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SEISMIC-~HAZARD ANALYSIS OF THE NENANA AGRICULTURAL
DEVELOPMENT AREA, CENTRAL ALASKA

by
Hans Pulpan

INTRODUCTION

This report provides a seismic-hazard analysls of the Nenana Agricul-
tural Development (NAG) area, located in central Alaska near the town of
Nenana. The boundaries of the area are the Tanana River to the north and
northeast, the Nenana River to the southeast, the Kantishna River to the west
and the foothills of the Alaska Range to the south (fig. 1). For ease of
calculation, the area 1s represented by a .single site at 64.5° N. and
149,.5° W, the center of the area.

The purpose of the analysis 1{s to provide a quantitative basis for
design in a2 seismically active area. Seismic design considerations are
frequently based on the peak acceleration of ground motion (PGA) calculated
for a particular period of Interest and probability level of occurrence, The
PGA value calculated herein has a 90-percent probability of not being
exceeded in a 50-yr period. PGA, while not the only seismic-design parsmeter
of consequence (particularly for critical facilities), does reflect well
relative seismic hazard levels. This report also contains all non-site-
specific informatilon required to derive other ground-motlon characteristics,
for any deslred period of interest and exceedence probabillity.

Three basic steps are needed to calculate seismic exposure values:

1) Identify selsmotectonic structures, or selswmic source zones capable
of generating earthquakes, make geometric models of each, and de-
termine earthquake recurrence rates and magnitude distribution for
each.

2) Select relatfonships that describe the attenuation of desired
exposure parameters as functions of distance to the site and earth-
quake magnitude.

3) Calculate the probability of occurrence of a given value of a
ground-motion parameter on the basis both of attenuvation relation-
ship used, and probability of occurrence of earthquakes of
different sizes at each selsmic source zone. These calculations
are made for a serles of values, and the effect of all source 2o0nes
is combined to derive a cumulative-distribution function of the
exceedence probability for ground-motion parameters at the site.

These steps are common to most seismic-risk evaluations., Differences
arise primarily in selecting the particular probability models used to des-

cribe earthquake occurrence and magnitude distribution and the sophistication
with which the source zone geometry can be modelled. This probabilistic

1GeOphysical Institute, University of Alaska-Fairbanks, Alaska 99775.
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approach helps mitigate our inability to predict the time of occurrence and
size of earthquakes and our 1gnorance of the details of the physical
processes which generate ground motion at a particular site. The particular
approach chosen for this study is that of Mortgat and Shah (1979). The
computer algorithm used to perform the calculations is based on the one
developed by Woodward-Clyde Consultants (1982a).

EARTHQUAKE SOURCE ZONES
Seismotectonic Framework

The underlying cauvse of seismicity in Alagka 1s the relative motion
between the Pacific and North American plates (figs. 2 and 3). Along the
Fairweather—Queen Charlotte transform-fault system the two plates are slip-
ping past ome another in right-lateral motion. Along the Aleutian Igland arc
and the Alaska Peninsula, the Oceanic Pacific plate 1s underthrusting the
continental North American plate. A fairly narrow belt of shallow, crustal
seismicity along the Alaska panhandle traces the transform system. The wider
belt of gelsmic activity along the arc reflects subduction of the oceanic
plate. The subduction zone consists of an outer, shallow-dipping thrust zone
between the subducted and subducting plates, and an arc-ward, more steeply
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PLATE
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Figure 2. Interaction area of the Pacific plate (from Davis, 1984).
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dipping zone, termed the 'Wadati-Benioff zone.' This zone represents the
brittle, seismically active interior part of the subducting plate. The
widening of the seismic zone {n 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 porthernmost edge of the
Wadati-Benioff zone is near 64° N,, 40 km north of the Hines Creek strand of
the Denall fault (Davies, 1975; Agnew, 1980).

Plate convergence generates stresses within the overriding plate also,
resulting in a broad zone of intraplate seismicity, which decreases with dis-
tance from the plate boundaries. However, events of megnitude as large as
M (maximum magnitude) = 7.3 have occurred as far as several hundred kilome-
t&rs from these boundaries. Considering the location of the study site,
intraplate seismicity constitutes the greater part of the seismic hazard.

Although the plate boundaries and Wadati-Benioff zones are falrly well
delineated, it 1s not a straightforward matter to comnstruct the intraplate
source zones. Guidelines for constructing these zones might be obtailned from
the following section, which discusses the association between historic
geismicity (especially larger events) and known or suspected fault systems.

Historic Earthquakes (Ks 2 6.25)

Table 1 lists all earthquakes of magnitude M 2 6,25 recorded between
63° and 67° N. latitude and 146° and 157° W, longitude. Several of the older
events have been relocated both here and by other workers. In figure 4,
these events are shown at what we consider their most accurate locations.

1. August 15, 1904 (M = 7.3) Although thils was 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) indicates that the event occurred in the crust and was assoc-—
iated with strike-slip motion. It may be assocliated with an unmapped contin-
uation of the southern branch of the Tintina fault system, the Beaver Creek
fault. Despite the relocation, the location of thig event must be considered
uncertain, glven its early date.

2, July 7, 1912 (M= 7.2) This event 1s probably associated with the
8 Hines Creek strand of the Demall fault

system. Wave-form analysis (Woodward-Clyde, 1982b) indicates crustal
(shallow) depth and a strike-slip mechanism.

3. January 21, 1929 (M8 = 6,5) This is one of several large events in the

Tanana valley south of Fairbanks. It can-
not be related to any mapped fault system. The event appears to be crustal
in depth with a strike-slip mechanism (Woodward-Clyde, 1982b) and might be
asgociated with a broad, east-southeast- to west-northwest-striking cluster
of shallow seismicity that can be discerned from maps of recent (fig. 5) and
historic (fig. 6) seismicity.
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Figure 4. Relationship between locations of historic earthquakes (Hs 26.,25)
and large scale fault systems In interior Alaska. Earthquake numbers
correspond to those in table l; numbers in brackets denote magnitudes.
Solid curves are mapped faults (dashed where inferred). Dotted lines
indicate seismically identified faults. B = Beaver Creek faulrt,

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, and V = Victoria Creek fault.

4, July 4, 1929 (HS = 6.5) This event occurred within a few kilometers

‘ of the above one; thus, its relationship to
any fault system 1s similarly enigmatic, It, too, appears to be a crustal
event with strike~slip mechanism (Woodward-Clyde, 1982b).

5. September 4, 1935 (M = 6.25) This event conceivably could be associaced

s with the Iditarod-Nixon fault, although 1t
is located almost 50 km away. No known faults are closer to the epicenter,
but no current evidence indicates the Iditarod-Nixon fault to be active.

6. July 22, 1937 (Ms = 7.3) This event, which occurred about 40 km
southeast of Fairbanks, is not associated
with any mapped fault. However, our relocation puts this event within a few
kilometers of & seismic trend that 1s particularly sharp on the short-time
seismicity map (fig. 5). A first-motion fault-plane solution of this event
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(Adkins, 1940) indlicates primarily strike-slip motion on either a N.30°E.- or
N.43°W.-striking fault plane. Because the N.30°E,-striking plane is almost
precisely that of the seismic trend, this event is most likely associlated
with a seismically defined fault zone that i1s presently active.

7. October 16, 1947 (MB = 7,2) This is another large event in the Taneana
valley south of Falrbanka, close to the two

events of 1929, It cannot be related to any known faults, but could be

assoclated with the selsmic cluster noted above in the July 22, 1937 event.

8. August 19, 1948 (Ms = 6,25) The location and particularly the depth of

this event Iindicate that it 1s assoclated
with the Wadati-Benioff zones. The depth (90 km) appears to be well con-
stralned by clear depth phases at several California seismic stations
(Woodward-Clyde, 1982b).

9, April 7, 1958 (Ma « 7.3) The epicenter 1s about 40 km northwest of a
serles of southwest-northeast trending
faults: the Huslia fault (Pattom, 1966), the Shoestring Sand Dune fault
(Weber and Péwd, 1970), and the Gusasa River fault (Bickel and Patton, 1957).
Davis (1960) suggests a field 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 in the dominant
direction of fracturing and collapse features observed by Davis (1960). This
event may be assoclated with the Huslia fault system.

10. April 13, 1958 (Ms = 6.75) This aftershock of the April 7, 1958 earth-

quake is in line with both the Huslia and
the Shoestring Sand Dune feults; as with the mainshock, it may be associated
with the Huslia fault system.

11, 12. May 10, 1958 (Ms = 6.4) and May 11, 1958 (Ms = 6.4)

These events are very close to each other and very near to a mapped part of
the Kaltag fault, with which they could be associated.

13. October 19, 1968 (M = 6.5) Xnown as the Rampart earthquake, this was

8 the firast event above magnitude 6 in cen-
tral Alasks to be monitored by seismic instrumentation Installed in several
parts of Alagka in the wake of 1964's Good Friday earthquake. Thus, seismo-
logical information of considerable value 1s available for this event. First~
motion fault-plane solutions of the mainshock and aftershock activity show
that this event 1is associated with a shallow, steeply dipping strike-slip
fault that trends north-south (Huang and Biawas, 1983)., No previously mapped
fault is assoclated with this aftershock zone, which crosses the Yukon river
near today's Trans-Alaska Pipeline bridge; during construction a fault gouge
was discovered there. This event typifies some of the problems in correlat-
ing historic earthquakes with tectonlc features. Without the information
derived from modern teleseismic and regional data, it would have been not
unreasonable to associate this event with either the Tintina or the Victoria
Creek faults. However, the seismic data show unequivocally that such an
asgociation 18 indirect at best and that no strain release on thege faults
was involved.

-7 -
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Thus, considering the location uncertainties for pre-1960 events, many
could have been agsociated with known faults such as the Denali, Iditarod-
Nixon, Kaltag, and Huslia. Except for the Iditarod-Nixon fault, Holocene
offsets have actually been documented on those faults. That such correla-
tions can be erroneous has been discussed in connection with the 1968 Rampert
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 (no. 6, table l) can be associated with a linea-
ment of selsmic activity that clearly delineates a seilsmically active fault,
Such gharp delineation requires a fairly dense seismic network which, in the
interior of Alaska, has beep operated for an extended time only near Fairbanks.
Hence, the concentration of selsmic clusters in the Fairbanks area (fig. 5)
might very well be an artifact of selsmic-station distribution, and many such
clusters might exist throughout the broad zone of seismic activity. Davies
(1983) stated that the large historic events discussed here seem to define a
southeast-northwest trending zone of seismic activity, which might be expect-
ed when a rigid indentor (the Pacific plate) impinges on a plastic medium
(the North American plate); this is similer to the model proposed by Molnar
and Tapponler (1975) for central Asila.

Table 1. Earthquakes 26,25 Ms in interior Alaska, 1904-68.

Event Date Latitudea Longitudea Magnitudeb
1 08/27/04 64N (64.75N) 1510 (151, 50) 7.3
2 07/07/12 64N (63.8N) 147W(147, SW) 7.2
3 01/21/29 64N(64. 24N) 148W(147.98)°€ 6.25
4 07/04/29 64N (64.24N) € 148W(147.88W)° 6.5
5 09/04/35 63.75N 152.5W 6.23
6 07/22/37 64.75N (64, SSN) 146.75W(147, ZOW) 7.3
(64. 67N)f (147. SBW)f d
7 10/16/47 64.5N (64, 35N)h 148.60W(148. ZOW)h 7.2
(64.2) (149.0W)
8 08/19/48 63N 150.5W 6.25
9 04/07/58 66.03N(65. 9?N) 156.59W(156. SQW) 7.3
10 04/13/58 66N{65.83N) 156W(155.55W) 6.75
11 05/10/58 65.23N 152.01W 6.4
12 05/11/57 65.10N 151,94W 6.4
13 16/29/68 65.4N(65. 44)j 150.1W(150. OOW)J 6.5
:Unless indicated otherwlse, NOAA earthquake catalog locations are usged.

Unleas indicated otherwise, NOAA earthquake catalog M 1s used.
“Relocated by Sykes (unpublished data).

4y redetermined by Abe and Neoguchi (1983).

R€located by Woodward-Clyde Congultants (1982).

Relocated during this study.

located by Adkins (1940).

Located by St. Amand (1948).

Relocated by Tobin and Sykes (1966).

jLocated by Huang and Biswas (1983).
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The NAG site and much of its surrounding area are overlain by Quatermary
deposits, making fault detection difficult, Fault detection here 1is probably
best achieved by monitoring seismic activity with a dense station network. A
mosalc of fault-bounded tectonostratigraphic terranes, each having its own
particular tectonic history, generates a situation where numerous planes of
weakness exl1st; when combined with stresses transmitted by plate convergence,
energy can be released in the form of earthquakes. Seismicity and tectonic
style of the intraplate region in interior Alaska do not indicate a limited
number of well-delineated seismic~-source zones; rather, they suggest count-
less selsmically active lineaments that have not yet been resolved throughout
most of the regiom.

Selsmic Source-Zone Modeling

Plate boundaries and Wadati-Benioff zones

These zones are well dellneated by various regional selsmic networks.
The shallow thrust zone was modeled between the eastern margin of the 1964
Alaska earthquake rupture zone and the southern tip of the Kenal Peninsula.
To accommodate the change 1n width and strike, two segments were used (fig.
7). Similarly, two segments were used to model the corresponding Wadati-
Benioff zones. Table 2 lists geographic coordinates and depths of all the
nodes which were used to construct the source zones., Note that the computer
algorithm requires area sources to be constructed as trapezoidse with the
parallel sides at different depths.

Intraplate source zones

Except for two faults, all intraplate selsmicity was modeled by two
'random—source' zones. ‘Random' expresses the stipulation that earthquakes
will occur with equal likelihood everywhere throughout the zone. The shape
of the northern random zone reflects the trend indicated by the large histor-
ic events, and the gouthern random zone reflects the broad northerly trend of
intraplate seismicity overlying part of the Wadati-Benioff zone. The southern
zone extends farther to the south, but has been truncated here at a latitude
beyond which the seismicity of this zone will not influence seismic exposure.

A 500-km-long section of the Denali fault, westward from where the
Totschunda fault merges with it, has been modeled as a separate source zone
within the southern random zone. The significance of the central section
(nearest the NAG area) of the Denali fault for present-day selsmotectonics is
especially enigmatic. The 1912 (M_ = 7.2) earthquake appears to be the only
large historic event associated with the fault; seismicity studies from
regional networks (Tobin and Sykes, 1966; Page and Lahr, 1971) indicate that
geismic activity 1s occurring in its vicinity. Geologic data from the
central section (Hickman and Craddock, 1973) suggest various displacement
rates during Holocene times, but there is no documentation of fault displace-
ment during historic times. Hickman and others (1976) suggested that the
latest movement occurred from several hundred to several thousand years ago.
Nonetheless, statewide and regional seismic-hazard studies (Woodward-Clyde,
1982a~c; Thenhaus and others, 1985) include the Denali fault as a specific
source zone, and it 1s modeled here as a vertical fault consisting of three

- 11 -



143
152 149 196 ‘7

57 < | A '
108 133 152 149 146

Figure 7. Map layout of seismic-sovrce zones 1n southcentral and interior
Alaska.

- 12 -



linear segments. Of the two strands In the central section, only the Hines
Creek strand—-the northern one—-has been modeled.

The Minto fault was modeled as a separate source zone within the
northern random zone because of 1ts closeness to the NAG area. This fault
trends northeagt from the town of Nenana in Quaternary deposits but does not
disrupt flood-plain alluvium or other deposits of recent age, and 1s
expressed as a scarp as high as 4 m with the southeast side thrown up (Brogan
and others, 1975). Barnes (196]1) presented evidence from gravity surveys

Table 2. Source-zone geographic coordinates,

Longitude Latitude Depth
Node (°W) {(°N) (km)
1 143.35 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 59.09 125
10 145.00 66.00 10
11 157.00 66.80 11
12 157.00 65.00 11
13 146.00 63.80 11
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 10
19 149,00 63.60 10
20 153.00 62.40 10
21 148.60 65.20 10
22 149,20 64.50 10
Area
Source zone Nodes (1n km?)
Shallow thrust east 1 2 3 4 73,000
Shallow thrust west 4 3 5 6 75,000
Benloff north 2 7 8 3 38,000
Benioff south 3 8 9% 5 55,000
Random source north 10 11 12 13 114,000
Random source south 13 14 15 16 85,000
Denali fault 17 18 19 20 L = 520 km
Minto fault 2] 22 L= 70 km

- 13 -



that the Minto fault represents a surface contact between Birch Creek schist
and the flood-plain alluvium, with the northwest side being downthrown. The
original mapping of Péwd and others (1966) indicates a fault length of 20 km.

The fault is modeled here based on seismic evidence, which indicates a
south-gouthwest to north-northeast striking feature, the northern terminus at
the Beaver Creek fault and rhe southern one just south of Nenana (fig. 8).
The largest event of this seismic trend had a magnitude M (local magnitude) =
4.2, A composite fault-plane solution from 12 small evenfs by Gedney (pers.
commun,) indicates dip-slip faulting on a N,18°W.~trending fault. This trend
is transverse to the trend lndicated by the seilsmicity. The Minto fault may
represent part of a complex horst-and-graben system; it 1s modeled here as a
linear vertical fault, 70 km long, trending as indicated by the seilsmicirty.

SEISMICITY
Maximum Earthquake Magnitudes
The magnitude of the largest earthquake to be taken into account for
each source zone has to be decided for exposure calculations. These values

are summarized, together with seismicity rates, in table 3,

Thrust 2zones

For shallow thrust zones, maximum magnitude was taken as 8.,5. Although
earthquakes as large as Mw (moment magnitude) = 9.2 have occurred on the
Aleutian-Alaska thrust zone, this study chose a smaller value for several
reasons. That section of the thrust zone modeled here ruptured in a great
earthquake only about 20 yr ago, and the system 1s probably not sufficiently
'recharged' to generate an earthquake greater than Ms = 8.5 within the 50-yr
time frame of the exposure calculation. Furthermore, peak ground accelera-
tion values (aside from site topographic and geological effects) are
influenced more by the dynamics of the stregs release on high-strength
patches of the rupture plane than by the total rupture area, which influences
moment magnitude values. Empirical (Campell, 1981) and theoretical (Hadley
and Helmberger, 1980) studies indicate both magnitude and distance saturation
of peak ground-~acceleration values.

To accommodate rupture areas associlated with earthquakes in the M = 9.0
range, the modeled section of the shallow thrust 2one would have to be
extended, which appears unwarranted because of the reasons digcussed above.
Moreover, because of the great distances involved, such a zone extension
would have little influence on exposure at the site.

Benioff 2zones

For the Wadati-Benioff zone, a maximum value of M = 7.5 was assumed.
No earthquake larger than that has been recorded for tRat zone in the
Aleutian-Alaska arc system, and only three events clearly assoclated with the
Wadati-Benioff zone have been recorded elsewhere (Woodward-Clyde, 1982a).

- 14 -
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Table 3. Source-zomne gelsmicity rates.

Sourxce M b Events Events Return period
a max - b b b
zone Study (Ms) value MS 2 5 (yr) Ms 2 7 (yr) Mmax (yr)
-2 -4 4
Shallow NAG 8.5 0.85 2.6 x 10_2 5.9 x 10_4 3.2 x 104
thrust 0cs 8.5 0.80 1.4 x 10_2 3.4 x 10_4 6.7 x 104
WWC1l 8.5 0.85 3.1 x 10_2 6.3 x 10_4 3.0 x 104
WWC2 9.5 0.70 2.0 x 10_2 7.9 x 10_4 7.0 x 105
H-L 9.5 0.80 1,0 x 10 2.5 x 10 4,0 x 10
Thenhaus 8.5 0.60 - - -
Wadati-  NAG 7.5 0.68 0.68x 1072 2.9x 1000 7.4 x 10°
Benioff  0OCS 7.5 0.55 0.95 x 10_2 8.8 x 10-4 - 3
WWC1 7.5 0.68 0.68 x 192 2.9 x 10_4 7.4 x 103
wwe2 7.5 0.90 3.9 x 10 _7 6.3 x 10 -4 4.4 x 103
H-L 7.5 0.60 1,31 x IO 12.6 x 10 l.4 x 10
Thenhaus 8.5 0.73 —_ - -
=2 -4 4
Random NAG 7.5 0.80 0.9 x 10 ) 1.5 x 10 -4 9.2 x 104
source ocs 7.0 1,60 1.82 x 10 0.44 x 10 6.9 x 10
south
=2 =4 3
Random NAG 7.5 0.8 1.2 x 10 2,0 x 10 8.4 x 10
source Thenhaus 7.3 0.8 -= - -
north
=2 -3 3
Denali NAG 8.0 0.85 9.0 x 10_2 1.8 x 10_3 3.9 x 103
fault 0CSs 8.0 0.75 7.2 x 10 5 2,2 x 10_3 3.4 x 103
WWCl 8.0 0.85 12.0 x IO 2.2 x 10 3.1 x 10
Thenhaus 8.5 0.60 - -— --
Minto NAG 7.0 1.0 7.6 x 1072 0.76 x 107> 1.3 x 10°
fault

3NAG = present study;
0CS = Woodward-Clyde Consultants, 1982a;
WWC! = Woodward-Clyde Consultants, 1982b;
WWC2 = Woodward-Clyde Consultants, 1982¢;
H-L = Harding-Lawson Associates, 1984;
Thenhaus = Thenhaus and others, 1985,

These values are normalized to 1,000 km? for area sources and to 100 km for

faults.

®These rates are for the Benioff zone between lower Cook Inlet and Anchorage,

corresponding roughly to our southern Benioff zome.
-~ = data not avallable for these categories.
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Random sources

Maximum magnitude of the random source zone was set at 7.5, based
primarily on the historical record, which shows three M = 7.3 events to be
the largest events over the past 80 yr. The period for which one would
expect earthquakes of thig size to have been recorded or documented probably
goes back about 30 yr.

There are a number of large-scale fault systems within this source zone
thet, based solely on their extent and continuilty, could conceivably be asso~
clated with earthquakes larger tham M = 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). These large-scale features
are probably expressions of a much earlier period in the evolution of Alaska
when they were of more tectonic significance.

Denali fault

The maximum value for the Denali fault was taken to be M = 8,0, It is
difficult to rationally assign a maximum value for this faulf. Considering
the fact that only one large historic earthquake (M_ = 7,2) can reasonably be
assoclated with it, the large value assigned 1s prigcipally based on the fact
that it is such 2 dominant and extensive tectonic feature, Design criteria
for the crossing of the Trana-Alaska Pipeline stipulated in almost a priori
fashion a maximum value of M = 8.0. Woodward-Clyde (1982b) derived the same
value, on the basis of: (a) 2 total fault length of 1,080 im; (b) the stipu-
lation that only about 30 percent of the total length will rupture during a
single earthquake; and (c) the relationship derived by Slemmons (1977)
between rupture length and magnitude for strike-slip faults. However,
determination of what constitutes a continuous fault length 1is not a
straightforward matter.

Minto fault

The cluaster of seismic activity that appears to be assoclated with the
Minto fault extends about 70 lm. Assuming that only 50 percent of the con~
tinuous fault segment will rupture Iin a single earthquake, and using
Slemmons' (1977) empirical relationship between rupture length and magnitude
for normal faults, one obtains a maximum magnitude of 7.0 for the Minto
fault.

Seismicity Rates

Table 3 summarizes the seismicity rates used for the varlous source
zones and information on the rates assumed by various other seismic hazards

studies.

Thrust 2ones

The recurrence rates used are based primarily on rates derived from
historical data by Jacob and Hauksson (1983) for the whole Aleutian-Alaskan
arc, and adjusted here becauge this source zone models only about 400 lm of
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the arc. Also, because the Jacob and Hauksson rates include Wadati-Benioff
zone selsmicity, only 85 percent was taken to apply to the shallow thrust
zone. The resulting recurrence rates are quite similar to those of WWCI
(table 3), which are based on a regionally derived b-value and are consistent
with a return period of 160 yr for the 1964 Prince William Sound earthquake
as estimated by Davies and others (198l).

Wadati-Benloff zones

Por the northern zone, the rates of Woodward-Clyde (1982b) were used
because they are based on detailed studies of an area that is part of this
gource zone. The rates of Woodward-Clyde (1982¢), which are based on histor-
ic data from an area between the southern tip of Kodiak Island and just north
of Anchorage, were also used for the southern zone. The considerably higher
seismicity rate of this zone is probably due to the high rate of activity
beneath Iliamna volcano. Because such a high-activity cluster exists also
beneath Mt, McKinley, and straddles the boundary between the northern and
southern zone, these high rates might also be applicable to the northern
zone.

Random source zones

Seismicity rates for the northern zone are based on the follg ing
assumptions: a b value of 0.8; a seismic moment rate of 5,314 x 107" dyn-
cm/yr (based on the historic record); and a maximum magnitude of 7.5. From
these assumptions, the a value in the Gutenberg-Richter relationship can be
established (Dong and others, 1984),

The b value is taken from Thenhaus and others (1985), who derived their
value from historic seismicity data for a source zone that is quite similar
to the present one, although it extends considerably farther west. Davis and
others (1978) derived a b value of 0.8l4 from a 68-yr data set for the Fair-
banks area, which lies 1n the eastern part of the source zone.

The seismic-moment rate is based on all M_ 2 6.25 earthquakes in the
zone over an 80-yr period. The relationship of SThatcher and Hanks (1973) was
used to convert Ms into seismic moment.

Recurrence rates assigned to the southern random zone were 75 percent of
those assigned to the northern zone, because the Denall fault, which runs
through this zone, has been modeled separately. The two random zones repre-
sent similar tectonlc regimes. Because the southern zome 1s closer to the
plate boundary, one might expect higher rates there. However, the section
modeled shows a lower rate of large events. The only crustal events of M 2
6 are the 1912 (M = 7.2) event, which is probably associated with the Denali
fault, and the M °= 6,25 event of 1935 (fig. 4; table 1). An M = 7.3 event
(Nov. 3, 1943) olcurred at 63,9° N., 151.3° W. (Woodward-Clyde,® 1982b) just
south of the source zonme. The apparent lower rates could be an artifact of
the catalog because of its limited time coverage. Alternatively, the lower
rates might indicate that considerable seismic (and, in part, aseismic)
strain release occurs along the Denali fault or that the plate behaves more
rigidly in this area.
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Denali fault

Recurrsgce rates for the Denali fault are based on a seismic moment rate
of 3.0 x 10" dyn-cm/yr, a b value of 0.85, and a meximum magnitude of 8.0.

The moment rate 18 based on an average slip rate of 1 cm/yr over the
500-km part of the fault modeled. Various studies have been conducted to
infer displacement rates on thig fault, Data by Hickman and Craddeck (1973)
from the Nenana River areas suggest a displacement rate of 1.3 cm/yr for Holo-
cene times. Stout and others (1973) estimate displacement rates of 0.5 to
0.6 cm/yr in Holocene times for a part of the fault east of the Black Rapids
Glacier. Other studies (Plafker and others, 1977; BHickman and others, 1976)
find evidence supporting displacement on the fault in historic times
(Woodward-Clyde, 1982a). 1In calculating the moment rate from the slip f?te'
this study also assumed a fault width of 20 km and & value of 3 x 10
dyn/cm? for the rigidity modulus (u) of the fault-zome material.

Minto fault

Recurrence rates for the Minto fault are based on a and b values
determined from a [3-yr (1968-1981) period of the earthquake catalog.

ATTENUATION RELATIONSHIPS

There are not enough strong-ground-motion recordings from Alaska to pro-~
duce attenuation relationships based entirely on Alaska data. Seilsmic-hazard
studies in the state have therefore made use of a variety of relationships.
Thenhaus and others (1985) used the Schnabel and Seed (1973) relationships,
which are based on early western United States data. Woodward-Clyde (1982a-c¢)
used relationships derived from worldwide (primarily Japan) subduction-zome
data for a seismic~risk study of the Gulf of Alaska, and relationships based
on Imperial Valley, California earthquakes for work in Anchorage (Woodward-
Clyde, 1982c), and yet another set of relatfonships for a hazard study of the
Susitna hydroelectric project (Woodward-Clyde, 1982b).

In the present study, two geparate setg of attenuation relationships
were used, depending on source zone type. For earthquakes associated with
shallow thrust zones aud the Wadati-Benioff zone, the type-B relationship of
Woodward-Clyde (1982a) was used. Comparison with Alaska data from these
zones indicates that the type~B relationships are conservative (Jacob and
Mori, 1984). For the intraplaté source in the overriding plate, the study
used the type-A relationship of Woodward-Clyde (1982a). However, use of
relationships based on western United States data can be justified, and two
derived from California data (Woodward-Clyde, 1982c; and Campell, 198l) were
used for comparison. Campell's (198l) relationships are included here
because he was particularly concerned with near-source attenuation and used
worldwide data recorded within 50 km of earthquake rupture zones, His data
do, however, include subduction-zone earthquakes. The attenuation relation-
ships are graphed individually in figures 9 through 12, and figure 13
provides a comparison of the relationships for an M = 7.5 earthquake. Table
4 lists the parameters for attenuation relationahipg used in this study.
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Table 4, Parameters of the attenuation functions for peak acceleration.

Parameter 0CS~A OCS-B WWC Campell
Bl 191 284 80.14 15.9
BZ 0.823 0.587 1.1 0.868
84 1.56 1.05 1.75 1.09
C1 0.864 0.864 0.315 0.0606
C2 0,463 0.463 0.629 0.700
aigma 0.568% 0.700 - 0,400 0.372
B2M
Ble CZH
peak(cm/gsec®) = ———— where 84 - Cle
B
® + 8"

85tandard error = 0.400 in thia equation.

Attenuation 1s treated statistically, with an assumed log-normal distri-
bution. Standard errors of regression analyses on which the attenuation
relationships are based reflect the varying influence of particular source,
path, and site effects with respect to which the data sets were not sub-
divided. For type-A relationships, a standard error of 0,568 1s indicated,
but a lower value (0.400) was used because two conditions that systematically
seem to increase peak ground acceleration~-reverse faulting mechanisms and
steep local topographic relief--did not apply. The source zones for which
the type-A relationship were used are characterized by strike-slip faulting;
the topography of the NAG area is gentle., Both type-A and type-B relation-
ships were derived from data recorded on stiff soils., The mostly unfrozen
alluvial sands, water-saturated below 90 ft (R.A. Combellick, pere. commun.)
seem better characterized as soft soils. In the absence of relationships
derived for soft soils, application of stiff-soil relationships gives con-
servative results, because peak accelerations in soft soils are frequently
lower than in stiff-so0il or rock sites.

RESULTS AND DISCUSSION

The input parameters used resulted in an exposure value of 0.27 g for a
50-yr period and a 90-percent probability of nonexceedence. To this value,
the northern random-source zone contributed 54 percent, the northern Benioff
zone 24 percent, the eastern thruat zome 10 percent, and the Minto fault
10 percent., The remaining source zones contributed a total of 6 percent.
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If the median curves of an attenuation relationship are used, exposure
decreases 30 percent, to 0.19 g. If the original value of 0,568 is used for
the standard error of the type-A relationships, exposure value Increases to
0.3]1 g, a factor of 1,6 with respect to exposure values derived from the
median curves. Using the WWC2 and Campell relationships for all socurces,
obtains values of 0.27 g and 0.22 g, respectivelv. Alchough WWC2 relation-
ships are more conservative than type-A relationships, the same exposure
values result, because, in the appropriate distance range, they are balanced
by the yet more conservative type-B relationships used for the Benioff zomne
and shallow thrust zome., When the WWC2 curves are used, 100 percent of the
exposure value 1s derived from the northern random zone. If type-A relation-
ships are applied to all sources, a value of 0.23 g, comparable to that from
the Campell (1981) relstionships, is obtained. The Campell relationships are
slightly more conservative, but this effect is offset by their siightly lower
dispersion value.

Exposure 1s sensitive to the depth of the northern random zome. Raising
and lowering it by 5 ko from the depth of 15 km assumed here resulted in
values of .29 g and 0.25 g, respectively. This is to be expected, because
the rupture planes of earthquakes are horizontally oriented on the 20ne, and
the depth of this source therefore controls the closest distance to the site.
Data from local seismic networks with good control for hypocentral depth
(Woodward-Clyde, 1982b; Estabrook, 1985) indicate a seismogenic zone about
20 km deep. There 1s no evidence for any interior Alaskan earthquake to have
ruptured to the surface, so very shallow epicenters would be unlikely. Hypo-~
centers of 10-km depth seem quite possible, but because straln release seems
to occur preferentially aloung vertical faults, our modeling is counservative.
Also, peak acceleration within a few kilometers of the fault will be~-aside
from site-specific cornsiderations--influenced primarily by details of the
rupture process. The controlling discance will be the distance to the
closest patch of high-energy release on the inhomogeneous fault plane.

Because the northern random zone contributes the largest percentage to
expcsure value, changes 1t its seismicity rates have the greatest influence
of anv such changes. Doubling or halving the rates for this 20ne results inm
values of 0.30 g and 0.25 g, respectively. Because tates assumed for these
zones are fairly conservative to begin with, doubling them seems unreasonable
(implyirg 5.7 events of M_ 2 7 1n 80 vr within the zomne). Equivalent changes
for other source zones cause less than a S-percent change in exposure value,

CONCLUSIONS

The exposure value for peak ground acceleration In the NAG area lies
between 0.22 g and 0.29 g for a 50~yr period, with a 90-percent probability
of not being exceeded. The value based on our best information for analysis
input parameters 1s 0.27 g. This value is quite sensitive to choice of
attepnation relacionships, particularly whether or how the relationships are
used statistically, and it is also sensitive to seismicity rates and depths
of random source 2zones used to represent the intraplate seismicity of
interior Alaska. The range of values indicated above reflects the range of
reasonable assumptions one can make.
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