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o ABSTRACT -j.ﬁ"';
o . : . . PR i

) : . - R ' -»_ : - . :
The development of Holocene glacial and periglacial features in'

>

 _the upper Whlstlers Creek Valley, Jasper Natlonal Park was 1nvest1—

'gated through the use of alrpnoto analysls, detalled mapplng and fleld

.<<

research., Relatlve age datlng technlques such as: llchenometry,

;‘depdrochronology, surface weatherlng, and the basic stratigraphlc

" glaciers

i | LT S B ‘ o .
of thefrock glaciers large thaw pits and exp05ures of fo{{ated ice,

;dipplng upvalley, Suggest burled glac1er 1ce Debrls Supplled by,/ f" Sy

o ow

,technlques of cross cuttlng and sdperp031tlon were employed

’, The head of Whlstlers Creek Valley is occupled by two c1rque

\
hichv how evidencevof.recent retreat, Both glac1ers hav //

o R o - //’
ongue-shaped rock glaciers,immediately‘dOanalley.;/E;tﬁin one

active

: avalanches end rockfalls are con51dered the major causes of burlal

\. : ) . k]
Tilted ‘trees indicate that one of.thelrock glaciers.has advanced'at >

least 1 n'in{the"la5ctﬁ5 yéafs] 'SuperimpOSed'lohesvon'both rock

e

. ) ) ) S _ﬂ: / .
-;'glaclers suggest two, perlods of recent act1v1gy These periods have

.4

i | /

been’ lichenometrlcally dated using Rhtzocarpon geographzcum at ~l770

and 1885 AD for one" rock glac1er, and ‘'older than 1700 AD and 1925 AD

~

for the other. Ev1dence for a pre—Little Ice Age glac1al advance 1s

- provided by a large'lateral moraine‘in one of’the’c1rques (llchenomet—

eidentified Toﬁal lichen cover, and rock weatherlng crlterla have ‘ _:>'
.

’establlshed that these rellc rock glaciers formed durlng a substantlall

rically dated >850 8P). " | R s

An inactiﬁe spatulate'and several lobate rock glaciers were also(

N

¥

older perlod. Dateable'organlc and tephra dep031tsx however,’were/not



observed. A§30pposéd to the rock glaciers in the cirqu
older rock glaciers have developed beneath scree slopg

N 1 .
“stitial ice may hé’e been responsible for their mov

»
? f ” ‘ /

discontinuous drifi shect and erratics provide eViijﬂgc of a
,Cofdilleran Ice advance in this valley from “the west.
Ly Lichenometry was particﬁlarly useful for the minimum dating of

ihe more recent (Little Ice Age) glacier and rock glacier activity.
\ o , . , .

ﬁpwever, on surfaces older than 100,years, isqiated'lichen'thalli‘

become exceedingly hard to distinguish makingimea§urement impractical.

. - . . v ) i : . s
-Problems of species succession and senescencefalso become ev1dent,on
the. older surfacos O\Jdatlon rinds were the only rock weathe11ng

'Erlter1on which ‘could be systematlcally measuired, owing to the

4
}

resisfant'nature of the quartzitic rocks in t e study area. Three

N ~

soil pits 1oé%ied on surfaces of differing age, indicated slight -

. variations in horizon development and clay mineralogy.
. N ’ o :
AN

\i_i;ffbanked aﬁd\stonebanked lobes and terraces, polygoné, frost -

boils aﬁd sorted str}pgfvafe‘wiéespréad‘in the Whistleré Creek Valley.
A numq?rvof solifluqtio;\forms show:evidencg of réactivqﬁiqn? Glid-

ving block§ up to 4 min ie;g{? are ploUghing_gentle, vegétated slopesv
leaving furrows up.to 20 m in\lgngth. Thq-§izéAand_éigﬁificanéé of

these blocks warrant further reséa?ch.

vi
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" CHAPTER ONE \
& S .

- INTRODUCTION - ¥
.

\
o,

» -

' . o [ L i
1.1 - Nature cf the Study. . \ o &

R

K

. In the Rocky lMountains of Alerta c! 1TaLJC vquqtlons durlnv the

vHolocene ( 10,000 BP to the presentD and the%r env1ronmental effects_

o

are poorly documented. Studles on thls subJect have been pr1nc1pally

¢ ) ; l

limited to reconnaissance surveys an? inventories of‘promlnent glac1al

features occupjing major valleys. Detailed'wbrk;,which until recently

has been confined to these valleys, 15 usually centered on the 1cn"~r
time intervals of the late Plelstocene

»

The purpose of this StLd) was to anCHtlgdtC the Cl]m&thdl]) ’.
indueed gecmorphic history of Whistlers Creck Val]ey during'the
Holocene. This‘was done by investigating landforms in the valley
which were produced. by fluctuatiohs in glacial and perigiacia1~systems.
Alchrohology'of these fluetuations was.deterﬁined usihzre‘numberlof el
..relatihe age dating techhiques. HoweVer,_as’with most studiv: of this
kind, ah incompiete understanding of how glacial'and periglacial
systems react to cllmate llmltS paleocllmatlc reconstructlons This
cOmplication' and lack of absolute dates for geomorphlc events, present'

i .
problems which mﬂy not be so;vcd Nevertheless, the 1andforms in the

-~

study area are described and'a;general scheme of Holocene geomoerphic

\

Vi
events is presented.

»i,Z- PrevioushStudies - ' -

In thlsfsectlon some of the paleocllmatlc studles done in the

-——
- -
.



-Banff and Jasper Natlonal Parks area are rev1ewed,-as well as ‘some
.of the maJor works for the Cordllleran zone of the western Uni-
"'States A number of technlques used are’ noted and chronologle of

: glac1al events are p*esented \ L ‘.A

l.2.1” DPanff-Jesper area

The work done in the Banff Jasper area (Fig. 1.1) may be
d1v1ded into late Plelstocene and Holocene studles As prev1ously

f&lment1oned the maJor1ty of StLdleS done on cllmatlc fluctuatlons

l,have been concerned w1th the late Plelstocene geology of main valleys :.f;i“r

A.' Late Plelstocene Studles

E Dlscu5510n of late Pleistocene glaciations_isvprimarif

ly concelrgxlllth the deglac1ution Of the Banff-J"speTVaiea as well

as the Jarge scale mod1f1cat10ns of alpJne topoc)uphy by the. ice.
'Ruttcr (196 l972).recognlzcd four major glacial advances in the

Bow Rlver Vglley, Banff Natlonal Park% during thc late Plelstocene

His 1nterpretat10n is based on tills and glaC1of1ux1a1 dep051ts

together w1th geomorpholog1ca1 and crosscuttlng relatlonshlps Northh

of the Bow Rlver ‘Harris and Boydell (1972) found only a single t111(
: from a maJor glac1at10n in the Clearwater River Valley, and deposits . -
, from three glac1al advances in the south branch of the R Rlver’

1
Valley Further north, McPherson (19/0) described two'late

_ Plelstoccne advances in the upper North Saskatchewan River. 'The
present landscape is the result of the last advance the Main

Advance. -During the Tetreat of this glaciation, two stillstands,
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or minor readvances; are rnferred from end moralnes at Saskatchewan
Cr0551ng and at the Junctlon of the North Saskatchewan a%d Alexandra
Rlvers ' Westgate and Dreimanis (1967) haye radlocarb%n dated a
charcoal la)er near the base of a locss deposlt xhlch overlles ice-
contact élac1o lluwlal sands and gravels at a site near Saskatehcwan
,Cr0551ng This date of 9330;170 BP prOV1dcs almlnrmum est1mate of

late Pleistocene deglac1atlon for the upper North Saskatchewan River:
Valley. Rutter (1072) feels that the last glac1a1 advance in the

_ North SaskatcheWan Va]ley is correlatlvé w1th his last, the Elesenhower
Junctlon, advance in the Bow Valley Both of these advances,3thererore,
are probably older than-9330%170 BP. However,dRutter_(197o] also |

I : _ : .
correlated his Eiesenhower Junction Advance with his\Deserter's Canyon

. ~

Advance . 1n the Peace Rlver Valley in northeastern Brltlsh Columbia

which has been«dated between 92801200 and 74702140 BP This apparent
‘contradlctron of dates$ may be\exolalned 1f the charcoal layer at
 Saskatchewan Cr0551ng has been reworked ‘as sometlmes occurs - (Rutter
Pers. Comm.; 1977). On the other handy recent work has found evidence
of onlf limitedvice:advanoes.in the mountains at this time.. Osborn
and Duford (1976) have identified‘a post Wisconsin, but pre 6600kBP,"
glacier and roch‘glaeiér‘adyance based-on vdleanie'ash evidenoer
Luchman (1978) obtaincd basal dates; from:peat deposits, of'6920i100,
7776*110 and 8110i100 prffom the Sunwapta Pass, near:thegheadwaters
"~ of the North Saskatchewan River gnd a date of 9660280 BP from the

Toanin Pass, near the contrnental.d1V1de These dates suggest that

»thedupper-mOUntain areas.were ice free by ~10,000 BP.



,
\
i
\

Roed (1975) studied the contact zone between Lauren-

o

tide and Cordllleran tllls 1n the Hinton- Edson area. He found evi- ‘
- \ !
dence of two major Cordllleran advances whlch flowed well out of the

ﬁ
mountains Pauses ln the reces<1on oF the last najor edvalcc the

[

Obed are nssocratcd with Lame dcposrts and the developncnt of two

river terrace levels in the Athabasca River Valiey. Afterx the major

Y
-

advances there was also a minor advance, the Drystone Creek Advance

yhich was:confined to small valleys in the‘Front Ranges and foothills

of the.Rocky Hountains. Roed (1975) feels that the Drystone Creek
Advance is correlatlve with Rutter s (1972 l§76) Eisenhower Junction

and Deserter s Canyon Advances He also assumed that his ent1re
e‘/

B Cordllleran piedmont sequence falls within R1chnond's (1965) éﬁnedale

Glac1at1on of the western United States.

Te

B.i Holocene Studies

Before discussing the Holocene studles, the terminology"

for the Geologlc -climate 1ntervals of the Holocene is rev1ewed The‘
.1nterva1 of "mild c11mate” (optlmum?) wh1ch followed the last major
A glac1at10n w111 be referred to as the "Hyp51therma1" as, defined by
Porter and Denton (1967, p. 180). The suhsequent 1nterva1 character-
ized.hy cooler climate'and glecler expansion after max1mum recessiont

v durlng the Hyps1therma1 is relerred to as ”ﬁ\bglac1a1“ (Porter and
' Denton, 1967, P- 181) Th1s 1nterva1 generally began 5000-3000 BP
AThe term ”L1ttle Ice Age" was initially defined by Matthes (1939,

P 520) and represented the same time span as Porter and Denton s

“Neoglac1al". -Common usage, however, has since restr1cted the meanlng



s
-

Kéﬁ this term to denote. the general cooling in climate from the early
16th'through to the 20th Century. Thls perlod is characterized by
the rcblrth and expansnon of alpine glaC1ers (Denton and karlen 1973,

w//rcgi>156) and will be used here in its restricted sdnse. ' ot

. Heusser (1956) wrote an extensive paper deeling with
/ p . ) -

postglacial (HolocenE).enwironments of the Robson, Jasper, Banff and
Yoho National éark arees. -His scheme of envirbnmental fluctuations
wee primarilyjbased,on deqdrochronology end deelt with the‘LittleuIce
Agef' By'coring ice—thrust trees he‘wes'able to date the positions

of the ice fyont He studied‘e totel of:twelve glaciers,‘and in
sunmary of the. glac1a1 date Heusser noted that all the variations
between the twelve. glac1ers appeared synchxonous Substant1a1

dadvances occurred -in’ thc last few ccnturles with maximum. p051t10ns

'.:belng atta;ned between the late 17th andvearly 18th Centuries. The'

ice fronts remained stab e‘until the 1ate 18tthentnry, after which, * -

recession occurred and ontlnued on unt11 the m1d 19th Century

After the m1d 19th Century; however there was a maJor readvance whlcﬁ
in some,cases-exceeded.the Lnltlal late 17th to .early 18th Century
advance.’ Subsequenf:retreatvhas occdrred,.bpr‘manXAminor,readvances
‘and fluctuetions in rates of-recession'haye.caused wrdespread‘
formation of moraines. Recessional rates decréhsed in tﬁ% early
20th”Cenfary; odtoegein acceleratedbéihce-lgéo'n.brlend exceeded

any previousTTrat

attained in the.last'féw'centuries. Heusser com-

pared the moSt recent*glacial events with temBerature and preclpltatlon

‘ldata recorded near Banff 51nce 1895 He foun

\thgz*fnere was a. lag in -

LN

~



the respbnsé of glaciers to climate in the order of about 30 years.
However, Heusservalso noted that the glacierslghould‘have'responded to
'aﬁ appafent,climatic deteriorétion—which began in the eérly 1940's; but
~after almost.ﬂo ybars they ﬁave y2t to respoﬁd (i.e., Luckman, 1977).
This may indibate.that‘the Simpie ﬁetecrological déta uscd may be.j
insufficient fqr ihférﬁfeting,glaéia} responses.
In»aadition; Heusser (1956) analysed a peat section
near the-Jasper toﬁnsiterfor arboreal péllen. This section consisted
: offﬁedge peat over limnicféediments in which a layer of volcanic ash
was present. Heusser interpreted the pollen as indica£ing a generally
¢001,postglaéia1 periéd; followed by a Slightly warmer and drief
‘épisode, coﬁtemporanequs with volcanism; whicﬁ was, 1in turh; folIOWCa\
By a;rctqrn to cooler climdtes;with the last fcw centuries being
~slightly mbre_humid. .Although Heu$ser‘s interprctation\és sihplisfic
by toaay's paiynoiogical standards and lacks absolute dates, it remains 
: _the‘énly publisheafsource of ﬁo]len data within the Banff:Jaspe}'area.'

*

Luckman (1977) worked on the Holocene aoraines

-

at two sites in Jasper National Park and deveioped'a chrqnolbgy baSed

bﬁ a lichen growth curve for Rhizocarpon geographicum. This growth
':cuse waé’deveioped by using deﬁdrochronological and historical evi-
maeﬁce. Four of the mostireéent‘(Little Ice Age) mofaines were dated

‘at 1705 + 5; 1720 + 5, 1858 + 7, and 1888 + 7 A.D. at Mount Edith

Cavell. Dates of. 1765 * 5, 1810 * 5, 1876+ 5, and 1907 + 5 A.D. were

/ [y

obtained from four similar moraines at Penstock Creek, 13 km west of

Mount Edith Cavell.‘ Luckman estimated the reéeSsion of the Cavell -



G1ac1er once coalescent with the Angel Glacier, to be 16 m yr“1 from
1927-1963 A.p. and 6-8 m yr from 1963-1975 A.D. The Angel Glacier
nas'Shown a_sinilar pettern of\retreat Qut has maintained its terminal
_position siuce'1962. This may be evidencelo{ e‘glacial response to
the poet-i940 cooling (with‘increasvd precipitation) postulated by
‘\Heusser (1956), and would imply a lag timegof 20 yearsvfor tne Ang-:l
Glacier. However, the influence'o; tonographic’control on‘the terminal
poSition‘of the Angel Glacier must not be.precluded as this glacier
“presently ends at the foot of an 1cefall Luckman also found Bridge
River Ash¥ (2600 BP, Nasmith, et al., 1967) within the soils in front of
. the 1705 moraine at Mount Edith Cavell. ‘This_indicates_th:t ro greater
- ice advance has occurred for at least 2600 years. However Luckman
ﬁzound older latcral moraine remnants alono the valley 51des at Mount
Editn Cavell which were not.overridden by the subsequent advances. There
are et least three of these pre-Little Ice Age moraines and the minimum
1ichenometric age for the oldest is ~1660>BYP Evidence for earlier :
advances also occurs in the Banff area where McCallum and Wittenberg
- (1965) obtained a. date of 6020 90 for-a soil over1a1n by ablation till.
Since most glac1ers overrode ev1dence of early Neo-

glacial advances during the Little Ice Age, rOCk'glaciers provide most

of the geomorphic ev1dence for the ear11e1 Holocene climutlc f‘uctva~

tions. Luckmran and Crockett {1976) noted at least two phas of rogk
glacier development prior to the_Little Ice Age. Some of'these Tock
sésaiers'have also been reactivated or overridden by'advancing ice

glacierS’ Surface lichens showed that these rock glaciers were equ1va-»

g, lent to, or slightly older than, the oldest moraines at Mount Edith .



Cavell. It appears that.most of‘the/;resent dey rock giacier activity
is limited.to‘the‘”ice-cored" types of glacial origin (c.f. Potter;
'1972). The majority of nock glaciers, however, are heaviiy lichen
covered and lack any eﬁidence}fcr rccent mevement.. From this'evidonce,

Luckinzin and Crockett (1976) susgcss that the major period of rock
, ) sugge j !

1

glacicrfdevelopment must have been prior to the Little Ice Age and
p0551b1y pre- Hyp51thermal ,;
* Osborn and Duford (1976) found Mazama Ash (6600 BP) on‘
the surface of a rock glacier in northern Banff Nat10na1 Park. Thls'
provides goed.evidence thas a elimate favorable to roek glacier for-
mation:must hane‘eiisted before the'Hypsithermal Mazama Ash was also.
found on a kame moralne adjacent to a Little Ice Age moralne of the
. Athabasca Glac1er which also cuggests .an ice edvance pricr to the

Hypsithermal. However Osborn und Dufurd agreeaw1th the above workers

that the thtle Ice Aé’%aﬁvances were the most exten51ve of the

—
N

Holocene advances

~In summary, the ev1dence presented by the above workers

b'suggests that there have been several phases of glacial readvance be-

tween Roed's (1975) DrystonevCreek advance and the Little Ice Age. Al-h

o ? : v ‘ ) ’ . . //
though the Little Ice Age advances have been fairly well documented, he

timing of the earlier advances remain speculative duq-éq the absence of
absoiute dates and because the Little Tce Age advances were so extensive
*that‘nost of the evidence for the earlier advances has been either des-
-troyed, or confined to rook'glaciers or:sparsely seattered noraine h
remnants. |

[ .
1.2.2° Western United States

N
Y



Owingeto rhe multitude of studies that deal with Holocene
glac1at10ns in’the Cordllleran regions of the Unlted States, only a
few of the major works W11l_be discussed here. BlackweIder (1915)
defined three Pleistocene glaciations in the Wlnd R;ver MOUnralns,
Wyoming. This scquenee has since become the type area for the Rocky
.Mounfain Glacial suocession The three glaC1at10n< were called the :
Buffalo Bull Lake, and Pinedale respectlvely Blackwelder dlfferen—bk
v tlated these advances 1argely on’ the relatlve amounts of subaer1al
weatherrng whrch has ocgurred on exposed surfaces. Deposits 51m113r to
these have since been W1de1y recognlzed throughout the United States .
Cordillera. Rlchmond (1965) summarlzed tne sequence of Rocky Mountain
._glaciations in the United States. He noted, from‘radlocarbon dates él _
‘the base of po<tg1acia1 peat depositeT that'the deOIaCiation‘of the
P1nedale~deance in the ‘lower altltudes was complete by - ~7280 % 100
| BP (however, dates range from 11330 330 to 8800 = 250 BP), and not
unt11-"6190 -300 BP in the hlgher altltudes The soils of the
Hyp51thermal eplsode in»the northern. Rocky Mohntains of the United
States, range from Chernozems in the 1ower altltudes to Brown and Brown
Forest 50115, and locally to Podzols, at higher. elevatlons These
50115 in many cases have been overrldden by deo051ts of the Neoglac1a1 \ﬂ‘
phase Rlchmond also noted that, throughout western Montana lenses of‘
Mazama Ash occur in close assoc1at1on with these Hyp51therma1 501ls,>_'
giring an,approximate age for this 1nterva11 (6600 BP). Rlchmond (1962)
recognlzed two m1nor advances in Rocky Mountaln c1rques since the end

of the Hyp51therma1 The older advance, the Temple Lake Stade (named

 after a ‘moraine at»Temple Peak in the southern Wind River Mountains),

4 . ) ) . . . - .
. : . . .
. -~
. . : -
. . S
. ' d
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.has 6~18 m high moraines which are rough and bouldery; and covered
‘with tundra vegetatlon, 1nc1ud1ng small stands of scrub spruce Mosv-
of these moraines are found from 1-3 km from the c1rque headwalls and
thc t]}l of‘thls advance is fresh, sandy, and bouldcry, w1th:strlated
stones being rare. The sccond advance 1is callcd the Gannett DC"‘» ‘f}
étade (named after moraines near the termlnus ofvthe_Gannett Glacier
inrthe:northern Wind River MoUntains) These moraines.are*aISO freSh‘
-rough, and bouldery, but they lack any 5011vor Vegetatlo%, except for

a sparsebllche? cover. The Gannett Peak moraines also 11% upslope
from g;e Temple Lake moralnes.and historic evidence shows that glaciers
were at_this position ~1850 A.D. |

| Benedict't1968)VUSed a lichen gronth;curve for ﬁhdzocarpon
; gedgraphicum to date rock'glaciers, moraines; nrotalus ramparts bed~

- rock surfaces, and talus slopes in the Indlan Peaks region of the
CQlorado Front Range. The}lichenometric dates Obtainedﬂwere partially
"~ verified by a few,radiocarhon dates:: Benedict found eVidence of three
major glaéial'episodes, each containing.a‘series of minor pulSations.
His earliest tTemple Lake) advanceddated between 4500 and 2700 BP.

The, intermediate’adﬁance'tArikaree) were dated between 2100 and 1000 -

//

.dBP and the most recent advance (Gannett Peak) at 1650 185¢ A. D

| Miller (1969) used dendrochronoloov llchenometry, and ,A
geomorphology to estabﬁlsh a’ scheme of Neoglac1at10n in the Dome Peak
area, North~Cascade'Range, Washlngton. He dated thé earliest post
~HYpsithernal; advance at:’4§00 éP. However M111er noted ‘that most

Y

glac1ers in the area reached thel* maximum extent somet{me in the 17th



. several age groups Temple La}e I the earllest-perlod of rock

oL . e MR T T T ST T s

\ Lo _g:,ﬂ- :

Century,,and he d1d not f1nd ev1dence for an 1ntermed1ate advance

M111er (1973) also determ1ned a chronology ‘of rock glaC1er

A

_deve10pment dur1ng the Neoglac1a1 perlod 1n the Northern Sawatch

QRange Colorado “He used 11chenometrv to” subd1v1de the deposits into

& ~

glac1er development began3>4000 BP and was. followed by'a perlod of -
' decreased aCtIVlty ,_After thlS t1me, a second stage of rock glacrer
development Temple Lake 11, beoan 3750 3500 BP ‘and culmlnated at- - .

\

2500 BP. Rock glac1ers of rntermedlate age began formlng ~1900 BP. gptjfgn-d“f
- and contlnoed to develop untll 1000- 900 BP durlng the Auduboylperlod

~The relat1v§ 51zes of the Temple Lake and Audubon rock glac1ers

k1nd1cate that condltlons favoring rock glaC1er development were of a

_hlgher amp11tudc, oT of longer duratlon durlng the Temple Lake 1ntcr—_ :’ j =

val. The most recent Gannett Peak 1nterval on the other hand

L)

represented only by the formatlon of.talus elopes Tather than rock
;glaC1ers. Coe

| Mahaneyﬁ(1973)’ueed relative-age dating techniqoes"to

' develop a Neoglac1a1 chronology at the Fourth of July Cquue in the
central ColoradO'Front‘Range Glac1a1 and per:glac1a1 depos1ts were
a551gned ages based on a growth rate curvelfor R. geographtcum whlch

were then suoplemented by addltlonal relatlve age measurements per—
taining to solum deve10pment weatherlng r1nd thlcknesses and pits on .
‘rocks;'morphology of moraine crests; and the extent of patterned
;‘_ground development Three periods of glaciation\nere.found.‘ Thel;ﬁ”.

earllest per1od was equated to the Temple Lake 1nterva1 and dated



’the Sant:-na Peak noraines becane 1nact1ve - There is also some evi-

active recession occur;ed at ~1505 * 95 BP on the valley floors, and

13

-

4500—2700 BP. The 1ntermed1ate advance was equated to the Audubon

1nterva1 and dated 950 BRP (mlnlmum estimate), and the youngest adVance
the. Gannett Peak crcur ‘d at ~300-100 BP

| Benedict (19752 Q%LilneJ the chronnlogy of citque glacia-
tldns for thef%o]orado Front Rndéc, inferred by a numbor of radio-
metric dates. lie found that there were at least 4 to 5 dlftlnct
1ntervals of glacial expan51on durlng the Holocene : The earliest of
these, the Santana Peak Advance, occurred shortly before 9¢15 * 15 BP.

B4

With subsequent retreat, the timber-line rose to its present’ position

iby 9200 1.135 BP, and by 8460 * 140 BP patterned ground features on

g

dence of a minor advante before /900 i_l%O gP. Curry (lQ?dj has

‘.radlometrlcally dated oraine at 65 OO.i'230 BP in Wyoming. Benedict

found that the latter part of the Hypsithermai was' charatter1"ed by

the comp]ete exti. 'tion of perennial snowbanks and cirque glac1ers

‘together with the formation of a soil. At SOOO 3000 BP the Triple -

iLakes advdnce followed whlehwas the most exten51ve Neoglac1al advance

EV1dence in the Arapaho Cquue suggests a three- fold sequence for"’

-

thls 1nterval with advances dated at 4485 # 100,«3865 + 100, and

3

""~3150 BP respectlvely This glacial period ended with an interval of,

soil formatlon and xeathetlng whlch in turn, was followed'by the

onsct of the Audubon Advance at 1850- 950 EP. The Audubon was

~

characterlzed by the formatlon of rock glac1ers as well as cirque

© glaciers and perennial snowbanks above the treeline. Subsequently,



/

/
~955 + 95 BP for jce in the sheltered cirques. This recession was, in
turn, followedvby the most rséent) Arapaho Peak Advance, occurring
f300-100 BP. ‘éenedict chose to use locgl place names for his chronolo-
gy in an effort to avoid premature correlation with poorly_dated type
localities and'aSSumptions of hpparent synchroneity. |

1.2. 3 Conclu51on

L § Table 1.1 summarizes some of the chronologies discussed

3

above. Although there appears-to be some general agreement of inferred

[}

climatic trends for various sites throughout the North American ,Cordil-

leran, closer 1nspect10n shows that the exact timing of certaln geomorphic

‘events described is equ1vocal. This may be due to several factors.
First, only a minimum age estimate could be obtained for a number of
4the events described. Furthermore, geomorphic events, such as glacial
advances, may vary in response to regional climatic changes. The
tining and extent of glac1al responses from 51te to site. is controlled
by mesoclimatic morpﬁological and lithological factors. The result
is that glac1ers in one valley may respond to an enV1ronmental chenge
- which has no effect in an adjacent valley, and suggests that correla-
vtion based on thevstra 1graphy of such events, w1thout absolute leting

" control, is very tenuous. This may be espec1a11y true for the work

~done in the Canadian Rockies where some conflicting data exists.

14
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_CHAPTER TWO Y
. ,

STUDY AREA: LOCATION AND~DESCRIPTION

2.1 lIecation
Thc Whistlers Creek Valley {118%00w e 52049'N) 1i§s approxi-

mately 11 km souph&ést of Jasber'fownéite (Fig. 2.1). Whisf]ers Creek
flows‘in_a nértheaétérly direction,frgm the Continental Divide into
the Athabasca River which ;ompriscs paff of thé7eastcrn.watershed of
the Rocky Nountéins. The creek islépproximately»9 km long'd;aining
an areafof‘~22 kmz, and ergiqdfés froﬁ thq‘confluence of -a number of
streams’which drain cirques .t thé‘valley head. The study area covers
the_upbcr pd}tion‘cf Whistlers Cfcck Valle} tfs.S,kmz) aﬁd its Joca--
tion is noted in Fig. 2.1. | R
.272 Dcscription‘ - - | , \

Y,A contour map of the study éreé is given in Fig. 2.2. Whist]ers
Creek Valiey isfsurrouhded byJa number of prominent moﬁntéins which
'provideﬂa,varietyvof alpine features such as cirques, éretes,:and
horns. The valley separates.Tﬁe Wﬁiétlers and Marmot‘mounféinsvwhichi
agfain eleVétions of 2464 and72708‘mirespectively‘(Fig..2.2). in itg-
upper reaches, _thé Qal]ey serarates ?crminal Mountain and‘Indiéh‘
Ridge thch have elevations éf 2335 agd 2743 m respectively. The
" head of the Vélley‘terminates at the foot of Mdnx Peak (elevation,

- 3096 ﬁ). Two weil developed cirqués,‘faéing northeast; are currently
v ® . o

occupied by smali glaciers in the uppermost portion of the '

)

16
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'valley The glac1ers presently extend down to the 2290 m contour
level. Perenn1al Snow patches are also present in the more sheltered
:.areas of Terminal Mountain and Manx Peak. The topography of Wh1st1ers
Creek Valley has been accentuated by extens1ve glac1at10n as the
valley is a classical a1p1ne trough which forms a hanglng valley above
the maln Athabasca Valley.

The study area also exhibits a wide'varlety~of‘perig1acial fea:
'tures, part1cu1ar1y promlnent rock glac1ers and varxous types of
sollfluctlon lobes and terraces Avalanche cones and talus slopes’
are also abundant espec1a11y at the base of the steep CllffS formed
by Manx Peak and Term1na1 Mountain.& Deta11ed discussion of both the

glacial and periglacial features w111 be undertaken’ln Chapter V.

2,3 - Geology R | o ,.' : !
The mountains surrounding Wh1st1ers Creek Valley fall within the .

Main Ranges of the Rocky Mountains whlch are composed of folded shales;
’and quart21tes of Cambrian and Pre-Cambrian age (Balrd 1963) |
~ Specifically, the bedrock of the study area is composed of three major
.formations (Table 2. 1) which strlke southeast to- northwest and d1p to
the southwest. The lower Cambrian, Gog Quart21te Format1on is
restrlcted to areas southwest -of the Marmot and ‘Whistlers Passes (Fig.
2.3)\ ThlS formatlon ‘is up to 1500 m in thlckness and forms massive-
vert1cal cllffs (c. £. Mount Edith Cavell Luckman and Crockett, 1978)
"Manx Peak and Terminal Mountain are good examples of thls rock type,

_wh1ch tends to break up into 1arge, roughly equ1d1men51ona1 blocks as



o

Table 2.1 The bedrock formations found within the study area
S (after Montjoy, 1977). T :

1.  Gog Torna®ion - "~ Quartzose €anfsiond and shale (Lowor
Caibiian)

2. Upper Mictte ‘ _JA=4§jlty'argillites,'siltstones and thin
t bedded sandstones (Pre Camdrian)
3. Middle Miette - Fine conglomerates interbedded with
_ . argillite units (Pre Cambrian)
P L .
. I
: _ ; -

Table 2.2 Temperature.esfimates (QC)‘for an elevation of 2300 m
e (from Janz et al., 1977). ‘

January  April  July  October

mean maximum ' -8 - o -+ 127 + 2
mean free air o —111 -7 o+ 7 -1
mean minimum 6 -8 4+ 2 =5

Height of July freezing level - 2700 m

5
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it-meathgks.v Stratigraphically below the Gog Group, the rTest of-the
study area is eomposed of the Miette Group wlth the»eXception of a
small amount of Gog being exposed on a minor peak between Indian and
Whlstlers Passes, the result of a thrust fault (Hountjoy, 1977). The
Middle Miette Bormation om Indian Rldge, southwest of the Whlstlers
Mountain, eXhibits'considerable foLdlng and probably minor faulting

v

(Mountjoy,‘pers. comm.; 1977)- Compared to the re51stant Gog Forma- ‘ ot

“tion, the Upper Mlette Formation is weak and weathers eas11y The’

~major Passes, Whlstlers, lndlan and Marmot lie w1th1n the Miette

Formatibn (Fig. 2.3). Arg1111tes and coarse gralned quart21tes and
conglomerates within the Upper Miette Formatlon vary 1n resistance and - )

form a number- of tors w1th1n ‘the study area

2.4 Climate

Hare and Thomas (1974) refer to three basic climatic regionsmin

fﬁ-Western Canada:, l) The Pac1f1c Region, a marltlme cllmate character—

&

ized by moderate temperatures and prec1p1tat10n w1th a d15t1nct ‘winter

maximum and a summer m1n1mum, 2) the Prairie Reg1on having a contln—

_ ental c11mate characterlzed by large ‘seasonal temperature fluctuat1ons~

and a pre01p1tat10n reglme w1th a dlStlnCt summer maximum and- a w1nter,‘

m1n1mum, and lastly 3) the Cordilleran Reglon whlch has influences -

from both.of the former Regions. ' Storm tracks from the Pac1f1c advect

warm air and most qf the moisture intO'the Rockies, while outbreaks

' of AICth air masse\\from.the northeast bring extreme minimum tempera-

tures to the eastern parts of th1s Reglon. Temperature and prec1p1—

tatlon reglmes, then, are controlled by the succe551on of the twg air

7
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masses moving into the Cordilleran Region. SubStantial seasonal

o~

varlablllty can therefore occur, particularly due to changes in the
upper Westerly circulation Wthh tends to steer these surface élr mass
systems. The Westerly wind belt usually forms semi- statlonary pressure
’troughs and ridges around the c1rcump01ar area, commonly known as the
- Rossby waves (Rossby, 1939) The p051t10n,‘amp11tude, and number of .
these standlng waves then, ultlmately influence the cllmate of the
region. |

Topography of the mountain eector alse mas great influences om
the climate, especially on a local scale, making this region hard
to generalize. Certain valleys may have a precipitation regime simi—"
lar to the<centimental eector whemeas'higher elevations, on édjacent
.mountain sidee may experlence frequent, orographicaliy inducedj ee o
dlsturbances from the Pac1f1c Reglon ‘The varlatlons are. due to a
number of effects the mountains have on local climate which can be
classed into two gemeral categories: 1) the effects of elevatibn,
and 2) the effects,of aspect.

1) The general effects of 1ncrea51ng elevatlon are an increase
in the percentage of solid prec1p1t%t10n, and a decrease in both the
minimum and maximum temperatures w1th a correspondlngtlncrease in the
- total amount of annual freeze thaw cycles Table'2:2 shomsithe

<

approximate annual temperature condltlons for the Jasper area at an

&

elevatlon of 2300 m (the average elevatlon for upper Whlstlers Creek

Valley). The values were derlved from temperature elevatlon relatlon-

,Shipsrcaléulated by Janz and Stbrr (1977)-' Janz ‘and Storr estimate that



derived temperatures should be within * 2°C but the maximum could be

as much as 3-5°C Iower in July due to the proxlmlty of glac1ers or

'snowflelds. ‘The amount of annual prec1p1tatlon at the 2300 m level

. 1s estlmated at 1050 mm (calculated from a regre551on derived by Storr-

and Ferguson 1972)
2) Aspect, or the or1entat1on and slope of a partlcular mourn-~

ta1n has several effects on the local climate. The major effect is .

" to control the amount of insolation falllng onto a specific surface.

k]

'Measurlng effective, short-wave radiation southeast of Banff Natlonal :

Park, Ferguson et al., (1971) found that a south fac1ng slope may .

N

receive in excess of 800 calcm 2da 1, whereas the northeast -facing

slope receives less than SOO calcm 2da 1. Gelger (1965) found that 1n

‘Germany a south faclng slope of 20° recelves approxlmately tw1ce the

q

rad1at1on that a horlzontal surface Teceives in January The orienta--- ..
tion of the slope then, has a great effect on the local temperature

reglmes of mountaln slopes and hence strongly 1nfluences the processes

operating on them.

A second'effect'of aspect on the local mountain climate is

4

that of the prevailing winds The&FaJor effect of w1nds, in addltlon

o/
to reducing’ temperatures through wind ch111, is related to the redis-

\

tribution and spillover of snow whlch_effects precipitaﬁion receipts,

Thls is an 1mportant con51derat10n because at an elevat1 n of 2300 m

~7S% of the total annual prec1p1tat10n falls as snpw (Janz. and Storr,

- 1977). .Sp1110Ver is a term used to describe. snow which is blown from

. o . A
the windward side of a mountain; over the crest, and onto the lee side



Where it accumulates. °This phenomenon'has the effect of greatly .

)

. _1ncrea51ng ‘the annual prec1p1tat10n and snowcover'on the lee sides
of mountains. 7 | |

“ The two&e{d effect of aspect affects the local climate of
Whistlers Creek Valley in a number of ways.. Firstly, the head of the
valley is northeast fac1ng wh1ch means that it recelves‘the 1east

amount of insolation,’ espec1a11y in the shaded.areas ‘at the base of
ithe large: Cllf;S composed of Gog quartzites. . This condltlon, together
with the reduced temperatures due to the hlgher elevatlon means that
.sheltered'patches of snow and ice‘arebmore likely to“surv1ve the summer
ablation season‘ Secondly, the.northwest.to southeast orientation of
',the mountain ranges puts the cont1nenta1 d1V1de at virtually 90° to
the preva111ng westerly w1nds w1th the head of Wh1st1ers Creek Valley ™
vlformlng an effectlve catchment area for the spllloyer of solld
: prec1p1tat10n The result is that the amount of -actual snowcover
'ffpredlcted for thlsvarea is greatly'lncreased and this factor 51gn1f1—
.cantly contrlbutes to the annual increment of accumulatlon on glaC1ers
and SROW patches found in. the study area. In addltlon, abundant ]
moisture supply from snowmelt greatly a1ds the solifluction. processes
dlscussed in Chapter V.- R v L
The number of freeze thaw cycles 1n the study area is an
1mportant c11mat1c factor when. consrderlng per1g1ac1al processes as it
relates to slope movement sort1ng, and mechan1ca1 weather1ng Janz‘and
,Storr (1977) suggest that in mountalnous‘areas the max1mum number of

Vo

freeze thaw cycles (w1th mean temperatures several degrehg“below

25
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freezing and mean maxlmum temperatures several degrees above freezlng)

would occur in midsummer at approx1mate1y the 3000 m level Fraser

(1959) tentatlvely classed the number of freeze-thaw cycles in the'
Jasper region between 60-80-. Thrs flgure may,however vary consrderably
with the changlng topographlc factors discussed above.

A second factor thought to. be 1mportant in the per1glac1al

env1ronment is the presence of permafrost or perenn1ally frozen gound.

Pewe (1969) consrders all areas underlaln by permafrost.to be in the

modern periglacial zone. Reports of permafrostvrn the Rocky Mountains -

of Alberta are meager 0g11v1e and Baptle (1967) first described
permafrost at Snow Creek Valley, Banff National Park (F1g l.l).' At

an elevatlon of 2347 m, the mean annual ‘nperature recorded over a

" 2 year. perlod was .-3. 9° C,, and thaw occurred to a depth of 38 cm by

/

‘September» Scotter (1975) reported ice 1enses at a depth of 130 210 cm -

A here About 90 percent of the study area l1es above the tree-lirfe

- and permafrost below 210 cm on Lookout Mountaln, Banff Nat10nal Park

This occurrence 1s on a steep southwest faclng slope at an elevat1on
of 2655«2691 m, Based on these observatlons, comparable elevatlons
and’temperature estimates for Whrstlers Creek Valley suggest that the

study area should contain permafrost, specrally on northeast fac1ng

slopes.

- 2.5 Vegetatlon

The vegetatlon w1th1n the study area is only'brlefly dealt w1th 3

(Flg 2. 2)‘ The tree 11ne in Whlstlers Creek Valley varies somewhat

W
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uwithtéhanging-microepvifonméntal condipions,ﬁutJit‘mafxﬁé generalized
'@aic~2200 m. The forests:below tree—lihé.consist majnly‘of Alpiﬁg fir
(Abiés lasiocarpa) witﬁ isélated Englemann'spfuce‘(Picea englemannti) -
which fend t§ be véry old (~300 yearé). 'The vegetation at the tree;
.%line.bécomes charagteristically krummholz"@ith dWarf species of bircﬁ
~ and willoQ“being\qumon;' A; the shrub vegetatién terminates, heaths

;.su¢h‘as Mountain heAxher (CésSibpe mertenéiana) and Rocky Mountain

N

whiie heather;(Cassibpe tetragona)’ dominate. = At higher elevations. the 7
vegetation becomes progressively depauperate until‘only lichens and
bryophytes grow.

‘2:6 Place Names

Most of &he place names used in this study a%e_found_on the
" Jasper, 83 D/16, East hélf,.NTS,'l:SOOOO map‘sheet..JSome additional. ,
nameévin‘stbtéxt are uséd.fbr‘convenience and are unofficial. All
_names used .ade indicated on the_PlacéwNamé Map (Fig. 2f4).

4 .
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CHAPTER THREE
METHODOLOGY

- The methodology'used in-this study was concerned with two objec-
»trves. First, to describe the landforms and surficial deposits within
Whi. .lers Creek’Valley,;and secondly, to determine,the hietory of
‘geomorphic activity since the recession of the last, late Pleistocene

ice advance. The research procedures were divided into mapping, field

observations, and laboratory work.

3.1 Mapping

Prellmlnary maps of the landforms and surf1c1a1 dep051ts were
obtalned from aerlal photographs ‘ ~Three sets of photographs were
used for this purpose: Al12407-81 to 82, taken in 1950, scale 1 40 000; ”
.VA16085 1 to 10, taken in 1958 scale 1:12,000; and A23015-67 to 68,

taken in 1972, scale 1:80,000. All three sets Of‘photographs were

.taken in late summer.A This photographic coverage spans 12 years which

- -

\

consequently provided an opportunlty to con51der short- term changes in
the alplne landscape The air phogographs were also used to make
approx1mate measurements on areal extent and gross dlmen51ons of the

1

larger landforms
The prellmlnary air photograph 1nterpretat10n was checked and
‘ further reflned in: ‘the field and the resultlng'maps are given. in the.

next chapter on landforms In order to determlneselevatlonal dlffer-“
. : . J”’,a
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ences between the mapped units, the air photographs were superimposed

‘onto the 1:50,000 NTS map using a zoom transfer scope. However,

because of the extreme relief in the valley, there was too much dis-
tortion in the air photographs for the depicted landforms to be

'precisely adjusted to fit the contours of the map. Due to this-

difficulty the resulting map only gives the approximate locations of

the landforms and deposits. This problem is further compouhded by’fhe

close spacing of contour. lines found on maps of mountainous terrain

which means that small errors in the location of mapped units may’

-

represent §ubstantia1 jumps in elevation. The preceding.difficulties

then, limit'the aCCurécy of the interpretive map in Chapter IV.

[
3.2 'Field Study

The field work consisted of ground—proofing the air photograph
interpretations, describing the observed landforms and surfic 1

deposits, and estimating their relative ages.

3.2.1 Verification

Verif%cation of the preliminary maps was accomplished by

field mapping. Each mapped unit was visited and studied. In addition,

the units were photographed and sketched from vantage pdints.

~ . . . §

3.2.2 Description
The landforms were described with two main considerations -

in mind; firstly, to determine the morphology of the feature in queé—

tiom, and second, to note any evidence of geomorphic processes
associated with the feature: (The‘description of the features: consisted

of the following:

30
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A. Measurement of Size ‘and Slope

The smaller features, whose precise dimensions.could
not‘be obtained from air photographs, were measured on the ground bv
tape,whereas their slopes were determined by Abney level. Transects
weTe surveyed~on some of the .larger landforms (such as the rock
glaciers) in order to obtainvcross-sectional profllesl

B. - Excavation

Where poss1ble, the landforms were partlally excavated
and any evidence of pebble orientation and sortlng was - noted. Further
. samples were taken_for_laboratory ‘analysis. However, the massive
lnature of the debris in this vallev'often made excavations impractical.

FIn additfcn to the above, the morphology-Of the JandQ
' forms was con51dered in a dynamlc framework as well Anv évidence of
d1fferent1al movement or OVerrldlng w1th1n the larger landforms. (rock
glaCiers)'was”considered both in respect to'thelr processvof formatlon
and to the1r chronology of act1v1ty The various relative age'datlng
techniques discussed below, also served to further describe’ the

features.

3 2. 3 ‘Relative Age Datlng

Several technlques have been successfully used for relative
age determ1natrons‘of glacial events. A selectlon of studles employlng _
a numher of these techniques have been mentioned in Chapter I. Most |
relat1ve age datlng techn1ques depend on phenomena wh1ch alter rock

'surfaces exposed to ‘the subaer1al enV1ronment since glac1al action

terminated. The duration of this exposure, or the length of time the



surface has been stable, is what is being measured. The’folldwing :

relative age dating techniques have been used in this study:'

A. Top'ographic.Pos.ition.~
| ‘E;ch f:ature's'rclattznship o adjacent landforms was
noted. Initi?l age determinations were based on Cr§$$-cutting relation--
. ships and superﬁositibn‘of the'landforms. When ;onsidefing élaciél |
deposits; the older hnits are generaliy_higher ;ﬁ the valiey’walls and
further downstream than younger deposits. Tﬁig is because as a younger
advance occurs it usuai1y destroys the older deposits it overrides
(cf. Luckman and Cfocketf, 1978). Clearly, however, the time'difference
betwéénvsuéh featufes must_b¢ determined by-more detailed obsefvations
vas outlined below. | : - ; 1 v

B. Geomorphic Chdracter

“Geomorphic character refers to the gencral appéarancé_
i \and expression (morphology) of the.featufe; The criteria conéidéréd
,Were; first, ﬁeasuring the,sharphesé ofvridge'cresfs and steepness of
v.slope angles. Ridge crests tend to bécome }6unded and slopgiangies
decrease as the landScape'betomes more‘subdued Qifh iﬁﬁreasing age

(Miller, 1973; Kivei, 1974). Second, to nofe the'stability of the

7

‘surface. - For example, assess whether the surface is loose and easily .

disturbed versus stable and vegetated.

C.  Lichenometry

Lichenometry proved to be most useful for understanding
" the formation and chronology of activity of the rock glaciers in

Whistlers Creek Vélley.' Beschel (1950, 1961)_pi6heered the'study of

32
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lichens as a chronolog1ca1 tool The technique'is based on the ohser— =
vat1on that certain ep1petr1c (crustose) lichens qu1ck1y colonlze a
freshly exposed surface and grow at a determinable rate for very long
periods of time. Consequently, 1ichen growth 1s a functlon.of time
and prevailing microenvironmental-conditions. Given a cOnstant
environment then, the relative ageiof the surface wiil be reflected
by, the lichen thalli diameters, he speéiesbsuccession (Orwin,~19701,_
and the percentage of the total syrface eovered by lichens. However,
‘the problem’ of assumlng 2 constadt env1ronment is made obv1ous by the
fact that one ie. measgflng the age of geomorph1c features whlch owe
their very presence to elimatlc change. Consequently, paleoclimatic
vhchange makes'a precise growth rate curve questionabie. |
..Several speciés of lichen have been used for dating‘
geomorphic surfaces. Rhtzocarpon geographtcum is most commonly used,
< .
however, because of its longeV1ty, c1rcu1ar growth and w1despread
'geograph1ca1 dlstrlbutlon.. E. geographtcum.prefers to grow on sili--
ceous Tocks and is therefore frequently found on the quart21tes w1th1n
Whistlers Creek Valley. .~ - L E
Beschel (1950; 1n1t1a11y reasoned that 1f the actual
growth rate of a partlcular 11chen spec1es could be determlned the
"absolute age of the substrate could also be derived by 51mp1y measur—.
‘_ing the size of the thallus. The problem‘is, however, that the growth
rates vary from site to’s;te as m1croenv1ronmenta1 condltlons change.

'Therefore, in order for the determined growth rate to.be appllcable to

one's area, the m1croenv1ronmental 1nf1uence must be e11m1nated
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Beschel reasoned that this'factor could be eliminated by comparing.
vonly the largest thalli between'sites.; By doing so, he thought he
would he_comparing only,thevoptimal'environments at each site. . These
optimal conditions then, were thought;to represent sinilar micro-
environments between.sites\
Subseddent studles have found Beschel's assunption to
be true, but only for sites of close‘geographlcal location and 51m1larv
setting. Webber and Andrews (1973), and Jochlmsen (1973) have recently .
revlewed this problem rn,greater detail. A growing number of studies
have successfully utilized”lichenometry to interpret Neoglacial events:
((cf. Bémedict, 1967, 1968; Denton and Karlén, 1973; Miller, 1973;
OSborn, 1975 Luckman 1977) o
Luckman (1977) ‘has developed a lichen growth

curve .for R. geogrcphicum in the Mount Edith Cavell area qf Jasper
Naticnal’Park‘(Fig. 3.1).. This preliminary growth curve spans%a 750
year period.‘ ther'an'inceptionvperiod of approximately 30 years, thev
: lichens appear to grow‘4élmm/100 yfs; for the‘rirst 110 years:and then
11.4 mm/lOO yrs .for the Subsequent‘l40 years.. Since Mount Edith
'Cavell is only lO km south of Whlstlers Creek Valley it seems likely
’that the m1croenv1ronments are 51m11ar (Luckman, Pers..Comm;l 1977),,
hence some absolute dates were determlned in Whlstlers Creek Valley
using Luckman s growth‘curve “In addltlon, three spec1mens of
Xanthorta eZegans were measured in the study ‘drea and their thalli
‘were compared ‘with a growth curve deve10ped bersborn and Taylor

(1975) for the Banff/Jasper area.:
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R. geographicun was identified in the Field by its
color and pattern. Criteria for identification were acquired by
studying similar specimene at the University of Alberta Herbarium. In
addition, representative samples were coliected in the field and later
1dent1fled with laboratory methods by M. Ostaflchuk Unlver51ty of

Alberta Tha111 dlameters wer//measured to the nearestgmlllxmeterﬁﬂﬁf

the percentage of sutface covered by all species was determined by
visually comparing-the surface.in QueStion with covefage charts com-
piled by Terry and.Chilingarb(1955). Determination of‘species
suecessions_waé not attempted in this study. Further discussion‘of
the problems eneountered with lichenometry'in'the Study islgiven inb'
~Chapter V..

D. Rock Weathering

The weathered cond1t10n of surface boulders in glacial
dep051ts has 1ong been used as a determlnant of relatlve age (cf
Blackwelder, 1931), and this technlque has aided a number of glacial
studies in the Cordilleran reéion (Richmbnd, 1965; Madole, 1969§
Mahaney 1972, 1973 1974, 1975; Blrkeland 1973; Kiver‘ 1974). Sur—

- face weatherlng is usually evaluated by a number of d1fferent methods:
11) by the depth of rind penetratlon (ox1dat10n) on exposed_boulders
(Nelson, 1954§'Williams, 1973; POrter, 1975); 2)‘by the angularity,of

_ surface rocks (Caine, 1968; Birkeland, 19f3; Kiver, 1974); 3) by the |
”extent of fock surface rougheningv (crystal prejeetion) andvnitting
(Bifman, 1964; Dyke, 1976); 4) the size reduction of bdulders,vand;.,:
theirxprogressive burial by grus, has alsovbeen incotborated into

-



weathering studies (Birman, 1964; Sharp, 1969). _The procedures used
to determine rbck weathering in the study area were as foiiows:
a) Determinations of rind thickness were made by
:fractu;ing surface stones with a ro;k hamiier and then measqring
the depth of dis;oloration to the:qéaréét millimeter. Five or.
more stongs‘wefe méésurédJat eéch-site alcng ektensive‘tr#nsects,'
and the average was then determined. .
| b)  The angularity of rocksAaf’each site was determined
by“comparing the shape of the rocks in quéstion with photégraphs
of clay ﬁodgié dépicting six degrees of roundness (Powers, 1973).
'The’roundﬁess classes used were: very angular, angular,'sub—
angular;.sgbrounded, rounde&, §nd well roundéd.

é) 1 The extent of weathering’andrpittihg‘was determined
by measuring the relief of_inciusions and individual grains, or
crystals, on thg rock surface, and by;measﬁring the depth of
weathering pits. }
| | It must be'noted here thaffail‘fhe rock_wéatﬁering
measurements Were'confingd-to éimiiér'looking‘quaftzites (i.e. -
similar.texfﬁre). In addition,,areas wheré anbmalous‘ﬁeathering
rates may occﬁr (i.e. near water)'were avoided. By the above
methods extraneous factors influeﬁciﬁg weathering fates, okher

‘» than age, were minimized; Discussion of the.problems usiné these
techniques in the study is giVeh in\ChaE;ef V. |

E. Soils

‘.The extent of soil development is another uséful way .
. | ‘



of distinguishing surface age on the basis of -weathering. Soils have
been used extensively by Benedict (1970), Mahaney (1972, 1974,v1976),v
and Birkeland (1973, 1974) for dating Neoglacial events‘in the U.S.
Cordillera. Soil profiles, and manf of_their’prominent prOperties;d‘
require hUndreds tovthousandstofxyears to;form,'hence, soil morphology -
nand clay m1neralogy are two main- characterlstlcs whlch can: be used for‘

‘_,relatlve age dating. The use of soils for relative age datlng, how-~
< -,

f

ever, has many restrlctlons, espec1a11y in a hlghly varlable alplne
.'env1ronment Problems of local Varlab111ty may be m1n1m1zed by
.obtalnlng a large sample 51ze, but for 10g1st1cal reasons this was not
‘attempted in this study. ,Solls were, therefore, of a secondary impor;
tance to.this studyl!»ThreeAsoll:Pitsiwere dmg and their locations
V(Fig.'3r2)jwere selected to detect‘differences,on_surfaces;of pre-
determined relative ager Therefore; the locations of the soil pits

- were chosenAafter the relative ages of‘the surfaces hadrbeen'tenta-v

tlvely determ1ned by the other datlng technlques It must be stressed

'»:however, that the results are only suggestlve because of the small

sample size and the h}ghly variable nature of alpine microenvironments.
B ‘The morphological criteria used in this study were:
a) The development of the A horlzon organ1c matter.
"~ Organic matter within soils is assumed to reach a steady state
in a relatlvely short perlod_of time, with estimates rang}ng from
200-300vyears (Birkeland, 1974). However;mif'the'surface~ studied
.arewfairly young, the progressively older soils should.show

incredasing organic .content and dispersal patterns with respect to



ﬂtine{ '

b) - The develepment towards a textural B horizom. - The
‘clay distribution in solls”of similar parent matetial ls a use-
' fullcriterien for deternining relative age of a soil. 'Clay con-
‘tent usually increases iﬁ amount and thickness in‘the B horizbn_
with time. |

¢} Clay minerals can'aiso‘be used for determininw rela-
tive age. When considering clay minerals;;some basic generaliza-
- tions must first be mad;. Firetly,-clay ninerals are‘inveqwili-
’brium with the environment in.whichﬁthey have been.fbrmed, other-
‘wiée they would not exist Secondly, for parent materials w1th
Eilow 1n1t1a1 clay content, there is littte evidence that clay
; minerals vary w1th t1me (Blrkeland 1969; Blrkeland and Janda,f
1971j Thlrdly, if clays are initially present in. the parent
’1mater1a1, some of the assemblages may be unstable and w111
gradually change into more stable forms. “The objectlve then, is
to determ1ne the 1n1t1a1 clay assemblages (C horlzons) and then-
look for alteratlons that may have taken place 1n the solum. The
‘1n1t1a1 assemblages must,‘however,‘be 51m11ar for each of the

. q. - » ' ’ ” ' f
soils considered. , , o _ »

d)  Soil pH. There is a tendency for the pH, within the .

soil, to decrease with'increasing‘aée (Mahaﬁey,f1974; Birkeland,
The three 5011 plts were dug and described accordlng

to the Canadlan System of 8011 Cla551f1catlon;(1977) The soil

ab
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horizons were further analysed for percent organlc matter,
' partlcle size, clay minerals, and pH. The procedures used for
these analyses are descrlbed in the sectlon oh Laboratory Work

=F." Dendrochronologx

Measuring the ages of trees growrng on moralnes and
related<features has long been used as a method of m1n1mum dat1ng |
(Heusser, 1950, Lawrence, 1946, 1950 Mathews, 1953 M111er, 1969

" Luckman, 1977). Stokes and Smlley (1968) describe this technlque in
detail. in order to obtain a better estlmate on the minimm age of a ‘
_certaln dep051t10na1 feature, the inception perlod for trees colonlzlng
that newly expOSed surface must be determlned. For the M unt Edlth - .
, Cavell area, HeuSSer (1956) estimated anhlnceotlon perlod of 12- 17‘
. years. However, Luckman (1977) estlmated the 1ncept10n perlod for ‘the’
same area to be’ from 15 years to 30 years 1n the more xerlc s1tes.
"p Chronologlcal 1nvest1gat10ns have also been made on the t11t1ng of
o trees‘along trimlines by advanc1ng ice (Heusser, 1950) When a tree

o, -

q~3 1sn§@1ted by some external force 1t responds by growrng reaction wood
b g1

s m its annual layers (Scurfleld 1973) It is p0351b1e then, to

detégmlne when a tree has been dlsturbed by examlnlng“rts growth r1ngs:
| Tﬁ% 16 trees sampled in this study were drllled W1th

a Swedish incrementlcorer, and tSe 5 mm dlameter cores were mounted on’

grooved boards and sanded unt11 the annual r1ngs were ea511yrd15t1n—

Vguishable. The - were then counted under a telescoplng m1croscope

and the presence o1 reacti on wood was recorded A11 the trees sampled‘

were either Alpine fir ¢ Englemann spruce The approxlmate 1ocat10n



of the trees cored is shown in Figure 3.2.

> . . s

G. Other Techniques
” . : .
Tephracnronolog} and radiocarbon dating,vwhich may
have provided time—stratigraphic relationships between whietlers’Creek
Valley and other locatiéns, could not be applied. "Although volcanlc
ash layers have been found.on surficial deposits in. various areas of

the Alberta Cordlllera (Heusser 1950'.Westgate‘and'Dreimanis, 1967'

‘ @sborn and Duford 1976 Westgate, 1977), no evidence of ash has yet

oo N

Gbeen found 1n Whlstlers Creek Valley. An ash-like substance was found
in soil pit.2 (S-2, Fig. 3.2}, however petrograbhlc analy51s failed

to reveal any traccs of .volcanic ash (Rutter, ‘Pers, Comm > 1978). In
addltlon no relevant materlal for radiocarbon dating was fqund,'al-.
,,though exten51ve traversea and excavatlons were made The apparent
fabsence of both volcanic ash ‘and preserved organic debris in the upper
Whistlers:Creek Valley is’probably'the,result of its high energy, peri—

glacial, surface environment,'and the lack of suitable catchment areas.

However there may be potential for f1nd1ng preserved organic debrls
s ..

7.

and ash on the bottoms of the deep, rock ba51n lakes (see Chapter IV).

3.3 Laboratory Work

The laboratory workh _onsisted of .1alysing the samples collected
in the fieldvforgf particl ze distribution¥ organic content, clay
“minerals, and soil pH. F° re 3.2 shows the locations .where the

samples were taken.

- % 3.3.F Particle Size Analysis
‘IvParticle size analysis was used to_describe_the saﬁples

. . : . i T a
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taken (i.e.; the soil'profiles).
:The-method of partig}e.size.analysis cénSisted Qf:
a) Dry Sieving the <2 mm size fraction thrpugh.the -0.5,
0.0, 1.0, é 0, 2.5 and 3.2S phi sized siévés, and Weﬁ Sigving thfbugh‘
'the 4.0 phl sieve. (sand/silt b0undary) |
Ty b)) Fractlonatlng the silt ;;to sizes of‘approxlmately
‘4 6, 4.9, 5.4, 6.0, and 6.4 ph1 unlts by an accelerated sedimentation -
method using a. Cyc1051zer
¢) ' Determlnlng the 511t/clay boundary (9. O ph1) by weigh-
- ing thé‘amount of clay extracted through sedlmentatlon (Black, 1965).
In some samplés;"in‘whiﬁhvclays were not extracﬁed, the silt/clay
béﬁndary Qas determinéd by inferpolating the_éumulative.grain ;ize
curve to 9 0 phi. |
1_0 3 2 Organlc Carbon ‘ .
| * ~Carbon is the cﬁief eleﬁent of soil organic matter. Since
organic.carbon'éan be read;fy measpfed‘quéntitatively,‘it was used as
a means of estimatiggéfotgl organié mattef within the soil. The
- Walkley-Black méfhg&i(Allison, 1965) was ﬁSed to extract thp*orgaﬁic

T

carbon from thé Samples
/

3 3, 3 Clax Mlnerals
| ahe clay sized fraction was extrzEEEE’from the samples by

"’

..;vi_f'_,

: the sedlmentatlon technlque (Black, 1965). The clays were‘then'
g .

v 7

P
-

~ceWtr1fuged»and washed to remove all salts, after which,-éach sample
wasfsplit‘in two and part was Ca saturated and part was K saturated.

The samples were then mounted on slides using the paste technique

%
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BRI ‘ I
(McKeague, 1976) and analysis of the.c
X-ray diffraction. , ) '

~ 3.3.4 soil pH .

“ Soil pH was measured by. the éténdard‘method

outlined by Peech (1965) .
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lay minerals was carried out by

R

in 0.01 M CaClz;

\



* CHAPTER FOUR

MORPHOLOGY‘AND DISTRIBUTION OF THE LANDFORMS AND

SURFICIAL DEPOSITS

This chapter ¢contains a description of the landforms and surficial

dep051ts mapped in the Whlstlers Creek Valley The location of the:
\
.
landforms in the study area and an air photo mosaic are snown in:Figure 4.1,

.

and Plate 4.1 respectlvely Partlcular emphasis- 1s placed\on rock
glaciers as these are the most outstandlng geomorphlc features in the
study area. The geomorphic units idehtlfled and ‘their associated land-

forms and surficialvdeposits are as follows: . -
a

4.1r‘Bedroek Features

Whistlers’Creek'Valley contains a wide variety of bedrock, topo-
‘ graphlc featuxts commonly assoc1ated with glac1ated alpine landscapes.
Two well developed cirques 11e at the foot of Manx Peak (Fig. 4.1). \
These are referred to as the North and.Soutth1rques (Fig. 2.4). The . |
: South Cirque lies 1mmed1ately below the headwall of Manx Peak:whlch _ \n
:rises 450 m above the cirque floor The walls surrounding thls cirque
contaln numerous topographlc 1rregular1t1es which harbour permanent |

Snow and 1ce.v To the north this C1rque is bordered by an arete (North
Ridge) which separates it from the North C1rque. The bedrock walls
surrounding the North Cirque are about 200 m high. Additional glaciated

g bedrock features in the field area include cols,~hans,,rlegels, epurs,

and the 'U' shaped, hanging-valley'of Whistlers Creek itself.
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In addltlon to the g&ac1ally altered bedrock features, there are
a number of landforms associated w1th the 1nterbeds of re51stant and
. non-resistant rocks of the Upper Mlette Formatlon This structural
control has resulted Ain the formatlon of large scale bedroek‘terraCes;

These terraces are most ev1dent on the north 51de of Whistlers Creek
ﬁ

- Valley, runnlng the length of Indian §1dge (Pla 2j,'where they

form a series of 1arge steps. The formatlon of these features may have
been accentuated by the ice” that occu;ied this velley 1n'the past (see
Se'c-..442)._ P S

The more resistant beds of the Upper Miette Formation have also

led to the -formation of seve‘sg?tors within the study area. The best

examples of these are on the west flank of Marmot Mounta1n (Plate 4.3).
These tors are composed of coarse gra:ned quart21tes and\tonglomelates
with veins of white‘quartz and rise about 3-4 m above the surloundlng
“surface. Thelr appearance 1is very weathered as extensive frost;
shattering has occurred and some fractures extend throughout the entire
tor. The average weather1ng rlnd thickness was 64mm and” the 1argest
“R. geographicum thallus was 130 mm, however, the thallus was weathered
out near its center. The quartz veins, runnlng through the rock pro—
vtrode 3-5 mﬁ'from the surface.

Several:tors-of low relief (~1 m) also occur oh the sooth slope
| of Indian”Ridge.' These tors are found on the edges of some of the A
lerge bedrock terraces described above (Plate 4. 2), and are comprlsed
of . the more resistant conélomerates of the Upper Miette Eormation;

n

These tors -are well-roundéd 1n appearance and a large amount of



Plate 4.2

Bedrock terraces on Indian Ridge. The view
is towards the morth. Prominent solifluction
terraces are also visible. Whistlers Creek
flows along the base of the slope.
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Plate 4.3 A tor on the west flank of Marmot Mountain.
Extensive frost shattering is evident, with
fractured debris scattered around its periphery.
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granular disintegration has taken olace, 1nf1111ng the joints and
covering the surroundlng groand with debr;ss Llchens are absent from
their surfaces which may be Jue to the advanced weathering observed.
The dlfferences in morphology between these tors and the tors on,Marmot
Mountaln seems to be largely the result of the suscept1b111ty to //

weathering,of the constituent’rocks.

4.2 Water ' o L s

Surface watet is widespread in the study area and its presence is
likely enhanced by permafrost above 2300-2600 m (see Sec 2.4). ‘It_
is found in the form of streams, 1akes, and numerous ponds.  In |

addition, it is noteworthy that many of the sollfluctlon slopes re- -
¥
mained saturated throughout the 1977 summer.. The most prominent strcam

in the area, exits from the South'Ciéque rock glacier, and flows into\

Terminal Lake As this lake is dammed by a moraine'1it must drain
) )
‘beneath the surface, through coarse debris, into Flnger Lake. This

'.1ake in turn, dralns into the main valley channel whlch recelves
add1t10na1 inflow from many streamlets in Indlan and Whistlers Passes

(Fig 2.4 and 4.1).
S ' ‘
A small sprlng also dralns out of the snout of the Spatulate rock -

7’
glacier and flows into the maln channel. The only other 1ak°s found

.

within the study area, occur in the North Cirque,'and occupy deep
depressions in.the cirque floor which are probably the, result of

.glacial scour. In addition, numerous ponds“and streams are found on

N

1

" the surface of the roék'glaciers and incised into the ablation moraine.

%
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Perennial .snowbanks and some forms of patterned ground also. favor local

surface water.

4.3 Ice and Permanent Sﬁow

Two small glac1er5 occupy the c1rquee at the head of the Whlstlers
Creek Valley (North and South Cirques, Fig. 4.1). hese glaciers are
wholly contained within the equues and fall into the ”eirque glacierﬁ
: categofy (cf. Fliqt, 1971, %. 28). - |

4.3.1 South Cirque Glacier

;The c1rque glacier occupylng the South Cquue has an area
of ~0.2 kmz. At present, the terminus of this glac1er lies at an
elevation of 2360 m, and Fhe riser part of a riegel (slope 25° )} lies
' eiposcd immediately doEnslope (Fig. 4.1). ‘Transweree creyﬁsses;‘

, indieéting extending flow aporoximately 50 m behind'fhe terminus,‘may

indieatc the 1ocation of the crest of‘the'riegelf The terminus of the
1.

glac1er itself is very stcep (35 ), and durlng the 1977 summer,con-

" siderable, ablatlon t111 was belng exposed and transported by mass
e 34 -~/

fzwasté@e'dbwh the front of the glacier. In late summér the local snow-
~line occurred at an elewatlon of ~2440 m. The abundanee‘of debris on
the ablation zono ﬁf,thls glacier suggests that avalanehlng plays an
1mportant role in its overall annual aecumulatlon In addition, many
avalaﬁlﬁe cou101rs in the headwall lead onto»phe,surface‘of this |
glacier, and althoughﬂehe winter freqdency of avélaﬁehing is not koown,‘

avalanches occurred frequently duriﬁg,the:1977 field season. = As many

‘as three occurrences a day were noted, which brought snow and debtis.



onto the surface of the glacier.

A secondary source of ice in the South Cirque.is a small

”niehe glacier" (cf.-Embletoh and~King,A1975,:p.‘95) situated in a
crevice betweqn Manx Peak and Terminal Mountaln (Fig. 4. 1) No obser—
- vations could be made on this glac1er because of its 1nacce551b111ty

N

4,3.2 -North Cirque Glacier

A second cirque glecier ~0.1 kmz)'occupies the North
- Cirque (Fig. 4.1). it occurs at approximately;}he same elevation as
~the South Cirque glacier, suggestiﬁg similar lphg-term snowIihes for
N ) ’ 5
both 1oca1ities.' MuchAless,debris is visible ‘on: the sdrf%ce Qf this
glaeier than the North Cirque glacier, perhaps due tOWits%Smaller"
heedwall whieh reduees the'frequency of avalanchiﬁg and'rOCRfalls.“

¥

S Seventy-five meters downvalley from this glacier,ua bedrocknwall

B ..Texten&gaebeut two-thirds the way across the cirque floor. This wall

hQS’“éen extensively moulded'and polished by ice; and, in the past,

must have partlally dammed the™ glac1er This feature will be‘discussed
; A

%é' further in the rock gladler section (4. 5. 1) At present there is a

|
& large depre551on between the bedrock wall and the term1nus of the .
,rﬂi&wglac1er. However ‘the 1950 air photographs show no. such depre551on,

suagestlng that durlng the past 27 years, this glaC1er has. etperlenced
‘a negative net mass balance This response is similar to other obser-"f
vatlonskon‘glaCLers-ln Western North America (Mier and Post, 1962),

however, it is stressed that current mass balance studies are not

available for these igpal glaciers.



- 4.3.3 Permanent Snowbanks

1

In‘addition to the glaciers, there are numerous perennial

snowbanks found w1th1n the valley. The maJorlty of -these occur in the

crevices and niches on the northeast faC1ng ‘cliffs. Their presence is
51gn1f1cant both for headwall destructlon by nival processes, and for
debris supply to the 01rque floors. There are also a number-of semi-

 permanent snowbanks in the valley which. surV1ved the 1977 ablatlon

i

season. These are also v151b1e on the 1972 and 1958 air photographs-‘

.
>

However, they are absent on the,1950 air photographs. Since the more
cllmatlcally sensitive perennlal snowbanks have per51sted through the

last few decades, this suggests that the post- 1950 recession of the ,
iz ;
North Cquue glac1er may reflect a lag response to pre- 1950 cllmatlc

'_éy

' condltlons

-

4.4 Till |
The till in Whistlers Creek Valiey'octurs'poth as moraines and
thin drift sheets‘uhich'blanket the lower parts of the-valley floor.

_4.4.1} Moraines
| The only distihct~{atera1.and tetmihaltmoraineusystems in
the study area are thosc assoc1ated W1th the expan51on of. the glac1er
in the North Cquue Lateral moralne-llke rtdges occur in the South
"Cquue but these are thought to be partlally a product of the rock

glac1er and w111 be dlscussed under that section. An ablatlon‘moralne

grades into the rock-glacier’occupying the South Cirque,and two

o

\
moraine-like landforms are fouhd‘on the valley floor. . ‘ . /



s
A

and modérate,“stable slopes bf,~219. The crest of the moraine is

55
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A. Lateral and Terminal Moraines

.

-A piominent lateral moraine occurs on the north slope

.

of the North Cquue (F1g 4.1)." It is ssituated immediately above the

v

present glac1er and runs downvalley for ~500 m until it appears to
grade -irito an adjacent rock-glacier (Fig. 4.2). The moraine has a
sharp crest which lies about 10-m from the ciique wall. The constitu?

ent material is fresh, angular and lying at an angle of repose of 37°,

N

The lichen cover fanges from zero, near the head of the glacier, to Lo

% where it grades into the rock glacier. Here, the maximum measured

thallus is 38 mm. Immediately below, and runningiparallel to this

°

moraine, is anotﬁer_smaller lateral moraine which has a very .fresh
appearance and is devoid of iichen'cover. Thig'lateral hoiaine
appears to grade”downvalley tnto the uppermost lobe of the aforemen-‘
tioned rock. glac1er (Flg 4.2y. The relatlonsh;p of these moraines to

‘the rock glac1er will be discussed in Section 4.5. Furtﬁer downvalley,

@

near the front of the rock glacier in-the North Cirque, lies a Temnant

terminal moraine (Fig. 4.2). This moraiheahés only 2-3 m of relief |
. R |

)

rounded and ‘interstitial fines infill the entire surface.' The surface .

boulders are subangular to angular and have more than 50% lighen cover.
o 2 SRy s '

¥

Individual lichen thalli were -hard ;to di%tinguish‘siﬁce mostcof

the 1ichens¢have coalesed. The largest thallus found was 65 mm.
. - ! o S ' . B

‘Approximatery 50 m furthg; downualley‘from(the above morainé,ranother

termlnal moraine 11es aligned w1th a bedrock rldge on the c1rque,

'3

'flqor However, the‘q1a551f1catlon of this feature 'as_a moralne/ls
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only tentative as it is poorly exposediéhd may only be a bedrock ridge

'with a thin mantle of till. - ° ' : ST '

©
) 4

The largest moraine in the North Cirque is a lateral moraine

=~

situated along the south side of the'cirque (Plate 4.4, Fig. 4.2). Thls
moraine is also the furthest downvaliey of the moraines in the North
CirQue, and occuré at the highest position above the cirque flobr.t It
is approximetely 400 1 in 1ehgth'and rises over 30 m. from the surround—
ing terra{n,:and its sides have a slope-oé 36°. It is cohposed of

large quartzose blocks, ~3 m acroés (long axis), which appear to be
stacked on one another as no 1nterst1t1a1 fines are visible in the \
opper section. ‘"The bloc}o are subangolar to angular 1n shape and have

a lichen cover of >50%. The largest R. geographzﬂum found was 130 mm,

however, its thallus was eroged at the,ccnte;. The majority of the

. larger lichens appeared to be similarily weathered. The average rind

.0

thickness on the blocks is 2-3 mm. As this lateral moraine exits the

' North C1rque, it appears to have been truncated by .a subsequent advance

of the South Cquue glac1er which occurred at somé unknown tlme in the
past. In this locality the slope of the lateral moraine steepens to
~406 ano lichens arec absentwon many of the quortzitelblocks. Thooe
which do;hove“lichehs are 0-10% covered and the maximum thallus found
‘wes 33 mm. The. cohetituent material in this sector of the moraine
/ .

decreases 1in 51ze, with blocks ranglng from 30-60 cm in 1ength amongst
some 1nterst1t1a1 flnes. The slope is unstable and it appears that

|
some of the'largér blocks in the,upper section ofvthe moraine have

~ tumbled down and| lodged at the base of the moraine.

/



Plate 4.4 'A pre- thtle Ice Age lateral moraine in the

North Cirque. (North is, to the right. ) The

',North Cirque rock glac1ér is v1sib1e in the
background, the South Cirque rock glacier-"
ablation moraine in the foregroundy

. E e

«
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There are two additional laﬁdforms in the study area
-which ﬁay bé end moraines. These features are very subdued and covered
by turf and shrubs The évidence that they are moraines is based on
their p051t10n1ng, morphology, and ‘composition (a letUTC of unconsoll—

dated fragments of coarse and fine debris with no ev1dence of under-

Hgdéogk) One of these tentative moraines dams Termlnal Lake

'and thé dther is found near the Lobate rock glaciers (Flg' 4 1).

B. Ablation Moraine

7/

The term ”ablation moraine" is used here to describé
a thin vencer of debris cpvefidg glacier ice (cf@gglint, i971).
Embleton and King (1975) note that an ablation moradne fdrm§ as en-
glacial debris accthlatcs on the surféce of a downwasting glacier.

b ~The featurd tiassed'as an ablatiom‘morainc in this
study lies between'the riegel and the rock glacier in the Scuth Cirqué¢
(Fig. 4 3} This moralne is con51dcred to represent the tran51t10n
, between a d;%fié choked glac1et and a rock’ glac1er  The pr1nc1pa1
‘ differen;e exists in the ratio of ice to ‘rock dgbris compfising”thésé
various bodies.‘ Whereas the'abidtion moraine has\a‘high concentratién
df ice and a relatively tﬁin.ﬁdﬁtle of'dcbris; the rock glacier is
dominated by its debris cover (seg Sec.‘4.5). ‘The1thofmnl'rcgimes of
tdc underlying ice change és the d¢bris cover increases. @strem:KIQSQ)
hés stressed_the effiéacy of a debris cOverviﬁ thermaldy preserQing

y o . : .
the underlying ice; Foster and Holmes (1965)'haVe called a'similar |
ablation moraine,cdmplex‘a‘ﬁtrénsitional rock giacier”. Becaﬁse this
‘abiation_morainevrepresents a transition, the boundary.betweeﬁ it'and

Id
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the rock glacier is arbltrarlly placed (Flg 4.3).. The boundary is

based on the fact that on the ablatlon moralne there are more flnes
visible near the surface,and the overburdén material-is ﬁewhat smaller,

i3] :
than the rock glac1er In addition, where the ice- rock Lnterface was,'g

Vlsible on the ablation moraine,the flnes were: concentrated 1mmed1ate1y

abOVe the ice, whereas there were no exposures of cleér 1ce on, the rock
4

N

glacier. The upvalley sections of the ablatlon moraine showed 8 em

of fines overlylng clear ice. This ice.is evidently of glacial'origln

as it has follatlons and debrls bands dlpplng ~25 upvalley, and in

some cases, crystals of ~3.5 cm in length ‘are v1>1b1e Rock fragments

*f; nd wrthln thc ice were also allgncd w1th the follatlons

v

D

The surface morphology of the ablntion,mosaine is
complex and varied. Surface relict occurs in the form of large round%d

ridges running the length of the moraine. These longitudinal ridges
are separated by large fosse and depressions‘up to 25 m deep aﬁd they

1

can be traced upvalley to debris cones at the base of adjacent cliffs.
Inspectxon of the p1ev1ous winter's snowuover on these cones 5howed an
abundance. of debris incorporated into it. - This would suggest that .

avalanches and rockfalls must have played a srgnlflcant role in the

b
.

_.formation of the ricges on the ablntron‘moralno;' As the UldLlLr was
being eoyered by the above processes, it muet have_aoted like a
conveyor belt, transporting the debris from the base of the cliffs,

.'downvalley. The relief between the‘ridges was probably further

\
enhanced through dlfferentlal melting of the underlylng ice as it

stagnated, leadlng to the development of the present ablatlon moraine

»

- -
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Surface streams on this moraine have also penetrc - d the thin debris

layervand have become!inqised into the ice. These streams'commonly
disdppear into moulins aftet flowing on the surface for a few tens of
meters. Large cavernous holes are also exposed on the surface of the
. ablation moraine. These holes are thought to be sections of large,
'relatlvely horlzontal tunnels within the ice whlch have subsequently
been exposed as- the ice mLss downwasted (Plate 4.5). As this moraine -
is related to the. South Cquue rock glac1er further discussion on it

will be dealt with 1n Sectlon 4.5.

4.4.2 Drift Sheets

The second form of till in the stuﬁyj;rta 1sffound as a
thin and discontinuous drift sheet. Evidence for thlb drift sheet
.occors in exposures along a ~gorge formed by Whistlers Creeck. The bed-
lrock of th gorga is composed of grey shales and siltstoncs whlch
icontrast marked]y w1th the reddlsh quartzite diamicton mantling the
snrface. This materlal has a very coaree texture, comprlscd of large
‘:'blocks and sands w1th nc”llglble amounts of 1nterst1t1al tlne 51lts
Hand clays., The textural composition of this diamicton, and the fact

that there are erratlcs foand within the same avea, suggest that'lt
. '15 an ablation till-(e.f. Flint, 1971) o | » ’-¥'

Ihe bost example of erratics in the Study area are found

*r.

‘%s a number of)very lafgellsolated blocks found on the north lope of

Wh1stlers Creek Valley (Fig. 4.1). The blocks are massive piecs of
greenlsh quartz1te, the largest measurlng 4 m in height and 6 m in

-

e
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Plate 4.5 Caverhuus‘openings on the South Cirgue ablation

moraine. Note the thin veneer of fines overlying .

glacial ice. »
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blocks also indicate that theyvdid not oriéinate from slopes at higher

elevations. The nearest coﬁparablé bedrock is found acfoss the valley,
but deposition by a rockslide is precluded because of the isolated
nature of\these blocks, their extreme.élevation, and the absence of
others in;the large, intervening area. The moét.probéble conﬁlusion,v
therefore, is that they were transported to their present position by
.élacial action. Similar green{sh.quartzite blocks were encountered on
the sumiit of Wihistlers Pass Z{Ska to the west (Fig. 4.1). In.this
area lichens were dbsent except on the lee (east) side of the blocks.
The largest L. geographicwn found_was 75 mm and tﬁe average rind pene-
tratioﬁ.was 7 mm. Transbbrt of these quartzite blocks castward from
Whistlers Pass appea;s to indiéate diffluent ice flow from a glacier
occupying the main Miette Valley which entered into-this interior )
valley systém from the west. ‘The age of this proposed advance is
-unknown. éuch diffluent flow would sugéest a minimﬁm»estimate of
1200 m éf ice iIn the Mictte Valley. The exteat to which the topography
of Whistlers Crecek Valiey has bcen altered by such ”oﬁtsido” ice, as
opposed to the local cirque glaciers, is not known. Perhapé, the

bedrock steps on Indian Ridge, mentioned‘in‘Section.4.1, were accentu-

ated by this ice.



65

4.5 Rock Glaciers

4.5,1 Introduction

Although, stfictly épeaking, rock g aciers are é deposit ¥
of slope debr@; (Séction 4.7); they are by far 2 most'dominant land-
forms‘found wffhin the study area, and hence, t. ymére cqg§i§eredi
separately and in greatest detail. |

Capps (1910) first used the term "rock glaéier”.to describe‘ 

Qlahdforms of a specific surface ﬁorphoiogy in Alaska. The definition
of alrock glaéicr, uéed in this study, is.also morphologicél and is

well described by Potter (1972, p. 3027) as:
..., 0 tongue-like or lobate body usually of angular boulders
that rescmbles a small gldcier, generally occurs in high
mountainous terrain, and usually has ridges, furrows-and .
sometincs lobes on its surface, and has a steep front at the
angle of repose ..." ‘ ' '

~

This morphologic definition was used since a review of the literature ‘
made it-apparent.that rock glaciers could be the product of a number of

geomorphic processes and that on one genetic definition could satisfac-

torily‘explain them all. Comprehensive reviews and discussions of

rock glaciers are given by Wahrhéftig and Coxv(1959), White (1971),

and FPotter (1972). Rock glaciers havé.been‘cxpla{ged as: s$pecial kinds
“of glacial morzines (Rohn, 1900; Kessa2l', 1541); products of large
. [ ' ‘ ,
" landslides (Howe, '1909; Patton, 1910; Mudge, 1965); ice glaciers buried

by debris (Cross and Howe, 1905;'Browh, 1925; White, 1971; Potter, 1972;



Bafsth 1973 Whalley, 1974) or as a result'of a flowing'mixturé of
‘1ce and rock (Spencer, 1900 Capps, 1910; Tyrell 1910' Hole, 1912;
Roots, 1954 Wahrhaftlg and Cox, 1959; Thompson, 1962) bther processes
‘suggested for rock glacier motion 1nc1ude, solifluction of 1nterst1—

tial mud and élay (Andersson, 1906; Chaix, 1923); talus_creep (Kesseli,

"\I5ZIST\TETus—slidigg;gxgz_s?owbénks (#arsoﬁs, 1939); and by freeze-/:
. thgw activity (Capps, 1910;~;yre11, 1910){‘ Althoﬁgh‘some of the afore-
mentioned processes may contribute to rock glaqier movement,‘receﬁt
calculations based on rock'glacier thickﬁessfversus strface slope
(Wahrhaftig_and Cox;-1959) have shown thatbbasal shear stresses in
active rock glaciers exceed the capabilitx of frost creep and soli-
fiuction alone.
~ It is apparent that the theories of rock glac1er formation
are as numerous as the people writing about them. Currently, the two
most favored models explalnlng rock glac1erc are the flow1ng mixture
of ice and rock in the 1nterst1t1a1 ice model, and the debrls covered,
“glacial ice-core model. The 1nterst1tlal ice model (cf Wahrhaftlg
and Cox, 1959) suggests that a mlxture of ice and rock reaches a
© critical thickness and. deforms under the influence of grav1ty The
debris then, acquires itsvflow-llke structure from the resultlng move—‘
ment;‘ In this view rock glaciérs form when scree accumulates at ‘the
base of a cliff énd ice develops in its interstice: This ice may be
derived ffbm'avalanchtngu(Thoﬁpson, 1962), refreezing of meltWatsr

from adjacent glac1ers (Capps, 1910), or by the freezing of emerging

groundwater (Tyrell, 1910). In order for this ice to form, the mean
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- annual temperatufe within the'debtis must be less than OOC.’_fhis
condition depends oo the local environment,- particularly ‘the insula-
tion offered by the top few meters ofmdebris, and by Balch ventilation
(Thom;sbn, 1957; Barsch, 1973). |

K " The second favored model fornrockvglacier development
suggests that rock‘giaciers are formed when a glacier becomes completef
1} covered Qith oetritus (Whalley, 1974). The glacier:mayrbe covered-
up catasttophieally, as in a landslide,(Whitet 1971), or gradoaliy by
prolonged downWasting at its surface whichlbeoomes buried by ablatioo
moreine (Ootcelt and Benedict, 1965; Benedicty, 1973). Any suBsequeﬁtu
movement then is due to the flow of the,buried ice core together with
the related.shifting of the overlying‘debris mantle. Tﬂis model, y
therefore, suggests that there is a‘gradetion from clean ice glaciere,.

to debris covered glaciets (ice—oored rock glaoiers), to stagnant rock

“glaciers cohtaining:no ice. ' y - -

| Although controversy st111 ex1sts as to how rock glac1ers

form (1 e., Barsch 1971; Potter, 1972; Whalley, 1974; Whlte, '1976),

many authors ~recognize that rock glac1ers may fofm as a result of
combinations of different geomorphlc processes. Potter (1972) dlsfd
tiﬁguished between two genetic-élasses of rock glaciers. These “two
classes fall w1th1n a contlnuum ranglngbfrom ciean glac1er 1ce. to
debris with essentlally 11tt1e or no ice. These classes are ”1ce-

| cored" rook glac1ers, malnly representlng burled glac1er tongues, and

"ice- cemented” rock glac1ers, representing the 1nterst1t1a1 ice theory

Outcalt and Benedlct (1965) dlStngUlShed between "cirque- floor" Tock



glaciers (ice- cored) and "valley-wall" rock glacmers (1nterst1t1al ice).

Wahrhaftig and Cox (1959) pr0posed a morpholog1cal scheme for Tock

s

glac1er classification. Their types are based primarily on the plan

view of. the rock glac1er and are as follows, -"lobate', in whlch the

length of the rock glac1er is less than the w1dth ”tongue shaped",'in :

which the length is greater than the w1dth and ”spatulate" whlch is a

tongue shaped rock glac1er with an increase in the w1dth at the front

.T
]

Perhaps the most 1nterest1ng features of the rock glaclers‘ L

are the rldges that form on- their surface which give the rock glacrersj

rance,‘ These r1dges may be longltudlnal orﬁ

€ in Shape,'and are associated with furrows which
llilmped in cross sectlon The longitudinal furrows
: are’ generall} straight but occa51ona11y have hlghly sinuous forms.
IOther forms of m1crore11ef found on rock glac1ers include conlcal plts,
large depre551ons at the heads of the rock glac1ers, and mu1t1p1e ‘
lobes. o | | j_ , , r , ff:i

Wahrhaftlg and Cox (1959) have exten51ve1y dlscussed the
var1ous forms of mlcrorellef found on rock glac1ers _ Longltudlnal
ridges and furrows are thought to . form when ice- rlch bands melt out
w1th1n a rock glacier. These ice- r1ch bands develop when snow accumu—'
1ates in the swales found between adJacent talus cones feeding the
h%ad of the rock.glac1er. Subsequent downvalley movement of thé rock

s

glacier elongates the ice-rich swale areas to form bands, The furrows
mé& be further deepened by meltwater thermally erodlng into the ice.

“Should a furrow be deepened suff1C1ently, the debris on the sides of
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,adjacent rldges would be forced to readjust and rest at the angle of

repose. Thls would result. in a furrow w1th a 'V' shaped Cross sectlon
- H

Some 1ong1tud1nal rldges were also thought to form when there are

2

, dlfferentlal rates of flow across a rock glac1er This may be espec1a1-

‘ ly true for some of the promlnant lateral moraine- 11ke ridges found on

some rock glac1ers A decrease in the amount of ice along the sides

of a rock glac1er may lead to an “increase-in V1sc051ty of the materlal

" which causes shear1ng along the margin of the rock glac1er Wahrhaftlg-

and Cox (1959) considered that transverse rldges and fUTTOWS were the

result of wrlnkllng of the non plastic surface layer,.or of. internal

\

4 *

shearlng resultlng in overthrustlng, as the motlon of a rock glac1er

n.

~slows in the front Outcalt and Benedlct (1965), on the other hand,
e 2A -
felt that afi“rrdges on a rock glac1er were formed by success1ve

’ .
r ' v,

readvances of an ice gIac1er. The rock glac1er then, was composed of
v

S

=l
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a grow1ng comple& of end moralneﬁrldgg Potter (l972) felt that - 'f'
. S .

transverse r1dges mlght result,from'g ac1a1 crevasses'being\infllled
P : P
w1th debr1s coupled w1th subsequent meltlng of the ice which caused a

reyersal-of relief. He also thought they may be flow features 51m11ar
o &
to the_annual7fo1ds Iogives) beneath an 1cefa11 ch, Raymond and Kamb',

! ’ . - - , [

1967) .. .

.Conical p1ts may\result from the collapse of<ddbr15 into

vert1ca1 tunnels w1th1n the ice-rich parts of a rock glaoler (Wahrhaft1g

and Cox, 1959; Potter, 1972) Sinuous futrows are thought to-bev

caused when a serles of closely spaced con1ca1 plts coalesce Such

' /‘ -
furrows may ‘also De analogous to the hlghly ‘sinous pattern acquired

L E !
o EEN . " R
. . - . . - s ) . - R i

*a
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by meltwater streams on ice égaclers (cf. Baird; l966? P- él).

Lobes on rock.glaciérs may indicate multiple phases of.
deyelopment (Wahrhaftig and‘Cox, 1959) caused by renewed activity on
the rock glacier after a period of quiescence. The renewed activity
is thought to start at the head of the rock glacier where a new one

forms and‘tr;vels_down the surface\ofjﬁge pre-existing rock glacief.
The large pits at the heads of some rock glaciers may have been
occupied by ice glaciers in the recent past (Wahrhaftig and Cox, 1959),
or they may be the result of the melting of a buried ice core (dutcalt

and Benedict, 1965; Bened1ct 1973).

4.5.2. The Morphology of the Rock Glac1ers in the Study Area

Figure 4.1 showsﬂthe location of the rack glaciers found

, wlthin the etudyfarea. Tongue4shaped ice—cored rock glaciers are

found 1mmed1ate1y downvalley from both of the C1rque glac1ers in the -

North and South Cirques. A spatulate rock glac1er 11es ?4 the foot .of y
Terminal ‘Mountain (Plate 4.1), and lobate.rock glaclers are foundw
aga1nst the north flank of-North Ridge. There»ls also an area belOw
the rldge between.Whistlers and lndlan Passes which appears to be: a

rock glac1er of. con51derab1e ant1qu1ty -

Most of the work in thls study concentrated on- the two .

o w

tongue shaped rock glaclers in -the main™ c1rques, and the spatulate

rock glac1er below Terminal Mountaln Flgures 4. 2 4.3, and 4.4 are

detalled Pplan views of each of these rock glac1ers " The plan view of
. the South C1rque rock glac1er (Flg 4 2) also 1ncludes the ablatlon

mopraine descrlbed in Section 4.4.1. The flgures 111ustrate the major

-
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FIGURE 4.4  Plan view of the Spatulate rock glacier.
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surface features and their respective lichen covers. HoWeyer, owing
to the large size and complex nature of the spatulate rock glacier,

the lichen and weathering measurements were restrlcted to a lU m wide
transect running down the center of the rock glac1er (Fig. 4.5c).
Long1tud1na1 profiles of all three rock glaciers are g1ven in Figure
4r5a,b,c. .Tables 4;1, 4.2, and 4 3 prov1de the deta1ls on the weather-
ing values and lichen cover observed on the North Cquue, South.Cirque,

and spatulate rock glaciers.respectiﬁely.

A. Form and M1crore11ef

fhe rock glac1ers in the study area all have sllghtly

'3{§¥orpholog1es and‘sugface features. The following is a brief
'-éﬁcrlgvﬁﬁn of each.

North Cirque Rock Glac1er

-

This rock glacier abuts the downvalley side of the
promlnent bedrock wall described in Sectlon 4.3.2. It covers an area

of ~0. 2 km and its overall form is tongue shaped w1th a pecullar

i;, assymetrlc front The “rock glac1er is more extensIVe doanvalley on

, the north 51de of the. cquue where it ‘is allgned with the gap in the
bedrock walP’(Flg 4 2). The morphology and llchen data sﬁggest that ?.

thls rock glac1er has two’ dlstlnct lobes superlmposed on one another'

<
BN

The 1ower lobe extends further downvalley than the overlylng lobe

The proflle (Fig. 4. 5a) 1ndlcates the' elevat10na1 dlfferences between ‘f
“these lobes. The frontal slopes on‘both lobes are very steep (39 -41° ) .
lichen fréé, and wmstable. There is also a sharp break between the

frontal slopes and the top surfaces of both lobes which lie at an -angle

::3 .‘. 3‘)-,1—
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of ~10°.

The top surfaces of these lebes ere charecterized by
different m1crore11ef The mlcrorellef on the lower lobe consists of
long%tudinal ridges ~5 m in helght whlch curve into transverse
orientations near the front. These succe551ve rldges are roughly
parallel to one anoﬂher and the outermost one forms the lateral
moraine descrlbed in Section 4.4.1 (Flg 4.2). The slopes on some of
these-rldges are as steep and unstable as the frontal section of the

lobes themselves, aithough they are much smaller. The microrelief on -

the upper lobe, on the other hand, consisty of straight parallel

ridges running the length of the lqbes.u These ridges are. spaced

-

~30-60 ¢m apart and are separated by 'y' shaped furrows 20-30 cm deep.
These features are composed of platy fragments of flnely interlamin-
ated. shales and quart21tes. he plates 1y1ng in the furrows are

Vertlcally allgned whereas, on the interven1ng ridges, they are nearly
) .

‘hdrigahtal‘ Tpls allgnment suggests Lhat cryoturbation may have been

espon51b1e for thelr formatlon However, if the nearby glacier over-

rode thiS'surface, there 1s also the P ssibility that this surface

‘ became fluted by glaclal actlon,

~

South Cquue Rock lacier

fThe rock glacier 1>\the South. Cirque. forms a cor” 1n—

g:

15
"“M

uum w1th the ablatlon mora1ne dlscussed in Sectlon 4.4.1. The tote'
area of thls rock glac1er ablatlon moraine complex is ~0 4 km As in
the case of the North Cirque. rock glac1er thlS ‘feature also has a

tongue—shaped form with evidence of two lobes. However, in the South
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V_Cirque‘rock glacier the - lower lobe has been largely overridden by the

upperilobe‘and‘only a fragment of it is still visible (Fig. 4.3). The
| frontal slopes are aga1n veTry steep (40 ) and unstable With a sharp
break in slope as their upper surfaces are reached The average slope
of ‘the ent1re rock glac1er is ~10° f Transverse, longitudinal, and

?
'lateral moralne like r%&ges are found on the surface of. th1s rock

glac1er The longltudltli ridges are, however, much larger and wider

than the ones on the North Cirque rock dlacier, and continue on from
the ridges described on the ablatlon moralne (Sec. 4.4.1, A).

A complex series of iateral moraine-like r1dges are

found’aloné the west edge of the roc lacier (Fig. 4.3, ridges: J,

K, L, M, N). These: rldges are frafil d and the inner ones appear
to truncate ~the outer ones. Furthetaup the valley they become"

1ndlst1ngulshable from the rock glac1er ablatlon moraine body Another

' noteworthy feature is a"large con1ca1 mound rlslng ~5m from the

Pl

w -

surroundlng surface, near the front of the rock glacler (VlSlble 1n>
Fig. 4.5Db). The bulk of this mound is cé\éo ed of a large ‘block of
finely 1nterlam1nated quart21tes, slates, and shales These lltholo-
gies are>occasionally’found.interbedded with the massive Gog quartzites
on the adjacent c1rque walls. It is self‘evident that'this'block must
have fallen from these cllffs ‘at some time\in the past and subsequently
been transported to its present p051t10n Addltlonal surface features
on the South Cquue rock glac1er include 51nuous furrows and conical

pits. The sinueous furrows. are especially prominent On the air photo—

graphs (Plate 4, l) . - . ' 1

A L i
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: ,be an 1nc1p1ent lobe Unllke the other rock glaciers descrlbed hem

rock glacier becomeigvery 1rregular. These ridges (F1g 4. 5c) are

glac1ers There are no obV1ous lobes present on the surface of the

Spatulate Rock Glacier

Unlike the. tongue-shaped rock.glaciersiﬁgich lie

within well-developed cdrques;‘the spatulate rock glacier is located
R e ) :‘\5 A ’ 4 )
at the base of an extensively subdued bedrock wall. No glacier occurs
VA ‘ ‘

'upslope from it por is there any evidence of'one in the past.

Wahrhaftig and Cox (1959). have theori;ed,that spatulate rock glaciers

form when tongue-shaped rock glaciers flow‘onto a valley bottom.

: Consequently, the decreaSe‘in gradienf causes § reduction in velocify

which results in compressive flow and thickening and w1den1ng of the

~rock glacier. This theory may eXplaln the widening of this partlcular

rock glacier as widening does not occur untll the relatively flat base

of the valley is reached. The total area covered by this rock glacier

2

is ~0.2 km“. The microrelief on it consists of longitudinal and trans-

verse ridges and furrows. The ridges are mainly longitudinal in the

upper sections of the rock glacler but become’ predomlnantly transverse

and arcuate as the rock glacier widens near its front. As thlS tran51-

tlon takes place the rldges become contorted and the surfac//of the

much larger than the ones. observed on. the other tongue shapedA rock

o

spatulate rock glac1er except for an area near the head, where the

. -

slope 1ncreases abruptly and becomes unstable (Flg 4. Sc) which may

front slope of thls rock glacier is stabfe, partlally vegetated, and

whas an angle of ~lO ;Alongfthegwest“Sidemof,the,spatulate rock. .

Do . X
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glacier liesga small mass of coarse rubble with faint transverse ridges
on its downslope sidg. This feature is thought to be a.rock glacier

of very minor development.

Other Rock Glaciers '
& . >

\ . The remaining rock glaciers ' in the.field area were -

studied only in brief’detail - Several'coalescent lobate rock glaciers

extend along the entire north 51de of North Rldge (Flg 4 1) The ‘

P
feasternmost rock glac1er was found to have d.similar 11chen cover and

N -

comp051t10n as the spatulate rock gldacier below Terminal Mountaln

~The front slope of the,North<R1dge rock glacler also'lles at 100, has

~ .
. ~
.

‘a turf cover, and does not eXhibit“multiple‘iohes;
A second area briefly studied‘occurs'below the ridge
. whlch separates Indian -and Whlstlers Passes (Flg ‘4.1). This area is

characterlzed by coarse debrls covered Wlth tqu and shrubs. The

2

terraln is hummocky and has the'appearance of transvers: ridges-such

as those found on the other rock glaciers in the study area fFor thls’

-1
«

regson it is speculated that this may be a rock glac1er comp; ex but

—

in the

one of much greater age than any of the other examples foun

valley. Alternatlvely, it may be the ‘remnants of the drif

L]

sheet ¢

‘descrlbed 1n Sectlon 4 4, 2 or the product of a large rock slide from

~the rldge above, hence its 1dent1f1cat10n remalns tentatlve

~B. ComEosltlon ;
; ) C .
Rock glaCiers must havera‘certain aﬁount of ice to

. ' |
maintain movement " As noted in Sectlon 4.5.15this 1¢e may be in- the

form of a burled 1ce core or 1nterst1t1a1 f1111ngs Also noted
© - R i {

| . »



, N | R ‘ R 3
previously, buried glacier ide was observed in the ablation moraine;

. 'f il

L

occupylng\\he-South Cirque CSec. 4. 4. l‘ A). It is reasonable to ,
@

assume, therefore, that thls 1ce contlnues downvalley and 11es bur1ed

o

in the rock;glacler sector, under a thicker cover ofrdebrrs."Hence, - !
it is-probable that’thislrock glacier is of the icefcored type;.\No
ice was/observed in the North Cirque rock glacler, Hongver, beeénsé\\v
it appears to be actiVe and also occurs immedlately downvalley from a

v ‘- o

contemporsry glacier, it is assumed that'it contains an‘ice?core; The

Spatulate and lobate rock gldblers, ‘on the other hand, show no 51gn of

.\“

‘ movement so the amount of 1ce w1th1n them, 1f any, must be m1n1ma1‘.

“

P _ “ -
The differences ﬂn ice content between the spatulate rock glac1er and

the rock glaclers occupylng the C1rques may be reflected by the1r
g

f5“ relat1ve 10ng1tud1na1 prof les. The actlve rock gla01ers 1n the cir-

3 e’ whereas the stab111zed spatulate rock glac1er

..'

has a concave proflle, suggest1ng a prior volume of now melted out 1ce.

qUes have a convex pr

The relat1ve amounts of ice within- these rock glac1ers may also be
1nd1cated by‘the amounts of water 1ssu1ng from their fronts The

actlve rock glac1ers have substantlal d1scharges, especlallv the South |
C1rque rock glacé@r where‘a large‘stream ex1ts from 1ts base The
spatulate rock glac1er on the other hand has only a few small sprlngs;
In addltlon, the spatulate rock glac1er also dlffers from the other S

- K3 Lo

rock glac1ers in that there 1$»no 1nd1catrpn of ajaast ice glacier at

h its head. This suggests that a dlfferent process was respons1b1e fbr

-~

Cits formation, perhaps by interstitial ice. -

' . ; « o e
All the rock glaciers in the study area are*?omRPSGd‘7“

)
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of simllar 11tholog1es, w1th thelr upper portlons lylng at the base of
Gog quart21te c11ffs On the other hand, rock glaciers are notably
absent from slopes composed of the Upper Mlette Formatlon (arg1111tesk

srltstones, sandstones) As noted 1n.Chapter II the Gog quartz1tes

| arefmas§1ve and break- 1nto large eduldimen51onal blocks up to 4 m in

s1ze whr\h may be a’ factor in preserv1ng the ice. The debrls on the

ra

e actlve rock glac1ers 1n the study area tends to have a two layered

T movement takes place .i' ' o 't.'\

o .

structure: a coarse upper layer 1ack1ng in flﬁes, and a lower layer

{
composed of sma}ler\clasts\m1xed with f1nes GPlate 4 6). The f1nes

have a loamy sand to sandy\texture (Appendlx B) and are V151b1e under
‘a few mpters of coarse material along the frontal slopes of the rock
gla;1ers. Potter (1972) has suggested that such crude sortlng may be ”
due t0" 1) w1ndblown fines 51ft1ng down through the coarse surfacgﬂ'
rubble, 2) . meltwater carfylng the flnes down to the 1ower layers,_or .;

\
3) the tn attu abra51on of the lower blocks, produc1ng fines as

K

- Another type of sort1ng is found in a number of the

surface rldges on the rock glac1ers, espec1a11y the sp?tulate rock
glacler, where some rldges are largely composed of un1form1y 51zed .
&

debrls This may be due to frost sortlng, however,‘lt seems more :

11ke1y to. be related to the nature of the debrls cones whlch feed some'

' S
of these rldges Some talus cones on the }eadwalls produce relatlvely '
unlform debris wh1ch is probably the resul of local varlatlons 1n _

bedrock structure (ngnts) The best examples of thls are aSSOC1ated '

w1th the f1nely 1nter1am1nated slates and quart21tes found in scattered
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-

)‘(

A side view of the South Cirque rock glagier
(North is toward the upper left hand cornmer).

' The two—layered structure of the rock glacier
1s clearly discernable: a few meters of coarse,

surface rocks, underlain by finer material..

_'Also note the tree covered terrain in contadt
‘with the front of the rock glacier, two lgbes at

the front of ‘the rock’ glacier, and a conical _ v
mound on its top surface ‘(top center of-the o y

photograph)



_ outcroppings‘along thefheadwalls .The talus cones produced by these :

rock units consrst of platy ,ragme ts o ly a few centlmeters rn length

and are dark 1n tone. Hence, these contrast sharply w1th the llght

P

colored quart21te blocks maklng up the surroundlng debr1s l].‘;:'*

'C. Ev1dence of Movement

Wahrhaftlg and. Cox s (1959) cr1ter1a for de erm1n1ng
whether a rock glac1er is- actlve are based on the character1st1cs
of its front slope ' The cr1terla for act1ve rock glac1ers are asa
follows 1) the frontal slope of the rock g1ac1er 1s unvegetated
2) the slope 11es at the angle_of repose, 3) 1t has exposed f1nes,.

~and 4) there is a sharp break between the frontal slope and the top

surface of the,rock glac1er Although these crlterla ate generally '
-true; recent ev1dence has shown that there are exeeptlons (Luckman and..
Crockett 1978).. Whalley (1974) has also suggested that a 51mllar morph—
ology m1ght be maintained 1f a debrls mantle keeps resettllng as a
bur1ed ice- core melts out, and therefore, no forward movement is -
necessary. Wahrhaftlg and Cox (1959) reasoned that in order to-
-ma1nta1n a sharp angle between the surface and front slope of a rock

glac1er, the debrls on the top surface must be m0V1ng fasfer than the

By debrls underlylng 1t In addltlon, there must also be a constant

- resupply of debrls to the front of the rock glac1er otherW1se the

k

steep frontal slope would dlmlnlsh and the sharp break in slope‘would |

— /-
/

round off through mass wastlng They a150‘conc1uded that in order'to
keep f1nes exposed along the front slope, the rest .of the rock glac1er

must aIso be advanc1ng 1nterna11y Based on Wahrhaftlg and Cox's

\\

f»ise'~” o
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V (1959) cr1teria, the rock glaolers in the North and South C1rques are -
.active whereas the spatulate and lobate rock glaciers are rnactive ,‘ ;
) . The best evidence for rock glac1er advancement 1n |
'Wh1st1ers Creek Valley occdrs along the front of the rock glac1er
iflow1ng out of the South C1rque where vegetatron is being overr1dden .
“?v(Plates 4. 7 and 4 8) ' In thrs locatlon, jrees grow1ng adJacent to the R

-

rock glacjer are t11ted away from 1t at varlous angles, and the bases ot .h_x°'
*_some of these trees have been recently burzed Othe\Ntrees, up to
‘3 m away from the front, are freshly scarred and’ broken by large blocks
-whlch have rolled off the top of the rock glac1er Overturnlng some . /.
ﬁof these stones has revealed recently burled heaths and mosses and
e1n ‘a number of cases, the under51de of the blocks are 11chen COVered
Also in some cases, the rocks at the base. of the rock glacler appear
dto be ploughlng and overturning turf before” 1t ' All,the,aboye evidence
"suggests very recent act1V1ty o o , ‘ 4{‘4 .
| As noted in the prev1ous chapter,:gh; initlal tiltinéb
of a tree can be determlned by an examlnatlon of its tree r1ngs (1 e.,
the formatlon of reaction wood) . A number of the tlltlng trees 1n the
, front of. the South Cirque rock glacler were cored The results of the | ¢
cor1ng are glven in Table 4. 4.’ These trees were found either partlally
: burled a; ‘the base of the rock glac1er or in a t11ted attitude up to
2 m away from‘1ts front Ev1dence from seven trees cored ~1 m from - }_\ )

the front (Table 4 4 ’T*i'to 12) 1nd1cates that they began tiltrng

- from 13 to 31 years ago; ev n though. they are not 1n~phy51ca1 contact

4

f;w1th ‘the. rock glac1er Th1s tilt;ng 1s'thought to be: 1nduced by the
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4.8 Tilted trees.and ovérridden‘vegetati

v
[ . .

0

- % front of the South Cirque rock glacier. - *

‘

n _at the
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:Eijable:4.4':rTré¢ core data. ’(fdyilocatiOh'see Fig. 3.2) -

o - } Dlstance from .Ind1cated s
°  Sample Spec1es Age ’rock glacier time of Gommeqps/,
no. _ _ - front_ - . tilt (years . , .
! ) - “g', - R .ago)

T-1 ./ Alpine fir 133 ‘= 1m 45 - Buried by the
S T o T . . - Trock glacier
T-2 " 108  -50cm - 40 "o
T-3° o 143 o 0. . -- f ' No réactioﬁ wood
- o o v o - - found. : '
T-5 " 54 -1.5-1m 19
T-6 .~ " -9%; M 25 -~ Tree broken and
P e . o o x dead. o
T7 " g om o 22
T8 . 36 " 7 , |
EREE - MO TS (. A o21- Badly bruis
T-10 - " 102 v 57 Reaction woo_j&nly
: R ‘ : ‘ ' , for 9 years.

T,ll . _ ‘ 1" ‘88 ' - - 13 )

T-W : |'|‘: | 166 .  .|| » : 31. B _ ‘7
T-1 . . Spruce ‘ - 288 -- ". R ‘ Grow1ng in the’

, : : - forest before the

o 4 Ce _ "Soquth Cquue rock
e S glacler, :
“‘T-14 . " B 322 - L o ‘u e
T-15 - .M .243 . —a Ll R

T-16 : T:Alpiﬁgiffx ,44,‘_" s ' J.ﬂ;-;“  vf,Grow1ng on the

. // ) .

" 'spatulate’ rock b “':’Q

s S glacier.




loadxng ef cts of snovbanks which accumulate-against th;\front of‘the _ j", :,;
rock glaclji dur1ng the w1nter. One partlcular tree stud1ed (T—l) was |

'..found W1th its baSe\burled 1I'm behlnd.the front of. the rock glac1er.
» . The treefring data obtained indicates that4it'began,tiltlné\abomt 45 . . -%
years ago. prthis partiézlar tree began tiltinnghen'the front’of

the rock glacler was from 1 to 2 m away,»then an approx1mate rate of

E advance can be calculated ( 2. 2 4.4 cmyr ) Thls 15, of course, onfy‘

a m1n1mum estlmate since the movement at the front of thlS rock glacler

. is. 11ke1y to be sporadlc as stones roll off the front face (i. e.,'see

, y :
g 5porad1c movement of the Arapaho rock Elac1er, Table 4 5) and it 1s g

also p0551b1e that initial- t11t1ng did net occur when the tree was

P

"1;2 m away'from the front edge. A comparlson of this local rate of

4

aadvance to other rates desc ed in the 11terature (table 4. 5) suggests ' ,fk

that this value 45 slower th: n average, perhaps because thls rock
glac1er mustﬁf?ow sllghtly uphil as 1t advances onto the vegetated
surface. R " 3 v 4
e . | Since the front'of the rock glacier in the North
;Cquue 11es above tlmber-llne,lno 51mllar evidence ex1sts to dempn-' f
r

_ strate that this rock glac1er 15 advanclng However,»1nspect1ontof

-stones in front of thls rock glac1er has shown that a number of them

o 4

have been recently dep051ted ‘as 1nd1cated by 11chens on thelr under-i

P e U

',‘51des and the absence of"llchens on their presently exposed~surfaces.,
“In addltlon, the upper lobe of thlS rock glac1er has*u—number of
features wh1ch 100k’ 11ke slump scarps near the front of it wh;ch may

indicate recent settlement as the 1ce-core is melt;ng out‘(Flg, 4.2).
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Table 4.5 Some.recor%‘&xraiés*ofvmoveménf fof'rbcklglaciersé
c . -‘ R4 “'q . \,""b ‘ ‘. o . .

2

~ oy e

{

Source  }'«_“/./‘f . location & R ,Rété‘(cmyffi)“.,“ ‘

| Wahrhaftig and Cox - Clear Creek Rock Glac1er, .

. (ss9) . Alaska

Outcalt and Benedlct s Arapaho Rock Glac1er,
(1965) S T Colorado ' -

7.Wh1te»(1971) o C Arapaho Rock Glac1er,

- Osborn (1975) B R mL&kC Louise,.Banff National

‘IColorado,' L “
” Taylor Rock Glac1er,
' Colorado; - » 3
-Fair Rock Glac1er,._,’ ﬂ
Colorado R g

-Pafk

Hughes, Rampton, and Sheep Mtn Rock Glacler,

Rutter (1972) -~ Yukon Terrltory

 'This’Study - . "+ South Cirque Rock Glac1er,

- ) Whlstlers Creek

‘-'62,';'-'

19

9.7

70-80

35

>2.2-4.4

. \_ LA

92
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Rock g1ac1er activlty may also be 1nd1cated by the ,:
& -

.general 11chen ‘evelopment found -on their surfaces. On the rock

‘glacrers studled 1t was found that 11chens progre551ve1y decrease in

srze and coverage as ‘one gOes from the term1nus, to the head; or from _

LS .

the s1des, toward the céhter (F1g 4 2, 4 3 Tables 4 1, 4 2)

11chens are also usually restrlcted to the r1dge crests and are comm n-

ly absent 1n the furrows.' If 11chens colonlze a surface as the sub-

strate becomes stable, two. alternatlve 1nterpretat10ns are. warranted. L

?1rst, it appears that stablllzatlon of the debrls has taken place,4

. §
'3_-1n1t1ally beglnnlng at the front and 51des and worklng progress1ve1y

\

B towards the center.1 ThlS 51tuat10n would suggest that there is a

stagnant ice glac1er bur1ed under the debrls whlch is- me1t1ng out from o

(O
the edges towards the center.v The second 1nterpretatlon 1s that the

11chen d15tr1but1on represents the amount of time the surface has been

S

exposed as 1t travelled from the headwall source. The la‘gest 11chen‘,'

,e‘,_
‘therefore, would be found at‘the front of the rock glacrb
7

is where the greatest dlstance to the headwall occurs. The best

51nce thls

N support for this 1nterpretat10n is found along the 10ng1tud1na1

r1dges whlch grade 1nto talus cones., Here 11chens are: absent near the H. N

, cllffs, but progre551vely 1ncrease downva‘ley along the r1dge The

11chen dlstrlbutlon found on the rock glaclers 1n Whlstlers Creek

Valley is- probably the result of both of the above factors. rln ,;y’f"“

u

J

» addltldn, certaln areas on. the surface of the rock glau1ers have a.

thlcker debrls mantle, and hence greater stab111ty, s0’ 11chens colonlze

s

shese areas more qurckly, whereas other areas w1th 1ess surface debrls ,

'a




Ny

-

are subJect to 1nstab111ty as ;he 1ce melts’put (1 e., the pits and

hjfurrows) A detalled dlscu551on of the past movement of the rock

glaC1ers in the study area 15 1nc1uded 1n the next chapter.
o,

S e e R
4.5.3 Summary and Conclu51ons R ’

..&-" - -.-/

g ﬂThe study area: contalns rock glacrers of several morphOA

';loglcal types Each type has spec1f1c characterlstlcs wh1ch suggest,“"

..dlfferent modes of format1on' The tongue shaped, ice-c ored rock |
RS . .

P

‘glaclers are fbund 1n c1rques whereas ‘the spatulate and lobate, 1ce-

’J‘bcemented rock glac1ers are found at the base of steeP cllffs The

' J”',eV1dence presented for the tongue—shaped rock glaclers in the North J.'-

: vand SOuth Cquues suggests that the 1ce glac1ers 1mmed1ate1y upvalley -

-

-7were 1nstrumenta1 1n the1r formatlon.“ Thelr development was 11ke1y

0

.related to an 1ﬁit1a1 advance of the 1ce glac1ers durlng wh1ch the

gl c1e s were capable of tran5port1ng the hlgh 1nput of detrltus fromi‘

surroundlng C1rque walls._ However, as the cllmate amellorated and/or

ar1d1ty 1ncreased the glac1ers retreated and were no. longer capable

i of transport1ng ‘the mater1a1 fa111ng onto thelr surfaces. Thls y“ﬁ*;;uh

S resulted 1n an ever 1ncrea51ng debrls COVer on the glaclers whlch

would have been augmented by'the accumulatlon of englac1a1 debr1s.“‘

pAs the glac1ers thlnned the supply of 1ce to the front was terma’ated‘ N

.

\. P

‘“'mgand the 1ce became.stagnant¢ Stagnatlon of the glac1er fronts was . ‘

"jprobably greatly enhanced by the bedrock obstructlons occurr1ng 1n .

'37both of the c1rques whlch effect1ve1y cutnoff the-. source areas. ‘t'

. -
ki

94

,;Eventually the debrls mantle on,;hgse burled glac1ers became SuffICIGBt—h 5‘-‘

- hly th1ck that it 1nsulated the stagnant 1ce from completely meltlng




.-Under the accumulat g overburden, the remnant 1ce-cores were able to
. retreated T f‘"js;p‘ _ f

‘:“'of Termrnal Mounta1n probably had a dlfferent origln. It is thought“f

’ B
“1nterst1t1al 1ce formatlon,,and 1n turn,vmay also have been d1rect1y

N

o flowed down the valley ta 1ts present posrtlon..* ‘?; 2 ”f”

5.flow and advance whereas the ice glac1ers 1mmed1ate1y above tﬂﬂn
L g

F.

On the other hand the spatulate rock-glac1er at the base .’

\

Zthat th1s rock glac1er was formed when the cllmate was severe enough,

N . 'I\ .

._of the mountaln. These north faclng c11ffs presently offer maxrmum

i protect1on frOm solar radlatlon and may have developed permanent Snow e

patches 1n the past.) Such snow patches would prov1de moisture to a1d

[T

o -

_‘aEventually the 1ce content became such that the 1ce rock m1xture

v
.,

At present the 1ce cored rock g1ac1ers are actlve whereas :

o

<
o

.95

3 for ice to- accumulate rn the 1nterst1ces of coarse talus at the base];?,QV :

it.*'}bumed by debrls and subsequently 1ncorporated 1nto the rock glac1er.rpf;ﬂ

'vthe spatulate rock glac1er 1s 1nact1ve. Thls may suggest that the 1n1t131f

e cllmatlc deter1oratlon wh1ch eVentually produced the ice- cored.rock glac- o

:51ers was not severe enough to 1n1t1ate the development of the ice-tementedg

. one. (because of the lower paleoshowllne 1mp11ed)

N

4

¢
number of s:.tes within Jasper Natlonal Park In addition, the head of the

spatulate rock glacrerols ~180 m. lower than the heads of theTact1ve ' ,~§n

- rock glac1ers wh1ch may 1nd1cate that the earller phase of rock

‘IJ s e 7Y

”glac1er deVelopment was cllmatlcally more severe than the most recent

o

Y .

Lobes form on rock glacrers when they become reguvenated -

E . e P - " RS L
. . o ?

‘._type., A srmllar observatlon was made by Luckman and Crockett (1978) for a
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-

after a perlod,of 1nact1V1ty Two distinct iobes were found on both

of the ice- -dored rock glac1ers and an- 1nC1p1ent lobe was found on the
E ]

spatulate rock'glacier.‘ It Ls p0551b1e that the lobes on the 1ce-cored

.rock glaciers formed when their adjacent glac1ers advanced and over-

rode them, only to stagnate agaip as described,above. This mechanism
rAy also expldin the’complex series of lateral moraine-like ridgesA

. , .
found in a few sections'of,the rock glaciers. - Developnentvof a lobe |
on the spatulate rock’gla;ier may'have been curtailed'duringnthe '
latest climatic deterioration since the earlier phase'of rock«glacier
act1v1ty appears to. haye denuded the cllffs to such an extent ‘that the.
supply of detritus to the head has been exhausted. Complex forms of -
.m1crore11ef found on the surfaces of the rock glaelers are be11eved to
relate to'internai flow'andwto differentiai melting of ice rich‘areas,

enhanced.hy heat conduction from meltwater.

| 4. 6 Slope Debrls DeposltsA

A very w1de range of landforms fall into thlS category, 1nc1ud1ng
the rock glaciers dlscussed in the prev1ous section. This category is
d1v1ded into three basic. sectlons avalanche ‘and talus»slopes;

sollfluctlon landforms and patterned ground and ploughlng blocks.

®

-~

- 4.6.1 Avalanche and Talus Slopes

Most of the debrls at- the base of the quart21te cliffs

originates from either rockfa115'or avalanches (F1g._4.1), forming

aprons and cones. As noted in the previous section, these features .

“often- feed the heads of the rock glaC1e1 “he cor-s and aprons which -

i;are composed of a w1de range of rock 51a§s, 1nc1ud1ng 1nterst1t1a1

-

K



f1nes, are thought to have a polygenetlc or1g1n, whereas those

composed only of coarse debr1s are thought to result pr1mar11y from

rock falls. Scars from former mudflows, often w1th well developed

levees on their banks, are common on these dep051ts. Protalus mounds

N

hof recentvorigin, formed by the accumulation of debris at.the base of

. snowbanks, were also observed in the upper cirques. A number_of hlock

fields were also found on the valley floors (Fig. 4.1).

’

Based on lichen cover ex1st1ng on some of the above

dep051ts (Table 4. 6) it is ev1dent that a_number of these slopes are

being constantly renewed whereas others are 1nact1ve " Formation of

“

these ‘have resulted from either a more severe c11mate, w1th 1ncreased
freeze- thaw act1v1ty, or simply from debrls prov1dgd by cllffs which

have‘become exhausted. Morphological eyidence suggests that both

conditions exist in the study area.

4.6. 2 Sollfluctlon and Patterned Ground

Sol1f1uct10n (gellfluctlon) is the most ub1qu1tous process
- . . /
in the'areamand a w1de variety of assoc1atedylandforms—ex1st. The
U S

' . most .common are lobes and terraces (Fig. 4.1).

-

One of the most interesting 1ocations for solifluction

vb_lobes occurs at- the snouts’ of the spatulate and lobate rock glaclers

'prev1ouslyfd1s Jssedf The lobes at the base of the spatulate rock

glacier (Fig 4.1) are of the turfiand stone-banked typen(cf._French,

, 1976). The stone—banked lobes have turf on their‘ton surfaces'at‘an
Vangle of 17- 18°, whereas the Tisers are commonly at. 55

~ One partlcular stone- banked lobe was excavated and examlned The

7

b
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riser portion of this lobe, ~1 m high, was composed of large blocks of

. - . ‘ - s ' - . . h . A- »
various sizes stacked on/éach other, . with an absence of fines. .Orien-
T > L] ) . A . . .l . 7 -
. tation of the clasts was not evident because of their equidimensional
: A : Ny - o

nature. No. 'signs of recent movement such as recently buried vegetation

S at the base of the lobe was evident; However, the‘top parts of some of-

e

the lobes were. dlsturbed by recent mudflows of a locallzed nature whlch '
o washed flnes between the rocks, mob1l~v1ng them and rupturlng the €UIf
The turf-banked lobes examlned were commonl\ assoclated w1vh spr1ngs

/ which produce saturat1on5 Excavatlon of one*partlcular lobe showed a

S

surface layer of turf overlying fine 51ltsf Below 12 cm a heterogeneous
mixture of coarse rock debris, including fines, was_encountered. géf

cently oVerridden'Vegetation’under the*front'of the lobe suggests that

v

it 15 actlve. No organlc mater1a1 however, was collected for radlo-"
metrlc dat1ng as ‘the materlal was. apparently of such recent Qr1g1n.

One large, turf banked sollfluctlon lobe was- found at the’

-

, ~.
front of the lobate rock glac1er (Flg 4 1) The turf’coxered tread

of this lobe, lylng at 15 , 1s composed of a m1xture of flnes and R -

>

rock clasts_whlch-contrast markedly with the large,blocks_comp051ng
the‘rockdglacier immedi :ely.behind %t;v'On the front sﬁfface-of this
lobeithere are a number.of places where the continuous.turf 30ver>has
’ been'recently ruptured; ThlS maybsuggest a recent increase ‘in sol1—v
fluctlon processes act1ng on the lobe. - The 51m1lar1ty in locatlon of
‘ the above lobes suggests that they formed as fines accumulated at the

front of these inactive rock\glaclers. These £1nes llkely accumulated

.. as spr1ngs and meltwater washed through.thevrubble of the upper rock-

o
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o
::Hglaciers.and exited at their fronts A number of spr1ngs are presently,'

emerg1ng from the front of the spatulate rock glacier and these prov1de e
abundant moisture for sollfluctlon. L : &g:
_Other solifluction lobes and terracesgwere.found;on slopes

'rangingpfrom 8° on Marmot Pass to 34° on the northwest flank of Marmot d
Mountain. Sollfluct1on terraces were espec1a11y promlnent on the

soggy southeast slopes of Indlan Rldge ( 11° slope, F1g 4. 1) . The |
location of soI1f1uct10n in the study area did not seem to depend on’
slope or1entat10n, but rather on the abundance of m01sture and a '

v
cr

rsubstrate of f1nes. .
' :‘ Patterned ground 1n.the study area consisted of sorted and
' non-sorted strrpes,hsorted and non—sorted polygons,-sorted steps, turf7
-hunnocks; andzturf rimmed nets. With the except1on of the turf E i: -
_hummocks fgund in the North Cquue, all the patterned ground was
‘aSSOC1ated Wlth the small platy fragments of the Upper M1ette Formatlon
(for locat1on see F1g 4.1). All these forms were: fresh in appearance
and 1n some cases showéd 51gns of very'’ recent act1v1ty . Novre11cd
patterned ground was.found. 'Excavatlon ofvthe-turf hummocksvin thel
North Cirque (Fig 4 1), indicatedbfrozen'groundb:20 cm'below the |
"surface by m1d August of the 1977 field season," and may be. ev1dence

of permafrost at. thlS eIevatlon (~2350 m).

4 6.3 Ploughlng Blocks

Ploughrng blocks, sometlmes known as. glldlng bfocks, are

o

va product of sollfluctlon, partlcularly frost creep.. They are boulder-

_ s1zed stones which move down a slope 1eav1ng a furrow beh1nd them, and

Ve



‘%V’
T

N,

forc1ng up ground before :hem (Plate 4.9)...\ Tufnell (1972,‘1976)'has

exten51ve1y stud1ed the movement of plough1 blocks in the'Moor‘

1

ound’that 95%‘of the_‘

_,.

House Natlonal Reserve 1n England Tufnell

movement occurred durlng the w1nter and total movement was’ commonly

<; pmyr-l, block movement varled from year to year dependlng on both

’ the severlty of the W1nter (a severe winter would accelerate movement),
and on changes in slope gradlent encountered by‘the block as it moved
downh111 Tufnell concluded that ploughlng blocks were a product of :

a m11d per1g1ac1a1 env1ronment as the1r movement was predomlnantly

produced by frost actlon (heav1ng) a551sted by grav1ty, water and '

temperature fluctuat1ons:>0 C, cau51ng expans1on and contractlon of the -
S

' blocks wh1ch result 1n a net downhlll creep.
A number of ploughlng blocks were found in- theégtudy area
(F1g 4 1) : Slnce ploughlng blocks must move faster than the surround—
1ng 510pe mater1a1 they are commonly found on stable, vegetated |

-

terraln. ‘A few ploughlng blocks in the study area, however have also
been found on non vegetated sloPes Some non- vegetated surfaces also
' contaln "brake blocks" (Tufnell 1972) In thls case the surround1ng
*fines move. faster than the block so that a furrow forms on the down- -
.h111,51de. |

. One of;the'most interesting bcations wheregploughing o

- blocks are found 1s w1th1n a forested area northeast of the North

Rldge (Flg 4.1, '~10 slope) The blocks found in this asea are up fo
| 4 m in- length the largest of which had a pronounced mound ~75 cm high

on its downh111 side and a deep furrowh-ZO n long on the uph111 side.

102
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N

" Plate ‘4‘.‘9 P »Vughingz Blo‘,cks.v Note the pus‘hed‘ up earth at__'
' ‘ the {ront of the block and the trailing furrow.

N\
N\ ’



‘The'fuerW“Was completely covered with turf, except for a 10-20 cm

gap of non-vegetated silt'immediately behind th%,hlock,' In addition,

tree and shrub: vegetation is noticeably absent in the furrow,whereas

vshrubs_are well»established_aiong'both sidee of it. |

Several.conclusions may be made from“the observations on

'»thisllatterlbloci. First, the length'of the furrow behind the block
~giveswahninimum estimate (~20fmf of the total movement‘that the block

h_;@$as.travei1ed.' Secondlya insofar as the furrow consists ofra.vegetatEdl'

" - and non-vegetated sUrface,:eeveral phaees of“novement must
hare taken place. The nost reCent movement (non-vegetated silt zone)

was at least 10 20 cm and may have occurred during the previous w;?%er.

© Thirdly, it is possible that this block has overrldden dateable

organic material‘which nowvremains buried in the. furrow. v

. Another interesting‘exanple of ploughing blocks uas'found"
adn”Marmot Mountain' Here‘it appears that'movement was initiated‘as a
sol1f1uct10n lobe advanced beneath a block and 1ncreased 1ts gradlent
The entire- length of the furrow (~1 m) was non- vegetated suggestlng
,one, 51ng1e, recent movement |

In summary,.a large nunberNOf ploughing blocks have beeni
found in the study'area. These blocks are'c?mmonly found on gentle
slopes (~10°)iand'show eVidence of multiple movementé. Some of the.
large blécks.are ploughing'thrOUgh‘vegetated terrain andimay have
.hdateable organlc material buried in-the furrows behlnd them Although

N

'some work on ploughlng block movements has been done in Europe (1 €., d

'Tufnell,»1972, 1976), the work in North America has been virtually ‘ )

N
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/ , . : S
non-existent. However, research on the past movements of ploughing

T——

‘blocks, such as those described above,‘may'reveal periods of increased

periglacial activity that ocfurred in the past.




CHAPTER-F[VE
LIMITATIONS AND RESULTS OF THE RELATIVE AGE STUDIES

In this chapter the limitations and results'of’the relative age
dating techniques'described in Chapter III are discussed. In addition,

the recent glac1a1 and per1g1ac1al hlstory of Whistlers Creek Valley

is tentatlvely outllned from the evidence prOV1ded

-

5.1 Lichenometry

The l1chenometr1c data for various surfaces and features in the
study drea are found in Tables 4 l 4 2, 4.3, and 4. 6 Llchenometry
»proved to be a very useful techn1que forﬁlnterpret1ng and dat1ng recent
- movements in the rock glaciers. It was also found that certaln 11chen
"spec1es such %5 Umbtltcarza deusta Acqrospora gZaucocarpa, and \

_ AZector;a pubesens doﬁﬁnate the llchen cover 1n the study area td\the

" extent that the quart21t1c cllffs and debrls slopes are 11terally
l"blackened by them Slnce the substrate is llght colored dlstlnc—
tions between very fresh surfaces and older, lichen covered surfaces
can ea511y be made. However, there were a number of 11m1tat10ns when .];f
attemptlng to ‘date older surfaces One such problem is that wherg/the,

'Black 11chen Umbzlecarza deusta and Acarospora gZaucocarpa are found

with B. geographtcum it appears that they are able- to domlnate and

grow over the Rh1zocarpon - It was observed that surfaces whlch were
considered ”old” accordlng to other relatlve /ge cr1ter1a, 1nc1ud1ng

- a very extensive 11chen cover, ‘had relatlvely small R geographzcum

/

thalli. For example, the moralnes below the North c1rque ‘rock glac1er:'

SN

106



o107

f(Flg 4.2) have maximum tha111 of 65 mm, whereas the rock glac1er

" itself has a maxlmum of 95 mm (Table 4, 6) oThe dom1nance of the other '

} .
11chens then,\probably h1nders opt1mum growth of R. geographzcum,;‘3

"-espec1ally as .the substrate becomes 1ncrea51ng1y crowded through tlme

"This, in turn, leads to 1ncrea51ng d15crepanc1es between actual age
and the age determlned by the 11chen growth curve._ R
Flgure S 1 is'a graph of the relatlonshlp between max1mum R.

3 geographtcum tha111 and the percent of total 11chen cover found on-

i various surfaces in the study area, In general the graphvshows that

(
?-,
)

’a surface is qu1ck1y covered by 11chens as the size of R. geographtcum
increases- Approx1mate1y459% of-the surface rs covered by the time
"the tha111 reach 65 mm. Onittdng extrenes;.and‘values of:>§0% cover

(the 11m1t of measurable cover by the technlque-descrlbed 1n Chapter,
.-III) /a 11near regre551on 1nd1cates that the theoretlcal max1mum dlameter

.of R. geographtcum is. 125.mm (as thls 15 when 1006 11chen cover 1s_

*‘vachleved) However, thlS relatlon 1s unreallstlc because the 11chen

ithalll are roughly c1rcular and contact between adJacent tha111 would

cactually occur long before 1009 lichen cover has been reached

-addltlon, the actual rate at wh1ch a surface becomes covered w1th

11chens w111 vary dependlng on’ the némber of 11chens and the types of oo
spec1es grOW1ng on ‘that surface, as well as. on the m1croc11mat1c
c0nd1t10ns ’ Typlcally, measurements 1n the fleld have shown that

after ~ 50 mm of growth 1nterference between 11chens occurs and

" 1nd1v1dua1 R ge0graphtcum thalll tend to coalesce. The above evidence

i

pu

_then, suggests that u51ng very large, 1solated tha111 for dat1ng may
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"'be erroneous., The very large tha111 are probably not grow1ng in the . ,hQ//,
. .. . da A . i .
‘optlmal'm1croenv1ronments necessary fbr datlng (see Sec.<3 2 3) because

iwf1f they wene, 1nterference w1th adJacent 11chens would have long

“e o

_3h1ndered the1r growth In addltlon, Flgure 5 1 also shows that the .-

' percentage of 11chen cover 1ncreases very rapldly 1n relatlon to

1ncrea51ng R, geographtcum tha111. It is, therefore, of less walue-

>than R geographzcum size in maklng relatlve age- dlStlnCtIOHS between

. older surfaces.

PN v

Another problem that occurs when attemptlng to date khe older
.usurfaces wlth R geographtcum 1nvolves the poss1b1e senescence of the T

"spec1es. It is not known if, or when, R. geographtcum reaches a maxlmum '

.-

'51ze before growth ceases\and deterloraxlon occurs Many of the larger

“'llchens measured were partlally eroded, espec1ally near the center of

-B

the thallus. ThlS may 1nd1cate senescence or, on the other hand, 1t
may Just reflect the harsh env1ronment of the study area Blow1ng

'.snow and debrls, due to h1gh w1nd veloc1t1es coupled w1th depauperate
{J

ey

vegetatlon, result in substantlal abra51on in alplne env1ronments.

The largest R. geographtcum thallus found in- the study area was 140 mm,

.
on the spatulatearock glacler. Older surfaces (such as the tors and
fother bedrock areas) had max1mum sizes of 130 mm ’ Therefore, 130-
140 mm tha111 may represent the maximum atta1nab1e size of R. geographt— R

N

-'cum 1n the study area. The 11m1t1ng factors may be the ones dlscussed
above or, alternat1vely, 1t may be that at some t1me 1n the past, mechanl-
cal weatherlng may have been severe enough ‘to have destroyed all prev1ous

~lichen cover..‘Hence, the,lichen sizes would}represent-the t1me-51nce[ L
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"thlsTaccelerated weathering had.cease*. 'However, Luckman‘(1977) found
R.yéeographieum thalli up to 280 mm in the Mt. Edith Cavell-area and
workers "in other areas-haVe also found larger specimens{(i;e.;‘Benedict,
1967'4Denton and iarlen, 1973). | |
'ﬂﬁ thlrd maJor llm1tat10n for datlng the older surfaces in the
thlstlers Creek area arises from the fact that the growth curve for
R geographtcum (Luckman, 1977 Fig. 3.1) extends back only 250 years
 Luckman (1977) suggested that the growth rate beyond_ZSO years is
-~11.4 nm perfldo years, however,no data exists so age estimatesvmust
remain speculatire. | | |
:As an aside,dthe éanthorddvelégars specimens found in‘the study -
‘area were dated u51ng Osborn and Ta)lor s (1975) growth curve for the -
‘Lake‘Loulse area When compared with th%)dates obtalned from R.
"'geographtcum for the same surfaces, w1de dlscrepanc1es occurred These
: dlsagreements probably emphasize the: effects of dlfferlng env1ronments'
: between Lake Lciise and Whistlers Creek.
- In summary, when dating Surfaces.by lichenohetry_the_most.recent -
":agedestimates, hack to ~250 BP, are thought to. be reasonablyhaccurate.:
*Also, obvious'distinctions;could be made betneen very recent'and‘older _
deposits based.onvnercent lichen cover. ﬁespite the problems“discussed
" above, the lichen datahfor the study area ls'lnternallyjconsistent.
That‘is ‘Wlth few exceptions, the size relationships of R. geograéhicum
agreed with the relative ages of the surfaces, as 1nd1cated by cross-
- cutting relatlonshlps and;superp051t10n Nonetheless, 11chenometr1c

dates beyond ZSO‘BP‘hust be regarded as very rough approxlmat;ons.
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5.2 Rock Weatherl ng ‘ » o

/The rock weatherlng data is presented in Tables 4.1, 4. 2 4, 3 and
4.6f Oxidation rinds were the only weathering feature which could be
systematlcally sampled in thq@study area, although minor dlfferences o
in angularlty of the rocks were detected on debris of obv1ously dlé}er-b
ing age. Weatherlng p1ts and crystal relief were almost absent on the
dep051ts observed except on some. conglomerates (1 e., the.tors) ThlS
was largely due to the res;stant'nature of the quart21te.rocks 1n the ’
study agea and it is apparent that considerable time'is‘required for
any notlceable weatherlng dlfferences to occur (cf. Dyke,- 1978)

Flgure 5.2 is a graph show1ng the relatlonshlp between rind thlc}ness
_and lichen d1ameter (R. geographzcum) found in the study area. A
'Slgnlflcant po§1t1ve correlation is 1nd1cated (r = .66, p = .01) between.

the two'variables. Since'there'?s no ciearly detrned dependent»variable,

~a reduced major axis line was calculated to describe this relationship

(Till, 1974). The line indicates that no detectable rind forms until

1

the lichen are ~40 mm in size. This correspbnds'to ~70 years, based on
. . . ! §

‘the lichen growth.cur;e. Figure 5.2 also shows that there is generally
a maxiuum rind-depth found for iny giuen Rr.geographicum size. However,
it is p0551b1e to have a number of thinner weatherlng r1nds for - the

‘same sized 11chen in other 1ocatrons In some. cases heav11y llchen

" covered areas had no tind at all.v A number of m1croenv1ronmenta1
conditiens, including rock type and constituent grain srae, govern the |

_extent of" rlnd development (cf. Blrkeland\ 1973) Some lichens were.

found to be leachlng the surface of‘taf rock produc1ng light colored

“
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rinds which-might accelerate the formation Of oxidation r;nds. The
two extreme:values'of 7 mm were found onvfairly coarse gfained con-
giomerates,' In addition, mechanical‘WeatnerinngUCh a /exfoiiation )
~may cbunter the{preservation of finds through-tine/aﬁé7

o v : : : :
age estimates. The above problems were limited as much as

give erroneous
’possable by sampllng enouch stones at a glven site unt11 what was
con51dered to be 4 representatlve sample was obtalned Although the
>imitations described hindered d1fferent1at10n of ‘subtle changes in

rock weathering, gross distinctions of weathering zones could be made,

especially going well beyond the range of‘iichenonetry.

5.3 Establishing a Chronology  «

This section further'intefprets the iichen'and weathering rind“-
data dlscussed in the prev1ous sect1on and establishes a chronology -
based on thlS ‘data. Flgure 5.3 shows a breakdown of the llchen data
(found in Tables 4.1, 4.2, 4.3 and 4.6) intO-a histogram. 'When
conSidering just. maximum R. geographicum ValuesdforISelected sites ih

_the study area, there appears to be a trimodal dlstrlbutlon of 11chen

sizes: The modes are 31-40 mm, 51- 70 mm, and 111-130 mm, respectlvely

" When addltlonal data of maximum tha111 are added such’ as those found '

on the rldges of the rock glac1ers, the modallty appears roughly the

same (F1g 5.3). ThlS distribution suggests at leastvthree dlfferent'

A

perlods of 1ncreased lichen colonlzatlon The two youngesf phases

fall within the range of relatively aqcurate lichenometric dating.: The

'most recent phase dates in'the_lagev1880's,.Whereas'the preceding \__"

112
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FIGULE 5.3' Hisrcgram of lichen thalii in the study area.
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phase dates from the early l700's (250 BP) at latest. | After the latter
I

phase there 1s a scarc1ty of maximum R. geographzcum tha111 suggestlng
'.elther a perlod which was not conduc1ve to lichen c010n1zat1on, or one
whlch was annulled by subsequent geomorphlc act1v1ty The oldest phase
of colonlzat1on has a llchenometrlc estlmate of ~800 BP (llSO A.D.)
but, as- dlscussed in Sect1on 5 1, this must be con51dered as a m1n1mun
,estlmate | |

: F1gure‘5 4 1s ‘a h1stogram of the weathering r1nd thlcknesses
found in the study area (Tables 4.1, 4, 2, 4.3, 4.6). Thls data is

more 11m1ted than the 11chen data 51nce many of the more recent

dep051ts lack rlnds (see Sec 5 2). However, excludlng zero r1nd

o 'values, F1gure'5 4 shows a complete range in rlnd th1cknesses from

’

1 to 7 mm, w1th sllght peaks at 3, 5 and 7 mm. When the add1t10na1 :
data from the rock glac1ers is 1ncluded, the large number of'l and

2 mm.rlnds on the spatulate‘rock glacier cause the 3 mm peak to Shlft
Q_down and W1den The result is that there 15 a dlStlnCt modallty at
.1 3 mm - and 5 mn. These characterlstlc thlcknesses may be 1nterpreted
as spans of t1me when exposure, stablllzatlon and reduced mechanlcal
- weatherlng\of surfaces had taken place Based on the relatlonshlp

-‘descrlbed in Sectlon ‘5. 1 these peaks occur when the lichens are - g "

'_&60 110 mm and ~160 mm in- 51ze, and canjln;turn:be lichenometrically
dated at 180 BP (1770 A D. ) to 670 BP,and 11000 BP, respectlvely
These dates do not c01nc1de with the dates 1nd1cated by the- peaks. on

the llchen 51ze hlstogram (Flg 5 3), and may 1nd1cate that ‘the

relatlonshlp between rind th1ckness and 11chen d1ameter descrlbed in

~



'Section‘S.Z is inaccurate.
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The above discussions. show that there is a certaln amount of

‘ overlap between the lichen and weatherlng r1nd data. In order to

-obtarn a clearer p1cture 'of the relatlve ages of the sample 51tes,

the 11chen and weatherlng r1nd data were comblned PreV1ously, it was -

noted that there are d1rect relatlonshlps between lichen 51ze percent-

~age of surface cover by llchens, and weatherlng r1nd thlckness, but '

that- these values could vary con51derab1y W1th1n any glven 51te ~In

“

order to overcome thls problem and to obta1n a rough estlmate of the .

',:chronologlcal order of the 51tes, each of the relat1ve age cr1ter1a

-

"r‘were d1V1ded 1nto 8. classes which were a551gned Values from 1 to 8.

In this way a total value could be obtalned for each 51te whlch was

R the sum of all the relative age cr1ter1a.~ The oldest features would.

have the largest totals while the youngest would have the smallest.

Table 5.1 summarizes these findings and’lists’the sites in order of -

"

decreasing age. Although the above. method}may be a gross 51mp11f1-

. cation when con51der1ng all the factors 1nvolved it is noteworthy

.that the chronology obtained does not confllct w1th the relatlve

ages of these sltes, as indicated by~topograph1c position and I

;croSs-Cutting relationships.' In addltlon, these data do point out.

various features whlch may be of 51mllar age.

RS

5.4 Soileorphology and Timef

The prlmary purpose of the 3011 studles, dlscussed in Chapter 111,

L was to determlne whether dlfferences existed between soils found on

!

1



Table‘S.liL Weatherlng r1nd and llchen ‘values (ranked 1 to-8) for

selected 1andforms and surfaces in Whistlers Creek Valley‘k

The features are listed in order of decreasing age
suggested by the sum of these values. L

Ca

Lichen % Total - Rind ~ Sum
, size Lichen Thickness '
. ‘ - Cover
Tor (Marmoo'Mtn{) 8 -- 7 15* .
Spatulate rock glacier

oo
[0 1]
.
N

Bedrock-surface (between Ind1an
-and: Whistlers Passes)

)
0
q\
N
—

Lateral moralne 1. (North '( .8 8 4 .20
- Cirque) s :

Rock glacier (ad;aoent to

spatulate rock glacier) v ,
,Screev(eaét-oﬁﬁNorth Ridge) - -4, 8 : 8 20
Block debris ‘(Whistlers Pass) 5 .8 13
Lobate rock glaC1er (North

Ridge). : 7 7 53 . 8 17
Terminal moralne (North 4 .8 4 16
Cirque) » :

. Terminal moraine: (North 4 8 ' 16
Cirque) - _ .
Bedrock surface (1n front of '”4- 8 15
‘South Cirque rock glacier). - ' ‘
-North' Cirque rock glacier - 6 . 4 14
(lower lobe) ‘ o .

,.Bedroek,surface (adjacent )

“lateral moraine 2) 3 8 2.' ‘ 13
South Cirque.rock glacier
(lower 1lobe) 4 8 1 13
Spatulate rock glaeier .

(incipient 1obe) 4 B 4 6 1 11

Scree (above lateral moraine S S

2) ' . 2 | .6 RS S 9
" South Cirque rock glac1er 3 5 i 6

- (upper lobe)

116
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Table 5.1  Continued
Lichen % Total Rind, © Sum .
. » size- Lichen Thickness
"~ Cover , T
L§tera1 mo;aine 2._(Northl‘ 3 ‘ 1 1 ': ' 5 o
. Cirque) S ‘ S _ , | ,
North Cirque rock glacier o '
. 1 21 1 - 3
‘ (upper, lobe) _ .
N | ) ) 4 R
_ Lateral mbralne 3. (North | 1 T 1 s
Cirque): o S - , ;-

*ége assumed from fopographic pOsitioh and available data.
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surfaces which were thought to be of different relative ages. ' Since the ’

least differentiation of 55i1sfoccurs on rock gleciers and protalus
‘deposits (Mahaney, 1974),dthese<sdrfates were avoided. Soii pits one

| and two (S-l, $-2) :ere 1ocated:be1ow tree-line' in open‘stahds of
'-Alpihe'fir‘(Fig{~$.2): Sel”liee.on the*yeilej bottom'(elev¥~2230 m),
whereanS-Z is sitdated onl$he bedrock ledge (elev(.~2250 m) immediately
downvalley of the rocksé{ec;er exiting from the South Cirque. Soil

pit $=8 was located above treellneA(elev; ~ 2480 m),on the flooreof the
North Cirque, in front‘of_the.rock glacier . (Fig. 3.2). Accordingfto

- their topooraphic hositions, soil pits S-1 to 3 respectiVely; lie on_'_>' f‘ | ;
hsurfaces of decféa51ng age, and should therefore reflect some'changesv
in time dependent characterlstlcs w1th1n the solum It must be noted
however, that some of the dlfferences in these sorls may not necessar11y
.refleé!\dlfferent ages but only variations in. the local microenviron-

ment . Each 5011 pit is at a dlfferent elevatlon furthermore, S 1 and

S-2 are beIOWntree—llne»whlle S-3 is above  tree-line. There is also

e . . _
evidence of an old forest flre in the: study area. The past'occurrence

of such f1res may have affected pedogenesis, as 1t does have an effect

hon rock atherlng (cf. Blackwelder, 1927) | Wlth this 1n m1nd then,

" the de ~ription and taxonomy of the soils are given in Table 5.2. S-1
and ' 5-2 axe Brunlsols wh11e S-3- 1s a Regosol Both of these soil types .. -

- ~N
are usually regarded as. elther Jﬁ{;nlle soils, belng precursors to

“-others, or they may also be in a steady state where accretion or
erosion equals the rate of pedogenesis.
. 5.4.1 Soil gHoritons'

AN




Table 5.2
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Description of the soil profiles.

v

Horizon

LFH

'.,Ah

© Bm

Cg

| Hori zo\n\

LFH

Bmgj ’

i ng

Dep%ﬁ (cm)

2 -0

0-6"

6 - 20

; 20+

Depth (cm)gi

1 -0
0-3,
3- 19

(S-1) Orthic Dystric Brunisol, = .

Loose litter of fresh'to partially decom-

PN ) E S B
posed vegetative parts.

Very dark reddish brown (5YR 2/3 m), dull.

brown (7.5 Y/R 5/3d) sandy loam; amorphous;

very'friable, plentiful, very fine and fine
root: abrupt wavy boundary, 4 to 8 cm
thick.

Olive brown (2.5Y°4/6 m), light yellow

"(2.5Y 7/3d) sandy loam; weak, single grain;

friable; few, fine roots; cleaf)wavy

E boundary, 17xto 20 cm thick; pH 4.4.

Graylsh ollve (5Y~5/3 m), llght gray (5Y
7/2 d) ‘gravélly, sandy ;loam; ‘moderate,
coarse subangular blocky; fr1able, some
angular stones, pHS.,

(S-2) Gleyed-Dystrlchrunisol

.b‘

. SN

-

Litter of fresh to partlally decomposed

" vegetdtive parts.

Dark brown (10 YR 3/3 m), graylsh yellow
(2.5Y 6/2d) sandy loam; amorphous; very
frlable, abundant, fine and very fine

roots; clear wavy, boundary, 2 4 cm th1ck//

Grayish ollve (SY 6/2 m), graylsh yellow//

- (2.5Y 7/2d) sandy loam; weak fine granular;

plentiful fine roots; clear wavy boundary,
14-18 cm thlck pH 4.1. -

- Dull yeIIOW1sh brown (10-YR 5/4 m), light

yellow (2.5Y 7/3d) gravelly, sandy clay

'loam, moderate, fine—subangular blocky,
flrm, some, angular stones, ‘pH. 4.3.
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Table 5;2_ Continued.
. B (5-3) Orthic Humic Regosol
" Horizon - Depth (cm) " T Y
- LFH 1- 0 . Litter of fresh to partlally decomposed
' X : vegetatlve parts
Ah 0 - 11 Olive black (5Y 2/2 m), brown (7 5 YR 4/3d)
: ' . sandy loam; amorphous; slightly hard;
abundant, fine to very fine roots;
abruptly wavy boundary,_ll cm thlck pH 4. 4
. C - o iH v'Ye110w1sh brown (10 YR 5/6 m), light yellow
: S - (2.5Y 7/4d) very gravelly, sandy clay loam;
. single grain; loose; angular, gravelly,
pH4. ' |
S ¢
@ -

A



~ Both S-1 and S- 2 have 51m11ar horlzons Moist conditiOns

" from a high water table or 1mperfect dra1nage and 1nd1cated by gleylng
in the lower‘horizons (Table 5 2) ‘ Gleylng is- more extens;ve in S-2

even though it is- -not in a 1oca1 depre551on ThlS may,be the result

of 1ts prox1m1ty to the rock glacxer since the large amounts of waterin
) emerglng from its front may affect the local ground water table (see
~ _Pec. 4.5.2). S 1 which by pos1t10n is. con51dered to. be the oldest
soil, has thigker horlzons and greater depth than S 2. on the other

hand, S- 3 the youngest 5011 has the least development in depth but
“

‘the ‘Ah horlzon 1s ‘mych thlcker compared w1th S=1 and S 2. This may , O
AN o

" be the effect ‘of the d1fferent mlcroenV1ronment 1n wh1ch S- 3 is found s

(1 e., hlgher elevatlon, dlfferent vegetatlon)

TN

5.4. 2 Partlcle Slze S ' N I S

-«

The gra1n 51ze dlstrlbutlons w1th1n the 50115 are g1ven in
Flgure 5. Sa, and cumulatlve gra1n size curves,are in Appendlx A. Of 2
the <2 mm size fract1on, sand (2- 047 mm) dominates the composltlon of ‘ L
the subsurface horlzons of all the 50115 A The values range from 53 to -
63 percent (Fig. 5. 5a). ngher percentages of 511t C. 047 002 mm)
' relatlve 0 sand and clay in the surface horlzons may 1nd1cate a certain

o/

’ amount of aeollan dep051t1on ngher amounts of clay in the
‘\’

sub5011§ may - 1nd1cate tn sttu weatherlng or’ tran locatlon by 111uV1a—

Sty s

‘tion (Mahaney, 1974) In 501I§ S-l S 2 and S- no deflnlte dlStlnC-
;-tlons of age could be made on the ba51s of partlcle size varlatlons
However, the hlgh percentage of sand (529) in the surface horlzon of

" S-3 compared to S- 1 and s-2 (41 and 42% respect1Ve1y) may 1nd1cate a



a. Particle size dl;stributi'on with d.epth.
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" b. Percent organic'carbon with depth.
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a

more youthful 5011 In addltlon, when plottlng the texture c1a551f1- .
catlons of the soils (Flg S 6), there appears to be a tendency for :,
1ncreased loamlness in the. A horlzons through time. For compar1son;
‘two addltlonal,samples were‘plotted in Elg._5.6. One was a sample of
. the fine matrix material'exposedvohvthe'front slope ofithe.South,Cquue '
..rock.glaeier,andfthe other was taken from the cente;iof a turf—rinned
'neti(location, Fig. 3.2)} .The rock glacier material iS“very‘sandyf
(83%) with a low clay content (3 ) 1nd1cat1ng the youthful character- -
'1st1cs of the unstable slope. The mater1a1 from the net “on the other
hand is high in' clay {41/) and'relat ely‘low.1n sand (25%). This .

may suggest that the mater1a1 has been reworked and frost churned for }
a long perlod of time, as the surface on whrch it is found is con51dered

‘old (Sec. S 5).

5.4.3" Organlc Carbon

: u.>1f A certaln amount of varlatlon in organlc carbon (and there-f
fore organlc matter) was found w1th1n the 50115 (Flg S/Sb) ~ When
comparlng Sfl'and Sf2,,S-l shows a systematlc rncrease of organiefear-

' bon'in the Ah horiZon oVer'S;Z; sug'_strng an]oider 5011._ These soiis,:'
however, show a 51m11ar dlspersal o organic earbon injthe subsurface
horlzons S 3 does ot fall into thls sequence as it has a large

amount of organlc carbon in the A ‘horizoh (sllghtly more than S- 1) ahd

»

Y
there 1s ‘no ev1dence of dlspersal in the’ subsurface horlzon A%aln,

-

'these characterlstlcs probably reflect the dlfferent m1croenv1ronment

in wh1ch S 3 is’ found (1 e. ; above the tree—llne), rather than age.
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5.4.4 (Clay Minerals

v

The results of the clay minerai»analyseS‘for,the soil pro-
files are shown inTabie\ﬁgé. Similar'clay.assembiages for the C
‘horiions in all three soil p1ts suggest a common parent geologicv.?
materialé'.This parent mater1a1 is characterlzed by a domlnance of
‘mica, seCondary amounts of chlorlte, and p0551b1e ka011n1te The
presence of smectlte in S- 3 is: unusual since it is thought to repre—
sent poorly leached alkallne 'soils, w1th a hlgh pH (Mahaney, 1974) .
"It_must,_therefore, be 1nher1ted.' Accordlng to the previously des- .g
cribed reiationships (Sec 3 2. 3 E), clay m1nera1 alterations,since
dep051t10n of the parent materlal (C horlzons) should be ev1dent in
the overlylng horlzons - In S-3,no clay mineral alteratlons are 1nd1-
cated, suggestlng a youthful 5011 S 2 on: the other hand shows
- weatherlng of mica or degradatlon of chlorlte | This is 1nd1cated by"
a notable increase 1n a- chIor1t1c 1ntergrade in the B horlzon over the
'~C.hor1zon However, thlS chloritic 1ntergrade collapses at 300—SSO'C,
suggestlng a poorly developed oT Juvenlle, 1nterlayer‘materlal. \
Nevertheless, the results 1nd1cate more advanced weatherlng than S-3
S-1 also has a chlorltlc 1ntergrade 1n “the B horlzon, but 1t is 'less
' abundant than in the B~horlzon of S-2.. However, thlS’CthTlth 1nter—
grade per51sts w1th heat treatment up “to 550° C whlch suggests a better ’
;bformed clay m1nera1 than in S 2. ThlS may, therefore, 1nd1cate a
slightly longer interval of weathering. ‘In(eonclusion, the clay
mineraiogy of the,soiluborizons*SUggests nrogressively more weathered

s0ils from S-3 to S-1 respectively. BRI, "~_: a

L%
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5.4.5 5011 pH

The soil reactlon for the samples is very acidic fanglng
- from pH ﬁ'to 5»(F1g. S.SC), hence S-1 and S-2 are classed as Dystr1c
'Brnnlsols. The date indieate slight'inereases in fH with depth and a
'slight decrease with depth in S-3. No conclueive interpretations of
R ) p
soil age could be made from this data.
| '5.4.6 Conclusions
The above data show a number of dlfferences w1th1n the so11

proflles~stud1ed. These var1at10ns may reflect dlfferent ages of the.
soils, however, they could also be caused by differing mlcroenV1ronmen£4
al conditions. In addition, it is nof known if the differences iﬁ eeré
tain\charaeterlstics; snchIES particle Sizerand_oréqnic earbon; are not
merely due ﬁo.randon variatlons.l‘Nevertheless, it appears some charac-
teristics; such ae'the,exfent and.depth.of sOil horizon'oeyelopment{ in
‘addltlon wifh the elteration'and develoPnen£ of clay'minerals; may be
usefil for relatévelage differentiation.. However, only a g. ater nomber.
of soil plts could prove.fhe validity.Of the ;e results. |

' o ‘ T oo R
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..5 5 Glacial and Perlglac1al H1stoAX> l e , ;

A Erov151ona1 chronology of Holocene glac1al and per1glac1a1

. events in the Whlstlers Creek Valley‘can be outllned on the ba51s of

X

the ev1dence presented in the prev1ous sections. The Holocene beglns in -
'thls area wlth the retreat of the Cordllleran Glac1er Complex at the end
of the.late Wlscon51n-g1ac1at10n ’ Radlocarbon eV1dence suggests that

the continental divide. (~15 km- southwest of the study area) was ‘ice

- free ~10 000 BP (Luckman and Kearney, 1978) At some unknown t1me in
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the past. Cordllleran distributoryﬁicevfrom the MiettevValley entered -
upper Whistlers Creek and dep051ted the large erratics and a thin mantle

of till (Event I). “As the ma1n ice downwasted and retreated to the
‘northwest;vice tongues occupied the valley, cau51ngv1ce marg1na1 channels; '
to form along the valley walls. These channels,vcoupled with the struc-
ture of the bedrock formed large bedrock terraces on the flank of

—

"Indlan Rldge. Accelerated subaerlal weatherlng of the newly exposed
surfaces,_andgextensive'mass wasting of the debrls left by:thls 1ce,sled*

'to the formatiOn‘of tors andrblockfields.v Tors, however; may be_found‘

‘ on surfaces of great ant1qu1ty (Dyke, 1976 1978) The'surfaces at, and

above, the locatlon df these tors then (Fig. 4. 1), may not- have been

1nundated during the last ma)or glac1al The two moralne like mounds,fiv,"

one at ‘the mouth of the North and South C1rques, and the other before

the crest of Whlstlers Pass (Flg 4. l), may mark rece551ona1 stages in

the retreat of the main Cordllleran ice from the valley The subdued

rock glac1er 11ke topography in the upper reaches of the study area

“’.(F1g "4.1) may haVe formed if a remnant ice mass became covered by

ddetrltus and . subsequently evolved into a rock glacler

| At an unknown t1me, subsequent to the reCe551on of Cordllleran 1ce
from thc valley, 5011 S~ 1 began to form Afterlthls 1ndeterm1nate
jperlod of amelrorated cllmate, relatlve age'criterda indicate a |
4t1me of 1nten51f1ed perlglaclal act1v1ty Wthh led to the format1on

of the spatulate rock glac1er and numerous talus dep051ts (Event II)

- The minimum 11chenometr1c date for thls event is > 950 BP however,-'

: 1t is 11kely much older g1ven the mature state of the spatulate
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rock glaC1er Durlng thls perlod or p0551b1y durlng a subsequent
deterloratlon of cllmate, there was an advance of the ice glac1ers o
.occupylng the North and South Crrques.‘ The max1mum extent of thls'
‘advance is nOt'known, but-the lateral‘moraine in the North Cirque
suggests that the two glac1ers coalesced as they moved downvalley
Consequently, 1t may be that the moralne—lake feature below the
'c1rques on the main valley floor (Flg 4. 1) is the terminal moralne
_from thlS advance, and not~a remnant from the retreat of the main
vCordilleran ice. If the spatulate rock glac1er predates thlS perlod
it must have experlenced renewed act1V1ty at this time 51nce the rock
"glac1er 1mmedlate1y adJacent to it,and the lobate rock glac1ers on the
' North Rldge were formlng There-are two m1n1mum dates on the time of :
this advance, one 1s:>850 BP based on a maximum 11chen thallus on a ,ﬁ
lateral mora1ne, and the other 1s>>350 BP, based on the age of a
spruce tree (T 14, Fig. 3.2). Wlth‘the retreat of the cirque glaciers,
the surface where 5011 S-2 1s‘found was exposed .Two recessional
,moralnes in front of the North c1rque rock glac1er (Flg 4. 1) 1nd1cate
at least two stlllstands’or minor readvances durlng the Tecession of
the c1rque glac1er. Wlth evacuatlon‘of the  cirque floor by the 1ce,
the surface on which 5011 S 31is found was exposed . ot

Ev1dence for the nert perlod of glac1al act1V1ty (Event III) v
occurred with the advance and subsequent stagnatlon’ of the ice glac1er
'w1th1n the North C1rque, whlch formed the lower lobe of xts rock glac1er,

- (>575 BP) There is also eV1dence of 1ncreased productlon of talus anq

consequent exposure<of fresh surfaces at thls-tlme; Durlng this period,

z



the glac1er in the South C1rque may also have advanced and stagnated
produc1ng the lower lobe of the South,Cquue ‘rock glac1er However,

if this is the case, the oldest part of the lobe must have been over-u_
11dden by the subsequent advance, 51nce the 11chenometr1c date for the‘
lower lobe is ~1770 A.D. (190 BP), compared to 575 .BP for the lower
Tobe of'the North Cirque rock glacierr In any case, the glaciers in
the North and- South C1rques d1d not coalesce, as indicated by the |
preservation of the older,_North C1rque lateral moraine. (Event 11).

The advance in the South Cquue, however, truncated the Outer section

~,of .this lateral moraine, where it eX1t;=gE§3 the North Cquue L1m1ted

-
"

rejuvenation of the spatuiate.rockbglacieri indicated by the Formation
cof an 1nc1p1ent lobe near its head presumably occurred durlno thls
perlod (Ilchen dated ~1700 A D 250 BP) However, thls latter re3uv~

-

enation was 11m1ted by elther an 1nsuff1c1ent supply of debrls, and/or
,an 1nsuff1c1ent1y r1gorous c11mate, |

In the last phase of this perlod (Event III) the upper lobe of -
the South Cirque rock glacler formed w1th the last advance and subse-'
quent stagnatlon of the 1ce glac1er (~1885 AD) ‘on the top surface of
the pre exlstlng rock glac1cr (~177O A D. ) At approx1mate1y the same
tlme, the ice glac1c1 in the Vorth Crrque also read\anced and.over
rode the rock glacier below it. Subsequent retreat left a lateral |
" moraine agalnst the north wall of the- c1rque (lichen dated ~1880 A.D. )
Contlnued downwastlng of the retreatlng ice glac1er 1ed to the isola-
*. tion, and burral by debrls,of a remnant ice tonguevwhlch‘subsequently
: took‘on the'characteristics of the upperdlobe of‘thefrock;glacier, |

1 \
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Lichen eV1dence 1nd1cates_that the surface of this lobe became stable

at ~1925 A.D. A smaller lateral moraine, below and parallel to the

above'1880 A.D. lateral moralne suggests. a minor. stillstand in the

retreat of the ice glacier 1n very recent times. Since there are no

lichens on this moraine,it may be post 1950 A. D in age. Evidence

from air photographs;discussed invSection 4.2.2, also‘supports this.

In the present environment the two'cirque,glaciers are retreating

while the downvalley rock glac1ers ‘in the North and South. Cirques are
advanc1ng.‘ On the other hand, the spatulate and lobate rock glac1ers

are inactiveg(Fig. 4.1). Evidence from semipermanent snowbanks,as

.l131

: shown on air photographs (Sec. 4.2}3),indieates'deteriorating conditions

,sincc at le35t 1950 A.D. bolifluction'is very active in the present

environment, but must have,had'periods-of reduced activity in the past

-

as have the other glacial and periglacial processes. A number of

solifluction features show evidence of reactivation which may be due

to the climatic change suggested .by the increased persistance of the‘_v

v -

dsnowbanks mentioned above. . o o S

v " In conclusron, the above 1s‘a tentative outline of the glac1a1
‘events in Whistlers Creek Valley as 1nd1cated by the relative age
c11teria.. These criteria are by no means eertain,'especially
B for’determining‘the older events. Therefore,‘this glacial history‘
will undoubtedly be open for modification and refinement w1th
-further work in the area. In addition ,the above discu551on suggests

‘that the glaC1ers in the North and South Cirques do not necessarily

respond synchronously to climatic changes, despite the fact that they

A,
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are very close to one another. This factor must be considered when
; attempting‘to correlate.eventshwith'other'areas. Table 5.4 summarizes
the glacial and periglacialAhistory for the,study area.
5 6 Correlatlon
The Holocene hlstory of Wh1st1ers Creek Valley was preceded, by

: /
. the recession of a late Plelstocene ice mass of unknown .age. The time

of the last major'Cordilleran ice advanse ih thevAthabasca River Valley,v'
the'Obed (Roed ‘1975), isvnotlknown, but dt was tentatively'correlatedv
- with the Late Portage Mountaln advance of the Peace Rlver area whlch
' culmlnated at 11600 + 1000 BP (Rutter, 1976). The North Saskntchewan
‘River Valley,:to the. southeast‘of Whlstlers Creek, may have become ice
free by 933b’ 170 BP at Saskatchewan Cros31ng (Westgate and Dremanls,
11967). The Tonquln Valley, at the contlnental divide, was ice- free by
at least 9660 + 280 Bp (Luckman, 1978),’based‘on‘a‘basa1 peat date.
Thisdevldence suggests that the general reglon surronnding the,studye

. < . ~

area was ice free by';I0,000‘FP.
® . . i

A

- -

Subsequently, an enrly‘ﬁeriod of»rock'glacier development was
Q'recogniZed in the Barff and YohO'hatiOnal Parks area where‘Mazama ash
(6600 BP) was 1ound in =nils fo1m1ng on the xock glac1ers (Osborn and

: Duford,-1976) Luckman and Crockett (1976) also suggest an early
'beriod of'rock glac1er act1V1ty.between 6000 and 9000 BP; and they
recognlze at ‘least two addltlonal per1ods of rock glac1er development

' prlor to the thtle Ice Age ( 1450-1880 A D.) -in the Jasper area. In |

Whlstlers Creek Valley the spatulate rock glacrer, and p0551b1} the



Table 5.4 Summary of the glac1al and per1glac1a1 hlstory of Whlstlers

Creek Valley.

Age (BP)

.Event I >10,000

‘ . .>950°
Event II _ >850

2760

“Event III

- 270

>65

S >25
(1925 A.D.)

Cordilleran Ice occupies valley.

e e e = e e e e e = ey 4= - - - == . .

Retreat and stagnation'of Cofdllleran Ice.

- Possible formatlon of Soil (S- 1) begins,

- - - - B ..._..__-.__—___..-.._—_-_.._.._-._--—_-_—_——-_-._——_—..-.-

v Development of the Spatulate rock glacier.’

Coalescent advance of the North and South

- Cirque rock glaciers.,

Development of the lobate rock glac1¢ra.

'Retrtat of the Cquub glac1er: (w1th

‘¢cadvances or stillstands).
Pessible forration of Soil (S—Z) be~5n°

Possible'forwatic1 of So0il (e-3) be01n>.

'“Advance‘of the North Cirque glacier‘

Possible advance of the South Cirque glacier.

Possible development of incipient lobe on
the spatulate rock glacier.

--._-.-_-.__.....__‘.....—......___.-..-_.-.._-._._-..-.—__,._-...._.._

North‘Cirque glacier stagnates; North Cirque

rock glac1er lower. lobe developes.

South Cquue glac1er stagnates, South Cquue'
-rock glacier lower lobe developes.

Feadvance of the touth Cirqic glacier.

Readvance of the North Cirque glacier.

--——_....._.._____.._.__..-..—__—__--_..--...—.._..-—_—___-

Stagnatlon of the glacier and development of

the South Cirque“rock glacier upper lobe.

Stagnatlon of the glac1er ‘and development of
the North Cirque rock glac1er upper - lobe
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tobate rock glaclers aga1nst the North Rldge, may represent th1$ early
. perlod of rock giac1er act1V1ty (Event II) subsequent or contem-
poraneOus phase of act1v1ty is 1nd1cated by the advance of ice from
the North and South C1rques The presence of the pre L1tt1e Ice Age .P

-moralne 1n the North C1rque, assoc1ated w1th thls advance, 1s rare.

" 134

',Luckman and Crockett (1978) note that in the Jasper area the majorlty "l)

of pre-Little Ice Age, ‘Holocene g1ac1a1 perlods are represented by rock

glac1ers rather than moralnes The exceptlons are the old moralnes'

at Mount Edlth Cavell and the Athabasca Glacler Llchenometr;c dates .

_attalned for the moralnes at- Mount Ed1th Cavell range from 724.BP to .
11760 BP (Luckman, 1977) and may, therefore be correlatlve w1th EVent .
| II (m1n1mum date 850 BP) In addltlon, Osborn (1975) has llchenomet—
r1ca11y dated a late Holocene advance of the V1ctor1a Glac1er, Lake
Loulse from at least 650 BP.

‘The formatlon of the rock glac1ers in the North and South C1rques
and the partlal reJuvenatlon of the spatulate rock glaC1er (Event IIIL

covers a tlme span from before the thtle Ice Age to its culmination.

- The lower lobe of the North Cirque rock glacier is pre Little- Ice Age

(575 BP) The 1nc1p1ent lobe in the spatulate rock glacler (1700 A, D
250 BP) and the lower lobe of the South C1rque rock g13c1er (1770 A.D.

180 BP) make up the earllest ev1dence of the Little Ice. Age in the

‘study area. Furthermore, the culmlnatlon of the thtle Ice Age in the

study area is represented by the upper lobes of the North and South .
Cquue rock g1ac1ers (dated 1925 and. 1885 A.D. , respectlvely) The~j

Little Ice Age . events at Whlstlers Creek seem to correlate we11 with -



_7;;
» events in other areas . The. only- radlocarbon evxdence from é;e earllest
phase of the L1tt1e Ice Age is 450 50 BP from the Mount Robson area
(HeusSer, 1956) The ear11est L1tt1e Ice Age moralnes at Mount'édlth ‘
—, Cavell and Penstock Creek were 11chenometr1ca11y dated at 1705 S A D
(245 BP) and 1765 5 (185 BP), respectlvely, whereas ‘the youngest r“
moralnes were dated at 1888 7 A D. and 1907 5 A D., respect1ve1y

o

(Luckman, 1977) Slmllarly, Osborn (1975) llchenometrlcally dated a:
~ A

. -

moralne of the V1ctor1a Glacrer at 180 BP._ Inaaddltlon, he dated a
L rece5510na1 mora1ne from 1897 A. D based on photographlc eV1dence
For further comparlson, Table 5. 4 the glac1a1 hlstory of Whlstlers

Creek may be compared w1th Table 1 1 a summary of Rocky Mountaln

~

: Holocene eVents

0



B CHAfTSR_SIX,
_. 'coucwsron -
The study of the Holocene glacial and periglacial features found
within Whistlers Creek Valley shows a diverse set of geomorphic process-
.es at work with several phases of past activity.' This valley displays.
many of the classical characteristics rasulting from alpine glaciation.
M,Two well developed cirques (the North and. South Cirque) occur ir ‘te~v"
fupper reaches of the valley and,both are presently occupied by small".-
'”,cirque glaciers ‘The South Cirque also.has a small niche glacier .
lilocated in a crevice in its upper headwall h
e Many of the landforms which have resulted from past environmental
"conditions were tentatively dated using several relative age dating
' techniques Cross cutting relationships between features established
-an 1nitial chronology of events. Lichenometry proved to be very useful
for providing ninimum dates on. the more recent rock glacier activity

(i e., 250 BP) on older surfaces, isolated R. geographzcum thalll

- became exceedingly hard to distinguish making meaSurement impractical.

dProblems of species succession and senescence of the lichen also became
-*devident when attempting to date older surfaces Nonetheless, gross e
"distinctions of age were made, based on maximum lichen size and their
'total surface coverage Relative age determinations, based on differ--
E ential rock weathering, were limited owing to the resistant nature of

the quartzite rocks in the study area. Oxidation rinds were the only

weathering feature ‘that could be systematically measured on the rocks, o

and gross distinctions of weathering zones gould also be made Soil
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‘ prof1les, loc%fed on surfaces of. varying ages, showed mlnor variations

whlch may, however; also be related to vary1ng m1croenvironments.3

\

‘Nonetheless, ’11ght:drfferences in depth of proflle development, hori- -

§

zon thlckness, and clay m1nerals may be related to age.\ In summary,

cross cuttlng relatlonshlps were the most essent1al relatlve age deter-
m1nants. However, an 1mportant p01nt about the 11chen and rock weather- »”
:1ng studles is that while thevaere undertaken 1ndependent1y of each
other, co-‘*ctlvely, the results are in- agreement. ﬁk

. The earllest ev1dence of ice in Whlstlers Creek(Valley is from a

.number of erratxcs and a th1n d15cont1nuous drlft sheet lefY by the | R
' Cordllleran Glac1er Complex, probably of late Plelstocene age. Accord1ng
- to- the relatlve age cr1ter1a, the earllest Holocene glac1al act1v1ty 1n

the study area was manlfest in the development of spatulate and lobate

- rock glaC1ers. In the present env1r0nment these rock glac1ers have ;,"

. N table, gently sloplng fronts and are 1nact1ve. They issue from talus

wais

»? slopes:Qt the base of steep cllﬁfs and are thought to have developed and

AN

~ o 4/‘ I 3
e é1a 1nterst1t1al 1ce formlng w1th1n the talus. Cémplex forms of

Vi

¥ f‘ém crorellef on these rock glaclers, such as rldgés and furrows,
'are thought to result Srom d1£ferent1a1 flow cond1t1ons W1th1n the 1ce,d o
‘and from d1fferent1a1 meltlng of ice r1ch areas, enhanced byxlnc151ng
‘meltwater channels.- A subsequent phase of glacler act1v1ty is recognlzed '

-~ by a lateral'moraine 1i the North~C1rque., Durlng thlS perlod the glac1ers

’ n

in the North and Soutn irques are thought to have coalesced and flowed

1to the valley floor.
A\

- The most recent glac1a1 actlvity in Wh1st1ers Creek Valley is o "
reTated to the formatlon of two tongue-shaped rock glac1ers 1mmed1ately

o

o
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E downvalley from the ice: glac1ers 1n the North and South Cirques.. Theu
development of these roek glaciers is 11nked with succe551ve advances
nd stagnations of the adjacent ice glaciers, "coupled with the supply
of abundant debris by rockfalls and avalanches from surroundlng Cllffs

In both cases bedrock. obstructlons were 1nstrumental in cutt1ng off

P

the supply of ice to the ‘glacier £ronts whicl \ere, 1n turn, qu1ck1y
| buri7é dur1ng stagnatlon. The 1nsu1at1ve propertles of the debris
’ mantle; together with.its mass, allowed these. burled ice cores to
~ -advance while the upvalley ice glaciers entered-a period of rece551on.
Steep and unstable fronts lying at the angle of repose,‘lndicate that_
these rock glac1ers are active. ‘In add1t10n, the South Cirque "roék
'glac1ef is advanc1ng onto a vegetated surface t11t1ng trees in the
process. The minimum rate of advance that has occurred 1n thlS latter
. area is 2.2 chr 'for the . last‘SO years - Comparison ‘of the obta1ned
lichen data with a 11chen growth curve (Luckman, 1977) indicates that

the earliest period of" development occurred 1770 A D. (180 BP) for

the South C1rque ock glaC1er, and at least 575 BP for the North C1rque

-.rock glac1er Both of. these rock glaC1ers have younger lobes overriding

“the earller lobes 1nd1cat1ng a perlod of reJuvenatlon The youngest
phase of rock glacier act1V1ty occurred at ~1885 A.D. in the South .
Cirque and 7l925 A.D. in the North: Cquue The recent act1v1ty w1th1n
‘ theee Cirdues-correlates w‘ll W1th Litt. Ice Age glacial advances in

nearby areas (Luckman, 1977 “<born, 1975) s

Sol1f1uctlon is a w1de ead process operatlng in. the study area,

producing numerous landforms such as stone and turf banked lobes and
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. “"’ '

terraces. Patterned ground is found in the form of stripes polygons,
'steps,,netsiand hummocks. Large ploughing blocks' up to 4 m in length
have travelled'on‘IOWAangle, vegetated slopes, 1eav1ng furrows of up-
to 20 m in length A noteworthy observation is that the present alpine .
env1ronment favors the per1g1ac1a1 processes which produced these land-
»lforms in the'past.' In fact, some ev1dence suggests reJuvenat1on of

~

_‘solifluction forms. Lim1ted-1nformation from_airvphotographs suggests
;hat permanent,énoWCover‘has increased.since'at least 1950 A;d;\
'Upf;i In conc¢lusion, the study_preSents,an initial effort in describing
the geomorphic aCtivity of-Whistlers Creek Valley through time,and a
number of suggestions for further study can be made Firstly, the
_study area contains a number of rockbglac1ers of apparently d1fferent
| genetic types and degrees of activity; Since'these'rock glaciers are.
relatively close to one anoiher, thlS area would be 1dea1 for more
deta1led research to determlne their mode of. flow and factors of
formation. Some of these studies could 1nc1ude long term measurement
of: 'horizontal and vertical movements, meltwater discharge, and dehrls
accumulation whichfcould he‘compared‘with massibalance.studies on-the
"}nearby‘glaciers.‘,Seismic data might indicate the presence and extent
'hof ice within the rockrglaciers. AA second area'of-research could
“focus on reflning the chronology within the valley ' This could be
done if strategically relevant organic dep051ts or ash layeréwwere

KN

found A sediment core from the bottom of the lake in the lower por— v

tion of the North Cirque valley,mlght also. reveal past jbv1ronmental°

fluctuations from its pollen and sediment-characteristlcs. This lake

¢
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basin-’ mlght also provide useful radlocarbon dates on the apprdximate e

age of local deglac1at10n. ‘Thirdly, the large size of the ploughing
ﬁIOCks warrants further research Movement studies could be made by
settlng up control p01nts from which measurements could be made from

year to year or season to season. In add;tlon excavat1on of the

_»tralllng furrows may reveal a record of bur1ed organlc mater1a1 whlch

would be sultable for radlocarbon datlng ~ Similar observatlons could
- r

'also be made in relatlon to some of the large sol1fluct1on lobes.
Lastly, the relatlonshlp of the large glaclal erratics deposited by -

Cord111eran ice (from the main Miette Valley) could be further studled '

in terms of thelr time of dep051t10n and the1r implications for maxi-

mum vertical extent of ice.-

>
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