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ASSESSMENT OF POTENTIALLY ACTIVE FAULTS IN THE 
NORTHWESTERN LIVENGOOD QUADRANGLE, ALASKA
Rich D. Koehler1

Abstract
Helicopter and ground reconnaissance surveys were conducted in the Yukon River area in the 
northwestern Livengood Quadrangle to assess the locations and relative activity of tectonic faults 
that could pose hazards to the Dalton Highway and proposed future infrastructure developments. 
Previously identified faults were evaluated, including the Victoria Creek fault (southern, middle, and 
northern strands), the Kaltag Extension fault, and the Tozitna fault. Several unnamed faults and the 
Hess Creek and Ray River lineaments were also investigated. The results indicate that none of the 
faults and lineaments investigated are expressed in Holocene deposits and none exhibit tectonic 
geomorphic features that indicate Quaternary deformation. High rates of geomorphic processes, 
low rates of tectonic deformation, and thick vegetative cover may inhibit the recognition of tectonic 
geomorphology. Future investigations using high-resolution topographic datasets would provide 
an opportunity to validate the conclusions.

INTRODUCTION
The Dalton Highway bridge crossing of the Yu-

kon River (Yukon crossing) is the only land-based 
link between Alaska urban centers and the oil and gas 
resources of northern Alaska. The bridge carries sig-
nificant tourist- and oilfield-related traffic and accom-
modates the Trans-Alaska Pipeline System (TAPS), 
which transports crude oil representing ~90 percent 
of the State’s revenue. Geologic hazards in the Yukon 
crossing region pose a potentially serious risk to cur-
rent and planned infrastructure, such as the proposed 
Alaska natural gas pipeline and Yukon River bridge 
alternatives, and could potentially impact human 
safety, the environment, and Alaska’s economy. Poten-
tial geologic hazards include flooding, river break-up, 
gullying, thawing permafrost, landslides, surface fault 
rupture, strong ground shaking, and liquefaction, 
among others.

In 2012 an ~30 m (~100 ft) wide landslide oc-
curred adjacent to the bridge’s southern abutment 
~114 m (375 ft) west of the bridge (Koehler and oth-
ers, 2013), revealing the potential for local slope-sta-
bility hazards along the southern bluffs of the Yukon 
River. During bridge pre-construction investigations 
in 1972, drilling related to support piers identified a 
shear zone/fault of unknown activity below the bed 

of the Yukon River (Alaska Department of Highways, 
1972). Seismic hazard studies related to the design of 
the TAPS documented the presence of numerous po-
tentially active faults in the vicinity and south of the 
Yukon River crossing (Woodward-Lundgren & Associ-
ates, 1974). Although the Woodward-Lundgren study 
did not identify surface deformation on any of the 
structures investigated in the Yukon crossing region, 
no detailed studies using modern techniques have been 
conducted. Moderate seismicity in the area suggests the 
possibility that some of these structures may be active 
and capable of generating strong earthquakes and haz-
ardous ground accelerations. Additionally, earthquakes 
originating from sources outside the study area have 
the potential to generate damaging ground motions. 
For instance, the 1968 Rampart earthquake produced 
multiple landslides near Rampart and Modified Mer-
calli Intensity (MMI) 5 shaking at the Yukon crossing 
(Coffman and Cloud, 1984).

The Alaska Division of Geological & Geophysical 
Surveys (DGGS) has begun a multi-year geologic 
investigation to better understand the regional geology 
and geologic hazards in the vicinity of the Yukon 
River crossing. The investigation includes bedrock 
and Quaternary geologic mapping, assessment 
of potentially active faults, airborne geophysical 

1University of Nevada, Reno, Nevada Bureau of Mines and Geology, 1664 N. Virginia St., MS 178, Reno, NV 89557, 
rkoehler@unr.edu. Formerly Alaska Division of Geological & Geophysical Surveys, 3354 College Road, Fairbanks, Alaska 
99709-3707.
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surveys, and production of digital surface models 
photogrammetrically derived from aerial photography. 
The area of investigation is in the northwestern part of 
the Livengood 1:250,000-scale quadrangle (figs. 1 and 
2). The findings from this investigation will provide 
information useful for mitigating geologic hazards and 
planning future infrastructure developments.

This report presents reconnaissance geologic ob-
servations from summer 2016 that focus on evaluating 
potentially active tectonic faults in the Yukon crossing 
area. Observations are based on review of scientific 
literature and engineering reports; evaluation of lidar, 
satellite imagery, and false-color infrared aerial photo-
graphs; and helicopter- and ground-based fieldwork.

Helicopter surveys and field reconnaissance were 
conducted throughout the study area (fig. 2); how-
ever, the majority of the field effort was focused on 

assessing the presence or absence of surface deforma-
tion along faults previously mapped in bedrock (We-
ber and others, 1992), some of which extend beyond 
the limits of the study area boundary. Existing lidar 
data along the Dalton Highway (Hubbard and oth-
ers, 2011) in and east of the study area (fig. 2) were 
utilized to produce derivative hillshade, aspect, slope, 
and contour maps for identifying potential surface 
displacement along the mapped faults. Aspect maps 
depict sixty-degree increments of slope orientation. 
This report summarizes the location, extent, and rela-
tive activity of several strands of the Victoria Creek 
fault, the Kaltag Extension fault, the Hess Creek lin-
eament, the Tozitna fault, the Ray River lineament, 
and several unnamed structures. Several recommen-
dations are provided to assist future efforts to better 
characterize these faults.

Figure 1. Location map of study area in the Livengood 1:250,000-scale quadrangle, Alaska. Note: Study area shown is the 
area of an ongoing DGGS project and is shown as a yellow box on subsequent figures.
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Figure 2. 60-m hillshade of the Yukon crossing study area, showing topography and previously mapped faults (black lines; 
Weber and others, 1992). Dark gray hillshade is the extent of lidar data from Hubbard and others (2011). Blue dots indicate 
epicenters of historical earthquakes of M>3. Field localities are shown by red triangles; localities not shown on detailed 
figures are numbered. Locations of detailed figures shown by purple rectangles. Yellow outline indicates boundary of the 
DGGS project area. Brown line marks center of road corridor; green line marks route of the Trans-Alaska Pipeline System.  
RRL = Ray River lineament; TF = Tozitna fault; KEF = Kaltag Extension fault; NVCF = northern strand of Victoria Creek fault;  
MVCF = middle strand of Victoria Creek fault; SVCF = southern strand of Victoria Creek fault; R = Rampart; SV = Stevens Village.

150°W 149°W

66°N

65°50’N

65°40’N

65°30’N

65°20’N

Fig. 5

SVCF
MVCF

NVCF

KEF

TF

RRL

Yukon crossing
study area

Fig. 14

Fig. 4

Fig.16

Fig. 23

Fig. 34

Fig. 24

Fig. 37

SV

R

Sawtooth Mt.

Raven Creek Hill

4

29

10
11

3

2

20

121

47

15
14

0 10 km

North

Hess Cr. lineament Fish Creek

Waldron Cr.

Erikson Cr.

Hess Cr.



4 Report of Investigation 2020-4

PHYSIOGRAPHY, BEDROCK 
GEOLOGY, AND QUATERNARY 
GEOLOGY

The Yukon crossing study area is in the south-
ern part of the Kokrine–Hodzana Highlands and 
the Yukon–Tanana Uplands (Rampart Trough sec-
tion) of the physiographic provinces of Wahrhaftig 
(1965; 1992). The Yukon River separates these two 
physiographic provinces and has cut a >180-m-deep 
(>600-ft-deep) meandering trough through bedrock. 
In this region the topography is characterized by 
rounded, even-topped ridges with gentle side slopes, 
broad, undulating divides, flat-topped spurs, and 
wide, alluvial valleys (fig. 2). Hilltop elevations are 
generally lower than 700 m (2,300 ft) and average 
between 300 and 425 m (1,000–1,400 ft). The high-
est ridges in the study area trend generally east–west 
and include Raven Creek Hill and the unnamed ridge 
along the south side of Isom Creek. Sawtooth Moun-
tain (elevation 1,369.8 m [4,494 ft]) is the highest 
peak in the region and is directly south of the study 
area’s southern border. The region was never glaciated, 
and discontinuous to continuous permafrost under-
lies the majority of the area. All of the drainages in 
the study area are tributaries of the Yukon River. The 
most prominent drainages are Ray River, Isom Creek, 
and Hess Creek. Other significant drainages include 
Alder Creek, McDermott Creek, Lynx Creek, Raven 
Creek, and Troublesome Creek. Valley bottoms are 
characterized by broad, flat, terraced surfaces that are 
perennially frozen and commonly have large ground-
ice masses and ice wedges.

The bedrock geology in the Yukon crossing study 
area was originally mapped by Mertie (1937), who 
summarized more than 30 years of pioneering geo-
logic investigations and documented the rocks of the 
Rampart group as the region’s primary bedrock unit. 
Subsequent detailed bedrock mapping was conducted 
by Chapman and others (1971) and Weber and oth-
ers (1992), who determined that the bedrock geology 
predominantly consists of Mesozoic and Paleozoic 
(Triassic to Mississippian) metasedimentary and me-
taigneous rocks of the Rampart Group. These rocks 
include intrusive and associated extrusive mafic igne-
ous rocks with a few interlayered sedimentary rocks 
(^Mrv), and sedimentary rocks consisting of argillite, 

chert, graywacke, shale, limestone, and minor mafic 
igneous rocks (^Mrs). The Raven Creek Hill unit of 
the Rampart Group (MzPzr) underlies Raven Creek 
Hill and consists of garnetiferous quartz biotite–mus-
covite–chlorite schist. In the southern part of the 
Yukon crossing study area, minor Paleozoic (Perm-
ian to Devonian) sedimentary rocks are exposed 
southwest of Raven Creek Hill and along the west 
side of Troublesome Creek south of Willow Creek. 
These rocks include argillite, siltstone, sandstone, and 
minor conglomerate (Ps) and siliceous slate, chert, 
cherty argillite, greenstone, lime wackestone, and mi-
nor conglomerate (Pzs). The Amy Creek unit (SZa), 
a Paleozoic (Silurian to Proterozoic) suite of dolomite, 
mudstone, chert, argillite, basaltic greenstone, tuff, 
and volcaniclastic graywacke, is exposed in a narrow 
sliver in the southwestern corner of the study area. 
South of the study area boundary, the Late Devonian 
Quail unit (Dq and Dql), (phyllite, lime mudstone, 
siltstone, quartzose sandstone, graywacke, and con-
glomerate) is exposed south of the Victoria Creek 
fault. Sawtooth Mountain, south of the study area, is 
a middle Tertiary quartz monzonite intrusion.

East of the Yukon crossing study area, Williams 
(1962) recognized high-level alluvium (sands and 
gravels) along the marginal upland bordering the 
southern side of Yukon Flats. This alluvium was in-
ferred to be deposited by small streams draining the 
Yukon–Tanana highlands that formed coalescent al-
luvial fans, and by the Yukon River and its tributaries, 
which reworked the alluvium into high terraces (Wil-
liams, 1962). These deposits range in thickness from a 
few feet to about 30.5 m (100 ft). The highest alluvial 
deposits are preserved as concordant ridge tops about 
488–671 m (1,600–2,200 ft) in elevation south of the 
Yukon Flats and represent a regionally extensive late 
Tertiary (Quaternary?) peneplain-like erosion surface 
cut on rocks of the Rampart Group. Downstream of 
the Yukon Flats, ridge spurs and broad hilltops paral-
lel to the Yukon River may also be related to this pla-
nation and incision. In the southern part of the Yu-
kon crossing study area, along Alder and McDermott 
creeks, concordant ridges and Tertiary/Quaternary 
gravels (QTg) mapped by Weber and others (1992) 
are likely remnant deposits from this erosional event.

Quaternary deposits in the Yukon crossing study 
area are dominated by loess of varying thickness that 
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is predominantly frozen. South-directed katabatic 
winds sourced in the Brooks Range during past gla-
ciations mobilized silt from the Yukon River lowlands 
to the north (Williams, 1962; Muhs and Budahn, 
2006) and deposited a relatively continuous blanket 
of loess throughout the study area. Details of ice-con-
tent and thickness of loess along the Dalton High-
way east of the study area are provided in Koehler and 
others (2019), Kreig and Reger (1982), and Shur and 
others (2010).

In the study area Weber and others (1992) 
mapped loess and colluvium (Qlc), a mixture of lo-
cal bedrock fragments, loess, and retransported loess 
along mid- and lower-slope areas, as well as on most 
of the landscape between the Hess Creek floodplain 
and Raven Creek Hill. These aprons of loess and col-
luvium are frozen, ice-rich, and locally dissected and 
gullied. Silt aprons along lower slopes transition to 
coalesced silt fans and silt terraces in lowlands. Al-
though not specifically described in Weber and others 
(1992), lowland deposits of loess and retransported 
silt are locally thick and frozen, and surfaces contain 
open-system pingos and deep yedoma depressions 
(Kreig and Reger, 1982). Local polygonal ground 
and thermokarst gullies are further evidence of ice-
rich permafrost conditions. Silt, sand, and granule- 
to boulder-sized material having minor amounts of 
organic debris underlie active stream channels and 
floodplains along Ray River, Isom Creek, and Hess 
Creek (Weber and others, 1992). Gravel and sandy 
gravel alluvium at and near the surface along active 
stream channels are generally unfrozen. Relatively 
continuous upland loess also blankets the majority 
of rolling bedrock ridges, where it is thin (0.3–0.9 m 
[1–3 ft]) and perennially frozen.

The north-facing slope of the Yukon River val-
ley directly south of the Yukon River is characterized 
by frozen, ice-rich, upland loess and retransported 
silt and contains several deep yedoma depressions, 
numerous thaw gullies, thaw basins, and large land-
slide scarps (Koehler and others, 2019, 2013). In this 
area, dendritic gully networks have deeply incised fro-
zen upland loess and underlying bedrock. In 2012 a 
large, frozen block-glide failure and debris slide oc-
curred near the southern abutment of the Yukon Riv-
er bridge and involved both frozen surficial deposits 
(colluvium and loess) and underlying bedrock. Open 

transverse cracks and nonfoliated ice-wedge fillings 
combined with the high density of fractures, joints, 
and shear zones in the bedrock contributed to the fail-
ure (Koehler and others, 2013).

KALTAG-TINTINA FAULT SYSTEM
The Kaltag–Tintina fault system (fig. 3) repre-

sents a major structural discontinuity in northern In-
terior Alaska and western Alaska that extends more 
than 1,000 km (620 mi) across the state. Additional 
details on the regional tectonic setting of the Kaltag–
Tintina fault system are summarized in Koehler and 
Carvers (2018) and Haeussler (2008).

The Kaltag fault extends more than 443 km (275 
mi) from the village of Tanana to the village of Unalak-
leet on Norton Sound and has influenced the course of 
the Yukon River (Yeend and others, 1989; Chapman 
and others 1982; Patton and others, 1978; Patton and 
Hoare, 1968; Patton and Moll-Stalcup, 1996). The 
fault is associated with degraded bedrock escarpments 
and large bedrock shutter ridges (Koehler and others, 
2016). Mapped bedrock relations indicate that the 
Cretaceous Yukon–Koyukuk basin’s margin has been 
displaced right-laterally across the Kaltag fault by ap-
proximately 100 to 130 km (62–81 mi) (Patton and 
Hoare, 1968). The Tintina fault is mapped from near 
Eagle to the Victoria Creek valley and is associated 
with several strands including the Hot Springs fault, 
the Tintina fault, the Preacher Creek lineament, and 
the Medicine Lake lineament (Foster, 1976; Brabb 
and Churkin, 1969; Foster and others, 1983). Middle 
Jurassic to Late Cretaceous right-lateral bedrock dis-
placement is on the order of 80–100 km (50–62 mi) 
across the Tintina fault (Grantz, 1966), but may be as 
much as 112 km (70 mi) (Davies, 1972). The Tintina 
fault also extends southeastward to the Rocky Moun-
tain trench in Canada, where it has been estimated to 
have accommodated more than 420 km (260 mi) of 
dextral displacement of bedrock (Roddick, 1967).

No definitive geologic link between the Kaltag 
and Tintina faults has been documented; however, 
a series of southwest–northeast-oriented faults near 
the Yukon crossing study area that were mapped by 
Weber and others (1992) and Chapman and others 
(1971) may serve as a kinematic link in a left-step or 
bend in the system (figs. 2 and 3). These faults in-
clude the Tozitna, the Kaltag Extension, the Victoria 
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Creek, and numerous unnamed faults, which are all 
associated with bedrock pressure ridges, wind gaps, 
and long, linear valleys. Weber and others (1992) in-
dicate these faults have vertical dips and a right-lateral 
and reverse sense of displacement. Additionally, Rei-
fenstuhl and others (1997) mapped a series of east–
northeast-trending bedrock faults in the Tanana B-1 
Quadrangle, which may also be part of the system.

The Kaltag and Tintina faults both exhibit right-
lateral displacement of bedrock; however, only a few 
instances of Quaternary displacement have been previ-
ously reported. Patton and Hoare (1968) inferred Qua-
ternary activity along the Kaltag fault based on diverted 
streams, offset spurs, fault-bounded bedrock slivers, 
and sharply delineated changes in fine drainage and 
vegetation patterns along the surface trace. The fault is 
also shown as cutting Pleistocene or Holocene “older 
flood-plain deposits” and Quaternary “high-terrace 
and slope deposits” (Patton and Moll-Stalcup, 2000). 
Koehler and others (2016) suggest a possible tectonic 
origin for an alignment of elongate, oval-shaped pingos 
in Yukon River alluvium west of the Kaiyuh Moun-
tains. The Woodward-Lundgren (1974) report de-
scribes evidence of active faulting through recent fluvial 
deposits including scarps, alignments of ponds, a gra-
ben-like depression, and alignments of trees between 

Ruby and Tanana, as well as a series of buried soils 
truncated by the fault east of Clay Island. Long sections 
of the mapped trace of the Kaltag fault lie within the 
Yukon River’s active floodplain, thus flood deposition 
and associated erosion may contribute to the paucity of 
surface deformation observations.

Quaternary activity along the Tintina fault has 
been inferred based on a 6-m-high (19.7-ft-high) 
scarp and a possible right-lateral stream offset along 
the Preacher Creek lineament and a 6–13-m-high 
(19.7–42.7-ft-high) scarp in Yukon River alluvium 
and loess along the Medicine Lake lineament (Weber 
and Foster, 1982; Foster and others, 1983; Davies, 
1972). The Woodward-Lundgren (1974) report de-
scribes sag ponds, a prominent, sharp alignment of 
deciduous trees, and a discontinuous scarp along the 
fault between Medicine Lake and Birch Creek, but 
found no other indications of recent faulting else-
where along the fault.

Both faults have generated notable moderate his-
torical earthquakes, including the 1972 M 5.3 earth-
quake (Tintina fault) and the 2000 M 5.6 earthquake 
(Kaltag fault). Studies of seismicity have correlated 
earthquake epicenters with the surface traces of the 
Kaltag and Tintina faults (Ruppert and others, 2008; 
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Gedney and others, 1972; Biswas and Tytgat, 1988). 
Focal mechanisms for earthquakes, particularly the 
1972 event, are consistent with right-lateral strike-slip 
faulting (Estabrook and others, 1988). Plafker and oth-
ers (1994) indicate an age for the most recent activity 
of the Kaltag fault and the Preacher Creek lineament 
of late Pleistocene (500,000 to 11,000 yrs), and Holo-
cene (<11,000 yrs) for the Medicine Lake lineament. 
In a more recent data compilation Koehler (2013) 
shows the most recent activity on the Kaltag fault as 
mid-Quaternary (<750,000 yrs), the Preacher Creek 
lineament as late Quaternary (<130,000 yrs), and the 
Medicine Lake lineament as latest Pleistocene to Holo-
cene (<15,000 yrs).

PREVIOUS STUDIES OF THE ACTIVE 
FAULTING IN THE STUDY AREA

The most comprehensive effort to evaluate rela-
tive activity of tectonic faults in the Yukon crossing 
study area was conducted in support of engineering 
design studies associated with the TAPS (Woodward-
Lundgren, 1974). These studies revolutionized the 
methodology for assessing seismic hazards along 
pipelines in remote, rugged topographic regions us-
ing a combination of helicopter and fixed-wing aerial 
reconnaissance and ground-based verification. Since 
that time, relatively few studies have specifically ad-
dressed Quaternary faulting in the Yukon crossing 
area, and bedrock mapping efforts have generally in-
ferred and queried locations of faults as concealed be-
neath Quaternary deposits (Weber and others, 1992; 
Chapman and others, 1982; Reifenstuhl and others, 
1997). Several reconnaissance-level studies related to 
proposed natural gas pipelines have been conducted 
to assess active faulting (such as Koehler and others, 
2016); however, many of these studies remain pro-
prietary. Surface scarps and other geomorphic indi-
cators of active deformation in Quaternary deposits 
have not been previously documented in the scientific 
literature for the study area.

East of the Yukon crossing study area, Wood-
ward-Lundgren (1974) describe the Victoria Creek 
fault (fig. 3) as a prominent alignment of streams and 
low, inter-drainage saddles trending N80°E along the 
valleys of Wolf, Bear, and Victoria creeks for 80 km 
(50 mi). They note that where the fault extends along 
Victoria Creek it is covered by alluvium. Elsewhere 
along the fault, Woodward-Lundgren (1974) found 

no evidence of recent faulting; no scarps were found 
in unconsolidated alluvium, and streams crossing the 
fault were not offset.

Woodward-Lundgren (1974) describe the Hess 
Creek lineament as a 72-km-long (45-mi-long) linea-
ment that follows the northern margin of the Hess 
Creek alluvial valley in the Yukon crossing study area 
(fig. 2). Previous bedrock mapping does not show a 
fault along this trend (Weber and others, 1992; Chap-
man and others, 1982). Reconnaissance observations 
note that valley bottoms and slopes of Hess Creek are 
covered by alluvium, colluvium, and silt of Quater-
nary age, and no evidence of recent faulting along the 
lineament was found (Woodward-Lundgren, 1974).

The Isom Creek–Rogers Creek lineament (fig. 3) 
is described by Woodward-Lundgren (1974) as a pro-
nounced 56-km-long (35-mi-long) topographic linea-
ment following the aligned drainages of Isom and Rog-
ers creeks and they note that the lineament continues 
an additional 24–48 km (15–30 mi) west of the Yukon 
River through the southeastern edge of the Ray Moun-
tains. This lineament is mapped as the Tozitna fault by 
Weber and others (1992) and extends through the Yu-
kon crossing study area. Woodward-Lundgren (1974) 
suggested a possible fault origin for the valleys based on 
diverted drainages and possibly displaced ridges, but 
found no indication of recent fault activity in Quater-
nary deposits.

In addition to the faults and lineaments de-
scribed above, the Woodward-Lundgren (1974) study 
conducted extensive aerial surveys to look for evi-
dence of recent faulting along the northeastern pro-
jection of the Kaltag fault southwest and northeast of 
the Yukon crossing study area. These surveys included 
observations along the Stevens Creek–North Fork 
Creek fault, the Sand Hills and Porcupine River lin-
eaments, the southern margin of the Yukon Flats, and 
the Beaver Creek fault. Evidence for recent fault ac-
tivity was not observed in Quaternary deposits along 
any of these features (Woodward-Lundgren, 1974).

During Yukon River bridge construction, it was 
determined that foundation materials around pier 4 
were highly fractured basalt metamorphosed and al-
tered to various degrees of greenstone and fault brec-
cia (Munson and Slater, 1975). Munson and Slater 
(1975) described the fault breccia as having angular 
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blocks of hard rock, zones of highly altered soft rock, 
and slickensided surfaces, and interpreted these mate-
rials to be indicative of a high-angle northeast–south-
west-trending shear zone. A review of the foundation 
report and data by Williams (1982) determined that 
the shear zone beneath pier 4 was similar to shear 
zones found elsewhere in rocks of the Rampart Group 
and not necessarily an indication of an active fault.

The investigations described above provide some 
valuable observations for the faults investigated in this 
study; however, high-resolution satellite imagery and 
lidar data were not available at the time the study was 
conducted. High-resolution satellite imagery is now 
widely available and lidar data exist along the Dalton 
Highway (Hubbard and others, 2011), providing the 
opportunity to revisit these faults and investigate their 
relative activity in greater detail.

OBSERVATIONS AND 
INTERPRETATIONS

Combined observations on tectonic geomorphol-
ogy and relative activity of the faults expressed in the 
Yukon crossing study area, based on inspection of im-
agery, lidar data, and aerial and ground field reconnais-
sance, are described from south to north. These faults 
include the Victoria Creek fault, unnamed faults be-
tween the Victoria Creek fault and the Kaltag Extension 
fault, the Kaltag Extension fault, the Hess Creek linea-
ment, the Tozitna fault, and the Ray River lineament. 
Specific locations of field observations were recorded 
by Geographic Positioning System (GPS) (appendix A) 
and are shown as red triangles on figure 2. Individual 
site numbers are depicted on detailed figures. Refer to 
the original topographic maps for geographic locali-
ties described in the text; however, important locali-
ties are labeled on figures for convenience. Locations 
of previously mapped tectonic faults shown on figures 
2 and 3 are from Koehler (2013), Koehler and oth-
ers (2012), Plafker and others (1994), and Weber and 
others (1992). More detailed information on slip rates 
and fault rupture parameters are described elsewhere 
(Koehler, 2013; Koehler and Carver, 2018).

Victoria Creek fault
The Victoria Creek fault is relatively well de-

fined by alignments of stream valleys and saddles east 
of the Yukon crossing study area (fig. 3). Where the 
fault crosses the Dalton Highway, it is depicted as two 

closely spaced strands (Weber and others, 1992) (fig. 
2). At this location, maps derived from lidar data were 
used to closely examine the topography for evidence of 
recent tectonic activity (fig. 4). A bare-earth 1-m hill-
shade image shows no indication of a scarp or other tec-
tonic features (fig. 4A) and a 1-m-contour topographic 
map (fig. 4B) indicates that ridge crests and stream val-
leys are not offset across the fault. Similarly, aspect and 
slope maps (figs. 4C and 4D) indicate no preferential 
slope orientation or steepness along the fault.

West of the Dalton Highway, as mapped by We-
ber and others (1992), the fault splays into three dis-
tinct traces that extend to at least the western edge of 
the Livengood Quadrangle (figs. 2 and 5). The loca-
tion of the fault trifurcation is approximately 6 km 
(3.7 mi) southwest of the Dalton Highway at a saddle 
separating unnamed headwater tributaries to Erikson 
Creek and the Mud Fork of Troublesome Creek. For 
descriptive purposes the major strands of the Victo-
ria Creek fault are herein referred to as the southern, 
middle, and northern strands of the Victoria Creek 
fault (fig. 5).

Southern strand of the Victoria Creek fault
The southern strand of the Victoria Creek fault 

extends S60°W across the headwater amphitheater of 
the Mud Fork of Troublesome Creek (fig. 5) at an el-
evation of about 366–426 m (1,200–1,400 ft) and 
crosses multiple unnamed headwater tributary val-
leys. In this area Weber and others (1992) map the 
trace of the fault as concealed beneath Quaternary 
loess and colluvium (Qlc). The tributary valleys that 
cross the fault are not laterally deflected and no oth-
er topographic anomalies such as benches or scarps 
along the trace of the fault are observed.

West of the Mud Fork of Troublesome Creek, 
the fault extends across the northern flank of Sawtooth 
Mountain, (fig. 2) crossing the drainages of Huron, 
Union, Gunnison, Texas, and Sluicebox creeks (fig. 5). 
There, Weber and others (1992) show the fault cut-
ting through Late Devonian sedimentary rocks of the 
Quail unit (Dq) and depict the fault as a solid line with 
right-lateral sense of motion. At the fault’s western ex-
tent, directly south of Sluicebox Creek, it transitions to 
a south-vergent reverse fault separating the Quail unit 
on the south from sedimentary rocks of the Amy Creek 
unit (SZa) on the north (Weber and others, 1992).
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Figure 4. Lidar (A) 1-m hillshade, (B) 1-m contour, (C) aspect, and (D) slope maps along the projection of the Victoria 
Creek fault, east of the Yukon crossing study area.

The geomorphic expression of the fault north 
of Sawtooth Mountain includes aligned, long, linear 
headwater tributary stream valleys, shutter ridges, and 
broad saddles. The most prominent saddles occur at 
site 6 (between Gunnison and Texas creeks), site 32 
(between Union and Gunnison creeks), and site 7 (be-
tween Huron and Union creeks) (figs. 5A and 6). A 
somewhat-less-prominent saddle and linear valley exists 
between Huron Creek and the Mud Fork of Trouble-
some Creek (site 9, fig. 5). An elongate bedrock shutter 
ridge occurs as a subdued, mound-like landform on the 
crest of the saddle at site 32 and extends to the west 
down the center of a linear valley (figs. 6 and 7A). De-
tailed photographs of the saddle at site 32 are shown in 
figure 7. The shutter ridge at site 32 is characterized by 
a rounded, ~2-m-high escarpment on its southern side 
(fig. 7B) and an ~8-m-high gentle slope on its northern 
side. The shutter ridge extends down the slope to the 
east and west of the saddle. The northern margin of the 
saddle is characterized by a smooth bedrock slope (fig. 
7C). No sharp breaks in slope or scarps that could in-
dicate a recent rupture were observed on either margin 

of the saddle or along the sides of the shutter ridge. Ad-
ditionally, linear valleys along the fault throughout the 
Sawmill Mountain area are filled with retransported 
silt, and scarps were not observed from the air.

The trace of the southern strand of the Victoria 
Creek fault near its western end cuts obliquely across 
the valleys of Sluicebox Creek and Texas Creek and is 
crossed nearly perpendicularly by upper Troublesome 
Creek, where it is mapped as a reverse fault (fig. 5). 
Figure 8A shows the approximate projection of the 
fault across upper Troublesome Creek. The valley is 
filled by coalescing colluvial and alluvial fans sourced 
from side valley tributaries. The margins of the val-
ley project straight across the fault and have not been 
laterally deflected. Additionally, Troublesome Creek 
meanders down the entire length of the valley and 
shows no evidence of downcutting at its crossing of 
the fault. No vertical scarps across the fans were ob-
served from the air.

Figures 8B and 8C show the projection of the 
fault across the southern valley walls of Sluicebox and 
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Texas creeks, respectively. In both photos the valley 
walls are smooth, and tectonic geomorphic features 
(such as benches, discreet changes in slope, or uphill-
facing scarps) are absent. Additionally, the valley of 

Texas Creek is smooth and undeformed where it is 
crossed by the fault (fig. 8C). Thus, based on the aer-
ial and ground geomorphic observations, features that 
would indicate recent tectonic activity along the south-
ern strand of the Victoria Creek fault are absent.
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Middle strand of the Victoria Creek fault
Weber and others (1992) map the middle strand 

of the Victoria Creek fault as concealed beneath Qua-
ternary loess and colluvium (Qlc) and Quaternary 
undifferentiated reworked loess, swamp, and organic-
rich deposits (Qsu) for much of its length. The fault 
extends S70°W from the middle Mud Fork of Trou-
blesome Creek basin to Union Creek where it is as-
sociated with a short left step (figs. 2 and 5). West 
of Union Creek the fault bends southwest (S40°W) 
to the western edge of the Livengood Quadrangle, 
where it is shown as a north-vergent reverse fault 
(Weber and others, 1992). Stream bank exposures of 
bedrock indicate that the fault separates late Paleozoic 

sedimentary rocks (Pzs) on the north from Late De-
vonian sedimentary rocks of the Quail unit (Dq) on 
the south (Weber and others, 1992).
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Figure 6. (A) View west from site 32, showing shutter ridge 
and linear valley extending toward Gunnison Creek. Saddle 
at site 6 in background. (B) View east toward Union Creek 
valley showing saddles at sites 32 and 7. The southern strand 
of the Victoria Creek fault extends down the linear valleys in 
both photos.
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Figure 7. (A) View east of bedrock shutter ridge and saddle 
along the southern strand of the Victoria Creek fault between 
Gunnison Creek and Union Creek. (B) View north of shutter 
ridge extending across saddle at site 32. (C) View to the north 
of northern margin of the saddle at site 32.
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Figure 8. (A) View north of upper Troublesome Creek val-
ley where it is crossed by the southern strand of the Victoria 
Creek fault near the mouth of Sluicebox and Texas creeks. 
The valley is characterized by smooth, coalesced alluvial fans 
sourced from hillslopes and tributary valleys. Fan surfaces 
are not faulted. (B) View west of Sluicebox Creek valley. Fault 
projects across mid slope area along the valley’s southern 
(left) margin. (C) View east of the Texas Creek drainage. Trace 
of fault shown by dashed white line in all photos.
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Figure 9. (A) View west of linear valley along the mapped 
trace of the middle strand of the Victoria Creek fault, up-
per Mud Fork of Troublesome Creek. (B) View east of the 
mapped trace of fault between Huron Creek and Mud Fork 
of Troublesome Creek (site 29). Curvilinear morphology of 
the escarpment (dashed white line) is more consistent with 
formation by a fluvial stream. (C) Close-up view of the escarp-
ment in B, which extends along tree line on left.
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The trace of the fault is associated with a broad, 
linear valley in the upper Mud Fork of Troublesome 
Creek (fig. 9A). The linear valley and fault project up-
valley to site 29, where the fault is mapped along the 
northern margin of a broad alluvial valley (figs. 9B 
and 9C). The valley is underfit and occupied by a nar-
row, meandering stream. The escarpment that delin-
eates the valley’s northern margin has a rounded mor-
phology and is curvilinear in plan-view, indicating 
that it was eroded by the meandering stream. These 
observations support a fluvial origin for the escarp-
ment related to incision of the valley. The possibility 
that the escarpment may be a fault-line scarp cannot 
be precluded with the available observations. Howev-
er, helicopter surveys indicate a lack of other tectonic 
features along the length of the fault, suggesting that 
the middle strand of the Victoria Creek fault has not 
been active in the Quaternary Period.

Northern strand of the Victoria Creek fault
The northern strand of the Victoria Creek fault 

extends S75°W from the lower Mud Fork of Trou-
blesome Creek basin to the southern valley margin 
of Troublesome Creek directly upstream from the 
mouths of Huron and Union creeks (figs. 2 and 5). 
West of Union Creek the fault is mapped as two 
strands that extend along the northern and southern 
sides of the linear valleys of Willow Creek and Forty-
seven Gulch before bending southwest (S35°W) to 
the western edge of the Livengood Quadrangle (We-
ber and others, 1992). Weber and others (1992) show 
the fault as concealed beneath Quaternary loess and 
colluvium (Qlc) along most of its length except for 
a short section between Union and Huron creeks, 
where they show the fault as a solid line. Bedrock re-
lations are difficult to discern on their map; however, 
the fault appears to separate Permian sedimentary 
rocks (Ps) on the south from Mesozoic or Paleozoic 
schist of the Raven Creek unit (}Pzr) on the north.

Between the Mud Fork of Troublesome Creek 
and Huron Creek, the mapped trace of the north-
ern strand of the Victoria Creek fault is coincident 
with a wide, curvilinear trough in the uplands south 

of Troublesome Creek (site 28) (figs. 5 and 10). The 
curvilinear morphology of the trough is consistent 
with a fluvial, nontectonic origin. The channel is now 
abandoned. Helicopter surveys to the south and west 
of site 28 indicate that the upland surface has a relict 
drainage pattern characterized by a network of aban-
doned, wide, meandering channels. This suggests that 
the upland surface was once graded to base level and 
had an aggressive fluvial system prior to incision by 
modern stream channels.

A prominent scarp (fig. 11) was observed directly 
upstream from the mouth of Union Creek along the 
projection of the fault in the Troublesome Creek 
alluvial valley (site 25) (fig. 5). This scarp is sharp and 
well defined; however, close inspection of the scarp 
by a low-altitude helicopter traverse indicates that it 
is clearly a flood scarp separating fluvial terraces of 
Troublesome Creek and not a tectonic feature.

Figure 12 shows two traces of the northern 
strand of the Victoria Creek fault where they extend 
along the linear Willow Creek and Forty-seven Gulch 
valleys. The two valleys are aligned and separated by 
a low wind gap (saddle). In both valleys, Quaternary 
colluvial fans are coalesced and gently slope from the 
valley margins to narrow, axial, linear streams that 
have incised the Quaternary fill. Tributary stream 
channels are relatively perpendicular to the trace of 
the fault and are not laterally offset (fig. 12B). No 
other tectonic features that would indicate active de-
formation are expressed in the topography of the val-
ley side margins or in the Quaternary sediments.

West of Forty-seven Gulch two traces of the 
fault extend across the alluvial valley of Ninety-two 
Hunter Creek (fig. 13A). From the air, the deposits 

Paleo fluvial channel, 
previously mapped fault

Figure 10. View east of curvilinear trough (site 28) along the 
mapped trace of the northern strand of the Victoria Creek 

fault extending between Huron Creek and lower Mud Fork 
of Troublesome Creek. Curvilinear morphology is consistent 

with a fluvial channel origin. Channel margins shown by 
dashed white lines.
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Figure 11. (A) View south of scarp (site 25) along southern 
side of Troublesome Creek alluvial valley directly upstream 
of Union Creek along projection of the northern strand of 
the Victoria Creek fault. (B) View west of scarp in A. Scarp is 
clearly fluvial, not tectonic, in origin. Scarp is at tip of pointer 
in both photos.

Figure 12. Northern strand of the Victoria Creek fault. (A) 
View south of linear Willow Creek alluvial valley. (B) View east 
of Forty-seven Gulch and wind gap at drainage divide with 
Willow Creek. In both valleys, the valley margins are smooth 
and distinct linear features that do not indicate youthful 
deformation. Approximate location of mapped fault traces 
shown by dashed white lines in each photo.
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on the valley floor appear flat and undeformed, and 
no youthful tectonic geomorphic features were ob-
served. The two traces of the fault continue west into 
mountainous terrain near Idaho Bar. The northwest-
ern trace is mapped as the Kaltag fault (Weber and 
others, 1992). The southeastern trace extends across a 
saddle where it separates Permian sedimentary rocks 
(Ps) on the southeast and Silurian to Proterozoic sedi-
mentary rocks of the Amy Creek unit (SZa) on the 
northwest (fig. 13B). Both faults are mapped as hav-
ing a dip to the south. Bedrock is exposed across the 
saddle, and no Quaternary deposits are present.

With the exception of several linear valleys, no tec-
tonic features are observed along the entire mapped trace 

of the northern strand of the Victoria Creek fault. The 
Quaternary geologic relations described above indicate 
that the fault has not displaced Quaternary deposits.

Unnamed faults between the Victoria 
Creek fault and the Kaltag Extension 
fault

An unnamed curvilinear fault extends along 
the north flank of Raven Creek Hill (east of site 57) 
(figs. 2 and 14). The general orientation of this fault 
is west–southwest; however, it is associated with a 
3.2 km (2 mi) right bend in the vicinity of the Mud 
Fork of Troublesome Creek. At the bend, a second 
unnamed trace extends to the east. Weber and oth-
ers (1992) show the fault as queried and concealed 
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Figure 13. (A) View north of two traces of the northern 
strand of the Victoria Creek fault (white dashed lines) 
at downstream end of Forty-seven Gulch where they 
cross Ninety-two Fork Hunter Creek. (B) View south-
west showing projection of fault through a saddle in 
mountainous terrain.
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Figure 14. (A) 60-m Hillshade and (B) topographic map showing previously mapped strands of the Victoria Creek fault, un-
named faults, and the Kaltag Extension fault. Red triangles show GPS points of specific field observations. NVCF = northern 
strand of Virginia Creek fault; MVCF = middle strand of Virginia Creek fault; SVCF = southern strand of Virginia Creek fault.

beneath Quaternary loess and colluvium (Qlc) and 
indicate a south-vergent reverse sense of motion on a 
cross section.

Aerial reconnaissance was conducted along the 
unnamed fault where it crosses the Mud Fork of 
Troublesome Creek (site 56) and the main channel 
of Troublesome Creek (site 57). At both locations the 
broad valley-fill deposits are flat, and no distinct scarps 
were observed (fig. 15). Where the unnamed faults ex-
tend across the Dalton Highway east of the study area, 
lidar derivative maps were evaluated for evidence of 
Quaternary deformation. No indication of Quater-
nary deformation is evident in the hillshade, contour, 
aspect, or slope maps (figs. 4 and 16). Contours are 
smooth and continuous across the mapped traces of 
both strands and no preferential slope orientations or 
breaks in slope are evident. Thus, it is inferred that 
these unnamed faults have not been active in the Qua-
ternary Period.
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Figure 15. Unnamed fault extending east–northeast north 
of the northern strand of the Victoria Creek fault and south 
of the Kaltag Extension fault. (A) View north of fault where 
it crosses Mud Fork of Troublesome Creek, site 56. (B) View 
southwest where fault crosses Troublesome Creek alluvial 
valley, site 57. Alluvium in both photos is relatively flat and 
undeformed. Mapped trace of fault shown by dashed white 
line in each photo.

Kaltag Extension fault
In the Yukon crossing study area, the Kaltag Ex-

tension fault splays from the northern strand of the 
Victoria Creek fault and extends N50°E from Wil-
low Creek alluvial valley and across Raven Creek Hill 
(fig. 5). Near the study area boundary the fault bends 
slightly to N60°E and continues to Hess Creek allu-
vial valley and the Dalton Highway (figs. 2 and 14). 
Farther east, the fault continues ~50 km up Fish Creek 
valley at the same orientation to the northern bound-
ary of the Livengood Quadrangle where it merges 
with the Tintina fault (Weber and others, 1992). We-
ber and others (1992) show the fault as queried and 

concealed beneath Quaternary loess and colluvium 
(Qlc) and Quaternary undifferentiated silt and swamp 
deposits (Qsu) for much of its length. Where the fault 
extends across bedrock, it separates intrusive (^Mrv) 
and sedimentary (^Mrs) rocks of the Rampart Group 
(Weber and others, 1992). Although sense of motion 
is not depicted on Weber and others’ (1992) map, it is 
shown as a vertical fault on a cross section.

Helicopter reconnaissance was conducted along 
the fault between Willow Creek valley and the Dalton 
Highway and TAPS. Ground reconnaissance was con-
ducted at two sites along the fault, including site 51 
along Troublesome Creek and site 55, where the fault 
crosses Hess Creek (fig. 14). Additionally, lidar deriva-
tive maps of the fault where it crosses the Dalton High-
way and TAPS were evaluated.

At site 51, the alluvial valley of Troublesome Creek 
is characterized by a broad, flat surface with abandoned 
meander belts and low fluvial terraces (fig. 17). Terrace 
treads range between ~1 and 4 m (~3 and 13 ft) above 
the modern stream channel. Terrace stratigraphy is peat 
and silty peat capped by overbank deposits of micaceous 
silt and very fine sand. The strata are frozen at a depth 
of 15–20 cm (5.9–7.9 in). Stream-channel deposits are 
characterized by subrounded to rounded gravel, cobble, 
and boulder clasts averaging 5–10 cm (2–3.9 in) and up 
to 50 cm (20 in) in diameter. Aerial observations indicate 
that the margins of abandoned meander scarps are not 
laterally displaced along the projection of the fault (figs. 
17A and 17B). Traverses along the stream bank indicate 
that fluvial terraces are flat and undeformed along the 
projection of the fault (fig. 17C). Additionally, no faults 
were observed in the stratigraphy, and thin peat deposits 
are flat and not offset. Although no evidence of Qua-
ternary deformation was observed at site 51, a bedrock 
exposure immediately upstream along the eastern bluff 
of Troublesome Creek shows vertical fabric and shears, 
which indicates the presence of a fault in bedrock (fig. 
18). However, the bedrock valley margins along both 
sides of Troublesome Creek extend relatively straight 
across the projection of the fault, indicating the lack of 
long-term lateral displacement.

Site 55 is 3.2 km (2 mi) west of the Dalton High-
way at the crossing of the Kaltag Extension fault and 
Hess Creek (fig. 14). Immediately west of Hess Creek 
the tributary channel of Richardson Creek is associ-
ated with a suspicious right bend (or apparent right 
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Figure 16. Lidar (A) 1-m hillshade, (B) 1-m contour, (C) aspect, and (D) slope maps along unnamed fault east of the Yukon 
crossing study area.

deflection) along the projection of the fault; however, 
aerial observations indicate that the trace of the fault 
is not associated with obvious scarps or vegetation 
lineaments in the gently-north-sloping alluvial valley 
fill of Richardson and Hess creeks (fig. 19). Ground 
observations of the youngest terrace riser along the 
western bank of Hess Creek indicate that the surface 
is flat and undeformed along the projection of the 
fault (figs. 19A and 20A). Stratigraphy exposed in the 
terrace riser consists of flat, layered peat and silt that 
transitions to flat point bar gravel and overbank silts 
along the south and north sides of the exposure, re-
spectively (fig. 20B). No discrete faults were observed 
in the stratigraphy and the strata are unbroken. The 
entire 3-m-high (9.8-ft-high) exposure is capped by a 
peat soil. The stratigraphy is consistent with channel 
migration across the alluvial plain. Directly upstream 
(east) of site 55, the fault projects along a faceted 
range front (fig. 21A). Although the base of the facet 
is oversteepened (fig. 21B), meander scars of Hess 
Creek along the base of the slope support a fluvial 
incision origin (not tectonic) for the morphology.

Along the southwestern part of the Kaltag Ex-
tension fault, north of Raven Creek Hill, helicopter 
landing zones were scarce because of thick vegetation. 
Aerial reconnaissance revealed the presence of several 
deeply incised linear valleys along the projection of the 
fault (fig. 22); however, no other tectonic features such 
as shutter ridges and low wind gaps were observed. In 
the vicinity of the Dalton Highway, east of the Yukon 
crossing study area, lidar derivative maps indicate that 
Quaternary deposits are smooth and lack scarps, dis-
crete breaks in slope, and aligned slope aspects (fig. 
23). Additionally, stream channels and bluff margins 
are not laterally offset. These geomorphic observations 
are consistent with the aerial and ground observations 
along the fault to the west and indicate that the Kaltag 
Extension fault has not generated Quaternary tectonic 
surface displacements.

Hess Creek lineament
The Hess Creek lineament was mapped along 

the northern margin of the Hess Creek alluvial valley 
(Woodward-Lundgren, 1974) but was not shown on 
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Figure 17. Projection of the Kaltag Extension fault at Trouble-
some Creek, Site 51. (A) View north and (B) view west, show-
ing unfaulted Holocene valley alluvium and abandoned 
oxbow meander (white pointer). Approximate trace of fault 
shown as white dashed line in A and B. (C) View west of flat, 
undeformed alluvial terrace surface along east bank of Trou-
blesome Creek.
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Figure 18. View east of incised bedrock valley margin of 
Troublesome Creek directly upstream of site 51 and cross-
ing of the Kaltag Extension fault. Vertical fabric and shears 
indicate presence of a fault zone.
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Figure 19. Aerial photographs of the mapped trace of the Kal-
tag Extention fault in vicinity of the confluence of Richardson 
Creek and Hess Creek, site 55. An abrupt bend in Richard-
son Creek is coincident with mapped trace of fault and has 
an apparent right-lateral deflection. View is southwest in A 
and northeast in B. Mapped trace of fault is shown by dashed 
white line in each photo.
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the geologic map of the Livengood Quadrangle (Weber 
and others, 1992). Based on this discrepancy, aerial re-
connaissance was conducted along the Hess Creek lin-
eament to confirm the presence or absence of a tectonic 
structure. A hillshade and topographic map of the area 
covered in this reconnaissance is shown in figure 24.

At site 13 the northern margin of Hess Creek al-
luvial valley is characterized by a steep bedrock slope 
with an oversteepened base (fig. 25). Long-term fluvial 
incision of the valley margin is supported by the curvi-
linear shape of the bedrock slope (fig. 25A). Active me-
ander bends and the stream channel of Hess Creek are 
presently eroding the base of the slope, lending further 
support to a fluvial incision origin for the oversteep-
ened slope (fig. 25B). The curvilinear morphology of 
the valley margin continues from site 13 to the Yukon 
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flat terrace tread

flat stratigraphy

Figure 20. Ground photographs of southwest bank of a me-
ander bend of Hess Creek along the mapped trace of the 
Kaltag Extension fault (site 55) showing (A) flat, undeformed 
terrace tread and (B) flat stratigraphy.
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Figure 21. View northeast of the mapped trace of the Kal-
tag Extension fault east of site 55 along northwestern bank 
of Hess Creek. (A) Linear range front with triangular facets. 
Mapped trace of fault shown by white dashed line. (B) Close-
up view of escarpment in A, showing steep basal bedrock 
slope and meander scars.

linear valley

Figure 22. View southeast across linear valley along the 
mapped trace of the Kaltag Extension fault, northeastern 
side of Raven Creek Hill.
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Figure 23. Lidar (A) 1-m hillshade, (B) 1-m contour, (C) aspect, and (D) slope maps along the Kaltag Extension fault, east of 
Yukon crossing study area.

River. Along this section of the lineament, numerous 
escarpments along the base of and south of the bedrock 
valley margin are cut into colluvial silt fans. Examina-
tion of these scarps from the air indicates that they are 
clearly fluvial in origin and are associated with meander 
scars, abandoned oxbow lakes, and channels of Hess 
Creek (fig. 26). Continuous linear scarps, uphill-facing 
scarps, or other features indicative of youthful surface 
ruptures were not observed.

The only evidence of a fault along the Hess 
Creek lineament is a series of fractures and shear 
zones exposed in a road cut along the Dalton High-
way, at sites 14 and 15 (figs. 2 and 27). Shear zones 
are common in the Rampart Group rocks (Koehler 
and others, 2013) and thus do not necessarily indicate 
the presence of an active fault. Additionally, the shear 
zones are not coincident with the mapped trace of 
Woodward-Lundgren (1974), but are actually north 
and east of the mapped trace. Thus it is inferred that if 
a fault exists along the northern margin of Hess Creek 

alluvial valley, it has not been active in the Quater-
nary, which is consistent with the conclusion of the 
Woodward-Lundgren (1974) study.

Tozitna fault
In the Yukon crossing study area, Weber and 

others (1992) map the Tozitna fault as a vertical, 
right-lateral strike-slip fault that cuts through intru-
sive rocks of the Rampart Group (^Mrv). The fault is 
mapped as concealed beneath Quaternary loess and 
colluvium (Qlc) and Quaternary alluvium (Qa) in the 
Isom Creek valley (fig. 24). Because of the Tozitna 
fault’s alignment with the Tintina fault to the east 
and its location along the linear valleys of Isom and 
Rogers creeks, early studies suggested the possibility 
of Quaternary activity (Woodward-Lundgren, 1974). 
Aerial reconnaissance was conducted along the entire 
length of the fault in the study area and ground in-
spection was conducted at one site in the lower Isom 
Creek valley. Thick vegetation prevented landing in 
most locations.
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Figure 24. (A) 60-m hillshade and (B) topographic map showing previously mapped trace of the Tozitna fault. Location of 
the Hess Creek lineament of Woodward-Lundgren (1974) shown by black short dashes in A. Red triangles show GPS points 
of specific field observations. Blue dots show locations of historical earthquakes. Yellow outline indicates boundary of the 
DGGS project area.
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Figure 25. (A) Photograph looking east along the Hess Creek lineament downstream of site 13. Steep bedrock bluffs bound 
north side of Hess Creek alluvial valley. Note curvilinear morphology of base of bluffs and meandering pattern of Hess Creek, in-
dicating long-term fluvial erosion of bluff edge. (B) Close-up view of bluffs in A, showing oversteepened basal slope in bedrock.
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West of the Yukon River the mapped trace of the 
Tozitna fault extends west–southwest directly north 
of a north-facing bedrock escarpment (fig. 24). The 
bedrock escarpment south of the fault is associated 
with moderately developed triangular facets and a rel-
atively sharp break in slope between the bedrock and 
colluvial fans that mark a coalesced silt apron along 
the base of the slope (fig. 28). Although the fault is 
mapped north of the break in slope, the sharp mor-
phology of the range front motivated closer inspec-
tion. Low helicopter transects along the range front 
(sites 43, 44, and 45, fig. 24) indicate that narrow 
Quaternary channels that extend across the range 
front are filled with Quaternary retransported silt and 
colluvium. These deposits are not laterally displaced 
and are smooth and unbeveled across the range-front 
escarpment (fig. 29), suggesting that no active trace of 
the fault extends along the range front.

The surface north of the range front west of the Yu-
kon River is characterized by an abandoned, dendritic 
channel network that gently slopes toward the east (fig. 
30A). The channels are broad, flat-floored, and filled 
with retransported loess. Helicopter surveys along the 
mapped trace of the fault where it projects across the 
surface revealed no evidence of tectonic deformation, 
with the possible exception of one short, linear trough 
(fig. 30). The linear trough is located along a helicopter 
transect recorded as GPS points (sites 37–42), shown 
on figure 24. The escarpments along the margin of the 
trough have a rounded morphology and the feature is 

clearly evident from the air. The trough is not continu-
ous and is inferred to be part of the relict drainage pat-
tern; however, a tectonic origin cannot be precluded 
based on the available observations.

Crescent Island is a low, fluvial terrace of the 
Yukon River. The mapped trace of the Tozitna fault 
extends across the southern part of the island; how-
ever, no clear scarps were observed from the air (fig. 
31A). Low helicopter surveys around the island indi-
cate that several levels of terraces are present on the 
west side of the island. Terrace risers associated with 
these terraces are continuous across the fault and are 
not laterally offset (fig. 31B).

Lower Isom Creek valley is characterized by a 
prominent apron of coalesced colluvial silt fans on 
the north side, which has been incised by Isom Creek 
(fig. 32A). The modern Isom Creek alluvial valley is 
narrow, underfit, and abuts the relatively steep south-
ern bedrock margin of the valley. The incised margin 
of the coalesced fans on the north side of the valley 
is many tens of meters high. Although this margin 
is slightly linear in map view, detailed views from 
the helicopter indicate it is characterized by numer-
ous cusps, consistent with erosion of Isom Creek by 
downcutting, and is not tectonic in origin. A helicop-
ter landing was possible in a relatively dry bog at site 
50 (fig. 24). There, the modern stream channel is ~4 
m (~13 ft) wide and has incised 2 m (6.6 ft) through 
the massive, dry silt alluvium that makes up the valley 
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bottom. Permafrost was encountered between 10 and 
25 cm (3.9–9.8 in) depth beneath the valley surface. 
The mapped trace of the Tozitna fault extends along 
the valley bottom. Ground observations indicate that 
the alluvial surface is flat and contains numerous bogs. 
No scarps or other tectonic features that would indi-
cate youthful deformation were observed at site 50.

Farther upstream, the creek is smaller and me-
anders across the retransported silt, colluvium, and 
modern stream alluvial deposits that make up the val-
ley floor (fig. 32B). The meanders extend across the 
entire valley floor. The mapped trace of the Tozitna 
fault extends N70°E along the valley axis. No linear 
geomorphic features typical of strike-slip faults—
such as vegetation lineaments, scarps, elongate ponds, 
and oval-shaped ridges—were observed from the air. 
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Figure 26. (A) and (B) View north of the Hess Creek linea-
ment and meander scarps cut into colluvial fans along north-
ern margin of Hess Creek alluvial valley. Curvilinear morphol-
ogy of basal escarpments as well as prominent abandoned 
oxbow lakes and filled oxbow channels along base of scarps 
indicate a fluvial (non-tectonic) origin. (C) View west of fluvial 
escarpments along north side of Hess Creek alluvial valley 
near the Yukon River. Curvilinear northern margin of valley is 
shown by white dashed line in each photo.
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Figure 27. Bedrock exposures along the Dalton Highway in 
the vicinity of the Hess Creek lineament, sites 14 and 15. Sub-
vertical fractures and shear zones are common in Rampart 
Group rocks throughout the area.
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Figure 28. (A) Photo looking south at moderately developed 
range-front facets directly south of the mapped trace of the 
Tozitna fault west of the Yukon River. Close-up views of range 
front (B) to south and (C) to west. Approximate location of 
mapped fault trace shown by dashed white lines in A and C.
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Figure 29. Undeformed Quaternary colluvial fan surfaces ex-
tending across range front directly south of the mapped trace 
of the Tozitna fault west of the Yukon River. Photos are along 
helicopter transect shown as sites 43, 44, and 45 on figure 24.

Approximately 6.4 km (4 mi) southwest of the cross-
ing of the Dalton Highway and Isom Creek, a suspi-
cious ridge with a saddle and a bedrock knob extends 
across Isom Creek valley (site 18) (figs. 24 and 33). 
Isom Creek has incised around the northwestern end 
of this feature. The projection of the Tozitna fault 
extends across the saddle, suggesting that the saddle 
may be related to preferential weathering of relative-
ly weak bedrock along the fault. No youthful scarps 
along the projection of the fault along the flanks of 
the saddle or along the alluvial valley deposits were 
observed from the air (figs. 33A and 33B). Addition-
ally, lidar derivative maps of this area (fig. 34) show 
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Figure 30. Short linear trough along projection of the Tozitna 
fault west of the Yukon River. This valley (drainage channel?) 
is isolated and not continuous. (A) View southwest; (B) view 
west; (C) view northwest. Linear trough shown by dashed 
white line in each photo.
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Figure 31. (A) View northwest of Crescent Island and the Yu-
kon River along the mapped trace of the Tozitna fault, showing 
flat, unfaulted surface morphology. (B) View east of Crescent 
Island, showing clear terrace risers that are not offset. Mapped 
trace of fault shown by white dashed line in each photo.

smooth and undeformed valley floor and side slopes 
and a lack of preferential slope orientations and steep 
breaks in slope along the fault.

Figure 35 shows several subtle mounds along the 
projection of the Tozitna fault in upper Isom Creek 
valley directly west of the Dalton Highway. The 
mounds are slightly elongate along the fault and are 
presently being buried by alluvial fan deposits sourced 
from the highlands to the north. Although ground re-
connaissance was prevented because the area is heavily 
vegetated with black spruce trees, no youthful scarps 
were observed from the air. The origin of the mounds 
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Figure 32. Isom Creek valley along projection of the Tozitna 
fault. (A) Lower valley characterized by alluvial valley fill fans 
on north and an underfit alluvial valley inset into fans along 
south side of valley. (B) Middle part of Isom Creek valley, 
characterized by smooth valley margins and lack of linear 
geomorphic features. Approximate location of the Tozitna 
fault shown as dashed white line in each photo.

Figure 33. Prominent saddle and bedrock knob in middle 
of Isom Creek valley along the mapped trace of the Tozitna 
fault. (A) View east; (B) view west. Isom Creek has a mean-
dering pattern and is deflected north around bedrock knob. 
Mapped trace of the Tozitna fault extends across saddle; 
however, scarps are not present in alluvial valley fill east or 
west of saddle. Approximate location of the mapped trace of 
the Tozitna fault shown by dashed white line in each photo.
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is unclear. Potential origins include resistant bedrock 
knobs, relict landslides, or pressure ridges related to 
older activity along the fault.

East of the Dalton Highway in the upper head-
waters of Isom Creek, the fault changes orientation to 
N85°E and extends across a broad drainage divide to 
a tributary of Waldron Creek (fig. 2) before extending 
along the linear Rogers Creek valley, where it returns 
to a N70°E orientation. The stream channel in the 
headwaters of the Waldron Creek tributary has a cur-
vilinear morphology (fig. 36A) and the broad drain-
age divide between the Waldron Creek tributary and 
Isom Creek is smooth and unfaulted (fig. 36B).

The combined observations indicate a lack of 
youthful tectonic features along the observed length of 
the Tozitna fault as investigated in this study, and sug-
gest that the fault has not generated surface-rupturing 
earthquakes in the Quaternary Period. Several features, 
including the saddle at site 18, the short, linear trough 
west of the Yukon River, the linear valley morphology 
of the Isom Creek drainage, and bedrock faults mapped 
by Weber and others (1992), indicate that lateral fault 
movement occurred in pre-Quaternary time.

Ray River lineament
The Ray River lineament was identified based 

on the linear southwestern margin of Ray River valley, 
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Figure 34. Lidar (A) 1-m hillshade, (B) 1-m contour, (C) aspect, and (D) slope maps along the mapped trace of the Tozitna 
fault in the Yukon crossing study area.

which projects toward an alignment of saddles along 
ridge spurs present in the southern bluffs of the Yu-
kon River east of the Yukon River bridge (fig. 37). Al-
though no fault has been mapped previously along the 
lineament, helicopter surveys were conducted between 
Waldron Creek and Ray River to evaluate the potential 
tectonic implications of these features. The potential 
existence of a fault in this area is an important issue for 
the Yukon crossing (Yukon River bridge).

Helicopter observations along the aligned saddles 
indicate that they are subtle features preserved along 
the southern edge of a flat, terrace-like surface (fig. 38), 
which is likely a remnant of the regionally extensive 
late Tertiary high erosion surface described by Williams 
(1962). The saddles are heavily vegetated; however, no 
scarps or other tectonic features were observed along 
the saddles from the air. Although the presence of a 
fault cannot be precluded, the saddles could represent 
ancient stream channels related to the Yukon River pri-
or to downcutting of the Yukon River canyon.

The southwestern margin of Ray River valley 
is characterized by a relatively sharp range front as 

observed from a helicopter at a distance. Inspection 
of lidar derivative maps indicates that, although the 
basal slope of the range front is clear and distinct, it 
is not linear (fig. 39). Instead, the range front has a 
curvilinear morphology with numerous spur ridges 
and salients. The lidar hillshade and topographic con-
tour map (figs. 39A and 39B) show the presence of a 
smooth silt fan extending into Ray River valley. No 
scarps are present across the fan. Also, no scarps are 
evident in the aspect and slope maps (figs. 39C and 
39D). Thus it is inferred that the Ray River lineament 
is not an active tectonic structure.

Additional helicopter surveys were conducted 
northeast and southwest of the Yukon River bridge 
to inspect the topography for evidence of tectonic 
geomorphology along the projection of the shear 
zone identified during bridge construction (Munson 
and Slater, 1975). No northeast–southwest-oriented 
features were identified that would indicate surface 
deformation. Thus it is inferred that the shear zone 
is similar to other bedrock shear zones in Rampart 
Group rocks throughout the region (Koehler and oth-
ers, 2013), and is not a Quaternary active fault.
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Figure 36. View west toward headwaters of a tributary to 
Waldron Creek, east of the Dalton Highway along projec-
tion of the Tozitna fault. (A) Curvilinear valley morphology. 
(B) Crest of hill at drainage divide between Isom Creek and 
headwaters of tributary to Waldron Creek. The divide exhib-
its smooth morphology and lack of distinct scarps.

CONCLUSIONS AND 
RECOMMENDATIONS FOR FUTURE 
WORK

The results of the helicopter and ground recon-
naissance in the Yukon crossing study area document 
a lack of late Pleistocene and Holocene surface defor-
mation along bedrock faults previously identified by 
Weber and others (1992). No Quaternary fault scarps 
or other indications of active tectonic deformation 
were observed anywhere in the study area or along 
the Dalton Highway where lidar data were available. 
The observations are consistent with previous assess-
ments of fault hazards in the area (Woodward-Lund-
gren, 1974) and indicate that the Victoria Creek fault 
(southern, middle, and northern strands), the Kaltag 
Extension fault, and the Tozitna fault exhibit no evi-
dence of Quaternary surface faulting. Additionally, 
several unnamed faults, the Hess Creek lineament, 
and the Ray River lineament were determined to not 
be Quaternary active faults.

The aerial and ground observations described in 
this report were limited due to thick vegetative cover 
and few landing sites. Nonetheless, repeated move-
ments along active faults are typically associated with 
clear topographic scarps, obvious changes in river mor-
phology, and landforms that reflect progressive defor-
mation. These types of features were not observed. It is 

possible that the lack of evidence for Quaternary dis-
placement along the faults investigated in this report 
may be a reflection of high rates of geomorphic modi-
fication of the landscape by loess deposition, tussock 
growth, and thermokarst development. These processes 
would act to bury or conceal subtle tectonic geomor-
phic features related to surface deformation.

The geodetic strain budget for northern Interior 
Alaska suggests that slip rates for faults in the region 
are extremely low— <1 mm/yr distributed across the 
region (Koehler and Carver, 2018). This implies that 
the recurrence interval for large earthquakes may be 
thousands to tens of thousands of years. Given that the 
landscape was blanketed with loess during and imme-
diately following the last major glaciation in the latest 

subtle mounds
Isom Creek

Figure 35. Upper Isom Creek valley along projection of the 
Tozitna fault—view west from vicinity of the Dalton Highway. 
Subtle mounds in center right of photo may be remnants of 
tectonic geomorphology, and are presently being buried by 
loess fans. Approximate location of the mapped trace of the 
Tozitna fault shown by white dashed line.
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Figure 37. (A) 60-m hillshade and (B) topographic map of the Yukon River 
bridge and mouth of the Ray River along the Ray River lineament.
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Pleistocene, the topography may be younger than the 
last earthquake and may obscure the location of faults 
that have not ruptured since the latest Pleistocene.

The findings presented in this report indicate 
that the faults in the Yukon crossing study area are not 
active Holocene structures and do not pose surface 
fault-rupture hazards for proposed developments. No 
viable targets for future paleoseismic investigations 
(such as trenching) were identified along any of the 
faults investigated. Future investigations in the area 
would benefit from the acquisition and evaluation of 
a comprehensive lidar data set. Additionally, evalua-
tion of photogrammetrically derived digital surface 
models from aerial photography (collected and pro-
cessed by DGGS) may reveal subtle tectonic geomor-
phic features not readily observable from helicopter 

reconnaissance. Although this study did not recognize 
any new, unrecognized faults and did not document 
surface deformation along any previously mapped 
faults, future infrastructure developments should em-
ploy state-of-practice, site-specific investigations to 
evaluate the presence or absence of active faults.
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field 
station

station 
number latitude longitude elevation notes

1 16RDK001 65.93083598 -149.845441 168.40033 Helicopter landing pad, base of operations

2 16RDK002 65.58936403 -149.893646 294.094086 Tertiary/Quaternary sand and gravel exposure

3 16RDK003 65.57233804 -149.884919 467.700928 Landslide headscarp

4 16RDK004 65.36610902 -149.57626 1369.941528 Sawtooth Mountain

5 16RDK005 65.41933704 -149.573956 985.339722 Saddle on projection of southern strand of Victoria Creek 
fault

6 16RDK006 65.42090697 -149.611077 603.201233 Creek exposure of bedrock along southern strand of Victoria 
Creek fault

7 16RDK007 65.43087599 -149.539754 747.229797 Saddle on projection of the southern strand of Victoria Creek 
fault

8 16RDK008 65.44540099 -149.50309 560.429321 Bedrock exposure on projection of southern strand of Victo-
ria Creek fault

9 16RDK009 65.45086498 -149.443614 664.018677 Linear valley along the projection of southern strand of Victo-
ria Creek fault

10 16RDK010 65.569024 -149.819542 537.382568 Tertiary/Quaternary sand and gravel exposure

11 16RDK011 65.57746701 -149.825026 346.159332 Tertiary/Quaternary sand and gravel exposure, landslide 
headscarp

12 16RDK012 65.93974401 -149.423163 161.010422 Sand dune field, southwestern margin of Yukon Flats

13 16RDK013 65.71624702 -149.359072 224.235184 Edge of bluffs, northern margin of Hess Creek alluvial valley

14 16RDK014 65.73300999 -149.294037 244.828018 Bedrock outcrop Dalton Highway near Hess Creek lineament

15 16RDK015 65.72488801 -149.298049 228.909866 Bedrock outcrop Dalton Highway near Hess Creek lineament

16 16RDK016 65.72706202 -149.517577 329.774658 Fluvial meander scarps along Hess Creek lineament

17 16RDK017 65.70848202 -149.667521 238.679092 Landslide north of Hess Creek

18 16RDK018 65.79362104 -149.566886 274.863525 Saddle along projection of Tozitna fault

19 16RDK019 65.791084 -149.566458 266.213959 Possible landing zone near saddle along projection of Tozitna 
fault

20 16RDK020 65.64990199 -149.911365 184.943649 Large loess exposure west bank of Twenty-mile Creek

21 16RDK021 65.67601204 -149.941989 211.181549 Loess exposed over bedrock west bank of Twenty-mile Creek

22 16RDK022 65.45136496 -149.924701 825.113098 Landing zone along southwestern end of northern strand of 
Victoria Creek fault

23 16RDK023 65.46104397 -149.969207 446.688202 Landslide east valley wall of Dawson Creek

24 16RDK024 65.49276402 -149.642004 308.696625 Peat exposure with ice wedges, near junction of Willow Creek 
and Troublesome Creek

25 16RDK025 65.499246 -149.613731 388.735291 Fluvial scarp in Troublesome Creek valley upstream of Union 
Creek

26 16RDK026 65.50910597 -149.555353 382.77298 Helicopter reconnaissance between Union and Huron Creek, 
Troublesome Creek valley

27 16RDK027 65.52128797 -149.503821 298.040955 Gravel exposure, mouth of Huron Creek

28 16RDK028 65.51972902 -149.455656 509.940979 Curvilinear trough along northern strand of Victoria Creek 
fault

29 16RDK029 65.49895498 -149.376425 455.039185 Middle strand of Victoria Creek fault

30 16RDK030 65.42189201 -149.567073 709.337891 South side of saddle near site 5

APPENDIX

Table 1. Field observations with field stations. Due to helicopter logistics some GPS points may not be exactly at the site 
described. GPS coordinates collected in WGS 84 datum.
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field 
station

station 
number latitude longitude elevation notes

31 16RDK031 65.425715 -149.56977 686.458984 North side of saddle near site 5

32 16RDK032 65.42435797 -149.568315 701.798645 Crest of shutter ridge near site 5

33 16RDK033 65.49337397 -149.584005 620.966858 East side of Union Creek, no lineaments observed along 
Weber and others' (1992) fault trace

34 16RDK034 65.51391098 -149.971526 561.539673 High erosional surface, Tertiary/Quaternary gravels

35 16RDK035 65.73976798 -149.988372 507.477661 Helicopter reconnaissance along Tozitna fault west of Yukon 
River

36 16RDK036 65.740635 -149.983593 497.596466 Helicopter reconnaissance along Tozitna fault west of Yukon 
River

37 16RDK037 65.74002304 -149.96958 481.174438 Linear trough along projection of Tozitna fault west of Yukon 
River

38 16RDK038 65.74001499 -149.966244 475.20282 Linear trough along projection of Tozitna fault west of Yukon 
River

39 16RDK039 65.74003704 -149.963039 471.563843 Linear trough along projection of Tozitna fault west of Yukon 
River

40 16RDK040 65.740044 -149.961168 467.756927 Linear trough along projection of Tozitna fault west of Yukon 
River

41 16RDK041 65.74005799 -149.958458 461.859924 Linear trough along projection of Tozitna fault west of Yukon 
River

42 16RDK042 65.74016796 -149.954334 452.594543 Linear trough along projection of Tozitna fault west of Yukon 
River

43 16RDK043 65.73937898 -149.935767 511.835114 Range front along projection of Tozitna fault west of Yukon 
River

44 16RDK044 65.73932198 -149.931931 518.3479  Range front along projection of Tozitna fault west of Yukon 
River

45 16RDK045 65.73927403 -149.928409 518.105347 Range front along projection of Tozitna fault west of Yukon 
River

46 16RDK046 65.81392896 -149.370918 563.592468 Drainage divide along projection of Tozitna fault east of 
Dalton Highway

47 16RDK047 65.81040999 -149.248651 462.382446 Thermokarst pond headwaters of Waldron Creek tributary

48 16RDK048 65.80254701 -149.343904 660.967529 Helicopter reconnaissance along Tozitna fault east of Dalton 
Highway

49 16RDK049 65.79743396 -149.367299 665.418274 Helicopter reconnaissance along Tozitna fault east of Dalton 
Highway

50 16RDK050 65.76014296 -149.75778 138.028931 Lower Isom Creek alluvial valley along projection of Tozitna 
fault

51 16RDK051 65.62864297 -149.343196 167.663208 Kaltag Extension fault at Troublesome Creek

52 16RDK052 65.63018298 -149.35301 172.319214 Layered peat and silt exposure along Kaltag Extension fault, 
Troublesome Creek valley

53 16RDK053 65.62022301 -149.336244 207.561249 Bedrock outcrop south of Kaltag Extension fault, Trouble-
some Creek valley

54 16RDK054 65.626247 -149.338168 227.127701 Bedrock outcrop south of Kaltag Extension fault, Trouble-
some Creek valley

55 16RDK055 65.66841803 -149.15571 147.49025 Kaltag Extension fault at Hess Creek

56 16RDK056 65.55274903 -149.290341 439.662201 Unnamed fault north of Victoria Creek fault, Mud Fork 
Troublesome Creek valley

57 16RDK057 65.56317 -149.363982 494.489349 Unnamed fault north of Victoria Creek fault, Troublesome 
Creek valley

58 16RDK058 65.49396498 -149.63567 304.311188 Landing zone along northern strand of Victoria Creek fault

Table 1, continued. Field observations with field stations.
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