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ABSTRACT ~ -

~

»Gedmonphologicai mapping and sgdiment analysis of unconsolidated

deposits in the canyons of Ram Plateau, Mackenzie Mountains, N.W.T. was

e~

undertaken during the summers of 1976 and 1977. Ev%dence was found for
four major Laurentide ice advances. Ice- dammed"preg]ac1a1 lake phases are
associated with each of the 1atter_three.

During the early stages of canyon deve]opmene, a massive ice
sheet covered the area (Nahanni G]aciation) depositing a till with shield
erratics on the plateau surface. After'a lengthy erosional phase, ice
passed through breaches in Nahanni Range and advanced to the eastern I
flank of Ram Plateau (Sundog Glaciation). This impounded Lake Sundog, in
Sundog Basin and Ram-Canyon, resulting in infilling to 730 m a.s.1. Fo]-.
lowing.a period of extensive‘dissection, a third ice sheet advanced to
Ram Plateau, and alluvium was deposited up to 550 m a.s.1. in Ram {anyon
and its tributanies By the impounded Lake Ram. Two stands during with-
drawal are evidenced by deposits along the eastern flank of the piateag at
460 m a.s.1. and°380 ™ a.s.}. The most recent ice sheet advanced as far
as Nahanni Range (Tetcela Glaciation) and sed1ment was depos1ted to
210-275 m a.s.1. in Tetcela Bas1n by the 1mpounded Lake Tetcela. This
ice sheet is attrlbuted’to ehe "Clas§1ca}" Wisconsinan g]ac1a1 stade.

Because Ram Plateau was situated at the front of theC}ast three

fluctuating ice masses, remnants of sediments dating from lakes impounded
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by pre- w1scons1nan ice sheets are %Ehserved and there has been enough time
since the plateau and canyon areas were g?ac1ated for the effects of glacial
scour to have been obliterated and the alluvium to be intensely dissected

and massively slumped.
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CHAPTER ONE

INTRODUCT ION

1.1 Nature of the Study

Ram Plateau is a small part of a large region in northwestern
Canada and Alaska that 1is generally considered to have been unglaciated
during the most recent (or Classical Wisconsinqn) glaciation (Prest et
al., 1967, Plate 1.2). The absence of ffesh]y glaciated topography has
sparked.a great deal of geomorphological interest for those who wish to
study an assemblage of high latitude landforms that were unaffected by
the ice masses which covered the major portion of Canada during the
Wisconsinan. Ram Plateauwas located along the western boundary of the
fluctuating Laurentide ice masses (Prest et al., 1967),swhich
suggests the presence of evidence for earlier Pleistocene ice limits and
glaciations. The glacial record is, however, complicated by thersequénce
of infilling events from successive ice sheets which melted and used the
ice-free troughs between the nortﬂ-trending chains of the Mackenzie
‘Mountains as drainage routes to the north (A%tken and Qook, 1974). .
The purpose of this study is to determine thé nature and origin
of unconsolidated deposits within the canyons of Ram Plateau and adjaﬁent
areas. The area itself has not been the subject of any detailed invest-
igétions and very little is known about it except by inference fqg? other

region§ in the Mackenzie Mountains which have been studied. A greater

1
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understanding of the geomorphological history of.the area during the
Quaternary Period is gained by determining the nature and sequence of
events which were responsible for infilling the canyons.
The study and interpretation is based upon: .
1) geomorphological mapping of terraces and channel
diversion feature$ using 1:50,000 topographic -
maps and 1:59,000 air photos,

2) field_mapping of canyon infill and surficial
features, and

3) analysis of the internal horpho1ogy of the
unconsolidated deposits, grain size and fabric,
with a detailed description for selected profiled.

Chapter 1 provides a basic description of the geography of the
study area and a review of previous morphological and Quaternary work in
the Mackenzie Mountains. The geomorphological features and the laboratory
analysis are discussed in Chapters 2 and 3. Chapter 4 is an interpre-

tation of results and a comparison with other studies conducted elsewhere

" .
in the Mackenzie Mountains.

1.2 Description of the Map Area

1.2.1 Locatioﬁ and Extent

Ram Plateau is lgcated along the eastern periphery of the Canyon
Ranges of the'Mackenzie Mountains in the southwestern region of the
D1str1ct of Mackenzie, Northwest Terr1tor1es It lies to the west of
the Mackenz1e River and 150 km north of the British Columbian border
(Plate 1.1). The study area (Figure 1.1) of 3,700 sq km is bounded by

longitudes 123° 30' and 124° 30' W and latitudes 61° 30' and 62° 00' N.

EAN
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Plate 1.1: Location of Ram Plateau map of Physiographic
Regions of northwestern Canada (Bostock, 1967).
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A plan view of Ram Plateau shows that it has an elliptical shape
with Ram Rivgrkfl?wing through the central upland region'from east to
west: The upland area has a length of 43 km and a general widtﬂ'of 17 km.
The plateau sur%ace ranges 1 altitude from 1525 m (5,000 ft) in the
southern half to 915 m (3,000 ft) to the north. The flanks dip to the
west and east to elevations of 610 m (2,000 ft) and 305 m (1,000 ft)
respectively. Along the central section of Ram River, where the base

camp is situated, the elevation is 295 m (970 ft).

1.2.2 Bedrock Geology

A general account of the geology of Ram River area has been given
in Canadian Geo]ogiga] Serey Paper 60-19 "Virginia Falls and Sibbeston
Lake map;areas, Northwe;t Territories" (Douglas and Norris, 1960) and
i;c]uded in other publications by Ford (1974) and Brook (1976) so only
a brief summary of the major fe;tures is presented here. A map apd cross
sections of, the geological formations are presenfed in Fiéures 1.2, 1.3
and 1.4, A chronology of Ge61ogic Formations is shown in Table 1.1.

The geological strata are composed primarily of Paleozoic car-
bonates with inter-bedded shales that were deposited over a period of
460-360 million years B.P. }he oldest beds which outcrop only at Nahanni
Range include the finely crystalline dolomites of the Ordavician (Mount
Kindle Formation[, the Silurian and early Middle Devonian (Arnica For-
mation). The succeeding strata (Funeral Formétion) are exposed at the
base of many of thg canyons of Ram Plateau. This 750 m thick formation
is comprised predohinan§1y of platey calcareous shale inter—bédded with

* recessive limestones. The overlying dolomitic Manetoe Formation is 95 m

/



‘“TABLE 1.1 GEOLOGICAL TIME SCALE
ERA PERIOD EPOCH YEARS B.P.
x'l(.)6
Quaternary Holocene
Pleistocene
Cgpozoicv 1.5-2.0
P P1iocene 7
. Miocene 26
Tertiary 011igocene 3738
Eocene 53-54
Paleocene
) 65
o Cretaceous 136
Mesozoic Jurassic 195
Triassic !
3 t -
225
Permian 280
Pennsylvanian 325
Mississippian 345
Paleozaic Devonian 395
Sﬂur‘ipn 430_440
Ordovician 5002
) Cambrian
B 570
Precambrian

~

(after Douglas et at., 1970)
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ERA PERIOD
MESQZOiIC . Z shale
UPPER DEVONIAN X shale, silistone | KILOMETERS
2 [FORT SIMPSON shale FAULT/(‘
MIDDLE DEVONIAN | [=1 (HORN RIVER  shale '
. " [ B3 |NAHANNI limestone THRUST
- HEADLESS shale
PALEOZOIC ) IW—E’TTC‘)E* d'olomlle | SYNCLINE
FUNERAL limestone, shale |
e ARNICA dolomite | ANTICLINE
SILURIAN % dol\omne /
ORDOVICIAN dolomite
FIGURE RAM PLATEAU AREA, N.W.T., GEOLOGY
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{DOUGLAS AND NORRIS, 1960)
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thick and is present only along the aeétern slope of Nahanni Range. In
the canyons of Ram Plateau, the 45—150tm th{ck Headless Fbrmqtion sucgeeﬁs
the Funeral Formation and is essentially a ca]qgreous shaley recessive
unit at the base of the c]iff—formihg beas of the Nahanni éormation.
The Nahanni Formation (of late Middle Devonisn age) is 200 m thick in ¢
Ram Plateau and consists of massive to thick-bedded limestones which are
generally eqused:as a single massive cliff unit. Ihe.1ater Horn RiverD
Formation of sha]es;dating from the top .af the Middle Devonién and Fort
Simpson Formatibn of shales from the ear]& Upper Dev&nian remain only
along the flanks of Ram Plateau and Tundra Ridge a}d throughout Tetcela
and Sundog Basins. The 70 m thick Hétn River Formation is_considered
to be the basal 1éyer of -the 550 m thick Fort éimpson Formation. The
two succeeding shaley units of Upper Devonian age and twg?of Mississippian
.age (Yohin and Clausen Formations) outcrop a]ong an anticlinal structure
in the TetcelaBasin, the Silent Hills. The most recent formation con- .
s%sts of shales dating from the Mesozoic and is only found east of
Nahanni” Range.

The complex nature 6f the strata is due to rapid facies changes
at several stratigraphic levels from the Ordovician to the late Middle
Devonia;. Greét thicknesses of dolomitic shelf sediments comprising‘
the Funeral Formation were formed in a shallow, restricted, lagoonal
environment prior to clastic sedimertation of the Headless Formation
during a period of transgression. A subsequent rggression resulted in
’widespread deposition of shallow-shelf carbonates and evaporites followed

by a second major transgression which spread clastic sediments in the

form of Middle and Upper Devonian shales of the Horn River and Simpson

s sl AR
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Formations over the Nahanni Limestone (Noble and Ferguson, 1971).
The shale and carbonate strata underwent widespréad deformatioﬁ
during the Cretaceous and early Tertiary, removing the upper layers of
weak shales of the Horn River and Simpson Formations and possibly planating
the surface. Ram River probably flowed eastward across an erosional plain
of Tittle relief following a course similar to that at present. The
(A-farémide Orogeny, during the Tertiary résu]ted in upwarping of the region
and structural doming of the Ram Plateau while the Sundog and Tetcela
Basins were,depresséﬁ (Douglas and Nor}is, 1960). HWarping must have been
gradual because the’Ram River was able to cug an antecedent canyon with
entrenched meanders into the rising mass. This produced the high degree
of "relief which®presently characterizes the plateau. North-south canyons
were gradually incised down to the base level of Ram River following the
north-south jointigg\?attern of the carbonate bedrock.

The five main areas, of differing geology and bhysiégraphy will
be discussed as they occur from east to west (Figure 1.1).

Nahanni Range, the southernmosf extension of the Franklin Moun-
tains, a]oné the eastern border of the study area is an homoclinal thrust
that dips 20°-35° to the west. This steep westward-dipping cuesta marks

- a fault where the older Devonian formations abruptly sink beneath the
nearly flat-lying Cretaceous and Tertiary sediments that cover much of
the Mackenzie Lowlands (Douglas and Norris, 1960). "It is a spectacular
instance of a 'front range', appearing as an abrupt wall when viewed from
the east. Two salient re-entrants at the northern end of the range are
occupied by Little Doctor and'Cli Lakes. |

‘Between Ram Plateau and Nahanhi Range lies the structurally

£
\,
N
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depressed Tetcefa Basin. It éppears to be a strip of the Interior Plains
left almost undisturbed within the Mackenzie Mountain area when the
Franklin Rahge emerged from the plains far out in front of the main area
of deformation (Bostock, 1948). Fentra]]y located within the basin is
a simple fold, (Silent Hills) 100 km in length trending north from the
South Nahanni to North Nahanni Rivers. Tt is a broad structure w%th
flanks dipping at 20°. |

. Ram Plateau is a broad, dome-shaped structural upland that is oval

in plan with its long axis trending north. Minor structural complications

‘\\are gently plunging folds at the north end and northeast-trending fauits

ﬁith either west or east sides relatively downdropped. At the south end
is a small uplifted block with what appear to be compressional fractures
wifhjn\it. A low, narrow, heavily fractured structural col joins ¢he
south end of Ram Plateau to Nahanni Plateau at an elevation of 870 m
(2,850 ft)(Douglas and MNorris, 1960). Ram Plateau is a stripped struc-
tural surface on Nahanni Limestones. The more easily eroded shales of
the Simpson Formation were probably removed before or during an early
period of Pleistocene glaciation. A1l that remains today are occasional
small rounded hillocks standing above the surrounding plateau surfa;e
(Ford, 1974).

The Sundog Basin, a shallow syncline, is bounded on the west,
south and east by Tundra Ridge, Nahanni Plateau and Ram Plateau. The
strata on its flanks dip approximately east to wes§ at between 5°-10°
and the shales which remain on this lowland surface are b]anketed‘by an

unknown but Certainly substantial depth of unconsolidated sediment.

The Mackenzie Mountains impart a pronounced north-south grain
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to the country. Tundra Ridge along the easternmost flank of the Mackenzie
Mountain system is an east—éipping hemocline that merges with Nahanni
Plateau marking the southern limit of Sundog Basin. Both are steeply
incised by tributaries of /the Sundog aﬁd-Ram Rivers to expose the early-

to mid-Devonian carbonate strata (Douglas and Norris, 1960).

1.2.3 Climate, Permafrost and Vegetation \
The southeastern Mackenzie Mountains have a cold, continental f//_vj/?\
interior climate (Siberian type, Kbppen Dfc-E) characterized by short,
warm summers and long, cold winters. The estimated mean annual temperature
is -1.66°C and the mean annual precipitation of approximately 521 mm falls
mainly as rain during the summer months. Burns (1972) has classified
this part of the Northwest Territories as Alpine (Forest-Tundra) in his
discussion of the climate of the Mackenzie Basin. The area lies in the
rainshadow of the Coastal and Interior mountain ranées so it does not
experience any maritime influence of the Paci;;c Ocean or the large

amounts of precipitation that characterizes regions to the west.
. .

The closest station with a reasonably long period of cliﬁatic

s

observation is Fort Simpson, at the junction of the Mackenzie and Liard

Rivers, 140 km east of Ram Plateau. The temperature and precipitation

EE Y TS

T

means for this station (Figure 1.5) cannot be directly applied to Ram Y

Plateau because of the Tower altitude (130 m (423 ft) as compared to

305-1,200 m (1,000-4,000 ft)) and the enhapced rainshadow effects of
the Mackenzie Mountains due to its more easterly location. The mean .

annual temperature at Fort Simpson is -3.83°C and the mean daily temper-

ature ranges from_—30.39°C to -26.0°C during January, the coldest month,

hd .y .
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and from 10.61°C to 16.83°C during Ju]y,«fﬁé warmest month. Mean annual
precipitation is 345 mm.

Due tojthe longer and more reliable record, Fort Simpson data is
preferred to that of Tungsten which is located on the Fiat River at an
altitude of 1,295 m (4,250 ft) and approximately 300 km west o} the study
area (Figure 1.6~).'~ At Tungsten the meaw daily temperature ranges from
~31.67°C to -27.67°C in January and from 4.8°C to 16.39°C\during July.
Observations for 1970 at Cadiliac Mine on Prairie Creek 50 km WSW of
Ram Plateau indicate that on the average the Mackenzie Mountains receive
‘considerably more precipitation than does Fort Simpson and that'the major
portion of this falls as rain during the summer months. The incomplete
record fro;\CadiT1ac Mine (Figure 1.7) shows that during the eight month
period of record some 5@-53 cm fell, including 20.63 cm of rainfall
during August alone. ! >

Temperatures in Ram Canyon vary with elevation. The data shown
in ffgure 1.8 show that at the base camp (295 m (970 ft)) the mean
minimum and mean maximum daily temperatures for July and August, 1975,
were 5.6°C and 15.7°C respectively. ‘The corresponding temperatures on
top of the plateau, at 1,200 m (4,000 ft), we;e 4.1°C and 11.7°C. Not
only are the temperatures lower and the diurnal variation greater on top
of the ptateau surface,, but thé precipitation is greater also,

The mean date of complete freezeover for the Ram River is early
November and probably earlier for small tributary creeks: This cOrres-
ponds closeTy to the Novémber ls‘q;tg}yhen the Mackenzie and Liaré .
Rivers freeze over at.ForF Simpson (Table 1.2). The average date thata

major rivers are clear of ice is 5phroximate1y May 15. The date for
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TABLE 1.2
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~

BREAKUP AND FREEZEUP DATES FOR LIARD AND MACKENZIE RIVERS

1974

Ice bridge closed
Ferry seryice opened
Ferry service closed
Ice bridge opened

1975

Ice bridge closed
Ferry service opened
Ferry service closed
Ice bridge opened

197

Ice bridge closed
Ferry service opened
Ferry service closed
Ice bridge opened

NEAR FORT SIMPSON, N.W.T.

LIARD RIVER

Apr 19
Ma& 17
Nov 6
Dec 2

Apr 21
May 12
Oct 29
Nov 21

Apr 16
May 6

Oct 31
Dec 13

MACKENZIE RIVER

Apr 19
May 20
Dec 10
Dec 20,

Apr 21
May 14
Nov 15
Dec 1

Apr 12
May 9
Dec 9
Dec 14 ,

(from "“Explorers' Guide" for Canada's Arctgt, 1977)

[
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break up of the Ram River in 1977 was mid Apri],'however, winter and
spring tempgratures were, higher than average for that year (Gauthier,
Departmentxbf Lands and Forests, Fort Simpson, N.W.T., pers. comm.).
Because the mean annual tempgrature is belgw freezing, frozen
ground phenomena are coﬁmoh, especi;]ly at.higher pltitudes. Permafrost

at depth is high]& dependent on thezsurf{cial matdrial as.shown by the

presence of permafrost at depths greater than 3 ji in coarse sands

and gravels at Ram base camp, at less than 2 Q finer sands and
gravels close to the river (e.g. Ram River stilling well and Subject
Creek stilling well), and at degths §f Tess than 15 cm in silty material
underlying peat at 18 m above the present river level. On top of

the plateau at elevations of 915-1,070 m (3,000-3,500 ft) froze:‘g?ound
phenomena (e.g. stone circles) are commoh where there is sufficient
unconsolidated maferia1 covering the limestone surfaces.

The low temperature extremes  and the presence of permafrost at
shallow"depths allow only the hardiest of boreal and tundra species to
survive. Freezing temperatures which last at least half the year limit
tree height and trunk diameters. Permafrost limits root networks. Vege-
tation types of the Ram Canyon can be hiyided into three main classes
(Brook and Ford, 1974). On the plateau surfaces at e]evagfons greater
than §15 m (3,000 ft), alpine grasses, reindeer moss, eriéaceous
shrubs and dwarf conifers are common i areas where the limestone bed-
rock is covered by shallow depths of unconsolidated material. Within
the Tower reaches of the canyons and on flood plains where there is much

more sediment there. is a dense growth of tall trees with white spruce,

balsam and poplar the dominant species. A dense shrub layer of alder

N
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is often present. Slumping is common in these areas as evidenced by

3

stump faces and curved tree trunks. A third form of’ vegetation which
is found at intermediate elevations where the soil cover is thin is -2
comprised of stunted.open tree and alder growth surrounding clearings of

¢ .
grasses, reindeer moss and coniferous scrub. . There is usually a distinct

boundary between this vegetation type and loose scree material excepf in
areas where the angle of screes is™lenst. Over much of Mackenzie Plain
and Sundog Basin a widely occurring forest type is open black spruce\

and reindeer moss (Brook, 1976).

1.2.4 Topography and Drainage

The five main topographic elements of the Ram River study area as
shown in Figure 1.1 include the eastern slope of Tundra ﬁidge and the
northeastern slope of Nahanni Plateau of the Mackenzie Mountains, Sundog
Basin, Ram Plateau, portions of Tetcela Basin, and Nahanni Range.

The carbonate strata of Tundra Ridge and Nahanni Plateau are
deeply incised by the headwaters of Ram and Sundog Rivers, producing
high cliff faces, extensive scree slopes and deep canyon valleys.

* The Sundog Basin is a broad, alluviated plain 25 x 10 km that has
been well dissected by the Ram and Sundog Rivers and tributaries. The
two rivers have created wide flood plains between 670 m (2,200 ft) at
the upstream ends and 550 m (1,800 ft) downstream. The gradient of
Ram River here is approximately.4.4 m/km: The river drains to the north
end of the Sundog Basiﬁ and then turns abruptly southwards to flow
through the very narrow, vertically walled Scimitar Canyon at an ele-

vation of 460 m (1,500 ft), making a spectacular entry into the broader
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Ram Canyon. Ram River may have at one time flowsed on northwards through
a wide channel that is now occupied only by a small tributary, and
thence drained into the Morth Nahanni River.

The Ram River presently follows a meandering course having a
gradient‘of 4.8 m/kmthrough the centre of Ram Plateau. This antecedent
river became deeply incised into the massive grey and dark grey carbonate
strata as the 1and mass domed upwards. That the river is antecedent in
origin is evidenced by the profusely meandering nature of the river through
a bedrock upland. If it were not antecedent, it would be much straighter,
as are the tributary canyons.

Downstream from Scimitar Canyon the river has exposed its bedrock
base in only two places: 2.5 km upstream of base camp at an altitude of
300 m (980 ft) and 4.8 km dovnstream of base cémp at an altitude of 275 m
(900 ft). It is apparent that a great amount of sediment derived from
infilling events after initial downcutting,‘sti]1 covers most of the
original bedrock river channel. After flowing eastward out of the plateau
area at an altitude of 250 m (820 ft) the river adopts a braided channel
northwards until it empties into the North Nahanni River.

Between Ram Plateau and Nghanni River lies the flat, expansive
lowland of the Tetcela Basin at an e]évation of 210-270 m (700-900 ft).
The unconso]%dated deposits in this .basin have not been as deeply incised
- as those of Sundog Basin. The Tetcela River, draining the eastern flank
of Ram Plateau and the western slope of Nahanni Range follows a meandering
course northwards and joins the North Nahanni River 8 km east of the
junction of the -Ram and North Nahanni. The North Nahanni subsequently

discharges into the Mackenzie River at Camsell Bend.
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The Nahanni Range, the southernmost extens%on of the Franklin
Mountains, is some 125 km long and up to 16 km wide. Within the study
area it forms a remarkably narrow wall 6-7 km in wiqﬁh and rises abruptly
( from the Interior Plains to an elevation of 1,200-i,525 m (4,000-5,000 ft).
Near the northern end there are two narrow breaches which are occupied

by Little Doctor Lake (10 km long) and Cli Lake'(13 km long).

1.3 Previous Morphological and Quaternary Work

1.3.1 _Evide;ces for Glaciations

As ea§1y as 1938 Cameron and Warren recognized that evidence of
; giaciation in the South Nahanni region of tﬁe Mackenzie Mountains is
not strongly markea. Bostock, in 1948 detected a lack of g1aci;1 features
in some areas north of Peace River and suggested that this was due to
relatively 1ight precipitation during the Pleistocene, such as character-
izes this region today. '

Two large areas of the Mackenzie Mountains were delimited as
having escaped extensive glacial cover during the Wisconsinan by Wilson
et ql. (1958) in the first "Glacial Map of Canada". These areas were
enlarged by Prest et al. (1967) who recognized that parts of the Mackenzie
Mountains may not have been glaciated at any time during the Pleistocene
while other parts may have been covéféd by ice during one or more of
the Pleistocene glacial events (Plate 1.2).

Craig and Fyles (1960) found evidence for three principal ice
sheets (Laurentian, Cordilleran and High Arctic) that partly coalesced

during their maximum stands. There may have been only limited and
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SCALE ) 1:9,000,000
LEGEND .
Green Maximum Glacial Lake coverage
Orange Hummocky Terrain
White Area of Wisconsinan ice
Light Purple Area in part unglaciated
Purple Area of pre-Wisconsian glaciation

beyond the Timit of last g]ac1at1on.
Dark Purple Unglaciated area

| ’

Plate 1.2: Glacial Map for the northwestetn area of
T Canada (Prest et al., 1967)
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localized contact between the Laurentian and Cordilleran ice sheets north
of 60°N due to blocking of Laurentide ice.by the Mackenzie Mountains.

At least two advances of Laurentide ice crossed the Interior
Plains east of the Franklin Mountains énd covered the eastern ranges of
the Mackenzie Moun;ains to elevations of 1;200-1,525 meters (4,000-5,000~
ft) according to Craig (1965). He found no evidence to suggest that
Cordilleran ice from the west entered the area east of the Mackenzie
Mountains., The Franklin Mountains may have increasiné]y impeded and
eventually stopped the flow of Laurentide ice during eariy stages of de-

glaciation, diverting it instead to the north and south along the moun-

tain front. '
Gabrielse et ql. (1973) reported that the entire‘Fla .River,u
Glacier Lake and Wrigley Lake map areas, west of Ram Plateéuj(Figure o
1.9), were glaciated by alpine and valley glaciers and ty6 or more wce
sheets. Cordilleran ice covered areas to a]t1tudefz/f/more than 1,955
m (6,415 ft) and then retreated in a southwester]y direction. That Lauren-
tﬁde ice from the east reached the east side of Wrigley Lake is evidenced

e,

|
by a large moraine containing granitic rock derived from the Shield and
with a crest of 760'm (2,500 ft). Erratics also believed to have been
derived.Zrom the east were found at an elevation of 1,370 m (4,500 ft)

south of North Redstone River opposite the southeast end of Tigonankweine

o BT R AR A

Range. The minimum upper ]imitAof an ice sheet is well-defined by aban-
doned marginal channels on the northeast slope of Tigonankweine Range at 4

AN
elevations of 1,370 m with slopes that suggest a southerly retreat of

SRS SUNTEY

S

SRS o

Laurentide ice. Other indications of the westerly extent of Laurentide

ice, are believed to have been obliterated or greatly subdued by a late-



- 26

ARCTIC
OCEAN N
N W
I \
I Y N.W.T.
| }
- \\
\
\,//[ l"\
y
I }
I \
f \\_
l M \\
4 Yokow .
1 TERRITORY \
]- ’ Y.
f \
I
I 0 200  Miles |
] L 1 i
F— 1 :
| 0 200 Kilometres
L___ = ==

BRITISH COLUMBIA

Aitken and Cook, 1974 .
Brook, 1976, Ford, 1976; Weirich, 1978
Craig, 1965

Fulton aend Klossen, 1969 -
Gobrielse et a/, 1973
Hughes, 1969

Rutter, 1974

4

OMMmMO O WY

'FIGURE 1.9 LOCATION OF OTHER AREAS STUDIED
IN THE - MACKENZIE MOUNTAIN  REGION, N.W.T.

—y

N



27

stage ice movement from the west.,

. Rutter and Boydell (1973) found evidence for two Laurentide ice
advances in the Upper Mackenzie River area. A grey-black stoney till
is exposed as the basal unit in many tributéry valleys of the Mackenzie
system, and glacial erratics on the summit\areas of the Mackenzie Moun-
tains up to elevations of 1,525 m are evidence of the first advance. A
second ice advance which was much thinner and topogréphica]]y controlled,
with the centre of deflection at the Nahanni Range, is recorded at the Sur-
face by’a iight, grey-brown %toney till sepérated in section from the
lower til1l by stratified sands and graye]s up to 30.5 m (100 ft) thick.
Deposits Fe]ating to the most recent advance are not found above an ele-
vation of approximately 670 m (2,200 ft). '

Strong evidence of multiple Laurentide glaciation in the nofth-
western District of Mackenzie was founq by Fulton and k1assen (1969).‘
Three tills lying outside the morainégibu11t by the last ice advance
were found in a tributary valley of the Horton River. Dating of a peatk
layer above the two lower tills indicated that this region of the
Anderson Plain was covered by ice on at least two separate occasions
prior fo 38,100 years B.P. and at Iéast once after this f{me.
Hughes (1965) noted extensive Laurentide inva5109§ of the northern

?ukon Territory and northwest bistrict of Mackenzie. ”Tﬁéj;ce may have
reached 1,070 m (3,500 ft) on the east flank of the Richardson Mountains
and 1,200 m 6n the north flank oT-the Macﬁénzie Mountains dur{ng two or
more sesarate early advances or only once ddring an earTy glaciation.
Dating indicated that ;he maximum advance of Laurentide ice on to the

Peel Plateau took place more than 31,000 years ago. " Two or more different

-~
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. )
ages of depositional ‘landforms were found within the area glaciated by

Laurentide ice. The well-preserved 1ahdf0rms in the area east of the -
Richardson Mountains and north of latitude 66°N are considered :; be of
late Wisconsinan age while the more subdued features farther west méy

relate to o]der’Laurentids glaciations during early wigconsinan or even

pre-Wisconsinan time.

- l '
Rutter's (1974) work in the northern and southwestern District,

of Mackenzie yields evidence of two Laurentide ice advances in both areas.

In the Hrigley Lake map area the "Classical" wiscoﬁéinan limit is at
1,295 m (4,250 ‘ft) and the éar]iéf linit is at 1,525 m. In the Sibbeston
Lake map area eastern erratics have been found up to elevations of

1,525 m. | | = |

Ford (1976) fdéund stfong evidence for mu]tipie glaciation by

_Laurentide ice in the South Nahanni River region of the Mackenzie and
Selwyn Mountains. The o]desf of. the three Léuréntide ice advances is
indicated by the lag of an ancient till up to altitudes of 1,400-1,615 m
(4,600-5,300 ft) on the east flank of Nahanni Plateau and everywhere oﬁ
Ram Plateau. Ihe‘tifﬂ was empiacéd by the ice'sheet"o% the Firsf Caﬁyon
Glaciation which submerged Nahanni. Range,'Ram Plateau and Yohin_RidQe

and fiha]ly'éame_to rest on the east flank-of Nahanni Plateau prior to
300,000 years B.P. ‘A subseduent Laurentide ice sheet during the Clausen
Glaciation came to }est against the lﬁwer slopes of Nahanni and Ram
Plateaux and is conside;ed to have been responsible for the well-preserved
knob and kettle terrain north.and south of Nahanni River west of Yohin
Ridge at 655 m.(Z,ISP ft). The limits of the moét recent‘Lauréhtidé

{ncursion are marked by a large and complex lateral moraine on the north-
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eabt flank of Mattson Mountain which descends the mbuntain flank from
804 m (2,640 ft) to 523 m (1,716 ft). Ford believes that during this
glacial advance, the Jackfish Glaciation, ice occupied the steep-wafqed {
breach between Mattson and Twisted ‘Mountains and that.wést of this the
ice thinned rapidly. The Clausen and$Jackfish events are tentativé]y
ascr1bed to the I1Tinoian and “Classical" Wisconsinan periods respect1ve1y
Brook (1976) proposes a series ;f five Laurent1de ice advances
into the Nahanni and Ram Plateaux areas. The date for the First Canyon f

\

Glaciation (Ford, 1976) at approx1mate1y 400,000 years B.P. is based on

T Wi art

calcite dating of sta]agmjte growth layers abqve g]ac1a1 w1nnow1ngs
‘incorporated into sta]agm?%es in Grotte Valerie and Speleothem Cave.

Pe}iods of enhanced speleothem growth (1ndiéatiVe of interglacials) N

occurred approx1mate1y 310,000, 210, 000 and 125,000 years B P., with
1ﬁeath Canyon and Sundog Glaciations during the 1n€krven1ng periods when

growth rates decreased. A Death Canyon glaciation with an ice surface

o S e

!
at between 1,000-1,070 m (3,300-3,500 ft) is evidenced by glacial end

. moraines and delta-like complexes in Several of the deep canyons which

B st St

dissect the eastern flank of Nahabn1 Plateau south of Sundog Basin.
During the Sundog Glaciation ice came to rest against the eastern, flank
of Nahanni Plateau north of First Canyon at an elevation of between

820-915 m (2,700-3,000 ft). ' Terbaces in Ranger Canyon at 820-850 m

L S Tt

'(2 700-2,800 ft) are remnants of former va]]ey f}?l to this level anpd the
glacial material on Nahanni Plateau between Lafferty Creek and First
Canyon up to altitudes of 820 m co;trastswithqthe bare limestone surface
above. Evidence of the later Clausen Glaciation includes depositional

. terraces at 640-670 m (2,100-2,200 ft) on the extreme southeastern flank

. ﬁ‘M"‘”"’ P A L Lo
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o
of'Nahanni Plateau west of Clausen Creek and similar terraces on the
eastern flank of Ram Plateau where a tributary caﬁyon south of Ram River
has been alluviated to 580 m (1,900 ft). Breok (1976) ascribes fhis
glaciation to the eérly Wisconsinan because the sediments laid down by
Lake Nahanni which was impounded by this ice sheet are too well préserved
in the fluvially active Sduth,Nahanni River drainage basin to' be.of
If]inoiap age as Ford (1976) suggested. The most recent ice advance
during the "Classical" wisconsihan'came to rest against the eastern flank
of the thanni Range. Due to blocking by this topographic barrier the
-only evidence west of Nahanni Range of %his, the "Jackfish Glaciation, is
alluviation to 466 m (1,500 ft) by the impounded Lake Tetcela where two
streams flowing eastward off the flank of Ram.Plateau have changed course,
cutting down through the bedrock walls of the original chgnnels after
they were infilled to 460 m (1,500 ft) and'BOdJm (1,000 ft):

1.3.2 Evidepces for Ice-Dammed Lakes .
) There is a great deal of evidence For iée—q§mmed Takes.and ice-
marginal drainage in the easternmést ranges -of the.weséérn Cordillera and
“Yukon, viz., at the fronts of Laurentide ice sheets.
Prest et al. (1967) have marked fhe boundaries of‘; former ice-

dammed lake occupying the North Redstoﬁg River Qa]]ey ups tream ofjwrﬁg]ey

.
CEI3 ey hen” P Hptnh mrbim <t

Lake. This was ponded by the Laureqtide ice Sheet that ‘deposited the

termi;al moraine at the eastern end of Wrigley Lake (Gabrielse et al.,
1973); More recent discoveries of deposi;s that:appeér to have been laid
down in ice~dammed lakes in many of the étfeam valleys whiéh dissect the

_eastern ranges of the Richardson and Mackenzie Mountains and the Peel

P
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Plateau suggest that many such lakes were ponded all along this mountain
front during periods of Laurentide ice incursion. ‘

Rutter and Boydell (1973) have idéntified glaciolacustrine sands
and silts in rivér valleys west of the Liard valley, in mountain valleys
west of Liard, Nahanni and Camsell Ranges, and in the Bulmer Lake and
Wrigley Lake map-areas. The glacial lakes are thought to have reached a

maximum elevation of 396 m (1,300 ft) and ultimately draiﬁed northwards.

Consistent northward deflections of Carcajou River and other major streams

in the. Carcajou map-area and the presence of numerous abandoned spi
ways aligned northeasterly also suggest drainage to the north along the
ice margin (Aitken and Cook, 1974). -

Further evidence for glacially impounded lakes has beeﬁ found py

-

Hughes (1969) in Bonnet Plume, Be?ﬁ. 01d Crow and Bluefish Basins. The

latter three basins are of structural rather than erosional origin, having o

been formed by warp%ng or faulting in the Tertiary or early Pleistocepe. -

Drainage out of these Takes appears to have been to the north. Paly-

no1ogicaf analysis of the sediments in Hugh's Porcupine River section and
3

radiocarbon dating of organic matter contained within them by Lichti-

Federovich (1§74) has.es%abfished that an early.or pre-Wisconsinan Laurentide

“ice sheet which advanced onto the Peel Plateau and came to }est'againgt

. s
the Richardson Mountains was followed by a "Classical” Wisconsinan
Laurentide ice -advance which commenced before 32,000 years B.P. and

ceaséd by at least 10,740 years B.P.

In the Sog;h/ﬁﬁhanni region two dise}nct/aTﬁgiplaédstr{ne_deposits

" have been reported by Ford (1976). Analysis of sediments found west of

Vad

Third Canyon in the South Nahanni River valley, the Flat River valley and
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.

in tributary canyons suggests deposition in a lake with a surface at
between 580 m (1,900 ft) and 650 m (2,130 ft). Ford ascribes these to
the I1linoian glacial period when Clausen ice impounded Lake Nahanni.
More recent sediments identified in Deadman Valley and in the Mackenzie
Plain area immediately east of First Canyon, South Nahanni River, appear
to have been laid down in a Take with a level at approximately 400 m
(1,3?0 ft). Ford suggests that these were deposited by the younger
Glacial Lake Teteela that was impounded by Jackfish'ice during the
“Classical" Wisconsinan. Lake Tetcela is considered to have overflowed
_ northwards across a low col into the valley of the Tetcela River.

B;ook's (1976) work in the South Nahanni karst regién suggests a
more compiex history. The extreme flatness of the upper surfaces of
sediment in the Spndog Basin suggest lake deposition. In the extreme
southeast poftion of Sundog Basin i? the region of the Nahanni poljes are
terraces up to an altitude of 945 m (3,100.ft) that are interpreted aﬁ
being dissected sandurs,énd kame terraces bath laid down by a tongue of
glacier ice occupying the region around what is now the 1abyrin§h and
po]jé karst belt. West of the Nahanni Poljes the 915 m (3,000 ft) surface
appears to be of glaciofluvial brigin. _Lake.Sundog I, impounded by'Death
Canyon ice resulted in allﬁéiation of Hiller and Texas Canyons to 790-
850 m (2,660—2,800 ft)g These canyons presently drain underground. After
a period of fluvial erosion, Lake Sundog II jmpounded by Sundog ice
created terraces at 730-760 m (2,400-2,500 ft).‘ These contain sands
and érave?s transported.into the basin largely by the Ram and Sundog
‘rivers prior to ice retreat. Lake Sundog II is believed to have drained

northwards along tﬁe ice margin against the eastern slope of the northern

w M
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section o% Nahanni Plateau into the North-Nahanni Rivér region. Two

later lakes, Lake Nahanni at 610-650 m (2,000-2,130 ft) impounded by
Clausen ice and Lake Tetcela at 400 m impounded by Jackfish ice during

the early and tate Wisconsinan are recognized. Brook suggests that
Clausen ice is of early Wisconsinan age, and not I1linoian as Ford pro-
posed, for two reasons. The(deposits of. Lake Nahanni-are not extensively
dissected and it is likely that they correspond to fhe early Wisconsinan
sediments studied by Hughes (1969) and dated by Lichti-Federovich (1974) .
as having been deposited during a glaciation which commenced before 32,000
years B.P. and ceased by at least 10,740 years B.P.

Weirich (in 7itt.) has.conc]uded that a proglacial lake (Lake
Cariboo) infilled the canyons of_South Nahanni River to at 1gast 610 m
(2,000 ft) prior to infilling by Lake.Nahanni to 610-650 m. That an’
extensive grosiona] phase separated the two events‘is evidenced py the
presence of an unconformity between the dark grey silts of Lake Cariboo

and the overlying buff-coloured sflts of Lake Nahanni.

In summary it is evident thgt many parts of the Mackenzie Mountain
area were not glaciated during the last glaciation. Studies agree that
the first Laurentide ice sheet covered the mountains-up to elevatiaons of

more than 1,370 m. (4,500 ft) and that subsequent Laurentide advances were

" topographically limited in extent so that the upland areas were not glaciated.

Reports concerning meltwater channelshand glaciolaéustrine deposits within
the valleys and canyons indicate that the lakes impounded by the -ice
drained northwards as the ice retreated to the southeast.

The precise number of glécia]vadvances reported differs among

authors. This may be attributed to the diffgzéht localities which were
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studied and later ice advances which removed traces of earlier glacial
events. It 1is possible that all of this work is fundamentally correct,

but its correlation is evidently difficult.
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CHAPTER TWO
REGIONAL EVIDENCES OF TERRACES AND CHANNEL DIVERSION FEATURES

Larger regions‘both up and downstream must be studied in order
to better understand the complex series of depositional events withiﬁ the
Ram Canyon area. Air photo and topographic map interpretation. are relied
upon as the best means of study. Aerial reconnaissance by helicopter over
much of these adjoiﬁing areas and the region farther south along the
South Nahanni River was undertaken by the author and Dr. DLC. Ford so that
iﬁterbretation would be more accurate. In Chapter 3 the results of two
seasons of detai]gd fieldwork within the Ram Canyon area and at one loca-
tion in the Sundog Basin provide greater detail and further substantiate

general hypotheses proposed in this chapter.

2.1 Mapping Procedures

The topographic maps and air photos for the‘map area bounded by
Tundra Ridge, North and‘South Nahanni Rivers and Nahanni Mountains contain
important indicators of the events thought to be responsible far the
infilling of thé Ram canyons. Such indicators include the location,
extent and elevation of unconsolidated material, terraces and channel
ﬂiversjon featyres. The iﬁformation shown on- Figure 2.2 (in pocket) was

initially mapped on the 1:50,000 topographic series using information.

derived from aerial photographs at a scale of 1:59,000, and the §p]id

35

O g S W YRy LW i A

i
!
2




36

3

geology mapping of Douglas and Horris (1960), published by the Geological
Survey of Canada at a scale of 1:250,000. In the following discussion each
feature fas been assigned a number which corresponds to that on Figure
2.1. The features which have not been numbered are named.
As noted, the region‘east of Tundra Ridge and west of Nahanni
Range is generally considereh not to have been glaciated during the most
recent continental and alpine glacial period. Large progf§c1a1 lakes may
have infilled basin areas. The limits of Laurentide ice advances were
mapped from indicators such as fluted ground moraine, terminal moraines
and channel diversion features resulting from the erosion of canyon walls
and subsequent alluviation. The altitude and extent of proglacial lakes
infilling the basins and canyons to the west of the ice margins were
determined on the basis of the ]ocation'and elevation of unconsolidated -
infil}, terraces and a]]uviak\fans. Theée were correlated with abandoned
spi?i@ays, breaches and fluvial terraces at corresponding locations and
elevations. Gradients were calculated from topographic mab data. The
extent of lithglogical control was dnferred using such criteria as: scale
of feature, slope, vegetation and drainage pattern, and verified in somé
instances by the geology maps. Unconsolidated deposits over ]imesione‘
“usually have sinkholes and’are often surrounded by vertical Timestone
cliffs. Those underlain by shales at shallow depth show recent soliflgctual

movement which is readily detected on the air photos.

2.2 Deshrigtioﬁ of Features

- The large-scale features ﬁre described in terms of the-four >

distinct geographical sub-regions of the study area: 1) Nahanni Range
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and Mackenzie Lowlands, 2) Tetcela Bdsin, 3) Ram Plateau, *and 4) Sundog
quin. :

-

s : ,
2.2.1 Néhan j-Range and Mackenzie Lowlands, o S

Nahanni Range separates the Mackenzie Lowlands from the Interior
Plain. East of the mountain .range Ehe surface of ground moraine (1)
exhibits well-defined glacial flutings, some of which are filled with
wateg. " These flutings are.oriented‘in a WNW-ESE direction indicating that
" Laurentide ice advanced from the ESE during the most recent glaciation.
There are no flutings west of the mountains, which suggests that the most
Fecept ice sheet did not enter the.Tetcela Basin. If any terminal moraines

were formed along the steep eastern slope of Nahanni Range they have been

subseeuent]y eroded.

The mountains are principally drai by rivers flowing to the

west which have incised deep V- shaped s ixto the dip slope of the

ciesta. The valleys show no g1ac1a1 features sugh as cirques, truncated

spﬁ?s, U-shape or hanging mouths. Unlike the canyons of Ram P]ateautéhey
© are not choked with unconso;idated deposits. Alluvial fans at‘Fhe meeth

of each valley coalesce as they spread out into Tetcela Basin. THey are
_probably composéd of a m1x§uye of sediment derived from the local bedrock
and pa]eofx]] that has been washed out of the valleys. The fans are

presently being inCised, implying that they were deposited during periods

of much greater detrital production. .

" There are two sijeiglf/breaches through the northere section of
the mountaﬂ&range That occup1ed by C1i Lake is 1 2 km wide and 3 km

long. The western shoreline of Cli_Lake extends across the midpoint of
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the breach, and the lake is_very_sha1]6w for a distance of 1.0 km offshore,.
implying deposition subsequent to g]éciaﬂ scour. The narrower breach occu-
pied by Little Doctor Lake is 0.5 km wide and 3.5 km long. The western
shore of the lake is 2.2 km west of the westérn front of the mountain range
and the lake.is much deeper closé to shore suggesting that a tongue éf:ice
occupied the breach. This is independently inaicated by the p}esence

of a large, dis;écted alluvial fan at the western end of the breach. The
fan deposits range in elevation from 275-365 m (900-1,200 ft). .

To the south, Nahanni Range terminates at Nahanni Butte. South

TN M

of ‘this, a continental ice sheet covering Mackenzie Plain would not be

diverted awa} from Tetcela Basin by any topographic barriers. This area

is considered to be the major entrance for ice masses'OCCupying Tetcela

Basin prior to the last.glaciation. Lesser amounts of ice would haye

entered Tetcela Basin via the large gap through which North Nahanni River. N
flows, between Nahanni and Camsell Ranges, and via the breaches at Cli %

and Little Doctor Lakes.

[T

2.2.2 Tetcela Basin .
Tetcela Basin, between Nahanni Range and Ram Plateau is a very
) flat, extensive lowland area having a general elevation of 210-275 m

(700-900 ft}. The modern flood plain of the profusely. meandering Tetcela

MRS SO NV~ P e

River (Plate 2.1) is incised 10 m below this level. The lowland area is
interrupted only by the Silent Hills, which.are isolated, elongate seg-
ments of the N-S ridge of shales, central to the.Yohin syncline. To the / S

' ) : .
south, the western fork of this formation is the northern extension of -

Yohin Ridge.

/
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northward through the flat-

Tetcela River meanders
floored Tetce]a Basin

Plate 2.1
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y; the mouth of Ram Canyon theréwis a series of fluvial terfaces
(3) in unconso]iaated'déposits (Plate 2.2) with elevations ranging from
245-275 m (800-900 fty. These are attributed to recent ercsion-by Ram
River. At the southern end of the basin, west of Yohin Ridge,'there is a
Tow col (5) at-an elevation of 380 m (1,250 ft) between the South Nahanni
and letca]a Rivers, suggésﬁing fhat at one tame theée two drainage systems .
weretlinked From this col, Tetce]a R1ver drains northward, descend1ng
to 275 m at a mean gradlent of 6.3 m/km West of it, flanking Ram Plateau,
there is a horizontal terrace (4) at an elevation of 425L460 m (1,400-
1,500 ft). Between Yohin Riﬁge and the Silent Hf]}é there are horizontal
terraces (7, Plate 2.3)-at 365 m (1,200 ft) on both sides of
the southward dra1n1ng Flshtrap Creek. The creek flows through a lower
channel havf%g a flood plain (6) at 245 m. East againg. between the Silent”
H111s and-Nahanni Range, there' is alluvium (9) up to 530\560 m (1,750-
1,850 ft). It supports the headwaters of Grasper Creek, wh1Ch\drains to
the north Grainger Creek which dra1ns to the east through a breach in
Nahanni Range, and Bluefish Creek which drains to the . south Ibé sect1on
of Grasper Creek north of 61° 30°' N has a steep mean gradﬂgnt of 15 2 m/km
down to the general level of Tetcela Basin. -
The basin is so flat that the marshy areas (8) in the central
part drain_both northward into fétce]a River and southward into Fishtrap
and Bluefish Creeks. . S ' S
North @ahanni River f?ows to the eaét along the northern flank
.of Ram Plateau, acroés the northern endbf Tetcela Basin and -then flows -
northward through the gap}betweeﬁ Nahaﬁhjgaﬁd Camsell Ranges to empty

into the Mackenzie River. Just north of the:southward diversion ;hére
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Plate 2.3: Terraces at
365 m on both sides of
Fishtrap Creek (photo
by Fordg

Plate 2.4: The narrow,
vertically walled Scimitar
Canyon (photo by Dale
Leckie) '
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-is a breach (2) at an elevation’ of 260 m (850 ft) which is present]y

uninterrupted cliff recession this is not believed to be a result ¢f erosion

i

" The mouth of the 4 km long gorge is at 365 m (1,200 ft).

\ o
. S 43 a

T

T

occup1ed by Carlson Lake, the source of the northward-flowing Car1son

T e g

Creek. 1It.is possible that a‘lake 0ccupying Tetcela Basin drained via

Carlson Creek at a time when the lower outlet betwéen Nahanni and Camsel]

T R rANMIT it

ﬁanges vias b]ocked,‘perhaps by ice.

2.2.3 Ram Plateau

The.canyons of Ram Plateau are characterized by 180 m high vertical

c11ff faces of Nahann1 Limestone w1th extens1ve blocky scree s]opes below, §
bu1]d1ng out onto infill at the base a]ong thelr entire lengths. The scree j
has a slope ranging from 25°-29° and there are rock glaciers in Camp, ‘ §
Fau]t and Subgect Canyons. Many of the canyons have widths greatly é
exceedang thelr depths. Due to the likelihood of lengthy periods of . %

K

by Va]]ev g]aciefs, even though the creeks draining these immense canyons

FERT., 2

e

Took like mlsflt stream§<and the extensive sCVee slopes 1mpart,a rough
U-shape to the canyonL;/cross sections.

Ram River enters’ Ram Canyon via Scimitar Canyon (10) an extremely
narrow, deeq gorge cut into 11mestone (P1ate 2. 4). The head of the modern

gorge at the northern end is a waterfall on limestone at 460 m (1 500 ft) {

Ram Canyon is a complex feature. It is straight at the eastern

and western ends but meanders acutely in the centra] portion (Plate 2.5),

“tewe o g ‘,z'.-c»b}m AT ot

where the net up- dom1ng of Ram Plateau is greatest. . . I

2

Abandoned bedrock meander scars alongside Ram River with Ram §.

Y

Plateau are partially infilled with unconsolidated sediment up to an %
. . %
3
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Plate 2.5: Air photo’of the central Ram Canyon area showing
- the aptecedent meandering channel of Ram River
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elevation qf 550 m (1,800 ft). The mdst notable examples of filling are
Golden Bowl (15) (Plate 3.19), Western Bowl (17) (Plate 3.4) and Eastern
Bowl (20) (Plate 3.1). Slumping is common in.a11 three.

The bed of the modern Ram Rive} rests on unconsolidated infill and

bedrock is exposed at only three places along its course:

~

1), at Scimitar Canyon (10),

2) at a chute (16) (Plate 2.6), at an elevation of
300 m (980 ft), 2.5 km upstream from base camp
(18), and

0 .

3) at a small gorge (19), 4.8 km downstream from base

camr where the elevation is 275 m (900 ft).

»

The tributary canyons draining northward into Ram River (e.g. Raynor,

Camp, Subject, Mike and Lake Canyons (23-27)) have infill other than
,scree up to a maximum elevation of 730 m (2,400 ft) at their upstream
ends, and terraces at 550 m.
On the western side of the p]ateaut(Plate 2.7) tke broad canyons

« which drain into Ram River (e.g. Leckie,‘Foot1oose and Butler Cényons) )
;(12-145 have alluvium up to 730 m. As the limestone bedrock dips west,
the canyon walls pass beneath the infilling (Plate 2.8). " The downstream
portions of the canyons are being excavated by smail local creeks which
empty ‘into Ram River at elevations of 350 m (1,150 ft), 335 m (1,100 ft)
End 330 m (1,080 ft) respectively. - } '

| A]ong the eastern flank of Ram Plateau the rivers generally d#i%n
to the east following the dip of the bedroék. North of Ram River there is
an abandoned channel feature (21) at an elevation of 460 m lying between
the edge .of the plateau andva northward-trehdjng series of shale outliers.
The chahnéi ié.oriented N-S and has a gradient of 8 m/km to the nor%h.

|
I
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Plate 2.6: Chute upstream from base camp where Ram River has
regsi?avated its original bedrock channel

Plate 2.8: The cliff-forming Nahanni L4mestone dips west
under the unconsolidated sediment infilling

Sundog Basin’ “ :

46
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Air photo of Western Ram Canyon area showing

paleochannel above Scimitar Canyon
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A ridge of unconsolidated material (22) liﬁks~two of the sﬁale outliers.

This may be a terminal or recessional moraine, indicating the western extent

of an jce sheet or a stationary front during récession.

Immediately south of Ram River, Lake Canyon and Karpuk Canyon
(27, 28) exhibit modifications to their original forms. Their northern
halves drain north to Ram River, and air photos show that the southern
halves once drained to the north. The midpoints of the canyons have been
alluyiated to 565 m (1,850 ft) and 460 m respectively. The vertical‘can-
yon wé1ls of Lake Canyon obviously pass below this infi11, indicating
deposition after the bedrock canyon'was iécised. A lake, 500 m in length,
occupies part of the level portion of the canydh floor (Plate 2.9). The
eastern walls of Lake and Karpuk Canyons were either eroded or buried by
sediment and the rivers draining the southern halves were diverted dowp
the dip slope to the east, as shown in Figures 2.3 and 2.4,

Farther south, Latham and Tucker Canyons (29, 30) have infillings
tb elevations of 850 m (2,800 ft) and 1,000 m (3,300 ft) réspective]y.
The original, broad outlet of the latter was filled to 460 m. Its river
was diverted onto the eastern canyon wall as is indicated in Fiqure 2.5
and now flows through a recently incised, narrow channel into Tetcela
Basin. In Tetcela Canyon there are unconsolidated deposits at the head-
waters of\Tetcela River. These may be till over shales. Their elevation
is above 945 m (3,100 ft). Downstream, Tetcela Canyon contains no

apparent unconsolidated material.

2.2.4 Sundog Basin

The Sundog Basin is bordered by Tundra Ridge to the west, Nahanni
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Plate 2.9:
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A lake occupies a 500 m long section of the flat-
floored Lake Canyon (photo by Nichols)
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L AKE CANYON ALLUVIATION TO

565 m
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P]ateau to the south and Ram Plateau to the east. Trending across the
northern portion of the basin is a linear ridge of shales (37) extending
out from Ram Plateau in a northwesterly direction. Only elongate remnants
of this ridge can be detected above an infilling. |

The Basin is mantled'by”great thicknésseé of unconsolidated sedi-
ments which Gave been variably dissected. The limestone bedrock a]ond the’
western edge of Ram Plateau clearly passes beneath this material (shown
in Plate 2.8), indicating its deposition after Sundog Basin was structurally
depressed. Many terrace f;agments at a consistent e]evatipn of 730 m
(2,400 ft) intimate a Tengthy per1od of alluviation to at least this
a]tltude. The headwaters of Ram River and Tundra Sundog, R1dge and Karst
Creeks (38742) are entrenching this infill, causing 1arge—sca1e slumping
at many places along their courses. One of the 1arge§t slump faces
found in the centre of the basin (43) is more than 90 m high.

The cneegs draining the northern f1a6k of Nahanni P]atéau and
the éastern flank of Tundra Ridge have cut very large canyons which corres-

| A

pond in position, size and orientation'with'1argg, filled canyons of the
western f{ank of Ram Plateau, viz. Leckie, Footloose and ButTér Canyons.
It is believed that Tundra; Sundog Ridge and Karst Créeks originally cut
these three canyons as they drained eastward into Ram Canyon. Thermost
plausible paleodrainage pattern is -shown in Figura 2.7.

The modern drainage pattern of Sundog Basin is highly anoméfqus.
The creeks (38-42) join before flowing northward through a narrow,
meandering canyon (Sundog Canyon, 36) that-is cut into the elongate ridge

of shales. The river then turns abruptly s#uthward to flow through the

narrow 501m1tar Canyon and 1nto Ram Canyon. The narrowness of Sundog
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and Sciﬁitar Canyons 1hp1ies that they are the'result of a relatively recent
dgwncutting phase(s}. They are the consequences of radical diversion§
of the pa1eochanne1s..

From the abrupt bend in Ram River there is a wide, f]at—f]qoréd
valley (Glew Spillway, 32) extending nofth for 40 km to North Nahanni'
River. The valley is presently alluviated to a maximum height of 585 m
(1,920 ft). It is drained to the north and south by(sma]] streams having
headwaters in marshy ground south of the ﬁidpoint. }The size of the valley
clzarly indicaFes that this spillway féature was originally cut by a uni-
direc;ioné] river of much greater magnitude. |

Piate 2.5 shows that above the modern, limestone Scimitar Canyon
there are traces of an older channe] (11) which descends td\the.north
following the dip of the top of the limestone bedrock. The present ele-
vatigh of the hﬁgheét‘portidn‘of Fhe remaining c»----l‘feature is 670 m

(2,200 ft) at the southern end. The channel wa$ mably even -higher. in

the past (perhaps 730 m) when allowance is made for erosion of the over-
lying shales. Farther north, the downstream portiens of two south-draining
canyons (Jackson (33) and Pratt‘(3ﬁ) Canyons) Have been filled to 670‘m.
Their streams have been diverted westward and are | resently cutting down
into uﬁconsolidated'sediment, leaving the orfgih;1 canyon mouths infi]ied,
. as shown in Figuré 2.6, _ \ .

Evidence of‘f11ling above 730 m is found only around the southern
pefimeter.of.Sundog Basin. A lithologically-controlled col (49) with an
elevation of 870 m (2,850 ft).joins thé southwestern edge o% Ram Plateau :
to the nprtheasﬁern'edge of Nahanni Plateau. -It is the lowest part of the

divide between Sundog Basin and the South Nahanni Basin. Its e]éqgtion
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is apparently ;oo high for the two drainage basins to have eVer'been
linked becadgg the highest lake level in Nahanni basin c1ted by Ford (1974)
and Brook (1976) is at 650 m (2,130 ft) and any Take 1mpounded in Sundog
Basin would have drained northward at Tower elevations. o
North df the col ihe}e is a series of depPsitional and erosional
terraces (46) along the western ‘flank of Rip Plateau. The terraces descend
regularly to the north from 945 m (3,IOQ ft) to 760 m (2,500 ft) at a‘mean

gradient of 10 m/km. Thé lower reaches of ‘Hiller (47) and Texas (48)

[ P

Canyoné drainfng‘the southwesterﬁ flank of Ram Plateau have been alluviated
to 850 m (2,800 ft). Farther west is-an expansive terrace over Timestone

(45) at an elevation of 915 m (3 000 ft) f]aﬁkiﬁg the northern edge of

B I

Nahanni Plateau. North of this (44) a much larger area of uncousol1dated
mater1a1 shows signs of massive so]1f1uctua1 descenit .to the northeast to
a present elevation ranging from 790—700 m (2,600—2,300 ft). It follows

the dip direction of underlying shale bedrock.

2.3 Tentative Qutline of Events "
The topographic features found in each sub-region of the map

area must be related in some'wgy to a succession .of events respons{Ble

for their formation. -The sequence discussed below is thought to best

explain, the evidence preséhted.

2.3.1 Evolution of the Pa]eodralnage System

Before upwarping of Ram Plateau, Ram R1ver/igf/3;5/p?incipa1
tributaries (Karst, Ridge, Sundog and Tundra C s) éra1ned eastward

from Tundra Ridge and Nathni Plateau across a plain of little relief.
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.As Ram Plateau was gradually upwarped% drainage continueﬁ eastward due to
b1pcking to the north by the }1dge of shales and to the south by the
Nahafini-Ram P]&teaug bedrock col. The tributarigs crossed the western
flanks of the plateau (the presént positions of Butler, Footloose and
Leckie'Canyoqs) and joine& to flow through the central plateau area -
(Figure 2.7) incising the meandering, antecedent channel of Ra Canyoﬁ(
into the rising dome there. The canypon is straight atethe east;rn and
western ends, but meanders acutely in the central portion wh;}e the net:‘
up-doming of Ram‘Platgau is greatest. This suggests an ear]y'histdiy of
antecedent effect (when only the central pbrtion was emergent), followed
by more conventional (1ineaﬁqand high gradient) channel entrenﬁhment oﬁ
the flanks.

According to Ford (p;}s. coﬁm;), this pattern is markedly differ?nt
from that pf fﬁe First, Second and‘Third Canyons offﬁbuth Nahanni River.
Although 1engthier than Ram Canyon, these display sinufus antecedent form
throughout their length. This sugggsts a lesser measure of diff;rentia1
dpdomiﬁg at Ram Plateau anq one that Has been terminated for a 1oh§'whilé.
This is rgasonab]e because Ram Plateau is fafther from the center of the
b1gtdnic injection presumed to héve triggered the uplift (Douglas, 1972,
p.467). Deformatioﬁ of Naﬁdnni R1ateau ét First Canyon, 60 km southwest‘
of Ram Canyon may still be continuing (Ford, 1973).

2.5.2 Glaciél Advance and First Infilling Event

The 730 m (2,400 ft) terrace fragments in the northern and central

portions of Sundog Basin and unconsolidatedﬂsedimentsfound in the tributary

canyons (12-14 and 23;27) of Ram Caﬁyon up to the same altitude are

\
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substantial evidence of infilling.of Sundog Basin, Ram Canyon and its

tributary canyons to a general elevation of 730 m. This rises steadily to
. =N L

945 m (3,100 ft) at the soutqérn end of Sundog Basin. Because most of

the remaining fill surfaces-have consistent terminal elevations of 730 m

.it 1is proposed that they were deposited in a lake basin having an outlet
\at 730 m. The impouhdment is best attributed to Laurentide ice f]?nking

" the eastern slope pf Ram Plateau to an elevation of at least 730 m (Figure

2.8).

‘Major deposits above this elevation are fduﬁd in southern Sundog
Basin: These imply a different deposit%ona] enyironﬁent oW different,
presumably earlier, evénts; North Qf the 870 m (2,850 ft) Ram-Nahanni ;ol
they compose a-series of gepositionaT and erosional terraces thét descend
to the north from 945 m to 760 m (3,100-2,500 ft). Although fragmented
by dissection their surface gradient is quite consistent, Because they
have an upper elevation greater than that of xhé col and a steep northward’
gradient, e most feasible égent of.deposition is water flowing off of
the surfafe'of an ice lobe occupying the col, building an expansive{out—
wash fan do&n to the 730 m lake level. A terrace over ]i%estone at 915 m
(3,000 ft) and the unconso]idéged material at an elevation of>790-700 m
(2,600-2,300 ft) which is presently being affected by solifluctional
processes are also remnénts,?f,;he glaciofluvial outwash.

It is reagonab1e to postulate a substantial glacier tongue at the

* Nahanni-Ram Plateaux col because large quantities of ice could have.

& .
entered the South Nahanni Basin via the great breach south of-Nahanni
Range..

Ice also entered Tetcela Bégin from the South Nahanni Basin and:
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through the smaller breaches at the nonthern end of Nahanni Range. Melt-
water issuing from discrete tongqss of ice extending wéstward into Tetcela,
Tucker and Latham Canyons to va}ying elevations resulted in alluviation of
their upstream portions to 945 m, 1,000 m (2,200 ft) and 850 m (2,800 ft)
respectively. Farther north along the eastern flank of Ram Plateau there’
is no evidence of infilling above an elevation of 730 m. It is probable
that the ice did not reach éreater elevations becagse of ﬁhe narrowness

of the breaches at Camsell Bend, Cli La and 'Little Doctor Lake.

' Me]fwaters pouring into Ram Canyon ffom ice at its mouth and into
Sundog Basin from ice occupying the col betwegen Ram and Nahanni Plateaux
accumulated in the Basin and canyons of Ram River, creaging one large lake.
When the 1akg reached an e]evatién of 730 m it began to drain via two
newly initiated channels. Water overtopped and began cutting down into the
ridge of shales which extends acrgss the northern end of Sundog Basin,
tﬁéreby establishing the route through Sundog Canyon, while a second
channe1‘de9e10ped along the north-dipping slope of limestone bedrock above

the present-day Scimitar Canyon. The direction of flod‘through the latter
is evidenced byf . : Q\\
)
1) the northward gradient of the traces o% this
| channel, and ' /
2) the northwara—sloping abandoned terrgces north of
Scimitar. ?C
The elevation of these channels must have been ag/least 730 m in order to
alluviate Sundog Basin.and the tributaries of/Ré% Canyon to this altitude

and to infill Jackson and Pratt Ca@xons’fi;gher downstream to 670 m
(2,200 ft). The.two rivers then joined to flow northward through Glew

e

e -
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Spillway into the MHorth Nahanni River.

2.3.3 First Re-excavation

After the ice rece;ed from Tetcela Basin the lake drained to the
eagt, Teaving Sundog Basin, Ram Canyon and its Fributaries alluviated to
an elevation of 730 m (2,400 ft). In Sundog Basin, Karst, Sundog, Ram and
Tundra Creeks did not revert to their original channels because Butler,
Footloose and Leckie Canyons had also been alluviated. Instead, they
join bgfore flowing north through the recently established breach over
$ﬁ;g§j Canyon. From there, drainage either continued on to North Nahanni
River or turned south into Ram Canyon via Scimitar. Due to limited exca-
vatfon of the sediment infilling Sundog Basin even today, it is more probable
that the basin drained south via Scimitar where the base level was 1imited
by bedrock, thus establishing the present, highly anomalous, diversion
course. During this presumed interglacial it is Tikely that the channels
at Scimitar and Suhdog Canyons were eroded to less than 730 m.

Local streams draining the alluviated Bu;]er, Footloose and
Leckie Canyons wvere not compéetent to clear the fill from their upstréam
sections so the paleodrainage routes could not be resumed. The other
tribufary canyons were not completely excavated either. Much of the
sediment in Ram Canyon was removed because the discharge of Ram River had *
not been reduced by any permanent capture, and there was no new downstream
limit to erosion. Evidence of the first infilling event, therefore, remains
in Sundog Basin and tributary canyons of Ram River but not in Ram Canyon.

On the eastern flank of Ram Plateau, Latham and Tucker Canyons

have not been completely excavated by their creeks. The more competent

~
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Tetcela River, however, apparently has been able to remove the infill along
the lower sections of its canyon.
In addition to excavation of the sediment within the canyons by

!

the rivers, cliff recession and further development of scree sldpes continued. //

|

, /
2.3.4 Glacial Advance and Second Infilling Event . /

Alluviation of Lake Canyon to 565 m (1,850 ft), erosion of its
eastern canyon wall, and the subsequent diversion provide evidence for
either: withdrawal of the ice sheet responsible for the first infilling
to a stationary positiaon along the easggrn‘f1ank of Ram P]PFeau at an
elevation of 565-580’m (1,850—1;900 ft); or introduction of another ice
sheet which advanced into Tetcela Basin fhrough the breaches in Nahanni
Range (Fiéure 2.9). .

Evidences within Ram Canyon and its tributaries of impoundment
and infilling to an elevation of 550 m (1,800ift) include férraces in
Raynor, Camp, Subject and Lake Canyéns at 550 m, and unconso]idéted de-
posits up to the same altitude in Golden, Western and Eastern Bowls.

Impoundment to this elevation would not have. affected Sundog
Basin because the previous infilling to 730 m (2,400 ft) at the heads

.of Footloose, Leckje and Butler Creeks prevented water fram draining west
into Sundog Ba%in. Thére is no evidence o% waters entering the Basin from .
the south. This suggests that any southern ice front did not advance high
enough to occﬁéy the Ram-Nahanni col. ‘ -

With "First Fil1" barring drainage to the west and ice blocking
drainage to the'east, it is most likely that‘thé lake in Ram Canyon drained

via Scimitar, which had been eroded to an'elevatfon of 550 m since the
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previous 730 m lake phase. The extent of this channel erosion implies .that
impoundment took place long after the First Infil]ing'and theuefore, the

Second Infilling represents a qifferenc glaciation.

2.3.5 Second Re-~excavation

Erosional effects following the withdrawel of the second ice sheet

. were very similar to those outlined for tue first re—excavétien, except that‘ -
evidence of alluviation to 550-580 m (1,800-1,900 ft) is still p;eserued

in Ram Canyon,.notably in Eastern, Western and Golden Bowls. Again, Sun-

"dog Basin dré%ned north chrough Sundog Can}on and then south to Ram Canyon

via Scimitar instead of continuing north as it had done during the second

st e Skt e S AR R s R

infilling event. Because.the diversion route (Glew Spillway) to North
Nahanni River is,greseut1y alluviated to 585 m.(1,920 ft), the Scimitar
channel was preferred. The underfit streams draining Glew Spi1lway have. I '

not yet been’able to excavate the infill. ‘ ' .

2.3.6 macm Advance or Stand at 460 m “_ . NI
‘There 1is ev1dence for another ice advance through the breaches in
Nahanni Range or recess1on of the previous ice sheet to a stat1onary
position with an e]evat1on of 460 m (1,500 ft) a1ong the eastern slope of
Ram Plateau impounding a lake to th1s altitude in Ram Canyon (Figure
2.10). The positioh of.the.ice front is evidenced by.alluviation of ~
‘Karpuk°Canyon resuiting %n erosion of its easteru wall and subsequen£
diversion of the southern half of 1ts dra1nage into Tetce]a Basin. The
mouth of Tucker Canyoh has a]so been alluyiated to°460 m and 1ts stream,

has cut into the eastern canyon wa]l 1eav1ng the or1g1na1 mouth 1nfi]1ed.
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At location #21 there is an abandoned channeT-1ike feature at 460 m

des:endﬁgg to the porth. This is considered to be the outlet for waters.

impounded in Ram Canyon. -The adjacent terminq] or fecessioﬁa] moraine

(22) }é most proba51y of this phase and'ind{caies that ice ﬁ]ocked Tower

_ drainage outlets. . ‘
| Terraces (4) a]ong_fhe soytheastern flank of Ram Plateau at 425-

460 m'(l,400—1,500 ft) are further evidence that‘water was retained at

this éltitude for‘a_lengthx'period, permitting an extensive, almpst level ‘

lacustrine type of deposit to accumulate. Whénlghe ice ﬁass‘retreatéd,,-'

a‘lower lake level is suggestea By terraces (7) between Yohin Ri&ge and

Silent Hills at 365 m (1,200 ft).

2.3.7 Final Glacial Event

" The fluted ground moraine east of Nahanni Range but not found west
of it‘syggests that tﬁe last ana most r@cent Laurentide ice sheet advan?ed
as far as the Range (Figure 2.11). Thié impounded a lake in Tetcela Basin
which drained northward via Nortthahéﬁpi aﬁd'Carlsqn Rivers over a ¢ol at
© 260 m (850 ft) at Carlson;Lake. That the deposits in the basin are either.

lTagustrine 'in orig%n or indicative of a past spillway to the north.is

stfong]y 3uggest;d by the f]afness oflfhe basin floor at 210-275 m (709~
900 ft) and underfit channe1s.‘ The'abundgﬁce of marshy areas and poor

drainage may be indicative of an impervious clayey deposft.

To the south, ice entered South Nahanni River Basin. and occupied
the gap between Yohin Ridge and Silent Hills.' A Take impounded along the .,

-South Nahanni River {Fbrd,,1976) drained into .the Tetcela Basin via a col *

- (5) at 380 m\(l,ZSO ft) between: Yohin Ridge and Ram Plateau. Subsequent

]
) 1
I

‘e




68

4 A4 PRI AR oo e

— 3
.

wm‘%. Q%ﬁ

f«.’\»ﬂ”\b‘f o

174*%’
230"




Wwv -
MACKENZIE

p W T\

’ﬂl,a S\ y %'4/ NARANS
%a,w,w%ﬂ%f%

)

TN

o

a7

=

EXTENT OF"?
ICE SHEET

‘\EXTENT OF s

-

L8 3
‘(_
" \‘
' " B »
=~
~a- ﬁ g
’ -
;’

i 2N T

-0

INFILL

o
© s
x TEMS
/,3

o

B e hmepa

. 2 ]e '|l"_)0' 9

FINAL GLACIAL ADVANCE AND .
“INFILLING| TO 210-275m (700-900f) -

? fHGURE'ZMr




Al

W

F

73

LI,\

69
ice recession opeiedrup a lower outlet 1ntofTetce]a Basin (6); allowing
water to incise a flogd plain with an elevation of 245 m (860 ft) into the
terraces on both sides of Fishtrap Creek which are at an elevation of
365 m (1,200 f1).

With ice abutted ag§inst the eastern slope of Nahaﬁni Range tongues
of ice og;Upied the breaches at Cli and Little Doctor Lakes, %s'indicated
by the remnants of an alluvial fan vest of Little Doctor Lake. If there
were a simi]ar'deposi;,weét of Cli Lake then it has since been eroded
because no evidence remains. ‘

Meltwater flowing through Grainger Creek breach (9) deposited
material up to an elevation of 560 m (1,850 ft).

" Alluvial fans at the mouths of the many‘ValleyE'draininé the
western slope of Nahanni Range coalesced as they spread out above the
210-275 m lake in the Basin. The fans are presently being inc{sed,-sug-.
gesting deposition when the base levél was raised by a lake and erosién
after t@g.]ake-drained. "The valleys themselvés argﬂnot choked with

. . *y
sediment because their elevations are greater thap 305 m (1,000 ft).

-

2.3.8 Post-Glacial Events )

The major cha}écfé;istics of the post-glacial period ége continuing
éxcavatjdh of sediment, cliff recession and scree‘heve1opmenf. The most
notab]e‘prpcesses affecting the infill in all parts of the'map érea are

é]umping and other mass wasting processes due to undercutting by streams.

‘Ram River has cut terraces (3) into the Tetcela Basin infi]]Zat the mouth

>

of Ram Cﬂnyon. ) ' vt

The Sundog Easin deﬁdsits are much more dissected than those of
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the flat Tetcela Basin gue to the more recent alluviation of the latter.
The base level-of erosion for Sundog Basin %s still determined by a

bedrock sill at Scimitar Canyon and the heaas of- Leckie, Footloose and
Butler Canyons remain infilled to 730 m (2,400 ft). If these three caﬁyons
were to be cleared by their $mall Cfeeks then the paleodrainage pattern
would likely be resumed because Leckie, Footloose and Butler Creeks

empty into Ram River at elevations lower than Scimitar Canyon.
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\ CHAPTER THREE

' 1
ANALYSIS OF THE DEPOSITS IN SUNDOG BASIN AND
THE CANYONS OF RAM PLATEAU

——

-

3.1 . Procedures

3.1.1 Geoaraphical Design of Sampling-
Detailed analysis and sampling of sediment profiles were under-

taken during the summers of 1976 and 1977., Locations of sediment profiles

_studied were Timited to areas that could be attained on foot away from

the base camp and from a brief fly camp at the junction of Ram River and
Footloose Creek, plds one notable site in the Sundog Basin which was
reached by helicopter. The locations of sample sites are shown on
Figure 3.1. Traverse on foot was severely Timited by-the high relief
and vertical c1iff faces which are characteristic of Ram Plateau and.the

velocity and depth of ‘Ram River. Many key areas that were noted on the

. air photographs were, therefore, inaccessible for detailed study.

bue to "the great thicknesses of‘sedimen@ infilling the canyons
and dense vegetation co&er, all of the sections chosen had been naturally
exposed by past or present slumping or']aﬁds]iding processes and the
faces were c]éared as much as wgg necessary in order to viéw a profile -
that was unaffected b} s{opewash. The majority of profiles studied were
s : ¢

close to Ram iner and its tributaries because fluvial undercuttipé has

been the major initiator of recent sTumping.” In addition there were a
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few exposures studied at higher elevations where massive slope faiiu;e had?
resulted in slumping of sediments. Core sampling provednt; be an ineffective
téchnique due to the presence of large clasts dithin the sgdiment.,';nf

The sections sampled have been grouped into four areas.(shown on
Figure 3.1) to facilitate discussion: Eastefﬁ anyons; Central Canyons
Nestern Canyons and Sundog Basin. After presenting resh]ts of qna]yses
for each ;ite and establishing tﬁe relationships among sités within an
area, a sequence of events correlating the,sequences of deposition for
all areas is formulated. In Chaptér 4 the depositional environments
inferred from the sediment éna]ysis arg correlated with the sequence ofﬂ

events established by the air onto interpretation and mapping of:]arge

scale features presented in Chapter 2.

e

3.1.2 Field and Laboratory Methodology
© At each sed{mént section chosen the face was cleared of recent
slope waste deposits and a vertical profile was dug to a deﬁth of at

least 1.5 m, The strike and angle of dip.of the beds were measured with.

-a Brunton Compass. A sketch was drawn, together with a description of

eacﬁ unit or bed. A representative sample of eacﬁ‘bed or unit was re-
moved with care so-as to majntai} homogeneity. G}anulometrjc studies we}e
carried-oyt 9ccordingvto tﬁe method outlined by Fq]k (1974) and’dgscribéd
in"detail in Appendix A. The statistical data presented in the following

discussion were calculated using Folk Statistics unless otherwise stated.

'Moment Measure Stétistics are denoted by an "MM" after the value. AJl

data ere presented in Appendix C in alphabetical onéer.

Fabric analysis was completed for five of the profiles in the

-

v
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Central Canyon area. Bearing and plunge were measured for the long (A)
axis and intermediate (B) axis of elongate clasts using a Brunton Compass.
The Tengths of the A, B, and C %g2§, the shape, angularity or roundness
and type of rock were also noted. Details of fabric analysis are outlined
in Appenéix B, and all dataare presented in Appendix C ‘in alphabetical

<

order.

3.2 Results of Analysis |, L

3.2.1 Eastern Canyon Area !

Eastern Bowl, in the Eastern Canyons area, is an ancient meander
scar of Ram River which was entrenched into bedrock as §hg\glgﬁeau was
upwarped, and subsequently infi]ied with unconsolidatefl material. Sec-
tions A and B are along the north bank of Ram River at the southern end of
the bowl. The large arcuate feature (Section C, Pladé 3.1) in the centre
of the bowl was traversed by Jackson and Pratt during the 1974 field season
and found to be composed of unconi?lidated sediments to its top at an ele-

‘vation of 490 m (1,600 ft). The creek presently draining Eastern Bowl has
incised a valley on the north side and Ram River has cut a meander scar
on thke south side, leaving the arcuate residual. That it is composed en-
tirely of unconsolidated sediment and is not a bedrock-contro]]éﬁ feature
is evident from its location within a relict meander bend and further
gvidenced by the geological maps (Dougtas and Norris, 1960). The elevation
of this feature and of the sediments around the ?dges of Eastern Bowl
implies that the bowl has been alluviated to at least 550 m (1,800 f?).

On the north bank of Ram River at the eastern edge of the Eastern

——
S
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Bowl showing location of Section C
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Bowl, sand and gravel aeposits extend from the river level at 270 m
(880 ft) up to approximately 290 m (950 ft). Local screes are gradually
encroaching over the upper layers of sediment and in some places there
is a veneer of scree down to the river. Ram River has cut into these de-
posits and left a .12 m high exposure at Section A (Plate 3.2). .
Most of the contacts between the beas in Section A have an apparept

" rake with an azimuth of 265° {upriver) apd a plunge of 15-20°. At the

basp of the seption (A1) there is a'4.5 m band of rounded-subrounded gravels
with a sand matrix th;t shows n0‘ob§1ous signs of Eross-bedding. Above
. this is a 2 m thick unit (A2) of alternating fine sands and sub-rounded
‘gravels héving a sand ratrix., The sand beds have a mean gra%n size of

2f4¢ (fine sand) and are moderately well sorted (¢ = 0.964). Thessandy,
matrix-supported gravel beds havé two distinct populations. The que of
the gravel” population is -4.25¢ and the mode of the matrix is 1.05¢.

Each population appears to be well-sorted. In the lower half of the A2
unit the fine layers range in width from 5-10 cm and the coarse layers are
approximately 30 cm; however, in the upper half the fine layers are 40

cm thick and the céarser layers are 35 cnm thigk. Above this there are two
units (A3 and A4) composed entirely of fine and coarse sands, each having

a thickness of approximately 1 m. No internal bedding structures were
apparent; however, the upper unit (A4) pinches out towards the western

side of the exposure and the lower unit increases in thickness. This may
be evidence of large-scale cross-bedding. Above A4 there is a 1.5 m bed
(A5) of large, well-rounded cobE]es dispersed throughout a matrix of sands.

Many of the cobbles are erratics derived from the Canadian Shield. The

coarse, sandy layer of A6 is approximately 1.5 m thick and marks the upper
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" The Ram River has eroded a 10 m section parallel to the river. A gully

L .

1imit of the exposure.

At the western edge of Eastern Bowl on thé north bank of Ram River

is Section B, (at 320'm (1,050 t)) a 20 m exposure of sand and gravel beds - =~ -

' a]ternatiﬁg with silts and sands which was viewed from across the.river

(Plate 3-3). The scree is building out over this section of infill also.

at right angles tolthis face has exposed an expansive section giving a
}ough idea of the three-dimensional characteristics of the beddidg struc-
tures. ' . .
‘Detailed photographs taken by Brian Pratt during the 1974 field
season show that the lowest exposed unit (Bl) has a thickness of 8 m*hnd
is comprised of ce§b1es and boulders in a matrix of sand. Bedding within
this unit is parallel having a rake with an azimuth Qf 240°, p]unéing 15°.
Above this is a,3.; m bed (B2) composed predominantly of sands with a few
matrix supported gravel inclusions. This unit i§‘characterized by large-
scale lenticular cross-bedding, Having a rgke with an azimuth to the north
and plunging 15°. This is succeeded by B3, a bed of sandy, matrix-
supported gravels 2.5 m thick which has parallel beds having an azimuth to
the north, plunging 30°. Aq erosional contact separates’ this unit from
a fine-grained sandy ;}1t 1ayer (B4) 3.4 m thick which is‘massive]y cross-

I .
bedded. _Above is a coarse sand and gravel unit (B5) with parallel beds

plunging north., It shows evidence of recent slumping at the surface. -

The most noticeable features of bedding for Sections A and B are
the dip upriver and an alternating coarse/fine sequence exhibiting cross-
bedding in the fine} beds. The most reasonable explanation for this is a

river flowing to the west and having a1ternating.compe%ence. During fast
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flow massively bedded sandyggnd gravels were deposited and during low flow
the cross-bedded sands and fine gravels were 5eposited as the river course

* shifted from side to side, creating mid-channel bars.

3.2.2 Certral Canyon Area
On the north side of Ram River across from base camp there are two

more ancient meander scars cut'into'bedrock by Ram River, and subseqdentﬂy
infi]]eq with unconsolidated sediments, to an elevation of 550 m (1,800 ft).
The vertical limestone cliff face above the infill is 120 m.high." The &
sediments in the two bowls, Western Bowl (Plate 3.4) and Angel Bowl (Plate
2.6), have undergone extensive large-scale slumping. Around the rim of

* Western Bowl is a series of c&nica] slump mounds at an elevation of 490 m
(1,600 ft). The only slump face showing bedding structures was Section F
near- the eastern side of the bowl. All slumps appeared to be.composed of
coarse_sands and graJe]s. At the base of these slumps is a broad, almost
f]aé, terrace'dipping southeasterly at a low angle before dropping more
steeply down to the riyer level. Sections D and E are located on the

2 lower series.of slump faces next to Ram River (Figure 3.5).

! . Section D (Plate 3.5) is a 2 m section’at the top of a 6 m high

slump facé on the north bank of Ram River at an elevation of approxi%ate]y

P

300 m (975 ft). At the base of the section (D1) is a bed of silty clays
- having a thickness of more than 30 cm with fine, gravel-sized limestone

clasts dispersed throughout. This grades upwards into a 33 cm thick bed

N

(D2) of silty clays containing a smaller number of clasts. The four beds

above this (D3, D4, D5, and D6) are alternately narrow beds of sands and

fine gravels and thicker beds of silty clays, with or without gravels. The
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Plate 3.4: Unconsolidated sediment infi]lfng Western Bowl, a
relict meander scar of Ram River (note locations of
Sections D, E-and F) (Photo by Arsenault)

\I’

o A

7:2 3’4""



Aot wna

> ERCIATRAPT PSS W £

4!

-
s

82

meter above this shows no signé of bedding but there are differences in
fgiour and texture at various depths, possibly a result of weathering.

Samples taken from the upper meter all had polymodal distributions with

at least one mode in the fine to medium-sized gravel range (-2.5¢ to -4.5¢, MM)

and a mode in the medium-sized sand range (2.04 to 1.0¢, MM). Beds D7 and D8

had a_component of silts and clays comprising 18% of the sample whereas D9,
D10 hd DI® had a silt component of less than 5% of'the samples.

0 arge cobble measuring 23 x 15 x 10 cm was embedded near the
top\?f t e/gxposure. Several pieces of conglomerate measuring up to 10 x
6 x 5\E;1 containing rnuﬁdeq‘and subrounded clasts indigenous to the
plateau area and cemented with calcium carbonate, were found in D1. This
is an obvious indication that these are secondary deposits that have been
moved only a short distance wifhout much fluvial action, otherwise the
cement would-have dissolved or the structure disintegrated.

Fabric ana]yse§ of the A and B axes and the plane of each of 50
clasts takgn from D1 show no preferred dip orientation. This may be aue
to either the type of deposition or to post-depositional alterations by
root development or melting of permafrost after the face slumped.

Approximately 23-25 m above the river and farther back into the
bowl frem section D is another series of slump faces, one of which was
studied in detail: Section E (Plate 3.6). These roughly bedded deposits
dip 17° SE (downslope) towards Ram River and strike 60°. At the base of
the 1.5 m section is E1l, comprised of dark grey Elays. The Tight brown,
stony sands of E2 have a lens of light brown, coarse to very coarse sands

containing coarse gravels up to -2.5¢. Bed E3 contains moderately well~

sorted, (o = .9) fine sands (Mn = 2.17) and increases in thickness down-
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Section E

Plate 3.5:

Section D
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slope. The gontact between E3 and £4 {s irregular and indistinct. The
coarse sand (Mn = -.68) matrix of Bed E4 grades upwards into silty clays.
No ]amin;e were observed. Angular and subangular Timestone clasts ranging
in length from less than 1 c¢cm up to 25 cm (the average being 5.25 cm)

are dispersed through E4. Bed ES5 has a matrix of moderately well-sorted
medium sands with a small percentage of clasts ranging in size up to -3.5
(medium gravels), which are responsible for the poorly sorted distribution
(o = 1.5) with negative skewness (Sk = -.24). Above, is a bed

(E6) of very poorly-sorted, coarse sands and gravels. The deposits at

the £op of the section show signs of recent surfici:] slumping and for this
reason they were not analysed.

Fabric analysis of the clasts in E2 shows that the planes of the
clasts dip to the south, with a strike of 105 t 54°, which is very similar
to the direction of the dip of the beds.

Because the deposits of Sections D and £ are roughly bedded and
both the beds and the clasts dip out of the bowl to approximately the same
direction, it is probable that they are slope waste deposits over fine-
grained sediments. These characteristics are often noted in till deposits,
so before assuming that Sections D and E are not of till origin, further
analysis is required.

It has been suggested by several authors (Landim and Frakes, 1568;
Buller and McHanus, 1972; Passega, 1964) that the intensity of depositional
processes may be determined by plotting pairs of Folk Statistics, such ‘
as Standard Deviation vs Mean, Skewness vs Standard Deviation and
Coarsest 1 percentile vs Median. Vhen plots of.statistics for samp]eé

taken from unknown depositional environments are compared with those
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from known deposition environments some insight may be gained. It must be
remembered thgt statistical analysis ‘# grain size actually indicates the
processes of deposition rather than the exact environment and that the two
need not be the same (Solohub and Klovan, 1970).

Following Landin and Frakes (1968) the plot of Coarsest 1 percentile
vs Median Diameter (Figure 3.2) indicates that all sig samples from
Sections D and E, for which Folk Statistics could be calculated, have
properties similar to sediments deposited by turbidity curren%s (tills and
mudflows) as opposed to tractive current deposits. The plot of'Skewness
vs Standard Deviation (Figure 3.3) suggests that just one sample from
Section D has characté?igkics similar to tills from 11linois, Indiana,
lowa and N.E. Ohio, but not Ontario, Iceland or New Brunswick. The other
5 samples- are similar to fossil Mudflow and Alluvial Fan deposits in
California. The plot of Standard Deviation vs Mean Diamg}er (Figure 3.4)
negates any suggestion that these are of till origin.

In addition to statistical analysis, all of the clasts from évery
sample in Ram River ared were studied for evidence of striations and other
glacial markings. None were found. .

Based on these two studies and the nature of other aspects of Ram
Canyon, there is no evidence for the presence of competent glacier ice
within the canyons. It is, therefore, most probable that Sections D and E
are slump or mudflow deposits.

_ Section F is at one of the conical slump mounds (Plate 3.7) near
the back of Western Bowl at an elevation of 490 m. _The upper half of the
20 m high slumpface has no extensive slope wash detritus covering beddiﬁg

structures. Two portions were studied in detail. The lower example shows

-
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Plate 3.7:

Section F

North

(m)

HEIGHT




<)

90

no pattern in its bedding structure, whereas the upper one exhibits a

fining upwards seqdénce very clearly.

At the base of the lower section is a bed (F1) of medium-fine gravels

having a matrix of coarse sands, followed by F2, a narrow bed of fine sands
containing a minor proportion of fine and very fine gravels. Coarse sands

and gravels make up Bed F3 and slightly coarser sands and gravels with

cross—Q;ddinghare found in F4. A narrow bed of coarse sands (F5) preceeds

F6, a bed of coarse sand and very fine gravels which also shows cross-bedding.

The dip of the contacts<between beds is at an angle of 30° W and with a
strike of 224°. '

. Approximately 4 m above this another example was studied. A bed
of coarse gravels (F8) lies below a bed of fine gravels (F9), followed by
a bed of very coarse sands (F10) and then a bed of coarse sands (F1l1).
As the mean grain size and bedthiiﬁégggzﬁecrease upwards the moment
measure values for so;ting increase. AEcording to Reineck and Singh {1973)
this is very characteristic of channel fill deposits. Although the beds
in the Tower secfiop do not have a fining upward sequence, they too aré"
similér to ehannel deposits. The narrow beds of fine—grained sands are
sedi&ents of.shallow water overbank flow and the thicker, coarse;’beds are
main channel deposits as-the charinel shifted laterally. Trough cross-
bedding in beds F4 and F6 is certainly indicative of a fluvial environment.

Clast fabric analysis shows that a significant number of clast:

planes have a preferred dip west~ﬁith a strike of 226° + 58°, which is
almost fhe same direction as the st}ike of the beds (224°). Because the

beds dip so steeply towards the head of the bowl and because the north

side of the conical mound with an azimuth of 295°¢, plunging 27°%, has a

=N
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steep slope, it is very likely that Section F has been affected by rotational
slumping. In order to account for this the pole to the plane -for each

clast was replotted. The effect of slumping was removed by a 30° rotation
of each pole to the plane a;ound the 225° strike line. The results show
that before slumping the clasts had a preferred dip to the east, striking

at 37° + 40°. The Chi-square value of 60.3 indicates that.this is signi-
f?cant_at >99.5% with 2 D.F. Because clasts dib preférentia]]& upstream
in a fluvial environment (Simons et al., 1965; Rust, 1975) the radical
suggegtion is that Ram River must have f]owéd to the west when it was
depositing these materials at an altitude of 490 m.

The N-S cross section of Western Bowl (Figure 3.5) shows that an
expansive plain extends away from the base of the conical mounds and dips
at a low angle towards Ram River. Close to the river (where sections D
and E are ;ituated) is another series of siump faces whére the slope is
much greater. The exp]anatio; o% this may be similar to the situation in
Sundog Basin (Chapter 3.2.4) where it is apparent that clay deposits below
beds of sand and gravel could no longer support the weight of the beds
above and gave way under the sfregs. It is reasonable fo prépose that this
has occurred on a much grander scale in Western Bowl where the height of
slump fronts is potentially much greater. This form of slumping. is also
common in similar deposits along South Nahanni River, 60 km to the south
(Ford, 1974). [If this is the case, then Section F is part of a fluvially-
bezhed sand and gravel Eequence, preserved intact though rotated, above
fine-grained, possibly lake, se@iments. Sections D and E "are situated at
,the toe of‘the slump where minor amounts of coarse material are found in-

corporated in a matrix of fine-grained .silts and clays.
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Immediately west of Western Bowl is Angel Bowl, a smaller meander
scar in bedrock. It has been infilled with unconsolidated deposits which
are now partially dissected. Large slump faces are common. To the east
on the north bank of Ram River are extenéive cross-bedded sands and gravels
(Section G, Plate 3.8) at an elevation of 300 m‘(980 ft).

Bed G1 is comprised of subrounded coarse gravels with a matrix of
fine graQels and very fine sands. Thére are very large rectangular lime-
stone boulders at the base of this bed. Rounded to subrounded, medium to
very fine gravels are found jn G2, and G3 has vefy coarse grvavels supported
by a matrix of fine and very fine graveis‘with a smai] proporﬁ%on of coarse
s§nds. The saﬁdy bed G4 has a mean grain size of 1.5¢ and a symmetrical,
unimodal distribution. GS.is of fine gravels and coarse to medium sands.
G6 has coarser gravels and‘sanQS, and G7 %5 finer-grained. The contacts
between beds G1-G7 all strike 84° and dip 16°S. There is a sharp erosional
contact between this set of beds and G8 which has an apparent rake with an
azimuth/pf 345° and a plunge of 12:, as do G9 and 610. G8 is cdmprised
of very coarse, rounded and subrounded gravels with a matrix of med i um

gravels. A bed of fine grdvels and coarse sands (G9) and then G10, ve;y
J

coarse gravels supported by a matrix of coarse sands, complete the section. -

‘Clast Fabric analysis of the rounded coarse-gravels and sands
below Gl indicates that the pTanes of the clasts samples have a Vecto}
Mean of 260° + 65° and é Chi-square value of 24.3, significant at >99.5%
with 2 D.F. The large-scale cross-bedding is characteristic of a fluvial
envirgnment (Walker et al., 1975). uBecause clasts dip upstream it follows
that the river depositing these sands and gravels must have flowed to ﬁﬁe

east, as it does presently. The modern Ram River is excavating alluvium
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be]onéing to _an earlier depositional phase.

The lag of an ancient till is found almost everywhere ot Ram
Plateau. The till was. studied in detail at Hand I (P1ate 3.9) and found
to contain highly weathered gran1t1c cobbles and bou]ders derived from the
Canadian Shield. 1heir surfaces are not fresh: they are well-rounded,
rough, slightly friable and have no striae. Within all of the sediments
studied in the canyons, small proportions of weathered granitic clasts
viere found, implying that much of the till has been winhéwed and redeposited
in the canyons aﬁd basins over an extended peribd of time.

Came and Subject Canyons are oriented N-S and their streams drain
north to Ram River. These tributary canyons are not antecedent in origin
as is Ram Canyon. They were incheed along joints in the bedrock as the
plateau domed, 25 were most of the tributary canyons.

In Camp Canyon there is a ridge of unconso]fdated sediment extending
northward. for approximaté]y 1.5 km from the junction of Camp and Fault
Creeks (Figure 3.6). The depression between the ridge and the western
sgree slope is shallower and narrower than the valley to the east of the
ridge, presently dréined by Camp Creek. It is possible that the smaller
valley was the original channel for Fault Creek before a rock glacier
extending eastward from the western canyon wall dfverted the water over
an 8 m high shale 1édge and into Camp Creek.

Camp Creek hés e}oded the eastern side of the ridge, causing active
slumping along most of its length. Section J (Plate 3.10), at a slump face
near the top of the ridge ét 365 m (},200 ft) has a matrix of poorly sorted

fine gravels, sands and silts with a minor percentage of clays. There is

no evidence of bedding structures. “Subangular, blocky and pyramidal-shaped

<3
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* scree slope between Sections K and M there is a relatively continuous,
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clasts ranging in size up to 24 x 15 x 11 cm were found throughout. They
looked very similar to scree material which was studied in detail by the
author in 1976.

Clast fabric analysis shows that the planes of most clasts dip NE
to S4 (i.e. downslope) with a strike of between 290° and 110°. The angle
of dib‘ranges from 7° to 85°.

The results of grain size and clast fabric analysis suggest that
this 1s part of a slump deposit of %ine-grained material failing to the
east and incorporating scree clasts within it. The absence of bedding
structures makes it impossible to determine the precise origin.of the
fines, nowever, their arain size permits the possibility that this slump
material was derived from lake sediments.

Extending out from the base of the east wall of the Camp Canyon

terrace-like deposit with an irreqular surface at an elevation of 550-

580 m (1,800-1,900 ft). fhe Ca~n Creek meteorological station is situated
on this terrace at location K (flate 3.11), and beside it a hole was dug
to a depth of 35 cm. Beneath the 7 cm organic mat were fine silt and clay
deposits containing subangular to subrounded and blocky- and pryamidal-
shaped limestone clasts, similar to the scree‘material. The clasts ranged
in size ‘rom 2.5 x 1.5 x 1.0 ¢m to 17.5 x 15,5 x 7.0 cm. The matrix was
too wet (due to melting of the active layer) to decipher any structures.
It is possible that these too are fine-grained lake sediments with in-
corporated scree clasts. Alternatively the deposit may be scree with the
interstices filled wnth fines, but packing of clasts did not appear to be

as compact as in the modern scree slopes.

.
]



Plate 3.11:

Northern extent of the 550-580 m terrace-like
deposit in Camp Creek showing location of
Section K .
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At the base of the southern end of the térrace (Plate 3.12) is
Section L (Plate 3.13) att550_m * The section is found on the south side
of a gully entrenched at right angles to Camp Creeﬁ: The most chanactéYTSf//ﬂh\\\
feature of the deposit is the sequence of a1ternati;g coarse/f1ne, parallel-
bedded sands and gravels. Bed L1 is a.4 m; massively bedded, gravel unit
with a matrix of coarse sands. L2 contains alternating coarsely bedded
sands and gravé1s. L3 is:a 3 m gravel bed: L4 contéins mdaerately well-
sorted\@nd nearly symmetrically distributed sands with L5, a narrow band
of gravé]é, above it. A unit of alternating layers of fine sands with
coarse sands and fine gh?véls is 65 cm in width (Béds L6-L10). Beds L6,
L8, and L10 are finelsand§, moderately to poorly sorted and symmetrically '
distributed. The 1nterven1;g beds (L7 and L9) ;re coarse sands, poorly to
very poorly sorted and negat1ve]y skewed Bed L11 contains é?qrse gravels
in a matrix of coarse sands and above 1t is another unit of narrow, alter-
nating coarse/fine layers (L12-Lél). The fine beds are all upimoda] and
nearly symmetrically distributed, medium-sized sands. The coarser beds
are very negatively skewed due to polymodal distributions. Above this unit
js L22, a bed of coarse gravels with a matrix of coarse sands and very '
fine gravels.

The thick beds of massively bedded coarse sands and gravels in-
dicate rapid deposition in a high energy environment a1terhating with
deposition in much slower waters, a sequence that is often a;sociated with
fluvial environments. %he coarse beds may either represent ahnua], high
velocity, spring flows or several high flow periods during one season,

with intervening lTow flow periods. The units of narrow coarse/fine

beds (L6-L10 and L12-L21) could have been deposited during a time of

g, . ':
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Plate 3.12: Southern part
of the 550-580 m terrace-
Tike deposit in Camp Creek
showing the locations of
Sections L and M

o

Plate 3.13:' Section L



102

strong diurnal fluctuations.

The beds strike 20° and dip 20°E, suggesting an improbable flow
of water into the canyon wall. Any feasiéle sourée river must have flowed
dovm-canyon, therefore, the beds must have been affected by rotational slumping
as a unit because no faults-or contortions are apparent. Whether-these are
fluvial or deltaic deposits cannot be determined on the evidence contained
in Section L. °

One kilometer further upstream; near the top of the terrace at
580 m is Section M exposed in a gully 7 m deep (Plate 3.14). A 2.5 meter
section was cleared near tﬁe top of the exposure, displaying the parallel-
bedded layers of fine-grained sand and clayey silt deposits.

At the base, Ml is a bed of sandy silts with a series of three.
varve-like beds above (M2, M3 and é4), each.of which has fine sands grading
upwards into clayey silts. Unit M5 coﬁtains narrow layers of silty c]ays (
approximately 2-3 cm thick, interbedded with slightly thicker layers of
-fine and very fine sands. The bedding here show$s some contortions which
may be the result of post-depositional settling, perhaps as the active
layer melted. The 30 cm of material above this show signs of being affected
by recent slumping. V

The beds have a generally horizdnta1 rake. fhree—dimensiona] analysis
shows that they strike 250° and dip 10°N.

Section M exhibits fine-grained, parallel-bedded,. gently dipping
énd well-sorted deposits with a varve-like sequence indicative of a low
energy environment. This is characteristic%of deposition in a’]oca1 pond
or a lake. The depth of the fines ig at least 6 m which is not character-

istic Qf the former. It is'more likely that these are lake deposits.
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Presence of lake clays at a site upstream of and at an elgvation
greater than fluvial sediments (Section L) is problematical. The best
exp]aﬁation is .to postulate two separate depositional events (Figure 3.7).
Near the head of Camp Creék are coarse sands and grave]g and bou]dérs at-
730 m (2,400 ft) (Section N, Plate 3.15) which may be river deposits from
water flowing into a lake with a surface at between 610-736 m k2,000—2,400
ft). The fines found in Section M are the lake deposits belonging to t§is
event, '

The lowering of the lake level to apbroximate]y.535—550 m (1,750-
1,800 ft) or subsequent inundation to this elevation could conceivably be
responsible for the fluvial or deltaic depo§jts of Section L at.550 m.
withaut thg coﬁp]ete erosion of fhe lake and river sediments upstream.
5ownstream,from Section L there are the copious amounts of fine-grained
“sediment which has s]umped and which incorporates scree clasts.

Mid-way up Subject Canyon at 535 m there is a collapsed deposit

(section 0) of very well-rounded, coarse gravels (Plate 3.16).. Even though

no bedding struc!ﬁre5~remain, it is evident from the size and roundness

of the clasts that a high-energy fluviatile environment is responsible for

their deposition. The' §35 m elevation corresponds well with that of
Section L and because Ca&%.and Subject Canyons havé other deposits of

\‘a generally similar nature, it is postulated that Section O is part of
the same depositional phase as Sectién L: i.e. either fluvial or deltaic
deposits dating from a 535-550 m lake phase. Unconso]iﬁated terrace-like
deposits extend up to 730 m in both Subject and Cimp Canyons,'impfy%ng
inundation to this elevation at one time.

When the sedimentary sequences of the ‘Central Canyon area both
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FIGURE 3.7

SCHEMATIC DIAGRAM "TO SHOW TWO ‘ ¢
DEPOSITIONAL EVENTS IN CAMP CANYON

« Plate 3.15: Section'N
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Plate 3.17:
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Section S at the mouth of Footloose Canyon
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\ .
north and south of Ram River are combined, it becoma@ evident that the two

are closely linked, as is expected. The infilling to 550 m is represented
within both, although much of that in Western Bowl has slumped down to 490
m. Evidence of fiilihg to 730 m, however, is found only in the tributary

canyons of Ram River.

.3.2.3/ Hestern Canyon Aréa

The western side of Ram Plateau could be studied only during a four-
day period when a fly camp was set up at the junction of Footloose Creek
and Ram RiQer. ‘Inclement weather conditions made hiking dangerous.
Three sections (P, Q and R) were studijed in Golden Bowl (dan alluviated
ancient meander scar), and two sections (U and V) were studied in Footloose
Canyon. In Chapter 2 it was suggested that Butler, Foot]oése, and Leckie
Canyons were the original channels draining Sundog Basin prior to‘their
alluviation and the excavation of Scimitar €anyon. For this reason it
was hoped{tb study. all three. Due to difficult access and lack of time, this
was not possible.\ The]mouths of Footloose (Section S, Plate 3.17) and Léckje

Creeks (Section T) hive a ridge of unconsolidated material blocking their

original outlets to an altitude to 400 m (1,300 ft), indicating alluviation

to at 1ga§t this elevation. The creeks drajning the a]]uviat%d valleys
did not re-excavate their original outlets and have instead entrenched
narrow gorges across bedfock spurs. A sihi]ar feature along .Ram River
at Golden Gate (Plate 3.18) resulted when the river shortened its course
to cut a narrow gorge across a bedrock spur instead of re-excavating
Golden Bowl.

. [~ - . 4
Golden Bowl is a relict meander scar eroded into bedrock by Ram
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River an its south side, befween Footloose and Butler Canyons. The bowl
was subsequehtly infilled with unconsolidated sediments up to 550 m

(1,800 ft). The sediment has since been eroded by small creeks, leaving

two major ridge systems with conical mounds at several places along their

lengths (Plate 3.19). -«

)

Section P (Plate 3.20) is situated 15 m from the tap of the eastern

.ridge at an elevation~of 380 m (1,250 ft). The beds generally dip at an

angle of 62° to the east with a ;trike of 350°. The lowermost deposit '
studied (P1) is of clayey si]is, and the upperﬁost‘(P4) is comprised of

many lO‘cm bénds of clay and fine sénd laminae alternating with 15 cm}beds

of fine sands. Along the interface, oblong nodules (P2), 15 c; in width

and 35 c¢m in 1ength, of fine-grained bedded sands are individually encased

in a 2 cm thick zone of clays (P3). The sand of P2-dip at the same angle

of formation can be readily compared with a loading phenomenon known as ,
"ball and pillow" structures or "pseudonodules" that are commonly found

in fine sediments deposited from suspension without adequate packing. As

‘the weight of the coarser sands being deposited above increases,‘the clay g
fails and units of sand sink down into the fines (Blatt, Middleton and i
Murray, 1972). Because deposition ;;\Suc; a s%eep angle is unlikely, it . ' *
is postulated that this section has been affected by post-depositional :
tilting.

)
At the top of the eastern ridge and almost directly above Section
P, Section Q (Plate 3.21) has an elevation of 400 m. The basal bed ‘
exposed (Ql) consists of moderately well-sorted sands with a jnearly

symmetrical distribution. The contact between Q1 and Q2 shows evidence

&
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or either scour and fi]],:or post-depositional faulting. The 1 m thick
Q2 unit has parallel beds striking 351° and dipping 37°E, with fore-sets
having an azimuth of 81° and a plunge of 55°. The steep dip of the beds
provides further é&f&ence of post-depositional alteration. A sample
(Q3) removed from one of the fore-sets in Q2 exhibits a poorly sorted,
positivefy skewed, unimodal distribution of coarse sands. ' The bed above

Q2 is 4.5 m thick and'composed of moderately well-sorted coarse sands having

a positive skewness. Allarge proportion-of the sand in Q5 is derived from

granitic rocks and aithough a sahp]e was not statistically analysed, it

'éppeared to be composed of very well-sorted, coarse sand. No bedding was

detected inlthe field. This may have been because the sand was very wet
when inspected. Throughout Q5, there are silty mud balls armoured with the
same sand. Théy‘are highly suggestive of a fluviatile environment. Such
mud balls ‘are being cteated and deposited in modern fluvial environments
with{n Ram Canyon: ;s vas not2¥ by the author and studied by Arsenault
(1976).

Section R (Plate 3.22) is on the western ridge at an elevation
o% 460 m (1,500 ft). There are alternating coarse and fine layers which
generally strike 232° and diﬁ 26°Ni. The basal layer (R1) has medium- A
to coarse-sized gravels dispersed throughout a matrix of fine sands and
silts. This grades upwards into RZ, a ﬁ cm bed of silty clays. Above this
are five pairs (R3-R7) of varve-like laQers, each consisting of fine sand§
grading upwards into fine-grained, silty clays. Layers R3 and R4 each |
have a thickness of_4 cm and R5, R6 and R7 each have‘a thickness of 1.5 ;

cm. Above these, R8 is a bed of moderaté]y well sorted sands which have

a nearly symmetrical distribution. A few well-rbunded coarse granules
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of granite were dispersed throughout. At the top of the section theré is

~a subsequent deposit (R9) of what appears to have been another varve-like
sequence of fine sands grading upwards into silts and clays. This showed
signs of recent slumping and mixing..

Interpretation of the sedimentary sequence in Golden Bogh is
tentative. The fine-grained, parallel bedded silty clays of Q1 indicate
quiet water deposition up to approximaté]y 380 m, above which are the
deposits of a slightly more active environment. These two may reflect
differences in sediment transport between a late summer or winter low
flow period and a high discharge period the following spri;g and early
summer. If this hypothesis is correct then one would expect to find
alternating units of coarse/fine sediments; however, due to the limited
extént ;f the exposure this could not be determined. ‘

The base of Q, éO m above P is also well sorted sands. The
contact beeren Ql and Q2 appears to be erosional, sugéesting that a fluvial
environment ‘succeeded the 1§ke environment. The fore-set beds of Q2 and
the mud balls contained w1th1n Q5 prov1de further evidence of a high
energy, fluvial environment. The steep dip of the beds to the north-
éast indicate either tilting as a unit or deposition in a deltaic environ-
ment.

Section R indicates that a fluvial environment, with localized
deposition in ponded water existed“af an elevation of 460 m. The éngle
pf bedding implies depoéftion in water f]éwing to the northwest, and not
the northeast as evidenced by the bedd1ng in sect1on Q. , It is suggested

that the upper deposits at R represent an earlier flow, out through

Scimitar Canyon, in the opposite direction to present river flow. The
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lower deposi@s at Q were deposited durihg a subsequent downcutting phase
Qhen the ice, blocking the eastern outlet, retreated and Ram River flowed
in the same direction’as it does presently. .

Mid-way up Footloose Canyon (E1ate 3.23) there are two noéth bank
expoéures apprdximate]y 0.5 km apart. The two are similar in that the
slump faces are half circles parallel to the creek, and lack similar sedi-
ments on the south side where scree extends t9 creek ]evel., Blanketing
the surfaceg of both mounds are{distiﬁctive beds of yellow silts and fine
sands having aggregate thicknesses of 1.5 m. In the blanket deposits, the
fine beds, which have an average thickness of 4.0 cm, alternate with ¢
slightly coarser beds.having general thicknesse§ of more than 20 cm. Grain
size analysis indicates that sample U4, which was removed from a coarser
bed is 50% sand and 50% silt and clay.

' Sediments below the blanketing deposits for the two exposures ¢
are very‘&ifferent. Section U (Plate 3.24), at 410 m (1,350 ft) has beds
of sands and fine, §ubrounded.gravels alternating with beds 6f sand and
coarse, well-rounded gravels, totalling a thickpess’of at least 9 m. The
contacts between-beds have a uniform rake plunging 12°E down canyon, with

an-azimuth of 80°. A sample taken from a coarse, sandy bed (Ul) is well~

DT e

sorted and’nearly syﬁ&etrica] about the mean. The bed above, U2 has a mean
_grain sizei;n the coarse gravel range, is poorly sorted, and positively
skewed. Above the unit of alternating coarse/fine sands and gravels are
much finer-grained, grey sediments up to the blanketing layer of.yellow
silts. Massive slumping of these grey muds (U3) during such wet conditions

rendered any attempt to study an in situ deposit infeasible. The photographs

’

e

show that they have parallel, horizontal bedding.” It is important that U3,
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is grey because it precludes the chance that it is slope wash derived from

" the blanket of yellow silts (U4) at the top.

The face of Section V (Plate 3.25) at 425 m (1,400 ft) and farther
upstream is completely covered by layers of yei]ow, §andy silts dipping at
67°S,'striking 90°. Fihe—grained layers range 15-20 cm in thickness and
alternate with coarséf layers, approximately 2 cm thick. The 1ayer$:are
parallel to the face, and dip at such a steep angle th;£ they are readily
recognized as rhythmically stratified slope,waste deposits that are common

in periglacial environments (Dylik, 1960). Their yellow colour suggests

that they are.primarily derived from the yellow sandy silt layers above.

o

These deposits conceal the brigina1 bedding structures within the mound.

The sequence of events which best describes the deposits-in Foot-

" loose Canyon is as follows. A fluvial regime. with a river flowing to the

east was responsible for the alternating cq;;se/fine deposits (é.g. ur
and U2). ‘This gradually changed into a ‘lake environment so that fine-
grained, grey clays with horizontal, para]iq] bedding overlie the fluvial
sediments. After a phase of down;utting and dissection, a later iqﬁi]]ing
to at least 425!m led to the deposition.of blanketing layers of yellow
fines in a quiet lake environment. Present downcutting has éxposed the
se&jmentscfrdm these two periods and s]opewash!of the yellow fines has
coered the face of Section V completely.
3.5.4 Sundog Bas{n

Due to limited helicopter time only a few hours were spent at a
s]dmp face (Section W) on the southern side of a prominent‘hill of

unconsolidated sediments in central Sundog Basin. The stump is 90 m

~r
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high, 150 m wide near the base, and. is situated on the northeastern side
of a meander bed of Sundog Creek, at 610 m (2,000 ft). Slumping appears
' T

to havé been recent because there is no new scrub growth.on either the 1

‘face or the toe. Tall coniferous trees are angled in all directions on

the toe and only the very tips of some conifers show signs of turhing
upwards (Plate 3.26).

~The profi]e of the face is not-symmefrica], being higher to the

~west. At the top of the western third of it there are beds of coarse

AY

gravels and cobbles with a matrix of sand\(Xl). Covering the slump face
below qts;iipilarbsediménts, and recent’gullying has expo%ed sections
(al? of them ﬁimilar to that of X2, shown in Plate 3.27) which have no
bedding structures, but Fheir pebbles and cobbles appear to be imbricated.
downslope. ‘ |

The crest of the central pértion is lower than that to the west.
Sediments here are finer than those in X1 and X2. For example, Y1 has
narrow, parallel beds of medium to fine sands and silts which dip north at
55°Qand strike 28i° (Plate 3.28). Sec;ﬁon ?2, slightly east, has thin

beds of coarse to fine sands which dip south at 76°~and strike 89°"

(Plate 3.29). Contortions and mjnor:fau1ts are common. {he eastern

Nportion, where the creS!’of the slump face is the lowest, h s.very fine

grey'mudsﬂcover{ng’the surface (Zl):

The most obvious charaqéeristic of these sediments is the fining
eastwérd sequence as the height of the c]ﬁmp face decreases. Based bn
thisf a_mﬁde] (sﬁown ik’Figure 3.8) is presénted in order to explain
this feature. ‘

Because fines are found at only low eleyations, it appears that

Y

I
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Slumped sediments at .the base of Section W in
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Plate 3.28:

Section Y1
Beds dipping north

Plate 3.29:

Section Y2 :
Beds dipping south
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PROGRADING DELTA
North . South
SECTION
W
ICE LOBE

LEVEL OF LAKE SUNDOG
AT 730m
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FIGURE .3.8  SCHEMATIC DIAGRAM TO EXPLAIN
DEPOSITIONAL SEQUENCE IN
SUNDOG ~ BASIN AT "w"




e
N\

the floor of Sundog Basin was covered with silts and clays above which

- .‘ . k)’..a,\ o :;«'lx Lot

sands and then gravé]s and cobbles with a sand matrix were deposjted.
During the lengthy period of disgection which followed many ridges, hills
and mounds of hnconso]idated material were left, dominating the landscape.
In the case of Section W it is likely that Sundoé Creek undermined the
southern slope of one of the-most prominent-hills. Slumping was initiated
when the clays near the base failed bengéth the overlying cdarsew'deposits.

During and after slumping, material from the top mo;ed'down the
exposed face; thus materié1s on the face are denjyeq from‘the crest area.
They are not in situ deposiés. Because depééits at the crest ]jné preseﬁt]y
vary with its height, this has resu]tid in what appears to be a fining
eastwards sequence, when in fact the sediment was originally depgSited
in a coarsening upwards Sequeﬁiga gharacteristic of deltas (Broussard,
1975).

At X2 the gravel deposits ngar.the freshly exposed sufface s1id
downslope until they stabilized, so that the clasts became imbricated down-
slope without establishing bedforms. At Y2 beds dip parallel to the slump
‘facé;anq may bg interpreted as'glopewaéh, because the dip is so steep and
there are conto;tions. .
The norkh—Q}pping sand layers of Yl are difficu]t to%explain. ' |

Either these beds have been subjected to localized rotational slumping, or

they are remnants of the original deposit from water flowing to the north.

3.3 Interpretation of Field Results

In'1ight of findings in Chapter 2 the deposits described here

may be interpreted as follows.
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3.3.1 First, Glacial Event

The presence o% Shield erratics on top of .the plateau surfaces
indicates that Laurentide ice covered the plateau on at least one occasion.
The highly weathered iag of this granite-rich till implies that such an
event occurred compavatively early in tHe Pleistocene, because weathering
in"a periglacial environment is a slow process.

The Tack of glacial features found within the canyons themselves
also suggests an early glaciation followed by a period'of fluvial and
periglacial erosion of such length that the effects of glacial scour and
deposition are a]m;;t obliterated. Only the lag ti11 remains on the plateaug

surfaces and weathered granitic clasts are found in small proportions in

the sediments of the canyons and basins.

3.3.2 Glacial Advance and First Infilling Event

Section W, in Sundog Basin gives evidence for an infilling evé;t
when a subsequent ice sheet blocked eastern drainage routes. Water
drained northwards from a source at the Nahanni-Ram Plateaux col, building
an ext;nsfve delta déposit with a coarsening-upwards sequence into a lake
occupyihg Sundog Basin and Ram Canyon. In the most economical interp(etation
of the sequence‘thispevent'is also responsib]e for the sands and gravels
in Footloose Creek at Ul, which were deposited by water ffowing ouf of
Sundog Basin and into Ram Canyon during the ﬁhitia] stages of infilling and
because the eastern outlet was blocked, the water accumulated. As the depfﬁ
increased fine-grained sediments (U2) were deposited on top of Ehe sands
and gravels. Lake sedjments deposited du%ing this évent are also found

at M in Camp Creek, and at P1_and P2 inﬁGo]den Bowl. The-level of the
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lake was 730 m (2,400 ft) as evidenced by the presence of alluvium to this
elevation in the tributary canyons and Sundog Basin. As noted in Chapter
2, the lake drained north via the Scimitar and Sundog Canyons routes.

When the ice mass retreated the lake drained eastwards and fluvial sedi-

ments dipping east were deposited over the lake sediments at Q. '

3.3.3 First Re-excavation

, The well-dissected nature of the deposits in Sundog Basin 1mpiies
ghat they are remnants of an early infilling. The erosional contact
between U2 and U3 in Footloose Creek, and the difference in the colour of
fhe clays is evidence of a second lake phase after an extended period of
erosion, during which much of the sediment in the canyons, especially Ram
Canyon, was flushed out. Much of that in Sundog Basin remained because
* drainage was rerouted via Scimitar Canyon, where a bedrock sill held the
local base level at a comparatively high elevation. The heads of Butler,

Footloose and Leckie Canyons remained alluviated due to the incompetence

of their streams.

3.3.4 Glacial Advance and Second Infilling Event

Evidence for the second infilling event is much more abundant.
Water poured into Ram Canyon from the east and great thicknesses of cross-
bedded sands and gravels with beds dipping west were peposited at A and
B. The sediment choking the heads of Leckie,.Foot]oose and Butler
Canyons blocké% drainage into Sundog Basin so the level of water rose’
until it overtopped the bedrock gorge 'at Scimitar Canyon. In the

backwater area of Footloose Canyon, yellowish lake clays. {(at U and V)

Wlendog ®

2
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blanketed the earlier dissected deposits. In Camp Canyon there are fluvial
deposits at L at an elevation of 550 m (1,800 ft) that could be part of
a delta building out into a lake at this elevation. Well-rounded gravels
at 0 in Subject Creek were probably deposited at the same time and by
similar processes. Downstream in Camp Canyon at Section J are the slumped,
fine~-grained 1akg sédiments with scree clasts incorporated in them. The
550 m terrace in Camp Creek (K) also contains fine-grained sediments with
a large proportion of scree clasts.

Eventually Ram Canyon and its tributaries were filled with unconsoli-
dated sediments up to 550 m. aided channel deposits of sands and
gravels dipping west are foundat 490 m (1,600 ft) in Western Bow] and 460
m (1,500 ft) in Goldep Bowl. This is evidence that the 550 m lake was
initially drained by a river flowing to the west, perhaps when Scimitar
channel was eroded down to an altitude of 460 m. Fluvial ;ediments were
deposited laterally as the river cut down through the lake sediments.
When the eastern outlet was re-opened the direction of flow was reversed

¢
and the rivers began entrenching into the unconsolidated infill,

3.3.5 Second Re-excavation

This period of downcuttifg is still continuing. Large-scale
slumping of sed{mpents has altered many of the original bedding structures,
giving rise io the complicated na%ure of the deposits studied. The
beﬁded sands and gravels at L in Camp Creek and F in Western Bowl have
been ratationally slumped. The resulting mixturé of scree, lake and fluvial

deposits in Western Bowl was studied at D and E. In Sundog Basin, slumping

is common also;, with the most prominent example being'at W

L

*\'\_\{
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The sediments close to the Ram River (at A, B, D, and G) are
presently being excavated as the river follows its original channel con-
figuration. There are several instances where the rivers have cut narrow

gorges across bedrock spurs instead of following the previous channel

" which had been infilled, for example at Golden Gate and at the mouths of

Leckie and Footloose Canyons.
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CHAPTER -FOUR
, SUMMARY

. The.outline of events fonmuiated in Chapter 2 proposes that
after the paleodrainage systém had evolved, water impounded by ice resulted
in alluviation of: }) Sundog Basin and canyons of Ram Plateau to 730 m
(2;400 ft); 2) canyohs of Ram Plateau ta 550 @ (1,800 ft) with a 1oweF1ng
or later infilling to 460-m; and 3) Tetcela Basin to 380 m (1,250 ft) with
a lowering to 210-275 m (780-900 ft).

The field results discussed in Chapter 3 indicate thét the plateau
surfaces were glaciated at least once prior to any infilling events.
Impoundment by ice during SUCceedjﬁg glacigtions resulted in: 1) alluvi-
ation of Sundog Bagin and'canyaﬁghof Ram F]ateau to 730 m; and 2) alluvi-
‘atﬁon of canyons of Ram Plateau to 550 m fo]1erd by a lowering to 460 m .
when the iake\yas drained initially vfa Scimitar Canyon and then to the

east. ' \

The findings of the two chapters are thus in good agreement.

Their correlation is outlined below and in Table 4.1.

4.1 Outline of Events Responsible for Depgsition

4,1.1 Pre~Glacial Period

Prior to the knoﬁn first glaciation, Ram River 'and its four

-

tributaries Karst, Ridge, Sundog and Tundra Creeks drained the eastern
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slope of Tundra Ridge, and flowed eastward across a plain of little
relief. Ram Flateau was upwarped and Sundog aﬁd Tetpe]a Basing weré
depressed. Ram River cut the antecedent. Ram Canyon into the rising mass
and its major head streams cut Butier, Footloose and Leckie Canypns.
Minor tributaries initiated at this time began to incise S-N subsequent

canyons_along major joints or faults.

4.1.2 Nahanni Glaciation /

The lag of a till contaiﬁing Shield erratics found on the surface
of Ram Plateau indicates that a Laurentide ice sheet covered the plateau
and mayv have spread west across Sundog Basin. HNone of the erratics. are
fresh and they no longer have striations. According to Ford (pers. comm.)
the ti11 on the f]anks‘of.Nahanni Plateau and Tundra Ridge to'1,400;1,615 m
(4,600-5,300 ft).{S'identical to that on Ram Plateau. It can, therefore
be inferred that this iée sheet extended as far west as Tundra Ridge, and
co%ered Sundog Basin.
~ The ice advance must have occurred before the canypns were wél]

developed because the vé:ticalrlimestone cliffs and extensive scree slopes
. shqw no.éjgﬁ§ of having been glaciated.
4.1.3 First Interglacial , . | o .

After the w%thdrawa] of this massive ice sheet, ;hefe was a lengthy
period of f1qvia]'é}o§ion;. Canvon deve]ophent.resumed and Ram River
continued to entrench a:deep meandering canyon into bedrock along a-.course
véry similar to that of today, except tQat.drainage into the canyon was via

Fron .
Leckie, Footloose and Butter Canyons. The tributary canyons were incised
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."into bedrock below their present level, (due to subsequent alluviation the

bedrock floor has not yet been exposed except in a few places) even though .

they Qere&probab1y not as wide as they are today.

Vertical cliff feceTsion_éf‘Nahanni Limestopes and extensive scree
deye]opmenf haye not be%n interrupted since this time, so the effects of
glacial scouf have been obliterated. Huch of the £11] has been redeposited
in the canyons over the extendea period of tfﬁe following thg Nahanni
G]aciationf so that the till on the plateau surface appears &jnnowea and
small proéortions of granitic clasts which are presently well-rounded
and have no striations are found within all of the‘sediments studied in
Ram Canyon, its tributary canyons and.Sundog Basin:

-
4.1.4 Sundog Glaciation

| The strongest evidence for a second ice advance is‘the presence
of unconsolidated sediments ub to an elevation of 730 m (2,400 ft) in Ra%

Canyon and its- tributaries, and filling the extensive’Sundog,Bésin.' As

- in the cases of many other eastward]} drain;ng‘basins of the Mackenzie
Mountains wherewa11uvia1 sediments have been found at'éimi]qr elevations
(e.g. North Redstone River Valley, (Pfest et al.y 1567)) the only feaiib1e

_explanation suggesteﬁlto.aCCOunt for infilling to such high altitudes js
the blocking of the 1ower‘éastern outlets by Laurentide ice. Evidéncé

of exteﬁ§%vg ice-dammed proglacial fakes at the periphery of the Lauren-
ti@e ice{sheet is ubiquitous. . : ‘ ‘

Laurentide ice passed through thé breaches in the ﬁahanni Range

at Camsell-Bend, C1i Lake, Litt]é Doctor Lake.and:South Nahanni River and

came to rest along the eastern flanks of Nahanni and Ram Plateaux, blocking
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the easter]yidrainage routes. That the ice sheet did not pass over the
Nahanni Range is evidenced by the steep easit-facing cuesta which shows no
signs of glacier scour, and the lack of glacial features in the valleys

of the western slope. Ice in the Tetcela Basin did not spread over the

Ram Plateau, but lobes of ice fingering into the eastward draining canyons

to vdrious elevations blocked their drainage. Accumulation of meltwater

and sediment resulted in alluviation of Tucker, Latham and Tetcela.Cényons,

W

upto altitudes of 856 m (2,850 ft), 1,000 m (5;300 ft) and 945 m (3,100
ft) respectively. ‘ -

Meltwatér issuing f}om a larger ice lobe that occupied the-870!m,
(2,850 m) col between -Nahanni aﬁd Ram Plateaux to an elevation of at
least 945 m\poqud into Sundog Bésin and intb Ram Canyon via'But]er and
Footloos® Canyons Bedded sands and grave]s dipping to the west which

" were studled at Section U in Footloose Canyon. and at Section G in Ram

Canyon, were deposited at this time. With the eastern outlet of Ram. River ~

b]ockeh byche to an e]evétion of at least 730 m, the depth of the water
increased and as shown at U, fine-grained lake sediments were deposited
‘ on top pf the-fluvial "beds. What may be alternating beds of fiﬁe— and
coarse—érained lake sediments are also found in Golden éowl at Section P.
" With Lake Suhdeg at an elevation of 730 m occuéiné Ram Canyon anq
.Sundog’éasin, 1a£e sediﬁents were deposited within the canyoﬁs and a delta
began'building northward into Sundog Basin (studied at W) a1]uviat1n§ the
basin* and the upper reaches of Butler, Footipose and Leck1e Canyons

- Evidence of an outwash p1a1n extend1ng out from therﬂce’1obe occupy1ng the
-

;ﬂ,;“,mcolwbetween~NathﬁT‘and Ram P]ateaux down to the 730 m lake level is still

found .at three .locations at the southern end of Sundog Basin:
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1. The terraces on the southwestern flank of Ram
N Plateau have a strong gradient to the north and an
o efevation of from 945 m to 760 m (2,500 ft).

2. An alluviated terracevover Timestone to the west
of the terraces has an elevation of 915 m (3,000 ft)
and ,

3 . The f]at va]]ey floors of Hiller and Texas Canyons

‘are alluviated to 850 m (2,800 ft).
|

The tribqﬁaries of Ram Canyon all have a11uviated depoﬁits up to

- a consistent e]ev;tion of 730 m. The coarse sand and grabe]s ag the.head
-of Camp Creek (Section N) may be the fore-set deposits of a delta buf]ding
out into the lake, and the fine—grainedhsi1ts and clays at Section M may’ ‘
be ejthen the %fstant deltaic deposits or lake bottom sediments.

" Due to ice blocking ohtie¢s to Fhe'eastt flow was diverted %o the
north over the ridge of shales exténding across the noééhern enQ'of Sun-
dog Basin and overvlimesione bedrock.above what is noW-SEimitar Canyon.
Although these outlets ére ﬁresently'at much lower elevations, it is pos-
sible that they were as high as' 730 W at that time. North of Scimitar -
Canyon, Jackson and Pratt Canydns have been alluviated to 670.m (2,200 ft)

and the former directions of flow have been diverted to the west. Just

south of these two canyons, yet north oflSqimitar are terraces which siope |

to the north from 640 m to 550 m (2,100;1,800 ft) indicating the direction

-of flow.

4.1.5 Secohd Interglacial _ i
| After ;he Sundog Basin and Butler, Foot1oo§e and Leckie Canyons -

vere a]]u&iated to 730\m (2,400 ft) and the;ice had w%thdrawn the Ram

‘River in‘Sundog Basin ma1nta1ned a course similar'to that 1n1t1ated during

the second g]ac1at10n, flowing northward™ 8Cross the partially buried ridge
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of shales. The river may have either continued flowing to the north or

_reversed the proglacial.draihage direction to enter ﬁam Canyon via the

. Scimitar route. The latter is more plausible because if the river had

dra{hed into the North\Nahanni River, the basin would show signs of _

having been more intensively excavated. The base level for erosion,

therefore, must have been 1imited by bedrock at Scimitar as it is today.
The newly initiated streams draining. the alluviated Butler,

Footloose and Leckie Canyons were not competent enough to clear the heads

of these canyons so the original drainage pattern was not resumed. Mounds

of the fluvial beds gradihg upwards into lake deposits were'left along the
northern canyon wall of Footloose Creek and the downstreamgsections of ]
‘Leckie and Butler Canyons were probably not completely excavated either.
Iﬁe’otﬁer tributarie§ of Ram River were not competent enough to clear their
“Eﬁﬁyaﬁgkeahpletg]y so evidence of the 730 m infilling is still present at
théir heads: . .

Ram River gradually 'cut down through the lake sediments as it

|

.excavéting almost all ‘of the sediment. No evidence of infill at an eleva-

i r

 ‘f]qwed tq tée east th;ough Ram Canyon, fo]lowingiits origina] channel and
tion of 730 m has been reta%ned in Ram Canyon becduse the competence of

~ the Ram was much greater than that of the tributary'streamé and because no
limit to the gradient haé been imposed downstream. Tt is unlikely that
the river reached its drigina] bedrock-channel floor because fluvial.
deposits frbm this preVious infilling event are only recently being’
incised at Section 6. The depth of sediment still belowlriver level is
unknown because the river has Eut,down to bedrock at only two locations.-

The depth of sediment in portions of the tributary canyons remaining from
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this infilling event is a]so unknown for the same reasony
Durlng the second interglacial the canyons slowly widened over the
\
years as the llmestone cl1iffs retredated and as the scree slopes extended

outward over the infiill along the sides of the canyons.

4.1.6 Ram Glaciation

. The major evidence for-a sgcond infilling event is the preéence
of .an obvious erosional contact betyeen two distinctly different sediment
types'found~gverywﬁere in Footloose Cany994~\Maﬁy\f?atures %n the other
canyons suppdrt this hypothesis.

Several lobes of a second Laurentide ice mass advanced fhrough
the breacﬁes in Nahanni Range and coalesced in Tetcela Basin reaching an
elevation of approximately 580 m (1,900 ft)'éTong the eastern flank of
Ram Plateau. Water pour1ng of f of the dce sheet into Lake Canyon resulted
in alluviation of this canyon to 560 mE;IySSO ft) These deﬁoswts level
oup-s a terrace at 550 m (1,800 ft) on which the only lake 1in Ramtganyon
is situated. ’ | .

Ice Blocked the eastern outiet of Ram River aqd‘as he]twéte%

flowed into Ram Canyon ffom the east, thé crossbedded sands and-gravels
(studied at Seétions A anq B) which dip to the west were deposite&.

Because the heads of Leckie, Footloose and But1er~Cagyons were still

alluviated to 730 m (2,400 ft), the f]uv1a] env1ronment changed to a 1ake ‘f

environment (Lake Ram). The depth of the water 1ncreased unt11 the

!

northwestern outlet via Scimitar,at an aLt1tude of 550 m was overtoppad.}va

Sundog Basin was not affected by this inf111ihg event because the 730‘m,Yﬂ

elevation of infill at the heads of Butler; Footloose and‘Leckie Canyoﬁéf
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(4,, .
prevented the water in Ram Canyon from draining int6 the basin. Also, the-
ice did not advance as far as it did during the sécond g]aciation’when
it occupied the 870 m (2,850 ft) col between Ram and Nahanni Plateaux,
to discharge large quantities of water into Sundog Basin.

Evidence of this'ihfi111ng event rem;jns in Ram Canyon at a con-
sistent elevation of 550 m in Eastern Bowl, Western BOQ] and Golden Bowl.
‘In the‘tributary caﬁyons there are terraces‘anA/or Qelta—Tike deposits at
this elevaFﬁop also. Sections studied inc]uqs beds of sand and gravel in
pqmp Creek\a; Section L, gravels in Subject Creek at Section 0, and a large
' terrace of fine;graihed deposits incorporating scree clasts at Section K .

in‘Camp Creek. Sma1]er‘terraces are fouﬁd at this elevation in Raynor,
Subject and M1ke Canyons ¢
In the lower reaches of the canyons there ‘is'an abundance of fine-

-

graiﬂed alluvium, For example, at Section J in Camp Creek there are sandy
silt depo§its wi%h scree incorporated within tﬁem. In what would Have
beén a baékwéter area in Footloose Creek, yellow silt and clay lake sedi-
ments b]anket the previously eroded deposits of the earlier 1nf1111ng event
"such that bedding is parallel to the surface configurations.

Coogn Bedded sand and grave] deposits found at an elevation of 490 m

,f' %(1 600 ft) (Sectlon F) in Western Bow! and at 460 m (1,500 ft) (Sect1on R)
K ;in @olden Bowl: 1nd1cate that after the canyons had been alluviated to

A

”apprOX1mate1y,550 m the lacustrine env1ronment was a1tered<io a. fluvial

.5{ env1ronment in which a r1ver f]owed to the west. The Scimitar channel

i

f:Jf'ffmust have been eroded down from an e]evatlon of 550 m to an elevation of

p«:460 m in order\to initiate such a suddeh ,change in env1ronment The 1ip

1 of the gqrge still Kés an elevation of 460'm, possxb]y due to recession
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of the nickpoint as opposed fo 1owgriﬁg. The 580 m elevation of alluvium
in the ya11€yvﬁgﬁph of Scimitar is_prob]emética]. Perhéps the valley was
alluviated toathis elevation after the lake drained thr&ugh it at 460 m.

| here is also evidence on the topographic maps and a}r photos for
an outléi at 460 m between the eastern flank of Ram Piateah»and shale

outliers north of Ram River. In view of the results of sedimenﬂ'analysis

of deposits within the canyons, it is proposed that this was used when the .

ice sheet retreated to a stationary front at 460 m. What appears to be

a recessional of terminal moraine on the air photos between two of the
shale outliers may have been deposited.at this time. The middle section
of Karpuk Canyon has been alluviated to 460 m in much the same &;;\as/ﬁké

Lake Canyon during tﬁe second glaciation and the upstream part of the creek

has been d1verted to tﬁ;zsbuth The mouth of Ticker Canyon shows alluviation

to 460 m also and the stream has eroded into its original canyon wall and
now flows to the East, leaving alluvium choking the soutﬁeasterly‘phannei.
At the southwestern end of Tetcela Basin along the southeastern flank of
‘Ram Plateau there is an expansive terrace at an eIevation(of'425-460 m
4(1,400-1,500‘ft) that may havé been creéted when the ice in the basin
retreated far enough to pbnd water here but not far enqugh to expdﬁe the
Jower regions of the basin or the South Nahanni River. It may also be .
possiblé that the Tetcela Basin was filled with till at a higher elevation

and that the till.has subsequently been eroded.

4.1.7 Third Interglacial

TN

The third interglacial was again a period of extensive excavation

of the sediment infilling Ram Canyon and less intensive dissection of that

e L S Tt

R e e R AR
. ‘%

P

" ESWLIER NPTy S ol 2

‘“'»-ju Ao

S
R~ 2

¥



-y

2

138

in the tributary canyons and Sundog Basin. Ram River draining Sundog
Basin resumed its course south via Scimitar over the bedro;k-]ip at 460 m
({,500 ft) incising a 120 m deeb and narrow gorge: Scimitar Canyon. That
the river did not flow Borth to North Nahanni River is evidenced by the
limited erfh of excavation in Sundog Basin, restricted by bedrock at
Scimitar, and/present alluviation® of Glew Spillway to 580 m (1,900 ft).
There have been no subsequent infillings of Ram Canyon so many of
the erosional processes iﬁitiated at this time are still continuing. As
Ram River cut into the a]]gv{umi lateral deposition oleands_and gravels
covered most of theMeake sediments wﬁich are exposed in only a few places.
Many of the sand and gravel beds have been either massively or rotationally
s]u&ped; either due to undércutting by streams and rivers or because the“;
1ake clays underlying them have given way. Instances of the latter process
are Section W in central Sundog Basin and éossib]y the massive slump depo-
sits found in‘Western Bowl. The sand éné gravel beds at Section L in Camﬁ
Creek also appear to have been rotationa]]y'slumped, hoviever the reasons

and mechanisms are unknown. Massive slumping of fine-grained sediments

'and scree cfasts is characteristic in the lower reaches of Camp Creek, at

Section J. |

Ex%ept in a few places within the plateau area, Ram River and its
tributaries have fo]]oﬁed the original channels cut into bedrock prior to
a11uviat{on. A£ the mouths of Footloose andw£2cgie Canyons (Secfions S
and T) the original channels have remained'infi}led vhile the streams have
cut narrow éorges in béedrock spurs a shor;ﬂdistance away. Instead of
f]owing‘;round through Golden Bowl, Ram.River has shortened i%s course by

downcutting into a bedrock.spur at Golden Gate. The sediment still
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occupying the ancient meander bowls has yet to be eroded before‘the Ram

follows ‘its Brigina] course ‘completely.

4.1.8 Tetcela Glaciation

Thére is evidence for another'ﬁiaciation east of Ram Plateau but
not in Sundog Basin or the Canyons of Ram Plateau. Because f]uteﬁ
ground moraine is found east of Nahanni Range but not to the west, it
appears that Laurentide ice advanced only as far as the mountains.

Tetcela Basin vas alluviated to 210-275 m (700-900 Ft) by Lake
Tetcela impounded to an elevation of é?S m which drained northward via
North Nahanni and Carlson Rivers over a low col with a present_a]titude of
260 m (850 ft). Anbtherrlake impounded in the South Nahanni River basin
by 152 at the mouth initially dfained northward into Tetcela Basin over a
380 m (1,250 ft) breach between Ram Plateau and Mattson Mountain, and then
through the Fishtrap Creek channel at an elevation of 250 m (800 ft) between
Mattson Mountain and Silent Hills as the ice retreated. Meltwater also

poured into-the basin through breaches at Cl¥take and Lityle Doctor Lake,

where remnants of an alluvial fan sti]l exist, and through ‘the breach at

: . )
Grainger Creek, where it deposited material~to an elevation of 560 m

(1,850 ft) at the head of Grasoer, Grainger and Bluefish Creeks.

4.1.9 Post-Glacial Period

- Tetcela Basin has not been as extensively dissected as Sundog
Basin or Ram Canyon due to its much more recent alluviation. At the
6outh of Ram Canyon tﬁere is a series of terraces at elevations ranging

from 245-275 m (800-900 ft) that were carved by the migrating channel as
; 3 )
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Ram River cut down into. the lake sediments.

The profusely meande}ing Tetcela River, Fishtrap Creek and Bluefish
Creek have incised narrow floodplains slightly below the level of alluvium.
Because.the basin is so flat the marshy headwaters of the southerly draining
Fishtrap and B]ue%ish Creeks are at almost the same level as the north-
flowing Tetcela River drainage system. The abundance of marshland may
indicate the presence of impervious lake clays withfn‘the central area of

the basin.

4,2 'Corre]atiqgiwith Other Studies

In the Ram River Area of the Mackenzie Mountains evidence has been
fgund for four major Laurentide ice advances and three prog]acié] lake
phases. The;e can be tentatively correlated with results of studies in
other areas of the Mackenzie Mountains. The correlation with events in
Nahanni Plateau proposed by Brook (1976), Ford (1976) and Harmon et al.
(1977) is outlined in}lab]e 4.2.

It has been suggested that during the first glaciation ice covered
the entire field area and extended as far vest as Tundra Ridge. In the
South Nahanni River area, Ford (1976) and Brook (1976) have determined
that the granitic erratics there were emblaéed more than 350,000-400,000
years B.P.,’during the greatest incursion of Laurentide. ice into the |,

¢

Mackenzie Mountains. The lag deposits. are so similar on Ram Plateau

" (Ford, pers. comm.) that they may be‘éssigned to the event reeqgnized by

Ford and Brook: the "Nahanni Glaciation".-
During Sundog Glaciation a lake was impounded at an elevation of

730 m (2,400 ft) in Sundog Basin and Ram Canyon, resﬁlting in infilling -
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¢

to-this level plus alluvial fan deposition at ‘the §outheﬁn end of Suﬁdog
B;;in that descends from 945 m (3,100 ft) down.to the ‘730 m Take level.
To explain the two 1evels of alluviation, Brook (1976) unnecessarily pro-
, posed two infilling events: Lake Sundog I (790-850 m (2,600-2,800 ft)),
and Lake Sundog II (730-760 m (2,400-2,500 ft)). Becauge the only evidence
for deposition above 730 m is found.at the séuthern end of Sundog Basin it
is more 1ikely that they vere. deposited by water descend1ng to a lake at
730 m from the surface of ;% ice lobe occupylng the col between Nahann1
and. Ram Plateaux. Brook's hypothesis 1s']e§s }1ke]y because for Laurentide
" jce to have b]ocﬁed all outlets less than 850 p at the northern end of
Sundog Basin, Ram Canyen would have also.been filled w%ph‘ice Sﬁd evidence
shows that this was not khé\case. ‘ .
i During Ram Canyoﬁ Glaciation, a third ice mass épupted against the
eastern flank of Ram Plateau and impounded a 550 m (1,800 ft) lake within
Ram’ Canyon. Alluviation dﬁ Lake Canyon to 560 m (1,850 ft) and erosion of
jts‘easterh canyon wall is eviaence that Lake Nahanni (580-650 m (1,900-
2,350 ft)) which was impounded by Clausen ice (Ford,. 1976) drained north-
/ward between “the .edge of . the ice mass and the flank of Ram Plateau and into
.the lake in Ram Canyon via Lake Canyon ) The clays along both Sauth Nahanni
River and Footloose Canyon wh1§h date from this event are buff—co]oured
(Weirich, in 1itt.). Th1s ﬂs'éhotﬁer indication that the two drainage
kystems were']inked There is 1nsuff1c1ent evidence from this study to
déterm1ne whether the Ram Canyon (or Clausen) glacxat1on shoyld be ascr1bed
to the Illlno&an (Ford,,197§- or Early Wisconsinan (Braok, 1976). ~
. A lake in Tetcela Basin at 245-275 m (800-900 ft) impounded during

% C .
the Tetcela Glaciation correlates with Lake Tetcela which was impounded

.
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by Jackflsh Ice during the "C1asswca] Hisconsinan" to an e]evatlon of 400 m

(1,320 ft) a]ong South Nahann1 R1ver (Ford, 1976; ‘Brook, 1976) This lake

drained into Tetcela Basin over a co] at an altitude of 380 m (1,250 ft)
betwgen Ram Plateau and Mattson Mountaiﬁ. When the ice front at the '
mouth of Sougk’N;hanni River retreated farther ‘east, 'the lake level lowered - 3
to 245 m and drained into the lake occupying Tetce]a Basin, cutt1ng a

prominent channel at 245 m between Mattson Mountain and Silent H11]s

EASA LI S

Absolute dates of glacials and interglacials cannot be calculated

4

for the Ram Plateau area due to the lack of datable material. It is con-

sidered that the results of 230rp - 234y dating, of CaC05 speleothem from

P i frtangy

caves in Mahanni PPatgau (Ford, 1976) afe'relévanf to'the interpretation
of the g]qéia] history. In Hahanni Plateau.the times -of speleothem growth’
during warm climatic periods (often 1nterg1ac1a1s) have been dated and the
ages of the hwatuses dur\ng cold ciimatic periods (often due to g]ac1er-
ization) have been inferred (Harnon et al., 1977). There 15 ev1dence for
widespread qlac1at1on >400 ka B.P. (Nahann1 G]ac1at1on) I This was
followed by a very lengthy 1nterglac1a] wh1§h Harmon etﬁLZ., suggest may
“be the "Great Imterglacial" older than 200 ka B.P., which was in{tially
proclaimed by Penck and Bruckner (%909) and sdpportediby other research

in nor%hern Europe during s;cceeding degades bef0r§ being recently
criticizeg. The Sundog énd Ram G]écfations may be cprrelated with the
second and third periods of gTaciatioh dated at 235-275 ka B.P. and
150-180 ka B.P. The-final gldcial event, Tetcela 6lagiation, during the
Wisconsinan is dated at 15-90 ka B.P. ' g

North of the study area evidence for at least one (possibly tﬁo)'
Laurentide ice incursions up to elevations of between 1,070-1,525 h

t
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(3,500-5,000 ft) has been found by: .
1. Craig (1965) in the eastern Mackenzie Mountain’
area, : : :

+ 2. Rutter and Boyde]] (1973) -in the Upper Mackenzie
River ‘area,

3. Hughes (1969) along the east flank of Richard;on
Mountains and north filank of Mackenzie Mountains,

4. Gabrielse et al. (1973) in the Flat River,
Glacier Lake and Yrigley Lake map areas, and

5. Rutter (1974) for the northern aqd southwestern
District of Mackenzie.
A sgcond ice advance reaching an elevation of 670 m (2,?00’ft) is recog-
nizéd.b& Rutter and Boydell (1973) and there is a %eneral Eoncensus among
all authors that the most recent "Classical™ Wisconsinan ice sheet left
most of the Mackenzie Mountains unglaciated. Hovever, the elevations
'cited vary.” Even though no,dirgct correlations can be madé based on the
data published, it.is obvious that the Mackenzie Mountains contqin evidence
"~ for at least three Q]acia1 advances from the east during the Pleistocene,
‘terminating at successively lower altitudes. :
Correlafion with impounded lake phases for other regions of the

Mackenzie Mountains is also difficult. Evidence has been cited for pro; |
g]ac1a1 Takes 1n the North Redstone R1ver Valley up to\an elevation of
760 m (Drest et ;2' 1967), Bonnet Plume, Bell, 0ld Crow and Bluefish
Basins (Hughes, 1969) and in the Bulmer Lake and Hrig{ey Lake map-areas
up to-an elevation of 396 m (1,300 ft) (Rutter and Boydell, 1973). A1l

of these lakes, like %hose in tpe Ram River régidn, drained to the north,
and infill along the nortfward d?vers{pﬁ courses of the major W-E f]owiné

rivers (e.g. Carcajou, North Redstone and North Nahanni Rivers)
ers _
I
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indicates this.

4.3 Concluding Remarks

‘Eyidenceysuggests that thefre have been at least two to three
Laurentide iee incursions‘into or as faf as the eastern Mackenzie Moun-
tains, and four in the Nahanni-Ram region which has been.'studied in more
detail than the other sites.. The number of g]aciai advances 1is difficu]t |
-to correlate due to the different localities stud1ed and the poss1b111ty
that later ice advances removed traces of earlier events-locally.

From all reports it is clear that Cordilleran ice did not pene—
trate east.of the western margins of the Canyon Ranges'and local cirque
glaciers occupied only the higﬁest or most she1%ered spots. The ice-free,
inter-range valleys and straths functioned as lake basins.and spillways,
co]legejng the Cordilleran and Laurentide meltwaters and‘channe11iEg them
northward through a.series of troughs. During each interglacial- the
troughs were anndoned and the'east-f1ow1ng cordilleran grainage.patte}ns
were resumed. The stratified, proglacial sediments were dissected along

coursessnorma1'to trough orientations.

The morphological complexity of the region caoupled with the

certa1nty that these events were repeated several ‘times. (with the Laurentide .

ice sheets term1nat1ng at significantly different elevations for each
recogn1zed glaciation) Aave created a record wh1ph is ‘difficult to inter-
pret. The present findiﬁgs;are in accordance‘wigh those of other authors
whose work pertains to the Mackenzie Mountains. The contribution of this :
study 1s to have offered a comparatively detailed explanation of the events

for a particularly critical area of Laurentide ice jncﬁrsiqn.
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APPENDIX A ' o

Pretreatments

Pretrgatménts were necéssary for several samples before analysis.
Cdfﬁépate-cemented sands were placed in a beaker of 1IN NaOAc'(pH 5) and
heated at 80°C -for 30 minutes and filtered under sué%ion on é Bgchner
fuﬁne] and then washed twice with distilled water on a Bdchner funnel.
This method, suggested by Bunt1ng and Campbe]] (1976) was preferred to
that by Folk (1974) in which dilute HC1 is used so that the f1ne gralned'
c&rbonates wou1d be d1ssoc1ated and not d1sso1ved Minor amounts,of or-
gan1p material in some~samp1es were removed by "Loss on Ignition". The
sample was heatéd in an oveﬁ at 500°C for 20 minutes as suggested by

Bunting (pers. comm.).

Granulometric Analysis

Sieving:ana1ysis was carried out accord{né to the method outlined
by Folk'(19]4). Each ‘sample was dried at 105°C for 24 hours and allowed -

to cool for at least five hours. Any aggregates- were separated by pounding
| A

small fractions of the sample at a time in a porcelain mortar with a
A ] * 5
rubber cork. The weight of sample to be sieved varied from 50-100 gms’

for sandy samples and 100-450 gms for samples containing fine gravels.

Coarse fractions were sieved by hand at % phi ($) intervals down'to -3.0¢
and fine fractions were mechanically sieved at L6 1nterva1s on EndwcotF

Screens, 20.3 cm (8 inches) in dlameter for 15 mlnutes. The fractions
. . - I
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(Mettler PiZOO). The raw weight data was converted to percentage ya]ues 3

f

¢ diameter (where ¢ = ~1092 (dlam in mm) were drawn in order to determire
the 5, 16, 25, 50, 75, 84 and 95th percent11es required to calculate

Folk Statistics using the FOREFAN programme SEDS which was used by Klovan-
at the UniQersity of Winnipeé‘énd.modifiéd by Lakhan at the University of
Toronto. Moment measure statistics were calculated by the FORTRAN pro<
gramme SEDANL which was written for Wood Hole 0ceénograpﬁic‘1nstitute

and subsequently modified b} Ingram in 1968 and Stewart (1976) at McMaster

* University. This prqgraﬁme also plotted an histogram and an interpolated

i

cumulative percentage curve for each sample.

Calculating Folk Statistics (Folk and Ward,.1957)

-¢ = log, diam (mm).

“Md . Median . : _
Md = ¢50 . ‘
Mz Graphic Mean
Mz = $16 + 650 + 484
N 3 -
97 Inclusive Graphic Standard Deviation
- | g = 98- 416 495 - 45
4 : 6.6 :
. .
SKI Inclusive Graphic Skewness
SK, = $16 + ¢84 - 2050 - ¢5 + 695 - 2@50
2(¢88 - $16)  .2(¢% - ¢5) .
\ Ké Inc]us1ve Graph1c Kurtosis. ’ N
K. = $95 ~ $5

2.48 xe75 - $25) ..
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Descriptive Meaning of Statistical Values (Folk, 1974)
" Y

Sorting

‘g >. 35
.35-.50
.50-1.0
1.0-2.0
2.0-4.0
- >4.0
Kurtosis
<.67
.67-.90
.9-1.11
. 1.11-1.,50
1.50-3.00
>3.00
Skewness
-1.0 to -
-.30 to -
-.10 to +
- +.10 to +
+.30 to +

very well sorted . _)

~well sorted”

moderately sownted

poorly sorted

very- poorly sorted ‘

extremely poorly sorted - o
v ‘

——

very platykurtic .
platykurtic
mesokurtic S :
leptokurtic L ‘
very leptokurtic \ ‘ ‘
extremely 1eptokurti§

b

.30 " very negative skew
.10 negative skew’

.10 nearly symmetrical
.30 .positive skew .
1.0 very positive skew

Ca1cu]at1ng Moment Measure Stat1st1cs (Gr1ff1ths, 1967 p.88)

- for grouped data

’F1rst Moment

Mean

Mg = — f.m,
¢ rf, i=

Second Moment
Variance

2

=
N
LK)

Ef]]l

~

‘e

A 2 fs (m —m )2

~
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Standard Deviation
_ 2
O = (o) v
g
-Third Moment , )
. k
1 3 .
my = — ¥ f.(m,-m.) ’
3 . Xf.i i=] 1 1
\ .
Skewness
< m |
Sk - _3.5.
ch
o where, f = frequency”
> \ .m = value of midpoing
; "Mg = value of mean
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APPENDIX B

fﬁabric analyses were completed for five o} the profiles in the
Central, Canyon area. Using a Brunton Compass, bearing and plunge were

_,heasUréd for the long (A) and intermediate (B) axes for elongate clasts

having an A axis of at least 2.5 cm. For each clast, the lengths of the

"three axes (measured at right angles), shaﬁe, angularity or .roundness and

: fype of rock were also noted. At 1é§st 50 clasts were chosen from each
profile. ' ¢

The data for;each section were p]éﬁted on a Rose Diagram and a
Lambert tqual Area Polar Net. For a Rose Diagram, the number bf.clasts
having a . dip or{entatién within each 20° class interval is, recorded by
. pYacing a dot at the midpq%nt 6f the abpropriaté class interval.. Each
circle away from thelcen£re (zero clasts) represents one additional
st - ,

A Lambert Equal Area Net can be used only when the bearing and
p}unge for the A and B axes are known. The great circle in the 1ower

hemisphere through which these two lines pass defines the strike and dip

angle of\the'plane..'The:pble normal* to this plane can then be plotted

!
{

as a unique point. | Ji

A

. Fabric studies ?re-useFul because they reveal the.preferred’
orientation or imbrication of bladed ‘or platy clasts. The planes of
clasts are commonly- criented so that they dip upcurrent”in a fluvial

enviranment (Blatt et al., 1976) and downslope in a mudflow deposit
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(Lfndsey, 1968)., The long axis tends to be oriented pareile] to or trans-
verse to direction of ice flow in a til1 déposit (Glen et al., 1957).
'The‘two dimensional characteristics of the fabric analysis data
were statistiealiy ana]yzed according to the methed in Curray (1956).
The dataaretreatea as‘a‘circu}pr f}equency distribution unlike liﬁear
statistical methods so that the measures of central tendency and dispersion
will not vary with tbe choice of origie or dividing poiﬁi. The peogrammé
calculates: the vector direction {or measure of ‘central tendency); the !
vector magnitJde as a percentage value (orldeg}ee of preferred orientation);
and the priobability that the preferred orientation is real and not merely
due‘to chance using the X2 test. - The vector magnitude is re]ated to’ '
standard deviation using the graph in Cdrray (1956, p.123). The FORTRAN

program used for this analysis was written by Martini and modified by

Walker at McMaste;lUniversity.
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Sampie

A2 coarse
A2 fine
07 (rm)
08 (mm
09 (mm
D10

011

€4 (vm)

LS (mm)

L1y (mm)

Rl (mm)

sz

APPENDIX C
Median Mean Standard Skewness Kurtosis
Diameter Diameter Deviation

.70 -.40 2.34 -.57 1.17
2.40 2.37 . .96 . =03 .97
1.68 1.43 1.65 -.40 -.19
2.21 1.81 1.96 -1.10 1.23
-1.34 -1.09 2.48 .54 ~.95
1.27 .99 2.39 -.14 .82
.40 -.33 2,95 -.24 .65
1.68 1.51 1.33 -.24 .97
2,18 2.17 .90 -.09 1.38
.26 -.68 2.55 .=.26 -1,16
1.35 1.31 1.50 -.24 2.01
1.24 1.10 1.62 -.23 1.88
-.14 -.29 1.99 -.05 1.15
N2.35 2.22 1.16 -.20 1.46
.44 .74 1.64 .29 1.61
.58 .77 1.40 .23 1.14
-1.58 ©-1.51 1.91 .64 -.12
-.90 -.74 1.72 .20 1.06

-.10 -.10 1.52 307 1.16 °
.97 1.20 J1.62 .16 1.40
-1.47 -1.45 1.90 .50 .14
-1.80 ~1.63, 1.70 .25 1.03
1.40 1.48 1.25 ..07 . 1.51
-.50 -.43 1.65 .10 1.00
-4.38 ~3,60 2.19 1.75 2.32
2.58 1.68 2.31 -.70 -.70
~2.32 -1,91 2.03 .64 . -.89
1.45 1.47 .83 .09 1.13
.09 -1.05 2.66 -.09 -1.60
2.05 2.08 .96 .07 1.14
1,36 .72 2.00 -.43 1,03
1.77 ¢ 1.77 1.10 -.03 1.14
.66 .38 1.62 -.27 1.06
1.85 1.78 - 1.3L -.07 | 1.19
-2.41 -2.00 2.30 .45 -1.19
1.55 1.56 .88 .05 o L4
.93 .56 1.53 -.46 . 2.02
1.68 1.68 1.06 -.04 1.13
.66 .04 1.78 -.45 .97
1.20 1,20 .94 -.06 1.13
.36 .27 1.25 -4 1.08
1,26 1.02 1.21 -3 1,09
1.02 1.03 .81 -.04 1.09
1.50 1.50 .92 03 1.03
-2.84 -2.30 2.05 61 -.84
1.93 2.05 1.05 18 1.06
175 1.92 .88 .36 1.58
2.23 2.38 .85 .26 1.00
1.00 1.00 .80 .10 1.23
-.20 * 00 1.19 .33 1.15
1.68 1.79 1.05 25 1.48
50 .53 .96 .13 1.20
2.75 1.87 2.66 -.84 -.52
1.50 1.47 .74 -.03 1.09
. .20 .20 .71 .07 ., LS
T -2.65 -2.65 1.70 .21 1.20
3.98 2.86 1.20 -.52 -1.04
-.72 -.59 1.65 .49 o -.38
-2.40 -2.05 1.18 .43 .82

’ Data calculated using Folk Statistics
except where (mm) denotes Moment
Measure Statistics.
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GRAIN SIZE SCALE
PHI SCALE SIEVE WENTWORTH-LANE
‘ DIAMETER CLASS LIMITS
-phi = logp diam (mm) (mm)
-9.0 J4-512.
-8.5 362. BOULDERS
-8.0 + 256.
-7.5 | 181. . large
-7.0 T 128. : COBBLES
-6.5 [-/{90.50 small
-6.0 —-3§4.00
-5.5 725 V. coarse
-5.0 +— 32.00
~-4.,5 22.63 coarse
-4.0 + 16.00 :
-3.5 11.31 medium GRAVEL
-3.0 — 8.00
-2.5 5.66 fine
-2.0 +—= 4.00 t
-1.5 2.83 v. fine
-1.0 +— 2.00
-0.5 1.414 V. coarse
0.0 +— 1.000
0.5 707 - coarse
1.0 T .500
1.5 .354 medium SAND
2.0 + .250
2.5 .1768 . fine
3.0 + .1250
3.5 .0884 v. fine
4.0 1+ .0625 . v
4.5 .0442 . coarse
5.0 L0313
5.5 .0221 medium
6.0 1T .0156 . SILT
6:5 .01105 ’ fine
7.0 1 .00781
7.5 .00552 v. fine |
8.0+  .00391 °
8.5 .00276 coarse .
9,01 .00195
9.5 .00138 medium CLAY
10.0 1 .00098
: fine

: (Folk, 1974)
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SECTION E

POLES TO

DIP AZIMUTH FOR PLANES
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SECTION F
DIP AZIMUTH FOR | ;
PLANES QF CLASTS
V7
O - 316.4° X= 36.3 at
VL = 58.9% >99.5%
T = 58 - ,g_
0 2 3
£
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«© ;j
H
>
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3
11
ROTATED N T S 3
DIP AZIMUTH FOR PLANES OF CLASTS . k
AFTER ROTATION OF 30°NW AROUND A _
STRIKE LIWE OF 4507 | . 4
= 127.09 X'= 60.3 at '
VL= 79.3% | - 399.5%
¢ = 400 , ,
) 3

. y ,
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