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EVIDENCE FROM FLANK RIDGES FOR LONG-TERM DIMINISH­ 
ING MOVEMENTS OF THE SLUMGULLION 
LANDSLIDE, HINSDALE COUNTY, COLORADO

By Mario Parise, Andrea Moscariello, and Robert W. Fleming

Abstract: The Slumgullion landslide, in 
southwestern Colorado, is a complex phe­ 
nomenon consisting of an active landslide 
currently moving on the upper-middle part 
of an older, larger, and inactive landslide. It 
is bounded for most of its length by flank 
ridges that are linear ridges of landslide 
material that have formed during movement 
along the lateral boundaries of the landslide. 
Flank ridges formed by deformation of land­ 
slide material, as well as formed by deposi­ 
tion of landslide material onto the adjacent 
ground surface, were recognized on the inac­ 
tive Slumgullion landslide.

Flank ridges are the best preserved fea­ 
tures in the deposits of the inactive 
Slumgullion landslide. They extend continu­ 
ously for several hundred meters, following 
the landslide boundaries. The several gener­ 
ations of flank ridges were mapped on aerial 
photographs and later field checked; obser­ 
vation of their main geomorphic, pedologic, 
and sedimentologic characters helped in 
reconstructing the chronology of their forma­ 
tion. An attempt was also made to correlate 
the identified sets of flank ridges with the 
known history of movement of the 
Slumgullion landslide.

Maps and profiles were used to estimate 
previous width and thickness of the land­ 
slide at the time of formation of the identi­ 
fied sets of flank ridges. Comparison of these 
values with the present width and thickness 
of the Slumgullion landslide showed a thin­ 
ning and narrowing trend, which will eventu­ 
ally result in inactivity of the presently active

part of the landslide, unless a new amount of 
material is available from the source area.

INTRODUCTION

Previous studies of the active part of the 
Slumgullion landslide have (^documented the 
growth of flank ridges and noted the pres­ 
ence of relict flank ridges in both the active 
and inactive deposits of the slide. This report 
documents the relative ages and distribution 
of relict flank ridges in the inactive landslide 
deposits. The relict ridges indicate past 
boundaries and height of the surface of the 
slide. The distribution of the ridges provides 
evidence for gradual thinning and narrowing 
of the slide.

The first section on flank ridges reviews 
the literature and discusses terminology. 
Next, descriptions are presented for two 
areas on the inactive Slumgullion landslide. 
The first area is at the narrowest part of the 
landslide, and the second is downslope from 
the active toe.

The description of the flank ridges and 
their distribution on the landslide were used 
to identify sets of ridges that formed at the 
same time. The elevation of the surface and 
the width of the Slumgullion landslide at 
these times of formation of each set of flank 
ridges provide a historical perspective on 
long-term changes in landslide movement.

The boundaries of both active and inactive 
parts of the Slumgullion earth flow are 
shown in figure 1. Main dimensions of the 
entire earth flow complex are listed in table 
1.

(^Observations dealing with kinematics of the movement at Slumgullion site showed that most of the movement of 
the active part of the Slumgullion earth flow takes place along the shear surfaces which bound the landslide on its 
sides (Crandell and Varnes, 1961; Guzzi and Parise, 1992: Baum and Fleming, 1996: Savage and Fleming, 1996; 
Fleming and others, 1996; Fleming and others, in press); therefore, it is more correct to refer to it as an earth slide 
or landslide. However, since it has been described for a long time as earth flow (and sometimes also used as typical 
example for this category of slope movement), the term earth flow has become and still remains traditionally popular 
for the Slumgullion. In this paper, we use interchangeably both the terms earth flow and landslide in referring to the 
slope movement.



FLANK RIDGES: ORIGINS AND 
DEFINITIONS

Flank ridges are among the most widely 
recognized and described surface features in 
slope movements and are particularly com­ 
mon in flow-type movements. The ridges are 
long, linear convex-up mounds of material of 
highly variable dimensions. In general, they 
are steep sided, with slopes in excess of 30° 
and appear to have a scale relationship to 
the feature in which they form. Ridges have 
been seen on the flanks of small mudflow 
deposits that are only a few centimeters high 
and wide.

On large slow-moving landslides, they are 
typically in the range of 2 to 15m high. 
Named levees, lateral ridges or flank ridges, 
these features have been a topic of study in 
slope movements worldwide. Ridges have 
been described in specific deposits for many 
years (e.g. Rickmers, 1913; Blackwelder, 
1928; Sharp, 1942; Johnson, 1970). Origin 
and growth of flank ridges in earth flows 
have been described in detail by Keefer and 
Johnson (1983), Fleming and Johnson 
(1989), and Baum and others (1993). 
Although they have presented some data 
that constrain how they form, coherent 
explanations of their processes of formation 
are still lacking.

,' / - - \

ASX.V \ %

FIGURE 1.  Location map showing the boundaries of both inactive and active parts of the 
Slumgullion earth flow. The active part of the landslide complex is contained within the 
boundaries of the inactive landslide everywhere except for a small stretch on the south side 
near the toe.



TABLE l.~ Morphometry of the inactive SlumgulUon earth flow (after Parise and Guzzi. 1992)

Feature
Area of deposit (2)
Length
Width 

-head 
- narrowest part 
-toe

Relief 
- elevation of top 
- elevation of tip

Average slope 
- deposit only 
- including main scarp

Thickness 
- average 
- average on thalweg of buried valley 
- maximum

Volume 
- earth flow deposit 
- detached mass (3)

Length : width

dimension
4.74km2
6.8km

1,130m 
290m 
530m

3,700m 
2,700m

7 (12%) 
8 (14%)

40m 
90 -100 m 

140m

leSxlO'm3 

142xl06 m3
>6: 1

(^Including the deposit identified by Chleborad (1993).
(^Including a 30% bulking factor; for further details see Parise and Guzzi (1992).

Keefer and Johnson (1983) and Fleming 
and Johnson (1989) distinguished ridges 
formed by deformation of landslide debris 
from those formed by deposition (fig. 2). The 
deformational ridges form as a result of a 
screw-like motion of material moving up and 
out of the landslide surface. The external 
boundary of the ridge is typically slicken- 
sided and may contain an intruded dike of 
clay along the margin. Fleming and Johnson 
(1989) surveyed the growth of flank ridges 
and development of associated structures on 
landslides in Utah. The crests of ridges rise 
relative to adjacent material that is moving 
downhill as a result of displacement. For the 
landslides in Utah, the relative growth of a 
ridge was about 5 cm per m of landslide 
translation. Strain measurement revealed 
tension at the crest of the ridge and com­ 
pression on the flank of the ridge (Fleming 
and Johnson, 1989). The depositional ridges 
form by overflow of landslide material onto 
the adjacent ground surface, and by remobi- 
lization of landslide material that leaves in 
place a ridge as a type of lag deposit. 
Depositional ridges are formed outside the 
strike-slip fault on the flanks of the land­ 
slide.

Corominas (1995) has reviewed many of the 
proposed mechanisms for formation of flank 
ridges. Ridges have been described on flows 
of ice, mud, debris, and lava as well as on 
true landslides. In part, the wide variety of 
proposed mechanisms for formation of flank 
ridges results from the many different situa­ 
tions and materials in which they have been 
observed to occur. Corominas (1995) made a 
strong case for basal erosion and shear in the 
development of flank ridges. There are situa­ 
tions, such as along the flanks of lava flows, 
however, where basal erosion cannot have 
played a role even though the ridges are mor- 
phometrically similar to those on the surface 
of a moving landslide. Thus, in this paper, we 
do not attempt to document processes of for­ 
mation but rather we use the ridges as mor­ 
phological indicators of previous boundaries 
of landslides.

The great majority of the flank ridges at the 
Slumgullion landslide appears to have formed 
along the boundary between active and inac­ 
tive landslide movement as a result of shear 
displacement on the bounding strike-slip 
fault. The bounding strike-slip fault occurs 
on the outside edge of the ridge, and the 
crest of the ridge is higher than adjacent
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landslide material. A few ridges were noted 
to form within the active landslide, and they 
invariably appeared to form adjacent to lon­ 
gitudinal strike-slip faults within the body of 
the landslide. In plan view, the flank ridges 
are elongate, curved convex and point down­ 
ward at their termini. Their width is always 
small with respect to their length. Height of 
the ridges ranges from tens of centimeters to 
30 m. Flank ridges are currently as much as 
15-20 m higher than adjacent landslide 
material. In cross-section, flank ridges show 
a convex-upward curve and V-shaped 
troughs on both sides that is emphasized by 
active erosion. The inner side is generally 
steeper than the outer. Where height and 
width are comparable, the ridge is rounded; 
with increasing height, narrow ridges with 
steep slopes on both sides form. Maximum 
observed steepness on the sides of the ridges 
is between 35° and 40°.

The crest of the ridge is generally a distinct 
line, parallel to the earth-flow boundary. If 
the ridge is wider than typical, it may con­ 
tain a double crest at its top, with the two 
crests separated by a slight intervening val­ 
ley, or a small furrow. In most cases the 
double crest derives from erosion along the 
top surface of the ridge; however, in places, 
the furrow may represent overlapping of suc­ 
cessive ridges.

Ridges were recognized to be forming with­ 
in 200 m of the head and about 500 m of 
the toe of the active Slumgullion landslide. 
The toe of the active landslide is advancing 
over the surface of the old, inactive landslide 
and is spreading as it moves downslope. 
Thus, there is little opportunity for flank 
ridges to form there. In the inactive land­ 
slide, flank ridges are present from near the 
head to the toe of movement. In places there 
are up to four subparallel ridges present in 
the inactive landslide debris just outside the 
flanks of the active landslide.

Flank ridges that have formed along the 
flanks of a landslide provide a basis to evalu­ 
ate the history of movement in much the 
same way as moraines are useful indicators 
of movement history of a glacier. As long as 
earlier glacial episodes were more extensive 
than later episodes, the moraines can pro­ 
vide documentation of glacial advances and 
retreats. A flank ridge that is within the 
boundaries of an active landslide is soon 
destroyed by the differential deformations

that occur within moving ground. However, 
ridges left outside the boundaries of active 
movement are among the best-preserved fea­ 
tures of past landsliding. And, similar to the 
record of valley glaciers, there typically forms 
a pair of flank ridges on opposite sides of the 
landslide that provide a duel record of a pre­ 
vious position of active landslide movement. 
If a landslide enlarges laterally and incorpo­ 
rates deposits from an earlier stage of move­ 
ment, the ridge on the side of the enlarge­ 
ment will typically be destroyed, but an 
unpaired ridge may remain.

THE FLANK RIDGES AT THE 
SLUMGULLION LANDSLIDE

Flank ridges were noted and described by 
some of the first observers of the 
Slumgullion landslide. Cross (1909) reported 
that the flow is bounded for nearly its entire 
length by two moraine-like lateral ridges of 
very sharp outline (Cross, 1909, p. 126). 
Some of the ridges bounding the earth flow 
are visible on photographs taken by Cross, 
and reported by Howe in his study of land­ 
slides in the San Juan Mountains of 
Colorado (Howe, 1909).

The inactive Slumgullion earth flow is 
bounded on its sides by flank ridges for most 
of its length in the valley of Slumgullion 
Creek. At the terminal part of the earth flow, 
in the valley of the Lake Fork of the 
Gunnison River, only a few remnants of flank 
ridges are recognizable (the most distal are 
two parallel ridges, located on the right flank 
of the earth flow, about 600 m uphill from 
the inactive toe; cf. fig. 5).

At the upper and middle part of the old 
earth flow, flank ridges extend continuously 
for several hundred m, and are generally 
parallel to the landslide boundaries. Several 
generations of flank ridges, having different 
heights and sizes, are identifiable. The old 
ridges contrast significantly with the size of 
the presently forming flank ridges associated 
with the active earth flow. Typically the 
largest ridge is in the outermost position. 
The outermost ridge presumably was formed 
at the time of the initial failure of the land­ 
slide. Toward the inner part of the landslide, 
smaller ridges record separate and succes­ 
sive changes in the landslide boundary.



Smaller ridges that formed inside the older 
and larger ridges could result from the con­ 
tinual downslope movement of a gradually 
decreasing volume of material. In a few 
places, smaller lateral ridges are present on 
the outside of very large ones bounding the 
earth flow. Small ridges can be observed par­ 
allel to but outside larger ridges, for example, 
where State Highway 149 crosses the land­ 
slide.

Secondary slope movements, mostly rota­ 
tional slides, falls and flows, were observed 
on the sides of several flank ridges at the 
Slumgullion landslide. Slope movements are 
present, for example, on the main left flank 
ridge downslope from the active toe; down- 
cutting by Slumgullion Creek on one side, 
and by a perennial stream on the other 
causes frequent slope movements (Parise and 
Moscariello, 1997).

The several generations of flank ridges pre­ 
sent on both the sides of the inactive 
Slumgullion earth flow were mapped on aeri­ 
al photographs and later field checked. We 
also surveyed the characteristics of several 

  lateral ridges to understand the chronology 
of their formation and the variability of their 
features. These included the size of the 
ridges (both in absolute terms and relative to 
other landslide materials), their reciprocal 
relationships, main direction of their axes, 
and the presence and type of vegetation 
cover and of soils (the latter being described 
also by means of the Munsellis color charts, 
Munsell, 1954).

Two areas were selected for detailed 
description of the flank ridges on the 
Slumgullion landslide: the first is located at 
the middle-upper portion of the slide, near 
its narrowest part, and the second area is 
immediately downhill from the active toe.

These areas were chosen because they 
show a well-preserved sequence of flank 
ridges on both sides of the earth flow. 
Moreover, they show interesting aspects of 
kinematics and deformation of the landslide 
deposits. In fact, the narrowest part of the 
landslide has the highest average rate of 
movement at the Slumgullion earth flow, 
that is about 6.0 m/year (Crandell and 
Varnes, 1961; Guzzi and Parise 1992; 
Savage and Fleming, 1996; Fleming and oth­ 
ers, 1996).

Flank Ridges Near the Narrowest 
Part of the Landslide

Several generations of flank ridges bound 
the middle-upper part of the active earth 
flow. This area is adjacent to the most nar­ 
row and fastest moving part of the active 
Slumgullion landslide and has local flank 
ridges forming in the actively moving part. 
On the north side is an area termed sec­ 
ondary source area that was evidently a 
source of landslide debris that predates all 
but the earliest flank ridges. On the basis of 
geomorphological (height and width of the 
ridge, shape, slope gradient on inner and 
outer slopes) and sedimentological (soil 
type, sedimentology of deposits) features, 
and of the development of soils and vegeta­ 
tion on the ridges, a chronology of the for­ 
mation of flank ridges can be demonstrated.

The reconstruction (fig. 3) of ages for 
ridges is numbered from (D to (D, with (D 
being the oldest. Number (D refers to a phase 
probably related to the movement of material 
from the secondary source area, due to its 
orientation, diverging from most of those of 
the other ridges. It is fairly well vegetated 
with aspens and spruce/fir, and its slopes 
are quite smooth, due to the effect by the 
erosional processes, after its formation. 
This ridge was cut by the development of 
the flank ridge labeled as © whose main axis 
follows the direction of the active earth flow. 
This ridge also steps to the left a few tens of 
meters uphill. The innermost ridge, i.e. the 
one closest to the present active earth flow 
boundary (labeled as (D), has good continuity 
and a fresher appearance than the two pre­ 
vious sets. These young ridges have higher 
values of slope gradient and, at several sites 
(marked by asterisks in fig. 3), the inner 
slopes of the ridges are affected by minor 
slope movements.

At the upper sector of the area shown in 
figure 3, another set of flank ridges (labeled 
as ©), is present. This set is the youngest of 
the inactive lateral ridges, and shows small­ 
er values for its morphometric parameters 
(cf. table 2).

The generations of flank ridges on the 
right side of the earth flow were also partial­ 
ly identified and correlated with those on the 
left side. Ridges belonging to set (D could not



TABLE 2.-Features used for the chronology of formation of the flank ridges at the narrowest part of 
the Slumgullion earth flow. Sets of flank ridges labeled as in figs. 3 and 4, and as in the text.

Set of 
flank 
ridges

dashed 
ridee

Maximum 
height 

(h)

10m

14m

18m

8m

5m

Maximum 
width 
M

24m

32m

48m

20m

33m

Inner 
slope 

gradient

30°

36°

40°

35°

16°

Vegetation 
cover

fully 
vegetated

fiilly 
vegetated

partly vegetated

partly vegetated; 
locally no 
vegetation

fully 
vegetated

Munsell's 
soil 

color

very pale brown 
[10YR 7/4]

brownish yellow 
[10YR 6/6]

yellow [10YR 7/6] 
with pinkish gray patches 

[7.5YR 6/2]

yellowish red 
[SYR 5/8]

yellow [10YR 7/8] - 
brownish yellow 

flOYR 6/81

TABLE 3.- - Estimated values of width and thickness of the ShimgulUon landslide, after the for­ 
mation of main sets of flank ridges recognized on the landslide.

Narrowest part of the slide

Downslope from active toe

Time of formation 
of set©

width thickness

267 m 47 m

510m 119m

Time or formation 
of set ®

width thickness

204 m 37 m

444 m 126 m

Present time

width thickness

170m 30m

300m 114m



be identified on the left side, and ridge ®, at 
the left lower corner of figure 3, bifurcates 
into two parts. The dashed ridge in interme­ 
diate position between those labeled ® and ® 
is not very well defined morphologically, and 
we were not able to fit it in the chronology 
reconstruction. Development of vegetation 
and soil are, however, similar as for ©, but 
its height is smaller (table 2).

Variations in size of the flank ridges can be 
used to estimate previous width and thick­ 
ness of the landslide at the time of formation 
of the flank ridges. Comparison of such esti­ 
mates with presently observed values of 
width and thickness provides clues about the 
landslide evolution (Fleming and others, 
1988).

At the Slumgullion earth flow, flank ridge 
sets ® and ® were used in this analysis 
because of their continuity along most of the 
landslide.

Data in table 3 show that at the narrowest 
part of the Slumgullion earth flow the dimin­ 
ishing width of the landslide occurred with a 
reduction in the thickness of material 
involved in movement. The diminution in 
thickness seems to be of particular interest. 
Since the time of formation of the flank ridge 
set ® the maximum height of the landslide 
diminished 36%. Likewise, the present width 
of the active landslide appears to have been 
reduced by perhaps 50%.

Flank Ridges Downslope From the 
Active Toe

We also studied flank ridges at the middle 
part of the inactive Slumgullion landslide, 
just downhill from the active toe (fig. 5). 
There, flank ridges are well-preserved on 
both sides of the landslide, and form the 
most conspicuous feature here. Geomorphic 
and sedimentologic characters of the flank 
ridges were again investigated, but only a 
very simple chronology of their formation 
could be developed.

Most of the observed features of flank 
ridges in this sector are similar, and ridges 
were correlated largely on the basis of posi­ 
tion. However, some differences occur 
between flank ridges on the right and left 
side of the inactive landslide. The right flank 
ridge is very long and narrow, with a sharp 
crest and slopes up to 35° (fig. 6). It is proba­

bly the analog of set ® adjacent to the active 
landslide. The ridge is formed from two long 
segments, truncated near the active toe of 
the landslide (elevation about 3,000 m; fig. 5) 
by material coming from a unnamed right 
tributary of the old Slumgullion Creek. The 
area between the two segments is presently 
occupied by a marshy beaver pond. The main 
right flank ridge, that is set ®, shows on its 
outer position remnants of another set of 
flank ridges, cut by the State Highway 149. 
The latter are smaller with respect to the 
inner ridge and are very flat, with gentle 
slopes and a general rounded shape (fig. 6); 
soil and vegetation characteristics are the 
same as those of set ®. Therefore, we inter­ 
preted these ridges as depositional ridges 
formed as a result of overflowing of landslide 
material coincidently with the main flank 
ridge (deformational type); these ridges are 
labeled as set ®a in figures 5 and 6.

No depositional ridges were found on the 
left side of the inactive landslide downslope 
from the active toe. A 90 m wide and 25 m 
high flank ridge (belonging to set ®) bounds 
the earth-flow deposit on this side. The ridge 
is bounded on both sides, by Slumgullion 
Creek on the south, and by a perennial 
stream flowing from the active toe on the 
north. The streams cause downcutting of 
side slopes of the ridge and promote local 
slumps and falls. The top of the main left 
ridge is flat in its wider part, and does not 
show a well-defined axis; at sites, a double 
crest can be recognized (see for example pro­ 
file D-D1 in fig. 6). A 150-m-long flank ridge 
belonging to set © is present at the outer 
side of the main left ridge (fig. 5).

The narrowing of the landslide from more 
than 500 m at the time of formation of sets 
®, to the present width of 300 m was not 
accompanied by a significant decrease in 
thickness (table 3). The thickness remained 
about constant around average values of 
115-120 m (Parise and Guzzi, 1992).

The narrowing from 500 to 300 m repre­ 
sents about a 40% decrease in volume. The 
40% reduction in volume was sufficient to 
allow movement to stop in the region down­ 
hill from State Highway 149. The reduction 
in volume at the narrowest part of the land­ 
slide is much larger, but active movement 
continues in that region.



FIGURE 3. Sketch of the sector near the secondary source area on the right side of the 
earth flow, showing the several generations of inactive lateral ridges and their relative 
chronology (from the oldest ® to the youngest @. Location is at the most narrow part of the 
active earth flow. See text for explanation. Traces of the transverse profile of fig. 4 are shown.
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FIGURE 4. Transverse profiles (looking downslope) at the narrowest part of the earth flow. 
Location of profiles are shown in fig. 3.
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FIGURE 5. Simplified geomorphological sketch of the middle-lower portion of the 
Slumgullion earth flow, from the active to the inactive toe. Traces of the transverse profiles of 
fig. 6 are shown.
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FIGURE 6. Transverse profiles (looking downslope) at the middle-lower part of the old 
Slumgullion earth flow. Location of profiles are shown in fig. 5. SH is State Highway 149.
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FIGURE 7. Block diagram showing a possible model explaining the concentration of large 
boulders at the top of lateral ridges at the Slumgullion earth flow.

DISCUSSION AND 
CONCLUSIONS

Insofar as we know, this is the first 
attempt to relate flank ridges adjacent to a 
landslide to its history of movement. It 
appears that the oldest flank ridges can be 
associated with the episode of movement 
that blocked Lake Fork and created Lake 
San Cristobal. The landslide exhibits a con­ 
sistent pattern of narrowing and, in the 
upper part, of thinning that will ultimately 
lead to a cessation of movement.

As a result of this study, it appears that 
detailed mapping of the ridges combined 
with documentation of the materials and 
presence or absence of pedologic soils could 
provide valuable information on the history 
of movement and help to ascertain whether 
movement has been episodic or continuous 
over the past 1200 years (see also Madole, 
1996). The correlation of ridges at the two 
localities we studied was based on morpholo­ 
gy and position with respect to the inactive 
landslide boundaries. Whether such correla­ 
tions can be demonstrated to be accurate 
can only come from tracing their extent in 
the field and projecting their traces across 
intervals where ridges have been obliterated 
by more recent movement.

An intriguing issue on the origin of lateral 
ridges is the presence of large boulders 
aligned along their crest. The boulders are 
generally arranged with their longest axis at 
right angles with respect to the trend of the 
ridge. Field observations at the contact 
between the rock-fall deposits at the upper 
portion of the Slumgullion landslide (Parise 
and Moscariello, 1997) and the active left- 
lateral ridge suggest that the large boulders 
present on top of narrow ridges could be 
interpreted as the remnants of a wider cover 
made up by large blocks that was reworked 
and dismembered by the building up of the 
flank ridges (fig. 7). Large boulders are in 
fact found at the ridge side slopes that have 
slid or rolled down from the ridge crest dur­ 
ing its formation. Large boulder fields, prob­ 
ably related to ancient rock-fall events, are 
recognizable only at the main scarp foothills 
and at the upper Slumgullion earth flow; 
moving downslope, namely from where the 
bounding shear surface reaches the ground, 
the boulders do not form such features, but 
they are mostly dispersed and scattered 
along the body of the earth flow.

In a way similar to the one just described, 
other authors have interpreted in different 
types of flow-like gravitational movements 
the presence of boulders and coarse material
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on top of the lateral ridges as related to ero­ 
sion following the phase of deposition. For 
example, Curry (1966) has inferred that 
ridges of boulders were the result of washing 
of the fine materials out of old mudflow 
deposits; his conclusion was also supported 
by observations of a mudflow at Steele Creek, 
Yukon (Broscoe and Thomson, 1969).

The recognition of several generations of 
flank ridges on the sides of the Slumgullion 
landslide is consistent with the history of 
movement of the landslide. Fleming and oth­ 
ers (in press) described at least four episodes 
of movement of the landslide: the first episode 
blocked Slumgullion Creek, about 1000-1300 
years ago; the second episode blocked Lake 
Fork and caused the impoundment of Lake 
San Cristobal, about 800-900 years ago; the 
third episode was collapse of the north part of 
the headscarp, about 300 years ago; the 
fourth episode is the reactivation of old land­ 
slide deposits, and is represented by the cur­ 
rent episode of movement (Fleming and oth­ 
ers, in press).

We lack absolute dating for the identified 
sets of flank ridges, so no absolute correlation 
between the four episodes of movement sum­ 
marized above and the flank ridges can be 
made. However, it is reasonable to assume 
that the most developed of the outer sets of 
flank ridges, the flank ridge labeled as ® in 
this report, was related to the first episode of 
movement of the landslide. Set (D, the most 
continuous along the landslide, was formed 
during the second phase of movement, when 
the large majority of material moved down the 
valley of Slumgullion Creek. Set © is probably 
related to minor episodes of movement within 
the body of the landslide. Finally, presently 
forming flank ridges, not described in detail 
in this report, are recognizable along the 
shear surfaces bounding the active 
Slumgullion earth flow; they are related to 
the current phase of movement.

Analysis of flank ridges at the Slumgullion 
landslide indicated past boundaries and 
height of the landslide; distribution of the 
ridges shows evidence for gradual thinning 
and narrowing of the earth flow. Thinning 
and narrowing, due to decreasing sediment 
discharge from the source area, progressed 
until the lower reaches of the landslide could 
no longer move. Similar thinning and narrow­ 
ing documented by recent mapping (Fleming

and others, in press) will eventually result in 
inactivity of the presently active part of the 
landslide unless there is an increase of 
material available in the source area.
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