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The Glenlyon area in central Yukon is bounded by 82"
end 63 N and 134 and 136 W, It 18 part of the Yukon Pla-
teau, a mature upland surface surmounted by isolated peaks
end emall ranges, and dissected by deep, young valleys.
Festures of glacial erosion and deposition are such that the
direction of flow ond the upper limit of the last glaciation
can be determined from themn.

Tece flowed into eentral Tulkon from three sources, JSelwyn
Mountains to the east, Coselar mountaing Lo the southecst,
and the Coust and 5t., llas mountuing to the south, Ice
wmovad Into the Tlerlyon srea from the first two of these

T {hese two gla-

[

gources and anparently the neximum stsges
clal advances were not synchroncus.vut Selwyn lce was active
in this srea, many higher mountains and hills projected
above the ice surface as nunataks., In detail, topography
altered the dirention of ice flow, ice thickness and extent.
Zvidence from ndjacent narts of Yukon suggest two or pos-
sibly thres glseistinons but enly the last hes been recoxnized
in the Glenlyoa z2rea although this could not have escaped gla-
cistion in earlier stages. The large glaciers of central
Yukon develaped by windward biilldins in contrast with the Cord-
11leran ice shest in sentral Zritish Columbis which developed

on the les of the Coast Hanse,
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CONTINANTAL CGLACIATION IN fils GLLNLYON ARHA,

PLLLY RIVER DI CauiADA

InTRODUCTION

GEN LRIL STATSUENT

This study is prepsratory for s more extensive field
investization to te made in the summer of 1951. Its ob-
jeetive is to assemble and integrate the information avail-
2ble from esrlier fleldwork and from aerial photosraphs
in sueh & way that the subsequent work can be carried out in
the most fruitful manner, For this purpose, all avallsble
data on glaecial seology in the Glenlyon zarea have been set
down on the accompanyin: zep (Plate 2),und significant
rectures are aeseribed herein., Conclusions and inferences
drewn from these data coneern bhe awuber of glacistions in
central Yukon, sources of the invading lce nuusses, wge
relstions of iee from different sources, effects of topog-
raphy upon ice flowage, nuture of glacler recession, orizin
snd significance of glacisl erosionsnl and depositionsl
fsstures, and possible lignt glauclers in central Yukon may
throw on develonment of the iiorth Americean lce sheets.

“urin: the summers of 1949 and 1950 the writer, em-
nloyed by the Geoloplcel ‘urvey of Canada, supped vedrock
zeology in the Glenlyon area on the scale of one ineh to

four miles. In the course of this work some features of



gleciation were observed. Study of the glesciation has been
racilitated and greatly supplementcd by @ detailed examin-
ation of aerial photogrephs (scale one ineh to approximately
2500 feet). Owing to limitations of Iield coversge informa-
tion on glaclal features in .uch of the vreu hus been dJerived
from aerial photosraphs. Obviously,many of the conclusions
based on observations from serial photographs &arc subject
to proof or disproofl by future fielawork,for,interpretation
of fectures observed only in photorraphs .8y be crroaeous.
Llthough subseguent (ield work may chonge detaills, 1t will
probably bear out information derived from photogrephs.for
nany glacial forums, easily seen in wericl photographs,sare
difficult or impossible to recognize or identify in the
rield.
LOC TION AibL vhYsiCal Spi1loG

The Gleniyon area, approximately 4300 squure miles,
lies in central Y{ukon Territory, Canada,., It is iancluded
between 62 ond 65 deprees north lutitude and 194 and 136
desrees west longitude (PLate 1).

rhysiographically thils resion is within the Interior
vountain System of the .estern Cordiller. (Bostock 1948,
~ap 922a). iore ssecirically it is part of the Yukon
plateaux. The areg includes paris of :elly .ountains,

Tintina Velley, and Lewes, Stewart, and macemillsn rlatesauX.



Pelly and decmillen rivers drain the northern two-
thirds of the Glenlyon area and Lewes and Little Salmon
rivers drain the southern third., DPelly and Lewes rivers
unite at Fort Selkirk to form Yukon ilver.

The present climate in central Yukon is semi~-arid in
terms of annual precipitation and sub-sretic in terms of
mean annual tempersture. In this enviroaxzent, perennially
rozen ground is common, but it is mainly restricted to
slopes of northern and eastern exposure snd to flat poorly
drained areas, opring thaﬁ and runoff do not usually bezin
until about the first of May. &aunoff continues througchout
the summer at a reduced rate from thawing of the frozen
ground after the snow has gone. Ireeze-up begins, normally,
in the latter nart of Gctober.

in soite of small total precipitation, ample molsture
1s available for vegetative growth In the short summer
scason. Forest srowth is light but extenslve and consists
of blamek snruce snd birch on northern and eastern slopes
and white spruce with espen on the drier southern and
western slopes., Large stands of lodge-pole pine grow in
some dry, flat areas, In unforested areas the cover 1is
mainly aretic blsek birch, willow,and various grasses.
jear timber-line (4500 feet) alpine balsam is common and

above timber sre heather, arctic black birch, willow,and

other alpine plants,



TOPOGRAPHY AND PHYSIOGRAPHY.

GANURAL DESCRIPTION

The outstanding topographic feature i1s Glenlyon Range
in the east central part of the area, southwest of ’‘clly
siver (Plate 2), Summit altitudes over much of this range
exceed 6500 fecet, and there are broad areas above 5000 feet.
The peaks, with the exception of those at the north end, are
jeeged, rough, and invariably precipltous on the north and
northeast where they rise &bove well-developed cirques,
Sloors of the large clraues are near 5000 feet above sea
ievel., ‘Tnc south and southwestern slopes of the pesks are
asually snmooth aud gentle except where intersected by deep
glaciated trousiis.

iay .ountzin and the area south of Little Salmon Lake
ane wagundy River are similar in many respects to lenlyon
Lange. ihe remaining mountainous part of the area is typical
Yukon rletesu terrain, a rolling upland of mature develop-
ment with secattered peaks rising from it, and dissected by
deep, young valley:. T1he general level of this westward
sloping upland, is 4000 to 3000 feet altituade, <000 to 3000
{feet above the large rivers. Streams flowing in broead,
meture valleys on the upland, plunge through nerrow canyons
to the larger strcams below.

Tintina valley is u great trough-like feature bearing

roughly 480 W whleh extends from the head of Liard diver
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into Alaske (Bostock 1948, pp. 60-62)(Plate 1), In the
Glenlyon area it forms the valleys of the Little Kalzas
River and part of Pelly River., It is apparently partly 2
structural and partly en erosional feature similar to Rooky
Mountain Trenoh in British Columbia,

4 flat, low acree in the northwestern Glenlyon area be-
tween Maomillan River on the north and iss, Tadru, and
Tatlmain lakes on the south is here termed Pelly Busin, Only
g few hills in the basin rise as much as 500 feet above a
general level at 2000 feet altitude. The larger sireams
bave out valleys 300 to 400 feet below this level hence the

overall rellef is 200 feet,

LAND FORMS PRODUCED OR INFLUENCED BY CONTINENTAL GLACIATION

mrosionel: All valleys within the Glenlyon aresa have
been modified by glaciel action to some extent. Many are
‘deeply troughed with U-shaped transverse profiles and over-
steepened sides. 4in excellent example 1s that part of Little
Salmon Velley occupied by lingundy River and Little Salmon
Lake. The single high valley wall of hkacmillan River south
of Kalzas Renge is oversteepened by glaclal erosion.

In gzlacially modified valleys truncated spurs, trian-
gular fecets, and henging valleys are common. These features
are particularly well developed on the northeast face of
Glenlyon nange. <The facets have been little modified by

post*glécial-erosion and only the larger tributaries hsave



cut eppreciable cunyons in an effort to reestebllsh ac-~
cordant junctions with the main streums,

Glant grooves have been carved upon the walls of many
valleys by moving ice. These are comnonly cssoclated with
rock benches, also uttributed to glaocial ercsion. These two
features, where sbundant, give valley slopes & consplcuous
horizontal-lined effect (Fige 1),

In ifelly ssin end cther flet sreus are bedrock hil-
leeks or roc-druclins scoured and streamlined by gleclal
erosion (¥is. £). These usually have @ ta&il ol drift ex-
terncin: out from the lee side forminy typlesal crageand-tail
tonorrachy. Lrunline are eiso common in these areas, znd
211l rradotions cen be found from roc-drumline through crag-
znd-teil featurss to drumlims »ith no <vidence of zesocivted
bedroci,
arns =nd menmilated outerops mark the tops of ridg
sorposed of eosrsely Jointed sreunitic rocks =t the southoast
ne of Glenlyon lsnge. Here rock hillecke nhave roche moutonee
form Trom which direction of lece flow can usuzlly be inferred
ce in the inotence of ree-drumlins.

rueh of the veorses le cueh that retention of smsll
secle loelul erklinoe le volikely and oudy in a few nlaces
have ~arkinos ucen found. .ith twe cxceptliong it is prob-
csle that oll coscrved sirisived sud solished rock surfuces

» poen cxnuned Tron benesth drift.
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Glacial streams produced conslderable erosion and
cbandoned glacial stream channels are wldespresd throughout
the Glenlyon erea., Liost conspicuous &re marginal channels
cut into bedrock on valley sides., Northesst of Urury Lake
is a gfeat array of abandoned channels all cut by streams
flowing to the northwest. These sppsrently represent suc=-
cossive nositions of marginal streams auring recession of ice
to the southeast. liear the west border of the zrea (6£°21'H.)
ie @ breided stream channel running about cast-west (Fig. 3
and Plate 2). 7The small stream currently occupyins this
channel is greatly uuderrit. Because no similar braided
streams are kxnown in this part of the Yukon ana vecause there
is no apparent source for the larpe wwount of wuter recuired
to torm such & channel, it is assumed that this 1s the site
of a progl:cial strcam at the rmaximum stoge of the least
slaciation.

enositional: TLetalls of toposraphy in the Glenlyon

srea are extensively modified by till und gleeifluvial de-
posits. The nature of till and outwasﬁvdegosits iz discus=
acd in the section on glacial geolosy and as their topo-
craphic expraossion is an intesral part of their charascter,
they are not discussed here. Lrwilins end lutersl or mare-
cinal moraines, purticulariy Gistinguishied beecuse of thelr
topogranhic form, ore ciscussed lu this section.

Pelly sasin contrins hundreds of till drumlins;some show
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a charscteristic stresmlined form but more &are roughly
symmetrical in long profile, It is not known to what ex-
tent they result from erosion or deposition. Materlal in
the drumlins is relatively fresh and unweathered and seems
to have been derived from the last glacietion. There is no
evidence of an older, extensive till sheet from which drum=
lins might have been formed by erosion and it is most prob-
able that they are depositional features of the last glacl-
ation. In relly Dasin and in a few other localities, drum=-
iins show cleurly the direction of ice movement and &re

he most conspicucus directional features (Fig. 4). with
rock grooves wnd the shape of scoured bedrock hillocks they
provide wost of the information of the airection of ice flow
on the sceompinying map (Flate 2).

Lueteral or marsinal moraines were deposited on the
rl:uks of mountelins and ridges projecting through the gla-
ciers as nunataks during and tollowing the maximum of the
last giaclal advance (¥ig. 5). wany moraines sre so well
preserved that they retain thelr original shape almost in-
tz0t while others, »articulerly on steep slopes, have been
oartly or eompletely remsve&‘by erosion. where well devel-
oped, lateral moruines form a small embankment on the slope
and nften enclose & shallow depression on the upnill side.

Lake rusins: Inference Irom photographs and limited

knowledge derived from the Tield indicate ithat most of the

lurce lakes are rormed behlnd dems of glacial drift.
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sarn Lake is an excellent example. The lake is shallow
throughout and no outcrops are known in the floor of sarn
Valley. It is probable that such largce lakes as Little
salmon, brury, and latimaln are in basins with some bedrock
closure.

Stream Diversions: ‘Three examples of stream diversion

caused by glaciation are noteworthy In the Glenlyon area
where such features are cormmon.

Dawson {1893, p. 126) described the diversion of P‘elly
“lver into a zreat bend beginning at the mouth of Harvey
Creek and endinrs about eight miles west of the mouth of
zarn river which he called "The Detour" (¥iz. 8). The pre-
slecial river followed an essentlally straight course be-
tween these two points (4 to B of ¥ig. 6). At present,
relly River flows in @ narrow valley cut into bedrock with
no meanders or flood plain from aarvey Creek to about two
miles above warn isiver. The stream in most of this section
flows rapidly. .bove and below,the river has few or none
of these charscteristies. 1The last 10 miles of "lhe vetour”
are cut into thick plecial drift and consecuently the river
nas developed u broad flooa plein, sweepin. curves, and an
even «£rade.

The diversion of velly .lver occurrgd sfter recession
of the ice front to the southesst and wes caused by a thick

Geposit of outwash and a mass of stagnant ice in the old
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from a branch of Tummel iiver (avove point ., rig. 7):

(1) the right-angle bend in narvey Creek where its course
shanzes Irom southward to eastward (at .),and (2) the deep,
abandoned, pool-filled gorge extending from this bend to

the east fork oi Tummel siver (4 to B, ¥Fig. 7). 4 gravel-
covered ridge at 4 prevents the stream from flowing into the
abandoned canyon, the floor of which is lower tisan the »re-
sent bed of Hurvey Creek (note 3000 foot contour). The
?1loor of the abandoned canyon joins Tummel Hiver with per-
fecct accordance, and, because 1t cuts through glacial drift

-

nd into bedrock, it is clearly a post glacial feature. Un

(3%}

the inside of the bend, idervey Creek is cutting into bed-
rock, and it 1s possible that bedrock underlies the gravel-
covered ridge at a shallow depth. The registance of this
ridge to down cuttinz by the stream formerly flowing to
Tummel iiver is one of the principal reasons why the cap-
ture ultimately occurred. ofarvey Creek was able to lower
the divide at its head ore rapidly anc sventually effected
diversion of the stream that flowed across lue resistant
ridscs

The vtlley of .ervey (reek 1is a vastl. overdeepeiu
and oversteepcned troush with walls 5000 to &500 feet high
reculting from glacial erssion. 1he streau, even at its
sresent size, could iardly have cub such = gorse, aence 1t

seems roasoneble to ussume that glacial erosion sreatly

> »

lowercd the “ormer divide between Harvey Creek and 1its
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present headwaters, and thus faciiiteted the capture,

A third example of stream Giversion is found on Little
Salmon river, Tho-valley of this river 1s broad and straight
between Pelly and Lewes rivers but, nine miles from its
mouth, the Salmon River leaves this broad valley (at 4 in
Fig. 8),und flows through a narrow defile called the lower

canyon by Coekrficld (1923, p. 3 ).

-~
O e

Lin=gin.

Flgure 2, fay of Lower Little Zalmon
aiver.
“he pre-glacial channel was from
A to .

From »oint .. throuzh the ubandoned valley to Lewes niver

gt © is just four miles over which »f the old valley is



coverzd by thick rlscial outwash in walcn Xettle lLolss are
consnicuous. It sszems probable that the lower canyon formed
-men lce bloexed Lhs valley betwsen .. and 3. as thc lce

=

front retreated to th: south, outwash deposits were sulfic-

iont to prevent the river from resuming its former course,

&

particularly us 1% becsme entrenched into thcse ceposits

at A



GLaClil GuoLoGY

INTAOULCTION

wyidence of only one zlaciation \or lucial stage)
hes been found in the lenlyon area zitiounzh at least Lwo
glueliations arc icentified in the Carmeeks srez to tae
west tnd a little north of the uayo area adjolnin. to the
north. . boulder clay containing deeply westihersd boulders
end overlein by zuriferous gravels near Jsnson Creek and
isolated erratics near rort Zelkirik, both in the Carmacks
aren, are interoretcd by Bostock (1956 pp. $-10 snd p. 48)
as representing two separate glaclatlions, both older than
the last advance. bostock (1948, p. 64) found deeply weath-
ered sranitle boulders overlaln by hard {resh strcam grevels
of similar type in Dublin Guleh, just north of tihie liuyo
area, ‘This loculity was not covered by ice oi tlhie last
zlocliation and he attributed the wertiered voulders to an
older ice advancc. The one glacietion identified in the
(lenlyon eares osppe.rs to be the last mejor advance during
which ice covered all bul the hirhest hill tops ana reached
its outer limit at s2ovout 25 miles to the west as shown LY

.~ o~

sostock (1886, sas 240a:  194a wap 1.

{4
[

o : £
“aa) \rlit

T411: 111l or boulder clay {(wvawson, 1l3%L p. 15, and

.

p. 129; weConnell, 1902, p. <5} is the most widespread



}..J

(u

clzl ldevosit within the Olenlvon orc-o. Adtroush 1t

contains some lurce boulders, till is, in ceneral, not
course, anl ls closely sssoclated with sands, revels, and

s

silte in Pelly snd lcemillon .dver Vallevs., 7111 is well
cxuposed In cul tenks along ~elly alver =nd rests upon bede-

rock in come »laces acd ugon stratiried wund sorted deposits

e

in otiiers. osome rselly «iver exposures show horizons of
till separated by gravels a&nd sands, but this relation is

80 local it probably represents a minor readvance of the lce
rather than two distinet glaciations.

Till is rarely e¢xposed along lower .daemillen Kiver
because it is overlain by 200 feet of poorly stratified,
somewhat plastic, and falrly cohesive clay. 1n several plsaces
#reat slide-masses of clay oroject inte the stream and in
ons place nearly cawsd it. icConnell (1902, p.36 ) be-
li=zved this clay was devosited in a lake formed by an ice
dam at the mouth of lacmillan fiver but this origin seems
unlikely because such a dam would flood Little salzas Valley
and part of the low land between Pelly and Jacmillan Hivers
where evidence for such & lake is lackiag. The origin of
the clay is not known at »resent.

Cutwash:  The glaelal cutwash consists of stratified
sands, gravels, and silts. vrarticles 1in the gravels are
dominantly pebbles and rarely reacn cobble size.

Outwaésh is wmost abundant in tie western and particular-
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1v the west central part of the arca bul thick outwauh
deposits occur in all the larsze river valieys. A few ex-
amsles are cited.

5lacifluvial material composes terrac-s 200 to 400 feet
ebove relly River., On the sast fork of Iummel iiver over
500 feet of stratifiecd sonds and gravels were observsi.
Cross-bedding ~nd the dominsnily sranitic material indicste
& source to the exzst, South and southesst of the Jjunetion
¢f the main snd west forks of Iuumel oiver is & steep north-
facine baik (Flate 2 snd rig. 9). In the valley of the
est Jork the upper surfece ol the banik slopes zgently soiti.
“his surface 1s pitted by kettle holes as is the flat at
the bottom of the stcep north face. Lhese relatlons sug-
zest that the bank is an ice contect feuture formeu by ae-
position sgainst the face of an ice swss Lying to tihe north.

“he bank represents & recessional stage in the glacial his-

~4

Lory.
in some nparts of tne wienlyon Grea nLuse wasscs of stag-
aant lce were surrounced by cutwash deposits as for example
in the wvalley of Litchun wake in the soutuiwest purt of the
area. ooebails of the tovwo ravn.y here wre very 1lrregulisr
and the Tave siore is intricalely eubayed (.1z. 10).
LT I0n S G il s T LaSh T0L auValCs

Aaring the last sreat aavance lee flowed from the eust,

eouticset, and soublh into central Yukon (Plate 1. Ice
7
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to Magundy River where 1t split, part flowing west around

the south end of Glenlyon Range and part coutinuing on down
Pelly sriver. irom .agundy ikiver Valley the ice flowed north-
west up Drury Valley, west down Little Salmon Valley,and
southwest over the steep valley wall (Flate 2). ‘ihe east=
ernmost evidence of Cassiar ice is seen west of 1lu4 45'W.

on the south boundary of the Glenlyon urea from whence 1t
flowed northwest across Little Salmon xiver valley snd was
there augmented by -elwyn lce flowing west from the -elly.

For sbout 20 miles north of Little Salmon Valley ice
flowed northwest up tributuries snd over divides to Telily
aiver drainage., 4hls was ceaused by two factors; the northe-
west pressure of lce moving down Lewes .iiver and the inabil-
ity of ice from relly ulver to move westward through the
hirsh Glenlyon AJnnge thus leaving the area open for occupa-=
tion by ice from Little Salmon vVelley.

Glenlvon Renge comstitutes a major obstacle which
forced iee movin: in and east of relly aiver Vvalley to flow
northwest. At the uorthwest end of the range the zlacler
was able to turn westward snd spread out in an expanced
culb over the flat Pelly wsasin. 1t spread south, south-
west, and west from the northwest end of the mountzlns but
was unable to move northwerd because ice from uarn and

~isemillsn rivers occunied the nortinern part of the basin.
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The main flow of lce down ..ecmilluon River, however, passed
north of lalzas Lange. Tintina Valley, ielly «iver Valley,
cnd letlmain Lake Valley provided the main channels of ice
flowing westward out of the (lenlyon aresa.
THE TV 5TaGa OF Tho LAST ICk ADVanCE

Introduction: Topourasphy has & jrofound effect on

direction of flow within an advapncin. ice sheet when relief
and lce thickness are in the same order ol magnitude, and
it =ziso influences tremendously the thickness of ice and
hence helps coatzol the areal extent oi zloicicrs.

The upper limit sttained by ilce of the lust glaciation
can be determined in the Clenlyon crea becsuse the lce did
not complétely submerze the land. Under ihis clrcumstence
the upper limit of ;luciel erosion wnd deposition on moun-
tain sldes marks the highest extent of the icse.

Of the various criteria used loteral moraines, above
whieh there is no evidence of glacial zetivity, most clearly
mark the upper limit of glacistion., Leterel moraincs do not
oceur on steep hillsides nor afé they ulways found where
they might be exzpected., In such places no maximum limit can
be determined acecureétely, but a minimuwe 1imit cen usually
be approximuted between obviously glaciated slopes snd ap-
parently ungleclated slopes,

o pronounced end moralnes have been observed in the

Gleilyon area; the terminal positions of the glaclers are
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inferred ftrom evidence of their thlockness; considerations
01 topographic etfects, and the position of outwash deposits,
“he lower parts of the area were all glaciated but ice came
from two directions, Casslar ice covered most of the southe-
west part of the area and fiowed northwest into Pelly Basin,
Zelwyn ilce rlowed southwest to ths scuthern margin of the
basin hence it appears thet the ureas covered by the two

ice masses overlap and that each had a terminus or margin
within the Glenlyon area (FPlate 2).

elwyn Ice: along the east border of the Glenlyon

area Selwyn lee recched @ maximum altitude of close to 6060
feet thus it was between 4500 and 4000 feet thick in the
larger valleys (slate 1). 28 the gliaciers tlowed arcund
slenlyon Hfange, up uvrury Lake Valley from the southeast and
into relly busin from the northeast, they thinnec rapidly
end near the northwest end of the range the surface was ut
4800 leet giving & meximum thickness of approximstely 22060
feet, Ice tnat tlowed westward out ol the érea in Felly
tiver Valley was about 1800 feet thick. =« long moreine west
of Tadru Lake marks the msrgin of telwyn ice that moved
southwest across felly Basin. 7This moraine averages J0C0
teet aititude nhence the maximum thickness of the ice was
about 1000 reet in this area.

Cassiar Iee: 1In the southwest part of the Glenlyon

area Cassisr lee lett meny lateral moraines. South of
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Little Salmon Lake the ice was between 2500 and 3000 Treet
thick at the maximum stage. sZast or the north end of Tetechun
Lake it was 2000 reet thiek, and southwest of Tadru Lake

the ice surtace was at 3000 feev altitude, 500 to 700 feet
above the lowest elevation in that locality,

o evidence of the terminal position of Cussior ice
has been observed in relly Basin where 1t might be expected,.
The inferred terminus of Cassier ice 1s north of the southern
limit of Selwyn lce which moved southwest seross Pelly basin,
It secms probable trhat felwyn ilce attainel a maxiaum or
maintained o mexioum alter recession of Casslar ice to the
southeast,

Zome festurecs in Little Salmon ~lver Valler also in-
diecote that Zelwyn lce was active after Cassiar lece had
receded., Along the valley sides are luleral morgines ve-
low the level of features produced by Cassiar ice wmoving
transversely across the valley. sbout four miles south of
the west end of Little Salmon lLake a poraine around a small
1ill is loweern the south than on the north end (Flate 2).
1t is probable tant tne woralne was firmed by lce moving south
around the hill., These features presumubly could be foruwed
only by Selwyn ice flowing from the east into Little Salzon
Yalley after recession of Cessiar ice,

Helution to other nuta: & few mlles west of the low-

est morcines in the Glenlyon erea assumed to represent the

apper limit of the luast glaciation ($000 feet on the west



border at 62 30'N.), Bostook (1936, Map 340 A) shows thae
glacial limlt at 4000 feet altitude. Farther north, on
Ptarmigan Mountazin, he shows the limit at 4500 feet, This
is just a few miles west of wellem-riced lateral moraines
below 3500 feet in the Glenlyon area., In view of the con-
sistent gradient indicated by moraines within the Glenlvyon
area, the writer believes thet the higher points in the
Cermucks ares nust represent an older glasclotion. It is
obvious thet field work 1ls recuired to settle this question,
it may be st:zted, however, thet delerminstions ol the upper
1init of zlaeciation in the Glenlyon &rea are in close agree-
ement with those in the ikayo ares to the north (Bostock,
1647, vap 820 A).

In his ropid reccansissnnce of .wemillan and lower

~elly rivers i‘cComnnell {1302 p.74) puat the upper linlt of

¥

leeiction in .aemillan Renge nesr tie Junction of the two

8

rivers at 3700 Teet. Ile also placed the wesbwsrd extent
of the last glaclation some 20 miles ferther east in relly
“iver Velley then did Zostoek {1526, .ep 34C4). Tt is

rossible that leConnell, who observeo ihe fresh <nd obvious

W

evifence of (lacleticn in the .ecmillan sivsr Yelley, missed
lese dlstinet eviaence ferther west cnd thel DOSULOCK saw
1ittle or none of the fresh evidence ©wo the easit. agaln
it seems that two ¢ifferent glacistions vest explain the

diserepency.



“« 30 -

Gradient of the Ice Surface: Decause of merked ef-

Tects by topography on the thickness of the ice sheet no
definite and inclusive statement may be mede concerning
the gradient of the ice surface during the maximum glecial
stage. Lines, ecrudely sketched through points where ice
reached the same elevation, roughly contour the formecr ice
surfoce. These lines show a gradlent close to 50 feet per
mile. Tgey are nearly perpendiculsr to the wvariocus features
indicating direction of flow as true contours on a glacier
surface should be. sdow the contours should be Jjolned across
the zone of overlap of the Selwyn and Cassiar ice masses
in elly tasin ig a mstter of speculation. ‘they seem to
cross smoothly but there is little evidence as to what
their exaet position should be,.
SFEFLCTE OF TOPOGRAPHY ON ICE TLOW

In some asncets,glacier flow is annlagous to flow of
a rapld stream, & boulder projecting from such a stream
causes the water to rise on the upstream side and be
depressed downstream and similar features zre formed ad-
jaeent to a mountain mass projecting from a gzlacier. ‘here
a stream flows rapidly past closely spaced projections
of the bank the weter ievel between the projections will
be lower thsn st the ends of the projeetions. =inilsrly,

where gluciers rlow past projecting spurs, the surface l1s



depressed in the interspur sreas.  Sueh eifects of topo=-
sraphy on glacisr Tlow occurred in the Glenlyon area,

4 long and nearly continuous latersal moraine encircles
tos hills dsout 14 miles west and ¢ miles north of the west
end of Little oalumon Lake. 1t is lower on the lee side
than on the stoss side and its clevation on spurs projecting

aooul perpsaalcular o tue direetion of lce flow 1s higher

——
-

tuan in the interspur velicys (Plote &

-

+¢e thins raplaly wihen it flows Jrom o parrow, confined
cuaannel onto a oroad, open expunse Iroa wuleh lhcre arc
My oullets agpisratiug & greater cross~scgelionul area than
the inlet. Ice toinned in this way where it flowea froa

“t

Jelly dlver valley onto the rloor of relly wasin,.

431

=notuer cese of glacier thinning ceused by topography
oceurs wheres u valley glacler 1s forced L0 Jiow up hill
and over a divide., 7ihis situstllon occurs wost commonly
wiea a lateral projection irom a larye trunk giacier flows
u? a tributary veliey. 1ine ice musi be tnick enouph at
the begianingz of itne up-grade to produce a {low over the
divide equal to vae input. Tthis is somewnal auslugous to
& strsam that forme a lake in order tnat iy may surmount an
postscie. srom theoretical considerstions, it apoears that
thainning of an ice stream 1n thle way reduced tne thickness
vetween tihc cesinnin- and end of the up=-grade by about twice

tie difference in altituae of the two points (fig. 11).



This holds for cases in which the vertical interval 1s in
the order of ome third the thickness of the ice at the

beginning of the slope and tne horizontal distance of the
up-grade is perhaps 20 to 100 times tuhe vertical interval.
Thinning of this type must have oceurred where ice flowed

northwest up tributaries of Little Salmon diver.

£ D
Fi= c
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Figzure 11, Cross vection of Glacier rlow-
ing Up-slope aud uver a wivide.

A resresents beginning of slope, o the
divide. Lines 2D, BC =nd 5 represent various
theorctical positions of the glacler surfacs.
< is the verticul interval between . and B.

Distance AB is 20 to 100 times Xx.

The obvious effects of erosion by this ice moving

uphill support the concept of extrusion or obstructed



extrusion flow, for it is difficult to see how erosion
could be accomnplished if sctive ice overrides a basal,
stegnant leyer. .. volume of ice reprcsented by triengle
~BG (¥ig. 11) must be lifted in order to flow over the
divide at . If we ascsume the thickness of ice at the
beginning of the slone to be xx (i.e. 4F) und that there

is no friction tnen the surface of the ice must decline al-
ong the line ¥4 in order that sulfficient energy be ex-
nencded to 11ft the volume represented by ABG, ‘when the thick-
ness of the ice is 3x (4iw) 8t . the curface must deseribe

a curve approximeted by the line LD, ‘hen there is more
ice above the line GB than i1s recuired to 1lift the volume
of ice below, then the surface need not have as steep a
sradient &s before and the gradient may become less as the
divide is :uproseched. Cince erosion »robasbly occurs along
line i, the =ttending friectlon recuires that the surface
slope more steeply than the line L. If friction and the
deszree of slope each 2:use the gredient of the ice to be
steepened so thot the surface declines by 1/2x Tor each
tetween . &nd B, then the ice will be thinned by 2x between
4 end 5. the positions of leteral moraines in sowme valleys
in the Glenlyon arca suggest that thinning of thls megnitude
occurs in nature.

G THRE OF T GLACTOH ALCHSSION

te the glaciers receded snd thinned large ice masses



becuime isolated when topesraphie divides wers exposed, 4ilso
tlilaning sppesrs to hove been s0 uneven thut masses of ice
ware isolzted where normzl rocecsslon would be expected.
Large scale stegnetion is demonstrated by intensely pitted
outwash denosits (fig. 12). <&purt from ssversl instences

of 1 rre scale stnznotieons, the ice retreauted normally up
Felly and Lewes river valleys.

TLLATTON IO LOLTH ALl CAN TChH ZhaenTS,

¥ it is impossible

H

+ituin the osresent scope of this wo
to ssteblish any cortain relations totween plseiation in
central Lukon cnd in the zmid-continent. It is orobable that
the are of the zost recent zlaciation is Jisconsin but bhe-
yond tnst nothins further in chronolosicsl correlation can
bz sttemsted, vidence of two and poselbly itiaree glacistions
in central cuken secems fairly definite =nd it is hoped that
further fizld work will escst zore light on the glscial
SECUENCE,

“he most extenelve liclers in central Lukon (-elwyn
end Cassisy) develored essentlelly bty a orocess of windward
huiloine. “hev were muchk lirger than lee-sglde placlers
trat ecsme iror the (oast ence oit. &liss rsountsins, In this
respect these clvciors cppurentliy weveloped wliferently
then the Coreillisrsn ice sheet farther south which, accordiag
to arcmetrong ond livper (Lial, pp. oUB-207), droined sast

'nto centrel oritish Columbia. In northern



pfritish Columbla yatson and lLinthews (1944, p. 26) found
evidence indicating that Cassiar Rengze was the centre of

the Cordilleran lce siheet from which the ice moved west and
southwest, Hedley &nd nollend (1944, p. $1) concluded

that ice also flowed to the east irom Cassiar nange, and the
evidence presented here suggests tnat Cassisr ice also flowed
north and northwest into central rukon. 1t could not wove
far northesstward becsuse of Felly ..ocuntains ana tne pressure

of ice flowins west from Selwyn sountains.
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