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Coseismic bending moment faults, 1980 El Asnam, Algeria
earthquake (Philip and Megharaoui, 1983). These features
are identical to those observed on the Castle Mountain fault.

Fault scarp features along the 1988 Spitak fault, Armenia
earthquake (Philip et al., 1992).  Note feature D.

Ostler fault, New Zealand, cutting across 14-20 ka
glacial outwash deposits (NZ geological survey).  
The most recent earthquake occurred ~3,500 yr. ago.  
Similarities include scarp morphology, hanging wall 
extension and folding, wrinkles in front of scarp, and
occurrence of one late Holocene earthquake. 
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Aerial image of the Castle Mountain fault
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4.  Fault scarp (~1.7 m) cutting 
alluvial terraces of the Little Susitna 
River.

2.  Prominent vegetation lineament 
along the Castle Mountain fault. Note 
deciduous trees on the uplifted side.

1.  Fault scarp across middle of 
photo is approximately 2.6 m high.

3.  Trace of the fault at the pipeline 
crossing is marked by vegetation 
lineament and gentle south facing 
slope.

fault lineament
H, # trench sites, Haeussler et al., 2004
W slip rate site, Willis et al., 2007
D trench site, Detterman et al., 1976
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Hillshade strip map of lineaments along the Castle Mountain fault
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DEM of the Alaska Range showing the major faults.  WP, Wrangell microplate; YMP, Yakutat microplate; 
CSEM, Chugach-Saint Elias Mountains; NFFTB, Northern Foothills fold and thrust belt.

YMP

1 Introduction

Tectonic setting and Castle Mountain fault

Observations

The proposed route of an in-state natural gas pipeline extending from Prudhoe Bay to Anchorage, Alaska, 
traverses a variety of geologic environments and presents significant challenges for pipeline engineers.  
Thus, accurate terrain evaluation and characterization of geologic hazards is a critical component to pipeline 
route selection, design, and construction.  Geologic hazards that can potentially affect pipeline routing and 
design include, among others, active faulting, earthquake ground shaking, landslides, rockfall, thawing 
permafrost, and flooding.   

The Alaska Division of Geological & Geophysical Surveys (DGGS) is conducting a phased study to 
systematically evaluate geohazards along the entire proposed pipeline route.  Our investigative approach 
includes map and data compilation, assessment of geologic data, acquisition and evaluation of high 
resolution lidar data, and field characterization of geologic hazards.   

Here we present:

              Observations from field investigations and interpretations of the first lidar data acquired along the 
              Castle Mountain fault,

              several techniques useful for characterizing fault geometry and displacement parameters,

              several possible analogues to evaluate the style of deformation along the Castle
              Mountain fault.  

The new lidar data and our observations have profound implications regarding the width of deformation
and style of faulting along the Castle Mountain fault and are important for pipeline routing and design.
Additionally, these data will help refine slip rate and recurrence estimates that are critical to improve 
seismic hazard asessments for the greater Anchorage metropolitan area. 

              

              

     

Possible annalogues to the Castle Mountain fault

What is the paleoseismic history and sense of motion on the 
Castle Mountain fault?

Implications for pipeline design

Implications for seismic hazard assessments

Presented at the Association of Environmental and Engineering 
Geologists (AEG) annual meeting, September 19-24, 2011, 
Anchorage, Alaska 

Compression and shear across southcentral Alaska are driven by north-northwest relative motion (~55 mm/yr) 
between the Pacific and North American plates along the Fairweather fault, Yakutat microplate, and Aleutian 
subduction zone.  Subduction of the relatively buoyant Yakutat microplate has resulted in development of the 
Chugach-St. Elias Fold and Thrust Belt and counterclockwise rotation of the Wrangell microplate, the region of 
crust in southcentral Alaska between the Chugach Mountains and the Alaska Range.  Geodetic studies
indicate that the Wrangell microplate is rotating towards the southwest at a rate of ~5 mm/yr (Fletcher, 2002;
Freymueller et al., 2008).  To the north, the Denali-Totchunda fault system accommodates this rotation by 
~9-14 mm/yr of dextral shear along the arcuate southern margin of the Alaska Range and was the source of 
the 2002 Mw=7.9 Denali fault earthquake (Eberhart-Phillips et al., 2003; Matmon et al., 2006; Meriaux et al., 
2009).  The restraining transpressional geometry of the Denali fault plays a significant role in the uplift of the 
Alaska Range and has contributed to the development of the Nothern Foothills Fold and Thrust Belt (NFFTB) 
(Bemis et al., in review), a 50-km-wide system of  south-dipping imbricate thrusts that bound the north side 
of the Range.  Thus, plate boundary deformation is distributedover 500 km inland.

The western Castle Mountain fault extends ~62 km from the Susitna River eastward to the Talkeetna Mountains 
within the Wrangell microplate and is a major structural element of the Aleutian forearc basin.  In the Susitna 
lowlands, the fault is associated with a 4-km-wide anticline (Haussler et al., 2000). Late Tertiary dip-slip reverse 
movement has resulted in at least 0.5 km of north-side-up displacement, and lateral movement is uncertain
(Kelley, 1963).  To the east, post-Palaeocene lateral slip is estimated to be (~14 km) (Fuchs, 1980).  On the 
surface, the fault is associated with a clear scarp that cuts late Elmendorf (14-15 ka) and Holocene deposits 
including glacial drift, drumlins, sandy fan deltas, outwash plains, stream terraces,  oxbow lakes, and swamps 
(Reger and Updike, 1983; Reger, 1981).

Previous paleoseismic investigations along the Castle Mountain fault indicate different results with regard to
the  style and rate of Quaternary deformation.  For example, Dettermann et al. (1974) dated a buried soil 
exposed in a trench excavated across a 2.1-m-high scarp east of the Little Susitna River and implied an 
1860 +/- 250 yr BP age for the event.  At this locality, the fault dips 75˚ north.  Detterman et al. (1974) also 
suggested possible right lateral displacements of 3.6 to 7 meters.  More recent trenching studies suggest 
thrust motion along the fault and the occurrence of four late Holocene earthquakes in the last 2700 yrs 
(Haeussler et al., 2002).  A late Pleistocene-Holocene right lateral slip rate of 2-3 mm/yr was estimated by 
Willis et al. (2007) based on lateral offset of 36 m meaured on a subtle channel margin.  Thus, the fault has 
been characterized as both a thrust fault and a strike slip fault, the number of late Holocene earthquakes 
ranges from one to four, and the lateral slip rate varies from 0.3 to 3 mm/yr.  
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Field photos of the Castle 
Mountain fault
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Lidar data provides an unprecidented view of tectonic deformation along the Castle
Mountain fault.  In general, the fault is characterized by two relatively straight traces
separated by a broad ~ 2-km-wide bend in the vicinity of Fish Creek (Area A).
Field observations indicate that the scarp is un-beveled and ranges in height from about 
0.5 to 3 m (Photo 1 and 4).  In some areas the scarp is confined to a narrow zone (Area C).
However, much of the fault trace is characterized by a wide zone of deformation that
consists of left-stepping en echelon surface breaks oblique to the crest of the scarp and
left stepping grabens up to 400 meters north of the scarp (Areas A and E). 

As noted by previous workers, much of the trace of the fault is identifiable by distinct
vegetation lineaments characterized by large deciduous trees growing along the uplifted,
north side of the fault and stunted black spruce growing south of the fault  (Photo 2).   At 
the fault/pipeline crossing, the fault trace lacks a definitive scarp and is delineated by 
vegetation and a gentle south-facing slope (Photo 3).  Lidar data reveal subtle traces, en
echelon tension gashes, and hanging-wall grabens not previously recognized.

We inspected abandoned stream channel and terrace margins along the fault on the lidar
and in the field and did not observe any appreciable lateral displacement (Areas A to E).

In addition to surface rupture, many landslides and lateral spread features possibly due
to strong ground shaking during earthquakes were also observed in the lidar data.  

   

Based on the scarp morphology, rupture trace geometry, and continuity of stream channel margins across the
fault, we suggest the possibility that the Castle Mountain fault has generated only one large surface rupture in 
the late Holocene.  We further speculate that the grabens north of the fault are the product of folding and 
extension in the crest of an anticline developing in the hanging wall of a reverse fault.  The left stepping nature
of these features is consistent with a component of oblique slip, however we did not observe lateral displacement
of geomorphic markers.  If true, this would change the current Castle Mountain fault strike-slip paradigm.

Our observations on the style of deformation are consistent with Detterman et al. (1974) and Hauessler et al. 
(2002), but differ from the view of Willis et al. (2007) in terms of the amount of lateral displacement.  It is
possible that glacial advances removed all evidence of late Pleistocene lateral displacement and that the 
Holocene features present on the Susitna lowlands are too subtle to preserve evidence of lateral slip.    
Obviously, more focused field work based on this new public data set is necessary to confirm or negate our
observations.  We would like to invite the neotectonic community to consider a reclassification of the Castle 
Mountain fault as an oblique right reverse fault with a lateral slip rate similar to its long term rate of ~0.5 mm/yr. 
The fault may be similar to the examples shown below.  

The proposed fault/pipeline crossing is currently within a broad bend or zone of strain transfer in the fault zone.
Our observations suggest that the fault has only broken the surface once (or a few) times at this location.  The 
shallow slope that marks the fault at the crossing may indicate a locally shallower fault dip and a broader zone of 
deformation.  Thus, there is considerable uncertainty in estimating the location of future surface ruptures and the 
width of deformation at the current crossing.  Our fault lineament mapping is being used to determine the best 
fault crossing location and design.  By selecting a location where the fault trace is narrowly confined, the width, 
and therefore the cost of earthquake resistant design can be minimized.

Estimation of the size and recurrence of earthquakes in seismic hazard analyses depends on accuRrate geologic 
description of the geometry and slip rates of active faults.  The Castle Mountain fault may have a longer recurrence 
interval and/or slower slip rate than the current paradigm would suggest.   Future investigations along the fault are 
necessary to refine current slip rate and reccurrence data.  These data are critical to ensure that the upcoming USGS 
Seismic Hazard Map update for Alaska shows realistic ground motions related to earthquakes on the Castle Mountain 
fault.
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