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THE MORPHOLOGY OF THE SLOPES 
OF OGOTORUK CREEK VALLEY, NORTHWEST ALASKA 

Abstract 

Data obtained froni six large trenches cut into various slope situations indicate that movement on the 
upper one third of the southeast-facing slope is extremely slow and that this portion of the slope is in a con­
ditio~ of stability. Movement on the lower·two thirds of this slope is maintained inainly by solifluction and 
creep, with some areas of more or less stabilized 1;,enches. The benched features 'on the opposing slope are 
stabilized forms which originated perhaps thousands of years ago during a climate warmer thap. present. These 
ieatures are regarded as having been formed by a process intermediate between earthflow and nonsaturated 
creep. 

INTRODUCTION 

Arctic landforms and especially the processes which produce them 
have been receiving increasing attention over the years. A more thorough 
understanding of both is facilitated when they can be viewed in three 
dimensions. It is the purpose of this paper to present the third a.imension 
in the form of cross sectfon mapping of trenches cutting different portions 
of the opposing slopes of an asymmetrical Arctic Yalley. 

Hypotheses will be advanced to explain some of the morphology of 
the slopes as well as the asymmetry of the valley based on an· interpretation 
of structures revealed. in the trenches. 

Six trenches were cut into the slopes of Ogotoruk Valley, three on the 
northwest-facing slope and three on the opposing slope. The trenches 
were placed so that they cut what appeared to be the significant morpho­
logic elements of the slopes. Each trench had one segment parallel to and 
one norm al to the con tour, and all but one were cut to permafrost in late 
August 1961. 

Each tren.eh was mapped and a profile described ón a one meter interval. 
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The orientation of rock fragments was determined with a Brunton com­
pass. Selected profile descriptions appear on the cross sections and me­
chanical analyses are tabulated at the end of this paper. 

PHYSICAL CHARACTER OF THE VALLEY 

The Ogotoruk Creek Valley is on the northwest coast of Alaska, ap­
proximately 195 kilometers north of the Arctic Circle (Fig. 1 ). 

The southwest-trending segment of Ogotoruk Creek lies in an asym­
metrical valley carved in highly deformed Mesozoic and upper Paleozoic 
rocks. Salivik Ridge and the upper third of its southeast-facing slope 
are underlain by dark grey bioclastic limestones and light grey do­
lomites of the upper and middle Mississippian Lisborne Group. These 
r"ocks have been thrust from northwest to southeast over greenish-grey 
argillite, chert and black shale of the Permian Siksikpuk formation, and 
the black and grey shales and limestones of the Triassic Shublik formation, 
which together underlie the lower slopes of Salivik Ridge. 
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The portion of the slope supported by the Lisborne formation displays 
stone stripes and talus. The vegetation is sparse and xeric. The łower 
słopes are marked by earth hummocks, turf-banked terraces, and sorted 
and nonsorted circles. The słope is wet and covered with severał species 
of Carex. Permafrost generally lies within 0.5 meter of the surface. 

The valley bottom and the long smooth pediment surface łeading to 
the southeast ridge are underlain by deformed, and weakły metamor­
phosed mudstones and sandstones of the Jurassic-Cretaceous Ogotoruk 
formation. The pediment is occupied by extensive areas of Eriophorum 
vaginatum tussocks and nonsorted mud circles. Depth to permafrost 
averages slightły over 0.5 meter. 

Ałong the upper edge of the northwest-facing pediment, the Televirak 
formation supports the benched slope leading to a flat crested ridge. The 
Tełevirak formation consists of metamorphosed, and highly deformed, 
sub-feldspathic, lithic greywacke and mudstone. The slope is characterized 
by a mosaic of xeric and hydrophylus płants. The crest supports only 
scattered xeric plants on the surface of lag gravel. The permafrost surface 
averages over one meter deep on the słopes and 1.5 meters on the crests 
during August. 

A complete discussion of the Geology, Botany and Patterned Ground 
is given by Kachadoorian, R. et al., Johnson, A. et al., and Everett, 
K. (1966). 

NORTHWEST-FACING SLOPE 

TRENCH I 

Trench I was cut into the flat upland surface of a northwest-facing 
hill słope (Fig. 1 ). In generał, an Arctic Brown soil which averages 13 cm 
in thickncss, and contains abundant greywacke skeletal materiał overlies 
a grey minerał soil. The minerał soil is a siłt łoam with a large quantity 
of disseminated medium and coarse rock fragments. Below the minerał 
soil is a zone of medium and coarse rock fragments with some admixed 
grey minerał soil. The contact between these zones is distinct but wavy. 
Beneath the last described interval is a zone of coarse rock fragments, 
which differ from the overlying zone in coarseness, la.ck of admixed minerał 
soil, and the presence of silty coatings. In generał this zone is rather „clean", 
i.e., with ą large amount of unfilled space. It rests on what appeared to 
be in place bedrock. The bedrock was highly fractured, but vertical bedding 
planes and horizontal joints were discernible (Pl. 1 ). Silty coatings were 
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developed in the joints and fracture planes, but to a lesser extent than 
in the zone immediately above. 

In such a hill-top position the fine materiał is moved either by defla­
tion or by water down through the soil profile, accumulating as clayey 
and silty coatings and fillings in the rubble zone immediately above the 
bedrock, and in the fractured bedrock itself. The downward migration of 
fines is stopped at the permafrost table, which, when this trench was cut 
in August 1961, was 1.4 meters. It is not difficult to imagine that within 
a short time all of the voids above the solid_ bedrock would become filled 
with silt and clay. This, however, is not the case. Removal of fine materiał 
must take place within the profile, and perhaps laterally as well, by waters 
descending along the joints and thrnugh the „clean" zone above the bed­
rock. There appears to be little movement on the hill crest other. than 
frost heaving and the translocation of· fines vertically and horizontally 
within the profile; 

It was mentioned above that upon completion in August 1961, Trenc_h 
I bottomed rath er evenly on or slightly into bedrock. When. the trench 
was re-examined in November of the same year, rather deep holes (0.5 to 
1.0 meter) had developed in the bottom and were widening by slumping. 
This process continued in 1962 a°"d 1963, indicating that although bedrock 
structure is preserved, the fractured pieces of „bedrock" are held suspended 
in a matrix of ice. 

TRENCH Il 

Trench II cuts through several benches or terraces (Pl. 2) on the lower 
slope of the hill. The treads of the benches have slopes between O O to 
1 °, and incline hillward. The risers have an average slope of 25 °. Indivi­
dual benches may extend over 100 meters along the contour and are 
broadly lobate in plan. 

A fairly well developed, imperfectly to well drained Arctic Brown 
soil is developed on the tread. The soil becomes very. thin and poorly 
developed on the riser. Vegetation is sparse and composed predominately 
of dry-site species. 

Profiles of the north wall of the trench (Fig. 2) were made at intervals 
of one meter, and orientation of rock fragments were determined with 
a Brunton compass wherever possible. 

Three more or less distinct zones were mappable throughout the length 
of the trench. They are, from the surface down: ( 1) a soil zone, which 
locally shows attenuation or alteration of A and B horizons; (2) a zone 
of loose, fine fragmental :rna.teria.l which fills in a,round a framework of 



cm 
0-6 

6-15 

inches 
0-2 

2-6 

Dark reddish-brown organie matter 
with fine sandy loam. Coarse ske­
leton 50%. Under Betula sp. 
Light yellowish-brown silty clay loam. 
Weak to moderate, fine, sub-angular 
blocky structure. Coarse skeleton 50 % 

15-34 6-13 Olive grey-brown silt loam matrix in 
interfragment spaces. Coarse skeleton 
30-50% 

34-124 13--48 Oriented, loose, medium shale frag­
ments. Fine shale fragment matrix 

124-134 48-52 Coarse to medium shale fragments. 
Fine sand and silt matrix. Interval is 
dry and compact 

SAMPLED · 2 N 18 

PERMAFROST 

cm inches 
0-11 0-4 Medium reddish-brown silt loam (A ho-

rizon). Weak, fine, sub-angular blocky 
structure. Coarse skeleton 60-80 % . 
Under Leidum sp. and Betu/a sp. 

11-80 4-3 I Oriented shale fragments. O live grey­
brown silty clay loam and fine to medium 
sand matrix 

80-88 31-35 Coarse to medium shale fragments. Fine 
sand and silt matrix. Intcrval is dry and 
compact 

SAMPLED• 2NII 

cm 
0-11 

11-33 

inches 
0--4 

4-13 

Olive grey-brown to 
light reddish-brown 
sandy to silt loam. 
Structurless. Under 
bare ground. Coarse 
skeleton to 7 cm com-
prise 50% 
Olive grey-brown silt 
loam. Coarse skele­
ton average 5 cm, 
30-50%. Finer frag­
ments 0.5-2 cm 

33-120 13--47 Oriented shale frag-
ments with fine, loose 
shale fragment and 
sand matrix. Clay 
skins 

120-140 47-55 Coarse to medium 
shale fragments. Fine 
sand and silt matrix. 
Interval is dry and 
compact 

SAMPLED• 2N6, 5 

cm 
0-15 

15-54 

54-84 

inches 
0-6 

6-21 

21-33 

Medium, reddish-brown silty clay 
loam. Fine weak, sub-angular blocky 
structure. Medium shale fragment 
skeleton 20-30% 
Medium reddish-yellow brown silty 
clay loam. Moderate fine, sub-angular 
blocky structure grading to medium, 
moderate angu]ar blocky. Coarse ske­
leton 20-30% 
Olive grey-brown to olive brown silty 
clay loam. Moderate to well, coarse 
suo-angular blocky to piaty structure. 
Coarse skeleton 15-20% 

84-140 33-55 Oriented coarse to medium shale frag­
ments and sand matrix. Clay skins 
are thick (1-2 mm) on large frag-
ments 

140-146 55-57 Coarse to medium shale fragments. 
Fine sand and silt matrix. Interval is 
dry and compact 

SAMPLED• 2N2 

SAMPLED-MECHANICAL ANALYSES (APPENDIX 8) 

···-·--··· GRADATIONAL BOUNDARY 

--- SHARP BOUNDARY 

------ VAGUE BOUNDARY 

NO PATTERN INDICATES NO ORIENTATION 
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cm inches 
0-9.2 0--4 Reddish-yellow 

silty clay loam. 
Fine to medium 
shale skeleton 
30-50% 

9.2-38.1 4-15 Fine shale with 
scattered medium 
and coarse frag­
ments; matrix is 
grey silt loam with 
very fine shale 
fragments 

38.1-71.1 15-28 Medium shale 
fragments (2.54 
cm) with scattered 
coarse fragments; 
matrix of very fine 
shale fragments; 
clay skins and so­
me silt fillings 

cm 
O- 6.4 

6.4-26.9 

26.9-40.6 

40.6-81:3 

81.3-99.0 

Fig. 2. Section of north wall, trench II 

inches 
O - 2.5 Light reddish-brown humus and silty loam under mosses 
2.5-10.5 Reddish-yellow-brown silt loam; abundant roots; gradational with 

above; weak to moderate fine, nut-like structure near !ower 
contact 

10.5-16 Coarse to medium shale fragments; fine shale matrix; considerable 
silt coatings on shale fragments imparting a grey-brown color to 
the unit 

16-32 Coarse to medium shale fragments with silt coatings; fine shale 
matrix 

36-39 Medium shale fragments; some fine shale matrix; extensive silt 
fillings up to 1. 5 cm in thickness. Entire interval very compact and 
dry 

cm 
0-9.1 

inches 
0-3.5 

9.1-27.9 3.5-11 

27.9-44.6 11-17.5 

44.6-78.7 17.5-31 

78.7-91.4 31-36 

---::::~..;.. 
-...;:-,:::-.::: 

Reddish-yellow-brown silty clay 
loam; fine weak to moderate, nut­
like structure grading with depth 
to weak, subangular blocky; coarse 
skeleton is less than 1 O% 
Differs from above only in that 
coarse skeleton increases to 50 % 
Medium shale fragments with 
olive grey-brown silt coatings 
Black, medium to coarse shale 
fragments; fine shale and sand 
matrix; silt coatings on shale 
fragments 
Medium shale fragments with 
thick silt fillings; dense and dry 

SILTY CLAY LÓAM 
-::.;:-=:c: _A2 

cm 
0-9.1 

inches 
0-3.5 Reddish-brown silt loam under 

vegetation 
9.1-53.3 3.5-21 Reddish-yellow-brown silt loam; 

upper 25.4 cm displays weak to 
moderate, fine, nut-Iike structure, 
grading to medium, fine nut-like. 
Skeleton increases to medium shale 
fragments and structure becomes 
coarse, subangu]ar blocky to coarse, 
angular blocky as the )ower contact 
is approached. Dips are random 

53.3-71.1 21-28 Black, fine to medium shale frag­
ments; very fine shale fragment 
and sand matrix 

71.1-86.4 28-34 Medium to coarse shale fragments 
with clay skins. Fine shale fragment 
and sand matrix 

cm 
0-6.5 

inches 
0-2.5 Fine shale 

fragments; 
some finely 
disseminated 
organie ma­
teria! 

6.5-25.4 2.5-10 Fine shale 
fragments; 
olive grey­
brown silt 
matrix. Fria­
ble 

25.4-48.3 10-19 Reddish yel­
low and red­
dish brown 
silt loam in­
terfingering 
with me­
dium shale 
fragments 

48.3-58.4 19-23 Reddish bro­
wn silty clay 
loam with fi­
ne shale fra­
gments 

~8.4-73.7 23-29 Fine to me­
dium black 
shale frag­
ments; sha­
le, sand and 
silt fillings 

---GRADATIONAL CONTACT 
NO PATTERN INDICATES 

NO ORIENTATION 

,med.-f.ne 
fragments 

shale & silt 
.......... matrix 

OR NO PROFILE TAKEN 

meters ? ~ 3 4 5 s 7 8 9 10 
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Fig. 3. Section of south wali of trench III, northwest-facing slope 

Biul. Perygl. No. 16, Everett, p. 120-121. 
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larger, oriented fragments; (3) a compact zone consisting of large, non­
oriented fragments held sectirely by interstitial fine fragments and silt 
and clay, which represents the present permafrost table. The thickness 
of this zone indicates that the permafrost table fluctuates. from year to 
year. 

The three zones are recognizable not only in Trench II but also in 
Trenches III and IV. It. is not possible to draw sharp boundaries between 
the three zones because of the interference of other mappable zones of 
small lateral extent which show definite color and texture. 

The most striking characteristic of· the benches in· cross-sectión is th~ 
high degree of deformation displayed principally in Zone 2. This defor­
mation seems to be the key to an understanding of their formation. It 
becomes apparent upon examination of Figure 2 that forces of large inagni~ 
tude were required to effect the internal de:formation of the benches. The 
viscous, extensive flow of solifluction does not produce such intense de­
formation ( compare Fig. 2 with Fig. 5 ). 

Washburn (1947) considers stone streams on Victoria Island to be 
a product of non-saturated creep. Certain characteristics of these features 
attributed to non-saturated • creep find counterparts in the bench features 
of · Ogotoruk Creek, specifically the imbricate structure . and . coarsening 
of fragments nearthe termin.us of the bench(see Fig. 2). However, relation­
ship between features of such different size and so widely separated geo­
graphicall y does not establish cónsanguinity. Hunt and Washburn 
( 1960) describe terraces in Death Valley that also have · cettain resemblances 
in form to those described here, though they are much smaller .' The Ogo­
toruk benches have morphologic similarities to slump features observed 
in West Greenland (Everett, 1967) and to smaller benches studied 
on Prince Patrick and Ellef Ringnes Islands (Everett, in preparation). 
The internal structure of these ] atter ben eh es is however mare suggestive 
of slow movement. 

The forces involved in the formation of the benches at OgotorukCreek 
were large and are believed to involve shear couples. These shearing forces 
were distributed with a decreasing intensity (neglecting the soil for the 
moment) from top to bottom of the profile. There are many areas in the 
section which illustrate local shear, for. example, between meters O and 
11 and 6 and 7 (Fig. 2). 

Eakin (1916) in describing terraced or benched hill slopes in the 
Yukon-Koyukuk river area, Alaska, suggested they were formed by a specia1 

1 Meter O and 1 refers to the profile interva1 directly above the corresponding numbers 
on the meter scalę, 
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kind of solifluction: ,, ... the author has suggested the term „altiplanation" 
to designate a special phase of solifluction that, under certain conditions, 
expresses itself in terrace-like forms and flattened summits and passes 
that are essentiall y accumulations of loose rock materials." The terraces 
described by Eakin are similar to those of Ogotoruk Creek. Ta ber (1943) 
considers such features as the result of soil movement due chiefly to creep. 

Shear resulting from unidirectional movement does not account for 
all of the structure visible in Figure 2. This is particularly true at the po­
sition of the deep, multiple horizon profile at Meter 5. It has been sug­
gested that the convergent orientation of fragments near the base of the 
profile is the result of ice wedge formation, and subsequent collapse after 
the wedge melted. Dylik and Dylikowa (1960, p. 103) depict structures 
at Królewski Dwór, Poland, in Pleistocene fluvioglacial deposits which 
appear to be similar to that shown at Meter 5 (Fig. 2), and consider them 
to represent positions of former ice wedges. 

TRENCH III 

Trench III at the base of the slope is cut through an area of raised­
center stone nets, transitional between nonsorted mud circles of the Erio­
phorum-tussock pediment area, and the benched slopes just described. 
The slope ranges from 6 ° near the base of the hill, Meter 1 (Fig. 3 ), to 
3 ° at Meter 7. The solum horizons of the Arctic Brown soil range from 
5 to 25 cm. in thickness. They are interrupted locally by raised-center 
stone nets. Figure 3 is a detailed section of this Trench. Three generał 
zones were mapped and have been described for Trench II, p. 120-1. The 
second zone has been subdivided in Trench III into two zones primarily 
on the basis of color (which may have nothing to do with deformation ). 
Deformation is clearly defined by plotting the orientation of rock fragments. 
The most intense deformation which takes the form of folds and thrusts 
is largely confined to a zone of medium to coarse shale fragments with 
varying amounts of fine shale fragments and sand matrix. Again differential 
shear under considerable compressive force is indicated, note particularl y 
the profiles at Meter O and Meter 4 (Fig. 3 ). The zon es as mapped lose 
their distinctive character and hence their mappability from about Meter 6 
on. Noteworthy from Meter 6 downslope is the amount of A horizon 
soil materiał associated with the shear at aU depths in the section. It is 
also noted that differential shear and intense deformation is much reduced 
from Meter 7 on. The amount of minerał soil increases, and coarse skeletal 

· materiał is surrounded by silt loam. The dense zone just above the perma­
frost table is still present locally. 
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The mechanics of movement change abruptly as the slope becomes 
more gentle (2 ° to 3 °) (Fig. 3 ). The section indicates that compression 
and shear due to gravity weakened with decreasing slope and that the type 
of movement changed from the relatively rapid quasi-earthflow which 
formed the benches to something approaching saturated viscous creep, 
i.e. solifluction. 

CREST FLATTENING AND BENCHED MICRORELIEF: (HYPOTHESIS) 

The melting of interstitial ice and subsequent caving of the bottom 
of Trench I (Pl. 1) suggest a mechanism by which flattening of the crests 
and the production of benched microrelief could have taken place. 

If at some time in the past the permafrost table stood higher than at 
present under a hill with a convex crest carved in fractured bedrock, and 
was gradually lowered in response to a warming climate, the results would 
be: ( 1) to melt the ice lenses separating rock fragments and thereby lower 
the crest; (2) to lower the crest would result in leveling the crest; (3) to 
create large volumes of unstable materiał on the crest and slopes. This 
materiał presumably would be accompanied by a. considerable volume of 
water, though not necessarily saturated. Such unstable debris is prone 
to sliding and slumping, which would result in the formation of broadly 
lobate benches; ( 4) to raise the permafrost table beneath the newly formed 
benches by upfreezing as a result of burial and give incresaed stability 
to them. 

Eventually a time would be reached for a particular climate when 
ridge tops would become flattened, the slopes extended valleyward with 
an accompanying reduction · in slope angle and displaying a benched mic­
rorelief. The ben eh form as it no w exists in Ogotoruk Valley represents 
a stable landscape element and has been so for a long period of time. 

The pronounced contortion, and in some cases fracturing of the shale 
fragments exhibited in Trenches II and III lend support to the idea that 
the benches were formed rather quickly by sliding of materiał released 
through compaction of the summit and recession of the permafrost table 
on the slopes. 

Some of the materiał released through sliding on the slope moved 
a short distance out onto a pediment surface. As is shown in Figure 3, 
the forces involved in the sliding weakened once the mass had reached 
the pediment and most signs of contortion and shear disappear a short 
distance after the break ·in slope is passed. 

Secondary structures such as those believed related to ice wedge de.,. 
velopment may have formed shortly after the formation of the benches 
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and indicate either a post-bench development warm period or increasing 
aridity. 

It should be .noted here .that not .all .crests in the generał area of· Cape 
Thompson are flat; as a matter of fact, they are the exc~ption rather. than 
the rule. Inland and northwest of the village of Kivalena, the hills display 
sharply convex crests. The hills of the DeLong Mountains just to the 
north of Ogotoruk Creek show not only convex crests but also many sharp 
crests. These hills are composed largely of Mississippian limestone and 
dolomite which is not as intensely deformed or fractured as the J urassic­
Cretaceous formations which make up the even-crested hills · southeast 
of Ogotoruk Creek.. The formation of the benched micro relief depends 
equally upon a dimatic change within a permafrost. region and highly 
fractured bedroc~ substrate. 

SOUTHEAST-F A CING SLOPE 

TRENCH IV 

Trench IV cuts a sparsely plant covered southeast"'.':facing slope on 
a bełt of Permian shale and sandstone. Figure 4 is a detailed section of 
the north wall of this trench. 

In generał, the structures ohservable .in Tren.eh IV are similar to those 
in Trench II. However, certain specific differences exist. The zone of 
maximum deformation rises to the surface and crops out•at about Meter 9, 
which corresponds to a break in slope. This break in slope may be ana­
logous to the break between riser and tread on the benches as in. Trench Il. 
However, in the vicinity of Trench IV the tread and riser sequence so 
typical of the opposing slope is much su bd ued and not readily. apparent. 
From Meter O to Meter 5 in Trench IV there is a continuous though rather 
thin A horizon and a thickB horizon, overlying a zone oforiented fragments. 
From Meter 5 to. Meter 9 the A horizon is less continuous, the B horizon 
thins rapidly and is cut out at Meter 9. The zone of oriented fragments 
thickens and is subdivided (Fig. 4) on the basis of color and the amount 
of minerał soil matrix. The dense compact zone, Zone 3, Page 121, appears 
at Meter 2.5. 

The small thrusts or sheared areas between Meters 3 and 7 are notable 
for the A horizon materiał associated with them. Downslope from Meter 9 
distinct zones of oriented fragments and the dense hasał zone begin to lose 
their identity which is reflected in Figure 4 by the multiplicity of zones. 
Significantly the zone of oriented fragments is no longer confined to areas 



cm 
0-5.\ 

inches 
0-2 Dark reddish 

brown (A 

horizon) of 
Arctic 
Brown soil 

5.1-15.2 2-6 Reddish-
brown clay 
loam or silty 
day loam; 
weak to mo­
derate, fine 
nut-like stru­
cture; fine 
shale frag­
ment skeletal 
materiał ex­
ceeds 50% 

cm inches 
0-2.5 0-1 Nearly black to very 

dark reddish-brown 
partly decomposed 
organie materia] un- cm inches 
der Bcarberry (A 0-12.7 0-5 Dark reddish-
horizon) brown silty clay 

2.5-10.2 1--4 Reddish-brO\vn, loam with fine 
partly decomposed to medium shale 
organie materiał fragments and 
thoroughly mixcd organie matter 
with reddish-brown under Betu/a sp. 
clay loam (A hori- 12.7-33.0 5-13 Re ddis h-ye llow-
zon) brown silt loam 

10.2-38.1 4-15 Light reddish-brown 33.0-39.6 13-15.5 Dark reddish-
to olive-brown silt brown humus 
loam with intermix- (A horizon) 
ed grey shale frag- 39.6-54.8 15.5-21.5 Reddish brown 
ments. Silt loam silty clay loam, 
shows a weak, fine, perhaps (A ho-
nut-like structure rizon) 

38.1-55.9 15-22 A-iedium shale frag- 54.8-72.6 21.5-28.5 l\.1edium shale 
ments. No matrix or fragments with 
clay skins clay skins 

55.9-96.5 22-38 Very coarse shale 72.6-126.0 28.5--49.5 Coarse shale 
fragmcnts (IO.I- fragments with 
15.2 cm) and me- fine shale frag-
dium shale frag- ment matrix 
ments. Wel·-deve- 126.0-148.8 49.5-58.5 Coarse shale 
loped fine to me- frngments with 
dium sand fillings. thick fillings of 
Dips are random fine sand 

PERMAFROST 

EXPL ANATION 
- - - - GRADATIONAL CONTACT 

NO PATTERN INDICATES NO ORIENTATION 
OR NO PROFILE TAKEN 

SAMPLED-MECHANICAL ANALYSIS APPENDIX B 

cm inches 
0-2.5 0-1 Dark reddish-

brown silty clay 
loam (A horizon) 

2.5-5.1 1-2 Reddish brown 
silt loam mixed cm 
with fine to me- 0-5.l 
dium shale frag-
ments 

5.1-12.7 2-5 Reddish brown 
silt loam; mode-
rate to strong, 
medium) nut-like 5.1-48.3 
structure 

12.7-43.2 5-17 Medium shale 
fragments with 
clay skins. Fine 
shale fragments 
and silt matrix 

43.2-71.1 17-28 Coarse shale 48.3-82.6 
fragments with 
a matrix of fine 
shale fragments 

71.1-106.7 28--42 Coarse to me-
dium shale frag-
mcnts; few clay 
skins 

106.7-132.1 42-52 Coarse to me-
di urn shale frag- 82.6-109.2 
ments; fine sha1e 
fragment matrix 

132.1-139.7 52-55 Coarse sha1e 
fragments with 
fine to medium 
sand fillings 

N-35 

inches 
0-2 Dark reddish-

brown silty clay 
loam. Fine shale 
fragment skel-
etan exceeds 
50% 

2-19 Medium to co-
arse shale frag-
ments in a red-
dish-brown silt 
loam. Silt loam 
content decreases 
with depth 

19-32.5 Medium to co: 
arse shalc frag-
ments; coarse 
shale fragments 
increase in pro-
portion with de-
pth. Fine shale 
fragment matrix; 
clay skins 

32.5--43 Coarse to me-
dium shale frag-
ments. Fine sha-
le fragment ma-
trix becoming 
sandy in the 
lower 5 cm 

cm 
0-5.1 

5.1-10.2 

inches 
0-2 

2-4 

Thin, \.Veakly de­
veloped Arctic 
Brown soil 

Dark reddish­
brown silt loam; 
fine shale frag­
ment skeleton 
(A2 horizon) 

10.2-37.0 4-14.5 Reddish-yellow 
silt loam, grad­
ing to sticky clay 
loam at 23 cm 

37.0-67.5 14.5-26.5 Medium to co­
arse shale frag­
ments scattered 
in a fine shale 
fragment matrix. 
Clay skins 

cm 
0-10.2 

10.2-29.4 

29.4-49.5 

SAMPLED N-66 

meters O 2 3 4 s 6 7 e 9 10 11 12 13 14 1s 10 17 10 19 
feet oe--,---,--r3-'-.---,--,-6--'-~....--.-9-,'---,---,.12_.,........,...--,,s-,-+--.18-,--,-c....,2_1 --.-~-'-2r4-,.--,--2;.:.7-~-,--3,-0.:....,_..,..._3T3_:.;:...--,--3.,.6-~-,--3-,9-.-:.:;..-4..,2-,-...;.::-4..,5-,--,-:.:....4,....8-,.-,-:..t5;...I --,-,--5,:.4c.-,-,--5,...7...;.:,,----,--6,-0--'f--.--6.,.3-,..:..i;...,...-6.,.6-,--' 

Fig. 4. Section of north wali of trench IV, southeast-facing slope 
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inches 
0--4 Dark reddish-

brown peat 
4-11. 5 Reddish brown 

silt loam, abun­
dant roots 

11.5-19.5 Medium shale 
fragments; fine 
shale fragment 
matrix; silt fil­
lings and clay 

skins 

cm 
0-19.3 

inches 
0-7.5 

Very dark reddish-brown peat 
grading to dark brown silt loam 
(A horizon) 

19.3-28.4 7.5-11.5 
Silt loam, showing weak aggre­
gation; color as above. 10% fine 
ske1eta1 materiał 

28.4-44.6 11.5-17.5 
O live grey-brown silty clay loam; 
weak to moderate subangular blo­
cky to nut-like structure, friabJe 

44.6-73.6 17.5-29 
Olive grcy-brown silt loam; mo­
derate to strong medium angułar 
blocky structure. Structure coar­
sens with depth. Skeletal mate­
riał greater than 10%, Numerous 
peat stringers 

73.6-86.4 29-34 
Olive grey-brown silt loam; weak 
to moderate angular blocky stru­
cture. Medium shale fragments 
30-50% 

86.4-99.0 34-39 
Fine shale fragments; clay skins 

cm inches 
0-9.1 0-3.5 

Dark reddish-brown to black 
peat and humus 

9.1-24.3 3.5-9.5 
\/ery dark grey brown silt loam; 
structurelcss; lower contact gra­
dational 

24.3-33.0 9.5-13 
Very dark brown to black orga­
nie materiał 

33.0-40.6 13-16 
Dark brown silty clay loam; 
weak, subangular blocky structure 

40.6-45.7 16-18 
Reddish-brown silty clay loam; 
weak, fine, subangular błock stru­
cture 

45.7-53.3 18-21 
Olive grey-brown silt loam; mo­
derate, fine, subangular blocky 
structure. Friable 

53.3-86.4 21-34 
Dark reddish-grey brown silt 
loam; structureless; dense. Shale 
fragment skeleton 1 5-20 % 

86.4-114.3 34-45 
Grey to oli ve-grey brown sil ty 
clay loam dense. Mo1ted; me­
dium shale fragment and chert 
skeleton 30-50% 

Fig. 5. Sections of north wali and west wali of trench Il, southwest-facing slope 

cm 
0--6.9 

inches 
0-2.75 

Very dark reddish-brown orga­
nie materiał and humus under 
Dryas sp. and lichens (A horizon) 

6.9-15.2 2. 75-6 
Olive brown to olive grey-brown 
silt loam; moderate, fine, nut-like 
structure 

15.2-30.5 6-12 
Olive brown to olive grey-brown 
silt loam; weak, fine, nut-like 
structure grading to structureless 

30.5-35.6 12-14 
Dark reddish-brown organie ma­
teriał and humus 

35.6-43.2 14-17 
Olive brown to olive grey-brown 
silt loam; weak to moderate, 
fine, angular blocky to nut-likc 
structure 

43.2-61.1 17-28 
Grey-brown silty clay loam; 
moderate to strong; coarse, an­
gular blocky structure, coarse­
ning with depth. Scattered me­
dium shale fragments 10% with 
limonitic staining 

61.l-76.2 28-30 
Fine to medium shale fragments; 
silty clay loam and very fine 
shale fragments as matrix 

cm inches 
0-11.6 0--4.5 

Dark reddish-brown peat under 
Hypnum moss 

11.6-33.0 4.5-13 
Olive grey-brown silt loam; mo­
derate, fine, nut-like structure 
near upper contact, grading to 
coarse, angular, blocky near ]ower 
contact 

33.0-49.7 13-19.5 
Silt loam; piaty structure; fine 
to medium shale fragment skel­
eton, greater than 1 O% 

49.7-65.0 19.5-25.5 
Medium to fine shale fragm­
ents; silty clay loam matrix which 
increases near the frost line 
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with little except fine shale fragment matrix, but extends nearly from top 
to bottom of the profile. Buried A materiał is less abundant than between 
Meters O and 9, but it is -still ptesent. 

A major break in slope occurs at N.teter 14 associated with intense 
defonnation- and the disappearance of t,he soil zone. At Meter 17 the slope 
is reduced from 22 ° ··to 3:._5 °, and the soil type changes from an ·Arctic 
Brown, shallow phase, · to a very weak Arctic Brown. Between ·· Meters 17 
and 18 buried and underformed A horizon materiał is present ·throughout 
the profile. It is also notable that there is very little deformation in this 
interval. Between Meter 19 and Meter 30 the profile is simple and shows 
no .deformation, probably because the shearing forc~s were _ expended 
before this point. . _ -
· , , · The · deformation shown in the- sectióri indicates rather intense shear 
under the force of gravity. -It appears from ari examination of Figure 4 
that at least several pha~es óf moV~ment and deformation are recórded, 
viz, the b11ried A materi;l assciciated with thrust features in the J to 7 
ni~te? intetvaf and the multiple · buried . A horizon layers at Meter 17. 
The lack of intense deformation · o'if the "upper part of the pedirpent as 
it abuts the initial break in slope: is· a major difference between Trench IV, 
Trench II · and Trench HI. Sh~a.ring. inovements in the slope seęm _ to be 
·abtu:ptly translated. to crcep .or solifluGtion. at the break in slope which is 
very likely active at the present time; PL 3 is a view of Meters 6 which 7 
on the south wall of Trench IV illustrating intense deformation in what 
appears to be two phases. 

TRENCH V 

. _Trenćh V, near midslope,. cuts an area under an Eriophorum angus­
tifólium-C arex sp: associatiori. Structural evidence óf · movement, though 
abundant, is difficult to map. This is the result of a lack of discernible 
botindatie's, particularly -in 1he · downslope segment of the trench. Boun­
daries are, · however, more d1stirict in the ·Trench segment parallel to the 
coritour. A· general1zed profile consists of a weakly developed Arctic Brown 
soil having a depth of 24 to 25 cm, overlying 41 to 51 cm of olive brown 
to olive grey brown silt loani which contains stringers of peat. Th.is 
is" in sharp· contrast to the und er lying. 'zone · of small to medium shale frag­
meńts ·whose interfragmental sp~ces- are fille9 with fine shale fragments 
'and, sand. This zone. extends ve!'.tically :only 5 to -10 cm above the perma­
fróst :hible(In ~marked coritrastto:Trenches U, IIl and TV, no distinct zo­
nes of movement ate apparent in Trenćh. V, and the folds and thrusts so 
characteristic of the other Trenches are absent. It appeats .from the pro-
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file (Fig. 5) that moverhent occurs as progressive and discontinuous over­
riding of the surface of a saturated shale. The form of some of the peat 
segments suggests continued slow deformation throughout the profile. The 
indurated shale fragments are oriented with their long axis downslope and 
appear to act as a base for the movement of the overlying finer materials. 
The fragments are probably involved in movement. 

Movement by creep or solifluction is common on this slope parti­
cularly where soil moisture is high. 

TRENCHVI 

Trench VI cuts a steep talus (24 to 27 °) on the upper third of the 
southeast-facing slope of Saligvik Ridge (Fig. 1 ). The slope for the most 
part supports isolated areas of xeric vegetation. Such areas are usually dis­
tributed between stone stripes. In these localities a rather deep Arctic 
Brown soil is developed (Pl. 4 ), and rests on non-oriented fragments of 
all size ranges. Mappable zones of significant lateral ex„ent did not exist 
and no composite profile was attempted. Vertical profiles were described 
every 4 to 8 meters over a Trench distance of 100 met~rs downslope, and 
30 meters parallel to the slope. Mechanical analyses for selected profiles 
of this Trench appear in Table I. The following profile description will 
serve to illustrate the generał relations found in Trench VI: 

Meter 6, S@uth wali, June 17, 1962 
Slope angle 24°, bedrock, dolomite. 

0-13 cm Dark reddish-brown silty clay loam (Arctic Brown); struc­
tureless. Roots not abundant. Rock fragments (10 to 28 cm) 
near and at the surface. Skeleton 50 to 70% ; boundary gra­
dational and wavy. 

13-21 Medium to light reddish-brown silty clay loam grading to 
very fine sandy loam with depth. Rock fragments abundant 
and average 5 cm. Considerable void space between skeletal 
fragments near 21 cm. 

21-32 Similar to 13~21 cm interval. Amount of fragmental ma­
teriał in 1-2 cm range increases over the above interval. 

32-49 Large rock fragments average 1 O cm. One to two centime­
ter size materiał fills interfragmental spaces. Upper boundary 
is well defined, lower boundary is indistinct. Considerable 
development of calcium carbonate crusts on lower side of 
rocks. 
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49-60 In.terval as above. Rock fragments average 7 cni, sonie to 
20 cm. Few fine fragments. lee acts as a matrix. 

Throughóut Trench VI calcium carbonate encrustations are common 
and well developed on the underside of rock fragments in areas where 
minerał soil and fine fragments do not fill in between larger fragments. 
Such encrustations are interpreted as : ( 1) representing both downward 
movement in the soil profile and downslope migration of waters bearing 
CaCO3 ; (2) representing considerable stability of the slope. Baulig (1950) 
regards such calcium carbonate encrustations on limeston~ boulders as 
a common phenomena, even in humid climates. It does not necessarily 
prove immobility but only slow displacement. 

Movement on the slope does not appear to be rapid. The deep soil 
profile in Pl. 4 between stone stripes, the fact that only rarely are lichens 
found on the underside of surface rocks, and the encrustations of CaCO3 

on the underside of rocks within the profile, all suggest considerable sta­
bility. There is opportunity for the movement of fines by melt water from 
nivation snowbanks which can be heard running under the surface. The 
interna} friction of the materiał above the permafrost is probably suffi­
cient to prevent any movement. However, the materiał which underlies 
the talus and is held in a matrix of ice may move slowly as the ice is plas­
tically deformed under the influence of gravity, thus the entire mass mo­
ves slowly. It remains to be shown what proportion of ice to rock is neces­
sary to overcome the internal friction of such a system, in a field situation. 

Scree slopes are also common on the northwest-facing slopes of Ogo­
toruk Creek but appear quite different from the talus slope just,described. 
The difference is in the nature of the bedrock, which on the northwest­
facing slopes is shale and thin-bedded greywacke. Observations on such 
slopes indicate substantial surface movement. In addition to displacements 
of large fragments in avalanche fashion, micro-slides involving a few to 
several htindred small rock fragments (3 to 5 cm) occur. There is a de­
finite zonation within the scree. In generał, a shallow profile reveals the 
following: ( 1) a layer of large fragments at the surface, having a thickness 
of not more than two individual fragments, (2) a zone of smaller fragments 
which may or may not have some interstadiał minerał soil, underlain by (3) 
a zone of gravel-sized materiał and fines. Beneath the last zone the very 
coarse fragments ( 1 O to 25 cm) typical of the surface were encountered 
again. 

Since the entire surface layer of such slopes is very unstable as evi­
denced by the almost complete lack of vegetation, a slight vibration can 
cause fragments up to several centimeters to slide and roll downslope. 
These fragments are stopped by larger more stable rocks, or by scattered 
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patches of vegetation. Smaller fragments and grave! follow in the wake 
of the larger rocks, exposing poorly developed minerał · soil. The minerał 
soil thus laid bare is susceptible to rain-wash and deflation. The fin.al 
form of sucha slide is a small lobate terrace. Distance of movement ran­
ges from severa! decimeters to a metre or more~ 

-··vALLEY FORM 

The form of the main valley of Ogofortik Creek is the result of a com­
bination of factors, which have operated to different degrees and at diffe­
rent times. 

The · valley . axis. tren.ds roughly northwest-southeast, with the steeper 
slope · facing south. and southeast, . The opposing slope, though steepened 
near the crest is flanked by a broad pediment. 

Currey (1963) has suggested that the smaller tributary valleys ofthe 
Ogotoruk drainage owe their asymmetry (north bank· steeper) to their 
exposure to the prevailing wind and consequent snow bank. accumulation. 
In the case of these valleys this is probably a legitimate argument, howe­
ver, · it ·. is not··· sufficient to accotmt for, the asymmetry . of the master valley; 

·· Bedtock · structure and· . resistance to . erośion • must be considered as 
the main •• factors contributing to the asymmetry of the Ogotoruk Creek 
valley; The broad pediment flanking thenorthwest.,.facing slope is assumed 
to ··have been developed as Ogotoruk Creek migrated to· the north across 
contorted and, fractured.· Jurnssic~Cretaceous greywacke• to. the more ea­
sily eroded inudstones . and shales of . the Triassic: · Siksikpuk formation. 

As stream migration: occui:red, ·a broad well developed pediment was 
left in its wake and subsequently buried by- loess, which is undoubtedly 
still a.ccurp.ulatin.g. Because of the continuous deformation fi,:om the. ben­
ched microrelief of the slopes above the pediment to its extension into 
the materials which bury the upslope end of the pediment, the benches 
may have been formed contemporaneous with or somewhat after the 
pediment. As · a consequence of the hypothesis · for crestal flattening and 
forma.tion of the benched microrelief (p. 119) the pediments are regarded 
as old, stabilized and now inactive elements of· the latidscape. 

Ogotoruk · Creek which is now eroding throughout most of its length 
in the relatively softer Triassic sediments, behaves as if it were working 
down a dip. slope. The steeper south and southeast-facing slope is the 
active slope, shedding debris by landslide and creep (including soliflu­
ction) at a rate 2-3 tirnes the opposing slope (Everett, 1966). 
Two· factors are operative. in maintaining the steepness . of this · slope. One 
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łnvolves the rather resistant, dolomitic Lisbourn · limestone which has 
been thrust to the southeast over less resistant shales, mudstones and li­
mestones. The limestone „cap" contributes t9 a steep, rather stable, talus 
covered upper slope. The second factor involves the ability of Ogotoruk 
Creek to remove the materiał fed to it from the lower slopes. This mate­
riał is fed across a narrow, ill-defined pediment (this is the case at least 
in the lower reaches, where the asymmetry is most pronounced). During 
periods of high water such as occurred in September 1961, Ogotoruk Creek 
was able to move its coarse bed load and erode, in some areas, 3 metres 
into · its north bank. I t is believed that the combination of these two factors 
is sufficient to keep this slope steep and active. 

Based upon exposure, the permafrost table should be lower on . the 
southeast-facing slope than on the opposing slope, which is the reverse 
of fact. This may be explained in part by the somewhat higher rainfall 
and greater snow accumulation on ·this slop'e .. The greater moisture on 
this slope coupled with the rather continuous peat cover kccps the per­
mafrost table elevated. A high permafrost table on an a1ready steep slope 
should tend to maintain steepness. 

The effect of Corioles force as an effective agent in the steepening of 
the · southeast-facing slope can be given only passing consideration. The 
Corioles parameter for this latitude (68 °N) is. 1.3457 X 10-4 sec-1• This 
force would be ineffective except at times when thę axial flow of Ogo­
toruk Creek is at a maximum. 

SUMMARY AND CONCLUSIONS 

Information obtained from trenches cut into the northwest-facing 
slope suggests that the benched micro.relief of that slope was developed 
as the result of quasi-earthflow in which large shearing and compressio­
nal forces were developed. It is postulated that the quasi-earthflow carne 
about under a climate warmer than present which depressed the perma­
frost table. Depression of the permafrost table resulted in collapse of the 
fractured bedrock of the crest and as a consequence flattening the crest. 
In this process some materiał moved down the slope forming a benched 
microrelief. Other benches formed as a · re suit of landsliding in the thick 
unstable debris of the slope. · 

Such processes probably occurred on the opposing slope as well, but 
their results have large! y been destroyed by subsequent movements which 
continue today. Present movements on this, the southeast-facing slope, 
are by landslide, creep and solifluction. Some benched microrelief is vi-

Biuletyn iPerygLacj,alny - 9 
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sible on this slope and severa! periods of movement are indicated. From 
measurements of movement rates on the opposing slopes, it has been cal­
culated that the rate of denudation on the southeast-facing slope is 2-3 
times that of · the opposing slope. 

The as ymmetrical form of the main valley of Ogotoruk Creek is the 
result of bedrock structure and resistance to erosion. Ogotoruk Creek 
appears to have shifted its course to the northwest from the more resistant 
Triassic shales, leaving behind a · broad pediment surface and isolating 
the northwest-facing slope from further strong erosion. 

The opposing slope maintains its steepness because of· a ,,cap" of re­
sistant dolomitic limestone which forms a steep, stable talus on the· upper 
slopes. Ogotoruk Creek appears to be able to remove all of the materiał 
fed to it from the active lower slopes and is undercutting these slopes 
during flood stage. 

Slope exposure has not played a significant role in either the develop.;; 
ment of microrelief or the generał valley form. Corioles force is considered 
too weak to be significant in the development of the valley asymmetry 
except possibly when Ogotoruk Creek is in flood. 

At the present time the Ogotoruk Creek valley is characterized by 
a broad northwest-facing pediment surface which culminates in a shallow 
benched slope. These features were formed many thousands of years 
ago and represent stable elements of the landscape. The pediment is pos­
sibly aggrading at a slow rate by loess deposition. The opposing slope 
is being cut into by Ogotoruk Creek and is an active landscape element. 
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Biuletyn Peryglacjalny, No. 16 XXXI 

Pl. 1. View of east wall of trench I 

Note rubble zones above bedrock have considerable open space; decimeter pole rests on permafrost. Ser• 
tember, 1961 

Photo. by N. Holowaychuk, August, 1961 

Pl. 2. View of trench II showing west and north wall 

Dark materia! near top of trench is minerał soi!, light materia! is medium to cuarse shale fragments. Arrows 
mark section in fig. 2 



Biuletyn Peryglacjalny, No. 16 XXXII 

Pl. 3. Detail of meter 6-7, sonth wall of trench IV 

Note extreme deformation near the surface and imbricate structure and angularity of fragments. Two periods 
of deformation seem to be indicated. 1962 

Pl. 4. Meter 4, west wall of trench VI 

Note thick (20 cm) section of Arctic Brown soi!. No soi! is developed on either side under stone stripes. Slope 
angle 22°. 1962 


