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RECONNAISSANCE ENGINEZRING GEOLIOGY OF THE HAINES AREA, ALASKA, WITH
EMPHASIS ON EVALUATION OF EARTHQUAKE AND OTHER GEOLOGIC HAZARDS

By
Richard W. Lemke and Lynn A. Yehle
ABSTRACT

The Alaska earthquake of March 27, 1964, brought into sharp focus
the need for engineering geologic studiles im urban areas. Study of the
Haines area constitutes an integral parct of an overall program to evalu-
ate earthquake and other geclogic hazards in most of the larger Alaska
coastal communities. The evaluations of geologic hazards that follow,
although based only upon reconnaissance studies and, therefore, subjecc
to revision, will provide broad guidelines uséful in c¢ity and land-use
planning. It is hoped that the knowledge gained will result in new fa-
cilities being built in the best possible geoclogic environments and being
designed so as to mirimize future loss of life and property damage.

Haines, which is in the morthern part of southeastern Alaska approx-
imately 75 miles northwest of Juneau, had a population of about 700
people 1in 1970. It is bullt at the northern end of the Chilkat Peninsula
and lies within the Coast Mountains of the Pacific Mounctain system. The
climate 1s predominancly marine and is characterized by mild wincers and
cool summers. The mapped area described in this report comprises about .
17 square miles of land; deep fiords constitute most of the remaining
mapped area thac is evaluated fn this study.

The Haines area was covered by glaciar ice ar least once and prob— -
ably several times during the Pleistocene Epoch. The presence of emer-—
gent marine deposits, several hundred feet above sea level, demonstrates
that the land has been uplifted relative to sea level since the last ma-
jor deglaciation of the region about 10,000 years ago. The rate of rela-
tive uplift of the land ac Haines during the past 39 years is 2.26 cm per
year. Most or all of this uplifc appears to be due Co rebound as a resu-.
of daglaciation.

Both bedrock and surficial deposits are present in the area. Meta-
morphic and igneous racks constitute the exposed bedrock, The metawmorphic
tocks consist of metabasalt of Mesozoic age and pyroxenite of probable
early middle Crecaceous age. The igneous rocks conaist of diorite and
quartz diocrite (tonalite) of Cretaceous age. Sedimentary rocks of Terti-
ary age may be present in the mapped area but are not exposed. The surfi-
cial-deposits,-of-Quaternary age,” have been divided into the following map
units onr the basls of time of deposition, mode of origin, and grain size:
(1) undifferenciated drifcr deposits, (2) ocuctwash and ice-contact depositg,
(3) elevated fine-grained marine deposits, (4) elevated shore and delta
deposits, (5) alluvial fan deposits, (6) colluvial deposits, (7) modera
beach deposits, (8) Chilkat River flood-plain and delta deposits, and
(9) manmade f1ll. Offshore deposits are described but are not mapped.



Southeastern Alaska lieg within the tectounically active belt that
rims the northern Pacific Basin and has been active since at least early
Paleozoic time. The outcrop pattern is the result of late Mesozoic and
Tertiary deformational, metamorphic, and intrusive events. Large—scale
faulting has been common. The two most prominent inferred fault systems
in scutheastern Alaska and surrounding regions are: (1) The Deaali fault
system and (2) the Fairweather-Queen Charlotte Islands fault system.

In the general area of Haines, rorks of Mesozolc age northeast of
Chilkat River have a simple monoclinal structure. Paleozoic-Mesozoic
rocks southwest of Chilkat River are gently to rather complexly folded.
Several major and numerous minor faulcts probably transect the general
area of Hainesg but their exact location and character can only be inferred
because their traces are coincldent to the long axes of fiords and river
valleys, where they are concealed by water or by valley-floor deposits.
Inferred faults in or near the Haines mapped area are: (1) Chilkat River
fault, (2) Chilkoot fault, (3) Takhin fault, and (4) faules in the saddle
area at Haines. :

Southeagtern Alaska lies in one of the two wost geismically active
zones in Alaska, a State where 6 percent of the world's shallow earth-
quakes have besn recorded. Between 1899 and 1970, five earthquakes of
magnitude 8 or greater have occurred in or near southeastern Alaska or i
adjacent offshore areas, three have occurred having wagnitudas between 7
and 8, at least eight with magnitudes between 6 and 7, 15 with magnitudec
between 5 and 8, and about 140 have been recorded with magnitudes less
than 5 or of umnassigned nagnitudes. All of the earthquakes with magni-
tudes greater than 8, and a large proportion of the others, appear to
be related to the Fairweather-Queen Charlotte Islands fault system or to
the Chugach~St. Elias fault. '

Although there are no known epicenters of earthquakes in the Haines
mapped area, more than 100 earthquakes having epicenters elsewhere have
been felt or were possibly felt at Haines, Microearthquake studies alon=
a segment of the Denali fault system between Mounc McKinley and Haines
(about 400 miles) indicate that during the period of investigations the
Haines area had one of the highest tates of micraearthquake activity any
where along that segment. On the basis of the selsmic recow] alone, the
largest expectable earthquakes in the Haines area would be of only mode:t-
ate size (between magnitudes 6 and 7) and at only infrequent intervals.
However, because of the high activity of the Fairweather-Queen Charlotte
Islands fault system as well as the presenca of other nearby faults of
large gize and of unknown gctivity, the possibility of an earthquake as
great as magnitude 8 cannot be ruled out. Inferred effects from future
earthquakes are based on this assumption. '

Possible earthquake effects include: (1) surface displacement along
faults and other tectonic land-level changes, (2) ground shaking, (3) com=~
paction, (4) liquefaction in coheslonless materials, (5) reaction of s¥n-—
gitive and quick clays, (6) water-sediment ejection and associlated



subsidence and ground fraccuring, (7) subaerial slides ard slumps,
(8) subaqueous slides, (9) effects on glaciers and relared features,
(10} effeccts on ground water and surface water, and (11} tsunamis,
seiches, and other abnormal waves. -

Faciliries chat probably would be affected most by gurface displace-
ment of faults would be thase along {nferrad faulcs in the saddle area
at Haines. These might include roads and streets, buildings, port facil-
icies, waterlines, sewerlipes, a patroleum pipeline, and an airecraft
landing strip. About the only facilities that wmight be affected by move~-
gernt on the Chilkat River fault are shert segments of the Haipes Highway,
a petroleum pipeline, and a sezment ¢f a propased hichway across che
Chilkac River. The Chilkcoc fault probably 1is too far offshore to affect
facilicies other than, possibly, underwvater communicarcion cables. Sudden
regional tecronie uplift or subsidence could produce a number of adverse
effects, particularly along the shorelines of the inlets.

Alrhough the amount of shaking (intensity) assocciated with an eaxrth-
quake 13 dependent upon a great many varlables, the wvariable mest respon-
sible at any epicencral disctance is che type of ground. Generally the
shaking 1is cconsiderably greater in poorly consclidated deposits chan in
hard bedrock, particularly if the deposits are water saturated. In che
Haines area, the geologic units are divided tentatively inco Chree gen-
eral categories on the basis of comparative dezrees of expectable shak-
ing: (1) scrongest shaking, (2) intermediare shaking, and (3} leasct
shaking.

Compaction and resulting settlement could cause some damage in the
Halnes area. Raads and streets, the.aircraft landing strip, builldings,
and other facilicies built of or founded wholly or parcly on manmade
f11) might be damaged. Plers, docks, and other harbor works wmay be af-—
fectad by compaction of loecse sandy beach deposits. Any appreciable
settlemenc of the Chilkut River flood-plain and delta depasics or of the
low-lying parcs of the elevated fine-grained deposits would result in
these areas being inundatad by the sea.

Liquefaction in cohesionless materials resulced in catastrophie flos
slidea, heavy loss of life, and greac property damage during some past
earthquakes in Alaska and in other parts of the world. Other factors
baing equal, fina sands and coarse silts are mosc subject to liquefacrion.
In the Haines area, the Chilkat River flead-plailp and delra deposits prob:-
ably would ba mosc affected. ’

Sensitrive and quick clays, which lose a considerable part of their
strength when shaiken, commonly fall) during an earthgquake and become rapid
earthflows, 1In the Haines area, preliminary data indicate that the ele-
vated fine-grained marine deposits are most likely to contain sensicive

clays, but more informacion 1is needed.
~

-

Water-sadiment ejeéction and a3socilated subsidence and ground fractur-
ing are coumon effects during major earthquakes. The ejeccions ara



associated with surface v near-surface unconsolidated deposits where
there is a high water cable and a confined-water cendicilon. In the
Haines area, the Chilkat River flood-plain and delta deposits probably
are the most likely to be subject to these effeccs.

Earthquake-triggered slides on land are confined most commonly to
steep slopes and may involve either bedroc!. or surficial deposits. On
moderately to nearly flat slopes, sliding is generally tonfined to fine-
grained plastic surficlal deposits or to materials that are subject to
liquefaction. In the Haines area, an earthquake could crigger new rock-
slides or accelerate the movement of presently active to semiactive talus
deposits on steep slopes. Facillities that might be affected include roads
northwest and north of Hainesg, the warter facilities for Haines, a segment
of a pecroleum pipeline, and dwellings close to steep slopes. Surficial
deposits that might slide on moderate to nearly flar surfaces are:

(1) Chilkat River flood-plain and delta deposits, (2) elevated finme-grained
marine deposics, (3) elevaced shore and delta deposits, (4) modern beach
deposits, and (5), manmade fill. Facilities affected would depend upon
which deposits slide.

- In assessing the porential for earthquake-induced submarine sliding
in the Haines mapped area, it 1is concluded that the deltalc deposits at
the mouth of the Chilkacr River probably have the greategr potentiality.
There seems little likelihood of major submarine sliding 1o Porcage Cove
because no steep underwsrer slopes are indicated. However, if the off-
shore deposits are subject to liquefacrion, slides can be generated on
gentle slopes and the resulting slurrylike mass can move a considerable
distance offshore.

-

There are no glaciers in the Haines mapped area. Adverse effects
from nearby glaciers probably would be minimal. Soow and debris ava- -
lanching on steep slopes might comstitute a hazard within the Haines area
duripg winter amonths.

It seems unlikely that long-term supplies of ground water would bhe
greatly affected although there might be tewmporary changes in flow and
the water might be turbif for a period of time. Short-term effects ou
surface water may include increased flow of Chilkat River unless e€rib-
utary stream channels are blocked by snow or rockslides and debris slides.
If a slide dam is breached suddenly, the flow of water that was impounded
can be large and heavy damage can ensue downstream.

Abnormal water waves assoclated with large earthquakes alsewhere have
caused vast property damage and heavy losz of life. Maximum height of
tsunami waves and of runup on land cannof be predicted for the BHaines
area. Whether seiche waves can be generated in the inlecrs near Haines
algso cannot be ascertained. ,Local waves generated by earthquake—induced
Submarine sliding or by subaerial landsliding. into water probably have
the greatest destructive potential of any type of abnormal wave because
of possible high local runup and because they can hit the shore almost
without waruing during or immediately after an earthquake.

%



Geologic hazards in the area chac are mot caused by earchjuakes are
belleved to be relacively minor. However, effects from hazards of this
type may occur so much mare frequently than effects from very Infrequenc
large earthquakes thac their apggregate effacrs could ke significant.
They fnclude: (1) effects of landsilding and subaqueous sliding,

(2) effaces of flooding, and {3) effeccs aof relacive uplifc of land.

Because of the reconnailssance nature of the srudy, the evaluations
of geologic hazards dascribed in chis report must be regarded as tenca-
tive and subjecc to revisien. In order that more rigovous interpretatlons
can be made in che fucure, several recommendarions are made for addicional
studies.



INTRODUCTION
Purpose and scope of study

" The great Alaska earthquake of March 27, 1964, trought into sharp

' focus the need for engineering geologic studies 6f urban areas in seis-
mically active regions. As a resulc, Haines was one of several communi-
ties in scutheastern Alaska selected fo: reconnaissance investigation as
part of an overall program of earthquake studies recommended by the
Federal Reconstruction and Developsment Commission for alaska. Initiation
of the studies was based on the pranise that some Alaskan communities,
which were too far from the area of strong gcround motion to be affected
by the 1964 earthquake, may have geologilc settings similar to those of
towns that were heavily damaged by that quake. The earthquake hostory of
Alaska strongly argues thar some of these communities will be adversely
affected by fucture large earthquakes. The study of Hained attempts to
evaluate future effects ofs.earthquake hazards as well as other geologic
hazards. The resulting evaluations should be wseful in city and regional
land~use planning so that new facilities can be built, as nearly as pos-
sidble, in the best gsologlc enviromment and can be designed so as to
minimf{ze future damage and loss of life.

-Methods of study and acknowledgments

Approximately 2 man~wecks of fieldwork were spent during July 1965
and June 1968 in reconnalssance studies and mapping of the Haines a.ea
(fig. 3). Mapping was done on aerial photogranhs and on topographic
base maps. The study was directed mainly to collecting data on physical -
characteriszics of the surficial deposits in the immediate area of Haines
and in areas of outlying associated facilities. Knowledge of the surfi-
clal geology in the less accessible areas shown on figure 3 was based
largely upon photo interpretation. The bedrock part of the geoclogic map
(fig. 3) 1is crediced to Eugene C. Robertsom of the U.S. Geological Survey
and wvas modified from an open-file report (1956) and frcm an uapublished
report and maps by him (written commun., 1966). Several bedrock samples,
collected by us, were studied by R. A. Sheppard of the U.S. Geological
Survey, Subsurface data were obtaiped from many helpful individuals
and organizations. Some of the water-well data are from the files of

-

the Gaological Survey; the U.S. Amy, Corps of Engineers, Alaska Digtrict,
provided unpublished subsurface data for the Tapanl Poinc area. Geophysi-

cal studies ware made by E. E. McGregor and R, A, Farvow of the U.S.
Geological Survey. Laboratory analyses of samples of surficial materials
were made in the Denver laboratories of the U.S5. Geological Survey.

The writers also gratefully ackmowledge the many sources of informa-
tion and the complete cooperation from Federal, State, and city organiza-
tions and individuals. The Alaska Scate Housing Authority was especially
helpful in furnishing background information, much of which is published
in their (1964) Comprehensive Plan of Halnes and Porc Chilkoot. The nu-r
merous reports of the Alaska Department of Highways furaished valuable

—_—

——————— L



data on soils and aaterials site investigations related to road construc-
tion. Cicty officials and other local individuals, particularly Edward
Novak (former Mayor of Haines), Carl W. Heinmiller (former Mayor of Port
Chilkoot), and Martin A. Cordes, Alaska Department of Highways, were most
helpful in providing addftional informacion.

It should be emphasized thar, because of the short period of study
in the area and the reconnaissance nature of the mapping, this report
must be regarded ag preliminary. Our assessments of the geologlc hazards
of the area, as they affect map and his faciliries, should not be riger-
ously Interprected. Daca on the physical properties of the geologic units
are so few thac only broad generalizations can be made and even some of
these must be regarded as tentative. Evaluacion of specific land use or
of a specific localfty will require more detailed geologic and engineering
studies. Also, 1t should be emphasized that regpoansibility for final
site selection and design of a specific structure rests with the engineer.
In spice of chese limitations, it is our hope that the Information and
evaluations contained herein will provide broad guidelines useful to en-—
gineers, planners, and architects; to Federal, State, and city officials;

and to the public..

In order to try to make the information as understandable as possible
to a wide range of users, a number of the wore frequently used technical
terms have been defined in a glossary at the end of the reporr. For def-
infition of ocher terms or for more complete definfitions, the reader is
referred ro standard textbooks on geology, soil mechanics and seigmology
and co references cited in this reporc.

Also, the veader is referred to the rveport by Lamke and Yehle (1972)
entftled "Regional and ocher general factors bearing on evaluatiom of
earthquake and other geologic¢ hazards to coastal communities of south-
eascern Alaska."” This report provides regional background information
for evaluating earthquake probability in southeasterm Alaska. In addi-
tion, It cltes numerous examples of effects of past large earthquakes in
different parts of the world in relation to how coastal communicies in
gsoutheastern Alaska might be gimflarly affected by future earchquakes.



GEOGRAPYY
Location and exten% of area

Raines 1s in the northern parc ef southeastern Alaska~-the go-called
Alaska Panhandle. It is approximarely 75 airline milus northwest of
Jupeau and 16 miles gouth of Skagway (fig. 1). The mapped area (fig. 3)
described in thils report, which surrounds Haines, comprises about 17
square miles of land. The remaining map area is water or intermittently
exposed river bars in the Chilkar River.

Topographic setting

Haines, which 13 built at the northern end of the Chilkar Peninsula,
lies within the Coast Mountains of the Pacific Mountain system. North-
east of town the snow—- and glacier-clad peaks of the Coast Mountains
rise in scenic gplendor in cthe vicinity of the International Boundary.
Southwest, west, and northwest of town are the impressive Chilkat Range
and Takshanuk Mountains with their large snowfields and outlet glaciers
(fig. 2). Many of the mountains in southeagtern Alaska descend steeply
to the highly indented coastlines (fig. 1), characterized by deep and
plcturesque fiords. Offshore, a large anumber of islands, both large
and swall, help form the famous 'Inside Passage."

Haines occupies low-lying land at the northern end of the Deshu

Isthmus that hereafter will be referred to as the saddle, ac the northerm .
-end of the Chilkat Peminsula (figs. 2 and 3). The peninsula is bounded

on the northeast by Chilkoot Inlet and on che southwest by Chilkat Inlet. '
These two waterways form the northwest continuations of Lyun Canal. The
Takshanuk Mountains (fig. 2), immediately northwest of Haines, constitute
a steep-sided northwest-trending ridge, which rises 3,000-6,000 feet

above the Chilkat River on the southwest and the Chilkoot River on the
northeast. The Chilkat River, a bread braided stream, emptiles into
Chilkat Inlet about 1 mile southwest of Haines. The Chilkoot River flows
into Chilkoot Lake, which in turn empcies into Lutak Inlet——one of the
Egrtherly continuations of Chilkootr Inler (fig. 2).

Mount Ripinski (altitude approximately 3,680 ft) 1is che highest
point in the mapped area (fig. 3). The lowest part of the saddle, separ-
ating the Chilkat River from Chilkoot Inlec, Is at an altitude of approx-
imately 40 feet, about one-half mile west of Portage Cove. The highest
point in the southern part of the mapped area is at an altirude of
approximately 900 feet.

The Chilkat River, Johnson Creek, Miuk Creek, and several unmamed’
creeks (along the gouthwest side of Lutak Inlet), are the only significant
drainage courses in the mapped area. Several small incermittent creeks
drain southward from the mountain fromnt northwest of Baines. Much of the
low area in Haines and to the west is poorly drainped.

-
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Bathymetry and tides

Chilkoot Inlet, Chilkat Inlec, Lucak Inlet, and ascoclated inlets
near Haines are good examples of deep glacially scoured fiords. East of
Haines, Chilkooc Inlet reaches a depth in excess of 300 feet. 7Portage
Cove, part of Chilkoot Inlet, slopes gently frowm shore to a depth of
about 300 feet (fig. 3). Mear cth2 mouth of the Chilkat River, water
depths range from shoaling water in McClellan Flats to depths of less
than 100 feet for a distance of several wmiles to the south in Chilkat
Inlet. Chilkac Inlet is more than 300 feet deep a few miles south of
the mapped area (fig. 2) and wmore than 600 feet deep south of the south-
ern tip of the Chilkat Peninsula (fig. 2). Still farther to the south,
Lynn Canal reaches a depth of approximately 2,500 feet (U.S. Coast and
Geodetic Scervey chartc 8202). R

The following tidal data for Haines are taken from records cf the
U.S. Coast and Geodetic Survey, based on 2 years of records, 1949-1950,
reduced to mean values:

Feet
Mean higher high water 16 &9
Mean high water 15.80
Mean tida level 8.70
Mean low water 1.60
Mean lower low water 0.00

The estimated highest water level to the nearest one-half foat is 22%
feet above mean lower low water. The astimated lowest water level to
the nearest one-half foot 1is 6 feet below mean lower low water.

Climate and vegetation

The climate is predominantly marine and is characterized by mild
winters and cool summers. The maxiwmum tewmperature recorded waza 90°F;
the minimum was -16°F. Mean temperature 1s approximately 40°F. Average
precipitation is approximately 60 inches and average snowfall is 133
inches. Winds, chiefly southeast and west, have been reported at 54 wmph
with gusts estimated to 65 mph (dlaska State .Housing Auchority, 1964).

Thick vegzeration, which consists of trees and brush, covers most of
the area to an altitude of abouc 3,000 feec. A fairly large stand of
commercial timber 1s being exploited in the vicinity. Muskeg forms an
organilc mat several feet thick in most low-lying areas.

Historical background and population

The area was first inhabited by the Chilkat Indians, a branch of
the Tlingit Iadians of southeastern Alaska. Permanent settlement by
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white men began in 1879. The Haines Post Office, second oldest in the
State, was established in 1883. During the famous gold strike in the
Klondike, Yukon Territory, Canada, which began in 1396, Haines graw
rapidly as one of the terminal points for bringing in supplies and men
to be transported over trails to the Yukon. Following the gold rush,
the population decreased to 85 people in 1900.

In 1903, Fort Seward was established oune-half wile south of Haines.
During World War II, the forc, them called Chilkoot Barracks, became
headquartars for comstruction of part of the Alaska Highway as well as an
induction and rest camp for military personnel, During this period and
lasting until 1546, Haines experienced its greatest economic boom. In
1946, Chilkoot Barracks, consgisting of 381 acres of land and 85 buildings,
was purchased by a group of military veterans and the town of Port Chil-
koot (see fig. 3) came into existence.

According to the 1960 census, Baines had a population of 392 and
Port Chilkoot had 120. Census Sigures for 1970 gave Haines a population
of 463 and Poxt Chilkeot a population of 220 (U.S. Bur. Census, 1971).
In March 1970, the towns of Haines and Port Chilkoot were merged to be-
come the City of Haines and approximately 1,700 acres were included in
the new corporate limits (Martin A. Cordes, Alaska Department of Highways,
written commun., 1970). The census figures indicate that the newly in-
corporated City of Haines (hereafter referred to as Haines) has a popula-
tion of abcut 700 people. Port Chilkoot will be referred to hereafter
- in this report as a place pnama. '

Transportation and other facilities

Haines lies at the southern termipus of the Haines Highway, which
extends porthwestward for 159 miles to comnmect with the Alaska Righway
in Yukon Territory, Canada. The 42 mfles of highway in Alaska is paved;
the remainder 1s gravel surfaced. Two other roads, both unpaved, extend
short distances from Haines.. Lutak Road (fig. 4), along the southwest
gide of lutak Inlet, furnishes access to the dock of the Alaska State
Ferry Terminal and to a recreational area near the mouth of Chilkoot
Lake (fig. 2)--a total length of about 11 miles. Mud Bay Road, about 8
miles long, extends southeastward from Haines to furnish access to a
cannery built im 1917 at Letnikof Cove and continues as far as. Flat Bay
(fig. 2).

The Alaska Marine Highway System, started in 1963, counnects Haines
with Skagway to the norch and with Juneau, Sitka, Petersburg, Wrangell,
Ketchikan, and Prince Rupert (in British Columbia) to the southeast,

The docking facilities for the Haines area are on Lutak Inlet, about 4
miles north of Haines (f£ig. 3). This location, which provides a deep-
water port with less wind problems tham in Portage Cove at Haines, can
accommodate large seagoing vessels as well as ferry boats of-che Alaska
Marine Highway System. Parc of thae docking facilicy 1s a former cargo
and possible evacuation dock built in 1953 and used then by the U.S. Army.
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A small-boat harbor, which can accommodate 20 small fishing and pleasure
boats, was built by the Alaska Public Works Department on Portage Cove
at the end of Main Street in Hzines at the approximate location of a
former dock. The rock breakwater for the boat harbor was completed in
1958 and the woorage ramps in 1958. There also is a wharf at Port Chil-
koot, which is used by seagoing vessels. o

Commercial planes make daily flights from a landiné strip built
along the edge of the Chilkar River, zbout 2% miles northwest of Haines.

.The landing strip consists of a single gravel-surfaced runway, 4,200

feet long. Charter flights by privatz planes also arz made from the
landing scrip.

A U.S. Army petroleum produccs tank farm has bean built near Tanani
Point, 3 miles north of Haines. Petroleum products, pumped from seagoing
vessels which dock at 2 small nearby wharf, are stored in the cank farm
or pumped through a pipeline to Fairbanks, Alaska.

. Halnes obtains most of irs water supply from streams and springs
issuing from the mountainside northwest of cown. The 1964 production
rate was approximately 120 gpm (Alaska State Housing Auchority, 13964).
Water is stored in a 50,0C0-gallen tank; there also is a 5,000-gallon
aeration tank (Edward Novak, former Mayor, oral commun., 1965). Studies
for additional water supplies were made in 1966 and 1967 by the U.S.
Geological Survey (McConaghy, 1970).
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GLACTATION AND ASSOCTATED LAND~ AND SEA-LEVEL CHANGES

The Haines area was covered by glacler ice at least once and prob-
ably several times during the Pleistoceite Epoch. Large erratic boulders
on rounded glacilally scoured bedrock surfaces, as high as 3,000-5,000
feaet in altitude near the mapped area, demoustrate the height and che
wide extent of glaciation (Kmopf, 1911, 1912; Eakin 1919; Buddington and
Chapin, 1929; Robertson, writtem commun., 1959). Fiords, U-shaped valleys,
rouche moutonee topography, cirques, and other glacially modified land-
forms clearly portray the effects of valley gLaciation in the region.

Landforms near the study area that may be related to the last major
glaciacion of the Pleistocene are: (1) a moraine in Ferebee Valley,
which nearly closes Taiyasauka Harbor, (2) an elevated delta, which appar-
ent.y burles a Chilkoot Valley moraine at the mouth of Chilkoot Lake near
the upper end of Lutak Inlet, (3) a broad, shallow ridge in the vicinity
of Indian Rock in Chilkoot Inlet, which may represent the terminus of a
former glacier near the mouth of Taiya Inlet, and (4) a possible moraine
buried beneath marine sediments at the upper end of Chilkat Inlet near
Pyramid Island and Green Point (see figs. 2 and 3 for locatioms). About
60 miles to the southeast, in the Juneau area (fig. 1), marine shell frag-
ments from elevated deltaic depogits, dated by radiocarbon methods, indi~
cate that by 10,000 years ago the lowland near Juneau was free of Pleisto-
cene glacier ice (Mfller, R. D., 1972). It is likely that the last major
deglaciarion ip the Haines area also had been completed by about this
time,

There have been several minor advances and retreats of glaciers in
goutheastarn Alaska during Holocene time, but these have 'not signifi-
cantly modified the landforms of the Halnes area. Additional ice load . _
upon the land during minor ice advances probably slacked ox reversed for
a time the overall rate of land emergence. During the latest period of
glacier growth (Neoglaciarion), glaciers advanced at least once, as shown
by glaclally overridden and sheared tree stumps near the terminus of
Davidson Glacier (fig. 2). As reported by Egan, Miller, and Loken (19th
Alaska Science Conference, written commun., 1563), the trees were sheared
about 800 years ago.

There are no glaciers at present In the mapped avrea. However,
valley glaciars and icefields are fairly numerous in the mountains west
of Chilkat Imnlet, northwest of Haines, and-east of Chilkoot Inlet. Most
ara retreating from their Neoglacial terminal positions but some are in
equilibrium or are advancing. Of 22 glaciers studied in the Chilkat
River area during the period 1946-<1962, the termini of seven were domi-
nantly shrinking, five were gradually shrinking, six were in equilibrium,
and four were gradually expanding (Miller, M. M., 1970).

During deglaciation in late Pleistocene time, the land was scill ~
depressed from the'effect of former glacier loading. Marine waters ex-
teaded incto low areas formerly occupied by glacier ice, and marine sedi~
ments were laid down. Asa load affect of the lce slowly diminished, the
land began to emerge above sea level, and shore processes began to modify
preexisting deposits.
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In the mapped area, the land has been uplifted at least 300 feet
relacive to present sea level and perhaps as much as 600 feet or morek/
during approximately the last 10,000 years. As indicated froam tidal
records during the period 1922-1959, the land in the Haines area is
emerging from the marine waters at the rate of 2.26 cm per year or 0.074%
foot per year (Hicks and Shofnos, 1965). Whether some of the present
emergence, as well as past emergence, may be due to tectonic activity is
not known. It seems likely, however, that wmost of it can be attributed
to rebound of the land as a result of deglaciztion.

Concomitant with land uplift in the Haines area, worldwide (eustatic)
sea level is believed to have risen approximacely 100 feet during the
past 10,000 years (Shepard, 1963; Shepard and Curray, 1967; Redfield,
1967). Redfield (1967) concluded chat berween 13,000 years ago and
4,000 years ago the rate of rise was 3.4 mm (0.13 inch) per year but that
during the past 4,000 years the rise was only 0.76 wm (0.03 inch) per
year. Althcugh these figures may be subject to revision as wore data
become available, nevertheless it 1is important to consider the rise of
eustatic sea level when calculating the actual amount of land uplift ip
the Haines area during approximately the last 10,000 years. The point
is that, with sea level used as a datum, the amount of eustatic sea-level
rise must be added to the apparent uplift of land to obtain the absolute
amount of land uplifrc.

LThere is a suggestion of a marine limit ar am altitude of 600 feet
near the upper eud of Lutak Inlet (fig. 2). In support of this higher
marine limit, fossiliferous marine deposits of Quaternary age are pres-
eat to an altitude of at least 750 feet 60 miles to the southeast in’
the Juneau area (Millexr, R. D., 1972).

13



DESCRIPTIVE GEOLOGY
Bedrock

Exposed bedrock in che mapped area (fig. 3) consists of metamorphic
and igneous vocks. The metamorpnic rocks are of two types: metabasalt
and pyroxenite. Igneous vocks cansist of dierite and quartz diorite
(tonalite). Sedimentary rocks may directly underlie surficisl deposits
in che saddle area between Chilkeoor Inlet and Chilkat River byt are not N
exposed 1n the mapped area.

Bedrocl of the area 1s described only brilefly becauvse: (i) Robertsen
(1956; unpub. daca) previously studfed and mapped the bedrock, and (2) all
- the exposed bedrock is expected ro behave in a fairly similar manner wich ;
Tespect to the geologic hazards.

Nearly all bedrock descriptions that follow are those of Robaertson
(1556; unpud, data). Also, the- bedrock part of the wmap (fig. 3) of this
report 1s credited to Robertson. Bedrock studies by Barker (1952), in
an adjoining and slightly overlapping area to the north, provide addi-
tional regional background informarion. Addirienal information alse was
obtained on the pyroxenites of the mapped area from Taylor and Woble
(1960).

Metamorphlec rocks

Metabasalt (Mzm).--These rocks, which were not examined by the
writera, were described by Robertson (1956; unpub. data) as dark-green
fine-grained metamorphosed volecanic rocks of Mesozoic{?) age consisting
chiefly of hornblende and plagioclase feldspar. Thelr outcrops form the -
mountainous mass northwest of Halnes, including Mount Ripinski. Observed
attitudes show that the rocks strike northwest and dip northeast,

Pyroxenite {Mzp).--Magnetite-bearing pyToxenire crops out both aerth
and south of the saddle where Haines is locatad. One body forms part of
tha south slope of Mount Ripinski north of che landing strip and rises
to an altitude of about 1,500 feer. North of Haines, in the area berween
Portage Cove and Tanani Bay, a second body of pyroxenite attains am =21ti-
tude of about 700 feet. South of the saddle, the pyroxenite forms several
hills, screamlined by glacial acrion and with glacial deposits forming
the syrface mantle between these hills. The separate outcrops of pyrox-
enice may be exposed parts of one large mass.

As described by Robertson (1958; unpub. data)}, the pyroxenite con-
gists chiefly of augite, is dark grean to black, medium to cearse grained,
and massive. Magnetite was found in nearly all gsamples examined by
Robercson (1956).

Robartson estimated that several billion toms of low-grade ) i
magnetite-bearing pyroxenice may be present in the Haines area. Although \
sampling was limited, apparently the grade is lower thao in magnetite- o
bearing pyroxenite bcdies near Klukwan (about 25 miles northwest of Haines) ‘
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where Robertson (1956) estimated that there are between 1 and 3 billion
tons of rock (assuming an average depch of 1,000 ft) containing an aver-
age of abcut 13 percent magnetic iron. Directly norch of the landing
strip, a 100-fooc tumnel reportedly was driven into the pyroxenite body

by the Alaska Iron and Steel Company, who abandoned their claims in 1911,
Ocher individuals staked claims in the pyroxenite bedies through 1914,

but only a few briefly held claims have been staked since then (Robertson,
1856). .

According to Tavlor and Noble (1960), the magnetite-bearing pyroxe-
nite near Klukwan and Haines, are part of a linear zone of ultramafic
bodies in sscucheastern Alaska of probable early mildle Cretacmous age.
The zone 1s about 30 miles wide, 400 miles long, and parallels the major
atructural features of the region. )

Igneous rocks

The igneous tocks consist of diorite and quartz diorite (tonalite)
of Cretacepus age 2nd are exposed in the mountains norcth and northwest
of Haines.

Diorite (Ked).-—Dioxice is well exposed in steep cliffs north and
northwesc of Haines. Tt also forms a large area west of the Alaska
State Ferry Terminal. The diorite, as described by Robertson (1956;
unpub. data) is light to medium gray, coarse grained, and consista chiefly
of plagiaclase, hornblande, and epidote. .

Quartz dlorite (conalite) (RKr).—The Haines area lies near the south-
western limit of a region of quartz diorite constitucing a large percent-
age of the Coast Mountains and the Coast Range batholith. In the map -
area, these rocks are exposed along part of the southwesterm shore of
Lutak Inlet and as high as about 2,200 feer alctitude (Robertson, 1956;
unpub. data). Robertson describes the quartz diorite as lighrt gray,
wedium grained, and massive, consisting of plagiloclase, quartz, ortho-
clase, horoblenda, biocite, sphene, and a few accessory minerals.

Sedlrentary rocks (not shcwn on map)

Sedimentary rocks are not exposed in the mapped area but they may
underlis surficial depesits in che saddle bectween Haipes and the Chilkac
River.

Sedimentary rocks of Tertiary age are prasent northwest and socuth-
‘east of the mapped area (Robertson, 1956; unpub. data), Along the
Kelsall Rdver, about 35 miles northwest of Haines, well-indurated slare
{containing fossil leaves) and conglomerate, about 2,000 feet thick, of
Tertlary age are expdsed discontinuously for a distance of about 9 amiles,
Conglomeracic rocks .of Tertjary age also make up Rochu Island (about &
miles south of Haines) in Chilkat Inlect as well as the southern part of
tha Chilkat Peninsula and islands to the southeast, Interbedded slate
and li=estone on the southwest side of the Chilkat Peninsula, as well as
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fresh-appearing volcanic ro;ks (andesite) on the peninsula and on the
islands to the southeast, also are believed to be of Tertiary age by
Robertson (written commun., 1968).

The possibility that ‘sedimencary rocks of Tertiary age may underlie
surficlal deposits in the saddle at Haines is based upon the following
indications: (1) "soft' bedrock penetrated by a water well, (2) low
seismic velocity of possible bedrock indicated by geophysical studies,
and (3) the possibility of downdropping of sedimentary rocks by faulcing
in the saddle area.

As shown in the driller's log below, nearly 100 feet of "rock” was
penetrated in a water well drilled near the northwest limits of Haines
(location N of fig. 4). Part of the "rock" penetrated is described as
soft and porous and part is described as water bearing. Unless this
section represents highly weathered metamorphic or igneous rocks, which
seems unlikely in view of the shallow depth of wezthering in exposed
rocks, the strong poassibility exists that sedimentary rocks were pene-
trated. On the other hand, compact till might have been wmistakenly
identified as "rock." ' :

Data resulting from a north-south seismic profile (fig. 10), made
transverse to the saddle (fig. 4) and coincident along part of its length
with Fourth Street in Haines, support the possibility that sedimenctary
rocks may underlie gurficial deposits in that area. An average velocity
of 10,500 feet per second was obtained for a unit (V; of fig. 10) 300-
400 feet thick, which underlies a unit (Vy) of surficial deposits and
which has a velocity of 5,100-6,2350 feet per second and overlies a bed-
rock unit (V;) having a velocity of 24,350 feer per second. Unit V,
might be sedimentary rocks. The velocity of that unit seems too high
for most surficial deposits and too low for metamorphiec or igneous rocks
unless weathered. Till possibly could have a veloecity that high buc,
for comparison, hard compact subsurface till at Seward, Alaska, has ve-
locities ranging from 6,700 to not more than 7,500 feet per second
(Lemka, 1967, pl. 2).

As will be discussed later (see "STRUCTURE") the saddle area may
reflect a grabenlike scructure. This speculation 1s supported by the
selsmic profile (fig. 10), which indicates that faults cut the inferred
Sediments in the approximate middle part of the supposed fault trough.
If Tertiary rocks were dounthrown by faulting in the saddle area, they
would have been fairly well protected from glaciofluvial and glsacial
erosion and, therefore, could still be present. 1In support of this
possibiliry, rocks of Tertiary age are present to the northwest in
Bricish Columbia in dowmthrown fault blocks (Watson, 1948, p. 35). Veri-
fication that Tertiary rocks underlie surficial deposits in the saddle,
.however, must await drilling, sampling, and rock identificaction.
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Driller's log aof test yell drilled bv Folev Brothers, Inc,

[August-Septenber 1943 at Haines, Alaska (location N of fig. 4). Collar
of well, according to driller's log, 1s at an alcritude of 92.8 ft]

Depch to
bottom of
Thickaess {CTazum
{(feec) (feer)
(Surficial deposi:s]if

Surface gravel————————=r———————mc—————e - 1 1
Blue-gray clay-=——=—=m———-—=—mmme e — e 79 80
Gravel; alight water content-=—=-—~——==-=—x 1 81
Sand and gravel; small amount of water 7 83
Coarse gravel and filne sand——====—-—-—— — 8 36
3lue-gray clay——————-—————-—rmmmeesee————— 2 98
Coarse gravel; very lircle sand ————===—- 8 106
Large gravel and boulders 28 much as 6

in size; some sand- —-= 5 111
Gravel with sone fine sand———--—-———=-—= 7 118
Fine to large gravel with some fine sand— 4 122

Stopped drilling at 127 feer. Casing was

perforaced with 7 holes at 115 feet, then

casing was perforaced ro within 32 feet

of the top with 180 perforarions; cleaned

out thae well, and installed test pump.

Test showed about 13 gpm.
Blue-gray clay-—- - - 2 124
Fine gravel and sagd—-————- 6 - 130

[Bedrock(?)]ij

Bard rock—--— 7 137
Rock; slightly water bearing - k{. 175
Rock—————r———— - m——————————— 7 132
Soft rock —_—— —_—— 5 187
Soft porous rock — _ 20 207
Sofc porous rock with seams of fine clay— 17 224
Soft porous rock. Drilled to 236 feet aund

then pumped well for 4 hours; avarage

yield was 16 gpm vich drawdown to 166 feet 12 © 236

Munterpretarion by us.
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Surficial deposics

The surficial deposits are most accurately delineated on the map
(fig. 3) 1in the vieinity of Haines, Port Chilkoot, Haines aircraft land-
ing strip, Tanani Poinc, and in the viciniry of roads. In less acces-—
sible areas, mapping was dore chiefly by airphoto interpretation and,
therefore, may be considerably less accurate.

General description of geologic units

The surficial deposits have been divided on the map into the follow-
ing units on the basis of time of deposition, mode of origin, and grain
gize: (1) undifferentiated drifc deposits (Qd), (2) outwash and
lce~contact deposits (Qo), (3) elevated fine-grained marine deposirts
(Qem aund Qemy), (4) elevated shore and delta deposits (Qeb), (5) alluvial
fan deposits (Qaf), (6) colluvial deposits (Qe), (7) modern beach deposits
(Qb), (8) Chilkat River flood-plain and delta deposits (Qr), and (9) man-
made £i11 (Qf). Some units have been deposited more or less contempora-
neously and have gradational concacts. Insofar as pessible, map units
are described from oldest co youngest. Offshore deposits are also
. described but are not shown ou the map.

Qffshore marine deposits, as well as marine deposits that have now
been elevated above sea level, are characterized by great local varia-
tions in grain size and other physical properties, reflecting in large
measure different wmodes of origin. Many of these deposits closely
resemble til]l rhat has been deposited on land. Because of the marked
variations in engineering propertiles of these deposits, particularly as
they may affect nearshore and onshore facilities, it 1s desirable to
discuss the relation of these deposits to each other as well as their
modes of origin. Discussion also should help clarify the reasons for
separating map unit ''Undifferencisted drift deposits (Qd)'" from map unit
"Elevated fine-grained marine deposits (Qem and Qemy)."

The characteristics of glacial depogits laid down on lower mountain
slopes, in valleys leading to fiords, and in the fiords themselves depend.
chiefly on whether: (1) the depositing glacier was advancing on land,

(2) the glacier was advancfig in a filord but its base was grounded, or
(3) the glacier vas floating in a fioerd. In the first instance, typical
ti1l would be deposited; in the second, material identical or similar to
till would be deposited; in the third, material of diverse sizes is
dropped from the floating glacier ice or is derived from underwater slopes
and, upon settling to the bottom, becomes mixed with or forms 2 mantle

- aver the normal fine-grained marine sediments. Where large amounts of

. coarse material have been intermixed witq_ghe;gine-grained warine de-
posits, the resulting prodict also greatly resembles till. For clarity
in this report, the unsorted glacially derived depositg that were laid
down subaerially (on land) will be called "till," whereas unsorted or
poorly sorted glacial deposits or deposits of unspecified origin that
vere laid dowun in fiords will be called “diamicton."
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Wich increascé distance down a fiord away from an ice f-omt, gla-
clally derived diamicton would be expected to constitiute correspondingly
Jesser arouncs of the fiord sediments. However, a similar-aprearing
diamicton of a different origin might be present in places. This type
of diamicton is the product of che mixing of normal fine-grained marine
sedimernts with material derived from onshore landsliding into a fiord,
from subrarine slidinz, from the action of turbidity currents, or bv
wave erosion of snoreline deposits. Deposition of these sediments has
continued from the time of dieglaciation to the present.

Various aspects of the problem of distinguishing till from other
diamictons have been cousidered by D. J. Miller (1953, Armstrong and
Brown (1954), Carey and Ahmad (1961), Easterbrook (1963; 1964), Ferrians
(1963), and Harland, Herod, and Kriusley (1966). Easterbrook distip-—
guishes glacially derived diamicton in a marine environment from till
by the presence of fossils, by higher void ractios, and by lower bulk

" densities for the diamicton in a marine enviromment. It should be noted,

however, that not all diamictons deposited in a marine environment contain
fossils.,

In summary, there are several types of deposits in the Hailnes area
whose end members range from til]l at onme end to fine-grained sediments
deposiced in water at the other end with all gradacions between. The
mixed deposi:ts of coarse material and fime-zrained marine sediments,
deposiced in water under one of the con itions dascribed abcove and sub-
sequently elevated above sea level, have been included in the map unit

MElevated fine-grained marine deposits (Qem and Qemy)."

Undifferentiated drifr deposits (0d)

As mapped /fig. 3), tue undifferentiated drift deposits (Qd) copsist
mostly of till or other diamictons. However, the map unit alsae includes
some fluvioglacial and ice-contact deposits not specifically included in
the unit "Qutwash and ice-contact deposits (Qo)," as well as some undif-
ferentiated "Zlevated fine-grained marine depos?ts (Qem and Qemy)' and
possibly other deposits of small areal extent.

The surface deposits north of Haines are mostly above an altitude of
abouc 300 feer; south of Haines they are exposed at lower altitudes.
Till or another kind of diamicton 13 well exposed along the north side
of the Haines Highway, about one~half mile east of the aircraft landing
strip. Other good axposures of similar material are southeast of Johmnson
Creek near Tananl Bay.

The section exposed about one-half mile east of the airecraft landing
strip i{s about 50 feat thick, of which the upper 10 feet is well exposed.
Gravel, saund, and silt constitute the most common particle sizes with
clay-size material and cobbles constitut'ng minor amounts (sample B of
table 1). - The gravel— and cobble~size material i{s subrounded to suban-
gular and strongly reflects local bedrock types. Approximately the
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upper 14 feet of the exposure is oxidized to a yellowish-orange color;
the unoxidized part is light to medium gray. The deposits are compact
and are generally unsorted except for a faint herizontal banding, which
may represent a textural change.

Exposures along Lutak Road southwest of Nukdik Point differ from
the one described above by having a considerably greater abundance of
gravel and larger size material. The upper several feet are oxidized
to orange brown in contrast to the unoxidized greenish gray part of the
saction. The gravel, cobbles, and boulders are angular to subangular.
Nozthward the deposit may grade to a kame(?) deposit mapped as (Qo) at
" Nukdik Poinc. '

Size analyses, liquid liwitcs, plastic limits, and plasticirty Indexes
for three samples of till or other kinds of diamicton (locatiocus on fig.
4), are shown on table 1, An average of the three size analyses shows
" 37 percent sand, 30 percent silt, 24 percent gravel, and 9 perceunt clay.

Outwash and ice-contact denosits (0a)

These stratified glacial materfals, which have been deposited by
glacial melc water, generally are coarse grained, and are poorly to
moderately well sorted. Gravel (subrounded) and sand sizes pradominace
with varying lesser amounts of silt and cobble sizes.

The outwash deposits are associated with morainal deposits in
valleys along the southwest side of Lutak Inlet, They generally are
mantled by elevated marine deposits or other deposits below an alticude
of 300 feet (possibly as high as 600 ftl/)'thac, for the most part,
postdate them but which in part are contemporaneous. Two probable kame
deposits, however, are exposed pits below that altitude. One exposure
1s ar Nukdik Point and the other ar Kaskulu Point (fig. 3).

The deposits at Nukdik Point consist of Iintermixed gravel and sand
with some silt and cobbles. Larger gize fracctions are subrounded to
subangular. The upper 2 feet in the pit is well cowpacted and may form
part of a fairly well defined surface that represeunts shore processes
active during land emergence in late Pleilstocene and (or) Holocene time.
This supposition Is supported by the nearby presence on the surface of
scatcered boulders (possibly a lag conceutrate), which lie on a thin
layer of sand. ) . -

__Ziocally, toward the head of Lutak Inlect, a marine limit of 600
feet alritude 13 suggested from airphoto interpretation.
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Table l.—-Analyses of samples of till or other kinds of diémicton from the Haines area, Alaska

fsee fig. 4 for sample locatlons. Analfses by E. E. McGregor, U.S. Geologlcal Survey)

Srmple [USGS Eng. Geology | Collector's | Approx. alt | Macrofossils | Particle size distribution,
Locatlon Lab. No. No, of sample or in percent; after Natl, Atterberg limits

on (feet) Mlcrofossllse | Rescarch Council{Lune,1947)

Fig. 4 observed Clayl/| SiltZfsand¥/] Gravel™Liquid [Plastic|Flasticity

limit3 1imic®] index?
A% 8-112 68AYe-H5a 25 No 7 27 | 38 28 14 13 1
B .8~113 68AYe-119a 40 No 7 28 J6 29 16 15 1
c? 9-114 68AYe-1110a 60 No 14 15 | 38 13 SN ——-
A3

dklay, <0.00015 in. (<0.0039 mm).
Zs{1t, 0.00015-0.0025 in. (0.0039-0.0625 mm).
Isand, 0.0025-0.079 in. (0.0625-2.0 mm).

dsravel, 0.079-2.52 in. (2.0-64 mm).

gamples.)

(No material coarser than very coarse gravel

included in laboratory processed

Hyater content in percent of dry welght at which soil passes from the liquid state into the plastic state
(Terzaghi and Peck, 1948,

p. 32-36).

Heater content of the soll in percent of dry wcight at the boundary between the plsstic state and the solid state
(Terzaghi and Peck, 1948, p. 32-36).

Jkumerical difference between the liquid limit and the plastic limit. Represents the range of molsture content
_ p
within which the soil is plastic (U.,S5. Bur. Reclamation, 1960, p. B, 28).

jkample taken from trench; overlain by Qebd.

-SSample taken where the till or other kind of diamicton is less than 5 feet thick and, therefore, the unit is not
differentiated on figure 3 at this locality.
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Approximately 50-feet 0f stratified deposits has been exposed near
Raskulu Point in connection with construction of a sawmill. The deposits
exhibit abrupc lateral and vertical changes in grain size, stratificationm,
sorting, and compactness. Grain size ranges from clay to boulders buc
gravel and sand sizes.probably predominate. A sec:ion measured in 1965,
which may or may not be represeatative of the deposit, follows:

(top to botrom) : Thickness
_ (feet)

Gravel, poorly sorted; iron-stained 4.0
Sand, well-sorted, clean; fairly well bedded- 7.0-8.0
Gravel, with lesser amounts of sand, silt, and clav; some

cobbles and boulders as much as 3 feer in diameter;

poorly sorted and stratified except near base where gravel

{s well stratified and contains lenses of blue-gray

t}ll—like material (diamicton) and fine sand lenses~——— 40.0

The lower 40 feet of the section 1s believed to be kame deposits.
Whether che upper 11 or 12 feet are kame deposits or represent elevated
sheore deposits (Qeb) is not clear. However, for purposes of mapping,
the kame deposits are shown as excending to the surface.

Elevated fine-grained warine deposits (Qem and Qemy)

" The deposits, for the most part, are marine sadiments that were
lajd down in fiords by settling of fine-grained material derived from
glaclers, rivers, and streams. Subsequently, the sediments have been
elevated above sea level by rebound of the land owing to deglaciation
af the area and possibly by tectonism. As discussed previously, land
emergence la the area has t2en at least 300 feet and marbe as much as
600 fear. The deposits generally form flat to gently sloping surfaces.

The deposits have been subdivided on the map into two subunits:
(1) older sediments (Qem), and (2) younger sediments (Qemy). In places,
the older or higher lylng sediments are overlain by elevated shore and
delra deposits (Qeb) and, where less than 5 feet thic%, they dte included
with the (Qem) deposits. One to several feet of muskeg also commonly
overlies the elevated fine—grained marine deposits in most places but it
ia not mapped as a separate unirt.

* Older elevated fine-grained warine deposits (Qem).--The largest
area of this subunit 1s In che central part of the saddle between Haines
and the Chilkat River. This area, which lies below an alticude of about
125 feetr, is for the most part poorly drained and swampy, except where
ditched. The water table is generally less than 5 feet below the sur-
face and ip places reaches the surface. The thickest known deposits in
this area are near the northwest outskirts of the built-up part of Haines.
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Here, logs of test wells and auger holes, made by the U.S. Geological
Survey, indicate that 80 to approximately 100 feet of soft plastic sedi-
ments underlie one to several feet of muskeg or other material. This
thick sequence of fine-grained marine sediments i{s underlain by sand and
gravel (boulders locally), which in turn is incercalaced with other beds
or lenses of fine-grained marine deposits, A similar thickness of depos-
its is present in the souchern part of the mapped area northeast of
Chilkat {(A. Butz, Haines, oral commun., 1968)., The greatest known thick-
ness of sediments is near Tananl Point in the area of the U.S. Army
petroleum tank farm. Here the sediments are at least 108 feet thick
(U.S. Army Corps Engineers, unpub. data, 1951 and 1957). The emergence
gequence of these sediments 1s illustrated in figure 5.

The sediments, which are medium gray, cousist predominantly of silt-
aond clay-size fraccioas. Sand conscitutes the remaining size fraction
except for a low percencage of local gravel. Organic-rich zones, as
much as a few feet thick, locally comstitute the upper part of the depos-
its. Grain-gsize analyses of seven samples (locations D, E, F, G, J, K,
and L) are given in table 2. Bedding is indistinct to absent and the
gediments tend to break in a bloecky pattern. .

The sediments have low to medium plascicity (table 2). 1In the
Unified Soil Classiffcation (U.S. Bur. Reclamation, 1960), they are in
the CL Group. In the soil classification for highway purposes (4merican
Society for Testing Materials, 1951), most of the sediments probably
would fall in Group A-6. Some, however, fall in Group A-4, on the basis -
of tests on samples from near the western outskirts of the builz-up part
of Haines (Munsou, 1962); frost susceptibility was determined to be in
Group F-43/, -

A sample (no. 7-324, table 2), was analyzed by E. E. McGregor, U.S.
Geological Survey, for perceéntage of voids. This value, ip which poros-
ity 1s expressed in perceantage, was 36.5. The void rario (ratio of the
volume of voids co the volume of the solid substance) was 0.575.

Both marine megafossils and microfossils are present in most places.
Marine megafossils, collected from several exposures- in the mapped area
as well as soucheastward along the Chilkat Peninsula (fig. 2), were
identified by F. S. MacVeil and W. 0. Addicott (U.S. Geol. Survey,
wrirten commun., 1965; 1968) and are listed in table 3. .

The deposits were studied by Eugene C. Robertson (unpub. daca, 1959)
to assess thelr commercial possibilicies for clay; also, the chemilcal
and mineralogical composicion of one sample, collected from the business
digtrice of Haines, wag determined. Material from near Flat Bay (fig.
2) was used to a very Jlimited exrent in 1910 for the maanufacture of
bricks. Also, in officlal recognition of the commercial possibilities

YSoils 1n Group F-4 are of especially high frost susceptibility as
defined by the TU.S, Army Corps Eangineers (1962, p. 7-8).
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Trhla 1.--Cenorolc marine mepnforAila in elevated fine- gruined marine deposits from the lHaines area, Alagka

(laa Flp. h Fin

Vit Jons oF al) collocting "'lilﬂmiﬂﬂuﬂl” M y)hl which 1o 3.2 mlTow sourhennt of Walnea.)

[Tdentification by F. S. MacNeil (M2539, M2540) and W. P. Addicott (M3940, M3939, M3941, M3942), U.S.

Geological Survey (written commun.,

1965, 1968))

Fossll form
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Maentificatrion by J. B. Fitch, Cslifornia State Flsheries Laboratory, Terminal Island, Calif.

M2539, M3940 - 0.5 mile northeast of Haines, alt 50 ft, NEZSW: sec
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M, fig. 4.
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fig. 4.
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M3941 ~ 3.2 miles southeast of ilaines, alt 100 ft,
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of the c¢clay, a "Military Clay Reserve' was set aside in 1914 at the
western edge of Haines. Results of firing tests by T. A. Klinefelter,
U.S. Bureau of Mines, on samples collected by Robertson from these
localities, showed a great similarity of rest results (Robertsoum, unpubd.
data, 1959). Working properties of the clay were good and there was
low shrinkage and no defects upon drying. At about 1000°C, the color of
the product was reddish brown, the structure was relatively soft and
porous, and the shrinkage low. At 1150°C, the material bloated and was
sticky, whereas, at 1200°C, it became molten. Robertson concluded that
commoni bricks and similar products could be made from materials like
the samples but that it was not suitable for lightweight aggregate.

Younger elevated fine-gprained marine denosits (Oemy).—This subunit
underlies a roughly arcuace area west of Haines that forms the wesrern
part of the saddle area adjacent to the Chilkat River. Formerly an.inter-
tidal flat, the area has only recently been elevated above sea level.
Most or all of the area is less than 6 feet above wean higher high water.
It 13 reported (Martin A. Cordes, Alaska State Department of Highways,
written cowmrun., 1967) that the part of the area between Raskulu Point
and the aircraft landing strip is normally flooded once or twilce a year
by 20-fooc-high (above mean lower low water) tides. This flooding prob-
ably occurs ac times of exceptionally high tides concurrent with high
screauflow from the Chilkat River. Marsh grass covers the surface ax-
cept where shallow tidal ruas and rills modify the otherwise nearly flat
terrain.

Licttle is known about the (Qemy) deposits because of the fewness of
exposures. However, based on the depositional history of the area and
on nearby drill-hole data obtained Zn connection with the proposed Chilkat
River bridge (Migliaccio and Slater, 1968), the deposits probably are
100 or wore feet thick and are underlain by drifc chat forms cthe basal
surficial deposits of the former fiord area. On the basis of analyses
of two samples (H and I of table 2), it is likely that the deposits are
similar in compositlon to the (Qem) unit which consists chilefly of mariune
silt- and clay-size material with lesser amounts of sand. However, . some—
what coarser sediments, representing deltaic deposits and alluvium of
the Chilkat River, probably interfinger in the upper parts of the deposits.
The interfingering would have occurred when the Chilkat River delta, whase
front is oow in the vicinity of Pyramid Island (see fig. 2), advanced
down che river to-the vicioity of the (Qemy) area and laid down Somewhat
courser deposits. Subsequently, as the surface of the deposits rose to
approxilmate sea level, as a result of continued land uplift and sedimen-
tation, more and moxre river-deposited alluvium probably was carrled into
the (Qemy) area, These somewhat coarser sediments, like the deltaie

deposits, probably also were intercalated with the marime deposits,
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Elevated shore and del:ta deoosits (Qeb)

Widespread deposits of elevated shore and delta sediments (Qeb) in
the Baines area consist chiefly of gravel, sand, and cobbles and are
moderately well sorted and stratified. They are analogous to the partly
contemporaneous elevated fine-grained marine sediments (Qem and Qewmy)
described above, because beth have been elevated above sea level mainly
as a result of land uplift duringz regional deglaciaticu.

As the land began to emerge from the sea in the Haines area, it was
first subjected to increasing longshore and tidal current activity and
finally to direct wave action as it passed through the surf zone. De-
pending upon: (1) local sediment supply, (2) longshore current sediment
supply, (3) tidal current directionm, and (4) vigor of wave actack, shore
deposits of varying thicknesses and sizes were deposited. A complete
-3equence of shore emergence deposits from near Tanani Point indicates
from bettom to top: (1) a transitional zone (unit 4a of fig. 5) of off-
shore winnowing of preexisting deposits (stony to stone-free silt and
clay of marine origin), (2) nearshore sand and gravel deposits (unit 4b
of fig. 5), and (3) high-energy shore deposits (unit 4c of fig. 5) of
gravel.

The upper limit of the elevated shore and delta deposits in the
Haines area, as indicated from the topography aod from aerial photos,
reaches an altitude of ar least 300 feec. The deposits appear to be
well developed along the mountain front near *he Haines aircraft landing
" strip, near the Alaska State Ferry Termipal, and along the upper end of
Lutak Inlec in the mapped area. Also, a massive elevated delta deposit,
which reaches an altitude of 300 feet, probably buries a moraine forming -
the dam for Chilkoot Lake (fig. 2).

Actually, the highest elevarted shore and delta deposits (represent-

ing the marine 1limit in the area) might be at an altitude of abour 600
feet. This assumption is based upon a break in slope atr this altircude
along the upper part of Lutak Inletr, which is interpreted to be a pos-
sible elevated shoreline. The assumption also seems reasonable on the
bagis of high-level marine deposits in the Juneau area, 64 miles to the
southeast, where fossiliferous marine deposits have been idencified up

to an altitude of 750 feer (Miller, R. D., oral covmun., 1967; and Miller,
R. D., 1972). ' :

Downslope from the indicated marine liwit, variably rthick accumula-
tions of elevated shore and delta deposits parallel the present shore-
line. Some of the deposits consist ©f-irregular mantles over.older .-.
deposits; others form well-developed ridgés or Berches. ' Such deposi-
tional forms may have resulted from: (1) a series of storms during time
of deposition, (2) changes in sediment 'supply or character of waves and =
currents during time of deposition, (3) slackening or "reversal" of land
emergence, or (4) tectonic deformation.
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In many places, the deposits are absenc owing to the slopes being
too steep, to an inadequate sediment supply, or to former current action.
Deposits less than 5 feet thick, which are not shown on the map, overlie
mich of the undifferentiated drift deposits (Qd) and the elevated fine-
grained marine deposits (Qem) below the marine limit. Especially ex-
tensive are thin elevated share deposits overlying undifferentiated
drift deposits south of Port Chilkoot. Alluvial fan depasits (Qaf) and
colluvium (Qc) merge with or cover elevated shore and delta deposits.

Much of the business district of Haines has been built on an eleva-
ted beach whose c-estline approximacely parallels part of the present
shore of Portage Cove. Deposits of this former beach extend from an
altitude of about 150 feet near the mountain front at the north edge of
the city to an altitude of about 60 feet between Haines and Port Chilkaot,
Fifteen feet of clean~bedded mixed sand and gravel with some cobbles and
a few boulders are exposed in the northern part of Haines. Here the
gravel and larger clasts are well rounded to subangular and consist of
local bedrock types. Overall color Is tan gray except for the upper
1-2 feet, which is oxidized to a reddish browm.

The deposits, as indicated from drill-hole data, probably are lesg
than 20 feet thick under the main part of Haines. Westward they thin
to extinction between Third aad Fourth Streets (fig. 4) where they are
stratigraphically underlain by elevated fine-grained marime deposits.
Toward Portage Bay, the deposits thicken to as much as 68 feet or more,
as lndicated in a drill hole (see following log), and are underlain or
intercalated with elevated fine-grained marine deposits. Slumping along
the slope facing the bay, however, has complicated the stratigraphic
relations. : .

The beach deposits upon which Haines fa built are interpreted to =
have formed as a spit during land emergence and when shorelines were
developing parallel to the mountain front north of Haines. TIE this
interprecation is correct,a warer connection at the south end of the syit
existed at thgat time between Chilkoot Inlet and ancestral Chilkat Inler,
and the present Chilkat Peninsula was an igland.

A lower lying elevated beach (altitude about 30 fr), present betieen
Haines and Port Chilkoot, is consgiderably narrower than the one upon
which much of Hailnes 1is built, Icr probably represents a somewhat larer
phase. of beach deposition when the water connection between Chilkat az=4
Chilkoot Inlets was closed by beach deposits to form a more or less
continucus barrier beach rimming Portage Cove. The deposits are pooxly
exposed but appear to be considerably finer grained than those underlying
the business district of Haines. Graim-size analysis of a sample fr—y
a pit at the south end of Port Chilkoot, made by the Alaska Departze--
of Highways (unpub. daca, 1962), shows the following percentages: fivay
than sand, 4 percent; sand, 90 percent; and gravel, 6 percent; nona ¢
the gravel was more than 1 inch in size. According to the soll class‘-
fication for highway purposes, this material is ila Group A-1-h(0); 4=
the Uniform Soll Classification it belongs to the -SW Group.
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Driller's loe of test hole In elevacad beach devosics at Halnes

[See localicy O, fig. 4. Altitude abour B2 fr.)

Thickness  Depth
{(feer) "(feet)
(Elevated beach deposits]lj
Gravel and cobbles mixed with sand; gravel
i3 very well rounded and composed mostly
of greengctone and '"quartzite’(?)-—-mm—m-—- 15 15
Cobbles - - 4 19
Gravel and sand; dircy—---- === 6 25
Gravel and cobbles—-=~- 5 30
Sand aad gravel- 3 33
Gravel and cobkles---- 3 36
Sand, coarse, and gravel, very fipne==---—-—-o 12 48
-Gravel, fine roc medium, and saand, coatse;-
gravel is well rounded-~————==———-==mer—— 11 59
Gravel--- e e e e — e 9 &8
(Elevated fine-grained marine deposits}l/
Sand, flone, silty; wood chips 14 §2
P m e - Zal il AUTAGE-- QENETELIV-STE faTFiv grea-n., 1xTod

118

i&nterpretaticn by us.
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Elevated shore deposits on the Chilkac River cide of the saddle
are not as consplcuously developed as those rimming Porrage Cove. How-
ever, two gravel pits (northeastarn pit knowa as Philpott Pit; south-
western pit known as Lapham Pit), about one-half mile northeast of _
Kaskuly Point, expose a total thickness of about 15 feet of gently dip-
ping moderately well sorted gravel and sand. The upper 3-4 feet 1is
iron stained. Grain-size analyses of samples from the two pits, made
by the Alaska Deparctment of Highways (written commun., 1962) showed al-
mogt identical grain-size percentages: gmaller than saod size, 2-3 per-
cent; sand, 25 percent; and gravel 72-73 percent; none of the gravel was
larger than 1} inches. The deposits are underlain by elevated fine-grained
fossiliferous marine sediments containing a few pebbleg. There also is
a well-developed series of beach ridges about three-quarters of a mile
portheast of Kaslwlu Point, which has successive crests at alritudes of
34, 32, and 28 feet. Other beach ridges, with crests at an altitude of
approximately 22 feet, are flanked by younger elevated fine~grainmed
deposits directly northeast of Kaskulu Point and near the Haines aircraft
landing strip.

. Three elevated beach strandlines were identified, on the basis of
topographiz map expression, between Mink Creek and Tanani Point, ar
approximacely the following altitudes: (1) 80 feecr, (2) 6L feet, and
(3) 40 feer., A gravel pit {n the deposit at an altitude of 60 feet,
exposes about 12 feet of medium—-grained gravel and sand., The upper 3
feet 1s oxidized to an orunge brown, is well stratified, and dips gently
toward Tanani Bay.

The elevated shore and delta deposits furnish much of the local sand
and gravel demands of the area although the demands have not been great.
Borrow pits are ghown by symbol oo the geologic map. The chief use has
been fur road surfacing; probably the next most abundant use has been
fur asphalt and concrete aggregate.

Allyvial fan deposits (Qaf)

Steep-gradient streams, mostly confined to the nmortherm part of
the mapped area, have deposited alluvial fan deposits at breaks in slope.
These breaks in slope are chiefly along the northern edge of the saddle
porth and northwest of Haines, where the streams emerge from the precip-~
irous mountain front, and along the southwest coastline of Lutak Inlec,
where a narrow .trip of flatter terrain commonly borders the inlet. Most
depasicing streams are intermittemnt or have a small peremnnial flow.
During spring runoff and at times of heavy precipitation, however, stream-
flow is large and most fan material 1s deposited them. Fan surfaces,
parcicularly near their apexes, generally are fairly steep. Little is
Imown of the composition and thickness of the deposits: because of a
 fairly thick tree céver and a mantle of muskeg. '

Judged from limited exposures along Tananl Bay, Lutak Inlet, and
the aorthern edge of the saddle berween Baines and Chilkat River, the
deposits appear to cousist of poorly gorted and poorly stratified mix-
tures of gravel, cobbles, and boulders.. Locally, sand and some silt are
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present, generally as a matrix to e¢oarser matarial. Angular ro subangu-
lar boulders, as much ag several feet in loangest dimension, are darived
chilefly from local upslope rocks. . The deposics probably are 30 or more
feet thiek in places and are underlain by elevated fine-grained marine
deposits {Qem), elevated shore and delta deposits (Qeb), and undifferen-
clated drift deposits {Qd). Some older distal parts of large alluvial
fans may merge wicth elevated shore and delta deposits.

Fifry feer of poorly sorted gravel, cobbles, boulders, and lesser
amounts of sand is exposed In a gravel pit adjacent to the carg~ dock
on Lutak Inlat. The abundant cobbles and boulders (as large as 8 by 5
by 4 fr) are mostly diorite; nearly all are subangular to angular. The
coarser material is in the upper part of the exposute and probably Tepre-

" sents fan material. Finer and better stratified deposits in the lower

part of the pit probably are elevated beach or delta deposits. The pit
material was used in part for filling cells of the cargo dock.

A plc In another alluvial fan deposit along the mountain froot
northwest of Haines expases angular to subangular rubble and cobbles,
gravel, and boulders in a sandy marrix, The deposit, as is characceristic
of mosc fan deposits, is much less coarse toward 1its distal margia than
headward. Seeps are present in places where the deposics are in contact
with elevated fine-grained marine deposits of low permeability.

Colluvial deposits {He)

Colluvium is che general term given to surficial material, including
rubble, that has moved or is moving downslape, principally under. the
influence of gravity. Movement may ranga from very slaw to rapld. Very
slov-moving colluvial deposits generally are vegetated below regional
timberline; faster moving deposits, such as landslides and talus deposits,
tend to be more [ree af vegetatlon. Because of the difficuley of deter-
mining the origin of each deposit of colluvium, the unit is not furcher
divided on the map as to Cype.

Slowly moviog types of colluvium are especlally prevalent in the
Haines area where surficial depesita ate thin and averlie steep bedrock
slopes. Steep, glacially smoothed bedrock slopes of valley walls of
fiords are especially suscaptible to this downslope process whareby un-
differenciated drift deposits, elevated fine-grained marine deposits,
and elevatzd shore and delra depasits become intermixed. A9 a result of
this diversicy cf source matarial che golluvium ranges In compasition
from silty gravel and cobbles to sand, silt, or silty rubble--all with
varylng amounts of organic material.

The fasc to moderately fast moving types of colluvium include land-
slide deposits, mixed snow and avalanche debris deposits, and active to
semfaccive calus deposira., Rapld sliding is especlally prevalent during
periods of heavy precipitation when the contact. between the surfiedal
deposits and cthe bedrock is well lubricated. Rockfall, rockslide, and
rockflow deposita, which constitute the ralus slopes, consist of coarse
rubble generally im a sandy matrix, nearly all of which 13 derived from
upslaope bedrock. ' ' :
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Accive to semiactive ralus deposits, which are common along the
precipitous mounctzin front north and morthwest of Haines, are well ex-
posed in a borrow pit at the end of the road leading north from Secound
Street. Here, the face of the deposits has a slope of approximately 40°
and is about 125 feet high. Yearly vertical bedrock cliffs, which ex-
tend 100-150 feet above the talus, furnish most of the source material.
Angular cobble- to boulder-size pieces of rubble constitute the more
common sizes, but smaller fractions down to silt size also are present.
Some subrounded beoulders, approximately 6 feet in diameter that consti-
tute a part of tha slide debris, are believed to be either glacial errat-~
ies derived from upslope till or they are derived from elevated beach
deposits. All of the slide material is loosely packed and the void ratio
is high. Some of the rubble in the face of the pit is in unstable equi-
1librium and, although it is not thick (bedrock .is exposed in several
sectors of the pit), sliding probably will be reactivated as marerial is
remoyed from the base of the rubble face.

Large, bare talus deposits form the steep mountain slope less than
a mile north of the airstrip. The talus is derived from vertiec:l ro
nearly vertical cliffs consisting of metabasalt (Mzm). The bareness and
steepness of the talus slope indicate that the deposits are in unstable
equilibrium and are moving slowly downslope as more slide and rockfall
material is being added at their apexes. ' '

Very large landslides have not been recognized in the mapped area.
However, the steepness of the south flank of the upper part of Mount
Ripinski, together with the presence of a large, flat to slightly
hummocky surface below this steep slope, are topographic features that

‘are sufficiently anomalous regionally as to require some special explana-

tion as to origin. One might postulate that the steep slope is the back
scarp of a very large landslide block, part of whose upper surface is
the flat to slightly hummocky area below the scarp. If so, the areal
extent of the slide block might be a mile or more in length in an east-
west direction and possibly as much as 1 mile long in a north-south
direction (as far south as the mountain front along the north side of
the saddle northwest of Haines). On the other hand, the area may repre-
sent a tectonically downdropped block. In support of this secénd suppo-
sition, aerial photographs indicate that several lineations—possibly
faults--bound the northern and easterm margins of the area. It also
should be noted that the area rather closely coincides with the areal
limits of one type of bedrock (pyroxenite (Mzp)) and thus might be a
reflection of different rates of erosion of rock types., Still another
possible explanation is chat the flat to slightly hummocky area is the
surface expression of a lateral moraine. However, the presence of the
steep upslope scarp is not well explained in rthis manner mor are there
other similar flat areas in the vicinity as one would expect 1if this
were the case. Unfortunately, time was not available for us to make a
field examination of this area.

s
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Small landslide deposizs and snow avalanche debris accumulations
occur along cthe steep mouncain front north and northwest of Haines and
along flord walls of Chilkoot and Lutak Inlets as evidenced by several
vegetation discontinuitias along steep slopes. These deposits undoubredly
contribute source material to downslope talus and alluvial fan deposits.

There are several landslides of considerable extent just outside of
the mapped area. Omne example where a landslide is well defined topograph-~
ically 1is aleng cthe 2ast sicde of Taiyasanka Harbor fiord northeast of
Lutak Inlec (ummapsed parc of fig, 3). Octher evidences of landslides or
snow avalanches ars on the necrtheast side of Lutak Inlet f£iord (also in
the unmapped area) where the entire mantle of surficial deposits has been
removed. The largest indicaced landslide tract lyving jusc outside of
the mapped area is along the east shore of Taiya Inlet, about 3 miles
northeast of Haines (fig. 2). Here, on the basis of aerial photo inter-
pratation, deposits in parts of four gections (SW parc of sec, 17, SE
part of sec. 18, NE part of sec. 19, and the western part of sec. 20,

T. 30 S., R. 60 E.) are thought to show evidence of sliding. A large
unvegetated scar oa the side of a cliff shows that sliding has been
active in that area in recent years although most of the total slide
tract {s vegetated and probably {s partly to largely inactive., The

slide tract is bounded on the landward sides by two well-developed inter-
secting lineations, which are part of a series that characterize the
region. As discussed under "STRUCTURE," at least some of these linea-
tions are believed to be faulzs. Thus, the landslide area way ba bounded
on the landward side by a fault and the cract itself may represent a
tectonically downdropped block that has slid.

Colluvial deposits have been used for riprap for the small-boat
harbor at Haines and for other limited use.

Modern beach deposits (Ob)

Modern beach deposits flank Chilkoot Inlat and Lutak Inlet in the
mapped area. For mappling and discusslon purposes, the modern beach is
defined as the strip of land extending from mean lower low water to the
upper limits of present-day wave action.

Along Portage Cove, the ~odern beach in most places is 300-500 feet
wide., Surface deposits closa ta Port Chilkoot consist chiefly of fine
gravel and coarse sand. Cobbles, gravel, and numerous isolated boulders,
together wicth some sand and silt, constitute the deposits elsewhere along
Porctage Cove. The widest ex-eat of beach in Portage Cove 1is southwest
of Nukdik Point where bluffs of very stony diamicton provide large
quantities of gravel, cobblas, and boulders. Thicknesses of the deposits
in Portage Cove are notknow2. However, because of the relatively rapid
rate of land emergence, the d2posits probably are only a few feet thick.
Underlying deposits in most places. likely are fine-grained marime depos-
its or diamicton. Near the rock promontory southeast of Port Chilkoot,
bedrock probably underlies bculder and cobble beach .deposits at shallow
depch.
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North of Portage Cove, the beach deposits 1n wmost places are .aar-
rower and are characterized by abundant local concentrations of cobbles,
gravel, and bculders. Bedrock probably is at shallow depch. Directly
north of Nukdik Point, beach deposits are nearly absent and a wave-cuc
bedrock surface extends at least to mean lower low water. Along the
shore of Tanani Bay, a special combination of sediment supply and wave
and current action, which, in the past, formed well-developed elevated
shore and delta deposits, 13 also today responsible for well-sorted
beach gravel. Along the steep fiord walls of Lutak Inlet, moderm beach
deposits are gravelly to cobbly with numerous local coucentrations of
cobbles and boulders near the mouths of numerous short gtreams.

The modern beach along the northeast shore of Chilkat Inlet gouth
of Raskulu Point is approxirataly the same width as in Portage Cove,
except across from Pyramid Island (fig. 2) where an expance of beach
nearly 1,000 feet wide 13 exposad at mean lower low water. The deposits
of the Chilkat Inlet beach consist chiefly of clean well-sorted sand
and fine gravel, mostly lesa than 1 inch ia longest dimension. Adjacent
to bedrock exposures southeast of Raskulu Point and for a distance of
about 15 miles southeastward, cobbles and boulders are abundant locally.
4 gravel pit, approximacely l% miles southeast of Kaskulu Point, exposes
a minimum thickness of 1S feer of fine gravel and sand and a few cobbles
and boulders. The sand and fine gravel is used locally in the Haines
area for road construction and other purposes. Additional reserves of
gsimjilar-size material are indicated in the vieinity of the pit.

Chilkat River £lood-plain and delta deposits (Qr)

These deposits are confined to sediments laid down on the flood
plain at and pear the mouth of the Chilkat River and to associsted inter-
tidal deltaic sediments being laid dowa at the head of Chilkat Inlet.
They include all the surface deposits of the area shown on figure 3 as
McClellan Flats., At tidewater they grade into deltaic deposits of
Chilkat Inlet (see "Offshore deposits').

Near the mouth of the Chilkat River, the flood plaim 1s 2-3 miles
wide, and the river flows {in a highly braided channel system. During
spring runoff, at other tirces of large discharge down the river, and
during high tides, the flood plain within the mapped area is completely
or largely covered with water. During periods of low streamflow, the
river flows in bifurcating channels between bars a few feet or less
above gtream level. ' '

The flood-plain and delta deposits are fine grained. A single sample
collected from the surface near the Haines aircraft landing strip con-
siscted of 64 percent sand (of which 70 percent was fime to very fine),

35 percent sile, 1 percent gravel, and less than 1 percent clay size
(E. E. McGregor, U.S. Geol. Survey, written commun., 1968).

Composition of flood-plain deposits and stratigraphic relations ar
depch were revealed by test holes (fig. 6) drilled at the west edge of
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the mapped area (about one-half m:le northwest of the aircrart landing
strip) in connectioa with a proposed highway erosging over the Chilkar
River. Here, a maximum of approximately 40 feer of flood-plain deposits,
consiscing wmostly of fine sand, was penetrated by the drill holes,
Underlying these deposics, at the locations of che test holes, are at
least 100 feet of somewhat finer grained delraic deposits, consisting
chiefly of a silety fine sand in the upper part of the secrion and a

gandy silt in tle lower part. Along at least the eastern edge of the
valley ar this sgite, rhe deltaic deposi-s are underlain by about 80 feer
of clayey silt, which we interpret to be marine deposits. Thaese in turm
are underlain by at least 15 feec of dense incermixed silty sand, gravel,
and eobbles, which we intaervret ro be drift (possibly rill). It 1s
likely that drift excends entivaly across the valley as the basal surfi-
cial deposit and may comgtitute a large part of the total valley fill.

It should be noted, however, Chat the drill holes extend acroess only the
eastern half of the Chilkar River valley and, even there, they are too
shallow in mosc places te indicare the varying thicknesses of the differ—
ent unics consticuting the valley £fi11. E. €. Rovertsoa (unpub. data,
1959} escimaced an average thickness of valley f1l1l of 800 feet, on the
bagis of several cross-valley prejections between Baines and an area
about 19 miles up the Chilkat River. We cannot assess how valld this
estimare might be other than to say that che valley f{ll immediately

west of Haines probably 1g several hundred feet thick.

Manmade £ill (Qf)

Eight areas of man-emplaced fill are shown on figure 3. These are
relatively small. areas, mostly on or near the shore. Yot shown, because
of their even smaller size, are road and street f[illa, building sice
fills, and other 7iscellaneous types.

The largest area of arctificial f1ll is the aireraft landing strip.
Here the fill, which probably consists of interwixed gravel and sand
emplaced »n elevated fine-grained marine deposics (Qem and Qemy)}, has
bean builr to a height of cnly a few feet above the Chilkat River.
Boulders, emplaced behind a limited diking of pilles, help procect the
main part of the fill from river erosion. Ik 18 not known whether or
not the fill was engineered (compacted to maximum dengity during
emplacemenc).

Sand and gravel, several feet chick, have been emplacad on elevated
shore deposits (Qeb) and elevated fine-grained marine deposits (Qemy)
for construction of a sewmill and parking area at Kagkulu Point. The
fill waa obtained from a nearby ice—contact deposit (Qo).

*  'The riprap constituting the breakwater of the Haipes small-boat
hathor 13 a special type of £ill. The breakwater is L-shaped, each arm
being approximately 400 feet long and extending several feet above higher
high vater. It 1s coanstructed of angular pieces of rock 2~4 feet in maxi-
mum dimensioa with a core of finer grained material in the nearshore -
segment. The riprap 19 from talus (colluvial deposits) obtained from the
mountaln front directly north of Haines.
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The local headquarters of the Alaska Department of Highways covers
a large part of the northezn part of a mapped fi{ll area at the western
edge of Haines. In most places, the fill is about 5 feet thick and con-
sists mostly of loose sand and gravel. It is underlain by clayey silc
of the elevated fine-grained marine deposits (Qem).

Two small areas of artificial £ill, one just south of the small-boat

harbor and the other one near Nukdik Point have no facilities built upon them.

The £11l south of the small-boat harbor consists of fine-grained material
a few feet thick. The one near Nukdik Point 1s an abandoued dump.

Two areas of fill have been mapped along Lutak Inlet. The larger
area constitutes the interior of the cargo dock adjacent to the Alagka
State Ferry Terminal. Here the €£1]11l consists chiefly of blocks of rock
taken from a nearby outcrop of fine-grained metamorphosed volcanic rock
(Mzm) , with a topping of sand and gravel taken from a pit just north of
the dock in an alluvial fan deposit (Qaf). This latter material also
was used for filling the cells (calssons) along the deepwater side of
the dock. The fill, which rises to a height of 26 feet above mean lower
lcw water, may be as much as 40-50 feet thick on the seaward side. Jet
probe holes, put down in connection with counstructing the Alaska State
Ferry Terminal, indicate that 20 or more feet of coarse gravel with small
boulders underlies the £ill (Toner and Nordling, Engineers, Juuneau,
writcen commun., 1962). The second area of f£fill is about one-half mile
northwest of the cargo dock. Here, an area has been modified by highway
relocation, construcrion of a tlwber chipper mill and dock, and emplace-
ment of fill obtained from elevated finme-grained marine deposits topped
with sandy gravel. The £11) is underlain, at least near the shore, by
loose. sandy gravel of modern beach deposits (Qb).

Offshore deposits (not shown on map)

The deposits that are described in thig section are those that, by
definicion, lie below mean lower low water. They include normal marine
bottom sediments, affshore deltaic deposits, submerged glacial deposits,
and other miscellaneous types. Dara as to the nature and thickness of
the deposits are meager.

o™

Soma data are available regarding the nature of offshore depogits
in Porctage Cove. As shown on Hydrographic Survey chart no. E-6942,
compiled by the U.S. Coast and Geodetic Survey in 1943, "“gray mud" is
the cowmmon floor material. The thickness of the material, however, is
not known. Some data also are available immediately offshore from Haines
based on drilling in connection with che coustruction of the small-boat
harbor. In 1957 five holes were churn drilled, in whact is now the
small-boat harbor, by the present firm of Toner and Nerdling, Engineers,
Juneau, Alaska. Two of these holes, drilled near the’ shoreward margin
of the harbor, were 32 feet deep and penetrated.a varilable sequence of
91lt, sand, and fine gravel.- One hole, farther offshore and nearer the
outer margin of the breakwater, penetrated 12 feet of firm clay under-
lying 2 feet of sand and clay.
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The composition of material penecvated in the other three holes (locared
between the breakwatar and shore) also was variable and ranged froa clay
to gravel in size. No bedrock or boulders were penetrated in any of the
holes.

Some indication of the nature of the marine deposits outside of
Portage Cove can be gained from seilsmic traverse studies made in 1965
vear the head of Chilkocot Inlet and in inlets to the north. These
studies were made by Gene A. Rusnak of the U.S. Geological Survey, using
the barge Don J. Miller. The closest traverse to the Haines area was ome
that was run east from Nukdik Point to the eastern shore of Chilkoot
Inlet; a second one was run from the middle of Chilkoot Inlet to about
1 mile offshore from Baines where the 300-foot—depth contour "bulges"
outward from Portage Cove (see fig. 2). Accoxrding to Rusnak (written
commun., 1966), the outward “bulge"” of the 300-foot-depth contour reflects
topographically high bedrock virtually free of sediment cover. A grab
sample taken by Rusnak at this site indicates that the small amount of
sediment that is present consists of a coarse "muddy" gravel containing
ghells. That bedrock knobs exist in Chilkoot Inlet is shown by the
presence of Indian Rock, which 1s awash at lower low water, 1% miles
east of Tanmanil Point (figz. 2).

Bedrock crops out onshore at Nukdik Point and little or no sediment
1s present seaward along the steeper underwater slopes. However, toward
the middle of Chilkoot Inlet, where the sediments form the relatively
flac floor of the inlet at a water depth of about 400 feet, a seismic
profile indicates 2 maximum thickness of approximately 500 feet of sedi-
ments, assuming an acoustic velocity of 4,800 fps (feet per second) for
the sediments (Gene A. Rusnak, written commun., 1966). According to
Rusnak, the sediments appear to be essentilally uniform in composition
but, locally, irregular bodies of glaciofluviatile(?) deposics upnderlie
the softer marine sediments.

Limited information on bottom sediment and depths 1s available for
Lutak Inlet from tha U.S. Coast and Geodetic Survey chart no. 8303 (1945,
minor revisions, 1966). The chart shows a steep-sided cross-sectional
profile typical of a fiord with a fairly flac floor and shoaling at its
upper end. Offshore sediments near the upper end of Lutak Inlet prob-
ably are derived largely from elevated delta and buried morainal depos-
its that serve as the dam for Chilkooc Lake (fig. 2). Thus, the floor
sediments, indicated by U.S. Coast and Geodetie Survey chart no. 8303
as "mud," and "mud and clay"” sediments, probably form only a thin layer
overlying older prodeltaic deposits of fine sand and silt. Most of che
present-day coarse and fine sedimeant of the Chilkoot River 1s deposited
fr-Chilkoot Lake and does not reach Lutak Inlec, .

Sowe information is available on nearghore sediments near the Alaska
State Ferry Terminal from jet probings in 1962 by Touer and Nordling,
Engineers (written cdamun., 1965), prior to comstruction of the terminal.
These probings indicate the presence of coarse gravel and small boulders.
Bottom slopes, between 15 and 65 feet below sea level in this locality,
were deter—ined to be about 20°.
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Thick sediments are present off the face of the Ratczehin River delta
in Chilkoot Imlec, about 4 1/2 miles soucheast of Haines (fig. 2). Here,
about midway across Chilkoot Inlet, at a water depth of approximately
250 feet, the deltaic sediments are mora thanm -1,500 feet thick, assuming
a seismic velocity of 4,800 fps (Gene A. Rusnak, written commun., 1966).

No definitive data are availlable as to che nature and thickness of
subaqueous deposits in Chilkat Imnlet. Some speculation, however, is
possible on the basis of msterials that are now being deposited or that
have been deposited recently in the inlet. There are two main sources
for these sedimencg: (1) the Chilkat River, and (2) glacial melt-water
streams from Davidson Glacler aud the glacier whose melt waters empty
into Chilkar Imlet just south of Pyramid Harbor (fig. 2). Of the two
main sources, the Chilkat River is by far the lavgest contributor. Ac
one time the mouth of the river was several miles farther up the valley,
but owiog to deposition of large quantities of fime-grained fluvial
material and to land emergence, the river is rapidly extending its delta
into Chilkat Inlet.

- Judged from material penetrated in drill holes for the proposed
bridge upstream (fig. 6), the deltaic foreset beds probably consisc of
fine sand, silt, and some clay-gize material. Also, the Jdepesits in the
deeper water in front of the delta probably consist chiefly of clay and
silt-size material.

Between Pyramid Island and Chilkat Peninsula (fig. 2), Chilkat Inlet
is very shallow. The inlet also is shallow on its west gside for some
distance offshore from Green Point. The position of Pyramid.Island and
the associated offshore shallows suggests che presence of a largely sub-
werged end moraine, marking the frontal position of a former Chilkact
valley glacier. An end moraine also 1s Indicated by the presence of
plentiful boulders and cobbles, both on the Pyramld Island tidal flats
and along the ghore at Green Point; the cobbles and boulders may have
been wave concentrated by winnowing out of che fines of the morainal ma-
terial. No obvious lateral morainal features, however, are visible along
the adjacent valley walls. Because the subaerial part of Pyramid Island
consists of elevated fossiliferous fine-grained marine deposits, thae sub-
merged portion of the postulated moraine probably also 1s buried beneath
a mantle nf marine deposits.

The Glacier River 1s anocher substantial contcributor of sediments
to Chilkat Inlet. The river, which is on the west side of the inlet
(fig. 2), is only about 1% miles lomng, but it carries most of the melt
water of Davidson Glacier to the inlet. The terminus of Davidson Glacier
extends only a couple of thousand feet beyond the mouth of the valley
whereas cthe fan delta of the river extends more than a mile farther out
into the inlet to constrict the width of the mavigable waters of the
{nlet in this area to about one—half mile. However, the middle part of
the channel 1is 450-500. feet deep. The fan delta of the Glacier River was
© not visited by us. Hcwever, from somewhat scanty descriptions by Gilbert
(1903), Wright and Wright (1960), and Egan, Miller, and Loken (19th Alaska
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Sel. Conf., oral commun., 1968), Alaskz Highway Department invescigations
(Rasmussen and Franklet, 1969), and from a study of aerial photographs
by us, we conclude that che surface deposits of the fan probably consist
chiefly of sand and gravel outwash from Davidson Glacier and of asso-
clated morainal deposits. On the basis of this assumpcion, the foreset
beds of the delta probably are coarser grained than those at the mouch
of Chilkat River. However, considerable rock flour (clay- amnd silt-size
material) probably is being carried into the despar offshore parts of
the inlet. Therefora, the prodeltaic deposits in that ‘area probably do
not differ greatly from those offshore from the mouth of the Chilkac
River.
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STRUCTURL
Summary of regional structure

Southeastern Alaska lies within the active tectouic belt that rims
tlie norchern Pacific Basin. It has been tectonically active since at
least late Paleozoic time and- the bedrock outcron patterm 1s the result
of late Mesozoic and Tertiary deformaticnal, metamorphic, and intrusive
events (Brew, Loney, and Muffler, 1968). Large~scale faulting, moscly
with strong right lateral strike-slip movemwent, has been common. Two
of the most prominent fault systems in southeastern Alaska and surround-
ing regions are: (1) the Denali fault system, and (2) the Fairweather-
Queen Charlotte Islands fault system. Also, of wajor tectonic imporcance
are the Totschunda fault system, which appears to connect with the Denali
fault system, and the Chugath-St. Elias fault, which joins the norch-
western end of the Fairweather fault. These fault systems, as well as
inferred connections between individual fault segments, are shown in
figureg 7 and 8 and are described in more detail in our regilonal report
(Lamke and Yehle, 1972).

As first reported by St. Amand (1954) and by Sainsbury and Twenhofel
(1954), and later described ia more detail by St. Amand (1957), and
Twenhofel and Sainsbury (1958), the "Denali fault" is a great arcuate
series of related faults and branches about 1,300 miles long. Tha "fault"
was described as extending from the Bering Sea across the nnrthern flank
of Mount McXinley, through northermmost British Columbia, and chence
down the Chilkar River valley and Chilkat Inlet to Lynn Canal and -
Chatham Strait (fig. 7). Thus, in €anada and southeastern Alaska, it
included the Shakwak valley, Chilkat River, Chatham Strait, and Lyun
Canal fault segments (fig. 8). Grantz (1966) called this series of -
relaced faults and branches the Denali fault system bur restricted tle
Denali fault itself co that part of the Denali fault system that extends
from the Kuskokwim River drainage east of Bethel to unorthermmost Britisgh
Columbia (a length of about 870 miles).

Some doubt was expregsed by Hamilton and Myers (1966) on the conti-
nulty of the Denali fault inco British Columbia and southeastern Alaska,
as described by St. Amand (1957) and others. 1Instead, they suggested
-that the Denali fault system extends southeastward along a lineament
that Richter and Matson (1971) named the Totschunda fault system. ' Fur-
"thermore, they noted that this fault was alined with che Fairweather
fault to the southeast and assumed chat che two faults connect. Richter
and Matson (1971) left open the question of whether or not there was a
connection between the Denali fault and the Totschunda fault gystem and
only suggested that the Totschunda fault might counnect with the Fairweather
fault. -As discussed below, Plafker (1971; wricten commun., 1971) does
not believe that the Totschunda fault is a conrinuation of the Fairweacher
fault. R ’ v

Thé Fairweather fault and the Queen Charlotte Isiands fault probably
are a part of the same tectonic element (St. Amand, 1957; Grantz, 1966;
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Figure 7.—Map of Alaska showing major elements of tha Denall and
Tairveather~Queen Charlotte Islande faalt gystems. Modtified
from Grantx (1966), Tobin and Sykes (1968), Plafker (1969);
.1971), Richter and Matson (1371).
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Tobin and Sykes, 1968; Page, 1969; Ceorge Plafker, written commun., 1971;
and Richter and Matson, 1971). Tre onland part of the Fajrweather fault
i1s a segment about 125 miles lonz extending southeastward from Yakutart
Bay to Icy Point (figs. 7 and 8). Here, the fault lies largely in a
linear valley parcly filled by glaziers and separating crystalline rocks i
of the Fairweather Range from partly younger and less altered rocks of

the coastal region (Miller, 1960). The offshore southeastern extension

of the fault follows che continental slope off southeastern Alaska and

probably joins the Queen Charlotte Islands fault off the coast of British
Columbia. The Queen Charlotte Islands fault was inferred on the basis

of the configuration of offshore tovography and the presence of a belc A
of high seilsmicity (Menard and Dietz, 1951; St. Amand, 1957; and Wilsoun, )
1965). As mapped by Plafker (1969; 1971), the northeastern end of the .
Fairweather fault joins the eastern end of the Chugach-St. Elias thrust -
fault (figs. 7 and 8). Plafker (vritten commun., 1971) states that

"Despite numeroug published state=ents to the contrary, our data preclude

the pessibilicy that the Fairweather fault, or a major splay of it, ex- ;
- tends northwestward along the Artlewis Glaciler to link up with the
Totschupda fault system.' His rezsons for this belief are given in more
detail in our regional report (Lezke and Yehle, 1972).

These differences in interpretation as to the true trend of the
Denali fault system, as well as possible counections between che Denali
and Fairwveather-Queen Charlotte Islands fault gystems cannot be resolved
by us. However, for purposes of discussion here, the Shakwak valley
fault, Chilkat River fault, Lymn Caval fault, and the Chatham Strait .
faulc (fig. 8) will be included as probably an older part of the Denali
fault system and the Totschunda fault system as a younger part of that , |
system. The Fairweather—Queen Charlotte Yslands fault system will be '
considerad to be more or laess separate from the Dernali fault system but
one which merges to the northwest with the Chugach-St. Elias fault.

Local strueture

Knowledge of structure in and adjacent to the Haines area is based
in large part upon studies by Robertson (1956; unpub. data, 1959). Accord-
ing to Robertson (unpub. data, 1959), rocks of Cretaceous and Mesozoic
age northeast of Chilkat River in the general area of Haines have a
simple monoclinal structure. Laveriong of flow structures in metabasalt
and foliation of dioriclc rocks strike northwest, troughly parallel to
the Chilkat River and dip moderately to steeply norcheasc. Major joints
also strike northwest and dip aortheast. Paleozoic-Mesozole rocks south-
west of the Chilkat River exhibit in places a rather complex isoclinal
folding with vertical axial planes and bedding whereas in other places
they axe gently folded. )

Several major and numerous nminar faults probably transect the Haines
wmapped area and vicipi:zy. They are irdicated by numerous lineaments
(figs. 8 and 9) and, in some places, by diffarences in lithalogy on oppo-
gite sides of river valleys or flords. However, the actual axistence of
the faults and locatic: of their traces are difficult to determine be-
cause most appear. to bz coincidanc with the long axes of fiords and river
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valleys, where they are concealed by wacer or by valley fill. Some
lineamencs in the area are notf due to faunlrfs bur their origin is obscure,
The more prominent of cthe indicared faults are discussed below.

Chilkat River faule

The Chatham Strait-Lyan Canal fault (figs. 8 and 9), which has been
dascribed by St. Awmand (1957), Twenhofel and Sainsbury (1958), Grantz
(1966), and Brew, Loney, and Muffler (1966}, splits into two branches at
the norchern end of the Lynn Canal. The branch that extends up Chilkat
Inlet, Chilkac River valley, and Kelsall River valley is known as the
Chilkat River fault. It has a leogch of abcut 9C miles (figs. 8 and 9),
and comnects with che Shakwak valley fault to the northwest (Robertson,
unpub. daca, 1959; Grantz, 1966). Differences in litholegy en either
gide of these two river valleys (Robercson, unpub. data, 1959) plus che
linearity and continuity of the valleys provide strong evidence for the
exiscence of this unexposed fault. A2 staced by Grancz (1966), "The
character of the fault and the amount of displacement are nmot known but,
1f a fault exists, movement may be parcly Early and Lace Crecaceous,
partly post-Paleocene to Miocene.,' The exacct trace of the fault in che
Haines mapped area (fig. 3) 18 notf known but it must excend up the Chilkac
River valley and, therefore, must lle somewnere beneach McClellan Flacs.
Because it 1s not now possible to more precisely locate che faulc, it is
not shown on figure 3; however, its generallzed crace 1s shovm on che
amaller scale map of figure 9.

. Chilkoot Imlet faulc

The branch of the Chatham Strait-Lymo Canal faulc chat is believed
to extend up Chilkoot Inler iv known as cthe Chilkecot Inler faulct (see
figs. 8 and 9). As indicacted by linear ctrendsg of filords and valleys,
the Chilkoot Inlet faulr probably further splics norchward Inta several
branches (fig. 9). Twenhofel and Sainsbury (1958) show consplcuous
lineaments as extending up the following river valleys: (1) Chilkoot
River, (2} Ferebae River, (3) Taiya River (at head of Taiya Inlet}, and
(4) Skagway River (north of Skagway). Mzny ocher winor linmear trends,
which generally indicate faults or foincs, have been mapped in rhe Skagway
area {Yehle and LemszfTbTZ). All branches of the Chilkoot faulc prob-
ably lie east of the mapped Halnes area except the lnferred branch chac
extends up Lucak Inlet. The locaction of the faferred Lucak Inlet braunch
is net shown on figure 3 because of lack of knowledge as to the probabil-
icy of its exiscence or locatiou,

Faults in southern part of Chilkat Peninsula

The en echelon pattern of lineaments in the souchern part of che
Chilkat Peninsula and of islands to the south suggest several northuwest-
trending faults {fig. 9). Particularly suggestive of a fault is a con-
splcuogus topogravhic offsat of Chillkat Peninsula marked by Letnikof Cove
and Mud Bay (fig. 2). Both bodies of water are elongacad and aligned in
a novrthwest direction and are land-connected by a low swale.
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Takhin faulct

Robertson (unpub. data, 1959) inferred that a fault, which he named
the Takhin fault, follows the Takhin River valley and connects with the
Chilkat faulc 3 or &4 wmiles west of Haines (fig. 9). The existence of
thig fault is suggesced mainly by the linearity of the Takhin River valley.

Faults in the saddle at Haines

In the mapped area (fig. 3), the most likely area of major faults
other than McClellan Flats where the Chilkat River fault must lie, is
the low saddle ia which Haines 1is built. The possibility that roecks of
Tertiary age occupy a downdropped block bounded by faults has already
.been discussed (see section on "Bedrock"). A seismic profile (fig. 10),
run transverse to the saddle, suggests that the more middle par: of the
saddle is cut by two normal faults, which may have displacements of as
much as 140 feet. The abrupt bedrock escarpment that forms the morthern
sida of the saddle way mark the trace of a much larger east-west-trending
fault. This supposition is supported by the fact that, if the postulated
Takhin fault 18 extended eastward across the Chilkat River fault, its
strike would be approximately along the northern escarpment of the saddle.
Evidence thar the saddle is bounded by a fault om {ts southerm side, ro
form a grabenlike structure, is largely lacking. Because more subsurface
data are needed before the number and orientation of the faults that may
be present in the saddle area can be detetmined, no attewpt has been
made to show these faults om figure 3. However, a major northwest-sourh-
east lineament (reprasentative of all possible faults) is-shown on figure
-9 as traversing the saddle area and connecting with both the Chilkat and
Chilkoot lineaments.
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EARTHQUAKE PROBABILITY

As yet it is not possible to predict when or where the next destruc-
tive earthquake will strike in the world or what its size and other char-
acteriscics will be. We do know, hcwevay, that some regions are much
more likely to have destructive earthquakes in the future than ocher
regions. The degree of likelilhcod is based upon two factors: (1) the
seismicity or historical record of earthquakes in a certain reglon or
area, and (2) the degree of tectonic activity of the region or area, as
indicated chiefly by the recency of fault wmovement. Assessment of these
two factors affords a means of determinimng the earthquake probability of
an area.

Seismicity

A large part of Alaska lies in the circum-Pacific earthquake belt—
one of the world's greatest zomes of seismic activity. Six percent of
the world's shallow earthquakes gre recorded in the State, chiefly iIn
two seismic zones (St. Amand, 1957; Wood, 1966). One of these zomes in-
cludes the Aleutian Islands, Aleu:ian trench Alaska Peningula, Alaska
Range, and eastward as far as the Copper River (fig. 7). The second
zone, which encompasses the Haines area (fig. 3), Includes southeastern
Alaska, southwesteru Yukon, and the coastal areas of British Columbia.

The historical tecord of earthquakes im southeastern Alaska and adja-
cent areas is so short that most of the data are limited to that obtained
in the present century. Thesa data show that five earthquakes of wagni-

"~ tude 8 cr greater have occurred offshore or on land in southeastern Alaska
and adjacent Canada (fig. 11). During thig time, there also have been
three earthquakes with magnitudes between 7 and 8, at least eight with -
magnitudes between 6 and 7, more than 15 with magnitudes between 5 and 6,
and. abcut 140 have been recorded with magnitudes legs thaan 5 or of un-
assigned magnitudes in this region. In addition there undoubtedly have
been many additional unrecorded earthquakes since 1899. All five of the
earthquakes with magnitudes greater than 8 were offshore or nmear the

coast and appear to be related to wmovement along the Fairweather-Queen
Charlfrtte Islands fault system and the connectimg Chugach-St. Elilasg fault

or to their splays and extensioms (figs. 8 and 11). Most of the other
larger earthquakes (magnitudes greater than 8) and a large proportion of

the smaller ones also appear to be related to these tectouic features.

‘There are no recorded epicenters of earthquakes within che Haines
mapped area (fig. 3). The closest epicenter for any earchquake of wagni-
tude 6 or greater is about 30 mlles—/norchwest of Haines in the Chilkac
River valley (designation N in. fig. 11). This earthquake occurred March
9, 1952, and had z magnitude of 6. Epicenters of only 12 other earthquakes

<

-

Ypecause of the difficulry of accurately determining the location
of epicenters (particularly of early historilc earthquakes), assigned
locations probably are at least 10-15 miles in error and may in some
instances be mislocated by as much as 70 miles.
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are recorded as belng within about 30 miles of Haines. Magnitudes for

these earthquakes were less than 5 or were noc computed. Thircy-aine

earthquakes wicthin 100 miles of Haines have been instrumentally recorded.

Cne of rhege, the Lituya earthquake of July 10, 1958, {(designation P of '
Fig. 11) had a magnitude of 8, one had a magnitude of & (dascribed abave), '
six bhad wagnitudes between 5 and 6, and 31 had magnitudes less than 5 or

were not computed. .

Although no instrumentally recorded earthquakes had epilcenters inm
the mapped area, more than 100 earthquakes, which occurred between 1847
and 1969 and had epicenters elsewhere, have been felt and reported in
Haines or were pessibly felt at Haines but por reperted (tablé 4). There .
probably have been many more felt quakes in the mapped area but they L
hava nocC been reported or the published source 1s obscure. Most of che
information available to us is from scattered newspaper accounts, oral
accounts, and other sources of varying rellability. There 1is litccle
doult but that, in many instances, major eatchquakes felt in nearby areas
and presumably felt in the Haines area, have not been reported in that
area or are unkrnown to us- .

Felt earchquakes reported in the Haines area have ranged from slight
tremors to severe shocks. (table 4). The two earthquakes of 139% in the
Yakvtat Bay area that had magnitudes greater than 8 were strongly felc
in the Haines area. Based upon newspaper accounts, the Yalkutat Bay
earthquake of Occober 9, 1900, had Intensicies (Modified Mercalll =scale)
of VI to VII at Skagway (Eppley, 1965). Because of a similar distance
frem che epicenter to Haines, intensities in Raines probebly wera similar -
to those in Skagway in those places where geologlce counditions were similar.
One acccunt of the Yakutat Bay esrthquake of September 4, 1839, taken
from the San Francisco Chronicle September 22, 1899, and published in
Tarr and Msrtin (1912) 1s as follows:

"ArL Baines Mission nmear Skagway the shocks were accompamnied by che
movizg of furniture, swaying of trees, rolling of logs, difficulry in
staciing and walking, etc. The ground is said to have cracked open in
placzas * * * natives In utmost panic * & * "

Several earthquakes that oceurred’ during 1907, 1909, 1910 were wod-
eratzly to stronogly felc in or near Haines (Davis and Echols, 1862).
Duri=g an earrhquake on September 24, 1907 (eplcenter probably sowmaewhere
in L7on Canal area), clocks stopped ac Haines as well as at Skagway.
Many people were awakened and the intensity was estimated by the U.S.
Coasz and Geodetris Survey at V (Modified Mercalll intensity scale) at
Klukrman, about 20 riles northwest of Haimes. A scrong earthquake on
Febrzary 16, 1908, probably was felt ar Baines and at widely scattered '
aother towns. Two moderately stroag shocks on March 14, 1910, 1 hour K
apazT and probably having eplcenters in the area of Icy Straits (50-7S
miles southuvest of Haines) probably alsoc were felt at Haines. Still -
anocier earthquake on July 7, 1910, which is thought to have had its
- origin near Skagway, was felt at that town for perhaps 28 seconds (Tarr
and ¥artin, 1912) and presumably was felt alsc at Haines.
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Table &,—Partial list of earthquekes felt and poasibly felt at ilaines

, Alaaka '1847-1969

7

Apr. (1), 1847 felc? July 7, 1910 Felel Apr. 10, 1930 feleM  July 17, 1946 felctt  July 25, 1954 felttt Occ. 14, 1960 felr?
Oct. 27, 1880  felt? - Dec, 15, 1919  felc?t  Feb. 24, 1932 felt?  Oct, 3, 1946  feleft HMar. 30, 1955  felt?t  Aug. *S, 1961 felcy
Oct .ok Nov;lﬁ?ﬂ fele? Har, 22, 1920 falc? Hay 7, 1932 fel;l CApr. I, 1947 felrit  July 11, 195% felrtt June 24, 19461 felr?
aug. 10, 1839  Felt?  Peb. 5, 1921 felt?  May 27, 1932  felt?  apr. 30, 1947  €elc?t  July 16, 1955  feit?t  oOct. 1S, 1963  ‘felc?
Sepr. &, 1899 heavwy®  Apr, 22,26,1923 felr? Aug. 31, 1933 v June 29, 1947 felett  July 24, 1955 felr?t Oct, 16, 1963 fele?t
ehocks Sepr. 19, 1933 felt?  Nov, 18, 1947  felrit July 31, 1955  fele? oct. 19, 1963 felt?
Sept. 10, 1899 felcd  Apr, 25, 1923 fLelel .0 49 1933 fele?  Mov. 26, 1967  feltM  Occ. 28, 1855  felr? Oct. 24, 1963 felc?t
Sepr. 16, 1839 felel  Apr. 30, 1921 felrl 4.0 5, 1935  felt?  May 17, 1948 felt!t Nov. 30, 1955  fele?  Dec. 20, 1963 felrti
Sepr. 17, 1899 falel.  Feb, 23, 1925 Felt® . 4y 1on rod ooy 28, 1948 feltit  Nov. 3,4,1956  felel Dec, 23, 1963 felt7t
Sept. 23, 1899 felel  Apr. 29, 1825 Felrl 00 6 1935 fele?  June 6, 1948 felt?t  Juna 21, 1957  fele?t  Jan, 15, 1964 fele?
Sepr. 26, 1899  felt?  Jun. 24,26,1927 fele! 11, 1938 fele!  Dec. 28, 1948  felr?t  Junme- 23; 1957 ~ Feli?2t - Mar. 28, 1964 112
Sepr. 30, 1899  felrl  Jume 29, 1927 .feel o 4 o3g perr ar. 23, 1949  Felr?t Aug. 1B, 1957  felt?t  Apc. 26, 1964 fele?d
Gcr. 3, 1300 fele?  Occ. 24,25,1927 felr? . 1o, 1341  fele?  Aug. 22, 1949  fele?  Dec. 9, 1957 Felt?t  Apr. 30, 1964 Eeic?y
Aug. 17, 1902 feltl  Rov. 12, 1927 felt? 4 1y 1000 gerer  gen. o, 1950 felsl  May 5, 1958 felt?  Juae 11, 1964 Felct
Sepe. 26, 1907  felr?  Nov. 21, 1927 felt! oo 5 1o sa1pr guly 28, 1950 felcit  Jome 19, 1958  felt? Dee, 7, 1966 felcl
Hay 15, 1508 fele?  Dec. 31, 1927 fele® 0 o yous ga1pr Aug. 10, 1950 Felcrt July 10, 1958 yIt? Gee, 17, 1967 fetr?
Feb. 16, 1909  felc?  Feb. 1, 1928 Eelt? . 16, 1945  fele?  Maz. 9, 1852 felttt July 13, .958  Felt?
Oce. 26, 1909 fele?  Apr. 27, 1928 fale? May 4, 1966  felett Sept. 27, 1952 felttt July 18, 1958  fel?
Mar. 14, 1910  felct  MNov, 12, 1929 feltl . o g, felt?t Sept,.28, 1852 felt?  MNow, 29, 1958  fele?

Dates are U.T.
falt

Falc?

{2} recarded only inesfrumentcally)

{Univarsal Time, or Greenwich Meen Time)

Report of single or multiple earthquake ahock of unknown {oteasity

111 VV] Reported intensity uwslng Hodlfl?d Hercalll earchquake inctensicty eBcale {mee Tabhla 5)

Earthquake posgaibly feler at Haines but mot reparted (earchquake knoun to have occurred elsewhsre in

reglon and (1) reported there ae felc, or

» Data from Tarr and Maccin (1912)

t Report of earthquake being felt slong or near the Chilkat River fault but not reported as belng felt at Hainfﬁ .

1 Report from weacher obaerver, 1908-1958, U.5. Weatlier Bureau, Honthly Climatological Data Summaries

2 ) Data from U,$. Coast and Geodetic Survey (U.s, Esrthquakes, yearly publicatfoa eince 1328}, Heck (1358), Eppley (19651 or Wood (L966)
3 Intenalty estimared by authore from data by Davis upd Szpdere (1960}
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The Lituya Bay earthquake of July 10, 1958 (desigoacion P in fig.
11), was felt strongly ar Halnes and reportedly alarmed everyone. Hair-
line cracks reportedly were formed in the dock of the U.S. Army cank
farm, } miles north if Haines, and slides were triggered near Pvramid

" Harbor (fig. 2), about &4 miles southwest of Haines (Harry Young, Haines,

Alaska, oral comsun., 1965). Underwater communication cables were broken
pear Halnes by submarine slides. A few toppled chimneys thact we observed
in Porc Chilkoot may have fallen during this quake. Intemsicy ar Skagway
was givan as VI (Davis and Sanders, 1360). The same or a slightly higher
intansity for similar geologic units In Haines seems reasomable.

The great Alaskan earthquake of March 27 (Mar. 28, Greenwich Mean
Time), 1964, of magnitude 8.1 £o 8.4 presumably was ouly weakly falt by
a few at Haines. However, an underwater cewmmunication cable along the
face of the Katzehin River delta (about 5 miles southeast of Haines)
broke 8 bours after the shock, probably by a submarine slide that’may
have been induced by the shock (Alford, U.S. Alaska Compunication System,
written commun., 1966). The U.5. Coast and Geoderic Survey (Weod, 1966) -
assigned an {ntensity of TII at Heineg. It is interesting to note from
table &4 that there are intervals covering a.considerable period of rime
when no earthquakes reportedly were felt i{n the Haines area. Omne such
interval extands from October 17, 1967, to the end of 1969 (last date
fer which epicenter data are plotted on f£ig. 11).

Microearchquake seismicicy sctudies, made along a major part of the

. Denali faulc gystem by Boucher, Macumaco, and Oliver (1968) and Boucher

and Firch (1969), show that during the periods of invearigations the

Haines area had one of che three highest rates of microearrhquake activity
anywhere aleng the studied part of the fanlc system. Rates of local micro-
earchquake activicy along differeaat segmencs of the faulc ranged from O

to 40 events per day. About 32 shocks a day were recorded near Haiges

by Boucher and Fitch (1969). as they furcther poinc out, limited evidence
lends supnort to the 1dea thac these microearthquakes were generated pref-
erencially along che fault 2ome and cthat che activity near Haines seemed

to be localized along the Chilkac River faulc.

Relation of earchquakes to known or infarred
faults and racency of fault movement

The variabla accurae¢y of locacing €archquake epilcenters, particularly
during the 19th cencury and searly 20ch century, plus incomplece kpowledge
of Fault locations, make it difficulc to divectly relace saismicicy in
southeastern Alaska to kmown aod inferred faults. Io splce of these
dIFficulties, most of the largetr and many of thd smaller earthquakes prob-
ably can be ralated co the faulcs shewn in figures 7, 8, and 9 in che
section encicled "STRUCTURE." '

All of cthe large and many of che moderate and smallar size historical
earthquakes {n southeastern Alaska and adj]acent aressg appear co be ralaced
to the Fairweather-Queen Charlotce Islands faulc system and che connecring
Chugach=5¢, Elias faulcr or to their branches {fig. 8). Thus, most have
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epicenters close to the coast or ofifahore in Gulf of Alaska and in the
northern Pacific Ocean. Although lace Pleistacene movement is well

_defined along the Totschunda fault syscem (fig. 7), evidence of very

recent movement is lacking (Richrer and Matsou, 1971) and few if any
hiscorical recorded earthquakes have epicenters that appear to be related
to movegent along this fault sgystea.

The onland segment of the Fairweather fault, as well as probably its

- western extensglon, the Chugach-St. Elias fault (fig. 7), has been very

active tectonically during Quaternary time {Grantz, 1966; Page, 1969;
George Plafker, written commun., 1971). The eplcenter of the great
Yakutat earthquake of September 10, 1899, (wagnitude 8.6) was not accu-
rately located but 1s believed to have been aear the head of Yakutat Bay
where there was movement on portions of the Pairweather fault or on one
of itd western extenaions (Tarr and Martin, 1912). Likewise, during the
Lituya Bay earthquake of 1958 (magnitude B8.0), rhere was movement along
the entire onland length of the Fairweather fault, with 21 1/2 feet of
right-latersl slip and 3 1/2 feet of associated dip—slip (up on the souch)
measured in one place (Tocher and Miller, 1959; George Plafker, written
commun., 1971). From lata Pliocene or early Pleistocene to Holacene time,
the land northeast of the faulr is thought to have been uplifted more

thaa 3 miles (5 km) and cthe fault has undergonme associated righct-lateral
slip of unknown magnicude (Grantz, 1966).

Thac the southeastern offshore extension of the Fairweather faultg,
which appears to connect with the Queen Charlotre Islands faulc, is also
active 13 indlcaced by the fairly large number of earthquake epilcencers

-in that area (figs. 8 and 11). Although the assigned epicentral loca-

tlons arae not well alined, probably most of the earthquakes are related
to movement along the Falrweather fault. Lack of alinement can ba ex-

‘plained by inaccurately located epicenters or by the apicenters being

along more than oame branch of the fault gystem. That there is branching
and splaying along at least part of the fault system is verified by the
fault pattern on land fu the Yakutaz-Lituya Bay area (Grantz, l966;
Plafker, 1969; 1971).

High seiswicity along the entire length of the conceazled Queen
Charlotte Islands fault (as far gouth as Vancouver Island) is well docu-
mented by the large numbér of earthquakes that appear to be related to
the faulet. These earthquakes have rangad in size from the 'large earth-—
quake (magnitude 8.1) of Augustc 22, 1949 (L in fig. 11), through several
earthquakes of magnitude 6 to 7, to numerous earthquakes of smaller
magnictude. Here, also, the eplcenters are not well alined but they do
fall, nevertheless, along a fairly definite offshore northwest-southesst
belt that strongly suggests a relarion to an active fault zone (Gutenberg
and Richter, 1954; St. Amand, 1557; Wilgon, 1965; Tobin and Sykes, 1968).

As shown by figure 11, the number of earthquakes related to the
Shakwak valley, Chilkat River, Lynn Canal, Chatham Straic segmencs of
the Denali fault system (fig. 8) is swall as compared to the number along
the Fairweather and Queen Charlotte Islands faults. The reason for the
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relatively low seismicity oo these fault segments may be due to the facct
that this part of the Denall fault system amy have been rendered relative-
ly inacrive tectonically in favor of movement along the newer Teotschunda
fault system. As suggested by Richter and Matson (1971} the Tetschunda
fault system may represent part of a new transform faulc segment of the
Denali faulr system, which bypasses the Denali fault sygcem in Canada and
southeastern Alaska and leaves ir as & wore passive tectonic segment.
However, that this part of the Denald faulc sysrem is not everywhere
passive 1s evident from the number of earthquake epicenters that appear

to be related to segments of irc,

Only two earcthquakes appear to be related te the Chatham Strait
favlr. This may be due teo the fact, as pointed gut by Grancz (1964), that
movement along this faulc probably occurred moscly during Tertiary time.

Historic movewent along the Chilkat River faulc In the vicinity of
Haines and possibly along the northern part of the Lynn Canal fault appears
to be greater than along the Chatham Stralec fault. Thia 4s indicated by
the cccurrence on or near the fault syscem of one earthquake of magnitude
6 (N of fig. 11) and several earthquakes of magnitude less than 5 or of
uncomputed magnicude. Also, numereus amall shocks (table 4), probably
mostly of local origin, were reported (U,S. Weather Bureau, Climacologlcal
Daca, various years) by volunteer weather observers stationed during in-
termitcent periods at Moose Velley (25 miles northwesc of Haines), at
Porcupine Creek (30 miles west-northwest of Baines), and at Linger longer
(a roadhouse or lodge abcut 35 miles west-northwest of Haines). Felt
shcecks vere reported from time to time during the period 1930-1935 ac
Porcupinme Creek, during 1946-1957 ac ¥oase Vallev, and duriang 1963-1964
at Linger Longer——periuds when observers were present at these locatioms.
There also were a numher of small earchquakes thar were felt at Haines
but oot reporced from elsewhere—parcicularly during the period 1947-1950,
Many or most of these small earthquakes felr ac Haines and to the north-
west may have had cheir origin along che Chilkar River fault or a branch
of that fault, or they may have been due td rectonic changes rasulting
Erom che relactively rapid glacio—isostatic rebound of the land. Alse, as
previcusly discussed, microearthquake activity near Halnes was hiZh during
abocut 7 hours of observation im 1967 and appeared to be lecalized along
the Chilkat River fault (Boucher and Fitch, 1969).

A3 discussed previously, most of tha movement along the Chilkat River
fault may bave occurred partly during Sarly and Late Cretaceous and partly
duting post-Paleocene to Miocene time (Grantz, 1966). Boucher and Ficch
(1969) concluded, hovever, on the basls of their microearthquake srtudies,

_that 'the Denali fault is active in sowe sense along its entire length
“aasc of Mount McXinléy * * * and it probably should not be dismissad as

a relic faulr of no current tectonic importance." The high micraearth-
quake acriviry, chey suggest, may document Che gecaurrence of very large
earthquakes in che past. A possible alternare explanation, given by them,
ia that the miecroaearchquakes are signarures of some kind of background
Belsmicicy such as that assoclated with a creep phenowenon.
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The Shakwak valley fault segment of the Denali fault system, north-
west of Kluane Lake (fig. 8), is believed to have moved in recent cen-—
turies (Bostock, 1952), 1Its prominent topographic trace along the Shakwak
valley 1s marked locally by iault scarps of Holocere age and by righc-
laterally offset topographic features. Right-lateral offsetting of 1
mile, and perhaps as much as 3 miles, of the glaciated Shakwak valley is
guggested to have occurred since early Pleistocene time. The northeast
side of the fault is indicated to have been upthrown more than one-half
mile since Olizocene time and large scrike-slin displacemenrs movement 1Is
believed to have takan place in Miocene to earlv Pliocene time or lacter
(Grantz, 1966). Savaral earthquakes that occurred in historical time
may be relaced to che more recent movement. The epicenters for three
earchquakes of magnitudes between 5 and 6 aud of several others of wmagni-
tudes less than 5 or uncomputed are located in the vicinity of Kluane
Lake (see figs. 8 and 11) and may be related to movement along the fault.
An earthquake of magnitude 6 1/2, on February 3, 1944, had its eplcentar
in the vicinity of Kathleen Laka (about 40 milcs southeast of Kluane Lake).
This way indicate movement zlong the southeast extension of the fault
near i{ts {ndicated juncture with the Chilkat River fault,

Assessment of earthquake probability in the Haines area

As indicated in a regional report by us (Lemke and Yehle, 1972},
data still are t-o few to permit more than a general assessment of earth-
_quake probabllity in soucheastern Alaska., Therefore, a rigorous evalra-
tion of earthquake probebility im the much smaller Haines area must awaic
a looger record of seismic avents aud a better knowledge of the tectonic
framework of the area., BHowever, some genmeralizations, based upon the :-
present state of knowledge, appear warranted.

Seismic probability maps, ag well as strain-releass and earthquake
acceleration probabiliry maps, coapiled for southeascern Alaska and adja-
cent Canada, permit a general assesgsment of earthquake probability in the
Haines area, A seismic probability map (fig. 12), prepared by tha U.S,
Army Corps of Engineers in 1957 and revised in 1?65 (Warren George, U.S.
Army Corps of Engineers, written commun., 1968; 1571) places Haines in
zoue 3--a zone where the largest expectable earthquakes would have magni-
tudes greater than 6.0% and where major damage to manmade structures
could be expected. A seismic zone map (fig. 13) 1o tha 1970 edition of
the Uniform Bullding Code (International Conference of Building Officials,
1970) places Haines in zone 2--a zone where moderate damage .to manmade
stTuctures is possible. On the other hand, 2 recent detailed study of
earthquakes in Canada has led to the development of a new seismic zone
map, which shows all of the coastal region of western Camada, all of
southeastern Alaska, the northwest part of British Columbia, and most of

i&he largest instrumented earchquakes of the worla have had magﬁi-
tudes of 8.9. Therefore, earthquakes of magnitude as great as 8.9 could
conceivably occur in zoae 3. '
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the Yukon Tercitory as being In zone 3 (National Regearch Council of |
Canada, 1970). Zones are similar to those prepared for the Uniced Staces,
ranglng from 0, where no damage is expected, to 3, where wajor destructive
earthquakes may occur (Hasegawa, 1971). In zone 3 of chis map che esti-
mated maximum incensity, 28 measured on the Modified Mercelli scale, falls
batwean VIIT and IX and the corresponding horizontal ground accelaration
may be taken as 50 percent of grawity (Ferahian, 1970)}. According teo a
strain-release map {fig. l4) of Milne (1967), Halines falls on concour 4
of his map, which indicates that a single earthquakea as great as magnitude
6.7 would 5e necessary co release all rhe energy chat accumulates in 100
years, ot 3.5 earthquakas of magnitude §, or 20 earthquakas of magnitude
5. A l00-year probability map (fig. 15) of Milnme and Davenport (1989)
shows chat Haines is in an area in which a peak earthquake acceleration of
40 percent of gravity iz a possibility. Thua, oo the basis of table 5,
which shows approximate relations between accelaratlon, magnitude, and
intandity, an earthquake of magnitude 6.9 and with an intemsiry on fim
ground of IX i{s possible In @ 100-year period im rhe Haines area.

!

It 2s obvious that agreement is not close between cthe above-described
maps as to earthquake probability im the Hafnes area., At least part of
this divergzence is due co the fact that some of the maps, such as the
strain-release map of Milne (1367) and the earchquake acceleration map of
¥tlne and Davenport (1969), are based solely upon the seismlcicy of the
area since 1898. 4s discussed previously, the seismic record of south-
eastern Alaska is far too ahort to permit an assessment of earchquake
probability @ this basis alene. Also, the seeming differences in assess-
ment of seismic risk berween the U.S. Army Corps of Engineers' map (fig.
"12), the Uniform Building Code map (fig. 13), and the seismic zone wap of
Canada may be more apparent than real bacause the three maps are not assess-
ing all the gsame factors. The Uniform Building Code saismic 20ne map sets
up only mimimum building scandards to be met by imdustry. The earchquaka
probability map of the Carps of Engineers {fig. 12), on the oather hand,
atctempts to assass Che overall earthquake probability of the area, and
chus, expectedly would show a higher risk value. The Uniform 3Suilding
Code seismic¢ zome map and the geismic zone map of Canada, although similar
in some regpects, apparantly differ in scme of their derivacive facrors.

In addition to assessing the earthquake probablility of the Haines
area on the basis of the abova-described maps, a oumber of specific géo-
logic factors, whode pertinency has been demonstraced in studies of earth-~
quakes in oumerous other places, also have te be considered.  Some of
thega factors are: (1) faults chat long have been inactive may suddenly
bacome reacetivated, (2) faults accive during Quaternary time may be in-
active during mosc of hiscorieal time but suddenly become reactivated,

(3) certafn prasently inactive saegments of otherwise active fault sysrems
can be axpected to becone active in the fucure, (4) the occurrence of
small earthquakes 18 not neceasarily an indication of where large eartch-
quakes may oecur or vice~versa, and (5) large earchquakes may occur in
areas vhere there is little or no racord of seismicity and no obvious
tactonlc structure that would resulr In an earthquake. Thesa five faccors,
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EXPLANATION FOR PIGURE 14

Map Energy - Interprated frequeney Interpreted

cantour level per 100 yrs of certain . magnicude
o in - magnitudes (M)% necessary necegsary to -
" atrain to releasge all of energy release all of
releage - level . : . energy lavel In
_ untesl - ) _ © a single event
o ‘M5 M6 X7 Mg  Per100yrs
a 0.1 e Cm—— e - 3,7
1 PR ¢ 1 - © 5.0
2 5 . 5 . 5.9
3 .10 .10 1.§, -— —— © 8.3
4 T2 . 20 3.5 e e 6.7
5 50 50 3.9 1,6  ==e- 7.3
( 6 100 100 17.8 3.1 mme- 1.2
7 200 200 36 6.5 1.M 8.1
8 500 . 500 50 15 2.5 - 8.6
9 700 706 120 21 3.5 8.7

e e — e e

JiEnergy leval, atrain-releasa (Benioff, 1951) unit here defined

in terms of enargy of a magnituda 5 earchquake (101 SM~5)/2

- (10" ¥m?) based on earthquakes 1898-1960 inclusive, extended to a 100-

year baze.

r7N one—unit increass in magnitude {a about a 30-fold increase in
energy relesse and & two-unic anreaaa is a 500-fo)d increase.
(Steiobrugge, 1968).

3Northern area of contour 6§ bas a maximm energy of 700 strain-
relegse units; southern area of contour 6 has 236 uoits. Contours 7,
8, and 7 are not shown on map; tabular data for 7, 8, and 9 have been
extandad by the writers. .

3

) per area -
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EXPLANATION

3
6 :
8os 10 -+ & 10 L e s
Average~-value 20 !xtreme—value
method - 50 . method
100 N

Contours shawing paak earthquake .
accelaeracion as a perceamt of
gravity (about 982 em/sec? for

v southeastern Alaska at sea level%*)

A Skagway B Petersburg
' B Haines F Wrangell
C Hoonah G Ketchikan
D Sitka H Metlakatla
oo - '
cY _& See table 5 showing relations

between accelaration unoits, energy,
megnitude, and intensity.

| -
A

Piguze -15.~—~0One~hundred-year ptobabili:y map showing peak earthquake
accelerationa for southeastern Alaska and part of adjacent Canada.
¥odified from Milne and Davenport (1969). Based upon earthquake
straln releasa from 1898-1960 (extended to a 100-year interval) as
interpreted by an extreme-vglue method and using data from all
instrumented earthquakea. For comparison of method, another
interpretation™ts offered through an average-value method (dotted
contour on map) which uses only earcthquakes having an acceleration

of 10 percent grav@ty.
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Table 8.--Avoroximace velations barween earthauake maguitude. energy, round
acceleracion, accaleracion in relation ro gravity, and intensity (modified
from U.S. Atomic Eaerzv Commigsion, 1963)

a | o] ad|agy| 18/
.j—ioi; 1 Derected only by sensitive instrumeats
» ralt by a feu persons ar rest, especlally
E v~ 2 -~ |11 on uppar £1oors, ‘'delicace suspended
3 :"10 - ) objects may swing
p i . " Felt nociceabdbly indoors, but not always
:_1015“ S | sosg! LIL recognized as a quake; scanding autos rock
¢ L 8lighcly, vibracion like passing truck
1 44 I E Falt indoors by many, outdoors by a faw; ar
‘4_]“10 %0 - 018 | v uight gome awaken; dishes, windows, doors
- disturbed; motor cars rock noCiceably
:—iOl [ Falt by most people: some breakage of dishes
- ‘: — 20 7 windows, and plascer; disturbance of tall
2 objeces
3 —- 30 I~
55':—i01§ s L Falt by all; many frighctened and Tun ouc~
4 = ;G new | GT doors; falling plascer and chimneys;
_éi C 0 C°°° damage small
ozc: ég - Everybady runs outdoors; damage to buildings
” i0a =g |VIL varies, depending on gQualicy of comstruc-—
ES ) tion; nociced by drivers af cars
Panel walls thrown ouc of frames; fall of
: 02l 200 VIII walls, monuwents, chimmeys; sand and wmud
- ajeczed; drivers of autos disturbed
o p—
%00 Buildingas shifted off foundations, cracked, |
7 62 501 L .5g Y thrown out of plumb; grouved cxackad; undear-
L sao L ground pipes broken
- Z 3 C Most magonry and frame Structures destxoyed;
b~ ?330: ® % ground cracked: rails benc; landslides
1029 -
8 L . Yew strucctures temain scanding; bridges
L 2000 XTI destrxoyed; fissyres Iin ground; pipes
broken; landslides; 'xails beat ..
= . J000f

w000k Damage total; wavas seen on ground surface;
o2l so0l sy |x1I lines of sight and laval discorted; objects
- thrown up iuto air

' These relacions votil 1971 are belleved to have applied fairly well in soucharn

California where cthe avevazge focal depch of sarthquakes has been abour 10 miles
(16 km). (See Cuceabarg snod Richter, 1956; Hodgson, 1966.) However, ravisions
af rhese relacions may de necegsary becauvsde of che axcepcionally high accelera-
tioue resulting from tha San Fermando, Calif., earchquake of February 9, 1971,
vhen the earthquake, of magnitude 6.6, produced accaleraclons of as much aa

1g (Maley and Cloud, 1971). .

Iy, magoitude scale, according to Richrer (1958). 2%, energy, in ergs.
Ja. ground acceleration, in cantimetars per secoud?. ﬂé/g, ground acceleracion

shown as a parcent of the acceleracion of gravicy (about 981 eps? ot about 32.2

- lpaz; adopced as 3 standard by the International Commitree oo Veighrs and

Measures). j&, Modified Mercalld Incénsity 9cale (abridged from Wood and

Yeumsan, 1311); complate deseription of scala unLtslgiven in Richrer (1958).
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most of which caunot now be properly evaluated lecally, are discussed in
our raglonal report of southeastern Alaska (Lemke and Yehle, 1972); also,
a number of worldwice earchquake examples are given in that veport to
1llustrate how the factors apply.

In sumpary, it is oot now pogsible to assess with any great degree
of precision the earthquake probability of the Haines area. Seismic
records alone indicate that the largest expectable earthquakes for the
Haines area would be of only moderate size (berween magnicudes 6 and 7)
and at only infrequent intervals. 1t must be rememhbered, however, that
tha Hainea area 135 in the second most seigmically active region 1n Alaska
and cthat the reglon consticutes a part of the highly active circum—Pacific
selsmic belt where aarthquakes of magnitude 8 and greatar have occurred.
In fact, five earthquakes of magnitude 8 or greater have eccured in souch-
eastern Alaska and viciniry in hiskoric time along or near the tecton-
ically active Fairwesather—Queen Charlotte Islands faulf system (fig. 7)
or along tha Chugach-St. Eliag fault, Therefore, the Halpes area may well
have a higher earthguake probability than that indicated selely by the
bhistoric safsmic record. The possibility of an earthquake ag great as
magnituda 8, or even greater, in che general ares of Haines cannot be
ruled out. For thesa reasons, the placing of Haines in selsmic zone 3,
a3 asgigned (fig. 12) by the U.S. Army Corps of Engineers, seems reason—
able ta us. Moreover, it should be emphasized that intensities from fairly
digtant large aarthquakes,; such as may occur along the Fairweather-Queen
Charlotte Islands fzult, will be attanuvatad with distance from the epi-
ceater but srill may be sufficiently high at Haines to cause damage either
directly or indirectly from shaking (see Lemke and Yehle, 1972, for dis-
cussion of attenuation of earthquake intensity with distance).
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INFERRED EFFECTS FROM FUTURE EARTHQUAKES

As discussed prewviously, lack of knowledge of a number of geologic
factors that are critical in considering the earthquake potential of the
Haines area necessitates evaluating the possible effects on the basis of
the highest expectable possibility. Therefore, it will be assumed that
earthauakes of magnitude as great as 6 may occur in the area or vicinicy
from time to rime and that an earthquake of magnitude as greac as 8, or
perhaps even larger, may sometime occur.

Because of the recomnalssance nature of the study and sparsity of
laboratory data on physical properties of geologic units, the discussion
of inferred geologic effects from future earthquakes in the mapped area
and immediately adjacent areas wust of necessity be largely empirical and
generalized. The inferences, by and large, ara based upon the effects of

"major earthquakes on similar-appearing geologic units 1in other places,

particularly the effects of the Aiaskan earthquake of 1964 (see Lemke and
Yehle, 1972). It must be emphasized, howaver, that the properties of che
geologic units in the mapped area (fig. 3) may not be the same a3 those
being compared from other areas evan though they superficfally may resemble
them. Moreover, the physical setting and other facrtors, which could mark-
edly influence the effects, also may differ. Tor these reasons, the assump~-
tions that follew should mot be rigorously Interpreted or applied. Rather,
they are Intended as broad guidelipes useful in assessing the kind and
degrae of hazard thar may be present in the Haines area and leading toward
minimizing these hazards as they affect man and his structures. As such
they are direcced to structural and civil engineers, city and regional
planners, and publiec and private utility companies, and all other public
and private groups or individuals who are responsible for the safety and
velfare of Haines and its enviroans, now and in the future. Bowever, the
interpretacions that fallow ara in no way intended co preclude the making
of additional detailed geologic and angineering studies, parcicularly

those studies that pertzin to small tracrts or individual gices. In fact,
we Tecommend that such additiomal studies be made whenevar possible.

Surface displacement ou faults and
other tectoniec land chanies

In attempting to assess the damage potential from tcectondc land
changes in the Halnes area, the locatfon of faults in respect to present
or planned facilities 1s an important comsideratiocn. However, as stated
previously, the presence and locations of faults are known only in a
general way, the faults being for the most part concaaled beneach water
of fiord inlects or of valley fill, and in 3ome instances the very existemce
of a fault {s speculacive,

The Chilkat River fault or fault 2o0ne, as discussed previocusly, is
belleved to tremd up the Chilkat Inlec and the Chilkat and Kelsall River
valleys (figs. 8 and 9). The almost total absence at the present time of
manpade structures along the infarred trace of the fault in the Haines
area makes it unlikely that there would be significant damage from the
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direct effects of surface displacemenc of the fault. About the only pres-

ent facilities that mighr be affected would be short sagments of the high-~

way and the petroleum pipeline north of Haines and then only i1f the fault

location {s such that it impinges against the northeast wall of the Chilkat

River valley. One place where the topography suggests that the fault might

impinge against the portheast valley wall is about 7 miles northwest of

Hajves, opposite the mouth of Kicking 'orse River (see fig. 2). If the

Baines-Juneau highway is buflt across the Chilkat River, as now proposed,
displacement along the Chilkat River fault vrobably would affect thatr seg-

ment of the highway that crosses tha river and associated river flats less

than one-half mile upstreawm from the aircraft landing scrip. The proposed

highway project includes approximacely 3,925 feet of causeways and three “.
bridges with a total footage of approximately 1,111 feet (Frauklet, 1968). Mo
Because the trace of the faulc or fault zone In this area can only be in- L
ferred as beIng some place between the valley walls, one cannot speculate R
whether the causeway or the bridges would be most affected if there is

future horizontal or vertical movement along the fault,

Tha location of the inferred Chilkoor Inlet fault or faulr zone in
the vicinity of Haines i3 aven more speculative than that of the Chilkat
Biver faule. TIf, as shown on figure 9, 1ts trend Ls about 2 miles east
of Haines, surface breakage along 1ts length would not direccly affece
the onshore facilities unless accompanied by regional tectonic uplift ox
subaidenca. The only offshors facilities that might be affected are the
communication cables between Skagway and Hafines as well as chose cables
that extend down Chilkoot Inlet toward Juneau. Signifitant vertical or
horizontal ground displacement could break the cables where they cross
the fault, v , . -

As discussed previously, tha Infarred Takhin fault or fault zone ‘may
extend eastward down the Takhin River valley and through the saddle where
Haines 1s buflt. The abrupt northcrn escarpwent of the gaddle may wark
the northern side of the fault or, as seems more likely, a fault zone. A
second parallel fault may bound the southern side of the saddle and addi-
tional faults (see fig. 10) are indicated in the more cantral part of the
saddle. These series of faults mzy form a grabenlike structure., If this
structural picture is correct, surface faulr breakage duripg am earthquake,
along one or more of these postulated faults, could directly affect facil-
1ties bullt athwart these structures. Facilities affected by either hori~
zontal or vertical displacement causing dislocation or rupture might include
roads and screets, bulldings, port and communicarion facilities, che petro-
leum pipeline along the base of the norchern escarpment of the saddle, water-
lines and sewerlines, and the aircraft landing strip northwest of Halnes,

74—- “In-addition to damage to manmade structures directly from fault dis~
placement, sudden tectonice regidnal upllft or subsidence of rthe land re~
sulting from an earthquake could produce adversea effects in the Halnes area.

‘In general, the amount of land-level change would determine the amount of

axpectable damage. The.greatest damage probably would be to facilities -
along the waterfront. ‘ .
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Based upon amouncts of land-level changes assoclaced with large earth-
quakes elsewhere, uplifr or subsidence greater than 10 feet is possible
but unlikely in the Haines area. Therefore, effects from land-level changes
greater than 10 feet will nor be discussed here. It 1s interesting to note,
however, that 1f the land subsided 30-40 feet a sea connection at bigh tide
would exist betveen McClellan Flars and Chilkoot Inlat.

A hypothetical reglonal uplifc af 10 feer would produce several signi-
ficant changes along the shorelines of Chilkoot Imlet and Chilkac Ialec.
The BHaines small-hoat harbor would be rendered useless without additional
dredging in the harbor icrself and in the channel leading to ft. The watear
also would be too shallow adjacenc to octhar docks in che area {(including
the ferry ferminal in Lutak Trlet north of Halnes) to parmit dacking of
larger boats. Considerable additional beach areg would be axposed along
much of the shoraline of Portage Bay. On the Chilkar Inlet gide, all of
McClellan Flacs would be raisad several feet above high tide and newly
epargent deposits would be exposed soma discance farcher down the inlec,
The uplifced Chilkat River would aoom erode to grade in the alluyium of
McClellan Flacs and probably would be coafimed for awhila to eone or a few
channels in chat area rather chan flowing in the present braided channel

gystem.

A tectonic subsidence of 10 feaet also would produce significanc changes.
The Haines small-boat harbor would ba rendered inmeffecrual bacausa the
breakwacer walls would be too lov to prevent overtopplng by larger waves.
The decka of docks would be toe low to allow unloading at high clde. The
ghoreline of Portage Bay would advance inland se thac the wacerfront area
of Haines would be subject ta erosion from storm waves, especially at high
tida. Likewlse, lower lying segments of the road leading peorth to the
ferry terminal could be demaged in 2 similar mwanner. Whether sewers would
be impaired by theilr outrlets inro Portage Bay baing too low cannot be eval-
uaced by ug. A substantial amount of pregencly lov-lying land would ba
inundated adjacent to Chilkar Inlet. All of MeClellan Flacs would be
covered by marine water aven at low tide, and high tides would extend up
the Chilkat River valley probably to about the mputh of the Kicking Horse
River (about 6 miles northwest of Raines). Deposita, similar to chose
forming McClaellan Flacs, would be builr ar the new mouth of the river and
eventually cover the lower part of the valley floor {in that area. TLarge
segments of the Halnes Highway, from the vicinity of the mouth of the
Kicking Horse River to near Halnes, would be inundacted at kigh cide or

"subjact to bank erosion. The alrcraft landing strip norrthwest of Haines

would be completely covered at high tide, even if the subsidence werz on
the order of 5 feet. Likewlse, the low-lylag acea southeast of che atir-
crafr landing serip (area shown by symbol (Qemy) on flg. 3} would be
inundated even with 5 feet of subsidence.

Ground shaking
The amount of ground shaking (intensicy) ac -any one place ia depend-

aut upon 4 greal many variables, including: magonitude of the earthquake,
distance from the spicenter, accelerarion, period, duracion of shaking,
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amplitude of the seismic waves, physical properties of the ground, geologic
structure, and ground water (Barosh, 1969). The variable most responsible
for the range of shaking at any epicentral distance, however, Is the type
of ground.

Although much remains to be learned and many effects are not clearly
understood, Lt {s generally found that ground vibration (shaking) is coun-
siderably greater in poorly consolidated deposits than in hard bedrock.
Moreover, in poorly consolidated deposits, the thicker the beds and the
finer the grain of che deposits, the more subject the deposits generally
are to destructive ground motien. This is particularly true i1f the depos-
its gre vater saturated. For example, Neumann and Cloud (1955) state that
& rack outcrop (such as granite) and an adjoining area of umconsolidated
deposits may have as much as a 10-15-fold difference in acceleration.
Gacenberg (1957), io comparing relative amplitudes of earthquake motion
for different types of ground, assigned the following amplitude factors,
using solid rock as 1l: sandstong as much as 3; dry sand, about 3 1/2;
and oarshy land, 12. Except for some types of manmade £i1l, alluviuam is
generally subject to the strongest shaking of any type of deposit, partic-
ularly if water saturated or in those places where seismic waves emerge
abrupcly from vrock fnto alluv}um (Richter, 1939). In such cases, it has

Co vy S

been estimated that asasisewe may increase as much as 22-fold or a rise

from VI o X on the Modified Mercalli scala (Neumann, 1954).

Sufficient geological and seismological data are not available for
the Haines area to assess the amount of expectable shaking of the geologic
units during an earthquake other tham to make rough comparisons of degree
of shaking berween the geologic units, In attempting to make such com~
parisons, wa have tentacivaly divided the geologic units into three gen-—
eral categories: (1) those units where the strongest shakfng i3 expeccted,
(2) those units where shaking is expected to be luntermadiate between the
other two c¢ategories, and (3) those units where the least shaking is
expecced. In some casesg, one unit may fall into wore than ane category.

) On thias basis the geologic units in the Haines area are teantatrively
assigned to the following categories: o
Category l: atrongest axpectable shaking

A, Manmade fill, Qf

B. Chilkat River flood-plain and delta deposits, Qz

' C. Modern beach deposits, Qb '

D. Colluvial deposits, Qc (part of unir)

E. Alluvial fan deposits, Qaf (part of unit)

F. Elevated fine—grained wmarine depositcs, Qem and Qemy
© Category 2: Intermediate expectahle shaking

A. Colluvial deposits, Qc (part of unit)

B. Alluvial fan depostts, Qaf (part of unit)

C. Elevated shore and delta deposits, Qeb

D. Outwash and f{ce-contact deposits, Qo

E., Drifc deposits, undiffarentiated, Qd
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Category 3: least expectahblae shaking
A, Tgneous vacks, Ko and Kad
B. Metamorphic tocks, Mzm and Mzp

It should be emphasized that, although the above categories show
compatrative amouncs of expecrable shaking of the differentc geologic
units, the amount of expectable damage to manmade scructures built upcn
these unics may not he direcely related. There are several other factors,
mastly pertaining to differing engineering aspects of the structures that
may markedly affecc the amounc of ensuing damage and even may be the
dominant fattor. Whether a scructure is buillt of wood, einder blocks,
bricks, or cemncrete (reinforced or monreinforced) can warkedly affect
the amount of damage. Likewise, the design of the building in ralaction
to the foundation conditions and whether it is buflc to be earchquake
resistiva or not ase significanc factors. Also the height aand Tigidicy
of the building, parcticularly in respect to the nacural frequency of the
bullding in comparison to the period of the seismic waves, are factors
that may significancly affectc the damage potencial. Thus, a more orv
less direct comparison betwaen amount of ground shaking and ensuing dawage
to structures can be made only between similar scructures. I, there-
fore, 1s tha responsibllity of the engineer Lo be as avware as possible
of the cowparative ground intensities of che different geslogiec units, .
to collect additiomnal data on soil vproperties vhenever necessary, and
to design in conformity with the ground cendicions.

Geologlc unics in Categorv 1 (scroogesc expectable shaking)

Shaking of geologic units in chis cacegory is expacted to be sgtronger
than shaking of geologic units in categories 2 and 3 in the same localiry
for a speclfic earthquake.

Manmade fill (Of) .—It has been dramatically f{lluscrated during past
large earchquakes rthat manmade £411 is generally subjected to strong
shaking, commenly with resultant heavy damage to structures buile upon
it. The strong ground motion is due in large measure tao the compasition
of material constituting the fill, ro the looseness of cthe emplaced mate-
rial, and to emplacement of the fill upon poorly consolidated and fine-
graiaed deposits chat themselves are subject to strong shaking. Ir ghould
be noted, however, that engineered fills (chose properly compacted by
standard engineering methods) way not ba subject to such a dagree of
shaking.

Wood's study (1908) of the San Franciaco earchquake of 1906 showed
that the wost sevare damage was on msanmade £111, with damage successively
less severe on alluvium, conglomerate, shale, and hard rock. Damage was
5 to 10 tives greater om f£1ll than om hard rock. Although some of the

- damage uwndoubcedly was due to assoclaced effacts, such as ground fracctur-

ing and differential settlement, che effect af shaking probably was the
dominant cause. The same trend has been Eound for earrchquakes in eastern
Canada, Caermany, Chile, Turkey, Greece, Algeria, and China {Duke, 1958).
During the Chilean earthquake of 1960, damage to buildings constructed on
manmade ground was comspicuously greater than that om any other type af
ground (Barozzi and Lemke, 1966).
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Eight areas of arcificial fill, mostly small, are shown on the map
(fig. 3). Noc shown bacause af rheir samall size, are road and screat
fills and other small misceilaneous types of fills.

Tha largest areal extent of arrificial fil) 18 the aircraft 'anding
strip. The sand and gravel fill is only a few feec thick and has be~n
emplaced on elevated fine-grained wmarine deposics (Qem and Qemy). The
only manmade srructures gn chis fill, other than the runway itself, are
a2 couple of small plane hangars. Comparacively scrong ground motion can
be expected mainly because af the probable high susceptibility to shaking
of the underlying fine-grained deposits,

A small area of manmade fill mear Raskulu Point is mostly sand and !
gravel from nearby ice-conracet depossits. The £ill is underlain in part ’
by thin sand and gravel deposits (Qeb) and in part by fine—grained marine ‘
deposits (Qemy). Relatively strong shaking is indicaced bacavuse of the .
probable loosemegss of the f111 and the nature of the underlyingedeposicts.

Fill covers an area about 1 mila nertheast of Raskulu Point upon
which are constructed several shop buildings of che Alaska Department of
Hfghways. In most placeg the mapped part of the £ill is only abouc 5
feet thick and cousists mostly of sand and gravel from nearby elevated
shora depositas (Qeb). Inasmuch as tha fill presumably 15 lacse and 1s
underlain ac shallow depth by fine-grained maripe deposits (Qem), 1t
prabably is suscaptible to streong shaking.

Riprap surrounding the small-boatc harbor consiscs of angular blocks
of ignecus rock (Ked) over a core of fine~grained material ar the shore-
ward end. The fill overlieg beach deposits {(Qb), elevated fine-grained
marine depogits {(Qem), and offshore marine deposits. Although the rip-
rap itself should noc be subject to atrong shaking, the fine-grained
material of che core and the deposits underlying the core probably would
subject the entire fill to strong ground motionm.

Two small areas of artificlal £111, onme just south of the small-boar
harbor and the other ona to the north mear NWukdik Point, are nor signif-
icant to thils evaluatlon because no facilities arae bullt on the fills.
Tha fill south of the swall-boat harbor consistcs of fine-gralned material.
The one gear Nukdik Point ia an abandoned dump.

The cargo dock next to the Alaska State Ferry Terminal dock, nerth
of Haines, appears to consist chiefly of blocks of rogck topped with sand
~and gravel. The fill of che dock, which rises to a height of 26 feet
above mean lower low water, may be a8 much as 50 faet thick toward the
geaward side. Probe holes, jetted nearby in connection with construction
of the Alsska Stare Ferry Terminal (firm of Toner and Nordling, Juneau,
Alaska, vritcen commun., 1962), indicate that 20 or more feet of coarse
gravel and swall boulders underlies che f£1ll. The general coarsenessg of
the fill combined with Lhe. somewhat coarger natute of the underlying
depasits, suggest thar the degree of shaking may be somewhat lass here
than for areas of manmade fi1ll discussed above, Effecrs of shaking, other
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than to the carzo dock itself and to the ferry dock, would be limited
chlefly to cargo stored intermiccently on the dock area and co
automobiles on the adjacent parking platfomm.

An area of artificial fill 4 few hundred feet northwest of the
cargo dock, upon which 1s constructed a chip mill, appears to consist
mogtly of fine-grained elevated marine deposits (Qem). Relatively
strong shaking probably could be expected because of the composition of
the £i1l and the probable loaseness of the underlyiag beach deposits

(Qb).

Chilkat River flood-slain arnd delta deposits (Or).-—-Except for some
types of wanmade £ill, alluvium generally is subjecc to the strongest
ground motion of any type of deposic, particularly i1f wacer sacurated.

The smaller the graln size of the alluvium and the thicker the deposit,
the more subject the alluvium generally is to the gepneration of destruc-
cive seismlc shock waves (Millikan, 1933; Omote, 1949}, This is parcie-
ularly evidenr where seismic waves emerge abruptly from rock iante alluvium
(Richter, 1959). As poted previously, amplictude may increase as much as
22 times (Neumann, 1954). Gucenberg (1957) ncted that the ratlo of am-
plicudes at seismological sices on fairly dry alluviuem that was more than
300 Eeet deep, compared to a site (Selswological Laborarory of che Califor-
nia Instituze of Technolagy, Pasadena) om ¢rystalline rock 1s frequently
5:1 and that che aaplicudes on wacter-saturated alluvium may be 10 times
greater. He also noted that strong shaking lascs several times as loug

on alluvium as on crvscalline rock and thac this ratio uswually decreases
with decreasing thickness of the alluvivm. Other examples of severe
shaking of alluvial deposics during a large eartiguake are described in
our reglonal report (Lemke and Yehle, 1972).

In comparing the Chilkat River flood-plair and delta deposits with
alluvial deposits in other parts of the world in respect to earthquake
shaking, ic seems reasonable to supposa that shiking of these deposits
will be as great as or greater than in mosc of the other alluvial dapos-
irs. The deposits are fine grained, loosely consolidated, fairly thick,
and are completely saturacted to the surface or to a few feat of the sur-
face--all factors that make them susceptible te sctroag ground motion.
Moreover, as will be discussed later, they may be subject to significant
secondary effeccs of shaking such as laadsliding imto Chilkat Inlec,
lurching and other types of ground fracturing, liquefaction, fountaining
and atZendant effacts, and subsidence due to compaccion.

No manmide structures are built presencly upon rthese deposits. In
the event chat the propeosed highway bridge {s buile across the Chilkat
River and the alluvial flsed plain in the vicinity of the afrscrip, the
probability of the alluvium befng subject to strong ground mocion durinmg
4 large earthquake should be carefully considered in the design of the

bridge and of che associated road fill.

Modern beach denosits (Qb).-—~These deposits, In general, are consid-
erably coarser grained than che Chilkat River flood-plain and delta
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Those parts of the deposits that are thin, fine grained, :=d are
underlain by fine-grained sediments, such as the fine-grained zarine
deposits (Qem), probably should be placed i{n category l. Thi:xer and
coarser depogits (such as those farcher up che slope and parcicularly
those not undarlain by fine-grained deposits) probably should e placed

in category 2.

Present manmade structures built on these deposits are confined
mostly to a few houses, to the perroleum products pipeline builc ag the
bage of the mountains directly north and agorthwest of Haines, aad to
the wacter line extending from the mountain front toward Haines. More
structures may be bullc in the furyre on the deposits as Haines expards

toward the more mountainous areas.

Flevated fine-grained marine deposits (Qem and Qemy).--The generally
small grain size, considevrable thickness, and high degree of sacuration
of the deposits are factors rhat make the deposits susceptible to strong

shaking during a large earthquake.

Shaking of most parts of the elevated fine-grained marina deposics
in the Raines area might be nearly as great or as great as tkac of che
Chilkat Rivaer flood-plain and delca deposits (Qr). The most severe
ghaking might be in the thick (Qemy) subdivision ¢f the unit, vhere the
wacer table {s vircually at the surface and the deposits appear to con-
sist mosz)y of ailr- and clay-size parcicles. OCne foot to several feet
of muskag, which it 1s believed would be parcicularly susceptible to
shaking, mantles large parcs of rthe older (Qem) deposics.

The westerm part and some of the easterm part of the city of Haines,
as well as waterlines and sewerlines, primary and secondary roads, and
other manmade structures (such as the tank farm north of Halnes} are con-
structed oa or in these deposits. Inasmuch as the surface of these depos-
its constitutes some of the most level land in the mapped area, it is
likely that chis terrain will be considered for future expansion for

dwellings and other types of construccion.

Gaologic units In category 2 (inrermediate expectable shaking)

Blevated shore and delta deposits (Qeb).—These deposits, which con-
sist wostly of gravel, sand, aad cobbles, are considerably coarser grained
than the elevated fine-grained marina deposics (Qem and Qemy) aad che
Chilkat River flood-plain and deltfa deposgits (Qr). Also Iin wmost places,
because of their greater permeability and because they are topographically
higher, they are not nearly as water saturated as the other two types of
deposits or as the modern beach deposits (Qb). They probably alasoc are
more compact Chan manmade f111 (Qf), colluvial deposits (Qe), aad alluvi-
al fan deposits (GQaf). For these reasons it is not expected that this
unit would be subject to as great a degree of shaking as those units
placed in category 1. It should be poinced ouc, however, that the unit

13 underlain in many places by fine-grailned marine depositrs, which have
In such areaa and particularly where the unit

been placed {n category l.
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1s chin, shaking probably would be the same as ov gimilar to that of
the underlying deposits.

Most of cthe business district of Haines and virtually all of Pore
Chilkoot are builr on these deposits. Other manmade structures ars
largely limited to road segmwents, waterlines and sewerlines, and

scattered dwellings.

Qurwash and ice-countact deposits (Qo).~--Ground motion of this unit
i3 expected to be gimilar to that of the elevated shore and delta depos-

its (Qedb) becausa of similarity in grain size and thicknesses. Both,
also, are fairly well drained and probably are about equally comnsolidaced.

Near Lucak Inlec, the outwash deposits lis mostly om bedrock or on sur-
ficlal deposits that are less sub]ect to strong ground motion than

deposits in category 1.

At the present time only a few slngle-~dwelling structures have been
builc on the deposits. Because of the general Inaccessibility of the
areas, it 1s uunlikely that many structures will be built 4in the

foreseeable future.

Drift deposits, undiffecventiaced (Qd).--In the mapped area, these
depasics consist chiefly of compact till or other types of diamictons
lying mostly on bedrock in fairly to moderately well drained areas.
Therefore, expectable ground motion probably would be considerably less
than for deposits in cactegory 1. Where the unit consigts of fluviegla-
cial deposits (sand, gravel, and cobbles), it is fairly well drained,
and in most places, probably tests on bedrock. Thus, expectable ground,
mocion in these deposits probably would be cousfiderably less than for

units io caregory 1.
Manmade structures on these deposits are confined to a few scactared
dwellings southwest of Port Chilkoot.

Colluvial deposits (Qc); alluvial fan deposits (Qaf) (part of each
unic).—As previously discussed, part of each of these units is assigned
ta category 1 and parc co cacegory 2. The reader 1s raeferred to the

oprevious discussion (see "Gealogic units in category 1').

Geologic uuits 1ia cateegory 3 (least expectable shaking)

Igneous rocks (Kt and Kad); metamorphic rocks (Mzm and Mzp).-—Because

of the expectable similarity in degree of shaking, all the exposed bed-
rock 18 treated as one unit. Some other earthquake effects, however, as

will be discussed later, may differ from oma rock type to another.

. Historical records of earthquake damage generally show that shaking
in hard dense badrock is muych less than in poorly consolidaced sgurficial
deposits. There wmay be as much as 10-15-fold difference in acceleration
‘(Neumann and Cloud, 1955) and amplitudes recorded over granitic bedrock
may be only one-ctenth that recorded over water—saturated 30fr ground
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(Richter, 1959). All chis implies that manmade structures bullt on bed-
rock generally undergo considerably less damage from shaking during an
earchquake than similar structures built on warer—-saturated sofc ground.
All other conditioans being equal, this generally has been found to be
true, However, as discussed previously, other faczors, mailnly of
structural engineering nacure, may markedly affect the amount of dcmage.

Compaction

When loose cohasionless soils (those containiag po significaat clay
contenc) are shaken by strong ground motion during an earthquake, there
is a tendency for them to compact with assogiated settlement of the
ground surface, Alse, the resulting demsification of the materials,
under gome conditions, produces llquefaction and water-sedimentr ejection.
Only the assoclated affact of settlement will be discussed here.

SettZement of tha ground surface, whecre underlain by loose cohesion-
less macerials, probably has accompanied every severe earthquake. The
agount of settlement generally is dependent upon: (1) the leooseness of
the materfal, (2) the intensity of shaking, (3) the length of time of
strong ground motion, and (4) the relatiocn between che natural frequency
of the material vhen vibrated and the frequency of the impulse vibracions
- of the seilsmlc waves. Thus, che higher tha void racio of the material,
the zreater the incensity of shaking, the longer the length of time of
strong ground motion, and tne closer the frequency of the seismic waves 1is
to the aatural frequency of the material, the graater the expectable
compaction and resulting ground settlement. Although the vibratien effects
on clays are considerably less than for ccheaionless materials like saud,
even soft clay compacts to some extent when subjacted to incense vibrations
having a frequency cloge to the matural frequency of the clay (Terzaghi
and Pack, 1948},

Except possiuly for local areas of wanmade f111, the Chilkar River
flood-plain and delta deposits (Otr) probably would be subject to the
greatest amount of compaction ia the Halnes area during a severe earth-~
quake. Factars which favor thls assumpcion are: (1) the loose cohesion-
less nature of the deposits, and (2) che considerable indicacted thicknasa
of the deposits. The sed‘ments are believed to consist chiefly of sand
and siltc with a fairly nigh void ratic. In most places, it i3 likely
that chey exceed 150 feet in thickness and toward che face of the delta
they may be considerably thicker. Inasmuch as most of the ground surface
i3 now just barely above sea level, sectlement of only a few feet would
resulc in a considerable area being inundated by the sea.

Sectlement of manmade fill (Qf) could cause damage 1n the Haineg
area to r.adbeds {(especially bridge approaches) and to builldings and
other facilicies vhose foundationg are foundad wholly or partly in f111.
If the gediments underlying the manmade £111 also are subjectc to com-
paccion or to liquefaction, settlement could be comsiderabla. For example,
a roadbed builc on che.Chilkat River flood-plain and delta deposits (Qr)
might actually sactle below the lavel of the deposita, such ag occurxred
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at the Snow River crossing during the Alaskan earthquake of Murch 27,

1984 (observacion by senior auchor, 1964). The aircraft landing strip
might also be subjecc to this kind of settlemenc and result in it being
ifoundated at times of high tide or during perlods of high water on the

Chilkacr River.

The loose sandy modern beach deposits (Qb) probably are susceptibdla
to considerable compaction; if stromgly shsken. However, in most places,
they are believed to be falrly thin aund total setrlement probably would
not be appreciable unlegs the underlying deposits also are subject to
compaction. Pilers, docks, and other harbor works would be thea main

facilities affected by settlemenc.

The elevated shore and delta deposits (Qeb) might undergo some com-
paction during strong ground motion. Most or all of che deposits, how-
ever, are aufficlently above sea level not to be inundated. Some damage
might ensue to buildings and other facilities due to differential

gettlementc.

Litctle compaction of the elevated fime~grained marine deposits (Qem
and Qemy) 1s expectable because of their generally cohesive nature. How-
evar, where the deposits are more sandy or where they are underlain by
more cohesionless materials, some compaction and asgociated settlement
might take place. If they also are subject to liquefaccion, then materi-
al may move by lateral extension toward a free face and considerable
settiement of the surface could ensue. Most of the younger deposics (Qew)
are now just barely above high tide. Any appreciable settlement would
cause this area to be inundated by the sea.

Other surficial deposits, where the materials are loose and cohesion~
less, also may be susceptible to compaction if there is strong shaking
for a considerable time. The resulting differectial settlement could
damage manmade structures bullt upon them. .

Liquefaction in cohesionless materials

If loose to medium-dense macerials that are saturated and virtually
cohesionless, loaded and confined by impermeable material are subjectc to
scrong shaking, the resulting cendency to compact ipereases the pore-
watetr pressure. The resulting upward flaw of water may turn the mate-
rials into a "quick" or liquefied condition; hence, the term "liquefaction”
(Seed, 1970). As-a result of closer packing of the solid particles,
there 1s ao excess of water and the load is transferred from ~he solids
to the fluid, Ocher factors being equal, fine sands and coarsa silts
are most subject to liquefaction (Terzaghi and Peck, 1948). Also, thae
higher the void ractio, the greater is the tendency for the materials to
liquefy. When partc of a sloping soll mass liquefies, the entire mass
can undergo catastrophic failure and can flow as a high-density liquid.
The resulting flows can move down even nearly flat slopes and can cause

heavy loss of life and property-destruction.
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In the Haines area, the Chilkact River flood-plain and delta deposits
(Qr) probably are the wost suscepciblé to liquefaction during an earth-
quake because of their small grain size (sand and silt) and because of
their high degree of saturatrion. During investigation for the provosed
Chilkat River highway crossing, one-half wile northwest of che aircrafe
landing srrip, a ""quicksand" condition developed in the deposits during
movement of hesavy equipment (Migliaccio and Slacer, 1968). Moderate to
large~size sliding due to liquefaction of the deposits, originacing along
the fronrtal face of the deltaic deposits and extending upstream into the
flood~plain deposits, must be considered a distinct probabilicy in the _ .
event of a woderace to large earthquake. Also, water-sediment ejection e
(sand and mud boils) aud accompanying ground fracturing, due wholly or 3
in part to liquefaction, would be expectable in these deposits during a K
moderately large to large earthquake. The posgsibility of earthquake-in-~
duced sliding and of water ejection in these deposits, as well as other
deposits, will be discussed later under the respective subject headings.

The elevated fine-grained marine deposics {Qem and Qemy) are chiefly
of silt and clay size, are fairly plastic, and have a high degree of
water sacuration. Insufficient data are availablas to ascercain whether
they are subject to llquefaction. However, unless the deposits contain
fairly numerous lenses of coarser material !sand and silt), they prob-
ably are considerably less likely to liquefy cthan the Chilkat River
flood-plaia and delca deposits (Qr). It should be emphasized though
thac depogits having a greater susceptibility to liquefy may underlie
the elevated fine-grained marine deposits and that both deposits could
be advarsely affecred, if che underlying depbosits liquefy.

The elevated shore and delta deposics (Qeb) are considerably coarser
grained than the elevated fine-grained maripme deposits and, where they
form the surface unic, are in most places much bezter draimed. Lique-
faction seems unlikely except where there may be intercalated lenses of
fine sand and silt or whera the deposits underliae other deposits and have

=a higher degree of saturactiom.

The modern beach deposits (Qb) may be suscepcible to liquefaction
during an earthquake bacause they are saturated to or nearly to the sur-
face and in places may concain a fairly high percentage of sand and silt.
However, because they are of fairly small areal extent and generally are
not thick, liquefaccion effects probably would be considerably less than
for the Chilkat River flood-plain and delta deposits (Qr). Nearshore
subaqueous deposits, however, may be considerably thicker but, because
of insufficient data, their liquefaccion potential cannot be evaluated.

Parts of other mapped deposits, where grain size 1is favorable and
wvhere there 1s a high degree of wataer sacuration, may be susﬁ%p:ible to
liquefaction. - Howaver; data are too few at present to attempt to
evaluace this possibility.
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Reaction of sensitive and quick clays

Sensitiva clays are those clays rthat lose a considerable part of
their strength when shaken. During an earchquake such c¢lays commonly
fall and become rapid earchflows that can cause heavy damage and loss of
iife. Sensitivity of a clay is defined as the ratio of undiscurbed shear
atrength of a clay to remolded shear streng:h of the same specimen
(Terzaghl and Peck, 1948). The term "quick" clay denores a clay of such
high sensiciviey that Li: behaves as a viscous fluid in the remelded
atate {(Mitchell and Houston, 196%9), .

In the Haines area, the elevated fine-grained marine deposits (Qem
and Qemy) appear to be the most likel: deposits te counfaln sensitive
clays. Although avallable data are too few to actually confirm the pres-
ence of these clays, our comparison of the few pertinent data available
with sensitivizy apalyses made for the Bootleggar Cove Clay in Anchorage
(see Hansen, 1965) indicates rthat parts of the elevated fine-grained
marine clays may hava moderate to high sensitivity,

Sufficient data are available from analyses of 11 gamples of fine-
grained marine deposits for us to calculate the liquidity indexes.
S5ix samples were analyzed by the U.S. Army Corps of Engineers (Warren
Gaarge, writfen comrun., 1968) in connection with construction of the
petroleun tauk farm near Tananl Point, four samples were collecred by
the Alaska Department of Highways (Munson, 1962}, and one sasmple was
collecrad by us. Thus, because of the diversity of conditions under
which che samples were coliected and analyzed, rigid. comparisons’ probably
are not posasible. Likewise, the liquidity indexes cobtained im che Haines
araea probably canpot ba compared directly to sensitivity values obtained
in che Ancherage axea. In addition to probable difference ia collection
and analysis procedures, the samples in rhe Halnes area wvere all collectced
from depchs of less than 8 feet whereas samples from the Anchorage area
ware collected from an average depth of 50 feet. 1In spite of these diffi-
culries, we feel that some Iindication of the degree of sensitivity of che
deposits can be obtained from the data available.

The liquidity index results are as follows: (1) in threa of the
samples the plastic limit exceeded the natural water content and, there-—
fora, a negative value for the liquidicy index resulted, (2) four of the
samples shoved liquidity indexes of lesgs thaa 1 indicating sensitivicies
of less than 15, (3) two of the samples had liquidity indexes of 1.07 aad
1.10 indicating sensitivities of about 1§ and 17, respectively; two of
the samples had liquidity indexes of 2,10-and 2.12, respectively, indicat-
ing sensitivities greater than 50. As described by Mitchell and Houstoao

Hhe sensiriviry of a clay has been found to correlate fairly well
with the warer-plasciciey racio of the clay or the so~called liquidicy
index. This raric, as defined by Casagrande and Fadum (1944) i3 equal
to the natural water content of the soll minus the plastic liwmit divided
by the liquid limic minus the plkascic limit,
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{1969), clays having sensitivicies of 16 fo 17 are regarded asg medium
to quick elays (high ro very high sensictivity); clays havipg sensirivities
of 50 are regarded as very quick clays (extremely high sensitivicy).

Salinity tescs were made oo two samples that we collected to see 1f
salts had been leached from.che material-—a Ffactor chatr might increase
the sensitivity of the matarials. WNo salt was found in either sample
indjicacing that it had been leached from che sediments since deposition.
Both samples, however, were collected from within a few feer of che sur-
face apd may not be representative of the conditions ar greater depch.

In summary, we tentatively conclude that some parts of the elevated
fine-grainad depogits may contain moderately to highly sensitive clays
subject to failure and resultant damage to manmade scructures when sub-
jected to shaking during ao earcthquake. Much additioual data need to be
obtained o suppnrt or negate Chese tentative comclusions and to accurately
dalineate, both arsally and sctratigrapnically, any sensitive clays that

may be present.

Vater-sadiment ejection and asseciated
subsidence and ground fracturing

In ac least helFf of approximately 50 major earthquakes, water and
sediment have besn ejected from surficial deposgits (Waller, 1968). The
ejecrion phenomena have been called fountaining, sand spoucs or sand
bolls, mud ot sand craters, blowours, and other names. The ajecta mpay
range from cleax watar, through mud, to wacer containing material as.
large as coarsae gravel., Sand, however, s a Common szize fraction.
Ejectaz heights of several feet are common but fountaining to a height of

"as much as 100 feet has been repovted. The ejecctions are associaced

vith surface or near-surface unconsolidaced deposits where there 1s a
high water rable or a confined-water condirion {(where tha top of the
water zone 1§ in contacc with an overlying, relacively impervious zone).
Associared fractures commonly form an intricate mosaic pattern of ground
braakage and generally range In width from hairline cracks to 1l or 2 feet
wide but soue have been reported to be as wide as 30 feet and open to a
depth of 25 feet (¥oster and Rarlstrom, 1967). The water—-sedizneat ejec—
tion and associated subsidence and ground fratruring can cause extensive
damage by fillling basements with ejecta marerial, covering agricultural
land with a blanket of infertile soil, and filling or making shallow
small ponds. Also, wnare 2 "quicksand” condition 1s produced, structures
can sink dnto the liquefied waterials. Moreover, where material has
beer removed from beneath the gurface by ejaction, the surface collapses

FIrr .

and cauges heavy damape ro strycctures bullc- thereon, “=

In the Haines area, the Chilkat River flood-plaim apd delta depos—
ies (Qr) probably are the most Llikely to be subject to water-sediment
ejeccion and to associated subsidence and ground fracturimg during an
earthquake. As discussed previously, these sadimencs probably are the
mogt likely of any of the daposics ro liquefy and the water table 1is
at or near the surface--both factors favoring water-sadiment ejection.
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However, unless the earthquake occurs in the wincer so that a frozen
surface crusct can furnish a restrictive layer for a confined-water condi-
tion, gsufficient water pressure may not be built up to produce fountajin~
ing or jecting of water and sadiment, Instead, the warer and sediment
way merely well up and overflow che surface to produce a quicksand condi-
tion., Local subsidence can be expected whether or not there is jetting,
and intense ground fracturing {s likely if there is a frozen surface
crust.

Insufficient data are available to predict whether the elevated
fine-grained marine deposits (Qem and Qemy) are subject to water-~sediment
election. As ooted previously, ic is not now knowm whether the deposits
are subject to liquefaction although the tendency probably 1s coamsider-
ably less than for the Chilkac River flood-plain and delta deposics.
Also, as was emphasized, some of the underlying depousits may be subject

“ to liquefaction. If so, the relatively {mpermeable fine-grained marine
deposits might act as a confining restrictive layer and permit sufficient
water overpressure to develop to produce fountaining, fracturing, and
loecal subsidence. The fact that the wacer table Iin most. places is high
1s a factor favoring this possibility.

The elevated shore and delta deposits (Qeb), as discussed previously,
are well drained in most places, are fairly coarse grained, and probably
are not highly subject to liquefaction. Theraefore, except locally where
the depogits may be more saturated and flner grained or where there is a
layer permictting a confined-water condition to develop, the phenomenon of
water-sediment ejection and associated effects seems unlikely.

Because the modern beach deposits (Qb) have a high water tzable and
may be subject to liquefaction, it is likely that water-sediment ejection
might be actuated in the deposits during an earthquake. However, becaunse
the daposgits in most places are not thick, the effects probably would bae
relatively small. Also, uoless the sutface of the deposits are frozem at
the time of the earthquake, there probably is no restrictive layer to
produce a confined-water conditiom that would allow founcaining co develop.

Partg of other surficial deposits, where the water table 1s high
and where liquefaction 1s possible, may be subject to water-sediment
ejection and associated effects. The discal parts of .some of the allu-
vial fan deposits (Qaf), parcicularly, might be subject to these phenomena
where conditions are similar to those that produced marked effects on
alluvial fans during the Alaskan earthquake of 1964.

" Earrhquake-induced subaerial slides:. end sluwps -~ & =77 ..

Geologic units on land that probably are most prone to slide as a
tesult of a severe earthquake are: (1) Chilkat Rivar flood-plain aund
delta deposits (Qr), (2) elevared fina-gralned marine deposits (Qem and
Qemy), (3) elevated zhore and delta deposits (Qeb), (4) modernm beach
. deposits (Qb), and (5) manmade f111 (Qf). Other surficial units may be
affacted locally.
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The Chilkat River flood-plain and delta deposirs (Qr) probably ars
the most suscepcible to subaerial and submarine landsliding. During
strong ground motion, the frontal face of the Chilkac River delra is
likely co fail. Moderare to large-size sliding, origimating along the
frontal face of the delta and progressing upstream- into the flood-plain
deposits, is probable in the event of a moderate to large earchquake.
The deposits are fine grained, are loosely depasited, and praobably are
barely in a state of equilibsiym under present scarie condicions. IE
failure is caused at least in part by liquefaction, then headward pre=
gression of sgliding up the river might continue as leong as scrong ground
motion lasts-—a situation apnalogous to thai along the weterfront ac
Seward and ac Valdez during che great Alaskan earthquake of 1264 (Lemke,
1967; Coulter and Migliaccio, 1966}, Also, lurching and accowmpanying
fissuring in the flne-grained wacer-saturated deposits forming McClellan
Flats could be expected as thesa deposits move towara the frontal face

of the delta.

v,
Tty

Fairly high plascicicy and generally high degree of water saturation.
are characteristics of the alevated fine-grained marine deposits (Qem
and Qemy) that favor sliding. If liquefacrion of the deposits is also a
posgibility, the slide potential is furcher increased greatly. Tha
largest area underlain by the deposicts is the nearly flac surface in che
saddle west and south of Haipnes; large-scala landsliding in chat area is
nor probable because of lack of a free face toward which the marerlal
¢an move. The gteepest slope of significanc 9ize underlaia by che depos—
its is between Portage Bay and the busipmess discrict of Haines. Land~-
8liding in this area during a large earthquake might range from sliding
of moderate~size discrete masses to miner slumping, ground cracking, znd
lurehing toward the free face. A legs likely area to slide, because of
tha more gentle surfaca slopes, i3 thac underlain by the older deposics

(Qem) norchuest of Tanani Poinc.

Pecause they are coarser grained and Iin mosc places are better
drained, cha glevated shore and delta deposits (Qeb) are less likely to
slide rchan are the elevated fipe-grained marine deposits. Unless there
are intercalaced lenses or beds of fine sand and sile, liquefaction of
the deposits is not expected. These characrerisries tend to preclude
large-scale sliding of the deposics except possibly whare they form
steep slopes ar vhera rhey are underlain by more slide-prone deposits,
such as che elevated fine-graivned marine daposics (Qem) at Haines. Some
lurching and assoclaced ground cracking can be expec:ed in cthose places
whera the deposita can move toward a free Eace.-

Because che wvater offshore from the beach deposics (Qb) {s fairly
shallow In most places, no sigiificant landsliding of the beach deposits
is expected unless the deposics are subject to liquefaerian. There may
be some lurching and accompanying ground cracking, however, dhere the
deposits move tovard the frea shore [ace.

Manmade f{1l (Qf) in the mapped area 1s not areally extensive npor
are there high Eills supporzing highways or ocher facilities. Masc fills
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have been smplaced on low-lying ground vhere thera are no ue2arby high
open fzces. Theraefore, sliding probably would be rescricsed to local
glucping with accompanying lurching and ground eracking. Sliding of
this type could be expected to be greatest where £fill has been emplaced
on morae slide-prone deposits such ag the Chilkac River fload-plain and
delca deposits (Qr) and the elevated fine-grained wmarine deposits (Qem

and Qemy).
Earthquake-induced subaqueaus slidas

Data are largely lacking to permit aom assessmen: of the amounc of )
gubmarine sliding that has been triggered by past earchquakes in the yr”5
vicinity of Haines. That some of the sliding can be attribucted to earth- L
quakes 1r indicated by cabla breaks that have been coincident or nearly X
colncident in time with large earthquakes.

The following informacticn on cabla breaks alemg Lynn Carnal and
Chilkoot Inlet between Junaau and Halnes (60 miles) is furnished in mod-
ified form from the reacords of the dlaska Communicacion System (D. Alford,
uritten commun., l966) and from Heezen antd Johnson (1969):

Local time of event Possible cause of break

Aug. 13, 1924~~-=-——~-—--Cabla break; cause not given,

Sepc. 22, 1927=--——--———-~-Sybmarine slide of silt and debris from
Kerzséhin River; no earthquake reported.

Oct. 24, 1927-=-=—————-——Cabla break; cause not given.

Feb. 4, 1952 ~Cable break; cause not gi&en.‘

Jure 18, 1952--—~~—=——-~~——Cable break; cause not given.

July 16, 1952---——=—-—~—~Submarine slide; no earthquake reported.

Sepc. 1, 1956 Profile of cable rouce shows break well
up the sida of Katzehln River delta;
break occurred during a windstorm.

Sept. 1 or 2(?), 1956——~-Submarioa slide on Ratzehin River delta;
no esrthquake reported.

July 10, 1958-—-———————Four submarine slides within 4 miles of
the front of the Xarzehln River delta;
occcurred ac time of a graat earthquake.
Two of rhase slides along the delta front
and two others, 9 mi{les south of the delta
front, may have been caused by Raczehin
Biver delta faillures, turbidicy currencs,
direct seilsmic shaking, or dislocation of
unstable perched bodies of glaclally de-
rived sediments along fiord walls.

Mareh 27, 1%964--————-———-Gubmarine slide along face of Katzehin
River delca 8 hours after Alaska earch-
quake of March 27, 1364.
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The above information suggests that some of the cable breaks off-
shore from the Katzehin River delta (5 miles southeast of Haines) can be
correlated with the Lituya Bay earthquake of July 10, 1958. The sub-
marine glide that occurred 8 hours after the Alaska earthquake of March
27, 15964, provably also was due to secondary slumping of the delta front
related to that earthquake. Some of the other recorded cable breaks may
have been caused by sliding related to earthquakes too small to have
been instrumentally recorded whereas others probably were caused by nat-
ural oversteepening of delta fronts. Considering the limited extemt of
fiord bottoms transected by these cables, there probably have been many
additicnal undetected slides in the vicinity aleong delta fronts and in
perched sediments along fiord walls.

) ..”"

ity
In assessing the potential for earthquake-induced submarine sliding ;

in the Haines mapped area, we tentatively conclude that the deltaic de-

posits are the most likely to slide-—particularly the deposits at the

mouth of the Chilkat River. The slide potential for deposits at the

mouth of the Chilkat River has bHeen discussed in the sections "Liquefaction'

and "Earthquake-induced subaerial slides and slumps." )

Mo large-scale submarine sliding seems likely along frontal faces
of the fairly small fan deltas built at the mouths of streams along the
west side of Chilkoot and Lutak inlets north of Haines unless the depos—
its are subject to liquefaccion., However, in the construction of the
large cargo dock adjacent to the Alaska State Ferry Terainal, it is re-
ported that four or five caissons of the dock failed during coustruction
(Harry Young, Chief, Haines tank farm, U.S. Army, oral commun., 1%653).
We do not know whether the failure was a structural ome or whether there
was a foundation failure, due possibly to the caissons being placed in
unstable deltaic fan deposits or in fine~grained marine sediments.

There seems little likelihood of major submarine sliding in Portage N

Cove. Bathymetrie contours indicate that steep underwater slopes are

not present. However, if offshore deposits are subject to liquefaction,
slides may be triggered on fairly gentle slopes and the resulting slurry-
like slide mass can move a ¢onsiderable distance from its source and
spread cut as a relatively thin blankert.

Two fan deltas, a few miles outside the mapped area, appear to have ~
a high potential for earthquake-induced sliding along their underwater
frontal faces. One is the fan delta below Davidson Glacier, about 10
miles south of Haines. The other is the fan delta at the mouth of the
Katzehin River, which already has been discussed briefly as the locus for
previous slides that caused cable breaks. As deunoted from bathymetric
contours, both deltas have steep frontal slopes that likely will £ail
during strong ground motion. Judged from previous sliding, triggered
either by earthquake shaking or as a result of natural depositional over-
steepening of the foreslope, future sliding along the Katzehin River

e e
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delta front seems a certainty. Major sliding of either the delta front
downstream from the Davidson Glacier or of the Katzehin River delta could -

appreciably affect water depths in immediately adjacent areas of Chilkatr [
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and Chilkooc lInlecs. However, the inlets are sufficiencly deep so that
it Ls unlikely chat slide debris could seriously rescrict any pogsible

future navigation. .

Effects on glaclers and relaced feacures

Strong ground motion and land-level changes rasulting from earch-
quakes can affect glaciars and relaced feacures in saveral ways: (1) cause
thickening of glacier lce, (2) cause thinning of glacler ice, (3) disrupt
glacier-fed streams, (4) change flow characteristics of glacier ice Te~
sulting In glaeial advance, (5) cause accelerated calving of the termini
of tidewarer glaciers resulting in possible retreac of glaciers, (6) cause
glaclers co advance or retreat due to land-level changes, and (7) produce
long-tarm c¢hanges in mass or flow charactaristics of glaciars because of
tactonic displacemenc (Post, 1967).

There are no éiaciers ion the Haipes mapped grea (fig. 3) and expect~

able adverse effects in the atea from nearby glaciers, in the event of a
savere earthquake, probably are minimal. No nearby glaclers terminate
in cidewacer. Davidson Glacler, cne of the largest nearby glaciers,
drains fnto Chilkat Inlet 10 miles south of Haines and terminaces silighcly
more than 1l wile from the ianlet. During an earchquake, some of the lower
reaches of tha glacler may be subject to vock avalanching from bordaring
steep bedrock walls, but it i3 unlikely chac this would affect the regi-
men of the glacier sufficientcly to cause it to advance to tidewater and
" diacharge ilcebergs into Chilkat Inlec. Any subsrantial advance, however, ~
even if the glacier did not reach the inler, would gignificantly affecc
the proposed Haimes—-Juneau Highway berween the glacier and Chilkat Inlet-
(see Franklet, 1969). It seems unlikely that the regimen of the Garrison
Glacier and other glaciers to tha west (sea fig. 2) would be changed =~
sufficiencly co affect gignificantly che Chilkat Rivar and the Haines area
downsctream, unless there was a suddem release of a large quancity of water
due to the breaking of an earchquake-induced dam of ice or debris. &
sudden release of water, however, could causza ‘flooding downstream and,
1f the volume of water wera large, might affect parts of tha Haines High-
way as well as the proposed highway acrogs the Chilkat Rdiver just up-
stream from the aircrafr landing strip. The effects of amy tectonic
. changes, such as uplifr or subsidence, resylting from a future earthquske

" almost surely would be too small to significantly affect che regime of
any of the glaciers. Snow and debrils avalanching on steep slopes, trig-
gered by strong ground motion during an earchquake, might constitute a
~hazard wvithin the Hainesg area itself during winter months.

Effects on ground-water and stream flow

It {s well knowm that large earthquakes can significantly affect
ground-wacer and stream flow.

Waller (1966a, b) noted that gshore-tarm effects of the Alaska earth-
quake of March 27, 1964, on ground water included: (1) surging of wacer
in wells, (2) water—sediment ejection, (3) failure of well systems, and
(4) turbldity of water {n wells and springs. Long-cerm effects included
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temperature changes, cnemical quality changes, and the lowering or ra<s~
ing of wacer levels or artesian pressures. Surface wacer changes included
diminished or increased stream flow. Chunges in stream flow commonly
were coutrolled by ground fracturing in or near streambeds and by sncw
and rock avalanching. Most landslides blocked streams for omnly short
periods but effects from some persisted for months (Waller, 1966a; Lemke,

1967).

Ie {s difficule to evaluate the effects of an earthquake omr ground
and surface water in the Haines area. Most of the water supply for Haines
comes from two springs, a creek, and an old wine tunnel. Whether these
supplies would be increased or decreased cannot be ascertained. However,
inasauch as the gource 1s largely on or in bedrock, it seems unlikely that
the long-term supply would Se grestly affected, although there might be
sowe temporary change in flow and the water might be turbid for a period
of time. Water levels in wells dug in loose graunular surficial deposits
wight be lowevred owing to compaction of the materials and consequent
reduced transaisgibility. Failure of well systems due to sanding or silc-—
ing of the pump column or brealdng of the well casing also must be con-
sidered a possibility. Other than the Chilkat River, streawms ara not
abundant or large in the mapped area. Short-term affects on the Chilkac
River might iaclude increased flow unless tributary stream channels were
blocked by snow or rock and debris slides. If a slide dam is breached
suddenly, cthe flow of water thar was impounded can be large and heavy
damage can ensua downstream. Water is rarely impounded behind a snowslide
or rockslide if there is an absence of fine-grained material so that the
water can drain through the slide. On the other hand, if the slide
material is sufficiently fime grained so that the water canmnot drain
through fast enocugh, the dam may fail catastrophically by overtopping
and large quantities of water and sediment may pour downstream.

Tsunamis, seiches, and other abnomazl water waves

Abnormal water waver associated with large earchquakes commonly
cause vast property damage and heavy loss of life. Tsunami effects can
be devastating to coastal areas many thousands of miles from their genex-
ation source. Seiche effects generally are confined to inland bodies of
water Oor to relar'vely enclosed coastal bodies of wacer such as bays.
Other abnormal waves, generaz:d by submarine sliding or by subaerial
landsliding into water, generally produce only local affects buc
nevercheless may be highly devastatiag.

Tsunamis, otherwise known as seismic sea waves and erroneously
referred to as tidal wavas, are generaced by sudden tectonle displacement
of the ocaan bortom. Ia the oceanic depths, tsunami wavés fravel ac
speeds of about 425-600 miles ao hour but in shallower water, such as in
bays and ‘nlets, thelr speeds are considerably less. As tsunami waves
near a coast, they greacly increase in height and (or) ruunup onto land;
the waves generally are higher where the offshore zone is gently suelving.
Also, tsunami waves ruaning into the heads of funnel- or triangular-shaped
bays may be considerably higher tham at the mouths of those bays. Wave
runup onto shore can range from a barely perceptible abnormal rise in
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tide level to heights of more than 100 feer (Wiegel, 1964). Damage can
be exceptionally great. In addicion to heavy loss of life and damage to
nearshore buildings, docks, and other harbor and coastal imsrallacicns,
moored boats can be axtensively damaged by pounding against each other
or by being carried asnore and beached.

It 13 beyond the scape of chis papar teo try to predict the maximum
height of tsunami waves and of runup on land that might be reached in
the Haines area. Situaced as the area ig aloug a long flord system af
varying depth and configurarion, many unevaluaced factors can affect
the wave acrion. The faec rhat the magnirude of an earthquakae generally
has to be 7 or greater to praduce a noticeable rsunami and generally of
magnitude 8 or greater to produce @ disastrous csunami (Wiegel, 1964)
tends to markedly lower che probability that the generarion source for
a large tsunami would be near Halumeg. Moreover, to generate a tsunami
requires a ctonsiderabla vartical digplacement of the ocean bortom such
ag would occur along a dip-slip faule. Most all of che earthquakes in
sgutheasrern Alaska largze enough to generate a tsunaml have been along
the Fairweather-Queen Charloctte Islands fault system, where wmovement has
been chiefly horizoncal. However, this doeg acc praclude taunami waves
arriving from a far-distanc genaration sourca. Although no accurate
figures are available, a tsunami wave way have arrived ac Hainesg as a
regult of the Lituya Bay earchquake of July 10, 1958; rhis assumption 1s
based upon a reporc (Manager, Alagka Power and Telszphone Co., Skasguay,
oral commun., July 21, 1965) chat at that cime a wave rose 25 feec above
tide level (a ctime of low tide) ac Skagway.

Helght of wave runup and resulcant damige at Raines from 8 tsunami
would depend in parct upou tha arrival time of the waves in relacion to
the phase of the tide. Inasmuch as thera is a tidal range of approxi-
mately 17 feet at Haines, a tyunami wave of this height could crest at
lover low tide and still not have a tunup above normal higher high warer.
On the othar hand, a 10-foot-high wave arvriving at Rainesa during higher
high cide could canse considerable dawnage alang the waterfront, partic-
ularly if ic casme crashing into shore 2s a breaker. In che rather ex—
posed Chilkar Inlet, it probably would inundate most of the low-lying
area mapped as younger elevated fime-grained marine depasits (Qemy)

(fig. 3). Tt probably also would advance over the aircraft landing scrip,

and ridal waters would be pushed a considerabla distance farcher up the
Chilkac River. A 20-foot-high wave, arriving during higher high tide
would .be considerably more destructive to faeilities along the shorelines
chan a l0-foot-high wave. 1In the unlikely event of a 40-fooc-high wave,
the Haines Highway in che low-lying parr of cthe saddle area west of
Baines would be inundaced, It would requira a wave 60-100 feasr high to
inundate most of the business districr of Haines. Tsupami waves of this
helght ar Haines are considered highly unlikaly.

Salches are periedic oscillations {standlng vaves) in lakes, bays,
inlets, rasarvoirs, and rivers produced by changes in wind stress, acmos-
pheric pressure, or by earthquakes. Saichaes praduced by earchquakes are
believed to be caused by horizonmtal accaleration of short-pericd saismic
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surface waves (McGarr and Vorhis, 1968). Seiching also may be produced -

duting an earthgquake by tectonic tilcing of the water basin, wnich causes z
periodic vave ascillations (McCulloch, 1966). Because the saismic waves P

travel so amuch Faster than tsunaal wavesg, seiche waves are operarive ia
an area before the tsunami waves arrive. :

In actempting to evaluate the potencial effects of seiching in cthe
Haines area, 1t should be noted cthac there are oo completely enclosed
bodies of water of signiflcant aize in the mapped area. However, Chilkaat
Lake (fig. 2) lies jusc north of the mapped area and, during a large earth-
quaka, seiching might take place on 1if such as occurred on Renai Lake i), ‘
during the Alaskan earchquake of March 27, 1964 (McCulloch, 1966). 1Io e R
such an event it 1s possible rthat seiche waves mighct runup on shore and : S
cauge damage and possible loss of life at rhe campgzound at che south- Co-
east and of the lake. Whether seiching can taka place in Chilkar and g .
Chilkoct Inlets, which are open on one end, cannct be ascercained by us. ’ 4+
Bowever, answers to questionnaires submicted by the U.S. Geological Sir- : g
vey to Postmasters and others suggest that seiching did take place in
dome of the lor.g narrow inlets of southeastern Alaska as a result of thae
Alagka sarthquake of March 27, 1964. 1In ac leastc four places in south-
aascern Alaska aonormal water waves, as much as 5 feer high and possibly
higher, were reported immediarely Zollowing the earthquake and more than
an hour before the arrival ~f the firsc tsunami waves. However, no
abnormal waves were reported at Halnes Immediately after the earthquake.

local waves genarated by earthquake-induced submarime sliding or
subaerial landsliding into water can be highly destruccive. Because they )
generally hit the shore suddenly, during or immediately after an earch- ;
quake, and because their rurnup heighr at any particular localicy is largely
unpredictable, a warning svstem 1s not possible., Wave heights have ranged .
from barely perceptible rises in water levels to a record-breaking height - :
of 1,720 feet during the Lituya Hay earthquake of 1958 (Millar, 1960). '
Slide~indycad waves violencly struck a number of coastal comunities dur-
iog or immediately aftaer che Alaska earthquake of 1964 and were a major
cause of loss of lives and propercy.

I seems reasanable to assume that the Haines area has a fairly
high potential for damage from slide-induced waves resulring from 2 large
earthquake. It shauld be emphasized, however, thar the pocential =zlide
areas vherte the waves might originate, the number of waves, and the -
he{ght of wave runup can hHe assesged only in che most general way. Prob- o
ably che areas most susceptible to sliding and, therefore, to wave genera-
Cfon are cthe deltas ac the heads of fioxrds or chose delras thar extend
into deep water along the valley walla of che fiords. ©Of chese delras,
the Katzehin River delta (fig. 2), as noted previously, probably 1s che
most suscepcible go sliding during a large earchquake. In che event of
furure large-gcale 4liding of this delta front, slide-generaced waves
might travel to the oppesite shore of the Inlet whare they could run up
gn ahore and cause damage at Haipnes. Waves might be generated also by
sliding of the Chilkat River delta front or of the delta front near the
terminus af Davidson Glacler (fig. 2). Aas has already been noted, runups
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f orly a faw feecr could inundate a considerable area nsear the south of
he Chilkat River. Waves generaced along mere discant del:a fronts mighc
;egch Haines, but chey probably would noct have as great s damage potan-
:1al ag those origlmating cleser. Waves formed by subaeri{il and submarina
sock and dabris slides on sceep sloped into water alsc are possible,

In summary, 1t seems poseible that tsunami, seiche, and slida-gener-
1ted waves could be produced by a large earthquake in che Faines area and
could cause damage and possible loss of lifa. Of the thres typas of waves,
the slide-genarated waves probably would have the greatest descructive
potential because of possibla higher local rupup and because they can hic
the shore almosc without warning during or iamediacely afcer am earthquake.
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INFERRED FUTURE EFFECTS FROM GEOLOGIC HAZARDS
OTHER THAN THOSE CAGSED BY EARTHQUAKES

Geologilc hazards ocher than those caused by earthquakes are believed
to be relatively minor in the Haines area. However, they may occur 380
much more frequently than cthose frow major earthquakes thac their aggre-
gace effects could be significant. Three kinds of geologic hazards are
discussed hera: (1) effects of ponearchquake~induced landsliding and
subaqueous sliding, (2) effects of flooding, and (3) effects of current
land uplife.

Landsliding and subaqueocus sliding

The potential for nonearthquake-triggered landsliding that would
significantly affect man appears to be fairly low in the mapped area.
Slow, downslope movement of talus deposits along the precipitous mountain
front immediately north and porthwest of Halnes can be expacted to con-
tinue. 4lso there may be, frowm time to time, fast—-moving snow and rock
avalanches or debris slides on these slopes as well as on the steeper
natural slopes and manmade cuts north of Haines along the west side of
Lutak Inlet. In addition, moderacely fast to fast moving wmudflows and
dabris slides may develop, after periods of heavy precipitation, along
the steep-walled stream valleys becween Haines and Tananl Bay and along
the southwest side of Lucak Inlet. Small to moderate-size slumps and
mudflows also can be expected after heavy rains on steep roadcuts in
surficlal deposirs.

Acceleractaed slopae erosion and debris flows may follow large-scale
clearing and cutting of timber. Swanscron (1963), who has wade am ex-
tengive stuay of this cause and effect relation ip southeastern Alaska,
dtates that the arosion occurs mainly as wass soil movements associated
with gteep slopes and high water levels 3in the soil. He noted more than
3,800 large-scale debris avalanches and debris flows in southeastern
Alaska; alchough most of these slides are the direct manifestation of
patural mass wasrage and slopa reduction, some are the direct result of
logging and logging-road constructlion. None was noted in the Haines
mapped area, but future sliding of this type probably cam be expected if
logging and clearing take place on steeper slopas.

The Balnes area wmay be .affescred at some time by damaging waves gen-
erated by rockslides moving down steep fiord walls outside of the mapped
area. One such potenctilally unscable sceep siope 1s along the east wall
of Talyasanka Inlet in the norcheast unmapped cormer of figure 3. A
fresh-appearing scar, extending from the top of che i{nlér-wall to-the
water's edge, shows that a fairly large rockslide has occurred there
recently; also, on the basis of aerial photo interpretation, parcs of
four sections of land adjacent to the slide show evidence of sliding in
the past., In the event that large—scale landsliding takes place in chis
area fu the future and thac the material slides imto the inlet, a suffi-
ciently large slide-generated wave might be produced to travel across
Llurak Inlet and damage facilities on the southwestz shore. Steep subaerial
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slopes in other areas also might be subject to failure and to the gener-
ation of demaging waves.

It has been nated previously that sowe of the cable breaks off the
front of the Karzehin River delta and elsewhere in nearby inletg were
caused by nonearthquake-triggered submarine sliding., There is every rea-
son to believe that sliding will continue in these areas at such times
as the fronts of deltas and other underwater slopes become oversteepened
by notmal depositional procesages. Wherher the scale of submarine sliding
under nogearthquake conditions would be large enough to gemerate a wave
thac would cause damage in the Haines area cannot be ascertzined. We
know of no damage in che Haines area in the past from a4 wave of this type.

Local small-scale 3liding also can be expected on steep underwater
slopes along fiord walls where there may be perched bodies of glacially
derived sediments. Such materials can fail suddenly when offshore

structures, such as docks, are bullc upon them. .
Flooding

A flood in mid-September 1967 i{llugtrates the type and extent of ex-
pectable damapge that may be incurred in the future in the Halnes area and
in the ares to the northwest during periods of exceptionally heavy rain-
fall. Approximately 6% inchas of rain fell in the area in 5 days. Infor-
mation on the affects of the flood was obtained chiefly from the Alaska
Department of Highways (Martin-A. Cordasg, unpub. narractive rept., 1967).

Damage in the Raines mapped area-was confined almost entirely to
tha road system. All streams between Raiues and Tanani Point, as well as
those along the west shore of Lutak Inlet, overran their channels and
left dabris on Lutak Road (fig. 4). At mile 7 (7 road miles from Hainas)
on Lutak Road, a stream along which large rocks reportedly were being
tumblad, washad out a culvert as well as about one-quarter mile of the
zcad. There alsg ware several rockfalls on the stretch of road between
Haines and the ferry terminal but cthey were of small size and were easily
¢leared from the road. A small mudflow partially blocked Mud Bay Road
pear Letnikof Cove, about 2 miles south of the mapped area. The Cillkat
River rose sufficiently to flood the low area between Kaskulu Polut and
the aircraft landing strip. 'The aireraft landing strip itself came within

a few inches of being inundated.

Approximately a 35-mile sctretch of the Hainas Highway northwest of
the Halnes area wag affected by the 1967 flood. Highway traffic was
sctoppad for more than 2 days by washed-out bridges, slides and debris on
the roadway, and by floodwaters of the Chilkat River. Rocks and other
debris were debouched onto the highway to depths of several feet where
the road crossed flood-swollen creeks. The Chilkat River rose to a
reported height of several feet and flooded the highway between mile 7
(7 mlles northwest of Haines) and x=ile 16 to a dapth of several feet in
places. A creek at mile 23, besides blocking and damaging the main high-
way, dumped amud and rocks all around the village of Klukwan. Due to the
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wereme dangey, all the inhabitants of the totm, except two families,
were eavacuaced untll the wacer had subsided.

Future heavy rains probably will cause flooding of the sgame streams
ind damage to esgsentially the same strecches of highway as occurred during
the flooads in 1967 unless addlicional remedlial measures are taken.

Laod uplift

The fact that the land 1o the Haines area is rising in eapect to
sea leval at cthe appreciable rate of 0.89 inch per year should be borme
in wind when considering che long-tern effects upon construccioa on ot
near the shoreline, such as docks, bocat harbors, and cther faciliclea
vhere thare 13 a critical relation between height of land and water. If,
as Indicared previcusly, the uplift of land {5 due chiefly ro rebound as
a result of deglaciation, then it is unlikely that the race of uplifc
the next 50 years wlll be appreciably different than it has been

during
during the past 50 years. On the basis of this premise, it can be ex-
pected chat tha land will be uplifted nearly 4 feer (in Tespect to sea

lavel) during the next 50 years. 4As discussed pravicusly, however, ic
be emphasized that chere could be saveral feet or teng of feet of

should
uplift or subsidence of the land in the evant of a large earthquake.

sudden
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RECOMMENDATIONS FOR ADDLTIONAL STUDLES

The reconnaissance narture of our studies in the Haines area did not
permit ug to make all rhe genlogic studlaes necessary to fully evaluate
earthquake and other geologic hazards of the area. Also, addirtional
geophysical, soils mechanics, and seismological scudles are necessary to
assess motre adequacely some aspects of the problemsa.’ Listed below in
approximate order of impoartance are gome af the additional studies chat
ve believe should be done by geologiscs or speclaliscs in other disci-
pPlines to help fulfill che objeczive of evaluaring the potential geologlc
hazards and ocher characteristics of the area that are partinent to proper

land-use planniog:

1. In ovder to permic a more adequate asgessment of the earthquake
probabilicy of the area, a high priority should be placed om atudiss that
will more accurately locate all che major lecal and regional faults and
determine the kind and amount of their past movemant and thair presenc
degree of accivicy., All major lineawents that show onm aerial photagrdphs
ghould be scudied in the field to differentiare those reflecting faulcrs
from choge actributable to jointa or other causes. Geophysical studies
should be made to accurately locate faults where che inferred faults are
concealed heneath valley €111, wvater of inlects, or otherwise are not
exposed. Geophysical craverges run across the Chilkac River valley north-
wvest of Haines and additional pprth-south traverses acreas che saddle
area lmmediarely wesr of Haines should furnish valuable Informat“on on
the Chilkat River fault as well as help evaluate the tectonie structure
of the saddle area. Aadditional microearthquake studies should be done
in tha Chilkat River valley, over a considerable period of time, to ascer-
tain whether tha high level of microearthquake activity indicated from
recent short-term studies 1a represencative of longer periods of cime.
Algo, additional microearthquake astudiea ghould be done along cther faulrs
for comparison. Instrumanta should be set up te measure tectouic creep
and other types of movement on ché two main indicated faulc gyscems of
southeastern Alaska and adjacenc ar2as, namely the Fairweather-Queen
Charlocrce Islands faulr system and the Denali fault system,

2. As part of a recommended detailed geolagic mapping and engineer-

long gaoclogic study of the Haines area, a fairly large numher of addicional

analyses are needed to more adequately determine the physical propertiea
of che surficial depoaits as they may relate te earthquake and other geo-
logie hazards in che area. Particular emphasis should be directed toward
those analyses that will give addicional informaction on: (1) comparative
degree of shaking of the different kinds of deposirs duripng a major earch~
quake, (2) expectable degree of slope stabiliry, (3) liquafaction poten-
tial, (4) sengitivicy of fine-grained deposits, and (5) compaction and
rasultant sattlement characcteristics. The Informacion gained from the
dtudies deseribed above should be supplemented, where needed, by driil-
‘{ng and gaophysieal work to datermine thicknessas of individual ugits and
tha characteriscics of deposits at depth, as well aa che topographie
relacions of che deposics te bedrock,
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3. A long-term program of measuring streaw flow, sediment load,
and lateral channel cutting of the Chilkat River should be undertakenm to
dacermine how fast the delta at the mouch of the river 1s advancing and
to obgain relared data wseful for construction in the general area of

the river. :

4. Additilonal bathymetric data are needed for Chilkat and Chilkoot
Inlecs as well as data on the nature and thicknesses of bottom and pos-
sible underwater filord-wall sediments. The hydrographic charts of the
area should be updated and considerably more control points should be
established, particularly to define the configuvacion of the presumably
more slide-prone delta fronts, such as those at the wouth of the Chilkat
and Katzehin Rivers. These charts, in turn, should be revised pariodi-
cally so as cto reflect delta grawth and submarine landsliding. The result-
ing data will be useful in predlcting location and magnitude of future
submarine and onshore landsliding and in assessing the hazard of abnormal
waves induced by the sliding.

5. More studies need to be done leading to estimating waximum wave
heights and runup of tsunamis in long linear fiords in order to assess
the csunami hazsrd in the Haines area from waves that originate from a
discant source. The resulring studies, particularly if a hydraulic model
were constructed, also would furnish information that probably would be
helpful 1in evaluating wnether or unot seiche waves could be genaraced in
inlets in the vicinity of Haines.

. 6. In the event of 2 major earthquake in or near the Haines area,

a mulrcidisciplinary team, including geologists, geophysicists, seismal-
oglsts, and engineers, should study cthe affected area to detarmine the
actual ground effects and the effects upon the grructures builc thereon.
Such a study not only will add to the overzll knowledge of earthquake
effects buc, 1n this particular instance, whera some previous engineericg
geology studizs have been made, 1t will afford an opportunity co compare
the actual effects with our present assessments. Only in this way will
ic be possible to aasess the accuracy of our evaluations and at the same
time to furnish guidelines for increasing the worth of future studieg of

this nagure.

7. Addicional drilling and ssmpling, supplemented by the recommended
geophysical work to be done in connection with the recommendation in item
1, should be done to detarmine whether rocks of Tertiary age underiie the
surficial deposits In che saddle area west of Haines. The drilling also
should provide additiomnal informacion on the thickness of the surficial
deposlts aud the ground-water potenttal of the-area, and-it- should help
in the interpretation of the recommended geophysical work to be done in
counactiow with the atudy of the inferred faults of che area.
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4, Studles of presenc rates of land emergencs in Haines and other
selected localities in southeastern Alaska should be continued to LYy
to differentiate land tebound caused by deglaciation from land-level
changes due to faulring. Also, in arder that land-level change due to
rebound can be clearly distinguished from land-level changes due to
local cowpaction of surficial deposits, all primary tidal banch matks
should be esrablished on bedrock.
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GLOSSARY

Technical carms thac are used excemsively in this repore are defined
for raaders who may nct be familiar with chen.

The slow, generally imperceprcible, downslope movement of
earch mazerial.

Diamiccon: A nonsorted or poorly socrted sediment thac conslsts of
parcicles larger thaa sand ia a macrix of sand, 3ilc, and
elay~sizae particles. The carm is noncommizeal as co how
the deposit was formed.

Dip: The angle which a bed, layer, dike, faulr, fissure, or similar
planar gaologle feature forms with an imaginary horizental
surface when measured at righr angle to the scrike.

Drifc: A general term for rock macerial of any kind thac has be4n
cransporced from one place to anocther by glacier ice or
assoclated streams. Macerial may range in size frow elay
to boulders and may be sorted or unsorted. Iz includes
cill and all kinds of scracified deposics of glacial origin.

Eplcenter: The point on the earth’s surface directly abave the
origin point of an earchquake.

Pault: A fracrure or fracrure zone along which chara has been dis-
placement of the two sldes Telative to one another parallel
ta the fracture. Thera ara several kinds of faulcs: A
normal fault 1s ome in which che hanging wall (the black
abowve the fault plane) has movad downward ilo relacion te
the foocwall (che block below che fau’r plage); oo a verri-
cal faulc, either side has moved down in relacion to the
acher side. A thrusc faulc is a low-angle faulc oo which
the hanging wall has moved upward relative ro the faotwsll.
A strike-slip faulc is a fault on which there has been
laceral displacement approximately parallel ta che scrike
of the faulr. (If che movemenr is such thac, whem an ab—
server looks across a faulp, che block across che faule bas
moved relatively co the righc, theo the faulc is a righe-
laceral scrike-slip faulc; "if che displacemenc is such
thac cha block across the Eault has moved relacively to
che left, then che faulct 1s a left-lateral scrike-slinp
‘faulc.) .The cerm activa fault {s 1p common usage in the
literature, but cthere 1s no general agreemanc as ro the
meaning of the term in relation to time. Ipo general, au
active faulrc 1s one on which contimusus or, mora likely,
intermittent movement i1s occurring. As used in this
-report, an active fault 1s defined as one chac ‘has dis-
placed the ground surface during Holocene rima. -
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Fol{atlon: Banding or laminacion of crysralline rock that resulted
from segregation of minerals during metamorphism or

lamellar flow.

—— a1y

Footing: Manwmade supporting portiouns of a structure, placed on the
foundaction.

Foundation: Natural or artificially emplaced earth material on o
vhich manmade structures are placed. : o

Graben: A faulrt block, gererally long and narrow, that has been
relatively downdropped along normal faults bounding aach i ot
side of the block. S A

LA

dolocene: Tha most recent epoch in geologie time; it includes the
present. Used interchangeably with the term Recent. As
used in this report the Holocene Epoch counsists of approx-—
imately cthe lasc- 10,000 years of geoclogilc time. c

Hypsithermal: The prolonged interval of mild climate in the Holo- e
cene Epoch, which starred about 8,000 years ago and may N
have ended as late as 3,500 years ago im southeastern

Alaska,

[N

Intensity: Refers to the severity of ground wotion (shaking) at a 1
specific location during am earthquake and 1s based on
the sensatlons of people and visible effects on natural R
and maomade objects. The wost widely used intensity Lo
scale in che United Statas is the Modified Mercalli inten-

sity scale. (See table '5.)

Joinc: A fracrture in bedrock alcag which chere has been no movement -
parallel to the fracture. Movemenc at right angles to a iR
fracture, however, may take place and produce an open
joinc.

Kame: A mound, knob, ar hillock of fluvioglacial origin 1n which .
oue or more sizes were in contact with glacier ice. Kages S
are diverse in size, shape, and compositiomn and generally PR
consisct of poorly sorted and poorly stratified material. i

Lineamenc: A linear feature of the landscape, such as alined valleys,
streams, rivers, shorelines, flords, scarps, and glacial
grooves which wmay reflect faults, shear zones, joints, ! >7_\

PP
’

beds, or other structural geological features. E e

P ) . Fo. . \“'-‘-_-: ‘\

Magnitude: Refers to the total emergy released at the source of am SRR
earthquake. -It i3 based on seismic records of an carth- I S 1,_
quake as recorded on seismographs. Uanlike lntensity, there ficAj§a_

.
PR LY

is only one magnitude associated with one earthquake. The .
scale is exponential im character, and where applied to F
shallow earthquakes, an.increase of 1 unit in magnitude
signifies approximaCely a 32-fold iacrease in seismic energy
released.
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Marine 1limit: The height to which sea level formerly extended as
contrasced with present sea level. It 1is used to f{ndi=-
cate the approximate amount of relativa rise of the land

surfaca above présent sea lewvel.

Microearthquake: An earthquake thac generally i{s too small to be
felr by man and can only be decected instrucentally. The
lower limit of magnicude of felr earchquakes generallv 1s
barween 2 and J; many microearchauakes, on the other hand, '

have magnicudes of lass chan I. i
3

Moraine: An accumularcion of macerial (mwainly cill) depositad by .
glacler ice which has a topographie expression of its
own. It includes but ts not restricted to ground moraine,
eud moraine, cerminal moraine, medial moraine, and lateral

moraine.

Muskeg: Organic-rick deposits consiscing of peat and other dacay-
ing vegetarion; commonly fourd in swamps and bogs.

Naoglacilation: An apisode of relacively coal climate that followed
tha Hypsitchermal, and extended from about 3,500 years ago
in socutheastern Alaska to the present.

Cutwagh: Marerial crangported by glacial melt-wacer streams aad
laid down as stratified deposits beyond the edge of the

. glacier.

Pleistocene: An epoch of geologic time characterized by worldwide
cooling and by major glaciations; also called the "glacial
apoch” or Ice Age. The Pleistocene Epoch denotes che time
from about 2 million to 10,000 years ago.

Seismicity: A tarm used to denote the historical frequency of earth~
quakes occurring in a certain area.

Seismic saiche: Waves ser up in a body of warer by rthe passage of
selsmic waves from an earthquake, or by tilting of a
wacar~fillad basin.

Strike: The compass direction of a line formed by the intersecticn
of a hed, bedding surface, fracture, fault, foliacion, or
other essaentlally planar geologic fearure with a horizoncal

plane.

Till: An unscracified and unsorred mixture of c¢lay, silec, sand,
gravel, cobbles, and boulder-size material depasited by

glacier ice an land.
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Tsunami: A 5ead Wave, otherwlse known 28 8 seismic sea wvava, g-ners
ated by sudden large-scale verrical displacement of the
ocean bottom as a result of nubmarine earchquakes or of

. yoleanic accion. Tsunamis in the open ocean are tong and
low, and have speeds of 425-600 miles au hour. As 'they N
enter shallow coastal vaters they can greacly increase io . 5

’

height and also In height of rTunup ONLO land.
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