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RECO~AISSANCZ ENGINE2iUNG GEOLJGY OF THE HAIN'ES A.REA, AL\.S.<A., ~ITH 

EMPHASIS ON EVALUATION OF EARTHQUAKE A..'ID OTHER GEOLOGIC HAZARDS 

By 

Richard W. Lemke and Lynn A. Yehle 

ABSTllCT 

The Al.ask.a earthquake of March 27, 1964, brought into sharp focus 
the need for engineering geologic st~dies in urban areas. Study of the 
Haines area constitutes an integral part of an overall program to evalu­
ate earthquake and other geologic hazards in most of the larger Alaska 
coastal communities. The evaluations of geologic hazards that fallow, 
although based only upon reconnaissance studies and, therefore, subject 
to revision, ~11 provide broad guidelines u~eful in city and land-use 
planning. It is hoped that the kno~ledge gained will result in new fa­
cilities being built in the best possible geologic environments and beinr 
designed so as to mir.imtze future loss of life and property damage. 

Haines, which is in the northern pare of southeastern Alaska apprax­
iillately 75 miles northuest of Juneau, had a population of about 700 
people in 1970. It is built at the northern end of the Chilkat Peninsula 
and lies within the Coast Mountains of the Pacific Mountain system. The 
climate is predominantly marine and is characrerized by mild ~ncers and 
cool summers. The mapped area described in this report comprises about _ 
17 square miles of land; deep fiords constitute most of the remaining 
ma,pped are.a th.at is evaluated in this study. 

The Rai~eg area ~as covered by glacier ice at least once and prob­
ably several times during the Pleis~ocene ~poch. The presence of emer­
gent marine deposits, several hundred feet above sea level, de:nonstrates 
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 at Haines during the past 39 years is 2.26 cm per 
year. }test or all of chis uplift appears to be due to rebound as a resu~. 
of deglaciation. 

Both bedrock and surficial deposits are present in the area. Meta­
morphic and igneous rocks constitute the e..~posed bedrock. The metamorphi~ 
rocks consist of metaba~alt of Me~ozoic age and pyroxenite of probable 
early middle Cretaceous age. The igneous rocks consist of diorite and 
quartz diorite (tonalite) of Cretaceous age. Sedimentary rocks of Terti­
ary age may be present in the mapped area but are not exposed. The surfi­
ciai•deposits,'of-Quater~ary age,-have been divided into the fo~lowing map 
units on the basis of time of deposition, mode of origin. and grain size: 
(l) undifferentiated drift deposits, (2) outwsh and ice-contact deposit"'" 
(3) elevated fine-grained marine deposits. (4) elevated shore and delta -
deposits, (~) alluvial fan deposits, (6) colluvial deposits, (7) m.oder::i. 
beach deposits, (8) Chilk.at River flood-plain and delta deposits, and 
(9) manmade fill. Offshore deposits are described but are not mapped. 
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Southeastern Alaska lies ~ithin the ~ecconically active belt thac 
rims the northern Pacific Basin and has been active since at least early 
Paleozoic ti.me. The outcrop pattern is the result of lace Mesozoic and 
Tertiary deformational, metamorphic, and intrusive events. Large-scale 
faulting has been common. The two most prominent inferred fault systems 
in sou tht:!.as tern Alaska and surrounding reg ions are: (1) The De.1al i fault 
system and (2) the FairNeather-Queen Charl~tte Islands fault system. 

In the general area of Haines, ro~ks of Mesozoic age northeast of 
Chilkat River have a simple monoclinal structure. Paleozoic-~fesozoic 
rocks southwest of Chilkat River are gently to rather complexly folded. 
Several major and nu~erous minor faults probably transect the general 
area of Haines buc rheir exact location and character can only be inferred 
because their traces are coincident to the long axes of fiords and river 
valleys, were they are concealed by water or by valley-floor deposits. 
Inferred faults in or near the Haines mapped area are: (1) Cbilkat River 
fault, (2) Chilkoot fault, (3) Takhin fault, and (4) faults in the saddle 
area at Haines. 

Southeastern Alaska lies in one of the c~u most seismically active 
zones in Alaska, a Stace where 6 percent of the YOrld's shallo~ earth­
quakes have be1n 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 magnitudes between 7 
and 8, at least eight with magnitudes between 6 and 7, 15 with magnitude~ 
between 5 and 6, and about 140 have been recorded with magnitudes less 
than 5 or of unassigned co.agnitudes. All of the earthquakes Yith magni­
tudes gr.eater than 8, and a large proportion of the others, appear to 
be related to the Fairveather-Queen Charlotte Islands fault system or to 
the Chugach-St. Elias fault. 

Although there are no known epicenters of earthquakes in the Haines 
mapped a~ea, more than 100 earthquakes having epicenters elsewhere have 
been felt or were possibly felt at Haines. Microearthquake studies alor- c:, 
a segment . of the Denali fault system betveen Mounc HcKinley and Haines 
(about 400 miles) indicate that during the period of investigations the 
Haines area had one of the highest taces of microearthquake activity an;;· 
where along that segment. On the basis of the seismic reco~j alone, the 
largest e.xpect:able earthquakes in the Raines area would be of only mode1. -
ate size (between magnitudes 6 and 7) and at only infrequent intervals. 
Ro~aver. because of the high activity of the Fairweather-Queen Charlotce 
Islands fault syst~ ~swell as the presence of o~her nearby faults of 
large size and of unknol./Il activity, the possibility of an e.ar~hquake as 
great as magnitude 8 cannot be ruled out. lnferr_ed effects from future 
earthquakes are based on this assumption. 

Possible earthquake effectg include: (1) surface dispiacement along 
faults and other tectonic land-level changes, (2) ground shaking. (3) co~­
pactiont (4) liquefaction in cohesion.less materials, (5) reaction· of s"ln­
sitive and quick clays, (6) water-sediment ejection and associated 
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subside~ce and ground fra~curlng, (7) subaerial slides and slumps, 
(S) subaqueous slides, (9) effects on glaciers and related features, 
(10) effects on ground ~ater and surface water, and (11) tsunamis 1 

seiches, and other abno'["'IDal ~aves. 

Fncilicies that probably ~ould be affected most by surface -01splace­
~ent of faulcs would be those along inferred faults in che saddle area 
ac Haines. These roight include roads and streets, buildiogs, port facil­
icies, wa~erlines, sewerlin~s, a petroleum pipeline. and an aircraft 
lancing strip. About the on.ly facilities that might be affected by move­
cer.c on the Chilk.at River fault are shc~c segments of the Haines Highway, 
a petroleum pipeline, and a segment of a proposed hi~hway ac=oss che 
Chilkac River. The Chilkcot fault ?robably is too far otfsho~e to affect 
facilities ocher than, possibly, undervat~r coaununicacion cables. Sudden 
regional tectonic uplift or subsidence could produce a number of adverse 
effects, particularly along the shorelines of the inlets, 

Although the amount of shaking (intensity) associated with an earth­
quake is dependent upon a great many va~iables, the variable most respon­
sible at any epicencral distance is the type of ground. Generally the 
shaking is ccnsideraDly greater in poorly coosolidat~d deposits than in 
hard bedrock, particularly if the deposi~s are water saturated, In che 
Haines area, th~ geologic units are divided tentatively into three gen­
eral categories on the basis of comparative degrees of expectable shak­
ing: (1) strongesc shaking, (2) incemediace shaking, and (3) least 
shaking. 

Compaction and resulting settlement could cause some dam.age in the 
Haines area. Roads and streets, the.aircraft landing strip, buildings, 
and other fac111cies builc of or founded wholly or p4~tl1 on man.made 
fill might be damaged. Piers, docks, and other harbor works may be af­
fected by compaction of loose sandy beach deposits. Any appreciable 
sectlemenc of che Coilk~t- River flood-plain and delta deposits or of the 
low-lying par:s of the elevated fine-grained deposits would result in 
these areas being inundated by the sea. 

Liquefaction in cohesionless materials resulted in catastrophic flo, 
slides, heavy·loss of life, and grea~ property damage duriog some past 
earthqu~kas in Alaska and in other parts of ~he ~orld. Other facto~s 
baing equal, fine sands and coarse silcs are mosc subject to liquefaccion. 
In the Kaines area, the Chilkat River flood-?lain and delta deposits pro~-
ably_~ould ba mosc affected. • • 

Sensitive and quick clays, which lose a considerable part of their 
strength ~hen shakea, commonly fail during an earthquake and become ra?id 
earthflows. !n the Haines area, preliminary data indicate that the ele­
vated fine-grained marine deposits are most likely ta contain sensitive 
elays, but more infor.n.acion is oeeded, 

"'C 

Yater- sediment ejection and associated subsidence and ground fr3ctur­
ing are ca'cllmon effects during major earthquakes. The ejections are 
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associated wi.th surface e r near-surface unconsol~dated deposits where. 
there is a high water cable and a confined-water ccndition. In the 
Haines area, the Ch~lkat River flood-plain and delta deposits probably 
are the mosc likely to be subject to these effec:s. 

Ear:hquake-trtggered slides on land are confined most coaunonly to 
steep slopes and may involve either bedroc! . ,or · surficial deposits. Oo 
moderately to nearly flat slopes, sliding is generally confined to fine­
grained plastic surficial deposits or to materials that are subject to 
liquefaction, In the Haines area, an earthquake could trigger ne~' rock­
slides or accelerate the movement of presently active to semiaccive talus 
deposits on steep slopes. Facilities thac might be affected include roads 
northwest and north of Raines, the wacer facilities for Haines, a segment 
of a petroleum pipeline, and dwellings clos~ to s~eep slopes. Surficial 
deposits that might slide on moderate to nearly flat surfaces are= 
(l) Chilkat River flood-plain and delta deposits, (2) elevated fine-grained 
marine deposics, (3) elevated shore and delta deposits, (4) ~odern beach 
deposits, and (5),manmade fill. Facilities affected would depend upon 
which deposits slide. 

In assessing the potential for earthquake-induced sub~arine sl~ding 
in the Haines mapped area, it is concluded that the deltaic deposits at 
the mouth of the Chilk.at River probably have the greatest potentiality. 
There seems little likelihood of major submarine sliding in Portage Cove 
because no steep underwGter slop~s are indicated. However, if the off­
shore deposits are subject to liquefaction, slides can be generated on 
gencle slopes and the resulting slurxylike mass can move a considerable 
distance offshore. 

There are no glaciers in the Saines mapped area. Adverse effects 
f~om nearby glaciers probably would be minimal. Snow and debris ava­
lanching on steep slopes might constitute a hazard wi~hin the Raines area 
during winter months. 

It seems unlikely that long-term supplies of ground water would be 
greatly affected although there might be t~mporary changes in flow and 
the water might be turbic? for a period of time. Short-term effects on 
surface water may include increased flow of Chilkat River unless trib­
utary stream channels are blocked by snow ·or rock.slides and debris slide~. 
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 associated with large earthquakes elsewhere have 
caused vast property damage and heavy loss of life. Maximum height of 
tsunami yaves and of runup on land cannot be predicted for the Raines 
area~ Whether seiche waves can be generated in the inlets near Raines 
also 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 abnot"tllal wave because -~ -
of possible high local runup and becaJse chey can hit che shore almosc 
w-ichouc warning during or immediately after·an earthquake. 
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Geologic na2a~ds in the area chat are not caused by eartr. ➔uakes are 
believed to be relacively ~inor. Bo~ever, effects from hazards of chis 
type may occur so much more frequ~ncly than effeccs f~om very infrequ~nc 
large earthquakes that their aggregate effects could be s1gnificaot. 
They include: (1) effects of landsiiding and subaqueous sliding, 
(2) eff~cts of floodi~g. and (3) effects of relative uplift of land. 

Because of the reconnaissance nature of the study, the evaluations 
of geologic hazards c~scribed in chis reporc must be regarded as tenca­
tive and subjecc co revision. In order chat more rigorous interpretations 
can be made in che future, several recomrnendacions are made for additional 
~tudies. 
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INTRODUCTION 

Pur?ose and scope of study 

The great Alaska earthquake of March 27) 1964, crought into sharp 
focus the .need for engineering geolo8ic studies 6f urban areas in seis­
mically active regions, As a result, Haines l.13S one of several communi­
ties in soucheastern Alaska selected fo: reconnaissance investigation as 
parL of an overall program of earthquake studies reco~~ended by the 
Federal Reconstruction and Develo~'-enc Ca~.mission for Alaska. Initiation 
of the studies 1.1as based on the pre~ise that sane Alaskan comnunities, 
which were too far from the area of strong ~round motion to be affected 
by the 1964 earthquake, may have geologic settings similar to those of 
to~s that were heavily damaged by that quake. The earthquake hostory of 
ilaska strongly argues that some of these communities f,Jl.11 be adversely 
affected by future large earthquakes. The study of Haine~ attempts to 
evaluate future effeccs of~earthquake hazards as well as other geologic 
hazards. Tha resulting evaluations should be useful in city and regional 
land-use plan~ing so chat new facilities can be built, as nearly as pos­
sible, in the best geologic environment and can be designed so as co 
minimize future damaae and loss of life . 

. Methods of study and acknowledgments 

Approximately 2 m.an-~ecks of fieldwork were spent during July 1965 
and June 1968 in reconnaissance studies and mapping of the Haines a:ea 
(fig, 3). Mapping was done on aerial photogra~hs and on topographic 
base maps. The study ~as directed mainly to collecting da~a on physical -
characteristics of the surficial deposits in the immediate area of Haines 
aod in areas of outlying associaced facilities, Kno~ledge of the surfi­
cial geology in the less acce~sible areas shown on figure 3 was based 
largely upon photo interpretation. The bedrock part of the geologic wap 
(fig, 3) is credited to Eugene C. Robertson of the U.S. Geological Survey 
and ~as modified from an open-file report (19S6) and fro~ an unpublished 
r~port and ~aps by him (w-ritten commun., 1966). Several bedrock sam?les 1 

collected by us, were studied by R. A. Sheppard of the U.S. Geological 
Survey. Subsurface data were obtained from many helpful individuals 
and organizations. Some of the water-well data are from the files of 
the Geological Survey; the U.S. Ano.y, Corps of Engineers, Alaska District , 
µrovided unpublished subsurface data for the Tan.ani Point area. Geophysi­
cal studies · Qere made by E. E. McGregor and R. A. Farro~ nf the U.S. 
Geological Survey .. Laboratory analyses of samples of s~rficial materials 
were made in the Denver laboratories of the U.S. Geological Survey. 

The t;ll"iters also gratefully acknowledge the many sources o; informa­
tion and the complete cooperation from Federal, State~ and city organiza­
tions and individuals. The Alaska State Housing Authority was especially 
helpful in furnishing background information, much of which.is published 
in their (1964) Comorehensive Plan of Haines and Port Chilkoot. The nu...., . . 
merous reports of the A.lasl<a Department of liigh~ays furnished valuabl~ 
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daca on soils and ~at~rials site investigations related to road construc­
tion. City officials and other local individuals, particularly Edward 
Novak (former Mayor of Haines), Carl~. Heinmiller (former Mayor of Port 
Chilkoot), a.I)d Hartin A. Cordes, Alaska Deparcmenc of Highways, t..1ere most 
helpful i~ providing additional information. 

It should he e~pha5ized that, because of the short period of study 
in the area and the reconnaissance nature of che mapping, this report 
must be regarded as preliminary. Our assessments of the geologic hazards 
of che area, as they affect man and his facilities, should not be rigor­
ously interpreted. Daca on the physical properties of the geologic units 
are so fe~ chac only broad generalizations can be made and even some of 
these cust be regarded as tentative. Evaluation of specific land use or 
of a specific loca1£cy ~l require more detailed geologic and engineering 
studies. Also, it $hould be emphasized chat responsibility for final 
site selection and design of a specific struccure rests with the engineer. 
In spite of these limitations, it is o~r 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 cry to make the infor.:nation as understandable as possible 
to a wide ~ange of users, a number of the wore frequently used technical 
terms have been defined .i.~ a glossary at the end of the report, For def­
inition of other terms or for more complete definitions, the reader is 
referred to standard texcbooks on geology, soil mechanics and seismology 
and co _referenc.es c.ited in this report. 

Also, the r~der is referred to tne report by Lemke and Yehl~ (1972) 
entitled .,R.e~ional and ocher general factors bearing on evaluation of 
earthquake and other geologic hazards to coastal communities of south­
ea.ster.-i Alaska." This report provides regional background in.fonnation 
for ~valuating earchquake probability in southeastern AJ.aska. In addi­
tion, it cites nUillerous e.xample.s of effects of past large earthquakes in 
different parts of the ~orld in relacion to how coastal colllmunicies in 
southeastern AJ.aska might be similarly affected by future earthquakes. 
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GEOGRAPHY 

Location and exten~ of area 

Haines is in the northern pare of southeastern Alask.a--the so-called 
Alaska Panhandle. It is approximately 75 airline mil~s northwest of 
Juneau and 16 m~les south of Sk.ag~ay (fig. 1), The mapped area (fig. 3) 
described in this report, which surrounds Haines, comprises about 17 
square miles of land. The remaining map area is water o~ intermittently 
exposed river bars in the Chilkac River. 

Topographic setting 

Baines, which is built at the northern end of the Chilkat Peninsula, 
lies within the Coast Mountains of the Pacific Mountain system. North­
east of town the snow- and glacier-clad peaks of che Coast Mountains 
rise in scenic splendor in the vicinity of the International Boundary. 
Southwest, wes~, and norchvest of town are the impressive Chilkat Range 
and_ Takshanuk Mountains with their large sno\.lfields and outlet glaciers 
(fig, 2). }!any of the mountains in southeastern Alaska descend steeply 
to the highly indented coastlines (fig. 1), characterized by deep and 
picturesque fiords. Offshore, a large number of islands, boch large 
and small, help form the famous "Inside Passage. 11 

Haines occupies low-lying land at the northern end of the Deshu 
Isthmus that hereafter will be referred to as the saddle, ac the northern 

·end of the Chilkat Peninsula (figs. 2 and 3). The peninsula is bounded 
on the northeast by Chilkoot Inlet and on the south~est by- Chilkat Inlet. 
These t'\JO waten,ays form ~he northwest continuations of Lynn Canal. The 
Tak.shanuk 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 che souch,;.rast and the Chilkoot River on the 
northeast. The Chilkat River, a broad braided stream, empties into 
Chilk.at Inlet about 1 mile southwest of Haines. The Chilkoot River flows 
into Chilkoot Lake, which in turn empties into Lutak Inlet-one of the 
;ortherly continuations of Chilkooc Inlet (fig. · 2). 
4 . 

Mount Ri.pinski (altitude a~proxilllately 3,680 ft) is the highest 
point in the ma~ped area (fig. 3). The lo~est part of the saddle, separ­
ating th~ Chilk.at River from Chilkoot Inlet, is at an alt~tude of approx­
imately 40 feet, about one-half -mile west of Portage· Cove. The highest 
point in the southern part of the inapped area is at an altitude of 
approximately 900 feet. 

The Chilkac Riv.er, Johnson Creek, Mink Creek, and several unnamed · 
ereeks (along the southwest side of Lutak Inlet), are the only significant 
drainage courses in the mapped area. Several small intermittent creeks 
drain southward from the mountain front north~est of Haines. Much of the 
low area in Haines and to the west is poorly drained. 
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Bathytnetry and tides 

Chilkoot !nlet, Chilkat Iolec, Lucak Inlet, and as~ociated inlets 
near Haines are good examples of deep gldcially scoured fiords. East of 
Haines, Chilkoot Inlet reaches a depth in excess of 300 feet, Portage 
Cove, pare of Chilkoo~ Inlet, sloµes gently from shore to a depth of 
about 300 feet (fig. 3). }!ear ch-:? 111.outh of the Chilk.at River. water 
depths range from shoaling water in McClellan Flats to depths of less 
than 100 feet for a distance of several miles to the south in Chilkat 
Inlet. Chilkat Inlet is more than 300 feet d~ep a few miles south of 
the mapped area (fig, 2) and more than 600 feet deep south of the south­
ern tip of the Chilkat Peninsula (fig. 2). Scill farther to the south, 
Lynn Canal reaches a depth of approximately 2,500 feet (U.S. Coast and 
Geodetic Survey chart 8202). 

The following tidal data for Baines are taken from records of the 
~ 

U.S. Coast and Geodecic Survey, based on 2 years of records, 1949-1950, 
reduced to mean values: 

Hean 

Mean 

l'!ean 

Mean 

Mean 

higher high 't.later 

high water 

t.:!.de level 

low "1ater 

lower low wacer 

Feet 

16 @I) 

15.80 

8.70 

1.60 

o.oo 

The estimated highest water level to the nearest one-half foot is 22¼ 
feet above mean lover loY water. The estimated lowest water level to 
the nearest one-half foot is 6 feet below mean lower lo~ water. 

Climate and vegetation 

The climate i~ predominantly marine and is characterized by mild 
winters and cool summers. The maximum temperature recorded was 90°F; 
the minimum was -l6aF, Hean temperature is approximately 40°F. Average 
precipitation is approximately 60 inches and average sno~fall is 133 
inches. Winds, chiefly southeast and west, have been reported at 54 mph 
with gusts estimated to 65 m?h (Alaska State .aousing Auchority, 1964). 

Thick veget.ation, \.hfch cortsists of trees and brush, c.overs most of 
the area to an altitude of abouc 3,000 feet. A fairly large stand of 
commercial timber is being a-scploited in the vicinity. Muskeg fonns an 
organic mat several feet thi~k in most low-lying areas. 

Historical background and.population 

The area Yas first inhabited by the .Chilkat Indians, a branch of 
the Tlingtt Indians of soucheastern Alaska. Pernia.nent settlement by 
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white men began in 1879. The Raines Post Office, second oldest in the 
Seate. was established in 1883. During the famous gold strike in the 
Klondike, Yukon Territory, Canada, vhich began in 1396, Haines grew 
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 8S people in 1900. 

In 1903 1 Fort Seward wa~ established one-half mile south of Haines. 
Dur::!'.ng World War II, the fore, then called Chilkoot Barracks, became 
headquartars for construction of part of the Alaska Highway as Yell as an 
induction and rest camp for military personnel. During this period and r 
lasting until 1946, Haines experienced its greatest economic boom. In 
1946, Chilkoot Barracks, consisting of 381 acres of land and 85 buildings, 
was purchased by a group of military veteraµs and the town of Port Chil-
koot (see fig. 3) came into existence. 

According to the 1960 census, Haines had a population of 392 and 
Port Chilkoot had 120. Cen$US :igures for 1970 gave Hai~es a population 
of · 463 and Port Chilkcot 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, 
vritten comroun., 1970). The census figures indicate that the newly in­
corporated City of Haines (hereafter referred to as Haines) has a popula­
tion of abcuc 700 people. Port Chilkoot will be referred to hereafter 
in this report as a place oama. 

Transportation and other facilities 

Haines lies at the southern terminus of the Raines Highway, which 
extends northwest~ard for 159 miles to connect 'lrlch the Alaska Righ~ay 
in Yukon Territory, Canada. The 4_2 iniles of highway in Alaska is paved; 
the remainder is gravel surfaced. !',,;,o other roads,· both unpaved, e."'t.tend 
short distances from Baines . . Lutak. P.oad (fig. 4), along the southwest 
side of Lutak Inlet, furnishes acc~ss to the dock of the Alaska State 
Ferry Terminal and co 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 southeasttrard from Haines to furnish access to a 
cannery built in 1917 at Letnikof Cove and continues as far as.Flat Bay 
(fig. 2) . 

The Alaska Harine Highway System, started in 1963, connects Haines 
with Skag~ay to the norch and with Juneau, Sitka, Pete~sburg. Wrangell, 
Ketchikan, and Prince Rup~rt (in British Columbia) to the southeast. 
The docking facilities for the Haines area are on Lutak Inlet, about 4 
miles north of Haines (fig. 3). This location, which provides a deep- ..,. 
water port with less vind -problems than in Portage Cove ac Haines, can 
accommodate large seagoing vessels as well as ferry boats of - the Al.ask.a 
Marine Highway System. Part of tha docking facility is 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, vhich can accommodate 90 small fishing and pleasur~ 
boats, was built by che Alaska Public Works Deparcment on Portage Cove 
ac the end of }iain Street in Haines at the appLoximate location of a 
fo!'lller dock. The rock break~ater for the boat harbor was completed in 
1958 and the moorage ramps in 1959. Th.ere also is a wharf at Port Chil­
k.oot, which is used by seagoing vessels. 

Commercial planes make daily flights from a landing strip built 
along the edge of the Chilka~ River, about 2½ miles northwest of Haines . 

. The landi~g scri? consists oc a single gravel-surfaced r~nway, 4,200 
feet long. Charter flights by privata planes also are made from the 
landing scrip. 

A U.S. Army petroleum produces tank fann has be2n built near Tanani 
Point, 3 miles north of Haines, Petroleum produces, pumped from seagoing 
vessel~ which dock at a small nearby ~harf, are stored in the caok fann 
or pumped through a pipeline to Fairbanks, Alaska. 

Baines obtains . most of ics wacer supply from streams and springs 
issuing from the mountainside north~est of cot.m. The 1964 production 
rate ~as· approximately'l20 gpm (Alaska State Housing Authority, 1964). 
Water is stared in a 50,0CO-gallon tank; there also is a 5,000-gallon 
aeration tank (Edward Novak, former Mayor, oral commun., 1965). Studies 
for additional ~ater su~plies were made in 1966 and 1967 by the U.S. 
Geological Survey (Mcconaghy, 1970), 
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GLACIATION AND AS~OCL~T£D LAND- AND SE.A-LEVEL CHANCES 

The Haines area wes covered by glacier ice at least once and prob­
ably several times during the Pleistoceae Epoch. Large erratic boulders 
on rounded glacially scoured bedrock surfaces, as high as 3,000-S,OOO 
feet in altitude near the mapped area, demonstrate the height and the 
wide extent of glaciation (Knopf, 1911, 1912; Eakin 1919; Buddington and 
Chapin, 1929; Robertson, w-ritten cornmun., 19S9)~ 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 cne study area that may be related to the last major 
glaciation of the Pleistocene are: (1) a moraine in Ferebee Valley, 
which nearly closes Taiyasanka Harbor, (2) an elevated celta, which appar­
ent~y buries a Chilkoot Valley moraine at the mouth of Chilkoot Lake near 
the upper end of Lutak Inlet, (J) a broad, shallow ridge in the vicinity 
of Indian Rock in C~ilkoot Inlet, which may represent the terminus of a 
former glacier near the mouth of Taiya Inlet, and (4) a possible moraine 
buried beneath m~rine sediments at the upper end of Chilkat Inlet near 
Pyramid Island and Green Point (see figs. 2 at,d 3 for locations). About 
60 ~iles to the southeast, in the Juneau area (fig. 1), marine shell frag­
ments from elevated deltaic deposits, dated by radiocarbon methods, indi­
cate that by 10,000 years ago the lowland near Juneau was free of Pleisto­
cene glacier ice (Miller, R. D., 1972). It is likely that the last major 
deglaciation in the Haines area also had been completed by about this 
time. 

There have been several minor advances and retreats of glaciers in 
southeastern Alaska during Holocene time, but these ha.ve·not signifi­
cantly modified the landforms of the Haines area. Additional ice load 
upon the land during minor ice advances probably slacked o~ reversed for 
a time the overall rate of land emergence. During the latest period of 
glacier growth (Neoglaciation)t glaciers advanced at lease once, as shown 
by glacially overridden and sheared tree stumps near the terminus of 
Davidson Glaci~r (fig. 2). As reported by Egan, Hiller, and Loken (19t~ 
Alaska Science Conference, written COlillllun., 1963), the trees were sheared 
about 800 years ago. 

There are no glaciers at presant in the mapped area. HoYeve~, 
valley glaci~rs and icefields are fairly numerous in the mountains west 
of Chilkac Inlet, north~est of Haines, and·east of Chilkoot Inlet. Most 
are retreating from their Neoglacial terminal positions but some are in 
equilibrium or are advancing~ Of 22 glaciers studied 1n the Chilk.at 
River area during the period 1946-1962, the termini of seven were domi­
nantly shrinking, five were gradually shrinking, six '-lere in equilibriu~, 
and four were gradually expanding (Miller, M, M., 1970). 

During deglaciation in late Pleistocene time, the land was still ..., 
depre9sed from the·effect of fonner glacier loading. Marine waters ex­
te~ded into lo~ areas formerly oc~upied by glacier ice~ and marine sedi­
ments were laid down. As load affect of the ice slowly diminishedt the 
land began to emerge above sea level, and shore processes began to modify 
preexisting deposits. 
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In the mapped area 1 the land has been uplifted at least 300 feet 
relative to present sea level and perhaps as much as 600 feet or moreU 
during approximately th~ lase 10,000 years. As indicated from 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 Shofno~, 1965). Whether some of the present 
emergence, as ~ell as past emergence, may be due to tectonic activity is 
not know-n. It seems likely, however, chat most of it can be attributed 
to rebound of che land as a result of deglaciation. 

Concomitant with land uplift in the Raines area, worldwide (eustatic) 
sea level is believed to have risen approximately 100 feet during the 
past 10,000 years (Shepard, 1963; Shepard and Curray, 1967; Redfield, 
1967). Redfield (1967) concluded that between 10,000 years ago and 
4,000 years ago the rate of rise was J.4 tDID (0.13 inch) per year but that 
during the past 4,000 years the rise was only .0.76 mm (0.03 inch) per 
ye a r. Althcugh these figures may be subject co revision as more data 
become available, nevertheless it is important to consider the rise of 
eustatic sea level when calculating the actual amount of land uplift in 
the Haines area during approximately the last 10,000 years. The point 
is chat, 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 uplift . 

..Jlrhere is a suggestion of a marine limit ac an altitude of 600 feet 
near the upper end ~f Lutak Inlet (fig, 2). In support of chis higher 
marine limit, fossili'ferou.s marine deposits of Quar:erna.ry age are pres­
ent to an altitude of at least 750 feet 60 miles to the southeast in· 
the Juneau area (Miller, R. D., 1972). 
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DESCRIPTIVE GEOLOGY 

Bedrock 

Exposed bedrock in che roapped area (fig. 3) consists of metamorphic 
and igneous rocks, The metamorphic rocks are of two types: metabasalt 
and pyroxenite. Igneous rocks consist of diorite and quartz diorite 
(tonalite). Sedimentary rocks may direct.1.y underlie surficial deposirs 
in the saddle area bec~een Chilkooc Inlet and Chilkac River but are noc 
exposed in the mapped area. 

Bedrock of the area is described only briefly because: (~) Robertson 
(1956; unpub. data) previously studied and mapped the bedro~k, a~d (2) all 

· the ~xposed bedrock is expected to behave in a fairly similar manner tJith 
respect to the geologic hazards. 

Nearly all bedrock descriptions that follow are those of Robertson 
(1956; unpub. data). Also, the- bedrock par~ of the map (fig. 3) of this 
report is credited to Robertson. Bedrock studies by Barker (1952) 1 in 
an adjoining and slightly overlapping area to the north> provide addi­
tional regional background information. Additional information also was 
obtained on the pyroxenites of the iDS.pped area from Taylor and Noble 
(1960). 

Mecamoryhic rocks 

Metabasalt (~zm).--These rocks, which were not examined by the 
write-rs, were describe4 by Robertson (1956; unpub. data) as, dark-green 
fine-grained metamorphosed volcanic rocks of Mesozoic(?) age consis~ing 
chiefly of hornblende and plagioclase feldspar. Their outcrops fonn the 
mountainous mass northwest of Haines, including Mount Ripinski . Observed 
attitudes shov that the rocks scrike northwest and dip northeast. 

Pyroxenite (Mzn).--Magnetite-bearing pyroxenite crops out both nor~h 
and south of the saddle ~here Haines is loeated. One body forms part of 
the souch slope of ~!ount Ripinski north of the land::-"',g strip and rises 
to an altitude of abouc 1,500 feec. North of Haines, in the area between 
Portage Cove and Tanani Bay, a second body of pyroxenite attains an alti­
tude of about 7-00 feet. South of the saddle, the pyroxenite fot"ms several 
hills, streamlined by glacial action and with glacial deposits fanning 
the surface mantle- becween these hills. The separate outcrops of pyrox­
enite may be exposed pares of- one large mass. 

As described by Robertson (1956; unpub. data), the pyro~enite con­
sists chiefly of augite, is dark green to black, mediUIJl to coarse grained, 
and massive. Magnetite was found in nearly all samples examined by 
Robercson (1956). 

Robertson estimated that several billion tons of lo~-grade 
magnetite-beari~g pyroxenite m.ay be present in the Haines area. Although 
sampling was limited, apparently the grade is lower than in magnetite­
bearing pyroxenite bcdies near Klukwan (about 25 miles northwest of Haines) 
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where Robercson (1956) estimated that there are bec•,;een 1 ·and 5 billion 
tons of rock (assuming an average de?th of 1,000 ft) containing an aver­
age of abcut 13 percent magnetic iron. Directly north of the landing 
strip, a. 100-fooc tunnel reportedly was driven inco the pyroxen1ce body 
by the Alaska Iron and Steel Company, who abandoned their claims in 1911. 
Other individuals staked clai~s in the pyroxenite bcdies through 1916, 
but only a few briefly held claims have been staked since then (Robertson, 
1956). 

According to Taylor and Noble (1960), cha magnetite-bearing pyroxe­
nite near l(J..uk~an and Haines, are part of· a linear zone of ultram.afic 
bodies in southeastern Alaska of prob~ble early mi~dle Cretaceous age .. 
The zone is about 30 miles wide, 400 miles long. and parallels the m.ajor 
structural features of the region. 

Igneous rocks 

The igneous rocks consist of diorite and quartz diorite (tonalite) 
of Cretaceous age and are exposed in the mountains north and northwest 
of Haines. 

Diorite (Ked).--Diorite is well exposed in steep cliffs north an~ 
northwest of Haines. It 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 consists chiefly 
of plagioclase, hornblende, and epidoce. 

Quarti diorite (tonalite) (Kt).-The Haines area lies near the south­
western limit of a region of quartz diorite constituting a large percent­
age oi the Coast Mountains and the Coast Range batholich. In the map 
area, th~se rocks are exposed along pa~t of the south~estern shote of 
Lutak. Inlet and as high as abouc 2,200 feet altitude (Robertsoo, 1956; 
unpuo. data). Robertson describes the quartz diorite as light gray, 
medium grained, and ~assive, consisting of plagioclase, quartz, ortho­
clase, hornblende, biocice, sphene, and a few accessory minerals. 

Sedimentary rocks (not shc~-n on ll\ap) 

Sedimentary rocks are not exposed in the mapped area but they may 
underlia surficial deposits in the saddle between Haines and the Chilkac 
Rive-:. 

Sedimentary rocks of Tertiary age are present northwest and south­
·east of the mapped area (Robertson, 1956; unpub. data), Along the 
Kelsall River, about 35 miles north~est of Haines, well-indurated slate 
(containing fossil leaves) and conglomerate, about 2,000 feet thick, of 
Tertiary age are exposed discontinuously for a distance of about 9 miles. 
Coaglomeratic ~ocks ,of Tertiary age also make up Kochu Island (about 6 
miles souch of Hain.es) in Chilk.at Inlet as well as the southern part of 
tha Chilkat Peninsula and islands to the southeast. !n~erbedded slate 
and li=estone on the southwest side of the Chilkat Peninsula, as well as 
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I fresh-appearing volcanic rocks (andesite) on the peninsula and on ct;e 

islands to the southeast, also are believed to be of Tertiary age by 
Robert.son (i;,rritten commun. 1 1968). 

The possibility that ·sedimencary rocks of Tertiary age lll3Y underl~e 
surficial deposits in the saddle at Haines is based upon the following 
indications: (1) ''soft" bedrock penetrated by a wac.er we.11, (2) lo"1 
seismic velocity of possible bedrock indicated by geophysical studies, 
and (3) the possibility of do'-mdrcpping of sedimentary rocks by faulting 
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 veithering in exposed 
rocks, the strong possibility exists that sedimentary rocks were pene­
trated. On the other hand, compact till might have been mistakenly 
identified as "rock." 

Data resulting from a north-south seismic profile (fig. 10). made 
transverse to the saddle (fig. 4) and co.incident along part of its lengt!l 
with Fourth Street in Haines, support the possibility that se.dimencary 
rocks may underlie surficial deposits in that area. An average velocity 
of 10,500 feet per second was obtained for a unit (V1 of fig, 10) 300-
400 feet thick, which underlies a unit (V0 ) of surficial deposits and 
vhich has a velocity of 5,100-6,250 feet per second and overlies a bed­
rock unit (Vz) having a. veloc.ity of 24,3S·O feet: per second. Unit Vi 
might be sedimentary rocks. The velocity of that unit seems too high 
for most surficial deposits and coo low for metamorphic or igneous rocks 
unless weathered. Till possibly could have a velocity that high buc, 
for comparison, hard compact subsurface till at Seward, Alaska, has ve­
locities ranging £roe 6,700 to not more than 7,500 feet per second 
(Lemke, 1967, pl. 2). 

As will be discussed later (see "STRUCTURE") the saddle area may 
reflect a grabenlike structure. This speculation is supported by the 
seismic profile (fig. 10), which indicates that faults cut the inferred 
sediments in the approximate middle port of che supposed fault trough. 
If Tertiary rocks -ere do-c.inthrow by faulting in the :;addle area I t;hey 
would have. been fairly well protected from glaciofluvial and glacial 
erosion and, therefore, c·ould still be present. In support of chis 
possibility, roe.ks o.f Tertiary age are present to the northwest in 
British Columbia in dowt\thrown fault blocks (Watson. 1948. p. 35). Veri­
fication that !ertia-:y rock.s underlie surficial deposits in cha saddle, 

. hoYever, must await drilling. sampling. and rock identification. 

18 

..... -



Driller's log of tes~ ~ell d~illed bv Folev Brothers, Inc . 

(August-September 194J at Haines, Alaska (location N of fig. 4). Collar 
of well, according to driller's log, is at an altitude of 92.8 :t] 

(Surficial de?ositsJJJ 

Surface gravel-----------------------­

Blue-gray clay------------------------­

Gravel; slight Yater concenc-----------­

Sand and gra~el; small atnount of water-­

Coarse gravel and fine sand-----------

Blue-gray clay---------------------------

Coarse gravel; very little sand--------­

Large gravel and boulders as much as 6 
ia. size; some sand---------------

Gravel '-Tith sone· fine sand-----------­

Fine to large gravel with some fine sand-­
Stopped drilling at 122 feet. Casing ~as 
perforated with 7 holes at 115 feet, then 
casing was perforacad to ~ithin 32 feet 
of the top rlth 180 perforations; cleaned 
out the well, and installed cest pump. 
Test showed about 15 gpm, 

Blue-gray clay------------------­

Fine gravel and sand-------------

(Bedrack(?) J..!./ 
Hard rock-------------------- --

Rock; slightly vater bearing-----...:._-

Rock--------------------------------­
Soft rock----------------------

Sof~ porous rock------------

Soft porous rock W'ith seams of fine clay­

Soft porous rock. Drilled co 236 fee~ · and 
then pumped well for 4 hours; average 

Thickness 
(feet:) 

l 

79 

l 

7 

8 

2 

8 

5 

7 

4 

2 

6 

7 

38 

7 

5 

20 

17 

yield was 16 gpm vi.th drawdown to 166 feet 12 

-Vrnterpretation by us. 
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Depc:h. ca 
bottom of 
stratum 
( feec) 

l 

80 

81 

88 

96 

98 

106 

111 

118 

122 

124 

130 

137 

175 
182 

187 

207 

224 

236 
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Surficial deposits 

The surficial deposits are most accurately delineated on che map 
(fig. 3) in the vicinity of Haines, Port Chilkooc, Haines aircraft land­
ing strip, Tanani Point, and in the vicinity of roads. In -less acces­
sible areas, mapping ~as dor.e chiefly by airphoto interpretation and, 
therefo~e, ~ay be considerably less accurate. 

General description cf 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 
size: (1) undifferentiated drift deposits (Qd), (2) outYash and 
ice-contact deposits (Qo), (3) elevated fine-grained marine deposits 
(Qem and Qemy), (4) elevated shore and delta deposits (Qeb), (5) alluvial 
fan deposits (Qaf), (6) colluvial deposits (Qc), (7) modern beach deposits 
(Qb), (8) ChilkAt River flood-plain and delta deposits (Qr) , and (9) man­
made fill (Qf). Some units have been deposited more or less contempora­
neously and •have gradational contacts. Insofar as possible, map units 
are described from oldest co youngest. Offshore deposits are also 
described but ate not shown on che map. 

Offshore marine deposits, as ~ell as marine deposits that have nov 
been elevated above sea level, are characterized by great local varia­
tions in grain size and other physical properties, reflecting in large 
measure di.fferent modes of origin. Many of these depos-its clos·ely 
resemble till that has been deposited on land. Because of the marked 
variations in engineering pr-operties of these deposits, particularly as 
they may affect nearshore and onshore facilities, it is desirable to 
discuss the relation of these deposits co each other as well as their 
modes of origin. Discussion also ahould help clarify the reasons for 
sepa-rating map unit "Undifferentiated drift deposits (Qd)" from map unit 
11Elevated fine-grained marine deposits (Qem and Qem.y)." 

The characteristics of glacial deposits laid do,;,,rn 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 advanc .f?:g in a fiord but ics base was grounded, or 
(3) the glacier was floating in a fiord. In the first instance. typical 
till would be deposited; in the second, material identical or similar to 
till ~ould _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 a mantle 
over the normal fine-grained marine sediments. 'where large amounts of 

. coarse material hav.e _!~_~en _:i,_ntermi~ed with the _ fine-graine<l marine de­
posits~·" the•;es~ltlrig-piod"uct "als~ g"reatfy res~~bles till. For clarity 
in this report, the unsorted glacially derived deposits that were laid 
do\m subaerially (on land) will be called 11 till," whereas unsorted or 
poorly sorted glacial deposits or deposits of unspecified origin that 
vere laid down in fiords will be called "diamicton." 
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Wich increas~d distance down a fiord away from an ice f:ont, gla­
cially derived diamicton would be expected to constit,Lte correspondingly 
lesser ar-ounts of the fiord sediments. However, a similar-appearing 
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 
sediments \.Tith material derived from onshore la.ndsliding into a fiord, 
from sub~arine sliding, from the action of turbidity currents, or bv 
wave erosion of snoreline de?osits. Deposition of chese sediments has 
continued from the time of dcglaciation to the present. 

Various a3pects of the problem of di~tinguishing till from other 
diamictons have been considered by D. J. Miller (195~, Armstrong and 
Brown (1954), Carey and Ahmad (1961), Ea~terbrook (1963; 1964), Ferrians 
(1963) • and Radand, Herod, and Kri1.sley (1966). Easterbrook distin­
guishes glacially derived diam.icton in a marine environment from till 
by the presence of fossils, by higher void ratios, and by lower bulk 
densities for the diamicton in a marine environment. It should be noted, 
however, that not all diamicto~s deposited in a marine environment contain 
fossils. 

In SUll1&13ry, there are several types of deposits in the Haines area 
whose end members range from till at one end to fine-grained sediments 
deposited in water at the other end with all gradations betueen. The 
mixed deposi:s of coarse material and fine-grained marine sediments, 
deposited in ~acer under one of the con itions described abcve and sub­
sequently elevated above sea level, have been included in the map unit 

."Elevated fine-_grained marine deposits (Qem and Qemy)." 

Undifferentiated drift denosits (Od) 

As mapped (fig . .3), t~1e undifferentiated drift deposits (Qd) consist 
mostly of till or other diamictons. However, the map unit also includes 
some fluvioglaci41 and ice-contact deposits not specifically included in 
the unit 11 0ut·..;ash and ice-contact deposits (Qo)," as well as some undif­
ferentiated "~levac:ed fine-grained marine depos~ts (Qem and Qemy)" and 
possibly othe~ deposits of small areal extent. 

The surface deposits north of Haines are mostly above an altitude of 
about JOO feet; ~outh of Haines they are e..~posed at lower altitudes. 
Till or another kind of diamicton is well exposed along the north side 
of the Haines High~ay, about one-half ~ile east of the aircraft landing 
strip. Other good exposures of similar material are southeast of Johnson 
Creek near Tanani Bay. 

The section exposed about one-half mile east of the aircraft landing 
strip i-s about SO feet thick, of which the upper 10 feet is ,;,ell exposed. 
Cravel, sand, and silt constitute the mast common particle sizes l.lith 
clay-size material and cobbles consticut~.ng minor- amounts (sample B of 
table 1) .. The gravel-· and cobble-size material is subrounded to suban­
gular and strongly reflects local bedrock types. Approximately the 
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upper l! feet of the exposure is oxidized to 
the unoxidized part is light to medium gray. 
and are generally unsorted except for a faint 
may represent a texLural change. 

a yello~sh-orange color; 
The deposits a~e compact 
hirizoncal banding 1 which 

Exp~sures along Lutak Road southwest of Nukdik Paint 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 pare of the 
section. The gravel, cobbles, and boulders are angular co subangular. 
Northward the deposit may grade to a k.ame(?) deposit mapped as (Qo) at 

• Nukdik Paine. • 

Size analyses, li~uid lil!lits, plastic limits, and plasticity indexes 
for three samples of till or other kinds of diamicton (locations an fig. 
4), a~e shovn on table 1. An average of the three size analyses sho~s 

• 37 percent sand, 30 percent silt, 24 percent gravel, and 9 percent clay. 

01.lcwash and ice-concacc deoosits (Oo) 

These stratified glacial materials, which have been deposited by 
glacial melt water, generally are coarse grained, and are poorly to 
modera~ely ~-ell sorted. Gravel (subrounded) and sand sizes predominate · 
with varying lesser amounts of silt and cobble sizes. 

The aucwash deposits are associated with morainal deposits in 
valleys along the southwest side of Lutak Inlet. They generally are 
111antled by ~levaced marine deposits or other deposits belo~ an altitude 
of 300 feet (possibly as high as 600 ftl.l) · that, for the most part, : 
postdate them but which in part are contemporaneous. Tuo probable \came 
deposits, however, are exposed pits belO\l that altitude. One e..~posure 
is at Nukdik Point and the other ac Kaskulu Point (fig. 3). 

The deposits at Nukdik Point consist of intermixed gravel and saod 
t..rl.th soma silt and cobbles. Larger size fractions are subrounded to 
subangular. The upper 2 feet in the pit is well compacted and may .form 
part of a fairly well defined surface that represents shore processes 
active during land emergence in late Pleistocene and (or) Holocene ti.me. 
This supposition is supported by the nearby presence on the surface of 
scattered boulders (possibly a lag concentrate), which lie on a thin 
layer of sand. 

_.-"1.acally, toward· the head of Lutak Inlet, a marine limit of 600 
feet al~itude is suggested from airphoto interpretation. 
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Srmple 
Location 

on 

Table 1.--Analyees of samples of till or other kinds of diamicton from the Haines area, Alaska 

[See fig. 4 for sample locations. Analyses by E. E. McGregor, U.S. Geological S,1rvey) 

USGS Eng. Geology Collector's Approx. alt Macrofossils Particle size distribution, 
Lab, No. No. of a.ample or in percent; after Natl. Atterberg limits 

(feet) Hlcrofosslls Rc1:1cnrch Council ( Lu nc, 19-47) 
fig. 4 observed 

Clay.!../ s ilt.0 Sand li Gravel~ Liquid Plastic Plasticity 
indexll 

A~ 8-112 68AYe-H5a 25 

B ,8-113 68AYe-tl9a 40 

c'}.} 9-114 68AYe-Hl0a 60 
' 

J.t:1ay, <0. 00015 in. (<O. 003 9 mm) . 

.llsut, 0.00015-0.0025 in. (0.0039-0.0625 mm) . 

_jSand, O.u025-0,079 in. (0.0625-2,0 mm). 

No 7 

No 7 

No 14 

lhit~' 11mit21 

27 38 28 11, 13 l 

28 36 29 16 15 1 

35 38 13 ---- ---- ----

.!!travel, 0.079-·2 . .52 in. (2.0-64 mm). (No material coarser than very coarse gravel included in laboratory processed 
samples,) 

_s...,ater content in percent of dry weight at which soil passes from the liquid state into the plastic state 
(Terzaghi and Peck, 1948, P• 32-36). 

..flt..:ater content of the soil in percent of dry w~ight at the boundary between the plastic state and the solid state 
(Terzaghi and Peck, 1948, p. 32-36). 

jNumerical difference between the liquid limit and the plastic limit. Represents the range of moisture content 
vithin which the · soil is plaeti~ (U.S. Bur. Reclamation, 1960, p. 8, 28). 

..alsample taken from trench; overlain by Qeb. 

_!isample 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 of scrQtified deposits has been exposed near 
R'.askulu Point in connection with construction of a sa~ill. The deposits 
uhibic abrupt lateral and vertical changes in grain size, stracifica~ion, 
sorting, and compactness. Grain size ranges from clay to boulders but 
gravel and sand sizes . probably predominate. A sec~ion measured in 1965, 
which may or may not be represe3tative of -the deposit, follows: 

(top to bottom) 
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 clay; some 

cobbles and boulders.as much as 3 feet in diameter; 

poorly sorted and stratified except near base where gravel 

is well stratified and contains lenses of blue-gray 

till-like material (diamicton) and fine sand lenses---- 40.0 

The lo~er 40 feet of the ~ection is believed to be kame deposits. 
Wbacher the upper 11 or ~2 feet are kame deposits or represent elevated 
sh0re deposits (Qeb) is not clear. However, for purposes of mapping, 
the k.ame deposits are sho\.1'11 as e~tending to the surface. 

Elevated fine-grained marine deoosics (Qem and Oemy) 

The deposits. for the most part~ are marine sadiments that ~ere 
laid down in fiords by settling of fine-grained ll'laterial derived from 
glaciers, rivers, and streams. Subsequently, che sediments have been 
elevated above sea level by rebound of the land oving to deglaciation 
af the area and possibly by tectonism. As discussed previously, land 
emergence in the area has c2en at least 300 feet and ma:be as much as 
600 feet. 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 lying sediments are overlain by elevated shor~ and 
delta deposits (Qeb) and, Yhere less than 5 feet thic~, they are included 
with che -(Qem) deposits. One to several feet of muskeg also commonly 
overlies the elevated fine-grained marine deposits in most pla~es but it 
is not mapped as a separate unit. 

• Older elevated fine-grained marine deposits (Qem),--The largest 
area of this subunit is in the central pare or the sadale between Raines 
and the Chilkat ·River. This area, ~hich lies below an altitude of about 
125 feet, is for the most part poorly drained and svampy, except where -. · -
ditched. The ~acer table is generally less than S feet belo~ the sur-
face and in places reaches the 31..lrface. The thickest known deposits in 
this area are near the north~est outskirts of the built-up part of Baines. 
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Here, logs of test wells and auger holes, made by the U.S. Geologic~l 
Survey, indicate that SO to approximately 100 feet of soft plastic sedi­
ments underlie one _co several feet of muske$ or other material. This 
thick sequence of fine-grained marine sediments is underlain by sand and 
gravel (boulders locally), ~hich in turn is intercalated with ocher beds 
or lenses of fine-grained marine deposits. A similar thickness of depos­
its is present in the southern part of the mapped area northeast of 
Chilkat (A. Butz, Haines, oral commun., 1968). The greatest known thick­
ness of sediments is near Tanani Point in the area of the U.S. Army 
~et~oleum tank fann. Here the sediments are at least 108 feet thick 
(U.S. Army Corps Engi~eers, unpub. data, 19S1 and 1957). The emergence 
sequence of these sedbents is illustrated in figure 5. 

The sediments, which are medium gray, consist.predominantly of silt­
and cl~y-size fractions. Sand constitutes the remaining size fraction 
except for a low percentage of local gravel. Organic-rich zones, as 
much as a few feet thic~, locally constitute the upper part of tne depos­
its. Grain-size analyses of seven samples (locations D, E, F, G, J, K, 
and L) are given in cable 2. Bedding is indistinct to absent and the 
sediments tend co break in a blocky pattern. 

The sedime~ts have lo~ to medium plasticity (table 2). In the 
Ut'.ified Soil Classiffcat'i-ot\ (U.S. Bur. Recla mat.ion, 1960) , they are in 
the CL Group. In the · soil classification for highway purposes (American 
Society for Testing E.aterials, 1951), most of the sediments probably 
would fall in Group A-6. Some, ho~ever, fall in Group A-4. on the basis 
oi tests on samples from near cbe western outski.rts of the built-up part 
of Baines (Munson, 1962); frost susceptibility ..,as detennined to be in 
Croup F-421. 

A sample (no. 7-324, table 2), was analyzed by E. E. McGregor, U.S. 
Geological Survey, for percentage of voids. This value, in which poros­
ity is expressed in perce~tage, ~as 36.5. The void ratio (ratio of the 
volume of voids to the volume of the solid subs~ance) was 0.575. 

Both marine megafossils and microfossils are present in most places . 
Marine mega fossils, collected from. several exposures- in the mapped ar.ea 
as well as soucheastward tlong the Chilk.at Peninsula (fig. 2), were 
identified by F, S. Mac~eil and w. O . . Addicott (U.S. Geol. Survey, 
W"ritten comroun., 1965; 1968) and are listed in table 3, 

The deposits were studied by Eugene C. Robertson (unpub. data) 1959) 
to assess t~eir commercial possibilities for clay; also, the chemical 
and mineralogical composition of one sample, collected from the business 
district of Haines, was· detennined. Hate rial from near Flat Bay (fig. 
2) was used to a very limited extent in 1910 for the manufacture of 
bricks. Also, in offi~ial recognition of che commercial possibilities ...,., 

..l'soil~ in G~oup F-4 are of especially high frost susceptibility as 
defined by the U.S. Army Corps Engineers (1962, p. 7-8). 
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7'11l,l ~ 1, --r;enor.oJ c 11,nr f ne mf!r.nfoAAi l A _in el_evn_~~d_f_1_!le-B!~_!._n.ed __ mi!rine deposits from t.he Haines area, Alaska 
(1J,;1a J'Jw. ,, ,.,., lw:01 louu ur ,di 1'.1,llu,·l. lng 1111~•.!.....!.'!~-~UJ~J:1_1'!.iL.!'.lild, In '.l.2 111111111 111~1Llw11ot of l~ilnc: tL) 

[Identification by F. S. MacNeil (~2539. H2540) and W. P. Addicott (M3940. M3939. M394l, M3942), U.S. 
Geological Survey (written coromun., 1965, 1968)] 

Fossil form 

Gastropoda; . 
.cryptonotica?--------------------------------------­
Serpulorbis ap-------------------------------------

Pelccypoda: 
Astarte sp----- ·--- . --------------------- ·----------
Chl amys sp----~------------------------------------
Cyclocardi~ ventricosa (Gould)-------------------­
Mncomn incongruo vo~ Martena------------------------­
.t!.E truncata Linn~----------------------------------­
Hytilus frogmente-7~------------------------------­
Nucula sp. fragment------------------------~--------­
Nuculma fossa- (Baird)--------------------------------. 
Polynemamussium alaskense (Dall)----------~---------
Saximodus------------~---------------------~-------­
Tresus?------------------ .---------------- · --------

Cirripedia: (barnacles) 
Balanus sp--------------------------------~---------
Balanus cariosus (Pallas)-----------------~--------­
Balanus crenatus Bruguiere------- ----~----~----------

Fish otoliths:ll(part of earbone structure) 
Gadus macroceEhalua----------------------------------

U.S. Geological Survey Cenozoic locality 
M2539 M2540 M3939 MJ942 HJ941 
M3940 

X 

X 

X 

X 

X 

X 

X 
X 

~ -----

X 
X 

X 
X 

X 
X 

X 

X 

-----
X 

X 
X 

X 

..Jh.dentif!cation by J. E. Fitch, California State Fisheries Laboratory, Terminal Island. Calif. ~0731. 

M2539, M3940 - 0.5 mile ·northeast of Haines, alt SO ft, NE¼SW¼, sec. 26, T. 31 S., R. 59 E. i Locality L, fig. 4. 
112'.>f,() - 1 udli! w1:,'1t-111,11llMc11t of ll1d1w11, 111L l~ fL, Jll•;}ttl',~ 111.,1;. 11. T, 11 G., Tl, 59 R,; l.or.nllt.y 11. fl1~. 11, 
HJ!J'..I~ - O.LI 111Llc \.ICUL-11uulliwuul uC ll11l. 11ui1, ulL '.j'., l'L, tl\.J~ll~I~· 11111:, '.J/1 1 'r. '.JI. U,, I(, ~'J l~.(flf~fl /II',}: !.rn ·,tl/1y 

M, fig. 4. 
M3942 - 3 . 5 miles northwest of Haines, alt 50 ft, NE¼SE¼ sec. 9, T. 30 s~. R. 59 E,; Locality K. fig. 4. 
H3941 - 3.2 miles southeast of Haines, alt 100 ft, . mJ}NlJ¼ sec. 13, T. 31 S,, R. 59 E. 
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Geologic material . . . 

5 Gravel and aand------
4c Gravel----------- · 
4b Sand and gravel----.­
~a Sandy silt aad clay. · 

a omewh-at. a toney ; . 
3 Slightly eandy silt and 

• clay with a few stones 
and mar;l.ne fossils . . • 

2 Sand and gravel_ grading 
to gr~velly ailty _sand . 

Bed,;ock. • 

EXP ATION 
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thickness 
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a. 
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12 . 
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• -Environment of depositio~ 
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Figure ·5 .--Generalized section illus tr a ting emergence aequence of elevated marine and shore depoa ice 
naa r Tanani Poin,t • 2, 5 miles north of Ho.foes. 



of the clay, a 11~ilitary Clay Reserve" ~as set aside in 1914 at the 
western edge of Haines. Results of firing t~sts by!. A. Klinefelter, 
U.S. Bureau of Hines, on samples collected by Robertson from these 
localities, shoved a great similarity of test results (Robertson, unpub. 
data, 1959). Working properties of the clay were good and there -was 
low shrtnkage and no defects upon drying. At about 1000°C, the color of 
the product was reddish brot.m, the structure was relatively soft and 
porous, and the shrink3ge low. At 1150°C, the material bloated and was 
sticky, whereas, at 1200°c. it became molten. Robertson concluded that 
common bricks and ~imilar products could be made from materials like 
the samples but chat ic was not suitable for lightweight aggregate. 

Younger elevated fine-grained marine deDosits (Oemy).-This subunit 
underlies a roughly arcuate area west of Haines chat forms the western 
pare of the saddle area adjacent to the Chilk.at River. Formerly an.inter­
tidal flat~ the area hss only recently been elevated above sea level. 
Most or all of the area is less than 6 feet above ~eao higher high water. 
!tis reported (Xartin A. Cordes, Alaska State Department of Highways. 
written colII[l\un., 1967) that the part of the area between Kaskulu Point 
and the aircraft landing s~rip is nor.n.ally flooded once or twice a year 
by 20-foot-high (above mean lower low water) tides. TI1is flooding prob­
ably occurs at ti.roes of exceptionally high tides concurrent with nigh 
streamflow from the Chilkat River. Marsh grass covers the surface ex­
cept where shallow tidal runs and rills modify the otherwise nearly flat 
terrain. 

Little is known about the (Qemy) depos~ts because of the fewness of 
exposures. However, . based on the depositionai history of the area and 
on nearby drill-hole data obtained !n connection with the proposed Chilkat 
River bridge (Higliaccio and Slater, 1968), the deposits probably are 
100 or more feet thick and are underlain by drift chat fot'Uls the basal 
surficial deposits of .the fot111er fiord area. On the basis of analyses 
of two samples (Rand I of table 2), it is likely that the deposits are 
similar in composition to the (Qem) unit which consists chiefly ot marine 
silt- and clay-size material with lesser amounts of sand, Howeve~ •. some-
what coarser sediments, representing deltaic deposits and alluviu:cn of . 
the Chilkac River, probably io.cerfinger in the upper parts of the deposits. 
The 1nterfingering would have occurred when the Chilkat River delta, whose 
front is now in the vicinity of Pyramid Island (see fig. 2), advanced 
do~ the river to · the vicinity of the (Qemy) ~rea and' laid down somewhat 
coJrser deposits. Subsequently. as the surface of the deposits roae to 
approximate sea level, as a result of continued land uplift and sedimen~ 
cation, more and more river-deposited alluvium probably was carried into 
the (Qemy) area. These somewhat coarser sediments, like the deltaic 
_deposits, probably also we(e intercalated vi.th the marine deposits, 
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Elevated shore and del~a deposits (Oeb) 

Yidespread deposits of elevated shore and delta sediments (Qeb) in 
the Haines area consist chiefly of gravel, sand, and cobbles and are 
moderately well sorted and stratified. they are analogous to the partly 
contemporaneous elevaced fine-grained marine sediments (Qem and Qemy) 
described above, because beth have been elevated above sea level mainly 
as a result of land upltft duri~6 regional deglaciation. 

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 ~ave action as it passed through the surf zone. De­
pending upon: (l) local sediment supply, (2) longshore current sedimen~ 
supply, (3) tidal current direction, and (4) vigor of ~ave ac tack, shore 
deposits of ,Jrying thi~knesses and sizes ~ere deposited. A complete 

-3equence of shore ~ergence deposits from near Tanani Point indicates 
from bcctom to top: (l) a transitional zone (unit 4a of fig. 5) of off­
shore winnowing of preexisting deposits (stony to stone-free silt and 
clay of ~arine 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 
Raines area, as indicated from the topography aod from aerial photos, 
reaches an altitude of at least 300 feet. The deposits appear to be 
well developed along the mountain front near ~he Haines aircraft landing 
strip, near the Alaska Seate Ferry Ter:ni.nal, and along the upper end of 
Lutak Inlet in the mapped area. AJ.so, 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 elevated shore and delta deposits (represent­
ing the marine limit in the area) might be at an altitude of about 600 
feet. This assumption is based upon a break in slope at this alticude 
along the upper pare of Lutak Inlet, which is interpreted to be a pos­
sible elevated shoreline. The assumption also seems reasonable on the 
basis of high-level marine deposits in the Juneau area, 64 miles to the 
southeast, ~here fossiliferous marine de~osits have been identified up 
to an altitude of 750 feet (~tlller, R. D., oral ~ommun., 1967; and Miller, 
R. D., 1972). 

Downslope from the indicated marine limit, variably thick accumula­
tions of elevated shore and delt~ deposits parallel the present shore­
line. Some of the deposits consist: -of- -irregular- m<1ntle.s over--older . - ~ 
deposits; others form wei"l-developed ridges ·or 1S-en-ches. • Such deposi-" 
tional forms may have resulted from: (1) a series of stonns during time 
of deposition, (2) changes in sediment ·supply or character of Yaves and 
currents during time of de.position, (3) slackening or "reve.rsal" 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 S feet thick, which are not shown on the ma.p, overlie 
lDl.lch of the undifferentiated drift deposits (Qd) and the elevated fine­
grained marine deposits (Qe~) belo~ the marine limit. Especially ex­
tensive are thin elevated share deposits overlying undifferentiated 
drift deposits south of Pott Chilkoot. Alluvial fan deposits (Qaf) and 
colluvium (Qc) merge ~1th 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 approximately parallels part of the present 
shore of Portage Cove. Deposits af this former beach extend from an 
altitude of about 150 feet near the mountain front at the north edge of 
the city co an altitude of about 60 feet betw~en Haines and Pore Chilkoot. 
Fifteen feet of clean-bedded mixed sand and gravel wi,th 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 brown. 

The deposits, as indicated from drill-hole data, probably are less 
than 20 feet thick under the main part of Raines. Westward they thin 
to extinction bet~een Third and Fourth Streets (fig. 4) ~here they are 
stratigraphica!ly underlain by elevated fine-grained marine deposits. 
To~ard Portage Bay, the deposits thicken to as much as 68 feet or more, 
as indicated 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 Raines is built are interpreted to 
have formed as a spit during land emergence and when shorelines were 
developing parallel to the mountain front north of Raines. If this 
interpretation is correct,aw:ar.er connection at the south end of the S?it 
existed at that time be~ween Chilkoot Inlet and ancest=al Chilka.c Inlet, 
and the present Chilk.at Peninsula vas an island. 

A lower lying elevated beach (altitude about 30 ft), present b@t~ee~ 
Raines and Pore Chilkoot, is considerably narrower than the one upon 
which much of Raines is built. It probably represents a somevhat lat~r 
phase.of beach deposition ~hen the water connection bet~een Chilkat a.=.d, 
Clulk.aot Inlets was closed by beach deposits to form a more or less 
continuous barrier beach rimming Po~tage Cove. The deposits are po~~:y 
exposed but a,ppear t:o be considerably finer grained than those unde::-:]i.ng 
the business district of Haines. Grain-size analysis of a sample fr-:-:i 
a pit at the south end of Port Chilk.oot, made by the Alaska _Deparc~e-:::.: 
of Highways (unpub. data, 1962), shows the following percentages! f~:.er 
than sand, 4 percent; sand, 90 percent; and gravel, 6 percent; nona ,;,~ 
the gravel ~as more.than 1 inch in size. According to the soil class~­
fic3tion for highYay purposes, this material is in Group A-1-b(O); i=-
the Uniform Soil Classification it belongs to the ,SW Group. 
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Driller's lo~ of test hole in elevated beach deoosits at Haines 

[See locality 0, fig. 4. Altitude about 82 ft.) 

[Elevated beach deposits].!./ 

Gra~el and cobbles mixed with sand; gravel 
is very well rounded and composed mostly 
of greenscone and "quartzice"(?)----------

Cobbles------------------~-------

Gravel and sand; dirty--------------­

Gravel and cobbles-------------------­

Ssnd and gravel-----------------------
Gravel and cobbles---~-----_:_ ________ _ 

Sand. coarse, and gravel, ~ery fine--- ----­

Gravel, fine to medium, and sand, coatse; -
gravel is Yell rounded------------------

Gravel---------------------------------

[Elevated fine-grained marine depositsµ/ 

Sand, fine, silty; wood chips-----------

------

:.11:tnterp.recation by us. 
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15 
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12 
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14 

Depth 
·(feet) 

15 
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25 

30 

33 
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E:levated shore deposits on the Chilkac River ~ide of the saddle 
are not as ~onspicuously developed as those rimming Portage Cove. How­
ever, ~wo gravel pits (northeastern pit known as Philpott Pit; south­
~estern pit known as Lapham Pit), about one-half mile northeast of 
K.a.skulu Point, expose a total thickness of about 15 feet of gently dip­
ping moderately ~ell sorted gravel 8nd sand. The upper 3-4 feet is 
iron stained. Grain-size analyses of samples from the two pits, made 
by the Alaska Department of Highways (written commun., 1962) showed al­
most identical grain-size percentages: smaller than sand size, 2-3 per­
cent; sand, 25 percent; and gravel 72-73 percent; none of the gravel was 
larger than l½ inches. The deposits ar~ underlain by elevated fine-grained 
fossiliferous marine sediments containing a feu pebbles. There also is 
a vell-developed series of beach ridges about three-quarters o~ a mile 
northeast of Kaskulu Point, which has successive crests at altitudes of 
34, 32, and 28 feet. Other beach ridges, with crests at an altitude of 
approximately 22 feet, are flanked by younger elevated fine-grained 
deposits directly northeast of Kaslrulu Point and near the Haines aircraft 
landing strip. 

Three elevated beach strandlines ~are identified, on the basis of 
topographic map expression, between Mink Creek and Tanani Point, ar 
approximately the following altitudes: (1) 80 feet, (2) 6C feet, and 
(3) 40 feet. A gravel pit in the deposit at an altitude of 60 feet, 
exposes about 12 feet of medium-grained gravel and sand. The upper 3 
feet is oxidized to an orQnge bro\Jtl, is well stratified, and dips gently 
toward Tanani Bay. 

The elevated shore and delta deposits furnish much of the local sand 
and gravel demands o~ the area although the demands have not been great. 
Borrow pits are sho\o1Q by symbol on the geologic ma?· The chief use has 
been fur road surfacing; probably the n~t most abundant use has been 
for asphalt and concrete aggregate. 

Alluvial fan deoosits (Oaf) 

Steep-gradient streams, mostly confined to the northern 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 
north and northwest of Haines, ~he~~ the streams emerge from the precip­
itous mountain front, and along the southwest coastline af·Lutak Inlet, 
wh.ere a narrow ~trip of flatter terrain commonly bordetg the inlet. Most 
deposicing streams are intermittenc or have a small perennial flow. 
During spring runoff and at times of heavy precipitation, however> stream­
flow is large and most fan material is deposited then. Fan surfaces, 
particularly near their : apexes, generally~re fairly sceep. Little is 
lmo,;,m of the composition and thickness of the deposits · because of a 
fairly thick crae cover and a mantle of muskeg. • 

Judged from limited exposures along Tanani Bay, Lutak Inlet, and 
the northern 4!dge· of the sai;idle bee-ween Baines and Cbilkat lj.iver 1 the 
deposits a~pear ta consist of poorly sorted and poorly stratJfied mix­
tures of gravel, cobbles, and boulders . . Locally. sand and · some silt are 
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prese~t, generally as a matrix to coarser aata~ial. Angular to subangu­
lar boulders, as much as several feet in longest dimension, are derived 
chiefly from lotal upslope rocks . . 1he deposits probably are 30 or more 
feet thick in places and are underlain by elevated fine-grained marine 
deposits (Qem), elevated shore and delta deposits (Qeb), and undifferen­
tiated drift deposits (Qd). Some older distal parts of large alluvial 
fans may merge 'tJich elevated shore and delta deposi ts. 

Fifty feet ~f poorly sorted gravel, cobbles, boulders, aod lesser 
amounts of sand is exposed in a gravel pit adjacent to the carg~ dock 
on Lutak Inlet. The abundant cobbles and boulders (as large as 8 by 5 
by 4 ft) are mostly diorice; nearly all are subangular to angular . The 
coarser material is in the upper part of the exposute and probably repre­
sents fan material. Finer and better stra:ified 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 pit in another alluvial fan deposit along the mountain froot 
northwest of Haines expQses angular to subangular rubble and cobbles, 
gravel, and boulders in a sandy matrix. The deposit, as is characteristic 
of mosc fan deposits, is much less coarse toward its distal margin than 
headward. Seeps are present in places where the deposits are in contact 
with elevated fine-grained marine deposits of low permeability. 

Colluvial deoosits (Oc) 

Colluvium is the general tenn given to surficial material,_ including 
rubble, that has moved or is moving downsl9pe, _ priocipal'ly und~r-. the· 
influence of gravity. Movement may range from very slow to rapid. Very 
slow-moving colluvial deposits generally are vegetated below regional 
timbe~line; faster moving deposits, such as landslides and talus deposits, 
tend to be more free of vegetation. Because of the difficulty of deter­
mini~g the origin of each deposit of colluvium, the unit is not further 
divided on the map as co type. 

Slowly ~oving t)'Iles of colluvium are especially prevalent in the 
Raines area where surficial deposits a~e thin and overlie sceep bedrock 
slopes. Steep, glacially s~ootherl bedrock slopes of valley walls of 
fiords are especially susceptible to this downslope process ~hereby un­
differentiated drift deposits, elevated fine-grained marine deposits, 
and elevat~d shore and delta deposits become intermixed. Ma result of 
th.is diversity of source material the colluvium ranges in composition 
from silty gravel and cobbles to sand 1 silt, or silty rubble--all with 
varying amounts of organic material. 

The fast to moderately fast moving types of colluvium include land­
slide deposits, mixed snow and avalanche debris· deposits, and active to 
semiactive talus deposits. Rapid sliding is especially prevalent during -. _ 
periods of heavy prec1~1tation when the contact. between the surficial 
deposit~ and the bedrock is well lubricated. Rockfall,_ rock!!lida., and 
tockflow deposits, which constitute the talus slopes, consist of coarse 
rubble generally in a sandy 1:1atrix, nearly all of which is derived from 
upslope bedrock. 
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Ac=ive to semiactive talus deposits, ~hich are common along the 
precipicous mountain front north and nor~h~est of Hain£s, are well ex­
posed in a borrow pit at the end of the road leading north from Second 
Street. Here, the face of the deposits has a slope of approximately 40° 
and is about 125 feet high. ~early vertical bedrock cliffs~ ~hich 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 
coaanon sizes, but smaller fractions down to silt size also are present. 
Some subrounded boulders, a?proximately 6 feet in diameter that consti­
tute a part of t~a slide debris, are believed to be either glacial errat­
ics 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
librium and, although it is not thick (bedrock.is exposed in several 
sectors of the pit), sliding probably vill be reactivated as material is 
remoxed from the base of the rubble face. 

Large, bare talus deposits form the steep mountaiQ slope less than 
a mile north of the airstrip. The talus is derived from vertic~l to 
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 slo~ly downslope as more slide and rockfall 
material is being added at their apexes. 

Very large landslides have not been recognized in the mapped area. 
Ho~ever, the steepness of the south flank of the upper part of Mount 
llipinski, together with the presence of a large, flat to slightly 
hummocky surface below this steep slope, are topographic features that 
-are sufficiently ~nomalous 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 block1 part of whose upper surface is 
the flat to slightly hummocky area below the scarp. If so, the areal 
extent of the slide block ~ight 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). Oo the other hand, the area may repre­
sent a tectonically dow-ndropped block. In support of this sec8nd suppo­
sition, aerial photographs indicate that several lineations-possibly 
faults--bound the northern and eastern margins of the area, It also 
should be noted that the ~rea 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 anocher 
possible e..~planation is that the flat to slightly hummocky area is the 
surface expression of a lateral moraine. Houever, the presence of the 
steep upslope scarp is not well explained in this manner nor are there 
other similar fla~ areas in the vicinity as one vould expect if this 
were the case. Unfortunately, time was not available for us to make a 
field examination of this area. 
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Small landslide deposits and snow avalanche deb~is acc\Jll\ulations 
occur along the steep mounc~in front north and northwest of Haines and 
along fiord walls of Chilkoot and Lutak Inlets as evidenced by several 
veg~tation discontinuities along steep slopes. These deposits undoubtedly 
cont~ibuce source material to downslope talus and alluvial fan deposits, 

There are several lands!ides of considerable extent just outside of 
the mapped area, One e~a□?le ~here a landslide is well defined topograph­
ically is ale~; che 2asc s:c~ of Taiyasanka P.arbor fiord northeast of 
Lutak Inlec (u~~a?p~d p~rL o: fig. J). Other evidences of landslides or 
snow avala~c~es ar: on·c~e nc=:~easc sice of Lut2k Inlet fiord (also in 
the unr.ta?peci a~ea) ~~e~e che e~tire =ancle of surf~cial deposits has been 
removed. The largest indicated landslide tract lying jusc oucside of 
the mapped area is along the ease shore Qf Taiya Inlet, about 3 miles 
northeast of Raines (fig. 2). Here, on the basis of aerial photo inter­
pretation, deposits in parts of four sections (SW part of sec. 17, SE 
part of sec. 18, NE part of sec. 19, and the western part of sec. 20, 
T. JOS., R. 60 E.) are thought to show evidence of sliding. A large· 
unvegetated scar on the side of a cliff shows that sliding has been 
active in that area in recenc years although most of the total slide 
tract is vegetated and procably is partly to largely inactive. The 
slide tract is bounded on the landvard sides by tYo well-developed inter­
secting lineations, vhich are ~art oE a series that characterize the 
region. As discussed under "STII.UCTI1RE," at lease some of these linea­
tions are believed to be faults. Tbus, the landslide area may be bounded 
on the landward sice by a fault and the tract itself may represent a 
tectonically dotmdropped 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 (Qb) 

Modern beach deposits flank Ch!lkooc Inlet and Lutak Inlet in the 
mapped area. For 112.apping anc discussion purposes, the modern beach is 
defined as the strip of land e..~tending from mean lower low water to the 
upper limits of presenc-day ~.ave act~on. 

Along Portage Cove, the =odern beach in most places is 300-500 feet 
w-i4e, Surface deposits . clos~ to Port Ch.ilkoot consist chiefly of fine 
gravel and coarge sand. Cobbles• gravel, and numerous _isolated boulders, 
together u-ith some sand and silt, constitute the deposits elsewhere along 
?ortage Cove. The w-idesc ~~:~c of beach in Portage Cove is south~est 
of Nukdik Point ~here bluffs of very stony diamicton provide large 
quantities of gravel, cobbles, and boulders. Thicknesses of the deposits 
in Portage Cove _are notkno~~. Ho~ever, because of the relatively rapid 
rate of land emergence, the C2?0Sits probably are only a few feet thick. 
Underlying deposits in masc ?laces. likely are fine-grained marine depos- , _ 
1cs or diamicton. Near the rock promontory southeast of Port Chilkoot, 
bedrock probably underlies b~.J.l.der and cobble beach .deposits at shallow 
depth. 
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Nore h of Portage Cave, che beach deposits in most places are .1ar­
rower and are characterized by abundant local concentrations of cobbles, 
gravel, and bculders. Bedroek probably is ac shallow depch. Directly 
north of ~ukdik Point, beach deposits are nearly absent and a ...-ave-cut 
bedrock surface extends at l~asc 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, fanned well-developed elevated 
shore and delta ~eposits, is also today responsible for well-sorted 
beach gravel. Along the steep fiord walls of Lutak Inlet, modern beach 
deposits are gravelly to cobbly with numerous local concentrations of 
cobbles and boulders nea~ che mouths of numerous short streams. 

The modern beach along the northeast shore of Chillcat Inlet south 
of Kaskulu Point 1s approxir:ataly"the same ~dth as in Portage Cove, 
exce~t across from Pyramid Island (fig. 2) where an e..~pance of beach 
nearly 1,000 feet ~ide is ezvosed at mean lower low water. The de~osits 
of the Chilkat Inlet beach consist chiefly of clean -we·ll-sorted sand 
and fine gravel, mostly less than l inch in longest dimension. Adjacent 
to bedrock exposures southeast of Kaskulu Point and for a distance of 
about l½ miles southeastwarc, cobbles and boulders are abundant locally. 
h gravel pit, approximately t½ miles southeast of Kaskulu Point, exposes 
a minimum thickness of 15 feet 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 
similar-size material are indicated in the vicinity of the pit. 

Chilk.at River flood-plain and delta deoosits (Qr) 

These deposits are confined to sediments laid down on the flood 
plain at and near the mouth of the Chilkat River and to associated inter­
tidal deltaic sedi~encs being laid .down 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 deltai~ deposits of 
Cbilkat Inlet (see "Offshore deposits"). 

Near the mouth of che Chilkat River, the flood plain is 2-3 wiles 
vi.de, and th~ river flows io a highly braided channel system. During 
spring runoff, at other tices of large discharge down the river, and 
during high tides, che flood plain within the mapped area is completely 
or largely covered with ~ater. Du-ring periods of lo~ streamflow, the 
river flows in bifurcating channels bet~een bars a fe~ feet or less • 
abovt stream level. 

The flood-plain and delta deposits are fine grained. A single sample 
collected from the surface near the Haines aircraft landing strip con­
sisted of ·64 petceot sand (of \Jhich 70 percent was fine to very fine), 
35 percent silt, 1 percent gravel, and less than 1 percent clay size 
(E. E. HcCregor, U.S. Ge~l. Survey, written comm.un., 196$). 

Composition of flood-plain deposits and stratigraphic relations at 
de?Ch we~e revealed by test holes (fig~ 6) drilled at the ~est edge of 
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the mapped area (abouc one-half m~le northwest of the aircraft landing 
strip) in connection with a proposed highway crossing over the Chilkac 
River. Here, a maximum of approximately 40 feet of flood-plain depositg• 
consisting costly of fine sand, was pen~trated by the drill holes. 
Underlying these deposics, at the locations of the test holes, are at 
least 100 feet of somewhat fin~r g~ained deltaic deposits, cons~sting 
chiefly of a silty fine sand in the upper part of the section and a 
sandy silt in c:,e lower part. Along at lease the eastern edge of the 
valley at this site, the deltaic deposi~s are underlain by about 80 feet 
of clayey silt, vhich we interpret to be marine deposits. These in turn 
are underlain by at least 15 feet of dense inter.nixed silty sand, gravel, 
and cobbles, ~hich we interpret co be drift (possibly till). It is 
likely that drift extends entirely across the valley as the basal surfi­
cial de~osit and may consticuce a large part of the total valley fill. 
It shoulJ be noted~ however, ttuit the drill holes extend across only the 
eastern half of the Chilkac River valley and, ~ven there, they are too 
shallow in most places to indicate the v~rying thicknesses of the diff er­
ent units constituting the valley fill. E. C. Ro~ertson (unpub, data, 
1959) estimated an ave~age thickness of valley fill of 800 feet, on the 
basis of SPveral cross-valley projections bet~een Baines and an area 
about 19 miles up the Chilbt River. We cannoc assess how valid this 
estimate might be other than to say that che valley fill immediacely 
west of H;iines probably is several hundred feet thick. 

Xanm.ade fill (Qf2 

E.ignc areas of m.an-emplaced fill are shown on figure 3. These ate 
relatively small . areas, mostly oa or near the shore. Noc shown, because 
of their even smaller size, are road and street fills, building site 
£ills, and other ,iscellaaeous types. 

The largest area of artificial fill is the aircraft landing strip. 
Here the fill, ~hich probably consists of intermixed gravel and sand 
emplaced ,n elevated fine-grained marine deposits (Qem nod Qemy), ha.s 
been built to a heighc of only a fe~ f~et above the Chilkat River. 
Boulders, em.placed behind a limited diking of piles, help protect the 
tnain part of the fill from river erosion. It is not knotJn whether or 
not the fill was engineered (compacted to maximum density during 
emplace~enc), 

Sand and gravel, several feec chick, have b~en emplaced on elevated 
shor~ daposits (Qeb) and elevated fine-grained marine deposits (Qecy) 
for construction of a sawmill and parking area at Kaskulu Point. The 
fill was obtained from a nearby ice-contact depos~t (Qo). 

'Th6 riprap ·constituting the breakvater of the Raines ·small-boat 
harbor is a special type of fill. The brealCTJater is L-shaped, each a('lll 
being approximately 400 feet long and extending several feet above higher 
high ~ater, It is constructed of angular pieces of rock 2-4 feet in maxi­
~ dimension "1ith a core of finer grained material in the nearshore 
segment. The riprap is from talus (colluvial deposit~) obtained from the 
mountain front directly north of Haines. 
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The local headquarters of the Alaska Department of Highways cov~rs 
a large part ·of 
edge of Haines. 
sists mostly of 
of the elevated 

the northe~n part of a mapped fill area ac the western 
In most places, the fill is about 5 feet thick and con­

loose sand and gravel. It is underlain by clayey silt 
fine-grained marine deposits (Qem). 

two Sntall areas of artificial fill, one just south of the small-boat 
harbor and the· other one near NukdikPoint have no facilities b..rilt upon the!n. 
The fill south of the small-boat harbor consists of fine-grained material 
a few feet thick . The one near Nukdik Point is an abandoned dump. 

Two areas of fill have been mapped along Lutak Inlet. The larger 
area constitutes the interior of the cargo dock adjacent ~o the Alaska 
State Ferry Terminal. Here the fill consists chiefly of blocks of rock 
taken from a nearby outcrop of fine-grained metamorphosed volcanic rock 
(Mzm), "<,lj__th a topping of sand and gravel taken from a pit just north of 
the dock in an alluvial fan deposit (Qaf). This latcer material also 
was used for filling the cells (caissons) along the deepYater side of 
the dock. The fill, which rises co a height of 26 feet aboye mean lover 
le~ water, may be as much as 40-50 feet thick on the seaYard side. Jet 
probe holes, put down in connection with constructing the Alaska State 
Ferry Terminal, indicate that 20 or more feet of coarse gravel with small 
boulders underlies the fill (Toner and Nordling, Engineers, Juneau, 
vricten commun., 1962). The second area of fill is about one-half mile 
northwest of the cargo dock. Here, an area has been modified by highway 
relocation, constructjon of a timber chipper mill and dock, and emplace­
ment of !ill obtained from elevated fine-grained marine deposits topped 
with sandy gravel. The fill 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 des~ribed in this section ar~ those that, by 
definition, lie belov mean lower law water. They include normal marine 
bottom sediments, offshore deltaic deposits, submerged glacial deposits, 
and other miscellaneous types. Data as to the nature and thickness of 
the deposits are meager. 

c::, 

SomG data ar~ available regarding the nature of offshore deposits 
in Portage Cove. As shown on Hydrographic Survey char~ no. H-6942, 
compiled by the U.S. Coast and Geodetic Survey in 1943, "gray mud" is 
the cotDmon floor material. The thickness of the material, however, is 
not kno-wn. Some data also are available immediately offshore from Haines 
based on drilling in connection vich the conscruction of the small-boat 
harbor. In 1957 five holes were churn drilled, in vhac is now the 
small-boat harbor, by the present finn"of Toner and Nordling, Engineers. 
Juneau. Alaska. Tvo of these holes, drilled near the ' shoreYard margin 
of the harbor, were 32 feec deep and penetrated.a variable sequence of 
•silt, 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 penet~ated in the oche: t~ree holes (locaced 
bet~een the breakvater and shore) also was variable and ranged from clay 
to gravel in size. ~o bedrock or boulders TJere penetrated in any of the 
holes. 

Some indication of the nature of the marine deposits outside of 
Portage Cove can be gained from seismic traverse studies made in 1965 
near the heac of Chilkoot Inlet and in inlets to the north. These 
studies ~ere made by Gene A, Rusnak of the U.S. Geological Survey, using 
the barge~ L Miller. The closest traverse to the Raines area was one 
th.at was run east from Nukdik Point to the eastern shore of Chilkooc 
Inlet; a second one ·..ras run from the middle of Chilkooc Inlet to about ,, 
1 mile offshore from Haines vhere cbe 300-foot-depch contour 1'bulges1t 
out~rd fro~ Portage Cove (see fig. 2). According co Rusnak (written 
commun., 1966), the out.•..ra.rd "bulge" of the 300-fooc-depth contour reflects 
topographically high bedrock virtually free of sediment cover. A grab 
sample taken by Rusnak ac this site indicates that the small amount of 
sediment that is pt'esent consists of a coarse "muddy" gravel containing 
shells. That bedrock knobs exist in Chilkooc Inlet is shown by the 
presence of Ind~an Rock, which is avash at lower lo~ water, l½ miles 
e.ast of Tanani Po inc (f i.g. 2). 

Bedrock crops out onshore at Nukdik Point and little or no sediment 
is present sea~ard along rte steeper underwater slopes. However, toward 
the middle of Chilkoot Inlet, ~here the sediments form the relatively 
flat floor of the inl~t at a Yater depth of about 400 feet, a seismic 
profile indicates a maximum thickness of approximately 500 feet of sedi­
ments, assuming ·an acoustic velocity of 4,800 fps (f~et per second) for 
the sediments (Gene A. Rusnak, lo!Titcen collllllUn., 1966). According to 
Rusnak, the sediments appear to be essentially uniform in composition 
but, locally, irregular bodies of glaciofluV'iatile(?) deposits uitderlie 
the softer marine sediments. 

Limited infonnacion on bottom sediment and depths is available for 
Lutak Inlet f~om the U.S. Coasc and Geodetic Survey ch.arc no. 8303 (1945, 
minor revisions, 1966). The chart shows a steep-sided cross-sectional 
profile tnical of· a fiord 'With a fairly flat floor and shoaling at itg 
upper end. Offshore sedimencs near the upper end of Lutak Inlec prob­
ably are derived lar3ely from elevated delta and buried morainal depos­
its th?t serve as the dam for Chilkooc Lake (fig. 2). Thus, the floor 
sediments, indicated by U.S. Coast and Geodetic Survey chart no. 8303 
as "mud," and "mud and clay" sediments, probably foon only a thin layer 
overlying older prodeltaic deposits of fine sand and silt. MosL of the 
present-day coarse and fine sediment of the Chilkoot River is deposited 
m-Cnilkooc Lake and does not reach Lutak Inlet, 

Some information is available on oe.arshora sediments near the Alaska 
State Ferry Tenainal from jet probings ia 1962 by Toner and Nordling, 
Engineers (,;rritten ~OOl!Ilun., 1965), prior to construction of the terminal. 
These probings indicate the presence of coarse gravel. and small boulders. 
Bottom slopes, bec~een 15 and 65 feet below sea level in this locality, 
were deter.::ined co be about 20°. 
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Thick sediments are p~esent off the face of the Katzehin Rive~ delta 
in Chilkooc Inlet, about 4 1/2 miles southeast of Kaines (fig. 2). Here, 
about mid~ay across Chilkoot Inlet, at a wate~ depth of approximately 
250 feet, the deltaic sediments are more than 1,500 feet chick, assuming 
a seismic velocity of 4,800 fps (Gene A. Rusnak, written commun., 1966). 

No definitive' data are ~yailable as to the nature and thickness of 
subaqueous deposits in Chilkat Inlet. Some speculation, howev~r, is 
possible on the basis of materials that are now being deposited or that 
have been deposited recently in the inlet. There are two main sources 
for chese sediments: (1) . the Chilkat River, aud (2) glacial melt-water 
streams from Davidson Glacier and the glacier whose melt Yaters empty 
into Chilkat Inlet just south of Pyramid Harbor (fig. 2). Of the two 
main sources, the Chilkat River is by far the la~gest contributor. Ac 
ooe time the mouth of the river Yas several miles farther up the valley, 
but owing to deposition of large quantities of fine-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 deltaicforeset beds probably consist of 
fine s~nd, silt, and some clay-size material. Al.Jo, the Jeposits 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 side for some 
distan~e offshore £rpm Green Point. The position of Pyramid -Island and 
the associated offshore shallows suggests 'che presence of a largely · sub­
mtrged end moraine, marking the frontal position of a former Chilkac 
valley glacier. An end moraine also is indicated by the presence of 
plentiful boulders and cobbles, both on the Pyramid Island tidal flats 
and along the shore at Green Point; the cobbles and boulders may have 
been wave conceotrated by Yinnowing out of the fines of the morainal ma­
terial. No obvious lateral morainal features, however, are visible along 
the adjacent valley walls. Because the subaerial par~ of Pyramid Island 
consists of elevated fossiliferous fine-grained marine deposits, the sub-
merged portion of the postulated moraine probably also is buried beneath 
a mantle nf marine deposits. 

The Glacier River is another substantial contributqr of sediments 
to Chilkat Inlet. The river, which is on the west side of the inlet 
(fig. 2), is only about l½ miles long, 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 che fan delta of the r1~er extends more than a mile farthe~ out 
into the inlet to constrict the width of the navigable waters of the 
inlet in this area to about one-half mile. However~ the middle part of 
the channel is 450-500. feet deep. The £an delta of the Glacier River ~as 
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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Sci. Conf., oral corw.iun., 1968), Alask2 ffighway ~epar~~ent investigations 
(Rasmussen and Franklet, 1969), and frora a scudy of ae=ial photographs 
by us, ~e conclude thac che surface deposics of the fan probably consist 
chiefly of sand and gravel oucwash from Davidson Glacier and of asso­
ciated morainal deposits. On the basis of this assum9tion, the foresee 
beds of the delta probably ore coarser grained chan those at che mouth 
of Chilkat River. However, considerable rock flour (clay- and silt-size 
material) probably is being carried into the deeper offshore ~arts of 
the inlet, Therefore, the prodeltaic deposits in chat ·area probably do 
not differ greatly from those offshore from the mouth o~ the Chilkac 
River. 
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STRUCTudl:. 

Sullllllary of regional structure 

Southeascern Alaska lies ,;.,ithin che active tectonic belt that rims 
c:1e northern Pacific Basin. · It has been tectonically act;i.ve since at 
lease late Paleozoic time and· the bedrock ovtcro~ pattern is the result 
of late Mesozoic and Tertiary deformatic.nal, metamorphic., and intrusive 
events (Brew, Loney, and Muffler, 1966). Large-scale faulting, moscly 
qith strong right lateral strike-slip movement, has been common. Two 
of the most prolll.inent fault systems in southeastern Alaska anri surround­
ing regions are: (1) the Denali fauJt system, and (2) ~he Fairweather­
Queen Charlotte Islands fault system. Also, of major tectonic importance 
are che Totschunda fault system, which a~pears to connect with the Denali 
fault system, and the Chuga~~-Sc, Elias fault, which joins the norch­
western end of the Fairweather fault. These fault systems, as Yell as 
inferTed connections becvee~ individual fault segments, are shown in 
figures 7 and 8 and are described in more detail in our regional report 
(Lamke and Yehle, 1972). 

Aa first reported by St. Amand (1954) and by Sainsbury and Twenhofel 
(1954), and later described i~ 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. The "fault'' 
wa.s described as e.xtending from the Bering Sea across ·c.he n'"'rthern flank 
of Mount McKinley, through northenunost British Columbia, and chence 
do~ the Chilkat River valley and Chilk.a.t Inlet to L:ron Canal and 
Chatham Strait (fig. 7). Thus. in Canada and southeastern Alaska, it 
included the Shak~a~ valley, Chilkat River. Chatham Strait, and Lynn 
canal fault segments (fig. 8). Grant% (1966) called this series of 
:related faults and branches the Denali fault system but restricted tl.e 
Denali fault itself co that part of the Denali fault system chat extends 
from the Kuskokwi..m River drainage ease of Bethel to northernmost British 
Columbia (a length 0£ about 870 miles). 

Some doubt was expressed by Hamilton and Myers (1966) on the conti­
nu"it:y of the Denali fault into British Columbia and southeastern Alaska. 
as described by St. Amand (1957) and others. Instead, they suggested 

-that the Denali fault syscecn extends southeast'l.lard along a lineament 
that Richter and Matson (1971) named the Iotschunda faulr system.· · Fur­
thermore, they noted chat this faulc was alined \Jit:h the Fainreat:her 
faul~ .to the southeast and assumed that the two faults connect. Richter 
and Matson (l971) left· open the question of -whether or not th~re ~as a 
connection betwe~n the Denali fault and the Totschunda fault system and 
only suggested that the Totschunda fault tnight connect 'In.th the Fairweather 
fault. -As discussed below, Plafker (1971; written commun., 1971) does 
not believe that the Totschuoda fault is a continuation of the Fairweacher 
fault. -.. 

The Fairveather fault: and the Queen Charlot't:e ts:;.ands fault probably 
are a pare of the same tectonic element (St. Amand, 1957; Crantz, 1966; 
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Tobin and Sykes, 1968; Page, 1969; Ceorge Plafker, written c.orarnun., 1971; 
and Richter and Matson, 1971). T~e onland part of the Fairveather fault 
1s a segment about 125 miles lon; e~tending southeastward from Yakutat 
Bay to Icy Point (figs. 7 and 8). ~ere, the fault lies largely in a 
linear valley pa~cly filled by gla=iers and separating crystalline rocks 
of the Fairweather Range from par~ly younger and less altered rocks of 
the coastal region (Miller, 1960). The offsho~e southeastern extension 
of the fault follows the continencal 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 to~ography and the presence of a belt 
of high seismicity (Menard and Dietz, 1951; St, Am.and, 1957; and Wilson, 
1965). As. mapped by Plafker (1969; 1971), the northeastern end of the 
Fairweather fault joins the easte!:U end of the Chugach-St. Elias thrust 
fault (figs. 7 and 8). Plafker (~~itten commun., 1971) states that 
"Despite numerous published state::.eots to the contrary, our data preclude 
the possibility that the Fairweather fault, or a major splay of it, ex­
tends northwestward along the Artle'.Jis Glacier to link up with the 
Totschunda fault systet!l." His reasons for this belief are given in more 
detail in our region.al report (Le::.'.<e ·and Yehle, 1972). 

These differences in interpretation as to the true trend of the 
Denali fault system, as well as possible connections between the Denali 
and ~ain.eather-Queen Charlotte Islands fault systems cannot be resolved 
by us. However, for purposes oc discussion here, the Shakwak valley 
fault, Chilkac River fault, Lynn Canal fault, and the Chatham Str~it 
fault (fig. 8) ~~11 be included as probably an older part of the Denali 
fault syscem and the totschunda fault system as a younger part of that 
system. The Fai:i:veather-Queen Charlotte Islands fault system will be 
considered to be more or less separate from the Denali fault system but 
one which merges to the northwest vi.th the Chugach-St. Elias fault. 

Local structure 

Knowledge of structure in and adjacent to the Haines area is based 
in large pare upon studies by Robertson (1956; unpub. data, 1959), Accord­
ing to Robertson (unpuh. data, 1959), rqcks of Cretaceous and Mesozoic 
age northeast of Chilk.at River in the general area of Haines have a 
simple monoclinal structure. Layering of flow structures in metabasalt 
and foliation of dioritic rocks strike northwest~ toughly parallel to 
the Chilkat River and dip moderately to steeply northeast, Major joints 
also strike northwest and dip nort~east. Paleozoic-Mesozoic rocks south­
west of the Chilkat Ri~er exhibit in places a rather complex isoclinal 
folding with vertical a..~ial plaoes and bedding whereas in other places 
they are gently folded. • 

Several major and ou~erous cioor faults probably transect the Haines 
mapped area and vicioi:y. They are indicated by numerous lineaments 
(figs. 8 and 9) and, i..:l some places, by differences in lithology on oppo­
site sides of river valleys or fiords; However, the actual ~~istence of 
the faults and locatic~ of their traces are difficult to determine be­
cause most appear. to b~ coinci~aot ~ith the long axes of fiords and river 
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valleys, ~here they are concealed by wacer or by valley rill. Some 
lineaments in the area are noc due to faults but their origin is obscure. 
The more prominenc of the indicated faults are discussed below. 

Chilkat River fault 

The Chatham Strait-L:;no Canal fault ( figs. 8 and 9), Yhi~h has been 
described by Sc. Amand (1957), 'h•enhofel and Sainsbury (1958), Grantz 
(1966). and Brew, Loney, and Muffler (1966), splits into ~Jo branches at 
the northern end of the Lynn Canal. The branch that extends up Chilk.at 
lolet, Chilkat River valley, and Kelsall R1ver valley is known as the 
Chilkat River fault. It has a leogth of abcut 90 miles (figs. 8 and 9), 
and connects with che Shakwak valley fault to the north~est (Robertson, 
unpub. data, 1959; Grancz, 1966) .. Differences in lithology on either 
side of these two river valleys (Robercson, unpub. data, 1959) plus the 
linearity and continuity of the vall~ys provide strong evidence for the 
existence of this unexposed fault. As stated by Grancz (1966), "The 
character of the fault and the amount of displacement are not knovn but, 
if a fault exists, movement may be partly Early and Lace Cretaceous, 
partly post-Paleocene co Miocene." The exact trace of the fault: in che 
Haines mapped area (fig . 3) is not knot.rn but it must e~cend up che Chilkac 
River valley and, therefore, must lie some~here beneach McClellan Flats. 
Because it is not now possible to more precisely locate the fault, it is 
not shown on figure 3; howeve-r, its generalized crace is shoU'D. on che 
smaller scale map of figure 9. 

Chilkooc Inlet fault 

The branch of the Chatham Strait-Lynn Canal fault that is believed 
to e..~tend up Chilkoot Inlet i~ known as the Chilkoot Inlet fault (see 
figs. 8 and 9). ~ indicated by linear t~ends of fiords and valleys, 
the Chilkoot Inlet fault probably further splits no~thward into several 
branches (fig. 9). Twenho£el and Sainsbury (1958) shou conspicuous 
linerunents as extending up the follo"'1og river valleys: (1) C~ilkoot 
River, (2) Ferebee River, (3) Taiya River (at head of taiya Inlet), and 
(4) Skagway River ,(north of Skagway). :-taoy other minor lia~ar trends, 
which generally indicate~{a'¾J.£!~or joints, have been ~apped in che Skagway 
area (Yehle and Le~k~972). All branches of the Chilkoot fault prob­
ably lie east of the mapped Raines area except the inferred branch chac 
e.scteods up Lutak Inlet. The location of the infer-red Lucak Inlet branch 
is not shown on figure J because of lack of k~owledge as co the probabil­
ity of its existence or location. 

Faults in southern part of Chilkat Peninsula 

The en echelon pattern of lineaments in the southern part of the 
OU.lkat Peninsula and of islands to the south sugge~t -several norch~esc­
trendi~g faults ( fig. 9). Particularly suggestive of a fault is a con­
spicuou.s topographic off sec of Chilkat Peninsula marked by Letni~f Cove. 
and Mud Bay (fig. 2). • Both bodies of Yater are elongated and aligned in 
a oorth~e~t direction and are land-connected by a low s~ale. 
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Takhin fault 

Robertson (unpub. data, 1959) inferred that a fault, which he named 
the Takh~n fault, follows the Takhin River valley and connects with the 
Chilkat fault J or 4 miles west of Haines (fig. 9). The existence of 
this· fault is svggesced mainly by the linearity of the Takhin River valley. 

Faults in the saddle at Reines 

In the mapped area (fig. 3), the most likely area of major faults 
other than McClellan Flats ~here the Chilkat River fault must lie, is 
the low saddle in which Raines is built. The possibility that rocks of 
Tertiary age occu9y a downdropped block bounded by faults has alre~dy 

.been discussed (see section on "Eedrocku). A seismic profile (fig. 10), 
run transverse to the saddle, suggests that the more middle par~ of the 
saddle is cut by tw normal faults, which ~ay have displacements of as 
much as 140 feet. The abrupt be~rock escarpment chat forms the northern 
side of the saddle may mark the . trace ·of a muc:h larger east-west-trending 
fault. This supposition is supported ~y· the fact that, if the postulated 
Takhin fault is extended eastward across the Chilkat River fault, its 
strike would be approximately along the northern escarpment of the saddle. 
Evidence that the saddle is bounded by a fault on its southern side, to 
fonn a grabenlike structure, is largely lacking. Because more subsurface 
data are needed before the number and orientation ~f the faults that roay 
be present in the saddle area can be detemined, no attempt ha3 been 
made to shov these faults on figure 3. ffo~ever. a major north~est-sourh­
east lineament (representative 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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ilRTI!QUAKE PROBABILITY 

As yet it is not possible to predict when or where the next destruc­
tive earthquake will strike in the worl? or what its size and o~her char­
acteristics will be. We do know, however, that some regions are much 
more lik~ly to have destructive earthquakes in the future than ocher 
regions. The degree of likelihood is based upon two factors: (1) the 
seismicity or historical record of earthquakes in a certain region or 
area, and (2) the degree of tectonic activity of the region or area. as 
indicated chiefly by the recency of fault movement. Assessment ·of these 
two factors affords a means of-determining the earthquake probability of 
an area, 

Seismic.ity 

A large part of Alaska lies in the circum-Pacific earthquake belt­
one of the world's greatest zones of seismic activity. Six percent of 
the world's shallow earthquakes are recorded in the State, chiefly in 
two seismic zones (St. Amand, 1957; Wood, 1966). One of these zones in­
cludes the Aleutian Islands, Aleutian trench, Alaska Peninsula, Alask2 
Range, and eastward as far as the Copper River (fig. 7). The secood 
zone, ~hich encompasses the Haines area (fig, 3), includes southeastern 
Alaska, southwestern Yukon, and the coastal areas of British Columbia. 

Toe historical record of earthquakes in southeastern Alaska and adja­
cent areas is so short that most of the data are limited to that obtained 
in the present century. These data show that five earthquakes of magni­
tude 8 er greater have occurred offshore or on land in southeas~ern Alaska 
and adjacent Canada (fig. 11)". During this time, there also have been 
three earthquakes W'i.th m.c.~itudes between 7 and 8, at least eight with 
magnitudes bet~een 6 and 7 1 more th.an 15 wjth magnitudes between 5 and 6, 
and- abcut 140 have been recorded ~ch ui.agnitudes less than 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 ~th magnitudes greater than 8 ~ere offshore or near the 
~oasc and appear to be related to movement along the Fainteather-Queen 
Charl&te Islands fault system and the connecting Ghugach-St. Elias fault 
or to their splays and extensions (figs. 8 and 11). Most of the o~her 
larger earthquakes (magnitudes greater chan 6) and a large proportion of 
the smaller ones also appear to be related to these tectonic f~atures. 

·There ara no recorded epicenters of ear~hquakes within the Haines 
mapped are.a ,(fig. 3). The closest. e'P.icenc.er for any eanhquake of 111agni­
t~~e- ~_or _ greater is about 30.~i~~~~n~r~~~e~~ of _ Haines in the Chilkac 
River valley (designation Nin. fig. 11). This earthquake occurred March 
9, 1952, and had a magnitude of 6 .. Epicenters of only 12 other earchquakes 

~ecause of tbe difficulty a( accurately deterinin:f.ng the location 
of epicenters (particularly of early historic earthquakes) 1 assigned 
locations probably are at least 10-15 miles in error and may in soroe 
instances be mislocated by as much as 70 miles. 
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are recorded as being ~ichin about SO miles of Haines. Magnitudes for 
these earthquakes were less than 5 or were not computed. Thirty-nine 
earthquakes within 100 miles of Haines have been instrumencally recorded. 
One of these, the Lituya earthquake of July 10, 1958, (designatjon P of 
fig. 11) had a magnitude of 8 1 one had a m.agnitude ot 6 (described above), 
six had magnitudes betYee~ 5 and 6, and 31 had magnitudes less than 5 or 
were nae computed .. 

Alt~ough co instrumentally recorded earthquakes had epicenters in 
the mapped area, more than 100 earthquakes, which occurred between 1847 
and 1969 and had epicenters ~lse~here, have been £elt and reported in 
Baines or ~ere possibly felc at Haines but not reported (table 4). There 
probably have been many more felt quakes in the ~apped area but they 
have noc been reported or the published source is obscure. Most of che 
infotiIJ.ation available to us is from scattered ne~spaper accouncs, oral 
accouots, and other sources of varying reliability. Tbere is little 
doubt but that, in many instances, major earthquakes felt in nearby areas 
and presumably felt in the Haines area. have noc been reported in that 
area or are unknown to us:. 

Felt earthquakes reported in the H.aines area have ranged from slight 
tt"e:nors to severe shocks. (table 4). The t'!JO ea:rt:hquakes of 1899 in the 
Yakucat Bay area that had magnit~des greater than 8 ~ere strongly felt 
in c~e Haines area. Based upon ne-..rspaper accounts, the Yakutac Bay 
eart~quake of October 9, 1900, had intensicies (Modified Mercalli scale) 
of VI co VII ac Skagway (Eppley, 1965). Because of a similar distance 
from che epicenter to Raines, incensiti_es in Haines probebly 1o1ere similar 
to t~ase in Skagway in those places Yhere geologic conditions were similar. 
One acc~unt of the Yakutat Bay e&r~hquake oi September 4, 1899, taken 
from the San Francisco Chronicle September 22, 1899, and published in 
Tarr and Martic (1912) is as follows: 

"At Raines Mission near Skagway the shocks Yere accoro.paa.ied by the 
movi~g of furnicure, svaying of trees, rolling of logs, difficulty in 
sca~ting and walking, etc. The ground is said to have cracked open in 
placis * * * natives in utmost:. panic * * *." 

Several earthquakes that occurre«:during 1907, 1909, 1910 were mod­
erately to s~rongly felt in or near Raines (Davis and Echols, 1962). 
Duri::.g an earchquake on September 24, 1907 (epicenter probably some~here 
in l~n Canal area), clocks stopped at Haines as well as at Skagway. 
Many people were awakened and the intensity ~as estizllaced by the U.S. 
Coas: and Geodetic Survey ac V (~odified Mercalli intensity scale) at 
Kluk-.ran, about 20 1I'.iles north1,,1esc of Haines . A strong earthquake on 
Febr~ary 16, 1909, pr9bably was felc ac Haines and at widely scattered 
ath~ couus. T~~ moderately $trong shocks on March 14, 1~10, 1 hour 
apa~: and probably having epicenters in the area·of Icy Straits (50-75 
miles southuest of Baines) probably al~o were felt ac Haines. Still 
ano6er earchquake on July 7, 1910, which is thought to have. had i'ts 
orig::.n near Skagway, was felt ac that town for perhaps 28 seconds (Tarr 
and ;::!artin, 1912) and presumably was felt also at aaines~ 
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Table 4.-Partial list of earthguukea felt and pos~ibly felt at llainea, Alaaka
1 

·18~7-1969 

Apr. 9(?). 1847 

Oct. 27, 181!0 

Oct .or Nov;l898 

Aug. 10, 1899 

$ I! pt • "I 18 99 

St:pt. 10, 1899 

Sept. 16, 1899 

Sept. 17, 1899 

St:pt. 23, 1899 

Sept. 2,, 1899 

Se pt. )0, 1899 

Oct:. 9, 1900 

Aug. I 7, 1902 

Sept, 24, 1907 

Hay 15, 1908 

Feb. 16, 1909 

Oct. 26, 1909 

Mar. 14:. 1910 

felt? 

felt? 

felt:1 

fdt? 

heavy* 
ahoclca 

felc• 

felt? 

fdt? · 

felt1 

felt7 

hltl 

felt? 

felt1 

felt 2 

felt? 

hlt? 

felt? 

felt t 

July 7, 1910 

Dec. lS, 1919 

Har.' 22, 1920 

Feb. S, 1923 

A pr. 22 , 24 • l 92J 

Apt. 2 5, 1923 

Apr. 30, 1921 

Feb, 21, 1925 

Ape. 29, 1925 

J11n. 24,26,1927 

June 29, 1927 

Oct. 24,25,1927 

Nov. 12, 1927 

Nov. 21, 1927 

Dec. 31, 1927 

Feb. l, 1928 

Apr. 27, 1928 

Nov. 12, 1929 

felt1 

felt?t 

hlt1 

fe.lt1 

fe.ll1 

felcY 

felt? 

felti 

felt? 

felt 1 

. fe l tl 

felt 7 

felt2 

felc1 

.f elt2 

felt 2 

hlt2 

felt 1 

Apr. 10, 193~ felttt 

Feb. 24, 19)2 felt2 

May 7, 19)2 fel~l 

Hay 27, 1932 felt2 

Aug. 31, 1933 v2 

Sept. 19. 1933 felt7 

Dec. 19. Ul3 

Jao. S, 1935 

Jao. 13, 1935 

July 6, 1935 

June 11, 1938 

Oct. 14, 19)8 

Aug. 10, 1941 

Jone 12, 1942 

hb. 3, 1944 

Oct. 15, 1945 

Nov, 16, 1945 

Hay 4, 1946 

May 6, 19-46 

hlt2 

felt2 

felt2 

telt2 

felt 1 

felt? 

felt7 

hlc? 

!elt'T 

fe.lt? 

felt7 

felt7t 

fdt7t 

O~t~a are U,T. (Uoivareal Til!IO!, or Greeo~ich Mean Ti~e) 

felt Report o{ alngle or multiple earthquake ahock of unknovn inteneity 

July 17, 1946 

Oct. 3, 1946 

Apr, l, 1947 

Apr. )0, 1947 

June 29, 1947 

Nov. 18, 1947 

Nov. 28, 1947 

May 17, 1948 

Hay 28, 1948 

June 6,' 1948 

Dec. 28, 1948 

Har. 23, 1949 

Aug. 22, 1949 

Jen. 4, 1950 

July 28, 1950 

Aus. 10, 1950 

Ha:-, 9, 1952 

Sept. 2.7, 1952 

Sept .. 2!1, 1952 

felt ?t 

felt 7t 

felt 1t 

felt 1t 

hlttt 

felt1-t 

felttt 

felt7t 

felt1t 

felt1t 

felt?+ 

felt?t 

hlt1 

hlt1 

felt 1t 

felt7t 

felt:1t 

felt?-t 

folt1 

# 

July 25, 1954 

Har. 30, 1955-

.;uly 11, 1955 

July 16, 1955 

July 24, 1955 

July 31, 1955 

Oet. 28, 1!155 

Nov. 30, l 95S 

Nov. 3,4,19.56 

June Z1, 1957 

June· 23; 1957 

Aug. 1B, 1957 

Dec. 9, 1957 

way s ·, 195a 

Juna a. 1958 

July 10, l 9S8 

July ll, ... 9S8 

July 18, 1958 

Nov, 29, 1958 

feltit 

felt ft 

feltTt 

felt?t 

felt7t 

felt? 

felt1 

felt1 

f<'lt7 

felt?t 

felt 1t 

!elt1t 

felt ?t 

felt2 

felt? 

vu3 

feltf 

felt? 

felt 2 

Oct. 14, 1960 

Aug. 'S, 1961 

Juo,c 24, 19l,l 

Oct. 15, 1963 

Oct. 16, 1963 

Oct. 19, l 96J 

Oct. 24, 1963 

Dec. 20, 1963 

Dec, 23, 196) 

Jan.15, 1964 

ttar. 2.8, 1964 

Apr. 26, 1964 

Apr. 30, 1964 

June. 13, 1964 

0cc, 7, 1966 

Oct, 17, 1967 

felt2 

fel c 1 

felt? 

.fel t "1 

f elt11 

felt 7 

felc?"t 

felt?i 

fi!lt 7i 

hlc? 

111 2 

felt?i 

fel c2, 

felt? 

felt 1 

f~lt? 

f;rlt7 Eert~uake i;ouibly felt at 11111.nee but llOt reported (urtl,qualle luiovn to ha\le occurre.d el11evhere in region and (l) reported chei::<l- ae felt, or 
(2) recorded only inatrU11entelly) 

111,V,Vl Reported intensity using Modlfi~d Mercalli earthquake inteneity scale ( ■ae Tabla 5) 

~ Data from Tarr and Mart in (1912) 

t Rrport of urthquake being felt along or near the Chilket River fault but not reported 011 being felt at Hainu . 
1 11.eport fro111 \leather obaerver, 1908-1958, U.S. Weather llureau, Monthly Climatological Data Summaries 

2 Data from U,S. Coaat and Geodetic Survey (~.S. Earthquakea, yearly -publication einca 1928), lieck (1g58), Eppley (1965,), or ~ood (l966) 

) lnten&tty eati111ated by authoca fros data by Davia and Saodera (1960) 
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The Lituya Sc.y earthquake of July 10, 1958 (designation Pin fig. 
ll), ~as felt strongly at Haines and reportedly alarmed everyone. Hair­
line cracks reportedly were fanned in the ·dock of che U.S. Army canK 
fann, 3 miles north if Haines, and slides were triggered near Pyramid 
Harbor (fig. 2), about 4 miles south~est of Haine s (Harry Young, Haines, 
Alaska, oral comraun., 1965). Underwater communication cables were broken 
near Haines by submarine slides. A fe~ toppled chimneys that we observed 
in ?ort Chilk.oot may have fallen during th.is quake, Intensicy at Skagvay 
was given as VI (Davis and Sanders, 1960). The same or a slightly higher 
intensity for similar geologic units in iiaines seems reasonable. 

The great Alaskan earthquake of March 27 (Har. 28, Greenwich Mean 
Time), 1964, of magnitude 8.J to 8.4 presumably was only weakly felt by 
a few at Baines. However, an undervater cou:mrunication cable along the 
£ace of the Katzehin River delta (about 5 m.iles southeast of Raines) 
broke 8 houTs after che shock, probably by a submarine slide that•raay 
have been induced by the shock (Alford, U.S. Alaslc.a Communication System, 
w-ritteo comcun., 1966). The U.S. Coast and Geodecic Survey (Wc-od, 1966) 
assigned an intensity of III at Heines. le is interesting to note from 
table 4 chat there are intervals covering a.considerable period of time 
when no earthquakes ~eportedly were felt in the Raines area. One such 
interval extends from October 17, 1967, to the end of 1969 (last dace 
fer which epicenter data are plotted on fig. 11). 

Microearthquake seismicity studies, made alon1 a ~ajor part of the 
Denali fault system by Boucher, Macumoto, and Oliver (1968) and Boucher 
and Fitch (1969), shoY that during the -periods of inv-estiga tions the 
Raines area had one of the three highest rates of microearthquake activity 
anyvhere along the studied ?art of the fault system. lutes of local micro­
earthquake activity along differe~t geg,nencs of the fault ranged from 0 
to 40 events per day. About 32 shocks a day v~re recorded near Haines 
by Boucher and Fitch (1969). A.s they furcher point out, li~ited evidence 
lends support to the idea thac these microearthquakes ~ere generated pref­
erentially along the fault zooe and that the activity near Haines seemed 
to be localized along the Chilk.at River fault. 

Relation of e.archquakes to known o~ inferred 
faults and recency of fault move.m.enc 

The variable accuracy of locating earchquake ~picenters, particularly 
during cbe 19th century and early 20th century, plus incomplete lmouledge 
of fault: locat:ioas, make 1t: difficult t·o direcc.ly re.!.at:e. seisiuicity in 
southeastern Alaska to knoun and inferred faults. lo spite of these 
·~Ifficulties, most of the larger aad·many-oE the.smaller earthquakes prob­
ably can be related co the faulcs sho1,n1 in figures 7, 8, and 9 in che 
section entitled "STlWCTITRE." 

All of the large and many of the moderate and smaller size historical 
earthquakes in southeastern Alaska and adjacent areas appear co be related 
to the FairYeacher-Queen Charlotte Islands fault system and che connecting 
Chugach-St. Elias fault or co cheir branches (fig. 8). Thus, most have 
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epicenters close to the 9oasc or offshore io Gulf of Alaska and in the 
northern Pacific Ocean. Although late Pleistocene movement 1s well 
defined along the Totschunda fault system (fig. 7), evidence of very 
recenc movement is lacking (Richter and Matson, 1971) and few if any 
historical recorded earthquakes have epicenters that appear to be related 
to movement along this fault system. 

The onland seg,nent of the Fairweather fault 1 as well as probably its 
• western extension, 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 epicQnter of the sreat 
Yakutat earthquake of September 10, 1899, (magnitude 8.6) was not accu­
rately located but is believed co have been near the head of Yakutat Bay 
where thEre was movement on portions of the Fairweather fault or on one 
of itsvestern extensions (Tar~ and Martin, 1912), tike~ise, during the 
Lituya Bay earthquake of 1958 (magnitude 8.0), there vas move.tnent along 
the entire onland length of the Fairweather fault, with 21 1/2 feet of 
right-lateral slip and 3 1/2 feec of associated dip-slip (up on th~ south) 
measured in one place (Tocher and ~iller, 19S9; George Plafker, written 
common., 1971). From late Pliocene or early Pleistocene co Holocene time, 
the land northeast of the fault is thought to have been uplifted more 
than 3 miles (5 km) and the fault has undergone associated right-lateral 
slip of unknown magnitude (Grantz, 1966). 

That the southeastern offshore extension of the Fain;,eather fault, 
which appear5 to connect with the Queen Charlotte Islands fault, is also 
active is indi~aced by the fairly large number of earthquake epicenters 

-in thac area (figs. 8 and ll). Although the assigned epicentra1 loca-
tions are not well alined, probably most of the earthquakes are related 
to movement along the Fairveather fault. Lack of alinement can bee..~­

.plained by inaccurately located epicente~s or by the apicenters being 
along mare than one branch of the fault system. That there is branching 
and splaying along at least part of the fault system is verified by the 
fault pattern on land in the Yakutac-Lituya Bay area (Grantz, 1966; 
Plafker, 1969; 1971). 

Righ se!smic!~y along the entire length of the concealed Queen 
Charlo~te Islands fault (as far.south as ~ancouver Island) is well docu­
mented by the large numbex of earthquakes that appear to be related to 
the fault. These earthquakes have ranged in size from che "large earth­
quake (m.agnitude _8.1) of August 22. 1949 (Lin fig. 11), through several 
earthquakes of magnitude 6 to 7, to numerous earthquakes of smaller 
magnitude. Here, also, the epicenters are not well alined but they do 
fall, nevertheless, along a fairly definite offshore narth~est-southeast 
belt that strongly suggests a relation to an active fault zone (Gutenberg 
and Richter, 1954; St. Amand, 1957; Wilson, 1965; Tobin and Sykes, 1968). 

A!J shoYn by figure 11, the number of earthquakes related to the 
Sh.ak"13.k valley, Chilkat River, Lynn Canal, Chatham Strait segments of 
the Denali fault system (fig. 8) is small as compared to the number along 
the Fairweather and Queen Charlotte Islands faults. The reason for the 
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relatively low seisoicity on these fault segments may be d~e to the £ace 
that this part of the Denali fault syste:n aro.y have been rendered relative­
ly inactive tectonically in favor 0£ movement along the ne~er Totschunda 
fault system. As suggested by Richter and Matson (1971) the Totschuada 
fault syste~ may re?resent part of a ne~ transform fault segment of the 
Denali fault syste~, ~hich bypasses the Denali fault system in Canada and 
southeastern Alaska and leav~s it as a more passive tectonic segment. 
Ro~ever, that this part of the Denali fault system is not everywhere 
passive is evide~t from the nU01ber of earthquake epicenters that appear 
co be related to segments of it. 

Only two earthquakes appear to be related co the Chatham Strait 
fault. This may b~ due to the fact, as pointed out by Grantz (1966), chat 
m.oveme,nt along this fault probably occurred mostly during Tertiary time. 

Historic movement along the Cbilk.at River fault in the vicinity of 
Haines and possibly along the northern part of the Lynn Canal fault appears 
to be greater than along the Chatham Strait fault. This is indicated by 
the occurrence on or near the fault system of one earthquake of magnitude 
6 (N of fig. ll) and several earthquakes of magnitude less than 5 or of 
uncomputed magnitude. Also, numerous small shocks (table 4), probably 
mostly of local origin, were reporced (U.S. Weather Bureau, Climatological 
Dae~, various years) by volunteer ~eather obset"Vers stationed during in­
tet"lllittent periods at Moose Valley (25 miles north~est of Haines), at 
Porcupine Creek (30 miles west-north~est of Raines), and at Linger Longer 
(a roadhouse or lodge abcut 35 miles west-north~est of Haines). Felt 
shccks Yere reported from time to t~e during the period 1930-1935 at 
Porcupine Creek, during 1946-1957 at Moose Valley, and during 1963-1964 
at Linger Longer-periods when observers were present at these locations. 
Th•ra also were a number of small earthquakes that ~er~ felt at Haines 
but uot teporced from elsewhere-particularly during the period 1947-1950. 
Many or most of these small earthquakes felt at Haine$ and to the norch­
TJest :nay h.ave had their origin ~long the Chilkat River fault or a branch 
of thac fault, or they may have been due to tectonic changes rasulting 
from the relatively rapid glacio-isoscatic rebound of the land. Also, as 
previOU$ly discussed, microear~hquake activity near Raines was high during 
abcut 7 hours of observation in 1967 and appeared to be localized along 
the Chilkat River fault (Boycher and Fitch, 1969). 

As discussed previously, most of the movement along the Ch~lkat River 
fault may have occurred partly during ~arly and Late Cretaceous and partly 
du~iog post-Paleocene to Miocene time (Grantz, 19E6). Boucher and Ficch 
(1969) concluded, hoYever, on the basis of their .n.icroearthquake s~udies , 
that "the Denali fault is ac.tive in some sense along its entire length 

~aast:of-~unt· McKinl~y-~ **and-it probably should not be dis,nissed as 
a relic faul_t of no current tectonic ittrportanc:e." The high m.ic:roearth-
quake accivicy, they suggest, may document the occurrence of very large "T 

earthquakes in the pasc, A possible alternate explanation, given by them, 
is that the microearthquakes are signatures of some kind of background 
seisuu.city such as that associated with a creep phenomenon. 

58 

•, • •. 



-

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). Its prominent topographic ~race along the Shakwak 
valley is marked locally by {ault scarps of Holocene age and by right­
lacerally offset topographic features. Right-lateral offsett~n~ of 1 
mile, and perhaps as much as 3 miles, of the glaciated Shakwak valley is 
suggested co have occurred since early Pleistocene time. The northeast 
side of the fault is indicated to have been upchro"-n more than one-h21f 
mile since Oli~ocene time and large strike-sli? dis~lacemenc movement is 
believed to have cak2n place in Miocene to early Pliocene time or lacar 
(Crantz, 1966). Savaral earthquakes chat occurred in historical time 
may be related to the more ~ecent movecent. The epicenters for three 
earthquakes of magnitudes between 5 and 6 and of several others of magni­
tudes less than 5 or uncomputed are located in the vicinity of K.luane 
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 epicenter 
in the vicinity of Kathleen I.aka (about ~O tr.iL~s southeast of Kluana Lake). 
This may indicate movement along the southeast extension of the fault 
near its indicated 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 probability in southeastern Alaska, Therefore, a rigorous eval".a­
tion of earthquake probebility in the much smaller Haines area must await 
a longer record of seismic.events and a bP.tter knowledge of the tectonic 
framework of the area. However, some g.~neralizat:lons, based .upon· the :·. 
present Stace of kcowledge, appear warranted. 

Seismic probability maps, as well as straio-releas~ and earthquake 
acceleration probability maps, compiled for southeastern Alaska and adja­
cent Canada, permit a general assessment of earthquake probability in the 
Haines area~ A seismic probability .map (fig. 12), prepared by the U.S. 
Army Corps of Engineers in 1957 and revised in 1~65 (Warren George, U.S. 
Army Corps of Engineers, written commun., 1968; 1971) places Haines in 
zone 3-a zone where the largest expectable earthquakes would have magni­
tudes greater than 6.oi/and where major damage to manmade structures 
could be ~~pected. A seismic zone map (fig. 13) in cha 1970 edition of 
the Uniform Building Code (International Conference of Building Officials, 
1970) places Haines in zone 2--a zone where moderate damage to manmade 
structures is possible. On the other hand, a recent detailed study of 
earthquakes in Canada has led to the development of a new seismi~ zone 
map, vhich shows all of the coastal region of western Canada, all of 
southeastern Alaska, the northwest part of British Columbia, and most of 

~he largesc instrumented earthquakes of the worl4 have had magni­
tudes of 8.9. Therefore, earthquakes of _magnitude as great as 8.9· could 
conceivably occur in zone 3. • 
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che Yukon Te.=itory as being !n zone 3 (National Researc~ Council of. 
Canada, 1970). Zones are sitnilar to those prepared for the Unic~d States, 
ranging from O, 1o1h~re no damage is e.."tl)ected ,. to 3, where 111aj ot des t:tuctive 
earthquakes may occur (Hasega~a, 1971). rn zone 3 of :his map the esti­
mated ma..~imum intensity, as measured on the Modified Mercalli scale, falls 
betveen VII! and a and rhe corresponding horizontal g~ound acceleration 
may be taken as 50 percent of gravity (Ferahian, 1970). According to a 
strain- release map (fig. 14) of fulne (1967), Haines falls on contour 4 
of his map, which indicates thac a single ear t hquake as great as magnitude 
6.7 would .&e necessary co ~elease all the ene~gy that acc1J1I1ulates in 100 
ye.a.rs• or 3. 5 earthqua~~s of magnitude 6, or 20 earthquakes of magnitude 
S. A 100-year probability map (fig. 15) of fillna and Davenporc (1969) 
shows chat Haines is in an area in which a peak earthquake acceleration of 
40 percent of gravity is a possibility. Thus, on the basis of table 5, 
Yhic.h shows apptoximate relations betveen acceleration, magnitude, and 
intensity, an earthquake of tnagni.tude 6.9 and -with an intensity on firm 
ground of IX is possibl~ 1n a 100-year period in the Haines area. 

It is o&vious that agreement is noc close between che above-described 
maps as to earthquake probability in the Haines area. At least part of 
this diverieoce is due co the fact that same of the maps, such a.s the 
strain-release map of llilne (1967) and the earchquake acceleration map of 
Miln~ and Davenport (1969), a.re based solely upon the seismicicy of the 
area $ince 1898. As discussed previously, the seismic record of south­
eascern Alaska is far too short to permit an .assessment of earthquake 
probability m this basis alone. Also, the seeming differences in assess­
ment of seismic risk between the U.S. Anny Corps of Engineers' tn.ap (fig. 

-12), the Uniform. Building Code m.ap (fig, 13)_, and the seismic z~ne map of 
Canada may be more apparent than real because the three maps are not assess­
ing all the same factors. The Uniform Building Cade seismic 2one map sets 
up only minimum building standards to be met by industry, The earthquake 
probability map of the Carps of Engineers {fig. 12), on the other hand, 
atte~~ts co assess the overall earthquake probabili:y of the area, and 
thus, e:q:iectedly would shoY a higher risk value. The Unifonn Suilding 
Code seismic zone map and the seismic zone map of Canada, although si1Dilar 
in some respects, apparently differ in some of their derivacive factors. 

In addition to assessing the earthquake probability of. the Haines 
area on the basis of the above-described maps, a number of specific geo­
logic factors, whose pertinency has been demonstrated in studies of earth~ 
quakes in numerous othe-r places, also have· to be considered. Some of 
chesa faccors are: (1) faults chat long have been inactive may suddenly 
become reacti 'lated1 (2) faults active during Quaternary ti.I:ie may be in­
active during most of hiscorical ti.m.e but suddenly become reactivated, 
(3) certain presently inactive segments of ot~ervise active fault systems 
can be expected to becone active in the futu.re, (4) the occurrence of 
small earthquakes is not necessarily an indication of w~ere large earth-
quakes may occur or vice-versa., and (5) large earthquakes may _ occur in -.. _ 
areas vhere there is lit'tle or no record of -seisurici t y and no obvious 
tectonic structure that would result in an earthquake. These five factors, 
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E:XPLA...~A T ION FOR PIGURE 14 

Map Energy Interpret~d frequency · Interpreted 
contour level pu 100 yTs 0£ certain • m.agni_cude 

!n magnitudes (M).&' necessary necess aey to · 
•• s t-rsin t.o re.lease all of energy release all of 

:release hvel e!lei-gy level • ln 
units!I a, single event 

M 5 M 6 Jot 7 M 8 per 100 yrs 

0 0.1 . 3.7 
1 1 1 5.0 
2 

.. , 
5 5 5.9 

J 10 10 1.8 6.3 
4 20 20 3.5 6.7 

' 50 50 8.9 l.6 7.3 
6 100 100 17.8 3.1 7.7 

!, 7 200 200 .36 6.5 l.t'l3 8.1 
8 S00 500 90 15 2.5 - 8. 6 
9 700 700 120 21 3.5 8.7 

½:n~rgy level, stratn-rele.a.se (Benioff, 1951) un~t here defined 

in ~l!rms of energy .of a magnitude 5 aerthquake (101.S~-S)/ 2) per area 

(10~ ia112 ) based on earthquake..s 1898-1~60 inclw,ive, extended to a 100-

yur base. 

~A one-unit increasQ in m.agnitude is &bout a 30-fold increasa in 
energy relea•e and a two-unit tncrease is a 900-foJ -i increase. 
(S teinb rug~e, 1968) . _ , 

~orthern ar-ea. of contour 6 ha. ~ ~:1.mum eaergy of 700 strain­
release units; aoucbern uea of contour 6 hu·236 unit~. Concour9 7, 
8, and ? are net shown on m4p: tabular data• for 7, S, and 9. have been 
e:xtendad by the writers. • 

- - - --- -
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EXPLJ.NAl'ION 

3 
6 

----10--.. ., .. ---10 
AveragQ-value 20 

method 50 
100 

-·---~ 
Ext re.me-value 

method 

Centaurs shoving peak euthquake . 
acceleration aa a percent. of 
gravi t::y (about 982 c:m/s·ec2 for 
southeastern Alaska ac s _ea level*) 

A Skagway 
B Raines 
C Hoonah 
D Sitka 

• 

2 Petersburg 
P Wrangell 
G Ketchikan 
H Metlakatla 

See table 5 ahOW"ing relation.g -
between acceleration units, energy, 
m.agni c: ude ,· 411d 1 n tensity • 

Pig-ure -15.·--0ne-hundred-year probability m.tp showing peak earthquake 
accelerations for southeastern Ala.ska and part of adjacent Canada. 
P.odified from Milne and Davenport (1969). Based upon earthquake 
strain release from 1898-1960 (extended to a 100-year interval) a.s 
int~ryreted by an extreme-value method a~d using data from all 
instrumented earthquakes. For comparison of method, another 
interpretation· 1.s offe.red tht"ough an average-value method (dotted 
contour on map) ~hich uses only earthquakes having an acceleration 
of .10 percent gr9-vity. 
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Table 5.-Aooroximate relations betveen earthouake ma~nitude. ene~gy, 3round 
accelotr-at ion 

1 
ace alerac ion in relat::.on ca g:::i.v i cv. :ind ~nte!IS 1. ty (l?lod i.fted 

from U.S. Atomic E~criv Comr:iission, 196)) 

~al• I Decected only by sensitive instruments 

- ,ale by a feu persons at rest, especially 
- 2 - !1 O'Q up par floot:s; 'delicate su9pendad 
-101!- objecca ~ay· swing -3...: - l 

• Felt noticeably indoors, but not aluays 
: 1 "'o 16~ lit ~ III recognized as a quake: scand ing au cos rock 
.f-J. ,E s ... .Co Sg. slightly, vibration like ~assing tt"Uck 
: -,~ ~ 1---F-e_l_t_i_n_d_o_o_r_s_b_y_m.a_n_y_,-o-~-t-d_o_o_r_s_b_y_a~~f@_w_;_a_c1 

4-:...J.Oltr 0 _.-_01" d ~ lV tU gh t some awaken; dill hes , • <Jindo..as. oor s 
- ditturbed; motor cars rock ~oticaably 

. __ • __ .....tO { 
20 

_ Falt by most people: some break.age of dhheg 
_ V Yindous, and plaster; disturbance of call 

obj e.c::ts 

5-= .... rn1/" ~~ : Falt by all; many frightened and nm 01.1c-
J ~ ~! doors; fallini plaster and chimney~; 

r~ o"E ii t• .,::~::Y -~:~ ouodoon: damage '° building, 

6 I 10 0 :: .lg VII varies, depending on quality of cons t-.:-uc::-
tion; nocic::ed by drivers of c~rs 

?antl ~alls thrown ouc of fra~es; fall of 

:

-__ -t021t 200 ~ walls, monuments, chi!Jllleys; sand and mud 
VlII ejec~ed; drivers of aoto9 disturbed 

300 -
... Buildinga shifted ott (oundations, cracked, 

7....:
1 

,

0
• 2 t ~~ ~ -Sa I:t: thro\lll out of plumb ; irot.tod cncke.d.; und. er~ 

-r-,. - • "' ground pipes broken _ , GyO '"" 

: _ igg :: Mos.t masonry and f-rame 9trur:OJros destroyed-; -... -
~ 'i8So= lg X groUlld cracked;" rails bent:; landslides 

... .2." 8 ....:-10 ... -... 
,.. Jooo-

X"I 

XU 

fe-,., sci:-uccures re111,11.in standing; bridges 
• desc-royed; H.ss1,1.res in ground; pipes 

broken; landslidas; ·ra:U~ bent 

Da:aiage cecal; waves seen on ground surface; 
lines of sight ind l4vel discort:ed; objeccs 
thrown up lnco air 

Theso relations uut11 1971 ate believed c.o have applied fairly vell iu southern. 
Cal1forn1a ~he~e the avetage focal depth of earthquakes h~s been about 10 miles 
(16 luu.). (Sde Gutenberg ~ad R.ichcer, 1956; Bodgson, 1966.) Rowevar, ravisions 
of these celacion5 may be necessary because of the 11:J(.~epcionally high accelera­
tion• re~ulting fro~ cha San Fernando, Calif., urchquake ol February 9, 1971, 
\lbeu the earthquake, ot Ul4gttitude 6.6, produced accelerations of as much as 
1 g (Maley and Cloud, 197 l) . 

J.\i, magnitude scale, according to Richter (1958). -2.E, aaergy, in ergs . 

.la, around acceleration, in centimeters p~r sacond2. !Ya/g, ground acceleration..._. 

show. as a perceoc of ~he acceleration of gravity (about 981 cps2 or about 32.2 

!ps1 ; adopted as a sca.ndard by c~e Iacernational ColllDl..ittee oo Weights and 

Measures) . .5/r., Modified Mercalli intensity scale (abridg~d from Uood and 

~elllll.llnn, l9Jl);_ co~plQt~ deseripcion of scala \UlLts given in R.ichcar (1958). 
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most of which cannot now be properly evaluated locally, are discussed in 
our regional report of southeastern Alaska (Lemke and Yehle, 1972); also, 
a nwuber of ~orldwi~e earchquake examples are given in that report to 
illustrate how the factors apply . 

In SUllltllacy, it is not now possible to assess ,;.rith 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 (between magnitudes 6 and 7) 
and at only in.frequent intervals. lt must be remembe.-red, however, that 
the Baines area is in the second lllOSt seismically active region in Alaska 
and that the region constitutes a part of the highly active circum--Pacific 
seismic belt where earthquakes af magnitude 8 and greater have occurred, 
In fact, five earthquakes of• magnitude 8 or greater have occured in souch­
eas tern Alaska and vicinity in hii t.oric time along or near the tecton­
ically active Fain:eather-Queen Charlotte Islands faulc system (fig, 7) 
or along the Chugach-St. Elias fault, Therefore. the Haines area may ~ell 
have a higher earthquake probability than that indicated solely by the 
historic seismic record. The ?ossibility of an earthquake as great as 
magnitude 8, or even greater, in the general area of Haines cannot be 
ruled out. For these reasons, the placing of Haines in seismic zone 3, 
as assig:ied (fig. 12) by the U.S. AJ:my Corps of Engitteers, seems reason­
able to U.9, Moreover, it should be emphasized that intensities fro~ fairly 
distant large eart:hquakes i such as may occur along the Fairveather-Queen 
Charlotte Islands faultt will be Attenuated with distance from the epi­
center but still may be sufficiently high at Haines to cause damage either 
diT~ctly or indirectly from shaking (see Lemke and Yehle, 1972, for dis­
cussion of attenuation of earthquake intensity with di3tance); 
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!NFER..?{£D EFFECTS FROM FUTURE 'EARTHQUAKES 

As discussed previously, lack of kno~ledge of a number of geologic 
factors that are critical in considering the earthquake potential of the 
Haines area necessitates evaluat:1.ng the possible effects on the basis of 
the highest expectable possibility, Therefore, it will be assUJ:1.ed thac 
earth~uakes of magnitude as great as 6 may occur in the area or vicinity 
from tim.e to ti.me and that an earthquake of magnitude as greac as 8, or 
perhaps even larger, may sometime occur . 

Bec~use of the reconnaissance nature of the study and sparsity of 
laboratory data on ?hysical properties of geologic units, the discussion 
of inferred geologic effects from future earthquakes in the mapped area 
and i:mnediately adjacent areas must of necessity be largely empirical and 
genetalized. The inferences ► by and large, are based upon the effects of 

• major earthquakes on similar-appearing geologic units in ocher places, 
particularly the effects of the A....askan earthquake of 1964 (see Lemke and 
Yehle, 1972). It must be emphasized, ho~ever, that the properties of the 
geologic units in the mapped area (fig, 3) may not be the same as those 
being compared from other areas even though they superficially may resemble 
chem. Moreover) the physical setting and other factors, ~hich could mark­
edly influence the effects, also may differ. :or these reasons, the assump­
tions that follow should not be rigorously interpreted or applied, Rather, 
they are intended a..s broad guidelines useful in assessing the kind and 
degree of hazard that ~ay be present in the Haines area and leading toward 
minimizing these hazards as they affact man ~d his ~tructures . 4~ such 
they are directed to structural and civil engineers, city and regional 
planners, and public and private utility companies , and all other public 
and private groups or individuals who are responsible for the safety and 
welfare of Haines and its environs, now and in cha future, However, the 
interpretations that follow are in no way intended co preclude the making 
of additional detailed geologic and engineering studies, particularly 
tho~e studies that pertain to small tracts or individual sites. In fact, 
we recommend that such additional studies be made whenever possible. 

Surface displacement on faults and 
other tectonic land chan~9 

In attempting to assess the damage potential from tectonic land 
changes in the Haines area, the location of faults in respect to present 
or planned facilities is an important consideration. However, as stated 
previously, the presence and locations of faults are known only io a 
general vay, the faults being for the most part concealed beneach wace: 
of fiord inlets or of valley fill, and in some instances the very existence 
of a fault is speculative. 

The Chilkat River fault or fault zone, as discussed previously, is 
believed to trend up the•Chilkat Inlec and the Ch!lkat and K.elsall River 
valleys (figs. 8 and 9). The almost total absenCQ a~ tha present time of 
marunade structures along the inferred trace of Che fault in the Haines 
area makes it unl!k~ly that there would be significant damage from the 
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direct effects of surface displacement of the fault. A.bout the only pres­
ent facilities thaL mighr be affected ~ould be short seg-ments of the high­
way and the petroleum pipeline north of Haines and then only if the fault 
location is such that it impinges against the northeast vall of the Chilkat 
River valley. One ?lace w~ere the topography suggests that the fault ID.ight 
impinge against the northeast valley wall is aoout 7 miles north~est of 
Haines, opposite the mouth of Kicking '!orse River (see fig. 2). If the 
Raines-Juneau highway is built across the Ch.ilkat River, as nm, proposed, 
displacement along the Chilkat River fault probably would affect that seg­
ment of the hign~ay :hat c~osses the river a~d associated river flats less 
than one-half mile upstream from the. aircraft landing strip-. The proposed 
high~ay project includes approximac~ly 3,925 feet of cau.seYays and three 
bridges ~ith a total footage of approximately 1,111 feet (Franklet, 1968). 
Because the trace of the £~ult or fault zone in this area can only be in­
ferred as being some place bet\Jeen the valley walls, one cannot speculate 
whether the causeway or the bridges vould be most affected if there is 
future horizontal or verti~al movement along the fault. 

The location of the inferred Chilkooc Inlet fault or fault zone in 
the vicinity of Haines is aven more speculative than that of the Chilkat 
:River £au.le. If, as shown on figure 9. its t~end is about 2 miles east 
of Haines, surface breakage along its length ~ould not directly affect 
the onshore facilities unless accompanied by regional tectonic uplift or 
subsidence. The only offshore facilitie1 thac might be affected are the 
communication cabl~ bet<.Teen Skagway and Haines as well as those cables 
that extend dot.m Chilkoot Inlet toward Juneau. Significant vertical or 
horizontal ground displacement could b~eak the cables where they cross 
the- fault. 

As discussed previously, tha infer.red Ta.khin. fault or fault zone ·may 
extend eastward down the Takhin River vall~y and th.rough th.e saddle where 
Haines is bui.lt. The abrupt northc.rn escarpment of the saddle 111ay mark 
the northern side of the fault or, as seems more likely, a fault z9oe. A 
second parallel fault may bound the southern side of the saddle and addi­
tional faults (~ee fig. 10) are indicated in t_he mora cailtral pa.rt of the 
saddle. These series of faults may forin a grabenlike structure. If this 
structural picture is correct, surface fault breakage during an ear~hquake~ 
along one or more of chese posculated faults, could directly affect facil­
ities built athwart these structures. Facilities affected by either hori­
zontal o~ v~rtical displacement causing dislocation or rupture ~ight include 
roads and streets, buildings, pore and communication facilities, che petro­
leum pipeline along the base of the northern escarpment of the saddle, water­
line$ and sewerlines, and the aircraft landing strip northwest of Haines. 

~---
0In- addition to damage to manm.ade structures clirQctly from fault dis­

placement• sudden tectonic regional uplift or subsidence of ~he land.re­
sulting from an earthquake could produce adverse effects in the Baines area. 

• In general, the amo·un t of land.- level change would de te naine the amount of 
@:,cpeccable damage. The, greatest dam.age probably would be to facilitias 
along the waterf~ont. 
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Based upon am.ouncs of land-level changes associaced ~ith large earth­
quakes elsewhere 1 uplift or subsidence greater chan 10 feet is po~sible 
but unlikely in the Hai~es area. Therefore, effects from land-level changes 
greater than 10 feet will not be discussed here. It 1s interesting co note, 
however, that if the land subsided 30-40 feet a sea connection at high tide 
would exist betloteen McClellan Flats .and Chilkoot Inlet. 

A hypothetical regional uplift of 10 feec would produce several signi­
ficant cha!'lges along the shorelines of Chilkoot Inlet and Chi.lkat Iclec. 
The Haines small-hoac harbor would be rendered useless without additional 
dredging in the harbor itself and in the cban~el leading to it. The water 
also vould be too shallow adjacent to ocher dock.sin che area (including 
the ferry tet111inal in Lutak Inlet north of Baines) to permic docking of 
larger boats. Cansiderable. additional beach are!J would be e:qiosed along 
much of the shoreline of Portage Bay. On che Chilkac III.lee side, all of 
McClellan Flacs would he raised several feet above high tide and n~ly 
emergent deposits ~ould be exposed soma distance farther down the inlet. 
The uplifted Ch11kac River ~ould soon eroda to grade in the alluvium of 
McClellan Flats and ?rooably ~ould be coafined for awhi.le to one or a few 
channels in that area rather than flowing in the present braided channel 
system. 

A tectonic subsidence of 10 feet also would produce significant changes. 
The Haines small-boat harbor would be rendered ineffeccual because the • 
bree.kuater ~alls would be coo lou to prevent overcopp1ng by larger waves. 
The decks of docks would be coo low co allow unloading ac high tide. The 
shoreline of Portage Bay ~ould advance inland so thac the waterfront area 
of Haines would·be subject to erosion from stor.n waves, especially at high 
tide. Likewise, lower lying segments of the road leading north to the 
ferry ter:ninal could be d8.lllaged in a silllilar m.anne'C'. Whether se•.rers would 
be 1111paired by their outlets i.nto Portage Bay being coo low cannot be eval­
uac.ed by us. A substantial aznount of preseocly lo-iJ-lying land would be 
inundated adjacent to Chilkac !nlet. All of McClellan Flats ~ould be 
covered by ~arine water even at low tide, and h~gh tides uould extend up 
the Ch.ilkat River va.:.ley probably to about the !llOuth of the Kicking Horse 
River (about 6 Ul.i.les norchuest of !laines). Deposits, similar to chose 
fanning McClellan Flats, would be built at cha new mouth of the river and 
eventually ~over the lower part of the ~alley floor in that area. Large 
segments of the Haines fil.ghway, from the vieinity of the mouth of che 
Kicking Horse River to near Haines, would be inundated at high tide or 

• subject to bank erosion. The aircraft landing strip northwest . of Baines 
would be completely covered at high tide, even if the subsidence ver~ on 
che order of S feet. Likewise, the low-lyi~g area southeast of the air­
craft landing strip (area shovn by symbol (Qemy) on fig. 3) would be 
inu.ndated even "1ith 5 feet of subsidence. 

Ground shaking 

The amount of groood.shaking (intensity) at -any one place i~ depend­
ant upon a great many '1ariables ·, including: magnitude of che ea.rt.hquake, 
distance from the ep1tencer, acceleration, period, durac1on of shaking·, 
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amplitude of the seismic waves, physical proper~ies of the ground, geologic 
structure, and ground water (Barosh, 1969), The variable most responsible 
for the range of shaKing at any e?icentral distance, ho~ever, is the type 
of ground. 

Although much rell!ains to be· learned and many effects are not clearly 
understood, it is generally found that ground vibration (shaking) is con­
siderably greater in poorly consolidated deposits than in hard bedrock. 
Moreover, in poorly consolid~ted deposits, the thicker the beds and the 
finer the grain of the deposits, the more subject the deposits generally 
are to destructive ground motion. This is particularly true if the depos-
1t9 are ~ater saturated. For example, Neumann aod Cloud (1955) state that 
a rack outcrop (such as granite) and an adjoining area of unconsolidated 
depoiits may have as much as a 10-15-fold difference in accel~tat1on. 
Gutenberg (1957). in comparing relative amplitudes of earthquake motion 
for diffare.nt types of ground, assigned the folloving ampl~tude factors, 
using so lid rock as 1: sands toni? as muc.h as 3; dry s.and, about 3 1 /2; 
and marshy land, 12. Except for soma types of marunade fill, alluvium is 
generally subject to the strongest shaking of any type of deposit, partic­
ularly if ~acer saturated or in those places where seismic waves emerge 
abruptly from rock iP._t:?,~J~tYX't,1fJ- (Richter, 1959). In such cases, it has 
been estimated that ~~ca may increase as much as 22-fold or a rise 
from VI co X on the Hodi.fied Merc.alli s cala (Neumann, 1954). 

Suffic1ent·geolog1cal 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 than to make rough comparisons of degree 
of shaking beC)Jeen the geologic units; · In attempting to make such com­
parisons. wa have tentatively divided 'the geologic units into th.ree gen­
era.l categories: (1) those units ~hera the strongest shaking is expected, 
(2) those units where shaking is expected to be intermediate be~een the 
other two categories, and (3) those units where the least shaking is 
expected . In some cases, one unit may fall into more than one category. 

On this basis the geologic units in the Haines area are tentatively 
assigned to the following categories: 

Category 1: strongest expectable shaking 
A. Man.made fill, Qf 
B. Chi1kat River flood-plain and delta deposits, Qr 
C. Modern beach deposits, Qb 
D. Collurial deposits, Qc ,(part o{ unLt) 
E. Alluvial fan deposits, Qaf (pare of unit) 
F. Elevated fine-grained marine deposits, Qem and Qemy 

Cate.gory 2: inte..mediat:e. expectable. shaking 
A. Colluvi.a.1 deposits. Qc (part of wiit) 
B. Alluvial fan daposits, Qa.f (part: of uni.t) 
C. Elevated shore and _delta deposits, Qeb 
D. Out\iash and ~ce-contact deposits, Qo 
E., Drift depositsJ undifferentiated, Qd 
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Category 3: least e..~pectabla shaking 
A. Igneous ~ocks, Kc and Ked 
B. Metamorphic rocks, Mzm and Mzp 

It should be emphasized that, although the above categories sho~ 
comparative amounts of expectable shaking of the differ~nt geologic 
units, t~e amount of e..~pectable dam.age to marun.ade scructures built upon 
these units may not be directly related. There are several other factors, 
mostly pertaining to differing engineering aspects of the structures that 
may markedly affecc the amounc of ensuing damage and even aiay be the 
dominant factor. Yhether a structure is built of TJood, cinder .blocks, ,,,, -:_( 
bricks, or ccocrece (reinforced or nonreinforced) can ~arkedly affect ••,-~, 
the amount of dam.age. LikeYise, the design of the building in relation 
to the foundation conditions and ~hether it is built to be earthquake 
resistive or not a?;e significant factors. Also the height and ~igidity 
of the building, particularly in respect to :he natural frequency of the 
building in comparison to the period of the seismic vaves, are factors 
that may significancly affect the damage potential. Thus, a more or 
less direct comparison bet'lo/een amount of ground shaking and ensuing damage 
to· structures can be made only between si!llilar scruccures. It, there­
fore, is the responsibility of the engineer to be as a~are as possible 
of the comparative ground intensities of the different ge~logic units, 
to collect additional data on soil ~roperties vhenever necessary, and 
to d~sign in conformity with the ground conditions. 

Geologic units in C.ategorv l (stroo.gesc axoectabl"e shak::..ng) 

Shaking of geologic uaits in-this category _is ~~pected co be stronger 
than shaking of geologic units in cat~gories 2 and 3 in the same locality 
for a specific earthquake. 

Manciade fill (Of) .-It has been dramatically illustrued during past 
large earthquakes that manmade fill is generally subjected to strong 
shaking, commonly with resultant heavy damage co structures built upon 
it. The strong ground motion is due in large measure to the composition 
of material constituting the fill, to t~e looseness of the emplaced mate­
rial, and to ~mplaceoent oe the fill upon poorly consolidated and fine­
grained deposits that themselves are subject to StTong shaking. It should 
be noted, ho~ever, th.at engineered fill~ (those properly compacted by 
st~dard engineering methods) may not be subject to such a degree of 
shaking. 

Yood's study (1908) of the San Francisco earthquake of 1906 shoved 
th.at the most severe damage was on manm.ade fill, vith daa1age successively 
less severe on a.lluvi~m, conglomerate, shale, and hard rock. Damage was 
5 to 10 ti~es greater on fill than on hard rock. Although some of the 

. damage undoubtedly was due to associated effects, such as ground fraccur­
ing and differential settle~enc, the effect of shaking probably 1.1as the 
dom..inanc cause. The same trend has beeo found fot e.rchquakes in easter-n 
Canada, Carmany, Chile, Turkey, Greece, Algeria, and China (Duke, 1958). 
During the Chilean earthquake of 1960, damage to buildings constructed on 
m.anmade ground was conspicuously greater th.an that on any other type of 
ground (Barozzi and Lemke, 1966). 
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Eight areas of arcificial fill, moscly small, are shown on the map 
(fi~. 3). Noc shown because of their smAll size, are road and screec 
fills and other small miscellaneous types of fills. 

Tha largest areal extent of arcificial fill is the aircrafc ~anding 
strip, The sand and gravel fill is only a fe~ feec thick and has be~n 
em.placed on elevated fine-grained marine deposits (Qem and Qe~y). The 
only manmade structures on chis fill, ocher than the runway itself, are 
a couple of small plane hangars. Comparatively strong gro•Jnd m.otioo can 
be e...~pecced mainly because of the probable high susceptibility to shaking 
of the underlying fine-grained deposits. 

A small area of manmade fill oear 'R'.askulu Point is mostly sand and 
gravel from nearby ice-contact deposits. rhe fill is underlain in pare 
by chin sand and gravel deposits (Qeb) and in part by fiae-grained marine 
deposit3 (Qemy). Relatively serong shaking is indicated because of the 
probable looseness of the fill a_nd the ,nature of the underlying,deposics. 

Fill covers an area about 1 mile northeast of Kaskulu Point upon 
-which are constructed several shop buildings of the Alaska Department ·of 
Highways, In most places th~ mapped part of the fill is only about 5 
feet thick and consists mostly of sand and gravel from nearby elevated 
shore deposits (Qeb). Inasmuch as cha fill presumably is loose and is 
underlain at shallow depth by fine-grained marine deposits (Qem), ic 
probably is susceptible to strong shaking. 

Riprap surrounding the small-boat harbor consists of angular blocks 
of igneous ~ock (Ked) over a core of fine-grained Ql3terial ac the shore-
1.1ard end. 'Ihe fill overlies beach de.posits (Qb), tlevaced fine-grained 
marine deposits (Qem), and offshore marine deposits. Although the rip­
rap itself should not be subject to strong shaking, the fine-grained 
material of the core and the deposits underlying the core probably vould 
subject the entire fill co s~rong ground motion. 

TYo small areas of artificial fill, one just south of the small-boar 
harbor and the ocher one co the north near Nukdik Point, are not signif­
icant to this evaluation because no facilities are built on the fills. 
l"ha fill south of the small-boat harbor consists of fine-grained material. 
The one near Nuk.dik Point is an abandoned dump. 

The cargo dock next to the Alaska State·Ferry Terminal dock, north 
of Raines, appears to cons~st chiefly of blocks of rock topped '-11th sand 
and gravel. The fill of che dock, which rises to a height of 26 feet 
above mean lo~er low '.rater. may be as much as 50 feet thick toward the 
seaward side. '?Tobe holes. jetted nearby in connection with construction 
of the Alaska State Ferry terminal (fit'lll of Toner and Nordling, Juneau, 
Alaska, vritcen co111111un., 1962), indicate thac 20 o~ more feet of coarse 
gravel and.small boulders underlies che fill. The general coarseness of 
che fill combined with the. somewhat coarser nature of the underlying­
deposics, suggest that the degree of shaking ~ay be somewhat less here 
than for areas of manm.a.d~ fill discussed above. Effects of shaking, ocher 
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chan co th~ cargo dock itsel= and to the fer~y dock, Yould be limited 
chiafly to cargo stored inter.niccently on the dock area and co 
automobiles on the adjacent parking platfot'lll. 

An area of artificial fill a fe~ hundred feet northwest of the 
cargo dock. upon ~hich is constructed a chip mill, appears to consist 
mo~cly of fine-grained elevated inari~e deposits (Qem), Relatively 
strong shaking probably could be e.xpected because of cha ~omposition of 
the fill and the probable looseness of the underlying beach deposits 
(Qb). 

Chilk.ac River flood-~lain and delta deposits (Or).--Except for some 
types of aianmade fill. alluvium generally is subject co the strongest 
ground motion of any type of deposit, particularly if "18cer saturated. 
The smaller the grain size ·of the alluviuni and t~e thicker the deposit, 
the more subject the alluvium generally is to th~ generation of destruc­
tive seis~ic shock ~aves (~illikan, 1933; Omote, 1949). This is partic­
ularly evident where seismic waves emerge abruptly fro~ rock into alluvium 
(Richter, 1959). As noted previously, amplicude roay inc=ease as much as 
22 times (Neumann, 1954). Gutenberg (1957) ncted that the ratio of am­
plitudes at seismological sites on fairly dry alluviu~ that was mor~ than 
500 feet deep, compared to a site (Seismological Laboratory of the Califor­
nia Inst~tu:e of Technology, Pasadena) on crystalline rock is frequently 
5;1 and that the amplitudes on water-saturated alluvium may be 10 times 
greater. Re also notec' that strong shaking lases several times as long 
on alluvium as on crystalline rock and thac this ratio usually decreases 
with decreasing thickness of t~e alluvium. Other e..~amples cf severe 
shaking of alluvial d~;:iosits during a. large eart ,,~uake are described in 
our ·regional ~eport (Lemke and Yehle, 1972). 

In comparing the Chilkat River flood-plain and delta deposits 1.rl.t.h. 
alluvial deposits in other pares cf the world in respect to earthquake 
!ha.king, ic seellls reasonable to suppose that sh·,:Ung of these deposits 
,;.rlll be as great as or greater than in most of the other alluvial depos­
its. !he deposits are fine grained, loosely consolidated. fairly thick. 
and are completely saturated to the SlJ.rface or to a fev feet of the sur­
face--all factors that !11.ake them susceptible to scroag ground motion. 
~.oreover, as will be discassed later. they may be subject to significant 
secondary effects of shaking such as landsliding into Chilkat Inlecj 
lurching and other types of ground fraccu~i~~. liquefaction, fountaioing 
and atcendant eff~ccs. and subsidence due to compaction. 

No man.made structures are buil~ presently upon these deposits. In 
the event that the proposed high~ay bridge is built across the Chilkat 
River and the alluvial flood plain in the vicinity of the airstrip, the 
probability of Che alluvium being subject to scrong ground motion during 
a large earthquake should be carefully considered in the design of the 
bridg$ an~ of the associated road fill, 

Modern beach deoosits (Qb).-These deposits, in general, are consid­
erably coarser grained than the Chilkat River flood-plain and delta 
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de?o$tcs an~. in t/lOSC pl.s::e.s, ~hey 9rob$b?y a~e chtnntt. o~ -.:h~ ~asis· 
of :he~~ cvo faccc-cs. or.c ~1ghC e.x.pect. ch~ der•:is.lts to be l.es!' su~jec: 
to haavy sihal:.tng cit.s:, c.he flood-plain a~<! <!e.lu depos.itS, ~he deposict. 
ho~ever, are loosely ~onsol.ld3!~l, are $~curat~d co oc ~early c.o che 
su~(ac.e, ant, e.~c~~t ~tere dtreccly o~d~rlain by bcdcock, ro~y lie on 
oc.her deposit$ that thtm$~lvcs ace $ubjecc to stTong gcound ~otion, 
bt-pecubl,e 4e-gc-ee c! sha!d.ng, thet'cfote., probabl:,/ '-'Ould Le 'high but ~ot 
as ht8h ss the Ch!lkac JU.ver f!~~d-plain 3nd delt~ d~posits. :Uf\Qbde 
structures ~ut.l.c on c~ese d~posits ue l:f.1n:iud usanU.ally c~ se1.'e:rl1ne 
outleca, the small-boat hacbor doe~ and ~reak"'ater v4ll ac Raines, t he 
fnilght doc.k :.c: Por:: C~il!<ooc, aa.d che c.a,:go dock aa.d a$$O<::i.3c:ed feuy 
dQtk uort~ of 3.at~es. 

Colluv:lal de;>osit., {Q£.l._ (tan of' u11.it) .-The deposits raJ1g,a co1:1d~-­
etably from place co ploc• in grain $12e. looten~ss, and t hickness; unier­
lylag material ~lso diffc~s m~rke~ly fron one plae~ co another. ThecefoTr., 
che -susceptibility of tbe deposits to &h.s.kiog can be ex-pu::-,ad to dtf!'~c 
from place~= place. Consequently, par. of the depGsi t $ probably tho~ld 
be placed 1~ C4te3cry l 3n~ p3rt in c~(~g4ty 1, 

~o~t of th¢ d~?O~its ~Te co~sidt rabl y coarse, gratncd chau ochec9 
~es~:ibe-d 1~ ~~cegoty land, therefore, on ~hts basts alone, one might 
e.xp ect that chey •JOul d b~ less $ubjc~t to s::rong gruu(l.d m.ociot'I. Also, 
tn ~ost pl acas t hey ~re less saturated chsn mdst ~f the ocher de9osits 
pt ev·lov&ly ducribcd. On ch oc.h~c ~a'l\d, m.0sc au 11e.r1 toue (patt.1.:u­
ta.rly t he .acc.tvely m.v.-ing t:,pe.s) and rl!'sonbl~ ct:a,r,u~c fill in t h.is 
rtsp•ct- s~ lie d!rcc~l7 en bedrock on ste~p slopes a~d, Chf r4foce, 
oay be ,ubjcc.t. co 1c.ct"e:ised 1hak.ing as .a ~-~siult of seismic vaves eoetg• 
1ng aOruptl7 iroco hatd t4Ck inco tlt~ dc:"osict (l~et.:iCCPnn. 1954; IU.chtet , 

· 1959), Also. ·so~e are directly underlaLn by fine~graiccd cp.:arint ~6po$1ts 
(<t1111}, -.,hkh thelDselve:s are subject to stront grOubd l!)Ocion; vticT'e' tMn , 
these c.ollcvi~l depo,tts c.~uld be ~ected t~ largely reflect the ah.ak.i~g 
oi the uod~~ly'lug d4po31ts. 

ta S«lllJllary, thi~ colluvial daposic1 resting directly on ~~drock or 
on ftn4-g~a 1ned aari~• d~posits ~Yobohly ~ho~l.d be ~l~ced lzl C3ttior~ 1. 
thic.kec deposits, paccic.~larly those u~derlain Oy coarser g1ained sur­
f(~ial deposits ~robably sho\ild be placed in catego,y 2. :\3 will be dis­
c~tsed lacer, chc colluv!al dapo$iC$ m..ay b• p~rcicut~rly &Usc~~tibla to 
other u.n~qua1c.e dhc.t.3 such as cock slidJ.ng a,1~ other foraui of l~nd-
3l!din~. Because of the steepness of the slop~$. viit~~lly n~ maP~~de 
structurc:3 Nve bean built on the leposita. RQ"71!.vec, th• pip~line from 
·the tank faI'tll oorctl of li.).J.n~~ 4-'<,Ce\ld$ 3C'IOS9 aomc of the c:olluuial 4epos-

. it5 at fhe.b~sa of t~e st~~p mo~nt~1n .£.roat.aorth.and a.crt~Jcst of Haioas. . . . . 

A!fo\•ial fa~. de9ost.i:s (Oill (p.iatt of uait) .-These deposit:, ~re 
9j,Jriil~t ta cn.a~y r~spect s to c.olluvlal dcpos1~, and ca~ b4 e::icpecte~ to b= 
subl•~c to about the saee a.a,o~Rt of shaking f rom~ spee!fic e~rchquske. 
Io general. though, chay at• tOG•~hat fipe~ grstncd, paTcicularly eo•-r.,.td 
tbe!r tert!i1nJ ~~d uy ba SO!:lewhat mote consolidated owing co tepositioo 
by vattir nehu than cbie.fly b.y g:-aviey. Also, uiost fans spread out 
farther do'ltl~lo~e a~rossi•fine-grsined depo,its and d4 noc as ~OC1113'06ly 
directly ove"Ilic bed~oc~. • 
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Those parts ·of the deposits that are thin, fine grained • .!.::.dare 
underlain by fine-grained sediments, such as the fine-grained ~rin~ 
deposits (Qem), ' probably should be placed in category l. !hi.:'.-:.~r and 
coarser deposits (such as those farther up the slope and psrt~~~la~ly 
those cot underlain by fine-grained deposits) probably should :e placed 
in category 2. 

P"cesent tnaOJllade structures built on these deposits are c~~fined 
mostly to a feu houses, co the pec~oleum products pipeline bu::c at the 
base of the mountains directly north and north~est of Haines, s~d to 
the ~acer line extending from the aioun::ain front toward Haines- Hore 
structures oiay be built in t~e future on the deposits as Hain~s expar.ds 
tovard the mare m0uncainous areas. 

Elevated fine-grained marine deoosits (Oem and Oe~y).--~e generally 
~mall grain size, considerable thickness, and.high degree of ;aturat~an 
of the deposits are factors that make the deposits susceptible to strong 
shaking during a large earthquake. 

Shaking of most parts of the elevated fine-grained mari~a deposits 
in the Haines a~ea might be nearly as great or as great as t~c of the 
Chilkat River flood-plain and delta deposits (Q~). The most severe 
shaking might be in the thick (Qemy) subdivision of the unit, Yhere the 
~acer table is virtually at the surface and the deposits appear to con­
sist mos:ly of silt- and ~lay-si~e particles. One foot to several feet 
of muskez, ~hich it 1s believed ~ould be par~icularly susce?cible to 
shaking, mantles large pares of the older (Qem) deposits, 

The western part and some of the eastern part of the city of Raines, 
as well as waterlines and sewer lines, ·primary and secondary :oads, and 
other m.anmade structures (such as the tank farm north of Hai~es) are con­
struc=ed on or in these deposits. lnasm~ch as the surface of these depos­
its constitutes some of the most level land in the mapped area, it is. 
likely thac this terrain will be considered for future expansion for 
dwellings and other tY1)eS of conscroction. 

Geologic units in cate~or~ 2 (intcnnediate expectable shaki~g) 

Elevated shore and delta deposits (Qeb).-These deposits, vhich con­
sist mostly of gravel, sand, and cobbles, are ~onsiderahly coar~er grained 
th.an the elevated fine-grained marina deposits (Qem aod Qeoy) and the 
Chilkac River flood-plain and delta deposits (Qr). Also in most places, 
because of their greater permeability and because they are topographically 
higher, they are aot nearly as ~acer saturated as the ocher t~o types of 
deposits or ag the modern beach deposits (Qb). They probabl7 also are 
more compact than manm.ade fill (Qf), colluvial deposics (Qc), and alluvi­
al fan deposits (Qaf). 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 pointed ouc, however, that the unit 
is underlain in many places by_ fine-grained marine deposits, which have 
been placed in category l. In such are.as and particularly where the uni; 
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is thin, shaking probably would be the' same as or similar to that of 
the underlying deposits. 

Most of the business district oe Haines and virtually all of Port 
Chilkoot are built on these deposits. Other manmade structures are 
largely limited to road segments, vaterlines and se~erlines, and 
scattered dwellings. 

Outvash and ice-contact deoosits (Qo).--Ground motion of this unit 
is e~pected to be similar to that of the elevated shore and delta depos­
its (Qeb) because of similarity in grain size and thicknesses. Both, 
also, ara fairly well drained and probably are about equally consolidated. 
Near Lucak Inlet, the outwash deposits lie mostly on bedrock or on sur­
ficial deposits that are less subject to strong ground motion than 
deposits in category 1. 

At the present time only a fe~ single-dvelling structures hav~ been 
built on the deposits. Because of the general inaccessibility of che 
areas, it is unlikely that ~any structures ~ll be built in the 
foreseeable future. 

Drift deposits, undifferentiated (Qd) .--In the mapped area, these 
deposits consist chiefly of com~act 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 category 1. Ybere the unit consists of fluviogla­
cial deposits (sand, gravel, and cobbles), it is fairly ~ell drained, 
and in most places, probably rests on bedrock. Thus, expectable ground, 
motion in th~se deposits probably would be considerably less than for 
units in category 1, 

Manmade structures on th~se deposits are confined to a few scattered 
d~elliogs southwest of Port Chilkoot. 

Colluvial deoosits · (Qc); alluvial fan deposits (Qaf) (part of each 
unit).-As previously discussed, part of each of these units is assigned 
to category 1 and pare co category 2. The reader is referred to the 

c.previous discussion (see "Geologic units in category l"). 

~ologic units in category 3 (least e...~pectable shaking) 

Igneous rocks (Kt and Ked); metamorphic rocks (Mzm and M~o).-Because 
of the expectable ~il1lilarity in degree of shaking, all the exposed bed­
rock is treated as one unit. Some other eart~quake effects, however, as 
vill bQ discussed later, may differ from ona rock type to another. 

Rj.sto-rical records of earthquake damage genel'."a.lly $hm,1 that shaking 
in hard densa bedrock is much less thau in poorly consolidaced surficial 
deposits. There may be as much as 10-15-fold difference in acceleration 
'(Newuann aod Cloud. 1955) and amplitudes recorded over granitic bedrock 
may be only one-tenth that recorded over ~ater-saturated soft ground 
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(Richter, 19S9). All this implies that ~arunade st:-uccures built on bed­
rock ge~erally undergo considerably less damage from shaking during an 
earthquake than similar structures built on water-saturated soft ground. 
All ot~er conditions being equal. this generally has be~n found to be 
true, However. as discussed previously, other fac:ors, IIl.3.inly of 
sc:-uctural engineering nature, may markedly affect the amount of .d ... mage. 

Compaction 

t:hen loose cohesionless soils (those containi~g no significant clay 
content) are shaken by strong ground motion during an earthquake, there 
is a tendency for che111. to compact with associated settlement of the 
ground surface. Also, the resulting densification of the materials, 
under some conditions, produces liquefaction and •.tater-sediment ejeccion. 
Oaly the ~ssociated effect of settlement ~~11 be discussed here. ' 

Sett~ement of the ground s~rface, Yhece underlain by loose cohesiun­
less macertals, probably has accompanied every severe earthquake. The 
amount of settle~ent generally is dependent upon: (l) the looseness of 
Che material, (2) the intensity of shaking, (3) the length of time of 
strong ground motion, and (4) the relation bet~een the natural f~equency 
of the C11aterial when vibrated and the frequency of Lhe impulse vibrations 
of the seismic ~ves. Thus, the higher cha void ratio of the inateri-tl, 
the 3reater the intensity of shaking, the longer the length o~ ti~e of 
strong ground motion, and t~e close~ the frequency of the seismic ,;,aves is 
to the aatural frequency of the material, the greater the expectable 
compaction and resulting ground settlement. Although the vibration effects 
on clays are considerably less than for cohesianless materials like sand, 
even soft clay compact~ to some e..xtent when subjected to ineens~ vibrations 
having a frequency clcsa to the natural frequency of the clay (Terzaghi 
and Peck, 1948). 

£.~cept possi~ly for local areas of manmade fill, the Chilkat River 
flood-plain and delta deposits (Qr) prabzbly ~-ould be subject to the 
greatest amount of compaction i~ the Haines area during a severe earth­
quake. Fact0rs which favo~ this assumption are: (1) tne loose cohesion­
less nature of the de?oSits, and (2) the considerable indicated thickness 
of the deposits. The sed~ments are believed to consist chiefly of sand 
and silt with a fairly high void ratio. 1n most placest it is likely 
that (hey exceed 150 feet in thickness and coward the face of the delta 
they ~ay be considerably thicker. l~asmuch as most of the ground surface 
is now just barely above sea level, settlement of only a few feet would 
result in a considerable area being inundated by the sea. 

". . --- - -----· 
Settle~ent of marunade fill (Qf} could cause damage in the Haines 

area co r~adbeds (especially bridge approaches) and to buildings and 
other facilities whose foundations are founded wholly or partly in fill. 
If the sediments underlying the manmade. fill al.so are subjec:t to com-, 
paction or to liquefaction, settlement could be considerable. Fa~ example, 
a roadbed built on the. Chill<at River flood-plain and delta deposits (Qr) 
might actually settle b~lou c.he level of the deposits,. such as occurred 
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at che Snow River crossing during the Alaskan ea~thquake of M...rch 27, 
19b4 (observation by senior auchor, 1964). The aircraft landing strip 
might also be subject to this kind of setcleinenc and result in it being 
inundated at times of high tide or during periods of high ~ater on the 
Chilkat River. 

The loose sandy modern beach deposits (Qb) probably are susceptible 
to -~onside rab le compact ion; if s troag ly shaken. However, in inos t places, 
they are believed to be fairly thin and total settlement probably \rould 
not be appreciable unless the underlying deposits also are subject to 
compaction. Piers, do~ks, and other harbor works would be the main 
facilities affected by settlement, 

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

Little compaction of the elevated fine-grained marine deposits (Qem 
and Qemy) is expectable because of their generally cohesive nature. How­
ever, where the deposits are ~ate sandy or where they are underlain by 
more cohesionless materials, some compaction and associated settlement 
might take place. !f they also are subject to liquefaction, then materi-
al may move by lateral extension toYard a free face and considerable 
settlement of the surface could ensue. Most of the younger deposits (Qem _1 ) 
are now just barely above high tide. Any appreciable s~ctlement would 
cause this area to be inundated by the sea. 

Other surficial deposits, where the ·m.aterials are loose and cohesion­
less, also may be susceptible to co~paction if there is strong shaking 
for a considerable time. The resulting differential settlement could 
daniage manmade structures built upon them. 

Liquefaction in cohesionless materials 

If loose to mediUtD-dense materials that are saturated and virtually 
cohesiooless, loaded and confined by impermeable material are subject to 
strong shaking, the resulting tendency to compact increases the para­
water pressure. The resulting upward flow 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 is an excess of wacer and the load is transferred from ~he solids 
to the fluid, Other factors being equal, fine sands and cogrse silts 
are most subject co liquefaction (Terzaghi and Peck, 1948). Also, the 
higher the void ratio, the greater is the tendency for the materials to 
liquefy. When part of a sloping soil mass liquefies, the entire mass 
can undergo catastrophic failure and can floY 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 Chilkat River flood-plain and delta deposits 
(Qr) probably are the most susceptible co liquefaction during an earth­
quake because of their small grain size (sand and silt) and because of 
their high degree of saturation. During investigation for the proposed 
Chilk.at River highway crossing, _one-half mile northYesc of the aircraft 
landing strip, a "quicksand" condition developed in the de?osics during 
movement of heavy equipment (Migliaccio and Slaceri 1968). Moderate co 
large-size sliding due to liquefaction of the deposits, originating along 
the frontal face of the deltaic deposits and ~~tending upstream into the 
flood-plain deposits, muse be considered a distinct probability in the 
event of a 111Dderate co large earthquake. Also, water-sediment ejection 
(sand and mud boils) and accompanying ground fracturing, due wholly or 
in part to liquefaction, would be e.~pectable in these deposits during a 
~oderately large co large earthquake. The possibility of earthquake-in­
duced sliding and of water ejection in these deposits, as well as other 
deposits, will be discussed lacer under the respective subject headings. 

The elevated fine-grained marine deposits (Qem and Qemy) are chiefly 
of silt and clay size, are fairly plastic,. and have a high degree of 
water sacuracion. Insufficient data are available to ascercain whether 
they are subject to l:'.quefaction. However, unless the deposits contain 
fairly numerous lenses of coarser material ~sand and silt), they prob­
ably are considerably less likely to liquefy than the C~ilk.at River 
flood-plaiu and delca deposits (Qr). It should be enphasi:ed though 
that deposits having a greater susceptibility to liquefy may underlie 
the elevated fine-3rained marine deposits and that both deposits could 
be adversely affected, if che underlying deposits liquefy. 

The elevated shore and delta deposits (Qeb) are considerably coarser 
grained than the elevated fine-grained marine deposits and, vhere they 
form the surface unit, are in most places much be~ter drained. Lique­
faction see-ms unlikely except where there may be intercalated lenses of 
fine sand and silt or where the deposits underlie other deposits and have 

~a higher degree of saturation, 

The modern beach deposits (Qb) may be susceptible to liquefaction 
during an earthquake because they are sacurated co or nearly co the sur­
face and in places may concain a fairly high percentage of sand and silt. 
Bovever, because chey are of fairly small areal e~cenc and generally are 
not thick, liquefaccion effects probably vould be considerably less chan 
for the Chilk.at River flood-plain and delta deposits (Qr). Nearshore 
subaqueous de~osits, hovever, may be considerably thicker but, because 
of insufficient data, their liquefaction poc:ential ca·,1not be· evaluated. 

Parts of other mapped deposits, where grain size is favorable and 
where there is a high degree of water sacuration. may be susteptible to 
liquefactio~. • However; data are too fev at present to attempt to 
evaluate this possibility. 
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Reaction of sensitive and quick clays 

Sensitive clayg are those clays that lose a considerable part of 
their strength when shaken. During an earthquake such clays commonly 
fail and become rapid earchflows that cao cause heavy damage and loss of 
life. Sensitivity of a clay is defined as the ratio of undiscutbed shear 
strength of a clay to remolded shear strength of the same specimen 
(Ierzaghi and Peck, 1948). T~e teI'!D "quick" clay denotes a clay of such 
high sensitivity that l~ behaves as a viscous fluid in the remolded 
state (Mi~chell and Ho~ston, 1969), 

ln the Raines are..1, the elevated fine-grained marine deposits (Qem 
and Qemy) appear to be the most likel:· deposits to contain sensitive 
clays. Although avail~ble data are too few to actually confirm the pres­
ence of these clays, our comparison of the few pertinent data available 
with sensicivicy analy'ses made for the Bootlegger Cove Clay in Anchorage 
(see Ransen, 1965) indi~ates that parts of the elevated fine-grained 
~arine clays may have moderate to high sensitivity. 

Sufficient data are available from analyses of 11 samples of fine­
grained marine deposits for us to calculate the liquidity inde.~es.Y 
Six samples Yere analy~ed by the U.S. Army Corps of Engineers (~arren 
George, written comr~n., 1968~ in connection with construction of the 
pe~roleutll tat,k farm near Tanani Point, four sam.ples ~ere collected by 
the A..:.aska Department of Highways (Munson, 1962), and one sample was 
collected by us. Thus, be.ca.use of the div_ersity of condii:ions under 
which the samples were col~ected and analyzed, rigid.comparisons· probably 
are not possible. Likewise, the liquidity indexes obtained io the Baines 
area probably cannot be compared directly co sensitivity values obtained 
1n the Anchorage ax-ea. In additiou to probable difference in collection 
and analysis procedures, the samples in the Haines area vere all collected 
from depchs of less than a· feet where.as samples from the Anchorage area 
vare collected from an average depth of SO feet. In spite of. these diffi­
culties, we feel tha~ some indication of the degree of sensitivity of the 
deposits can be obtained f,om the data available. 

The liquidity inde~ results are as follows: (1) in three of the 
samples the plastic limit exceeded the natural vater content and, there­
fora, a negative value for the liquidity index resulted, (2) four of the 
samples sho~ed liquidity indexes of less than l indicating s~nsitivities 
of le~s than 15, (3) two of the &amples bad liquidity indexes of 1.07 and 
1.10 indicating sensitivities of about 16 and 17, respectively; two of 
the samples had liquidity indexes· of 2.lO ·and 2.12, respectively, indicat­
ing sensitivities greater than 50. As described by Mitchell and Houston 

Jfrhe sensitivity of a clay has been found to correlate fairly ~ell 
with the water-pl~scicity ratio of the clay or the so-called liquidity 
index. This ratio, as defined by Casagrande and Fadum (1944) is equal 
to the natural \later concent of che_ soil minus the plastic limit divided 
by the liquid .limit minus the plastic lutlt, 
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(i969), clays having sensitivities of 16 to 17 are regarded as medium 
to quick clays (high to very high sensitivity); clays having se~sicivities 
of SO are regarded as very quick clays (extremely high sensitivity). 

Salinity tescs vere made on t;m samples that ve collected co see if 
salts had been leached £.zom,che material-a factor chat might inc~ease 
the sensitivity of the materials. No salt ~as found in either sample 
indicaci~g chat it had been leached from che sediments since deposition. 
Both ~amples, ho~ever, ~ere collected from 'Jithin a fev feet of ~he sur­
face and may not be representative of the conditions at greater depth. 

In summary, ~e tentatively conclude chat so~e parts of th~ elevated 
fine-grained deposits may contain moderately to highly sensitive clays 
subject to f&ilure and resultont damage to ~anmade scruc~ures ~hen sub­
jected to shaking during ao earthquake. Huch additional data need to be 
obtained co supp~rt or negate these tentative conclusions and to accurately 
delineate, both areally and stratigraphically, ~ny sensitive clays chat 
may be pt'esent. 

~acer-sediment ejection and associated 
subsidence and ground fractuting 

In ac least half of approximately 50 major earthquakes, vater and 
sedime~t have bee~ ejected from surficial deposits (Yaller, 1968). The 
ejection phenomena have been called fountaining, sand spouts or sand 
boils, lIJlld or sand craters, blo~-oucs, and other names. The ejec~a aiay 

r~nge from cle~~ water, through mud, to ~acer c~ntaining ma~erial as. 
large as coarse gravel. Sand, hoYever, !s a cot1X1Don size fraction. 
Ejecta heights of several feet are cominoo but fouctaining to a height of 

• as much as 100 feet nas been reported. !he ejections are associated 
~ch surface or near-surface unconsolidaced deposits where there is a 
high water cable or a confined- water condition {where tha ~op of the 
water 'zone is in c.oncacc 1111th an overlyi::ig, · relatively impervious zone). 
Associated f~actures coramonly form an intricate mosaic patter~ of ground 
break.age and generally range 1n width from hairline cracks to l or Z feec 
\Ji.de but so~e have been reported eo be as vid~ ~s 30 feet and open to a 
depth of 25 feet (Foster and Ka.rlstrom, 1967). The water-sedi ~ent ejec­
tion and associated subsidence and ground fra eturiog can cause e.~tensive 
damage by filling basements loiith ejecta tn8ter1al, covering agricultural 
land v.1.th d blanket of infertile soil, and filling or making shallo~ 
small ponds. Alsor where a. •~quicksand" condition is produc.ed, sc.rucc.ures 
can sink into the liquefied ~aterials. ~oreover, ~here ma.terial has 
been removed from beneath the surface by ejactioa, the surface collapses 
and cause.s heavy damage· co- struc tut"es· buil~ thereon. ·:.::::- •. 

In the Haines area, the Chilk.at River flood-plain and delta depos-
1t3 (Qr) probably are the most likely to be subject to water-sediment 
ejection and to associated subsidence and ground fracturing during an 
earthquake. As discussed previously, these sediments probably are the 
most likely of any of the deposits to liquefy and the water table is 
at or near the su~face--boch factors favoring vater-sadiment ejeccion. 
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However, unless the earthquake occurs in the winter so that a frozen 
surface crust can furnish a restrictive layer for a confined-~ater condi­
tion, sufficient vacer pressure cay not be built up to produce fountain­
ing or jetting of water and sediment, Instead, the water and sediment 
may merely ~ell up and overflow the surface to produce a quicksand condi­
tion. Local subsidence can be expected whether or not there is jetting, 
and intense ground fracturing is likely if there is a frozen surface 
crust. 

Insufficient data are available to predict whether the elevated 
fine-grained ip.arine deposits (Qem and Qemy) are subject to water-sediment 
ejection. As noted previously, it is not now known whether the deposits 
are subject to liquefaction although the tendency probably is coosider­
~bly less than for the Chilkat River flood-plain and delta deposits. 
Al.so. as was emphasized, some of the underlying deposits may be subject 
co liquefaction. If so, the relatively impermeable fine-grained marine 
deposits might act as a confining restrictive layer and per-mi~ sufficient 
~ater overpressure to develop to produce fountaining, fracturing, and 
local subsidence. The fact that the water table in most . places ts high 
'is 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. Therefore, except locally where 
the deposits may be more saturated and finer grained or uhere there is a 
layer -perm.itting a confined-water condition to develop, cha phenomenon of 
water-sediment ejection and associated effects seems unlikely. 

Because the modern beach deposits (Qb) have a high water table and 
may be subject to liquefaction, it is likely th.at vater-sediment ejection 
might be actuated in the .deposits during an earthquake. However, because 
the deposits in most places are not thick, the effects probably would be 
relatively small. Also, unless the surface of the deposits are frozen at 
Che time of the earthquake, there probably is no restrictive layer to 
produce a confined-water condition that would allow fountaining co develop. 

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

- ·: • Ear.thquake-induce9- s~ba_erial_ 9_lides: ~nd slumps 

Geologic:. units on land that probably _are most prone to slide as a 
result of a severe earthquake are: (l) Chilkat River flood-plain and 
delta deposits (Qr), (2) elevated fine-grained marine deposits (Qem and 
Qemy), (3) elevated shore and delta deposits (Qeb), (4) modern beach 
deposits (Qb), and (5) tn.a.nm.a.de fill (Qf). Other surficial units may be 
affected locally. 
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The Chilk.at River flood-plain and delta deposits (Qr) probably ar~ 
the most susceptible to subaerial and submarine land.sliding, During 
strong ground ~otion, the frontal face of the Ch~lkac River delta is 
likely to fail. Moderate co large-size sliding, originating along the 
frontal face of the delta and progressing upstream·into the flood-plain 
deposits, is probable in :he event of a moderate to large earthquake. 
The deposits are fine grained, are loosely deposited, and probably are 
barely in a state of equilib=ium under present static conditions. If 
failu~e {s caused at least in pare by liquefaction, then heacward pro­
gression of sliding up the river might continue as long as strong ground 
motion lasts-a situation analogous to thac along the waterfront at 
Seward and ac; Valdez during the gr·eat Alaskan earthquake of 1964 (Lemke. 
1967; Coulter and }ligliaccio, 1966), Also, lurching and accompanying 
fissuring in the fine-grained ~acer-saturated deposits fonn.ing McClellan 
Flats could be e~pected as these deposi~s move cowara the frontal face 
9£ the delta. 

Fairly high plasticity and generally high degree of ~ater saturation. 
are characteristics of the elevated fine-grained marine deposits (Qem 
and Qemy) that favor sliding. If liquefaction of the deposits is also a 
possibility, che slide pocential is further inc~eased gre~tly. The 
largest area underlain by the deposits is the nearly flat surface in the 
saddle west and south of Haines; large-scale landsliding in that area is 
not probable because of lack of a free face toward which the material 
can ~ove. The steepest slope of significant size underlai~ by che depos­
its is bet:'Ween Port:age Ray and the business discrict of Haines. Land­
sliding 1n this area du~ing a large earthquake might range from sliding 
of mod~rate-siza discrete masses to minor slu~ping. ground cracking, ~nd 
lure.bing to,.iard the free face. A less likely a:rea to slide., because of 
the moTe gentle surface slopes, is that underlain by the older deposits 
(Qe~) north~est of Tanani Point. 

~ec.ause they are coarser grained and in mosc places are better 
d~ained, cha elevated shore and delta qeposits (Qeb) are less likely to 
slide than are the elevated fine-grained marine deposits. Unless there 
are intercalaced lenses or beds of fine sand and silt, liquefaction of 
the de~osits is not expected. These characterist~cs tend to preclude 
large-scale sliding of the deposits except possibly vhere they form 
steep slopes or ~here they ar~ underlain by more slide-~rone deposits, 
such as the elevated fine-grained marine deposits (Qem) at Haines. Some 
lurching and associaced ground cracking can be expected in those places 
where the deposits can ~ove to~ard a free f4ce.-

Because ehe Yat~r offshore from the beach de?osics (Qb) is fairly 
shallow in most places, no signi!icanc·landsliding of the beach deposits 
is ex?ected unless the deposits are subject to liquefaccian. There may 
be some lurching and accompanying ground cracking,. h01,1ever, Yhere the 
deposits move toward the free shore face. 

Marunade fill (Qf) in the -mapped area is not areally extensive nor 
are. there high fills Su'Pporting high\lays or ocher fac,ilities. Mose fills 
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have been a~placed on low-lying ground vhere there are co nearby high 
op~n faces. Therefore, sliding probably would be rescric:ed to local 
slUtnping with accompanying lurching and ground cracking . Sliding of 
this type could be a~pected to be greatest ~here fill has been e~placed 
on more ilide-prone deposits such as the Chilkac River flood-plain and 
delca deposits (Qr) and che elevated fine-grained marine deposits (Qem 
and Qemy). 

Earthquake-induced subaqueous slides 

Data are largely lacking to permit an assessmen.: of the amounc of 
subina~ine sliding that has been triggered by past earthquakes in the 
vicinity of Haines. That some of the sliding can be actribuced to earth­
quakes i~ indicated by cable breaks that have been coincident or nearly 
coincident in time with large earthquakas, 

The folloving infot"lllation on cable breaks along Lynn Canal and 
Chilkoot Iolet between Juneau and Haines (60 miles) i~ furnished in mod·­
ified form. from the records of the Alaska Cormnunication System (D. Alford, 
-written commun. , 1966) and fr~m Heezen and Johnson (1959): 

Local time of event Possible cause of break 

Aug. 13, 1924-- --------Cable break; cause not given, 

Sepe. 22, 1927--------Submarine slide ~E silt and debris ftom 

Oc. C. 

Feb. 

June 

24, 

4, 

18, 

Ketzehin River; no earthquake reported. 

1927--------Cable break; cause not given. 

1952------..:..:.cable break; cause not given. 

1952--------Cable break; cause not given. 

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

Sept. l, 1956--------Profil~ of cable route sho~s break well 
up the side af Kaczehin River delta; 
break occurred during a windstonu. 

Sept. 1 or 2(7), 1956----Submarine slide on Katzehin River delta; 
no earthquake reported. 

July 10, 1958--------Four submarine slides within 4 miles of 
the front of the ~tzehin !liver delta ; 
occurred at time of a graat earthquake. 
Two of these slides along the delta front 
and t~o otbers 1 9 in.il~s south of che delta 
front, may have been caused by Katz~hin 
River delta failures, turbidity cur~encs. 
direct seismic shaking, or dislocation of 
unstable perched bodies of glacially de­
rived sediments along fiord ~alls. 

March 27, 1964---------Submarine slide along face of Katzehin 
River delta 8 hours after Alaska earth­
~uake of March 27. 1964. 

84 

l ,; I ;_ 

; i·,,, .. 

.: 

. ; : ; 
• •• J 

. -· I 
' ,! 

.) 

___ , 

--------•---===;;::;:=:::;:::::;::::::::-----~·::· ======:~===;=::.:~;:-_~ •, ze » s.4►. _ <>• . , 
- • • - • • I 



The above infor:nation suggests that some of the cable breaks off­
shore from the Ka.tzehin Rive~ delta (5 miles southeast of Raines) can be 
correlated with the Lituya Bay earthquake of July 10, 1958. The sub­
marine slide that occurred 8 hours after the Alaska earthquake of March 
27, 1964, probably 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 relate1 to earthquakes too small to have 
been instrumentally recorded whereas others probably were caused by nat­
ural oversteepening of delta fronts. Considering the limited extent of 
fiord bottoms transected by these cables, there probably have been many 
additional undetected slides in the vicinity along delta fronts and in 
perched sediments along fiord walls. 

In assessing the potential for earthquake-induced submarine sliding 
in the Haines mapped area, we tentatively conclude that the deltaic de­
posits are the ~ost 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 1:ieen discussed in the sections "Liquefaction" 
and "Earthquake-induced subaerial slides and slumps." 

No larie-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 Hai~es unless the depos­
its are subject to liquefaction. However, in the construction of the 
large cargo dock adjacent to the Alaska State Ferry Terminal, it is re­
ported that four or five caissons of the dock failed during construction 
(Harry Young, Chief, Haines tank farm, U.S. Arm.y, oral couunun., 1965). 
We do not know whether the failure was a structural one or whether there 
was a foundation failure, due possibly to the caissons being placed in 
unstable deltaic fan deposits or in fine-grained ma.rine sediments. 

There seems little likelihood of major submarine sliding in Portage 
Cove. Bathymetric contours indicate that steep undeNater 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 considerable distance from its source and 
spread out as a relatively thin blanket. 

Two fan deltas, a few miles outside the mapped area, appear to have~ 
a high potential for earthquake-inquced 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 denoted from bathymetric 
contours. both deltas have steep frontal slopes that likely will fail 
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 
delta front seems a certainty. Major sliding of either the delta front 
dowstream from the Davidson Glacier or of the Katzehin River delta could 
appreciably affect water depths in illllllediately adjacent areas of Chilkat 
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and· Chilkooc Inlets- Rowever, c:he inlecs ar~ sufficiently deep so c:h.ac. 
it is unlikely chat slide debris could seriously restrict any possible 
fuc:u~e navigation. 

Effects on glaciers and re~aced feacures 

Strong ground motion and land-level changes resulting from earth­
quakes can affect glaciers and related features in several ways: (1) cause 
thickening of glacier ice, (2) cause thinning of glacier ice, (3) disrupt 
gla'cier-fed s·creams, (4) change flow characteristics of glacier ice re­
sulting in glacial advance, (5) cause accelerated calving of the tennini 
of cide~ater glaciers resulting in possible retreat of glaciers, (6) cause 
glaciers to advance or retreat due to land-level changes, and (7) produce 
long-tst"ID. changes in mass or flow charactaristics of glaciers because of 
tectonic displacement (Post, 1967). 

There are Do.,iaciers in the Raines mapped area (fig. 3) and expect­
able adverse effects in the area from nearby glaciers, in the event of a 
severe earthquake, probably are minimal. No nearby glaciers terminate 
in cidewacet. Davidson Glacier, one of the largest nearby glaciers, 
drains in.co Chilkat Inlet 10 miles south of Haines and tenninaces slightly 
more than 1 mile from the iole·t. During ao earthquake, some of the lo~er 
reaches of the glacier may be subject to rock avalanching from bordering 
ste~p bedrock walls, but it is unlikely that this would affect the regi­
men of the glacier sufficiently to c~use it to advance to tidewater and 
discharge icebergs into Chilkac Inlet, Any substantial advance, however, 
even if the glacier did not reach t:he inlet, t.1ould significantly affect 
t:he proposed Raines-Juneau Highway beCloreen the glacier and Chilkat !nlec · 
(see Frank.let, 1969). It seems unlikely that the reg~en of the Carrison 
Glacier and other glaciers co the west (see fig. 2) would be changed • 
sufficiently co affect significantly che Chilkat River and the Haines area 
do~stream, unless there was a sudden release of a large quantity of ~acer 
due to the breaking of an earthquake-induced dam of ice or debris. A 
sudden rele~ge of water, ho~ever, could- tause ·flooding downstream and, 
if th~ volume of water wera large, might affecc parts of the Haines Bigh­
t.1ay as well as the proposed highvay across the Chilka.t River just up­
strea~ from the aircraft landing scrip. The effects of any tectonic 
changes, such as uplift or subsidence, resulting from a futuTe earthquake 
almosc: surely would be too stn.all ta significancly affect the regime of 
any of the glaciers. Sno~ and debris avalanching on steep slopes, trig­
gered by strong g~ound motion durina an earthquake, might constitute a 

.hazard within the Haines area ~tself during wincer months. 

Effects on ground-t.1ater and stream flow 

It is well knoliln that large earthquakes can significantly affect 
ground-water and stream flow. 

Waller (1966a, b) noted that short-c:erm effects of the Alaska earth­
quake of March 27, 1964, on ground Yater included: (1) surging of ~acer 
in wells, (2) water-sediment ejection, (3) failure of wll systems, and 
(4) turbidity of -water 1n wells and springs. Long-term effects included 
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te~p~~ature changes, chemical quality c~anges, and the lovering or ra~s­
ing of vacer levels or artesian pressures. Surface. vacer changes included 
di.J:linished or increased stream flo._.. Ch~nge~ in stream flov commonly 
were controlled by ground fracturing in or near s:rearnbeds and by sncv 
and rock avala~c~ing. ~st landslid~s blocked streams for only short 
periods buc ~ffects fro~ some persisted for months (Waller, 1966a; Lemke, 
1967). 

It is difficult to evaluate the effects of an earth~uake on ground 
and surface '-'ater in the. Haines a-res.. Most of .the Yater supply for Haines 
co~es from t~o springs, a creek, and an old mine tunnel. Whether these 
supplies would be. increased or decreased cannot be ascertained. However, 
inas.nuch as the source is largely on or in bedrock, ic seems unlikely that 
the long-tenn su~ply would be grestly affected, although there might be 
some temporary change in flow and the water might be turbid fo~ a period 
of time. Water levels in wells dug in loose granular su-rficial deposits 
might be lowered ouing to compaction of the materials and consequent 
reduced trans~issibility. Failure of well systems due co sanding or silt­
ing of the pump column or breaking of the well casing also tllllSt be con­
sidered a possibility. Other than the Chilkat River, screams ara not 
abundant or large in the mapped area. Short-term eff~cts on the Chilkac 
River might include increased flow unl~ss tributary stream channels vere 
blocked by sno~ or rock a~d debris slides. If a slide dam is breached 
sudde~ly, the flow of water that was impoundec can be large and heavy 
d~mage can ensue downstream. Yater is rarely impounded behind a sno~slide 
or rockslide i£ 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 19 sufficiently fine .grained so chat che wacer cannot drain 
through fast enough, the dam m.a.y fail catastrophically b·y overtopping 
and large quantities of 'lolater and sed.iment may pour downstream. 

Tsunamis, seiches, and ocher abnonn.al uater waves 

Abnor-:nal water wave~ associated with large earthquakes commonly 
cause vase property damage and heavy loss of life. Tsunami effects can 
be devastating to coastal areas many thousands of miles fro~ their gene~­
ation source. Seiche effects generally a~e confined to inland bodies of 
water or co relac'vely enclosed coastal bodies of wacer such as bays. 
Ocher abnor.nal waves, genera::d by submarine sliding or by subaerial 
landsliding into ~acer, generally produce only local effects but 
nevertheless may be highly devastating. 

Tsunamis, other:vise kno'W""\ as seismic sea -~ves and erroneously 
referred to as tidal ~aves, are generated by sudde~ tectonic displacement 
of the ocaan bottom. In the oceanic depths, tsunaci ~aves travel at 
speeds of about 42S-600 mi!es ao hour but in shallower water, such as in 
bays and ~nlets, their speeds are considerably less. As tsunami waves 
near a coast, they greatly increase in height and (or) ruoup onto land; 
the ~aves generally are higher wh~re the offshore zone is gently s:1elving. 
Also, tsunami vaves running into the heads of funnel- or triangular-shaped 
bays may be considerably higher than ac the mouths of those b~ys. qave 
runup onto shore can range f-rom a barely perce?tible abnormal rise in 
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tide level co heights of more than 100 feet (Wiegel, 1964). Damage can 
be exceptionally great. In addition co heavy loss of life and damage co 
near shore buildings, docks, and other harbor and coastal ins calla tions, 
moored boats can be e..~tensively damaged by pounding against each ocher 
or by being carTied asho,e and beached. 

It is beyond the scope of chis paper to try to predict the maximum 
height of tsunami waves and of runup on land that might be reached in 
the Haines area. Situated as th~ area is along a long fiord system. of 
varying depth and configuration, many unevaluated factors can affect 
the wave action. The fact th.at the magnicude of an earthquake generally 
nas to be 7 or greater co produce a noticeable tsunami and generally of 
~agnitude 8 or greater to produc~ a disascrous csunami (Wiegel, 1964) 
tends to markedly lower the probability thac the generation source for 
a large tsunami Yould be near Haines. Moreover, to generate a tsunami 
requires a considerable vertical displacement of the ocean bottOtu such 
as would occur along a dip-slip fault. Most all of the earthquakes in 
southeastern Ala.ska larae enough co generate a tsunami have been along 
che fairveather-Queen Charlotte Islands fault system, where movemenc has 
been chiefly horizontal. Houever, this does noc pr~clude tsunami ~aves 
arriving from a far-distant generation source. Although no accurate 
figures are available, a tsunami wave may have arrived at Haines as a 
result of the Licuya Bay earthquake of July 10, 1958; chis assumption is 
based upon a report C·tan.ager, Alaska Power and Telephone Co., Sksguay, 
oral Commun., July 21, 1965) that at that time a wave rose 25 feec above 
tide level (a time of law tide) at Skagway. 

Height . of ~ave -runup and resultant dam..ige at Haioes from a tsunami 
would depend in part upon the arrival time of the waves iii relacion to 
the phase of the tide. Inasmuch as there is a tidal range of approxi­
mately 17 feet ac Raines, a tsunami wave of this height could crest at 
lower low tide and still not have a runup above normal higher high wacer. 
On the other hand, a 10-foot-high wave arriving at Haines during higher 
high tide could cause considerable da--oage along the \raterfront, partic­
ularly if it came crashing into shore as a bteak.er. In the rather ex­
posed Chilkat Inlet, it probably would inundate most of the low-lying 
area mapped a9 younger elevated f1n8-grained ,narine d~posits (Qemy) 
(fig. 3). It probably also \JOUld advance over the aircraft landing strip, 
and tidal waters would be pushed a considerable distance farther up the 
Chllkat River. A 20-foot-high wave, a~riving during higher high tide 
would .be c6osiderably more destructiv~- to facilities along che shorelines 
th.an a 10-foot-high wave. In che unlikely event of~- 40-foot-hign wave, 
the Haines Righ<Jay in the low-lying part of the saddle area west of 
Baines would be inundated. It would require a wave 60-100 feet hight~ 
inundate most of the. business districr; of Haines. Tsunami waves of this 
height at Haines are ~ons idered highly unlikely. 

Seiches are periodic oscillations (standing vaves) in lakes, bays, 
inlets, reservoirs, and rivers produced by changes in wind scress, atmos­
pheric pressure. or by earthq)J.akes. Saiches produced by earthquakes are 
believed co oe caused by horizontal acceleration of short-period seisuiic 
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surface ~aves (~cGarr and Vorhis, 1968). Seichiog also ma~ be produced 
during an earth~uake by tectonic tilting of the vater basin, ~hich causes 
periodic ~ave oscillations (McCulloch, 1966). Because the seismic Yaves 
travel so ~uch faster than tsunaci waves, seiche ,.,aves are operative ia 
a.o area before t he tsunami ~av~~ arrive. 

Io attempting co evaluate the potential effects of seichiog in the 
Haines area, it should be noted cha: there a~e no completely enclosed 
bodies of Yater of significant size in the mapped area. Bowever, Chilk.ooc 
Lake (fig. 2) lies jusc north of the mapped area and. during a large earth­
quake, seiching might t..ake place on it sue~ as occurred on Kenai Lake 
during the Al.ask.an earthquake of March 27, 1964 (McCulloch, 1966). Ia 
such an evenc 1e is possible that seiche waves mighc runup on shore aad 
cause dam.age and possible loss of life at the campg=ound at the south-
ease end of the lake. t-nlether seiching can take place in Chill:<.ac and 
Chilkoc t I0lets, which are open on one end, cannot be ascertained by us. 
However, ~nswers to questionnaires submitted by the U.S. Geological Sur-
vey to Postmascers and ochers suggest that seichin& did take place in 
.!lome. of the lor.g narrow inlets of southeastern Alaska as a result of the 
Alaska earthquake of March 27 1 1964. I~ at least four ?laces in south­
eastern Alaska aononnal wacer waves, as much as 5 feet high and possibl1 
higher, were reported ilD!Jlediately :ollo~ng the ea~thquake and more than 
an hour before the arr::.,.-al rf the first tsunami vaves. However, no 
aboorm.al waves were reported at Haines i.mmediacely after the earthquake. 

Local waves generated by earthquake-induced submarine slidi~g or 
subaerial landsliding into water can be highly destructive. Because they 
generally hit the shore suddenly. during or imm.edi~tely after an earth­
quake, and because their runup height at any particular locality is largely 
unpiedictable, a warning system is not possible. ~ave heights have ranged 
fTom barely perceptible rises in water levels to a record-breaking height 
of 1,720 feet during the Lituya Bay earthquake of 1958 (Miller, 1960). 
Slide-induced ~aves violencly st't"Uck a number of coastal communities dur­
iog or irmnediately after c:he Alaska eart:hquake of 1964 aod 'Jere a major 
cause of loss of lives aod property. 

It seems reasonable co assume chat the Haines area has a fairly 
high potential for damage from slide-induced Yave~ resulting f~om a large 
earthquake. It should be emphasized, however. chat the potencial slide 
areas where the waves 111.ighc originate, the number of ,;,raves, and the 
height of ~a~e runup can he assessed only in the most general uay. Prob­
ably the areas mos t sus~e?tible co slidi~g and, there.fore, co wave gener~­
t~on are the deltas at the heads of fiords or those deltas that extend 
into deep uater along the valley vall~ of the fio~ds. Of these deltas, 
the ?.atzehin River delta ( fig. 2), as noted previously, probably is cr.e 
most S1.1Scepcible to sliding during a large eart~quake. In the event of 
future large-scale sliding of this delta front, slide-generated waves 
'11:1..ight c~avel to che opposite shore of the inlet where they could run up 
on shore and cause damage at Baines. Waves might be generated also by 
slidiog of the Chill<at River delta front or of the delta front near the 
teTininus of Davidson Glacier (fig. 2). M has already been noted, runu9s 
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1f only a fev feec could inundate a considerable area oear t~e ~outh of 
:he C~ilk.at River. ~aves generated along more distant del~~ fr0ocs might 
:each Haines, but chey probably ~ould not have as great a c::i..~Jge poten­
;ial as chose originating closer. ~aves fot"llled by subaeri31 jnJ submarine 
:oe~ and debris slices on scee? slopes into ~ater also are ?Ossible. 

Io sw:omary, it seems poasible that tsunami, seiche, a~j slide-gener-
1ted W3ves could be produced by a large earthquake in the ::!..lines area and 
could cause damage and possible loss of life. Of the thre~ typ~s of vaves, 
the slide-generated waves probably vould b.ava the greatest destn.ctive 
potential because of possibla higher local ruoup and because they can hit 
the shore almost ~thout ,:.rarning during or 1.i.miediately after an earthquake. 
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INFERRED FUTURE EFFECTS FROM GEOLOGIC HAZARDS 
OTIIER THAN THOSE CAOSED BY EARntQUAl<£S 

Geologic hazards other than those caused by- earthquakes are believed 
to be relatively minor in the Haines area. However, they may occur so 
much more frequently ch.an chose from major earthquakes that their aggre­
~ate effects could be significant. Three kinds of geologic hazards are 
discussed here: (l) effects of ooneaxthquake-induced landsliding and 
subaqueous sliding, (2) effects of flooding, and (3) effects of current 
land uplift. 

Landsliding and subaqueous sliding 

The potential for nonearthquake-triggered landsliding that ~ould 
significantly affect man appears to be fairly low in the m.apped area. 
Sla~, dovnslope.movemenc of talus deposits along the precipitous ~ountain 
front immediately north aod oorthwest of Haines can be expected to con­
tinue. Also there may be, from time to time, fast-moving sno~ and rock 
avalanches or debris slides on these slopes as well as on the steeper 
natural slopes and man.made cuts north of Haines along the west side of 
Lucak tnlet. In addition, moderately fast to fast moviag lll1.ldflous and 
debris slides m.ay develop, after periods of heavy precipitation, along 
the steep-walled stream valleys beNeen Haines and Tanani Bay and along 
the southuesc side of Lucak Inlet. S;nall to moderate-size slumps and 
arudflows also can be axpected after heavy rains on steep roadcuts in 
surficial deposits. 

Accele~ated slope erosion and debris flows may follow large-scale 
clearing and cutting of timber. Swanston (1~6~). who nas 111.ade an ex- • 
tensive stuuy of this cause and effect relation in southeastern Alaska, 
states thac che erosion occurs m.linly as mass soil ~ovements associated 
with steep slopes and high ~acer levels in the . soil, Re noted more than 
3,800 large-scale debris avalanches and debris flows in southeastern 
Alaska; although inosc of these slides are the di~ect tnanifestation of 
natural mass ~astage and slope reduction. some are the direct result of 
logging and logging-road construction. None was noted in the Haines 
mapped area, but future sliding of this cype probably can be e~pected if 
logging and clearing take place on steeper slopes. 

The Haines area may be .affected at some time by damaging vaves gen­
et"ated by- :-ockslides rrcving do,;.n stee'p fiord walls outside of the mapped 
area. One such potentially unstable steep slope is along the east wall 
of Taiyasanka Inlet in the no~theast un:napped coruer of figure 3. A 
f-resh-appearing scar• ex tending ·from the top of· che iitlec-Ytll to:- the 
water's edge, shows that a fairly large rockslide has occurred there 
ra~encly; also, on the basis of aerial photo interpretation, pares of 
four sections of land adjacent to the slide show evidence of sliding in 
the past. ln tha event chat large-s~ale landsliding takes place in chis 
area in the future and that the material 5lides into the inlet, a suffi­
ciently large slide-generated -.rave alight be ptoduced co travel across 
Lutak Inle.t and ·dam.age facilities. on the south\iest shore. Steep subaerial 
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slopes in other areas also might be subject to failure and to the gener­
ation of damaging waves. 

It has been noted previously that so~e of the cable breaks off the 
front of the Katzehin River delta and elsewhere in nearby inlet$ ~ere 
caused by nonearthquake-triggered submarine sliding. There is every rea­
son to believe that sliding ~ill continue in these areas at such times 
as the fronts of deltas and other underwater slopes become oversteepened 
by normal depositional processes. Yhether the scale of submarine sliding 
under nonearthquake condition~ would be large enough to generate a wve 
that would cause damage in the Raines area cannot be ascertained. We 
know of no damage in the Haines area in the past from a wave of this type. 

Local small-scale sliding also can be expected on steep under"13.ter 
slopes a!ong fiord walls where there may be perched bodies of glacially 
derived sediments. Such materials can fail suddenly ~hen offshore 
structures, such as docks, are built upon them . 

Flooding 

A flood in mid-September 1967 illustrates the type and extent of ex­
pectable damage that may be incurred in the future in the Haines area and 
in the area to the northwest during periods of exceptionally heavy rain­
fall.· Approximately 6½ inches of raio fell in the area in 5 days. Infor­
mation on the effects of the flood Yas .obtained chiefly from the Alaska 
Department of Highways (Martin -A. Cordes, unpub. narTative rept., 1967)~ 

Damage in· the R~ines 111apped area-~as coo..fined almost entirely to 
the road system. All streams bet..,een Raines ·and 'tanani Point, as well as 
those along the vest shore of Lutak Inlet, overran their channels and 
left debris on Lutak Road (fig, 4). At aula 7 (7 road miles from Haines) 
on Lutak Road, a stream along which large rocks reportedly were being 
tumbled, washed out a culvert as ~ell as about one-quarter mile af the 
read. There also were several rockfalls on the stretch of road between 
Raines and the ferry terminal but they were of small size and were easily 
cleared from the road. A Slllall mudflow partially blocked Mud 13ay Road 
near Letnikof Cove, about 2 miles south of the mapped area. The C~ilkat 
River rose sufficiently to flood the low area bet\leen Kaskulu Point and 
the aircraft landing strip. ·the aircraft landing strip itself came within 
a few inches of being inundated. 

ApproKiin.ately a 35-mile stretch of the Haines Highway northwest of 
tbe Haines area was affected by the 1967 flood. llighway traffic was 
stopped for more than 2 days by ~ashed-out bridges, slides and debris on 
the ~oadway, and by floodwaters of the Chilkat River. Rocks and other 
debris were debouched onto the highv~y to depths of several feet where 
the road crossed flood-swollen creeks. The Chilk.at River rose to a 
re?orted height of several feet and flooded the high~y betveen mila 7 
(7 miles north~est of Haines) and ~ile 16 to a depth of several feet in 
places. A creek at mile 23, besides blocking and damaging the main high­
way, dumped mud and rocks all around the village of Klukt.tan. Due to the 
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!..."ttrem.e danger, all Che iahabicancs of the co~-n. e..'<cep t two fa..ciil..'.es, 
,ere evacua ced unc 11 the wa cer had subsided. 

future heavy rains probably will cause flooding of che same screams 
ind damage to essentially che same stretches of highway as occurred during 
:he floods in 1967· unless additional remedial meas ures are taken. 

Land uplift 

The fact that the land 1a the Haines area is rising in ·:espect to 
sea leval at the appreciable rate of 0.89 inch per year should be bor-ae 
in 1tlnd when considering the long-ten:i effaces upon const"C"Uction on o~ 
near the shore11n~, ~uch as docks, boac harbors, and other facilicies 
ubere there is a critical relation between height of land acd water. Ir, 
as indicated previously, the uplift of land Ls du~ chiefly co r ebound as 
a result of deglaciation, then it is unlikely that the rate of uplif t 
during the ne..~t SO years will be appreciably different than it has been 
during the past 50 years. On the basis of this premi se, i t can be ex­
pected that tha land will be uplifted nearly 4 feet (in respect to sea 
level) during the next SO years. As discussed previously, however, i t 
should be emphasized that chere could be saveral feet or tens of f eet of 
sudden uplift or subsidence of the land in the event of a large earthquake. 
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REC0~~1INDATIONS FOR -ADDITIONAL STUDIES 

The reconnaissance nature of our studies in the Raines area did not 
per,nic us co make all the geologic studies necessary co fully evaluate 
earthquake and other geologic hazards of che area. Also, additional 
geophysical, soils mechanics, and seismological scudies are necessary to 
assess more adequately some aspects of the problems. ' Listed below in 
appr~ximate order of ioporcance are some of Che additional studies that 
we believe should be done by geologists or specialists in other disci­
plines to help fulfill the objective of evaluating the potential geologic 
hazards and other characteristics of the area that are pert i nent to proper 
land-use planoiog: 

l. In order to permit a more adequate assessment of the earthquake 
probability of the area, a high priority should be placed on studies that 
vi.11 more accurately locate all the major local and regional faults and 
determine che kind and amount. of their pas·t movement and their present 
degree of accivicy. All .major lineaments that show on aerial photogr.t'~hs 
should be studied in the field to differentiate th~se reflecting faults 
from chose attributable to joints or other causes. Geophysical studies 
should be !IL3.de to accurately locate faults ~here the infer?ed faults are 
concealed beneath valley fill, I.rater of inlets, or otherwise are not 
exposed. Geophysical traverses run across the Chilk.ac River valley north­
west of Haines and additional Dorth-south trave~ses acToss the saddle 
area immediately 'I.Iese of Haines should furnish valuable infonnat::'.on on 
the Chilkac :iliver fault as well as help evaluate the tectonic structure 
of the saddle area. Additional microearthquake studies should be done 
in .cha Chilkat River valley. ovar a considerable period of time, to ascer­
tain whethe~ the high level of uictoearthquake activity indicated from 
recent short-term. studies ~s represencacive of longer pe~iods.of tilDe. 
Also, additional au.croearthquake studies should be done along other faults 
fot comparison. Instruments should be set up to measure tectonic creep 
and other types of movement on che C\./0 aiain indicated fault systems of 
southeastern Al.ask.a and adj acenc ar.eas, namely the Fairweather-Queen 
Charlotte Islands faulc system and the Denali fault system. 

2, A!J part of a recolllJ1lended detailed geologic mapping and engineer­
ing geologic study of the Haines area, a fairly Large number of additional 
analyses are needed to more ade~uately determine the physical properties 
of the surficial deposits as they may relate to earthquake and other geo­
logic hazards in the area. Particular emphasi$ 9hould be directed to~ard 
those analyses . that ..,rj..ll give additional information o~: {l) cOlllparative 
degree of shaking of the different kinds of deposits during a major ear~h­
quake~ (2) expectable degree of slope scabilicy, (3) liquefaction poten­
tial. (4) sensitivity of fine-grained ·deposits. and (5) compaction and 
resultant settlement characteristics. The inforu,.ation gained from the 
studies described above should be supplement~d, where needed, by drill­

·1ag and geophysieal work to determine thicknesses of individual units and 
cha ch.aracteriscics of deposits at depth, as well as che topographic 
relacions of the deposits to bedrock, 
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3. A long-ten.a program of measuring stream flov, sediment load, 
and lateral channel cutting of the Chilkat River should be undertaken to 
determine how fast the delta at the mouch of the river is advancing and 
to obcain related data useful fo~ construction in the general area of 
the river. 

4. Additional bathymetric data are needed for Chil:.cat and Chilkoot 
Inlets as well as data on the nature and thicknesses of bottom and pos­
sible undervater fiord-~all sedilllencs. The hydrographic charts of the 
area should be updated and considerably more control points should be 
established, particularly to define the configuration of th~ presumably 
more slide-prone delta fronts, such as those at the inouth of the Chilka.t 
and Katzehin Rivers. These cnarts, in cum, should be revised periodi­
cally so as to reflect delta growth and submarine landsliding. The result­
ing data will be useful in predicting location and magnitude of future 
submarine and onshore landsliding and in assessing the hazard of abnot'TIL.al 
~ves induced by the slid_ing. 

5. More studies need to be done leading to estimating maximum wave 
heights and runup of tsunamis in long linear fiords in order to assess 
the tsunami hazard in Che Haines area from waves that origina:e from a 
distant source. 7be resulting studies, particularly if a hydraulic model 
~ere constructed, also would furnish information that probably would be 
helpful in evaluating ~nether or not seiche waves could be generated in 
inlets in the vicinity of Raines. 

6. In the event of a major earthquake in or near the Haines area, 
a .multidisciplinary team, including geologists, geophysicists, seismol­
ogists, and engineers, should study the affected area to dete~ne the 
accual ground effects and the effects upon the scructures built thereon. 
Such a s~udy not only w-ill add co the overall knoYledge of earthquake , 
effects buc, in chis particular ins:ance, where some previous engineericg 
geology studies have been made, it w-ill afford an opporcunity co compare 
the actual effects with our present assessments. Only in this ~ay "7i.ll 
it be possible co assess the accuracy of our evaluations and at the same 
tillle to furnish guidelines for i_ncreasing the 'worth of future studies of 
this napire. 

7. Additional drilling and sampling, supplemented by the recommended 
geophysical -w-rk .co be done in connection -wi ch the recommendation in it em 
l, should be done to deter.nine whether rocks of Tertiary age underlie the 
surficial deposits in the saddle area ~est of Haines. The drilling also 
should provide additional inform.acion on the thickness of the surficial 
deposits and the grouad-wat·er potent:tal -of the =-area; and ·-it· should help 
in the interpretation of the recommended geophysical work to be done in 
conneccioll' ~ith the 9Cudy of the inferred faults of the area. 
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8, Studies of ptesenc rates of land e.!11.ergeoce in Raines and other 
selecccd localities in southeastern Alaska should be continued to try 
to differentiate land rebound caused by deglaciation from land- level 
changes due to faulting, Also, in order that land-level change due to 
rebound can be clearly distinguished from land-level changes due to 
local co~paccion of su~ficial deposits, all pruary tidal bench marks 
should be established on bedrock. 

• 
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GLOSSARY 

technic~l carms thac are used extensively in this report are d~fined 
here for raaders ~a may n~t be fatailiar vith them. 

Cr~eo: The slow, generally i~perce~tible, downslope movement of ---- earth ma.ceria.1, 

Diaudcton: A nonsoTted or poorly sorted sediment th.at consists of 
particles larger tha~ sand i~ a m.atrL< of sand, silc, aud 
cl~y-size particles. The carm. is noneommiccal as co ho~ 
che deposit ~s formed. 

JI!.e_: Tbe angle ~hich a bed, layer, dike, fault, fissure, or similar 
planar geologic feature forms with an imaginary horizontal 
surface when Deasured ac right angle to the strike. 

Drift: A general term for rock material of any kind that has be~n 
crans?orted from one place to another by glacier ice o~ 
associated streams. Milterial m.ay range in size from clay 
to boulders and may be sorted or unsorted. Ic includes 
cill and all kinds of stratifie~ deposits of glacial origin. 

Eoicenter: The point on the earth's su~face directly above the 
origin poict of an earthquake. 

Paule: A fr~ccure or fraccure zone along vhich chera has been dis­
placement of the t~o sides ~elative to one another parallel 
co che fracture. There are several kinds of faulcs: A 
corm.al fault is one in Yri~h che bang~ng wall (the block 
above the fault plane) has moved downward in relacion to 
the foocvall (the block belo~ che fau~t plane); en a verti­
cal fault, either side ha.s moved dow. in relation to the 
ocher side. A thrust fault is a ~ansle cau!c on 4hich 
the haniing vall has ~oved up~ard relative co the foot~a..11. 
A stTike-slio fault is a fault on ~hich there has been 
laceral displacement approx.u.iacely parallel to che strike 
of the fault. (If the lllOve~enc is such chat, when an ob7· 

serve.r looks across a faul►, t·he block acToss che faulc bas 
moved relatively co the right, then the fault is a ,i~ht­
laceral scrike-sli~ fa~lc; ·1f the displ3ce~eoc is sue~ 
thac che block across the fault ha.s moved relaciv~ly co 
the left, then che fault is a left-lateral strike-sli~ 

·fault.) .The term active fault--r;-10 common usage ~be 
literature, buc chere is no ge~eral agrea.e~t as to the 
meaning of the teTill in relation to time. In general, au 
active faulc is one on ~hicn continuous or, more likely, 
intermittent move~ent is occurring. As used in this 
-r~port, an active fault is defined as one ch.at ·has dis-
placed the ground surface during BoLoceae Cima. 
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Fol{ation: Banding or lamination of crystalline rock thac ~esulted 
from segregation of minerals during metamorphism or 
lamellar flov. 

Foocin3: X3nmade supporting portions of a structure, placed on the 
foundation. 

Foundation: Natural or artificially emplaced earth material on 
~hich man.made struccures are pl~ced. 

Graben: A fault block, ge~erally long and narrow, that has been 
relatively do~TI.dropped along normal fa~lts bounding each 
side of tba block. 

aolocene: The most recent epoch in geologic time; it includes the 
present. Used interchangeably vith the ·term Recent. As 
used in this report the Holocene Epoch consiscs 0£ approx­
imately the last· 10,000 years of geologic time. 

Hypsitherm.al: The prolonged interval of mild climate in ~he Holo­
cene Epvc~, vhich started about 8,000 years ago and may 
have ended as late as 3,500 years ago in southeastern 
Alaska. 

Intensity: Refers to che severity of ground ~otion (shaking) ac a 
specifi~ location during an earthquake and is based on 
th~ sQnSatioos of people and visible effects on natural 
and mac.made objects. The most videly used intensity 
scale in che United States is the Modified Mercalli inten­
sity scale. (See cable • 5.) 

Joint: A fractura ll\ bedrock alc~g ~h.ich ch.era bas been no movement 
parallel to the fracture. Movemenc at right angles to a 
fracture 1 ho~ever, may take place and produce an open 
join~. 

D KamQ: A mound, knob, er h.illoc~ of fluvioglacial origin in whi~h 
one or more sizes ware in contact vith glacier ice. Ka~es 
are diverse in size, shape, and composition and generally 
consist of poorly sort~d and poorly stTat1£1ed material. 

Lineament: A linear feature o~ the landscape, such as alined valleys. 
streams, ri~ers, shorelioes, fiords, scarps, and glacial 
grooves vhich may reflecc faults, shear zones, Joines, 
b~d.s_,_ or other scruc.tut"a.l geological featurli!s. 

Magnitude: Refers c.o c:he _total energy released at che source of an 
earthquake. ·It is based on sQismic records of an earth­
quake as recorded on seismographs. Unlike intensity. Chere 
is only one magnitude associaced v:f.Ch one earthquake. The 
sea.le is e.~ponential in character. and where applied to 
shallow earchquakes, an.increase of l unit in magnitude 
signifies approximately a J2~£old increase in seismic energy 
released. 
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Marine limit: The heighc to which sea level fonierly extended as 
contTasted with present sea level. It is used to iodi­
cate the approximate amount of relative rise of the land 
surfac~ above present sea level. 

lilcroearthauake: An earthqua~e that generally is too small to be 
felt by man and can only be detected instrucentally. The 
lower liTllit of mag:d.rude of felt earthquakes gene:rally is 
becveen 2 and 3; many microearchquakes, on the other hand, 
have magnitudes of less than l. 

Moraine: An accU111ulacion of m.acerial (mainly till) deposited by 
glac~er ice which ha~ a topographic expression of its 
ovn. It includes but is nae restricted to ground moraine. 
end moraine, terminal moraine, medial moraine, and lateral 
moraioe. 

Muskeg: Organic-rick deposits consisting of peat and other decay­
ing vegetation; commonly found in swamps and bogs. 

~eo~laciat1on: An episode of relatively cool climate that followed 
the HY?sithenial, and extended from about 3,500 years ago 
in southeastern Alaska to the present. 

Out~sh: Material transported by glacial melc-wacer streams aod 
laid do'loln 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 
epoch" or ke Age.. The Pleistocene 'Epoch denotes the time 
from aoout 2 million to 10,000 years ago. 

Seism.icity: A term used to denote the historical frequency of earth­
quakes occurring in a cer:ain area. 

Seismic seiche: Waves set up in a body of water by the passage of 
seismi~ ~aves from an earthquake, or by tilting of a 
vatar-filled basin. 

Strike: The compass direction of a lint fanned by the intersection 
of a bed, bedding surface, fracture, fault, foliation, or 
ot~er essentially planar geologic feature with a horizontal 
plane. 

Till: An unstratified and unsorted mixcure of clay, silt, saad, 
gravel, cobbles, and boulder-size material deposited by 
glacier ice an land. 
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Tsunaei.~ A. sea ~ve, othenrise knoun ;::.s a seiSTniC sea wave, g._ne-r­
ated by sudden la-rge-scale vercical dis~l~cement of t he 
ocean bottom as a result of :.ubmarine ea-rthquakes or of 
volcanic action. '!sun.a.mis in the open oc~·An 'are lo-ns and 
lov, and have speeds of 425-600 miles an hour. A.s ' they 
enter shallow coastal vaters they can greatly inc~ease in 
heighc and Qlso in height of runup onto land. 

100 

- - --•- - - · · • .. .. .. . -·-- - .,. ... 

1-· · 

' . 

. .. 1 
I 

.i 

. , . 
• . .I 

' . . 

. . . : • 



R.EfERE~CES CITED 

Alaska Scat~ Housi~g Auchoricy, 1964, Raines and Pore Chilkoot, Alaska: 
Alaska Scace Housing Auchoricy, Comprehensive Plan, 77 p. 

American Society for resting Materials, 19S1, Symposiwn on the 
idancification and classification of soils: Am. Soc. !or Testing 
:iacarials Spec. Tech. Pub. 113, 91 p. 

Al:"lllstrong, J. r., and 8ra1.1TI, Y. L., 1954, Lace ~isconsin marine drift 
attd as sad aced se.di.1:u:n cs o·f the Lower Fra.ser Valley, Bri tisb. 
Colu..c.bia, Canada: Geal. Soc. America Bull,, v, 65, p. 349-]64. 

Barker, Feed, 1952, The Coast Range bacholich bet~een Haines, Alaska 
and Bennett Lake, British Columbia: California Inst. Technology 
thesis; available from University Microfilms, !nc., Ann Arbor, 
Mich,, 45 p. 

Barash, P. J., 1969, Use of seismic intensity data co predict the effects 
of earthquakes and underground nuclear explosions in various 
geologic settings: U.S. Geol. Survey Bull. 1279, 93 p. 

Barozzi, R. G., and Lemke, R. Y., 1966, El suelo da fundacion de Valdivia: 
Chile Insc. Iav. Geol., Es~udios Ceocecnicos, no. 1. 

Beaioff, Hugo, 1951, Earthqua~es and rock creep: Seismal. Soc. America 
Bull., v. 41, co. l, P· :n-62. 

Bogcock, R. S., 19S2, Ceology·oE Narth~est Shak~ak. Valley, Yukon 
Territory: Canada Geol. Survey Xet!l. 267, 54 p, 

Boucher, Gary, and Ficch, T. J., L969, M.icroearchquake seismi~1cy of 
• the Denali fault: Jour. Geophys. Research, v. 74, no. 27, 

p. 6638-6648. 

Boucher, Gary, ~acucoco, Tosimacu, aad Oliver, Jack, 1968, Localized 
~~croearchqcakes in the Denali fault zone: Jour. Geophys. Research, 
~ v. 73, oa. 14, p. 4789-4793. 

Brev, n.· A., Loney, R. A., and Muffler, L. J.P., 1966, !ectooic history 
o! soucheascern Alaska, .:!.E_ A Syt11.posium on the tectonic history and 
-cainaral deposi~s of the western Cordillera, Vancouver. 3. C., 1964: 
Canadian !~st. !-tlning a.nd ~etallurgy Spec. v. 8, p. 149-170. 

Ruddington, A. F., and Chapin, Theodore, 1929, Geology and mineral 
deposits of southeastern Alaska: U.S. Geol. Survey Bull. 800, 398 p. 

101 

J. 

II 
1, 

" 

... 

f -

• ' 
.i 

/· 

... . .;-

. , 
~ J -_. 

,i . 

I 
. . ., .. , 

• ::.:w•~ 
': : . '; 

j 
• ' 

.. :. :.. J 



~anada D~parcmenc of Energy, Mines and Resources, Seismological Service, 
1953, ~9S5, 1956, 1961-1963, 1966, 1969, 1970 [Canadian earchquakes, 
1841-19651: Dominion Observacory Ottawa Pubs. 

~arey, S. W., and Ahmad, Naseeruddin, 1961, Glacial marine sedimentation, 
in Geology of the Arccic: Toronto, Ontario, Toronto Univ. Press, 
v. 2, p. 865-894; Tasmania Univ., Dept. Geology Pub. 87, p. 865-894. 

Casagrande, Arthur, and Fadwn, R. E., 1944, Application of soil ~echanics 
ia designing building foundations: Am.. Soc. Civil Engineers Trans., 
v. 109, Paper 2213, p. 383-490. 

Coulter, H. W, 1 and Migliaccio, R. R., 1966, Effects of the earthquake 
of March 27, 1964, at Valdez, Alaska: U.S. Geol. Survey Prof. 
Paper 542-C, 36 p. 

Davi!, T. N., and Echols, _:Carol, 1962, A cable of Alaskan earthquakes, 
1788-1961: Alaska Univ. Ceophys. Inst. {Rept. Ser.] UAG-Rl3l 
(Geophys. Research Rept, 8), (44] p. 

Davis, T. N., and Sanders, N. K., 1960, Alaska earthquake of July 10, 
19S8-Intensity distribution and field investigation oi norchern 
epicencral region: SeiS111ol. Soc. America Bull., v, 50, no. 2, 
p. 221-252. 

Duke, C. M., 1958, tffects of ground on destructiveness of large 
earthquakes: AID.. Soc. Civil Engineers P-co·c., Jour. Soil Mechanics 
and Found. Div., v. 84, no. SM:3, p. 1730-l - 1730-23. 

E.akin, H, M., 1919, Th~ Porcupine gold placer district, Alaska: U.S. 
Gaol. Survey Bull. 699, 29 p. 

Easterbrook, D. J., 1963, Late Pleistocene glacial events and relative 
sea-level changes in the northern Puget Lowland, Washiogcon: 
Geol. Soc. America Bull., v. 74, p. 1465-1484, 

1964, Void ratios ana bulk densities as means of identifying ---Pleistocene tills: Geol. Soc. America B·ull., v. 75, p. 745-750. 

Eppley, R. A., 1965, Earthquake his~ory of the United Scates-Pt. 1, 
S tronge.r earthquakes of the United Stat es (exclusive of California 
and western Nevada): U.S. Coast and Geod. Survey Spec. Pub. 41-1, 
rtvised ed. (through 1963), 120 p. Originally publi~hed 1938. 

Ferahian, R.H., 1970, Earthquake loads--Commentary 3, p. 579-S9S, in 
Canadian stnictural design manual-Supp. 4, National Building Code 
of Canada, 1970: Natl. Research Council Canada, Asgociate Comm. 
Natl; Bldg. Code, NRC 11530, 625 p. 

102 

) 

' : 

·' 
• ' 

.. ,. 
; 

-J 

• ' 

_,,, . 
' 

-~ . ,·: -
' 

, , ' 

-. I 
.. . ! · 

. - • •.I 

, _j 



Ferrians, O. J., Jr., 196!, Glaciolacustrine dia:nicton deposits in the 
Coppe·r River Basin, Alaska., in Short papers in geology a,1d 
hydrology: U. 5. Geol. SurveyProf. Paper 475-C, p. Cl21-Cl25. 

Foster, H. L., and larlscrom, T. N. v., l9o7, Ground breakage and 
&ssociaced effects in che Cook lnlec area, Alaska, resulting 
from the Xarch 27, 1964, earthquake: U.S. Gaol. Survey Prof. 
Paper 543-F, 28 p. 

Franklet, G. A., 1968, Centerline soils an~ materials siles 
investigation--Chilk4t River crossing: Alaska Dept. Kighways, 
Material~ Div., Project No. S-0961(7), 20 p., June. 

l969, Cente~line soils and oaterial$ sites in~estigations----- ., 
Pyramid Harbor co National Forest boundary: Alaska Dept. 
Highways, Eng. Geology Sec., Project ~o. S-0961(4), 60 p., Feb. 

Gabrielse, H., and Wheele!', J. 0., 1961 ► Tectonic framework of 
southern Yukon and northwestern British Columbia: Canada Geol. 
Survey Paper 60-24, 37 p. 

G~ological Survey of Canada, 1969, Geological ~ap of Canada: Canada 
Geol. Survey Map 1250A, scale 1:5,000,000. 

___ 1969a, Tectonic map of Canada: Canada Ceol. Survey Map 1251.A, 
scale l:5,000,000. 

Gilbert, G. K .• 1903, Glaciers and glaciation, v. 3, of Alaska 
[Harriman Alaska Expedicion, 1899]: New York, Doubleday, Page & 
Co, Rapr. 1910 by Smithsonian Ill.!t. as Barriman Alaska Ser., 
231 p. 

Grantz, Arthur, 1966, Str!ke-slip faults in Alaska: U.S. Geol. Survey 
ope0-file report, 82 ?• 

Gut~nberg, Beno, 1957, Effects of ground on earthquake motion: Seismol. 
Soc. America 3ull., v. 47, p. 221-250. 

Cutenberg, Beno·, an.<! llichcer, C. F., 1954, Seisin:i.city of the ean.n and 
as~ociaced phenocena: Princetori Univ. Press, ·2d ed., 310 p. 

1956, Earthquake magnitude, intensity, energy, and acceleration: 
---SeismoL Soc . .America Bull., v. 46, no. 2, p. 105-145. 

Hamil con,· lilarren, and Myers, W. B., 1966, Cenozoic tectonics of the 
wescern United States, in Internac. Upper Mantle, Comm., The 
vorld rife gyscem--a sympos~um, Otta~a, 1965: Rev. Geophysics, 
v. 4, no. 4, p. 509-549. 

103 

···--

I . 

. ·.; 

. .. i . , 

____ \ 

.,;, 

.i 
,I 

. - •. . ,. .. . ·. 
!. .. • . -;. 

. ~-
• ·>·~ ·~· . 

"T. •.;. 

J 

-, ··- - . --- ·-

·,_ 



Hans.en, tJ. R., 1965, Effects of tha earc.hquake of March 27, 1964, a.t 

Anchorage, Alaska: U.S. Geol, Survey Prof, Pape~ 542-A, 68 p. 

Harland, W. B., Herod, K. N., and ~rinsley, D. H., 1966, The definition 
and identification of tills and tillites: Earth-Sci. Rev . , 
v. 2, p. 225-256. 

Ra9.egaYa 1 H. S., 1971, SeiSlI!ology in Canada: Earthquake Inf. Bull .• 
v. 3. no. 5, p, 10-15. 

H~ck, N. H., 1958, Continental United Stat~s and Alaska (exclusive of 
Califonia and western· Nevada), Pt, l of Earthquake history of 
the United States: U.S. Coasc. and Geo~ Survey (Pub.] 41-1, 
revised ed. (chrough 1956), 80 p. Revised by R. A. Eppley, 
1958; originally pub. 1938. 

Reezen, B. C., and Johnson, G. L., 1969, Alaskan submarine cables-a 
gcruggle •..rith a harsh envi.ronmenc.: Arctic, v. 22, oo, 4, 
?· 413-424. 

Hicks, S. D., and Shofnos, William, 1965, The determination of land 
emet"gence from sea level obse.rvar:ions ~n sot.J!:~easc Ala.ska: Jour. 
Geophys. Research, v. 70, na. 14, p. 3315-33'.i::O. 

Hodgsont J. H., 1966, Elementary seismology and sd.smic zoning, in 
Sy,nposium on earthquake engineering, Univ. Br.itish Columbia-,-1965, 
Proc.: Vancouver, B. c., Univ. British Coltc:lbia, Civil Eng. 
Dept. 1 p. II1-II12. 

Iocernational Conference of Building Officials, 1970, Uniform. building 
code-1970 edic.ion: Pasadena, Calif., Internat. Conf. Bldg, 
Officials, v. 1, 651 p. 

!ncernacional Sai~mological Centre, 1967-1970, Regional catalogue of 
earthquakes [1964-19661: Edinburgh, Scotland. 

King, P. B., compiler, 1969, Tectonic map of Norch America: U.S. Gaol. 
Survey Kap, scale 1:5,000,000. 

Knopf, Adolph, 1911, Geology of the lkrners Bay region, Alaska: U.S.· 
Geol. Survey Bull. 446~ 58 p. 

1912 1 The Eagle River region, southeastern Alaska: U.S. Geol. -~-Survey Bull. 502, 61-p. 

Lane, E.W., chm .• 1947, Report of the subcomraitcee on sedimenc 
terminology: >.m. Geophys. Union Trans., v. 28, no. 6, p. 936-938. · 

104 

' -- -•·-- ·- ···------- ----

, I 

. :1 - •. / . 

• : -...; 

- i • 

. I 

I .• 

' . I 

: • ··: ..• ; 

'. . .. ~~ 

,· ·, . ,~-~ 

' . I 
• -i 

·. ; ; , :. _ _) 

-I 



• 

Lemke, R. W., 1967, ££feces of che earth~uake of Match 27, 1964, at 
Seward, Alaska: U.S. Geol. Survey Prof. Paper 542-E, 43 p. 

te~ke, R. ~., and Yehle, L.A., 1972, Regional and other general 
f a.c tors bearing on evaluation of earthquake and other geo l ogic 
hazards to coastal colllJllunitie.s of southeascern Alaska: U.S. 
Geol. Survey open-file report. 

Maley, R. P., and Cloud, W. K., 1971, P~eliminar-y strong-motion 
results f'rom 'the San Fernando earthquake. of February 9. 1971, 
in ThB San Fernando, California~ eart~quake of February 9, 
1971: U.S. Geol. Survey Pt"of. Paper 73.3, p. 163-176. 

Mcconaghy, J. A., 1970, Reconnaissance of water resources in the 
Haines-?ort Chilkooc area, Alaska: D.S. Geel. Survey Circ. 626. 
16 p. 

HcCulloch, D. S., 1966, Slide-induced Yaves, seiching, and g~ound 
fractuting caused by the earthquake of March 27, 1964, at Kenai 
Lake. Alaska: U.S. G~ol. Survey Prof. Pape·.c 543-A. 41 p. 

HcGarr, Arthur and Vorhis, R. C., 1968, Seismic seiches fro~ the 
March 196~ Alaska earthquake: U.S. Geol. Survey Prof. 

· P al)er 544-E, 43 p. 

Menard, R. W., Jr., and Dietz, R. S., 1951, Submarine geology of the 
Gulf pf Alaska~ Geol. Soc. America·Bull,, v, 62, -p. l263-128S. 

~igliaccio, R. R., and Slater, U. H., 1968, Bridge foundation report 
on the Chilkat River crossing: Ala.ska Dept, Highways, Eng. 
Geology Sec., Project ~o. S-0961(7), 12 p., June. 

Miller. D. J., 1953, Lace Cenozoic marine gla~ial sediments and marine 
terraces of H.iddleton Island, Alaska: Jour. Geology, v. 61, 
p. 17-40. c 

___ 1960, Giant waves in Lituya Bay, Alaska: U.S. Geol. Survey 
Prof. Paper 354-c. p. 51-86. 

Millar, M. !i., 1970, 1946-1962 ·survey of tne regional pattern of 
Alaskan glacial variations: ~atl. Geog. Soc. Research Repts .• 
1S61-1962 P~ojects. p. 167-189. 

Miller, R. D., 1972, Surficial geology of Juneau u-rba.n area and 
vicinity, Alaska, with emphasis on earchquake and other geologic 
hazards:. 0. S. Geol. Survey open-file report:. 

Millikan, R. A., chm., 193J, Earthquake hazard and earthquake protec­
tion: Los Angeles, Joint Tech. Colll!IJ.. on Earthquake Protecdcn 
Rapt. 

105 

-~--... -----· ~-·-·-·-·--- - - - , ·--

., 

I . ----:--'. 

- - '1 . . 

- I 

- J 

• ------ -· -~-· - ·- - - ·-- ---~- ~---



Milne, W. G., 1963, Seisrnicicy ~f ~escern Canada: Bol. Bibliog. 
Geofisica y Oceanografia Am.• v. 3, pt . Geofisica, p. 17-40. 

___ 1966, Ea.rchquake activity _in Canada, in Sym!)oSiu.m. on earchquak.e 
engineering. Univ. British Columbia, 1965, Proc.: Vancouver, 
B, C. 0 Univ. Brltish Columbia, Civil Eng. Dept., p. II47-II6J. 

1967, Earthquak'e epice-o.terg and strain .release in Canada: ---
Canadian Jour. Earth Sci., v. 4, no. 5. p. 797-314. 

Milne, W. G., and Davenport, A. G., 1969, Distribution of earthquake 
risk in Canada: Seismal. Soc. America Bull., v. 59 0 no. 2, 
p, 729-7S'1.. 

. Mitchell. J. K., and Houston, W. N,, 1969, Causes of clay sensitivity: 
Am. Soc. Civil Engineers Proc., Jour. Soil Mechaoics and Found. 
Div., v. 95, no. SM3, p. 845-871. 

Hunson, R. J., 1962, Centerline soils and materials site investigation-­
Lutak Road, Haines, Alaska: Alaska Dept. High~ays, Eng. Geology 
Sec., ?roject ~o. F-095-10(2), 45 p. • Dec. 

·National Research Council of Canada, 1970, Climatic information for 
ouilding destgn in Canada--Supp. l, National Building Code of 
Canada: ~atl. Research Council Canada, Associate Comm. Natl. 
Bldg. Coda, NRC 11153, 48 p. 

Neumann, Frank, 1954, Earthquake intensit:y .and related ground motion: 
. Seattle, ~ashir.gton Univ. Press, 77 p. 

Neumann, Frank, and Cloud, W. K., 1955 1 Strong-motion records of the 
Kern County earthquakes: California Div. Mines Bull. 171, 
p, 205-210. 

Omcte, Syumitiro, 1949, The relation between the earthquake daages 
and the scruccur~ of the ground in Yokohama: Earthquake Research 
Inst. Bull., v. 27, p. 63-68. 

Page, Robert, 1969, Late Ceno~oic movement on the Fairweather fault 
10 southeastern Alaska: Geol. Soc. America Bull., v. 80, 
p. 1873-1877. 

Plafker, Ge~~ge, 1969, Teccon1cs of the March 27, 1964, Alaska 
earthquake: U.S. Geol. Survey Prof. Paper· 543...:.r,-•74 p. • (1970]. 

1971, Possible future petroleum resources of Pacific-margin ---Tertiary Basin, Alaska, p. 120-135, in Cram, I. H., ed,, Future 
pecrol~um provinces of the United St'ites--their geology and 
potential: AJIJ. Assoc. Pe~roleUtD Geologists, Mem. 15~ v. 1 1 803 p. 

106 
I 

1· 

• l ... ... 

.J 

i 
.I 

- ... : 

·' . ' ' 
· I 

• • L 

~- r-

• 



• 

Post, Austin, 1967, Effects of the March 1964 Alaska. earthquake on 
glaciers: U.S. Geol. Survey Prof. Paper 544-D, 42 p. 

Rasmus~en, J. D .• and Frauklet, C. A., 1969, Centerline soils and 
materials sites invesc1gat1on--Haska Creek to Pyramid Harbar: 
Alaska Dept. Highways, Eng. Geology Sec., Project ~o. S-0961(7), 
19 p .• Dec. 

Redfield, A. C. • 1967, Postgla.cial change in sea level in the western 
North Atlantic Ocean: Science, v. 157, no. 3789, p. 687-692. 

R.1chter, C. F., 1958, Elementary seis~ology: San francisco, 
W. a. Freeman and Co., 768 p. 

---1959, Seismic regionalizacion: Seismol. Soc. America Bull., 
v. 49. p. 123-162. 

Richcer, D. R. • a.nd ~atson, N'. A., Jr., 1971, Quaternary faulting in 
• the eastern Alaska Range: Geel. Soc. America Bull., v. 82, 

p. 1529-1539. 

Robertson, E. C., 1956, ~gnetice deposits near Klukwan and Haines, 
southeaste~n Al~ska: U.S. Geel. Survey open-file report, 37 p. 

Sainsbury, C. L., and Twenhofe:, W. S., 1954, Fault patterns in 
southeastern Alaska [abs.]: Gaol. Soc. America Bull., v. 65, 
p. 1300. 

St, Amand, Pier.-e, 1954, Tectonics of Ala.ska as deduced from seismic 
data [abs.]: GeoL Soc. America Bull., v. 65, p. 1350, 

___ 1957, Geological and geophysical synthesis of the tectonics 
of portions of Bricish Columbia, the Yukon Territory, and Alaska: 
Geol. Soc. America Bull., v. 68, p. 1343-1370. 

Seed, H. 8., l9i0, s·oil problems and soil behavior, p. 22.7-251, in 
Wiegel, R. L., ed., Earthquake engineering: ~ew Jersey, P~entice­

~ Hall, Inc., ~18 p. 

Shepard, F. P., 1963, Thirty-five thousand years of sea level, _.!E. 
Essays in marine geology in honor of K. O. Emery: Los Angeles, 
Southern California Caiv. P~ess, p. 1-10. 

• • Sh~pa fdi-~Y. 2P'i, ..:.-Md-= Cu tray ;-:Jr. Rl; :1~96 ~ ';~Ca.roon~l45d~t:enn.i ~ ioo~P.{,:­
·sea level ~ha.nges in stable area, in Progress in oceanog~aphy-­
v. 4. The Quaternary history of the ocean basins: London and 
Ne~ York, Pergamon Press, p. 283-291. 

Souther, J. G., 1970, Volcanism and its relationship to recent crustal 
·- movements in the Canadian Cordillera: Canadian Jour. Earth Sci., 

v. ·1. no. 2, pt. 2, p. 553-568. 

107 

.; 

j 
- ' . ·J 

I 
•j 
r 

:.;. -:- ◄--

• -~ 
' . 

' 

' ' 
' ' . , 
- l 



Steinbrugge, K. V., 1968, Earthquake hazard in the San Francisco Bay 
area--A continuing problem in public policy: Berkeley, Calif., 
California Univ. Inst. Governmental Studies, 80 p. 

Swanston, n. N., 1969, Mass wasting in coastal AJ.aska: U.S. Dept. 
Agriculture, Forest Service Research Paper PNW-83 1 15 p. 

Tarr, R. S., and Hartia, Lawrence, 1912, The earthquakes at Yakutat 
Bay, Alaska in September 1899: U.S. Geol. Survey Prof, Paper 69, 
135 P• 

Taylor, li. P., Jr., and Noble, J. A., 1960, Origin of the ultrarnafic 
complexes in southeastern Alaska: !nternat. Geol. Cong : , 21st, 
Copenhagen, 1960, Rapt., pt. 13, p. 175-187. 

Terzaghi, Karl, and Peck, R. B., 1948, Soil ~echanics in engineering 
practice: New York, John Wiley & Sons, 566 p. 

Tobin, D. G., and Sykes, L. R., 1968, Seism.icity and tectonics of the 
northeast Pacific Ocean: Jour. Geophys. Research, v. 73, no. 12, 
p. 3821-1845. 

Tocher, Don, and Miller, D. J., 1959, Field observations on effects 
of Alaska earchquake of 10 July 1958: Science, v. 129. uo. 3346, 
p. 394-395. 

Twenhofel, W. S., and Sainsbury, C. L., 19S8, Fault patt:e-rns in 
southeastern Alaska: Geel. Soc. America Bull., v. 69, p. 1431-1442. 

U.S. Army Cot11s of Engineers, 1962, Pavement design for froac 
condicions: Engineering and Design Manual EM 1110-1-306, 74 p. 

U.S. Atomic Energy Commission, 1963, Nuclear reactors and ea~thquakes: 
U.S. Atomic Energy Comm., Div. Reactor Devel., TID 7024, 415 p. 

U.S. Bureau of the Census, 1971, Number of inhabitants, Ala.ska: 1970 
Census of Population, PC(l)-AJ, 23 p. 

U.S. Bureau of Reclamation, 1960, Earth manual-A guide to the use of 
soils as found-a tioos and as cons c rue tion 111.a t_e rials for hydraulic 
structures: lsc ed., Denver, Colo., 751 p. 

U.S. Coast and Geodetic Survey, 1930-1969, United States earthquakes 
[annual voll.lilles for the yeaTs 1928-1967). 

---1964-1970, Preliminary detenoination of epicenters: Monthly 
Listing, Jan. 1964-Dac. 1969. 

---1969, H)71'acenter data file [computer printout ~heet.s for the 
period January 1961-July 1969 covering lac 48°-75° N., long 
120°-145° W.]. 

106 

--- -----~·-

,· 

✓ • 

f 

:i 

. ;· 
; · • :··.·.i 

• ', 

· . , 
', ! 

. ·:,, 1·· 
~:j 

;. 

.. 

' l .. 
• 



Waller, R. X., 1966a, Effects of the Xarch 1964 .Alaska earthquake on 
the hydrology of south-central Alaska: U.S. Geol. Survey Prof . 
Paper 544-A, 28 p. • 

1966b, Effects of the March 1964 Alaska earthquake on the ---hydrology of the Anchorage area: U.S. Gcol. Survey Prof. Paper 
544-B, 13 p. 

1968, ~acer-sedi~ent ejeccio~s, in The greac Alaska earthquake ---
of 1964-H:-·d:-ology, pc. A: Nacl. Acad. Sci. ?ub. 1603, 
p. 97-116. 

Watson, K. OeP., 1948, Tha Squaw Creek-Rainy Hollo~ area, northern 
British Columbia: ~ritish Columbia Dept. Mines Sull. 25, 74 p. 

Wiegel, R. L., 1964, Oceanographical engineering: New Jersey, 
Prentice-Hall, Inc., 532 p. 

Wilson, J. T., 1965, Transfonn faults, oceanic ridges, and magnetic 
anomalies south~est of Vancouver Island: Science, v. 150, 
no. 3695, p. 482-485. 

\,lood, F. J. 1 ed. , 1966, The Prince :li.lliam Sound Alaska earthquake of 
1964 and aftershocks: U.S. Coast and Geod. Survey Pub. 10-3, 
"· 1, 263 p. 

Wood, H. 0., 1908, Distribution of apparent: intensity in San Francisco, 
p. 220-245. in Lawson, A. C., chm .• The California earthquake of 
Aprll 18, 1906: Carnegie Inst. Washington Pub. 87, State 
Earthquake Inv. Com:n. Rept., v. 1, pt. 1, 254 p. 

Wood, 8. O. , and Neumann, Frank, 1931, Modi=ied ~ercalli intensity 
scale of 1931: Seismal. Soc. Amer~ca Bull., v. 21, no. 4, 
p. 277-283. 

~right, F. E., and Wright, C. W., 1960, The Glacier Bay National 
Monument in southeastern Alaska-its glaciers and geology: U.S. 
Geol, Surv~y open-file report, 224 p. 

109 

-r 

'i 

. ' 
' - I 

- - I 

' --~ ~--·-:: --
· - __ _ ., . - ·-

·_,_i~;: a 

I; _-, 
' 

•j 

I 
- -- - _1 



. . . . . . . . . . . . . . 

. . . . 
.. . . 

.. . 

..J 
<l ·o 
;:: 
Q; 

.. ... 

l&J 10()'1.. 
> 

. . 

0 soo ,ooo 1500 
DISTANCE FROM HAINES 

2000 ' 2500 
HIGl-lWAY, IN FEET 

3000 ~o 4000 •~oo 
: 

•Ooo . • ~ 

MEAN SEA· •. 

-- --:-.- ! 
___ .., _, _ 

.. ...... ----- --- - - ---- -.--

• I , I ... , 

Std rock 

60) 
I 
I 
I 
I • 
I 
I 
I 
I 
I 
I 
I 

. . I 

I 
. l 
' • I 

J 
. .. •. ,. . I 

; 

--

. . . 
.. 

.. . . . . 

.. 
. 
• 

EXPL<NA"UON 

~Ceno~all y eond aod gr~vel ; eome cobble~ 
~ l>ou)dera (Qf or Qel>) • 

and . ; 

to fi.., "(Qr, ~ Sa,,d, co::m:oonly fi'lle ; loose 
~ flood-plain phue) • . . 

IT Silty . ~1•• ·• M<i_ } • 
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1z 1' . 
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It-.:. .. ·"' .. . ••. •• • •··<. . -·· mixture., , ~eOse (Qd_) • . 
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