreasesin strength occur may bﬁ:‘li",'—. /

tically examined in the lield for evidence of i

han similar materlal at the same elevation outslde Nyl

lightly towards fhe tos X
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evar, the debriz-{ree zones somewhat furlher westindlcated the slide surface
to ve at about El. 20, Thug the main slide surface at the west end of the slide
arva Inay have variedbetween El. 10 and EL, 2§, reaching the highey elevations
wllh Increasing digtanee In the weusterly direction. o the dlrectlon af gifding,
the main stide surface probably had an average slope of about 4%, buehind thy
ariglnul blulf ling, steepening to about 0% or 15% in this locatlen.

Stabilify Hepore Earthquake and Stiding Polential .= Analyses of the stabllity
of the Lluffa aloug the coastline priortothe earthquake, uslng undraloed shear
sirengths measured on samples obtained from adjkcent areas, Indlcale a fag-
tor of safety of about 0.85. However this method of analysis has bewn sBhown
previously” to give too low wvalues for the factor of golety of natural slupes
consisting mostly of nermally consolldated soft c¢lay, and the low coemputed
value 1s not necessarlly Indicative of marginal gtabillty.

On the olber band, some suppart for the bellef that the blufls bad only mar-
ginal stability belore the earthquake is provided by the fact that they have a
long history of sllding tnduced Ly undercuiting of the toe of the slopes ag a
result of coastal erosion. However, such slides are likely to be shallow, and
their occurrence §s not necessarlly Indicative of potential Instabitity aloug a
deep-seated slidlng surface,

Whatever the margin of stability may have beenlt was clearty sufficient to
prevent fatlure of the biulf slopesasa result of acceleratlons lnduced by: i
An earthquake of magnitude 7.3 at an epicentral distance of about 35 miles
{1843); (2) an earthquake of magnitude 6.3 at an epicentral distance of abgut 50
miles (1951}, (3) an earthguake of magnitude 6.5t0 7 at an epicentral distance
of about 60 miles (1854} —this earthquake irlggered a substantial slide along the
Alaska Rallroad at Potter Hill, zbout 10 miles south of Anchorage; and (4) the
first 1.5 min of the Alaska Earthquake of 1964, Thus it mlght well be consid-

i ered adequate for many purposes. It isanexiremely significant fact that if the

duration of ground shaking Jn the 1964 quake had been no longer than that asso-
ciated with many previous strong motlons records, the slide would not have
occurred at atl and the Dlufls would have been considered to have an adequale

- margin of stability to withstand an extremety sirong ground motion.

In the \ight of these lacts it is difficult to know whether detailed gtudies
made Dbefore the earthquake would have predicted the probability of major
sliding Induced by even a major earthquake at an epicentral distance of 75
mlles. However it Is extremely doubtful 1hat any analyses would have antici-
pated the extent of Inland regression of the slide (1,200 ft behlnd a 70 It high
slope at the west end of the slide area). It (s of special Interest therafore to
gxamine not ouly the cause of the slide occurring at aii, but algo the probable
reasons for {ts large inland regression,

Couses of Slide Developmeni . ~During a major earthguake, the maximum
ground accelerations and the corresponding trertia forces whichthey induce in

. slopes invariably develop during the first 30 sec of ground shaking, In the case
. of the Turnagain sllde, numerous eyewiinesses report no evidence of an im-
. pending slope failure during the first 1.5 miln of the ground motiors. This

would seern to Indlgate that deformations began to develop, not during tle
perlod of application of large inertia forcesat the beginning of the earthguake,

U K{lerrum, L., :Inll_.Kj;ernsli. n., "A-nalysis of the Siabllity of Some Norwegian N&l’.ut-'-!-l_l

1 Ciay Slopes,” Geoteclnlque, Vol. 7, No, 1, 1957,

Hprellminary Heport: DPrince Willlam Sound, Alaskan Earthgunkes, March-April
1964, 1. 8. Coast and Geodetic Survey, Washington, 0. C., Apr., 1964,
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but durlng a perlod of emaller inertia forcea mldway Lhrough the quake, The
only explanation for the fact that smaller inertiaforces could induce dlsplace-
menta nol previously induced by largerinertiaforces, 1s that the soll was ina
gubstantially weaker condltion durlpg their period of applicationthan it was at
the time lbe larger lorces were developed. Thus [t seems recasonable to con-
clude that the primary couses of the tandsllde in the Turnagnin area was e
toss of slrenglh of the soll as a result of the ground displacements induced by
the earthgqueke; and further, that If no loss of strength had developed, the
gtregaes Induced by 1he earthiquake would have been lnsufficleut to cause fallure
to occur. Thia conclusion dramatleally {liustrates the importance of conglder-
Ing the possible loss of strength of so0ils as a result of cyclic loading in as-
sesslng the stability of embankments durlng earthquakes.

FlG. 15.—OFFSLORE SILT DEPOSIT

Reasons for Inland Regression of Slide Zone.—The iarge extent of inland
regression of the slide zone may be attributed to several major factors:

Presence of Shoreline Silt Deposits.—One of the prime factors leading 1o
the targe iInland regression of the slide was undoubtedly the presence of a
gloping layer of estuary silt at the toe of the blufl. The naturce of this materjal
may be seen in the photograph, Fig. 15, which was taken at an adjacent avea gf
the coastline. During the earthguake this silt would liguefy and thereby provide

a semlfluid sloping surface to facilltate the translation of soll nizsses falllng -

onto it. Thus fajlure of the bIulf by any lype of slide would cause the stiding
mass to be deposited on the silt, and therely continue to slide outwards into
the water, This would leave a new exposed face which might well [all by a
repetition of the same mechanktsm, this process continuing as long as th
earthguake continued. In fact the slide would be able 1o retrogress, becs‘us

there was no opportunity for a butld-up of slide debris at the toe of the slope . 5|

to buttress the unstable condition, .

Loss of Strength in Soll Behind Biuff Line.—As previcusly noted, the slide B
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muat have beer Induced by a loss of strength in the soil comprising the bluff,
In fact, the configuration of the slide arva followlng the earthguake ig indica~
tive of sliding Induced by the presence of an extremely weak zone underlylng
lhe sgllde ares and extending buck well behind the orlginal blulf line, The
probable presence of such a2 zone Is alse Indlcated hy:

L. The lateral vxlenslon of e zune bablingd the slide area in the draction
of the coastline, Indicating muvement of level ground towards the slide area.
Thls could only occur by niovement zlong an extromoly weak layer, and lodi-
cates that the severly weakened zone extended beyond the boundaries of the
sllde area, at least at the east end of the slide.
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2. Setllement of up to 8 in. in e zone just Lehind the slide area, prubably
resulting from movement aloug the weakened zone towards the slide area
flsell,

3. The relatively hwurizonial nature of 1he lower buundary of the sllde area,
Indicating that some characteristics of a depositional layer may have been
responsible for the slide movements.

Possible causes of the development of sucl a weakened zone are a loss of
strength in the clay deposits caused by the cyclic shear stresses and strains
induced in them by the earthquake, and llguefaction of sand lenses and seams,

. withln the ctay deposit, caused by the cyclle loading induced Ly the earthquake,

The presence of a weak zone agthe result of elther of these causes would lead
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to & rapld development of the slide once it had started. It 18 of interest there-
fore to look Into the possilility of such effects developing in the soll behind the
bleff line.

For thly purposo an analysis bas Leen made to assess the likely magnltude
of the stresues and stralng devetoped ln the soil during the frat 1-1/2 min
of ground shaking and thulr eifacty on the sond and clay deposity, The entire
depoait of soll overlying the flrm rock base at a depth of about 470 ft was
consldered to respond as a damped elastic system to horlzoatal base moticnha
caused by the earthquake, and the resultiig soll response way computed follow-
ing the procedure described Ly Seed and Idrips, "

The sobl conditions used inthe analysisare shown in Fig. 16. They are con-
sidered representative of thoge existing In and behind the eagt end of the glide
area belore the earthquake. Shear modull foruse In the analysls were selecied
on the basis of vibiration tests onundisturbed samples?® glving dus consideration
to the elfects of sample disturbance, amplitude of stiear stralus developed In
the field, and the stiffenlng eifect of sand lenses in the soft clay, A damping
factor of 20%, was chosen onthe basisof previous test data and the value found
te give a reasonable asseasment of soil response In the Nligata earthquake,'
For amalysis purposes the enlire soil deposit was treated as a geries of 27
different layers. A layer thickness of § ft was used in the soft and medium
clays, which are of primary inlerest, and appropriately thicker layers elae-
where. Previous studies have shown that thisrumber of layers is suflicient to
give an accurate representation of the response of the deposit.

It was assumed that the base motions would De gimilar in form to those
previously recorded on [firm ground at a distance of 75 mlles from a mnajor
earthquake. Accordingly they were considered to have the same form ag the
gecelerations recorded at Pasadena as a result of the California Kern County
earthquake of 1952, shown in Fig. 17. However, because this earthquake had
a magnitude of only 7.7 {compared with the Alaskan earthguake magnitude of
B.5} and a duration of strong motion of only about 35 sec, it was considered
appropriate to increase the amplitude of the motions by a gcaling factor of 1.5
and to simulate the first 2 min of the longer duration of the Alaskan earthguake
by repeating the Pasadena record three times in secgquence, Thus the record
gshown ln Fig. 17, with the ordinates multipliedby 1.5, was considered to rep-
regent 30 sec to 40 sec of base rock shakipg in the Anchorage area during the
first 2 min of the Alaskan earthguake.

The compuled response of the soll depositstothis base motion are present~
ed tn Tabie 1 and Fig. 16. The maximum ground surface acceleration was
determined to Le 0.1l g and the fundamental period of the deposit was 2.01 sec.
These values are in good agreement with corresponding vajues estimated by
resideats and observers of the Anchorage ground shaking.

The comiputed variations of shear stresses developed near the top and bot-
tom of the soft clay layer are shownin Figs. 1B and 19. The stresses near the
bottom of the tayer have the same form as those near the top of the Iayer, but
they are significantly greater in magnitude. At bothlevela the amplitude of the
stress cycles varles considerably. However a careful study of theye response
patterns shows that for apalysls purposes, it i reasonable to represent the
stress history near the top of the soft elay by 10 significant ¢ycles with an

Bgeed, II. Bolton, end fdriss, 1, M., "Analysis of Sel) Liquufacticn: Nligats Earth-
guake,” Journal of the Soll Mechanlca snd Foundaitona Divislon, ASCE, Vol, 33, No,
5M3, Proc. Paper 5233, May, 1967, pp. B3-108.
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e large inland regression ol ibe sllde arega. However
of the sand scams, the weakened zone or main
ugh c¢lay in soné gection of itg

rapidly leading 1o th
because of Lhe lenticular n:1turnel (e

face would necessarily pass ii hon
?;:?gelh Buprrodur:ing a composite surface on which slidlig would develop. It ls

-obable zone of sand liguefactlon In-
: thy of note that the most pro
Ell“r]‘:elaﬂb:(::—m :nglyals (El. 0 to E1, 20) I3 ln soniewhat better‘a[,rre(ejnta|En;311\a.r|1‘;)h]|
thca robable pasition of the base of the main glide surface (Ll.. v} | ome .c;»a
thinpls the comnputed position of the zone of maximum weakening (n ¥

(El. +10 to EL. -19).
Evidencs suppocting the concept thal

the silde area played an tmpoctant ro

sand lenses or seams in and Lehind
le in the development of the slide le

L T

While some of this evidence iy clrcumstantial, it lands support to the con-
tept that a severcly weakenvd zune developedinthie early gtages of the earih-
quake In the area beblud the Dleff line, and that although this zons was u
composile of sand lended and adfacent clay, llguefaction of the sand played a
signifleant role L its development,

Sengilivity of Soft Clay and Duration of Ground Shaking. —The large ulamt
regressgion of the giide was undoubtedly also influenced by the high sengluvily
ol the clay which, once sliding of a mass was initlated, would resguit in a Turiher
drastic loss of shear strength as lhe result of vemolding in the shear zones,
thereby facilitating lateral displacement, Furthermoro, the extremely long
duration of the earthguake (more than 4 min) was a prime factor in determining
e extent of the movements. Sllding stopped for the wmost part onco the ground

provided by the followlng facls: motions stopped, and there can be lttle doubt thaf the exleat of Lthe slidy zong,

especially al lhe east end of the stide area, would have been substanbally
increased if the earthquake had contlimed a liltle longer.

B s

e —a

), Tt Ew

¢ slide area showed sand and clay

m th
1. Suveral samples recovered fro Ok e of fhe sand

Intermixed in a form that could have occurred only
i possessing fiuld vharacteristics.

TS e,

1 Mechanics of Stede Movewient as Tudigaded by Model Tests. —An examinatlon
of the ground configuralion in the slkle arca {(see Figs. 1 through 4) imedi-
alety reveals that the sllding could not have developed simply as & result of
a progressive seriesof conventionatl slides of clay along cirgular arcy directed

e

o L T L O e

it

M N

FIG. 21.—FORMATION OF ~C.l,.-\‘l’
REDGE DURING MODEL TEST

F1G. 20,—MULGE OF SAND FOHRMED
BY SAND BOIL IN SLIDE AILEA

2. Ridges of sand, 2 ft to 3 ft high, 3 ft 10 6‘[t wlde: and aFl‘).onlzlGOO(;l ll::g;
weré formed by sand boils within the slide area " a3 shoug in rli;n o.msme 1%15
boll, spread over anr areéa of 3,200 qu{:t, ;vas“i:‘sg:::s B;\ca

valua .
S“C;e a;eZ::c;l};tf:or:!glg?E:;:gsﬁzglﬁver:ents by residents of a house in the
slide area during the earthquak
below into the living room.” 1t
except by liguefaction. .

4. Although there is consi
settlement) that the area behin
weakened layer during the earthquake,
clay zone underiying this area revealed

the earthquake. ‘
5 Altc]]wugh sand lenses were encountered in ma.y bo

slide area, very lew were noted in borings made immediately adjacent th t

Ly borings made several weeks afler

16 —_
slide area. _ e — 1
ake Shide Stwlles, L. 5. Army Englneer Dia- -:

¥ olernel ligport on Turna aln Earlhaqu
trict, Anchorage, Alaska, Apr., 15G6.

-

e: “The floor ripped and sand came up from .3'-..’ .
Is difficult to imagine such an inflow of sand

derable evidence (lateral extension, cracking,

d the slide area was underlald by a severely !
there wag no evidence of a weakened

rings made In the

towards the coastline. Trees and poles could be noted inclined in opposite
directions—a pattern not tikely to devetop by repeated slides in the same
direction. Furthermore ihe vertical ridges of clay, previouslty descrlbed,
which maved through large distances with litlle or o change in elevation, were
a characteristic feature of the slide avea aud the mechanism ieadlng to thelr
f[ormatian required clarvilication. Finally, it was impurtant to obtain somea
concept of the probable meehanism of siiding in order to oblain a belter con-
cept of the nature of the material in the slide zone, and thereby assess ils
vulnerability to further slding if a similar earthquake should occur.

To throw some light on the mechanics of stide development when clay solls
are underlaid by a layer of extremely weak materiat, a serles of model tests
was conducted at the Universlty of California. Abank of clay, abuut 4 in. high,
composed of an extremely weak layer overlaid by layers of stronger clay,
was constructed to the approximate configuration of the bluffs In the Turnagain
Heights area. The layers of clay coamprising the model were glven dliferent
colors to facilitate observations of the slip sur{aces, and the model was main-
fained in a stable condition during construction by supporting the face and toe
of the slope with a retractable hulkhead, Thus the moedel might be considered
to represent the conditions in the Turnagain area after a severely weakened
zone had developed behind the bluff line after 30 to 60 sec of the earthguake,

After construction, the retractable bulkhead supporting the model embank-
mept was removed and sliding was allowed to develop. In a number of teslg
sliding was facilitated by vibrating the model on a shaking lable after the
wlkhead was withdrawn. It was foundthatthe geneyal pattern of the slide area
In the miodel bore a close resemblance to that in the Turnagain area, with
ridges of clay developing and transiating through substantial distances without
change in elevation.

The models provided an excellent means for observing the mechanics of
slide development. 1t was found that failure usually lovoived the fullowing

sequence oi movements, itlustrated in Fig. 22:

El



SLOV'ES AND EMBANKMENTS TURNAGAIR HEIGHTS 3g1

g’

d. Followﬂ‘rﬁ' the lateral translation of the ridge, extenslve tension crackiug
develops in the cluy behind the ridge giving the impression that a wide zone
aof soil 15 affected by the movewents [Fi;. 22(7)],

4. Settlement of the area Lehlnd the rvidge (erming 8 gloplag Juprosaed
zone In which the tendlon cracky may scparate tho sofl Into a series of hlucks.,
Thiz I8 well illugtrated by the photograph in Fig. 21, which was taken during
a madel test, and by Flg, 22(7).

5. When the outer end of the depressed zone bas subslded sulficiently, a
conventional type of slide movement occurs along a surface cunslsting uf a
ghort curved portion In the stiff clays and a guebstanlial horizontal section
along the weak laver at the base. Thiy movement causes lateral transtation
and subsldence of the soll behind the ridge, forming a new scarp at the Lack
of the slide area and a graben type ol depregsion, It is usually accotmpanicd
by a slight heaving of the previcusly subsidedtoe of the graben area, and sume-~
times by a separation of the slide mass Into several blocks by weak material
squeezed to the sides of the blocks as they subside [see Fhy. 22{g)].

6. During the rotation and subsidence of the stiff elay to forn the new
scarp line, the downward movement of the stiff clay again cuts through the
weak layer so that its extrusion from the base of the yet vuaffected area 1y
prevented. Thus continuation of the slide, either because the base is aliphtly
fnclined, or as a result of incrtia furces imuced by shaking, causes a repe-
tition of the operations described in {2) to (5) above and a progressive retro-
gression of the slide area.

It is Important to recognize, first, that the prismatic ridges were only
observed to form when the weak layer was unable to extrude through the base
of the slide area. Thus, apart from the possible slope of the main slidlug
gurface the ridges maintain their original elevations, po material moves
through them, and all the material that was originally behiud a ridge remalns
behind it as the entire mass translates laterally, Thia latter [act provides a
baslg for determining the nature of the movements in the slide area. Secondly,
i, the subsidence of material to form agrabentype depression way accompanied
3% . by some sideways extruston of underlying weak material, It {5 impoasible for
" subsidence and spreading of the original ground to occur without some ex-
trusion of material tn this way,

The concepts of slide movemaeits developed from the model tests provided
a valuable key to understanding the mechanism of slide development and to
analyzing the soll conditions in the slide area.

1. A peries of several rotational slides, starting just behind the cr('lzs;:;
1 the slope and retrogressing backward from the siope, causing outwar

downwardys movement of the ground gurface; these alidey are accompa;;’ec&’br
b1 extrusion of the weak layer from the toe of the slide [Flgs. 22(a) L0 .

(bl

{c)

(d]

(n})

MECHANICS OF SLIDE DEVELOPMENT

Based on the foregolng concepls and analyseas, it is possible to develop a
hypothesis for the mechanics of the Turnagain Heights landslide as follows:

iy, L e

————————— e ———

FIG. 22.— FAILURE MECHANISM OBSERVED IN *1ODEL TESTS 1. Possibly because of the greater depth of clay near the bluff lne, which
would give the material in thisareaalonger period of vibration and a reduced
. response, the soil coroprising the bluffs was sufficlently strong to withstand
about 2 min of ground shaking before fallure developed. '
2. As long ag the bluffs remained stable, the soil behind the Lluffy was
itressed against lateral movement. However during the first minute or o

of the earthquake, liquefaction of sand lenses occurred at about E). 5 e b

2. After several such slides, the upper layers of stronger clay, wh::;mx
mov;ed downwards, cut through the weak ‘layer so that no further e 121 4
from the toe can occur, [Fig. 22 (d)]. Beyond this point contimied stiding -
resuits in the outward movement of a prismatic ridge of soil, essentially
without change in elevation [Fig. 22 (e)}-

-
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ATTACHMENT 3.

Fire Island Stratigraphy
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DIAMICTOM OF SUBGLACTAL OR SttRAQUIDYS ORIGIN, FIRE 1SLAWD, AMCHORAGE, ALASKA
Heney R. Schmo)) and Cynthia A. Gardner (U.S.A.)

Fiee 18Vand, approrimately 17 TYERT) aree, Vies 5 km off the eest shore

of Anchorsge (% an fso0)ated end seemingly anomaltous posttion at the upper end
of the Cooh Inledl basin ¢n south centra) Alaska. The irreqular topography,
cangisting of hills of poorly sorted sandy gravel that rise 10 to 30 m above
sdfacent anannoned channels, has lea to the tsland being mapped #3 2

woraine. However, 1{npking such & moratne with unequivocel late Plefstocene
latera)l mora{nes along the marg{ns of the hasin has proved geologically
awkward. Thits problem suggests that either o diffecent deposttions?
envirpomnent was tnvolved or that the 1s)eno has had 2 eore compien hiytory
than previously thought.

A nearly continuous exposure along ses bluffs on the cast side of the 1sland,
about B &m 1gng and a3 hioh 85 60 m, reveals diamicton aenera)ly overlying o
complex of bedded, {nterf{ingering sand and gravel beds that Vocally {ncludes
minor lenses of s11t and finer grained sand. This strat{graphy 13 aot
{ncompatible with the concept of the {s1and ay a woraine formed whee glacier
{ce edvanced into the center of upper Cook Inlet and overrode ovtwash
previous'y deposited there. HMowever, detalled {nspection of the stratigraphy,
{n particudar the texture of the diamicton end 1ts relation te the other
units, suogests other interpretations. The dismicton is very {rregular in
thickness, (n places thickensng downwards from § to 30 @ and then thinning
agatn witnin a distance of 100 m. #argina) to these tnhicker masses of
dlamicton, the sand ang gravel beds are severely contorted, (mplying rapid
emplacement of the diemicton wmass by flow or by 3Vumping. Such deformation
indicat=s that the sediments were toft {non-froxen) and probably saturated
suring the emplacement. In many places the diamtcton {5 ¢ntimately
interbedded with and grades laterally (nto the sand ond gravel, and thus the
diamicton 1n part octurs as beds at different stratigraphic horizons. Such
Yoca) diamicton begs appedr un)ikely to result from separate glacial eventy.
Texturally tne dismicton is bimodal, consisting of pebbles and cobhles 1n o
matriz of fine sand, and it concefvably could have originated from ¢ mining of
the other nepos{tiona) units. These detaids of the exposed stratigraphy
sugoest that much §f not a1t of the diamicton could have heen deposited
subaqueously as part of & deltatc seguence, possibly near one or more lobes of
glacier ice tnal fronted in Inlet waters.



ATTACHMENT 4.

Sand Lake Gravel Quarries



- Sand Lake pits pose
dilemma to builders,
city planners

ining gravel is a
fittle like eating
olives in polite
companv: when
vot're dene, what do you do
with the pits’

That's exactly the ques-
tion facipg municipal plan-
ners, gravel companies and
residents in that part of
southwest Anchorage
known as the Sand Lake
area.

For decades, a group of
gravel pits stretching north
angd west from the intersec-
tion of Dimond Boulevard
and Sand Lake Road have
provided the foundations on
which Anchorage's build-
ings have stood.

But now the Sand Lazake
pits are just about mined
out. Although some useable
sand and gravel are left,
there's a growing body of
sentirnent among the plan-
ners and some of the pit
operators that it's time to
stop digging and start fill-
ing the holes back in so that
homes can be built, lawns
can sprout, and children can
romp where the dump
trucks used to rumble.

Closing down the pits
would also ease the truck
traffic on Sand Lake Road
and Dimond Boulevard and
the attendant clouds of dust
that have plagued the area
area since the first homes
were built there.

The Sand Lake pits cur-
rently operate on a variety
of grandfather-rights and
conditional use permits
scheduled to expire at the

end of this month. But be-
cause no one has decided
exactly what should be done
with the pits if they are
closed. it's uncertain if the
deadline will hold.

Already one operator has
received a three-month ex-
tension from the municipali-
ty as he prepares a compre-
hensive five-year plan for
continuing to operate while
he restores his pit, and oth-
ers have contacted the mu-
nicipality about obtaining
similar stays of execution.

The planners' decision is
complicated by the fact that
Anchorage is facing a gener-
al gravel shortage, meaning
that a shutdown In Sand
Lake could have a major
effect on construction costs.

A draft study on the sub-
ject prepared for the muniei-
pality by JohnsonBraund
Design Group-S&S Engi-
neers estimates the shortfall
between now and the enad of
the century may total 12.4
million tons.

Because there are few
other major sources of sand
or gravel left in the Anchor-
age bowl, the Sand Lake
supply would have to be
replaced from sources much
farther from town — proba-
bly at least as far as the
Eagle River-Birchwood
area, and possibly as far the
Matanuska Valley.

While there are other po-
tential sites — notably in
Cook [nlet just off of Point
Woronzof, near Eklutna,
and near Girdwood — they
have vet to be developed.

By STAN JONES
Daily News business reporte:

Anchorage Daily News
Saturday, December 11, 1982

and it’s not known-if they
would vield cheaper gravel
than existing out-of-town
sites.

At first glance, importing
the replacement gravel
looks prohibitively expen-
sive. The cheapest material
from Sand Lake — a low-
quality sand suitable main-
ly for parking lots and for
filling in residential lots af-
ter the overburden of peat
has been scraped away —
sells for about $1.25 per ton
at the pit, according to Cliff
Tweedy of Earthwork Exca-

vation and Paving Compa-
ny. But material from the

Matanuska Valley, known
in the business as “Palmer
gold’’, is hauled into An-
chorage by train, and sells
at the gravel terminals for
prices starting at sa..out
$3.90 per ton, Tweedy said.

It doesn’t take a comput-
er to figure out that prices
could apparently triple if
the Matanuska Valley takes
up where Sand Lake leaves
off.

But a simple comparison
of purchase prices leaves
out a major, perhaps the
major, component of the
cost of getting gravel to a
construction site: the cost of
running a dump truck.

Thut cost adds about ¢5
per ton to the expense of
getting sand or gravel]
where it's needed, whether
the gravel is from Sand
Lake or a gravel dump next
to the railroad. That means
Sand Lake sangd costs about
$6.25 per ton, delivered, ver-



sus about $8.90 for Palmer
gold. The Qgdifference in de-
livered cost is thus closer to
40 percent than threefold.

Tweedy estimates the
typical $100,000 home being
built in Anchorage these
days includes $85.000 to $8,-
000 worth of fill material.
So a gravel price increase of
40 percent could add $2,000
to 33200 to the cost of the
home.

“I know if we can’t get it
here in town, we'll have to
go to Palmer,” says Glenn
Roberts, a builder who fre-
quently relies on Tweedy
for his gravel needs. ““There
will definitely be an in-
crease."’

Because the expense of
truck transportation is so
critical in determining the
final cost of foundation ma-
terials, gravel pits tend to
serve only construction
projects relatively nearby~
The Sand Lake pits, for
example, tend to supply
builders in southwest An-
chorage. The Hillside area
"and South Anchorage gener-
ally are supplied either
from pits in those areas or
from Palmer gold hauled in
by railroad.

The northeast quadrant
of Anchorage tends to be
supplied by truck from pits
in the Eagle River-Birch-
wood area. Although Sand
Lake is closer in miles.
traffic congestion in Anchor-
age's core area make Eagle
River closer in time.

“] did a lot of talking
with contractors this sum-
mer, and they told me it’s
viable to bring in material
from Eklutna as far south
as the comer of Dimond
Boulevard and the Old Se-
ward Highway," says Lon
Kincaid, a member of the
municipal plannng and zon-
ing comrnission. ‘‘The only
place it's cheaper to get it
directly from Sand Lake is
the Sand Lake area, from
the information I've been
given."

For municipal planners,
who have the power to close

It the Sand Lake gravael pits are ciosed. the price of fitl couid

rise by as much as 40 percent.

the pits, the question is one
of a tradeoff. Is it more
important to have the grav-
el the Sand Lake pits sup-
ply, or the prime developa-
ble land that would be made
available if they closed?

Some think that time
may be running out — that
if the pits operate much
longer, it will be impossible
to salvage the land for resi-
dential, office, or industrial
construction. That's because
redeveloping them will re-
quire that they be filled
back in and {{ they get much
deeper the cost of the fill
could become prohibitive.

The fill likely to be used
for such projects, ironically,
i{s the peat that has been
dug out of other areas and
replaced by Sand Lake
gravel and sand.

Some of the gravel opera-
tors are ready to close their
pits now and start redevel-
oping. But one gravel indus-
try source — who asked not
to be named — said competi-
tive pre..ures would make
it impossible for an opera-

Ancromge Delty News/am Lavraxas
tor to close on his own,
because it would leave him
without a supply of cheap
Sand Lake {ill that his com-
petitors would still have
available.

In addition, he said, as
long as one of the pits in the
area still operates. the oth-
ers will be difficult or im-
possible to redevelop be-
cause buvers will be reluc-
tant 1o move in next to an
active gravel pit.

Only the municipality
can save the situation, the
source suggested, by closing
all the pits at once.

But Kincaid thinks it
would be possible to redev-
elop the pits in a series of
steps, beginning at the
southeast corner of the area
and moving northwest.

““The idea that people
who want to start develop-
ment now cannot build dur-
1ng extraction is not neces,
sarily true,” she says. “If
it's phased properly, it can
be done.™



