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YUKON RIVER BRIDGE LANDSLIDE:
PRELIMINARY GEOLOGIC AND GEOTECHNICAL EVALUATION

by Rich D. Koehler?, Richard D. Reger?, Karri R. Sicard®, and Eleanor R. Spangler®

Introduction

This report presents the findings of a geologic and geotechnical evaluation of a landslide at the Yukon River
bridge, conducted by the State of Alaska, Division of Geological & Geophysical Surveys (DGGS) through a
reimbursable services agreement with the State of Alaska Department of Transportation & Public Facilities
(ADOT&PF). The E.L. Patton Bridge spans the Yukon River at the Dalton Highway crossing approximately 90
miles northwest of Fairbanks, Alaska (fig. 1). The bridge is a vital link on the transportation corridor between
Prudhoe Bay and Fairbanks and supports the trans-Alaska oil pipeline.
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Figure 1. Topographic map of the Yukon River bridge vicinity. Location of landslide shown by red star.
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The Yukon River bridge landslide occurred
in fall 2012 between approximately 375 and 575
feet west of the bridge (fig. 2). Although there
was no damage to the bridge foundation, the
landslide’s close proximity to the bridge and
concerns over additional failures prompted mul-
tiple evaluations, including landslide documen-
tation, drainage assessments, and geotechnical
studies, among others. The main purpose of this
study is to provide baseline geotechnical and
geomorphic observations to supplement con-
current slope-stability analyses being conducted
by ADOT&PF, Alyeska Pipeline Service Com-
pany, and their consultants.

The following tasks are included in the
scope of this evaluation:
e Examination of published geologic reports,
LiDAR imagery, and geologic maps;
o Aerial reconnaissance of the bridge vicinity
by helicopter on August 25, 2013;
e Ground reconnaissance along the base of the
bluff below the bridge and around the landslide
between August 26 and 29, 2013;
e Preliminary evaluation of rock strength and
discontinuity data;
e Preliminary evaluation of principal stress ori-
entations;
e Preliminary evaluation of slopes and land-
slide geomorphology;
e Preparation of this report.

Yukon River bridge and landslide

The E.L. Patton Bridge was originally built
in 1974-1975 to facilitate construction of the
Trans-Alaska Pipeline System (TAPS). Use and
maintenance of the bridge and Dalton Highway
were officially turned over to the State of Alaska
in 1978. The bridge is a girder bridge design mea-
suring 2,295 feet long and 30 feet wide with a tim-
ber deck that slopes upward about 200 feet from
the north to the south bank of the river. It is sup-
ported by five main in-stream piers, and abut-
ments on each bank. It remains the only bridge
Figure 2. Photographs of the Yukon River landslide. A. View crossing of the Yukon River in Alaska. The Dal-

from the north bank of the river. B. Aerial view of slide from  ton Highway and the Trans-Alaska Pipeline Sys-
helicopter. C. Closer view of slide from the river. tem rely on the bridge to connect Fairbanks to
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the Prudhoe Bay oilfields, ensuring an uninterrupted corridor for the transportation of supplies and personnel. Any
compromise to the bridge’s integrity could potentially have immediate and severe consequences to the State’s
economy and environment.

Sometime during late fall 2012, a landslide occurred on the steep bluff above the south shore of the Yukon
River between 375 and 575 feet downriver from the E.L. Patton Bridge (fig. 2). The slide originally was reported
by Alyeska security on November 30, 2012. Subsequent field inspections conducted by Alyeska and ADOT&PF
on December 7, 2012, and January 18, 2013, determined that the slide may have been controlled by highly frac-
tured and altered weak zones in the rock mass (Frank Wuttig, oral commun.). These weak zones were inferred to
be related to a potential fault zone encountered during construction of bridge pier 4. Additionally, it was noted
that the slide occurred in perennially frozen ground. Given the 2012 slope failure and the occurrence of potentially
adverse ground conditions, it was recommended that additional slope monitoring and geotechnical investigations
be undertaken. This report contributes to those ongoing investigations.

Regional geology and geomorphology of the Yukon River bridge vicinity

The Yukon River bridge landslide is located along the north-facing bluff of the Yukon River canyon directly
west of the E.L. Patton Bridge, approximately 20 miles downstream from the southwestern margin of Yukon Flats
(fig. 1). The Yukon River essentially marks the boundary between the Kokrine—Hodzana Highlands, the Rampart
Trough, and the Yukon-Tanana Upland physiographic provinces (Wahrhaftig, 1965).

The regional geology of the vicinity of the site is shown in figure 3. Bedrock lithologies near the Yukon River
bridge are primarily mapped as Mississippian—Triassic Rampart Group rocks, but minor Tertiary volcanic and
sedimentary rocks are present to the southeast (Weber and others, 1992). The Rampart Group consists of a com-
plex assemblage of tectonically deformed mafic igneous and sedimentary rocks. The mafic igneous rocks are in-
trusive and extrusive and range from aphanitic greenstone to coarse-grained diorite and gabbro, with very rare
occurrences of ultramafic rock (Weber and others, 1992). These rocks locally include pillows, amygdules, and
interbedded sedimentary rocks. Sedimentary rocks of the Rampart Group, defined by Weber and others (1992),
consist of argillite, chert, graywacke, shale, and limestone. Shale units are typically dark gray to black, graphitic,
calcareous, and fissile. Argillite and chert units are medium-light gray to greenish gray, locally banded, conglom-
eratic or brecciated. Graywacke metasandstones are greenish gray, fine to medium grained, and locally
micaceous, feldspathic, quartzose, or calcareous. Minor limestone units are bluish gray, fine grained, and lami-
nated. The Rampart Group may correspond to the Tozitna stratigraphic belt in the Livengood area to the south
(Dover, 1994; Mertie, 1937; Jones and others, 1984).

In the upland south of the river, tributaries of the Yukon River are incised <1,700 feet below ridge crests in
rocks of the Rampart Group. Ridge crests are blanketed by 5-50 feet of frozen, locally ice-rich upland loess, and
intervening lowlands and stream valleys contain thick, frozen, ice-rich loess and retransported silt (Kreig and
Reger, 1982; Shur and others, 2010). These deposits are roughly equivalent to Quaternary loess and colluvium
(Qlc) and Quaternary silt (Qsu) mapped by Weber and others (1992) (fig. 3). Through its canyon, the Yukon
River winds past 800- to 1,000-foot-high bedrock ridges that were steeply truncated by colossal middle to late
Pleistocene outburst floods (Froese and others, 2003; Thorson and Dixon, 1983). At least 160 feet of frozen, fine-
grained fluvial and eolian sediments form a surface 200-300 feet above the modern river (Clement, 1999). That
surface is modified by thermokarst processes, including formation and expansion of thermokarst pits and gullies,
collapse of deep yedoma depressions, and local development of thaw-induced, retrogressive landslides in the
river-cut silt bluffs. A pair of late Holocene fluvial terraces with sand and silt cover discontinuously flanks the
modern river channel.

The Ray River lowland contains a thick, perennially frozen fill of ice-rich, fine-grained sediments that accum-
ulated during massive late-Pleistocene outburst floods in a major slackwater basin just upriver of a hydraulic dam
that formerly existed where the flooding Yukon River abruptly turned south and entered a narrow canyon (Thorson,
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1989). Northeast of the Ray River lowland the Fort Hamlin Hills, which are composed of Rampart Group that is
weathered to depths >5 feet, rise to elevations of 1,500 to 3,150 feet. Up to one foot of loess discontinuously covers
bedrock and colluvium on upper slopes, and frozen, locally ice-rich loess and retransported silt reach thicknesses
of >100 feet on middle and lower slopes. Perennially frozen alluvial-colluvial fans coalesce at the mouths of
stream drainages cut into the southern flank of the Fort Hamlin Hills, forming an ice-rich apron crossed by the

TAPS and Dalton Highway routes.
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Yukon River bridge landslide field review

Methodology

The Yukon River bridge landslide field review was performed August 25-29, 2013, by Rich Koehler, Karri
Sicard, and Eleanor Spangler of DGGS and Richard “Dick” Reger of Reger’s Geologic Consulting. A helicopter
reconnaissance organized by Frank Wuttig of Alyeska Pipeline Services Company provided an overview of the
landslide and general observations of the slope conditions upstream and downstream of the bridge. Robert Joseph
of Stevens Village provided boat transportation to access the lower bluff and landslide area and to observe slopes
along the south bluff upstream and downstream of the bridge.

Bedrock outcrops along the base of the Yukon River bluff were inspected for the presence of faults, fractures,
shears or weathering zones, and/or other features that could provide information from which to infer subsurface
conditions of bedrock farther upslope. Quantitative descriptions of rock mass and discontinuity data are based on
the methodology of ISRM (1978). Rock mass and discontinuity survey data sheets from the Alaska Field Rock
Classification and Structural Mapping Guide (ADOT&PF, 2003) were used to record the field observations. Key
rock characteristics that were documented include lithology, color, grain size, field compressive strength, rock mass
fabric, block size, and state of weathering. Discontinuity surveys at each outcrop station include information on
type of discontinuity, dip, dip direction, persistence, termination, aperture, nature of filling, strength of filling,
surface roughness, surface shape, waviness, joint roughness coefficient, and presence of water. Detailed defini-
tions for each of these parameters are provided in ADOT&PF (2003). Discontinuity orientations were measured
with a Brunton compass, using standard geologic field techniques.

The slope and landslide evaluation made use of both office and field techniques. Pre- and post-landslide
LiDAR data collected by Hubbard and others (2011) and Alyeska Pipeline Service Company, respectively, were
used to generate slope profiles and evaluate possible past slope failures. These two data sets were also used to
compare the pre- and post-landslide ground surface. The combined LiDAR and field observations were used to
quantitatively evaluate possible failure mechanisms for the 2012 landslide.

Results of rock mass and discontinuity evaluation

We evaluated rock strength and discontinuity characteristics along the base of the bluff and riverbank at 13
bedrock field stations distributed between approximately 850 feet east of the Yukon River bridge and approxi-
mately 1,150 feet west of the bridge (fig. 4). An additional zone of intensely sheared graywacke between stations
10 and 11 was mostly covered by beach gravels and boulders, and thus not described in the field as a separate sta-
tion. Observations from this zone are provided in the following discussion. Photographs documenting bedrock
features at each outcrop station along the base of the bluff are included in Appendix A. An additional observation
station was located at the crest of the landslide. The location of each station and approximate bedrock contacts are
shown on a strip map of the transect (fig. 4). GPS coordinates for each station are listed in Table 1. Detailed
observations and inventory of rock discontinuity measurements are recorded in the field evaluation sheets in
Appendix B.

Bedrock lithologies along the base of the Yukon River bluff consist of diorite, gabbro, graywacke meta-
sandstones, greenstone, metabasalt, and chert (fig. 4). Table 2 shows rock-mass information for each bedrock
field station. In general, the rock mass is characterized as strong to very strong rock that is fresh to slightly weath-
ered with local zones of moderate weathering. The freshness of the rock is likely a reflection of ice scour and
limited exposure to surface conditions (i.e., <15,000 years.). Limited inspection of the roadcut at the south abut-
ment of the bridge indicates that the rock may grade upslope to a more weathered condition (moderately to highly
weathered?); however, this outcrop was not studied in detail. The rock character along the base of the bluff is
generally blocky (small to medium in scale) with discontinuous zones of very small shattered blocks and closely
fractured to crushed zones. The graywacke metasandstone is the only rock type with a discernible fabric, includ-
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ing slightly metamorphosed and deformed beds. However, the deformed bedding is irregularly folded and does
not have a consistent orientation.
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Figure 4. Location of field stations and inferred bedrock contacts along the Yukon River bluff transect. Area west of the
bridge is shown at top; area east of the bridge is at bottom.

Table 1. Locations of data stations. GPS data collected in WGS 84.

Station GPS
number point Latitude Longitude
1 5 65.87386703 -149.724802
2 6 65.87396703 -149.725185
3 7 65.87400097 -149.725785
4 (aandb) 8 65.874034 -149.725752
5(aandb) 9 65.87451696 -149.728152
6 10 65.87496699 -149.728452
7 11 65.87491703 -149.729318
8 12 65.87515097 -149.730452
9 13 65.87381699 -149.724118
10 14 65.87370099 -149.723002
11 15 65.87271703 -149.721452
12 16 65.87230104 -149.720385

13 18 65.87573804 -149.732431
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Table 2. Rock mass data for individual measurement stations.

Number of
Grain  Compressive State of Block discontinuity
Station Lithology Color size strength weathering Fabric size sets
1 Greenstone/ Dark greenish Very R5 Fresh Blocky Very 3-4
metabasalt gray to grayish fine small
green
2 Metabasalt Dark greenish Fine to R5 Fresh Blocky Medium >5
gray very
fine
3 Diorite Reddish black to Fine R5 Slight Blocky Medium 5
green
4a Diorite Dark reddish gray Fine R4 Moderate Blocky Small
4b Graywacke Light bluish gray Very R5 Slight Blocky to Small 4
metasandstone fine shattered
5 Graywacke Dark greenish Fine to R4-R5 Fresh to Blocky, Medium 3
(aandb) metasandstone gray to light green very slight columnar,
fine shattered
6 Gabbro Light brownish Fine R5 Fresh to Blocky Medium >4
gray slight
7 Diorite to Dark greenish Fine R5 Slight Blocky Medium 5
gabbro gray
8 Chert Brownish red to Very R4 Slight Shattered Very 3
greenish blue fine small
9 Metabasalt Dark reddish to Very R4 Slight Blocky Medium 2
yellowish gray fine
10 Basalt/ Dark greenish Very R5 Slight Blocky Medium 4
greenstone gray fine
Area Graywacke Greenish gray to Fine R1-R4 Slight Shattered Very 3
between metasandstone olive green small
10and 11
11 Gabbro Dark grayish black Fine R5 Moderate Blocky Medium 3
12 Diorite Dark bluish gray Fine R5 Slight Blocky Small 3
13 Metabasalt/ Dark greenish Fine R5 Slight Blocky Small 4
greenstone black

Discontinuity data evaluation

Jointing is pervasive throughout the rock mass for all bedrock types and, together with local faults and shear
zones, divides the rock into discrete blocks and slabs. Joint dips are predominantly high angle (Appendix B) and
may have formed during uplift or unroofing of the Yukon-Tanana Upland. Joint spacing is typically close to
moderate in all rock types except chert, which exhibits extremely close to very close spacing possibly related to
bedding-parallel shearing, or due to the very fine grain size. Joint surfaces are typically tight and smooth to
slightly rough and planar with scattered slickensided shear surfaces. Scattered black oxidation staining and thin
fillings of calcite and quartz are present on joint surfaces, however the majority of joints are clean. Aperture
widths are commonly tight to very tight, with scattered joints partly open to open and rare very wide openings.
Evidence of water flow was not observed on any discontinuity surface.

A wide area of sheared chloritic graywacke metasandstone with zones of more intense shearing and alteration
is present between approximately 300 and 475 feet east of the Yukon River bridge (fig. 4). The graywacke between
shear zones is strong rock (R4). The shear zones are characterized by very weak (R1), shattered and brecciated
rock in a grayish green clay matrix with calcite veins. Shear zones are variably oriented with clusters striking 60°-90°
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azimuth and 145°-170° azimuth with vertical dips. The zones are >18 inches wide, closely spaced, and irregularly
curved with calcite present as skins on shattered clasts. Individual shear planes in the zones are tight to open and
have orientations similar to the major shear zones.

The 13 bedrock field stations are characterized by an array of joint and fault orientations. Rose diagrams and
equal-area stereonet projections of the discontinuity data were plotted using the program Stereonet 8 (Allmen-
dinger and others, 2012). Figures 5 and 6 show rose diagrams of joint orientations for each rock type and field
station, respectively. The measurements were reflected across the rose diagrams for visual ease, so that both
directions of each plane are visually represented. The bin size is 10 degrees, and the discontinuities are not
weighted by length, persistence, spacing, or other factors.

— — - /’

./"

Chert Diorite Gabbro Graywacke Greenstone

Figure 5. Rose diagrams of rock discontinuity data by rock type. Measurements are reflected across the rose diagrams so
that both directions of each plane are represented.

Discontinuity orientations for the different rock types (fig. 5) show clear distinctions. Chert and dioritic rocks
have similar fracture patterns with dominant N-S joint sets, and subdominant WNW-ESE and NE-SW fracture
sets. These rock types are both fine grained, and the fractures may have broken the rock without being influenced
by crystal size or pre-existing weaknesses. Fracture patterns in the gabbroic rocks are characterized by NE-SW
and E-W fracture sets. Graywacke metasandstones are characterized by three dominant sets, NW-SE, NE-SW,
and WNW-ENE. Pre-existing weaknesses related to bedding in the graywacke metasandstones may have been
exploited by the fractures. Greenstones (metabasalts) have fracture patterns that are similar to the dominant
WNW-ESE set in the graywacke metasandstones, but also contain NW-SE and NE-SW fracture sets. Shear
zones and faults in the greenstones may have influenced the discontinuity orientations. The maxima of the dis-
continuities are WNW-ESE (~285°-95° azimuth), N-S (~355°-175°azimuth), and NE-SW (~30°-210° azimuth).

Additional patterns are evident in the rose diagrams for individual field stations (fig. 6), however because
each station has only about 20 measurements, the patterns may reflect uneven sampling. The rose diagram for the
combined dataset of all stations includes 610 discontinuity measurements (fig. 6). This plot generally shows the
same major discontinuity sets as seen in the different bedrock type plots but is more scattered, illustrating the
diverse complex fracture pattern that characterizes the site.

The strike and dip of the discontinuity surfaces and poles to discontinuity planes were also plotted on equal-
area stereonet projections (fig. 7). For the entire data set, no distinct patterns are evident in the composite
stereonet projections of the strike and dip measurements (fig. 7A). As with the rose diagrams, grouping stereonets
by station and rock type may reveal more robust patterns, however, this is beyond the scope of our study. The plot
of the poles to the discontinuity planes shows several distinct clusters in the main populations (fig. 7B). The lines
around the clusters are 1 percent area contours. The main plane orientations dip nearly vertical (scattered toward
the edges of the net) and are similar to the rose diagrams; the dominant WNW-ENE planes are the cluster of poles
plotting slightly E of N, and the dominant N-S planes are the cluster of poles near the E and W edges of the net.
The NE-SW planes do not show up as a large cluster of poles, but there are small clusters dipping less vertically
(~75°) in the NW and SE quadrants. The last cluster of poles, approximately 45° E of N near the plot edge, is the
near-vertical NW-SE set of discontinuity planes.
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Station 1 Station 2 Station 3 Station 4a
Station 4b Stations 5a and 5b Station 6 Station 7
Station 8 Station 9 Station 10 Station 11

Station 12 Station 13 All stations combined

Figure 6. Rose diagrams of rock discontinuity data from each measurement station, and composite plot of the combined dataset
(lower right). Measurements are reflected across the rose diagrams so that both directions of each plane are represented.



10 Preliminary Interpretive Report 2013-6

Figure 7. Stereonet projections of rock discontinuity data. A. Equal area stereonet projections for all discontinuity data.
B. Poles to the discontinuity planes for all discontinuity data. Lines around clusters are 1 percent area contours.

There are additional ways to analyze the discontinuity data, but these studies should be driven by the goals of
future slope stability evaluations and are beyond the scope of this evaluation. For example, discontinuities could
be weighted based on important factors such as their length, persistence, spacing, oxide staining, fillings, and
other characteristics. The discontinuities could be evaluated spatially, which could reveal patterns related to
proximity to shear zones or large faults. Different blocks may exist in areas with different stresses acting on them
currently or in the past. Additionally, the fractures proximal to the landslide could be compared to more distal
fractures to evaluate whether there are more-dominant fracture sets that could have controlled the bedrock failure
in the area of the landslide. A preliminary test of this hypothesis did not yield patterns.

Fault evaluation

Evaluation of fault orientations can provide insight into the state of stress at the time of faulting. Large
datasets are needed to determine the current and past stress fields, since stress usually changes through time, and
records of these different states of stress are recorded in the rocks. Cross-cutting relations and mineral growth on
fault surfaces are extremely useful for evaluating these stresses. Also, conjugate fault sets are much more
instructive than independent fault planes in evaluating and determining the state of stress. The pattern of slip on a
simple conjugate array of mesoscopic faults is directly related to the state of stress at the time of faulting.

We measured 37 mesoscopic faults in the area around the Yukon River bridge, 33 of which had shear frac-
tures with slicken surfaces. The lack of openings, water flow, gouge, and damage zones on the majority of these
faults indicates that they are likely old, and no evidence of recent movement was observed. Some of the shear
surfaces showed two different sets of slickenlines with different sets of motion, indicating that the movement had
changed. The slip planes of some of these features appeared to be along curviplanar quartz and sometimes epidote
veins (plus or minus chlorite), and were sealed or very tight. This suggests that the tensile openings were
exploited as slip surfaces. Conversely, the veins could have taken advantage of the fault openings and slickenlines
may have been created by continued slip. Either way, the sealed nature of the fractures suggests that this tensile
state has passed. Further fault analyses could elucidate the sequence of past structural deformation in the area,
however it would not help determine the current state of stress. Thus we did not analyze the faults separately.
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Figure 8. Site vicinity map,
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graphic profiles (thin black
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site in figure 11.
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Figure 9. Topographic profiles A-H and K-V across the southern bluff of the Yukon River in the vicinity of the Yukon River

bridge. Figure 8 shows the location of each profile. Profiles | and J across the Yukon River bridge landslide are shown in
figure 12.
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Figure 9, continued
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the 2012
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Results of slope and landslide geomorphology evaluation

General slope conditions and the location of individual slope profiles are shown in figure 8; profiles are in
figure 9. A LiDAR interpretation of the location of prior landsliding and/or other downslope colluvial transport
processes is shown on figure 10. For the areas upstream and downstream of the bridge, LiDAR imagery of the
bluff shows several vegetated possible landslide slopes separated by steep, narrow bedrock ridges that are
relatively stable (fig. 10). Surfaces above the crest of the bluff slopes are mantled by thick, frozen ice-rich loess
and characterized by gentle slopes and common thaw gullies and basins. Geomorphic features indicative of active
faulting are absent on the surface. In particular, there is no indication of recent along-strike activity of the fault
identified in the foundation of bridge pier 4. In the field, helicopter surveys and boat reconnaissance were conducted
along the bluff to look for evidence of prior landsliding for approximately 2,000 feet upstream and downstream of
the bridge; however, no scarps or obvious debris hollows were observed.

Table 3. Characteristics of LiDAR-derived slope profiles evaluated for evidence of slope instability.

Profile
designation Evaluation scale Comments

A 1:398 Slope planar @ 35.5°. Slow creep/gelifluction likely.

B 1:521 Slope planar @ 38.5°. Slow creep/gelifluction likely.

C 1:565 Slope planar @ 36.5°. Slow creep/gelifluction likely.

D 1:610 Slope planar @ 38°. Slow creep/gelifluction likely.

E 1:530 Steep gully between bedrock ridges contains slope debris. Possible small failure below 324 ft
elevation due to river undercutting.

F 1:549 Steep nose of bedrock ridge. Lower section appears oversteepened by river erosion.
Possible slope failure below ~40 ft elevation.

G 1:719 Possible slope failure below ~539 ft elevation.

H 1:698 Possible slope failure below ~543 ft elevation.

| 1:693 2012 landslide below ~507 ft elevation.

J 1:273 2012 landslide below ~477 ft elevation.

K 1:278 Steep nose of bedrock ridge. Possible slope failure at ~325 ft elevation due to undercutting
by river.

L 1:522 Uniform slope of 40°. Possible slope failure below ~332 ft elevation due to undercutting by
river.

M 1:347 Steep (40°) nose of bedrock ridge. Possible slope failures below ~339 and ~317 ft elevation.

N 1:348 Steep (40°) nose of bedrock ridge. Steepened to 43° below ~325 ft elevation.

0] 1:348 Steep (45.5°) nose of bedrock ridge. Top of possible landslide at ~334 ft elevation.

P 1:523 Margin of possible dissected, old landslide below ~372 ft elevation in hollow west of
prominent bedrock point.

Q 1:521 Axis of possible dissected, old landslide with top at ~385 ft elevation and surface slope of
28°. Slope steepens to 44° below ~338 ft elevation due to river erosion. Top of possible
younger landslide at ~321 ft elevation.

R 1:521 Gully fill between bedrock ridges slopes 17°. Slope steepens to 31.5° at ~337 ft elevation in
response to river erosion.

S 1:521 Loess-covered bedrock ridge. Nose slopes consistent 28° below ~361 ft elevation.

T 1:539 Loess-covered bedrock ridge slopes consistently at 20° below ~358 ft elevation.

U --- Not evaluated.

Vv - Not evaluated.

Profiles derived from LiDAR data demonstrate that vegetated possible landslide surfaces slope between 35° and
42° and the steep, lower crests of resistant bedrock ridges slope approximately 40° to 68°. Table 3 shows the scale
at which slopes were evaluated and the slope interpretation for each profile. Between rock exposures on unfailed
slopes, 2-3 feet of loess overlie 4-6 feet of pebbly, silty colluvium derived from downslope transport of loess and
weathered bedrock. Slopes adjacent to the 2012 landslide display surface evidence of downslope movement,
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including numerous bent trees and shrubs, solifluction lobes, and scattered 10- to 20-foot-long, gaping transverse
cracks. Profiles A through H and K through Q show oversteepened bases that may be a result of river erosion or
past massive floods and/or ice scour (fig. 9). These profiles are located in the zone of possible previous slope
movements shown on figure 10. Although some of these slopes may have catastrophically failed in mass wasting
events, they may also reflect long-term downslope creep and gelifluction of weathered (residual) bedrock and
loess. The absence of large colluvial hollows and debris blocks, as well as the relatively planar morphology of the
slope suggests that the latter is the more dominant process of slope modification. Profiles R through V show more
subdued profiles and are generally west and east of the zone of possible slope movements. In these areas, the
slopes are not faceted and appear relatively stable.

= : ~ ~
Yukon River % : Yulibri‘RiGgr // %

-

T E— et
0. 100 200 _’A_QD_ :

Figure 11. Pre- and post-landslide hillshade images derived from 2010 and 2013 LiDAR data. A. Pre-landslide hillshade.
B. Post-landslide hillshade; edges of landslide scarps shown by orange lines.

A comparison of the pre- and post-landslide surface and profiles across the landslide are shown in figures 11 and
12, respectively. Photographs of key features on the landslide are shown in Figure 13. In the pre-landslide
hillshade image, hummaocky topography along the slope indicates the possible presence of previous slope insta-
bility. Thaw gullies at the crest of the slope may have contributed to previous slope movements. The 2012 land-
slide occurred along the downstream end of the thaw gullies. Based on the distribution of headscarps (orange lines
on fig. 11B), the 2012 landslide initiated on the east and propagated to the west. Blocks of debris in the mid-slope
region and a large debris cone at the base of the slope are clearly visible on the LiDAR. Based on the LiDAR
data, the main slide mass, including the area of the debris cone, is approximately 90-100 feet wide and approxi-
mately 220 feet long, however the bulk of the debris was sourced from an approximately 90 x 100-foot transla-
tional slide block in frozen loess at the top of the slope (fig. 13B). In addition to the frozen loess, a large slab of
highly weathered gabbro also failed. Also present are two additional blocks of rock and colluvium that did not
catastrophically fail down the slope. An approximately50x50-foot block on the western side of the headscarp sep-
arated from the slope across a large fracture. This block is underlain by fairly competent, fractured graywacke
metasandstone and was likely made unstable after the main slide eroded the downslope side of the block, remov-
ing lateral support and causing slip to occur along fracture planes. Midway along the western margin of the slide a
second block, measuring approximately 50 x 100 feet, separated approximately three feet from the adjacent in-
place slope (fig. 13D). This block may be susceptible to future sliding.
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Figure 12. Topographic profiles | and J across the Yukon River bridge landslide showing the pre- and post-landslide ground
surface. Pre-landslide ground surface derived from LiDAR data collected by DGGS (Hubbard and others, 2011). Post-
landslide ground surface derived from LiDAR data collected by Alyeska Pipeline Service Company in April 2013. Inferred
slide plane indicated in orange on Profile I.

Topographic profiles | and J were generated from the pre- and post-landslide LIiDAR data across the eastern
and western sides of the body of the 2012 landslide. They demonstrate that the crown of the slide is approxi-
mately 236 feet above low-water level (fig. 12). The profiles show that the landslide occurred on a slope of
approximately 40° and that the post-landslide slope is around 35-37°, which was confirmed by direct measure-
ments in the field. Profile I, down the main body of the landslide, shows three distinct zones including an upper
block failure, a mid-slope zone of scour and stripping, and a lower zone of slide debris deposition (fig. 12A).
Flood deposits on the lower part of the debris cone indicate that break-up floods in spring 2013 did not remove an
appreciable amount of slide debris. Profile J, measured on the slope directly west of the main slide body, shows a
large tension fracture and only subtle translation of the slope mass (fig. 12B).

Three 20- to 30-foot-wide former thaw gullies are present on the slope across the top of the landslide, but
their rounded cross profiles indicate that they are filled with loess and retransported loess and are no longer active.
Along the upper marginal scarps and headwall of the failure, the loess displays closely-spaced planar structures
that generally parallel the ground surface. In Interior Alaska, such planes develop in loess during the annual
freezing of the ground by the formation of very thin, clear, parallel to subparallel, segregated ice lenses (French,
2007). Parallel shear planes also develop parallel to the slope during slow downslope creep of the loess, and
downslope creep likely produced the parallel shear planes in the underlying frozen colluvium. A 5-inch-wide
wedge of clear ice was visible for approximately 5 feet across the freshly exposed headwall of the landslide,
demonstrating that the permafrost table was approximately 2 feet deep at the end of August 2013. The ice wedge
formed when precipitation or meltwater entered and froze in an open transverse crack on the perennially frozen
slope. No other visible ice was observed in the permafrost there, and no evidence of meltwater from thawing per-
mafrost was observed in or around the landslide.

Field observations indicate that the large landslide blocks of frozen loess, colluvium, and highly weathered
bedrock were not rotated during downslope motion but slid on the underlying, more competent bedrock on a
shallow, planar, translational slide plane. Northwest-trending transverse open cracks and their ice fillings likely
had a significant impact on the locations and sizes of the block failures. Additionally, long-term creep and
gelifluction on the slope may have contributed to progressively greater tension that eventually exceeded the ten-
sile strength in the frozen blanket of loess and colluvium. Deeper slide planes may also have developed along
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intersecting fracture planes in the highly weathered gabbro, which is altered to seamy clay. After initial failure,
the displaced blocks collapsed and cascaded down the steep slope as a debris slide, stripping 2-3 feet of collu-
vium off the underlying bedrock in the mid-slope region, and depositing a large debris cone over the lower 90 feet
or so of the slope. The debris cone is characterized by angular chert, gabbro, and graywacke metasandstone frag-
ments, averaging 4-18 inches in diameter. Several large debris blocks with trees in growth position were depos-
ited on the slope (fig. 13C). The zone of stripping and talus deposition is shown in figure 13A. Although a more
detailed site investigation is necessary to more accurately define the slide plane and mechanism of failure, the
field observations are consistent with a block glide transitioning downslope to a debris slide (Varnes, 1958).

Figure 13. Photographs of the Yukon River landslide. A. Upper part of debris cone. Light gray color in upper left is exposed
graywacke bedrock. B. Intact block of weathered gabbro bedrock on the surface. C. Frozen silt exposed in the headscarp.
D. Separation scarp extending west of the middle part of the slide.
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Conclusions and Recommendations

The 2012 landslide occurred adjacent to the Yukon River bridge, but the bridge foundation did not sustain any
damage. The slide initiated in frozen loess and retransported loess, but also involved the underlying highly weath-
ered, weak bedrock (gabbro and graywacke metasandstone). The high density of fractures, joints, shear zones, and
minor faults in the rock mass likely contributed to instability, and active faulting was not a factor. Tension in the
overlying loess related to transverse cracks and ice fillings and the influence of surface hydrology may also have
contributed to the slope failure. The relative roles of these potential causative factors are not completely under-
stood. Based on the surface geomorphology, we conclude that the slide is most consistent with a block glide fail-
ure transitioning downslope to a debris slide.

The bedrock and discontinuity survey determined that the bedrock along the base of the bluff is primarily
composed of metabasalt (greenstone), diorite, gabbro, graywacke metasandstone, and chert with minor limestone,
all of which is fresh and strong. The rocks are closely jointed, with dominant joint sets oriented WNW-ESE, NE-
SW, N-S, E-W, NW-SE. These joint patterns likely extend throughout the rock mass, which includes zones that
are highly altered and intensely weathered upslope. Our assessment of slopes in the vicinity of the bridge indi-
cates that slopes are >40° and are mantled by fairly thin colluvium. The crest of the slope is buried by thick frozen
loess. The interaction of gelifluction and ice and soil processes with the intensely fractured rock provides favor-
able driving forces for slope failure.

Several arcuate, open fractures are present south of the main headscarp of the 2012 landslide, indicating that
additional smaller landslide blocks are poised for future downslope displacements. The slightly separated slope
along the western margin of the landslide is prone to future failure, assuming continued loss of lateral support and
steepening of the base of the slope by Yukon River erosion. Thaw basins at the top of the slope between the land-
slide and the Yukon River bridge, as well as the presence of gelifluction and active creep features, indicate the
possibility of similar slope failures occurring in that area in the future. Although the potential exists for future
slope failures, the lack of any significant landslide scars along the bluff upstream and downstream of the bridge
indicates that large-scale failures are a rare occurrence. The 2012 landslide is the first landslide of this type and
scale at least since the construction of the Yukon River bridge in 197475 and probably for at least 20 years pre-
viously.

Our geologic and geomorphic evaluation has determined that the fractured bedrock and steep slopes in the
bridge vicinity are prone to slope failure. Given the significant landslide hazard adjacent to the Yukon River
bridge and Trans-Alaska Pipeline System, and the potential impact of damage to the bridge to the state’s econ-
omy, it is recommended that a monitoring and instrumentation program be initiated on the slope adjacent to the
bridge to better understand the landslide risk. The instrumentation program should include the installation of
piezometers, extensometers, and tiltmeters. Detailed hydrologic studies aimed at characterizing drainage patterns,
and a geotechnical study focused on characterizing subsurface conditions and an estimate of “Factor of Safety”
are also recommended, particularly in the critical area between the 2012 landslide and the Yukon River bridge.

Closure and Limitations

This report was prepared to convey to the public the general characteristics of the rock mass, characteristics of
rock discontinuities, and the geomorphic expression of the 2012 landslide in the vicinity of the Yukon River
bridge. The observations and conclusions contained in this report are based on site conditions on the dates of the
field evaluations discussed herein and are the opinions of the authors. The information contained in this report
should be considered preliminary and should not be used to determine areas of potential future slope instabilities.
A significant amount of additional exploration and slope stability analysis are required to fully understand the
landslide hazard in the area of the bridge, as well as the potential for reactivation and/or expansion of the 2012
landslide into adjacent slopes.
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Appendix A

Photographs of bedrock at rock discontinuity measurement stations
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Al. Station 1 joint sets, beneath the Yukon River
bridge.
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A2. Station 2 joint sets, 75 feet west of the Yukon
River bridge.
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A3. Station 3 joint sets, 150 feet west of the
Yukon River bridge.
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A4. Station 4a joint sets, 250 feet west of the Yukon River bridge and directly east of landslide.
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Ab. Station 4b joint sets, 250 feet west of the
Yukon River bridge and east of the landslide.
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AB. Station 5a joint sets, 600 feet west of the
Yukon River bridge and west of the landslide.
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A7. Station 5b joint sets, 600 feet west of the Yukon River bridge and west of the landslide.
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A8. Station 6 joint sets, 650 feet west of the Yukon River bridge and west of the landslide.
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AQ. Station 7 joint sets, between 770 and 800 feet west of the Yukon River bridge and west of the landslide.
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A10. Station 8 joint sets, 1,000 feet west of the Yukon River bridge and west of the landslide.
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Al1l. Station 9 joint sets, between 100 and 150
feet east of the Yukon River bridge.
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Al2. Station 10 joint sets, between 200 and 250 feet east of the Yukon River bridge.
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Al3. Station 11 joint sets, between 625 and 675
feet east of the Yukon River bridge.
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Al4. Station 12 joint sets, between 850 and 900 feet
east of the Yukon River bridge.
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A15. Station 13 joint sets, approximately 1,150 feet
west of the Yukon River bridge (promiment outcrop
that extends into the river).
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Al6. Area between Stations 10 and 11, joint sets
in sheared graywacke, approximately 300 to 475
feet east of the Yukon River bridge.
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Appendix B

Field evaluation sheets
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Yukon River bridge landslide: Preliminary geologic and geotechnical evaluation
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aping burddeyy rexmonsg pue

£00Z ‘1 19(0)00 A2

uoieoljIssel) Yooy Plaid v suuog “y xipuaddy
{1 02<) Spim Ldwampes L -
(u 62-9) spw KoA 2 (ug-ggieson ¢ Bﬂww Anuguoosig GC___qubﬂ _ salipagy ‘Buuddo]) To
(BoE)epm s (= 5z-1) es0p Lap T HEW 10 "ON 2poyy aunjleq
{4z - v grmeepon v (1>} osop fLpwamg 7 Bupeds Gmuguoosig
/ _— 10 renprsoY g —
oRU0D) G (sano wez 4o 0 Z1s) pews Jep, g
\\\\ goun uBy  (9GMOUIT0 BT O NSO UEL) IewS pasETEYS ¥
I\\\\\VA\.. . HEIPoN ' (20 UZ-19'0 20 LICO) woow e UMD "E
— [~ e T owesz (o ug-Z 20 USLZ-G) el T e T
// ysag {ano U9 30 Lot 7<) s Ko L :
Leun
: Bopedg s Sieds  saimoeiy (w) oy [ 308 04 ag H Buuswizapm Ewﬂm I
Fersy BN B0y jo e o puRiL o whuoy o0 sels © L yoolg HHqE]
: (NOILVINIRIO ITOH TIRIA HO) .
. SNIOVES ALINNLLNODSIA INIWG3 130 OL SAIAYINS 3N ( NOILVYIWHOINI SSYIW M00Y

qﬁa.:w_tf ‘gL an 270G hut

ship s Im aurena 00! u?ﬂv@
oo

:F.E&T 24O Gy AE 82 Ay

' FREINADA
=& ] D0 Yoy,
a1 squossp o3 st Burdgreno)

(REE e

PRAZS AN

PR WD ST

mwwv..,wkw Ay ?ﬂ> .

000'9E<  ¥oou Buans Jpuaga oy

(spunogar sausuer) 000'9£-000°SL o0 Buans LA S

{1d uSncy soyE0E JOURUEH) 000'S 10002 3o Boons ¥
(1060 UROOUS SSIERID JOUALEH) 00040068 P Buass woipan £ e L
(dn pausnd sapes “acepns SINED JURUEH) 00S"ESTL o0 yeop Zul fa05 6
{poqes sumnai g ‘ssbug Ag sigepion) SZI0SL o0 wetw Ao LY A g ysuharg g
OSLGE oo e ewancd oY gL Usieg "L
0d< Koo prey 05 URRO g SRl g
0LSE Asp ygs LA 53 [ v £0070=) Aepaes - oug oap "G SO S 280 G
se5L Aep uns ¥ {1 TO£0070) pres - s "y uMQIg Y uSIIMONE ¥
St Kap wad £ (U ©-T0) ARG~ WD "E | MOBIATE  USIMONRAE
possassy Z = fepyogzs (Ut Z1€) S9Qqeo - 921000 7 POdZ  usPPOM'Z 3o T
peunsEa 7| > fepyos oA 1S {1 1<) sepinoq - exmeco 6A L Hote " WSPHEL "L me L
=)
pbuagg aassaidwo) upbuang s4s _0 ﬁ ; ..n
N sueia] 0 poulsw anssaudwo) uieIs)
NOILYWHOANI TVREIILYIN 00
[ ] o
wuny °g
_ udeisbojoud 2100 pridid
. uousry ¢
D Wby . wdEme
yoreNs edois et fanion ¢
gleg Aunuguossia pbusy w adAy
40 SI89US 0 ON edoig Aieso

H u«m wm:w& :Qw@n ‘uonipuos Aujige;s ‘ebefedA} sinsodxs) SHAVINTY

M ! ”” “ON S[OH/UOREIS

HOGTOB 05 o DY yomeorr

NOLLYIWHOLNI TWHIN3O

ung .u.Eomw\ ﬂ\u Tﬁﬁ@ﬁ JauieoMA
\w%um\wnm\l% OIS AV Aped piRid
CICF J2x[8 =*=a

‘0N 19fo1d

r —
. YU SSFI ) UCA) [ eweN eloig
J33IHS Y1Vd NOILJI™ISAA SSYN MO0

0] LoH™15 /%@&

TP N  TTh TS SN Fi#ethm

S[eLIdjel apIMaIEIS
seomisg Bupssuibug  ubissg
4d ® 100 eseV jo eejg




£06Z ‘}. 1990300 SARI34T aping Buiddepy [eiNonag puy

suuog 'y xjpusddy ey uonedISSE|D 20y PIRld
T ﬁagnggwégg% "gBnoy
BO0R MDY JEHEM HIEISPISUED N0 PalfsEm, Kooy sieueieiu Boid ‘oL . . L . prscme 8 WM
{ oS} [elsop=1-0 Boags fowaps oy Buge o B .
E%é%gxa@«éﬁgnﬂm B 00'FE000'SL ﬁo_*ém...ﬁwbgmm : B ; om ?ﬁaﬂﬁw .ﬂE.mw. ﬁnﬂ.ﬂﬁm
TIITIREISENT WIS emmeens e MLt s
oy i w% bpuis byt Mw {ssoubinoy or) ur SVHS JOVINS SSANHONOY FOVRINS NOLLYNINYEL
Ayngn moy e 4sp pue E%?&d $TI0SL 3o Mot KA 13 o
(pom) MO HRLVM 0515E ¥y AR 0 Bopped °g
- N (U g <) sPoumaen g vOREROS ‘B
. - ' : (4B wonpees 0= A2 pay 0 - Apoads 040 8 (e-uy) ep fpoony '@ e USR] ")
oy 'F1 pue sy JGHEM I MO SN0 G 025¢ K20 s K94 55 wasdil 20 e AT L c {up- ) spun ey ) anssiy'g
o ey SEGL fep 308 vS PRUSLDT ‘9 (<) 9509 ) ooUS G
SNOOURLCE 041 SHEN JO STID swionss Aoy ¥ siL fep vand £5 anew Aep 2o f=p Bowsss 'S (01 37-17) 9P AEnEsapoN S (woo<) uis Dop s ApEosepsy
. wdsaxd Jaem 531 U Ng G St ARnuguoosi g I kep yos zs anew K85 30 AEp SAROED] (g usdg {0 09-02) Wiy abersatn €
Bz Fons 670 Mop JovEie J0 SOUSDUT SNOYS K9 JnUGU0OS] T = Az yos Asp LS BEIQ0-VON 'E (i zo-10) W0 ARG €+ (WOEDL) WO E weof Z
_ PG JAEMJO uﬁmﬂ,uo:»”g“. =d Bursss soens 7 {00} WRLT worel M1 2 wedL
| sigrisod seadde LUSS0p mog saem ‘Lp pus bl Jaa Anuguedsd ' UES L (e pogr>) Whn Ao, L e e>) mon Aot euaz el 0
— e i - (uede) MONS HEIVM ONITHINI 30 HLONSHAS JAISSIHANOD SHITIIS $0 FuNEYH HLOWEENL T S TOMILLSISHRS 3daL -
£ L ey ()| ¢ —] : z — T i ¥ T T hE] = A )
h . 25C| [ [ E— ) =z [ -1 } ) [ il JU ¥ T ‘ »
S Bg o & —F— 0 T — ¢ T R A el R D I
) ]r%“l.....h.. - |l e | & | —_— s T —_— T 1 v T ﬁﬂmc hG | T | o
T - - =42 — \ -2 —_— | 7 i 1 Z me (o] = ol
£ TUO | & I I = = | T [ 1 i = (Vlilglzl} *
£l 10 —— (= | — 1 = | e [ el = iR
S s 527 o | & —_ Cl— 1 1 v R < WQ {2c|T “
!..:-M..l\n . B - 5.&56 VA" bez O Mm I | - —_ < 1 ] — mea ok | ™= o
< __ lw\v...mx..ﬂh.\ v IT.i\S.cr__r__w\ Sty @ mnn —_— e —— S = I A ] f ..N_ ﬁ.Zuo e |2 n
= T .lAu vy %J e Vxﬂ@émﬂ‘ MWW. Q M.n III‘-.I..Iulll. i — zZ I P.Zu.u.u OT» - ol
—— eemimee} : moall TR oy Z i 7 p= i
= ] = . TR L5 I J ) pe—" aasony z | — | & 1 _ z (\mofeh [z | | ¥
..... = NfeZ1o1 &| —pr— Ll.-2 — i ! T ! G os [T | | 3
= _ N o] € R A— ] z — ] ) T T |((&®)oa £&| C] |t
= : o . ng xﬂw Ul = — 1 =z — i 3 - TNV O o] L ‘i
- | . " m N NIsE O & —_— T LT r—— : ! o ] CJ#51 | 32| 2| | °
= i <L . e w & Aol QO & —— ) =z —_— i T T ] Gt i 2+ < "
= ; s G| =34 ol | —_—— \ = [ A y b 1 BIGilne | T @
= T T«ﬂ.éu %FEE.% jv@ﬁk 530 01 @ —m—— | 1 z — F | 1 >~ 1 1Geslwe| €] P C
.. el .rd,. Yy h._‘vn...tfw,.w_cm_\x_uemu AR Gl — : < =4 <4 m p= % B (s) 9 2] 1 ol
Lrn ad ,ém&ﬂﬁmw L w03 Our  opmidWy  ousieABM odeys  sseudbnoy  Buid S GPM  UoQEURIe] aoUSisKied  UoHoskG Ga ek G R 4F
e yoa.n%pq tﬁbvzuuw o sEm SSSumEM  SSeupem | SoRpng  0BMnS jowduans joeirEn pErwSdy diq uEs
. . ) xC.SZ_._.ZOOm_D 40 NCILVY.1NT _m__u ONY JdNLYN
. _H_ -oN 1954S ©1eq AUNURUCSI f - Of F | ronepnporas \va.w,jua BT T W, VAN uogesoy
S NOWLVINROLAN TVHINID

iR — . ‘oN psloid
sjelajey SpInalels

60

Preliminary Interpretive Report 2013-6

. , Aed pield
QGNL@d (¢ ea

LFTHS VIVA AZAUNS ALINNILNOOSIA

_F__{chxc ARy ﬁﬂa\r :aulen 1eloig

ssointeg Buussuibug @ ublsea’ -
4d % 100 2seNv jo 9EIs




61

sping buiddeyy jeamonas pue

£00Z ‘I 1290300 SARI3Y3

Yukon River bridge landslide: Preliminary geologic and geotechnical evaluation

HeReMNISSEjH ¥20Y pIalg Y sunoq "y xipuaddy
(1 0z<) opim Mowamxg
(3 0z-9) opm L9A @ (mg-sz)esop ¢ sjes Apnuquoosiq soBpoms “Buyddo). 60
(wozopens (5t} os0p LoA T D._o_mﬁ_wo ON __opow aunged
(4T -1 8) sEsspoyi v (w1 1>) as0p Apwanxg 7} Bumeds Linunucosq
: 105 RO ‘3
THAOD "5 (a0 WEZ 0 W Z1>) petlss ARA S
geon wBaiy  (9QM0 U200 B IET 0 UED- UZL) IBWS ¥ PaTEYS ¥
SHEIRpoM °E (2am0 YZ-2£9'0 0 UL-E70) WD "¢ RN E
gen TowBesT {oamo ug-z 0 N91Z-5) e T =Ry T
usaug Ty {oaro yg 3o ug1LT<) o Lap L fpog L :
. [l - iy
Simoedsran) Supeds saumperd (w) B304 [ 30y 20y f oug Buuaigeapm ozZIS
SRRy v jon T emowlua ~yopuasL 10 96untg 10 sjels oolg ouKje
oo : — i .
. . (NOILVEINIIHO I10H TUHA HO) s
) ONIOVdS ALNNLLNOOSIA INIWYZ130 OL SASAYNS 3NIT |7 NOLLYIWHOINI SSYIN MO0

000'sEe  ¥oou Buans Aewanyg oy

F=m

(999 seiss) ubisop “uonipuoo Ayjiqess ‘oberedAy ainsodxe) SHAVINTY

000'9E-000'GL | yoou Buans A 6
(1d Y6n0s SRR JWWRH) 000'S 10002 3001 Buns ¥y ’
' (op poours sEEa s} 000'L-006'S o CucHs WP EY ¥erd ol
(e pousnd Sapes “S0BLINS SR IKIMUEH) 005'E5TL PoINESM TS LN - R '
) (ouqe; suas 1ng ‘Sxeboy Aq Saepon) STLOSE Hoos yeom KA 1Y g . ustes’g
; . 0515 P deRs fewana oy .. anigL usmed L
C i 0i< feppreyes O L9 g USeD 'g
i, oLSE fepyrsloass o (wg00ee) Lepaes - ap g 0G| A0S
b Se5L Aep puns ¢S (01 Z0-£0070) pues - auag y umoIg . yeTumasg
. - Kep wxdgs (1 £-70) ponmal - Wpe ¢ MOPRLCE USIMONBA E
' passessy T v fepyoszs {v1Z1-¢) serqqeo - as1E0D 7 PAHT ,, USPPOYIZ 3z
i Spo0r 8qUdesp o suue) Bukpren PANEESH | > R yos An LS (1 Z1.<) syepynog - Bsseao KGR L sgL ushued"L wbr1 L
isd
o _\ .ma._@.. . pbuang aassaidwion wpbusng Eoralsd _ j 7 *
L %0y .o SWULDIRJ O) POLRSK anssadwod uiRio L e
S NOILVIWHOSNI TVRIZLYIN MO0
| ] = e
LUy ‘g
ydeiBojoud 2500 priy
youaly
] o i
et
goeNs sdoig o
geg Ainuguoosiq ybue I@ecr
JO SI8syS JO 'ON adojg Aieooy

.r_,mou Q= _.oz spHAOINS m_cﬁcs Y32 ,Qnu,% ESN 0ges0]

NOLLYIWHOLNI TVHINIO

} Tﬁaﬁo “iauIeafA \\\\\i\.\\

‘0N y09loid

s[eLRIE SPIMAIEIS S5

\\@)ﬂﬂﬂn\.\%w ¢ YTA00 1 DGR Aed pioid

TG 22/ #ra

ol »e™S \w\ﬁ%@

£
VeSS JToND “OTATK :eweN jo2foid
133HS Y.1VAd NOILdI™¥DS3Ad SSV M00d

seopeg buussuibu] @ ubisaq -
d4d ® 104Q edsely Jo 915 I




Preliminary Interpretive Report 2013-6

62

£00Z ‘1L 1940100 sApo8lT r . - aping Buiddep jein1onng puy
suuo4 "y xipuaddy £-v UOREJISSE]D ¥I0Y Pi8ld

_ hﬁagﬁﬁhsﬂﬁﬁ%g N ] rodders "oy 0
gégggeﬁ%bﬂn%ﬁﬁaﬁw e S fuﬁﬂ ) L st o ) :
I J0 MY SHOMIGHRO USSAING J0 SUBHE MOYS ST Boes 6 008'95-000'SE N .Sm,bﬁfwﬂ : om uﬁszz:um - %w ) ﬂm!m?mwﬂﬁd_.
sopEm 10 SO0 %ggg g DOO'SL-000"L ) ¥ Goans vy !dﬂn.vuvﬁm.fw o Cseumgy POpISUSRONS (L oﬁ_h)n:w.ﬂ.ﬁlzn_
1Wosard sem BaL O &#ﬁ;ﬂﬁ?@ﬂﬂw %mmnown par £M (ssauBnan wior) Our 3dVHS ZOVUNS  ~ SSINHONOY SOVRINS NOLWNIWRELL
Kiasgin st oeousbes Hap pue perepgosiad AuAeey SEpeiE Bogtd ' SZL06L 0 Y AR L = _ ST
(pom=t) MO HALYM 0515E o HES ARSI 04 : Bopped G
. ) : . .  {ug<)-showmeD g vogENey 2
. (uEy wowpees or=< Aep peH 68 Apeds-sep0 g (we-vr) op fewamay'g - WL UOSLE] "L
oy 9y wOSoP PUe LA »swéozowwa.euiwau.m MMMM Euﬁaﬂmm wnsdkS 0 e 935.“ oy wm iﬂ;u>m S enssiyg
. PR (U] S _es
SroNRGR ot ofEM 10 Sa hﬁ;ﬁ. sn.a..n._ao x uw mM..w Nﬁ% ,w_.ﬁfeﬂﬂu.ﬂiﬁ &) Jngshﬂwﬂ_.mm Eﬁa_u@,ou%hiﬂ.m :Eﬂtmw
padszad oa ngﬁﬂa » BagIeL| w120 E 3 obersar
. Businers psnia 65 MOl JPEM. J0 SOUGPUND SMOUS P MINUM00SI] T > . fep wos Aep LS ﬂﬁwzﬂrcozm {x zo-207) cqwmo.ﬂﬁmm (8 os-01) E..@oefw «.B_,M -
ﬁigrgimﬁz@gsﬁ»ﬂgh el . T :ﬁﬁw ﬁhﬁowovwsghawww.m ?mﬁw.uw.m_.ﬁww.m. sﬁh
L o T—— | (Uod0) MDA MLV ONITHIAL 5O HLONTHIS SAISSIUAN00 ONITIIS 3O FHUNN HLOWIHALH3dY SONZUSISHIS - 3dAL
P T g ay vty .s_si.eg u._.ﬁ.n_hs..m m..lo.némi (HO| O] €l WL WU 5 L =8 < v in G\ 62| S| A
FE| Llovvrtrre vaorie v ae SSNQSUI| € | ©f al RIS [ ST e E | B | @0 ol g 5]
e U : ) .S,u.ﬁ.&arabnvmwm&;" bzl g —<| — \ & S 4 [ =3" S < ! o Bl 4 i
lﬂ.:ll%ﬂt& s Wwﬂ_ﬂ:. Rl §(§t3 f%m _"Jwﬂ (@] +, | e 1 ,N “Z7a d@..#..m = = i C;z.‘r,mu (] m £
- T Eada s o NS W P A O RS — 1 2 Sd Il < | T p (@O o] & .
= 4 _ ‘5N frirs N 2D ehe| O = - 1 = S Typ » < [ i NLEh ag | =0 EX
S p ps U ohny AN .av_mﬁﬂw_ B I@I B e we | <€ Ve | S & | ~w? S| & Z . | 25h] Xh| © g
e e VoA S ARG T ~z v YEE ZIERNE S T WNOjde| = v
ucld ] .z~ Wt T T | 29 ["me| £ [ <G (gum| WN| & B
_m Ul e «& \ = \ S Ree| & \ 5 | MP| |G 1"
ol a e < 3 S| 2ol 2 \ A o %L & 03
Dlg P B it L — = \ \ 1 Mviac| z °
- O ls i T — T 1 Y = MV | j5| T 2
B 2SN N e ™ JabZ [ | 5 —+— [ 2 el ] ] < |MIS 152 ~
3 T [ FFS yrrm e imEnd b0l V1S T | 1 |t | — 1 T i ! T (CI%1 | 8] 5 7
R D | DR TN <2l Q| 5 N = = [ = | \ z V_iGaLi s © d
- » i..\l " 0 L n - NixbT| Q1 S B | o — © \ T \ MUTEI™ R
e Aﬂl.l.r._.l " " = »v” ] - T} | P ———— i z —— rq | b i Gq HOM.__ ..Hw v £
- R 2 ki ki S AT R I ES NI — ] 1 T — 1 =, \ - 7 G § e[ 71 1 ©
E%l&& STV SCIVD P 0 m . o\ X z I A# 2 & = @] q Cy8) | et ] a1 !}
RN e mﬂﬂﬁ_rﬂuﬁw o Sur oDV hoeeie deus  Soubnoy BN DUl WP Uomeuial eousimied wowelg 00 oaAl RGN0 H
¥ TLamie AUE R u.wﬂm:\nn.‘ - .\\ bﬁw; SSOUABAL  SSSUMBAW  0BPNS  &OZNS o pbueng ».cﬂ...&mz farmpady ' dig vonElS
e PR . . ALINNELINODSIA 40 NCILLY.LNIHO ONY JANLYN
[T ] » [ ]onweus sea unupuesia - [ 7747 oi¥]ronepunorss - [T R T ARERG | uonesoy
_ “ S NOLLVRMO-NI TYHINTD
AP0 JsyesM ‘0N 13loid — C
- SjeLIs)elR 9PIMAIEIS
g?ﬁ%m BIjlPF PAPIIS LR fued peld GLAsai) Aohvy U OAT [eWeN yoeloid wmo_awm mc_“@””m_._mmm%mﬁwa |
29Z] 27 [e ora _ITTHS VLVA ATANNS ALINNLINOOSIA  5d 8 100 BISEIV o 1Es




63

Yukon River bridge landslide: Preliminary geologic and geotechnical evaluation

aping buiddeyy [eimonng pue £00Z ‘L 190390 SARIBYT
UOREOLISSEID H90y PlRld v suuog 'y xipusddy

(iz<) opim Koisama L L
(i 020) spw 54 0 (ug-gTheso e sjeg Ainuguoosiq - .J:Q\ﬁfom s3BpapA ‘Benddo]) e
o opun’s (1 §°Z-L) @s0p Lo T &! sofep J0 ON apoy ainjeg
{az- wg) swispop ¥ {x 1>} 9500 Apurnxg 'L Bupeds REMINUOST : .
HOG (P13 "9
22RO S (sano wgZ 30 % Z1>) petls KBNS
~ o . WY (84000 B DT 0 N0 VRL) KewS Y paenss ¥
\\ ) SjEse00p (BN UZ-£9°0: 30 1260} WRupop ¢ UG S
cen T owles T (agro Yoz o yalz-g) ol Z =aeL T
\ / - ysau5 L | (eorougio u9LZ<) 88 LeA L fpong L
e s s @ or 508 oo ¢ |Busemzem ¢ P=s T
P JooN o0 o] 10 pumy 10 85003 jo ayEs ) 0019 ouged
o (NOILVINIRIO FT1OH TIHa ¥O) . B )
o @Z_Oﬁnﬁm ALINNLLNOOSIA INIWHS 130 OL SAIALNS 3NIT NOLLYWYOINI SSYW MO0Y
quwbﬁﬁlwﬁq Ty by Jer o _ ooa'se< ﬁem.bﬂfﬁhwmm
BjrEER? ?&Em_ Wz s Gx,ﬁw.ﬁﬂa.w {ud &am.., SaEan uueH) cwwqm“.oo%m > WM& mcoum mm :
| i a2 vilswiegd A (LoD toousS S8R JoUNIEH) DOCIOOSE 00 BuanS UnipsH £ e 0t
- ppAaRSOP G- PG Aoy By s [(dn pousnd SSpIS "S084ns SIS UKUEH) DOS'ESEL 00 eBp T fae g
! SR | {ouaey sumat g “0eboy A eqapton) S22-06% 3000 yesm 9A 1Y Mg e g
. : ARNR OSL-GE 00U ¥EaM Aewandd oY : ang L uysing "L
TVE AT Qq#n\g‘.% 0i< 20 prey 95 g g yEREID g
/ / . o0Lrse Kep ugs oA S5 {w200°0>) Keppes - g A5op, 'S S0 'S 480 '8
hoer L a2 ong) QIR . =27 A2p UBS ¥S (0 Z0-£00°0) pues - 2083 ¥ R L
Atasag J o _ L . sk fap uixd £5 (WET0) PABS- WP S MOPA'S  USWOBA'E
_av._.E“m_ oy lpog wev@ 9 passassy 7 & fep10s 7S (nzig)saHaoo-osen 7 BT WRPOMZT S WRAT
. . SPOTeqUOSED OySuLRE BUiRen) pamseapy p- - " fEpiyes DA LS {11 Z1<) swepinoqg - 95RO LA 'L snd "L sstd °) Wb L
) . 1Ba :
—— wbuans ok e " oms .
L e mﬁox. N‘ euluLIslag Ol pOSN .M& anssaudwo) _ Wn_ =305] QH .@ rm_ 10100
NOLEYWEOANI TVRIZLYIN Y00
Erad : SOHMT L
ydesSojou @100 il
- touarl ¥
. wbioH . ndeme
i edois uogeAZaics ubgonElieg z
eeq Anuguoasiq (pbuay adA1
J0 S199US JO 'ON adois ;A jAieso
)8 10 dop HO 130 00 oM yaviwng daxing HF | onsprponms ,vw:wwmwxw\%t@a = (057 uogeoor
 (5y0 soisst GBisep “uompuoo Auiqers oBe/eds} 2insodxe) SHUYINTH = NOLLYWHOANI TW43N3O
WAGh 106, "hQ0g) ) oLpEOM ‘0N 1090014 Mmmmamwg X St7206 foon
[ . . . _ . S[eLRlel epimelels
-~ o::.w AU Aped prid ASEeNy VOAT teweN 19loid ssonies Buusauibug 2 UBISAQ

!

@ﬁu’w. [2elg ra 133HS V1vdad NO1LdI¥OS3a SSVIN X00d 4d 8 100 BISEIV JO 2E1S



£00¢T ‘I 4940100 dARO9NT aping Buiddey feanjonng puy

Preliminary Interpretive Report 2013-6

64

swao4 "y xipuaddy £V uoREIYISSEID HI0Y pPletd
m%g»v;gguﬂa%ﬁgﬂcgd . . o . e Mm .. )
o ) (omupeewgss) 009 o Buadgs Kouwapd 8y Gunewpun 'WeoWS D) paddals e -+ uBnoyg BTEA SPUR N0E
ISR SO MO 0 J0 SUBES WOUS 57 B 000'es000'st ¢ parfuansbessy sl g Gunsnpon ¢ T toows Z IS PUI BUQ L
ha?b&pﬂ%&ﬂunis%mé 8 000'GL-000"L 30 Boegs vy eUEY ‘PEpESUREES - D U L PORISUTENS T DEGESIA pUB SRS D
wosad KNEm GaT) OU “UED SreFE Bugey <) 000" L4005 3 Buans Wepsp £ (ssaoubnoy weor) Oul IIVHS IVIENS SSANHONOY IIVRINS NOLLYNIEL
Fppoeatnad mop A0 0 900 0DS'ES2L © %oar e TH .
Apiepm moy yeysbs Hop pue papepgosucs fusel spociew Bused g Szr0sL Hocu yeam KRA L ! :
< (pem) MO HRLYM o5L5E 0 PN KSRy 0 Busppog 'g
(ug <) snowmed s vorERod 8
{96y wompeu 042 fep pm es Agoads - 300, g (We-u %) opm Rowarc g ORI OS] "Z
oy ﬂﬂﬁo&%gﬁs%iﬁtég k1 oLrse Ko yps K5p, 65 wrsdAS 10 e MoK L (- ) opum foap "y anssy g
. i “moy se51 £ep s vs PRUSWSD) '9 (o< Ppaan °9 =S G
STONURUOD 08 SSHEM JO ST 0 = SRS a+ St lep g €5 e ke 20 kep Buagang 'S (u ¥-1) P AEaEsopon °g (3 09<) ubsy fap o Arssaps ¥
’ sz spEm, A} ol )0 ‘duiep 5 Agnunucosg ¢ I+ hepyos zs e AP 30 fEp Sagel 'y (11 1-20) wedo ¥ (uosoc) By obeaen? g
Sidanens e e ol JOEM J0 B00GPAS EMOUS A NIRIONSI] T = keppos lop 1S BASIOOVON 'E {uzg-1p) wedodpmd e - - (UOEDL) WhPoW uor g
MO ISHEM J0 BOUGHAS OO A Sniaguoosi] * L (=X Buwmeys soegms g (o bo+00) WL T (roi-g) mz e L
exssod seadde Lussop mog s 'Ap pue 195y fea nuguoosy o . ) ey ) {01 $00°>) WO LOA"L (o) mo7hept sloz wney 0
(v8d0) FROTS HIIVM ONITHNT 3O MLONTHLS SAISSTUIH0D ST S0 THOLYH HAOWIRNLEEY | IONTUSISHD 3dAL
[y AR [EN—E————— ' Z —_— ! i ’ = et [0 [ | AW
—Z < Q| '\ —_— | T — L | - (MET|ER[ ¢ »
7 St on [ — R Ea — } ) ! < | (MGL] B ] —~ 3
T Gz o | - - z —_— i i s < e 7% 0% = <
z. L bl Q! T | e — i i L < - |{(MUF] g T a3
z [fece[@ | ™ — 1 i T f— ] P z [wolg] | i
Al =00 [ — P T [ — | [T = [ (N0 |GB|® |
A SARIFATEITOE[ Q | '\ | — ) d —1 1 I T | VAT T B
Tl ) o9e | O s —_— i Iy Y U = i ] Z \Nitlen | & o
[ 2 D e[ Q| < T z — | Z ] 9 R ENE v
N . B o[ O < 1 ) T | — | = \ Q T QR |[Qr] T o
& =99 E| ——— ¢ | e | —| = v I= " [GeFacl ST
- A FATTXUETS | O | S| —T T e | — T | 1 = T opu[E -
Zz | . B <o & ——— Z Z | — | = g - ] JOREE] 3% | S =
= 1 | senze woumpmo ap1elleY| O | G| ——— &« | E C— [ T ] A AREIE 7
€ | Sogow WNwwwem M aZLEE O 4| —tf— | & | T | ey (w5 | T [T [MITRIGL T H
g T aswaymoawgl 52| Q| S | ——— 1 = R i o) ~ (M0 Thnl ¢ 1
e 1T i i e e 28%| 0) 0 e S 2 A 58 M%7 2 z | AW 5E .mn i
g | i 35&?%& el o | hpl—r— | & L | ey =2l 977 T | &l 1512 o
||-|L|||]Il||.‘|1||d| y - " 3 ¥, N - - a T —
[ _ EonG mevaws 230 0N “.wdm OTL | ————| < i 8 F3p| Tl T e sst o i
A ePIT | ) i ﬂcwﬁu TY wo= our -epmidwy  WOUSABM | 9deds  seeuubnon  bulmd.  oulld  WeIM vogetie | ouissled womoarg  did dAL Eaaobwmﬂ
mEM SSOUMBM - SSOUMEM - 0BUNS  SoRung JO whuang  jo mmeN  [amgsady i vogeEls
ALNNLINODSIA O ZOE.«C.Zw_W__U ONVY JHNLYN
_H_ [ 1] onwaus ereq Aunupuesia N 3 | ron soHponas ffen+ 5T i {02%) | :uoneoon
AU
: zo:.qzmcui__ Wu3NTD

vlsr 5&3#3 3330 JouyIEaM
\m)sgwmwg FPIS iy fued pieid

< _o&\\mm\w eeq

" :oN polord

..wme:m‘.mnx.v Vi, :eweN 1sfoid
LIIHS VLVA AIAUNS ALINNILNODSIA

s|euaely av_!auﬁv

ssomseg Buussubug g ubiseg _ -

~ 4d ¥ 100 BISEIV 0 9IS .




65

Yukon River bridge landslide: Preliminary geologic and geotechnical evaluation
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Yukon River bridge landslide: Preliminary geologic and geotechnical evaluation
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