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I. Introduetion

.This report provides a seismic hazard analysis of the State of Alaska's
Nenana Agricultural Development (NAG) area. The site is in central Al;ska
near the town of Nenana. The boundaries of the area are the Tanana River to
the nerth and northeast, the Nenana River to the southeast, the Kantishna
River to the west and the foothills of the Alaska Range to the south
(F1g. 1). For purposes of calculations the area s represented by a single
site, at 1ts center, {.e., at 64.5° N and 1439.0° W,

The purpose of the analysis {s to provide a quantitative basis for dasign
purposes in a seismically active area. Seismic design considerations are
frequently based on the peak acceleration of ground motion (PCA) caloulateq
for a particular time period of interest and probabllity level of
occurrence, In what follows we have calculated the PGA value that has a 90%
probability of not being exceeded in a 50-year period. PGA is surely not the
only parameter to be taken into account (n seismic¢ design consideration,
particularly for critlical facilit{es. 1t does, however, reflect well the
seismic hazard level one has to contend with. Also, the present study
provides all non site-specific information required to derive - for any
desired period of {nterest and exceedence probability - values of other ground
motlion parameters of interest, if relationship between these parameters and
earthquake magnitude and distance are available,

In calculating seismic exposure values three basic steps have to be
taken:

1. Identification of seismotectonic structures (selsmic source zones)
capable of generating esarthquakes, geomet{ric modeling of each source

zone, and determination of earthquake recurrance rates and magnitude



distribution for each source zone.

2. Selsction of relatidnships that describe the attenuation of the desired
exposure parameters as functions of distance to the site and earthquake
magnitude.

3. Calculation of the probability of occurrence of a given value of the
ground motion parameter of Iinterest, based on the probablility of
occurrence of earthquakes of different sizes at each seismic source zone
def ined and based upon the attenuation relationship used. This
calculation is made for a series of motion parameter values and the
effect of all source zones is combined to derive a cummulative
distribution function of the probability of exceedence of the ground
motion parameter value at the s{te. From this the value with a certain
probability of exceedence can be obtained.

The above steps are common to most selsmic risk evaiuation procedures.
Differences arise primarily in connection with the selection of the particular
probability models used Lo describe earthquake occurrence and magnitude
distribution and the sophistication with which the source geometry can be
modelled. The reason for the probabllistic approach is simply our tnability
to predict the size and time of occurrence of future earthquakes as well as
lack of understanding and uncertainties in the physical processes that
generate the ground motion at a particular sfite. The particular approach
chosen for this study i{s that of Mortgat and Shah (1979). The computer
algorithm used to perform the calculations {s based on the one developed by
Woodward-Clyde (1982a).

In deriving the input parameters for the analysis one is foreed to make
subjective assumptions and decislons. They are based on what wa consider to

be the best data available and our best judgement. However, in many cases



other, asqually reasonable, considerationé can lead to quite different {nput
parameters. Thia has bedn taken into account by carefully investigating the

influence of such changes on the calculated exposure values.

II. Earthquake Source Zones

A, Seismotectonic Framework

The underlying cause of the seismiocity of Alaska is the relative motion
between the Pacific and North American plates (Fig. 2 and Fig. 3). Along the
Fairweather-Queen Charlotte transform fault system the two plates are slipping
past one another In right lateral motion, Along the Aleutian Isltand arc and
the Alaska Peninsula, the oceanic Pacific plate 1is underthrusting-the
continental North American plate. A fairly narrow belt of shallow, crustal
seismlicity along the Alaskan panhandle traces the transform system. The wider
belt of selsmic activity along the arc reflects subduction of the oceanic
plate. It consists of an outer, shallow dipping thrust zone representing the
{interface between subducted and subducting plates, and an arcward, steeper
dipping zone, termed the Wadati-Benloff zone. The Wadati-Benioff zone
represents the brittle, seismlcally active interior portion of the subducting
plate. The widening of the seismi¢ zone in southcentral Alaska reflects the
widening of the thrust zone as the Wadati-Benioff zone and line of volcanoes
start bending northward near lower Cook Inlet. The northernmost edge of the
Wadati-Benioff zone is near 64° N, some 40 km nortn of the Hines Creek strand
of the Denall fault (Davies, 1975, Agnew, 1980).

The plate convergence generates stresses also within the overriding plate
resulting in a broad zone of intraplate seismicity which decreases with

increasing distance from the plate boundaries. However events of magnitude as



large as Mg = 7.3 have occurred historicaily at distances of several hundred
kilometers frem it. Considering the location of the study site the intraplate
seismicity will provide the largest contribution to the selsmic hazard.

While the plate boundaries and Wadati-Benioff zones are fairly weil
delineated it 1s not a straightforward matter to construcet the intraplate
source zZones. Some gulidelines can sometimes be obtained by investigating the
association between the historic seismicity - especially larger events - and

known pr suspected fault systems as is done in the following section,

B. Historic Earthquakes (Mg 2 6.25)

Table 1 presents a list of all earthquakes with magnitude Mg 2 6.25
recorded between 63° N and 67° N latitude and 146° W and 157° W longltude.
Fig. U shows these evants together with known faults. Several of the older
evants have been relocated during this study and by octher workers. In the
figure these events are shown at what we consider the{r most aceurate

location.

August 15, 1904 (Mg = 7.3)

One of the largest events ever recorded in interior Alaska, it cannot be
related directly to any known fault system, Wave form analysis (Woodward-
Clyde, 1982b) indicate that the event occurred in the crust and was assoclated
with strike-slip motion. It could concelvably be assoctated with a presently
unmapped continuation of the southern branch of the Tintina fault system, the
Beaver Creek fault. In splite of the relocation the location of this event

must be conslidered uncertain given the early date.

July 7, 1912 (Mg = 7.2)



This event  is probably associated with the Hines Creed strand of the
Denal{ fault system. Wave form analysis (Woodward-Clyde, 1982b) indicate

crustal depth and a atrike-slip mechanism.

January 21, 1929 (Mg = 6.25)

This 1s one of several large events that have theilr location in the
Tanana valley south of Fairbanks. It cannot be related to any mapped fault
system, The event appears to be crustal In depth with 8 strike-slip mechanism
(Woodward-€lyds, 1982b). It might be assoctated with a droad, ESE-WNW
strixing cluster of shallow seismicity that can be discerned from maps of

recent (Flg. 5) and historlc (Flg. 6) seismieity.

July U4, 1929 (MS = 6.5)
This event occurred within a few kilometers of the above one, thus {ts
relationship to any fault system ls similarly enfgmatic., It too appears to be

a crustal event with strike-slip mechanism (Woodward-Clyde, 1982b).

September 4, 1935 (Mg = 6.25)

This event could conceivably be associated with the Iditarod-Nixon fault
though it locates almost 50 km away from it. No known faults are known closer
to the epicenter. Thare i{s presently no evidence that the Iditarod-Nixon

fault is active.

July 22, 1937 (MS = 7.3)
This event which occured about 40 km southeast of Fairbanks ls not
assocliated with any mapped fault. However our relocation puts this event

within a few kilometers of 2 seismic trend that i{s particularly sharp on the



short-time seismicity map (Fig. 6). A firat motion fault-plane solution of
this event (Adkins, 1940) indicates primarily strike-slip motion on elther a
N 30° E or N 83° W striking fault plane. The former direction (s almost
precisely that of the seismic trend. Therefore this event is most 11k§1y

assoclated with a selsmically defined fault zone which is presently active.

October 16, 1947 (Mg = 7.2)

This is another large event in the Tanana valley south of Fai{rbanks,
close to the two events of 1929, It cannot be related to any known faults,
dbut could be assoclated with the selsmic cluster mentioned in connection with

the two earlier events.

August 19, 1948 (Ms = 6.,25)

The location and particularly the depth (90 km) of this event indicatea
that 1t {s associated with the Wadati{-Benioff zones. The depth appears to be
well constrained by clear depth phases at several California seismic stations

(Woodward-Clyde, 1982b).

April 07, 1958 (Mg = 7.3)

The epicenter is about 40 km to the northwest of a series of south-west-
north-east trending faults: Huslia fault (Patton, 1966), Shoestring Sand Dune
fault (Weber and Pewe, 1970), and Gusasa River fault (Bickel and Patton,
1966). Davis (1960) suggests a fleld epicenter on the Shoestring Sand Dune
fault. A fault plane solution (Ritsema, 1962) indicates normal faulting along
a fault striking in the same direction as the mapped fault system and the
dominant direction of fracturing and collapse features observed by Davis
(1960)., It s possible that this event ls associated with the Huslia fault

system.



April 13, 1958 (Ha = 6.75)
This aftershock of the April 07, 1958 earthquake is in line with the
Huslia fault and the Shoestring Sand Dune fault and, as the mainshock, might

be associated with that fault system.

May 10, 1958 (Mg = 6.4) and May 11, 1958 (Mg ~ 6.4)
The locations of these events are very close to each other and very near

to a mapped portion of the Kaltag fault and could be associated with it.

October 19, 1968 (Mg = 6.5)

Known as the Rampart earthquake it was the f{rst one above magnitude 6 to
occur in central Alaska after a considerable amount of seismic instrumentation
had been installed ln several parts of Alaska in the wake of the great 1964
earthquake. Hence selsmological information of considerable value (s
available for this event. First motion fault plane solutions of the mainshock
and the aftershock activity show that this event is assocliated with a shallow,
steeply dipping strike-slip fault, trending north-south (Huang and Biswas,
1983). There is no previously mapped fault assoclated with this aftershock
zone, which crosses the Yukon river near the Trans-Alaska plpeline bridge
where during construction a fault gouge was discovered. Thils event poi{nts out
some of the problems that exist in correlating historic earthquakes with
tectonic features., Without the information derived from modern teleseismic or
regional data {t would have been not unreasonadble to associate this event with
either the Tintina or the Victoria Creek fault. The seilsmic data show
unequivocally that such an association is at the most indirect and that no

straln release on these faulfs was invodlved.



The above discussion indfcates that; considering the location
uncertainties for pre-1960 events, many of them could have been associated
with known faults suen as the Denali fault, Iditarod-Nixon fault, Xaltag fault
and Huslia fault. With the exception_of the Iditarod-Nixon fault, Hol?cene
offsets have actually been documented on these faults. That such correlations
can be erroneous has been discussed ln connection with the 1968 Rampart
earthquake, Other large historic earthquakes such as those in the Tanana
valley which is filled with Quaternary deposits cannot be associated with
mapped faults. However, one of these can be associated with a linament of
seismic activity that clearly delineates a seismically active fault. Such
sharp delineation requires a fairly dense seismic¢ network which in the
interior of Alaska has been operated for an extended time period only in the
vicinity of Fairbanks. Hence the concentration of seismic clusters in the
vicinity of Fairbanks (Fig. 5) might very well be an artifact of seilsmic
statlion distribution, and many such clusters might exist throughout the broad
zone of seismic activity. Davtes (1983) has pointed out that the large
historic events discussed here seem to define a SE-NW trending zone of selsmic
activity. He suggests that such alignment of seismicity might be expected
when a riglid indentor (the Pacific plate) impinges upon a plastic medium (the
North-American plate) somewhat similar to the model proposed by Molnar and
Tapponier (1975) for central Asla.

The NAG site itself and much of (ts surrounding areas are overlain by
Quaternary deposits and fault detection {s difficult, probably best achieved
oy monitoring of seismic activity with dense station networks. The mosaic of
fault-bounded tectonostratigraphic terranes, each of which has ifts own
particular tectonic history generate a situation where a multitude of planes

of weakneasses exlst along which the stresses transmitted by plate convergence



can be relaxed in the form of earthquakes. Seismicity and teotonlc style of
the intraplate region in interior Alaska do not fndicate a limited number of
well delineated seismic source zones but rather diffuse selsmic strain release
along broad zones. This diffuse zone might 1n reality consist of a 1;rge
number of seismically active lineaments that have not yet been resolved

throughout most of the region.
C. Seismic Source Zone Modelling

Plate Boundaries and Wadati-Benioff Zones

These zones are well Jdelineated from data collected by various regional
seismic networks., The shallow thrust zone has been modelled between the
eastern margin of the 1964 Alaska earthquake rupture zone and the southern tip
of the Kenai Peninsula. To accomodate the change in width and strike, two
segments are being used (Fig. 7). Similarly two segments have been used to
model the corresponding Wadati-Benioff zones. (Table 2 lists geographic
coordinates and depths of all the nodes that .have been used to construct the
source zones.) Note that the computer algorithm requires area sources-to be

constructed as trapezoids with the parallel sides at different depths.

Intraplate Source Zones

With the exception of two faults all lntraplate seismicity has been
modelled by two “random'" source zones. "Random" expresses the stipulation
that earthquakes will occur equally likely everywhere throughout the zone,
rather than a limited number of selsmogenic features. The northern one of
these zones reflects in its layout the trend lndicated by the large historic

events, the southern random zone reflects the broad northerly trending zone of



intraplate seismicity overlying, in part; the Wadati-Benioff zone. The zone
extends further to the sduth and has been terminated here at a latitude bayond
which selsmicity will not {nfluence the seismic exposure at the site of
interest.

A 500 xm long portion of the Denal! fault - from where the Totschunda
fault merges in to its western terminus - has been modelled as a separate
source zone with{n the southern random zone. The signiflcance of especially
the central section - the one closest to the NAG area - of the Denal{ fault
for present day selsmotectonics is somewhat entgmatic. The 1912 (HS = T7.2)
earthquake appears to be the only large historic event that might be
associated with the fault. Seismicity studies using regional networks (Todbin
and Sykes, 1966; Page and Lahr, 1971) i{ndicate that seismic activity is
oceuring in its vicinity. Geologic data from the central section (Hickman and
Craddock, 1971) suggest various displacement rates during Holocene times which
are discussed later. There is no documentation of fault displacement during
historic times. Hickman et al. (1978) suggest that the latest movement
occurred several hundred 10 several thousand years ago. Still, state-wide and
regional seismic hazard studies (Woodward-Clyde, 1982; Thenhaus et al., 1985)
do include the Denal{ fault as a specific source zone and it is modelled here
as a vertical fault consisting of three linear segments. Of the two strands
in the central section only the Hines Creek strand, the more northern one, has
been modelled.

The Minto fault has been modelled as a separate source zone within the
northern random zone because of its closeness to the NAG area. This fault
trends NE from the town of Nenana in frozen Quaternary deposits but does not
disrupt flood plain alluvium or other deposits of recent age, and (s expressed

as a scarp as high as 4 m with the southeast side thrown up (Brogan et al.,

10



1975). Barnes (1961) presents evidence from gravity surveys that the Minto
fault represents a surfade contact between Birch Creek schist and the floocd
plane alluvium, with the northwest side being downthrown., The original
mapping of Péwé (1966) indicates a fault length of 20 km. .

The fault is modeled here pased on seismic evidence, which indicates a
SWS-NEN striking feature, the northern terminus at the Beaver Creek faullt and
the southern one just south of Nenana (Fig. 8). The largest event of this
seismlc trend has a magnitude My = 4,2, A composite fault plane solution from
12 small events by Gedney (pers. comm.) indicates dip~slip faulting on a N 18°
W trending fault. This trend is transverse to the trend indicated by the
seismicity. The Minto fault possibly presents part of a complex horst and
graben system. It {s modelled here as a linear vertical fault trending as

{ndicated by the seismicity and a length of 70 km.
IIT. Seismicity

A. Maximum Earthquake Magnitudes
For the exposure calculations the magnitude of the largest earthqguake to
be taken Iinto account for each source zone has to be decided upon. These

values are summarized together with the seismicity rates in Table 3.

Thrust Zones

For the shallow thrust zones the maximum magnitude was taken as Mg =
8.5. While earthquakes as large as magni{tude Mw = 9.2 have occured on the
Aleutian-Alaska thrust zone we have chosen a smaller vdlae for several
reasons. That portion of the thrust zone modelled here has ruptured in a

great earthquake only some 20 years ago and it is felt that the system is not
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sufficiently recharged to generate an earthquake with magnitude larger than
8.5 within tﬁo-#ext 50 yéars, the time basis for the exposure calculation.
Furthermore, peak ground motion acceleration values are, aside from site
topographic and geological effects, primarily influenced by the dynamiés of
the stress release on high strength patches of the rupture plane rather than
the total rupture area which 1ls strongly reflected in the moment magnitude.
Empirical (Campell, 1981) and theoretical (Hooley and Helmberger, 1980)
studies indicate both magnitude and distance saturation of peak ground
acceleration values,

In order to accomodate rupture areas associated with earthquakes Iin the
magnitude M, = 9.0 range we would have to extend the portion of the shallow
thrust zone modelled. This appears unwarranted on account of the above and
considering that, because of the distances involved, the zone will influence

the exposure at the site only to a limited extent.

Benjiof f Zones

For the Wadati-Benioff zone a maximum magnitude of Ms = 7.9 was
assumed. No earthquake larger than that has been recorded for that zone in
the Aleutian-Alaska arc system and only three events clearly associated with

the Wadati-Benioff zone have been recorded elsewhere (Woodward-Clyde, 1982a).

Random Sources

Maximum magnitude of the random source zone was set at Mg = 7.5 This is
primarily based on the historic record, which shows three magnitude Mg = 7.3
events as the largest ones to have occurred over the past 80 years. The time
period for which one would expect earthquakes of this size to have been

recorded probably goes back about 90 years.

12



There are a number of large scale féult systems within this source zone
which, based solely on their extent and continuity could conceivably be
assoclated with earthquakes larger than Ms = 7.5, But the role of these
systems in present day seismotectonics is unclear, though many of them have
been shown to be seismically active (Estabrook, 1985). It is likely that
these large-scale features are expressions of a much earlier time period in

the evolution of Alaska, when they were tectonically much more significant.

Denali Fault
The maximum magnitude for the Denall fault was taken to be MS = 8.0, It
is difficult to rationally assign a maximum value for this fault. Considering

the fact that only one large historic earthquake (M_ = 7.2) can reasonably be

8
associated with it, the large value assigned is principally based on the fact
that it is such a dominant and extensive tectonic feature. Design criteria
for the crossing of the Trans-Alaska Pipeline stipulated in an almost a priori
fashion a maximum magnitude of M. = 8.0. Woodward-Clyde (1982) derive the
same value, based on a total fault length of 1080 km, the stipulation that
only about 30 percent of the total length will rupture during a single
earthquake and the empirical relationship of Slemmons (1977) between rupture

length and magnitude for strike-slip fault. However determination of what

constitutes a continuous fault length is not a straitforward matter.

Minto Fault

The cluster of seismic activity that appears to be associated with the
Minto fault has a length of approximately 70 km. Using the assumption
frequently made in seismic hazard work that only 50% of the continuous fault

segment will rupture in a single earthquake and using Slemmons' (1977)
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relationship between rupture length and magnitude for normal faults we obtain

a maximum magnitude of M, - 7.0 for the Minto fault.

B. Seismicity Rates
Table 3 summarizes the seismicity rates used for the various source
zones, When available the table also provides i{nformation on the rates

assumed by various other seismic hazard studies.

Thrust Zones

The rates used are based on the recurrance rates derived by Jacob and
Houksson (1983) for the whole Aleutlan-Alaskan arc from historic data. For
our purposes their relationship was adjusted taking into account that our
source zone models an approximately 400 km long portion of the arc. Also,
since their rates include the Wadati-Benloff zone seismicity we have also
assumed that only 85 percent of their rates apply to the shallow thrust
zona. The resulting recurrance rates are quite similar to those of WWCI
(Table 3) which are based on a regionally derived b-value and consistent with
a return period of 160 years for the 1964 Prince Williams Sound earthquake as

estimated by Davies st al. (1981).

Wadati-Benioff Zones

For the northern zone we have used the rates of Woodward-Clyde (1982b)
since these rates are based on detatled studies of an area that 1s part of
this source zone. For the southern zone we use the rates of Woodward-Clyde
(1982¢c) which are based on historic data from an area between the southern tip
of Kodiak Island and just north of Anchorage. The considerably higher seismi-

city rate of the southern zone is probabdbly due to the high rate of activity

Ty



beneath Iliamna volcano. Since such a high activity cluster exists also
beneath Mt. MeKinley, just straddling the boundary between the northern and

southern zone, these high rates might also be applicable to the northern zone.

Random Source Zones

The selsmicity rates for the northern zone are based on the following
assumptions: a b-value of .8, a seismic moment rate of 5,314 x 10%* dyn-ca/yr
and the maximum magnitude of Hs = 7.5. From these assumptions we can
calculate the a-value in the Gutenberg-Richter relationship (Dong et al.,
1984).

The b-value is taken from Thenhaus et al. (1985) who derive their value
from historic selsmicity data for 2 source zone that {s quite similar to the
present one, albelt extending considerably further towards the west, Davis et
al, (1978) derive a b-value of .814 from a 68 year data set for the Fairbanks
area which lies in the eastern portlion of the source zone.

The seismic¢ moment rate {s based on all earthquakes of magnitude
Ms 2 6.25 that have occurred (n the zone over an BO-year time period. The
relationship of Thatcher and Hanks (1973) was used to convert Mg into seismic
moment ,

For the southern raqdom zone we have used recurrance rates 75 percent of
those of the northern one, taking into account that the Denali fault which
runs through this zone has been modelled separately. The two random zones
reprasent similar tectonic regimes, Being closer to the plate boundary one
might expect higher rates In the southern zone. However the portion modelled
shows a lower rate of large events. The only crustal events of magnltude
MS 2 6 are the 1912 Mg = 7.2 event which is probably associ{ated with the

Denali fault and the Mg = 6.25 event of 1935 (Fig. Y4; Table 1). A Mg = 7.3



(Nov. 3, 1943) event occurred 63.9° N, 151.3° W (Woodward-Clyde, 1982d) just
south of the source zone. The apparent lower rates could be an artifact of
the catalogue on acoount of its limited time coverage, they might indicate
considerable seismic strain release - in part aseismically - along the.Denali

fault or that for some reason the plate behaves more rigidly in this area,.

Denali Fault

The recurramce rates are based on a selsmic moment rate of 3.0 x 10?%*
dyn-em/yr, a b-value of .85 and a maximum magnitude of M, = 8.0. From these
we caclulate the rates in the same way as for the random source zones.

The moment rate is based on assuming an average slip rate of 1 cm/yr over
the 500 km portion of the fault we have modelled. Various studlies have been
conducted to infer displacement rates on this fauvlt., Data by Hickman and
éraddock {1973) from the Nenana River area suggest a displacement rate of 1.3
cm/yr for Holocene times (Woodward-Clyde, 1973). Stout et al. (1973) estimate
displacement rates of .5 to .6 cm/yr in Holocene times for a portion of the
fault east of the Black Raplds Glacier., Other studys (Plafker et al., 1977;
Hickman et al., 1977) find evidence supporting displacement rates between 1.0
and 3.5 em/yr in Holocene time. There appears, however, to be no
documentation of displacement on the fault in historic times (Woodward-Clyde,
1982a). In calculating the moment rate from the slip rate we have also
assumed a fault width of 20 km and a value of 3 x 10} dyn/cm? for the

rigidity modulus (u) of the fault zone material,

Minto Fault
The recurrance rates for the Minto fault are based on a- and b-values

determined from a 13 year (1968-1981) period of the earthquake catalogue.
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IV. Attenuation Relationships

At present strong ground motion recordings from Alaska are insufficient
in number to provide attenvation relationships based entirely on Alaskan
data. Selsmic hazard studies in the state nave therefore made use of a
variety of relationships. Thenhaus et al. (1985) use the Schnabel and Seed
(1973) relationships which are based on early western United States data.
Woodward-Clyde (1982a) use relationships derived from world-wide (primarily
Japan) subduction zone data for a seismic risk study of the Gulf of Alaska and
relationships based on Imperial Valley, California sarthquakes for work in
Anchorage (Woodward-Clyde, 1§82¢), and yet another set of relationships for a
hazard study of the Susitna Hydroelectric project (1982Db).

In the proposed study two separate sets of attenuation relationships are
used, depending on the type of source zone involved. For ezarthquakes
associated with the shallow thrust zones and the Wadati-Benloff zone we use
the type-B relationships of Woodward-Clyde (1982a). Comparison with Alaska
data from these zones {ndicate that the type~B relationships are conservative
{Jacob and Mori, 198%). For the intraplate source in the over-riding plate we
use the type-A relationship of Woodward-Clyde (1982a)., However the use of
western United States data based relationships can be justified for these type
of sources and we have used two of these for comparison purposes: Woodward-
Clyde (1982¢) and Campell (1981). The former were der{ved form California
data. Campell's (1981) relatlonships are included here because he is
particuarly concerned about the near-scurce attenuation using world-wide data
recorded within 50 km of the earthquake rupture zone. His data 4o, however,
include subduction zone environment earthquakes. The various relationships

used are shown {n Fig. 9 through Fig. 12. Fflg. 13 provides a comparison of
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the relationship for a magnitude M, ~- 7.5-earthquake. Table 4 glves the
parametera of the various relationships, actually used in this study.

The attenuation (s treated stati{stically, assuming a 1o0g normal
dlstribution. The standard errors of the various regression analyses én which
the various relationships are based reflect the varying influence of
particular source, path and site effects with respect to which the data sets
were not subdivided. For the type-A relationships a standard error of .568 is
indicated. We have used a lower value of .400 since two types of conditions
that systematically seem to increase peak ground acceleration, namely reverse
type faulting mechanisms and steep local topographic rellief, do not apply.

The source zones for which the type—-A relationship were used are characterized
by strike-slip faulting and the topography of the NAG area is gentle. Both
type-A and type-B relatlonships were derived from data recorded on stiff
solls, This appears a good classification for the mostly frozen quaternary

deposits of the area.
V. RESULTS AND DISCUSSION

The input parameters as discussed in the previous sections result {n an
exposure value of .27 g for a 50-year period and a 90% probadbility of non-
exceedance. To this value the northern random source zone contributes 54%,
the northern Benioff zone 24¥, the eastern thrust zone 10% and the Minto fault
10%. The remaining source zones contriubte a total of 6%.

If we use the median curves of the attenuation relationship the exposure
drops by 30% to .19 g. If we use the original value of ,586 for the standard
error of the type~A relationships the value increases to .31 g, a factor of

1.6 with respect to the values derived from the median curves. Using the WWC2



and Campell relationships for all sources one obtains values of .27 g and
.22 g raspociivoly. While the WWC2 curves are more conservative than the
type-A relationships the same exposure value results because - in the
appropriate distance range - the yet more conservative type-B relationéhips
used for the Benioff zone and shallow thrust zone, offset this. When using
the WWC2 curves 1004 of the exposwe Ls due to the northern random zone.
Using the type-A relationships for all sources one obtains a value of .23 g.
This value compares with that from the Campell relationsnips and while the
latter are slightly more conservative this Is offset by their slightly lower
dlspersion value.

The exposure is sensitive to the dept of the northern random zone.
Raising and lowering it by 5 km from the depth of 15 km assumed here results
in values of .29 g and .25 g respectively. Thnis is to be expected since the
depth of this source controls the closest distance to the site as the rupture
planes of tbe earthquakes are horizontally oriented on the zone. Data from
local seismic networks with good control for hypocentral depth (Woodward-Clyde
1982b, Estabrook, 1985) indicate a seismogenic zone of about 20km depth
extent. There is no evidence for any interior Alaskan earthquake to have rup-
tured to the surface, hance very shallow eplicenters might be unlikely.
Hypocenters of 10 km depth seem quite possible but since strain release seems
to occur preferably along essentlially vertical faults, our modelling is
conservative, Also, peak acceleration within a few kilometers of the fault
will be - aside from site specific considerations - primarily influenced by
the details of the rupture process, The controlling distance will be the
distance to the closest patch with high energy release on the inhomogeneous
fault plane.

Since the northern random zone contributes the largest percentage to the

19



exposure value, changes of its seismicity rates have the greatest influence of

any such-changes. Doubl{ng or halfing the rates for this zone results in

m“.:. .®. N n “HA m nsaregsivalx Qimoa tha rater assumed far thaesa

s,

unreasonable (implying 5.7 events in 80 years of magnitude M 2 7 within the
zone). Equivalent changes for other source zones result in less than 5%

changes of the exposure value.
VI. CONCLUSIONS

The above jindicates that the exposure value for peak ground motion
acceleration for the NAG area lies between .22 g and .29 g for a 50-year
period of interest and a 90% probability level of non-exceedence. The value
based on our best judgements for the important input parameters of the |
analysis is .27 g. The resulting value is quite sensitive to the choice of
attenuation relationships, particularly to whether or how the relationships

are used in a statistical sense. It is also sensitive to the seismlcity rates
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Figure Captions.

Figure 1. Site location.

Figure 2. Plate interaction in the Pacific (from Davies, 1984).

Figure 3. Setsmicity and plate convergence. Solld curves indicate the trench

and the 150 km dspth contour of Benioff zone (from Kienle et al., 1985),

Figure 4, Relationship between earthquakes of magnitude Mg 2 6.25 and faults
in {nterior Alaska, The earthquake numbers correspond to those of Table
. The numbers between the brackets denote magnitudes., Solld curves are
mapped faults shown dashed where inferred., The dotted lines indi{cate
seismically identifi{ed faults. The following codes have been used for
faults: B - Beaver Creek fault; D-H - Denali-Hines Creek Strand; D-MCK -
Denali - McKinley Strand; H - Huslia fault; M - Minto fault; S -
Shoestring fault, T - Tolovana fault; TT - Tintina fault; V - Victorlia

Creek fault.

Figure 5, Shallow (depth § 40 km) seismicity of interior Alaska, 1982-1985.5.

Figure 6. Shallow seismicity (h < 20 km) of lnterior Alaska based onall

located earthquakes through June 1985.

Figure 7. Layout of seismic source zones.
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Figure 8. Seismicity near NAG area based on all recorded data through June

1985,

Figure 9. Type A attenuvation relationships.

Figure 10, Type B attenuation relationships.

Figure 11, Woodward-Clyde (1982¢c) attenuation relationships.

Figure 12, Campell (1981) attenuation relationships.

Figure 13, Comparison of attenuation relationships for magnitude Ms = 7.5,

27



143

67
1~65

5
¥ 4 _ o+ t63

61 _ -

| + > < s T61

S9 » - ‘ I
+ + . . s

57 _
158 o )
155 152 P i e
:‘//: 7



e e —t—— et v 8 ——

Fe MBI A g T

: - : “:Queen Charlotte
3 ; - .Fault System ¢

¢ & oy ' %

Center

' S/ San Andreas

% Fault

- : COCOS
- - #  PLATE

PACIFIC PLATE

BN
Ly




—— s e

8.7

(1S
McKjnley 8-~
R .
SR - %
I“ c‘.ot L}
Hayes " ;
{ £
h 4 o v "
R -

7.0 em/y

5.9







62

155

»
x
»

151

»®

X

xx*

:VAX

x 1

. H

AR
PR

ne

‘!XQ J
- n
$20C

149

149




69~

N




65 T,*

__ 6_3 -+

61.4.

39 -

158




Xar 65, 00

64 50>




(6O O

910. 0 + 010 0

_’ALI bemed 4 b l
PR L PR S R St S t SPYR R

] .
£ !
!.._ w:
L [
iy 1_
! §
Bt O + T Bl O
_
T
I ]
I |
I : 1
e +._

2,550 G150 oL 7 {

VA WV A



S
S -
S
S
®
wrl
\
-

IBg O

S
\N]
®
I
1
3
1
.
-
v
:"
]
4
[
-1;-
1

l_tll_ij;l__l
l|71"l"r'_ﬁr

Q1o 0

——

—+——+ 000 1

g ILL



Al 4

‘Qll

I

- 100 ©
g-

|

.

1

ﬁ,} B10 0
ﬂﬁ

_r

0

1 o091 0
!

|

!

t 000 I

000 1 Frerris

51515




1
100 @ J+++ A 10g o
1 |
| T
i
%” |
| |
910 0 + T eree
| #-
|
@ﬁ Qf
I !
T uw
901 0 + T eet e
gf -f
ﬁ !
i T
{ gf
! !
P00 T Frt——— b s ~
0001 001 a1, ]

113d YY)



B 18090 T + B 149

B 010 + +~ 0 010
TYPE A T

TYPE B

WCC 2
CAMPELL
JOYNER-BOORE

¥ Y1 b —t :f:H:: -
| 10 1060 1000

Mmoo m w n

*» + pOOD




Tadble Captions

Table 1, Parameters of earthquakes of magnifude HS 2 6.25 in interior Alaska.

Table 2. Source zone geometry.

Table 3. Source zone seismicity rates.

Table U, Attenuation relationships.
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Table 1

Event Date Lat{tude' Longitude M&Lgnitude2
1 08/27/1904 64,7583 151,593 7.38
64N 1514
2 07/07/1912 63.8N5 147.5w5 7.2"
GLN  4TW
3 01/21/1929 64.24N3 147,983 6.25
64N 148W
4 07/04/1929 64 .24N3 147.,88W3 6.5
64N 148
5  09/04/1935 63.75N 152.5W 6.25
6  07/22/1937 64,550 147 . 2006 7.3%

64, 6TNT 147,58W7
64, 75N 146, T5H
7 10/16/1947 64.35N0 148.20W0 7.2"
64.5N 148.604
64,210 149,01
8 08/19/19u8 63N 150.5W 6.25
9 04/07/1958 65.99N8 156,55W5 7.3
66.03N 156.50W
10 04/13/1958 65.83N8 155,55w5 6.75
66N 15 6W
11 05/10/1958 65.23N 152, 01W 6.4
12 05/11/1958 65. 10N 151, 9UW 6.4
13 10/29/1968 65,4582 150,00W3 6.5
65. 4N 150. 1W
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Footnotes to Table 1

(1) Unless indicated otherwise, NOAA earthquake catalogue locations.
(2) Unless indicated otherwise, NOAA earthquake catalogue Ms magnitude.
(3) Relocated by Sykes (unpublished data).

(k) Redetermined M magnitude by Abe and Noguechi (1983) or Abe (1980).
(6) Relocated by Woodward-Clyde Consultants (1983).

(6) Relocated during this study.

(7) Location by Adkins (1940Q),

(8) Relocation by Tobin and Sykes (1966).

(9) Location by Huang (1983).

(10) Locatlon by St. Amand (1948),.
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Table 2

Source Zone Ceometry

Node Longitude Latitude Depth °
(°W) (°N) (km)
1 tu43.35 59.74 20,
2 146352 62.62 40,
3 150.07 61.63 40,
4 146, 41 58.90 20.
5 152.08 58 .81 40.
6 147.78 57.22 20.
7 148,22 64,09 125.
8 151.25 63.22 125.
9 154,00 53.09 125.
10 145,00 66.00 10.
11 157.00 66.80 1.
12 157.00 65.00 1.
13 146.00 63.80 1.
14 152.00 64.55 10.
15 152.50 62.00 10.5
16 146,70 62.00 10.5
17 144,00 63.00 10,
18 146.90 63.60 to.
19 149,00 63.60 10,
20 153.00 62.40 10.
21 148.60 65.20 10.
22 149,20 64.50 10.
Source Zone Nodes Area
(km?]
Shallow Thrust East 1234 73,000
Shallow Thrust West Y356 75,000
Benioff North 2783 38,000
Benioff South 3895 55,000
Random Sourae North 10 1t 12 13 114,000
Random Source South 13 14 15 16 85,000
Denali Fault 17 18 19 20 L = 520 km
Minto Fault 21 22 L = 70 km
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Table 3

Source ”Ha b’ ¢ of events? 4 of events? Return Period?
Zone study'  (HJY  value Mg , 5 per yr Mg y 7 Per yr Mpax (yrs)
Snallow NAG 8.5 .85 2.6 x 10_°* 5.9 x 10_* 3.2 x 10"
Thrust OCS 8.5 .80 1.4 x 102 3.4 x 10" 6.7 x 10"
Zone  WWC) 8.5 .85 3.1 x 102 6.3 x 10_° 3.0 x 10*
WWC2 9.5 .10 2.0 x 102 7.9 x 10_* 7.0 x 10"
K-L 9.5 .80 1.0 x 10”2 2.5 x 10°° 4,0 x 10%
Thenhaus 8.5 .60 -- -- -
wadati- NAG 7.5 .68 .68 x 10”2 2.9 x 10° ¢ 7.4 x 10°
Benioff 0CS 7.5 55 .95 x 10 2 8.8 x 10" --
Zone WWC1 7.5 .68 .68 x 102 2.9 x 107" 7.4 x 10°
WHC 2 7.5 .90 3.9 x 10" 2 6.3 x 10 * 4.4 x 103
H-L 7.5 .60 1,31 x 102 12.6 x 10°° 1.4 x 10°
Thenhaus 8.5 .13 ~- -- --
Random  NAG 7.5 .80 .9 x 1072 1.5 x 10" 9.2 x 10%
Source  0CS 7.0 1.60 1.82 x 10° 2 A4 x 107 6.9 x 10*
South
Random  NAG 7.5 .8 1.2 x 102 2.0 x 10 * 8.4 x 10?
Source Thenhaus 7.3 .8 -~ -- --
North
Denali  NAG 8.0 .85 9.0 x 10 ? 1.8 x 10°° 3.9 x 10°
Fault 0ocs 8.0 .15 7.2 x 10”2 2.2 x 10°° 3.4 x 10°
WWC 1 8.0 .85 12.0 x 1072 2.2 x 10 ? 3.1 x 10°
Thenhaus 8.% .60 - -~ --
Minto . .
Fault NAG 7.0 1.0 7.6 x 102 .76 x 107 ° 1.3 x 10°

Footnotes to Table 3

(1) NAG: present study; O0OCS: Woodward-Clyde, 1982(a); WWC1: Woodward-Clyde,
1982(b); WWC2: Woodward-Clyde, 1982(e¢); H-L: Harding-Lawson, 1984; Thenhaus:
Thenhaus et al., 1985,

{2) These values are normali{zed to 1000-km? for area sources and to 100 km for
faults,

(3) These rates are for the Beinoff zone between lower Cook Inlet and Anchorage,
corresponding roughly to our southern Benioff zone.
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Table Y

Sumnary of the attenuation functions for peak acceleration

Parameter 0CS-A 0CS-B WWC 1 Campbell
By 191 284 80.14 15.9
B, . 823 587 1.1 .868
By 1.56 1.05 1.75 1.09
Cy .864 864 .315 0606
Cp L1463 .463 1629 .700
SIGMA 5681 .700 400 .372
B1e BZH CZM
apeak(cm/sec‘) = ——_Bu where BM = C‘e
(R + 83)

1A value of .U00 was used in the calculations.
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