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INTRODUCTION

The Deliitin Debris Flow Valley (DDFV) drains the
southern Hoh Serh range into the Deliiiin Valley to
the west (Fig. 1). The valley is oriented ENE-WSW,
perpendicular to the trace of the transpressional
Hoh Serh fault (HSF), which runs along the base of
the Hoh Serh range. The bedrock of the DDFV is
mostly phyllite grading to schist, with some basaltic
dikes and quartz veins in small sections of the valley.
Extending westward from the mouth of the DDFV
is a large lobate hummocky deposit about 2 km long

(Fig. 2).

Figure 1. The Dellitin Debris Flow Valley in the southern part of
the H6h Serh Range.

Preliminary reconnaissance suggested that the
deposit was produced by a large debris flow, and we
will hereafter refer to it as a debris flow deposit. The
goal of this study was to characterize the debris flow
deposit and gather evidence for its origin. To this
end, we mapped the deposit and the glacial features
in the DDFYV, and simulated comparable slope-fail-
ure events using a flume model. To investigate the
possible role of a moraine-burst flood in producing

Deluun eb’

Figure 2. The Deltiiin Debris Flow viewed from the north.

the debris flow deposit, we mapped glacial features
in the DDFV above the deposit.

METHODS

Field measurements on the debris flow deposit and
in the DDFV were collected using a differential GPS
(DGPS). We quantified the distribution of boul-
ders and grain sizes at the surface of the debris flow
deposit, and repeated these measurements in fluvial
drainages to quantify differences at depth in the
deposit. Boulder measurements were taken on the
A, B, and C axes where possible. A Ro-tap machine
was used to measure the distribution of grain sizes
in by mass in the matrix, and we used KaleidaGraph
software to find the mean grain size of the matrix.

DGPS measurements of the valley were compiled in
ArcGIS (ESRI) in order to measure the length and
slope of the valley, the size of the moraines, the size
and depth of the lake, the slope of the valley walls
and the cirque wall, the width of the flow, and the
distance from the end of the moraine to the flow
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(Fig. 2). These measurements were scaled to con-
struct a 1:2600-scale flume model of the DDFV (Fig.
3). A 240 cm-long plywood board was used for the
base of the valley. A mixture of 15% kaolinite clay,
45% 4 ¢ sand, 40% 0.25 - 0.75 ¢ sand, and a small
amount of 2 mm sand was used to approximate the
sediment distribution of Pond Moraine, the moraine
that we believe dammed the paleo-glacial lake (see
Discussion).

Figure 3. Flume model used to simulate debris flow event. A: the
model before dam rupture; B: ruptured dam representing Pond
Moraine.

Several possible causes of the outburst of the mo-
raine-damned lake were tested on the flume model,
based on the most typical failure mechanisms caus-
ing debris flows. Ice avalanching is a common trig-
ger for moraine dam failures because many glaciers
have retreated up to steep rock slopes since they
abandoned their moraines. Toes of glaciers cling-
ing to steep slopes are heavily crevassed and wet,
and are thus prone to failure (Clague et al., 2000).

Incorporating ice into the model lake simulated ice
avalanching. We simulated piping of water through
the moraine and resultant undercutting on the
downflow side by allowing water to sit overnight in
our model lake. We simulated earthquakes, which
are likely due to tectonic activity by mechanically
shaking the model.

The volume of the glacial lake was calculated in Arc-
GIS using field measurements of the probable lake
extents, assuming the lake was at least as high as the
lowest section of the Pond Moraine. We collected
GPS waypoints along two transects through the
paleo-lake to estimate the approximate profile of the
lake bottom. In addition three cosmogenic nuclide
(TCN) samples were taken on Pond Moraine as well
as a radiocarbon sample from the toe of the DDFV.

RESULTS

The debris flow deposit extends 2.3 + 0.5 km from
the drainage divide of the DDFV and is 2.2 £ 0.5 km
from the northern tip to the southern tip. The pe-
rimeter of the toe is 11.3 + 0.5 km. The flow is hum-
mocky; hummocks are about 10 m long and 3 m in
amplitude. The deposit contains closed depression
and swales that are finer-grained than the ridges.
Lithologically, the debris flow deposit is matrix-
supported deposit composed primarily of phyllite.
Granite, gneiss, vein quartz, quartzite, basalt, schist,
quartz pebble conglomerate, and epidote all exist

in smaller quantities. Clasts at the surface of the
debris flow deposit are larger than clasts deeper in
the deposit. Clasts at the surface measured 91 £ 5
cm along the principal axis (+ 1 SD); clasts exposed
in drainages measured 33 + 5 cm. There are more
granite boulders at the surface of the deposit than
at depth. The clasts range from pebble to boulder
size with the largest measuring 60 x 33 x 12 cm (A,
B, and C axis, respectively). The matrix is predomi-
nantly fine sand with an average size of 3.35 mm.

The DDFV shows extensive evidence of glaciation.
A retreating mountain glacier still exists upvalley to
the north. At the top of the DDFV is an extant gla-
cial lake. Downvalley of the lake, glacial striations
are visible in the valley bedrock. Just above the
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debris flow deposit is a boggy depression containing
patterned ground such as hummocks, solifluction
lobes, and “mud cracks” due to permafrost. Just
downvalley between the depression and the debris-
flow deposit is a large moraine (Pond Moraine),
which is missing from the southern side of the
DDEFV. Below Pond Moraine is a terminal moraine
complex marking the furthest extent of glacial ice.

The Pond Moraine returned TCN ages of 120 +/- 10
ka, 63 +/- 5 ka, and 13 +/- ka. The two older ages are
interpreted as an inheritance signature and therefore
as older than the deposition of the moraine. The
radiocarbon age of 370 +/- 15 y is a limiting mini-
mum age from ponded sediments deposited on top
of the DDF deposit. This brackets the age of the flow
between 355 y and 14 ka.

DISCUSSION

Based on geomorphology, the deposit at the mouth
of the DDFV was probably produced by a massive
debris flow. The boulders on the top of the flow
were generally larger than those contained within
the flow; this is consistent with debris flow depos-
its elsewhere (Yong et al., 2005). Furthermore, the
deposit is matrix-supported unlike primary glacial
deposits.

The debris flow deposit was probably formed by the
catastrophic release of glacial meltwater dammed
behind the Pond Moraine Complex. The DDFV is

a very steep-walled valley; most moraine-dammed
lakes occur in cirques or the upper reaches of steep-
walled valleys behind end moraines (Clague et al.,
2000). Pond Moraine has steep slopes of between 31
and 40 degrees, consistent with those found in other
valleys that have produced debris flows (Costa and
Schuster, 1988). Closed depressions on the debris
flow deposit may have been produced by pieces of
glacial formerly occupied the depression above Pond
Moraine contained a minimum of 3.9 km’ + .05 km?
of water.

The results of the flume experiment support the
interpretation that an ice avalanche caused the
damn to be overtopped and eventually eroded on

the southern side (Fig. 3). Other scenarios such as
piping, saturation, and simulated earthquake did not
result in dam failure. Enough water was contained
in the lake behind Pond Moraine to remove the
entire south side of the flow.

The DDF Terminal Moraine Complex is the oldest
complex that is a large moraine that extends as low
as 2400 m elevation. This complex is cut by a large
channel and is possibly a principal source of DDF
material. By comparison with other valleys in our
study area, the glaciation that produced the DDF
Terminal moraine complex was probably Last Gla-
cial Maximum (LGM) as there is no evidence of ice
advance farther downvalley. During its retreat, the
glacier deposited several recessional moraine com-
plexes including the Pond Moraine complex.

The debris flow deposit is sufficiently old that soil
processes are evident at its surface: there is stage two
pedogenic carbonate growth on the bottom of the
rocks located in the upper 20 cm of the flow, and
there is a small amount of organic matter accumula-
tion in the incipient A-horizon. The southern side
the flow is being covered by recent alluvial fans
eroding from the Hoh Serh range.

CONCLUSION

The deposit below Debris Flow Valley was formed in
a large debris flow event, based on its morphology
and the features of the valley above. This debris flow
event was probably produced by a moraine burst
that allowed a glacial lake containing about 3.9 km’
+ .05 km® of water to catastrophically empty from
the valley.
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