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ABSTRACT

A large retrogressive earthflow occurred near Terrace, British
Columbia in late December , or early January .
Landslide debris extended down Mink Creek one kilometre,
and backed water upstream  m. A small channel has
incised the spoil and adjacent forest. Post-failure erosion is
significant. This paper provides a photographic overview of
pre- and post-failure conditions of the earthflow.
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OVERVIEW

Sometime between mid-December  and early January ,
 ha of glaciomarine sediment flowed and slid rapidly into
Mink Creek, near Terrace, British Columbia. The landslide
occurred when a zone of sensitive clay suddenly liquefied,
probably after a small creek bank failed. This initiated a
complex sequence of flowing and sliding along gently dipping
failure planes. The landslide was retrogressive, although a
central portion of the failure may have occurred as a
monolithic flakeslide. Landslide debris filled the incised valley
of Mink Creek and extended downstream for one kilometre.
The spoil dammed the creek and backed water  m
upstream. This raised the water level by approximately  m
and caused a small lake to form.
The earthflow was first spotted on January  by a helicopter
pilot who discovered a plume of dirty water in the Lakelse
River and followed it to its source in Mink Creek. The event
was, however, not reported to authorities until April .
Glaciomarine sediments are extensive in Kitimat–
Kitsumkalum trough (Clague ) and in other fjordal valleys
of British Columbia. Two earthflows occurred in May and June
of  at Lakelse Lake, less than  km from the Mink Creek
failure. These earthflows were associated with, but not
necessarily linked to, highway construction. We have also
identified numerous older earthflow scars near the study site
and throughout the Kitimat–Kitsumkalum trough. These scars
are most apparent in clearcuts, but are very difficult to
distinguish in mature forests, where tree height is often ten
times the height of crater headscarps.
The Mink Creek earthflow occurred in rolling to flat,
gullied glaciomarine terrain in sediments that were deposited
approximately   years ago during the Fraser Deglaciation
(Clague ). The weight of the glacier had depressed the
ground below sea level. When the glacier retreated, ocean water
filled the valley and created a fjord. Glacial retreat up
Kitsumkalum–Kitimat trough was relatively rapid, although
there were several periods when the ice front was stable.
During one such period, the snout of the stable calving glacier
was situated near the present location of Thornhill. Sedimentladen meltwaters poured from the ice front and deposited
gravels and sands near the snout of the glacier, forming a large


sandur (Terrace Airport). Smaller clay and silt particles
remained suspended in the saline seawater much longer and
were deposited further from the ice front, in a characteristic
open flocculated structure. This microstructure—often
compared to a house of cards—gave the material a high void
ratio and water content. The sediment consisted of low-activity
minerals (Geertsema and Schwab ), which is a requisite for
quick clay development (Torrance ).
The isostatic rebound that took place after deglaciation
elevated the fjord floor by approximately  m near presentday Mink Creek. The sediment was minimally consolidated
and experienced slow load increase. As the land emerged above
sea level, the sediment underwent leaching by freshwater,
which gradually lowered its porewater salinity. At the same
time a stiff, fissured, weathered crust developed in the upper
– m of the soil profile. In a soft, sensitive zone below this
crust, the liquid limit decreased as the salinity lowered. The
inter-particle repulsive forces increased, while the moisture
content remained constant. The resultant quick clay lost nearly
all its strength upon disturbance, and became a liquid slurry in
the failure process.
Since the failure occurred, the site has been transformed as
the original features have degraded—the creek has incised the
spoil, the surficial material has eroded, the ridges and prisms
are fractured and toppling, the fissures have enlarged, and a
seeded grass/legume mix has started to colonize the site. This
paper, modelled after a report by Brooks et al. () provides
an important photographic record of unique features that are
rapidly degrading.
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The Mink Creek earthflow is located near Terrace, British Columbia.
Although large earthflow scars are common in the area, only the
two 1962 earthflows at Lakelse Lake have been previously
referenced in general discussions of surficial geology and terrain
hazards (Clague 1978, 1984; Evans 1982). A previous description
of the Mink Creek earthflow has been given by Geertsema and
Schwab (1995).



a (i)

a (ii)

       Aerial stereo photographs of the Mink Creek earthflow site
(a) pre-failure (June 5,1993; 30BCC 93007 # 141, 142) and (b) post-failure (summer 1994). As with the 1993 Lemieux landslide
(Brooks et al. 1994), the Mink Creek crater is bounded by pre-failure gullies. The gully to the east appears to have formed in a
historic flow bowl. A significant portion of the landslide occurred in a harvested clearcut.
Stereo triplet (b) shows the outline of the failure. Numbers 1, 2, and 3 refer to zones with different morphological features. The
crater in Zone 1 contains little spoil; in fact failure plane is exposed at “A.” A central zone here may have failed as a flakeslide.

b (i)

b (ii)

b (iii)
N

A
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       Continued
Zone 2 contains a relatively greater amount of spoil than Zone 1.
A secondary slide (Zone 3) occurred in an existing gully and was likely triggered by the main landslide. Its headscarp coalesces
with the sidescarp of Zone 2, but is separated from Zone 1 by an island of trees. Debris from Zone 3 did not enter the creek.

       Oblique view of the Mink Creek earthflow (April 1994).
Photo supplied by Canadian Helicopters.

a

b

       Digital models generated from detailed pre- and post-failure
topographic maps. (a) Note the large gully to the right, part of an
historic earthflow, and smaller gullies to the left, as well as the
general complexity of the terrain. (b) This post-failure model shows
that the earthflow was bounded by pre-failure gullies.
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       Digitally generated cross-section running from the headscarp
through the centre of the crater and across the creek. Note the
complexity of the pre-failure topography. Horizontal distance is
about 600 m, vertical height about 40 m. The average depth
of failure here is about 15 m.

a

       The central part of the main flow bowl was relatively clean and
revealed extensive areas of exposed failure plane, not a common
phenomenon in earthflows. (a) Blocks translated across the
exposed failure plane. Bedding dips 3° down flow. Only the left
block subsided into failure plane.
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       Continued
(b) Note spoil lineations trending parallel to flow direction.
A flakeslide may have occurred in this area.



i

ii
iii
       Three levels of failure plane are evident in this photo. Slip surfaces
are exposed in the scarp at locations i and ii. Debris covers a slip
surface at location iii.

Zone 2

A
Zone 1

       A massive, steep-walled, pallisadal structure (at location “A”)
separates Zones 1 and 2 (see Figure 2b). Debris translated across
and covers a failure plane on top of this structure. This failure
plane is situated approximately 6 m higher than a lower failure
plane (see locations i and iii, Figure 7).



a

b

       (a) Horizontal bedding in fissured ridges indicates failure was
translational rather than rotational. Generally, ridge crests trend
perpendicular to primary flow direction, although there is evidence
of spoil sliding parallel to ridges subsequent to ridge translation.
Photo (b) shows a ridge that had its top removed by translational
sliding along a probable silty interbed.



  Classic wedge and prism terrain produces a graben and horst
topography that is common in Zone 2. This appears to agree with
a failure mechanism model first proposed by Odenstad (1951) and
later refined by Carson (1977). As ridges translate perpendicular to
flow direction, intervening wedges collapse and subside. Sensitive
material under the collapsed wedge liquefies and flows out of the
crater, removing toe support and allowing the next ridge to follow.
Thus, a retrogressive succession ensues. Translational sliding
appeared to occur along bedding planes.



a

flow direction



b

  Remarkable prisms which are remnants of ridges are also fissured
and horizontally bedded. Prismatic blocks and ridges are good
indicators of flow direction: bedding in their crests folds down flow;
they trend (for the most part) perpendicular to flow direction; and
their up-flow and down-flow sides are clean and littered with spoil,
respectively. The latter observation has also been made by Carson
(1979). Photo (a) shows an intact prism; height is approximately
4.5 m. Flow direction is to the right. Photo (b) shows a shattered
ridge. Shattered portions of the ridge are lower stratigraphically
than the central portion which indicates possible subsidence.
Bedding is horizontal in the collapsed structures. Note the
weathered surface on the outer, down-flow, part of the total ridge
system.




  Rotational failure of wedges from the translated ridges also occurred in Zone 2. Davis and Karzulovic (1963) and Seed and
Wilson (1967) have noted similar rotational features in large landslides in lacustrine sediments at Lago Riñihue, Chile and in
marine sediments in Anchorage, Alaska, respectively. This mechanism is not in complete agreement with the retrogressive
failure models of Odenstad (1951) and Carson (1977).

  The final mechanisms of failure were rotational along the
earthflow headscarp and sidescarps. The orientation of blocks
indicate concave rotational slip.

  An example of a curved, convex, exposed slip surface was found
near the centre of the crater.



  Mud coated on standing trees indicates the height of
a wall of spoil that flowed down Mink Creek.



  Numerous cedar stumps split in half during the failure. The split
stumps are excellent indicators of flow direction.



a

b



c

d

  Post-failure erosion is significant. (a) Erosion of fissures on the
exposed failure plane was significant 18 months after the failure
(compare with Figure 6). The translated prism in photo (b), a
portion of a ridge that is shown fractured and fissured in June
1994, is progressively degrading in photo (c) taken in October
1994. (d) A portion of it appears ready to topple in June 1995.
Mink Creek had incised a channel through the landslide spoil by
April 1994.



a

b

  In the Terrace area, timber volumes in mature forest often range

from 400 to 700 m3/ha. The resulting network of trees (photo a)
can add considerable strength when embedded in landslide spoil.
Therefore, the trees may play a role in stabilizing spoil. By providing support to the backscarp, the trees may also control the
distance of retrogression. Note the pile of spoil jamming up against
trees in photo (b).
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ABSTRACT

A large retrogressive earthflow occurred near Terrace, British
Columbia in late December , or early January .
Landslide debris extended down Mink Creek one kilometre,
and backed water upstream  m. A small channel has
incised the spoil and adjacent forest. Post-failure erosion is
significant. This paper provides a photographic overview of
pre- and post-failure conditions of the earthflow.
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OVERVIEW

Sometime between mid-December  and early January ,
 ha of glaciomarine sediment flowed and slid rapidly into
Mink Creek, near Terrace, British Columbia. The landslide
occurred when a zone of sensitive clay suddenly liquefied,
probably after a small creek bank failed. This initiated a
complex sequence of flowing and sliding along gently dipping
failure planes. The landslide was retrogressive, although a
central portion of the failure may have occurred as a
monolithic flakeslide. Landslide debris filled the incised valley
of Mink Creek and extended downstream for one kilometre.
The spoil dammed the creek and backed water  m
upstream. This raised the water level by approximately  m
and caused a small lake to form.
The earthflow was first spotted on January  by a helicopter
pilot who discovered a plume of dirty water in the Lakelse
River and followed it to its source in Mink Creek. The event
was, however, not reported to authorities until April .
Glaciomarine sediments are extensive in Kitimat–
Kitsumkalum trough (Clague ) and in other fjordal valleys
of British Columbia. Two earthflows occurred in May and June
of  at Lakelse Lake, less than  km from the Mink Creek
failure. These earthflows were associated with, but not
necessarily linked to, highway construction. We have also
identified numerous older earthflow scars near the study site
and throughout the Kitimat–Kitsumkalum trough. These scars
are most apparent in clearcuts, but are very difficult to
distinguish in mature forests, where tree height is often ten
times the height of crater headscarps.
The Mink Creek earthflow occurred in rolling to flat,
gullied glaciomarine terrain in sediments that were deposited
approximately   years ago during the Fraser Deglaciation
(Clague ). The weight of the glacier had depressed the
ground below sea level. When the glacier retreated, ocean water
filled the valley and created a fjord. Glacial retreat up
Kitsumkalum–Kitimat trough was relatively rapid, although
there were several periods when the ice front was stable.
During one such period, the snout of the stable calving glacier
was situated near the present location of Thornhill. Sedimentladen meltwaters poured from the ice front and deposited
gravels and sands near the snout of the glacier, forming a large


sandur (Terrace Airport). Smaller clay and silt particles
remained suspended in the saline seawater much longer and
were deposited further from the ice front, in a characteristic
open flocculated structure. This microstructure—often
compared to a house of cards—gave the material a high void
ratio and water content. The sediment consisted of low-activity
minerals (Geertsema and Schwab ), which is a requisite for
quick clay development (Torrance ).
The isostatic rebound that took place after deglaciation
elevated the fjord floor by approximately  m near presentday Mink Creek. The sediment was minimally consolidated
and experienced slow load increase. As the land emerged above
sea level, the sediment underwent leaching by freshwater,
which gradually lowered its porewater salinity. At the same
time a stiff, fissured, weathered crust developed in the upper
– m of the soil profile. In a soft, sensitive zone below this
crust, the liquid limit decreased as the salinity lowered. The
inter-particle repulsive forces increased, while the moisture
content remained constant. The resultant quick clay lost nearly
all its strength upon disturbance, and became a liquid slurry in
the failure process.
Since the failure occurred, the site has been transformed as
the original features have degraded—the creek has incised the
spoil, the surficial material has eroded, the ridges and prisms
are fractured and toppling, the fissures have enlarged, and a
seeded grass/legume mix has started to colonize the site. This
paper, modelled after a report by Brooks et al. () provides
an important photographic record of unique features that are
rapidly degrading.
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The Mink Creek earthflow is located near Terrace, British Columbia.
Although large earthflow scars are common in the area, only the
two 1962 earthflows at Lakelse Lake have been previously
referenced in general discussions of surficial geology and terrain
hazards (Clague 1978, 1984; Evans 1982). A previous description
of the Mink Creek earthflow has been given by Geertsema and
Schwab (1995).



a (i)

a (ii)

       Aerial stereo photographs of the Mink Creek earthflow site
(a) pre-failure (June 5,1993; 30BCC 93007 # 141, 142) and (b) post-failure (summer 1994). As with the 1993 Lemieux landslide
(Brooks et al. 1994), the Mink Creek crater is bounded by pre-failure gullies. The gully to the east appears to have formed in a
historic flow bowl. A significant portion of the landslide occurred in a harvested clearcut.
Stereo triplet (b) shows the outline of the failure. Numbers 1, 2, and 3 refer to zones with different morphological features. The
crater in Zone 1 contains little spoil; in fact failure plane is exposed at “A.” A central zone here may have failed as a flakeslide.

b (i)

b (ii)

b (iii)
N
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       Continued
Zone 2 contains a relatively greater amount of spoil than Zone 1.
A secondary slide (Zone 3) occurred in an existing gully and was likely triggered by the main landslide. Its headscarp coalesces
with the sidescarp of Zone 2, but is separated from Zone 1 by an island of trees. Debris from Zone 3 did not enter the creek.

       Oblique view of the Mink Creek earthflow (April 1994).
Photo supplied by Canadian Helicopters.

a

b

       Digital models generated from detailed pre- and post-failure
topographic maps. (a) Note the large gully to the right, part of an
historic earthflow, and smaller gullies to the left, as well as the
general complexity of the terrain. (b) This post-failure model shows
that the earthflow was bounded by pre-failure gullies.
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       Digitally generated cross-section running from the headscarp
through the centre of the crater and across the creek. Note the
complexity of the pre-failure topography. Horizontal distance is
about 600 m, vertical height about 40 m. The average depth
of failure here is about 15 m.

a

       The central part of the main flow bowl was relatively clean and
revealed extensive areas of exposed failure plane, not a common
phenomenon in earthflows. (a) Blocks translated across the
exposed failure plane. Bedding dips 3° down flow. Only the left
block subsided into failure plane.
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       Continued
(b) Note spoil lineations trending parallel to flow direction.
A flakeslide may have occurred in this area.



i

ii
iii
       Three levels of failure plane are evident in this photo. Slip surfaces
are exposed in the scarp at locations i and ii. Debris covers a slip
surface at location iii.

Zone 2

A
Zone 1

       A massive, steep-walled, pallisadal structure (at location “A”)
separates Zones 1 and 2 (see Figure 2b). Debris translated across
and covers a failure plane on top of this structure. This failure
plane is situated approximately 6 m higher than a lower failure
plane (see locations i and iii, Figure 7).



a

b

       (a) Horizontal bedding in fissured ridges indicates failure was
translational rather than rotational. Generally, ridge crests trend
perpendicular to primary flow direction, although there is evidence
of spoil sliding parallel to ridges subsequent to ridge translation.
Photo (b) shows a ridge that had its top removed by translational
sliding along a probable silty interbed.



  Classic wedge and prism terrain produces a graben and horst
topography that is common in Zone 2. This appears to agree with
a failure mechanism model first proposed by Odenstad (1951) and
later refined by Carson (1977). As ridges translate perpendicular to
flow direction, intervening wedges collapse and subside. Sensitive
material under the collapsed wedge liquefies and flows out of the
crater, removing toe support and allowing the next ridge to follow.
Thus, a retrogressive succession ensues. Translational sliding
appeared to occur along bedding planes.



a

flow direction



b

  Remarkable prisms which are remnants of ridges are also fissured
and horizontally bedded. Prismatic blocks and ridges are good
indicators of flow direction: bedding in their crests folds down flow;
they trend (for the most part) perpendicular to flow direction; and
their up-flow and down-flow sides are clean and littered with spoil,
respectively. The latter observation has also been made by Carson
(1979). Photo (a) shows an intact prism; height is approximately
4.5 m. Flow direction is to the right. Photo (b) shows a shattered
ridge. Shattered portions of the ridge are lower stratigraphically
than the central portion which indicates possible subsidence.
Bedding is horizontal in the collapsed structures. Note the
weathered surface on the outer, down-flow, part of the total ridge
system.




  Rotational failure of wedges from the translated ridges also occurred in Zone 2. Davis and Karzulovic (1963) and Seed and
Wilson (1967) have noted similar rotational features in large landslides in lacustrine sediments at Lago Riñihue, Chile and in
marine sediments in Anchorage, Alaska, respectively. This mechanism is not in complete agreement with the retrogressive
failure models of Odenstad (1951) and Carson (1977).

  The final mechanisms of failure were rotational along the
earthflow headscarp and sidescarps. The orientation of blocks
indicate concave rotational slip.

  An example of a curved, convex, exposed slip surface was found
near the centre of the crater.



  Mud coated on standing trees indicates the height of
a wall of spoil that flowed down Mink Creek.



  Numerous cedar stumps split in half during the failure. The split
stumps are excellent indicators of flow direction.



a

b



c

d

  Post-failure erosion is significant. (a) Erosion of fissures on the
exposed failure plane was significant 18 months after the failure
(compare with Figure 6). The translated prism in photo (b), a
portion of a ridge that is shown fractured and fissured in June
1994, is progressively degrading in photo (c) taken in October
1994. (d) A portion of it appears ready to topple in June 1995.
Mink Creek had incised a channel through the landslide spoil by
April 1994.



a

b

  In the Terrace area, timber volumes in mature forest often range

from 400 to 700 m3/ha. The resulting network of trees (photo a)
can add considerable strength when embedded in landslide spoil.
Therefore, the trees may play a role in stabilizing spoil. By providing support to the backscarp, the trees may also control the
distance of retrogression. Note the pile of spoil jamming up against
trees in photo (b).
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