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Cover. The Denali fault is clearly expressed in the landscape by linear valleys, uphill-facing scarps, and sag ponds where it projects into 
Denali National Park immediately west of the Parks Highway. The fault poses a significant seismic hazard to south-central and Interior 
Alaska and was the source of the M7.9 November 3, 2002 Denali fault earthquake. Photo credit: Rich Koehler.
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ABSTRACT
Alaska is the most seismically active region of the United States and large, frequent 

earthquakes pose significant seismic hazards to the state’s infrastructure and inhabitants. 
Despite the risks associated with high rates of tectonic activity, geologic information on the 
relative activity of Quaternary faults is sparse.  This report is designed to provide guidance 
for future earthquake research in Alaska, serve as a resource for seismic hazard studies, and 
complement the Alaska Quaternary fault database (Koehler and others, 2012a; Koehler, 2013). 
It summarizes the current state of knowledge pertaining to the paleoseismic characteristics 
of active faults throughout the state and represents the first comprehensive compilation of 
paleoseismic data for Alaska. The report is organized into eight seismic source regions, and 
includes unpublished observations from many active faults briefly visited during field cam-
paigns associated with ongoing infrastructure studies of the Alaska Division of Geological & 
Geophysical Surveys. In a summary report of this nature, it is inevitable that some informa-
tion might have been overlooked. Although additional future paleoseismic characterization 
of active faults is needed to adequately address seismic hazards and risk in the state, the 
information presented here contributes to the core charter of the Alaska Seismic Hazards 
Safety Commission by providing data that will ultimately lead to better hazard evaluations 
and mitigation practices.

ACTIVE FAULTING AND SEISMIC HAZARDS IN ALASKA

R.D. Koehler1 and G.A. Carver2

INTRODUCTION

Alaska experiences more earthquakes than any 
other state in the nation and is one of the most seis-
mically active regions of the world (fig. 1A). Since 
the advent of instrumental monitoring of global 
seismicity, 11 percent of the world’s earthquakes have 
occurred in Alaska. During the last century two of 
the ten largest earthquakes in the world and nine of 
the ten largest earthquakes in the United States were 
in Alaska. Offshore faults in Alaska are also active 
sources of large tsunamis that pose hazards to the 
circum-Pacific region. 

Seismic hazards include a number of physi-
cal phenomena generated during earthquakes that 
can adversely affect people, their activities, and 
the human environment. The most common and 
widespread seismic hazard is strong ground motion, 
the shaking felt during an earthquake. Other seis-
mic hazards include surface fault displacement; 

earthquake-triggered landslides and slope failures of 
various types including snow avalanches; liquefaction 
and other kinds of ground failure; subsidence; seiches; 
and tsunamis (McCalpin, 2009; Reiter, 1995). 

Seismic hazard maps showing the probability 
of exceedance of several spectral ground motion 
metrics such as peak ground acceleration during 
future earthquakes in Alaska have been published 
by the U.S. Geological Survey (Wesson and others, 
2007, 1999) and are presently awaiting update. These 
maps, and probabilistic seismic hazard estimates in 
general, are highly dependent on historical seismicity 
and accurate paleoseismic information related to the 
timing and recurrence of past earthquakes as well as 
slip rates for individual faults (Field and others, 2013; 
Youngs and Coppersmith, 1985; Wesnousky, 1986; 
Frankel and others 2002; Cornell, 1968). 

Yeats (2012) and Plafker and others (1994a) 
provide regional syntheses of earthquake geology and 
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active faults in Alaska. The Alaska Quaternary Fault 
and Fold database (Koehler, 2013; Koehler and others, 
2012a) has made mapping of fault locations available 
in a digital format for use in seismic hazards assessment 
(fig. 1A); however, detailed rupture characteristics for 
most faults are not accurate enough for characterizing 
seismic risk. In particular, geologic information on the 
style of deformation, timing of earthquakes, and slip 
rates of Quaternary faults are poorly constrained for 
many faults.  The existing geologic and paleoseismic 
data from the published literature, government reports, 
maps, and academic theses have not previously been 
synthesized into one document.

In this paper we introduce some basic principles 
and input parameters relevant to the assessment of 
seismic hazards and risk followed by a summary of 
historical seismicity and paleoseismic information 
related to seismic sources (such as active faults) that 
contribute to seismic hazards in different regions of 
Alaska. In general, this report describes structures 
(faults and folds) as active or potentially active if 
they show evidence for the occurrence of earth-
quakes and/or surface deformation in the Quaternary 
period (geological observations) to contemporary 
time (instrumentally recorded seismic and geodetic 
observations).   For engineering geologic applica-
tions, seismic sources are variably defined as “active” 
depending on the purpose of a particular project, and 
these definitions are described in more detail in the 
following section. The summary of information is 
intended to complement the Quaternary fault map 
of Koehler (2013), and readers are referred to the 
topographic, shaded relief, and satellite base layers in 
that on-line database for more detailed geographic 
information as well as summaries of paleoseismic 
parameters (dip, slip sense, etc).  Readers are encour-
aged to view the paper alongside the digital database 
(http://dggs.alaska.gov/pubs/id/24956) for maxi-
mum understanding.  

For descriptive purposes, we divided the state 
into eight physiographic regions and separated inter-

plate and intraplate sources (fig. 1B). These regions 
are similar to regions developed by the State of Alaska 
Division of Community and Regional Affairs and 
used in the State Hazard Mitigation Plan (Alaska, 
State of, 2013), but are generalized to reflect regional 
neotectonic patterns and processes. Interplate bound-
ary source regions include: (1) the Alaska–Aleutian 
subduction zone and Alaska Peninsula source region, 
which extends along the southern coast from the 
Gulf of Alaska to the western end of the Aleutian 
Islands; (2) the Queen Charlotte–Fairweather fault 
and southeastern Alaska source region, which extends 
from southern southeast Alaska to Yakutat; (3) the 
Yakutat Collision zone/Chugach Mountains source 
region, which extends along the northern margin of 
the Gulf of Alaska; and (4) the Benioff zone, repre-
senting the down-dip subduction margin beneath 
southern Alaska. While the Benioff zone represents 
a planar  zone  of intraslab seismicity within the 
down-going Pacific plate along the Alaska-Aleutian 
subduction zone, it is considered an interplate source 
in this paper because the upper part of the zone rep-
resents the boundary between the Pacific and North 
American plates. 

Intraplate source regions include: (5) south-
central Alaska, (6) interior Alaska, (7) northern Alaska 
and the Brooks Range, and (8) western Alaska and 
Bering Sea. The south-central subregion is bound on 
the north and east by the Alaska Range and Wrangell 
Mountains, respectively, and includes the western 
Alaska Range, Cook Inlet, Susitna basin, Talkeetna 
Mountains, the northern part of the Kenai Peninsula, 
and Copper River basin. The interior Alaska subregion 
includes the Yukon Flats, Yukon–Tanana upland, 
Tanana lowland, northern Alaska Range, and the 
Kuskokwim Mountains and Kuskokwim River basin. 
The northern Alaska subregion includes the Brooks 
Range, North Slope, and Beaufort Sea shelf areas. 
The Seward Peninsula, Yukon–Kuskokwim Delta, 
Kilbuck Mountains, and Bering and Chukchi Sea 
shelves comprise the western Alaska subregion. 

http://dggs.alaska.gov/pubs/id/24956
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Figure 1. A. Distribution of Quaternary faults in Alaska (black lines) from Quaternary fault and fold database for Alaska (Koehler, 2013; 
Koehler and others, 2012). Yellow circles denote crustal seismicity from 1980-2011. B. General boundaries of seismic source regions 
in Alaska used in this paper. Plate bound¬ary source regions include: ASZ/AP = Alaska–Aleutian subduction zone and Alaska Peninsula, 
QC-F/SE = Queen Charlotte–Fairweather fault and southeastern Alaska, YCZ = Yakutat collision zone. Intraplate seismic source regions 
include: I = Interior Alaska, NA/BR = Northern Alaska and Brooks Range, SC = South-central Alaska, WA/BS = Western Alaska and Bering 
Sea. Benioff zone is in the subsurface and is not labeled. Red lines show active faults.
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ASSESSMENT OF 
SEISMIC HAZARD AND RISK

Seismic hazards and risks vary greatly from 
place to place across the state at both regional and 
local scales. The identification and characterization 
of seismic hazards regionally and locally is there-
fore fundamental to the development of effective 
approaches to hazard mitigation and risk reduction. 
Identification and characterization of seismic hazards 
is based on integrating many types of observational 
and theoretical information drawn from a range of 
disciplines including geology, geodesy, geophysics, 
seismology, paleoseismology, and geomorphology, 
among others. The process of collecting the informa-
tion required to facilitate effective hazard mitigation 
is specific to each of the different seismic hazards and 
to the site and region under consideration.

The probability that seismic hazards will 
adversely impact people, buildings, and other engi-
neered structures, lifelines, and other elements of the 
human environment constitute seismic risk. Seismic 
risk reflects both the likelihood and the severity of 
the hazard and also incorporates the vulnerability 
of people and the built environment. Two general 
categories of seismic hazard analysis (SHA) are 
commonly used in seismic risk assessment: deter-
ministic (DSHA) and probabilistic seismic hazard 
analysis (PSHA). DSHA focuses on defining the 
worst credible case without regard to the time prob-
ability of occurrence, exposure time, or design life 
of the facility under consideration. In PSHA, the 
hazards at a site are specified as the worst effects (for 
example, ground motions) that are statistically likely 
to occur in a specified time interval in terms of their 
probability of exceedance (Somerville and Moriwaki, 
2003; Kramer, 1996; Abrahamson, 2006; Reiter, 
1990). Application of risk assessment software (most 
commonly Hazus) has improved loss estimation and 
earthquake vulnerability assessment of infrastructure 
(Nishenko and others, 1998). 

Databases of mapped surface fault traces and 
rupture parameters for earthquake sources provide 

important data for the development of community 
fault models.  In California, long-term earthquake 
rupture forecasts have been based on 3D fault geom-
etry databases that use a combination of surface 
fault traces and other geological and geophysical 
data (Field and others, 2009; Field and others, 2013; 
Plesch and others, 2007).  Rupture forecast models 
typically use ground motion prediction equations 
(GMPE’s) to estimate the probability of exceedance of 
the level of ground motion over a certain time interval 
at a particular site for a variety of sources in an area.  
Physics based 3D ground motion simulations that 
use multiple rupture variations (hypocenter location, 
slip distribution) to calculate synthetic seismograms 
and probabilistic seismic hazard curves indicate 
that rupture directivity and basin response can lead 
to estimates of stronger ground shaking than those 
estimated with conventional GMPE’s (Graves and 
others, 2011).  These types of analyses are precluded 
in Alaska by limited available data, however, some 
of these techniques may be applicable in the future.

Determination of seismic risk is based on 
adequate identification and characterization of the 
hazards that are present in a region, and the exposure 
of sites to the hazards (often a consequence of their 
location). Assessment of seismic risk incorporates 
geological and geophysical information about seismic 
hazard with consideration of the design, location, 
and characteristics of the built environment includ-
ing local geology and physical properties, especially 
the characteristics of soils, proximity to hazards, 
engineering and architectural specifications, and 
the quality and resistance (fragility) of construction. 

Foremost in the study of seismic hazards is 
the identification of the locations and nature of 
earthquake sources.  Sources of earthquakes may be 
faults that are observable at the earth’s surface but 
many (e.g., blind faults) do not reach the surface. 
Assessment of activity of surface faults, the surficial, 
secondary effects of blind faults, and definition of 
fault displacement parameters is the principal focus of 
the discipline of paleoseismology (McCalpin, 2009). 
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Evaluation of deep seismic sources, such as those in 
subduction Benioff zones, is performed principally 
by a seismologist. The sense of movement, orienta-
tion and distance of the fault from the site of interest, 
amount of slip during single events, direction of fault 
rupture propagation, level of fault activity, and other 
fault displacement parameters act in combination to 
contribute to seismic hazard. Other factors important 
to seismic hazard assessment can include the nature of 
the Earth’s crust between the causative fault and the 
site of interest, local soil conditions and topography, 
the proximity of the site to water bodies that could 
generate tsunamis or seiches, and proximity to hill 
slopes prone to earthquake-triggered failure. 

For most engineering geologic applications a 
fault is classified as active and interpreted to have 
the potential to generate future earthquakes if it has 
experienced displacement during Holocene time 
(the last 11,000 years) (Slemmons and McKinney, 
1977; Hart, 1980). For some critical structures longer 
timeframes are used as the basis for defining faults 
as active. For example, the definition of a “capable 
fault” for nuclear power plant siting is a fault that 
has had “movement at or near the ground surface 
at least once within the past 35,000 years or move-
ment of a recurring nature within the past 500,000 
years” (U.S. Nuclear Regulatory Commission, 1997). 
Blind faults (faults not associated with discreet sur-
face displacement) are considered active if they have 
generated observable secondary effects at the surface, 
such as tilting or disruption of drainages, during the 
Holocene or if they produce macro-seismicity that 
instrumentally demonstrates a direct relationship 
with the causative fault.

SOURCES OF EARTHQUAKES IN ALASKA

Alaska is located on the North American plate 
and several recently recognized microplates (Freym-
ueller and others, 2008; Chapman and others, 2008; 
Haeussler, 2008; Ruppert and others, 2008). The 
Pacific plate is moving ~55 mm/yr (~2.2 in/yr) to the 
northwest relative to the North American plate and 

associated microplates along a system of major faults 
that extend along the southeastern and southern coasts 
of Alaska.  These faults include two of the largest and 
most active fault systems in the world, the Queen 
Charlotte–Fairweather transform fault system and the 
Alaska–Aleutian subduction zone (fig. 1A). These plate 
boundary structures are roughly connected by the 
Yakutat microplate collision zone (Chugach–St. Elias 
thrust system), which extends along the northern side 
of the Gulf of Alaska, both offshore and on land. Plate 
boundary forces apply stress to the crust for more than 
1,000 km (620 mi) north of the plate boundary into 
interior and northern Alaska. In the interior, defor-
mation is accommodated by the Denali fault, thrust 
faults along the northern flank of the Alaska Range, 
northeast-trending seismic zones near Fairbanks, and 
many other poorly understood faults. Rates of defor-
mation in the extreme northern and northwestern 
parts of the state are below the resolution of modern 
GPS networks; however, diffuse seismicity indicates 
active deformation. Only a few Quaternary faults have 
been identified in these areas, and unmapped active 
faults are likely present. 

Considerable research in Alaska has focused on 
the characterization of the eastern Alaska–Aleutian 
subduction zone, particularly the 1964 rupture seg-
ment, and the Denali fault. Seismologists have also 
produced considerable information regarding the 
Alaska–Aleutian Benioff zone. Little is known about 
the rupture history and characteristics of the central 
and western Aleutian subduction zone. Additionally, 
observations on Quaternary activity are limited to 
reconnaissance studies in most cases, and detailed 
paleoseismic studies are few for faults in the Yakutat 
microplate collision zone as well as most of the intra-
plate faults in the northern, northwestern, and interior 
parts of the state.

In the following sections, we describe fault 
physiography, earthquake geology, seismicity, histori-
cal earthquakes, and paleoseismic information (where 
available) associated with major plate boundary seis-
mic zones, as well as lesser studied intraplate regions.
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PLATE BOUNDARY SEISMIC SOURCES
Alaska–Aleutian subduction zone 
and Alaska Peninsula source region

The Alaska–Aleutian subduction zone is the 
nearly 4,000-km-long (2,485-mi-long) convergent 
plate boundary between the Pacific plate and the North 
American plate. It extends from Cape Suckling west to 
the Kamchatka Peninsula in Russia (fig. 2A). Active 
seismicity indicates where and how the Pacific plate is 
subducting beneath the North American plate (Davies, 
1975; Davies and House, 1979; Page and others, 1991), 
and shows steeply dipping subduction in the west and 
gently dipping subduction in the east. Slab seismic-
ity abates at approximately 200 km (125 mi) depth, 
reflecting the down-dip extension of the Pacific plate. 
Convergence rates between the Pacific and North 
American plates in southern Alaska and along the 
Aleutian arc increase westward from 55 to 75 mm/
yr (2.2 to 3 in/yr) in the east and west, respectively 
(DeMets and others, 1990). 

Most of the Alaska–Aleutian subduction zone 
ruptured in a sequence of great earthquakes in the 
mid-20th century (Nishenko and Jacob, 1990). These 
great earthquakes include the 1938 Mw 8.3 Alaska 
Peninsula earthquake (Johnson and Satake, 1994), the 
1946 Mw 8.6 Unimak earthquake (López and Okal, 
2006; Okal and Hébert, 2007), the 1957 Mw 8.6 Fox 
Islands earthquake (Johnson and others, 1994), the 
1964 Mw 9.2 great Alaska earthquake (Ichinose and 
others, 2007; Plafker, 1969; Christensen and Beck, 
1994), and the 1965 Mw 8.7 Rat Islands earthquake 
(Beck and Christensen, 1991) (fig. 2A). All of the 
historic great subduction earthquakes spawned trans-
Pacific tsunamis. Two of these subduction earthquakes 
are among the ten largest to occur worldwide in the 
past 100 years; the 1964 great Alaska earthquake is the 
second largest. In addition to the great earthquakes of 
the historic sequence, parts of the 1957 and 1965 rup-
ture areas re-ruptured, generating M 7.9 earthquakes 
in 1986 (Andreanof earthquake), 1996 (Adak earth-
quake), and 2014 (Rat Islands earthquake) (Boyd and 
Nabelek, 1988; Alaska Earthquake Center, 2016). The 

only sections of the Alaska–Aleutian subduction zone 
that remain historically unbroken are an approximately 
200-km-long (125-mi-long) section at the western end 
of the Alaska Peninsula (Shumagin segment) and a 
short section in the Unalaska area. 

Based on the historic earthquake rupture zones, 
the Alaska–Aleutian subduction zone has been 
subdivided into multiple segments including the 
Yakutaga–Yakutat, Prince William Sound, Kodiak 
Island, Alaska Peninsula Shumagin Islands, Unimak 
Island, Fox Islands, Andreanof Islands, Delarof Islands, 
Rat Islands, Near Islands, and Russia’s Komandorski 
Islands (Nishenko and Jacob, 1990). Marine geophysi-
cal observations indicate that distinct structural blocks 
occur along the margin and are separated by asperities 
that may influence the location of seismic moment 
release (Ryan and Scholl, 1993). A topic of ongoing 
research is whether these segments remain fixed in 
time or if multi-segment ruptures are possible (Briggs 
and others, 2014a).

The eastern Alaska–Aleutian subduction zone 
was the source of the 1964 Mw 9.2 great Alaska earth-
quake, which ruptured about 800 km (500 mi) of the 
plate boundary megathrust from the southern end of 
Kodiak Island to near Cape Yakataga (fig. 2A). The 
earthquake was generated by as much as 25 m (82 ft) 
of horizontal displacement on the megathrust beneath 
Prince William Sound (Parkin, 1969). Several sub-
sidiary upper plate thrust faults, including the Patton 
Bay and Hanning Bay faults on Montague Island and 
their southern extensions on the sea floor also ruptured 
during the earthquake. Uplift of the sea floor from slip 
on these faults was the primary source of the destruc-
tive tsunami generated during the 1964 earthquake 
(Plafker, 1969); however, Seward, Valdez, and other 
communities were also affected by submarine land-
slides and local tsunamis that arrived before the tectonic 
waves caused major damage (Lemke, 1967; Lander, 
1996; Nicolsky and others, 2013; Suleimani and others, 
2010). Studies by Kulikov and others (1998) and Ryan 
and others (2010) indicate that submarine landslides 
have occurred repeatedly through the Holocene.
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During the 1964 earthquake, dip-slip displace-
ment on land along the Patton Bay fault was as much 
as 7.9 m (26 ft) and the maximum vertical component 
of slip on the Hanning Bay fault was 5 m (16.4 ft) 
(Plafker, 1967a) (fig. 2B). These displacements were 
predominantly reverse with a small component of 

left-lateral slip. Additional upper plate faults southwest 
and north of Montague Island including the Latouche, 
Cape Cleare, Bainbridge, and Montague Strait faults 
are inferred to have also ruptured in conjunction with 
the 1964 earthquake, based on seafloor displacements 
(Liberty and others, 2013). Based on interpretation 

Figure 2. A. Date and magnitude of significant earthquakes in historic rupture zones (orange polygons) along the Alaska–Aleutian sub-
duction zone (outlined in red). Data from Haeussler and Plafker (2004) and the Alaska Earthquake Center. Previously defined segment 
boundaries (Nishenko and Jacob, 1990) shown by dashed black lines, however questions remain in the scientific literature regarding 
the persistence of tectonic segments through time. The segments include: YY = Yakataga-Yakutat, PWS = Prince William Sound,  
K = Kodiak Island, P = Alaska Peninsula, S = Shumagin, U = Unimak Island, FI = Fox Islands, A = Andreanof Islands, D = Delarof Islands, 
RI = Rat Islands, NI = Near Islands, KoI = Komandorski Islands. CI = Cook Inlet, KI = Kodiak Island, KP = Kenai Peninsula, PWS = Prince 
William Sound, KS = Kodiak Shelf fault zone, AB = Albatross Bank fault zone. B. Prince William Sound (PWS) region of the eastern 
Alaska–Aleutian subduction zone showing active faults. H = Heney fault, HB = Hanning Bay fault, K = Kayak fault, PB = Patton Bay fault, 
RM = Ragged Mountain fault, RRFZ = Rude River fault zone, T = Tenfathom fault, W = Wingham fault. Fault colors indicate relative age 
of activity from Koehler (2013): Historic (<150 yrs, red), latest Pleistocene and Holocene (<15 ka, orange), latest Quaternary (<130 ka, 
yellow), mid-Quaternary (<750 ka, green), Quaternary (< 1.6 ma, purple), and potentially active or pre-Quaternary (black).
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of seismic reflection data, Liberty and others (2013) 
indicate that long-term slip rates may be as high as 9 
mm/yr (0.4 in/yr) on these structures.

Investigations related to the timing of prehistoric 
earthquakes based on studies of coastal marshes have 
been most extensively conducted along the eastern 
part of the subduction zone around Prince William 
Sound and Cook Inlet. These studies, includ-
ing investigations on Montague, Hinchinbrook, 
Hawkins, Middleton Islands, Copper River Delta, 
Knik Arm, Turnagain Arm, and lower Cook Inlet 
provide evidence for nine great earthquakes in the 
last 5,000 years with a median recurrence interval of 
560 years and a range of 333–875 years (Carver and 
Plafker, 2008, and references therein). An additional 
event ruptured the megathrust near Kodiak around 
533–473 B.P. but apparently did not extend to the 
Prince William Sound area. Based on beach ridge 
geomorphology and stratigraphic studies along the 
southern Kenai Peninsula, Kelsey and others (2015) 
provide observations that suggest the occurrence of 
an earthquake between AD 1530 and 1840 along 
the Kenai Peninsula that did not involve the Kodiak 
and Prince William Sound segments to the west and 
east, respectively. Paleoseismic studies of lacustrine 
deposits in south-central Alaska indicate a mean 
recurrence interval for seismically induced landslides 
of ~250 yrs., ~450 yrs., ~900 yrs. and ~450 yrs. for 
the Eklutna Lake Proximal basin, Eklutna Lake dis-
tal basin, Skilak Lake, and Kenai Lake, respectively 
(Praet and others, 2017). Thus, damaging M 8+ 
earthquakes generated along the megathrust within 
the 1964 rupture patch are recognized as a credible 
seismic hazard. However, because of the long recur-
rence interval and recency of the 1964 earthquake, 
a repeat of that event is less likely in the near future. 

East of the 1964 rupture area in the Yakutaga–
Yakutat segment, a series of three elevated marine 
terraces between Icy Bay and Cape Yakataga have 
been attributed to coseismic uplift due to rupture 
on the megathrust (Carver and Plafker, 2008). On 
the basis of radiocarbon analyses, Plafker and others 

(1982) estimate that the terraces were coseismically 
elevated above sea level around 1,389–976 B.P., 
2,744–2,329 B.P., and 5,919–5,586 B.P. Shennan 
and others (2009) evaluated paleoseismic records 
from sites on either side of the eastern limit of the 
1964 rupture and inferred regional uplift events 
at ~900 and ~1,500 years ago, suggesting simulta-
neous rupture of the Prince William Sound and 
Yakataga–Yakutat segments of the megathrust. If 
correct, the observations indicate a rupture area ~15 
percent greater than the 1964 rupture, implying a 
correspondingly larger earthquake. In the Katalla 
area, Shennan and others (2014) report a pre-1964 
earthquake ~500 cal yrs B.P., which may be related 
to upper plate faulting independent of the megathrust 
along the Ragged Mountain fault (fig. 2B).

The central and western Alaska–Aleutian sub-
duction zone (southwest of Kodiak) including the 
Aleutian Islands has produced intermediate and deep 
interplate earthquakes along the subduction zone, 
shallow outer-rise events near the trench, as well as 
seismicity associated with volcanic activity. During 
the last 60 years, more than 9,800 M ≥ 4.0 earth-
quakes have been located in this region, including 
more than 2,500 moderate (M ≥ 5.0) earthquakes 
(Alaska Earthquake Center, 2016). The region aver-
ages three or four strong (M ≥ 6.0) earthquakes each 
year. There have been 64 major (M ≥ 7.0) events 
in the Aleutians, and three great events (M ≥ 8.0). 
Recent notable events include the 2010 M 6.7 Fox 
Islands earthquake and the 2014 M 7.9 Rat Islands 
earthquake, which was associated with more than 
2,500 aftershocks, including 60 with M > 4.0, the 
largest of which was M 6.4. 

With the exception of the 20th century earth-
quakes, the paleoearthquake history of the central 
and western Alaska–Aleutian subduction zone is 
poorly characterized. Russian fur trader accounts 
indicate the occurrence of earthquakes in 1788 and 
1847 in the Shumagin Islands region; however, details 
on these events are cryptic (Davies and others, 1981). 
Although an indirect proxy for earthquake ruptures, 
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recent U.S. Geological Survey paleotsunami and 
land-level studies on islands in the Aleutians are 
beginning to develop information on paleoearth-
quake timing. On Sedanka and Umnak islands 
(fig. 2A), Witter and others (2014a, 2015) identified 
multiple sand layers in the coastal stratigraphy and 
driftwood logs up to 23 m (75 ft) elevation inferred 
to have been deposited by high-runup tsunamis. 
Witter and others (2015) infer that these observations 
indicate repeated megathrust earthquakes in the 
Unalaska seismic gap in the past ~2.2 ka and based 
on radiocarbon analyses, suggest repeat intervals of 
280–325 years. On Chirikof Island (fig. 2A), Briggs 
and others (2014b) documented evidence for multiple 
tsunamis over the past ~3.4 ka with a repeat interval 
of 250–400 years. On Simeonof Island, Witter and 
others (2014b) did not find evidence for coseismic 
uplift or subsidence and suggested that late Holocene 
earthquakes may have been too small to perturb the 
onshore geologic record, possibly due to the location 
of the island close to the hinge line of the subduct-
ing trench.

Additional seismic sources associated with the 
Alaska–Aleutian subduction zone/Alaska Peninsula 
source region accommodate compression and flexure 
of the upper plate within the forearc inboard of the 
subduction trench. The Kodiak Shelf and Albatross 
Bank fault zones are predominantly offshore and 
roughly parallel Kodiak Island (fig. 2A). Based on 
GPS studies, upper crustal faulting associated with 
the Kodiak Shelf fault zone is responsible for about 
0.75 mm/yr (0.03 in/yr) of uplift and 5–15 mm/yr 
(0.2–0.6 in/yr) of left-lateral deformation on Kodiak 
Island (Carver and others, 2008b). Paleoseismic 
trenches along the Narrow Cape fault, part of the 
Kodiak Shelf fault system expressed onshore on 
Kodiak Island, indicate the occurrence of six or seven 
Holocene earthquakes with a recurrence interval of 
1–2 ka (Carver and others, 2008b). 

The Wingham, Tenfathom, and Kayak faults 
(fig. 2B) comprise a northeast-trending, northwest-
dipping forearc reverse fault system that bounds 

Kayak Island and extends for more than 30 km (19 
mi) (Plafker, 1974). Additionally, the Heney fault and 
the Rude River fault zone represent the northeastern 
projection of the Patton Bay fault. Little is known 
about the paleoseismic history of these faults; how-
ever, their position and orientation in the transition 
zone between the Yakutat collision zone and the 
Alaska–Aleutian subduction zone suggest they are 
capable of generating large earthquakes.

Fairweather–Queen Charlotte fault system 
and southeastern Alaska source region

In southeastern Alaska, active seismic sources 
include the Fairweather–Queen Charlotte fault sys-
tem, the Chatham Strait section of the Denali fault, 
the eastern end of the Transition fault, and other 
potentially active faults mapped in bedrock (fig. 3). 
The highly active right-lateral Fairweather–Queen 
Charlotte transform fault system marks the bound-
ary between the Pacific and North American plates 
and constitutes the locus of much of the region’s 
seismicity. Earthquakes are generally shallow crustal 
events along right-lateral strike-slip faults with more 
than 400 M ≥ 4.0 events and 20 strong earthquakes 
(M ≥ 6.0) in the last 60 years (Alaska Earthquake 
Center, 2016). 

The Fairweather–Queen Charlotte fault has 
generated several major destructive earthquakes 
in the last century including the 1949 (Mw 8.1) 
earthquake offshore of the Queen Charlotte Islands, 
the 1958 Lituya Bay earthquake (Mw 7.9) on the 
northern part of the system, and the 1972 (Mw 7.3) 
earthquake west of Sitka (fig. 3). The Lituya Bay 
earthquake triggered a massive landslide into Lituya 
Bay that generated a 540-m-high (1,772-ft-high) 
wave (Miller, 1960) and the 1972 earthquake was 
felt to distances of nearly 1,000 km (620 mi) (Page, 
1973). Two recent earthquakes, the 2012 Mw 7.7 
Haida Gwaii earthquake along the southern exten-
sion of the fault in offshore British Columbia and the 
Mw 7.5 earthquake near Craig, caused minor shaking 
damage and tsunami warnings (fig. 3).
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Figure 3. Tectonic map of southeastern Alaska, showing rupture patches of historic earthquakes (red polygons). CL = Crillon Lake,  
BI = Baranof Island, CI = Chilkat Inlet, CP = Canoe Passage fault, CS = Chatham Strait, H = Haines, II = Idaho Inlet fault, IP = Icy Point fault,  
J = Juneau, K = Ketchikan, LB = Lituya Bay, LC = Lynn Canal, PoW = Prince of Wales Island, PS = Peril Strait fault, S = Sitka, SL = Sea Level fault,  
TF = Transition fault, TN = Tongass Narrows fault. Fault colors indicate relative age of activity from Koehler (2013); see figure 2 for definitions.
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Paleoseismic field investigations have only been 
conducted along the 1958 rupture trace largely due to 
the limited on-land extent of the fault. Surface offsets 
of 2.4–6.5 m (7.9–21.3 ft) lateral and >1 m (>3.3 ft) 
vertical have been documented and offset glacial 

landforms have been used to estimate a late Holocene 
slip rate of between 48 and 58 mm/yr (2–2.3 in/yr) 
(Tocher, 1960; Plafker and others, 1978).  Recent 
paleoseismic trench reconnaissance and evaluation of 
lidar data at the north end of Crillon Lake identified 
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evidence for at least three paleoearthquakes includ-
ing 1958 and documented youthful stream channels 
right laterally deflected up to 128 m (420 ft) across 
the fault (Witter and others, 2017a; 2017b). Geodetic 
observations along the northern part of the system 
near Yakutat indicate a right-lateral slip rate of 42.9 
± 0.9 mm/yr (~1.7 in/yr) (Elliott and others, 2010) 
slightly faster than the 35.7 ± 1.0 to 40.0 ± 1.0 mm/
yr (~1.4 to ~1.6 in/yr) reported by (Fletcher and Frey-
mueller, 2003). Offshore bathymetric surveys and sub 
bottom profile data have identified several piercing 
points across the fault and determined a slip rate of 
45-55 mm/yr since 14 ka (Greene and others, 2016).  
Assuming the largest earthquakes are constrained 
within segments and have similar characteristics 
to the historical events (characteristic earthquake 
behavior), the recurrence interval for large-magnitude 
earthquakes on the Fairweather–Queen Charlotte 
system is 100 to 155 years (Wesson and others, 2007).  
Repeat times of ~70 yrs are possible if the entire plate 
rate is accommodated along the fault as is suggested 
by recent slip rate studies.

The Chatham Strait section of the Denali fault 
extends on the seafloor of Lynn Canal, Chatham 
Strait, and Chilkat Inlet from near the southern tip 
of Baranof Island to Haines (fig. 3). To the north, 
the fault continues on land along the Chilkat River 
valley. Cumulative lateral displacements of Tertiary 
and late Paleozoic rocks between 100 and 193 km 
(62 and 120 mi) have been reported (Lathram, 1964; 
Sonnevil, 1981; Hudson and others, 1982), but no 
Holocene displacements have been documented 
(Hudson and others, 1982) and slip parameters are 
unknown. Plafker and others (1994a) mapped the 
fault as “suspicious with possible Neogene displace-
ment.” Possible Quaternary activity is inferred based 
on the fault’s orientation, relatively parallel to the 
plate boundary, and documented Quaternary activity 
along the fault’s extension to the north near Kluane 
Lake (Seitz and others, 2008). 

The majority of southeastern Alaska was covered 
in glacial ice during the latest Pleistocene, which 

likely removed any evidence of older earthquakes. 
Since that time the area has been forested by a thick 
Sitka spruce ecosystem. Additional faults capable of 
producing earthquakes likely exist along the Fair-
weather–Queen Charlotte fault system. These types 
of subsidiary faults are common along other major 
plate boundary strike-slip faults (such as the San 
Andreas fault in California and the Alpine fault in 
New Zealand). Multiple northwest-trending bedrock 
faults extend across Baranof Island including the Sea 
Level, Idaho Inlet, and Peril Strait faults, among 
others (Plafker and others, 1994a) and are optimally 
oriented to transfer compressional strain from the 
Fairweather fault to the Chatham Strait section of 
the Denali fault. Farther south, in the vicinity of 
Ketchikan, the Canoe Passage fault, Tongass Nar-
rows fault, and multiple unnamed faults on Prince of 
Wales Island (Plafker and others, 1994a) might also 
contribute to the seismic hazard. The relative activ-
ity and seismic potential of these faults is unknown.

Yakutat collision zone source region
Along the eastern part of Alaska’s southern coast, 

from Yakutat to Cape Suckling, the plate boundary 
involves the collision of the Pacific plate and Yakutat 
microplate with the Wrangell microplate and the 
North American plate (figs. 1A and 4). Here the 
Pacific plate boundary is defined by a complex system 
of offshore thrust faults, which extend onshore in 
the vicinity of Cape Yakataga and Icy Bay. Collec-
tively this zone is known as the Chugach–St. Elias 
fold-and-thrust belt and includes the active Chaix 
Hills, Coal Glacier, Hope Creek, Kayak, Kosakuts, 
Malaspina, Miller Creek, Sullivan, and Bagley faults, 
the Pamplona fault zone, and several active folds 
including the Yaga syncline, Yakataga anticline, and 
White River syncline (fig. 4). The majority of these 
structures have the potential to generate large to 
great earthquakes, presenting a high seismic hazard 
for the northern Gulf of Alaska area. Background 
levels of seismicity along the coast are extremely high, 
with thousands of earthquakes recorded every year. 
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In addition to tectonic events, earthquakes are also 
generated in response to glacio-isostatic processes.

Structural and stratigraphic studies across the 
Chugach–St. Elias fold-and-thrust belt have described 
the structures and kinematics involved in collision 
and accretion of the Yakutat terrane and uplift of the 
Chugach–St. Elias mountains (Plafker, 1967b; Plafker 
and others, 1994b; Bruhn and others, 2004; Pavlis and 
others, 2004; Wallace, 2008b; Meigs and others, 2008; 
Chapman and others, 2012). Shortening is accommo-
dated by the formation of narrow anticlines separated 
by broad, flat-bottomed synclines. Earthquakes along 
steep thrust faults that core the anticlines are respon-
sible for fault propagation folding; however, at present 
there are no paleoseimic constraints regarding the 
timing or recurrence of earthquakes along individual 
faults. Crustal seismicity is concentrated along the 
eastern part of the zone; however, diffuse seismicity 
extends to the west toward the Ragged Mountain fault. 

Total shortening estimates in the Chugach–St. 
Elias Range, based on plate reconstructions and 

exhumed material, are on the order of 300 km (186 
mi) (Pavlis and others, 2004; Berger and others, 2008; 
Chapman and others, 2008). Minimum shortening 
estimates for the hanging wall of the Chugach–St. 
Elias thrust since the onset of Yakataga Formation 
deposition (~6 Ma), based on geologic observations and 
balanced cross sections, range from 36 to 82 km (22.4 
to 51 mi) (Wallace, 2008b; Meigs and others, 2008; 
Chapman and others, 2008), with the differences 
mainly attributed to alternative interpretations of fault 
displacement and the amount of thickening at depth. 
These observations have been used to infer minimum 
shortening rates of ~6.1 mm/yr (~0.2 in/yr) (Wallace, 
2008b) and ~13–14 mm/yr (~0.5–0.6 in/yr) (Meigs 
and others, 2008). Meigs and others (2008) indicated 
that the displacement was accommodated along three 
main thrust sheets whose cumulative displacements 
decrease to the south, including Hope Creek (44 km 
[27 mi]), Sullivan (35 km [22 mi]), and an offshore 
thrust sheet (3 km [1.9 mi]). Meigs and others (2008) 
used these displacements with the depositional history 

Figure 4. Faults of the Chugach–St. Elias fold-and-thrust belt along the southern coast of Alaska adjacent to the Gulf of Alaska. Fault colors 
indicate relative age of activity from Koehler (2013); see figure 2 for definitions. K = Kayak fault, BF = Boundary fault, BG = Bering Glacier, 
BP = Bancas Point fault, CG = Coal Glacier fault, CH = Chaix Hills fault, CY = Cape Yakataga, HC = Hope Creek fault, IB = Icy Bay, KK = Kosa-
kuts fault, MC = Miller Creek fault, MF = Malaspina fault, MG = Malaspina Glacier, NFF = northern Fairweather fault, OF = Otmeloi fault, 
RM = Ragged Mountain fault, SF = Sullivan fault, WR = White River syncline, Y = Yaga syncline, YA = Yakataga anticline, YF = Yakutat fault.

0 40 80 km

60
°N

59
°N

140°W144°W 142°W

Cape Suckling

MG

BG

Yakutat
Gulf of Alaska

Bagley fault

IB
RM

CY

OF

YF
BF

NFFBP
MF

SF

MC
CH

CG

HC

KK Y
YA

WR

Pamplona fa
ult z

oneK

0 20 40 mi



 Active faulting and seismic hazards in Alaska 13

of the Yakataga Formation to estimate a minimum 
shortening rate of ~5–6 mm/yr (~0.2–0.24 in/yr) 
for the Sullivan thrust sheet distributed between the 
Miller Creek fault (1.3 mm/yr [0.05 in/yr]) and the 
Sullivan fault (4.5 mm/yr [0.18 in/yr]). Furthermore, 
Meigs and others (2008) determined that the shorten-
ing rate on the offshore thrust sheet had increased from 
~1 to ~6 mm/yr (~0.04 to ~0.24 in/yr) between 1.8 and 
0.25 Ma and was distributed across two main folds (A1 
and A2 in Meigs and others, 2008) with minimum 
shortening rates of 5.6 and 0.9 mm/yr (0.22 and 0.04 
in/yr). These folds represent the eastern extension of 
the Pamplona fault zone, which also accommodates 
~6 mm/yr (0.2 in/yr) of shortening (Worthington and 
others, 2010; Chapman and others, 2008). Broadly 
binned slip rates of between ~1 and 5 mm/yr (~0.04 
and 0.2 in/yr) have been assigned to individual faults 
of the Chugach–St. Elias fold-and-thrust belt in the 
Quaternary fault and fold database for Alaska (Koehler 
and others, 2012a) consistent with the observations in 
Meigs and others (2008).

Geodetic studies suggest that the shortening rate 
across the St. Elias orogen is ~35 mm/yr (~1.4 in/yr) 
(Sauber and others, 1997; Fletcher and Freymueller, 
2003; Elliott and others, 2010), considerably more 
than the geologically determined rates.  For example, 
geodetically measures shortening rates across the 
Malaspina and the Yakataga-Chaix Hills region are 
on the order of 10.5 ± 3 mm/yr and 22.0 ± 1.4 mm/
yr, respectively (Elliott and others, 2013).  This implies 
that additional deformation is accommodated by 
some combination of detachment below the orogen, 
distributed deformation within the orogen, and/or far-
field deformation north of the orogen. From a seismic 
hazards perspective, the discrepancy in geologic and 
geodetic deformation rates suggests that additional 
seismic sources might exist within the Chugach–St. 
Elias Mountains and that additional studies are 
required to better constrain the Holocene slip rates 
associated with individual known structures. 

Paleoseismic trenching studies across scarps in 
the hanging wall above the Ragged Mountain fault 

at Kushtaka Mountain and Martin Lake indicate for-
mation of sackung and uphill-facing scarps by either 
creep or oblique normal faulting along flexural slip 
bedding plane faults (McCalpin and others, 2011). 
At Kushtaka Mountain, McCalpin and others (2011) 
infer the occurrence of three creep events accompanied 
by episodic deposition and soil formation, including 
two events that predate 10.2 cal ka and a third event 
that occurred after 9,920–10,200 cal yrs B.P. but 
before 6,670–6,800 cal ka. Trenches near Martin 
Lake indicate the occurrence of four late Quaternary 
faulting events (McCalpin and others, 2011).

Two great (Mw 8.1 and Mw 8.2) and one large 
earthquake (Ms 7.4) were generated along the eastern 
side of the system in 1899, causing coastal uplift (14.4 
m [47.2 ft] maximum) over a 1,500 km2 area (Tarr 
and others, 1912). Plafker and Thatcher (2008) evalu-
ated the distribution of raised shoreline platforms 
and fit the data by allowing ~10–20 m (~33–66 ft) 
dip-slip displacement on three dextral oblique thrust 
faults that dip ~30º northeast or north including the 
Yakutat, Bancas Point/Esker Creek, and Boundary 
faults (fig. 4). Slip also occurred along the Otmeloi 
fault. Plafker and Thatcher (2008) suggest that ~1 
m (~3.3 ft) of uplift at Yakataga indicates that fault-
ing extended to the west into the Chugach–St. Elias 
fold-and-thrust belt (foothill fold-and-thrust zone 
in Plafker and Thatcher, 2008). The most recent 
paleoearthquake (pre-1899) in the Yakutat area 
occurred at least 380 ± 70 years ago, (Plafker and 
Thatcher, 2008). Because this area has not ruptured 
with a great earthquake since 1899 and is accumulat-
ing convergent strain at ~48 mm/yr (~1.9 in/yr), it has 
been identified as a possible “seismic gap” with a high 
likelihood of producing another large earthquake and 
possibly an accompanying tsunami.

The transition fault is oriented west–northwest 
along the structural boundary between the Yakutat 
terrane and the Pacific plate (fig. 3). At its south-
eastern end the Transition fault projects toward the 
Fairweather–Queen Charlotte fault and extends 
to within about 100 km (62 mi) of Sitka. The  
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Transition fault has not produced a significant earth-
quake in historic time except for the 1973 M 6.7 
event along the southeastern end of the fault (Perez 
and Jacob, 1980). Seismic images indicate that the 
fault changes from a single strike-slip boundary in 
the east to three strands that step seaward toward a 
junction with the Alaska–Aleutian trench, becoming 
increasingly more transpressional to the west (Gulick 
and others, 2013). The fault is associated with a steep 
dip, clear scarps on the sea floor that cut small sub-
marine fans at the base of the continental slope, and 
displaced glacial strata consistent with Quaternary 
activity (Gulick and others, 2013, 2007; Christeson 
and others, 2010). Because of the challenges inherent 
to offshore paleoseismology, timing, recurrence, and 
slip rate data have not yet been developed and the 
seismic potential of the Transition fault has not been 
characterized.

South of the Transition fault, the north–south-
trending Gulf of Alaska fault zone produced a series 
of strong earthquakes offshore including a M 7.7 in 
1987 and a M 7.8 in 1988 (fig. 1B). These earthquakes 
caused significant ground motions that were felt along 
the entire southeastern and southern Alaska coast.

BENIOFF ZONE SEISMIC SOURCE
A well-defined Benioff zone characterized by 

concentrated seismicity along the subduction inter-
face between the Pacific and North American plates 
extends from the Aleutian Arc in southwestern Alaska 
to the Alaska Peninsula and Cook Inlet in south-
central Alaska, and terminates beneath the northern 
foothills of the Alaska Range in interior Alaska (fig. 
1A). The geometry of the Alaska–Aleutian Benioff 
zone changes along strike. A steeply dipping Benioff 
zone is observed to the west in the Aleutians, while 
gently dipping subduction is observed to the east in 
central Alaska. Beneath Denali (formerly named Mt. 
McKinley), the Benioff zone shows a clear change 
in strike, perhaps indicating segmentation of the 
subducting plate (Ratchkovski and Hansen, 2002).

The Benioff zone is highly active and represents 
a regionally extensive source of potentially hazardous 
earthquakes up to M 7.9. The deepest of these events 
(down to ~260 km [160 mi]) occur in the central 
Aleutian arc. In south-central Alaska the seismicity 
abates at a depth of approximately 225 km (140 mi), 
reflecting the down-dip extent of the Pacific plate 
and/or a transition to plastic deformation. Abrupt 
termination of intermediate- and deep-focus events 
near 148°W longitude (Davies, 1975) leaves the 
eastern section of the Benioff zone beneath south-
central Alaska open to interpretation. The Benioff 
zone produces thousands of earthquakes each year, 
most of which are too deep and too small to be felt. 
The 1999 M 7.0 and 2001 M 6.9 Kodiak Island 
earthquakes occurred along the Benioff zone and 
caused considerable damage and disruptions to the 
city of Kodiak and other communities on the island. 
Anchorage experiences a few felt earthquakes originat-
ing from the Benioff zone beneath the city each year, 
with notable events occurring in 2014 (M 6.3), 1999 
(M 5.2), and 1991 (M 6.3). The 2015 (M 6.4) Iliamna 
and (M 7.1) Iniskin earthquakes also occurred in the 
subducting Pacific plate and were widely felt across 
south-central Alaska, the Kenai Peninsula, and as 
far north as Fairbanks. The Iniskin event was one of 
four intermediate-depth earthquakes of M>6 in the 
Cook Inlet region since July 2014 and nucleated at 
a depth of 125 km (78 mi) (West and others, 2016).  
In the western Aleutians, the 2014 M 7.9 Rat Islands 
earthquake nucleated at a depth of 118 km (73 mi) 
beneath Amchitka and represents the largest intra-slab 
earthquake ever recorded in Alaska (AEC, 2016).

Although earthquakes along the Benioff zone 
do not pose a surface fault rupture hazard, strong 
ground motions generated by these relatively deep 
events are of concern for seismic engineering. Based 
on the site-to-source distance of these earthquakes to 
infrastructure projects, seismic source investigations 
often conclude that Benioff zone earthquakes are the 
dominant source to consider in seismic engineering 
design (Fugro Consultants, 2011) 
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Figure 5. Map of the south-central Alaska source region, showing known active and potentially active Quaternary 
faults. Fault colors indicate relative age from Koehler (2013); see figure 2 for defini¬tions. ANC = Anchorage,  
BGF = Broxson Gulch fault, BPF = Broad Pass fault, BRF = Bull River fault, CMF = Castle Mountain fault, H = Houston, 
LC = Lake Clark, LCF = Lake Clark fault, BBF = Buin Bay fault, PHB = Peters Hills Basin, MCF = McCallum Creek fault,  
PCF = Pass Creek fault, PWS = Prince William Sound, SGF = Susitna Glacier fault, SL = Susitna Lowland, TTF = Talkeetna 
thrust fault, SFFTB = Southern Foothills fold and thrust belt.

INTRAPLATE SEISMIC SOURCE REGIONS
South-central Alaska source region

The south-central subregion is between the 
Aleutian subduction zone on the south and the 
Alaska Range on the north, and includes the western 
Alaska Range, Cook Inlet, Susitna basin, Talkeetna 
Mountains, Kenai Peninsula, and Copper River basin 
(figs. 1 and 5). The recorded history of seismicity in 
this source region indicates a bimodal distribution 
of events with 27 percent of located earthquakes 
originating in the shallow crust and 73 percent as 

intermediate and deep interplate events extending 
far inland along the shallowly dipping Alaska–
Aleutian Benioff zone described above. Historical 
data indicate that a strong earthquake has occurred 
in south-central Alaska once every few years, with 
nearly 1,600 M ≥ 4 earthquakes and more than ten 
major earthquakes (M ≥ 7) (AEC, 2016).

The main sources for shallow crustal earth-
quakes in the south-central Alaska source region 
include the Castle Mountain fault, fault-cored folds 
in Cook Inlet, and the Pass Creek fault (fig. 5).  
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Additional northeast-trending faults mapped in 
bedrock, including Broad Pass fault, Broxson Gulch 
fault, and Susitna Glacier fault, project toward the 
Denali fault and are favorably oriented to be reacti-
vated in the modern stress field. Quaternary motion 
along these faults has not been documented except 
for the Susitna Glacier fault, which ruptured in the 
2002 Denali fault earthquake and is described sepa-
rately in the interior Alaska source region below. The 
Lake Clark and Bruin Bay faults in the southwestern 
part of the subregion are additional potentially active 
seismic sources, although recent activity has not 
previously been documented. Thick glacial deposits 
flanking the southern side of the Alaska Range, par-
ticularly in the Broad Pass, Copper River basin, and 
Susitna basin areas, may bury and obscure evidence 
of additional active faults. Earthquakes along the 
Benioff zone associated with the Aleutian subduction 
zone deep beneath the south-central source region 
do not represent a surface fault rupture hazard but 
will generate future strong ground motion hazards.

The Castle Mountain fault extends between the 
Talkeetna Mountains and the Susitna River and has 
long been considered an active fault in neotectonic 
and seismic hazard studies. In the Susitna Lowland 
the fault is expressed at the surface by a distinct 
south-facing scarp and vegetation lineament (Det-
terman and others, 1974). The sense of motion along 
the fault has been described as reverse, normal, and 
right-lateral strike-slip in various studies (Grantz, 
1966; Barnes, 1962; Bruhn, 1979; Haeussler and 
others, 2002). Late Tertiary dip-slip reverse move-
ment has resulted in at least 0.5 km (0.3 mi) of 
north-side-up displacement and the fault is associated 
with a 4-km-wide (~2.5-mi-wide) anticline (Haeussler 
and others, 2000). Along the Talkeetna Mountains, 
post-Paleocene lateral slip is estimated to be ~14 km 
(~8.7 mi) (Fuchs, 1980; Kelley, 1963). Two historic 
earthquakes have occurred along the Castle Moun-
tain fault including the 1984 Mb 5.7 (Lahr and 
others, 1985, 1986) and 1996 M 4.6 earthquakes 
near Sutton, Alaska. These events were associated 

with right-lateral slip in the shallow crust but did 
not produce surface rupture.

Previous paleoseismic investigations along the 
Castle Mountain fault have reported conflicting 
results with respect to the style and rate of Qua-
ternary deformation. For example, Detterman and 
others (1974) dated a buried soil exposed in a trench 
excavated across a 2.1-m-high (6.9-ft-high) scarp east 
of the Little Susitna River and implied an 1,860 ± 
250 yrs B.P. age for the most recent event. At this 
locality, the fault dips 75° north. Detterman and 
others (1974) also suggested possible right-lateral 
displacements of 3.6 to 7 m (12 to 23 ft). Haeussler 
and others (2002) conducted trenching studies and 
documented thrust motion along the fault and the 
occurrence of four late Holocene earthquakes in the 
last 2,700 years with a recurrence interval of ~700 
years. The date of the fourth paleoearthquake in the 
Haeussler and others (2002) study is similar to the 
date of the most recent event documented by Det-
terman and others (1974). A more recent trenching 
study by Koehler and others (2014; 2016) suggested 
the occurrence of at least two earthquakes that broke 
post-late Elmendorf (14–15 ka) glacial deposits. 
Radiocarbon analyses from sediments that bury the 
second to last (penultimate) surface rupture indicate 
that the penultimate earthquake occurred prior to 
~12 cal yrs B.P. (Koehler and others, 2016). The age 
of the last surface rupture (most recent event) was 
unconstrained. Stratigraphic relations exposed in 
the trenches show drag folding, vertical offsets, and 
thickness changes across faults that support both ver-
tical and lateral deformation. However, stratigraphic 
packages were generally consistent across the fault 
zone, from which Koehler and others (2014; 2016) 
suggested that the lateral component of slip is small. 
The relatively fewer number of earthquakes during 
the Holocene documented by Koehler and others 
(2014; 2016) as compared to the paleoseismic history 
determined by Haeussler and others (2002) suggests 
that the recurrence interval might be longer than 
previously thought. Additional trenching studies 
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along the Castle Mountain fault would help resolve 
this discrepancy in the number of Holocene events.

A late Pleistocene–Holocene right-lateral slip rate 
of 2–3 mm/yr (0.08–0.12 in/yr) for the Castle Moun-
tain fault was estimated by Willis and others (2007) 
based on a lateral offset of 36 m (118 ft) measured on 
an interpreted subtle post-glacial outwash channel 
margin observed during aerial and ground recon-
naissance. Koehler and others (2012b) re-evaluated 
this site and interpreted lidar imagery, generated 
17 scarp profiles, and conducted surficial geologic 
mapping along the Castle Mountain fault between 
Houston and the Susitna River. Their observations 
indicate that the fault is confined to a narrow zone in 
some areas, but is more commonly associated with a 
wide zone of deformation consisting of left-stepping, 
en echelon surface scarps oblique to the trace of the 
fault (figs. 6A and 6B) and left-stepping grabens up to 
400 m (1,312 ft) north of the scarp. Multiple piercing 
points across the fault, including numerous abandoned 
channels, stabilized sand dunes, and terrace margins, 
were found to be vertically offset between 1 and 5 m 
(3.3 and 16.4 ft) (figs. 6C and 6D). Koehler and oth-
ers (2012b) did not observe lateral offsets of the ~13 
ka Elmendorf moraine, associated outwash channels, 
and other landforms crossing the fault in the field; 
however, noted that the curvilinear morphology of 
displaced landforms may have precluded the observa-
tion of small lateral offsets. Larger-scale geomorphic 
features indicative of strike-slip deformation along the 
fault were also noted to be absent by Koehler and oth-
ers (2012b) including pressure ridges, sag ponds, and 
opposite-facing scarps, among others. Based on these 
observations, Koehler and others (2012b) inferred 
that the scarp morphology is more consistent with a 
high-angle oblique reverse fault and that grabens north 
of the fault were formed by folding and extension in 
the hanging wall block. If correct, these observations 
conflict with the lateral sense of motion and slip rate 
of 3 mm/yr (0.1 in/yr) presently used in probabilistic 
seismic hazard maps for Alaska (Wesson and others, 
2007). A vertical displacement rate of ~0.5 mm/yr 

(~0.02 in/yr) is consistent with the Holocene offsets 
across the Susitna Lowland (Koehler and others, 
2012b). A small component of lateral slip is permis-
sible, as evidenced by the en echelon scarps; however, 
this component is not constrained. GPS-measured 
subtle westward motion of the forearc region around 
the Kenai Peninsula (Snay and others, 2013; Fletcher, 
2002) might be responsible for the oblique component 
of slip on the Castle Mountain fault. 

The Lake Clark fault occupies a major linear 
valley that cuts across the western Alaska Range 
from Lake Clark to the western end of the Castle 
Mountain fault (figs. 5 and 7). Due to its position 
along strike of, and extending from, the Castle 
Mountain fault, the Lake Clark fault is often con-
sidered a potentially active fault in seismic hazard 
assessments. Previous bedrock mapping investiga-
tions along the Lake Clark fault have documented 
Tertiary vertical, up-to-the-northwest displacements 
of 500–1,000 m (1,640–3,280 ft) and dextral dis-
placements of 5 km (3.1 mi) (Detterman and others, 
1976; Plafker and others, 1975). The fault is associ-
ated with a 30–50-m-wide (98–164-ft-wide) shear 
zone that juxtaposes Tertiary plutonic and upturned 
sedimentary rocks (Detterman and others, 1976). A 
post-late Eocene right-lateral displacement of 26 km 
(16.2 mi) was documented by Haeussler and Saltus 
(2005) based on aeromagnetic data that showed offset 
granitic plutons along the fault. Schmoll and Yehle 
(1987) suggested Quaternary displacement of early 
Naptowne age glacial moraines along the fault at 
the northeastern side of Lone Ridge west of Tyonek, 
but did not discuss definitive evidence. Koehler and 
Reger (2011) performed helicopter and ground map-
ping along the fault in the vicinity of Lone Ridge and 
determined that there was no conclusive evidence for 
offset of MIS 2 and MIS 4 glacial deposits northeast 
and southwest of the ridge. Based on possible scarps 
in MIS 6 glacial deposits and stream profiles across 
the fault that show subtle convex-up profiles, Koehler 
and Reger (2011) suggested the possibility of north-
side-up slip along the fault in the last ~130 ka. These 
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Figure 6. A. Lidar-derived 1-m hillshade map, and B. lidar-derived slope map of the Castle Mountain fault, showing left-stepping en 
echelon scarps and general lack of lateral offset of abandoned latest Pleistocene stream channels. Both A and B taken from Koehler 
and others (2017). C. Topographic profile A–A’, showing vertical character of scarps. Faults are schematic. D. Photograph of vertical 
scarp. Geologists for scale.
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Figure 7. Map of the Cook Inlet area, showing active and potentially active faults. Fault colors indicate relative age of activity from 
Koehler (2013); see figure 2 for definitions. AV = Augustine volcano, BBF = Bruin Bay fault, BC = Beaver Creek an¬ticline, BL = Big 
Lake North anticline, BR = Beluga River anticline, CMF = Castle Mountain fault, FN = Falls Creek–Ninilchik anticlines, H = Homer,  
IR = Ivan River anticline, K = Kasilof anti¬cline, KC = Kenai–Cannery Loop anticline, LCF = Lake Clark fault, LR = Lewis River anticline, 
LRi = Lone Ridge, M = Moquawkie anticline, MG = Middle Ground Shoal anticline, MRR = McAr¬thur River–Redoubt Shoal anticline, 
NC = Nicolai Creek anticline, NCI = North Cook Inlet–SRS anticline, NTB = North Trading Bay anticline, P = Pittman anticline,  
S = Sterling anticline, SL = Stump Lake anticline, SR = Swanson River anticline, T = Tyonek, TB = Trading Bay anticline, W = Wasilla, 
WF = West Fork anticline, WM = West McArthur River anticline, WS = Wasilla St. No. 1–Needham anticline.
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reconnaissance observations indicate that the Lake 
Clark fault could be active, albeit with a very low slip 
rate, but it remains poorly characterized.

Seismic sources within the Cook Inlet forearc 
basin are associated with the Cook Inlet fold belt 
and include numerous north–northeast-trending, 
discontinuous, asymmetric folds that are cored by 
blind reverse faults (fig. 7). The location and extent 
of these structures has been interpreted primarily 
from proprietary seismic reflection data, structure 
contour maps, cross sections, and aeromagnetic data 
(Haeussler and Saltus, 2011, Haeussler and others, 
2000; Magoon and others, 1976; fig. 9 in Magoon, 
1994; Boss and others, 1976; Kirschner and Lyon, 
1973). Numerous structures that have displaced 
Tertiary sediments are present in the southern part 
of the inlet in the vicinity of Homer and Augustine 
Volcano (Haeussler and Saltus, 2011); however, their 
Quaternary activity and seismic potential is poorly 
constrained. In northern Cook Inlet, active anticlines 
include the Stump Lake, Ivan River, Lewis River, 
Moquawkie, Nicolai Creek, Beluga River, Trading 
Bay, North Trading Bay, West McArthur River, 
McArthur River–Redoubt Shoal, Middle Ground 
Shoal, North Cook Inlet–SRS, Swanson River, West 
Fork, Beaver Creek, Sterling, Kenai–Cannery Loop, 
Kasilof, and Falls Creek–Ninilchik anticlines (fig. 7). 
Several other lesser-studied and poorly defined folds 
in the northern part of the inlet are shown in Hae-
ussler and Saltus (2011). In the vicinity of Wasilla, 
several more northeasterly oriented active fault-cored 
folds extend subparallel to the Castle Mountain 
fault, including the Wasilla State No. 1–Needham, 
Pittman, and Big Lake North anticlines. Quaternary 
activity is inferred for many of the anticlines in the 
northern part of the basin based on deformed Plio–
Pleistocene sediments offshore and deflection of rivers 
around topographic highs on land (Haeussler and 
others, 2000; Kelley, 1961). These structures range in 
length from 3 to 85 km (2–53 mi), and are optimally 
oriented in the modern stress field to generate mod-
erate to large (M 6–7) earthquakes (Haeussler and 

others, 2000; Haeussler, 2008; Bruhn and Haeussler, 
2006). A large earthquake (M 6.9) on April 26, 1933 
(Doser and Brown, 2001) might have occurred along 
the North Cook Inlet anticline (Haeussler and others, 
2000). Due to the location of the structures on the 
sea floor and the poor resolution of Holocene sedi-
ments in seismic reflection and well data, earthquake 
timing and recurrence data do not exist for the Cook 
Inlet fold belt and slip rate data are only available for 
several structures. Given the evidence for Quaternary 
motion and diffuse low-level seismicity, Koehler and 
others (2012a) assigned a poorly constrained slip 
rate of <0.2 mm/yr (<0.01 in/yr) for the majority of 
the Cook Inlet structures. Based on interpretation 
of balanced cross sections that show deformation 
and growth strata that extend above the base of the 
Plio–Pleistocene Sterling Formation, Haeussler and 
others (2000) calculated poorly constrained slip rates 
for the Middle Ground Shoal and the North Cook 
Inlet structure of ~0.3 mm/yr (~0.01 in/yr) and ~3 
mm/yr (~0.1 in/yr), respectively, and used empirical 
relations to estimate recurrence intervals of several 
hundred to several thousand years. 

The Bruin Bay fault system is a potentially active 
seismic source, extending northeast ~450 km (~280 
mi) from the upper Alaska Peninsula to the upper 
Cook Inlet forearc basin (Detterman and Hartsock, 
1966) (fig. 7). The fault system is a series of steeply 
northwest-dipping reverse faults that marks the 
northwestern margin of Cook Inlet and separates the 
crystalline batholith and volcanic rocks of the western 
Alaska Range on the northwest from Cenozoic basin 
fill sediments to the southeast. Vertical stratigraphic 
displacements are as much as 3,000 m (9,840  ft) 
near the Iniskin Peninsula (Detterman and Hart-
sock, 1966), but decrease to the north near Tyonek, 
where Tertiary deposits are only offset a few hundred 
meters (Detterman and others, 1975). The system is 
associated with numerous steeply dipping faults in 
the hanging wall and a several-hundred-meter-wide 
shear zone. Geologic mapping and kinematic stud-
ies in the central part of the system indicate that 
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the system has evolved through multiple phases of 
deformation including periods of reverse, left-, and 
right-lateral slip (Betka and Gillis, 2014; Detterman 
and Hartsock, 1966; Detterman and Reed, 1980); 
however, it is considered to have been inactive since 
late Tertiary time (Detterman and others, 1975). 
Although Holocene fault scarps have not been 
identified along the fault, seismic reflection data 
suggests that the northern part of the fault may be 
associated with Quaternary deformation (Haeussler 
and others, 2000).  The geographic position of the 
system as a major structural element of the actively 
deforming Cook Inlet forearc basin parallel to the 
active Cook Inlet fold belt, as well as diffuse shallow 
seismicity and possible intersection with the active 
Castle Mountain fault, suggest the potential for fault 
reactivation in the modern stress field.

Along the southern side of the Alaska Range 
a northeast-oriented structural grain and elevated 
topography generated by transpressive deformation 
along the Denali fault has resulted in the develop-
ment of the informally named southern Foothills 
fold-and-thrust belt, a system of south-directed 
thrust faults, blind master thrusts, and fault-cored 
folds (Haeussler, 2008). This system of faults includes 
the Broad Pass fault zone, Bull River fault, and the 
Pass Creek fault (fig. 5). Bemis and others (2015) 
evaluated kinematic constraints on crustal motions 
in the region and showed that strain must be accom-
modated by northeast-striking thrust faults as well 
as partitioned to other structures north of the range. 
The causative mechanisms for this deformation are 
summarized in Haeussler (2008) and expanded upon 
in Bemis and others (2015), who inferred that slip 
partitioning is related to a combination of effects 
including counterclockwise rotation and northwest 
migration of the southern Alaska block, as well as 
the westward decrease in Denali fault slip rate. The 
majority of the northeast-striking structures (such as 
Broad Pass and Broxson Gulch faults, among others) 
are only recognized in bedrock and show no evidence 
of displacing Quaternary sediments; however, due to 

latest Wisconsin glacial advances, the Quaternary 
geologic record is short and may not record the most 
recent events. Blind active traces are likely buried 
across the southern side of the Alaska Range and may 
be capable of generating large earthquakes. Despite 
the difficulty in recognizing active structures in this 
area, active deformation has been recognized along 
the Pass Creek and Susitna Glacier faults.

The Pass Creek fault extends about 24 km (15 
mi) between the Kahiltna and Yentna rivers in the 
vicinity of Fairview Mountain (figs. 5 and 8A) and 
was originally described as a normal fault based on 
the juxtaposition of Tertiary rocks against Cretaceous 
rocks (Reed and Nelson, 1980). Haeussler (2008) 
described the Pass Creek fault as a normal fault adja-
cent to Peters Hills basin, a broad synform. Based 
on fluvial geomorphology across the scarp, Haeussler 
(2008) inferred that Peters Hills basin formed in 
the hanging wall of a southeastward-directed thrust 
fault. This observation is consistent with crustal seis-
micity near Pass Creek fault, which is associated with 
earthquakes up to M 5.4, showing thrust motion 
on northeast-striking and northwest-dipping fault 
planes (Doser, 2004). In the Chelatna Lake basin, 
the fault is expressed as a distinct north-facing 1.5 
to 4.3 m (5 to 14 ft) scarp that cuts latest Wisconsin 
glacial moraine, outwash, and terrace deposits and 
has deflected Lake Creek to the east at the outlet of 
Chelatna Lake (figs. 8B, 9A, and 9B). Several small 
drainages have been blocked by the scarp, resulting 
in the formation of lakes north of the fault (figs. 
8B and 9C). At one location, the scarp displaces a 
moraine crest by ~3 m (~10 ft) and is characterized 
by an oversteepened base and two 1-m-deep (3.3-ft-
deep) fissures that extend across the crest of the 
scarp (fig. 9D). Another north-facing scarp occurs 
about 3 km (1.9 mi) south of and parallel to the Pass 
Creek fault and is associated with a subtle scarp and 
distinct vegetation lineament (figs 8B and 10). West 
of Lake Creek, this apparent fault scarp appears to 
offset a spring bog across a ~0.6 m (~2 ft) scarp that 
is associated with ponded water on the north and 
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Figure 8. A. Map of the Pass Creek fault along the northern margin of the Susitna basin. Fault colors indicate relative age of 
activity from Koehler (2013); see figure 2 for definitions. B. Air photo interpretation of the Pass Creek fault and Pass Creek lin-
eament near Chelatna Lake. Vertical false-color infrared aerial photograph from the Alaska High Altitude Photography (AHAP) 
program archived at the University of Alaska, Fairbanks.  Locations of photograhs in figures 9 and 10 are indicated in B. FM = 
Fairview Mountain, KR = Kahiltna River, YR = Yentna River, D = downthrown side, U = upthrown side, s.h. = scarp height.
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abandoned depressions and low ridges on the south 
(fig 10A). Along the east bank of Lake Creek, the 
fault is associated with a possible warped Holocene 

fluvial terrace deposit (fig. 10B). The Quaternary 
geologic relations and seismicity indicate that the 
Pass Creek fault, and possibly the unnamed parallel 
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Figure 9. Photographs of tectonic scarps along the Pass Creek fault. Location of fault is at the tip of white arrows in each photo; loca-
tion of photos shown on figure 8. A. View south, showing ponded water against scarp. B. Close-up view, looking south, of 4.3 m (14.1 
ft) scarp in A; geologists for scale. C. Displaced glacial moraine and lake ponded against scarp. D. Displaced glacial outwash terrace.

lineament to the south are active structures capable 
of producing earthquakes. Deformation along these 
structures could be related to extension and normal 
faulting in the hanging wall above a blind, north-
dipping master thrust fault. However, the tectonic 
geomorphic relations described above, particularly 
the fissures observed in the crest of scarps, provide 
limited observations that could alternatively support 
a mechanism of deformation by north-directed back-
thrusting and hanging wall extension above a blind, 
north-dipping master thrust. Further investigation is 
necessary to define paleoseismic parameters associ-
ated with the Pass Creek fault and to substantiate 
the observations on possible style and mechanisms 
of deformation described above.

Interior Alaska source region
The interior Alaska source region encompasses 

the broad area between the Alaska Range and the 
Brooks Range and includes the Yukon–Tanana 
uplands, Yukon f lats, and the Kuskokwim and 
Koyukuk basins (fig. 11). Interior Alaska seismicity 
reflects transpression and block rotation influenced 
by the relative motions of the Yakutat microplate, the 
southern Alaska block, Bering microplate, and the 
North American plate. Three main types of tectonic 
structures contribute to generating seismicity in this 
region: right-lateral strike-slip faults (Denali, Tintina, 
Kaltag), north–northeast-trending seismic zones 
(Minto, Fairbanks, Salcha, Dall City, Rampart), and 
thrust faults in the northern foothills of the Alaska 
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Figure 10. Photographs of unnamed lineament ~3 km (~1.9 mi) south of the Pass Creek fault. A. Aerial view (looking west) of linea-
ment, showing distinct vegetation line and ponded water on the north side of an ~0.6-m-high (~2-ft-high) scarp. Possible fault extends 
between red arrows. B. View to northeast of possible warped Holocene fluvial terrace deposit along the east bank of Lake Creek. Ter-
race tread shown by dashed white line.

A B

Range (fig. 11). Deep earthquakes beneath the inte-
rior source region are associated with the northern 
part of the shallowly dipping Aleutian subduction 
zone. Strain accumulation rates measured by GPS 
are poorly constrained in the Interior Alaska source 
region, but indicate <1 mm/yr (<0.04 in/yr) of con-
vergence between the Alaska Range and the Brooks 
Range and ~2 mm/yr (~0.08 in/yr) east–west across 
the interior Alaska seismic zones (Jeff Freymueller, 
oral commun., 2014). This suggests long recurrence 
intervals for damaging earthquakes in the interior. 

The most prominent recorded earthquake in 
interior Alaska was the M 7.9 November 3, 2002, 
Denali fault earthquake (Eberhart-Phillips and oth-
ers, 2003). This event was preceded by the M 6.7 
Nenana Mountain earthquake on October 23 that 
ruptured 40 km (25 mi) of the Denali fault west of 
the M 7.9 event (Wright and others, 2003). Several 
moderate to large earthquakes that have not been 
linked to known active faults include the 2006 M 
5.4 Yukon Flats earthquake, followed by a M 5.1 
aftershock felt as far away as Fairbanks, and the 1958 
M 7.3 event near Huslia that produced extensive 
failures in surficial unconsolidated deposits within 
a northeast-striking zone (Davis, 1960). 

The transpressional right-lateral Denali fault 
system extends over 2,000 km (~1,250 mi) in a 
northward convex arc from Goodnews Bay on the 
Bering Sea to Chatham Strait in southeastern Alaska, 
including ~500 km (310 mi) along the arcuate south-
ern margin of the Alaska Range (St. Amand, 1957; 
Grantz, 1966; Richter and Matson, 1971; Plafker and 
others, 1977, 1994a) (fig. 12). The fault was the source 
of the 2002 Mw 7.9 Denali fault earthquake, one of 
the seven largest continental strike-slip earthquakes 
since 1900 (Schwartz, 2006), which ruptured 340 
km (211 mi) along the Susitna Glacier thrust, Denali 
fault, and Totschunda fault with average displace-
ments of 4–5 m (13–16 ft) (Eberhart-Phillips and 
others, 2003; Haeussler and others, 2004). 

Various workers have subdivided the Denali 
fault system into sections that have differing names 
and lengths that sometimes overlap (for example, 
Grantz, 1966; Plafker and others, 1977). Plafker and 
others (1994a) named sections of the Denali fault sys-
tem based on Quaternary geologic observations and 
apparent slip rate or differing earthquake histories 
including, from west to east: the Togiak–Tikchik, 
Holitna, Boss Creek, Farewell, Tonzona–Muldrow, 
west Muldrow–Alsek, central Muldrow–Alsek, 
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Figure 11. Map of the interior Alaska source region. DMF = Dall Mountain fault, FSZ = Fairbanks seismic zone, MFSZ = Minto Flats 
seismic zone, NFFTB = Northern Foothills fold-and-thrust belt, NFT = Northern Foothills Thrust, SF = Stampede fault, HCF = Healy Creek 
fault, PRF = Park Road fault, GMF = Granite Mountains fault, CF = Canteen fault, DTJF = Dot “T” Johnson fault, CRF = Cathedral Rapids 
fault, RSZ = Rampart seismic zone, SSZ = Salcha seismic zone, TF = Totschunda fault, YTU = Yukon–Tanana Upland, KaM = Kaiyuh Moun-
tainsKF = Kobuk fault, AH = Alatna Hills, AM = Angayucham Mountains, KRV = Kobuk River valley, ARV = Alatna River valley, WHC = West 
Fork Henshaw Creek, EHC = East Fork Henshaw Creek, VCV = Victoria Creek valley, TRV = Tok River valley, MLL = Medicine Lake linea-
ment, PCL, Preacher Creek lineament, VCF = Victoria Creek fault, HSF = Hot Springs fault, ToF = Tozitna fault, KEF = Kaltag Extension 
fault, PCL = Preacher Creek lineament, MLL = Medicine Lake lineament, TR = Takotna River, NFR = Nixon Fork River. See Bemis and oth-
ers (2012) for a more detailed collection of maps showing the distribution of individual faults in the Northern Foothills fold-and-thrust 
belt. Fault colors indicate relative age of activity from Koehler (2013); see figure 2 for definitions.  Previous paleoseismic investigations 
shown by white circles include: Site 1. Carver and others (2008a); Sites 2, 4, and 5. Bemis (2010); Site 3. Koehler and others (2016);  
Site 6. Koehler and others (2016) and Devore and others (2012); Site 7. Carver and others (2008a; 2010); Site 8. Carver and others 
(2010); Site 9. Carver and others (2010); Site 10. Koehler and Woods (2013); and Site 11. Bemis (2010).

east Muldrow–Alsek, Dalton, Chilkat River, and 
Chatham Strait sections. To avoid confusion, these 
section names were retained in the Quaternary fault 
and fold database of Alaska (Koehler and others, 
2012a; Koehler, 2013), however, after the 2002 earth-
quake the fault has been increasingly referred to as the 
western (west of Denali [formerly Mt. McKinley]), 

central (Denali to the Totschunda fault), and eastern 
(east of Totschunda fault) Denali fault (fig. 12). The 
Togiak–Tikchik, Holitna, and Boss Creek sections 
and the Chatham Strait section of Plafker and others 
(1994a) are described in the western Alaska–Ber-
ing Sea source region and the southeastern Alaska 
source region, respectively. The remaining sections 
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Figure 12. A. Map of the Denali fault, showing the boundaries of commonly accepted sections used in recent literature. The 2002 
Mw 7.9 surface rupture is shown by a bold red line and the three subevents labeled SE1, SE2, and SE3 are shown by white stars. Fault 
colors indicate relative age from Koehler (2013). Locations of previous earthquake timing (yellow circles) and slip rate (green circles) 
paleoseis¬mic sites are shown by number including: Sites 1A-C. Schwartz and others (2014; in review); Sites 2A and 2B. Mériaux and 
others (2009); Site 3. Taylor and Bemis (2012); Carlson and others (2017); Sites 4A-F. Matmon and others (2006); Site 5. Koehler and 
others (2013); Site 6. Carver and others (2004); Site 7. Koehler and others (2011); Sites 8A-C. Schwartz and others (2012); Site 9. Seitz 
and others (2008); Site 10. Haeussler and others (2014); Site 11 Haeussler and others (2014); Seitz and others (2008); and Site 12. 
Personius and others (2015). Sites that contain both timing and slip rate data are shown as circles filled half yellow and half green.  
SGF = Susitna Glacier fault. Note: Due to the scale of the map, some sites overlap. Readers should consult original references for more 
accurate site locations. B. Previously reported slip rate estimates generally scaled to the map in A, showing a general westward de-
crease in slip rate. Names of sites from the original references are next to the respective slip rate, and/or color-coded by author.

are within the interior Alaska source region and have 
been grouped into the western, central, and eastern 
sections as defined above.

Reconnaissance-level paleoseismic studies along 
the central and eastern Denali fault are beginning 
to provide information on the timing of paleoearth-
quakes (Schwartz and others, 2003; 2012; 2014; 
Carlson and others, 2017). Along the 2002 rup-
ture section, trenching results near Mentasta Pass  
(f ig. 12A, site 8A) indicate that the penulti-
mate earthquake occurred between A.D. 1319 
and AD 1415 (587–683 yrs b02 [before 2002])  

(Schwartz and others, 2012) and an older earthquake 
occurred between 705 and 1,070 yrs b02 (Schwartz 
and others, 2014). In the Chistochina Glacier area 
(fig. 12A, site 7), Koehler and others (2011) deter-
mined that the penultimate earthquake occurred after 
550–660 yrs b02. Annual ring counts from damaged 
and scarred trees along the Denali fault in the Delta 
River area were used by Carver and others (2004) 
to infer surface rupture in 1912, possibly associated 
with the Ms 7.2–7.4 earthquake that occurred on July 
6, 1912 (fig. 12A, site 6). West of the 2002 rupture 
section, preliminary trenching results from three sites  
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(fig. 12A, sites 1A, 1B, and 1C) suggest the occur-
rence of two surface faulting events in the last ~900 
years, between 100 and 370 yrs b02 and between 
570 and 680 yrs b02 (Schwartz and others, 2014; in 
review). Based on these studies Schwartz and others 
(2014) estimated a recurrence interval of between 400 
and 650 years for large earthquakes along the central 
Denali fault. At the Schist Creek site, approximately 
11 km (6.8 mi) east of the Parks Highway (fig. 12A, 
site 12), trenching results reported by Personius and 
others (2015) indicate the occurrence of at least four 
surface rupturing earthquakes including an event 
between 200 and 400 years ago, an event <1,200 
years ago, an event between 1,200 and 1,700 years 
ago, and an older event between 2,700 and 17,000 
years ago. A trench across the fault in a debris-flow 
fan ~24 km (~15 mi) east of the Parks Highway 
(Koehler and others, 2013) documented the occur-
rence of at least three paleoearthquakes, however, 
dateable material was not recovered (fig. 12A, site 5).  
The longest paleoseismic record on the Denali fault 
was described at a site on a terrace of the Nenana 
River adjacent to the Parks Highway which indicated 
the occurrence of seven earthquakes in the last 7,000 
years (Taylor and Bemis, 2012; Carlson and others, 
2017) (fig. 12A, site 3).  OxCal modelled constraints 
on the mean ages for the earthquakes identified in 
the Carlson and others (2017) study indicate that 
earthquakes occurred at 388 cal BP, 807 cal BP, 
1,282 cal BP, 2,652 cal BP, 3,402 cal BP, 5,673 cal 
BP, and 6,987 cal BP.  

Along the eastern Denali fault, ~24 km (~15 
mi) east of the junction between the Denali and 
Totschunda faults (fig 12A, site 8B), trenching stud-
ies by Schwartz and others (2003; 2012) indicate the 
occurrence of four and possibly five paleoearthquakes 
during the past 2,600–2,800 years. In those studies, 
the penultimate earthquake was determined to have 
occurred between AD 1656 and AD 1900 (102–346 
yrs b02), and two older earthquakes occurred ≥ 
550–680 yrs b02, and ≤ 1,010–1,220 yrs b02. At 
the Duke River in Yukon Territory along the eastern 

Denali fault, trenching results from Seitz and others 
(2008) indicate that the most recent event postdates 
the 1.2 ka White River ash and occurred prior to for-
mation of shorelines of Kluane Lake, estimated to be 
0.3–0.5 ka (fig. 12A, site 9). Earthquake timing data 
has not been developed for the western Denali fault.

Long-term geologic slip rates have been evalu-
ated by two separate studies of offset glacial deposits 
along the central Denali fault by 10Be surface expo-
sure dating and field measurement of the offsets at 
several sites (Matmon and others, 2006; Mériaux and 
others, 2009). Both studies evaluated the Slate Creek 
site (fig. 12A, sites 4A and 2A), east of the Richardson 
Highway, and estimated latest Pleistocene slip rates 
of 12.0 ± 1.8 mm/yr (0.47 ± 0.07 in/yr) (Matmon 
and others, 2006) and 13.6 ± 3.8 mm/yr (0.54 ± 0.15 
in/yr) (Mériaux and others, 2009). At Bull Creek, in 
Denali National Park (fig. 12A, site 2B), Mériaux and 
others (2009) estimated a slip rate of 6.7 ± 1.2 mm/yr 
(0.26 ± 0.05 in/yr). At two sites, approximately 8 km 
(5 mi) and 37 km (23 mi) east of the Parks Highway 
(Fig. 12A, sites 4B and 4C), Matmon and others 
(2006) report an average slip rate of 9.4 ± 1.6 mm/yr 
(0.37 ± 0.06 in/yr). A similar, albeit slightly slower, 
slip rate for the central Denali fault (7.5 ± 0.7 mm/
yr [0.30 ± 0.03 in/yr]) was determined by Koehler 
and others (2013) based on the cumulative offset (43 
to 48 m [141–158 ft]) of a debris flow estimated by 
cosmogenic 10Be exposure ages on surface boulders 
thought to have been abandoned around 6.5 ka (fig. 
12A, site 5). Along the western Denali fault (fig. 12A, 
site 10), cosmogenically dated offset landforms near 
Ripsnorter Creek indicate a slip rate of ~5 mm/yr 
(~0.2 in) (Haeussler and others, 2014). Geomorphic 
relations along the eastern Denali fault near Kluane 
Lake in Yukon Territory suggest a slip rate of 1.7–2.5 
mm/yr (0.7–0.10 in/yr) and possibly up to 4 mm/
yr (0.2 in/yr) (Haeussler and others, 2014; Seitz and 
others, 2008) (fig. 12A, site 11). Directly east of the 
Denali/Totschunda fault intersection (fig. 12A, site 
4D), Matmon and others (2006) estimated a slip rate 
of 8.4 ± 2.2 mm/yr (0.3 ± 0.09 in/yr).  Together these 
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studies indicate that the slip rate is highest along the 
central Denali fault and decreases to the west and 
east (fig. 12) consistent with geodetic (6.5–9 mm/yr 
[0.26–0.35 in/yr]) and InSAR (10 mm/yr [0.39 in/
yr]) measurements of strain accumulation along the 
central part of the fault (Fletcher, 2002; Biggs and 
others, 2007), and a westward decrease in cumulative 
slip (Plafker and Berg, 1994). 

The decrease in slip rate toward the west has been 
attributed to a combination of indentation (related to 
Yakutat collision), rotation and internal deformation 
of the southern Alaska block, and transfer of slip 
to faults north of the Alaska Range (Haeussler and 
others, 2014). Haeussler and others (2014) infer that 
thrust faults that splay to the south off the central 
Denali fault accommodate transpressional defor-
mation across a wide, distributed zone. Potentially 
active faults in this zone include the Broxson Gulch, 
Talkeetna, McCallum–Slate Creek, Bull River, and 
other unnamed faults (fig. 5) that together comprise 
the Southern Foothills fold-and-thrust belt defined 
earlier in this paper. Definitive Quaternary offsets 
have not been documented on these structures. The 
only known active faults in the zone are the Susitna 
Glacier thrust and Pass Creek fault (described earlier). 

The Susitna Glacier thrust extends along the 
southern flank of the Alaska Range near the West Fork 
Glacier and along the northwestern valley margin of 
the Susitna Glacier (fig. 5). The fault was undiscovered 
prior to the 2002 Denali fault earthquake, during 
which it produced a 48-km-long (30-mi-long) surface 
rupture characterized by a 1-km-wide (0.62-mi-wide) 
zone of folds, pressure ridges, and thrust and back-
thrust scarps up to 5.4 and 4 m high (17.7 and 13.1 ft 
high), respectively (Crone and others, 2004). Pre-2002 
fault scarps were also identified by Crone and others 
(2004), most confidently where the 2002 rupture 
was superimposed on large, old scarps, suggesting the 
occurrence of older paleoruptures. 

The right-lateral Totschunda fault (figs. 11 
and 12) extends approximately 200 km (124 mi) 
southeast from its junction with the Denali fault at 

Mentasta Pass to the Canada border (Richter, 1976; 
MacKevett, 1978) and includes previously named 
sections including the Cooper Pass and Cross Creek 
faults (Richter and Matson, 1971). The fault is charac-
terized by broadly curved, overlapping and branching 
fault sections, has accumulated ~10 km (~6.2 mi) 
of cumulative displacement, and is geomorphically 
well expressed by scarps, sag ponds, and offset glacial 
deposits and drainages (Richter and Matson, 1971). 
Early efforts to characterize the fault reported dis-
placement of late Wisconsin glacial deposits from 90 
to 330 m (295 to 1,083 ft) and estimated an average 
slip rate of 16 mm/yr (0.6 in/yr) (Richter and Mat-
son, 1971). Plafker and others (1977) noted that soils 
containing the White River ash (1,520–1,720 years 
B.P.) were not displaced. The northern 66 km (41 mi) 
of the fault ruptured in conjunction with the Denali 
fault in the 2002 Denali fault earthquake (Haeussler 
and others, 2004). In a trench immediately south of 
the Denali–Totschunda intersection along the 2002 
rupture trace (fig. 12A, site 8C), Schwartz and others 
(2012) determined that the penultimate earthquake 
occurred between AD 1267 and AD 1424 (578–735 
yrs b02). Based on offset of cosmogenically dated 
landforms along the fault (fig. 12A, sites 4E and 4F), 
Matmon and others (2006) estimated a late Pleisto-
cene–Holocene slip rate of 6.0 ± 1.2 mm/yr (0.23 ± 
0.05 in/yr). Although the northwestern section of the 
Totschunda fault ruptured during the 2002 Denali 
fault earthquake, the southern part is a likely source 
of a future large earthquake. 

Along the northern flank of the Alaska Range 
north of the Denali fault, a system of imbricate 
thrust faults, the Northern Foothills fold-and-thrust 
belt (NFFTB), extends over 500 km (310 mi) from 
Denali to the Tok River valley (fig. 11). These faults 
have uplifted and warped the Plio–Pleistocene 
Nenana Gravel and glacial deposits, forming a series 
of anticlines and synclines along the northern foot-
hills of the Alaska Range (Péwé and others, 1966;  
Wa hrha f t i g ,  1958).  Geomat r i x  C onsu l-
tants (1997) and Hanson and others (2002) 
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interpreted the system as a fold-and-thrust belt and  
Bemis and others (2012) divided it into the Kantishna 
Hills, western, and eastern sections based on differ-
ences in structural style (fig 2 in Bemis and others, 
2012). A M 7.2 event occurred in 1947 at the front 
edge of the northern foothills of the Alaska Range. 
Although the source mechanism of this event is 
poorly constrained, observations from modern 
seismicity are consistent with ongoing thrust defor-
mation on the north side of the central Alaska Range. 
The Kantishna seismic cluster, located just north 
of the Denali fault in the Denali National Park 
boundary area, produces frequent, small, shallow 
earthquakes and produced a shallow M 2 earthquake 
every few days in 2010. The largest earthquakes in 
this cluster are on the order of magnitude 5 and are 
rare. This cluster is believed to accommodate defor-
mation between the Denali fault and Minto flats 
seismic zone to the north.

Maximum horizontal shortening across the 
western part of the system has been estimated at 
~3 mm/yr (~0.1 in/yr) (Bemis and Wallace, 2007; 
Bemis, 2004). The deformation is accommodated 
along active faults including the Billy Creek, Can-
teen, Cathedral Rapids, Ditch Creek, Donnelly 
Dome, Dot “T” Johnson, East Fork, Eva Creek, 
Glacier Creek, Gold King, Granite Mountain, Healy 
Creek, Healy, Hunter, Kansas, Creek, Macomb Pla-
teau, McGinnis Glacier, Molybdenum Ridge, Mystic 
Mountain, Panoramic, Park Road, Peters Dome, 
Potts, Red Mountain, Rex, Stampede, Trident, and 
Trident Glacier faults, as well as the Kantishna Hills 
anticline and the Northern Foothills thrust (figs. 4–6 
in Bemis and others, 2012). Although Thorson (1979) 
inferred the occurrence of three post-latest Wisconsin 
faulting events on the Healy fault, information on 
earthquake timing and slip rates for individual faults 
of the NFFTB is limited. 

Using cumulative dip-slip offsets and the 
estimated ages of fluvial terraces, Bemis (2010) deter-
mined slip rates of 0.25–1 mm/yr (0.01–0.04 in/yr) 
for the Stampede and Northern Foothills Thrust 

(fig. 11). This rate is slightly higher than the 0.1–0.4 
mm/yr (0.004–0.016 in/yr) estimated by Hanson 
and others (2002) based on topographic profiles 
of glacial outwash terraces and apparent structural 
relief of the Nenana Gravel along the Nenana River. 
Offset glacial moraines (fig 11, site 1) indicate that 
the Canteen fault has a lateral slip rate of 1–2 mm/
yr (0.04–0.08 in/yr) (Carver and others, 2008a). A 
shortening rate across the Granite Mountain fault 
(fig. 11, site 2) of between 1.4 and 3.5 mm/yr (0.06 
and 0.14 in/yr) has been estimated using a vertical 
separation of >2 km (>1.2 mi) of the Nenana Gravel 
(Bemis, 2010). The Park Road fault vertically dis-
places a Riley Creek glaciation outwash terrace by 
~12 m (~40 ft) (Koehler and others, 2016) (fig. 11, site 
3). Assuming that the age of the terrace postdates the 
maximum Riley Creek glacial advance around ~17 
ka (Ten Brink and Waythomas, 1985), the minimum 
late Pleistocene uplift rate for the Park Road fault is 
~0.7 mm/yr (~0.03 in/yr). 

Several paleoseismic trenching studies provide 
information on the timing of earthquakes along the 
NFFTB. Along the Healy fault Bemis (2010) docu-
mented at least three and possibly four earthquakes 
that postdate deposition of a >23 ka fluvial terrace 
gravel and inferred that the most recent earthquake 
occurred sometime during the years 1,528–1,176 cal 
yrs B.P. (fig. 11, site 4). Trenches along the Healy 
Creek fault (fig. 11, site 5) indicate the occurrence 
of one latest Pleistocene earthquake and suggest that 
the fault has not experienced a surface rupture for 
at least 7,000 years (Bemis, 2010). In the vicinity of 
Windy Creek (fig. 11, site 11), shallow excavations 
provide evidence that the most recent surface-
rupturing earthquake along the Northern Foothills 
thrust occurred before 26,591–25,751 cal yrs B.P. 
(Bemis, 2010). Additional trenches and gravel pit 
exposures across backthrust scarps ~900 m (~1,950 
ft) south of the projected trace of the Northern 
Foothills thrust along the Nenana River (fig. 11, site 
6) provide evidence for deformation that occurred 
between 4,800 and 1,800 cal yrs B.P. and indicate a 
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wide zone of deformation (Devore and others, 2012).  
In this same area (fig. 11, site 6), a trench investigation 
across another small backthrust scarp indicates the 
occurrence of at least one earthquake prior to ~5,000 
cal yrs B.P. (Koehler and others, 2016). Excavations 
across the Dot “T” Johnson fault in the vicinity of 
Sam Creek (fig. 11, site 7) indicate the occurrence 
of an earthquake after 7,980–7,850 cal yrs B.P. and 
several older latest Pleistocene events that predate 
7,980–7,850 cal yrs B.P. and may be older than 
11,350–11,210 cal yrs B.P. (Carver and others, 2008a, 
2010). At Sears Creek along the Dot “T” Johnson 
fault (fig. 11, site 8), Carver and others (2010) iden-
tified at least 3 m (10 ft) of dip-slip displacement 
of fluvial gravels interpreted to have occurred more 
recently than 4,430–3,230 cal yrs B.P. Excavations 
across a graben in the crest of a large growth anti-
cline along the Cathedral Rapids fault (fig. 11, site 9) 
documented colluvial fills interpreted to be related 
to at least four latest Pleistocene earthquakes and 
a Holocene earthquake that occurred after ~8 ka 
(Carver and others, 2010). An additional exposure 
in a trench across a small scarp at the base of the 
fold scarp indicated that the most recent earthquake 
occurred after AD 1650 (Carver and others, 2010). 
Based on stratigraphic relations exposed in a trench 
across a fold scarp along the Cathedral Rapids fault 
(fig. 11, site 10), Koehler and Woods (2013) inter-
preted the occurrence of at least one earthquake 
that postdates the development of tilted buried soil 
developed around 850 cal yrs B.P.

In the general vicinity of Fairbanks, a series 
of north–northeast-trending left-lateral strike-slip 
seismic zones including the Rampart, Minto Flats, 
Fairbanks, and Salcha seismic zones have been the 
source of numerous felt earthquakes and all have 
produced M ≥ 6 shocks (fig. 11). The region extends 
between the Kaltag–Tintina faults to the north and 
the Denali fault to the south and has produced 787 M 
≥ 4.0 events, 111 moderate events, 27 strong events, 
and five major earthquakes over the last ~60 years. 
Notable among these earthquakes are the 1968 M 

7.1 Rampart, 1985 M 6.1 Dall City, 1995 M 6.0 
Minto Flats earthquake, and three M 5.0–5.7 events 
in 1967 near Fairbanks (Ruppert and others, 2008; 
Ratchkovski and Hansen, 2002; Gedney and others, 
1969; Estabrook, 1985; Dixon, 1988; Gedney and 
Berg, 1969). The largest event was the 1937 M 7.3 
earthquake in the Salcha seismic zone (Bramhall, 
1938). East of 146°W longitude the seismicity levels 
in the interior Alaska source region between the 
Tintina fault in the north and the Denali fault in 
the south decrease considerably. The geologic evi-
dence, however, indicates the presence of additional 
northeast-striking lineaments and sinistral-slip faults. 
Although seismically active, the interior Alaska seis-
mic zones are not expressed at the surface with the 
possible exception of the Salcha seismic zone; their 
future seismic potential and ability to produce large 
surface-rupturing earthquakes is poorly constrained.

The Minto Flats seismic zone is associated with 
two distinct lineaments of seismicity that overlap by 
67 km (42 mi) and are separated by 10 km (6 mi) 
across the 8 km (5 mi) deep Nenana basin (Tape 
and others, 2013, 2015). The geometry of this nar-
row and deep basin bounded by faults indicates that 
the style of deformation is consistent with left-lateral 
transtension (Tape and others, 2015). A M 5.1 earth-
quake occurred August 30, 2014, near the northern 
part of the zone and generated a vigorous aftershock 
sequence of more than 1,500 events, including two 
events M > 4 (AEC, 2016). The southern part of the 
zone experienced A Mw 5.7 earthquake on November, 
29, 2000 (Tape and others, 2015). The southeast-
ern seismic lineament coincides with a 12-km-long 
(7.5-mi-long) down-to-the-northwest fault mapped 
by Péwé and others (1966) along the Tanana River 
floodplain from Goldstream Creek to the vicinity of 
Dunbar. This lineament is associated with a nearly 
vertical approximately 2–3-m-high (6.6–10-ft-high) 
escarpment. Reconnaissance investigations along this 
scarp indicate that it has cuspate morphology in map 
view and sinuous abandoned meander channels of 
the Tanana River extend along the base of the scarp, 
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suggesting that it is a fluvial terrace riser and not a 
tectonic feature (Koehler and others, 2016). Despite 
the lack of surficial evidence of tectonic deformation, 
Tape and others (2015) used continuity of micro-
seismicity, style of faulting, and empirical relations 
between fault length and magnitude to suggest that 
the fault zone is capable of Mw 7.0 to 7.5 earthquakes. 
Tape and others (2015) also used magnitude frequency 
relations to estimate an ~100-year recurrence interval 
for earthquakes of M ≥ 6.0. 

The 1937 earthquake along the Salcha seismic 
zone produced extensive ground failures in the epi-
central area, but there was no documented evidence 
of surface rupture (Bramhall, 1938). Reconnaissance 
helicopter surveys and interpretation of new lidar hill-
shade images indicate the presence of aligned mounds 
in the epicentral region of this event (fig. 13). Although 
the origin of the mound-like features observed along 
the Salcha River valley is unknown at this time, pos-
sible explanations include, tectonic pop-up ridges, 
remnant sand dunes, pingos, and/or other cryogenic 
landforms. Additional research is necessary to address 
whether they are related to active tectonic processes.

The Dall Mountain fault extends 30 km (18.6 
mi) from Dall Mountain in the north to the vicinity 
of Guishiemana Lake at its southern end (fig. 11). The 

fault is characterized by a moderately sharp range-
front and down-to-the-west normal displacement. 
Brogan and others (1975) described evidence for 
recent fault activity including a distinct escarpment 
of variable height, a change in gradient of several 
streams that cross the scarp, and numerous springs. 
Subsequent evaluations have only been at the recon-
naissance level, but indicate that the majority of the 
fault scarp displaces bedrock or thin colluvial deposits 
(fig. 14). Along the southern part of the fault a steep, 
6.5-m-high (21.3-ft-high) scarp appears to cut alluvial 
fan deposits; however, further investigation is needed 
to determine whether the alluvium was deposited 
over a pre-existing bedrock escarpment or if the fan 
is displaced. Based on the rounded morphology at the 
scarp crest and lack of well-developed facets, Koehler 
and others (2012a) inferred a slip rate of <0.2 mm/yr 
(<.01 in/yr) for the Dall Mountain fault.

In southwestern Interior Alaska, the Idi-
tarod–Nixon Fork fault traverses the Kuskokwim 
Mountains for more than 370 km (230 mi), 
extending from Aniak to the vicinity of the Sischu 
Mountains and represents a seismic hazard to the 
village of McGrath (figs. 11 and 15). The fault 
is seismically quiet and only the central part has 
evidence for Quaternary deformation. The fault is 

Figure 13. Lidar derived 1-m hillshade showing aligned 
mounds along the Salcha River seismic zone. The origin 
of these features is un¬known; however, their linear 
arrangement in the epicentral region of the 1937 M 7.3 
earthquake suggests that they could be related to tec-
tonic processes. Alternative explanations include sand 
dunes or cryogenic processes.

0 0.5 1 km

Align
ed

 m
ou

nd
s

Salcha River 
floodplain

lim
it o

f lid
ar d

ata

64
°2

7’
 N

64
°2

6’
30

” N
64

°2
7’

30
” N146°46’30” W 146°45’ W



32 Miscellaneous Publication 160

Figure 14. View to the east of prominent side-hill scarp associ-
ated with the Dall Mountain fault along the western side of the 
Dall Mountains (fault shown between arrows). Location of photo 
is in the vicinity of GPS coordinate 66.401442°, -149.720578°.

characterized by prominent linear valleys and scarps 
along the Iditarod and Owhat rivers, Bonanza Creek, 
the headwaters of Moore Creek and Fourth of July 
Creek, and segments of the Takotna River and Nixon 
Fork River (Mertie and Harrington, 1924; Cady 
and others, 1955; Fernald, 1960) (figs. 11 and 15). 
Pleistocene and possibly Holocene activity along the 
fault was inferred by Bundtzen and others (1988), 
who described a speculative right-lateral offset of 
stream placer deposits and channels along Moore 
Creek that resulted in uplift and abandonment of 
paleochannels up to 6 m (~20 ft) above the modern 
floodplain. Based on the speculative nature of these 
observations and the lack of detailed paleoseismic 
studies, further investigation related to the fault’s 
relative activity and seismic potential is warranted.

In northern interior Alaska, the right-lateral, 
active Kaltag and Tintina faults together comprise 
a northward convex arc (somewhat parallel to the 
Denali fault) that extends across the entire state (figs 
1A, 11, and 16). Despite diffuse seismicity and subtle 
geomorphic expression, these faults have produced 
some notable earthquakes including the 1972 M 5.3 
earthquake along the Tintina fault and the 2000 M 5.6 
event along the Kaltag fault. Although the two faults 
are not directly linked, a series of east–northeast-trend-

ing faults in bedrock in the Tanana B-1 Quadrangle 
(Reifenstuhl and others, 1997) might accommodate 
deformation within a subtle left-step in the system. 
Several faults in this area, including the Kaltag Exten-
sion, Victoria Creek, and Tozitna faults (fig. 11), are 
along strike of the Tintina fault and are associated 
with long linear valleys, bedrock pressure ridges, and 
wind gaps (Weber and others, 1992). These potentially 
active faults might also serve to link the Tintina and 
Kaltag faults, however evidence of Quaternary activity 
has not been documented.

The Kaltag fault, which extends from Unalakleet 
to Tanana (figs. 11 and 16), has displaced the margin of 
the Yukon–Koyukuk basin approximately 100 to 130 
km (62–81 mi) (Patton and Hoare, 1968). The fault 
is associated with moderate seismicity along its entire 
length, including several M 5 events. The Yukon River 
follows the fault, which is buried by the river and its 
associated late Holocene floodplain deposits that are 
not displaced. Along the northern flank of the Kaiyuh 
Mountains, the Kaltag fault is associated with subtle 
degraded bedrock escarpments, large bedrock shutter 
ridges, and a distinct alignment of pingos (fig 17). 
The pingos are small (2–3 m high [6.6–10 ft high] by 
5–15 m long [16–49 ft long]), oval-shaped mounds, 
and may be a product of active springs along the fault. 
Despite the presence of tectonic geomorphic features 
along the fault, youthful scarps extending across the 
landscape between relatively old bedrock shutter 
ridges have not been identified. Patton and Hoare 
(1968) suggest recent tectonic deformation along 
the fault in the vicinity of Kaltag, based on the pres-
ence of diverted streams, offset spurs, fault-bounded 
bedrock slivers, sharply delineated changes in fine 
drainage and vegetation patterns, and inferred right-
lateral separation of stream drainages by as much as  
0.8 km (0.5 mi). These observations have not been 
verified using modern paleoseismic techniques, and 
thus the seismic potential of the Kaltag fault remains 
poorly characterized. 

The Tintina fault zone extends from the vicin-
ity of Eagle to the Victoria Creek Valley and is the 
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Figure 15. Map of the Bristol Bay 
and Yukon-Kuskokwim Delta area 
(southern part of the Western 
Alaska and Bering Sea source 
region), showing known active and 
potentially active Quaternary faults. 
Fault colors indicate relative age 
from Koehler (2013); see figure 2 
for defini¬tions. IR = Iditarod River, 
MC = Moore Creek, FJC = Fourth of 
July Creek, BC = Bonanza Creek, OC 
= Owhat Creek, TTF = Togiak-Tikchik 
fault, AF = Atsaksovluk fault, HF = 
Holitna fault, INFF = Iditarod-Nixon 
Fork fault, GR = Gemuk River, PC = 
Portage Creek, HRL = Holitna River 
lowlands, ACV = Atsaksovluk Creek 
Valley, FTM = Flat Top Mountain, 
AWA = Andrafsky wilderness Area.

western extension of a major tectonic strike valley in 
Canada (fig. 11). Geologic maps depict the fault as a 
southern trace named the Hot Springs fault, and three 
northern traces: from east to west, the Tintina fault, 
Medicine Lake lineament, and Preacher Creek linea-
ment (Foster, 1976; Brabb and Churkin, 1969; Foster 
and others, 1983). In the vicinity of the Victoria Creek 
Valley the Tintina fault splits into several major faults 
including the Tozitna, Victoria Creek, and Kaltag 
Extension faults, and an unnamed fault (Weber and 
others, 1992). These faults are associated with large 
bedrock shutter ridges, wind gaps, and linear valleys; 
however, they are not expressed in youthful deposits. 
Quaternary activity has only been documented along 
two lineaments in the Tintina fault zone. Weber and 

Foster (1982) documented a 6-m-high (19.7-ft-high) 
scarp and a possible right-lateral stream offset along 
the Preacher Creek lineament. The Medicine Lake 
lineament displaces Yukon River alluvium and loess 
across a 6–13-m-high (19.7–42.7-ft-high) scarp (Foster 
and others, 1983; Davies, 1972). These two lineaments 
are associated with moderate seismicity (Gedney and 
others, 1972); however, the eastern part of the fault 
system is relatively devoid of seismicity. Paleoseismic 
studies have not been performed along the Tintina 
fault system.

WESTERN ALASKA AND 
BERING SEA SOURCE REGION

The western Alaska and Bering Sea source region 
(fig. 1B, 15, and 16) is a relatively quiescent region, but 
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it has generated numerous moderate earthquakes over 
the last 50 years including 62 M 4.0–5.0 and five M 
≥ 5.0 earthquakes. The densest seismic activity occurs 
in the southern and northeastern parts of the Seward 
Peninsula, where moderate normal and strike-slip 
earthquakes are related to north–south extension. The 
most recent notable earthquake (2014 M 5.6) occurred 
north of the Seward Peninsula and was associated with 
normal faulting and a vigorous aftershock sequence 
(the Noatak swarm). The extension in the region may 
be driven by clockwise rotation of the hypothesized 
Bering plate (Freymueller and others, 2008) that is 
defined by crustal velocities measured using GPS. 
This poorly defined microplate boundary zone is 

interpreted to extend from northwestern Alaska in 
the vicinity of the Seward Peninsula and along the 
upper Yukon River into central interior Alaska. Zones 
of diffuse seismicity also occur offshore around St. 
Lawrence Island and within the Ahklun and Kilbuck 
Mountains northwest of Dillingham (fig. 15). In 2010 
an unusual series of earthquakes was recorded about 
260 km (162 mi) west of St. Matthew Island. The 
M 6.5 main shock was preceded by a M 4.3 fore-
shock one minute earlier, and a M 6.3 aftershock five  
minutes later.

Active faults in the western Alaska–Bering Sea 
source region include the Bendeleben and Kigluaik 
faults on the Seward Peninsula and faults associated 

Figure 16. Map of the Seward Peninsula area in the northern part of the Western Alaska and Bering Sea source region, showing known 
active and potentially active Quaternary faults. Fault colors indicate relative age from Koehler (2013); see figure 2 for definitions.  
MB = Mount Bendeleben, KM = Kigluaik Mountains, BF = Bendeleben fault, KF, Kigluaik fault, TRH, Tubutulik River headwaters,  
IB = Imuruk Basin, BSF = Bering Straight fault zone, PCF = Port Clarence fault zone, NSF = Norton Sound fault zone, KLF = Kiwalik Lagoon 
fault, KFZ = Kugruk fault zone, Kuf = Kuzitrin fault, LCF = Lararee Creek fault, URV = Unalakleet River Valley.
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with the western extension of the Denali fault in the 
Holitna River and Kilbuck Mountains areas. A series 
of northeast-trending faults have been mapped in 
bedrock across the Andreafsky Wilderness area north 
of the Yukon–Kuskokwim delta; however, Quater-
nary deformation has not been documented on these 
faults. Note that the western part of the Kaltag fault 
in the Unalakleet River valley between Kaltag and 
Unalakleet and the Iditarod–Nixon Fork fault in the 
northwestern Kuskokwim Mountains and Iditarod 
River valley (described in the Interior Alaska source 
region described earlier) also occur in the western 
Alaska–Bering Sea source region. 

North–south extensional deformation char-
acteizes the neotectonic framework in the Seward 
Peninsula area consistent with seismicity observa-
tions, extensive basalt lavas, parallel alignments of 
volcanic vents, and active normal faults (Page and 
others, 1991; Dumitru and others, 1995; Biswas and 
others, 1986). This deformation is accommodated 
by normal faulting along the east–west-trending 
Kigluaik and Bendeleben faults, which together form 
a zone of active faulting about 175 km (109 mi) in 
length. The north-dipping Kigluaik fault separates 
the Kigluaik Mountains from the Imuruk Basin 

along a sharp rangefront. Post-Wisconsin glacial 
landforms include associated benches, notches, and 
scarps with vertical displacements between 4 and 
10 m (13 and 33 ft) (Hudson and Plafker, 1978; 
Kaufman and others, 1989; Kaufman, 1986). The 
south-dipping Bendeleben fault extends from Mt. 
Bendeleben to the headwaters of the Tubutulik River 
and is associated with clear scarps, observable on 
satellite imagery, along its south-facing rangefront. 
Geomorphic indicators of late Pleistocene and Holo-
cene activity along the Bedeleben fault include slope 
breaks, saddles in colluvium, and scarps in glacial 
moraines and bedrock that range from 2 to 8 m high 
(6.6 to 26.2 ft high) (Hudson and Plafker, 1978; 
Kaufman, 1986). Diffuse seismicity and displaced 
Quaternary landforms indicate that the Kigluaik and 
Bendeleben faults are capable of generating damag-
ing earthquakes. However, based on their subtle 
geomorphic expression, poor age control on displaced 
deposits, and lack of paleoseismic studies, Koehler 
and others (2012a) assigned a slip rate of 0.2–1 mm/
yr (0.01–0.04 in/yr) for these faults. Additional 
poorly documented faults in the Seward Peninsula 
area (Plafker and others, 1994a; Sainsbury, 1972) 
may also be capable seismic sources. These faults 
include the Bering Strait, Norton Sound, and Port 
Clarence fault zones, the Kugruk, Kilwalik Lagoon, 
Kuzitrin, Labaree Creek, and Crater Creek faults, 
among others (Plafker and others, 1994a) (fig. 16).

In the southern part of the western Alaska–Ber-
ing Sea source region, active faults associated with the 
Denali fault system include the Boss Creek, Holitna, 
Atsaksovluk, and Togiak–Tikchik faults (fig. 15). 
These faults are differentiated from the Denali fault 
in interior Alaska based on their subdued geomorphic 
expression and slower slip rates. Several earthquakes 
(M < 5) have occurred in the vicinity of these faults, 
however, no major earthquakes have occurred in 
recorded history. Observations on the relative activity 
of these faults are limited and detailed paleoseismic 
studies have not been undertaken.

Figure 17. View to the southwest along the Kaltag fault where 
it projects along the northern flank of the Kaiyuh Mountains to-
ward the Yukon River floodplain. The trace of the fault is marked 
by pingos aligned with trees through the center of the photo. 
Photo taken from GPS coordi¬nate 64.457867°, -157.520967°.
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The Boss Creek fault extends across the Holitna 
River lowlands to the southern margin of the Kus-
kokwim Mountains (fig. 15) and is expressed by 
discontinuous, poorly defined slope breaks and 
by alignment of major drainages or topographic 
features (Plafker and others, 1977). Previous map-
ping has shown the Boss Creek fault as concealed 
beneath Quaternary sediments (Cady and others, 
1955; Decker and others, 1995) and no Holocene or 
Quaternary offsets have been observed (Plafker and 
others, 1977). The Holitna fault is a northwest-dip-
ping reverse fault that extends along the southeastern 
margin of the Kuskokwim Mountains for ~76 km 
(~47 mi) between the Gemuk River and Portage 
Creek, which drain to the Holitna River lowlands 
(fig. 15). The fault is expressed as a distinct, continu-
ous, southeast-facing scarp as high as 6 m (19.7 ft) in 
the Pliocene-aged Sleetmute surface, a late–mature 
rolling upland, as well as across Quaternary glacial 
deposits and loess (Cady and others, 1955). The 
scarp has been modified by surficial processes and 
the recency of deformation is unknown. However, 
ongoing stream dissection in the Sleetmute sur-
face is inferred to be related to active uplift along 
both the Boss Creek and Holitna faults (Cady and  
others, 1955).

The Atsaksovluk fault extends for ~40 km (~25 
mi) along the northwestern side of the Atsaksovluk 
Creek valley from Flat Top Mountain to the head-
waters of the Buckstock River (fig. 15). Cady and 
others (1955) describe the fault trace in surficial 
deposits in the vicinity of Timber Creek northwest 
of Flat Top Mountain but the features they describe 
do not appear to be on the fault trace and they do 
not discuss the relative age of displacement. The 
Togiak–Tikchik fault extends more than 210 km (130 
mi), from Togiak Bay to the vicinity of the Holitna 
fault near the Gemuk River (fig. 15). The southern 
part of the fault is characterized by a straight, west-
facing escarpment (Hoare, 1961). Based on bedrock 
relations, this apparent east-side-up vertical displace-
ment transitions northward to west-side-up motion 

where the fault is characterized by linear drainages 
and divides (St. Amand, 1957; Hoare, 1961). The 
opposing directions of the sense of slip along the fault 
suggest it is a lateral slip fault. Although no evidence 
of Holocene or Quaternary movement along the fault 
has been identified (Plafker and others, 1977; Hoare 
and Coonrad, 1961), the gross geomorphology and 
apparent projection into the Holitna fault suggest it 
could be active.

The limited available information for the faults 
of the western Denali fault system indicates that they 
are characterized by low rates of activity. Based on this 
information, Koehler and others (2012a) classified 
the relative activity of the Holitna and Atsaksovluk 
faults as mid-Quaternary and Quaternary, respec-
tively, and the Boss Creek and Togiak–Tikchik faults 
as suspicious. Due to the lack of detailed studies, the 
seismic potential and relative risk to Alaska posed by 
these structures remains unknown.

NORTHERN ALASKA AND 
BROOKS RANGE SOURCE REGION

Intraplate earthquakes in the northern Alaska 
and Brooks Range source region (figs. 1B and 18) 
are associated with the Brooks Range orogen, gravi-
tational deformation of thick sedimentary sequences, 
and crustal reorganization. The northwestern part 
of this source region is relatively aseismic, however 
the general lack of detectable earthquakes is likely a 
product of minimal instrumentation and does not 
necessarily indicate an absence of active faults. The 
northeastern part of the source region contains a 
broad earthquake band, extending from the Brooks 
Range toward the Beaufort Sea, which has been 
associated with more than 20 historical earthquakes 
of M 4.0–5.3 with focal mechanisms that indicate 
strike-slip and normal faulting events indicative 
of north–northwest compression and northeast 
extension. In the Brooks Range itself, more than 70 
moderate earthquakes of M 4.0–5.7 and four M > 5.0 
shallow earthquakes have occurred over the last 60 
years. Earthquake swarms along the southern margin 
of the Brooks Range, which include more than 20 
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moderate earthquakes ~M 4 in 1989 (AEC, 2016) 
and four moderate events in October 1980 (Gedney 
and Marshall, 1981), suggest that this region may be 
capable of generating a larger earthquake. No major 
or great earthquakes have been recorded in north-
ern Alaska. Even with this seismic activity, only the 
Kobuk fault along the south side of the Brooks Range 
northwest of Bettles, faults in the Camden Bay area, 
and the Marsh Creek anticline have been inferred 
to be active in the Quaternary Period (Plafker and 
others, 1994a) (figs 11 and 18). Despite the apparent 
paucity of active faults, many pre-Quaternary faults 
have been mapped in the Brooks Range (Mull and 
others, 2009; Lathram, 1965; Grybeck and others, 
1977; Imm and others, 1993; Mull and Adams, 1989) 
and represent zones of crustal weakness that could 
be reactivated in future earthquakes. 

The Kobuk fault zone (fig. 11) extends along the 
northern border of the Upper Koyukuk basin and the 
southern margin of the Brooks Range for at least 480 
km (300 mi). The fault zone consists of numerous 
high-angle parallel faults in a zone approximately 
20 km (12.4 mi) wide (Patton, 1973). Bedding and 
structural contrasts across the fault support strike-slip 
deformation along the Kobuk fault in Cretaceous or 
Tertiary time (Patton, 1973); however, estimates of 
cumulative offset have not been determined. Kine-
matic analyses indicate lateral displacements as well 
as northward-directed thrusting along the Kobuk 
fault system related to right oblique plate convergence 
(Avé Lallemant and others, 1998). Patton and others 
(1968) and Patton and Miller (1966) map the fault in 
undifferentiated glacial deposits south of the Anga-
yucham Mountains in the upper Kobuk and Alatna 
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River valleys but did not describe details of the fault-
ing (fig. 11). From the Alatna River to the vicinity 
of Bettles, Patton and Miller (1973) map the fault 
along the southern rangefront of the Alatna Hills. 
Brogan and others (1975) noted stream deflections 
and en echelon scarplets suggesting dextral slip along 
traces of the Kobuk fault mapped by Patton and 
others (1968) and described north- and south-facing 
scarps ranging from 1 to 12 m (3.3 to 39 ft) in Illi-
noian and Wisconsin age glacial deposits. Hamilton 
(2002a) mapped the fault trace shown on Patton and 
Miller (1973) across outwash and drift of the early 
Pleistocene Anaktuvuk glaciation near the east and 
west forks of Henshaw Creek and inferred that the 
traces might be reactivated traces of the Kobuk fault. 
Farther west, in the upper Kobuk and Alatna River 
valleys, Hamilton (2002b) show the fault trace of 
Patton and Miller (1966) as cutting middle Pleisto-
cene Sagavanirktok glacial drift and terraces, as well 
as late Wisconsin Itkillik drift, outwash, lake, and 
delta deposits. Along this section Hamilton (1984) 
described fault-related geomorphic features including 
elliptical pingos and sand extrusions, elongate sag and 
thaw ponds, fault scarps and fault-line scarps, uplifted 
lakeshores, and offset drainages, and suggested offsets 
of middle Pleistocene and late Wisconsin deposits of 
20+ m (66+ ft) and 2 m (6.6 ft), respectively. Unfor-
tunately, the locations of the detailed Quaternary 
tectonic observations described by Hamilton (2002a, 
b) and Brogan and others (1975) have not been 
published or independently verified using modern  
paleoseismic techniques. 

Reconnaissance helicopter inspection of the 
Kobuk fault along the Alatna Hills rangefront 
between Bettles and West Fork Henshaw Creek indi-
cates the presence of isolated benches, broad troughs, 
and rounded knobs along the contact between 
Sagavanirktok glacial drift deposits and bedrock (fig. 
19A). These features are not continuous, and direct 
evidence for a tectonic origin has not been verified. 
Erosion of ice-marginal stream channels and drift 

deposits are equally viable alternative explanations 
for the observed bench and trough morphology. The 
rangefront has a subdued morphology, with broad 
facets and curvilinear bedrock re-entrants floored by 
graded streams, consistent with either a very low slip 
rate or lack of Quaternary activity (fig. 19B). Directly 
west of West Fork Henshaw Creek, the northern 
margin of an Anaktuvuk drift deposit is interpreted 
by Hamilton (2002a) to be the trace of the Kobuk 
fault. Helicopter surveys of this feature indicate that 
it is an underfit curvilinear stream channel incised 
into the Anaktuvuk drift, more consistent with 
incision by an ice marginal stream (fig. 19C). Thus, 
despite the general lack of definitive evidence for 
Quaternary activity, the length of the Kobuk fault 
and a distinct cluster of seismicity along the western 
side and north of the fault (Gedney and Marshall, 
1981) indicate that it might be capable of generat-
ing a large earthquake, and warrants further study. 
It is possible that rates of cryogenic processes could 
outpace and obscure evidence of tectonic activity due 
to the fault’s low slip rate. 

In the central Brooks Range, early to mid-
Tertiary orogenesis is supported by northward 
expansion of the orogenic wedge, folding of foreland 
basin deposits, apatite fission track data that indi-
cates 4 to 6 km (2.5–3.7 mi) of exhumation since 
70 Ma, and renewed exhumation in the core of the 
Brooks Range ~24 Ma (Mull and others, 2009; 
Mull and others, 1997; O’Sullivan, 1994). Geologic 
and seismic studies indicate that deformation in the 
foothills fold-and-thrust belt propagated northward 
and was accommodated by east–northeast- and 
northeast-trending thrust faults and associated 
fault-propagation and fault-bend folds (O’Sullivan 
and others, 1998; Moore and others, 2004; Wallace, 
2008a; Gillis and others, 2014). Diffuse low-level seis-
micity indicates that some of these structures could 
be capable of generating earthquakes; however, aerial 
reconnaissance of the Foothills fold-and-thrust belt 
along the Dalton Highway indicates that Quaternary 
glacial deposits are not deformed. 
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Figure 19. Photographs along the projection of the Kobuk fault. 
A. View, looking west, of knob and trough morphology along the 
Sagavanirktok drift–bedrock contact. Fault has been inferred to 
extend through subtle linear trough Hamilton (2002a; b). B. Subdued 
rangefront morphology along the Alatna Hills. C. View, looking east, 
along the mapped trace of the Kobuk fault (dotted white line), show-
ing curvilinear stream channel margin formally described as a linear 
fault trace, but more likely an underfit ice marginal stream channel.

The northeastern Brooks Range foothills are 
characterized by a northward-tapering orogenic 
wedge that consists of duplexes and fault-bend folds 
and thrusts, hanging wall anticlines, and backthrusts 
that deform Tertiary rocks (Wallace, 2008a; Wallace 
and Hanks, 1990). East–northeast-trending faults and 
folds characterize the eastern Brooks Range mountain 
front between the Ribdon and Canning rivers, where 
and east–west-oriented structures become more promi-
nent farther northeast in the Shublik and Sadlerochit 
Mountains (fig. 18). Fission track thermochronology 
data suggest the occurrence of three distinct Tertiary 
deformation events at 45, 35, and 27 Ma (O’Sullivan 
and Wallace, 2002). North-directed shortening has 
apparently reactivated parts of the eastern Brooks 
Range foothills consistent with stratigraphic, seismic, 
and sparse geomorphic observations. Based on geologic 
mapping (Meigs, 1990) and interpretation of patterns 
in deflected, defeated, and antecedent streams, Bur-
bank and others (1996) suggested ongoing growth of 
the Sadlerochit anticline. These observations include a 
deeply incised water gap occupied by the Katakturuk 
River, which extends across the narrow, western part 
of the range and the deflection of the Sadlerochit River 
around the nose of the range (Burbank and others, 
1996) (fig. 18).

North of the Brooks Range, the Arctic Coastal 
Plain is relatively devoid of seismicity with the excep-
tion of the area east of the Canning River, north 
of the eastern Brooks Range foothills. Potential 
earthquake sources in this area include the Marsh 
Creek anticline, Camden anticline, Camden Bay 
faults, and other poorly documented structures (fig. 
18). The northeast-plunging Marsh Creek anticline 
extends between the Tamayariak and Sadlerochit 
rivers on the eastern Arctic Coastal Plain above the 
reactivated convergent foreland fold-and-thrust belt. 
Steep dips of Pliocene beds and warped Pleistocene 
fluvial terraces across the anticline, as well as geomor-
phic observations that indicate that the Katakturuk 
River and Marsh Creek have been deflected along the 
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margin of the anticline and cut across its crest, sug-
gest active Quaternary and possibly younger growth 
of the anticline (Burbank and others, 1996; Bader 
and Bird, 1986; Kelley and Foland, 1987; Dinter 
and others, 1990; Grantz and others, 1983; Morris, 
1957). The rates of folding and seismic potential of 
the Marsh Creek anticline have not been evaluated.

The Camden Bay anticline and faults occur 
primarily offshore in the Beaufort Sea and generally 
parallel the coast in the vicinity of Camden Bay and 
Flaxman Island (fig. 18). Based on interpretation of 
seismic reflection profiles, Grantz and others (1983) 
identified multiple active structures associated with 
the zone including deep-reaching landslides and 
related listric normal faults; aseismic normal faults 
and monoclines; and seismogenic, broad folds, 
monoclines, and faults. Deformation along these 
structures is primarily related to gravitational normal 
stresses generated by thick accumulations of Jurassic 
to present sediments shed off the Brooks Range and 
deposited on the continental shelf, and associated dia-
piric folding analogous to processes along the coast 
of Louisiana in the Gulf of Mexico. Additionally, 
contractional stresses associated with the foreland 
fold-and-thrust belt could contribute to active 
deformation offshore. A cluster of epicenters near 
the crest of the Camden anticline suggests modern 
activity, possibly related to a thrust splay inferred to 
core the anticline (Dinter and others, 1990). Activity 
on normal faults parallel to the crest of the Camden 
anticline has offset late Wisconsin- and Sangamon-
aged deposits 6 and 12 m (20 and 39 ft), respectively 
(Grantz and others, 1983). A moderate earthquake 
(M 5.3) occurred along the zone near Barter Island 
in 1968 (Biswas and others, 1977). A number of  
subsidiary folds have been mapped onshore in fluvial 
and glacial deposits (Carter and others, 1986); how-
ever, paleoseismic studies have not been conducted 
and their seismic potential and associated lateral 
spread hazards have not been evaluated. Although 
the rates of seismicity are low and surficial evidence 
of active tectonism are subtle, the structures on the 

Arctic Coastal Plain might be capable of future 
moderate earthquakes.

PLATE BOUNDARY STRAIN 
BUDGET AND ACTIVE FAULTS

Plate boundary deformation associated with 
subduction along the Alaska–Aleutian subduction 
zone is distributed over 1,000 km (620 mi) from 
south-central Alaska to north of the Brooks Range. 
This deformation is accommodated along active 
faults by shortening, transpression, right-lateral 
strike-slip faulting, and crustal block rotations in 
southern and south-central Alaska, and transten-
sional left-lateral strike-slip faulting north of the 
Alaska Range in interior Alaska. The mechanisms 
of strain accommodation in the Brooks Range and 
northwestern Alaska are not as well understood but 
include clockwise rotation of the Bering microplate, 
right-lateral strike-slip deformation, reactivation of 
fold-and-thrust belt structures due to compression 
between North America and the Amerasian Basin, 
and gravitational listric faulting of thick sedimentary 
packages on the continental slope of the Beaufort Sea.

Geologic, geodetic, and paleoseismic studies in 
southern and south-central Alaska indicate that plate 
boundary-related shortening and transpression are 
accommodated by active faults in the Chugach–St. 
Elias Mountains (37 mm/yr [1.5 in/yr]), the Castle 
Mountain fault (0.5 mm/yr [0.02 in/yr]), the Denali 
fault (7-14 mm/yr [0.3-0.6 in/yr]), and the North-
ern Foothills fold-and-thrust belt (1.2-3.5 mm/yr 
[0.05-0.14 in/yr]). Additionally, the system of faults 
that bounds the southern side of the Alaska Range 
(informally named the southern foothills fold-and-
thrust belt) likely accommodates a component of 
shortening.  Given the orientation of these faults, 
the high, rugged topography, and the seismic and 
geologic evidence for active tectonism, we speculate 
that a reasonable shortening rate for individual faults 
in the southern foothills fold-and-thrust belt may 
be on the order of 0.5-1 mm/yr (0.02–0.04 in/yr). 
Recurrence intervals of hundreds of years for many 
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of the faults in south-central Alaska attest to their 
relatively high slip rates and high seismic hazard. 

Geodetically measured shortening (<3 mm/
yr [<0.1 in/yr]) between the Alaska Range and the 
Brooks Range cannot be resolved onto individual 
faults. Geodetic estimates of the collective rate of 
strain accumulation across the system of northeast-
striking seismic zones in the vicinity of Fairbanks is 
<2 mm/yr (<0.1 in/yr) (Fletcher, 2002). In northern 
Alaska, including the Brooks Range, rates of strain 
accumulation are below the threshold of current GPS 
networks but suggest that there could be as much 
as 1 mm/yr (0.04 in/yr) distributed across a broad 
region. We infer that the threshold of recognition 
of surface scarps in northern Alaska is around 0.5 
m.  Given that the landscape south of the Brooks 
Range was refreshed during the latest Wisconsin 
glaciation, which culminated around 6.2-8.3 ky 
ago (Pewé, 1975) and geologic observations of the 
lack of surface scarps along mapped faults within 
the Dalton Highway corridor and in the Fairbanks 
area (Koehler and others, 2017), we further infer that 
faults in Interior and northern Alaska are character-
ized by long interseismic intervals, perhaps thousands 
to tens of thousands of years, and slip rates on the 
order of 0.01 to <0.1 mm/yr (0.0004 to 0.004 in/
yr).  These speculative rates are consistent with the 
weak geomorphic expression of active faults such 
as the Tintina and Kaltag faults and the interior  
Alaska seismic zones.  The low rates contribute toward 
large uncertainties regarding which faults in interior 
and northern Alaska are capable of large surface 
rupturing earthquakes.

Figure 20 summarizes the currently available 
geologic, paleoseismic, and geodetic data distrib-
uted across the state along a transect (A-A’) oriented 
roughly parallel to the Pacific/North American plate 
convergence direction.  The transect extends across 
the Yakutat Collision Zone, southcentral, Interior, 
and northern Alaska/Brooks Range source regions.  
A cumulative shortening rate can be derived from 
review of the literature summarized in this paper and 

is shown by the color gradient band along the transect 
(fig. 20A).  Figure 20B is a plot of shortening rate vs 
distance that shows values associated with individual 
regions and faults used to calculate a cumulative 
shortening rate.  Horizontal lines represent the dis-
tance over which the rate is inferred including green 
lines for geodetic data and blue lines for geologic data.  
Vertical blue lines indicate the uncertainty (where 
available) in the geologic rate estimates.  The maxi-
mum and minimum cumulative shortening based 
on the available data is indicated by the light gray 
shadowing and our preferred cumulative shortening 
is shown by a dashed black line.

To determine the preferred cumulative short-
ening across the transect we make the following 
assumptions; (1) the Northern Alaska/Brooks Range 
region is relatively stable (rate of essentially zero); 
(2) the central Interior is slowly deforming at a rate 
<<2 mm/yr (preferred value of 1 mm/yr); (3) strain 
is distributed across the Alaska Range including 0.5 
mm/yr across the Southern Foothills fold-and-thrust 
belt, 10 mm/yr across the Denali fault, and 1.4 mm/
yr across the Northern Foothills fold-and-thrust belt 
based on summing late Quaternary displacement 
rates on the main faults in the belt; (4) approximately 
0.5 mm/yr of shortening is distributed across the 
Copper River basin based on eastward projection of 
the Castle Mountain fault; and (5) geodetically mea-
sured strain accumulation across the Chugach-St. 
Elias fold-and-thrust belt (~37 mm/yr) is a reasonable 
proxy for shortening due to the difficulty in obtaining 
geologically-based Quaternary observations in this 
rugged region.

In general, the rate of shortening diminishes in 
a northerly direction across the state from the plate 
convergence rate of ~51 mm/yr (~2.0 in/yr) along 
the Yakutat collision zone to <1 mm/yr (<0.04 in/yr) 
in northern Alaska.  Taken together, the combined 
geologic, paleoseismic, and geodetic observations 
compiled in this paper result in a cumulative shorten-
ing rate between 15.8 and 58 mm/yr, with a preferred 
rate of 50.4 mm/yr (figs 20A and 20B).  The lower 
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Figure 20, opposite. A. Quaternary fault map of Alaska (Koehler, 2013) and plot of combined geologic, paleoseismic, and geodetic 
shortening observations. Color bar shows cumulative shortening rate along a transect oriented parallel to the Pacific/North American 
plate conver¬gence direction. Color bar shows preferred values for each region used in calculating cumulative shortening. B. Plot of 
geologically- (blue lines) and geodetically-determined (green lines) rates of deformation from specific regions and faults (Meigs and 
others, 2008; Wallace 2008b, Elliot and others, 2013; Koehler and others, 2012b; 2013; Fletcher, 2002; Biggs and others, 2007; Mat-
mon and others, 2006; Mériaux and others, 2009; Bemis and others, 2010; 2012; Freymueller, pers. comm.). Length of horizontal lines 
indicate the geographic distance over which each rate is evaluated. Light gray shading bounds the maximum and minimum cumulative 
shortening rate across the transect based on the published literature. Black dashed line indicates the preferred cumulative shortening 
rate. Values used to calcu¬late the preferred cumulative shortening are listed below each region/fault. The combined observations 
indicate that, to first order, the pattern of strain accumulation is consistent with the relative activity and mapped locations of active 
faults. NFFTB, Northern Foothills fold-and-thrust belt; SFFTB, Southern Foothills fold-and-thrust belt; CMF, Castle Mountain fault.

bound on the shortening rate range is likely related 
to under-characterized late Quaternary activity on 
faults in the Chugach-St. Elias fold-and-thrust belt 
and the higher bound may reflect overestimates 
of shortening in some areas. Certainly, the rate  
cannot be more than the plate convergence rate.  The 
preferred rate, however, closely approximates the  
plate convergence rate, and indicates that the pattern 
of contemporary strain accumulation is consistent 
with the Quaternary pattern of strain release.  This 
implies that the locations of the major seismic 
sources have been recognized and their relative activ-
ity has been moderately well-characterized at the  
reconnaissance level.

CONCLUSIONS

Alaska is one of most seismically active regions 
in the world and is exposed to seismic hazards 
related to frequent large earthquakes. Information 
on the location, size, timing, and recurrence of large 
earthquakes is an essential component of mitigating 
seismic risk. This paper summarizes the existing state 
of knowledge of the distribution of active faults and 
geologic and paleoseismic data with respect to the 
relative activity of structures capable of generating 
damaging earthquakes. 

The quality and quantity of pertinent data 
needed for seismic hazard assessment is variable across 
the state. The best characterized regions include 
the Alaska–Aleutian subduction zone and Alaska 
Peninsula, the Benioff zone, the Queen Charlotte–
Fairweather fault and southeastern Alaska, Yakutat 
microplate collision zone, and south-central Alaska 

source regions. Although the seismicity and location 
of active structures in interior Alaska are moderately 
well described, the timing and recurrence of earth-
quakes remain poorly characterized. Limited data are 
available to characterize active faults and evaluate the 
seismic potential of faults in the western Alaska and 
Bering Sea and northern Alaska and Brooks Range 
source regions.

The geologic record of youthful, surface-ruptur-
ing earthquakes throughout Alaska is likely obscured 
by high rates of latest Pleistocene loess deposition, 
cryogenic processes, thick forest cover, and rapid 
vegetation growth (tussocks) in tundra areas. The 
geologic evidence is also likely obscured and/or 
removed in many areas due to vigorous geomorphic 
processes such as landslides, flooding, and other 
events related to extreme climatic conditions. Fac-
tors such as difficult access, rugged topography, and 
the relatively few investigators conducting research 
in Alaska also contribute to the sparse amount of 
geologic observations. Thus, the lack of geologic 
evidence for major earthquakes does not preclude the 
possibility of future large magnitude events occurring 
anywhere in the state.

Although large uncertainties exist related to the 
timing and recurrence of large earthquakes and slip 
rates along active faults in Alaska, the sum of short-
ening observations related to active faults across the 
state is a close proxy to the rate of strain accumula-
tion, suggesting that the majority of the major active 
faults have been recognized and characterized at a 
reconnaissance level. Active faults certainly exist that 
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have not yet been mapped or have not produced a sig-
nificant earthquake in historic time. Characterization 
of these faults as well as more detailed paleoseismic 
investigations along previously identified faults is 
necessary to better characterize the seismic hazard 
in the state.
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