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L by‘*AMS at 570 su 270 su 2900 50 540 50, and, 1520-“80 yrs B P.

c D Mesmact -

sens1t1v1ty?%b movsture supply has led to the specu]atxon that the»h"’

change Commonly, overrun organncs from beneath ge]1f]uct10ﬁ ’

landforms are, FadTOCﬂrb@ﬂ dated to prOV1de the advance rates.; fhe“3'h

s

dwff rence in: adwance rate between paurs of. dates are: atir1buted,to ’;;

“§~‘per~ods of cT mat1c sever1ty 1f they are faster than average and to

“a

peraods of {11mat}c~ame]1oratlon f slower. “1cj_;;f .;j‘if-
Thls f1rst study of 1ong term rates of geTxf}uct1on 1n the :

Canadtan ngh Arct1c was conducted at'Ph1111ps Inlet (82 N) or :

\ G
n0rthwest El]esmere Is]and N. w T. A ge11f]uct10n}sheet s;mp]ed at r;he‘”

the Pas}ey R1Ver (7U°N) Booth1a<Pen1n5u]a, N W. T., was also ana]yzed

for COmpar1son At both s1tes overr1dden organTts were exposed 1n

’

f;rc trenches excavated 1nto the ge11f1uct1on 1obes. These samp1es were

l4c dated by accelerator mass Spectrometry (AMS) . .*73.1,7;; f '

Ph111Tps’Inﬁat were co]]etted at I, 0, 1 7, and L Om from 1ts terminus.n‘:f‘

L 4

advance rate o% ge11f1uct1on 1andforms m*ght be t1ed to c11mat1c SRS

%, Gel“f]uct1on 1s a common process ug per1g1ac1a1 c11mates. r;tsﬁr:]

Jhree overr1dden organ1c samples from a gel1f1uct1on 1obe at. :;‘»

These saTFIeS were: dated by AMS at 845 50 590 50 and 595-45,yrs B P. S

\‘ respECtIVE1y« -1t %; apparent that the expected chronolog1ca1

sequence, 1ncreas1ng in age upslope was not obtawned

At Pasley R1ver ‘a tonvent1ona1 14C date of . 1460 60 B P was .

/. . \\_ :

obta1ned on.bur1ed organlcs 11 Om from the 1obe front;,;Organ1cs

colleCted at 0 4 3. 0 5 0 7 0 and 9 Om from the same 1obe were dated

N

s
. ?

--;’f respect1vely. Together these dates do'not represent the consecutive fei\ i
) - . » PR - . . . . . ;\"'-‘\..’.

.‘,‘~
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C. o cWARTER TT -

. INTRODUCTION

1.1 Nomenc1ature '

~I e —

Sol1f1uct1on is the slow flow of saturated rego]1th
Ge11f1uct1on 15 a- kand of sol1f]uct1on restr1cted to zones of frozen t i
or seasonally frozen ground Accord1ng to washburn (1979)

ST "Thfg'term1nolog1ca1 d1st1nct1on 1s necessary to- avo1d
' ambiguity because solifluction, by definition and A\
,5prvat on, is.not restricted to cold climates, yet s >
- prominence there has- Ted many writers to imply such an.- -
association, As a result the seépse in which the term
solifluction’ s being used, whether broad or restricted,
is not clear’ whereas ge11f1uct1on is’ unequ1vocal]y '

_per1glac1a1 "
; .‘The term ge11f1uct10n w*1] be emp]oyed throughout thus paper.
V This, 15 because the field research was carr1ed out’ in ‘areas of :
_pervas1ve frozen,gsound (England et a]., 1983 Dyke 1987 ' Another
' ;reaSOn is the 1ncreas1ng use of the term ge11f1uct1on in recent |

l1terature (Gardner et a].,‘1977 MacKay, 1981;. Hansen Br1stow and

"Pr1ce, 1985; Strtsmqms%'~ 1983 1985; M?tthews et a]., 1986)
. : )

-1;2 . Gelﬁfluction and Rad¥ocarbon Qhron6169y"fo

Ge11f1uct1on often g1ves rise to 1obate, or tongueili
1andforms on a slope. The rate at whxch a ge11f1uct10n lobe has
raadvanced has often been determxned by reference to the rad1ocarbon

dat1ng of organ1c ]ayers (Bened1ct 1966 1970 1976 Cost1n, 1972
; ﬁorsley and Harr1s, 1974 Mottershead 1977 E]lqs, 1979; Alexander
: ,.and Prxce 1980 Dyke 1981 Gampxer 1983 Reanler and Ugo]1n1, 1983
'.Hetu and Gray, 1985 Baliantyne, 1986‘ Matthews et él., 1886 Evans

Sy
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. R T . A ’
. and Rogerson 1987 Sm1th 1987) fod as f1rst employed by

;Benedfct (1966) is as fo]lows.. The Tobe 1s trenched albng 1ts Tong :

L 4

ax1s and the surface so‘l hor1zons bur1ed by 1ts advance are samp}ed
for ‘14C dat1ng From the dates and d1stancés from the r1ser khree

values can be estfmated _ »
_j? The average rate of advantag& over the who]e per1od dated
2. A m1n1mum date for the in1t1at1on of gelifluct1on. Th1s is
l‘the ear]hest date determ1ned at the h1ghest upslope
'pos1t10n in the Tobe. L ;J:
A‘3} The change in the advance ;Zte between paTrS of'dates 4n -
the whoTe ser1es., ‘ ' |

. - Benedict (1976) and others (worsley and Harr1s 1974 Gamp1er 1981

Smith “1985) have connected changes in: advance rate w1th local

"clwmat1c change. The theory mafntafns that dur1ng c11mat1c m1n1mums:
Tate Ty*ng snowbanks woqu enTarge thus prov1d7ng more. runoff dur1ng
spr1ng thaw thCh woqu feed the gel1f1uct1on Tandforms saturating
'tthem more often and compTeteTy ‘thus 1nduc1ng more advance (Bened1ct
1966 Sm1th 1985) One m1ght ask if the spr1ng thaw runoff would be
really Targer dur1ng a cl*mat1c m1n1mum because gt 1s possrble that
"the snowbanks wou]d be énlarg1ng due not onTy to greater winter
snowfaTTv but aTso to Tessened ab]at1on.: Th1s would not 1nduce hfgher
. advance rates. Neverthe]ess, the ‘common expTanation g1ven for changes
1n the apparent rate of ge11f1uct1on correlates greater runoff with
uworse cT1mat1c cond1tions. : ‘ ‘ ,
| The above three vaTues are dependent on acqprate radiocarbon

‘.dates. A very prec1$e means of radiocarbon dating, accelerator mass

Spectrometry (AMS), can give dates on. smali samples. Previously, R

“
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conventxonal beta ray c0unt1ng has been emp]oyed to’ date bulk,/)

_ge]xfluct1on 1obe organ1cs. The author used AMS datxng pecause of the
'f'small amount of organxcs present 1n the samples co]]ectedu . |

“

1.3 Object1ves i"' ’; : . e

- The main obJect1ve of ‘the - 1985 fueldwork Was. to obtavn samp1es E
5. :

‘of buried organ1cs w1thrn"se1ected ge]1f1uct10n 1andforms for_
:Subsequent 14 C dat1ng by AMS.. From th1s data 7t was hoped that the
rate of advance cou]d be determ1ned . Anc111ary to th{i ma1n focus was —

"a series of observat1ons on the character1st1cs of ge]1f1uct1oh
} S [} . . . .
: _landforms in the h1gh arct1c, and' to. ascertaTn 1f there are o
~ \ ~

relat1onsh1ps‘between morpho]ogy, s1te cond1t1on (gradveﬁt mo1sture

]

supp‘y), and sed1ment character1st1cs (suze shape) se are :

) 1ntr7ns1ca11y valuable observat1ons, ow1ng to the paucaty of
f‘observat1ons from the two h1gh 1at1tude s1tes of thxs study where -

ge11f1uct1on 1andforms were not found debr1s f1ows were examaned and

*, s

ubsequent]y compared to ge]1f1uct10n 10bes.
D!SCuSS!On if this paper w111 therefore concentrate on:
« 1. hThe mean1ngfu1ness of 14C dat1ng g1ven the range of

per1glac1a1 processes capable of m1x1ng a]locthonous and

autocthonous organ1cs. B

2. AThe d1ff1cu1ty of correlat1ng c11mat1c change w1th rates of

"5ge11f]uct1on when derwved from either AMS or convent1ona]

4C dates. | - .- o ., ." ’ ) . ‘ B ’ ' . »)

. .3. How 14C dates of ge]1f1uct1on 1obe prgan]cs.m1ght be made »

: more mean1ngfu1 by r1gourous samp]e se]ection. .

General,observat1ons on ge11fluct1on lobes and debr1s flows are
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| ; fhe majer1ty of the obgervat1ons were made at ﬁw1111ps Inlet
’ﬂ?}{fé (82001 N 84020 w) on the nortthst coast of E11esmere Is1and N N T., 3 R
S fr6m June 17~to August‘zy 1985 (F1gure 1. l) The greater maJority of
-AMS- dated ‘organic samples $5 of 8) were from a ge11f1uct1on sheet on Tﬁf'~L
.1;" the ba#ks of the Pasley R1ver Booth1a Penrdsula ‘N. w T. ‘V0°25 pi <
| ) 95 30 W, F1gure 1%1) trenched by Dr. A. S Dyke of the- Geo1og1ca]
| Survey of Canada in. the summer. Qf 1982 These are i:o very‘d1fferent

-

s1tes in: terms of the1r sty1e of ge]ifluctxon an degree-of separation

} LR (ca. 1270km) and g1ve the dvscuss1on on ge1if1uct1on advance rates a 'fv

_..,broader geo raph1cal base. In add1t1on ‘to’ the e1ght AMS dates

.
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;f' Qei B Ellesmere Islandyxs the: northernmost 151and of the Arctic‘

s

%ﬁi arch;peﬂago extendxng from 76°-¢o 83° N and 83° {i 100°w (F}gure 1. 1)

In]et (F1gure 2. 1) 1s 4ocated'_

‘u--_

The f1e1d area “for this study, Ph£}11p s

. N ’.
: on the northwest coast and was v1s1ted’ 't1ng the summer of 1985
_ ” B
Ph1111ps In]et is a 1arge northwest to souﬁheast or1entated fiord with

" three para]]e] tr1buatry f1ords or1entated’north northwest to south-
J"‘ ,'. southeast The maan fxord Jo1ns the Arctic. 6cean. "‘; ke
| h~,_ The elevat on ofjbh11]1p¥ In]et reaches ca. 1800m a.s. 1. ahd at-
Tleast seven g]ac1ers reach the fiord from extens1ve up1and 1cef1e1ds..
Me]twater from g]ac1ers and*the seasonal snoﬁ,tover contrlbutes to

»
numerous bra1ded r1vers and smaller deeply 1nc1sed trlbutary

' stréams. Many of the s1tes visited were covered by’f;;;ed marine '
deltas, fxne gra1ned manhne sedxments, and d1am1ctons or1ginat1ng from :
past glac1a1 and sea level fluctuat1ons. Additionally, most - of the
s]opes around the 1n1et above the TlmTt of postglacia] submergence are. d

43
draped with co\]uvium whereas bedrock outcrops at higher elevat1ons.

. ‘ 2 ‘ 7

FR . ’ R . . SN M . H LT

. 2. 1 2 Bedrock geOIOQy o :T'J L e fk{_“" » “f‘.

Northern E1lesmere Is]and exhibits a wide variety of _
/ ~ -

11tho]ogies (11mestone, sandstone, sha]e, monzonite basalt schist)

3

rang1ng from Jate Precambrian to nﬁd Tertiary age., These/rqcks have ff’“
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A 'A. <
been fo1ded faulted and metamorphOSed dur1ng several orogen1es

[3

v ~(Trett1n "1972) Ph1ll1ps lnlet 1nc1udes two pr1nc1pa1 bedrock
errains~1 'p e v '

3

~:1)_ Sed1mentary and metamorphoged rocks of the Frank]1n eugeosynclinef'

1n the southeast ha]f and,

2)i>Und*fferent1ated crysta1]1ne rocks along the northwest s1d% of the

;’1n1et (Trett1n 1972) :‘) SR T

- ~

lThe sed1mentary rocks are 1arge1y represented by the Imina and
..&

Lands Lokk format1ons} and the crysta1]1ne rocks by var1ous gran1t1c
1ntru51ons. Because gel1f1uct1on is a sma]l scale phenomena, 1t 1s ;"'
essent1a1 to determ1ne the 11tho]og1es wh1ch contr1bute to the 1oca1

: s]epe:cond1t10ns.; This w111 be - d1scussed further 1n the deta1led s1te
descriptjons; L N S 15 ' Lo e
< N Co h
! .' V" oo ‘ ‘v‘,‘:l
2,1.3 Climate - a&_ T

.. England et al ‘(1981) state that R |

A 1 outstandxng character1st1cs of the c11mate of '1 ,

o northern E]]esmere Island is its great var1ab111ty, LAl
. o spatially, Seasonally-and tnterannually. Particularly

“in terms of temperature, “meaningful" genera11zat10ns
regard1ng th1s area s1mp1y cannot be- made.

]

Nevertheless, some descr1ption of the coastal areas. of
E]]esmere Is]and can be made. Coastal areas experxence modarated
w1nter and summer temperatures because of the periodic break up of the

o sea 1ce. The moderat1ng effect of the ocean is most pronounced dur1ng o

%

the summer when’

- o ...onshore winds tend to cross ocean- water which 1s
' "generally below 0°C apd hence they ‘quickly’ ‘offset any
. . warming by ‘radiation on the adjacent 1and. Hence, on
-.average winter and sumner tenperature extremés are lTower -
. :.‘vvalohg the coast; and cloud. cover, relatjve-hum1d1ty. and -
« 7 fog increase. However, precipitation values are



1*; Ph1ll1ps Inlet 1s that landfast sea dce preva1led on the north’ioast

L e
- - .

- nevertheless low in terms of absolute amounts and these.
areas iﬁ]ll constltute polar desert landSCapes., s

.. v

An 1mportant dlfference between the coastal s1tes referred to

’

ﬂby England et al (1981) gn northeast Ellesmere Isﬂand and those 1n

~ .

durlng the summer of 1985 Although the recent sea- 1ce h1story of the” o

north coast’ 1s po rly documented 1t s l1kely that landfast cond1t1ons'

-
ra

are. typlcal throughout the year, caus1ng greater cont1nental1ty . MOreﬂ”i o
marltlme cond1t1ons occur only on the northeranSt coast whedfff

jvequ1l1br1um l1ne alt1tudes (ELA s) descend to 300m a.s. l. compared to
=

f1100m a.s. l the 1nter1or flords 'of northern Ellesmere Island

-

, 1(M1ller et al., 197b) o : o «
. . /-._\ ' R ' o <
Northern Ellesmere Island -can be cla551f1ed as a- polar desert

~with an annual water balance close to zero (Barry and Jackson 969) o

_‘Most~coastal locations recexve ca. 15 cm of prec1p1tat1on whereas in

<

“the more ar1d 1nter10r prec1p1tat1on may decrease to ca. 2. 5 ém yr ; .

| (Jackson 1959 England et al.y 1981) : Nevertheless manyg\T&the

. sites around Ph1ll1ps Inlet had wet active layers due, most certa1nly, ;

.a-/' "A

to the presence of the permafrost table wlthxn Im of the 5urf§5e. _,j ’

Therefore desplte 1ts ar1d1ty, Ph1ll1ps Inlet 1s capable of

support1ng gel1fluctron.-

',214 Vegetat1on o SRR |
| The vegetatxon cover of coastal areas in the h1gh arctic is
: hlghly var1able. Accordlng to England et al. (19811~ -
- “Total plant cover was generally less ‘than 10% with -
%+ - Vichens often dominating. -Areas of” late snowmelt =

~occasionally had 100% plant cover, but most sites had
limited mo1sture~€va1lable, and cover values were much,

PR e lower.- - e : . g C,
\ b PR RETE DU ’ : : P . : -
L e . : . , L RO .
. l.‘_ E . . . . Y . ~ " . N .



The plant commun1t1es observed~1n the ]ow]ands of E]]esmere IsTand are

often descr1bed as bexng polar semidesert and- polar desert (Eng]and et s

]., 1981) These commug§t1es are . dom1nated by bryophytes,¢4

F1e1d observat1ons by the aufhor showed how vegetat1on cover

cou]d.vary over even the sma]lest area.- For examp]e the vegetation

on a slope at Drlft Pass (Plate 2 1) is very sparse on. the upper part
R
B .of the s]ope whereas it th1ckens marked]y as the ge11f1uction sheet

. approaches the stream (P]ate 2 2)* .

; L ’_' A number of ‘small Streams were encountered espec1a1lx at. the 4
. y -

e : <.

thxrd and fourth camps. These va]leys had greater vegetatxon cover -

.o"n i P

than the1r unshe]tered ne1ghbour1ng s]opes. The valleys could have )

| acted as snow trgps;and thus contr1buted a supp]y of me]twater.

.

sheets and

-

J

42;1.5 Lndiuddual site descriptions -‘Phillips-lnlet

2.1.5. 1 Introduct1on , R S | ]' e

Four sites were v1sted around Ph1111ps Inlet “and each was ;eb

1nvestxgated for the1r-ge11fluctaon 1and§prms (ngure 2. 1?\\\The t1me

v

spent at each s1te is lusted in. Tab]e 2, 1.

- . B AT

"fah1ef2.f Time spent at each site:",;‘ N hj_ _ BN
Site namg - "P.er‘iod of stay Ta Length of stay
'S_tonnwatc‘h';,Mountain’- _ June 17- July 3, 1985 17 days |
.", Borth'Beach July 3 July 12, 1985 " g days. "
 Tidewater Glacier . :'July 12-July 25. 1_935- S 13 days
;'DrtftiPass/_ | o g 'dui&”zs-AUgust 1, 1985: ‘-:“. 14 days




.P]ate 2.I

T l .

View of a gelifluction lobe . af the‘étfeamvlevef of a vdlley at
Orift Pass. Uplepé of the well-vegetated lobe the vegetation
is sparser. . There is a very ‘marked difference between the lobe.

~and ‘the adJacent surface to the 1mmed1ate left. This -

illustrates the disparity in. vegetation: cover that can occur in
high arctic s1tes w1th1n a short d1stance 1n an area of great -
relief. : S o : e :



i
e

: P]ate 2 2 Th1s is a downsvalley view f one of two valleys opening out

onto Drift Pass . (1h€backgrou ). On the sides of -the va¥ley ~

-----

12 -

gelifluction- streams can be observed terminating in lobes and,;?f

| ’l' sngets at: the bottom of the valTey.



”;.physuography, bedrock geo]ogy, and surf1c1a1 depos1ts&of the four

' Pas]ey R1ver, Booth*a Pen'nsula ca. 1270 km to the south

These unoff1c1a1 names for the s1tes (Table 2 1)'w111 be referred to

LR

throughout the text. The follow‘ng 1s a descrxptxon of the 1ocat1on

o .
St
- & .

' 2 1. 5 2 Stormwatch Delta

h Stormwatch De]ta (Fxgure 2 2) 1s 1ocated at the conf]uence of

7;_ftwo bra1ded rlvers Th1s confluence occurs at the head of one of the

: ffour unnamed tr1butary f*ords in the 1n1et (thure 2 1) A ser1es of

area is’ 800m consequently s]opes are steep, except for the surface of
abandoned mar1ne de]tas and shore11nes.‘__"' ' ' '

Stormwatch De]ta s dom1nated by 0rdov1c1an S11ur1an¢§

' ‘greensch1st'fac1es (Trett1n 1972) Th1s greensch1st #eathers read11y

;’Stermwatch Delta showed that the upper s]opes are well - COVered by thIS __"’

:Fnto 1ong p]aty fragments (Plate 2 3) F1e1d observat1ons at p_

B ‘weathered debr1s (res1d1um) whereas the 1ower slopes are draped w1th

V’mafxne and g]ac1omar1ne de1ta1c sedxments (Plate 2 4) Very few

‘ge11f]uct1on lobes;were observed.' . | ] S o a?'p
2 1. 5 3 Borth Beach e

I’ ) Borth Beach (Fxgure 2 3) is Tocated'in-another unnamed arm ofu '

. the ftord (F1gure 2 1) The s1te 1s dom1nated by steep slopes except

'pqlfor the area of Borth Isthmus, a 1ow]and of ra1sed marxne sed1ments

.-stm1lar to that of'Stormwatch Delta.w
"7 .y - . . J . N

Pﬁfseparatxng the two eastern fxords. The geology of th1s area’ is’

A

'fs1tes. The same w1]1 be done for the second coI]ect1on s1te along the

_ra1sed mar1ne de]tas occur on the h1gher s1opes. Local re11ef'1n thws

13



. Scale  Contour interval 500ft. R iy
Y0 Y 2 3'Kilometres .~ L ,
Concentration” of gelifluction lard forms R A

R B8 Concentration of debris flows
- BEZA Glacier S o
A& Campsite . AR _ _
" Figure 2.2 The Stormwatch-Delta Map shows the camp location and the areas’ .
e - where concentrations of lobes and debris flows were observed. -
‘ Trenching: revealed no organics.. Ond lobe was selected for . - :°
o morphq]ogica}- study, = . L

< NN
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~Plate 2.3
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'Verti‘,c"ally-dilpping' schistose planes frequent'l-y“outcropped_ at
Stormwatch Delta. The ‘'schistosity of this ‘rogk causes the
weathered products to be flat and angular.. The fragments are

~ moving ggunslope in _theyfo‘regr‘ound;,'unde'rgoing frost creep.

Sy
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. Plate 2.3

M

SR |

3

[}

A raised Sélta'offmafinehand‘f1uV1a1fdepo$Tts'othhe lower -

slopes of Stormwatch Delta, Phi]lips, Iglet.  This is the

typical composition of most of the lowel slopes- of Philjjps L   ';

Inlef, unless the slopes are dominated by talus.



© Borth Bea
~
L e _

.‘Sccfle \"'vConto/ur”_' interval 500ft. |¢ .
T .0 .1 2 3 kilometers:
BB Concentration of debris flow

A Campsite S o » N
: ‘ ST

c

. . . 4:') - ) ,( ‘_ . ' - : = . B - o
Figure 2.3 The Bortli/Beach map shows the broad area in which debris flows’
~were found. No gelifluction landforms were located and studies

_concentratedv‘on the morphology of debris vflows.j o

r



21;;;)f .i',v The surf1c1a1 depqsxts of Borth Beach are. predom1nate1y fine o RS

e s, \ : oY

o gra1ned mar1ne sed1ments extend1hg up to an - elevat on of ca. SOm o
wfa. (Evans personal commun1cat1on 1986) The h1gher and steeper_i

‘_slopes are covered thh talus, whxch descend to sea 1eve1 at many
_ ’_peints. Slope 1andforms 1nc1ude ta]us,sheets, retrogressxve thaw

5flow s]1des, and debr1s f]ows (Plates 5, 2.6,'and-2.]). ,Ge]1— .

R _'_'f]uct1on }obes were not observed.“ T S T e
. o » Co 7 SRR et
S 2 1. 5 A Tldewat r Glac1er - e e v; o o

_ T1dewater Glacxer is s1tuated at the southeastern end of S
j_'Ph1111ps Inlet (F1gure 2 4) It 13)b0unded by Tadewater G]acier to i'".§,'f
wthe north and a me1twater stream to. the south A1though re11ef in i
vth1s area is cons1derab1e (762m) there -are areas of gentle s1ope near -
hvthe shore11ne. These gentle s]Opes are part of the de]ta1c deposits
vpresent at the mouth of - Dog]eg R1ver.» Th1s lower area‘1s crossed by a .
: .number of small streams whose banks occas1onally prqv1de gentle s]opes>
j‘across which, gel1f1uct10n sheets and 1obes are advanc1ng. R o
~ T1dewater G]ac1er is- the most geo1og1ca11y complex site of

'S

: those v1s1ted The part of the site most frequent]y visited by the i
- author was composed of Sllur1an volcanlcs and metamorphosed.rocks
g(Trett1n 1972) i;" " _ | _ L
&he’surf1c1a1 depos1ts(are 1arge1y of a sing]e type. Deltaicv N

" ,‘5‘_ sediments predom1nate at all the thes of trenched lobes.: Closer todr'

e Athe marg1ns of th1s s1te talus s]opes are in’ evidence (Plate 2 8)
i f S T T _ , R
2.1/.5.5 Drift Pass. : - o
T e o SN L e
'DriftfPass“occurs_along,thek orthwestern coast of Phillips e
g ‘(‘ [4 .
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on the north side of - ‘the Borth Beach fiord, In the background -

1§ the calving gla\ler which. marks the: hmrt‘s of the Tidewater
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'P14;é 2.6 This is the‘ﬁpSiopelscérp,of'alretrogfe551Ve th
’ : ,'%hermokqpst'actiyity.lvThese thermokarst featur
lower part of ‘the Borth Beach site. .. = ...

v

aw flow slide at.”

" Borth Beach. It is at the head of a valley, produced by .

es dominate the.
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Plate 2.7 This, debr1s f]oy appeared w1th ‘nine. othars w1tﬁrﬁ a 100ﬁ'1;
, _stretch of shofeline of .Borth Beach., . Debris flows were Of &
“associated with thermokarst act1v1ty and. the:marine sed]

, '   | N f feund . draplng the lower SIOpes. RIS ol ,dlf
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water_Giacier Site

~* 'scale Contour_interval 500ft.
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o ‘c(;nc_é_n;rcti_oh of gelifluction lo_nd_"fbrm's .
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Figure 2.4 The Tidewater Glacier was thé,ﬁe’st' site}r fbﬁvge'_]{ﬂ'uctfon _-1_<ll:be’s’
" the author explored. This opinion is based on. the number of
- lobes found, the number of lobes with organics and ‘t‘he.-ygriet_y_

‘of slope micro-eayi ronments encountered. .



P\ate 2 8 A talus slope is v1suble beh1ﬁd a rais

o

of these are typical of Tidewater (l
The fluvial-glacial.sediments are found in the centre of the.
s1te ~and the ta]us slope dominates the adJacent fiord s]opes.

3.

id delta:c deposit. Bothi,
er.surficial deposits. L
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A-Inlet It is a w1de, f]at bottomed vaTIey open to the ocean on 1ts -

ST
olm

,eéstern and‘northwestern sides (Fagure-Z.S) ~ The other s1des of the

- valley are mountains»reaching.ZGZm als.Ti Streams in, the surroundang,

-m0unta1ns often have ge11f1uct1on sheets f10w1ng 1nto them.. These

mountaxns are pfedom1nate1y composed of Devonlan quartzﬂnonzonlte,v e {”'

_whereas the mounta1ns to the south and the valley 1tself are
.composed of 0rdov1c1an or S11ur1an greensch1sts. Ltke most s1tes jn

fPh11]1ps Inlet mar1ne sed1ments are w1despread be]ow €ay 100m.: OnJ,A

h1gher s]opes a d1am1cton 1s qu1te w1despread and ow1ng to the “.;*.»n‘

R

prox1m ty of g]ac1ers and 1cecaps, a gTac1a1 origin is Tikely.; Above
N :

, the d1am1cton taTus 0ccurs. The gel1f1uct1on Tobes wereltn the Tower

R Ctg
parts of. zEaTT sheTtered valleys, and were s1tu§ted most]y on talus

»-

lAnd other co]]uvﬁa] sed‘ments. .

2. 1 5 6 Conc]uswon . ' ': a _'. - i

Ph1111ps Inlet has a var1ety of sTopes of d1fferent grad1ents _

?fand 11thoTogles. ,Iherefore there is a w1de var1ety of envxronments

"-1n whi ch to 1nvestxgate ge]1f1uct1on Tandforms.'

~ o ' .
Three obew were trenched at Stormwatch DeTta, none at Borth :

Beach e1ght4ht T1dewater GTac1er and four at Dr1ft Pass, a total«of v;'_f,f;

f1fteeh The - observat1on of ge11f1uctxon Tandforms was severe]y

'11m1ted by the presence of snow._ In June Stormwatch Delta was SO

. we]l covered by snow that some large debris fTows were complete]y .

_pronounced ge11f1uct1on lobes remained obscured.

N
h1d8en from V1ew (Plate 2. 9), so 1t is aTso Tikely that some less
N

-

ol



rift Pass Field Site

1 .
Scol“é - "Contour iﬁt'ervat 500f¢.
R —— S S . N Ty
~ 0% 01 2 3 Kilometres -

YCdncéntrqt_'ion of geliftuction. land forms -
_ Concentration of debris flows = . ..

,Compsite

~

‘Figure 2.5 Drift Pass gelifluction lobes were found Wostly in a small - -
oty - tributary vadley, and the debris flows on iver valley slope. -
‘Organics were sparse at this site. Measurements of-lobe '
morphalogy were difficult, due to the merging of individual
lobés with the two large gelifluction sheets on either side of .
the sheltered‘va1jey.< ' L ' '




' f:fr:“g' . Qﬁtover obscured mass movement landforms.

_?“&f,.l‘}. B e ST _3;
R snowbank In  many .other aréas. ‘of Phillips . Iqlet the June

- - * . [ - P

. “-}" -
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v
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Plate 2, 9 Four debrls f\ow Tobes qge seen here emerging from a late June ,“;[.
. '
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) 2.2 Boothaa Penxnsu]a

-_'2,2i1 Locataon .and phys1ographx

Te's

Booth1a Penxnsu]a forms the northeastern extrem1ty of the
Y T )
. D]str1ct of Keewat n, ma1n1and Canada, extend}ng from 72°n to 68°N

-

‘_ and from 101°N to 90°w. Boothla Penxnsu]a is separated from Somerset |

R Is]and to the north by Bel]ot Stra1t To the northwest 1s Frank11n-~ '

and James Ross Straxts and to the east 15 the Booth1a Stra1t (F1gure 'h/:"‘

N . A

Booth1a Pen1nsu1a cons1sts of two central p]ateaus -'thé »5‘

.Boothxa and Wagner p]ateaus wh?éh are flanked by f1ve 1ow1ands the'”"
1 S1mpson Rasmunssen wrotters1ey and Abernathy ]ow1ands{ and the .“ ‘S

Pas]ey P1a1n.. The 1arge ge11f1uct1on sheet 1nvest1gated by A. S Dyke I

' j(Geolog1ca1 Survey of Canada) occurs on the Pas]ey Plain, therefore [

th1s@s1te w111 be descrxbed in deta11 Dyke (1984) descr;bes the

_Paske; P1a1n as G e e T el

w3 o N

Coe ‘an- extens1ve11 drift- mantled surface of Tow re]uef ) _

4 wkose elevatiof is between those.of. lowlands and T
pﬁateaus mostly. between 100 meters’ and 177 meters above SRR

séa level,"

‘The low re11ef of the Pasley P]a1n genera]]y resu]ts 1n shorter and

l

'1ower s]opes compared to those found at Ph1111ps In]et

x

.d2 2 2 Bedrock geo]ogx , _ -
A | Pas]ey P1a1n 1s cons1dered %y Dyke (1984) to be part of a
e sung]e faulted eros1on surface, dropped down from a pos1t1on 1eve1 to
_Lthe connected Booth1a and wagner plateaus dur1ng the 1ate Tert1ary .,d"‘
b]ock fau1t1ng of the arct1c 1s1ands. kae E]]esmere Island Boothla.?f
IWSPen1n5u1a s . character1zed by a broad range of 11tho]og1es that range
Jn_agelfrom_Precambr1an!to TertTary, The p1ateaus are under1a1n by '

!
- .

t
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ne Pasley River on Boothia - Peninsula - |
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L covered by the air photograp

h- (Plate 2 10)

{

AF 9u"e 2 6 - The smaH squared- off part of the Pasle_y R1ver is the area
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- the oldest rdcks nameTy foned and fauTted gnexss and granxte of the o

B Booth a Horst (Precambrxan Sh1e1d) On exther s1de of the horst d f%
a. ’

N

&

dzppxng away from its north south axis, are the Paleozo1c sed1mentary
rocks of the TowTands. These sedimentary rocks genera\ly

rade from o
cTast1c T:tho]og1es in - the more prox1maT Tocat1ons to carbonates in

“the more d1staT-ones._ -

‘-’2 2. 3 C11mate T - — : '_;,h : - T S '-7§m -

The statement below summar1zes the ava1TabTe temperature and
fprecipitation retords‘from Pe]]y Bay;and,Shepherd Bay on so‘uthern_~

}fBoothia~PeninsuTa and'from-Spence Bay on Simpson Peninsula.
: ", ‘ § . - p o . : v. ’ :...-.ﬂ .
Dyke (p.2) states that: o . o

"The- three stations have closely s1m1lar weather .
patterns with long,: cold, dry winters and brief cool,
damp: summers. ..The cllmate at Pelly Bay (southern
@ooth ia) seems s)ightly more marine than.that at- Spence
Bay (Simpson Peninsula) or Shepherd Bay (southern’ '
Booth1a) in that it receives appreciably more
precipitation in both winter and summer and has\ o
‘siightly cooTer and slxghtly shorter Summers._ ‘h' .
'Pasley River 15 further 1n1and, s0° one woqu expect a cJ1mate Tess :
marane than those of these coasta\ sites. There 1s Tftt]e dafference E /

"between ETTesmere Island and. Booth1a PenTnSuTa in terms of the L | : f'
-¥seasona1 temperature regxme however, it shoqu be noted that an of
) the Booth1a PennnsuTa stat1ons can recexve more than ten t1mes as much

L : pQ?c1p1tatxon as the ar1d cont1nenta1 Tnter1or of the Hazen Plateau
: .

" (Fllesmere Is]and) (England 1981, Dyke, 1984) .

2.2.4 Vegetation . T",_H7'~‘,- SRR Foe |-

There are two ecoTog1ca1 zones on Boothwa Penxnsu]a as -

detennined by Tarnoca1 and Boydell (1975) The Pasley PTa1n OCCUFS. 1n



'f'thexr m;7—Arct1c ec05ystem whzch is descr1bed as cont1nuously ’f

1”vegetat

) _2 2.5 1nd1vfdua1 s1te descr1pt1on - Boothua Pénﬁnsula

~,1ts term1nus and from wh1ch 46 organ1c samples were takennfor

'f7; dat1n9 4 In 1985 these sampl'

e the Pasley,

"Peninsuiét =

e L . . . . L e

e

d. ~This contrasts sharp]y w1th E]]esmere Island wh1ch 1s

dlscont1nuo 1y vegetated and where even 1ow\ands often have 1ess thgn

;?10% surface cover (Eng]and et al., 1981) According to the. authors

‘observat1ons 1ong stretches of COast11ne were unvegetated in Ph1111ps

Inlet whwch he*ghtens 1ts contrast to the Pasley Pla1n. .

N .
?

2 2;5 L Introductxon oo k@

)

In the summer of 1982 A S Dyke of‘the Geo]og1ca1 Survey of

-~

Canada exam1ned the Quaternary geomorpho]ogy of the Pasley P1a1n."In _

.vthe process of these studxes a 1arge ge11f1uct1on sheet was

L

'fdlSCOvered and "six t:enches were excavated that extended ca. 10m from

g

®

- “

we]] as the s1te descr1pt1ons. Th1s transfer of data was necessar9

v 0'23 v M
) because of Dyke s comm1tments to. other prOJects and because the Pasley

” ,~P1a1n fxeld stud1es comp11mented the¢1nvest1gat10n of similar 3

‘ge11f1uct1on 1andf0rms from Phx]]vps Ln1et. ﬁ;f‘}&{ E g j_f' B
SO "Q" _ “ e o
Z 54 2 Pas]ey RTVer *u : “w ,‘_; ¥ P #ﬁr_‘

; ~ : T

Ge11f1uctiqn 1obes were excavated along the northern banks pf

’vaen at 62m a.s.1. (70 25" N 95 37 W, Figure 2 6) i

Qwere sent‘to the author for ana1ysis,ﬂn7

& .

. ge11f1uctJon shegt occurs at a bend of the Pasley R1ver which 1ncises {
o I

the exte:f1ve]y dr1ft-mant1ed surface of“the Pasl P1a1n. The Pasley;i

'r-‘R1ver‘em tjes,1nto’§d%1ey Bay on the western shore of Booth}a ’

! ; N ) . e . 3 N . N < ) . .
| o . . B . . .o ‘ -3

{
o
[



e

¥ The ge11fluct10n sheet 1s approx1mate1y 100 metres 1o?g by 1000
metres wnde.. It orxg1nates from the base of a sma11 bluff wh1ch ";;\

"vborders the r1ver val]ey, and extends over ‘a beach of f]uv1al sands

Al

‘fand gravels (P]ate‘Z?QO) Un11ke the Ph1111ps Inlet 51tes where y;
lobes are often disCrete features the. ge11f1uctloh sheet at Pasley i
RiVer,tayes'up a large part of the_ent129>s1te.

L : R _ oY T

-

2 2 5 3 Conc]us1on

The Pasley vaer 51te is very d1fferent from ‘the Ph1111ps In]et

' .sites. The Pasley R1ver s1te is lass steep, cont1nuous]y vegetatxng

and dr1ft mantled. Th1s isa consequence of 1ts greater pneo1p1tat1onlp
end l1tho]ogy.’ F1nal]y, g1ven the numerous d1fferences between Pas]ey
River ‘and Ph1]11ps Inlet it would be w#ong to acgount for any
;>d1fferences in the1r ge11fluct1on 1obe shapes and veloc1t1es, by
's1mp1y 1nvok1ng the great 1at1t0d1na1 d1fferences between s1tes (12 ) e
_The following will deta1] processes and morphology of gel1f1uct1on ‘ _
‘;1andforms reported fronm other s1tes.» | v N

.
NI



3 - -

Flate 2 10 The large gelif]uctton sheet at Pasley River -is the dark mat of ff,;

< material inside the river: bend. ‘It is constrained.to the east
’ byz‘the white late-lying ‘snowbanks: which are its moisture - . °
source. The: approximate Tocation of the trenches is. 1nd1cated

R S
. L e

- ;by "the w‘hite arrow. ‘“Nonth 1s at the top of the photograph. R
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3.1 Introduct1on SRR v' ' f‘f'vf_g_fﬁ

. ‘ S
s CHAPTERTIT. b

GELIFLUCTION LANDFORMS: FORM AND PROCESS =

' f3}2 ' Components of Ge11f1uct1od

. U~

~;; Th1s chapter rev1ews ge11f1uct1on form'and process\CvHowever,

it should be recogn1zed that .the followxng is not 1ntended to be all-
_jencompass1ng or, deta11ed ‘rather it w111 prov1de only the basxck

' background on gefo]uctxon 1andforms found in the per1g1ac1a1

§

‘ ]1terature. For a’ comprehens1ve rev1ew of ge11f1uct1on the reader

4

should see'washburn (1979), or Harr1s (1981) ?‘__ ‘b7td'ﬁ

[ I

3.2,k Introduct1on 'i

Kirkby, 1972; French, 1976; Harrls, 1981). .

!

per1glac1a1 env1ronments._ Ge11f1uct1on.1andforms are\the resu]ts of"

/,

_thhee d1scernab]e s1ope processes gellf]uct1on frost'creep; and

re'rograde~mot}on. Each w111 be’ descr1bed in.the f0110w1ng sect1ons.

;3 2 2 Ge11f1uct1on

o Gel‘f1uct1on 1s the slow deformat1on of the acttve Tayer. The'

: deformat1on is ent1re1y seasona] In the h1gh arct1c the per1od of

' dgreatest movement usual]y co1nc1des w1th the spr1ng thaw or n1va1 me]t

(Cook 1959 Carson and Kurkby, 1972 French 1976 Sm1th 1985)

Most authors who have measured rates of f]ow haVe concluded that 1t is

’

" the most ‘rapid 1q the uppermost 50 cm of ‘the. act1ve 1ayer (Carson and

L)

¥

SR et 33

Ge]1f1uct10n descr1bes the s1ow movement of debris downs]ope 1n»

‘,) .
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R

3

"‘(Fxgure 3.1). 5011 mowsture freezes dur1ng the faTT and w1nter -t.r

‘ :3 2 3 Frost creep : T _Tj' j

T e

Frost creep is best understood by the follow1ng sequence

caus1ng frost heave norma] to the surface of tﬁgrwlope. Dur\ng the

/
subseque\\\spr1ng and summer ‘the so11 thaws Yand sgttTes vert1ca11y

‘ paraTTel to the vector of grav1ty As a consequenée sowT partlcles

._,J""

'.Qhw111 have made a neé.hdvance downs]ope (French 1976 Harras,‘ 981}

iTh1s rachet-11ke-movement'(Nashburn 1979) w111 be repeat d annua]]y

eaus1ng 1ncrementa1 d15p1acement downsTope. The effectlveness of ;

frost creep w*ll naturalTy depend on the amount of vert1ca] SR )

-

d1sp1acement ‘and . the slope angle. The greater these are, the greater

the downslope d1sp1acement. - _3"

oW 4

3 2 {SgRetrograde notion

Unl1ke the prev1ous two mechan1sms, retrograde mot1on does not)

d1rect1y~€bntr1bute to movement Gel1f1uct1ng sed1ment is often held

back from sett11ng verttcaTTy durtng frost creep. One can envisage

th1s movement as’ a shrxnkage of the so11 mass, that prevents the soil

3

2

A )

from advanc1ng as far as gt shou]d 1f it could, sett]e vertical]y. : f: -

Var1ous causes of retrogirde mot1on or shrinkage have. been suggested

s These 1nc1ude ' capxllary pressures, 1nterpart?C1e adhesinnu\;;J-

des1ccat1on and the c]os1ng of cracks or fissures (Young, 1960

Sm1th 1985) Nashburn (1967) reports that retrograde motion can:

prevent 10% to 50% of total Tobe advance, Retrograde motion has been

’

seen as an actua] motion of geliflucted regol1th upslope (Frdnch

)

P ~

1976) whereas 1n fact 1t may merely represent the 81fference betwéen-

R
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CE - ) . a
' MOVEMENT OF A SOIL PARTICLE DUE TO FROST CREEP
A’_o?a(/ . N . ) A .
4*/ (7 - ] . = A

R . . -

_ —_ Rl
-4 VECTOR OF‘GRAVITY'I . : T
N . L I .
‘
- B

- P

(’T (R : - ",_' = )
o P . . : . . o S L.
Figure 3.1 This diagram shows the path of.a soil particle undergoihg frost
~creep.»The pracess startsuwitqga particle being raised by -
“frost heave perpendicular to the slope surface. . When the
ground thaws in spring the particle follows a line parallel to’
the vector of gravity and effects a net downslope movement. . :
"Repeated every year the particle will appear to creep
downs:lope, ' e . -

. o \



,; farthest upon thaw1n¢ and sett11ng It 1s not known how retrograde

WS
[RE -

;\Flow decreases w1th depth because sed?megts at the surface haveﬁg«

.36
.‘pred1cted adVance by frost creep and the actuaT observed ad;:lceb o .“
(smith, 1985) L S R
u3 Z 5 Summari/‘r—*—fff;"‘ A
. ‘ The efLects of the flrst two mechanlsms are reduced w1th depth

o Tonger per10d of thaw*agh the earTxest exeesure to snowme]t compared

}“movement changes*n*thAdepth AR f .

: surface sed1ments move further than mater1a1

. to those at,greater depth ; Th1s provxdes the surface sedqments with aff

Tonger peﬁTod in wh1ch they are free to

2 >

'down<10pe. Thus the :5

’?ch 1s thawed Tater *d'

ﬂfthey exper1ence susta1ned saturat1on dur1ng n val meTt when the act1ve

Tayer 1s shallow. Furthermore, cumu]at1ve fro t heaveo1s greatest at

d
»

the surface. Th1s ra1ses sediments. away from the s\ope 50 tha

downsTope. The part1cTes heaved the most w111 thUS be‘abTe t% aﬁjthe -if

7

R
" . X
e . e _ . R

o K N : L o : . - . X Ty
NN : = . . IS Rt : oL : . P t o :
. o . R

o

' 3'3 Cbntro]s On Gelifluctionx

'3 3 1 Grad1ent

q.

?1. The force,that dr1ves gelﬁf]u t1on 15 den{ied from the mass of .

.the 1nvolved regol1th and the acceTerat n due to the earth s grav1ty.f

‘ ‘fAs grad?ent 1ncreases io too does thd*component of the force app]ied

to br1ng the soil mass downsTope. Therefore one would expect the ."

4 .
fastest mov1ng ge]1f1uct1on Tandforms to be on the steepe§t slopes. .

:However th1s is, not always the case in ‘the field for examp]e Smith

,"“(1985) reports that. aTthough the surface velocity of geTifTuct1on S
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3 3. 3 Soil character1st1cs

'1obes in the Front Ranges of the Rocky Mounta1ns 1ncreases wath

: greater grad1ent the overa]] rate of a ge11fluct1on 1obe w111\not

necessar11y be faster on & steep s]ope (Harr1s 1981 Smith, 1985)

i ”Ev1dent1y, other factors such as mo1sture conggnt .and so11 textﬂ}e are

hard to: 1so]ate from the effect of grad1ent. Grad1ent also seems to

determ1ne the. kind of ge11f1uct1on 1andform. Fﬁr examp]e, sheetg tend

.

to be found on 1ower grad ents than ge11f1uct1on 1obes (French 1976

Harrws 1981) ' i/} i :‘ o . fei " ~.f :

*I

3. 3 2 5011 mo1sture

So1] mo1sture is essent1a1 to ge]xfluct1on becausef§%1ther

frost creep.nor f]ow can occur w1thout,1t. The sources, of mo1sturér
are seasona\]y thawed.snow ground 1cq’ seaso/af groundwater and “
ra1nfa]1 _ Saturat1on of the 1andform is aided by the presence of an
1mpermeab1e permafrost- tab]e.v 0bv1ous]y, contr Ts such as climate,.
aspect vegetat10n cover soxl texture, and m1cr -s]ope morpho]ogy
;nfllgaffect the-supply and rebent10n of mo1sture at a s1te.‘v -

N ;

5011 texture and 5011 part1c1e shape also const1tute controls

\

on gel1f1uct1on. So11 texture is impartant because the.strength.of‘a

Y

% S N
soil is often 1nf1uenced by the s0il's &exture (Casagrande 1947)

*Sandy and silty so1ls such as those found in ge11f1uct10n lobes, have

Is

less strength. Thxs, a111ed wuth the frost heave susceptab111ty of

> o
" coarse sediments, prgmotes ge11f1uct10n and frost creep (Harr1s, .

1981). R
Part1cle shape also has been suggested as a contro1 (Holdgate,
. : , - e AR

-

. .

37



: e
bo, 1967; Soderman 1980) For examp]e ‘mica fTakes in

ge11f1ucted 5011 reduce the coefficwent of fr1ct1on due to the ab111ty
“ J’}'

‘ e
of water to Tubr1cate para]]e\ fragments of maca. However, 1t wou]d
t%

be. d1ff1Cu1t to 1solate th1s effect in the fwe]d ow1ng to the
v@,
» Tnfluence of other contro]s.

3.4 Morphology of'Gelifluctﬁpn Landforms ,‘ A\

f3.4}1 Introduct}on o

A genera11zed ge11f1uct1on 10be (Fxgure 3 2) has three basac

F

componfnts the riser tread, and - f1er sTope. ‘The re]atlve

}d1mensxons of - these components are used to c1a§§1fy ge11f1uct1on lobesvl_

' and each is d1scussed in more deta11 S
‘The riser 1s the steep frontal ﬁghk of the ge11f1uct1on Tobe.
‘.//// ,‘ Th1s term 15 also appl ed to the fronts of other mass movement C
| B 'Tandforms such as debr1s fTows. The tread is the’ surface of the’ ,f
_vlandform and represents its mere - mob11e part, The tread 15'measured§

, 5‘ :fbr:_ length, s]ope and occas1onaﬂ1y for width, Thz’f1eld s]ope 1sfi

s1mp1y the slope of the surface lan over wh1ch the ge}1f1uction

' TQFdform 1s advanc1ng., The f1e1d slope. is com%only measured for its

¢

o o angle and aspect._ The next sectton wiTT show how types of

geT}fTuct1on Tandforms -are d1fferent1ated by these three bas1c

- B 0%
features,." . S Rl
.’_ . l = a v '.:v ‘. ‘1‘ | | ) | ‘
3. 4 2 Tyges of ge11f1ucf1on 1andforms o t, S
. /:.3- Three types Of gelifluct1on landform (sheets terraces, and

1

e T'lobes) are commonly referred to 1n the l1terature (Benedict 1970

1976 French 1976 Nashburn 1979 Harris 1981 Hilliams 1984-

"
SR
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F1gure 3:2 Th1s d1agram shows a much. s1mp11f1ed side view of a

"gelifluction lobe and the features that are usual]y meésured in -

morpholog1ca1 studxes (Haln, 1980)



_ Chbrle}'et aT.;31984) Sheets are broad shallow expanses “of moving

so11 They have Tow risers (<1m) great tread widths. and Tength and

f,jthey can deveTOp on sTopes as Tow as: 1 to 5° .. Terraces are compr1sed

' -;L of an overTapp*ng serxes of r1sers and treads in whtch the w1dth of.

© the tread is greater than the Tength R1sers can occas10na11y reach
’_lm in hewght Térraces resemble contours or subdued agracultura]
‘_&terraces when viewed from above. Lobes ‘are. the most concentrated

express1ons of ge11fTuctton and have rece1ved the most attent1on in*

| the 11terature. The fTow of gel1fluct1on Tobes 1s more channe]]ed

. than other g‘l1f]uct1on Tandformsq Such ]obes tend to be

tongue-shaped and have a long tread (2 -to 60m) and a steep, hxgh
'-'r1ser,;somet1mes >1m“(Pr1ce, 1974; Harrts,-1981), ‘ _
: - o . S | . : "Vbr

- ‘3 4 3 | Tuff vs..stone-banked gehﬂuctwn landforms - 4
' £ S

SN

Terraces and Tobes are further cTass1f1ed 1nto turf and stone- o

‘-banked Tandforms based on the1r Surface cover. The “bank“ refers to
the rxser 1t 1s here ‘that the turf and boulders are concentrated by

the movement of the tread
\

There are other d1fferences bé%ween turf and stéab banked

Tandforms. Stone banked risers are composed of Targe tllted boquers o

“whereas turf banked r15ers have fewer Targe clasts (bou]ders) and _.3'
‘these tend to be more hor1zonta11y orlentated The concentration of
‘boulders in the rwsers of stone banked ﬁdforms is due to t'he

| predominance’of-frost heave (Sm1th 1985) Frost heave T1fts bou\ders

to the surface of the tread The boulders are transported rapidly on .

the- tread to the Tobes margin and there accumu]ate (Harris, 1981)

Turf-banked Ta\\TQrms are Targely composed of fine material thus,vp;

: .



: there are few bou]ders to»sort (Sm1th 1985) s o ‘
"The type of lobe is’ controlled largely by the nature of the
“nriojnal sed1ments. A]so the cover1ng of a 1obe is strongly t1ed to ; =

.c11mate.‘ For examp]e,‘1n 0kst1ndan Norway, stone banked 1obes are .
found at h1gher altttudes than turf banked 1obes, no doubt due to the Sy

c11mat1c grad1ent wh1ch co*nc1des w1th a change in a1t1tude (Har;1s, .

"'f1981)

;}3 4. 4 D1mens1ons

slopess™ The1r frequency perm1ts many measurements of 1gbe d1mensxon..; o

ﬁl» In turn, th*s prov1des the stat1st1ca1 bas1s for det r/ n1ng the
'relat1onsh1ps between such varxab]es as: 1ength r’ser helght tread
slope and field slope. RS e v
| v

Genera]]y, Ha]l (1981) and Smith (1985) Have: shown. that small

iobes with h1gh r1sers develop on steep s]J{és (5-259)eand ]argef]obes;ix
;w*th Tow r1sers-deve)/p on gent]e slopes (< 25%). On steeb s]obés
gel]f]uctxon is concentrated 1nto narrow routes promot1ng rapxd B
fvmovement The slower advance of ge11f]uct1on on’ more gentle s]opes:
;_1nvolves greater amounts o‘ mater1a1 (Sm1th 1985) A]though '
observat1ons show a morph01051ca1 control by grad1ent gradlent a]one

does not exp1a1n geleluct1on because other var1ab1es ‘such as o

o mo1sture supply, are equa]ly 1mpurtaqt

S35 Composition

3.5.1 Introduction

o "Gelifluction'sediments arevdiv{ded~into clasts;.matrix and_

q
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organ1cs._ Both°c1asts and matr1x can- be descr1bed 1n terms of size, ' ?] o

: shape and or1entat1on. 0rgan1cs can be descr1bed 1n terms of the1r

:rdeposxtmon, composut1on.and,age. .

.

-__gkg “Non- organ1c sed1ments i;._ f‘;’ ”ff« ~'_-:T DR N

A The s1ze' shape and or1entat10n of c]asts are 1mportant
Aattr1butes of any geT1fTuct1on Tandform.» Non organ;c sed1ments found
in ge11f1uct1on Tandforms range 1n s1ze from clay to boquers. »The'f
s1ze d1str1but10n of cTasts, and the1r shape, resembTe ‘that of-the a
- parent materuaT Because ge11f1uct10n Tandforms are so slow mov1ng,
11ttTe mechan1ca1 breakup (comm1nut1on) of the source mater1a1 shoqu
vvbe expected Therefore the type of source mater1a1 1s very 1mportant
for size and shape.. Most non organ1c sedxments ina gelifTuction
'Tlandform are. anguTar as woqu be expected from freshly weathered fn{
tbedrock | | »4. - t,
o ‘Frost creep and fTow.are both favoured by a certain range of
: clay and S}Tt content.‘ For exampTe the h1ghest amount of cTay |

-reported from a ge11f1uct1on Tandform sedument samp]e 1s 33%

‘,(w1111ams, 1966) however the TeveT of cTay content 1s usuaTTy much

tlower. The texturaT enve]ope of ge11fluct1on sed1ments 1nc1ude those v'

‘gra1n s1zes that are most suscept1b1e to frost: heave. For example,,_ f

' sandy sed1ments aT]ow water’ to dra1n efficient]y, reducing frost creep

ot

~and flow.» Conversely, clay prevents suff1c1ent 1nfiTtration 1nto the ff“

-

"sed1ments, to support frost heav1ng. The texturaT range for
ge11f1uct10n is the same as the textural range of sediments
xsusceptlble to frost heav1ng. COnsequentTy, one can say that wet. :

hfrost suscept1b1e sed1ments on TOw to moderate slopes are prone to

4
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: dynam1cs of the ge11f1uct1on process.. There is enough moJement 1n -

f(Bened1ct -1976; ﬂetu and Gray, 1985)

| cappJng the part1c1e (Harr1s 1981)

) g
. /.,

[2

'fgeleluct1on in per1g1ac1a1 env1ronments. p',f'o ‘vj ”;:.Vhp‘ ”'f//a:-.

The or*entat1on of 1arge non organwc sed1ments ref]ects the,

~

ifge11f]uctxon 1endforms to mod1fy the orlentatwon of 1arge sed1ments. .
'Prov1ded there is no’ .mpedxment to movement most 1arge c]ast% show a :
*:strong downs]ope or1entat1on of thexr 1ong ax1s. There }g also a

sltght1y transverse or1entat1on where restr1ct10ns to flow occur

causung compress1on (Harr1s, 1981) The preferred ortentat1on of

large clasts in ge11f1uct10n‘]andforms 15 suff1c1ent1y deve]oped“that- »

'th1s character15t1c is. used as ev1dence for past ge11f]uct70n tﬁ,areas

that are no. 1onger per1g]ac1a] env1ro ents such as Eastern Canada =

. Part1c1es of sand-and grave1 have d1ps para]lel to the ground ‘

N

‘,surface. Thxs is st mply a result of the a]?gnment of these partlcles

A

 with the d1rect1on of gele]uct1on movement downs]ope. However the
: or1entat on of f1ner mater1a1 such as 511t capp1ngs on. sma]] gratns,
‘1*5 the. resu]t of freeze— thaw . cycles. Durung the wanter the grauns are

) surrOunded by a: coatwng of aCCumu]ated ice. -The coat1ng creates a-

< u

space in the so11 1arger than the part1c1e. Upon thaw1ng of the ice

coattng the partxc]e falls to rest on- the bottom of the space, S11t '
j;

and f1ner materTal 1s then washed down 1nto the top of the space, .

: Bur*ﬁg o@g&nfc iayers are common]y reported from ge11f1uct10n
1obes, These organ1cs represént former A horizons and/or vegetat1on b

mats bur1ed by the advanc1ng ge]xquct}on 1obe.. On heav1]y vegetated B

‘43



g .ge11f]uct*on ]obes the tread ro]ls over ahé beneath the advancing

r15er and 1n the process becomes 1ncorporated in. the 1andform 1n an
,rnverted posxt1on. Thus two superamposed organ1c layers can be found xa\&'

1n these 1andforms (Bened1ct 1970) hii . ﬂ' . 7':f%_5- {;'_ . EJ

L
l’-

Bur1ed organ1c 1ayers are a common subJect of=research 1n the
-fv11terature becausegthey provzde a source for Q,which, 1n tuﬁp ca@

be used to determ1ne the veloc1ty of the ge11f1uct1on 1obes adwande. "'-t
¢ e L

».T'More than one dtst1nct 1ayertof bur]ed organ1cs are common]y reported

L

fron ge11f1uct1on 1obes.. For exampJe A]exander and Price (1980) have

9

cr1bed a 1obe from the Ruby Range of the Yukon Terrxtories which

'conta1ns mu1t1p1e organ‘c ]ayers., As wou]d be e%pected mU1t1p]e f}ﬁ?v
’ X
- organ1c layers pose problems for 1nterpretat10n. They could be a

-result of mu]txple ep1sodes of advance across a series df vegetated

v

) -surfaces, or they’ may represent the dﬁsrupt10n by shear1ng of

"

: f_pre ex1st1ng buried organ1cs (Everett 1967 Prfce L970) The };f:~f ;'s,ﬁff
h»prob]em of properly 1nterpret1ng multxple organ1cs at Ph1l\1ps Inlet':? S

g w111 be exam*ned in. the f1fth chapter.“ o ;f' R R ';5rf .

L

36 _ sumary ._'»-'7'*'"5_,‘7“ L j';x.?,g'T%'?h~,-‘ o
_ = i .

Ge11f1uctwon has been shown to be a ﬁesult of flow and. frost

a'creep on 1ow-to moderate slope.; The pr,gess 1s especially active in’

__sed1ments w1th moderate amounts of cJay and silt because of high

' mo1sture retention. Because the above mechan1sms and sediments i;
character1ze many arctic and a1p1ne s1tes, ge11fluctiongjandforms are ~aFf:i;
commonly observed features.rhtﬁ_;-ﬂ oo e ; ; 9

The f1ords -and yal]eys of Ph1111ps Inlet have been weathered . .

This prov1des an abundant supply of coarse sediments : ;' f :

K e
N 4
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':_on many slopes.. Although summer prectpttat1on (s 1ow, snow covers .

many s?opes to aﬁdepth of approx1mate1y Im each spr1ng., When thus‘

_.melts the sudden input of water p1us the contr1but1on from the

‘thawed act1ve ]ayer saturates many sed1ments caus1ng rap1d -mass

e

movement. A]though the 1ack of vegetat1on apzarent on - aer1a1

' hotographs made the presence of bur1ed organ

";i:fjxgi ics were nonetheless observed in- excavated 1obes. S1m11ar

}
excavatIOns obta1ned th1cker and longer organ1c layers from

gel1fluct10n sheets at Pas]ey R1ver Booth1a Pen1nsu1a. The f'

'descrxptxon of these organucs, and the 1andforms where these were .

m 4
col1ected fr6m const1tutes Chapter Four. . S

o - _{'7
"ﬁg_,"

3 o {in

4

cs doubtful, bur1ed' :

85 -



;'dxscuss1on of these resu]ts w1]1 be w1the1d unt{i the f1fth chapter._v

CHAPTER IV = . " e
£ FIELD RESULTSs N
4.1 Introduction <‘ 3 '
i' Th1s chapter reports the ‘1e1d observat1ons and rad1ocarbon E
.‘ l ~
‘5dates from Ph1111ps In]et and Pas1ey R10era' For the most part :

This chapter is d1v1ded 1nto four ma1n pa%&
- 1) iDescriptnpns of slope and so1] mo1sture character1sts. ~

1_2):vGe11f1uctron 1obe morpho]ogy

s3)’:Ge\1f1uCt1on sed1ment§t “- oL 1;1 T 'g;k"
3;4) .Tables and d1agrams of organ1c sediment strat1graphy and
‘ } LN
‘rad1ocarbon dates. AR S

8 ¢

4,2 S1ope Chaeacter1st1cs

Ge11f1uct1on Tandforms weEe found on s1opes wh1ch varted 1n -

.\ .

grad1ent and moasture condxtions. Grad1ents var1ed between 5 0 and.

"\ 8

22 6° for a]l gel1f1uct10n 1andforms. D1fferences in gradxent were o

not observed between 1obes and sheets as has been reporte\‘jn the ;f'

11terature (Everett 1967 Slgafoos and Hopgtns 1951) (Table 4, 1)

' Ge]1f1uct1on sheets in two_adJacéht va]!eys at Dr1ft Pass were ;_
.<_observed on slopes between 8. 0° and 18, 0 whereas the two' extreme T

“values (5 0° and 22 6° ) a ffom gelifluctton lobes and were measuréd fj;*.f

*

‘on .a ¢1ngle'5029 stretcg*df coastline near Ridewater Glacier. So

- there are no charactertsttc ranges of gradient for a given type of

,-" A FPRIE . ."3“-'30"

. 1, | : | 46 e ._ ”#am

R .

. - i
B A I TR o TR A %)
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_gehﬂuctmn 1andform. Gehfluctwn terraces were not observed at

" Phi 111ps In1et or Pas]ey Rwer.

‘ Tab]e 4.1 Grad1ent of sIOpes mth Gehf]uctwn Landforms and Debris.
Flows .

e
. _Fie'ld R,egfdn " Local Site Landform ). Gradient. * Gradient

. Phillips Intet ‘Borth.Beach Debris flows - 8.0°-15.0% ~  11.0%

Tidewater  Lobes 7 5.0%-22.6° ©  11.1
‘Glacier TR TE . o S e
o Sheets - 4.0%-7.8° . = 5,57
Drift Pass Lo\es - 8'_.80—19.4,9,_ L .13,6‘3)
e cheets  8.3%18,0° © 11.9° .
. ’ . ' o . N X oy , ..l" !
e — .
SR E T Debris flows - 6. 7°*
- < . . ) ] § T 4,9 .
Boothi'a . xPa 1ey ‘  ? Sheet: R *' v
Peninsula . R1ver ¢ IR o c

' -on]y one observatmn
1

. Abso]ute measurements of mo1sture content w*thm gethuctwn
. B )
- sed1ments were no‘t made at- e1ther Phﬂhps In]et or Pas]ey Rwer.
' % R° RERLITN S L %‘ .
.'However, relatwe mo1sture Le)ghls“‘were o@vved Jigon example all, of
e '.

ey w

‘ the 10besa found%d?t‘ Bhe T1de.water £1ac1er s1teo»w a;y (i.e, the ’
L 'g
sedvments in the U;ench were not v1s1?ﬂy Saturated %th water nor were .

AR -

'they easﬂy mou]ded by\’hand rather they crumbled when mampulated)

-j'However, all the sed1ment,s at the other s1tes were ver_y wet, common]y ‘

the surface of the landfo\rms he]d ponded water agrﬁ um(; trehchmg the o

' 1des of the excavation contmua’ily coHapsed stfwment was

. ‘easﬂy mou]ded or 1t was too f1u1d for mou]dmg. ) The 1obes at -

9



: »’.v

. :Stormwatch De]ta f\]led w*th water to a depth of lcm.- Tﬁis-flow was-5>

.»

ma1nta*ned throughout one day of observat10n. Th1s thh water content.f
:pwas clearTy reTated to numerous Iate-?y1ng snowbanks ups]ope._
'?However at Dr1ft Pass (Plate 4 1) the Tobes were wet even in- early
';August when few Snowbanks remauned ufoss1b1 th1s moisture was -
vrstored in: the soal upsTope,pand became concentrated 1n the Tobes by
N

Joverland. fTow and throughf]ow. Prec1p1tat1on dxrectly onto the

Tandform was m1n1maT by compar1son. o ';j i.,ﬁ‘ ;,t'

43 Lobe ’Mofphoiogl"- |
. The morphology of gehfluctwn ( ndforms waf measured aLTowing ‘,‘
’prof11e and pTan vi iew sketches of the Tandforms to be drawn (see ;? ‘

i Append1x) The Tongltudtnal prof11es of the Tobes were obta1ned by
/pTac1ng an 88 5 cm ]ong wooden stake on the Tobe and taang
measuremenv of 1ts 1nc11nat10n\ The stake was moved up the lobe 1n
_88 5. cm steps; the 1ncT1nat1on was determ1ned at each step.v The. base v
B the prof11e was assumed to be the same as the 1ncT1nat1on g} the
”?1mmed1ate1y adJacent sTOpe., Determ1n1ng the exact profile of the -f; |
':dunder1y1ng slope wOqu shave requ1red the excavation of a trench to the
,overr1dden surface. However th1s was cons1dered 1mpract1ca1 Plan
'jv1ew sketches were made from a singTe Tength measurement a]ong the
'Tong axxs of the Tobe togethe:athh three width measurements taken at :

| one quarter one han and three quarters aTong the Tength of the

Lo

s

v _ . . A e . » . AR

er o e . i , "‘-5Gp«x

The same measurements were alsp made on debris flows (see
Appendix) aTTow1ng a comparison to be made between debris and

_ bdb gellfluction Tobes, These<revea1 some gehera] differeng&s 1n their L
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'respectiveAmorphologies‘.'Fina11y-there erevtoo:few'gelifluqtion SR
pﬂﬁa statxsttcal comparison .

d

between ge11f1uct1on 1andfonns morpho]og1ca1 features fr1ser hetght

. lobes found 1n Ph1111ps Inlet to attem

gradgent etc ) as was done by Ha]] {1981) and Sm1th (1985)

R

f4.4.f: Ge11f1uct10n Sedtments (Textur_L L :,f»a_f

v Most stud1es of ge11f1uct1on 1andforms characterwze the texture o

of the sedxment, and part1cu1ar]y the re]atwve porttons of" sand 9ilt
and’ c]ay,' Because the. sedxments in Ph1111ps Inlet are comparab1e with
'studles from ge] f]uct1on sites- wor]dw1de they sha]] be dealt wﬂth

) 1 b P _;‘:_ ; - \ g
“;on y brie 1y | \\ i - s . |
' 51x ge11f1uct1on 1obes and sheets were examfﬁed at Phil]ips

a V .

Inl&t for the1r texture. In add1t1on the ge11f1uct1on sheet at

'_Pasley R1ver was . sampled at six locattons. A11 c]asts were measured

~ ’_for thexr swze and shape whereas the matr1x Was anaIyzed for 1ts ‘

re]at1ve amounts of grave] sand s11t and c\ay : Th1s“rectlon 1s

_consequently divided 1nto two sub sect ons c1asts and matr1x._

PO

4 4 1 Clasts

Tests of the clasts spher1c1ty conform the expectation (Brsgzs,

1977) that s1nce there 1s l1tt1e movement hence abra51en 1n a’

| ‘Tge11f1uct1on 1andform,_then the c1asts should retain the low degree of

'.spher1c1ty they had when 1n1t1a]1y weathered.: Three hundred clasts :
,}from six 1obes were measured for the1r spher1city at Phillips Inlet. ;;tff
: Sph ' eity was 0 584 which is 1n the low-med1um range (Chorley et ‘i

_v]., 1984) Th1s va]ue is typ1ca1 of a regolith produced by‘ueathered.'f'

.bedrock or. g]ac1a1 sedtments deposited close to the1r source (Br1ggs, Lo



-

1977) Therefore, the sed1ments of . Ph1111ps InTet TobeSaare Tikely
the products of recent weatherung, and glac1a1 depos1txon. Both .
processes are much 1n eyfdence -at Ph1]11ps JnTet. The Spher1c1ty is
not as. Tow as 1t couTﬁ be (Tow as" opposed to Tow-med1um), ﬁd%ﬁTbTy
because some gTac1o fTuv1a1 sedfments cou]d have been incorporated -
PILEEALL

1nto the Tobe or Qecause of further mechanical break up in s1tu

‘ (1 e., by frost shatterlng)

q 4.2 Matr1x .

[

F1ve samp]es o? matr1x underwent s1eve and hydrometer ana]ys1s, e

¥ :
taken “from the middle of lobe trenches near the*organﬁc Tayer. The

‘ ternary d1agram (F1gure 4 1) shows the coarseness of 'the < 2. OOmm
fract1on of the-sampTes at both_sites s ev1denced by the near- tota]
Tack of c]ay and the preégﬁdnance of saqd and s1Tt. .The gravel

¢
content of the sampTes ranged ‘from 53.5% to 25 6%- for Ph1]11ps In]et

and’from 3.3% to 0. 03% for Pas]ey‘R1ver. It is. ev1dent that Phi]11ps '

gﬁlnlet sed1ments ‘are coarser than PasTey River's. The PasTey vaer'
sed1ments are . f1ner due to the ge11f1uct10n sheets 1ncorporat1on of
f]uv1a1 sed1ment from the nearby Pasley R1ver., The coarser texture of
: the Ph1]11ps Intet sediments 1s due to the Tobes 1ncorporat10n of
. weathered ‘debris and glac1a1 depos1ts. The ‘matrix. texture conforms

w1th Beskows frost heave susceptab113ty 11m1ts (1935), and are thus no

three from PasTey R1ver and two from PhT]]TpS Inlet. The samp]es were"

d1fferent from other geTifluctxon sed&g@nts 1n the T1terature (Harr1s,

e
4
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TEXTURAL PROPERfIES.OF GEL'IvF:L"UCTION.'VLOBEA'SEDAIHE‘NT‘S. AT -

S vBoy CLAY

*

. /Rigure 4.1 The shaded area in.this te

%< Phillips dnlet?sample

PR

.

sediment composition found

,

xtural diagram shows the range of
in- gelifluction landforms™from

- arctic and alpine sites worldwide (Harris, 1981). ‘As-can: be’

seen all.the samples from

Qf' envelope. The sediments are ‘generally low in clay..- There is a .
’ only a few points, for Phillips “Inlet ¢

“tendency, albeit based on
- sediments to be coarser th

both, sites fit into the textural

X

an Pasley River sediments. =

D]

B “

'/ ¢ L o o . . : v
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4.5 v: Orgamc Sedxments <
| Two.Jobes were selected for an analys1s of the*r bur1ed
g organ1cs 1obes, B8-4 and No. 4 at Phil]:ps Inlet and Pas]ey R1ver ‘.;_: ?le» h
respggt?ve]y (F1gures 4, 2 and 4.3). There were also’ four other 1obes:v;.'p7'
from Pas]ey R1ver prev1ously dated by A.S. Dyke.. B-4 is 1ocated on a_ "v_f)"
49 slope a]ong~the southern bank of. the Musk Ox River, near the | |
Tidewater Giacier. D1rect1y ups;ope and s]1ght]y over]app1ng 1t was
o7 7 smatler lobe (8-5, Plate 4.2). The steep riser (670) of B-4 had a. ‘L
pronduncedvfrontal bulge4m7~7hqs d1agnost1c of the siow restra1ned ,. |
~ flow of most gel1f1uct1on lobes..- In the case of lobe B-d, it was
.p0551b1e to 1nsert one's f1ngers underneath the riser. and trace the ;fﬂ
overturned organ1cs back beneath the. advanc1ng 1obe. Th1s suggested. ‘

that a continuous 1ayer of-. organ1cs m1ght be’ present and therefore E N

excavat1on was warranted ','g ‘ ‘

“A trench 4 0m 1ong and between 0.5 to 0. 25 “m deep was ' dug 1nto>
'1obe B~ 4 and twe th1n (<-1-cm) organ1c 1ayers were uncovered The
'upper organ1c layer (P]ate 4 3) p1nched out 1-m from the rTser whereas _
,.the basa] organ1c layer extended the who]e 1ength of the trench

k]

though 1t th1nned cons1derab1y at some po1nts. From°the basa] 1ayer -

. fiye samp]es were col]ected because of its greater length The _
. / N
o organ cs were composed of- we]] decomposed twigs: and leaves of cushion ’
"p]ants (La Farge England, persona] commun1catlon 1986) 1nterspersed

. wath reddxsh brown and hum1f1ed debris. g 'f. : . e f
s ,' Care was taken to remove the ‘shortest poss1b1e length of the

basal 1ayer in order to l1m1t the age range w1th1n the sample. Upon .
"removal, 1t was also noted that the samples yere often mixed w1th : ';[
f’hon-organmc_sedﬂments. Th1s explains the we1ght of ‘the three samp]es //)

[}

i

°
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Lobe B-4 was the most heavily sampled lobe at Ph1l11ps.In1§t...'-

Three of the five samples were submitted and dated. The 1ine
- showing the organic layers sh0u1d_n9t.beétakenatoaimply that a

. continuous layer of uniform thickness was uncovered. Rather -

the organics thickened and thinned throughout ;he_lob$;ﬂ The o

double layer of organics is a common feature ih gelifluction t

>

lobes. -The dates decrease in age UPS]OPﬁ}athefopposite'qf'thé,,““”'
expécted resu1ts. - R REICE »R}f b

L l)_. 4. ..

P N
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This diagram shows crd;sASectith'df?fivevgeiiflutijon lobes .
which jssue from the large gelifluction sheet of the Pasley
River site. LobeNo. 4 was focussed on in-this study, but the

- four other lobes are- represented here for- comparison. 'GSC.~ - -

dates and the author's AMS dates .are shown, withlthe'derived_:'

rates. There are three rates for Lobe No. 4. . Thé other lobes |
are ‘capable of beinglascribed~a'v%}ocity,'but;with'littie ‘

“authority because of ‘the sparseness’ of data. Lobe No, 1 is

‘missing from this diagram.because it was not dated owing to

“the difficulty encountered in discerning any pattern at all-in

3

its buried organics. . ..

-
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“Plate 4.2 .

-trenched for organics. The. riser of B-4 bulged under a '

~~for shape ana ‘ ! _ .
of the hi]lujn.the;bacggrouﬁd.was;a'lateiixing[snOWpatch;'the
- source ‘of moisture for thfsg1qn¢form. e S :

b1

Lobe. B-5.1s ﬁhoﬁh errIapbing LdbénB¥4,;after'they we?eariii‘

restraining mat of vegetation: _The.Spoi];was'used.aS'materfiy
lysis and particle size analysis. .Over the creSés,.

: [N
."..
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7],,}: )J
'\\Plate 4.3 The risers frontal bulge is more apparent 1n_;'” ide view
of the trench.. Also visible is the upper lafj prganics
sjtrated in Figure 4.2, This layer was ngj Ned N
use it was felt it would have 1ittle bear™H¥sn the .

--rate of basal advance, Noya the amount of rootlets, ¢

Smaller ones had to be separated from the submitted part. of

.the samp]e after m1croscop1c exammatwn. :



_ - subm1tted for 14C ana]ysas. o : ﬁff’ ':'f Sl : ST
’ * - . . 5 .-. PR ; - }\

The we*ght of the organxcs was not more than 15% of the. entirefj u

' samp]e we1ght (Tab]e 4. 2) ';
&
R - S DU
"Table 4.2 Total weight of samples submitted‘for;dating"
Q e . . » v ‘ » "-‘ v x,)‘, ) .
. No. of submftted sample:  Weight Qrganics'egt acted (wt-and. %) . B
o "'53‘oig 19 g '(3*6%‘)" o
= w0 337 g f Ao 9.3 0%)
32 g 5 g (13. 1%)

.“Th1s wou]d be a rather sma\l sample to sgnd t a convent10na1 beta ray -

counter for radxocarbon dat1ng. ,Consequently, it was dec1ded to use .

the acce]erator ‘mass spectrometer (AMS) op rated by Isotrace

o 'Laboratorues of Toronto because 1t is capab]e of ana]yzxng samp]es | 4

-t

conta1n1ng as 11tt1e as 700}Lg to 5 mg of carbon. Shell or : ff" ‘l",

; foram1n.fera samp]es of mg and wood qparcoal or1nacrofossi1s of 5

i
¥

vmg are commonly dated ,’ . e o
After removal of the samp]es th%y were p]aced.nn airt1ght
.;whirl Pack bags and stored for a few weeks pr1or £o freez1ng at- the S
Un1versxty of Alberta.' Samp]e preparat1on consisted of pwckung out
- the organ1cs from the mwneral fract1ons of the samp]es and removing
-modern root]ets by hand Under a microscdpexmpdern root]ets were
vd1scernab\e by - the1r 1nt3§tness and tight co]ouration. Otherwise the
fforgan1cs sent for dat1ng were woodj fr;gments sometimgs found 1n .
hr‘assoc1at1on with decomposing leaves which{ZEQEests that they had once fl
been»on the surface.‘ The same procedure was was adopted for the :A} -
Pas]ey River organ1cs. - | r '.ff'f__ f}iff’f}ﬂf_w-:?“f“’u'

c,)
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Lobe No 4 was chosen from the s1te at Pasley River. An

f”fextens1ve organ1c layer 4 to 18 om thick was excavated at s1x po1nts

g*a1ong the Pas]ey R1ver gel]fluct1on sheet. A1though there was one .

was punctuated by numerous 1obate extens1ons. Lobe No. 4 was chosen
.for analys1s because it had the 1ongest 1ayer of bur1ed organ1cs.

fOther 1obes at Pasley R1ver were not on]y shorter but they had

'“mu1t1p1e organ1c 1ayers, wh1ch wou]d be d1ff1cu1t to 1nterprete if _‘”
‘.{both ‘the upper and basal layers were dated ATthdugh th1s wou]d be

' -1nstruct1ve in 1tse1f the real test was' to determ1ne the long term

’

<rates of ge11f1uct1on.~ Nevertheless, seven‘samples from: these lobes

59

© et

".’large ge11f1uction sheet at Pas]ey R1ver 1ts otherw1se straxght r1ser"

_'had been dated by Dyke in 1983 uswng the beta ray count1ng dev1ce of o

the Geolog1ca1 Survey of Canada. Th1s total 1nc1udes samp]é L 11 from '

"*Lobe No. 4. They w1fﬁ be 1nc1uded in- this paper as wel] d1rect1y

40 slope and the” trench eprsed a cont1nuous basal 1ayer 12 m in-

~length. Dyke removed twe]ve samp1es a]ong this trench (F1gure 4 3)

f

and dated the one furthest from the Tobe front us1ng the convent10na1 .

‘ fo]low1ng the resu]ts from the AMS dated 1obes."10be No..4 occupxes a

N

beta ray counter=at the G S. C. 1aboratory.’ Subsequent]y, for this - -

- study, f1ve samp]es from:Lobe No. 4 were dated by Isotrace

»1aborator1es 1nc1ud1ng a second part of . the samp]e or1g1na11y dated by

the 6.5.C.. I
AT the data were p]otted accord1ng to their ]ocat1on from

' the1r respect1ve risers (Tab]e 4, 3 F1gures 4 2 and 4 3).



Table 4.3  Sample dates from PhiT]tps Inlet‘and.PasleyiRiver o

-

~ Location . - Sample No. D1st nce from Age (yrs B. P ) Batch-~
SE © . risef (m) o S ‘
_ Philligs Inlet . .C-36 e 1.0 845 + 50” st
- Phillips Inlet C-34 - gdeaty 1.7 590.+50 . . 1lst .
Phillips Inlet . C-32 . R@E: 4.0 - 595-F 457 . 1lst
LT 0. - - SRR T — . ¢ ..
Pasley River L-2 0.4 570 +50 - . - 1st ¥
-Pasley.. River L-3 3.0 270 + 50 - 2nd - .o
‘Pasley River © . L-5 5,0 2900 ¥ 507 . Ist =
. Pasley Riyer . L-7. .. 7.0 540 *#50 -  2nd -
Pasley River = L-9 9.0 11520 + 80 2nd ..
JPas]evaiyer L-11 11.0 1460+ 60* - - GSC'dated
-:.. qu‘g“. N v .- .- . . -‘ » v
o * - convent1ona1 beta ray count1ng date :,3' 7 ’ :h L
L o . .

One wou]d norma]]y expect an 1ncrease in age upslope 1 e., thhA
-1ncrease of dwstance away from the r1ser. Thws 1s because the -
.organ1cs near the@;xser should have been bur1ed most recently, as 3
L opposedito the furthest ups]ope wh1ch would have been the earl1est

bur1ed However th1s was not the case for e1ther of the two 1obes. .

‘i.B 4 has the sequence practtca]ly reversed w1th the o]dest date (845 t

5 yrs B P ) nearest the r1ser and the second youngest (595 + 45 yrs '

- B.P.) furthest from 1t (F1gure 4 2) The Pasley R1ver Lobe No. 4 1s

not in any apparent order at a]l (F1gure 4 3) ‘ For 1nstance the

R

'D1deSt date (2900 + 50 yrs. B P.) 15 1n the m1dd1e positton from the

o r1ser Just fol]ow1ng the youngest date (2”?4-50 yrs B P )

It is ther dte not possxble to ascrlbe the data purely to the -

tt advance of a gelifluct1on lobe over proxxma] vegetation and 5011. :

'.;Other modes of_organ1c debris entratnment and 50urces of dating error
','_wil] be discussed in. the fifth chapter in orderato exp1a1n these
-resu1ts.,' - e o | v

The—data from the GSC dated 1obes at Pasley River do 1nd1cate
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an increase in age‘upsioped(TabIel4.4)

Tab]e 4.4 GSC dates (betaeray c0untihg)i0f Pasley hiver;}gmples

]

Ldates from Dyke, 1983). L
T : 9
" Lobe No.  Sample No.. Age (yrs B.P.) Distance from’r'Rate‘(mmyrfl),
. S S front (m). . ...
T2 i a2, 550 +50 . . 0.0 o =e=
G460 2690% 70 7 3.6 1.86
3. Q-3 90 +70 0.0 me=
.18 1720%60 . 5.0 307,
5 L33 80 1 60 56 125
6 L2l - 1060+60 48 8.60 7

T~

s Although 1t is poss1b1e to. ca]cu]ate ‘the mean‘rate of‘adVance the'

. scarc1ty of contro] po1nts (< two per lobe) 11m1ts the1r representa-
tiveness. In two cases (5 and 6) on]y one date was ava1]ab1e, 50 the
eesumpt1on was made that the front of the 1obe is contemporary.',F‘r‘
’:th1s reason, they w111 not be d1scussed 1n much deta11 in chapter

: f1ve,hrather the d1scuss1on w111 focus 1arge1y on ]obes B 4 and No. 4

X

.dated by the author

4.6  Summary -

A number of pre11m1nary conc]us1ons can be made on the fn *:‘
observat1ons made at Ph1111ps Inlet and Pas]ey Rlver. There Hs no. _f ,d
correlat1on between 510pe graduent and the k1nd of ge11f1uct1on

1andform on them. Lobe morphology was found to be d1fferent from l}';tff

"debr1s f]ow morpho]ogy. The texture of gel1f1uctxon lobes matr1x is V'Q -

F ST
. notab]y coarser in Ph1111ps In]et%than at Pasley R1Ver. C]ast shape-’ NN
. . . . . L ‘ , ‘ ‘ ' ‘{ }K;;: o



- 'v:was f0und to be of 10w to moderate spher1c1ty.‘r ' o L
| This 1s a refTect1on of the d1fferent or1g1ns of the TQcaT
’trego]1th co]luv1a1 and g]acial in Ph1ll1ps InTet and f]uv1a1 at o
:PasTey R1ver. Desp1te the d1fferent orwg1n and textural propert1es,

_both sets of sed1ments d1ffer 11tt1e from the ge11f1uct1on sed1ments '

"ound in the laterature. The same can be said for- the shape analys1s .
Az’-f the clasts, noth1ng dufferent from what was expected was. found.

’ The organ1c sed1ments were found not to 1ncrease in age
}up510pe. The organ1cs in Tobe B 4 actually decreased in: age upsTope;

': _The organ1cs from PasTey Rlver lobe No. 4 showed no order at al].

“This - 1nd1cates that someth1ng other than the stra1ghtforward

overr1d1ng of vegetatxon is" occurrxng, or that other processes are _'

‘,<1ntroduc1ng contam1nants to the organ1cs. Broader conclus1ons
. D

' concernTng the observat1ons w111 be dwscussed in chapter f1ve. .



CHAPTER V . . =

SUMMARY AND CONCLUSIONS !

/

“5,1 7 Introduct1on

The purpose of th1s chapter is to ana]yse and d1scuss the f1e1d T

. 'observat1ons presented 1n chapter 4 It w111 be shown how

BN

” gelifluct1on ]andforms in Ph1111ps In]et and Pasley R1ver are -

-

.vd1fferent from each othep, and from those found further south

-Spec1f1c reference is’ made to the prob]em of datxng a11octhonous _‘

_mater1a1 by means of both convent1ona1 and.- AMS dat1ng F1na11y, the S

d1rect10ns that ge]1f1uct1on ]andform stud1es m1ght take fn the .(

i future, are suggested

5.2 - 'Slope Characterust1cs

Th1s section d1SCusses why the grad1ents on wh1ch ge11f1uct1on
bTandforms are found in Ph1111ps Inlet are so var1ab1e. It is not
‘d‘d'poss1b1e to as¢/:be a certawn range of grad1ents to a certa1n type of

f_gel1f1uct1on 1andform. One cannot say, for example that s]opes of 1

-to 59 are occup1ed mostly by ge11fluct1on sheetsﬂ Even w1th1n sma]]

A}

_ parts of the f1e1d area, conta1n1ng slopes of dlverse grad1ent the K

»1andforms may be of one type.' There are two posswble reason) for

this: ¢
) : ' : o o %
1. The sample popu]at1on may . have been too sma11 23 ;?

-ge11f1uct10n ]andforms were: observed at Ph]]]lps In]et ’ )

",'whereas pgerl"}hundred were observed 1n Halls (4981)

v

[t
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factors detenm1n1ng the type of ge11f1uct1on landform in
. “Ph11]1ps Tnlet. B _ ' 5
The fact that gradlent is superceded by other factors is.

»fdemonstrated at: two s1tes, Txdewater Glac1er and Drxft Pass._'At“’

2. Character1st1cs of a s1te other than grad1ent may be - the :

T e

FT1dewater Glacier al] “the 1andforms were lobes whereas at Dr1ft Pass Au

:~a11 the landforms were sheets. The pr1nc1pa1 dxfference between the'

two s1tes is due to the way that mo1sture was supp11ed to thetr ‘f

: reSpectng landforms._ At T1dewater Glac1er thg mo1sture or1g1nated -

lobes, At Drtﬁt Pass, the ‘moisture or1gwnated from beneath the
rego]1th ups]ope and emerged on a broad front to encompass a
rge11f1uct on sheet. The grad1ents of these landforms varied from 5
""to 22, 6° Eherefore grad1ent s not the contro]11ng factor at these
._s1tes and 1t ﬂs clearly secondary to the way 1n wh1ch mo1sture is’

N de11vered to the slopes. Consequently, at T1dewater G]ac1er "}?ﬁﬁsv
"'?concentrated moxsture de]xvery produces concentratedbge‘1f1uct1on j
,1obes whereas a d1ffuse source of moisture produces ge11f1uct10n
dsheets at Dr1ft Pass.‘ At T1dewater G]ac1er there is an exception 3

/"

~which strengthens this relat]onshxp. Ina sma]l valley adJacent to -

-

'the ra1sed mar1ne delta there 1s a ge11f1uction sheet which 1s

+

L #

3

isupp11ed by mo1sture %long' broad front which takes up that entire B

; "r’from tnd1v1dua1 late- 1y1ng snowbanks wh1ch fed 1solated gelif]uct1on -



, cootro]]ed by the concentrat1on 6?1no1sture supply.' The effect of :
:;grad1ent on ge11f1uctxon landform morpho]ogy cannot be d1scerned. : .;_gy

it5;35 Lobe Morphology , - o o

In the f1e1d morpholog1ca] dtfferences between gelwfluct1on

fﬁf]andforws and debr1s flows were read11y apparent subsequent

’compar1son' beSween ge11f1uct1on lobes and debr1s flows revea]s
d1scern1b]e d1fferences in both the1r 1ong1tudina] and p]an v1ews. _-%f
Ge11f1uct10n landforms are shorter 1ack anaupslope scar, and are
'usually vemetated In contrast debr1s flows are 1onger and thxnner
_'than geli~ 1uct1on lobes. A compar1son between the average

1ength width ratio shows that whereas ge]nf]uct1on 1obes have. a rat1o _
o 1 0 72 debrus flows have a ratlo of 1: 0. 45 1though there s

some over]ap, such cases usua]]y 1nvolve read11y epparent reasons,
such as a concentrated m01 ure source ups]opesg On the other hazd
"the “few debr1s flows w1th 1ength/w1dth rat1os resemb11ng those of
"ge11f1uct1on ]obes were found to be constra1ned from f]owxng further
'evby exther a mat of vegetat1on or by a break in s]ope.' Thus
easureab]e dufferenCe between ge11f1uct1on Iobes and- debr1s flows o
m1ght be of use when 1nterpret1ng 1arge scale a1r photographs. f

Lobe prof1]es can also be compared to those of debr1s flows. -

In profile sketches, ge11f1uctxon 1obes can. be d1st1ngu1sed further by

- the .common appearance of a bulging r1ser. Most ]obes had these

features wh1lst debrfs f]ows had fewer and more subdued bu]ging
risers. The bulges were not readu]y apparent in the prof11es (see :
WAppendwx) but field, observat1ons show that seven lobes had d1st1nct1y _

bulg1ng rzsers wh1]e only two debrxs flows had th1s feature 1n a -




%

&

?

7'(1974) 1dent1f1es a developmental sequence through wh1ch a gel1-»

fluct? on. laa?foqp W1ll pass. t;_;;. »»_ jv o . ;v. J,n&*[

: }development of vegetat1on "This Yncreased growth b1nds the lobe r'

-rxsers, often bulg1ng w*th the gel1flucted sed1ment theyv

—subdued form.,

? . ¥

Acc°rd’"9 to Pr1ce (1974) gelﬁfluct1on lobe profiles can also S

A be compared 1n order to determ1ne their degree of development Prwce

[ -
R A

Snow accumulat1on 1mftgﬁflee of small lobes encourages the -

V'together enabling the lobe to grow longer.,vﬁﬁme certa1n threshold

a & y“))t

.riser he1gh§&the amount of SNOW become&’a h1nderance by stayxng long e

{770

S enoughdgﬂ prevent - the plants matur1ty The decay of the binding

N 1&‘ r
vegetatton allows the r1ser to become eroded At Pr1ces (1974) site

, he Ruby Range (Yukon‘Terr1tory) the threshold r1ser he1ght is

"W
%, 5m. The smallest lobes are heav1ly vegetated and have very steep

contra1n1ng The - largest lobes have gentler, eroded r1s rs with
l1ttle vegetatlon cover (Pr1ce 1974) | |

The above is noteworthy for ‘two reasons, 1) 1t ascr1bes a ,”“

"b1ogenet1c origin to 1obe. form and 2) 1t 1mplres a short l1ved

e

equ1llbr1um for mature geleluct1on landforms. Although many

gel1fluct10n lobes at Ph1ll1ps Inlet had bulging r1sers, none’ even '

)

- approached 2 Sm 1n helght. Pr1ce also makes ment1on of lobes with ,

'

' —rlSEPS 4m to 6m h1gh.

Ph1ll1ps Inlet has a‘cl1mate at least as severe as southern

'-alp1ne he1ghts occupxed by stone banked lobes. Price s developmental o
' sequence requxres a less severe cl1mate for the development,of a
;bxndlng mat of. vegetat1on.' Even at the most heavily vegetated slte at -

' «'Pasley R1ver risers: do not even approach lm in height (Plate 5. 1) »ea
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e 5, 1 Th1s lobe at Pas]ey Rlver s we]l vegetated compared to

. Phillips.-Iniet 1obes, wh1ch could explain:the thicker organ1cs
found at Pasley River. This would be simply because there is
. more organ1c matter in the ‘area to be 1ncorporated The riser’

-bulge is alsa less read11y apparent here as opposed to Ph1111ps
Inlet Lobe B- 4. _

67
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contrast some Ph1111ps In]et rlsers do reach 1m.,'
G1ven the 1ack of s1m11ar1y-§azed landforms, and. quest1ons in.
the 11terature (Harr1s 1981;4Ha1] 1982 Smxth) 1985), about what

factors, besides, c11mate and vegetatxon ffect ﬁobe growth and

k morpho1ogy, 1t is’ d1ff1cu1t to app]y Pr1ce s deve]opmental sequence to"

the two s1tes. The apparent contrad1ct1on between r1ser heights at F

1obes 1mp11es some other factor affect1ng-ﬂobe riser profxle. aIn any .

o
1

case, 1t can be - seen ;hat care must be taken. 1n app]y1ng b1ogenet1c

. models to sites 1n very different cli mates, espec1a1]y when ab1ot1c

ﬁ'{'_

' sed1ments WIth Tow organic content ‘as Well as peaty sed1ments. ;For

factors are not mcluded . W
. ‘ ‘ . ‘A . ‘ ., ) a
%

5. 4 Long term Rates of Ge11f1uct1on

5.4.1 The allocthonous nature of ge11f]uct1on lobe organLgs _

There are numerous processes by wh1ch bur1ed organgcs can be

¥

the sparse]y vegetated Phillips In]et and the vegetated Pas]ey River e

1ncorporated by a ge11f1uct1on lobe and most of: these lmply that the L

organncs/w1]1 be a]]octhonous. Stuckenrath et a]“ (1979)
varwous fract1ons of one organxc 1aver from eastern Baff1n Tsland

demonstrat1ng that a 51gn1f1cant range of ages can be obtained from

r‘,example AMS - and convent1ona1 14C dat1ng of a single sample frOm

eastern Baff1n ranged from 720 to 124b B P..V In thxs thesis wide

Four ways by which organ1cs can be redepos1ted are discussed below.

~1. A var1ety of perig]acial processes can affect the organfc AL'

content of ge11fluction 1andforms“ For’ example Evans. (persona] o )

| commun1cat1on, 1986) returned to Phillips In]et in 1986 and ‘

-

v‘\ ‘ . ) - . o : , .

I e

‘ rang1ng ages were found on what 1s clearlyra11ochthonous organ1cs, ﬁ;j“



'~

4 1nvest1gated a geT1fTuct1on sheet at Cape ATfred Ernest. A trench

7 Om Tong was excavated and s1x samp]es of burned organics were

"f~ coTTected (Plate 5. 2) The sampTes are’ undated because 1t was noted
f; that there was a ser*es of 1nJectﬂon structures penetrat1ng what |
appeared to be a s1ngTe organ1c Tayer. These structures demcnstrate -

' d1sturbance by cryoturbaf f- vich has 1ntroduced aTTocthonous_’_“

' organ1cs to the sedvments. Dyke and Zo\ta1 (1980) also demonstrated

¢

B s1m11ar SUbduct1on of organ1cs by cryoturbatxon on Somerset Island
'.‘Most of the Tobes at Ph1Tl1ps In]et and Pas]ey R1ver were observed to

”'have hummocks on the1r tread surface.' The presence of hummocks, aTong

’ a_w1th strat1graph C ev1dence of the process of cryoturbat1on, supports -@

. ~of. hummocks

"j1ce r1ch

- the v1ew that organxc'ﬂayers in Ph1111ps InTet have a m1xed assembTage

1 4

of organ1cs and therefore are not 1n 51tu. -

"2; Another way in wh1ch organ1cs can be redepos1ted occurs by

'the pTug kae fTow observed by MacKay (1981) at Garry Is]and (69 N,

A_136 w) in the western arctxc. PTug ]1ke fTow is. movement across an

_has the cap b111ty to entra1p 1nterhummock peat dur1ng the - formatxon

14'

dates from such organ1c Tayers w1TT bear T1tt1e reTat1onsh1p to the

f’at Garry 1sTand refTect the smear1ng of such 1nterhummock organxcs
J aTong the upsTOpe part of the Tobe resultzng in decreas1ng ages
'T?‘.upslope.v There.As no ev1dence of plug T1ke fTow at’ Ph1111ps Inlet
:;.such -as a concave,downs\ope veToc1ty prof1le or 1ce Tens1ng from both
":.the top and bottdm\of the act1ve Tayer (Mackay, 1981) NevertheTess,

[_because the age of the samples from Tobe B 4 decceases upsTope 1t 2

- vt A a . ' . . N - N
e o . Car :

ud at the bottom of the actwve Tayer. The pTug 11ke flow “‘i

,:69:

nd smear 1t aTong the organwc mud zone. ConsequentTy c

S

' advance of the gelwfluct1on Tandform. Dates from a ge11f1uct1on Tobe o

2



‘." . ‘:

:‘,’..

P1ate 5-2 Mr. Dav1d Evans excavated this ge11fluct10n sheet 1n 1986 Qnd
_removed organics . from ‘the 1ntegsively cryoturbated organic

S

‘layer, -Hummocks are: vxsib1e on the surface of the sheet. . fhis

“shows’ ‘that the. gel1f1uct1on ‘sheet is undergoing further

3 . T
. .7 o :
¢ . ! . c P . R

- mod1f1cat1on by other. per1glac1a1 processes..Af - : fE 1!‘[



) m1ght guggest that th1s Tobe has been affected by pTug -like flow.
’ ;ﬂg' In Ph1ll1ps InTet the sed1ments were often. observed to be .
_so ful] of water that trench wa]]s were contfnkally slump1ng. ThJS ;
'suggests that contam1nat1on .by. groundwater 15 also T1ke1y. P]ate 5. 3
- fshows a smaTT stream f10w1ng out. of a 2m long trench Th1s flow was )
':mawntauned for at Teast two days before the trench was ffTTed A
' Consequently, organ1c Tayers in such Tobes cou]d become contamxnated
.by the 1nf11trat1on of f1ne organ1cs older or younger than the Tayer
‘_1n quest1on nor 1s 1t known how much d1sso]ved 14C there is 1n such
runoff Many of" the Tobes in Ph1lT1ps InTet are covered by a sheet of
- agélﬁ&ﬁwater for the ent1re summer._ Root penetrat1on which was much 1n
TR evadence at Ph1111ps Inlet (PTate 4 3)‘ and the concentrat1on of
"l percoTat1ng organ1c ac1ds in bur}ed sotls is. a]so capable of
ycontam1nat1ng bur1ed organ1cs (Matthews, 1985)
4. Raptd mass movement is- another possbee mechanlsm for the .
: entrainment of organ1c matertal Plate 5. 4 shows two lobes s1de by A
’ ; ,s1de 1n dtfferent stages of a- r1ser burst.- The lobe 1n the backgroundl
T1s suppLy1ng a fan of f1ne mater1a1 from its Towered r1ser. The Tobe
_1n the foregrOund has had the same event occur prev1ously, because 1ts
I fan has become vegetated P A reactxvat1on of th}s r1ser burst coqu

bury ‘this. vegetated fan, preserv1ng 1t as a downward d1pp1ng layer of ; 2

' orgaq1cs over a basal Tayer.e ETT1s (1977) 1nfers Just such a sequence

3of events from the d1p of cTasts in a geT1fTuct1on Tobe at Osk1ndan o
* . -3 E " et

» ;»;{'“ Norway. The ma1n body of the Tobe could also advance and smear the\//,(//f\f\

.-

-

...fvegetat1on under the riser.” S ‘f'¥*“3._‘ 3. v /rf'-aw,ﬂ‘
- A further examp]e of the effects of rtser fai]ure on dated f'

Tayersftao be found in the front of a Tobe excavated at Nachuak Faord




. eﬁfP]ate 5 3 A ]°be at Stoeratch Delta has Just been trenched 1n this

" photograph, - ‘A.smal] stream is issuing-from the- ‘sides of the =

RER trench. “The trench flowed with water for a day unti¥ it was
TR :;‘f111ed dn. -1t is difficult to seehow an organic. layer wou1d

< not be affected-by water-borne contaminants under these B
a conditions..¢

o



.>f Two 1obes w1th burst risers are shown here. The r1ser burst 1n~v'

-+ the background has OCCurred r cently, as it is st111 running -

~with fine sed1ment laden wate . The fan of the’ riser burst in..
the foreground is older, as e idenced by the vegetat1on on-it,-

. An overrunning of this vegeta ed fan by the lobe, or-a

. subsequent riser burst could ntroduce another organ1c Tayer to-u“
’ the 1obe. S - ,

Lr

C e



‘ Labrador (Evans 1987 1n press) 'Here’a"very-young (70+90:14c years‘ .
'fB P ) r1ser date is exp]a1ned as bexng he result of the r1ser -

”"s1ump1ng and m1x1ng both surface and basa] organics.; It 1s apparent

'-A‘than,erod1ng 1obes mxght undergo the m1x1ng of organwcs, especial]y 1n ;

o ;co]onxzat1on by v eta 1on.' }'-,j SPE IR

v;‘the assumptlon that such depos1ts date the t1me of bur1a1 This

"fthe1r rusers.v'The Tow vegetatton cover “and 1ow-cohesiveness of
f . ";;v.‘.

~,3Ph1111ps In]et sed1ments wou1d enc0urage rtser fat]ure -and subsequent B¥

LR -

< .

&

n summary, gelt.':ct1on 1obe organlcs are redepos1ted by

h;severa] processes.;_These’1nc1ude._ 1nf11trat1on, modern root]et
7‘penetrat1on, cryoturbat1on p1ug 11ke flow og?1nterhummock organ1csh
fand nap1d mass movement A1 of these add a\locthonous mater1a1 to o
vthe basal layer of a 1obe or they can resu]t in the depositton of

.i.mu1t1p1e 1ayers of organtcs. Such mater1a1 clearly p]ays havoc with '

prob]em 1s exacerbated when AMS datlng 15 emp]oyed (next section)

/‘5 4 2 Prob]ems of 14C dat1ng of burled organ1cs T REREENE

Chapter 1: 1ntroduced the concept of using rad?ocarbon dates of

-,'VOrgan1c 1ayers_to moHel past c11mate. The assumpt1on 1s that if the

'v-,rate of gelwf]uct1on changes between dates, then th1s is evr/ence of

»c11mat1c change. “An even more bas1c assumpt1on is that the dates ;: i ;d‘,-

’if’obta1ned are true representations of the advance rate of the 1obe, and

not records of other processes. Chapter 4 showed that the sequence of
'.jdates on burted organ1cs w1th1n gel1f1uction landﬁorms at both "
51Ph1111ps Inlet and PasTey’River contradict>the expected order of ~.{7h | |
1ncrea51ng age upslope.: It 1s evident that the dates obta1ned cannot :T:c

be exp]ained by a progressive overrunning of an autocthonous,layer of



Sy
'-,n.u

»organ*cs. There are . two 1mportant consxderatvons wh1ch address th1s I

‘contraductwon. _ :

tei) Rad1ocarbon ( C) dat1ng by acce]erator mass spectrometer (AMS) |
'?‘onlylrequ1res very sma]l samples typ1ca]1y <5mg (Beukens 1987) Th1s Qjc'u
E prov1des greater precus1on but 1t a]so hﬁs the encumbent requxrement o

| ‘of r1gorous samp]e se]ect1on and preparat1on. Only the age of the 3

bpart1cu1ar fragment selected from the 1arger samp]e would be

. determ1ned

' 2) Because most bur1ed organIcs are allorthonous, 1t is not poss1b1e

to select any one fragment for AMS dating that represents the true age
f

s

of bur1a1 un]ess one dates many fragments “and selects the youngest and ..jh

,oldest to set a max1mum and manxmum age. The eXpense of th1s wou]d be ‘
proh1b1t1ve because a-: s1ngle 14C date costs $400 (1987) Converse]y,j ffi;
| convent*ona] dat1ng (beta gay count1ng) of burxed organ1¢s g1ves a- s
'mean age for a bulk sample that may ‘be . equa]]y m1s]ead1ng. It 15

1ntr1gu1ng to note that many stud1es of ge]1f1uct10n 1obes gfound the i

g

*wor]d have reported swm11ar rates of movement us1ng conventtona] tt;f o

":ﬂgdagpgg of bulk samp]es (Dyke 1981) Th1s s1m11ar1ty of rates in very ,;;

'y'ed1fferent env1r0nments may. be the fortu1tous by product of such

4‘convent1ona1 14C dat1ng. Col]ectwvely the problem exper1enced 1n th1s
",plstudy due to the use of a very prectse technique (AMS datlng) on a
*fheterdgtneous bulk samp]e many orders of magn1tude larger than that o

'requ1red to produce a convent1ona1 14C date (10~209) ‘ If the sample e
} ;15 made up of d1achronous sediments, then the results of AMS datlng

-¢w111 s1mp1y reflect a random setect1on w1th1n the true range of ages fj‘jf

“{ found i that sample. It is 17ke1y that such a fract1on wou]d not be

1 aan accurate reflectwon of bur1a1 by a ge]if]uct1on landform.

o
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Pt 4

e

'”. . autochthonous vegetat1on? Particularly, a. sygtematic study d? the z”
. 4% .

"f' and the1r mechanlsm of formation.; For example, what Ts the organic

54 4 3 DlSCUSSlOn and recommendatlons .
Lt ., “‘ o

'fl One m1ght argue that taklng tnt:'account the assumed mean

res1dence tlme (AMRT) of the presumably ovea

remoiﬁ most of the source of epror 1n the 14C dates. However th1s

1dden organtcs would

ﬁ assumes that Such layersbare in s1tu soal hor1zons rather than
’ b

allotthonous layers such as those at Ph1ll1ps Inlet and Pasley River.

rﬁt problem thh both of these s1tes 15 the ev1dent m1x1ng of ages

» "c

that occur 1n the1r burted organlcs. Subtracting a hypothetical AMRT»j,fﬂ :
‘ from SuCh organlc laxer dates could actually regglt 1n negatlve ages‘l';r:
. uplepel One could cxte gel1fluct1on obe stsat1graph1es which also ﬂffft,f

>,_l g

do not easwly lend themselves to the sxmple 1nterpretation of a lobe R

-;‘; overrunn1ng in 51tu organ1cs (Mottershead 1977 Alexander and Price.,ffﬁf

1980 Matthews et al., 1986¢ Evans, 1987 1n press).<.1n these cases 1t .fﬂ

1s necessary to acknowledge s1m1lar problems of organ1c mtxing

o8 B . o
| reflected in the formatfon of multnple organ1c layers due to a ﬁ i¥ej';f
;r;ety of proces'ﬁes-",’."‘3‘."1 R T i
.*f”%'fx‘ From the -above it  can, be ‘seén that mor: research is reduired in" :
| ,Tour areasw >' ;ﬁ;}#lf.itfsr?;?fji:fdfei]t L, o };v' R
Celva : - ' ; Ry .

1) More detazled analyses musf ‘be: made of the burted organic hor1zons

and noq—organlc compesatxon? Can allocthbnousahe separated from,;f{‘“e?l“t

plant,commundtwes borderlng gelffluctidn Iobes*could'ald the problem
.

Y \'__rif"

':f &of dating the best material Matth ws 41986) aﬂso recognlzes-thls

N \ R Ce I
: Pooar i s et P e

problem. In the literqture samp?e have been réported to contilnu ;l;jﬂl

~

%urledtwood (COStln, T972), woodg p ant fragments (Mattheus, 1986)9.5;,,,;5'~



’J‘.

‘

: exam1nat1on 1n 2 varlety of ehv1ronments.;

f

wanrah& dating and for”uhat reason

N

peat (Mottershead 1978 ,fand 5011 humus (Bened1ct 1976 A]exanderi7;f.

and Pr1ce 1980 Sm1th“ 1985 Hetu and Gray, 1985) The mater}a]
whxch best 1nd1cates the t1me of overr1d1ng w111 vary from stte to.
s1te. At each 51te the so11 in front of the. 1obe shdu]d be |
1nvest1gated not only for 1ts AMRT but a\so 1ts botan1ca1

compos1t1on Also the nature of so11s over a W1der area shou]d be'

Q
exam1ned preferably 1n d1fferent m1croenv1ronments, so that some 1dea

. of the poss1ble range of so11 deve]opment cou]d be ascerta1ned Ih1s

'»')

-

2) How do ge]wf]uct1on 1obes advance, and 1n what ways does the
o R e

o part1cu1ar per1glac1a1 c11mate and env1ronment alter th1s7 More

detax]ed stud1es of the processes are st111 requ1red The aSSumpt1on
of unvfonn advance rates varaed on]y bv c11mat1c change needsk'-e"'

cha1len91ng 1n view of common]y observed r1ser bursts and. mu1t1p1e

’7 organqc 1ayers.. ongenet1c models (Pr1ce 1974) and grad1ent control

3) ,How does the advance of gel1fluct1on 1obes acCount for mu]t1p1e

organ1c 1ayers7 ‘The cause of multip]e organic 1ayers may be c]1mat1c
(1 e., they may be 1nd1cators of climat1c change (Matthews et a].,.

'u..

1986)) Alternat1Ve1y, many of these may be due '

unrelated to c11mate change such as cryoturbation or overrunn1ng of

~_1revegetated riser bursts. In any case the understanding of the

a“.
Ay’ .

ortgin of all organﬁc dayers in 1obes 1s esse{uﬂa1 1f we are,to

-

\.v

1

l .

» e
-

being overrun. '.“_ R fvffﬁ»', o »_'.'cf”_ ;j~ _ o

i mode]s (Ha11 1980 Sm1th 1985) of ge11f1uct10n landform need further

i
i
i

o
o

w111 a]low some uhderstand1ng of how the so11 coqu change as it is t"' !

-

f understand the overall Drocess and to effectxvely assess what 1ayers x



L o S e
-”4) what processes.occur w1th1n a ge]1f1uctxon lobe other than those 5ve_9~
:hiassoc1ated wath advance7 what do these processes contr1bute to

organ1c Tayer strat1graphy? 'Instrumentat1on to monwtor the movement

" of ge11flucted so*l in, p]an and depth 1s necessary to determ1ﬁe the

fcauses and effects of cryoturbat1on plug 11ke flow. and frost heave.

A Thus prob]em.wou]d be best reso]ved by the 1ong -term monitorang of ;

elected 1pbes.‘f-_ o f ‘h' R ;' S e '
What‘these prob]ems and quest1ons have in common s the need

. for better dat1ng contro] of perfg\ac1a3 sedwments. At present the -

"rtechnnques for accurate dat1ng of ‘small. organ1c samp]es are c1ear1y

‘ahead of 0ur understand1ng of - lobe strat1graphy. Many of the

o quest1ons concernung 1obe chronology and 1ts supposed synchron1c1ty

>

| .w1ﬁh paleoc11mat1c events could be reso]ved via strat1grap icall

'1°me n1ngful 14C dates. The chal]enge presented by this study of. the-

ge 1f1uct on 1obes at Ph1111ps Inlet and Pasley R1ver, 1s w‘ ther suc

‘:meanxngful dates can be obta1ned and whether the comparab]e rates o _]‘f

';;movement prev ously reported from many dffferent environments both 'T%ﬁ]f
: \

'varctxc and a1p1ne are more: co1nc1denta1 than real? (/{\15 thesfs has

Served to expose the problem of us1ng AMS versus conventional 1 C |

:jdat1ng of bur1ed organ1cs. Ex1sting mode\s of process stratig aphy
E ,and chrono]ogy of gel1f1uct1 n landforms cannot be. accepted 1f we so :--
“poonly understand the chronology and how to reso\ve 1ts appare t

*mpasse. o




}'BIRLIOGRAPHY

e

, C.S. and L. N Price. 1980. Radiocarbon datxng of~the'rate |
movement of two solifluction lobes in the Ruby Range Yukon,
Terr1tory. Quaternary Research 13 :365- 379 _

3 ST

";4 Atmospherxc Env1ronment Serv1ce. 1975‘ Canad1an Nonnals -

'fffFIBeukens, R. 1987. Research act1v1t1es - rad1ocarbon dat1ng PP "8 9

Temperature, Precipitation. 1941- 1970, Env1ronment Canada, '
,.VBW. 1 and Vo] 2: 198pp. and‘333pp

‘_Ballantyne C.K. 1986 Late ‘Flandrian 5011f1uct10n ‘on the Fann1ch
' ‘mountains, Ross-shire." Scott1sh Journa] of Geology_ :
' 22(3),395 406

'_Barry, R.G. and C.I. Jackson 1969 Sommer'weather”Conditions at'
- Tanquary- Fiord, N.W. T., 1963 1967 Arctic and Alpine:Research
1: 169 180, .. , _ T v 4

- vBenedwct J. B. 1966 Rad1ocarbon dates frOm;a_stoneQbanked“terrace
‘ in the Co]orado Front Range U.S. A Geografiska Annaler -
48p:24-31 . —

- 1970. Downs]ope so11 movement in a Co1orado a1p1ne reg1on
rates, processes and c]1mat1c s1gn1f1cance._ Arct1c and A1p1ne
Research 2 165- 226 _ :

1976 Frost creep and ge11f1uct1on features a review.
Quaternary Research 6: 56-67 X

'v_Beskow 6. 1935, Soil free21ng ahd frost heav1ng with spec1a1 : %
‘ - application to roads ‘and ra11roads Swedush Geologicai Societ
Yearbook 26:1-145, . T 97

In Kieser, L. (ed). :Isotrace Newsletter. Isotrace Laboratory, )
Un1vers1ty of Toronto. ' : : :

_'Br1ggs Dde 1977 SOurces and methods in geographym Sedimehts.' V
Butterworths Boston 190pp. o

| Carson M.A. and M.J. erkby. 1972' Hx]lslope Form “and Process.
' P Cambridge Un1versity Press, London 475pp. "

'Casagrande AL 1932 Research on theeAtterberg 11mits of so1ls. ff“”
Pub11c Roads 8:121- 136 ' _ sy

. 1947 CIassifxcation and ident1f1cat1on of SOils. American" ~
Society of Civ1l Ehgineering, PP. 783 810 e Y

. »Chorley. R J.. s.A7 Schumm ‘and’D.E. Sugden. 1984. Geomorphology. -,ﬁsfﬂ
‘ Methuen and’ Co._Ltd.. London and New York 589pp._-~ Pl



L '
1

80

Christ1e R.L. 1964 Geolog1cal reconna1ssance of ‘the north coast of'7

Ellesmere Island District of Frankl1n. Geolog1cal Survey of
Canada Memoir 331 79pp. : :

Cook, F.A. 1959. “A rewiew.of: the study of per1glac1al phenomena in
_Canada.f Geograph1cal Bullet1n 13: 22 38 : .

- Cost1n CA‘B. 1972 Carbon 14 dates from ‘the Snowy Mountalns area, -,

."southeastern Australia, and ‘their 1nterpretat10n. Quaternaryl
Research 2 579 590, N ' R

Dyke A S.. 1981 EiLate Holocene sollfltft1on rates and radxocarbon
. e

. so1l _ages, Central Canadian Arct1c., Geologlcal Survey of
ﬂ, Canada 81 1C: 17 22 '

. 1984 Quaternary geology of BoothIa Peninsula and northern
district of Keewatin, Central Canadian Arct1c Memowr 407
Geolog1cal Survey of Canada.: 22pp.

“f_vDyke A S. and S.C. Zolta1.‘ 1980, Radxocarbon dated mudboals, -

. central Canadian Arctic. Current Research, Part B, Geolog1calv'

Survey of Canada Paper 80 18:2/1- 276

»Dyl1k J. 1969. Slope develOpment under per1glac1al cond1t1ons in
the Lock reg1ons. Bluletyn PeryglacJalny 18 381 410

Egg1ngton P A 1986 ] Personal commun1cat10n

Ell1s, 1979 Rad1ocarbor dat1ng evidence for the 1n1tlation of

sol1fluct1bn ca. 5500 years B.P. at 0kst1ndan “North Norway.s»
‘ Geograf1ska Annaler 61A: 29 33 - ,

'England J., L. Kershaw €. La Farge -England, and J. Bednarski;' 1981t

 Northern Ellesmere Island: A Natural Resource Inventory.

-Department of Geography, Un1vers1ty of Alberta Edmonton
237pp.» Lo .

uEvans, D. J AL 1986 Personal communwcat1on. - ‘ v
7 e |
Evans D.J.A. and R.d. Rogerson. 1987 (1n press) Earth Surface
. Processes. A Rad1ocarbon -dated Gelifluction. Lobe 1n the ..
o Nachuak F1ord Area Northern Labrador.

E aronment Canada.l 1975 Canadian Normals Tem’erature 'Volume‘

'Everett X, R | 1967l Mass wasting in. the laseriac area West :"
. Greenland Meddeleser om Grdnland 165 1- 32 o

' French HM. 1976 g The Periglacial £nv1ronment. Longham. London
: 30Q9p. o o _ R :

T,
9,
3

sﬁfvi‘l Sl 1941 1970‘ Atmospherlc Envlronment Env ronment Canada.-



gGamp er M. -1983. CQntzgls and:rates of movement of solifluction
lobes in the eastern Swiss Alps. Pp. 355-443 In Permafrost
Fourth International Conference Proceedings. July 17-22, 1983
Natlonal Academy of Scwence Pré@s Washlngton D.C..

’ Gardner J. S., D.Jd« Sm1th “and J.R. Desloges. 1983, The Dynamic _
Geomorphology of the Mt. Rae Area: - A High Mounta1n Region in
Southwestern Alberta. - Department of Geography, Publ1cat10n
‘Series No. . 19 Unlver51ty of waterloo 237pp. R

) : ?
Hall,;_; -1981 0bservat1ons on the stone- banked 1obes of Mar1on :
Island‘ South Afrlcan Journal of Scxence 77 129 131. '

' Hansen Brlstow, K J. and. L.W. Pr1ce. 1985 Turf banked terracesaln’
"~ the Olympic Mountains, wash1ngton U\S A Arct1c and Alpine
Research 3: 261 270, _ .

Harrls C. 1973 Some factors affect1ng the rates and processes of::
per1glac1al mass movements. Geograf1ska Annaler 55A: 24 28

. 1981, Per1glac1al Mass- wastxng A Review of Research
British Geomorpholog1cal Research’ Group, Research Monograph 4
. Geo Abstracts, Norwich: 204pp ‘ S :

"Harris C; and S Ell1sl 1980 Mlcromorphology of so1ls in

sollflucted mater1als, Osklndan Northern Norway. - Geoderma S
‘ 23 11-29. . : :

Hetu, B. and J.T. Gray. 11985, Depots de Sol1flux1on d' age Holocelne
' ‘ supierier au.sommet du Mont St. Pierre, Gaspes1e o
. septentr1onale Quebec. Geographle phys1que et Quaterna1re
1:77-84, )

hHoldgate M., Allen S.E. and M.J.G. Chanbers. 1967 A prel1m1nary
. investigation of the soils of Signy Island, South Orkney
N Islands. British Antarct1c Survey Bulletln, 12 53 7]~°

,Jackson C.I. 1959,. Oﬁgratlon Hazen the meteorology of Lake Hazen
‘ : N W.Ty - Part 1. Analysis and Observations. Arctic Meteorology
- Research Group, McGill University, Montreal. Publication In
Metgorology No 15, Defence Research Board Ottawa Hazen
8:194 S . .

~

La Farge England C.‘ 1986 Personal commun1cat1on.

MacKay, J.R. 1981. Act]'e,layer slope movement in a cont1nuous
permafrost envxrdhmeht Gary Island, Northwest Territories,
Canada. Canad1an dournal of Earth Sc1ences 18:1666-1680.

: Matthews J.A. 1985 Rad ocarbon datwng of surface and burled so1ls. ,

principles, problems and prospects. p 269-288 In Richards;,
K.S., Arnett, R.R. and S. EVlis (eds.). GeomorprE_logy and
So1ls '9e6F§e~AlJen and Unwln London K

N
. . : e R S



~ Miller, G.H., Bradley, R.S. and J.T. Andrews. - 1975. The gieéi'aﬂo"

N
. . s
i

' Ma;thews J A, C. Harr1s, and L.K. B-;

PR

.986 Stud1es on. a

gelifluction lobe, Jotunheimen, C chroqplogy,

'stratigraphy, sed1mento1ogy and- pa1eoenv1ronment Geograf&ska

Annaler 68A(4) 345-360 . ‘.

'Mégeegue, J.A. (Ed ) 1978, Manual on. Somﬂ Samp11ng and Methods of

Ana]ys1s Canadian Soc1ety of - So11 Sc1ence. . A 4

level and lowest equilibrium line altitude in the High Canadian
Arct : - maps and climatic 1nterpretat1on. Arcti¢ and Alp1ne,

Rese rc[g? 155+ 168

=

ﬂ‘eMgttana,'A.,'C.fRodo1fo and L. G1usebpe. '1978 Guwde to Rocks and |

'xMinerals. S1mon and Schuster New York: 607pp.;.

rl

éMottershead D. N. 1977 H1gh altitude so]wfluct1on and - post- g]acia]

- vegetation, Arkle, Sutherland. Transact1ons of the Botan1ca1
T Soc1ety of Ed1nburgh 43: 17 24 ‘

o Price L. N 1974, The deve]opmenta] cyc]e of sol1f1uct1on 1obes.

Assoc1at1on of Amerlcan Geographers Annua]s 64 430-438

~ Reanwer R. E and: F C Ugol1n1. 1983. “Ge11f1uct1on depos1ts as

sources of paleoenv1ronmenta1 information, ~ Pp. 1042-1047 Iﬁ

Proceedings of the Fourth International Conferenre on
~ Permafrost.- Nat1ona1 Academy of Science, Washvngton D.C.

Smith, D.J. 1985, Unpubl1shed Ph. D thes1s, Un1vers1ty of Alberta,FK-'-

~ Edmonton. - ' ‘ .
. L. & T
1987. Late Ho]ocene sol1f1uet10n*]obe act1v1ty in the Mount
‘ Rae area, -southern Canadian Rocky Mountaxns. Canad1an Journa]
of Earth Sciences 24: 1634 1649 '

. Sodermann G, 1980 Slope processes in co]d envxronments of Northern”

F1n1and. Fenn1a 158 83 152

Str&mqu1st L 1983 Geleluct1on and surface wash their importance :

.. and’ interactlons on a perxglacia] §1ope. Geografiska Annaler
~ 65A: 245 254, : ' ' =

‘;' 1985. Geomorph1c impact of snowmelt on slope erosion and -

sediment- production. Ze1tschr1ft flir Geomo;phologigﬁN.F Bd
19, Heft 2:129-138. ~ IR m

A

’»Sﬂuckenrath R.,. Miller G H., and J.T. Andrews. §979¢ Prob\ems of

Radiocarbon Dating Holocene organic-bearing‘sediments, -
Cumberland Peninsula, Baffin Island N. w T.s Canada.» Arctfc
and- A1p1ne Research II(l) 109-120.

S



SRR

e Tarnoca1' C;.and A. N Boyde]l 1975 B opﬁys1ca1 study of the

;‘-'*7, . *Booth1a Een1nsula and N rthern eewattn.; Pp, 123-424 In R egort
L ;. of Act1v1t1es, Part A eo]og‘ a] Survey of Canada Paper S e
T g:;'f-'l\"rzagm,tc. 1926 S‘mp]1f1ed:so11 tests foq subgrades and thé\r :nfiffﬂff
o physfcal s1gn1f1cance.: Publtc Roads 8 153 170 »"‘j:“ R .
- hrettIn H. P \1972 Rec _na1ssance of LQwer Pa] ozowc geology,
e Ph11T1p& ‘Iplet region, north coast of ‘E1lesmere Istand;
L2 Dlstr1ct of Fr"kl1n ’“Geolog1ca1 Survey of Canada; Paper
¢7!1~12 / R EEEEEE -

N Nashourn . }nstruméntal obserVat1ons of mass wastinglin : ,n
PSR S D1;tr1ct Northeast Green]and Meddeleser omf‘ 5
. 1979»* eocrxologx Edward Arnold London 4ospp.,_,_.,..__,'_;_'-.1

Nhattow J 1984 The Pegu1n D1ct1onary of Physical Geography. S

N ',°¢ Pegu1n Books Markham 591pp.,{‘,.4~--_ S EUU RSN
N P . - . e e . . “ . ~ :
1'"' w1111am§ By 1957 Some mnvest1gataons into: Certain. solif1uction ,Q;T;"
. e end patterned ground features rn Norway., Geographical Journa]
. ' .123 49 58 - , RS B _ , A
; 3”lft; 1966 Downs1ope movement at. a subarctic ]ocat1on w1th

J'_~?:,j;.regards Lo var1at1ons w1th d@pth Canad1an Geotechnica]

Rt V~Journa1 3 191 203 ' AT e

1984 The Surface of theEarf%) ‘An intrbductiOn Lo .
aGeotechn1cal Sc1ence. Longman London and New: York:: 212pp;

w1ntermeyer A M. 192&; Adopt1on of Atterberg P]ast1é1ty Tests for ;ltf.
: Subgrade So1ls. Eub11c Roads 6 119- ) 32: L .

Nuntermeyer,eA M., N1llxs, E A and R C Thoreen., 1931.4 Procedures Q' e,
- for test1ng soils for .the detenninat1on of the subgrade soil ﬂ:'f

constants.- Pub]1c Roads,~12(8) 197- 207“3

3

\“ Wbrs]ey, ‘é and- G. Harrws. 1974 Ev1dence for Neoglac1a1

Young, A. 1960 So11 movement by denudation brOCesses on s10pes._ij’{;;_s;'

o Nature London 188 1120~ 122(’ T e
. » _f“a4,;,. D ;*'.-~¢?,' "o
v ' v e < e Se e ’ ’ )
:‘ ) f;‘.":’ ’ - )
A a A
. g - N - _

}v,wl so11f1uct1on at Oskindan; North Norway.- Arctic 27: 1284144 _'_:7N'



o

Ky

I




R LOBE PR0F|L£§’ e b
R .noru.; oF LODE A-I el o _
o FIELD SLOPE ':-"so Rk T SRR N
L MISER SLOPE . 15.0° . oo

LENGTH . - 10 s mI o L T e s
.. SCALE._ s 92 S T e

orIE 2 oF s A2

S o N riewp sLoeE 5.0% R A S
T U mSER'SEOPE 23.0%  a Lo e [
o T LENGTH e M0US T e

X CLUSCALE T 1i820 e T L,

PR

L XU

“PROFILE | 3 COFLOBE A=Y T v e

T FIELD SLOPE ,.,fn o
0 € RISER-SLOPE,  49.0° .

o - LENGTH T 9.8m 0 0

) C 0 SCALE T . 192 N

!
PR

| PROFILE !. o8, Los: A-h
S ; _“'i‘rlsw SLOPE n .0 R »
4 TLone 7 RISER SLOPE AL O% ;
L ' , LENOTH . . 9.9m . . oo

. ( . . E _ SCALE- - 1:92"-' .




+ N . 4 .

N

© PROFILE"
* F1ELD SLOPE .
. 'RISER SLOPE

. LENGTH
- SCALE .

5 OF LOBE A-5

20,82 .-

'}'ﬂﬁdoa'h

T e
ERRREE NIRRT B

.
ot

, PROFiLE 6

. ‘RISER SLQPE

-SCHLE

ioF‘LbBt~As§

3560 . o R A I \; . .
. 9 me o e e

FIELD SLOPE ’

LENGTH

.

'ROFJLE 7 oF LOBE cs 3' Jfo ,Jb
FIELD SLOPE" > 8.0°

RISER SLOPE. 25.0%

LENGTH . e”‘ W

" SCALE RTE YRR




T,
:
Dal
-

-

- -
b
'
Y

© o LOB

. jewemw - a2

EP Lr\AN VIEWS

PLAN VIE: 1 OF LOBE: A-1
Y

“HANMMUN WIDTH . 7.5 ' : ;
LENGTH/MIDTH ., 1:0.78. " : o
P . Lo ',\-v ;‘ A' L e R L e -4 ' - . -



Ea

mm VIEW 2 oF LOBE ‘A-2

LENGTH . - 36, 7- ’
THAXINUM WIDTH 17.6 m
‘ ~Lmnwwm 170266

»




-S‘ :‘

37.0m
7.V m
:0

'

LOBE A-Y
Om

1!

(.,
e I

sl o A e L S .J. . “ R =

3 0F

Ev.

MAXINUM WIDTH.
IVIDTH

L St

- . — < o .
- =X R T T ’
xS @S D
s 1 * :
- -3 . . —
: RSPy = . p v ) i
- . EEETR A 3 - . ;
o - : . X
. N . ’ : E .w ’
. . . B
- LR b
. ) < :
; ' o ’ ' . .
A B - T . )
) g . LN -
- - t ' : <
: < A PR . ‘
| . . : S 4 R o .
- - ! . : | |
. . c.ﬂ . ¢ : : . : B . .
3 : 3 ‘ ) : \ ’ : =
. . . . ’ : ﬁ \
* - :
i - - T ’ ’ ) . : \
B : “ : ’
. . ;v ' ; .. ) \
' -. . I




'y OF LOBE A<k

PLAN VIEV

C12.6m

DIH 7.7

x L
-y
- 2 - .
£33 .
=X
Eng
Em.t,
- X
. .. .
5
"
.

X i S o v
. @
ﬁ B -
F
N ', e : . m i .n
.. L k 5 g
) . .
v.Jx.., , m

L .
1:0.61 .

2| L




LE H. ‘:..‘ ;'7.“ m
MAXIMUR WIDTIN 12.0 m
© LENGTH/WIDTH  1:0:69

@

PLAN VIEV S OF LoBE

Y
Y

PR



Cow

CLENGTH. ,
WAXIMUM WIDTH: 11.7-m

A

£

. PLAN VIEW 6 OF LOBE A-6

23.5m

Lsucrhlulorg‘ 1:0.61

Bl

o~

1012 3 45 67 meters




EES

R

~* PLAN'VIEW ] OF LOME-8-3 | . .

LENGTH -~ ~3-.‘3-"' .
© MAXIMUM MIDTH: 2.2'm - .
~ LENGTH/MIDTH - 1:0.67.

PLAN VIEW '8 OF ‘LOBE 8-k
OLENGTH - &3m o
<~ MAXIMUM WIDTH. 5.8 m

LENGTR/MIDTH - 1:1.35 -

L

93,



. LENGTH/WIDTH

o

" PLANVIEW 9 OF LOBE C-2° - "

LENGTH .
SMAXIMUN WIDTH

1017 34 5 6 7mete

L4

W

-

rs

n.
h
DCI



. oot . -

 <PUAN VIEW §0..CF -LOBE'€-3

LENGIM 194 m
JMAXYMUM WIDTH 10.0 m
LENGTH/WIDTH . 1:0.38

ey

LA T N :

CAe
«

e N
- - - -




LR

-

Fl »

;.DEBR|S FLow PROFILES
| PROFILE 1-OF BEBAIS F 3

“FIELD stoPE . - 8.0°

'RISER SLOPE 18- 0
oo 10:6m
o 1:92 -

_ PROFILE "2 _or'o;akué-rtou'c-u;‘

- _FIELD SLOPE: . 11, 3
RISER SLOPE o 17.0°
CULENGTH . o - 10k m
SCALE '~ - - _;?1392 S

{

FIELD SLOPE 11.58
RISER SLOPE - .~ 37.0
LENGTH : 103 m
-SCALE 1:92

~  PROFILE * vOF OEBRIS FLOH C-GX

“FIELD SLOPE . S 1, 5

- RISER SAOPE " . kz 0°
Lcncru 1002 m.

COSCALE T - 1:92




" PROFILE 6 OF DEBRIS FLOW C-8
T [ Y .

CCFIELDSLOPE 9500 - L
“ RISER. SLOPE ' 36.0 . . .

-

PROFILE 5.0F DEBMS FLOW C-T

CREDSLOPE ot e

RISER 'SLOPE ~ 31.0° T PR o o
"LENGTH . 0 10.3 m B Lo o '
SCALE - 1:92 L

LENGTH - - 101 m . ' G e
SCALE 192 A R

....

. PROFILE 7 OF DEBRIS FLOWC=9 ~ . " N
CFIELD SLOPE - RTINS

.50 :
“RISER SLOPE- . =~ 29.0° . . e Le
LENGTH ~ .. f0.00m. - . . : .
SCALE CLo1:92 n ’ ’

. ! Y
o R B L

C U 01 203 Gmeters

. L A
e } L



S

AN

a . - S, O = - . L
. . . R . .. - . A
RN . : N . B . .. B L. .
. .
\

~DEBRLS FLOW PLAN VIEWS

PLAN VIEV 1 OF DEBRIS FLOW A=3 -
. ‘ a0 I

LENGTA o 35.4m o
MAXTMUN WIDTH = 15.2m
LEMGTH/WIDTH -~ -~  1:0.43

1. 0  1 2 3 1. 5 .6._7.meters '

ﬁ .

S

98



PLAN vm{ 2 OF DEBRIS FLOV C-b ~
LENGTH . S 2s3 et

'_wmtmmtu 0 15.0m
T LENGTH/MIDTH - - . 1:0.60




"'134 .

o

PLAN VIEV 3 OF DE.I.IS FLW c- 5

et 1.6 ),
MAXIMUM WIDTH . 5.28 . .
LoigTioTh L 1030

v

=~

101 2 3 £ 56 7meters .

o

s



R 0 123 48 6 7metefs e R




PN 3

CPLAN VIEK 5 OF DEBRIS FLOV ©7 IR S AT B

LENGTH Coam S S \ |
R c. . » ’ . N - R . . R . L

MAXIMUM WIDTH . 29.0m

L 1:0.78 \ R N




. .

. o PLAN VIEW 6 OF DEBRIS FLOWC-8
- “LENGTH - e

" MAXIMUN WIDTH
LENGTH/WIDTH - ©.

-

.

{03



PLAN VIEW. 2NQF DEBRIS: FLOW C-9
LT LENGTR 2 . 2h.9am
Ch o waxwun wioth. (9.2, S

S LENGTH/WIOTH - - 1:0.3 - ' - o

-

RS
o

101 2 3 4°5 6.7meters

“ ) . i he -
; . . A [y
. Y



" PLAN VIEW 7 OF DEBRIS FLOW C-9

TLENGTH - . 2h.9a
 MAKIMUM WIDTH - 3.2m

. LENGTH/MIDTH - 1:0.37

1.0 1 23 4 5 6 7meter

-

s

.A‘(




