The Castle Mountain fault, south-central Alaska: New lidar-based observations on the sense of slip
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The Castle Mountain fault extends along the southern Talkeetna Mountains range front and across the
Susitna Lowland in south-central Alaska. The fault is an active structural element of the Aleutian forearc
and has formed a 4-km-wide anticline associated with at least 0.5 km of north-side-up displacement.
Right-lateral bedrock offsets along the eastern part of the fault are poorly constrained to ~14 km. In the
Susitna Lowland, the fault is expressed at the surface by a distinct south-facing scarp. Previous
paleoseismic studies have described the fault as both a strike-slip fault and a reverse fault, attributed
the scarp to the occurrence of one to four paleoearthguakes, and estimated a Holocene right-lateral slip
rate of ~3mm/yr.
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Motivated by these uncertainties and by inspection of new lidar data along the fault which indicates that
Holocene landforms are not laterally offset, we performed surficial-geologic mapping and field surveys

with an emphasis on better characterizing the sense of slip. Field work was conducted along approximately
12 km of the scarp between Houston and Susitna River.

This poster presents:

New lidar- and field-based Quaternary surficial-geologic and tectonic geomorphic mapping.

Topographic profiles across the Castle Mountain fault and lateral spread/landslide features. Flood deposits exposed in
Little Susitna River cutbank
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. . B TN 0O O .
illustrate the sense of slip. ilometers

105 0 1 2 3 4 5
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the Talkeetna Mountains and the Susitna River within the Wrangell Microplate. In the Susitna lowlands, \ Topographic profile Detailed study site 10 E- Silt, (tephra?)
late Tertiary dip-slip reverse movement has resulted in at least 0.5 km of north-side-up displacement and £ 2Bw

the fault is associated with a 4-km-wide anticline (Haussler et al., 2000). To the east, post-Palaeocene lateral D %30 2Cox | sand with gravel
slip is estimated to be ~14 km (Fuchs, 1980; Kelley, 1963). . ¢ ZCJa”d copbles

50 -
-~ Holocene soil
. .Y| developed in basal
crevasse-fill

12

O- peat and forest litter

Tephra- Silt

2Bw- very fine to fine sand

N—r

Depth (cm)

2C- very fine to fine sand

60

The Castle Mountain fault has long been considered an active strike slip fault in Neotectonic and seismic
hazards studies, however, previous paleoseismic investigations report conflicting 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 most recent 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 g
(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 E
ranges from one to four, and the lateral slip rate varies from 0.3 to 3 mm/yr.
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TOPOGRAPHIC PROFILES

CONCLUSIONS AND IMPLICATIONS

From the lidar data, we constructed 17 topographic profiles across the Castle Mountain fault and 3 profiles across lateral spread/
landslide features north of the fault (See hillshade map for locations). The cross fault profiles consistently show surface faulting and
broad warping of sand delta, alluvial flood plain, and abandoned stream channels. Based on the distribution of fault scarps on the
lidar, we present subsurface schematic interpretations of the faulting below each profile.

Sense of motion on the Castle Mountain fault

Based on scarp and fault zone morphology, rupture trace geometry, and continuity of geomorphic
The surface expression is consistent with a high angle reverse fault model where the hanging wall block is thrust up and “bulldozed” out over the footwall block features across the fault, we suggest that earthquakes along the Castle Mountain fault are characterized

forming pressure ridges, moletracks, and scarps. Folding of the surface north of the fault trace has resulted in the development of hanging wall grabens. by reverse faulting above a north-dipping fault. We further suggest that the grabens north of the fault are
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plains, grounding-line moraines, basal-crevasse-fill complexes, stream terraces, oxbow lakes, and swamps (See map 2 :MP\)X 21N Profile 7 S Our observations on the style of deformation are consistent with Detterman et al. (1974) and Hauessler et al.
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\‘ (sleeping lady) oblique to the trace of the fault and left-stepping grabens up to 400 meters north of the scarp (Areas A and B). o P i . . . . - . = Implications for seismic hazard assessments
Numerous abandoned channels, stabilized sand dunes, and terrace margins oriented orthogonal to the scarp are o wm wm aw m T e me me me| |2IN Profile 10 S | i el L . L .
. - . . . . Profile 12 Estimation of the size and recurrence of earthquakes in seismic hazard analyses depend on geologic
T vertically offset and have negligible strike-slip displacement (See Photos 3 and 6 and enlarged maps of detailed study : : - ; sediment - . . -
— . . . . 21N Profile 13 S| | Profile 11 filled pond description of the geometry and slip rates of active faults. Seismic hazards assessments for southcentral
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_ Sediment is squeezed upward due to downward pressure on the saturated
Castle Mtn. fault extends between red arrows on all photos. (1) View west of Castle Mtn. fault near grounding-line moraine. _
profile 19, deciduous trees on upthrown side. (2) Fault scarp 2.5-m-high in Area D. (3) Vertically

offset margin of abandoned channel in Area B, scarp height 2.5 m. (4) 3.2-m-high scarp in Area D, This project was funded by the State of Alaska Gasline Development Corporation (AGDC)
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