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. i · .. o:. THE 'ABLATION .'oOMIN.AN.T.' MODI:;·L·: ·s~ELQW FIRN- -l·l"t-iE SUB_TYPE. · .· .. .. .-
···. ) '. . ·, . · __:· : ,,. 1 ' ·' . . ":\: .. ... \ . · .. . · · 

't .. . .. . , 

\ 

; ' C • ' 

_y·:-~·~;, Aus.terd~l~b·reen:~. ·Loc·afi .. on ·a~d · oe ·~ ·cript .. ion ~of Fi~Jil · Ar~a 
.. \.:.>:: .. /; .. · · -~ · ; .. _· . . ' . . .. . . .... ," ·-· ... :· .......... ·.··: '·_·_·: ·.·· .· _... ' f ' , . . ' ; :.~ . : . .. . 

. , .. . . · Aus·t~~d·a ·l :e·n .1 ies o~ the sout'\h:ern ma-rgtns. ~f ~he J '~st.eda _J .-·_ -' .. ; ' 

-.·le·ej·.cap> Euro_~-~>s •. -ia.rgest::.(lj85~-':k~i·) ._,· .. :a~d· -:~o.· ~1!1 np:rt-ti of th~ : : - ... 

·-~ -~-st--~e:·st · t.r·endlng -~-.C\l~rie:~~~r:d _.'. (FI_ ~·. - . 2· ~-<··:_T·~e' v.a11e·~ pf' ·t.~e : . ·~ .. . : . . 
• ' , ' •' • ~ ,' ~, , ' •• • ...: '\._ t ' r, • , • ' ' ,' ~' ' I • ': ' , , _., . , . : ' ' 'r ·, • " ' • 

Jost.edal, . dr.aining south, . lies_- approximate'1y 15'' km to the .eas-t. . . - -, '• . . .. . . ' ' .. 
- ;, 

' : ·.· .. · 

· . .-· .. 

~ -_·. . . 
..- . · .- :. Au-~:terdi:d sbreen·; · 1 .km:.·wlde/ occupie.s ·the upper 3 km .of: the . 

• ' ' ' • • • ' .- • • ' .' •• .:• • .0 ," I ' • ' ' ', I ' ' ' • • ~ 4 _. ?:~~ • • •' ' '. ' 
A u.s t e r. d a 1 . V a 1 J e y . w h I c' h · i s o r i e n t e d n o .r t h we s t·- ~ o u t h e a s t. . · . A · 

·~ • • • • :' • • ' • , t , ... ' ,' ', • : ' • • • ' • • • I ' ' - - -· 

marked c:han'ge ·in.· orlentatf~n · of th~ : va_ l.le.'y .occur.s· a .t ' ' a .rock-ba 'r 

· _: ... :. . :a .d~a·~:e. n: ~·- f~_:·th:~·--.~ -r~s-e:~~- g· 1 ·a·c, ·l~r · ter-~fn:u· ~·: ' · .r.h·e··. ·1~wer v<ll.le·y .. 
.- . ·: '>··. ' .- ::: . .;·: .. ... ~ ' : . :·. :· .. J · .... · . · ... ··. - · . •, . ·· · . . · _: . . . . ' : .. .. • 

•: ' -.. ·.'· be1ow ·th'e roc'k;,;'bar ·runs' ,-.. towar:-d -' the ' s~uth-~e~t·; _as '.'a conseque.nc'e •' \''·. · 

. " 

; , • 

. '\, . ' . . . ' . . ·. . . . ' ' . 

. ·: .: · .. ~~f .. . th·l.~ - ~han~ie· ··ln · ori,~nt~tfon,' . Aus.te~da .. Js·b'r·e·en ~nd .:~-h~ -- ~ -~~~r. · .. ·:,... \:-
·: ..•... ·.·/>' .. ' .~<.}.•115 •<~~nbt y.i:~ibt~ f~~~t~. Jowervat;ey.1' '! .·. · .. •.. .•....•. . . ·· J 
.'·i ·. . , - · .. · -.. · :: A~s -te. ~·~a·l e~ ·· si.~~\n~ ' -~~~~-~~~-,~d ~ l : ~·t~: :: Vel-,t-~st.~Gl~·s<J~t~: ~ri- d· · ·-~~- ·_- · ·· ·· 
·t . . ~-- ~:. · ~ i'~-~t·~i; .-_· i: ~ ~~·: · s.o9~~ ~-j-o ;-~ ~ ·.· _-.:- A~ . 1. ~~9·_it:ud. ,· ,;·~ ·, .. \~ ~ ~-~- ~- :p r:ofi 1;e .· . 

r. - {1. . :·· I e . ·1e·~ -· i.n --~956·: fr·o~ -the., ba-s·e··· tit .. the · ice ·fa .11 f:·6· .. -.H ··af:_ l :~~v ·a "t~· · · a. t 
j;~ . . : - -.. . .. . ' ... . .. .- ' . . . ·. . .· ... ; . (:; . : .. · ... . . ·. ' - . ' . . . 

· d. of . Vett8strons ·vatn l .re~veails a -~ l series _·~ - of", iock.;.· - - · :/ 
• · • • •. . ; •••. • ,;11 1 °' :! . . . . . ·' _· . . 

·· · · . ... ·. b~rs ' ('Kfng;l·9.59). · - ~~- ~-i-._~e ~a~·.f~:._ tw~ /ock-bar-s ._can b·e· ··:. ·. : 

' . ' ,. 
.. 

r · f : . i ' 

. r 
'•, 1 , I 

~~ _: .. 

.. ~~ .. . 
· ... 

.·. 
•, 

... 

.,-_. lde_ntif_ieq ·; the mo.re· . n~·r.ttn!'r:J~pt'es· · ·a posttt'o·n ·· tr~~~ver,se .· · .·•.·. 

. _·· •, . . . . . ' .. ' ~ · . . : ' ' ' .. : .· : ' . -: .: : . . ' .. 
. . ' 1 S·ll ngsbY 0895) comlnents: "ThaO~s to the- iS~ cu r~e in th~ . ~ ' • 

·t 
·z, · 

be.d ··of. the · Au s ter{ia ls .-.~r-ae, · the . w~~d r.ous Cirque _ ·at . ._-:ttie he a~- 'has ;; ·_ ·,· . -· ~ 
y . ·. n_ever .beeri ' s·een :b.y ·t:lle'· or.dnanie Surveyers who made'\~any ~ wtld . __ ... 

g.1,1ess . ~hen tl:ley mapped the ~os. teda1s _Brae :an.d_ mos.t certaenly had , . .. -: 
no.t the_· ~-e~otest - ~o.tion that the·r.e was to _ b_e .. fou~d :t\e . finest .:: ice:~ .-· : 

··' · sce·o.ery 1 n· Europe. 11 This striking . val.ley w-a.s ma'de known t·o a · · · 
. . : .. wider: .. public\ mainly . En!;j1ish ·mountaineers · by .. Slingsby "'tto in .· :· , :... · 

.. - ti.i .s :·:clas ·s;c·· book , Nor·way: · The .Northern : Playground. e:stab{ ished . . . . .. 'it .. : .· 
., . .. .. - ; mountaineering-. as a sport. ' He is cr.edited with the fir:\t e_)(- . · . · \t. 

· ·· p1_or.afiori ·of Austerda1s . Brae In 1894 ·(Hatigen,l974); in 188.9 .. he . . · .: .. · ·.·.:'a. 

'I 

'. ' 

I 
I - ,.,: ha~ ·. t:' rled ' to _descend the tc.e fa1 ·1s but was ·d,efeat.ed by ·bad sn9~· __ ; _ _.:· ... . . '.· .. :·; 

· · . ·.,.co·ndi tloris. · In 1881 . t}e : had·· ·exp1ored· -the adJacent · Tunsber'gda fsbre : · . . · "' .-\ 
" · . . H·e : _:w.rl~e!?· In 1~95 -' "J .' p_~lnted out · •• ~ 'the . o~e ~re.at b.1ank . . _on'll)y : ... _.: - · ~-:--.::·_: 

I 
· . .map whech · even the most . casu.al ·observer must:have noticed • . 1. · :- · ·. ··:· 

· · need .' ha'rd1y s~y. t .h ·a~ the b'lank - was ' th.e _Ausierdals B~ae. ·.' .1t .was . · .. ·· .. . ' .. · . . :' 
·: ·._vi -rtually a terra ' l~'coQnlta ·, qulte .unkno\'!_r· t9 :-_t .h_e __ map . mak~,rs ·~ ·•.:· .·.- :: . - ~ 

. · · A.u-~·.tel'da1en lles on the ma·rglns of 1.:50;000_ s.<!ries ·--L!+J8 .. 11l .(Joste:- : . · 
· ·-· , ··,.: da .len~ · and JJB.ll : (s. riksda,ls:b~e'en) ;· pubtt J h'ed :.'1.913 ·_by Nb-r--9e;s · G~o- .. ·- ·.,.··:· ·.~ 
... . "" · g~af.lske oppma11ng. · .. · ·/ · ·· .. ·. :~ · .· ·· . - ~ 

• . • ' • • • • • • • • ' ' \ • • • : • 1 • • • • ' • • ;~ 

·:·. ·-~----~:-~:~ __ ·:· ·~7~ _, .. -.;. • .-.. :··.':· · . . \ . ;c~:~~-~~~. ·~~-T~~:-:·-:~-:-·:··::. :~ :·: .. _ :·- -~:-:·.:.;-::~..;_~, : '>~ 
' tol • 

- . 
... ' :.' ' ,- . ~ .. ·--· . ·-·· 

l • : • • >. J ~:.~ ~·:_· _,' ·~ . · 1_, •••• 



. •, . ' • . 
., . . . ' '·:; ;.,,~-;· . ' . ·' . . ::·< . . : ~ : : ·:··;', : \ ~ ·': . 

. 
•.·. ~-, .. : •;:k i."u .• : .:.::~ .~:;:~ ;,,. .;;,: ::' •. ··." :.'~ :;'t;' ' ; ' r ', ; ; :: :' :. ~. : . . . • • .• ' 0 • ' '; ' ' I ; .; : J 
-- .· . . · .: ... : •" .... _ . .. ·,:-- . . .. , .... . ' ··. )·.: . ' . -l~_ .· . . · ... . ' :. ··. . . ; ·. ·~ : .• ' ~ . . : . ..-.. ' 

. . ~ :. . '• .. · .. : . . 
. .. 

_.. •. . ' ' ,,. . ··: _:. . · .. : ,·, _· . . ··- · · ·. · • . : . ! . 

, ,' o ' J• : ' ' ' • : ,. • ' ' • : • : • ', • ' ! • ' ' ' ' '•' I ' • • ' ~ ' : ' · ; ' . ' • • • ! : • ' J ' ' ', : I ~ 
·:: .· ·. ,, ·.. , ·· . to . t .he ·. ·y·a '!'J<~·y_··. t .. re~d·:··. c· ·1 ·o·~ e·· -:t·o :· t'he:· .. P r~.'.se _of 91 a.~ ·, e r: ·.·-:re ·r-~Triu s. : ·'rfie --.. . . ~ 

.: · .. ·. · . :~ -· .. ... 

0

•• • . · . ,~:~ ~ -~; .\ 5·~~, th~·~_ 1 _ r_, ··d.~; .. , ~~ -5 •. ; ·h~ -.... ~ -o~ t~e-rn _·~~-~-t~~··t. of ~u··,; ·~e ~d. a I e~:_ , wh ~-~-h· . -~_ ... · .. : . . : l!·· 

: . ~-. ''1': .: L· .. ···· . . as . ~ .- re s~u_ : ·J..t .. ,_ .. ·_-.-;· han9·s·,_:· ·,· ~--~-~-~.e : L:a·n ·9 .~~:~_ · ··i_e.h. -~ ~ .. ·t·h .. ~:: __ ~j ~- c_·:~~-~t ·. g·~- ~- c fa·l.: -.-.: .·:. . . ·. >-.·_-li · ·. . ~ 
·, ." ·1 · · - . , ··- . - .. · ·- , ....... , .. · ... ·.··_· . ::·· - -~,- .. . - , .. :' . ' · · .· : · · .. .-:.·.. . . , •' ·; ·· : .-.::, . ·i· 

-:'· . I . . ·.. .. .. .. .. . ::·. ·v ~ -~ 1_ ~y . t·~ .- - ~~~e- . s_o_~.~.nwe. s t_~· ··: ·_::·>· .· ·.' ::. _·. :: :. .. ._,: ··. . ··' .. 1 .. · .. . · . . ·.· :: . k· 
·:.-_-.- :t.. · :. ·. · -.. -. · ..... The·-. up.pe r.· .. va ue·~ ~- oce·u p i ·ed·. by· ·Au· s.te rd~ 1 s·b r·~·en. , ·. .i 5 -a -' na r·row .. - · ·-r..· 

: I•, · .,: tr~n~~; ap~ro~imate:iy 1, ooo md~dp. ~~~;o~k iS b.>'s'ar Cal<':~-~~!~~ .: .. ; 
· ·.-; · · · ·:-. ··:~-n·~~ --~5 ··of · -~ _1 . c·ci~plex ·, c~~-l·t_eda_ ~. l ~ 1 : 96.o · ~· · .·.st ·r-an/a-r{:d -\<~11 · i -ng. ·: : 

' ~ . f '. . : ·. ·. \ . . . ' i 
. :. _. ,_: ' _. ' :. . . ~- 97 : .. a ~ ·s:w~.n - ~·. 1973·)..~ : . ~~-,e· ... ~-a~a· 1 :-.gn' ~ i .. ··s ~: ·q~g ·i. ~-n j 't h:e'..:.~~-~e - z~~e .··.·~:f ·. l 

. J .· . 
1 

•• • • thO No rweg tar .. ~~ 1~~~o~ 1 de~ (~ ruf;c,~n~r:J ~~~) :, 1 ;.s s',;ut+s t' ~~ ) · · l, 
... ::· · tti~ Trofld~e.Jm ··BasJ·n . ~nd :no.rtnw.es.t -. of- t'h~ se ·r.gei1'7J.ot0il: .-:Nappe· ... : . ·. · ·: ·:.: . . , . . 
. t· .· ... ~<;:_>-,. -... :, · ·._·,·-·. : . :_ · .~:· ' .. .' :_:: ....... ·.:<· .. ·_· .. : -· .. · .-~ .: · .. -: ._1_:: .. ; ... -.> ~"-':_..-> · :;:::: ... : :> :: :. ~:~ ·: ·.· _ ·_.: .. _:-/f/·.".:. '~ · .. ,._.<. · .. ·-.. ·, ·.::·~ -· : ·. 
-:·: .£•· ..... , · .. . cornp1ex (F.ig. ·3). · . . · .,. _ ·· -:- ··• · · .... · · -· .· · -. ·;,-. · . \ . . · . . . . · ·1 · . · 

. i ; • ' . ' '~··:· .. , ,·: · :··;-.,:· · . . , ,·/ : .' \ ::_.: .<·. ::·:; .,·. -. _.·:;:_ ·>.··;. ; ' ·.: .... ... ':> _::··.:_·,·.\, __ : ~ .. ::_ ::::( ; ·· ··> :· ... + ._:.; '' ._::- .· .. ::.- .--__ ....... ---:· .. ', i: :<· 
·'·\: .... -( .. > _. _- . ::·· · -: ., . · ..... _.: H i _.~--~ .. ~-s~h·\~: t .. :·b.~"-~ s·.- ·~c-~--~ py \~:.~-.. ~u~~-~:r.t _~: \~ .. ·:·a ~-~a _. · o. ~···: .t.~r _u P-P~· :r _·. · _ ·., : . . .. : ... , .-
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He_cb a I 11\0 ~a- 1- n.e s - on . ··s·ou t~--- Arm . are · .p r fina'r 11 y a :.f .. ~a ttl r e ot' : · 
' . . . .·: : . . . '. . . . -~--. ' . . . . 1:. ~ . ' . .· . . ' . . . . . ~ . . . . ' 0 

._terminal l~e - and. are -'not _ we' l -·1 developed .. upg ·i -~clei.; '\t:he ' refat.lon-- ' " , 
1 , • • ', '. , . , , o ,' , I , , ' 

" . l· 

_·_:Sh.lp betw~.e~~- lce·..:streams movl,iig :<>u 't of -South Arm .u.·pp -~r -- baslns '.-_- ' ' 
,. . '' . ' . ~ .. 

r_ ~n-d _ medlal ·mo'ral. nes· - ~-o~iigl~ -cie .r ... ~ :d _ep .~ted'· i _~--- :.•gs: __ ri · ~ .. 13 ~ -n-~ 

· "·ra'ble -:1 ~ :. :T~e -r~;htl _o~~~ip . ~-~:tte~ -~~ ,~ngla.clai . d.eb~is ·- :~u-~pl~_. ,_.- t~e·· 
pattern ··of- ·tce " f-low · and .inecl'i~l moraine · morphology' wt .t'l -·b~ - . e·x-amf .ne~d -. 

. • ' , , ' • • , •• I , ' , • • • , ' •, , • ·.' , 
. • • •• 1 ' • •• ! '• 

··. : 

· : ·: 3 ;'81 ·: The ·re rm I na-1 . . Zone · . '• ' ' 
•' ~-
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1 . . ·:1 . 

l i· .r 
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' . ' . . . . \' 
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. '· 

\ =:-
. ' . 

-\ ._..-_, dow~ 9 la~le_r . of the · t .ermtna _t'_ ice.f_a.11~ - - {i:'t 9 • 9), wht-ch ·ar~ · _ cha~ac~ -- -: . · .--_.-.. ·. 
... . . - ·. : . . . . . ' . ' . . . . . . . . . · ... ~ . . . . . ' . 

tertzed· l:iy_ large tran. s~ers~ cr_evas'ses·· extend ln·g across : the .. , · 

: __ c~n~re l ·t.n.e - ~~;- ~he .. g.lac_l.er onto. ~~~~th -~~m-'lce ~ :. The northwest -·. · .. _.. :,: ·_ 
. . I . . . ' : . I •• •• • ~ • I 

. ' . 

:- ~argJn . ~f the 'lce'f'al'ls appears - .to d·ema.rcat'e a · ~.ronc;>unced .. step : " 
~ . . 

·. · - }r · · ·the·- gra~o.dlor. lte·~;be·d~~ck floor. ' Th_es~ep pa~·aH_~l _s · _t~e con_.: _-· 

· ... ~a~t - of · t~e -.Summit L~~~ - ~: tock • 'wt'th ' .- the_ s:urroundlng Bow~:~ as~'em- · .. : 

~ -· 

" 

• • t • : • ~ •• • • ~ 4' .. . • • • • ' ' • 

·- b-lage· •... Creva~se _ wldth Increases -to ·t .he -- s ·outhea.st · an!;~ may'i -~dlca~·e_. 

. a . grew_~>_ ~f~p- -' hei .ght -ln .. thi _..s d .-lr_e~ti:o_n._-•. i'n a~d· i ·tio·~ the., . 

dl·rectlon of Ice flow .of .the · glacler - termlnu·s -swlngs · to·' the north 
. . . 

' • I ' 

.A·· sp.laying ~~evasse system. dom-Inates .the :~mmedlate ·_ term:ln~- 1 -. 
' !' 

area - ~f ·s~-~tMArm ~ Pronounced. , longltudlnal follatlon . can · be · 

... . . 

", '. ;- . ~ - .' . . . . ' . . ' \ .... ' . - -- - ~ ' : . . . ' . . . . ' ' . - - . . . 

.. ·traced over f he.entlre ·term'lnal area and ' tne foliation fs . seen to be . . . . . . 
• 

·severel: y ,C'omp~·essed close to ,outcropping me'dlal mor.afn·es---;,_.· 

:·.·· Bel~~ .. th-e teJmt'nal l.ce ·falls a ser,.ie~ of lce:.hummocks chara_c-
. I ' . ~ - , , 

- . ' ' J 

.' · · .... ,J: erize the ,glacier surface. - 'The . st.eep te .rm.lnal t'.~e front Is · 
, ·I : · :·:' , .·. . . . , . 

. . ·gre.a _tl)' a_ffected by splay_lng .cr.eva·sses or :lented subparallel to 
.. .. .• 
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5.1 

f. : outcrop_,pin.g m'edial. moraines. 
'· I~ addi ' tl~n · shearing activity, ·in · .. · · 
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~ 
' . 
(. 
: 
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1 

: 

.. 

! 

' . .' 
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' respo~se to ' basal obstruct:·r.o.n ~f . gla~l~r. flow. by. s:ubg1acrai - ro~k·· 
. \ 

mor·a I -~e ·s and. en.gJac: I~ 1 mo .ra rne. debrIs·, has : been : she a red .. upward·· 
. . .-. . : . . '. . " . . ' .. · .. : ·-

' . ·_ ~ 

.. 
.. sur·face. · S.hear I ng . act l.v.J.ty 
: .· . ' ' (' . . · 

' . 
to t)le · fee 

. . . . ' 

· l.s brIef 1 y dl~cus~~d ~nd · dl~ruptioQ.of 
·: • ' •• .: _. ' • .' • - 1· 

the· ·lc'e · f rant by .. Gran~uc · 
. . . . . ' 

was·te w~ter ;outfal ·t described ·in ·Ap.pendix (I . . 

3. 82 ~.~ 101 H~ra JneS . ·. ~- • . . 

.·. 

"' ., '. 

: F_our di· s~iric .t ··· m~dJ~t : ~o·r~frie:S .. ~·utcr:o.p In the termlna.J zone 
. . ' . . . . ' - ~ .. 

. · : of , soJth Arm'· (Fig ... f6)' . . So~'thern ' .and N~rthern m.oraine groups .· 

. (Ho.rai·nes ·· ·$1', . . 11, a'nd Sll· l · a~d 51~ respe-~tively) . canrbe ·:· Ja .~ntl-·: 
,1 • -

·· · f ·i.e'd ·~~ t.he ·bas.i's ·of · debr_ls ~: l'it'hology. ·The s.outhe·ri'! g_f·oup .. · ls 
-" - ' . :\.. ~ ' ' 

d~ri~~~ · f(o~ · r~d vrilcanl·~ tuif · of th~ . Hai~e~on a~s,mblage ~ .The 
' . · ... \ . . . . ' 

?. ·. . ." .\- · nor.'thern "moralne'group is composed of a ,distinct , green ·debris· f .• ·.·· . . -.' . . . . . . '· . . ' \ . . . : ... 
f ··.1 ._ ...... :·· d.er: .. ived .· f.rom volcan·lc con.glomera't~ of the· Haz·Jeton assemblage. 

' · Hor,ai$s i.V. ts · chara.cte;. l ·zed:_·~y a la;·g~ bould~r s' ize; 't he 
. · ) . ' ' . ; . - . . . ' . 

. larges~t - slz~ niea·s-ured w.as · 1.5 ··~ · 1.'5 ~ 1.-5 m · . 
' ' 

On tbe ba~ls . of bedro~k lltholo~y \ medlal moraines· in· the 
.. 

terminaJ ZOI')e '· of So~_th Arm Ice can be .traced to spe.ciflc· der i -
• ' , ' •I ' • • • ' .. , • ' • . "· ' ' 

vatlon areas in the · upp.er baslns '·of Sou'th Arm ice (Flgs.·: 11, . 12) · ~ ._-... . . . . . ' . . . ' . ' ... . 
'I' 

:. Hora i nes S. l and S I I ar.e co~po_sed o·f · deb ·~ i:~ evacua~eq by ._1 ce 

f)o~ - unl~s d~~~nlng ea~t faclng _. slopes Qf th~ ta~tern basr~ . 
~"· 

.'· ( v o 1 can _i c .tuff)· . . 

of the W.ester.n basin .(volcanic· conglome'rate). H9raine Sill 
'· 

' · • I ~ appear~ to be oJ · ·cq~poslte 1 lt~ology . contalntng tuff and c~n~ .. 

gl.omerate debris . 
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only a· 1-ece~t>'pheno~~non. of ttie. _"mprgi~~l' .are.a. \ Th~ . ro~e- Jn . 
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i~·r~i~a·l. _ depos· ltlon· p· laye~ b.y med ·ta·l mo·J:alnes ·.h.as' increa~ed as 

the · gl·acfer ~h-lns ·:_~n·d . ·exp.'o~e:s·,:· ::gr-eater.:quan.f i-ti~s · ~f ·· mo~ain.e-'· .. 
· , . ~ •• ~ · : ··; -~ •• If .. • • • ••• ~ • • •• ~ ' :·f . .. .. - . : .· . 
d~brls. lncr~ased ~x~osure of supraglaclal debris ~s a ' re~u ft . 

' . . . ;. . . · . . . . ' . 
' of glacier: ·r.ecession· has al·s·o _been · no·ted by: S~llsbury· (1894)" 

· .. • 
;_·:·_ ... . . · .. : ... . 

'•1'1 . . 
. • •'·.:·:·: . 

.. . 
Th~ _ rela .tionshl'p be~we~n: ·mor<il'ne mo_rphol _o_gy - ~nd the nature : 

, ::b :::1 ~::: 1.::::1 :f •:::1 :0 :::"::·:: n::. :Y ~:: ::~ ::::~·:~~~:nt •.. · 
' ' L ', • • • ' • 

\ . , ::- . . 

'be obs e r .ve.d •. : Ho r~ j··n-es o f . es'pe~ i a J .. · i.n tere-s t ·. were .· m~·pped . by.· plane:. 
... ; , " ' . . 

· .· · _:· ~·able . .- ·and ·ron.g a'nd c.ross P. .~o·f. ile·s · w.e ·r.e ··.c~n 'structed· by ·attimet~y ._ 

. ~: 

.. ·a.nd pac.i.n_g. __ 

' • .· . . . . . ·. / . . . .. - ' . .. . 
debr.-is was · made for ·partlcle-si;ze• -ana.lysfs" •. ·sedimentolog.lca.l . 

. . ."' . . ~ . ' . . . 
t,\ 
• J 

·.~: 
:' l 

... .'· s • 

: ·~nalys~s .ar·~- 'r'epor.t'ed. ·j~ - c~apt~r-. G :in c6njun'ction . ~i'th North ·A.rll! 

. and .centra,l medial · moraine debris and . that from othe~ :- ~ l em'~-rhs of; 
·" ' . / 

: · : :·'the g' lacier . ~ebrls_ sy_stem . 
.. 

' · .-. 
. · ~ongltudinal ~traln-r~~e·, vel~~ ~ iy ·a~d ~bl~tion were deter-

j ' ' , I 

mlne~·· from observations._ of a line of ~takes paralle.l .. to -mora ._lnes 
• • ' o I ' ' • • 

. ~: 1 an·d S 1,'1. Stake movem'ent ~as . ·determl,~ed _by ;e ·p~at~d me·asure :-. . . ' . . : . 

.. , . .... , . . 
---- - :--·~me-rrt-t"~ -bedrock '·outcrop'. with the aim ·o f asses .s~ng -the· r e htJ. ~~.: 

.· - - _.. ··sh _i ·~ b_e.tween the . nature -.o·f · 91 -~ci· er flow and medial -moraine mor - · . 
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. · ·. \ 1, I • . . ' ••• >.\ . ' ... •:, :f 
•·:"·: 3.·84 ·Hedt ·al . Hb~a .in_e · Ho: ,r.~hql ,~·g:y .. ' .\ . :>. .. .·: ~ .· : ... ,.. l . 

. . Ho r~· l ne s·1· .. d;eve I ~pe<( at· , ,the co~ ta c·~ of :i ce 5 t re;~'\s . C •.~d · D, i .·, : ir 
·. at ta ·( n s ~m~ r .. ked .. ~up r ·a~ 1 ac,l' a ·l . e·~p· r··e s ~I on" -b~ t~ee.n · .t h.e · con t\ uen'c·e · ' .· .. , ·.. ) .• 

:.· ~rid· ~e -~m i,.n_a·l .Ice . ·fa.f:l ~ ·. (;I 9. ··.1.3) : Hor~·:;.r.l .. deb~ i.s · ~a ·n ~e\ t\";a ·~e~ ,. .·i · 
. . / . . · .. · ·. . ·. . . . \ . . :' ....... .. . \. . .. ' ·· ;.'1 

b·a 'ck ~p · thr~u.9·h .: tti .e · c~nfluence ice faJ]s·and i.s · .. present ·on · serac · .. · fJ 
. I I ' • ' \ • , :' • ~ , ' ., , / \ • • .- • ~.,. ' . ., .;\ 

·sur.faces. · ·. T~e q·uan.tity ·o.f · ~u~lagl.ac. ia1 ~~br· is i·s . v ·e~y to.J, and, · ·j 
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4.0 . . . TH:.E ',ABL,AT'ION-DOJ'\INANT H·OD~L; ABOV.E FIRN LI'NE ~UBT'(P~." 

. ··. ~~ORTH ARM ~EDlAL'. ,MO~A·INES .. . 
• '. : • . ., . ~ . . ' . . · .' ' I .. . . . " . · ... ~ .. . .. 

The .' f··~ l l.ow i ng·· an·a l.y~ Is ,of ~ed ~~dl ino'ra i n-es" d.eve.l'oped on, 
o ' , • o"\t '1, , ~J',: ' - ' • I '1 ' ' t o • I ' . ' ' • o o 

: North . Arm ·fol_~· o~~\ .. ~.;.e . sch_.em~ establ isfed f'or S.~uth A~m (ch· •. ~ j.o)~ 
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abo.J.e · the 'ftrn- ·llne. ·upper Nort·h .Arm 'bas' ln : is defined and com- . 
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7 p.~·n:~nt J_ce' ·flow: unl.ts eva'b,at'lng bed~'ock . debr.is ident.i'.K Th~ 

·! : _bed~ock : g~ol .og~'qf.· ·t~~ ~.asin · a~d t.h~ nat~r~ o·f-~ i, ce_ flow · Is . ~ · 
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· .d'i ,scussed. < rf-ebr''i'~ ' sam'ple sites ·' from derlvati9n sit'es · ··a~·d· m~dla) i1 
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Debi-ls li~ _neratlo~~ Sites · in .Upper North Arm 
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.subaerl'al . primary debri -s gen.erati<>n· .. are. locate_d. on ~ack\'!all 
0 0 

• • , o , I 
0 

I ' o 'o • 

~. • I • 

bedrock areas and can ' be . co'ns.·ldered, wl-t.hln .. the. c'la.s~lfi ·catlon 
. . . ~........_____ . . . 

ev'olved for analysis· of South -Arm .extrag _lacla~J- 'slopes, as· Type· .. 
. . • . \ . .. I . • 

·i ~16pe~ (p ~~ )~ · 

. ·Slope's of~ T~pes . I I. an·d I I I occur over the .rem a t'n:e r - of,~ . 
. . . . I 

· North Arm basin. These sl'opes. do'not contrl·bute de·br !·s .t..o· · 
" c:) : I 
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r:-ot . d I sc'ussed _1 n de .ta 1.1 ~e· t ow. ; _s 1 opes· of Types I I arid · I I I 

. .· _.... . I 
characters contr. lbu~e d~brts ln;to : fhe 'moralne . formed by . the 

. . ·: . ·. I . . . 
confluence af North and ·South Arms. . . I . , .. 

In· the ·upper basin an forms a toe ex~enslve ·snow ramp 
. ~ . 

hefght of the ramp 

. . 

. ,. 
s·l~pe to the back.wall. The' averages. 80 m : 

· . . t. 
· .. I . . 

. i . . . . . 
. and .- th~ · upper ramp surface paralle .ls the .1,·soo m,· a.s .• l.. contou r . • -

. . . . I · · . o 

_._- . . : _ A _ proml 'nent_' . b~rgschrund. may·be/ .ldent.lfled· fr.om aeri- ~ 1. -- ~·hoto~ · . .. 
· _graphs but field ld .. entlf. lc ·a .~.lon ·. _pr,oy.ed · more: dlfflcu· l .t. : t:Jppe f: 

. \ .. . 
, I 

. .. lee cove r ab.·~~e 'the backwa11' whl:c'h . !llay r'ea ~ h .200 m · -t n :. h ~:dg~t · · . 

poss_e~_ se.s a cll .ffed p'rof.l feJ on .ly over · a •llml.ted ar_ea· ·~ a, 
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gent ·t.y_ s~opl'ng ternii'r{al prdfii~ a~parent. 1 A bas a I deb'r.i s 

1 lay e r . i s e ~ h I b i . ted by a I I u p per i c e cove r r r r .e s p e c t i v e of 

'· 

. te.rmlnal proft'l~: Thes'e layers are .<Jlscqntl.nuous and are found· 

at vartc;)Us level's abpve : the bedroc~-ic'e cont~ct . . Debris is 

_unl ik.ely t~ : ~a.ve been in~orp _orated by p _ressure-melt; englaclal 

she.a;rlng .and upward . d.isper.sal of d .ebrls -from the ped J's sug

_._geste'd. · T-he deb'r-Js. is· released by avalanching .. and c~nt'rib~·ted 

· to . th~ snow ramp · at . the : foo ·t .of the backwall where .th'e.debr·Js .· 
I • ' ' • 

~he~ ~)~~-e~goe·~ c~mpact ·l ·~n wJ th _s.~asona. l · · sn~w cover. -The highest. 

ra'tes of . ava~anche ~~tivlty .. appear to obtain ·a ·t.the .northern · . 

and: sou -~hern ·· ex . .tremlt_.fes· of· .the backwal r. The ' dlstr i ·butfon of 
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areas ~ossesslng ~ hl.g~ avala.nche acti,vity ts' rei'le~.t,d ln ' the .out-

· '·. _C:r~p ~If medlal ·, mor~ai'nes w_hich· a'tt.aln ~arked s~~rag~a~~J ~x- · .. 

, I 
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. . . 
.. p r e s· s I on . a s d e b r -I s' s..~ p t a • . ' . i~medlatel~ b~l~w ~~he flrn line. 

!r, • .. 
Field P.rocedure .-:Debris .Sample Sites 

(FI:g . . 1'4). Dirty snow .'and ice avalanche tracks 

c.l o~e . t.o . t ~he n~rth'ern 

. and · a · samp.l e .'taken of 

.. - '{} 

extremity of the ·backwall. were exam·ined 
. ·.' . . -: . . . . '\, 

ne·~_fy ·_ release.d · d~brls (Samp.le · t~ ·1). The · 
,, 

·--~·le\i.te '~ay a.t an elevation' of, f~ 390 · m 
I ' ' ' • ' , ' 

a ·.s '.l ~ . Despi __ te ., · 

.' subae.rl ·al- relea.se · from the backwall debri .s was c .~.early released 
. . 

. In res pons~ 

'I had . ~.~~e.n. _ , p.la~_e · re .~ul ,t_in~": .~ -~ . a d~pres,sion of t;he . tr~ck · ·surfa~e~ 
I . . 

,------------~--~--~~----------------~------~----~-----
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J ..• ' .· .. ' : ·. . . ' . . ' ' ~ ·. . ' 
Comp.a rIson · of· Boun~ary s·u rv~y CommIssIon . ph·otog raphy ·, exposed by 

· whi~e Fraser-,: 'i·n 1905' with pre.sent. field . observation. lndica.tes. 
. s.l-lght . rece s s.lon of the" 1,1pper Ice · cover .and ·are'al expans ton o.f · . 
~xtr~g~acl~~ bed~ock 6ut6rops. ~ . · · 
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I - ' ' j •. 

' .. 
. compared 

... 
surrounding _clean ·snow. -·lee blocks im-b.edded -in .• . 

, I 

I . 

. the ·sn·ow s rface by.Jmpactlo,.; ·arid · ablat.i ·on h.ollow.s· added 

· furth~r s rface var-Iety • 

sample· Site 2 . .'(Medial · Moraine· NIV). Bed rock ·debrIs -r e 1'ea·s ed .. .. .. 
. .... ... ::<.· 

t"rohi Sampl ~· Sl te i is evac·ua(~d- fr._oni the bas. in_ as med i a'l niora.lne · 
. I 

NIV -~ .Two samP.le poJnts were . selected along ~~he- moraine · fn. 

(~') -~-~ the. · he.ad·o~ _ the mor-~li,~e, ~t~ 
. . . ' 'l . 

: . --~ 
upper-_ Nor-th Arm bas In·- ~ 

. . 

that poln·t·wh.ere t-su_pra-g.hclid · outcrop is dl'stlnct . (Samp.le·N :3) 

.. '· 

Part. · B: · ·North ·-Ar~.- Terminus ' , 
' ' ..... 

.· . . .. - ~c)rth Arin ice enters the ~quth western l · imi-ts•of~Tide 
--~ .. " .. ' ' 

. . Lake- 'Fia'ts·· as a low 'g'ent·ly slop. ln~ i ·ee . · surface: -.wittl.n~ weU.- .: .. .. 
/ 

de-flned ' ice ' front (-r'lg. 31.a). . -Increased morpholog_lcal definition 
I • . ·, ' '•. 

. . . . . ' . ' ,. . 
is . .-a-p.par:ent -close to the · medial moraine' at t-he conta"tt Of ·North· · 

J • ... ""' • • ~ ' 

·and So~th'Arm ' ice .. sl·nce a distinct ice front lfl ·thi·s - ~ -r~a -- has · 
• • • \ . . l • 

been generate~_by 'the . rel·e~se . ·c)f Gr~nd_~~ · mtiG~~-~~ter 'tnto'.the·_. ) 

g·lacie .r . s~ yst~in·; \h~ ar.ea .Is· ·ma-rked ·by ~-·ce-~llffs '(App'endlx 11)( 

An- l~e:..'·c ·ored .r.ci-mP.. w~th . a flat upper surface. slopes . ge!"_ tly· 
I I 

· ~ortJ:l~astwari:l ·and · se_ems to ·extend glacle.r l"c'e ov.er .the 1nclrther~ 

~ ~~ea of -,the t-er_m .in~~·~ _ . s~peri _nc~~bent --d~bris Is . ~ medi~m sa~d 
. . .. I . 

deriv.ed'from Gl'and.uc's ~art!lculate o~tfa11 In ~-a _ste mi 1 I water; ' 
. . ·_ ·. - ·- . - . . 'j - ' 
a c t. i." e . k e t t 1 e ho 1 e f 0 r m a t l .o n; i s .I n . p r 0 9 're s s ·. 

. ' . . .. -. -1 ·_,- . . . 
'. ( F i_g • . 31'b.) .' 

·:· ·. .. :The terminal are-a --Is marked }:,Y : pro~' i11ent . shear plan~ out":' 
"·· " . . . . . -. . ,., . . ' . . 

· ·c.rops ·(Fig ... :j'IC) whlc'li-. _In the i-mmediate te·rmin·al ,area are ·.-... 

,_. :a ~ ~-o c r a ted ~ I t h t h .e . t ran 5 f. e r : ~ :f . b a s-t'l : ~ e ~ r i $ · ~ c>. the · g ~ a· {I'~ r. . sur-
, o ·, ' • • • ' • , , 0 • , ' ' ' • ' • ; • ' • • , 1 

face. -· Subg.latlal . debr-Is :.Is ·added t .o .~edf.al mor~l11·e· .s~dlme~- ts" .: .) _' 
. . \. .. ~• . I • • '• . ' ;. . 
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· (Append l.x I I). 
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. ·. ' ·The · i mmed.l'at_e -te·rm'i n~ 1 a rea .· ex·per i en'ces ch~Hl.9 \ ng f.i ow 
"' . . I ·'~ . . ... 

dl .recfion··.f~om · that maintained upg(acier and th'e outcrop of ' 
. ' . ' 

. . . . .. . . o ' . , .. 
medial ·mo.raines· unde.rgoe.s a 15 . ch.ange, In or-t'entatlon as the. · 

. ,• ,.'• . .. . . .· . . . . . 

t~r:minus is appro~ch·ea (Fig. 3·La) .. ·. :l ncreas ·i.ng northward flow. 
• (> 

-may repres~ ·nt . di~ergent .. flo·w a ·round : ~ su.bglac.ial westerly ex

.·.: .::.teri:si~no.f the g·r;~io.rite r~~·k :b.a _rrler nea~ ·King ··su.r'vey'. 
'• • • ' ' •' • • I ' 

, _ .. 

• • I. . , 

'.' . 
I ,· ' 

stat ·· ~ ·~n, · _This . diver..gent f.low .l)laY i increa~~ in the ·f.~iture:,. as · 

. . . te·rm·inal ice ·thi.ns. .· · /, · . 

" 

. .;: .. 

• . I 1 

· Lt.3, .. Medial Moraines of Termt!n.at · Nor~h Arm 

~pgl~ci~j : ·~f ·Hotherbal 1 ~urvey '~at ion, ·North Ar m Ice Is 

. ··.·fo~p.os~d . of .few· di'st .l.nct_f .. l:ow units _(a-b_.c, d, e a'n~ · r-9··-h ; 
• . • 11 

. '· Fl 9.· 1 1 )' • lri' the.do11inic.e dlrec·tion · lce ··streams a-b-·c· and ·cf 
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, 4 . .31 'Field Proc.edure 
.t ,. 

.· . . · :. -· 
· ·- · - • . r_- "' · •. ~;. · :·· . 

' . · . 

_., Mora~r:-.e Nr wa·s . . se1&ct.ed fo.r intensi've .field. stu.dy. 

. coot r'a s . t to ~the r1m9~~ i ne·s· o·n. ·No r .th ,.A rin . t.e ~minu-s 1 t, ·.·1 s_· ~e i 1:. 
, ' . . . . ' " , :· 

· .de.flned_:: .. · th~· ·m6.raine ~~h -ib.lt :~ ·f~iJ deveiopme~t : o-f m,p_rp~ ·o1'ogica1 
' . 

• t . ' . ' • ' ' • . . 
~: . chara~t:erlstics · assoclat~d· with medial m·oraines of much g·reat;er-

, . 
, • ' I ... . t) 

. .. 

l · • 

:..le·~.gth.· Changl_ng· moraine width was recotded .. (Fi_g. 20) and ~re._ · .. 
: . .. 

·COrds ot ablat.ion W~rEi ke'pt f.or tWO per, f~dS, over.· th~ en.tfre, · 

- ~engt~ ·-~.~~~the _· mo_ra.ine,: (FI·g·. 30) by reference· tq. a · stake line .· 

(FJg·; · 2l)··f~o.~ . the-. ·morai'ne head (Stake I) ·to. t'he terminus . . 
• • II • ' • , ~ ' • • , ., ~ .. • • , : 

.• ~ (.Stake ·9) • . Debris ·and ifedr.o2k s ·amples" were ~oi lected ' from -the . . . ' . . .. 
. ' · 

morai·ne'and, a·rb·a~ we.re c .1ear~d .of .a1,1 ' supra$J1_a.cial d,ebris to ·. 
I ' .. 

·deter'm.i.n·e· t .he nat~r,e o.f•el').9,1acia1 ·debris supply1 to the morail')e·. 
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't ·4:32 . )1ora)n.e Morphology .(H()raln.e .-~NI) 

.·.~ .... . :. .· 
The . 1~ ·ngth. of the mo'ral·n·e . Is ltSQ ·. m· arf'd . ~hi.l_s ·t: ,a debris 

po~r septum can .be 

. . · . . cov·e r on I y . 'beco.nie s : 

tr··aced upglac.l.er r"o_r ·.· ~ , fux .. ther zoo m,debris 
: ... :.. . : •' ' . . ~ . . .. 

comp.let~ So m downglaci'er· from . the . head 'of 
. ' 

--~ . . -~ . 
the mo'ralne ... This downglac _l_e_c·set;tlon poss·esses. an lee-core -and · 

. . ... . . ' . . ;:' . . 
is .c·h~racter i_zed . ·~ _y:· · a h .i.gh. conc.entra·t~lon of dl.rt-cones • . ·the ., .· . • 
. ' . . . . ' . 

. I , t . 

. . highest ·fou·nd ····on t)ie 'surf~tce of .. 6ererido·n G.lacter · {f.fg. -32). 
. • I • . ._. · f · • . . · • . . ..• 
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_.-. .. MQralne width . ln.creases s~s~ematlcall'y_ downglacler fq:un ·· the . II' 

_. head ·t_hough -{, ~~or. c::reva·s~es s~~·~~~ .acr~~S: the . moraine ·be_t-·· · ,:· ... · '\' 

j . •' w~·en st~kes -4 -and ·7 · (FI:g. 20).· Up.~l~~·l .er.c;.f : t-ha.t pot~t w'here ~-: <··. ·.:'!).· ~· 
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· ~:·moral.n~ debris ' co.ver lie,come1s tomple.te·. 1-ce -melt '•rate .. s are · ·- .-:·.· '!l> 
"' • .•• • . . • fr -~ • . •• • .. ~ • ; 

a·cce 1 er-a ted 1-~ · r.e ~ p~n~i-:) ·to . d ·1.f f u·~e deb rfJ;s .· ·cover and a : n.e~·a t l.~e 
. ~.: . . ; , ~~ • ,., ,,~ ·· ·· •"" . ~ .. :. ~ ·., .. !: . '•' :0 ~-= : . . 
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mora i n e r~ 1i e f. r e· J.a t I v e to .s u_r .. r .ou '!d i n_g . ~~-!" ~ J:~ ~- .. l ~ ~g_en~ .r__<!_t_~_c:!. _ 
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. . : _ (. \ . .· . . . ' ' ·. 
D~wnglacle .r, dlr,t-cone forma-tion takes pl'ace a~d ··.a.primi.tlve 

. ' . 

-~-·a:t ~take .. 9. ·. · Th. roug _ho~· ~ .- the .. len9tho·f' t-he.~orai.ne . the~ ·latera'l · · 
' . 

ma~· g .in.s re~_,irn we11-def{ne~:.- as. a res'ul.'t o.f . ·me.lt .: s'tr.e·ams f1~Wi _~:t9 
~-

~ . ' '" .' . • . , . ' • • • . . : ... , ." • . • • . • r •• . ·' • • . 

_-· par:al1«:1_to.· the . .' moral~-~· outc _rop~ · . ·: ._. ·;··:_;. :. :.:; ·.·. :. ·_: ··.· ... 
·. ' . . . -.. ,· 

lt".33: ~ · Debr. ·is· . Sampflng ,:tnd the N~t~·r~ ·.of.·E~ -gla·c .. i _ ~_ l Debri,s ..< 
. su'pp ly · , , ~>~ 

. \ 

. . . · . . 

. .. 
S ·i'tes . along tl:le morai''ne w~r·e . selecte·d ~-~f:th the object tif 

, t ' ·. - · • ' ' v' ' : \' . ' . :· , . 

·in~estigat· l . r:ag (l) .. the . . nature ·of·., ·supraglaclaLdebrl.s.i · : (?) t~he 
• I • ' ' I ' • • • ' I' • ' t ' • • ' • A•. :-· • '' 

, p·resenc~ and: natur:e, of . en_9(a.c .ial ' debr.ls ·del-i,/ered to : a sup.ra-
- ' . : . . ; . . . 

g .l .acial pqsition. · .· . , . 

. . :· 

· (1) : .The' firs .t objective .was.·at-talned t;ly sampling or· ;r 
• • :- • • • ' • t • • • • . ~ • • • • • 

0 0 :,· 0 ' 4 1 

0 
' 0 \o 

: . . ,· ·· debris.· t .n · thevlc'i'nity ·_o.f stakes· :s .and · g·. s ·amp1 ·e·s ar"e · ·con:- .· , 
• 1 ~ : ! f' o • ' ' ' • ' • ' • ' 

0 
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sldered repr.e~en .. t~tive of·~·ebris 'on the·rnoralne at these:: · points~ . . . . . ~· . . . . ' .' . 
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·· . ·- ·, · . . :' appear .' to> be:· m(;'r"e :·extens'.i 've ' th~n· t ·ho'se:'.de.scribed.' .. e.lsewt\..e:r. ·e ·~ ·.-. :. . ·· . · .. 

·. ' 

·· ·'. ·: :· K'ers·· .. ti9·6·.s) \ has · ·s ·um·tnari ·zed i:tie · llte.rature .· on ·o.uaternar·y :·,.sub..: ·. ·: ., ·.: . . ·· 
·· · ·· 9facicd .. f··lmeston:es · :{st.ibglac.ra· ·lt:· kal'kste.na·rr .. .. : Up .· .. t.o.l9lt.5·, d .. is:·:'_' ... ; :· .-... :", 

· · 't:rlb,fti6n · tn, S ,ca·~dl~avia w.a:s.· c:: o.n .~ . l.:d~ri~d t ·o· b~· li:in~t~d · t.o.'At ·1·a ·n·tf~:.: . . ·, · . . 
. . .. coast· ·area.s an·d · c·or:asequ.~n.tly' was ~p· to·· th'at .. ti'me ' .g·r:.ou.ped w·t ·.th ·,.;. · . · ·· 

. : ~, l:roma.toll ftc .1 iine . .s tones .. .. . . r 'o l.l.,owl n:g'. the ··.ttie()i,Y .;'of ' ~J:l:' ng'er / <. 1936)",' I ··,· • . · . 

· Ke:r.s_. ( 196.5) ·. demqn·s ·t r.a t :ec;J · a ·.- su bg'l ac i. ~ 1. :or t .9:i n~ . . : s ~ .. ':l·ce .f.~ at t .t~e · · .. · . ·. :. ·· . .. . 
. . new .. -g 1 acl·e·r · proxTma 1 occurrences: have · be·en · · repor 'ted . (Samuel sson·, . : .. . ". 

··\"'; .. ·, ...... · . · 
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··: (964) ;·:··N lgards&re.en·., . ··Js ··km· .n.ortheast·. of Au·s·t~rda.H .lil>.r.e~.n·· . ls':· ~ne:~ :::. · .··:· · ~·.: . · . .. 
· o.~~lirr·ence · . . 'Ford et '. al, (1 .970) . ·rep.orcc;a·1 ·c. i~·e.·p.r~·c·tpit'a'tes: ·a ·t ... ".:·:; . . . ::: ·,- · 

, :· .. the .·so .les · of. gl .acters-:Tn .. B~nff~ Natlona·l :Pa·r!<.· .. F..o:rd· .et ~ .. aL tm.:.. .. - : .... . -··. · ·:·:::·.". 
'~ : .' :· · · p·Lf .d t I y :; con·s·l.d e r. ed· t'ha t · ~uch . d epo s ·1. t:·s: we r .e . fp rme·~ . from . ·tree .... s·u. b .~· .. . : . . ,. . · .. 

: . . ·gfaci'al; :melt' ·waters·.desp'ite .l'Qw so ·lute · carhonat·e ' .'concentr~tl·ons. ·.· ..... ... . . 
·. ·· . . · . . · . . Th:fs h~y.pot.h. est's . . V'a·s · reje.cted<,by Pa:ge .. (1971 ·) ·'- fn favour".: ~.f ... :·Ke'r.~•·:.-.. .. :. ·.·.:·.· 

' '• . c 

· . ··: :-·:and· t;. 'Junger'. s hypoth~.ses o(·formatlon . by. pres·sur::e· in~:l't : wa. t'e .. r .~ · .. • ·· .. : ·. · ·· 
~" · · . . ·. C~rr,osion. by p.r .essure·. meh water enrtche·d .w.i.th c.o·2 deri'ved : f .r .. om· . · · : ... : ~ 
~X ... . .. : . engl.acfaf C·02 ·enri:c.hed ·ga:s . publ;l.les:.·take$ place. ·on stos·s faces ·.:::· ..... ·. ~· ... · 
\::.: . .- . ··~ .- :· . .' . · .HJlpo.rt·ant .ly, · e:·ar.bon.-·dloxide requt'red· ' for 'so(ut.lon · ls :d·e .rl .v.ed .-.f.r~m ... · .,: 

: . . ·. f~~ .s;,i'l ::c.a rbon .. d·l,ox i' ~e.- .. i. nc.orpo_~·t.e.d,· !'~ . .the· t c~.' ... 'As . a· r ·es·u l t . ~'.n.y . .. ...... . . 
:. :. . . .: ·.,. .· r~dlo;-.~arbon ·.dete~r,r:ln~t. l .o.ns ·on· 'u~h .. predp ·! .tates .. ~JH .. yl~.~~ ·.:· o .. l :d .': .( . · · .: . 
. ~: ·. : · :,.· ·.· . · ··d<! .t;~~ .f.or . ~he In I. t 1 at.1 on . of ca 1 cite · pr·e ·c .~ p .• tat I on ··at ·.that s..i·te. · . ·. : .. 
r·( .. · . . · · .·· .. )~ n" t. h~ . Ro,c~·l~s ·, Fo.r.d·: ~ !J.. -:rep<:>r' t ca t,C:r te< ~ ~ e.cl ·p.t ~ate~ ,'te.'s t ,r.J e. t:~d !;,·: ·.: . ··.•. · .. • . :·; 

'.·l'··. : : · · .... ·:· t.~. : ll. m·~s~on.e· be.n ·c,h~s ..• :: . Occ~,r:r=~n~~s· .. .rn :.N.I ~a rd'~b ·~~e~· · rep~:f-· ~ ·~d l:?.'(.. · . .': .. · · . . ·:; .. : ....... · .. . 
· ··, ·. · .. ·· Samue.ls.so.n are . dev~loped .on · b~sal .Caledonl~n gnei .ss . . ,. · .. . · : . .. ·.,.: ·: ~ ..... : 

·::· ....... f .• .:;.: •• :>·· .. · .... · ...... . · ... ·.· ............ ·:· ... ... , · . .'·;' .. .. · .. , . ... ;;·. ·.· .. · . · ··\ . .:. · ........ ' 
'o " • o , • < ' o' ~ < • I ' o ' ' ... '~: :~.'' '• I 'o ~ I o < ' ' o , • 

',.,·. .. ·,· . ... :.~~ .. : ·~ . . . :·.· . .'.:.•' : ..... ~ . :- 1 ·,- ·;·: .. · ·.-:·.· . . .. ·, .. . 

'j{\;~;;~;~i0i..Y.oi~£~f;:):,,::,;:::~' ,,;>t~<,'. :77-h~~:-. ,_,<:L:. ·~ .·· 'ii'?l;;,,;;;~•7::r~~~i~~~-' ~,; 



.. : .. :.· . .(·' · :.:.·_ ;:_.~_r .,;;_ , ;{ .~; L · · ·_. ~-~ .. : · ·: · ~- '···-~ :_:~~~--· · ·: ·_ -· · • -· • · '· ~•-_, ,.: -: · < · · ·. ·_ · • · -~·· : . > • :: -- ~ :> ~ · -- :1:1 .. ; _. ~-. ~ - _?{ ··. 
. ·· ... - ~ ' · .•. ~ • . . ·• · ·· •· · ·· · · .,·· · ·· t 
~· . ~. ·' . ~ 

·· . ~ . ..... . :. ·. . . . . - ( ·. 

:J~. ·,; ' .. :' . . ... · -~~~:·.· .· ·. ··.· :-'-. ... .... . , · ··.·:.:: 1~':.' ;f . ., . ; · 6.22 ' Preparatory Pr~~~.ur~· · . , : . _ l · 
l . . 'The .'f~ l·l .owfn 9 · "'~ttl ra 1. : a~- 1~51-~ ref,e:rs to th .. e '4 .0. to. 4 . ... · . }-' f , (ib ~.;; to ~ 0625 .~~) Si zef (:'< tl ~~: rh~-' ~ud : fr.~C~ i6p i<t · ., . . , . . ~~ 
/j{: .. · •. 062 ~ ~h)) o.·f . m:~.d · i ~ ~:: ·. ~~.ra ·i J1~ .d ~ b'r . 1_·~ ; . .. is: ;, ~e"..~ ~:al_:l y< 1. e?~·. ~ha.n · .t:~ ~. _:. . . . · · · ,:,~ . :> 
.'(;. .. _ ·.·• ·. miril.mum' need·ed for part ·icle-siz·e·: ana.lys:i.s ··of= '.sirt ·and :- clay .• . com- .: · . ..· .·.:: 

I' . . : . pon~nts . ~F~~-~,.: 1 96~). , S in~:l~r~ l,d~~;i.ze dr;~r I bu ~;Jn,: ~.'~ c~~~ \ · . l ,_ ,; 
J:: _: pa_red ... statJ .st_.l.ca,lLy_ -~~_ is::· d. lc:t ~t.e~ th·at t.h~ _ sam~-·~ st-ze ··cl~s· s -:~e .-· ,. , · · 

J , .·.: _·· us~d ·· fOr ' Other e ~~~.;~t~ ,o/ th~ di.br l ~ - ~y,"~~m~ · ; ~ a f/o,;' I·~ - 'f· : 
..... . ; · . . ·: ' . . . . ' . ' . . . . . .,· ' . . . . ' . · 'l - : _;. 

\~; .. : . , .. . ,. 

'f. : :.' : ~· . .s'tances·. mud .. f·ra~ti: ons · wer·t.·:retalne(f' fo.r: analysis af : c tle~y> mlnera- . \ ., 
·.'~ .. .. .. : . ·. ·~· . · • . · . . · . . •. . . - . • ·. : .. . · • · ·} ·.~·: ··· • . ·.·• .- .. ·.: . · ~.· · ;.' · .• ·. : . ~'. .. , . .. .- • ·· ~.·:· .·~ '· · : :~ .. . . .. ·. ; .. . . ' · } : 1; 

j_/; -········· -\ ~:::;_ ;.~9~; · o~2 :~) tt •th:•· ~: :•·.~.ltS:· ··~nl n9 t· t~ dl~:~.":;~d in ····;···· .• _. : .:. ;. 
~ ... ~~-. · :~f~:. :' ·_. ·.· .. ·< • .'·'.': • :.·:·· ·.- •.• -; :·.: \_!,~· ·. ~ :i .. ;z ~.:~~/·f~ i -~·.) ·d·. _. s ·a~~--h~ ~ /:~·a. ~-i ~~ .. b~ t.: - -w~ s _: :·~~~ne.·~.~ .!1 .·1 · ;.:·.~:~- \~ h·~! .· · : .. --:·: · ,._. · : ~ 
; t· .· _·;: •-.. .. • _ .• ····· .,_oi~ ~-~ • ~:~~ \~ :x\.~ ·I~~ ';i'?b,9;~ ~;·,,Y a\ 1: ~~~:~ j~~·/~~ <~\hf~.~~~v'e_d • >· '; · ...• , :· .... t} 
:_·t--·:·:_: ... ... ... ~ · ·· ·.:-.<. '>.>-- ~~ .i "·9. a _;4. i!t l)o6 25. · .. ~n;.n) · .. ,·-~-t.~ .~;e ::·io t'1 o.~· i i; 9 .··, .s''t~ ·~ <f'ci'fcf: p 'r~pa ~ a·:t l'o.n .·t·p ;· :, :~ : .·~> ... . :.: .:' .. J, -:: 

·~ . ·.·· . ::': ~. '·:. · ~ .~·: . : : . .': ·.: ·.:· .. . ,:.-.... ::. ' : l .: .:. _: . ··"<: ,· ': ·.:) :. ". ··.~ .. :_ ::-:.:.·:. > ·: ·, ' ; ··. : ; < '·-::'.:':.· ·.:.:·. ·_<., ..... : . . <:·. ;· .·· ::-' :. · .. : >\ : ~. : ·, :. ·:.':' ; ; . ':" ·...-·-..::· ·. ·: .·. ·. (: ''·.: ~ .. ·.: .' 
,(: .. :.-· ... · ·_. ,· :·. · ... · :r-e·m.c.>Ve:·: ·onran i c···!11at·e r. i ·a·t. ·Drled· ... ,s.amp J es· · {al:iol.i f :300·;· 'g} ·. we r'e:- 5 J.ev.ed· . ... · .-:·' : .·· .. f:'.:.-

.. ·-.; ' .. · : .• ~ •.. • i~c~~l;~~ ~+~a rd~; ~ ~~'N< fo1_k;; J9~B; .:· ·-·. s~~;:, · i~'~ ~;:t~?~- · .· ; • ·· . -.• _·····-t-_1: 
:· .'.. ..·.:·: · .. ';'· ~ - ';. :we r 't<W;,~w''e~f~~~ d ; ... t~ e . r- ?- ¢ .... <. ;_:s. ~ ~ 2 ~-. ~I'll>> s·l ~e.: f.ra ~ t l on .' wa\~ / r.e_ttd:n_ed-.:.-.. :' . .. :•· ··;: 

;J .. , :· :<i '·;i~··~~:rng el 'eC.~ro~ :~icr.ti~~+PY_bt 'ln{iu~~d . q~a~ .. ~ 9f{~nd/: i _· .. _ 1 

··': .:. \ ;~-'. : ... ,.:.· .. ··~·F .. '( ·_.<.Cum~'4 a t :I::~I?a r.~ · ~ ·c} ~f~~ j _z; .. a.n~ ~ } r:~~~-~n~_Y :· ~·~ t:-~f~ · ;·~ -~~~-~ -~e~f r.l ~.t: l .:ve ~ : .. : ; _ :. . ~· 
.. ' -~ .. \ . .'.. . . ... - . s ta\ r-:s. t'i.c·a'r .. -'pa r.a.;;·~ t ¢.· .. ,~· .-: · (:~_-.1'.1 ~ 'f: o.u ~: --~~m-'e' n't· ~e·a ~--~ ·res:.; . in'ea:n l: s ,I ze, -. . . ~ · .. I ' .. • 

!, -~ -- --~·\ ... · _.:.·: .-:. : .1 ._. · .: ... ~t~~~~~~a~v' i :~ -~- ·, -~·~·: , : ·· -~ ~~·w·~-~s·s·: ·;· a·ri ·~ ~_.~-~ -~··:~·~·~ r~· > : ··we:;~'.'.~ d~:·~ · ~-~- ~-~ : f r~~>-· -~ ·: :::'. ;.;.·:' :: . . ., 

~- · . :' · · .. · · ·.. r.a·~ - ~-~.(9t~\ O:d· ~t~ - --b~' ... :~:~~-~-~ ·i.:~·~·;_. · ·. r· ll·:~·· ·; ·~-~ -~P··~:~·~~/, ~:· ~.og ·r.am·~~·. ·. -~ -~-.e~· :.: ~~:~ : . . . .-
. .. . · < . . . . .. _:- . .. \ :;·.·. ·: ' .. :· . . :·.: . ;· .· _. . :·· .-.·.: . .- :· ·_·, - ·_·::,;,·~ .·::;:.·-. ·. · .:· ...... ·: .- · ·· .~· . . . . _.:.- _r :. ·:·,-· ..... '. ·; . . · .. : 

~J-. ·.: .- 1~ -~·. : ~:~.· <: .·.. th~·.t . .. ~:f .. s~-~ -~~~.:~:·. a~~ :·. ·.~ :·~.s~~ -.. ·.~: 1 .9?'~) ... -~t r ·.-:·.: · ~ -~~-~ ~:~.e~~-~-~ra _~-~~ r __ ~ .. ~-~-:;~- ~0.~ ..... ··">· ... ·::_. : - ~ .... ·:· 
;t i - >: . . · · .•• __ q 1 co lii~~' <H?~e 1: _9~r~~l "}l~t·'"\ <~~~··{_.!1.~6-:f Al,'ln' + 1 c~· ·•·· // · ' : 
:~ .. \ .: ·.:. ~ . '~ .· :: ... · ... :. ·.·t:e~~.~ _u ~-.~ :~- : '}.~ -~r!:~::t · ~~ c;. t : - - ~~--~~ .. a~~:.t~ .r~~:.:J~r~.·:· ~~ -r -~ ~;~-~ :·. -~·.r:.· .f.~~-,:· ~ r a·p~ ~ -t-~:··: : : . :C. ·:··: ·. ·\:: ::'' ~ . :·. 

·.j ~ 0 ' > , 0 , ' •'' •• ' .~'• ~' · • o , '! ,', • ,~ , · ~ , o •, •, ,, , , · ~·· ~ -~: : . 1 r ,, • , 0 ' • , • ,' ,,'' r , • 1• , < ,•0 ! 

::··f.. :· ·.· .: -:·. ' ·. 1··· me.thod r~ther . .- than:··. by'. ··-.the·rilethod ' of · mor;nen.t~;$· ; fnitlaT·. compute·r . .. ..... .. · 
=;:'£ .· . ~- : _'::._. • ·.· · : · ::. ·._:'.': ·: .··/:' :. ;· . .'./ >:· , .: ·· <<· ·-~· : :: .. ·; · : ;, .::":. :-: ·,:·::·:·. : _..< ... · ··. . . :.- r __ :_ .. ;: ;:,_: .: ·. ~ .. :: ."'.> · ::> .. ·. · ··.'·!. · ... ·.': .. <: : .: .·:: · :· .· · .. -: 

· .:;.· · ·.: · ;<· J :. ' -:_p l'o-t_~Jng ..:·of;.::.S l .z,e ... da·:~ : -w~~s· .. :. e;_og)'p I ~Je~:· · lfs>f: n:g~ .--.t~.e.: .-·:4 to lt,.·t .. · ... ·· .· ·..;.= <: : ·: .. :, .. 
:'-'' ]": o!; ' A , ':J,"' , '(: ,',,-'• , ·· , , : :• ;' • :;,, , , •: •• .-. ~~ : ,:,',,,• '·,: ,": , ' ,;,/ • •, _:.,·,,::• •' ,,·-.~ .. . ·", , :.;· ' ::' :.:•: ': <· . ~ . ·, '•'.,'..; ~ '··,·: ,•'~:,: :: 1'1,;, ,'•' • •' :· : :: '' ''.,: •,, : ' 

. '. :.~· ·. · . .' · ... /:" . : ··s:·l ~e. :f:·r.a·i :t i ·~-~ · ·~ i1.d :· s ta t·. r~· t I e:·~ l ' . .- :pii ~a.me fi~s -. u:.se'd .'. t·h·~;o·u gho.u .{ . th·l s·J·:· :· .. _. ,_· .. :· .. :·'· ' ..' : · ... · .. ·. :-. _ ·. ·: · · .. ·· :· :. · · ... . : · · .... ~ . ~< ...... _ : ·. · :' · _.-:.~ .. · · · · · · : · .-. ·<. -.:.· ;_; · · ... : · : ··~::·. ·;:.:·_-.:·=:'\-<,'_,--,r:·::. ~-.· .. ~ .:_:~_, __ ·:_ .. ·.·.· .-__ -'- ~ -~·.:_·:::·.· · ... ,_: ·,_ .. .::c· .-:.:~-.:~:- <>. _: ... ' · .. _<:'.: : ·; · :_:.:.; .. · 
·,.:.: . . . . ··· .·. : : . .. , . . ,· ·.; ·:. ··· · ... · :· ... ;.· ~-· .·.:. ·· ~,.::<::;;_ ;· .. ~ :··: \:· :·. :·~. : .. ,_ ... : · ... ·,: .. t . ·_.· .' ·: .' . . ' • .'.· >, ·· • .. : .. .~.:., . ·~ . ' ·· .. -./ . . : .· · ·· . ,. 

::. ' • • , • • •• • \ ' 1. ; ... • • • ••• • ,:: ·: ; • • • • • 

~~;;~:.;:.~;;_ .;;~~I~~t{Xf;;_::;:~~·~~·; ·.; .~~~-:.;~::)-~: ·.;.~;~;~·: ... I~,, : .. ·~;~.7.~-~:~~:~-L~0~~-:~_:.;.:.·:~:~:~;_;~ .. :: .. ·.·,:.: ... : ::-... ~~ • .,,:i~~(:;;~~-~4-~?.:.!~~~~~~~::·.:t:·:.' 
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b~•low · de·s~r:lbe · howev:~· ::th~ di-~trfbutio·n of. ·. p:arti~les .. o(n ,t_he :~ 3' -.·.:_· .. 
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: ;- -- + - · . . . .· , < .. :} . : ;;-~ ·-:.~ c. :,i,:._<> ,,, :·;;~~-:. . . : . . .·· • ·. ·. · ·• . -<( • ; ·.: "" >. , · . "~ :~ 
·,> 'i ':... .:·_: ·... . . ·, .. ··., :..:: ... ' ·· · ·~.:.' " . . . ., . . .. . ·. -. . ' .. ·· : ll6 u : .·. ~1 -

·; ~ -· . . '· .... ' ·. ·· · ... · ·'-.· . · · ··-~· ... · . .. ·.:.· .· ,· ~· · . ...... : ': :- · .. :.· .. ·.'·:.;.··· .... ·!-· ., 

•[ I ····.··.·· .·· ... ·.' • · ·••••.•.··· ... ~·~·. : ~~: :.;:~:£Mi:~~:~:::::~~~~~~m~·: ::~ ,· :·_:. _o_-_· .. ~. ·~·-·_;._ :~.·~~~ ·.·~._ ... _-~·· : : ··· ~ l~: 
:' " ·p • •• ',, • • ·~ • ' ' ·- • • ' •, • \ ' ' ' •' I !' •',• , ' ' ' '• ' ' • "' 

. _{;;_·· · · , .. 2·o'n'gl_onie·rat.e.' and- tu.f.~ · . ... "- · ... ...-.- · ·., ... .-.... :::·. . .. . -:· · .·:- ./ . ·.: · . . ' :.~ ;--
::_:t > .. _. .... _. .... : .. -_.._ ·. _- ·· .. . ··~ -' ~ ,'; ···.':.·' '. :,; : ·:;·_..·_ ~- .': __ ,. : _··.:·· · .~:-.- . . :.·.·.--:< ·· . . . -.··. ·.:·:..::· ·-~ -·· .. ::> . . . 
· · t' · · " · .< ·· .. · ·'. · :.:· · .... · .; ~ . .The_ .. 'mo :r·a · in·~ . Is: , composed :of,.· three . -~ e.b d 's:· _. ba.rid s~· · (-F. l.g_ . .' 3 4'),· .. : · . . • . · · . 

.': -;: ·_. ·· .. :· .··:·- ·.·: .. _· _: .... ·.·.· .·. · .... ·. ···':'- -~ ._· ... -._.- .. :· . ··. -~ :., ... ·: .... .... ,, · ·.·-. · ~· · . ... ... . ·' ·:;· .. . ' . • ... ::- ' :·. i· ·.:· .... : . : . .. . ' · .. 
_ .. ~~ - ·. · · .. -\ ·:·_ .. · .·.:; ·;:· ::-;- ~ T~ .. ~-. ·c.~~~~-~:' _':-.:~:-~ ,: ~ ~-~th-~r_n, . __ pa~nds ·:-~ ·r :~)': ~ ,~ i'~ -~.t:. ~~o-~.·: -~fp_e r .. :·S_:<\u:.t~·-;·:~.,r·~- . . · . ... : .. ~. -~ ·.: 
- · ·.· .·· . · · .. :- ·. · .. ; ·. ba·s-.. i n:;' ~de.b ·r t s· samp-l e's·. c'b l·t ec t'e·d ·_ f r.om · the - up'pe r.· · f fr n"' ·b-·as .in·.· (-F J g ; .. ·J 4 a) ·. -.--':!" 

· . . · :-!.:'·· ! .. .: .. ! .':· ~ ::·::: .~· · t ... ·: : •• : · · · · ,. ·. : . ~· .... . :.: ::.!··: .... · . ... ·~· · · ... "" .... : :· ·: · ·· ·. ': . # ·~· .. ~\ · . ' ,1 · . • • ·:~· .. . • . .... , : · • • •• ,. 
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. .;~ . ". ( 

· .· ··. J to 4 mm ·, -· 4· to : 35 mm) :. , Two debrt's · cover v·~ .lues were· em-

. . . . . 

.. , 

• • • • \ ..I' ' } .. . 
• • , ,t! • ~ 

. . . ~ . p 1 o·y a-d ( S 0·% and I 0 0%) ·a t' t h r e e-. ~-~·b r I s de p t h s I , · 0 . 5 c m ; and · 
. ~ ·1 I " 

-1 · grain):. · . . Depth', - ~ov~t: and~~ra.r~-8ize~ d~ ·t _~_ .. fbr_-·respec_t .l ve. 
• • • • •. . ,. • • *" 

plot~ are prese·nted · ir"' _ ·T·a. ble : 3~ . : • ·~ , I \"· ' 

0 • 

, ~ . , • .I .. I '- .:. .. ,. 

' ·o·irt:-cone debris was riot · s_l~ed; '!?uperlnctimbent::~ebrls · 

~ -

-· . 
' .. 

. '1'58 .. 

'j 
• j 

. I 

l 
•, 
1 
.) 

' •) ')~ 
-~ 

' · 

. -·. ~ . : ... 

. .. 

~ - ·' \ 
. : ~ . _.: 

• 
~ . 

.; ~ --. . .. ~ . d. epth:-- a~-d-. co~~._r · w~re yarle'd .?~~r fo.~r . pl-~ts· (H,: ·I
1
q·J; K·).. '•· . ~ -

~ . : . . b 

. . 
.. -. 

" \. 

. .. 
i 
'• 
\ . ·, 

~ . ·' 
, i 

4 -\ r f 

) 
:. , . . j 

~~ 
.. f • 
• i C"\. · • 
\r' I J.~ , 

( . ... 

.. . .. .. ,. 

., Q \ • ' 

.. ·. 0 ~ b/ ~~ -~a~ . a p p I J· e d· ,-'by"' h a n d' ~ 
. · •. ' ·.;.. . .·? . . ·.... '., . 
• d e 'b r.J s a p p_l I e d w i t h o u t a·n y . ' . . 

.. ' ' I 

·P1o't J co·nsiste'd. of dlr.t --'..c'o.ne . . ' . . 

cover .or depth ' ch~ng.e .and :wa~ con-

,' 

. \ : 

. . . . ,, . . ~ 
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1
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· .. - . ' 'rain .. excep,t f~r ·th·~ - 7th · •. ti;ghe·~-t - - ra .l .nf~·lt" ~"'_s .. rec-~r.de_d .- durin~ 
• • o • • • . , • · • , • ' . , ••• · ' ' , I , ' ' 

.: the .4th .• ·. T~e ·s. ·lg.ni.f'icance ·: of ·~alhfal . l ln··ty'ms.cif ~ediment .' .mOve~: ... 
, . : , . ··: ' , , .. \ . / 

_ ... !"e':'~-. ·i_s ,d .i sc,r i bed 'be'l en/. . . ,· "' 
· o' ' . ' . .- .·. · ylo ta 1. ab I at I on re.co r.d ed at . th~ erid · of. f he wee~ .w_a'S .an 

" ' . , , . , , :.- . 
' , . 

l · 
· · .· t _n.·t·eg ·~al -~f rriani'wea"ther cQndit.ion.s· •. Abiapori .rates were deter.~ 

-~ : J • ' • ' . • ~ . ... :; • • • • •• •• • • •••• ' . ·_ . .. \ • • • • • • • • • , ' ..> 

.- ... : · minedo.n · a·.ll plots .ex<Cept ·: J,_.o,;. seven occ._asions at · ti!Jie · inter- . .. · · . .. i .. ~.~~ . 
. • l ' ' • • , 

.
·._, 1.;.. . 

. . . . . . . . I . , . . .. -t ~ ·• ~· ' •• • • • • , • • • ·" •• • • . • ~ ' · • • • ' 

.• . . 

·. . . ·~ . '., 

. . ~ . ~ ... . ' 
. • . i . ' . . ... ·~ . , 

•. '! . . 
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.-.· <·:: va.{s ·of ·11-35 hour·s. · Ttl~ e .r~or. 1 in abi'ation' readings. -i.s ·.co.n.- . · : 
'·' 

o I ! .I ... 
··. 

. , . . I ·. . 4 • ; . • 

.f\.bla. ~ --~o·n · _r _~~e ·s _ are _pr_esented lri .··Fig. 79 .; tota ·l · ablatlon 

f~r · b~--re · tc~""- ove ··r · the ~e·v.eri di;y · -~ ·Efrio~ \./~~ 33 e:·m·, a dai~y· · '·' 
• ' • ' , I ' 

·~v.erage •of : lf·: z . Cf11.- . High·e~ ·~ . -Gumu,l :a· t.lv~ - ablati. on was reported 

,, .I 

.. '. . . " . . · . .- . \ . . . . . . ' . 

at ~lot_ : · H .(4.3~3 .em;· an.i:ncre_ase . over· b~re t_ce of -:3"o%} •. A . 
. . . . . . . . . . . . \ 

. . . , \ ' . .. : . 
sim.ll.ar flgur·e was obt.ained uslng COI)l,parable debris depth. and 
• ._ ' • • • • • • : • • , . ' . ' ' • Q • • ' • 

dove·t va· ·lues. on Auste·rdalsbre' · in Jul'y/August 19.74 · (Fig. - 7) : 

,· r.ci~~l - ~bl_-~t· ~~~ , dtt~s\: .. f.or,.: all .. pl"ot ·s,,e·xc~p~ · J ·, ~~e shown on .. F.ig ~ · 
. . 

.' 79 •· P~Pcentage increase in ablation ' over the . bare :., . ; ' . ' ~ . 

· ·. ~ 1 so. ~_corded . 
·' . .... f 

~n plo.t ·s F, G~ and.,, · .. Ice ine:lt rates app"roximate·d _ .. thai · 
.· ~ 

. · ·over bare ice fa~ · t .he s~v'en day . perio'd • .- n,e · lowest ab.t"a .tl.on 

. · . . ·-.totil~ _.wq· ~ : reco··~de,d ~·t : p· l~~o-~:· _. tof.al· ablaf;o~~ .. at :t~is plo_·t h~w-
ever is . only l. - ~: cm · belciw the value for bare lce-(Fig. '7~} • 

.c 0 a' r 5 e '· d. ~ b r i s 
"!. · . . . 
p~o~e.ct ion t .o 

(4 mm t~ 3,5 c"m} - ~n plots F,· .G .. afforde~ no --.. 
C> • , f I " ' ' ' t • • I ' ' • • ' • • • 

underlyl.ng Ice; a si-milar r.esult was o~~~•ned on 
()' I , 

1Austerdal"sbre- ln ' 197ft • ." :· Dirt-ct>ne .(febrts ·from,·.medla·l . moralne 
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Ve.rtlcal · p.c)la .rold ph_c>-tograph,s :were t-aken of each plot ·-at 

.t -he com·me nceme~ t : ~h.d fo'ur th day' .of expe ~ -~men 1:- ~ t i.'o.n (.F i·g . .. . 

80· ). On. thos~ pl'a'ts . wlth _ deb~ls cover · valu_e_s 'of s ·<;) : ~nd .25% . 
'• . . . . . . . . ' ' . ' . ·. -: . . . . 

(E ·; · _F, H .• K) , debi'l .s disper._sfon over' .t·h~ lc~ _·surface of · .t .he 

plot c_an be. assessed. 
' -·· 

· Ra ln'fall is an iniporta.nt d·_ispe'r.si've force. At: the 
. ' 

end of .. ·seven da.ys. dlffer~n. t d~b~·is',._~over values 6~ sJirt c~ne 
I ,- ' 

p·lpts canno,t he di~c;e_ rned; 

debris. disper'sion (plots H ·· and K).· Debris .-·depth was . redu·ced . 

o~~r-~~~s·e plo'ts; lniti.al .···cc)~e~ · vaJ _u~s . lnay therefo~-~ - ~~ly be . 

· lmport'ant in th'at the'y _d.etermlne ho~ much debris·· is available 
. ' 

f~r s~bseAuent dlspe~slon. .,, . . . 4 ... . ~ . . ; . 

. . . 
' .. 

~ -

-E x p e r I me n t a 1 . P. 1 o t s o f . y a ry i 11 g . s e d ·I me n t d e p t h , . p a r t I c 1_ e 

size and .cover value on the : sur·fac:~ o_f .- Austerdalsbre,' . Nor~ay an.c:l 
.· . ' , 

· aer:endon ·GJacier, · B.C.' · sup·por_t .the suggestio·n that_ · thi~ debris _ 
. . . . . . . . 

. . ,\ , :. . . . . . ., . . 

tlii'cknesses (less than ' t · cm) inc -r-ease· · lee ab ·Jatl'on rates." · . · 

. • ·. M~xlmum ~nhan·c~rnent .. O·o%) ~as achrev~~ - i· n _b~ _th . ~la~ ·ia .) :.~ eri-
vironme.rits· by unsleved dlr't-cone debr,ls a'ppli~d - a' t ' an lni~· la: l .. 
co.;,er ··value .of ·SO% a t a.n · averagedebris _thickn.ess .' of · ~b1out _ 

\ ' . 
. ' 9- cni. It Is not kno\iln whether the same deb (Is· depth , .-_and . 
./' \ . , . ' . . . . ·. 

cover -val.ue - ls appJicable ·· t ·o · ablation· ~nhance~ent of snow ·, 
' ~ . ' ~ 

cover; experl~ents ~~-A~st~~dalsbi~ and ~~ren~on GJa~ler . . . ' , . . .. 

··we~e. not . mad ~ - -o~bo~~ .t~-h~ . s.~ ~-sonal _, sno~ 1 in;: · ~l;! u.~hte·~~- _(X96~{ 
_-h~~ r·~v~~~eci'-- :l · i · t~rature ~n; s_now albedo ·mod.lfJ _cation. It 

. , ·would ap~ear · however ~h~t experlnientatlon .ut_i_liz_lng the' same de bris 
' , ' . • '. . . •• " ·. . . • • : • ' • . • . • f • ~ 
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' The fd~lowl· ng ,discus~r)oh is . ~n . . attell)ptto re·1ate.: the . 

rece~sion . hlst6ry of .Ber~n~bn Gla;ier ~o t~e ~reai~r no~th- ·' . 
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·we .ster~ ~orth Amer .lcan c!)ronot ·ogy.' . T he f o 1 1 ow I n g · a n a 1 y s I· s r· s · 
\ . ' · . . -

~·entaflve;. ·. a m'ore : detalled a'tt .empt' at d.a.trng t ·h~ recess i on ·of -

Be .re.ndon ... G 1 ~c I er is outside . the . · scope of th i ·s thesIs·.: · · However., . . 

a·s i~ dlscussed . b~low, the magnitude of .de.br.is.re.moval by 

. ~e~i~·~ . ·~oral .nes a~d} _o~he, r d~bri~ ele~en. ts of s.outh Arm ·Ice · has· ., 

·f! c;) t bee n co n s t a n t i n t I me • The a n a 1 y s I s· o f de b r i ·s. d ~ p o s ·I t i on ex- . 
. \ 

hlbited in . the m~rgina) . zo~e ~f . ~~rendo~ G1' aci~r .co~pl~rn~nts 

'and extends studies ~f d.ebrls movement ln . the ,present gla~ler' 

~ e br I. s system. 

defined as that 

The .m~rg ·i .nal ·a~e·a of .. Berendon Glacier can be . . ;u 
a.rea betw~en th Ol.!ter ' terml~a1 , mora'lnes and . ·· . 

. - . ' .. 
.the preseri~ ice froni. are~ ·ha~ been·. mapped fr.om · 

air 
i' · 

photo~r~~hs (1956-1974) t~r~e~t~i~1 ·p~otog~aphs ~ of spora~ic 
' ·. 

. . age ·a~.d altlm~ter .. trave .rses con'du~ted ln. the field (Figs . S i , · 

·. ·\ ··:~82.) : .,The 'margln~1 ar~aund;r . ~on~.lderatl.on .ts . lu· n·e~. te shaped 
\. . . . . . 2·.. . . • . . 
\. · · (1.·1 km in a re<!) . A·'promlnen'tbe'drock ridge ·upon \;fhich-;- . 

. ·\ ·.· i<t .Jg ~ n·dctai~ey. sta~·.loos .,~. r~· s· l ·t ~:d: constltut.es t ,lie nor. t·h. ~ ~~ . \• 

\ \ ... _ . 
f •• ,. ·border of th~ area unde.r co.oslder·a~lon (Fig ·. 81) . 

:~'1· .: . ~ . . 

Recessional . 

. ~or a ine·s · ar·e· w.eH-developed and ·wH·l ·be . consldered arong a . . . . ' 
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-. tran~ect f~o~ the pr~ sent (1975) Ice f~on~ to the oute ~most 

.. 
moraines. : ni~s transe!='t • (ABon Fig. 81) . . .J.s cons. i'd e red as 
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gel.ng repre~entative of . mora.ine deyelopment . 
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i:o be'drock surfa.p~ sl .ope which~ being 'toward ice., fs ' .. typrc·a.·l 
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of.condl'tlons more ·freqi.Jent .Jy · e!')COUf'Jtered on gla.cl'er . lateral . ' . . . ~ . . . . . ' . 
' 'o ' ' • • • I ' 

margJns · • . . Much sedlment.ati ·on Is morpho'lcigl .cal.'ly kamtform . . · , . ,: . 

(Emblet-on ·: ~nd K ng 1 1968).· _ .. A . iong . hfst~ry .of . p_ r~-glaclal melt ·· 
. . . . . . . .. .. . ) . .· . 

··wa~e.r .. pon'dlng_'( aumann,196.0) . and l'.~e:-~a:rQinal. dr.ainage by_ 
·, .. • • ~ f 

S·ummlt Lake o .erf"low ·water · is c)ear • . . 

, I : , . , •. • - • 

~he mar·glnal area ·can .be .co.nv.enlent .ly div.lded into two , . 
' . . . 

." areas .'. On .the .basis of. al'r · photograph analysis a moraine. · · . . . . . . . ' .. ~ 
: - . . . ' . . . ' . . . 

· ·. · dated a ·t 1956 d'lvjdes· an o:u·ter .. marglrfal zone extending ' to the . .. . . . . . . 

. ou.ter .. ternii na:·, mora lnes a'n'd _ch~rac 'ted ze.5 ' by sporadic mora,lne, • 

b'ui'ld.lng, ·from an inner. z'~ne ~-har~cterl. zed ' ' by a'. dtst, ln.ct ' inora'in'e . 
'. •.. • • • . . • · \ . . . ' • ~ " 0 . ' .. · ... • .... : ••• 

'type of' . apparently regular ,' format l of1. Hora. lnes of· the Inner 

zone. are cci'nslde ·r.~d tO· be' .of ann.uaJ OCC,ur .rence; . the nature of. . ·,· • 
• . • • i . ' • • ,. • ' 6 . • • , . ' 

. · sedimentation over ·thls Inner most r .ecent~ ·in argln-<:il · area· of 
• • • • • • ,...# • • • • 

• • .. , · • . ' ' t ' ' 

Berendo:n . ~La.cier lias alre.ad-y. _.l>een examln:ed ' i .n Appendti· t. :·· As 

'• ·' : :. 'f ~ r: a 's .· co~' l ~ · .b•e . ~ ·~ .~e .rm: l .. ned by '. s u 'rfa~.e obs e rv~ t ions .~ n:~ r.a i ne 

. ~ . .. 
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ridges o.f . both lnn'er· and oute,r · zon>e.s are no~·· ·lce-cored. .. · 0 ' . 

-5. 1 . . fl~s t -'ReSe!l rch 
' ' ' . .. .., . 

The pattern.'.of. ' rece·s·slon · exhibited .by'Berendo.n . Glacler 
' '' . . ' • . . . ' . ' 

as revealed·. by. the .character of· r.ec.essfo~~~ morain'~s i'n · the 
.. . :. . 

m~·~~ i·n·a ·1 .. zone, . has··, n~t at t rae~ ed · .. d e:ta 11 ~d res ~arc h .• · Ha u ma.nn . . . . . . ' • 

"' . . . . .; : - . ' . 
(1~60! discus~~~ the srgnlffcance 6f : Berend6n Gl~cl~r actl~fty 
'. . . ) ' . . . ... . ' . . . ' . . . . 
in terms of · Summ·it .Lake · ovedlow . and ; considered that the outer-, . . ' . . . . . . 

most m9ndne .. sy~t.em had been ~c.c.u~led' ' , ln 18SO- A.o : . Tl:lis . 

s~g ·~~stl~~ ~as .. ma.de on the basfs ,o( h 'ls _experfe'nce of. ~·eces,,sional··· 
moraines . d~t .l.ng fro!" t .he m.ld-:-nin .ete·en :~h · c~ntury glacial_. maximum: 

i'n the · Eur~pean Al·p~ · ~ . HcM~chan (19·l5) mapped, the marginal ·z.ooe · 
' • ~ ~ I ' ', ' ' ' • • ',' ' ' t • • ', , · ' f 

from a,lr ·pno·togra.phs and . s~ggest~d ~ · d~~: .o:~ · ~}~ .o . A.D .~~ 
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fQr the .outer,;.os~ . mor· a· ln~s 1·n accordance with . recessional . 11i~~t.::- . · 
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·.·.·. ter.ris in Nprth !\me.rlca ar,~d Eur.op(i. · "!ora·i·nes · .of. . J9o~ · ~nd . 1'95~ : 

' · ·a:ge were · i den·t if I ed from Boundary . Survey · Comm 1 s's 1 ori 
I . . · . . , .. : . . 

photo'"' 

graphy _ a~~ ~eceni a~ria~ phqtography. · 

·S·.z· . Northwest North ... Amerlcan Glacial.· Chrono~cigy 

America; · s~ i· mi1ar tr.ends are evident .i n .the Eur:op·ean r~cord 
• • • ! 

•. 

Denton,l9-67)~ . The present d'istrlbut l a ·n o.f .Ice bod·ies · jr:t 
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events of Neog 1 a cia .I •ge: . F~n owl ng W.l s cons l n , deg l a; l \ t 'l "." · ·> · :c:'-"' : .':. 'l, ·· nor(hweste·r.n.·North Ameri'ca Is d~termln.e.d prl'mar11y. by climatic 

(c . . ~ooo · years ~.P. ,, .Mat.hews,l951; Capps,}931 .; Kulp . ~t · ?-1-:· ··1:5 .1}.,; • . . .. ,. · ·] .' 
• • ' ' • • • • • • • • • ~ J· • ·! ~· . 

.~ ameliorat'ion o·f climate to a pos 't-glac.ial max.iniu!ll me~f.l ·· tempe ra.- :: . ·. <·} 
• • • • (to • • • • ; ,;; 

' . . . . • . . JJ . . . ~ j ... . 

'tu~e . · .. wa:rrants u~.~ge oJ the ter.m Hy:pslt .he.~~al/fc;ij'. t:~rs .pe .dod .. : ,. :.. : •.. J· 
(Deev~y an~ .Flint,l957; P~-r~er, .. J._?66~ ·· ~o;:ter. a~d.Denton,~9~7}· . . : J·. 
Be.tween 7000 and 4000 B. P., mean a·nnual• temperatures . in ~ .l .as· ka ·1 . . . ( . . •' . . . . . . . J ... 

. were about equ a 1 io·. t h~S.e o t: (he ·present.·{ G'~·l d t ti~'a i ,: ,.~) · ·.· ...... i;::I·· .. · 

._Ris. in'g freez.ing-.Jeve·ts result.ed in. ·thinning and retr~at of · . 
• i' ' ' 1 ' ' ' , ' : ' 

·. !'ow.-neve gla~iers ·'(with some·· t hlckenlng ·of . gl'ac' .1er ice .at ' . . . . . . . . ' 

.J" 

· · high altitu~·e·; Hl.ll.er ··~ ·nd · A'nder~6n,I 974· ) ·. · widespread ·ret.rea"t 
• I • ' 

o~f va.(ley gl .ac.iers/~~:sued .; t. ~e : ~ul. ~i~atlon of .' 'late ·Wi'sc?ns i n 
...;" , ' •• - ~ ~ • • ,.._ -~ # • • - ~ · . ' !' . . · ·. · ·, .. 

.·- · ' deghc"lat1on '{B'orf'!S'.:and Jloldt.hw,alt,l. 9,.~6; . 0entol'),l. 974). . · · 

. . . Alpl.ne gl.a~lers ·'pre.domlhated . d~~~. ing thi~ perl,od .. (Kerr,l94.8) . ·. ·· 
. . •• . ' . . . . • ... :s.·. . . • • .• ·· , • ..j - .·: ! , ~ . . . . . .. . 

. Encroachment · of for.est ·Into glacial valleys . . e·nsu~d · (Heusser, .. 
• 0 •• 4 • ,.. • • • .. : • ', • • • • • , • • •• • • 

. ··.{95·2·). Burled f 'o rest ho'rrz~ns . i~un~a}e-ct'· b ~· sub:~ eque'nt. : ;:· · ·· · 
·. . ·. ,, . . : .. . · . . ·. . . . .· .. ··~.: .. . . . . : . , :- . 

glacter.lz.atlon are=· :~es.ctl·be;d ··by.·· R.ussel ·l ~: ('·18~3) f r~'in Yaku t·a ~ ; .. · .· 

,· 
I ' 

, · . 
. . ~~ . 
.. :} ' 

.· . -
' . . "' . . . . 

· C~ope r.· 0931 c ; )__ pbserved for~st·. ·. re·mat"hs ·at ·Glat'rer 8ay. 
. ' ' ... . ~ . . . • .,.'. . 0 . .. '( "'\..' .· .. t 

,•' .· .. 
. ': ·' . ; . , . .. .. . ·,· __ r 

'· 
. ' 

' ·' . 
. !·. . ~. ~ . . 

, .. 

. : . . . . . . 
. .. .. . \ ' . ..... . , . 

• 1 ,- . . • , : -~ ·-. · 

;_~, .. . . . 
. . -.. .. -~ ,· ':. 

. ~ 

. : . . . . . .... ... ' 

' 
~.' 

'• / : 
' . 



' ·. . -· .. . 
.. :. . ' . . . . ', • . . 

. '_i / 
-· ~ 

. ~ '. . ' .. .· 166 
I ' 

- ~. 

• 0 . ._ • . . . . 

Gla?;:t ~utwas .. h ~:·f ttie · T:l ·s~'k~e· : G1 ·a~··L~- r l:n ··t -he·· r·a·k.u ·R.Iver 
' ~ ... . - . .. 

oist'r'lct ' conta:ins·_. ~o:res .t re~ains ,. (K~r·r;i9lfS'b-) attr'ib~t.ed~ to · · . . 
. ' .. . . . 

' . ' :~ ' i--4,' " ., . • . f 

tu'rthe:r evidence of. ln.te~si:a',i:lial ---:-· ··. : . . \ ,. 

0 , 

·of del ._ta · ~ui :·lding. ih d _eglacler _iz~d _. ar'ea,. s (Kerr;.l.9'3,6a; H-ans~en 
. . . . ' . 

. . . . -~ . . . . : . . . · ' .· . ' • 

../1934); by' pol l'en ~malytJcal stu'd.les by .Hansen, (l947b) •· an'o 
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Figure 4 . Austerdalsbreen medial moraine long profile; 

(a) photographic (from the snow cone, fig 2) 1974. 

(b) surveyed (T . Douglas and undergraduates , 

University of Leicester Jostedal Expedition) 1974 . 



s 
0 
p, 
<D 
}-J 

"' ' 
a' 
(]) 
}-J 

0 
~ 

1--iJ 
f-l · 
f-3 
~ 

}-J 

f-l · 
~ 
<D 

Ul 
~ 
a' 
c-t 

t<: 
'd 
<D 

"'j 
1-'· 

(Jq 

~ 
1-3 
<D 

Ul 

:t> 
~ 
Ul 
c-t 
(]) 

~ 
p, 
fl' 
}-J 
Ul 
a' 
~ 
<D 
<D 
~ 

s 
(]) 
p, 
f-l · 
fl' 
}-J 

s 
0 
f-3 
fl' 
f-l· 
~ 
(]) 

c-t 
::r 
(]) 

fl' 
a' 
}-J 

fl' 
c-t 
f-l• 
0 
~ 
I 
p, 
0 s 
f-l · 
~ 
fl' 
~ 
c-t 

Terminal 

crevasse 

MEDIAL MORAINE 

of 

AUSTERDALSBRE. 

Jostedal Ice-cap 

fille 

crevasses 

;LOWER LIMIT OF 

ENGLACIAL DEBRIS 

UPPER LIMIT. 

4 Km.----------------------------------------------------------------~--------------------



Figure 6a. Austerdalsbreen medial moraine; 1959 1 

Figure 6b. Austerdalsbreen medial moraine; 1974. 2 

2 Reproduced by permission of R.L.Shreve. 
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" " " " T.Douglas. 
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Figure l3b. l964 aerial photography by Austin Post. 

Berendon Glacier. 
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1,2,3; debris sample sites (see fig 14a) for Type I slopes. 

Type II slopes. 

A----B defines a series of 'chute slope' forms 

(see Rapp, 1960)whicn increase in height and maturity upglacier. 

Analysis of aerial photographs (1964 to 1974) suggests that 

these are not very active at present. 

Figure 15. Berendon Glacier; upper South Arm basin. 



Al __ A2: medial moraine SIV. 
Bl __ B2: 

" " SIII. 
cl __ c2: 

" " SII. 
Dl __ D2" 

" " SI 

Figure l6. Berendon Glacier; medial moraines in the terminal 

area of South Arm. 



Figure 17. Berendon Glacier; 'pseudo-medial moraines' 

formed by longitudinal foliation. 
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Base of ice falls Direction of ice flow. --+ 

Figure l9b. 
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July 1975 (view downglacier) 

September 1975 (view upglacier) 

Figure 21. Berendon Glacier; medial moraine SIV in the 

terminal area of South Arm. Note outward dispersal 
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Figure 23. Berendon Glacier; newly revealed englacial 

debris in the terminal area of moraine SIV. 
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(a) 

(b) 

Figure 31. Berendon Glacier; 
(a) overview of the terminal area. 

(b) view upglacier ; in foreground 

active kettle hole formation 

in ice-cored sediment from 

Granduc mill. In the background 

note the truncation of terminal 

ice by a shear plane. Sheared-ur 



Figure 3lc. Berendon Glacier; truncation of medial moraine 

m6rphology by shearing~ A---B; moraine NI. 

C; Central moraine. 

Figure 32. Berendon Glacier; terminal zone of moraine NI. 

Note the complex character of the ice core~ the low 

relief of the moraine and outcropping shear planes. 



Figure 33. Berendon Glacier; newly revealed englacial debris 

at the head of medial moraine NI. 
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Figure 40. Berendon Glacier; debris-rich crevasse remnant~ 

transverse debris ridge and compressed serac blocks 

in the confluence zone. 



Figure 4l. Berendon Glacier; extrusion of blocks from debris

rich crevasse remnants along South Arm ice shoulder. 
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clearance 

Figure 46. Berendon Glacier; debris clearance site across 

the entire Central moraine, near the end of the 

melt season 1975, five weeks after initial 

clearance. Boulders have migrated from the 

surrounding moraine; no englacial debris is present. 

Note the absence of an ice core in surrounding 

moraine and the development of an ice core where 

debris has been concentrated by clearance. 
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Figure 49. Berendon Glacier; measurement of sideslip. 

From the ice surface a stake was drilled in allowing 

the stake end to rest on the bedrock surface. Two 

methods were employed for recording ice movement. 

Carbon paper inside a waterproof plastic envelope and 

fastened to a rigid cardboard base was firmly attached 

to bedrock by a rock piton. A spring~ containing a 

scriber~ attached to the stake end moved over the carbon 

paper as the ice slipped over the bedrock surface. This 

method provided a record of sideslip for up to three 
days. After three days ablation of the stake hole 

resulted in erratic stake movement. Bedrock markers and 

an ice-screw were also utilised. Whilst systematic 

daily observation proved impossible an average daily 

sideslip velocity of 4cm. (l4.6myr-l) was derived from 

several observational periods. 



Figure 50. Berendon Glacier; ice cavitation and an ablating 

debris sole (30cm. thick) in the terminal area 

of South Arm. Debris samples D3 and SSS8 were taken 

frompthe sole at this site. The debris sole is 

widely exposed in the terminal area of Berendon 

Glacier as a result of extensive ice cavitation. 
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Figure 65a 

Figure 65. Berendon Glacier; morphology of the 

'erratic moraine' on upper South Arm . 

Photograph (65a) by R.J.Rogerson, 1967. 

Figure 65b ; morphology of the moraine, 

August 1975. 
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Figure o1 . Berendon ~lacier ; minor moraine ridges of 

probable annual occurrence developed along the 

margins of South Arm ice . 
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Figure 68 . Berendon Glacier ; minor moraine ridg es of probable 

annual occurrence , South Arm terminus . 

A: moraine ridge dated at 1956 A. D. 
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Figure 68. Berendon Glacier; minor moraine ridges of probable 

annual occurrence ~ South Arm terminus. 

A: moraine ridge dated at 1956 A.D. 
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Figure 70a. July 1975 

Figure 70b August 1975 

Figure 70. Berendon Glacier; emergence of a minor moraine 

ridge from the ice front of South Arm~ 1975. 



Figure 70c. September 1975 
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Figure 73. Berendon Glacier; basal shear plane 

outcropping along South Arm ice front. 

The shear plane is not associated with 

the elevation of subglacial debris from 

the glacier bed. 
Ice revealed below the shear plane is 

1.5m thick. 



Figure 74. Berendon Glacier; Granduc mill stream 

flowing along the lower foot of a granodiorite 

outcrop. An isolated ice berm still retains 

englacial debris (A) from the Central medial 

moraine (B). The ice berm is moving down the 

bedrock slope i.e exhibits 'upglacier' 

movement. Note shearing (C) generated by basal~ 

bedrock obstruction of glacier flow. 



Figure 75. Berendon Glacier; open~ infraglacial channel flow 

of Granduc mill stream~ the result of the collapse 

of the roof of a subglacial channel. Part of the 

roof section is still (1975) in place (A). Granduc 

mill can be seen in the background. 



Figure 76a. 

Figure 76b 

·Figure 76. Berendon Glacier; aerial photographs by 

Austin Post of the terminus in the years l96l (a)~ 

l969 (b)~ l972 (c)~ and l974 (d). Mill production 

and release of warm waste mill water commenced in 

fall l970. Shearing activity is a marked feature of 

the terminus; the old Summit Lake overflow stream~ 

diverted by Granduc construction~ is sited left 



Figure 76c. 

Figure 76d. 
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GENERAL VIEW OF DEBRIS PLOTS 

South Arm ICe>·falls. n background 

P OTS H,l, J, K DAY 1 DAY 4 

PLOTS A,B,C. 

DAY 4 

Figure 80. Berendon Glacier; experimental plots. 

Two photographs are presented for each plot;on 
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