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Abstract
The Dot “T” Johnson and Cathedral Rapids faults represent the eastern part of the Northern Foothills 

fold and thrust belt, and are geomorphically well expressed by triangular facets, anticlinal warps, and 
scarps in Quaternary deposits between Granite Mountain and Tok River. Previous paleoseismic trenching 
indicates that these faults have both generated at least one and possibly multiple Holocene earthquakes. 
We created various LiDAR-derived base maps along the Dot “T” Johnson fault to assess the relative util-
ity of each product in assessing the location of tectonic features. Our results indicate that the most robust 
interpretations require combined observations from multiple products including hillshade, slope, intensity, 
and aspect maps. Interpretation of a new paleoseismic trench excavated across the Cathedral Rapids fault 
places a constraint on the timing of a folding event to after around 850 cal yr BP. On the basis of folded 
deposits and unconformable stratigraphic relations, we infer the existence of an active blind thrust splay 
of the Cathedral Rapids fault beneath the scarp. 

1Alaska Division of Geological & Geophysical Surveys, 3354 College Road, Fairbanks, Alaska 99709-3707; rich.koehler@alaska.gov2

2Currently with Shannon & Wilson, Inc., 2355 Hill Road, Fairbanks, Alaska 99709

PALEOSEISMIC AND LIDAR INVESTIGATIONS ALONG THE  
CATHEDRAL RAPIDS AND DOT “T” JOHNSON FAULTS,  

INTERIOR ALASKA

by
Rich D. Koehler1 and Rebecca-Ellen Farrell Woods1,2

INTRODUCTION
The Alaska Division of Geological & Geophysical 

Surveys (DGGS) has conducted geologic field studies 
along the Alaska Highway corridor from Delta Junc-
tion, Alaska, to the Canada border (fig. 1), including 
identification and characterization of active faults. 
These investigations were performed to provide baseline 
geologic information for engineering design decisions 
related to the proposed Alaska–Canada natural gas pipe-
line and other developments in the corridor.

In 2011, DGGS acquired and processed high-reso-
lution LiDAR data covering a 1-mi-wide corridor along 
the major transportation corridors in the state (Hubbard 
and others, 2011). LiDAR data provide a means to im-
prove analyses of the landscape and facilitate efficient 
identification and characterization of geologic hazards 
in regions where other methods have been ineffective 
due to rugged topography, limited access, dense vegeta-
tion, and inadequate imagery. Several relatively simple 
techniques can be applied to LiDAR data in ArcMap to 
generate various base maps that are useful in identifying 
subtle topographic features (such as fault scarps) criti-
cal to characterizing geologic hazards including faults, 
landslides, permafrost, flooding, and other hazards (for 
example, Frankel and Dolan, 2007). These derivative 
base maps include bare-earth hillshade, intensity, slope, 
aspect, and surface roughness maps, among others. 
When combined with standard geologic and topographic 
maps and aerial imagery, these maps provide unparal-
leled insight into the geomorphology of an area.

Along the Alaska Highway corridor, a series of 
south-dipping imbricate thrust faults bound the northern 
flank of the Alaska Range (Bemis and others, 2012; 
Carver and others, 2010; 2008; Brogan and others, 1975), 
including the Dot “T” Johnson and Cathedral Rapids 
faults, among others (fig. 1). Previous paleoseismic 
trenching studies along these faults determined that 
the faults are active and the source of several Holocene 
earthquakes (Carver and others, 2010; 2008). To better 
characterize these faults, we generated derivative base 
maps from LiDAR data along the Dot “T” Johnson fault 
between Sears Creek and Sam Creek and performed a 
paleoseismic trench investigation across a ~2.5-m-high 
scarp along the Cathedral Rapids fault that was inter-
preted to be the extension of the fault in alluvium.

In this paper, we describe the utility of the LiDAR 
derivative base maps and present examples of the maps 
used in the investigation, focusing on the Sam Creek 
site. Additionally, we present the results of the trench-
ing investigation along the Cathedral Rapids fault and 
discuss several lines of evidence that support a tectonic 
origin for the scarp. These data complement previous 
geologic mapping and other field efforts aimed at under-
standing the location and types of geologic hazards that 
could potentially impact pipeline alignment and design 
(Carver and others, 2010; 2008; Reger and others, 2012; 
2011; 2008b; Hubbard and Reger, 2010).
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REGIONAL TECTONIC SETTING
Tectonic compression and shear deformation in 

interior Alaska are the result of oblique subduction 
of the Pacific plate and the relatively buoyant Yakutat 
microplate beneath the North American plate at a rate 
of ~5.5 cm/yr (Haeussler, 2008) (fig. 1). As part of this 
process, southern Alaska is deforming along the sub-
duction margin by translation along the Fairweather 
fault and by fold-and-thrust-belt tectonics across the 
Chugach/St. Elias Mountains. Plate boundary forces 
not accommodated by deformation along the subduc-
tion front are transmitted northward and distributed 
across a broad zone extending more than 700 km into 
interior Alaska (Freymueller and others, 2008; Ruppert 
and others, 2008).

The Denali–Totschunda fault system (fig. 1) accom-
modates part of this deformation by dextral transpressive 
shear along the arcuate southern margin of the Alaska 
Range and is responsible for counterclockwise rotation 
of the block of crust between the Yakutat microplate and 
the Denali fault, known as the southern Alaska block 
(Haeussler, 2008; St. Amand, 1957). The Denali fault 
was the source of the 2002 MW 

= 7.9 Denali fault earth-
quake, which ruptured 340 km along the Susitna Glacier 
thrust, Denali fault, and Totschunda fault (Haeussler and 
others, 2004; Eberhart-Phillips and others, 2003). Geo-
detic, InSar, geochronologic, and paleoseismic studies 
indicate a right-lateral slip rate of ~9–14 mm/yr (Meriaux 
and others, 2009; Biggs and others, 2007; Matmon and 
others, 2006; Fletcher, 2002).

Although the dominant sense of slip on the Denali 
fault is dextral, drainages of the Nenana and Delta rivers 
flow north across the crest of the central Alaska Range, 
indicating that they are antecedent to regional uplift. 
The Pliocene Nenana Gravel outcrops on both sides of 
the central Alaska Range and was deposited by north-
flowing rivers that were subsequently uplifted above 
local base level by thrust and/or reverse faulting (Bemis 
and Wallace, 2007; Ridgway and others, 2007; Thoms, 
2000; Wahrhaftig and others, 1969). Thus, in addition 
to shear along the Denali fault, the presence of active 
thrust faults indicates that a north-directed component 
of compression is exerted across the Alaska Range and 
has played a significant role in the deformation and 
uplift of the range.

Quaternary thrust faulting, folding, and uplift is 
accommodated along the northern flank of the Alaska 
Range by the Northern Foothills Fold and Thrust Belt 
(NFFTB) (fig 1), a 50-km-wide, 500-km-long system of 
south-dipping imbricate thrust faults that accommodate 
~3 mm/yr of dip-slip displacement (Bemis and others, 
2012; Bemis, 2010, 2004; Bemis and Wallace, 2007; 
Geomatrix Consultants, 1997; Thorson, 1979). In the 
vicinity of the Nenana River, faults of the system deform 

the Nenana gravels into a series of anticlines (Bemis and 
Wallace, 2007; Péwé and others, 1966). East of the Delta 
River, the system includes the Donnelly Dome, Granite 
Mountain, Canteen, Dot “T” Johnson, and Cathedral 
Rapids faults. Specific details about individual faults of 
the NFFTB are described in Bemis and others (2012) 
and Carver and others (2010; 2008).

DOT “T” JOHNSON FAULT AND THE 
SAM CREEK SITE

The Dot “T” Johnson fault is a south-dipping thrust 
fault extending ~80 km between the Granite Mountain 
fault and Dot Lake (figs. 1 and 2A). The fault is con-
nected to the Donnelly Dome fault across the left-normal 
oblique Granite Mountain fault and is interpreted by 
Bemis and others (2012) and Carver and others (2010) 
to be the eastern continuation of the Northern Foothills 
Fold and Thrust Belt. Paleoseismic trenching studies 
and geologic mapping along the Dot “T” Johnson fault 
at Sears Creek and Sam Creek (fig. 2A) indicate that 
the fault is active and has experienced at least one latest 
Pleistocene and one Holocene earthquake (Carver and 
others, 2010; 2008). At Sears Creek, Carver and others 
(2010) identified at least 3 m of dip-slip displacement of 
fluvial gravels along a 12°–14° south-dipping fault plane. 
The displacement event was estimated to have occurred 
more recently than 4,430–3,230 cal yr BP.

The Sam Creek site was initially investigated by 
Carver and others (2008) during reconnaissance geologic 
mapping related to DGGS’s highway corridor geologic 
hazards investigations. They identified a ‘mole track’ 
scarp at the abandoned channel of Sam Creek about 
0.4 km south of the Alaska Highway (fig. 2A). Several 
exploratory trenches across the scarp showed that the 
scarp cuts a loess-capped late Pleistocene Tanana River 
terrace. The terrace is interpreted to have been depos-
ited during jökulhlaup floods generated from ice dam 
collapse along the Robertson River glacier or outburst 
floods from Lake Atna (Hubbard and Reger, 2010; Reger 
and others, 2008a,b; Schmoll, 1984). Carver and others 
(2008) measured topographic profiles perpendicular to 
the fault across the terrace and down the Sam Creek 
channel and showed that both have been warped and 
tilted to the south. They interpret that the south-facing 
scarp is the surface expression of a north-dipping back 
thrust on the south side of a large “pop-up” thrust wedge 
(fig. 3).

Hanging wall deformation along the north-dipping 
back thrust has caused progressive deformation of the 
outburst flood terrace deposit and abandonment of the 
Sam Creek channel (Carver and others, 2010). Paleo-
seismic trenches across the scarp at Sam Creek exposed 
south- and north-dipping secondary conjugate thrusts in 
the hanging wall above a primary thrust, which consists 
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of a low-angle zone of closely spaced micro-faults and 
shears (Carver and others, 2010; 2008). Radiocarbon 
analyses of charcoal in displaced deposits indicate the 
occurrence of an earthquake after 7,980–7,850 cal yr BP 
and several older latest Pleistocene events that predate 
7,980–7,850 cal yr BP and may be older than 11,350–
11,210 cal yr BP (Carver and others, 2010, 2008).

DERIVATIVE LIDAR MAPS  
OF THE SAM CREEK SITE

Available satellite and aerial imagery in Alaska lacks 
the necessary resolution to evaluate topographic features 
related to active tectonics and other geologic hazards 
(fig. 2B). Through the Geographic Information Network 
of Alaska (GINA) and the Statewide Digital Mapping 
Initiative (SDMI) programs at the University of Alaska 
Fairbanks, efforts are underway to acquire and make 
publicly available higher quality imagery. Although 
improved imagery is beneficial for geologic mapping and 
other studies, dense vegetation in some areas remains 
problematic in assessing tectonic features obscured 
beneath the forest canopy. LiDAR data alleviate this 

problem by sampling topography beneath the vegeta-
tive cover, illuminating the bare-earth topography, and 
providing a numerical elevation model that can be used 
for geomorphic analyses. Additionally, derivative base 
maps created in ArcMap using ArcTools can assist in the 
interpretation of neotectonics and Quaternary geology. 
A series of LiDAR derivative base maps were created 
to explore new ways of viewing the LiDAR data in the 
vicinity of Sam Creek and to evaluate methods used to 
assess geologic hazards throughout DGGS’s highway 
corridor project.

High-resolution LiDAR imagery was acquired by 
DGGS in 2011 after completion of highway corridor 
surficial mapping and the Sam Creek paleoseismic inves-
tigations. Observations from surficial-geologic mapping 
indicated that the trace of the Dot “T” Johnson fault was 
eroded along the margin of the Tanana River floodplain 
and that the fault cuts alluvial deposits and outburst 
flood deposits in the vicinity of Sears and Sam creeks, 
respectively (fig. 2A). Geologic contacts on the surficial-
geologic map originally were mapped on 1:63,360-scale 
airphotos and topographic maps in the field. Once the 
LiDAR data were processed, the geologic contacts, 

Figure 3. Topographic profiles of terrace and abandoned channel of Sam Creek, and interpretation of the Dot “T” 
Johnson fault. From Carver and others (2008).
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areas of Alaska where deposits span a wider range of 
ages, such as in the Alaska Range where glacial moraines 
of late Wisconsin and penultimate ages are preserved.

Advancements in LiDAR technology provide un-
precedented opportunities to interpret the surface of 
the earth rapidly and over broad regions. However, the 
LiDAR derivative products described above indicate that 
multiple methods should be applied to evaluate geologic 
hazards in a particular area. Slope and aspect maps can 
be manipulated to highlight particular features, therefore 
they are best utilized after some preliminary information 
is developed using bare earth models and field recon-
naissance. For example, if a fault is determined to be 
east–west trending, aspect maps can be modified to show 
north- and south-facing slopes that may reveal small 
scarps that initially were not recognized. The techniques 
are particularly well suited to assess geologic hazards in 
areas characterized by diverse geologic environments, 
limited access, and rugged terrain. However, detailed 
field studies are necessary to confirm interpretations 
based on LiDAR-generated map products. 

CATHEDRAL RAPIDS FAULT
The Cathedral Rapids fault extends ~40 km between 

the Tok and Robertson river valleys and is interpreted to 
be the easternmost structure of the Northern Foothills 
Fold and Thrust Belt (Bemis and others, 2012; Carver 
and others, 2010) (figs. 1 and 8). The western part of 
the fault extends 21 km from Sheep Creek to Moon 
Lake and is characterized by well developed triangular 
facets and three roughly parallel, sinuous, south-dipping 
imbricate thrust splays (Carver and others, 2010) (fig. 8). 
The faults offset glacial deposits of the Illinoian to early 
Wisconsinan Delta glaciations and the late Wisconsinan 
Donnelly glaciation, as well as Holocene alluvial depos-
its (Reger and others, 2011; Carver and others, 2010). 
The eastern part of the fault extends ~16 km from Moon 
Lake to the Tok River valley and is characterized by 
a large, sinuous growth anticline that extends across 
coalesced alluvial fans north of the range front (fig. 1). 
Progressively offset and tilted alluvial terraces, incised 
stream profiles that steepen across the anticline, and 
results of paleoseismic excavations are consistent with 
late Pleistocene and Holocene growth of the anticline 
(Carver and others, 2010). Based on a paleoseismic 
study of an exposure of a graben at the crest of the an-
ticline, Carver and others (2010) documented colluvial 
fills interpreted to be related to extension in the hinge 
of the anticline during at least four latest Pleistocene 
earthquakes and a Holocene earthquake that occurred 
after ~8 ka. 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).

including the location of fault traces, were updated based 
on hillshade images generated from the LiDAR, greatly 
improving the accuracy of the map (Reger and others, 
2008b) (fig. 2A). Figure 4A shows a bare-earth model 
of the Sam Creek area and clearly shows the fault scarp 
of the Dot “T” Johnson fault. Areas of steep slopes and 
floodplain configuration can also easily be delineated. 
Elevation information contained in the raw point-cloud 
LiDAR data can be used in ArcMap to generate detailed 
contour maps and topographic profiles. The profiles and 
contour maps in figure 5 confirm the presence of the 
scarp at Sam Creek and show that it slopes to the south. 
Trenches across the scarp exposed north-dipping faults, 
from which Carver and others (2010; 2008) inferred a 
‘pop-up’ wedge mechanism of deformation (fig.3).

In areas with poor airphoto coverage, intensity maps 
derived from LiDAR point-cloud data can provide a 
valuable alternative (fig. 4B). Intensity maps can high-
light subtle differences in Quaternary geologic units and 
their surface reflectance intensities, and in many cases, 
are better than available commercial aerial photographs. 
The ease of creating intensity images in ArcMap allows 
the user to generate high-resolution airphoto-like images 
rapidly, over broad regions. Slope maps that show the 
degree of slope angle in modifiable color bands are useful 
for detecting fault scarps in areas of low relief (fig. 6A). 
Scarps may be expressed as brightly colored lineaments 
due to their significantly steeper faces as compared to 
the surrounding topography. For example, a thin, light 
blue line clearly delineates the fault scarp at Sears Creek 
and Sam Creek (fig. 6A). Aspect maps can be created to 
illuminate specific slope aspects. In figure 6B, the color 
ramp shows a reversal of aspect across the outburst flood 
terrace deposit at Sam Creek, supporting the interpreta-
tion that the terrace is warped on the hanging wall above 
a north-dipping back thrust fault. 

Estimates of surface roughness derived from LiDAR 
data can be used to quantitatively compare alluvial 
deposits and aid in correlation, mapping, and assess-
ment of relative age. The basic premise is that alluvial 
surfaces become smoother with increasing age, and 
subtle differences in surface texture can be determined 
by averaging the surface slope over a set grid size. The 
surface roughness map in figure 7 was produced using 
the FocalStatistics tool in ArcMap and calculating the 
standard deviation of slope over a 3 × 3 m grid. The 
method was modified from Frankel and Dolan (2007), 
who developed the technique to map alluvial fans of 
various ages in Death Valley, California. Our application 
of this method to the Sam Creek area indicates that inac-
tive floodplain alluvium has different surface roughness 
characteristics in different areas, limiting its utility as a 
mapping tool. This may be related to differing amounts 
of peat growth on the surface and different flood erosion 
histories. The technique may be more useful in other 
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CATHEDRAL RAPIDS  
PALEOSEISMIC SITE

Geologic mapping by Reger and others (2011) along 
the Cathedral Rapids fault in the vicinity of the Cathedral 
Rapids trench site indicates that the site geology consists 
of outwash (Qgfo) and till and associated morainal de-
posits (Qgdo) of the Delta glaciation (fig. 8A). Terraces 
and floodplain deposits of the Tanana River are present 
along the north side of the site and bury the glacial de-
posits. In the vicinity of the trench site, Quaternary uplift 
along the fault has resulted in well-developed triangular 
facets along the range front, indicating long-term pro-
gressive uplift (fig. 8B). The trench site is characterized 
by a steep bedrock range-front escarpment more than 30 
m high and an oversteepened, ~2.5-m-high scarp that 
obliquely projects away from the range front and cuts 
an outwash fan (figs. 8 and 9). Alluvial channels have 
convex profiles where they are incised through the scarp 
and have deposited Holocene alluvial fans at the scarp’s 
base. Two trenches were excavated across the scarp by 
backhoe (trenches T-1 and T-2) and logged using stan-
dard paleoseismic methods including construction of a 
string grid and plotting measured points on graph paper 
at a scale of 1 inch:1 meter. 

TRENCH STRATIGRAPHY
Stratigraphic logs of the east and west walls of trench 

T-1 are shown in figures 10 and 11, respectively. The 
dominant unit exposed in the trench is a boulder–cobble 
diamicton (Unit 1), consisting of a coarser lower, boul-
dery unit and a finer upper, cobble unit. Both subunits 
are characterized by matrix-supported, subangular to 
subrounded boulders and cobbles of Alaska Range li-
thologies (gneiss and schist) up to ~40 cm in diameter. 
Rare large clasts are weathered, suggesting that the unit 
was derived from nearby till of Delta age. Deformed sand 
bodies in the diamicton are consistent with dewatering 
of a debris flow derived from till upslope (D. Reger, 
oral commun., 2010), however an unknown amount of 
this deformation could be related to liquefaction. The 
diamicton layers are crudely bedded and imbricated, 
indicating transport to the north. The layers are generally 
parallel to the relatively flat surface south of the scarp 
and gradually change orientation, sloping parallel to the 
scarp face. The diamicton projects through the floor of 
the trench and was not encountered in a 1-m-deep test 
pit in the floor of the northern side of the trench.

The north end of the trench exposed a relatively 
younger alluvial package. The basal deposit (Unit 2) 
consists of interbedded, nonmicaceous, fine sand and 
clay layers that rest on the diamicton and dip 17–24° 
to the north, parallel to the scarp face and the slope of 
the diamicton upslope. A prominent buried soil delin-
eates the top of Unit 2 and represents a former ground 

surface and angular unconformity. The soil is overlain 
by flat-lying, interbedded, micaceous sands and silts 
(Unit 3) and alluvial gravels (Unit 4). Unit 4 is only 
exposed in the west wall of the trench and is interpreted 
to be sourced from the stream immediately west of the 
trench, which transported the gravels obliquely across 
the north end of the trench site (figs. 9 and 11). A thick 
loess and peat mat extends across the upper part of the 
exposure (Unit 5).

Trench T-2 showed nearly identical stratigraphic 
relations as exposed in T-1. Heavy rains during our 
investigation resulted in partial trench collapse in the 
southern part of the trench and flooding. Figure 12 shows 
stratigraphic relations exposed in the footwall north of 
the topographic scarp. Similar to trench T-1, Unit 2 con-
tains north-dipping beds of finely bedded silt, very fine 
sand, and clay layers. These sediments were emplaced in 
quiet water conditions and were likely deposited flat. A 
dark brown to black soil is developed in the top of Unit 
2 and also dips to the north. Flat-lying bedded silt, fine 
sand, and gravel layers (Unit 3) bury the soil and Unit 
2. The contact between Unit 2 and Unit 3 represents an 
angular unconformity. Unit 3 is buried by a ~0.5-m-thick 
package of loess.

No offset bedding, faults, or shears were observed in 
either trench. Abundant burned charcoal fragments are 
present in the younger alluvial package (Units 2, 3, and 
4), as well as within the buried soil at the top of Unit 2. 
Radiometric analyses of four charcoal samples collected 
from the east wall of trench T-1 (table 1)indicate that Unit 
2 was deposited during the late Holocene around 3,700 
yr BP and that the buried soil (top of Unit 2) formed 
about 850 cal yr BP (fig. 10). 

INTERPRETATION AND  
ORIGIN OF THE SCARP

Explanations for the origin of the scarp include: 
(1) an alluvial-fan-cut margin sourced from the stream 
valley to the east, (2) a flood scarp related to the Tanana 
River floodplain, or (3) deformation related to the Ca-
thedral Rapids fault. The stream valley to the east of the 
scarp is associated with a small, late Holocene alluvial 
fan that extends from the mouth of the canyon and does 
not bend to the west toward the trench site, discounting 
a fan-cut margin origin for the scarp (fig. 9).

Mica fragments in the upper sand deposit (Unit 3) 
suggest deposition by a flooding Tanana River. However, 
definitive evidence that the scarp was cut by fluvial 
events such as a cut bank in the diamicton (Unit 1) was 
not observed. Instead, the upper sand deposits (Unit 3) 
lap against the dipping lower sand and buried soil (Unit 
2), suggesting that the scarp and inclined basal sand unit 
existed prior to burial along its base by Tanana River 
flood deposits.
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finer-grained sediments were deposited against the scarp 
in a similar manner to that observed in the Cathedral 
Rapids trench. In Taiwan, the folding was observed in 
areas of thick cobbles deposited by monsoons that acted 
to absorb the rupture. For example, at the Guangfu ju-
nior high school running track, the fold scarp developed 
above >20 m of monsoon cobbles (fig. 13B). These 
deposits are similar to the debris flow fan deposits at the 
Cathedral Rapids trench site and may have contributed 
to the rounded crest and gentle slope morphology of 
the scarp at both sites. Finally, along the Seattle fault 
on Bainbridge Island, WA, Nelson and others (2003) 
documented a trench exposure that showed clearly 
folded late Holocene lake muds warped across a fault 
scarp (fig. 13C). No fault was identified in the trench, 
from which it was inferred that the fault was blind. Ad-
ditional mapping and trenching along the scarp exposed 
clear faults and showed that the surface expression of 
the most recent earthquake transitioned along strike from 
surface folding to surface fault rupture over a distance 
of less than 100 m (Nelson and others, 2003). 

The examples described above illustrate that fold 
scarps are common features along blind thrust faults and 
lend support to the proposed origin of the fold scarp at 
the Cathedral Rapids trench site. Additional trenching 
along the Cathedral Rapids fault is necessary to confirm 
a tectonic origin for the scarp. However, based on previ-
ous paleoseismic studies to the east and west of the site 
documenting multiple latest Pleistocene and Holocene 
earthquakes and the indirect stratigraphic evidence of 
blind thrust faulting documented in trench T-1, we infer 
that the most likely origin for the Cathedral Rapids scarp 
at the T-1 site is tectonic. This mechanism for scarp for-
mation is consistent with multiple examples of tectonic 
surface folding during historic earthquakes elsewhere. 

The fine sand and clay layers in Unit 2 were depos-
ited in a quiet water environment and likely laid down 
horizontally. These deposits now rest on the diamicton 
and dip 17–24° to the north parallel to the scarp face 
and the slope of the diamicton (Unit 1). The diamicton 
contains imbricated cobbles that parallel the slope of 
the scarp. A subtle interbed in the diamicton contains 
large boulders up to 1 m in diameter. This interbed ap-
pears to be folded and projects through the floor of the 
trench. No clear fault plane was observed at the base of 
the scarp. Thus, based on these indirect observations 
and the proximity and alignment of the scarp with the 
north trace of the Cathedral Rapids fault, we infer that 
the scarp was formed by tilting or folding during one or 
more displacements along a blind thrust fault at depth. 
If this inference is correct, the stratigraphic relations 
suggest that the soil that caps Unit 2 was warped upward 
during a folding event prior to burial by Tanana River 
flood deposits. The radiocarbon results suggest that the 
earthquake occurred after the soil developed around 850 
cal yr BP (table 1 and fig. 10). 

DISCUSSION AND  
POSSIBLE ANALOGUES

The interpretation that the scarp is the result of tilting 
or folding above a blind thrust fault at depth is consistent 
with well documented studies of blind thrust-fault scarps 
created during the 1980 MS = 7.3 El Asnam, Algeria 
(Meghraoui and others, 1988) and the 1999 MW = 7.6 
Chi-Chi, Taiwan (Kelson and others, 2001) earthquakes, 
as well as during a paleoearthquake along the Seattle 
fault in Washington (Nelson and others, 2003). These 
possible analogues are shown in figure 13. In Algeria, 
alluvial gravels were warped above a thrust tip, and a 
syncline developed on the footwall (fig. 13A). Younger, 

Table 1. Radiocarbon data from the Cathedral Rapids trenches. Location of samples shown on the trench log in 
figure 10. Radiocarbon analyses performed at Beta Analytic.

Radiocarbon
Sample Location Lab 

Number
14C Age BP* ∂13C/∂12C Cal yr BP 

(2σRange) †

CR-T1-GC15 T-1, top Unit 3 292209 410 ± 40 -27.3 410 ± 100

CR-T1-GC22 T-1, top buried soil, Unit 2 292210 970 ± 30 -25.1 870 ± 70

CR-T1-GC23 T-1, base buried soil, Unit 2 292211 930 ± 30 -24.9 850 ± 70

CR-T1-GC26 T-1, base Unit 2 292212 3,500 ± 40 -24.2 3,790 ± 100

* Using Libby half-life of 5,568 yr; relative to A.D. 1950.
† Calibrated ages calibrated with CALIB (version 5.0.1) and rounded to nearest decade (Stuiver and Reimer, 1993; Reimer 

and others, 2009).
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Figure 13. 
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Figure 13. (A) Exposure 
of the 1980 Algeria rup-
ture, showing blind thrust 
fault and associated folding 
(Meghraoui and others, 
1988). Upper part of the ex-
posure shows stratigraphic 
relations and folding similar 
to those seen in Cathedral 
Rapids trench T-1. (B) Fold-
ing at the Guangfu junior 

high school in Taiwan that oc-
curred during the 1999 Chi-Chi 
earthquake along the Chelungpu 
fault. Image is from the 921 
Earthquake Museum of Taiwan 
and shows the damaged run-
ning track now preserved at the 
museum. (C) Trench log from 
the Seattle fault, showing folding 
of Holocene lake mud across a 
topographic scarp (Nelson and 
others, 2003). The folding was 
inferred to be related to a blind 
thrust fault based on thrust faults 
observed in adjacent trenches. 
Red numbers are radiocarbon 
ages.
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CONCLUSIONS
A variety of map products are now easily produced 

using ArcGIS and LiDAR data, including bare earth, 
slope, aspect, intensity, and surface roughness maps. 
Analyses using these derivative map products, includ-
ing generation of detailed contour and hillshade maps, 
and evaluation of topography, are valuable tools in 
mapping Quaternary deposits and assessing geologic 
hazards. These relatively new techniques have important 
implications for hazard assessment and have become the 
industry standard for pipeline route selection and refine-
ment, design, and construction (Hengesh and Lettis, 
2005), as well as neotectonic research in Alaska and 
around the world (Schwartz and others, 2012; Koehler 
and others, 2012a,b; Oskin and others, 2007; 2012; Ar-
rowsmith and Zielke, 2009; Zielke and others, 2012; 
Zielke and Arrowsmith, 2012).

The Cathedral Rapids fault is the easternmost rec-
ognized fault of the Northern Foothills Fold and Thrust 
Belt, yet has not been described southeast of the Tok 
River valley. New preliminary paleoseismic trench re-
sults suggest the occurrence of at least one folding event 
along the fault after around 850 cal yr BP. This result is 
consistent with well documented late Holocene earth-
quakes along the Dot “T” Johnson and Cathedral Rapids 
faults west and east of the trench, respectively (Carver 
and others, 2010; 2008). It is possible that additional 
trenching along the fault may reveal the fault tip and 
lend further support to the tectonic origin for the scarp.

The Cathedral Rapids fault plays an active role in 
accommodating regional shortening across the Alaska 
Range and should be considered an active structure 
in seismic hazard assessments. Additional studies are 
necessary to better characterize parameters needed for 
seismic hazard assessment, including slip rate, slip per 
event, and recurrence interval.
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