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AITI no' the III st unp rt.. nt o' ~olUtri l' C)1' h f tl PI ,jRt c 1 r i 1 
n _1Clri 'n are the . liment.. an ~1 ~l ore-lin . of fonner Iak .. of gr 

\ hi It are llOYV r presented b -.­ lakes that oe '1 PY, 
bG in of the ~t. Lawrence, unl, T ( I " l~ill part of tl ir 

B nIl Yill , jll the atHn f Gr at 8, It Lr k U ah, allll L< e Lah ntan 

in the ba'in f the R UITI olc1t I iv ~r [L II 
u - 1 '" 

i '1' a ' 1 ntinfall, "where now an arid 

Tith th ir R rface far elow the -watel'she ~ b 

but tIl 

'urt'a ' . 

f Ltk 

. all y 
-um 

the 

these lak ~, e(l llse,l 

this w~ .. ae llluulat l un ct 

its the I fl]{eH () ~ , 1 1rl(111 a·r C:l~ , 

,' ;:; \yhi h th - T Il l ut­

i ll (1, :1 JU ' ar ~ 

I " t nd similar 
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~Iono cl Hcrib 1 by Ru :-:611/ h£ , ri n n a 'l~y r quit t . verfio in . 
T he r ~ t of th r a.t Ba!rin of jl t l'i r whi h InI- ri.' ~ th 

areas of the8 lakes, wa.' 11 " tin10 

bunildit T than now, tho 19h t less degre.e th£ n the pr .'ont limate f th 

ast ,I'll he If of tll · Uni t he unlicl 8} b 

I'is , \vhi h ther fore m a have b ell n rl r fresh. 

Lak onneville, th lar ' s 

durin > the PI i tocene p 

t n tim 

havh 

h io'h -t 

f et. 

f th l' ,a B~~" ,who e t t'~l ar a i 

tra t f inter! eking alley ' am llg­ 111 

lei t ne 
in its Tang f1' In 

an 1 tll ' r ( If f this c\'ri i l'egi n held In tw ty-fi e :small'''r 
ding', It w v l' the saline lake ' and llay< . t whi h th Y 

al' li( vv r 

nn Yin , liftino it 1 v 1 t within 9 

M xxv-- 1H 
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c1 A 1 n int 'lacut;trin 11 i ~ kn u by r l 'no' all . a1 

an 1 saud. rrh 11d ri~ lak rea hed th \::, 1 v 1 f . 
ap 'e1 tly after th water urface had be 11 10 h Id within to 

elow that level, f rrning (' " 1 Y 81 ' ad leposit f 'white ln arl and t 
well- e n highest beach ride es and er ded lift's, hi h il crt n : ,m • 

th nneville shore-line. Th tinl r quiretl r the great alTIOunt 0 way 

work at this lev 1 uld e nl.: de possible by 101 g- ontinue 1 under r" u d 
cll'ail1'l, frorn the lake through the allu rial lep ..it of Oa ·h , VaIle) , vel' 

whi h a. sli 'htly higher rise ofh , 1G 1, finall oain 1 a superficial out£1o, 

to t1e Oolumbia River, and t1eu l:a'Pic1Iy cut a channel 375 fe d , .p iu tIl 
alluviuni t a sill of lilnestolle. At ·thi.' 1 wor 1 ,. 1, 1l1arke h T the 1'0'· 

hcn'e-li e and delta. th lak , was held £ l' a Iong·tinle, perhap aN ' li­

lly interrupt b dry clin1at and fall. f th '\ Gt l' t 10' to Inaint in 

' ts outI t. 

Gla'i r eo c1et:)' ndino the canyons on th w'''st fr t f the 'Yasatch 

Ran ~ ttaiu d their 111axi nnn1 ext ,1 t, pile'hin' th ir nloraines into Lake 

B n during th , tirne f fornlation of the Pr YO she re-line. Fr nl 

th moraine", anl fronl th08 of th , Si ,rra N vada extendino' into the J 

Plei tocene area of Lake 1\1[ono, the o'laciation of the 001' illeran region i~ 

known to h ve 1 -' n conteInporaneons with t.he 1 ·11$ of hnlllicl clirnat 

and e t n r.i of lakes in the Great Basin, the interiacu8trine epoch being 

attended probably with 3, nearly or quite cOlnplete departure of the 'la .ers 

and ice-fields on th ... 111onntains. 

LAKE AGA", SIZ ~ND THER GLACIAL L RES,! 

A glacial lal\: , a' orc1ing' to lny use of the tel'ln in thi lume and 

elsewher , is a hodr of water bound c1 in part by a barrier of laud ice, 

The lak may hen1111e 1 in by a glacier, as the ~feIjel n S ,or by a 

eontinental ic -sl .t, as Lake AD'assiz. And the sa e naUle is also ap li­

(. ble t th lakelet wholly b unded ... ice, which are oecasionall or 

...r tent <: nd apl , ~ .ring in th 

en ted in a. l)aper hefor the G 
G. . "Vol. II, IJP. 243- 2i ), 
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0'1e: ci r 8, a' ill the I ii nlHl a.yan Rang t, a. b erved hy 
Nord nskj "1 in l' clllall 

Verv abundant and 
J 

tll recessi n of the ice-she t in the north rn Uni t 
h eino' clue to the telnpOral'Y danl11J.lI g f the t tel' 

f rai 

sheet was lIleltin~' a,way from s uth to north 0 

w, s prey ..nted, and a lake was fonned, oyerflowing' .. 

f vhat i,' n w the ~lthern ,,7atershecl of the basiIL 

lal~ attended 
<:nacla, 

weI' of sTlla11 .I .t' tnt ~uHl ~·h(n·t Juration, ino' soon, by th COl tinu d re­

tr t of the ice, nlergecl into larger gia -ial lakes, or p rrnitt a t flo, 

vvhere ba iI .. lopil g 11 1'thwarcl are tributary t main river c ur ::s " l rain­
ing "outhwarcl. Professor Chaulberlin ha,_. 11 wTitt f th ~ lak e 

fringin g the i e-,'h t : 

Th ,y vary in (r al extent from trivial valle s blo k 1 by ice t t h broad 
expanses of the great basiut'.. If au attempt were made to enumerate all in.: t · ,llees, 
gr a t and small, and all stages earlier and lat r. the Ii -'t f 1 calit le' aUtl depos't 
woul well, 11 t by core8 aIlel hundreds, but by thousan( . 1 

f El'"IDEXCES OF GLACIAL L AKES. 

t 

Five principal e ' idellces of the fonner exi::;tenc of glacial lakes a1' 


£ und, llalnel.l : (1) 'rh .ir channels of outlet over the present watersh 1-" 

2) clift's eroded along senne portion ~ of the hores hy the lake way (3) 

bah ridge::; f gravel and saIld often on the larger glacial L: k ,8 exter cl­
ing continuously throug-h lon~; di. tances; (4) delta deposits, In stIr gra 1 
and and fornled by inflowiug streanlS; and (5) fin~ sediln ents spread 

wid Iy over the lacustrine area. A fe\· words of general d c1'ipti - 11 1 ay 
he given to each of these before pro -'eedinb to nc ti th a.reas of SOHle f 
the more ilnportant glacial lakes fOrIned by the ,vanino' N 1'th el'lc(. n 

ice-sheet and to trace in detail the .~tages f th grOl\ of Lak 
and it · final r clucti III to the present Lake "\Vinuip 

Ouilets.-Anl ng the f :::::h hI lak e-', t1 on IT . inval'i­

abl T T • tll 
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eli ti t t l" erosio 1 aero :-; t] e rill dividing aclja en l'ivel' b asins, w .eh 

now in me 11 iu:;;tau . . . _ nd their \Vat 1'S respeetiyely to th Gulf f IH x­

l a 1 t {nelson Bay or the ~ j nlf of St. La-wI' n . bviously , wat 1'­

c ur s c uld xi. t in th se positions only as the outlet" Ji' lakes w .ell 

w r pent up by :;Olue barrier that is now l' 0 1. Shore-lines tra "'e 11 

11 l' hw' 'd fr ill til se deserted channels must therefore belong t la 

an 1 an not b r e 'arded as th rectn'c1 of any lTIm'in ubnlerO'ene. 

I -, ly a ' ;' ciated with such channels crossing watersheds, and at th 

sam v 1, aTe the three following elasse:; of pI' f: cite , nam.l , erod d 
ea h riclo' ,and delta~; an 1 below these shore records are the fine 

la 'u 'trill e lj eut '. These are founel in hy drooraphi bati 'ns ' vhi h are 

now 11'£ in J 1- a eontinuons deb nt northward, pre..:; niing no inco;~ tion 

that any and b( .r:rie,r e r exi ted across their lower porti( n to £ r]TI the. e 

lak ,b i 5' aft rwal'd l' lTlO ~ I by .1' • i) 1 l' Y depres,-- ' _n. Th shor ­

lines a wn thu - ut cliff:, way -builtbea 'h ~ , and d .Ita 

bl' ught by ~ fl wing rivers, xtenel far alo b' t s of the I resent 

hy hogrc phi b aooin, ft 11 r ' 1-: n . -'lightl T and regnlarl~ n rtb-ward, On t ead 

of 'inkin' in that HI' ti 11, as th y would d- if there I (~ d been a d 

.. i n of the Ian ~ at the n rth. \VI en h~H. 1 C Tefrlly v °th leveling, they 

n the gla ial 

Lak 
en it i 

b e n land for erly 
Tui,'eu high r than 0 , 1 u t wa tIl reeeding iee- h t , again t wl-J ·h th 

land 'hor termi n eu. 
Oll 'lope tl -" b I'd r , dl'ai ­

fl wel in han 

hy l'ta 
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and ~siniboia, But these eld m were o.utlets of g L: f larg 

SIZe>. It. W~ only when extellsiv hyc1rog'l'ar hic ba il ~ W l' inclined t 

tho i· -sheet that broad glacial laketi, as t.h ·~e Ham d Lak Lak 
SOUl'iti, Lal :::;a::;katchewall, alltl th :reatly lIar ' ,d L~ urc timl b ]- .' 

frotH Sup r ior to ntari , were hela bebveen th nortl 'war 11, r 11 ping' l and 

awl the v< 'n " i · - ,he .1, ,vith]o - 'oldiu l c1 utfi( w act' ~: the r : nt 

aill ,,~atersheds of the contil ent. 

l 
t 

rfh d pt 

1. 0 feCIt 01' 

wh r ei 1~ it found that 

1arder rock fOrn1:1 tions. 

a glaci< 1 n r lIas n I ~cl <1 C\ pI lot 111 
T1le llne 1' :' uired for the ,,- ,k va~ 

. ri "f. 

A noteworthy feature of rnany of th 01 1 atercours . ,yl' h w- I' 

outlet. ' of glacial lake:j, then carr., . luch· at ~r l U ll) . of r'i t l' 

than n w, is the O(' (~nlTeJice of long and narrow lak . ill such yaU f 
which Long' Lake, in \s::;iniboia, lyino' (1 the w ~ t i 1 t 

f tIt ·>l'ocled Crete. Ce()ll~ strata all cl Last ~10lU t:: iI , is G n "pi u u. 

e aT1111e. This lake, occupying' one of th , charm I. f utflow f1' ill th 

'la -. i"d Lake Sa~kat'hewan, whieh then'e 'ontinued lown th" uApp -l1 e 
aller, is about 0 miles lOllo' fr( 11 Routh tu n r th an,} 1 to 2 luil 

I ~ :-;onthern end i. e c rat cl f1'0111 the J.u'AI I He Ri r 1 r llu '·1 U 1 ... i 

sir 

r wn' 



THE GL OIAL LAKE A G b IZ. 19 	 1h . 	which ( ke ~-\..ga~~iz 0 Itfiuwe 1 ",her :> now ar Lakes rrra.ver:::; , Bill' 

: th -, St. 'roix Hi .AI' ( nd L( ,ke nt. Croix, I'm 1'1 V­

J 

StOl 

th f drainag'e f1' 

; fU 1 th 

111 tll v st part of Lake uperi l' when that 
f et hi rh l' tlu 11 nuw 1 v t h"' b aITi r f tll ' reeec' ~: 

11liuni.' Hi r .r th )lltlet of the glacial L( k e l\lichio'an, 
-B \ 'ng throuo'h Lak P J ria . 

E rorlcrl c1?tfi .- Thi:-, t~'l " of ~hnl' -IiI c;~, (leu rni,nat ,J .;ea cliff8 by Gil­

rt, i~ 1 loped where a glaciallal\: -' lta~ forrlled (I terrace, usually in the 

UllIn difiel1 O'lacial (lrift l' till ( s:>", tio'. 7, 1. 26. 'Vav ::) at these places 

rolle, by nndercutting at the base of the terraco; 
~ lld 8h l'~ nIT nt < ULve horne <:'\,w -11,)7 tl e er(Jt1~c1 HUl..t => l'ial, excepting u8uall 

11 'ill l'abl I tun} er f large hnwlders, Only a 81na11 portion of the 
-h01'es of Lake Agassiz eXaI11inod by]n -, cOll8ists of the8e wa e-cut slope. )f 
till; nc1 th nowh I' fOl'In -. n~pi -'non ~ t )pooTaphic features, their n nge 

in height being frol11 5 or 10 to 30 feet. :\Iuch higher cliffs of till of silni­
lar origin e~ ist on SOlne part:-; of the shor :j of the pre -'ent OTent lake f 
th ~ t. Lawrence and Nelson rivers, where erosion has been in progress 
ever sinca the tinle of the glacial rec --,~~i 11. arboro Height., on Lake 
Ontario, near Toronto, extending 9 l1"liles, with a height of 170 to 290 feet 

consistino' of till and interglacial beds, are cliff's thus pI' _ luceel by post­
(rIa ·ial lak er( 'IOn. 1'he duration of the glacial lakes appears to have 

been lIluch shorter than the postglacial epoch. 

It is important, however, to note here that cliffs ()f pregla inl erosion, 

which relllailled as prolllinent escarpn"lents through the vicissitudes of the 
Ice age, hecanle in orne places the ~hor:-; f glacial lak . -)f thi:' clas,'" 
are the b leI highlands of Pernbina, Riding, anel Duck ll1onntains, which 
ri~e ~teeply 100 to 1, 00 f et fr0111 the hiL!'hest \v stern shore-line of Lake 
Agassiz to fonn the Illal'gin of a plateau that stretches with a rn derately 
undnlatiucJ' snrface we8twarcl. E ven wh ::Ire this lake wa'hed the has -," of 

th -·liffs, it. doubtless eroded the111 only to a slight extent. The horizontal 

retaceous eds of this OTea eSCal'pnlent originally extended ~a. tward < 


, n. 'id ' rabl :l Eli ·tau -" .1,8 believed 1ry Hind and Dawson, probably. 0 far as 

t r the areas 11)\V cCllI ied by Lake -\Vinnipeo. and the Lake of the 

,Yo ; c: nd , e I l1:5t attribute the er( ,ion of their eastern portion, leaviug 


ha 
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f highlan Is, to riv ~r a ·ti n dur 'nt:,' t e tinl f ep h· . Inc 

el Ve ti n which lo~ed the r r tiaryand intro(11: eed the Quat rnary era, not 

in an imp rtant d bTee to glaciation, an 1 least f all to shore-c 1tti111::; Y 

th i· 1 lake. 
B eadw -'.-Th c urse f the shore f large gIn, ie 1 lake is usuailY 

J al'kecl by' '11100thly r un Il ea .h ridge f gl'avel an 1 ._m ( e P I, 

VI and fig. 6, p. 26) wh r r ->1' the land is a slo 0 f tip sinking slowly 
beneath th , ancient water-level. Lil e the shore accunlulations of pre.. ] t 

Ie' .' and of the seacoa t, he glacial lake beaclle. vary nsiderably in 

size, lun ing in any distance of 5 TIlil ~~ me rtion8 5 or 10 feet higher 

han others, due to the,unequal p weI' of 'waves and CUlT nh; at the.'e parts 
I ... f the shore. ~i lerate slopes bordering the grea.ter o'lacial lakes were 

fav 1'able for the formation of 1 a·h riclge8, and such ground fr quently 

displays ll'lany bea.ches at successive leveL which lnarked pauses in th 

QTadual elevation of the land when it wa;' relieved of its ice burden, and in 

the subsidence of the lake .as its outlet bemune eroded deeper or as the 
o'lacial retreat uncovered new' and 1_weI' avenues of discharge. 

vVaves driven toward the shore by stOrIns gathered the beach gTavel 
and and fron1 the deposit of till or ther drift whic.h was the lake be 1, 
and corresponding dep sits f stratified clay, derived frOl11 the S;aIne erosion 

of the till, sank in the deeper part of the lake. But these sedilnents 'were 

,vidently of slnall anloullt ani are not comnlonly noticeable on the sheet 
r of till whieh fornm the greater part of the lacustrine areas, vVhere the 

bea he cross delta deposits, e~p ciany the fine silt and clay that lie int 
front of the delta gravel and sand, they are indistinctly developed or fail 
entirely. On the other hand, th , 111 J 't 1nassive and typical ben, II ridn' ::-, 
often continuous several llliles with reInarkable uniforIllity of size , havino'" 

c central thickness of 10 to 15 feet an 1 a t tal width of 20 to 30 n clti, ar =.. 

£ und on areas of till thdt rise with a gentle slope of 10 or 15 feet pel' 
mile. Und l' the influenc.e of irreo'ular ntours of the shore, how v l', tl e 

) ach deposits aSSUlne the fornl of bars, spits, hook' , 1 '_, and terraces, 
f whi h Gill ert has given a eareful la"sification, \ ith analysis uf the 

urrent.. by which they w 1'e 111..­ 1 .1 
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DeUas.-A broad e~paI ~e of water exposed alono. . distance of nuuly 

]11iles t strong winds i,' required for the fornlati n 'uffici ~ntly largo , an 

I l'ful \ ;:tv " to erode diff~ or a 'cunlulate \' ll-clefined 1 each ridges ; but 

the ar ~ )f any glacial lak ::., luaU or laT , 111ay b e partly oc 111 ied 1 T 

elta. brought into its 11largill by tributary ·strean1s. These deposits at th 

lL nth~ f sn1.: n bro k ar"~ ft ~n nl T c r l~ wi e, w h11 th Ita. ofI 

rIvers, es ially those supp 'ed with llluch engIacial drift r the m 1 .u 
t
; 

i -sh t, ' Dl imes extend 1 1 n."? n' .8 in a flat l' 1110deratel y undu'a .il g 
pla'n f 'rav 1 a cl saud, } iUb at. the Ie r 1 whi h tl e urfa eft e Iak 

I c1 luring the a ulll.ul ~ tiu f th I Ita, or 'within a f w £ et abo , r 

1. 	 But at th ~ au h f th . riy ...r £ lTIlin . the del 

e l1.'iderabIe h Ib'ht, th 
T ill l' abo 

lelta. plain is 0' nerally bounded 0 it", }ak ward side by a 

" m whet te l I se ,nt, PL ,rtly d 1 t the or in ry conditio of c1 Ite 
fOl'1nation, but 0 ten luade rnore cOllspicuous by ero ion of the uteI' p 1'­

ti n of it:s ( ri:-;inal ar . " b) \vaves nd I;hore curre t8 wh :ln th }ak fell t 

1 weI' lev 

'Vind ' ill many platj . have chann el d and heaped the sluface of the 

effi·i tly c , n a"' th ./ 

lZ 

rth an th 
·hara ter fit. sh 1'e ,S ill lunule ti n. It 
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is thus aO'aill iudicated that the time occupied r the re -, 'ion of th 1 ' ­

heet"\v. Inpal'atiy -Iy bri f 

Lacustrine sediment '.-In front of the delta plains of grav 1 and :::;all<1 

th tiner ~ilt and d~ y hrouo-llt into the crla ',ial lake h r tL me trihntari'i' 

" 1'0 spread over the lake bottOln, covering the till on laroe tra,cts a(~iacellt 
t the great deltas. Only ~nlall eontril utions f fin . edilnent, n~nally 

appre ,iable, as hefl r e t· t d, on the great l' part of the 1· , 1 eLSin 

supplied f1' m the shore and sublittoral erosion of till, ,hi h yi Id u th 

'1'.. vel an 1 ~ ~ nd f th a h ; but Ron _f the. l'( ­

i 11, r d,chino' a quaJ·ter of a luile off shor ", are plentifully stre ' n " itll tll 
r 'i u 1bo '!VI 

glacial lak . 

n ti · able 1 I "its, in ·India 1 I wI 1 ''' , r n 

Be f their relati ­

fl atiug bergs and fronl flo{~s of the . ce foot which ,vould be fonn d in 
winter (lloug' their 1 orthern ban'i r. It is certaiu, I 0' r 1', the t n 

c1 I sit::; which can ' be referred to such origin are spr ad o'eneraUy reI' 

the lake hasilL~. Bowlder~ are a :4 :lut or l~X edillgly rare in the· bea . . , 

d. -'ltas, and finer lacustrine sedilnent. . In a few places however, I hay 
observed bowlders in considerable lllunbers on -'ker ridO'o o.-:: of g"rav 1 EU 

~a 1 ( p. 1~ " L H , '\ h :.re th .. were evidently brought a 1<1 ~tra.n 1 1 r 
floating ic nlas~es frOl l the rneltino' ire border, whose distanee eould t 

Ita-v :.xceeded ( few luH -~ at the farth st, nnLl, il de d, Il'obnlly no 

: 1 uch as 1 mile while th bowlders 'W(3re being strande . 

Wher ' ten nilln 1 llloraines eros" <l gla ial L c, thr>ir ] on c d hi ll)T 

th 

tIr 
flu 

tll 11' . nt" iJ i g' in ~' OlU 

whi 

n nthel1 slighthr H I <­ ll~ t­

th . T 'U' :) di~tinb uis 

livinJ in th , 1 all ,w 
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Ink ~ t 11 1 . tr~mn~ of' the reo'inn, l'en1nilLs (f rush s < nd ~ d, s and peaty 

deposit~ and uceasionally branche~ and 10, 'S f wood, such a~ are ft < tod 

1 l\Y 1 1 ~tr ( n , ill their stn :..: f fi 01. III tll van :> T of the He 1 Riy .r 

of th :> X mth these)' -'ont fluvial d positf; I c '~e . )nmlonly l' <: t r thicku . :3 

aud e. t --' llt t1 all t1e nnlled. ·ng silt of tlLo o'la iul Lake Aga. iz, Wlli ·It, 
v 1', in some p l'tiollS, a: ' n ar h d ,-,Ita' f tIl 'heyenne Hlld tll 

A!:'. illib ine, 0 -·rupies large areas. 

PRIN IP.tl.L Gr, CIAL T.. AKES O:H' THE NOHTHERN UNITED STATES 
AND OF' CANADA. 

N- .w England, Qw)7)(:;c, the ('{(stern, provinces, the .•Vorth · (t .. t TerJritory, and 

LabrmZoJ .-Attending the retreat of the iCl::!-~heet from :N ew England, Que­

bec, and the ea~tern pro" ·nce~, nlany {J'laeial lake. f ;'n1all :;ize and short 

duration were fonned on areas declining toward the north or nortinv .. t, 
as ill the valley of the Cont oc uk River, in New Han1p hire;1 on the 

western flanks of the Green ~loulltain range, in \Tern10nt, where }Ir. C. L . 

'Vhittle intonns Ine that delta depo~it:; of such orio-in 0 'cur up to heights 
f full 2,0 0 feet; (n head strean1' of the Riv l' -'t. J )hn, in northern 

)la,i11e' and in southern Quebec, between the Atlantic-St. Lawrence water­

..h d and th , reeeding ie , frc nt. Fewer and still ~JnaHer glacial lakes, 

usually leaving no well-lnm'ked records of their existence, dOlI tlet's a,l::; 

attended the glacial ret.reat in ~ew Brunswick, Nova Scotia, N ewfound­

land, and Labradur. But soon the ocean-washed ice b Il·d r wa 111elted 

bac k f1'orn the Gulf of St. Lawrenee and along' the broaa St. Lawren' 

\ <:tHey p(jrhap:s to Quebec, admitting the sea to the area of Lake Chatn­

plain, which, with the HucL'Oll Valley, had been occupied durino' the r . '-' :-;­

si n of th ie by a long and narrow glacial lake, oxtending frOIn near New 

Y{)rk 1ity to 11 ar )lontreal, caused hy the s nthward elevation alld north­

ward depression of the lalld.2 

.N o1't11 of the St. Lawrenc th 1' , ding ice oppo:;ed no barrier to 

drainage frorll large areas until it withdrew across the heio-ht of land divia­

ing' the 8t. Lawr nce wat.rs frol11 thc ..e tributary to Jam -s and Hudson 



UA INS OF THE L ,RIL : TI.lU LAKES. 

b w Ul 01 the C ulltry (r lnd Lake )Iista.' . ini and upon lUi 11 . 

th 
1 size must Itaye been formed. I I 

~, "p . iall ! f 
looked for, as 

not the l ea~ inlpOl't<:111t of our reeords of tl I ce arre. 

Ba.:ins if th Lall f n ian lake aml of Hur7.' n Ba.fJ.-A:· soou as the 

r f the I' treatinl::,' iee-sheet was \\'ithdrawn across th various part " 

f the watershed south ot the Laurentia! lak ,8, ,eh un~iderabl 8t1'(:.an1 

all I T (nLl emba 'ol .lIlt 1 et, "eell the Inio'ht f Ian 1 and the ic: front held a.
.' 

·la·ial lake. Doubtle:s" hundreds of ehallnels 111ay be traced ,vhore the."e 

lakes olltfio,Yecl. ut the contilluinC" o'lacial r.tr ,at lllerO'ed til ., e filinor 

lakes illh <- £ '\ of large "ize, yerflowiIlg at the lowest passes. In th 

'-.:tates adjoining on the ~911th, and in portions of im acla on the north, the 

shores of these IJ·laci<.1 repre:s ntati e~ f th pre'ent Laurentian lal~e " £11' 

T 'orded by eroded cliffs bea h ridges, deltas, and lacustrine sedinlGnt~ · 
but along other portions of. their Cal adiall boundarie:-;, where th y w l' 

h leI in by the 1'e" dino' i ',e barrier on the northeast and north, the land 

sh ws no shore erosion nor beach dep sits. 

Th we~t part of Lake Superior stood about :,)00 feet higher than now, 

ana outflowed by the St. Croix River. Lake ~Iichio'an outRo,\<, e 1 by th 

lcn diyi Ie c t Chi ct.go to thDe' Plaine ~ and Illinois river. . The glacial 

Lake Erie wa~ (-Lt first smne 200 feet ahove the present level of thi lake, 

with overtlow to the vVabash; but latcr it .btaine I lower outlets, the last 

being r 1hicao'0, after the g;Jacia 1 lakes Erie, Huroll, n:fichigan, and 

Superior had been 111ero'ed inh on xpanse, which ~'pen"1' h<1' na!llecl 

Lak "al'ren. Lake ,ntario, 01' rather its glacial forerunner, nanled h) 

'pencer Lake Iroquuis, becoilling by the retreat Jf the ie eparatec1 allcl 

distin t fr In the upper lakes, extended far to the north anel northeast f 
it present lill1itti anel poured its water into tl Hucholl, at fir t by th 

:\lohawk and afterw<1l'11 1:r the way of Lake Chanlplain,' while the continu­

ing glacial recession uncovered the eoulltr) north of the Adil'onc1a ks and 

alon u ' the great ,alley wh ,1'e it n \' . outflows by thc~ St. Lawrence. 

The watershed which diyicIes the npper St. LawTence basin fi·c In t1 

basin of James B<1ly is crossecl by mallY channels of outflow fi· III O'la jal 
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lak p nt up between that ,yatershed and the departing ice-she t on th 

north. Kenoo'alni r Long Lake, north f L· 1e C1 u1 ':,ri r, lu , ing a leno·th 

about 54 miles fronl northeast to southwest and a width 11ostl:r b twe 

a half luile and 2 nul -', f rrnil ). th he~.I 0 }(e1 o'ami Riv :.r tributar ~ 

to tll 1 an oceupies the ehannel of outI t frolll n, o·lacial. lnl e in th 

AI ny basin, pa ' 'iut:) ' uthwanl by Tr ut Lal e aud Black RiYer to Lak 

Ip rior.l The elevation of Kenngarni L ak ac ordil ( r tn tIt '-' },-In 

of the anc.:li~ , Paeifi. Rail v is 1, 02 fe t c: boy the se. Dr. Ho 1't.IT , 

B 11 tates in a 1 tter that the sumn it r s ~ d h T tll ~ n .ig'h uf l..an 

p ll' t.aO• dose 'outh of thi lakn, and leadiu O' fr )In ' t to Black Ri · ;. ' i 
c ou t 7 f t hig·It ,1', illg ther Jor al pr , . m.( t 1. 1,1 - £~ -' t c htl e tIle 

T hi porta 'e is a out a half )11i1e 1 g', and i. r an a 'cul l u1n­T 

ti n , ,II-round d bo\\'ldGr~, with o'!'a,· 1 <l1l(1 earth fillin th lit.> "pa.e 

in part; at ther parts the bowlders are piled on each ~ tlpr quit nal 1. 
Th ~ vall y 1 ~tw en the 1'0 ! ,j T " ralls i.. c ut llalf a luil ide.' Tb lU'­

ac is s0111ewltat level, and there is a subonlinate valley " 1' dIre. ~iou 

. w pin:::; " T _ uwl u) tl w ·t side bet\yeen tll bulk of tIle acclullulation f 
1 "wldol's and the rocky hluff _II that sid ~. The tlllc.i ~nt watere-ours ~ 

tht le. cribed ·we~t. (f the port.ao'J is probably nly a few fe t ahoy 

enoO'anli LaIc , ha,ying vel' lle~u'l~, the .~ an1 c. 'l - yati n as th livid :.. be­

tween th ~Iissinaibi and ~Iiehipic()ten riYel's, SOlne 15 Inil es distant L th 

,1::;t. tll t11 ~ ~ I w poilltl3 f th , w'ator,'h 1 Wer :. loubtl .. npiecl yJ 

ill glaeial lakes on the nurth during tll 

. -~rc '. Ie ~ the11 c 
1 111 T 

1 
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t a1 vo th . <1 , and th ence d "ce ling t 

hannel eontaillB Dog Lak , havin ' a hi , t 

t t o'anlin l' lHatta,Yao'm in ' L ck , whi 'h, 

P a lific Hailwa) surv y, i ~ 1. 25 feet 

vVhen the K enU o'HJui, )Iis~inaibj, altd otl 

war 1 Lal,,- :> Sup rior the 11 

f (l b ,ut 1,02 G fe ...t, and h,t ­

a 'ordil1 u' to th Canadiar 

-1 el. 

l' glacial l:l ke. of tll Ja 


, r o'ion becanle Jllerged in one f great extent, riyaling' Lak o'a8817. 

th uutl f tlus nfiueut lake pruhal ] " r . ' d th :> low watersh . . ( nth 

1.: <l of Lak A ittibi, passing" to I .. a<"' d e::; niuze and the 

th va HiYor. The elevati.on uf LaIc .:ibittibi, a -. nliug t ti ") :4 

f the auacliall eolugie:ll SurY 7", is about 5 7 feet. ahove tIl l50a, and 

th ' p . 1't:: ( J'e 0\ er the watershed ri~es oul r a ut 1 f · => t hi 'h -'1'. I t p1' ­
n t . .1titwl i~ tllll1'\ ueculy c; hundred .et less than that of the I( 

a 1 )Iis iuajbi outlet: , 'uHl it i, ' PI' beth l that", he) th hu d• un' \ T I' 1 frolll th ~ i 'e-:he ~ t th bittibi outI twa::; rolativ J ~ 10\ er h:u 

t otl Cl' -b"r a. 111uch 0'1.' :later differ H C an d that yjth r feren "' to the , . 

T L. ~~1 y 1 it m uch I . I yc .t ~ 1 han n ) . 

E a. ' il . of tit , ~Ill , " k dr llf1wau awl the Iff'll R i er of the ~l' OJ tli .­

All l' a s < 11 'la in.l ] lk . d u l tl 

Dr. ] 

littl ~ 


t Ri 

b 

, ~ Pakowl~i, thr ug'It which thi.. (1.: 'inl hai lu 0' for 

tinl fIf \\r 1 .. u h null to t } e :Jl ilk Riv "l' tIt..l iee frout lllU,'t 

'Olllp:U'l~ 

~ 

J 
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witbdra" more tb~ 2U " lnil J ;~ to t.h . east, pa~t t il ~ ,yprs1'i fIills at ( 

'Vuo 1 ~Iountaiu, befor a lower outl t frnn the ~a~l ateh 'W' 11 enuutl" 

nort f thA' highland . .' wuuld h .:, obtained hy Twe} , ~1ile Lal~ and 

over the pl'est~nt continental W· h'r: h -'ll t(? Bio' 1\Inddy Creek which flow8 

tIl' uo'h th J northeaRtern ('Ol'lF'l' (If l\'[ontall<-l to the T\llRs uri. 
,; 

But only. 

81i 'ht further retroat )f 1,1 iee 'Vc K :-:<utlicient to g i T ",till lo,,,er avenues ( f-' 

lrai .1 ' . A , 80011 as the )Iis:::;ouri Cotea u wa:o; UIl vel' >d o'laeial Ie 1c 

oecupyillg th yalley f tll --' ~ outh Saskateh wan, in the viciuity of "t .; 

lbo,,,, outflowec1 by the way of ~loos(. Jaw '-11' ~ ~k, and through (1, g't, cial 

lake in th upp l' uri .~ or ~Iun~e R,iYel' basin, t.o the ~iiss uri neal' F( rt 

Steven 011. Later the outflow frCllU th::. Lak l'::h sl <- t ,h ewan u'1a) he v, 

a , 1 to th ~ L< ke Souris h , war of the 'Vas ana Rivel' after -tlOWillb ' 

throug'h a glacial lake whi ·h pl'_bal ly ext ,nded frclln Regina G luiles t 

th wei5tward in the upper Qu'Appelle lJasin. 

Through the whol p rio 1 of the eri~tenee of tll Lake Souris which 

c t firi:it uutflowed to the lHissouri and aft ·'rw<1rd t Lak A ·(' ·~ i7. , th - glaeial 

lake ill the ' a in of the South ~askatchewan, doubtless also at la"t includ­
. th ~ orth ~ ~askatchewan was tributary to it, and 1,11 ~ utI ~t f thi .' 

Lak Saskatche\Vall wa ' transferred to lower cour~es as the border f the 

ic -::;h t reeeded fi'Olll southwest to northeast. In the lleluding' part of 
this ehapter letaile 1 de ~ripti(n s of these (J'lacial lakes and of their succes-

IV channel -' of outfio'-y to Lake J.,<\'ga::;siz, will b ~ PI' s ,nt d. 
Lake \. :)"as~iz , the Im'gest of all the glacial lakes of N orth \'nleric~, 

oceupying the lwsin of the Heel HiveI' _f the J.:J orthand Lake ", illnip g, 
C - v Cl1'ed exteW-51v> tracts of l\Iinllesotn and Nort.h ] akota, tll . gr tt '~r pc ,rt 

f l\iailitoba, Hnd a consid '-'1'ahle aJ'ca uf eastern Saskatchewau and 8outh­

w ,t I'll I(e watin. The history of this 1a1"e, which iu'}'ea,'ed ill ar --, c a 

the ice-sheet d '-'creal'\ed, f( l'lll::s the eentral th81ue of this chapter sueceeded 

by revi ws uf tb J assoeiated glacial lakes of laro'e ~ize, t of ,vhieL lying 

in southern :\Iinn ~ Ita a 1 ill South Dakota had their brief existence befor 

(}'assiz the others beinb' eonteIuporant us , ith this lak -, alld several 

f th81U tri ntar)" t it. 

Brit'ish lohtJUbia, A tlw/J(p;ca, WiLL tllI~ ~ ortlw:" t T r'J'ritf r:, .- ight-eolor d 

silt c p it~ , liMil etly stratified a,lld of considerable thickll '-'ss, -which \ 1" 
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t lue r ferabl in KClne di~ tri' t., to o'lacial lak .;:\ and in ot er t rh~ I' 

floods supplied frol11 the iueIting ie -sheet, ar reported lJY Dr. b-. lH. 
Daw 'on ill lUCLny ba:'ins of the British ~ rdilleran l' !fion. Hi interpr :.­

tatioI of their origiu however IS by a nIclrine subn erg-ene D sinee th 
lat t o·h ,iatiu} of the l' ~(J·i() n. N f( lS 'ils, eith C1 ' f tl ~ ~a or of fi· :> -·h 

water, are found, though th r are a bUlldant in postolacia~ 11lari ;.; beds of 

th ~ t. IHwrenc Valley, (n tl e ,.; utl1\' : tern sid f Hudson Bay, an in 

~ reenland and Grilinell Laud· but lakes of only lIlodera.te size tempora­

r ily borclering- -the i~e-sheet during its departure ' v uld ' probe: 1)'" .1:. ,ti­
rote of life, and thi~ wuuld certainly be true f rivers produced by the 

glacial lnelting'. The~e deposits ue ,ur, up tu heights 2,300 to ~,7 ' £, t 

L -_ v the sea, in the hasin of the K~oot~Lnie and upper Cohunbia, 011 the 

in teri l' plateau of British ColUlubia, un the northward extension of the 

I lain -, cro~:sed by th P -ace Riy T, and in the upper valley~ f 
the Stikine, Liard, and Yukon rivers. 1 

n the lao t-nalued riv l' and th L we., tril utary tit; Hu " 11 ref l' 

the fonnation of silt hecl~, fully 200 fee thick, and of higher terraces to a 

Jgole:. ie: 1 lake, Harlled by hill Lak luke 11, 1F 0 luiles 1-ng fron1 rth t 

j'outh, with a InaxinlUlll ,vidth of about 10 Iniles and depth of b tween 

5 ) and GOO £ et; and h ::;ugo'ests that thii:! lake was pI.' bablr cau,' d 1 . 

depression of the upper part of the Yukon basin by th weight of the 

ice-sheet. The l'lluuth of Lake Yukon, at its northern end, ' < S near 

the northwestern boundary f the iee-~heet at its Inaxinllull xtension, the 

~iVhole lake being within the area that "Tag ice-covered, as is known h} 

the liluits of glacial drift and ._ trim, which a-e first found in ascending the 

Yulon near th Rink Ha.picb, approxil ately in latitude 6:.. 0 2 north and1 

longitude 1360 1 -I west, about 160 n1i1es east of the line bet\veon British 

Inerica and ..L~la.:ska. ~ 

No other portion of the glaciated area of this continent preSf;nts a 

Inore interesting' or Inoro difficult proble-m ill Pleistocene geol .gr than 

tl " "white ~i1ts," as they ar lenOlniuat c1 1 Y Dawson; and luneh fur­

ther field work and study will be needed t d81nOllstrate the eonditioll' of 

1Report s of the b-col. and Xat. Rist. Surve,Y of Ca Mla' Traus . Roy 1 So i y of ,a atl:1 , Y 1. 
VIll, ' . 4, 18~O, pp. 3- 74 " itl 11 e maps; tn. Tcologist, V 1. VI, Sept.) 1890, pp. 153- 16:3; Nat ur , 
Vol. XLII, Oct. 30. 1890, P l' . 650-653. 

!l Bulletin ' . ,-' . L, Vol . l , lip. 1 " Uj3-U~ , 5 t4. 

http:lIlodera.te
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their deposition in each of the nlllnerous basins ill ,vhich th yare found. 

Bu t I elieve that ultimat ly they will b shown b e rywhere . ttril u­

table either to fluvia.l depusition att I dant on th recession f the ice-sIt et 

rb d lositi n a~ delra~ in glacial lak ~ whi h owed their existeI ce to 

i ' c1mns or to clepres~iolls "here the land had sunk beneath the ice wein·It 

(\.n(l ba en reel ated. F r xa111ple, the K.ootanie basin llU L 

well hay been filled b 'a 'laeial lake obstru ted hi the pre. ent course _f 
'aiuC1,o'e b the retreating ice-sheet and outfio\ 'uo' b y ill WHV of Pack 

River ~ nel La]·e P nel d'Oreille, ,vIti 'h Prof:'R::; r luunb diu fin lti t< hay 

been coverecl by the rnaxirnnm ad ance of the i 'e, while gravel-bearing 

flood" froIll th glacial In ltino' pour ,d theu · to th 8 . nth and w .. t. 1 

e silts on the Peace River ea~t of the I ocky ~1ountaind seeIn 

r fer, 1, c ::; 'will 1 stated Inor fully nn a later page, t( " gl i·tl lak · 

h leI Y the b~rrier of the depa.rting ice-sheet on the north an north a. t, 
wi h utA . utIle ..tw( rcl int LaIc , A c ssiz. 

TJA E A S IZ ,vrrn THE E P R T E 0 1.'i 

I C E -S IIEE'r. 

1 th .. w ~t . id 

h .O'inl ill . of th ill rain 

p rind r ,n h 1 a' ut 2 

n'Iinn 

, ota I ,1 :> f h 1 e- h t, 

th Ilead of tl C t ( u 

akoh Ri "'1' to Ym kt all l th ~n~~onri; but it a~ l'l"adnall <1i nin­r 
o! 

th tilne. of fornuttion f the K 'e 
Wet.', ni(. and] ) ( VI' lono' r r tainod it 

'Vhil 



t EXTENSION OT.JLOv G THE GLACIAL REyrHEAT. 09 
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ao'mn lohate, extendiug from the w .'t -'hore of Lake Ag'Cl~siz ~outhward 

alld then westward and northward, hetween the lake area a.nd the Bheyeulle 

Hi Yer, to the promillent and typi 'ell 11lorain s that are fouucl 'nuth 

' tmnp aud I)evils lakes, on the Big Butte, about Brolum Bone Lake and 

11orthwan1, and on rrurtle ~lou11tain. III their reluarkable developluent 

the~e moraines are sirnilar to tho Ina:-5sivo Leaf I-Iills, with which the seem 

to ha, b en conteJllr oran us. '1'he laving action of Lak A.oassiz a lsed 

th thi k portion of the ice-sheet filling the Red River Valley to Jnelt ba ·k 

SOIl18what faster than its th~nner portions on tho higher land area" at eaeh 
i 1:>, 

rrhe highest of the I-Iennan henches of Lake Agassiz xtencls in ~1in­

e ta, as traced in this sur ey, to the north side of ~faple Lake,, 2 luil s 

east-southeast of Crookston and probably it continues then -'e into the for­

..'t r :'o'ion 11 the east, where it is inlpraeticable to follow its .-ur '0, to the 

ri -ini ty of Red Lake; aud on the ~west it reaches through North Dakota 

an d at lea~t 14 Iniles into ~Ianitoba, terrninating on the llorthern I art ~ f til 

l>mnhina -!scarpnlent sOlnewhel'e between Thornhill and itH llorthern elld, 

t11<1t is, betweell 14 and 40 miles north of the international boundary. Be­

t' r :> tl formation of this beach waH cOlllpleted the ice-sheet had retir a 
frorn the lake area as far north as the heach extend~, During pauses of 

this t;l~ .ial rec ~ ~ion the Do re, Fergw.; Fall~, Leaf Hill. , and Ita'ca 111 -)­

railles were funned, showing a northward retreat of the ice border frOJll th 

l)ovre morain aeross a distanc , of about 150 mil ~ , in central ~finn ~ t<1 

al.lel 150 to 200 llliles in N rth Dakota awl .'outhern IHanitoba, with a max­

in urn of probably not 1 s than 300 nliI R in the Red River \ T alley, wher 

Lake .A.. gassiz produeed a 11101'e rapid melting of the ice l:na,rgiu. r "'hrough 

this tim:. the River Warren, outflowing fronl this g'laeiaJ. lake, fed y ahul ­

chut i-e-lllelting and rains, eroded a channel al out 50 fee t deep, approx'­

lnately f1' III 1,100 to 1,Ot)O feet aboy the sea, or perhaps it eroded only 

tl low l' half of that I th, in the III )(le1'ately undulat.ing sheet of til 

whi h l'eaehecl across the present valley of Lakes Trav l'se and Bio' Stone. 

The shortnc '" -t' the tin 0 thus jllclieated a' probahly occupied in the for­

nlation 0 a single one of the beadles of Lake Aga~Kiz, reaffinued as it i' 

by the small anluunt of the littoral ei'osiOll allel l'e 'ulting' beaoh deposit, 

MON xxv--14 
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may w 11 . l'aI i li r f tl r­

t, and the brevity, geologicaJly . p akir b' of the ~ c; 

w-hell its In rain . weI' a ~ ula · 1. 

otw n the times of ac ~ 1 ulation of the I' :wce'. ive ter111inc I Iuoraj 

th la i 1 f tl e i · , uri' 'e and th retreat of i bord' 'I' us <l h P r-

ti of the !rift -which had heen inelosed within the ice-sh ,et tn l'aI i( ] 

epo Hod n the 1 nel, partly s till and partly as 'tratified gravel, sand a d 

·lay, 11' ug t. b./ th stl'eanlS that were prorluc d b y t11 b't cial m 1--' 
h S 'IV il h, 'i ' f HerIl an beaches was being fonned not only weI' 

'everal large 1 r ain s aUlas el, but also nllwh -n 'lacial till ( s S _]' ,d 
v l' th country betw 3 en the IHoraines, and glaciall'ivers deposited a broad 

b It f - Ii e I drift that stretche ·' fr ' utral -}Iinll ,- ota to l{ ,d Lc k 

cl,­

nth astern part of this prol( n o' u 
d the 

clified drift, in the vicinity of St. Paul and ~finn ap Ii· 
and n rtll ve tward t.o St. Cloud, helOI gs to a tinl previoul to L ake 

iz; tl e p rtion f til 'e stratified beds lJetw In i ~ • Cloud and Lake It . 

repre n t he tim .. of fOl'lllation of the highed I-Iel'luan beach; an th 

d po iti n of their llorthern half, continuing froln the h adwat 'S f t ll 

l\TL -- issipI i t( th(~ southwest part of the Lake of the \Vooch and to the Bil' 

Hill b ." up f ,,1 1'8, was eontenlporan ous -with the lo"ver 1-1er1 (,n shor 

of Lake AO'as8iz. Toward this belt great areas of the ice-sheet sloped COl ­

v 1'0 '1no'1 T durino' it~ Inaxinuun extension, and in the early part of its tinlG f 
ecessioll rivers flow·eel thither froI11 the iee-Iobes on the northeast an l llorth­

w t UI til thi:s glacial lake began to exist and to gro\v north"rard, occupying 

th Red HiverYall y. 

STAGES OF · GROWTH SRO\· T BY MOR AINES'. 

rrhe retreat If the ic tween the vVac I ia. aud Do l' l UOl" i ,-I ( p. 

142 , 147) 0'(. to uncover the southern nd of tl e berl f L k A H,­

iz, iuto whi h inflo\\ in o' glacial 81 ey [ne Riv l', even at tha,t early 

sta 'e, I' llbht lnll h gray 1 and sand. Thi. first 1 It.. d -p it f th:; o'ln -iell 
lake i )read a.l ng' it -'0 ItInv t ~rll nuU'o'in froJrt II ar Tn ~lor L · lee tc h 

luff, i tl n th at , 1'n r ~ f nth Dak t, , that 0 1'1 1 , til --\ all y f 
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uth )f 

valle ", which is 4 nliles wid 
n th Bois des -ii ux HI ( 

into by the railway in s ~ ti n 2G, tow-nship 12 , rallg'e 47. 
rf 12 , t f this delta of 0Tav I aud saud, havint".; a sur£a ~ 7 ->et a K V'• 

La , Tray ,rse, is shown 1y the railway excavation, with ut e~ I (Ising its 

pI, n f contact '\ ith the u derlying' till, whi 11 f 1'1 .~ th 1asal part of t1 
plateau and extended, before its erosion by the outflow" frol Lake Agas."iz 

in aninclin 1 plan gradually- r' ,.,'no· t) the bluff till, 1 ) to 110 f hi,"ll 

ea, t th northern end of Lake Traver _ In this incipient stao' (' n-

t 1'( lleou~ with the UJ ulatioll of th Do Tre In 'aine, ' Lake (Yfl, ':izG -L. 

tret hed n <- 1'1 T miles frolH northwest t( 80uthe st, with a wi Ith varyiuO' 

from 1 to 2 or 3 Jniles, b eing probably wid -'. t '1 tlHj vi init~ T I f \ 'V}le<- t 

l\Iinr " (; t it -' southern -. I 1, ,yher the RiYer \~ Tell flo~ d " "( .T 'outb­

we ·tward. The lak in this stag'e wa littl ::>. ) I' tho 11 a hroa1 ~ pan."i II 

1 ial repres;ent' tive of the he Telln Ri er, whi ·h d . it c1 its 

Ita sediInents along the Cldge of th lacu..trin ( 'ea, b iug ,yall cl' by 
the f1' nt f th i -~he t. 

'Vith the glacial recession thence to the Ferg'u Falls IYloraine (p. 1 ( ) 

Lak goa ' iz attain 1 a length of abo t 1 luil -, from Lak Travel' 

north to Ada, Caledonia, and Hillsboro, with a width of 40 to 50 Inil 

uP. il o ' thus an area of a ut 5,0 0 sqnare 111iles (PI. XL/ ) . 
at Brec enridge anel Wahpeton was approximately 100 feet ; at 1 orhea,l 
and Faro ' , 200 £ t; and at Cal donia, .. 7. t . 

In the earliest pal' of this extension of the lake it. lltlet by the Hi Ter 

W arr 11 s nlS to ha 7e b ell f r a ::;hort t.' ab ut 2;) fe t hi, -h ]' than ur­

ing the later and 11 u 1 lioer part of this . 'tab' of recesnion of the ' c and 

01.' wth f the lnk " e i. 8h by tIl iHilnor 

1 , it than the Hr ' n b t al ve it, \ bich We 

<11' lUi f al l It 10 ni :--tl n 

n t lnvest t th but ,va .. not r gniz <l arth l' rth nor ill 

he f form' . 11 f tIt l iluol' (h 

t 
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had beconl:' established in the onrse which it now ha to its debouchllr 

into Lake AO'a~siz at the present most southerll bend of the ri er. Its large 

delta there brought into the lak - wa, ' already in pI' OTe ...; of (leI osition dur­

ing the acculllulation of th ~lilllor beach~ridges and partly supplied the 

' 1'( cl and sand of ,vhich they are fonned. 

But the RivervVan"en quickly cut down its challnel to the bas J of 

the earlier Sheyenne deposit l f gra, el and sand be£ 1', de 'm:.ibe 1, lying 

above the present valley of the Bois des Sioux, unt.il it reached the harder 

till, and there"\ a" staved during the nUlller U8 stages of lacustrine ext Ilsion 

and glacial retreat which are represented by the single Hernutn beach of 

thi~ southern portion of the lake. The growth f the great She)7e n, delta 

coutinn d, and the Buffalo delta 'was IJrobably mostly cornpleted, during 

the withdrawal of the ice-sheet to the Fergus Fall. llloraine and its pans 

or readvallce by which that llloraine was made. Through the sallle stage, 

~ cepting its very short early portion, represented by t.he ~Iilnor beach, and 

f r I ng tirne afterward, Lak .. Aga 'iz held its I-Iel"lIlan level, changingG 

onI vel'v slig'htIv in this southern area bv slow erosion of the outlet, but 
...... Ri LJ ,.1 .J 

xperieI Gino' northward a gradual uplifting of its basin, whereby its Her­

Jnan beach, single at the south, becoDles double and 111ultiple in proceeding 

th . I Tth. 

The next stage in the departure of the ice withdrew portions of its 

border to the ninth or Leaf HilL, 1110raine (p. 163), which is dosel)' a~soci­

ateclwith the Fergus Falh 11loraine, the two being 11lerged too'ether through 

Lllueh f their conr;:;e. Lake Agassiz, therefore, gained only a srnall exten­

iOll of its length and area (PI. XIX). The 1110st notable change w"as th:. 

formatioll of }I, northwestern bay of the lake, reaching in a reentrant angle 

of the ice-sheet to LarilTIOre and )[cCanna, which received the Elk 'Valley 

delta, deposited by a large glacial river flowing fro111 the depression on 

the ice 'urfac ,vhere the des ending slope. of its lVlinn s ta and Dakota 

lobe:::; Inet . 

.After the:;(3 ntio u us alld partly' ,00nbined m Jraine8 ""ere fornl el, 
the increasing wanuth of the ·li1nate again pushed back the ice border 

H l-,ng- i ' teLl C , until its reu"e< t We:5 temporarily interrupted at the lin 

luarked by the tenth or rtasc.), luoraine (p. 173). AdvH,ncing northwar i, 
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Lake Aga ' ' iz then eXJ!au ,d be ond the limit of the interuational boun­

dar)r, reaehing probably t 'Vinnipeo' and Bir 1 Hill PI. XX). Th 

entire area of this lake in North Dakota had beeOlue uneovered fron1 the 

ice, a lobe of which, however, rmnaini~lg on the Pelnbina nlountain pI ­
tau, cl .~ely b _ rderecl the shore alono' a distance of 50 Iniles south fr0111 
the ~fanitoba line. Iu northwe teru }Iinne:-; ta t.he lal wa..,hecl the bnb 

of i liffs that fonned its astern shore, beginning about 4 Inil . uorth 

of .Lake Itasca and rUlllliuo' llorth-northwe:;terly, a I hay supposed to an 
an0·1 uf the iee front at Birds JEll, fro111 which a siu1ilar long, hig'h coast f 
ice appears t have 8tret heel s uthw :-5bvc ,I'd to the Pembina }Jountaili in 

the vieinity of '!'hornhill, beiug the northwestern barrier of the wideni 

and rleepenino' lake. The water surfaee 'was a ut 290 nliles in leno·th, 

110 lniles in lnaxilnunl width, and approximately 1), 00 qUe re Iniles in 

area; and th , depth of water abo,- St. Vincent, Pernhina, and Emer:-;Oli 

vvas about 450 fe t , ,,,hile its Inaxinullll abcy\ e the site of the city of Will­

nipeo' wa~ 110t 1 ,ss than 550 feet. The exteilt of the portion of the lak in 
}Iauitoba at this ti111e was probally ab -ut 3,500 :square nliles. 

Once Inor the rnal'gin of the ice-sheet recedes, and 11 :. t halts at th 

eleventh , or ~i abi 111 rain , (1. 177), having relinquished the whole of it~ 

ar a in North Dakota, but still liug-erino. on a large tract of northern \1ill­

ne~ ta, frOITI Red Lake and Lake Winnebagoshish eastward to Lake SUI ­

rior near the internatio11al boundar). The great e;lacial lake has now 

exte11ded north tc the. outh eud of Lakes vVinnipeg and nlanitoba, attain­

ing a length of about 325 luil ',a rnaxilnUln width of 130 1l1iles fronl the 
east eud of the south half f Reel Lake to Larilllore and an area n t far 

frOln ~6 000 square Iniles, of ,vhich fully one-third ·wa:; conlprised in ~Iani­

tc a (PI. XX). Its rnaXinlUl1l depth, lying over the pl~es -ut rHouth f th 

Red River) was a.b ut 65 _ feet, and its depth above the south end of Lal{ . 

}Ianitoba was 525 feet, very liearl:-. 

Theo--'e estiluate:; of d ptbs, it is to be noted, ar derived fr01u til 
clet l'lllinat.ions of the hei;"ht of the shore-lines formed durin<::l th high st 
H rman staO' -', -with allowance for the known north-northeastward differ­

ential elevation of the basin since the old plane of the lake surface wa 

film'ked by the waves of st 1'111S. This eaJ'liest and highest level -fLak 
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( ~ nly Ie 1. IU t .. 

a(11) lib t.he P 

n ')L'11 a' t to tI l(' south ~ia of R 1 Lak 

lmt tll ~ing'le If u: t l'rne plan 

II l'1nau l p (l It i ts fiual ~ tar"l'e 

'aines,,, ] i ·11 
that 1 ( :b ' tr . d and In,ll'P d 

th . l\Iiln r 

a d c1 

the {l Jr] cs uf 

./te11t all of he 
ortllerll n 

Tr .t a 'Rin, (1111.1 (louhtl . " Dl tin e a, ,<-tin, the icc-she t as m-

p 11 d to I' treat acrosl'3 spar CI S f varyillo' widths sturdily 1'e is in . the 

1 ero( Inn llt~ f the wann e>r -·lim t , aJHI f its prndu t, the gla iall T 

(L 1 nwcl lake, pausing here and there long enough to heap up 11101'aine8, 

tl 1 ::;hrillking nd c1is, 'olvi11g a\yay ii'OlTI ' He ,V tracts ~tr wn with its drift 

I -I :4 it~. 'Vhell future 1'8,' ear hes ghall enroll tho nUlubers and d =--}in c.at 

the courses of the probably lUtlllY Inorainic helts lying still farther north, 

it wi1l be p ~ :-; ibl ~ tu , ho the la er ,_t O'e.: of the oTaclual extension of this 

lake ~ lOll . the great Cretaeeous eSCarp111 ..nt and over the great lakes of 

l\iallitoba, across Rain) Lake the Lake of the 'Voods, and the 'Vinnipeg 

River, over a larg'e reginn ea t of Lake Winnipeg, and t. ' '" n1e II W 

unknown distance clOW'11 the Nelson River. 

Step by step, as fast as the ice-.'heet ,vaned, L( ke Agassiz grew. The 

vhol lacu~trin area, a~ 111apped proyi~'i nally for its nnrthern and north-

astern boundaries on PI. III was about 110,000 square luiles or lllore, 

eon~i lerably exceeding the c mbin c1 areas of the great Laurentian lakes. 

Althnuo;h it wa:' not entirely oecupi d by Lake Agassiz at anyone stage 

of its existenee, the heaehes and tenninal Il101'aines indicate that the lake, 

during th it , earlier and lat I' stao'e8, co vered the greatm: part, pI' ba,bly 

three-fourths of this area. 

The chief vidence of snch great extel1~ion of the lake during the fir t 

half>! it history i -, the observed extent of the higher and earlier Hennan 

and Norcross beaches, which have been Inapped frol1l near Reel Lake, l\rfin­

n ' ta, 'outll ward t - Lake Traverse, and thence. northward th1'ouo·h N -1'th 

Dakota to Riding' and Duck 11l0untains in Manitoba, a distance of about 
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7 1r th 

i.' ap} r . it 1, :" 7;- fir 1, 0 feet tn 950 f t, an 1 th leva i n f 

th w I ' rt of the (1 Ita is about 1,3:'5 to 1,400 feet ahoy t e ~ a. A 

{rl T as the tinl of the 10 T h {ches of th Herman erie. , th re£ 1'e, tl 

r Q ssi n of the i 8 - , heet had perrnitted the lake to tend along the \Vh Ie 

fr t .of the ~L itoba escarpm n to the latitude f the n rth e1 d f 

W iunil The length of Lake Agassiz at that tilne was 50 11.1iles or 
1'e, and I believe that its ave rag width was n t less than 150 luil d , 

reachiug east to the 1I1Oraine whieh ~1r. J. B. Tyrrell describe;.; as fonnin o' 

he eastern shoreR and islands of Lake Winnipeg, " rith a heigh of 100 £ et 

on Bla k Island.2 Thi~ llloraine w uld then have been dep sited in water 

6 -0 to 700 feet deep, b ram'iug the ice 111a.I·gin; its knolly' aud irregulaT 

a' ·'l.ullulations of drift would not have been subjected to th leveling aetion 

of the lake waves until the further rnelting of the ice opened avenues of 

utfiow t Hudson Bay and reduced the glacial lake nearly to the lev I of 

Lake Wiul1ipe '; and the latest ehange of the northward outlets n1ay have 
1( \\7e1'e<1 the water surfa ,e so rapidly and to sueh vertiea,} {.n101111t that. it 

1 ft no distinct nlal'ks of erosion or shore-lines on the upper p rti n f the 

llloraine. 
Before the suecessive northeastward outlets began to Irain Lake Agas­

iz below its channel of southwa.rd clischarge at Lakes Traverse and Big 
St ne, the border of the ice-sheet had been gradually Inelted baek fi'OTll 

Lake vViuuipeg doubtless far t "vard Hucl:;;on Bay, and perhaps evell its 

tLi k central part, which oeeupied the basin of Hudson and Jam ba T , 

he: 1 so far disapp arecl as to adlllit the sea there. At a tilne 0 halt or read­

vane , interrupting this recession, another ter111inallnoraine app l. l' t have 

aecu111ulated, erossiug' the Churchill and Nelson rivers, as 0 served 

I 'anadia ll Pacifio Railw Roport, 1880, pp.14, 19. 

2 Pl istoceue of the Winnipeg Ba in," Am. Geologi t , Vol. VIII, pp. 19-28. J uly, 1 91. 
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by Dr. R bert Bell. I If this belonged to the tilIl, f the a, phell ur 

lYlc auleyville b aches, a~ seelns 1110st probable, the extent of the lake dur­

Ing these later stages of southward outfl01V was ev ,ll O'reater than I lut, e 

sUI "ed it to be at the tiu1e of the IIerrnall and Norcross beaches, and th 

area occupied by Lake Agassiz in its llui erous stages 11l1Jch exceeded 

that of l UY 111ap and estirnate. 

}\lea~urecl on the maps of tltis report, the portion of Lake AO'assiz 

cOlnpr' ~ ecl within the lilUits of lVlinllesota has an area of approxirnat l~? 

1h (00 quare Iuil ", and its portion in North l)akota is 6,800 square nlil , 

v :.ry 11 arly making together a tract of about :n" 00 square rnile8 in the 

nited Stat. , probahly all uncovered fi'Olll the ice and occupied by the lak 

durin o' the time of fornlatioll of the Hennan .' ,rie' .,f beach s. 'Vithin 

tl liInits of ThIn itoba and al~jacent parts of Saskatchewan and Keewatin 

the extent attained by Lake Agassiz during its I-Ierman and stno' . 

wa PI' bably at least 65,000 square 111iles. Some,,,hat niore than three­

quarters of its expanse then was north of the international boundar T, for 

while the lake e. panded northward with the recession of the ice-sheet, th 

soutl . l'n part of the basiu was being uplifted and the lake was slowly cut­

ting dcn n its outlet, so that it had already relinquished the margins of it 

arliest. area in lVlinnef:;ota and North Dakota. 

During the stages of the lake represented by the Tintah, Omnpbell, 
and lHeCauleyville beaches, proba.bly its area occupied by water at Olle 

ti111-' grew t exceed 100,000 square ll1.iles. Its southern portion, howoyer, 

'Wa " 111 ,anwlrile diluinishing, uIltil at that late. ti111e of Inaxinllun size of 

Lake Agassiz not n10re than a. tenth or p ~rhaps a fifteenth part of it~ 

'water surfac wa.tI in the United States. The decrease was in width, not 

ill length, for at its 111axiuIUlll stage the outflow was doubtletis still to the 

Lth by the. Ri l' 'Yarrell. 

REDU tl'IO~ TO THE PRE.~ENT G·REAT LAKES OF MANITOBA. 

By the Ineltiug' away of the ice-sheet frolll the country northeast of 
LI L I '; 

La! ,.A assiz this glacial lake at length obtained successive outlets lower 

th~1J1 that through Lakes Traverse and Big Stone and the ~1:innesota River. 

OWi11 ' to the rtheastward depression f the ice-laden area, the earliest of 

I Bulletin, G. S. A., Yo1. I, pp . 303, 306. 

1 
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tl se outletB Inay have flowed to the east and south, l)assing alont;' th 

rnargin of the re -'ecling iee into Lake Superior, and thence into the ~rissi . . 

:3ipI i by the way of the Chicago outlet of the glacial Lake ,Yarreu, a: 

Prof. .T. "\V. Spencer has nalned the confluent glacial lake which is now 
reduced and separated i11to parts as tl~e five great lakes of the 8t. Law'­

renee. ~\Jter the glacial Ine1ting had proceeded BO far as to open the OTeat 

area, of Hudson and Jarnes ba :-8 to the entran ,0 of the ocean, Lake Ag'3ssiz 

wa~ tributary for SU111e tilDe to this .inland sea by outlets higher than th 

Xelson River, vvhile th I ice-sheet west of Hudson Bay was ,vithdra\ving 

nnrthwanl. 

Smne of the ' lo\ve..t and lat . t ~tag:.s of Lake Agassiz during ito.; de­

erea N as it was drained away by its northeast81:n outlets, each in MllCC s­

sion lower than the PI' , 'edinb , are shown hy 1\11'. J. B. Tyrrell's observations 

)f beaches on Kettle I-lill close south of S\V3n Lake, on the portage 

hetw n Lake ,Vinnip osis and Cedar Lake, and ~n the vicinity of the 

Grand Rapids of the Saskatchewan.1 Between the tinle of fonnation of 

the Stunewall b -,ach and that of the Xiverville beach the surfaee of Lake 

Agassiz was lowered 45 or 50 feet, fi'onl a level slightly higher than Lako 

WiIlllipegusis h one slightly lower than Lake :Manitoba. The fonner f 
these Ie ~ls seen1R to be represented near the .Illouth .of the Saskatchewan 

h.,' a heach 140 f et above Lake ,Vinnipeg, or 850 feet above th sm; and 

,. the latt ,1' b>'0111:> apparently douhl or triple, heing 1'~presentecl by thre 
i beach ridges, 95, 90, and cO feet above Lake 'Yinnipeg. Th se beaches, 

if llly eorrelation as tllU8 stated is eorrect, are nearly horiz ntal throughout 

their observed extent of llearly 300 lnilos from south to north, and show 

that tlH differential nortlnva1'd uplift of the basin of Lake Agas~iz \va~ 
ahllost eornpleted 10fore tho ice 1J(11'rier ,va8 in lteel back frOlIl the area 

c1' ssecl by the Kelson River. 
Ae -'01' lino' to 111V correlation (f the fiv shore-lines .note 1 bv IHr. Tvr­

.J oJ " 

rell 011 Kettle Hill, sueeessivel-r, ill descending order, 1,CnO, 1,01fJ, 9~)5, 9 5, 

anel C)20 feet ahovL~ the :3 ,<1, the higheBt belongs to the I-lillsboro stagce( f 
Lake .Agassiz; the next two to the Em.erad) stage, there divid ,1 becau,~ :. 

of northward upliftino' of the land; while the lower two are, l'espectiYcly, 

J " Pleistocene of the \Vinnipeg Ba.s in," Am. Geolugist, Vol. VIII, pp. 19-28, July, 1891. 
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Ttll \ ,' onel ( f the jata bearh "8 and the Gla ht Hl eae 'fhis I" ali iB 

al out ~'3t) 11111 s north of the intel'llLtiollal 1 nUl d~ 1'01 t 1 eiu()' 1.-0 luil " n r th 

fn.m h .. h titude ()f (i-lad, one \l·dell, <1nd ....T eeprnva, the 1 -lOst nor born ' ­

1: pOll which Iny own explora iOlL' suppl)Ya ,"omp<Lri."m f the b ~ach 
d t rnl inatiou f their llol'thw<lnl ascellt. 

At tlw ' 1 e uf formation of the 11i118boro h -' h t whi h had 11. 

( h 'Hely l' . led by the tbr ltig'her 131<111 ·hanI levels of Lake .J..~gassiz 

,in' it first h~~'an to outflow llOl'thec stwanI, the lal- ~urfa('.e thus c p ars 

t ) lu ve l)(~en about 140 alHl ~40 feet t n'~p'" ,·ti v I", ·-tl nv the south I'll )1'­

t ioll~ of th . PI' ~ 'nt Lake~ JIHuitoba and "l'iunipeg', allll approxinlateh r 240 

..tnel 3GO feet above the northerIl portioll~ of Lak :-' ,Viull] ) (. ~is aud '\I\Tiu­

'p ... , the nOl'tltwanl (\s -, nt of the IIilbbol'o beaeh being nearly 120 feet 

in tll 1:')0 Inil JS between G-laa~tone and K_ettle IEll. Lake A..goa· "iz during 

thi~ sta .~ ~tretch .1 south in' the Re(l River , Talley about 15 llliles beyond 

Faro'o and jIoorhead; and its total length \' as probably not 1... -' than G50 
n1il ;"' , with a nULxilllUin width f about 200 1niles. 

During the fOl'1nation of the two Elnerado beaches the lake on the 

latitude of Kettle Hill was about 18t) an 1 IGfj feet, re~pectivel. T, above the 

II rthern part of I..ake 'Vinllipegosis, to which 118 feet should be added 

for its depth above Lake Winuipeg', besides SOllle undetenninecl alnount of 

pre -' -.ut uortheastward ascent uf the plane of that lake surface in the dis­

tance of 1110re t1wn a huudred lnile", to the north end of Lake 'Vinnipeg. 

The Emorado level of Lake Agas" iz began at the south about 5 11:1ile8 

north of ~Ioorheac1 and Fargo, and stretched probably 600 rniles to tIl 

llorth. Its width \Ya~ little 1 .':-; th~Ul that of the Hillsboro stage; but the 

northward uplifting of the lower Enlerado bea,ch between Gladstone and 

Kettle Hill lm:-l been only 85 feet. 

,\Vhell the lake held it '" two Ojata stages and G-Iadstone stage, the 

depth of water abOve Lake vVinnipego..is was, suce ,,_-ively, ahout lLl0, 125 t 

and ~)O feet; and its ext nsioll southward in the Red River Valley was for 

the lower Ojata beach to Caledonia, near the Blouth of the Goose Hiver, 

and for the G--lad~tone ben,ch to t.he vieinity of Behnont, N. Dak. t about 20 

ITiiles south of (+rand Forks. The porti0l1 of Lake Aga ' ~iz extending into 

the United States a.t the Gladstone stdge had a length of alnl0st 100 Iniles ; 
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and th tot( 1 length of the glacial lak t ,n near the liddl fits n ir 

tillll' l f I ll·th ..>,t.' tward (latfl W, was I 1'0 than ) 0 1il c>s, with probe, hI T 

'n -third ~ great ·width ill its northern part. The [ttl nnt f uI ard 

a1'11 th~ north upun the ~U'ea ~tendinD' 150 11111es frolll ladst 11 

t() I ettle IIill sin e the Gla hitone beach W<l.' f 1'1 led has'n 40 or 40 

f :.t. About twi·, as llHwh tiltiuO' had occuITell there betw en the tilll ' 

f fl. nnati n of th I-lil1~ (1'0 and eh1,lht ne b --' c: ches as ince the date of 

the lator on f th '0 fihore-lille:. Lake Agassiz in its (-{-In .. tt 

ht 1 hb 'on1 ' redu -\ 1 pre bahly to he If of its earlier llULxinlllln extent. 

~Iossy portage, between Lake vVinnipe ... is and C dar Lake, i about 
. I il . northeast (If l(ettle ill; and the Grand Rapids of the ~ iaskatche­

wall, neal' its 111onth, are about 25 lniles farther east. Both the~ ~ localiti 

C l' nearly on la.titude 53° 10' north, beillg son1e uO 1uiles north of the 

latitude of I(ettle Hill and 2S.) luih~s north of the international boundary. 

The slll11lnit of the eastern )Iossy portage i~ described hy 1\11'. Tyrrell as n, 

Tavelrido'e with crest 93 feet a,bove Lake \Vinllil)e~!'osis or D21 feet aboven (....J 

the sea. It is doubtl .-'R n, beach fornlecl by Lake A.gassiz when it tood 

here at the level of about ~110 feet. Descending s uthward to Lake vVin­

llipegosis, the portage m'osses another beach ridge with its crest 27 feet allc1 

its base about 15 feet above thitl lake, and it is therefore clearly l'efera1Jle 

to a level of Lake Agassiz alH/ut 845 feet above the sea. These stages of 

the glacial lake are quite surely the saIne which Inade the Burnside and 

Stollewall beaches near the south end of Lake )Ianitoba and the city of 

\Vinnipeo'. Au -, ~carplnent cros,_ d by the portage luidway between these 

beaeh ridges appears to Inark the po~itiOIl of the interllwcliate O~kowa shore. 

~-'he Burnside lake level rea ·,hed south in the Red River Valley to 
Gran l Forks, and had an entire length of nearly 500 ;rnile::; thenee to the 

latitude of 5t)o north, with a width fr01n 150 to 175 luiles in its northern 

half. Above the southern end of Lake \Vinnipeg the depth of Lake A 'assiz 

c.t this stage wal-) 1:':')0 feet, aud above its northern end about 200 feet. 

The next lower level of Lake Agassiz, which is recoTded by the Ossowa 

shore-line, lacked only 15 ulile::; of reac.hing to Grand Fork~, and ha<l ahnost 

as great total length and width a,: the preeeding. I ts height above the 

s nth ends of Lake: }Ianitoba and 'Viunip 0' ·was about 30 and 130 feet, 
l' pectiyely. 
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At the time represented by the Stonewall beach, lying next in (~ end­

ing> order, the surface of L~,ke Aga._' :5iz was 10 to 20 or 25 feet above Lake 

Nlanitoba, 5 to 15 or 20 feet above Lake Winnipegosis, and about 110 anI 

140 feet, respectively, above the southern ~nd northern ends of Lake -VVin·· 
nil eo' It yet extended nearly 40 Iniles south of the international bound­

ary, to the vicinity of the mouth of Park River. 
In receding frolu the Stonewall to the Niverville stage Lake Agassiz 

.. '- ill below Lak(~s \Vinnipegosis and ~lanitoba, which reIl1ain a~ tw -) of the 

three large reIl1nants of this vast body of water. On the line of the trall1­

-way at th ' Grand Rapids of the Saskatchewan ~Ir. Tyrrell reports four 

bea ·IL d(lg'es of gravel anLl sand, as all' ,(Ldy noted, at the heio'hts f 850, 

. , 800, and 790 feet ab ve the sea. The first is referable to the Stone­
wall stage, and the three others to the Niverville stao'e, -which js }pre 

componnd, apparentlr on account of intenl1ittent northward uplifting of 

the eonntry. ~Ir. T .....rrell iuforn18 l11e that the Kiverville beaeh on Blaek 
oJ J 

Island, in the southern part of Lake VVillllipeg, is about GO feet abo, e the 

lal e. At the Grand Rapids, 175 fililes northwest from Black Island, it 

three ridges, in descending order, are 95, 90, and 80 feet aLove the lake, 
howing that there -'lVas a nOl'thwa,rd uplift of 15 feet along this distane 

dnring the Niverville stage, and that ~illce then a further differential tilting 

of about 20 feet has taken place. The southern end of the Niverville 

leyel uf Lake ~\.gassiz was near "Nlorris, nIanitoba. It failed to reach into 

the uited State:; by a distance of about 25 nliles, being the first stage of 

this glacial lake that lay wholly in British Alnerica, and it wa:s the late::;t 

stnge held by the ice barrier and recorded by a well-ularked shore-lilH_~. 

L, ke Agassiz ·at this til11e, as during several preceding' stages, reaehe 1 far 

n( rtll and northeast of Lake Winnipeg, and up to its latest year it IDay 

he had au area. of 20,000 or 30,000 square lniles. 

Finally the retreat of the ice-sheet nne vered the land a r . wbich 

the Nebon outflows fr0111 Lake vViuuipeg to udson Bay. T he existenc 

the glacial lake was ended, and this largest of the great lakes of ~Ialli­
t h was -added to the nUlnber of its present representatives or dese nd­

e. ts. Dr. Bell's descriptions of the outlet of Lake Winnipeg and th 
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top graphy of the a,(~joining coulltryl show that no harrier of land . high 

a~ the Niveryille bea.ch can have been l'mlloved there by erosion. rrhe 

original level of Lake 'Vinnipeg, due to the height of the land upon whi ·h 

the Nelson River began to cut its chanrH~l in its prebent course, is doubtless 

that of the well-defined beach obseryed bv Hind between the moutht:i of 
.1 

tho vVinnipeg and Red rivers, having" an elevation of 21 feet above the 

present level of Lake 'Viunip ,g." 2 Traces of thit:i shore-line vvill probably 

be found at nearly the same height around the whole lake. 

SUCCESSIVE SHOI{E-LINES OF LAKE AGA SSIZ. 

1I~ the southern part of the area of this glacial lake, within 75 lniles 

northward fronl its l110Uth at Lake Traverse, £ve principal beaches have 

een observed, and in their descending order have been narned, ii'onl 

towns in ~Iinn sota near which they are well exhibited, the Hel'1nan, Nor­

cross, Tintah, oaU1pbell , and ~IcCauleyville beaches. rrhese shore-lines, 

hen-vever, ,vhell traced farther north, are found to hecorne double or rllul­

tiple. 'rhe Hel'lnan beach in the vicinity of -~t[aple Lake, ~finnesota, is 

divided into fiv-e beadles, four besides the highest having been formed 

when the ri e of the laud, with the slight fall in the level of Lake Agassiz 

arnuunted, successively, to 8, 15, 3U, and 45 feet OIl the east side of the lake 

ill that latitude. Still farther to the north, in nlanitoba, we find BeYell 

beaches corresponding to the single Herman beach at the .outhern outlet. 

In lik . lnanneI', the N oreross and 'Tintah beaehes are each represented at 

the north by two, and the C~tlnpbell and :&lcCauleyville beaches each by 

tbrc. distiuct shore-lines, separated h.Y ~light vertical intervals. The 11ort1l­

ern part of the lake has thus no less than seventeen shore-lines whieh 'were 

suece 'sively fonned frOln the high .... t to the lowest during- the tilne of the 

southward outflow through Lakes Traverse and Big Stone and the nIinne­

sota River to the ~1ississippi. 

4 After the lake obtained its arliest outlet to the northeast, sinking 

Traverse, it forllled fourteen shore-lines. The first three of 

1 hf pter II, pp. 39 aud 62. 
'1 Nnrmtiveof the Canadian Red Rh'er Exploring Expedition of 185;, anlL of the Assinihoin an 

Sa~kat('hewan Exploring ExpeJitioll of 1858, Vol. I, 1). 1~2. 
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pa . near lUan hard, N. ak., an] then ill' inated th 

Blan h 1'( bea hes. The next in desccndin;::; order i ~ the Hillsl oro 1- -(1(;h 1 
tIl ,'ucceec1iug' t\ I) are the Eln rado beaehes, and th - tw« n ,t l( w r the 

Ojata hen h , nan1 d similarly fr0111 ot.11er town " -,f thL, itate. The 

rClnallling six lower beaches are nmued fronl localiti s ill lVlanit In 

t11 .:i Fit; nl e a . cending order, they e01npris tIl Glaclston , Burnsid.e, Ossowa 1 
Stonewall, and N iv-erville heache.', the last h eiug double. Ther are tl u 

ill total thirty-Qne separate shore-lines of this lake in th . northern porti n 

of its area explore (. by In . and all of theln, excepting the lowest, ex el 1 
. nth of the international boundar T . 

nEPENDENCI;~ OF 'rHE LAKE LEVELS ON THE E ROSI O N A ND 
CHANG E iS OF or r.rLET " 

PROGR -. S OF EROSJ ~ BY TH .... RIVER '\ ARREN 

Throngl the gr ater part of the duration of Lak c Agassiz its outl t 

ren ained constantly in one position and th streanl of i.ts overflow', nam d 

the Ri ver '~Tarren, eroded during that ti111e the r81narkable vall ~v, ratller t . 

b de cribed as a trouo'h-lik ehannel, n tl~r 1 to 2 l11iles wide and 1. 

to 230 feet del', which is now occupied by Lakes Traver and Big Stone 

and th ~ ~IiDllesota RiYer. There is e i leI ,e, however, in the terrae ", of 

nlodified drift a.long the ~Iillllesota , Talley, that ill large part it~ ero i 11 

wa~ ,II' -ted in preglacial tirne and during stages l f retreat and readvane 

of the ice-sheet previous to its final departure, when it\ as th 1arri l' ( 

this olacial lake,1 The general surfaee of the 1nod rately undulating drift. 

sheet, having swells 10 to 25 ,et above its hollows, 'which stretch ~ awa T 

on each ~ide from th top of the bluffs inclo.. ing' thi~ valley at Lak 

rrraverse an 1 B'g Stone is a1 ut 110 feet above th sea, and the. I i~'ht 

){ the~ > lak~s at theiT low stage of water Ye, re81 ,ctively , (70 and '. 2 

f t . Beiiwe the retreat of the i -e UllenYCr d this tract, a ehannel 4" l' 

l=",O £ et e P 1'1' a I, exi~t (1 Iter nearly or quite- ntinn ti ale fi g- tll 
ur88 th at W e. tak :'}n b)~ the Ri ':> ' ,Varr n in its first dis hal' )' fi· 111 

below' t11 ~ 
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EROSI ON BY TH E R I VEI-:, W RUEN. 

of drift through hi h the river flowed, i the heig'ht f the IIer1 
<... . 

" hi h , as the shore of the o'lacial lake at an early stab' 
long tirrle ensuing'. The sOlnewhat higher :\Iilnor 

been du to th ' telllporarr l)arri "'r inteq)os d at fir t by the 
and sand of the g'lacial Sheyenne HiYer, Spr ad wholly (tc:r s. th 
end of the lake at its beo·inuino'. 0 
b tw n vVhite Rock- and 'Vheaton, the HiveI' Warren flow 

tiule with rapids, speedily cuttino' it down 20 r 25 feet tu 

th previousl T e isting' channel along the di tanc of h( l11il 

pres nt "it , ::3 of Lak .. Traverse and Big Stone. This ehannel, whos 
de =>nnilled the level of the Herman beach ,;vhile th , lal e expanded with 

tIl rec -ion of th ice-sheet eye 

vestige of a preglacial and possibly int rgla ial river 

fill I by th drift deposits. Reasons for this belief are 

in the nleuloir on tll lVlinne~ t ,1alley b fore 

des ription of eertaiu reluarkable chains of lak . in :Martin 
N early all th j chang , in the relativ h ights of Lake Agas,-iz and the 

basin that held it, by which the I-Ierlnan bea ·ll , mne fourfold ;: nd .>n 
, I 

._ venfold in proc ediug northward, nUlst be ascribed to epeirogeni r plifti 1 

of the land, ·with only a very 8111a11 elen1Gnt of challO'e ill the lowerincr of 

the lake level by erosion of its outlet. 'rhe southern p _rtion of this ~h l' ­

line as far to the north <.18 the latitude of nloorhead. and FaTO'o, i~ lluuked 

by a single beach ridge, very definite in fonn and course, but llotm. ;"iv 
in corrlparisoll with the pre~ent h aehe~ of the )eean or of the great lakes 

trihutary to the St. Lawrence, the Nelson, and the niackenzi, vVhile Lake 

A b C: s iz was fonning' the IIennan b e: ,cL, erosion probably lowered the chan­
nel of t Ie RiYer vVarren and the leyel of the Ie:,] e 5 01' 10 feet. I)uring 

the sa Ie tillle ' luuch greater differential northward uplift, presently t be 
'0 sid red, was in progress. 

As thi change of 

onth , it is -ri­

l' ' Varr ,n 1'0 led 

I G 010 ~y f :\lillll 

~ r r th 1 vel of the I-Iernlan beach to that (,f th 

. outhel'n part l f the lake, adjoiniI !y it. 

n tl tlat , ~ 0 tl . e ::;hore-line' the Ri 
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its 1 to this additional depth. Through a ccnnparaiively long tiIne, r ep­

l' entecl by the Hennan beach, this laro ' outflowing' ri l', bearing the 

water~ 'uppli 1 by the progressive glacial IneIting upon a vast area, had 

1y ieepenecl its channel slightly; hut at. the close of thi._ stage the divi­

sion between it and the next following Nor~ross stage, though doubtless 

nly a short interval of tilue, was nUlrkecl by a c( nsiclerable increase .f 
depth of the channel. 'vVhy was the river able t erode so lnuch faster 

then than during the thlle of fonnation of the IIennan beach, l' f the 

N orcross beach afterward, which likewise repl'c:'ents a noarly stationar)"'­

pt~l'l in the progress of erosio11 of the Lake rrraverse Valley / The 

ansv{er ·which seems be~t was suggested to llle by ~lr. G. K. Gilbert in 

a lett l' dated FeLruary 3·, 1888, as follo-w8: 

• ... Retreat of the ice modified the geoi(l, and perhaps produced also a. 
cTustal chang , and in con eqnence the baselevel assumed a. new attitude to the land. 
The r iver alljusted its grade to the Hew conditions, and then remaiued stationary dlll'­

in . the formation of the l.J"orcro~s beadl. 

The portion of ~1r. G-ilhert's explana,tion which we 1l1USt appeal to is 

that attributing' the temporarily rapid erosion to a crustal change, that is, to 

an uplifting of the region about the n10uth of Lak Agassiz; and this l11e t 

the case fully. rrlwre was, howev l', no a.pparent reason why the rea'ion of 

Lak Traverse or the l\linnesotaValley should be thus intel'lllitt ntly le­

vatd, so far as we can direetly C0111pare the change with the process of the 

glacial retreat; and to what extent this I110Vement affeeted the northern 

portions of the lake area ean only be aseertained by very exact compari­

son of the altitudes of the lowest IIel'Iuan and the highest Norcross beaches. 

,.hytluuie stages of elevation of the couutry aeross whieh the Riv l' 

'Van'en flovved, intervening with pantle ' ill the action of the uplifting forees, 

are s1 own in suce . 'ion by the Norcross beaeh, to which the erosion fi'o 
the level of the lake at the la/tel' pc-trt of its fOl'll1ation of the lIerrnall beaeh 

as about ~o feet; by the two Tintah beaches, to the first. of which th ,re 

was further erosion of about 15 fe t , aud a siTnilar :UflOUllt 111 )re to the sec­

ond; 'by the Campbell beach, to ,vhich again the river still further eut down 

its J annel 15 or 20 feet; and by the -~lc 1auleyville beach, form d )7 th ~ 

lak - when its ehaunel of outlet 'wa-' the bed of Lak e Traverse~ once lllore 
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16 to 20 feet below its preceding level. Each of these heaehes recoTds n 

c _n1pG rative1y long paus , in all uplifti 0' of the land adjoinllo. the lllouth 

and uutlet of Lake Agassiz, whieh was periodically renewed during brief 

sta,-::; co, of omewhat rapid iner a", of elevation at no 1"'W' than five tin1 , 

, hile Lake Agassiz outflowed south war 1. The regularity or rhytlllll in the 

sequence of these beaches, and their divi -'ion y n -, ~U'ly ual vertical inter­

yal ~ , were douLtle ._ produc.d by rh rthn1ic uplifts, alternatino- -with longer 

stages of nearly e01l1plete rest. 

In t tal the ri. -' of the ountry about Lake Traverse appears not to 

have exceeded ~'O feet during the time of existence of the River vVarren, 

and pl' . baLly it was 1 ::1SS. This river i n t known to hay fornled. al1u ial 

d P( ,its along its course, building up itb bed, but instead ,vas apparently 

cutting down its "'hannel through _nt th I whole extent of the vall y n VI 

o 'upiec1 13/ Lak '. Traverse and Bi~ Stone and the :NIinnesot< River, finally 

flowing at Belle Plaine, in the lower part of the :Nlinnesota V all ~y, proha­

ly 1[' 0 £ ~ 1 w th pI' 'ent river and 14 feet below lcnv ,. c; tel' in th 

Iis~issippi at St. Paul. I A considerab1e share of the total erosion of 90 

£ et. fron1 t.he Herm.11 to the NIc jaul yvill bea, h i therefor -' pI' b·"tbly 

attributable to the descending slope and ordinary downward cutting of tll 

River vVtUTen, independent of it stal:) , f faster rate -when the ,-outhern 

part of the barsin was being 1 vated. vVhile these five slight uplifts, proh­
eLl)ly tOt:- ether not exceec1in(r 90 f t and pm-hap,_ no Inor ' than 75 or 50 

f et., took place at the south, a luneh larger nUlnber of elevatory lllove­

Inel1ts, lllostly of sirnit r ly small amolu1t, to be presentl eli ,ussed, rai. d 

th n rthern part of the lake basin 2 _ 0 to 300 feet or lllore, their aillolmt 

becoming greater frcnll south to north; The little depth~ that the Hi .1' 

'Val'ren roclecl during the several stationary stages of the southern end of 

the lake basin harmonize well with the ~n1c 11 voluI11b of the beach dept sit 

c awith the 'canty am unt of -·liff-cutting- and other wave a -tion Oil th 

hen'es, all attesting the brevity of the tilne required for the work clone. 

Ie age," Proc" A. A. A. S., V u1. XXXII, fo 1883) pp . 227-231. 

MON XX -15 
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L TEN. OUTLET N RTH EAST WARD. 

"Vhe th outl t f Lc. k ·hal ' . d an ( f eli. ­
1 c. .r '0 t ward the northeast was obtained, the south en 1 f the Ike at 

fir;;t f II unl 15 fee below th .d iLul ill , fLake 
'Traver. . It;, lunnerous stage., recorded b~y the shoi'e-lilles of the hoI 

tirn " of northeastward until ,until tIl ~ r t1' at ( f the i e-,~h t un ' ,~ r 

the I' nt "'onrs of th Nelson, were in sue 'essi 11 each lower than the>,c. 

prec ·cling b ;r the followino' al1l0unt as cl :.terlnin cl ostly 1 y I v linD' n 

th lel ' tud f ;la,dston ,ilL itoha, 30 il ·'8 north of Lak Trt1 1'.', an 

4 l11iles north of the interuationalboundary: rrhe fin;t, second, and thil'J 

Bhu hard J ~ l ,11 ,r ! 1 e ti~ ly, .: ,b ut ~O, 1 , and 15 f ot; the Hills r 

b a , 12 or 1 fO :lt ; the EUloraclo bach, about 3 £ et ; the j . ta 1 a.l , 

25 £ t ; th GL (1. t n beach, 20 feet; tIt Burntli bec h, a 'ain 2 t; 

the sso a 1 ach,l feet; the Stone\vall b :\ach 20 £ t ; and th ivervill 

1 
Th -'nee to th eaTlieQt 1 vel fLake vVinnil e . th r w ' 

a 'ain a f~tll of about 45 eet, anI er ",ion by th N el on Riv r 11£ ,_ 'llle 

I wered this lak ;l about 2 f t. 

na t1 e i up II H ud nand.J:: me ay '-' an I th adj llll 

c nntry had so rec d d as to iv t Lake Ag~'siz an outlet 10\' 81' t.han th 
I ' . .;1' 1Varren, it 1 ,:>o'all to 1 drained il that dir , . n , p rhaps fl ;vin ' ~ t 

fir, t across the wat rshed betwe II the Poplar and ~ vern, and h Iter al no 

1 er t nI' o', incllclino th can )C rout ., b th Hill an Ila n · .. .. 

Each of it~ successive outl t , ,va.. probably eroded to a c nsiderable c1 :i1 tl 
being occupied by th outflow-jng r iv .r duriuO' the tin1e _f £)rlnat.ion f tw 

l' ill r h aches, until the retreat of th south astern 1 1'cler of the portill 
f the i· -~heet r JnaininO' west of I-Iud~on Be tinnIly p rmitt lrain 

to t \.. th 'c nI'., of the ,J ..I OIl, the i e-dal rn 3. Lak Age iz bein thus 

it w ati r a 11.; ]1, I 

be an to 
an 1 f th upper pal' of its eon ' 'e. 

In e " n f th ~ ri .. of v rti 1 intervals be en th , 11,-, 


1 Is If th lake during' it northe[ tern drainao' suo·o'est.~ th. t. [ I' 1 al l 
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th .: ,r li t u ]e . th f the 
tll1' Blanchard b ( he. ' (nd the lIil1. 

b c ·h 1 a 

t ime pIon ti{ 11 and 1 ,- ling 

th( 1 'h I' ba 1 T .lot until aft l' 1 c. il T aunt of t1 diffi nlt .,. of 

Cel " yjne; in tnull 1 tal Burv y thrOll ,It tlHt , oDd d ~ I d u inhabit d r gi n. 

DEPElJ: D ENCE F LA} E L E ET~ 0 E P EIRO GE NIC E L .,.ATl .l: . l 

Th fiy . 01' six distin -t bea -·h CA that i by th " nth rn part 

f L e Ao'a. iz dnrillt:; its ntflow soutl w c. r 1 aT I' PI' nt d in th 11 Tth­

ern 1«: 't of itti basin by cyente n separate . h)' -line ', whi·11 ar rna 'k d 
01 -·finit::. b a -h rid~' . T he 'ndividu.: 1 b aches at th >:' nth h iner 

traced northward, becollle doubl or tripl and the hio'h ... t 

1 " J '} exp 

rucIting' pI' o'!'esscd. rra i tation of the la 

i e, «: its re' se vith the crlaeial l' C :1 

nat to xpl' in the bseryed northward as ent of th 
f , th hi h t Henna 

t the o lth, ut theI , t 

p , 
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ralll ' " frorTI 1 inch per ruile at th . R nth to about 2~- incheti p r mil from 

the 'nteruational boundary to the latitude of Gladstone. 

" itlt further exploration and ·tudy, includillg' the portion of the lake 

~u'e~ "" cnlillecl by Ine in ~lanitoba, I bee~ll1e convin. 'eel that this explana­

tion i._ i applicable to the probleul, beca.nse the highest beach of the Her­

0.;IDe 1 . 1'i (forlned ntelnporan .ou81y with th , six large deltas which"\ re 

d p nd nt for their fOl'lnatioll 011 the accOlllpanying retreat of the ice-8heet 

'uppl} il go their sand and gra e1) is found to be continuous along' an extent 

f I e ,1y 2:")0 luiles frenT1 south to north, reaching frolu Lake Traverse at 

1 a t to Thornhill, in }lanitoba, across an area vvhich has several prOlninent 

ill rill of re ,s8ion, denoting important s ta,o'es of deerease of the iee­

·11 et. r:rh .e lllOra.ines extend to the horders f Lake An-as 'iz, and the 

i 'e fr nt at he tin1e of their fOl'lnation traversed the lake basin, There­

fwe, if dil inution of the ice-attraction weI' the principal eaus of tl e 

ehal g . of the levels of tlH:~ lake, we should expeet the highest beach to 

t\~i e lllorainic belts, a.nd another ~ lllewhat lower to take 

its I la -' thence northward. 

F r ·rid iu the in e.:t.igation of this and other l110velnents of elevation 

of tll 1.: d ft llowing the departure of iee-8h ' ts and the evaporation f 

Lake B nneville, ~Ir. H,. S. \Voodward, of the. United States G-eologieal 

ur 'ey 111 ,de a (',areful rnatuelnatical C0111putation of the effects f such 

rna '~ of lnatter forn1er1oJ existing upon portions of the earth's surface to 

d ~form the reoid or level of the ,vater of lak ,8 or the sea. I 11is r -suIt, 

agr ing approx1Jnately \V ith conclusions horn SiIl1ilar cOInputations by 

E urope Jl Illathenlaticians and physicist~, show that the North All1erican 

ic -8h t, with its known area and its maXimUl1l proba.ble thickn s , would 

e c, pable of drawi g- the level of Lake Agassiz upward to the n011,h not 

1110re than a quarter, or peI'hap8 no nWl'e than an eighth or t ,nth, as Inuch 

a,,' th c BC nt of the HerIllan beach. It is thus evident that we 11111st look 

to. ne other c use for explanation of these changes of level, and thi" 'is 

founo in a differential uplifting of the lake basin, increasing' in a1110unt 

fr m nth to north UI n all the ~u'ea where we have determined the 

h iO'ht of the beaches. 

, 

J 
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The departure of the sheets of land iee vyhieh spread drift £ riliations 

over the northern part of North .A..lneriea, northwestern Europe, and Pata­

g nin, was in each f the 'e great and widely separated areas tt nd y 
a depression of the land, vVhile eaeh of these ice-sheets \vas melting 

away, the Ian on whi h it had lain was mew} at lower than n ~v;rl and its 

coa;.;t8 'were partially suhI11erged by th sea, These are the onl) . xten i Te 

l' 'ion of the earth whieh have lately b rne i -sheets that' h 11 W 

In(~lted, and it s ms' to b a In 8t reasonable. inferenee the the vast w ig'ht 
of th iT burdens of i "e '\ as an ilnportant el8111ent in the 'auses of th ~ir 

In the eli'a.ppearance of their ice-sheets, eaeh of the C 1­

tinental a.rea has b n uplifted, probably in large nleasure bee use f the 

\' . hdI'aw~.l of the ice-loael. In nrope th 8 e etr enie m v ill nt of 

depr ;" ion and reelevation 8eeIll to havo l)een rnore nearly prol ortio at t 

th v lum , and .:.xte t of the ice-sheet than on our JOlltinent. . oth in 

North and South Aluerica, other great epeirogenic l110vemen s ( fi'ec ti g' 

Im'o'e are(; is which \' ,re ne .r glaciated, have been in progress, app'- re]J tly 

during the sanle tiIne and in clos association with the 0 illatio f th 
gLl 'iated regions. In another chapter, treating 1110re full., of t1 caus of 

the ehanges in level of the beaches of Lake Agassiz, the~ c mpl x In 

lllents of ur continent and other parts of the world during the Quat rnary 

era will b reviewed for the InuT,o"'e of learning, if p ible, h wI ,hy 
su 11 sabsidellces and uplifts of gTeat areas take place. 

At present we n ed only to il1luire what \ re the amounts f 1'e ­

Si01 f the basin of Lake Agassiz and of contiguous parts of this C I tin nt, 


th ~ would :;rffE,ct the history f this lake in it reduction '111 it '" 

.! 

hiL 1 8t level to its lower shore-lines and to Lake vVinnipeg' and what w 

th IDe I ner (f the reeleva.tion, v' hether by regular and. -, n tiuue rno 

In en i, or by internlittent uplifting an 1 stages of reI .' , and v h ther th 
b a: in " Tas uplift a .differentially as a whole or in succe'sive porti , . 

t D e:prp , ion of the continent shmun by coo. tal submergence.- A w r il ' th 


first part of these inquiries so far as w Inay by the known extm t of oc anie 


u ID"!'O' nce of the land when it becanle un' " yoroel frolH the it: 1 W hav 


the t ~tin on T of Il1arine f-)ssils in beds overlying the glacial drift wIn h 


low that th untry southwest of HucLoll aud JaIlleS bays then 8tO d 
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f t low it.. 1 r a ill "' Ta. e-

t:) £ :. t · tIl 

n 

tIl S~ gu 
20 

a ' t c 11 1 
tIl ~ 1· 

11 i 'h . ()f 100 

It is prol abl 

p sit. , c 'e no fun m asurmTI n t .. 

II ad 'lT TIlpl t upliftino . of tll• 

~,,;a: .'iz wI ile tll i -sheet was r tT ( ting' fronl it an We: " 

1 nrri ~r of the wan illg !!'la .ial lak prov ",: that the reele ation 

1 " I, ~ follow .. d t1 dl:'p: 'tare of the iee, and suO" ests that in the district, ()f 

tll beds some uplifting nwy lu ,ye be n dOlle ·while the ic> au 
\\L . 1 " ')11 il U' thin, but had not wholly disappeared, or at least before its 

l' trt ( t 11[11 IJened ways of ingress for the sea. 

])JpJ'e.(;sion and J' elcl ation of th l)l{S;'U of Lake A aass'iz shown by djf/l ')" 1/,­

tially npl ifterl beach s,-If we next seek a IneaSlue of the:su id nee of the 

h 8in "If Lake Aga~tii" wbile it wa~ ie -burdened, no nwrine beds above 

the !rift in thi~ district can aid in giving- an ans-wer, but we lllUst look 

to the known <1111OU11t of northward uplifting of the once level beaches, and 

fi' 11 11 tltil'i lifferential elevati011 it seenlS well-nigh snre that the InaxirUll111 

depr 8.:ion \ hich this basin underwent failed to sink it~ lowest part, the 

.'hallrn T c1 r fLak vVinllipeg, to the sea-level. The eentral alld northern 

p l' . n f the area of Lake ~gassiz where the gre~ t lakes of ~1anitoba are 

n T out.·pre;'1l1 (- ,_.leIre.., ·d apparently 400 01' 50 feet, earl'ying" the pres­

nt .., r' "fLake " innipeg do,vn to an altitude of (111
01 

' or 2 0 f t 

aboye t1 e ~. a; l:mt the bed of thi ;;; lake, whi h j ' less than 100 feet deep, 

We; ~ . till al Uy the o · ( 1. rrhe aIllOl1nt of subsid nce her i~ thus fonnd 

t b e han lUCIUS with the t of other part of Hn' o'la iat cl ~u'ea which hor­

d r tl th n l Bud. n Bay, ~ " a whole, the ic -enveloped portion 

f t1 c ntin , t is seen to have sunk slightly 1 or ill it~ 'elltral r o'ion th n 

11 its b ullllari ~ , . The Y rti al ext 11t of the rnaxilnUlU known clepres'iou, 
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d t 11lln d b 7 ] Uaril l f ' ::silK f t I l) ~h'Ul I lain ·11 an 1 y th in lin 1 
b in th great r 

n ')J'ly tbe Harne f: t 

et. ill ~1G nit be., none 

t, pro -a1J1 
harlotte 181·-ndL at d 

t( tl 'C fi 'Ul' ,', ut. PI' ba ly n , her x, -,ding' a 

quart I' r thin} In l' ,i requirefl to give the earlier extrenl exteut of he 

ub. id ll' )f t le i· · -w i, hte 1 1awl, thus 'neIu Ii] g it. ri ' b ,' 1'e th ':l i ce 

a . had , holly IncIted, r before the sea w as adnlittecl to IIndson andr 

;. ill c.: L . Iy~ , an 1 to the St. Lawrenu ..., Lak ChaInplain, and Ottaw <' • val­

le T', But 1i.' 8111<111 added ~llnonnt was offset in part or entirel T hy the 

etfe ' )1' oT' \ itation, which ntis -'it the level' uf thE, ocean G n 1 lal ". toward 

the ic -:1 et. Thes J two ea,uses of changing levels acted in conjunction 

ill their l' lations hip h) the ~m'ies of shore-lines of Lake Ao'a~siz, and tu the 

positioll and course uf its outlets after it fell below· the ,hallnel at Lake 

1\'a\"8r8 ::l : but tit ffe(~t of ie:> attraetion Dlust be deducted fi'orll the t tal, 

if W e ask the . tent uf el irog'enic suhsHlence and reelevat.ion, '\ hich there­

f l' an.~ pr bahl,v elosel r ""pressed in the figures before stated, having a 

m a. illllllll of 500 to GOO 1'(.. e1. 

Improbable h/Ilwthesis of an outlet ,frO/it Lake Aqos. iz to the },I[ad ensie 

Ili l '1',-'V :.. lllaY th .refol'€.1 di. hi,,' as uI'ltenahle the'uPI :-rition that tl e 

n ttlow (,t' Lake Agassiz, after falling below Lake rrraV' rse Hnd tll 1\1c­

aule '11e headl, and h iug till 01 structe 1 frun going to Hud, n Bay 
by the presGnee uf a large renlnant of the ice-sheet there, could have 

P ,' :.. d f r a tilne aeross the divid~ between the Chu1'ehill and Atha at\~.a 

ri e1's, thus being (lis ·harged j I t) the Jlaekenzie and the Arctic Ocean. 

Su h northwestwanl (lutfLow n-fould have l'Tossed the present wahx~hed 

n (; 1' the 1\Iethy portage, or 1y way of 'Vollaston or Hatellet Lake, wIti ·,It 
h( : tw ( l1tlet~, uue to tho Chur ,hill and the other to the ..:\.1,ha (s ,(, The 

aHitucle of the SUlllluit of the l\lethy pOTtage, according' to Ri.chardson's 

() ~ l' Nlti n;.; , with 'UlTe tion fur the IlO,\V hetter-kuu, 11 hviO'I tK fLake 

" iunipeg and the f \t'katclH.nvall, appears to be about 1,750 feet abov IH3 

snb'idenee 

n r ~al , 

f 

<. he.· f t1 ' ;5 V'l 'L 'ial lak 

part of 
Ott.,:,,,, ( 

f'r nn north tu " nth, H1 the Qn en 

Briti h \ Ll1 uhic: , , 
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, ea; and ~lethy Lake, at the head of a series of lakes and connecting 

strean1S tributary to the Churchill, is about 50 fe t 10" r. According to 

Dr. Robert Bell, "there is said to be a eontinuous watercourse" n ar this 

portage, pa~sino' iI'OJll the Olearwat 1', a branch of the Athaba. ca, into the 

Churehill hasin; 1 hut its height forbids the inference that the waters of 

La e \.gassiz ever utflowed there, for a tmbsi lene of 111ure than 700 fe t 

"\ oulcl he required to recluee :Nlethy Lake and the divide in its vicinity t 

the lp. -r .1 of Lake rrrayers, 1n8t ,e el, as w .. state on page G4, it is my 
belief that thi8 channel was the outlet of a lake in the Athaba' 'a ba '" , 

clan ed by the harrier .f the re ediug' ice-sheet on tll north and thus 

nlade tributary to Lake Agas8iz. The other pass 0 er the wat -rsh , 1, T 

th ,yay' of 11atchet and Jackfish lakes, situated 300 to 375 Iniles rth­

,st of the ~Iethr portage j ', probably 1,300 or 1,400 feet abo th I" a 

an 1 presents nearly equal difficult , to the hypothesis of an outlet l' III th 

,'TiIm ipeo' basin to the )Iack ,llzie; 1ut again ther is J11uch likelihood thG,t 

this cours also served, at a la.ter date, as au ill1portant avenue of inflow t 

Lak (J'as~iz fro111 the ...I\,thahas('a glacial lake. 

Probable hypothesis oj the dischw:fJf? jrom the no -theastwarcl outlet bei1 9 
tribu,tary 8U ceo, i'Oely to tit lYII:ss issippi lndlfud:::wn r iv r:i,-When tII clis­

charg'e by the River -"Tan'en ceased, the new outlet flowed north astwariL 

Perl "I S, ~ ,;:; before stated, it turuecl back for ~Ollle till1e to the south alono' 

the border of the waning ice-sheet, and thu~ still }Jas. ed iut the iHi: ..~issill i 

by the way of Lak=>s Superior and ~1ichig'all. Stranger yet, through the 

effi t f .. bsidence, which O'reatly 1110difi ::.d the e ndition.. of drain,~: i 
the 11'1l11pla.in epoch as pointed out by ~lr. G-ilhert 2 this overflo~, pre­

YOllt d 1)), the ico-barri ,1' fronl o'oing in th · dire ,ti( n f th land slop t 
Rucl~ou Ba.Y-, nuty have been later carried into the Atlantiy by the ~fohawk 

alilL Hudsoll river '; or, at <: still later sta '8, it Ina ha ta "n its e urs 

past the nloutl of Lake Untario to the sea 11 ar the head of th Teatly 

enlarh d ulf f St. Lawren "", vvhich theu fille 1 the 

~ 1~lal 

St. L~ ,wTellce 'Vall T 

the ha~ill of Lake Cluunplain, and the ttawa Valley to Allumett 

ith map (al so in t h 

http:11'1l11pla.in
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or hig-her.1 Perhaps, last f all, before the glacial reces~ion adn1ittecl the 

sea to Hndson Bay, this di" harge frolll Lak ' Aga -'iz, flowing through a 

OTeat ()'lacial lake in the southwestern part of the basin of I-Iuclson and 

Jau1es ba ,would find its low ~t and ~nal outlet to tho south by the way 

of Lakes Abittibi, des Quinze, and Telniscalniug, then entering the tta wa 

arlll of the Gulf of St. Lawrence. It som ~ even po~~iblo that the vicissi­

tude ' of the changing courses of drainage produced by the gradual retreat 

f tlJ ice ]l1fl)7 have illdwled for the outflow fronl Lake Agassiz, aft r 

it b o'an to pass first northeastward, all of these four ultiruat rontJ~; fir:-;t, 

1 r ChLan'o to th:> Nli -, 'is~ippi i ~e ond, by the glaeial Lakes Algonquin, 

Lundy, ancl Iroquois, and the :Mohawk and l-Iud n rivers, to the l~tlalltic; 

third, by the lake portion of this route, and perhaps for SOlne short tin by 
Lake Nipissino. and the ~Iattawa Riv -'1', to the he.. 1 of the ulf of Dt. Lrn\ ­
rence, then filling the St. Lawrence Valley and a part of the Otta,Ya ba~in' 

and fourth, by Lake A bittibi, crossing the lowest point of the watershed 

between Janles Bay and the St. Lawrence. The knovvn epeirogenie sub. i­

dence of the ChaJuplaill epoch alld the probable InCLuuer of reces~ioll of 

the ice border frorn south to north ] ~ ,ke eaeh and all of the~e conI'S " 

diverti110' the northeastward outflow to the south, far 1110re probable than 

either of the ecJur~ s hefor8 Ct. nsidered by "rhieh this glacial lake illight be 
supposed to send its overflow to tho Mackenzie. 

Dt, i ,ion of tlw 'ice-sheet 'into parts east and 'I.l:est of Hudson Ball.-It eOlllS 

to 1118 lnost probable, however, that long 1 fore th lnplete cl parture of 

the ice-sheet it becaIne 111elted in twain uy the laving" a.ction of La1\: Ag't.1,-, ­

siz and of a. great glacial lake ill the Boutln estern awl southern part of tIt 
1. usin of I-I ndso n Bay, and on its other side hy th e sea. washing it:, j. c>-eliifs 

in Huclson Strait and the 110rth rn part of H nelson Bay, ~o that the la.test 
general ~·la. ',intion of our eOlltillent was confined to two a.reas, nne ea: t a.nel 

tll other weHt ()f this ynst medit ,rrallcan sea. ~ '-' .eral of the lower ;-;11ore­

lines uf Lake .Agassiz, fOl"lned during i ts northeastwarc~ llrailla~' , if not 

all of them, douhtl J ~ nmrk level~ of outlets <which flowed iuto tIti::; inland 

s a, until the northward reeession of the rell111~1ut of the iee-sheet 011 it:-i 

W ~::it . ide laid hare the ,onrse uf the N bon. Careful colle tion aud stuch 

I Am. Jour. t:i i . (3 ), Vol. XLIX, p p. 1-18, with map, Jan., 1895. 
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A moll nt of dur' r '/dial d ~ '(ttion uefll; e JJi, L (t/.· ~ T J' rt rt, ),. ' (~ {(nd Glad t 'J v ,­


II '" the n (l Ui '01' , TaU y a uc1 the lake Coulltry of 1Ianit -h 
fr )) It ~ late g'l " 'i ~ 1 or ,hmnplain 1:.pr ~:-;iun is tolll 1.~ th inclin~ tion of 

tl . Lake ·:\~;a. siz ~hOl'e-lin .' . So far as exploratilHl and dotel'lniunti nl 

the L ight:"i of the beache.' have exteuded, including 1 tll rn. en an 1 
~Ir, T Yl'r .-'ll ~ W H'k, thero i~ fOllnel to be a northward a ~ ' ellt of the old lake 

1 v l~ ''l'eatu; t. in arnount along the earlier awl higher b eae-h ei:) and dilnin­

i..l iuo' all ):,t to horizontality in tIl - latest and lowest. C .1Tlparing the 

h eights of tlte beacho~ at ur n eal' the lllouth of tho lake " rith their lleigll t 

ab nt 30() lnil -~ to the north, on tIl :. latitude of GladHtone, -whieh is II ~ar 

th orthern linlit of Ill y observations, it is seen that the epeirogenic uplift ­

iug of thi~ I art of the lake basin, inerea~il1g gradually fron1 ..; uth to 11 rth, 

(uld the fall (Jf the lake surfa 'e, also greatest at the Horth on act-ount of the 

cl crea.:ipg· freet (f gravitation toward the diminishing and r . e lin~:; ic ­

._heet, were together ~LpproxinuLtelr 2G5 feet in this distance, averaging 

n early 1 foot pel' 1n11e, after the fOrInatil)u of the sec JIu1 I-Iel'lnan beaeh, 

whi h is the highest found un that latitude. Of this eOlnbil1ecl uplift of the 

land. a.nd fall of the lake, about 80 feet had tak en place before the forn H­

tion of the N orcrOl:is b each; ~-)O feet lDor b efore the upper Tintah h each; 

ahout 45 feet 11101'e befure the Can pb 11 b each; awl again ~OU1 , 25 feet 

more before the )IeCaule\Tvi11e beach; leavill~t emlv 65 feet of th \vhole 
.J l..- ' .J 

2('5 feet of ehanged level to take phlC after the lake b '(I'CUl t utH . w 

north a~;t ward awl it appears that all but about 20 feet of t hi :-; renutiniug 

eh clnge had b en aeculuplishell befon~ the funllation of the low :st or N i cr­

ville ( ch. 'Vhilo the i ' 0 was departing f1'CHll the 'ount1')' Hnd still wa -' 

the barriu ' of the lake, this part of its basin was nplifte J ll(jrl rly to it~ 

I ' in'I:J h iB puragr' p ll a . writ, ~ Il the x pl uratiom; of )11'. J. B. T . lTell iu the r ,,.ion from L a ke 
Ath bn 'n IOrtL a, r. to t he Chosterfielcl Inlet of lln(l~ 11 Day ((i-eol. )Ia ()'a zine.IV, Vol. I , pp . :394.-398, 

ept., 18H4) lwv' ,Ir i\-en m il h support to this opinion. See also Profp 'sur ' lwrnoerlill 's lllap of the 
ort.h Am ri 'an ic - heet, w h h indicatious of its cen ters a.nd currents of outflow, iu J, Geikie's '1'e·t 

Ic g, third d. , I ~l4, PI. XI V. 

http:Ia()'azine.IV
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pres I t altih l ,and t1 ~ t t~d am nnt f th liffer uti .. l ti ~,n in thi. 

~~tent of ' Iml " after suh tra til 0' a luarter urt )l' tll - proba 1 or 
I 0,' ib1 elf ... ,t of ito ( ttr c ,ti Ill , ( S ( 1 u t 20 f l A, 

Altcfllatl) -taye ' 0/ el 'ation awl Fe f.-Th iderable numb r f r1 fi­
uite additional ,1101' ·-lin " oh " 'v ~d in roeeedilio' the north indicnt :.I, ' , like 

the ~ t ..!.' , f e )'1 ,j 11 by the Hi er \ arren betw n the tinle,' of f r .. ti n 
of t il 1) -'n '1 e:-; 11 "ar Lakti rrra yor -' i that there "\ 1'0 p 'i d~ of com (; rc; ­r 

tiv l ~~ Tapi 1 u plifting ;vhieh aIt I'll ' ted with )tllers of l' p ~ -, or (If ery ,1(1 
1 r gT ' of tho general I il'ogellie 1110," ment. ,;ertical uplift.? of lO t 

... U or 25 f · t ,v"r8 J allY tinl ~ rep at .1, an :l weI',' I arat -' 1 by I] .l' 

intervals f ro ·t. But the initiation of these stage of uplift was delay 

Hutil 10l\~' a t 'I' Lake Age: .~~iz b g~ n to exibt. The ice-::sheot had retreated 

frolll Lak 'I'raverse to )Ianitc>ba, and three or four conspicuou._ lnoraine~ 

f l'(-~c'> " ~iUIl had heen forll1ed, while the lak'> level repo~ed undisturbed 

during th :~ f0l'111atioll of the first and highest beach of the IIern1an series 

and the acmunuhttion of the enllteIllpOraneous deltas. Such tardiness in 

the behinnin,o' of the ele,'ation f this area, as it is recorded by the inclined 

shore-lines, implies, auci, indeed, rnakes it ahnost certain, tl1at very lit.tle 

upliftiu5 ' , if ell y, had tak n plae> during the tin18 of IneIting: away (f th 

i 'e above. If the restoration of the land to its ,vonted hei£dlt had ahead " 
<'_1 . 1 

begun under the thinned edge of the ice, it would probably he: ve gem 

fonvard 1110re prOlnptly-, while the Heel River ,ralley was being gradually 

oC'cnpiec1 hy Lake Agassiz, f(~llowing upon the retreat of the iee-frunt. 

Later {tJul greater iinclination (!/"l) caches alon,g the base of RicZin,rf rturlDu .Je 

JJwurdain,"',-On the area of 300 luiles extent ii'onl south to nort.h between 

t Il' llHHlth of the lake and Gla.dstone, the epeir g'enie differential uplift was 

1110stly donG before the tiules of forrnatioll of the Cmllpbell and ~J 'Canley­

vilh~ la·J :::i , tIt:. ln~t two 1- . long-in:" t ,- the southward ltlet; but farth "I' to 

tIlt, north, within the area at the base of the escarpnlent of Riding and Duck 

InOllllt< it " where ~Ir. Tyrrell has nUll ped the eaeh ',' f this Ink and 

cletel'ln-in cl th -ir height "" a yery irnportant difi'erential elevation, arnonnting' 

tu ahout 3 f8et per Inile alono' a (li~tall '.' of be il bet\ l, ~n Vall r and 
Duck l'i, r, -t1 (t i.' , lp hv ell 1~-,tituJ~s rJl ° 15' and 52 ° IJ.crth-to k 1 Ian 

aft l' the 0 <:1n11>b 11 and )lcO<:'Lul y ville bee ell ~, , ere fOl'l-:nec1, since theyar ' 

I 

t 
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thus remarkably changed fronl their original horizontality . I IS clearly 

shtywn here that the uplifting -was not unifol'lllly proportionate and l' >o'ulal' 
for the whole area of Lake Aga-' 'iz. The chief rnOVe1nents of leyatioll _f 
its southern and central part, as far to the north as Gladstone, SeGIll nut to 
have extended farther, at least in theu' full' proportion. The district. 11 xt 
to the north along an extent of 120 wiles to Pine IhlCk, and wan riv c.r.. 

at the north end of Du k ~lountain, was perhap. only s far listurbe 1 h 

the' --' rno", mYlents at, was neeessitatecl to COlnIdct the rise of the countr 
on the latitude of Gladstone with the C lltinuino' ,oncljti n of In~ ximn 

sU ",idenec "In the latitude of the lower part of the Saskatchevi'an HI d 
he north end of Lake ,~rinnip -'g. But ther ensued in this ~listri et, aft ~r tl1 

date uf the Canlphcll beach, a great differential elevation, giving' to the 
late shore-lines two tu three tinles nlore nurthward ascent thml that f 
the lIen an a h fr0111 Lake Trayers to G-ladston . and th total chang' 

in lcycl of the highest bserved beach, probably repl'ei:ientin . the npp ~r 
J orcr ss stage, situated at Pine River, on latitude 51 0 i)O' t t 02 ° north, i 

approximately 400 feet as eompared with this shore-line at Lake Travers, ' 
<- b ut 420 TIliles listant to the south. N earl., the -whole upli of the 
northern part of the basin v{a.· accon pli8h Id, howevtH', \-yhile the ice-sheet 
was still a barrier of the lake, for the Niverville beach at the 1rand Rapids 

of the Saskatchewan is only slightly higher than on the Red Riv r , 250 

nlile~ to the. nth. 

Be'v'iew of the epeh'o,genic uplift-in[j.-AJter the recession of the ice frolll 

its vicinity, the rllouth of Lake Agassiz by the River vVe ,rreu" as uplift .. 

apparently at least or 75 feet, and perhaps as rnu I as 90 fe t, bY oral 
mall stages of elevation, sepa,rated b. T eOluparatively long- pause~. Then 

tt the latitude of Gladstone, in a diL tance of 3 ",0 luiles, ~lortln ard, such 
small uplifts, increasing' in number and in agrrregate vertic;:1,l al110unt ii, l.U 

south to north, rai:-:;ecl the lake basin ill . uthern ~ranitol a Dot 1 ,H, than 2 , 

" t; and, in cornhillation with the fall of the lake level north-ward, due t 

lecreasinQ.· ice attraetion, the ·hano'e in level ",,,as 2(;5 feet. To th .(: fig'ur .: 

we nlllst ad 1 the uplift f the Lake rrraverse reo'ion, \\Tllich v{as probably 

between 50 an 1 100 fe t, to obtain the total epeir O'eni elevati -net 

Glachtolle. Later epeir enic nl0venlents f the saIne kind raise - a more 
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northern part of the ba.'in, Oll the latitude of [)2 ° north, about 400 feet if 

w' negl t the fall of the lake level, in cOlllpari~on with Lake Traverp,e. 
At the SallH3 tilne, or possibly still later, the northern enll of the area of 

Lake Ag>assiz and the <Hljr inillg porti n .. "£ the Churchill basin' 1'e uplifted 
a silnilar <llll.OUllt. La~t of all, when Lake \Vinllipeg and the Nelson River 
1 ( cl c( Ine into existen ,e, the ~hore::; of Hud~un and J cunes bay were rai:5ed 

300 to 500 feet i'r0l11 their tmnporary postglacial lllarine 8ubrnergence. 
The elevation of tlu:, eastern shore-lines of Lake Agassiz, in nHnnesota, 

exceeded that of the western shoreB, iu North Dakota; and the ratio of this 
eastward ascent of the ola lake levels to their doubly greater northward 
a 'C ,nt inlplies that the tilting f this area was froni S uth-s uthwe:5t to 

north-northeast. Again, at the north eud of Duck nIountain, the west-to­
":::tst portions of beaeh :5 t bser ed by NIl'. Tyrrell, between the Swall and 

Duck rivers, show a sil11ilar eastward ascent, about half as luuch as th 

north \,yard rise along' tho eastern base of this highland. It thus appears 
true of the greater tilting of that northern district also after the fOl'lllation 
of the Canlpbell beaeh, that its luaxilllulU a::;eent was toward the north­

northeast; but, like the elevation between Lake Traverse and Glachitone, 
this nlu' enlcnt was doubtless of lilllited extent, so that the country a.djoin­

ing IIudson Bay retained nearly or quite its lllaxinlulll depre i n until th 
Inewhat later tilue ,,,"hen the sea was adnlitted to that ba~in. 

~IOLT.. USCAN FAUNA OJ!' LAKE AGASSIZ. 

Fo ils have been fOlUld in the deposits of Lake Agassiz at two locali­
t.ies. They are all fresh-water shells of species ,n w living in thi ' distriot, 
o luring in beach ridges where excavationt:; have b.een made to obtain 

saud for IDa ons' use. The CarnpbeU beach, about 6 1uiles , uthwe8t f 

j< mpbell, l\:Iinn., at an elevation approxin1ately 985 feet above the s a, has 
thu~ yielded shells of Unio ellipsis Lea, a, COIlll11on speeies of the 'Upper 

l\Iississippi reo'ion. In the Gladstone beach, a half nlile northeast of Glad­
ston , l\Ianit ba, about 75 feet above th sea < nd 16;') eet above Lake 

Winnipeg, four species oceur in eonsid rable abundance £1'0111 :2 to '_ £... t 

elow t e surface, nalnely, Unio lu,teolu8 Lanlarck, 8phceTium striatinlMn 

t 
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L m 1 I ~dl{e ~ 'tum ule tum Lc 111., awl a/fraula ,' p ar I{,' • a T . 

£1' III 1 ( tIt loe'11itie~ '\ (: 1' ..' kil ill. ~ det 1'J i l ~ (1 1I) 

wh tat.' that [ T tin lnteolil ' i~ one of tit 1I1O~t 

nt· ti ( f th o'ellU.' , it:-; n lI . 1 iuo ' fro 1~ Lak Willi ipt'" t ) T ~ Ul'), e; tT : 

t 	 N w Y )1'K, aIHl rest t )lont lla. It is o'ellen lly ~ bun lr t in linne­

n 11 tl ~ 11 -> · ie~ of iphce},l' Wi ar , reI l' t1 ~ 1)1'. Da\ys u 

tl f the ,V c1s all(l P e billa Ri\" 1'; and th fir:-5t i~ th co ] I ' ) ,' • nu-

III ies of it. · o' nU:-5 in )lillfi > , ta, wI il it., raIl0' northward x tend 

r ~ ,t PIa TOT ' .:>11 Lt k and York Factory wh -'re it has n (' -1­
'rhe 0<- 111pb 11 bea 11 ,va::; fonne 1 in tIl later part. f 

'. sonthward olltfi W; auc1 the Gh 1 t ne beach 1 
to th / lnid 110 p rt ion of the ti 1e ± it.. (ntfiow' t \Yard th ~ I ·th cl t it 

-uth d 	 s s nth of the international b OUl a 'y.J 

11\'1 SUREUENTtS OF r.rIUE lSI...!.:leE T E L A T... P E RI D . 

If the question be asked, I-Iow lnauy th l s( nel ~ ' l i I th :. ­~ .~ t r co' 

'} 11 f the i'e-sheet tak e pIa ,cal1::;ing Lake .L gassiz to fill tll R ~d Ri y . ' 

Tc 11 ) and the basin of Lake WillUip . a repI,; i ' fnrlli~h by th . lli­

n aticn . of PI' f. N. R. Winchell,l that appr xilnat l y eight thou~allcl J ~. 

hay oIt 1 sell during the erosion of the pos glacial g rge ot' 11 , ~li. .j ip i 
fr01 1 Fort 811 nil g to the Falls f ~_ t. lntitony; of Dr. Echnn~ld Andrews~ 2 

that the erosion of the shores of Lake ~Iiehio'all, and the resultino' " 

latioll of dune sanl drifted tn the 'outhern end )f that lak .. , eau not hay 

upi 1 111 l' -, than seven thou~and five hundred years' of Prof. C+. r I­

rick ,Vrig:ht," that stremll~ tributary to Lal~e Erie ha r ", tak ,11 a ,il ilal' 

1 'll th of tilHe to cut their valleys an 1 the gorges below th ir ~ erfall . 

f	 ir. G. I\:.. Gil ' ert,'* that the gorg b ..low Nia 'Ul'a Fall;:-; ha. r E, uir ,d ill. 
1 t.h l1sawl T ~ r~ ur I t;. ; and of Prof. B. I\.".. Erner::;oll 5 on th rate of-

'01. II pp. 31 - " .11. 

f the 

bal' ­

"V'll' "> • 'til An. ep. 
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d positi I of lIloLlified drift ill the Conn cti TIt Vall at N l'thalllpt n. 

~1a ';', f'r n which h beli-'ves that n t mol' than ten thousa 1 Y aI'S have 

elaps ~d ,_. e th(~ I e a " 

laking' suell inquiry aLo concel'l~ing the glaeiation f Enrop , 'we 

find that in "ValE,s and in Y rkshire, Ell~dand, the rUllount of denuih i n of. 
linl -stone rocks on whieh ho,dclers lie has been regarded by nil'. I). }\I ack­

intosh as proof that a p riod of not 11101'e than ~. thou, (.ud y ,d '.· ha-'r 

elapsed since th bowlders were left in their positions. 1 rrhe vertical 

'tent of this denudation, averfLO"'ing about 6 inche~, i!:i n arly the s~ · e 
with that observed in the southwest part of the Province of Quebec by Sir 
'Villiulll L gau and Dr. Robert Bell, where veins of quartz Inarked with 

glacial strioo stand out to various heights not exceeding' 1 foot ahoy the 

w athered ~lufa f the inclo 'ing liIn._tone. ~2> 

Another indication that the finallnelting- of the ice-sheet upon Briti h 

Alnerica was sel (rated by only" ery short interval, oeologi ',ally 81> k­

ing froul the present tiule is seen in the wonderfully I erfect preservation 

of tlH~ o-lacial striation and polishing on the surfaces of the 111UTe endud.ng 

1'0 k,. Of their character in one noteworthv district Dr. Bell write' as 

f llow" : "On Portland proll1ontory, on the east coast of IIudsoll's Bay in 

latitude ,_ 0 , and . ~ uthward, the high, rock ~ hills are cOlllpletely glaciat 1 
an(l bare. The strire'are as fresh-looking as if the ice had left th81n only 

yesterday. When the sun burst upon these hills after th y have b e 11 

'wet by the rain, th ""y glitter and shin like the tinned roofs of the city of 

,l\1ontreal." 3 ...t\..gain, Prof N l' }lacoun writes of the red Laurenti" gneis 

in the vicinity of 'Fort Chipewyan, at the ,vest end of Lake Athabasea: 

"Th r ck. around the fort are all S1110 thed and polish -,d by i e ad,IO . 

'Vhen the snn shille~ the) glisten like so nllleh glass, au.d a person w ( lking 

upon th81 t in c . nsta,ut h nger of falling.' <1 It s , 1118 imp N"'ihle that 

have so 'well withstood weath Jrino' in th , s '\ l' 

lP <111d v earR' at th .' 

6, 

http:endud.ng


240 THE GLACIAL LAICE AGASSIZ. 

nlost; and they even suggest that renmants of the continental ice-sheet 

Inay have lingered there considerably later than the tilne, (,(Hnputed to be 
six to eight thousand years ago, when its southern portion retreated. 

SHORT DURATION OF LAI{E AGASSIZ. 

The foregoing Ineasures of ti111e, surprisingly 8h01i, whether we . 111­
pare then~ on the one hand with the period of authentic hU111an history or 

on the other with the long record of geology, carry us back to the date 

·when the ice-sheet was Inelting a~way fi'om the. basins of the lTpper ~1is­

sissippi, of the Red River of the North, and of the Laurentian lakes. If 

the postglacial epoch has be ,n so sh 1'1" we 11lUst infer that the final ree€',s­

8i I of the ice 'vas very rapid and that its barrier between the Red HiveI' 

Valley and Hudson Bay was soon lnelted away. Though Lake Agassiz 

attained vast areal extent, its duration or extent in titne was geoloO'ically 

brief, as is shown by the s111a11 vohune of its beach deposits and lacustrine 

sedim.ents iIi. ~onlpari;,on with the Pleistocene lakes of the Great Ba~in 
and with the an10ullt of postglacial. erosion and deposition on the shores 
of the great lakes tributary to the 8t. Lawrenee and Nelson rivers. The 
g oll)(ric suddenness of the final Inelting of the ice-sheet, proved by the 

brevity of existence of its attendant glacial lakes, presents scare ely less diffi­

culty for explanation of its causes and elin1atic conditions than the earlier 

changes frOlll Inild or \varm preglacial c,clllditions. to prolonged cold and ice 

acculnulation. 
Comparison with postglacial lakes.-The disappearance of the greater 

part of the vast North ~L\nlericall ice-sheet probably occupied not rnore 

than two or three thousand years; and half of this tilue lllay Inea;'ure tIle 

duration of Lake Agassiz, with the fOrIl1ation of its beaches n1arkillg more 

than thirty 'ue, ssive stages in the concurrent subsidence f its sur a . 

and ri~o of the earth's crust. But even these short estiu1ates lnay be too 

long. The shores of Lake NIichigan, sirnilar with those of Lake Agassiz, 

in the drift of which they are forrned, in their nurth and south trends, and in 
1e adjoinino. d-'l tlls of wat .1', have suffered an aInount of erosi _11 by th:.. 

lake way -s during' postglaoial tiule which very far :;;xceeds the total erosion 

that was effected upon the shores of Lake Agassiz during all its stag ,s, th · 
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11'OPOl'tioll between thenl being surely n:1t 1 '- than ten to one; and Lake 
~[j ehi(j'an h( ,' ( sinlilarlyoTeater aIllOunt of beach deposiL , ,vhich up 
( large area about its south end are rai:-1 .1 1 by the wind in eOll~picuou;' 

dUll. . This contI" t, indeed, sug est::; that the duration of Lake i\.o'a iz 

a a the recession of the iee-sheet frOlD Lake rrra V rse to the lo'w' l' part 

of the N olson HiveI' Inay hav::. been indnded within less than one thou 'and 

year;'. 
Lil "\ i:-.;"\ , (- s ~Ir, rf?rr ~ll relnark', beach ridges of larger size tnan 

those uf Lake gassiz, and 'o]llpo~ecl . f coarser :-;hino'le, occur on eael!. of 

the thr ~ oreat lakes of l\Iallitoba, although these lakes are far .Slllaller than 

their glacial predeces:-.;or and therefore surely ha.v less powerful ,vaNes. 
; mpm"-ison with Lakes Bonnev'ille and Lah01dan.-Durinb· th · first lio'h 

stage of Lake Bonn ~ville, a fine, lanlina.tecl, olive-gray day, which weathers 

t ( pale-yeIlo color, was spread throughout all the 1 vY l' parts of its 

Ix -in a~cendill()' al ~ in tl ,Jul11ower bayt' toward the upp I' shor -lin " 

In tw pieal deep sections this mernber of the lacu!'trine . ec1irnents has 

an e p _sed thi ·kn .\~,v , re",p" ,tively, of 90 and 100 feet, but it· bas i, n -t 

H , It. Agaiu, during the second rise of this lake it rleposited a. silnilarly 
videspread stratum of lip·h -oTay 01' creanl-eolored Inarl or calcareous ch y, 

vV' a,th ring near! T whit , and passing upward int a 1Ud ~and; (~ nd typieal 
setion._ sh w tha.t thi .. lHad and (~ :::\sociatec1 sand range fron1 20 to 50 feet 

II' 11101'0 in thiekne~s, In like manner, Lake Lahontan durill ' it· two high­o 

, e tC), period ' dep ~ited vel' all it· bed fine lual:ly cla y s, ·which in dIe oarli ,1' 

flood 8tao'o attained a thicknes. of more than 1 . 0 fe t, thoir base not being 
1 n.':.d by the de .,pest .. ections and in the later stage an averao';' f 5 t ­

75 feet, These thick seclirnent:' c',upying the babills of the Pleistocene 

lak . f Utah L udNevada indicate, like their great alDount f 131 re ~ro-

8ion and correspondingl, lnas~ive b aeh deposits, that the torrn of existence 

th.~so lal os llnriug' each of their high stages, and eBpecially t1 e fir~t, far 

ell d. that of Lake AO'assiz, No sneh lacustrine beds are p'enerally 

::;pr ad vel' the basin of this glacial lake, which npon large t.rdrcts, even of 
its lower portion, as on and neal' the R ,1. River near the lower Assiniboine 

t" e n P< pIal' Point end ,Villnipeg and acljaeent to Lake l\fanit 1xt, 8h al 

Lake, and Lake VVil111jpeg, . lll5ists of till, with fi'equent bowlders, the 
~ION xxv--16 
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dir Y itH d I iti in 
U:4 :.; dil en t ', 

nly where trihntarie;:; ell ered t i. Iak aI d I' t e l' i­
lU rv ' lIt vlum f tIl ir er 'i 1 , a much litl' '1' VOh l1 l j f 1t lifi a drift frolll 
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th I e1 ' u cr i e-sheet, ,vere an T inlportant lacu;:;trin sedim ] t :-; lai 1 1· Wll; 

a 1 th e app ->ar in th form ot' ~t I i r . t1 ·It :-\ of gray 1 '1 1;" 1, with 

fin :4ilt , pI' " cl over adjoining parts of the lake bottonl. Other inflowl ~) 
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reel trant angles of the ice border throu.... h • everal ::;tab . ill its retreat, but 

also b rem<-lrkably lllassive (1ecu111ulations of (11'ift in con'esp nding por­

tion' f the uceot:lsive ITlOraines. If the average :Ullount of englaeial drift 

thus supplied by the ice-sheet where it~ n,l rain S aJ'e largest was qual to 

, thickn ' tf 4 feet, or e 1 20 or 10 fe t, it will he seen that these 

Jrmn v\Tould require, with a steep frontal gradient of the ice due to the 

.: r ,'Uc.l IneIting and a cOllseq leut rate of glacial motion pI' )bably several 

tinl ' fa -tel' than that. of the Alpine glaciers, only a few decades of years 

for their fonnation, 

A LTERNATIVE INTERPR,ETATIONS. 

By T. C. CnA)mERLL'. 

I t be reIllarkable indeed if ill a discu. sion touching so any 
of glacial history there should not ari::; ,_ IT e points on ~hi ..h 

ntertain differ nt illterpTetations, even though their fllndamental 

in close harnlony. In consideration of the partial resp nsil ility 

rt resting upon the writ l' of this note, y reason of his official 
the investigation upon ,-vhi('.h it i~ Las .ld, :JYIr. Dphc. n1. h( , ne1'­

uro'eel that a statement of su h f our cliff l' nce' of interpretation as 

H be thought orthy of note be inserted in the text. The sugg ::;tions 
h ..]:' oft red in response to this are n1.ade ,;vith the full recoo"nition of th 

fa that the investigator who has nlade a special study of the l' gion is far 

r lik 1- T to have rea.ched th COlT ct interpretati n than ne 1 inti-

at Iy fanliliar ith all the facts. Nevertheless, alternative hypoth 'e 

m y e , orthy of stateJuent. 
I I'. Uphalll's interpretation of the history of Lake Agassiz is based 

11 elief that all its deposits fall \\ .thin that epoch n ,9..1' th cl::; of 

tl 1 ie 1 period (huing which the earth's crust . as either stationary or 

rentiall .,. risino' at the north. In hannony with this beli f, tit npp~r­

m t .r H l'lnan heat:h is thongl t to repre~ent the outlin of the lake 
urlllU' tll .. ntire period oc 'npied b ' th -' ice in its retreat frOlll the I ,re 

1\1 rain , 1 'ng clo.-'e n rth of Lak , Tra, r~~, t tll ~ lin Jf' th Iesa.bi 
lOrain , which l' ::;es northern ~finnesota and ~Iallitoha. rrhis retr at 

I 
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f the ice involved, as is fully stated, the fornmtiol1 of a series of thre 

prol11inent tel'lIlinal 1110rain r', which represent either halts or read ne ~s of 

the iee front. The Hern1an beach overrides these rnoraines as they -·011.1e 
.J 

down into the borders of the lak hasin. This clearly indicates that th 

eompletion of the beach fonnation was silbseqnent to that of the moraine . 

But nIl'. U phalli thinks that the b ach as in pI' c ss of fOl'lnation throut)l­

out the whole period occupied by the sue essive £ rmation f th S8V ral 

lllOrain ;:; and the intervening retreat -' of the ice. The d scriptions of the 

beeL 11, howe er, clearly" inc1ie,ate that it L not ery mc iv " ul i un c-e 

ampar ied by a y very consider ble erosion. It furthern10re appear. that 

the. ' 1th rn I ( rtion is n v ry nutahl) stronger than the northern portion, 

and there is little inlprent evic1en e that it is notably 01 r. The natlU'al, 

if u t ne 'essary, inferen e fl'on1 the 'e faets, under the hypothesis of ~ir. 

l Tpluun, i8 that the peri d oecupi d b the retr at of the iee and th forlua­

ti n of the llloraines was short, aucl hi;- inferences ,vith reference t the 

_f th fornlc tion of the nloraine~ take t rn1S in harrnony "\yith this 

onviction. The~o interpretation' e111brac s 111e of the rnost 1'( , li al pI a' e 

of glacial aetiou, and henee the eorreetness of the eoneeption that the rather 

siender I-lerman (eh repre~ nt· the whole tjme occupied by the forrna­

ti m of the several lllorailles and the intervening retreats of the ic front 

b .. · Illes a subjeet of the hiO'hest ilnportanee. 

rrhe present writer ventures tt suggest that the ,vhole I istory of Lak 

Ao-assiz IlIay not hay fallen within the period of stationary or rislD r u -tal 

1110 ' .;ment, but that the early P<' rt of it Inay have taken plac ch ITina the 

latter portion of the period withiu\vhich the crulSt was ein )' pI' ~ . d. 
There is no difference (If viev{ respecting the fonner higher el vation f the 

1' 1 t m 1 '1, f)llowiug tleprc'""' iun, whieh We::; in turn ollowed b T an e1 va­

tion. he only ql1esti 1 is whether the hi", t _ry of L ake Agas..;iz fell wholly 
'thin tll '1 statiouary '~nd rising ,-,tag ; or partly "within the falling st<. ge. 

If t1 ;; urI part . f the lake's history 0 'cl1l'recl whil the I'u't ,va: siukin ,T 

the lake would he constantly eX} auding its borders, and hence its b ach­

lin e w uld he pr0l':;;r'" "i, ely buried by the advancing ,vaters. In this 

,vay it rnay be snppo ed that --hore-lin onternporaneons with th v raj 

1110raincti and with the stages represented by the inter-lnorainic till sheets 
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r , f rlll ut 1lit .rat d l' bU1'i ,d by tl e a l an in Wi:' t 1' . It 

furtb d that thi~ (; I an' .( I tinu (1 until aft l' all t.he 

raine' in 

r( 1)1( • the ad,­

at ( 11 r b'al'din o' the rapidity - 1' ~lowll ss of the forIl1ation f the lllorain ~ , 

nor with ,tny of th -' hyputheses necessary to accouilt for the e~'tra()rclinary 

n i lity f 11lorainic f rrnatioll anI glacial retreat vvhich are postulated in 

lw foregoing' pag s. 

nil', Uphanl urg'es against thi~ hvpoth ~is the £ 1'1l1ation of the rather 

!tu'o' sand deltas around the h rdor of the lake, whieh he think~, re 
delosited eontell1poraneously with the existence of the ice on the ac~jaeent 

land, for without the presen -.:> of the ice in SOll1e cases, h ' lug -5, the streaIl1 

whieh pI' duced the deltas could not hayo existed. It appears to the 

present 1'I'Titer, h wever, that these deltas would have 11 formed in very 

n , (ll'l)~ the smne way under either hypothesis, The chief diifereneo be ween 
the two it)l otlies L, so far as deltas are concerned, ' v uld lie in a possible 

r'lio'ht variatioll ill the height of the delta surf~lces . Under the hyp thesis 

ju.:t suo'o' ,t -'el, the grea.t r part of the 1l1ateriul of the deltas lUll. t have 

n 1 -p s>ited whell the lake sto .1 '1.. n what l( weI' tlJ-an its llulxirnum. 

TI e delta snln mits w nid not therefore orio'inally have l'eaelpd L th full 
height ,1' th '~ npperlllost or IIernlan he< ,eh. 110\' vel', as the shore COll­

ti llU d to a Ivan ' ''', the st1'oan18 wonld have continued to build up theK 

original e1ta,' , and their la.ter deposits, eing nt Ill! l'aneou.! with the 

II l'lnl1n "aeh, ,vould have br nO'ht the delta ' up to an accordant 1 a­
ti II r { t 1 as w n1 1 hay tended to do '0. AI X ; ~ption to this would 

I 1'h-I s b four d ill the ' c.' of d ltas \Tho:p rivers became extinct befor 
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in the fOl'Jnation of the :-;lU' 

ill - a ur llwnt by Dr. Rei 1, o·i il g a rate of 7 feet P '1' <1(. V, L' 
be entitl L t on£dm ,but v 11 this rate is a Inaxilnnnl. The avera 'e 

l' neling glacial c1rift is th Tnore favorable to large leltas, sp ~ ially t 

t 'p; (leI as f ~alHl no' tlistingni8hed fl'OlU deltas of eoar~er material that 

would be the nor111al result f exeeptiollally rapid Ine]ting. 

Th pre::;ent writer' does not agree with ~Il'. phalIt ill reg'al'd to a hio'h 

rat :> of gla ial Inovem nt, although he forrrlerly entertained rnuch tIt saln 

vi \v. A high rate of lnotion enter~ into the interpretation of tIt 1 h ­

n 1 na uudor consideration as a factor in the explanation of tll sllI posed 

rc p id pI' dnction -,f the till un leI' 1\11'. UphaID': interpr tation. If tll 

ltel'nati, e interpretation b :· adopted, it i:::; relativel) il111naterial what rat 

f 1110ti II I reva.ile 1. 
I is to be h ..erved that a rapid lllOVe1l18nt of the ie ' .~ al tag-onisti 

to a rapid retrea:t, because t1e two ar c> directl~ uPI sed to 8a, ',h t11 r. 
'Vith given 'oll<.1itioll:::; of wastage the 1 'weI' tll ic I ov- ill ut tIt lllUr A 

r 1 id tll re ,l'e. t . .A rapi 1 1110tiun however, would pro.bably e helpful in 

the 1'( pi production and tran::;portation of glacial d ~bri.. and so it lluh'ht 

. h th , 'J c r (fuir 1 to I'll! the_till ~he t s and tll HI )rallIes. 

I r spe t to the e,' d 11e dra.wn f1' In .xisth . \JU;:;k 'Ul ~;t 'i er~ in 

f rapid Jllotion, the pres nt ,"\Titer regal' Is the 111 ::" .UH1l'81llent fir~ 

i ~nilLg a r '1te of 7( f t per cIa), (l:-; ulltru~tworthy. r-rhe later 
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f th lTleaSUre 1 p rtion. of the o'laeier i Illuch 1 s than 7 f et per day 

and eertaill unmeasur d lateral lobes are nearly stagnant. It is further 

to b J S rv 1 that the l\luir o'laeier i~ a trunk streaIll, the joint I l' <In ~..tJ 

of the ice streams draining a large area, 1\1oreover, these descend fi'UIll 

Inountain heights. Th yare th ,re£ r radically different frOl I - -he ts 

which sp' ad out in all directions on plains 01' plateauH. 

T he ) 7i ene cited fronl Gre uland i ' selective and ex tional; inde:.. , 

tiy and ex .eptional evidence i. ' about the only clas that can he ite 

frenll Greenland. No average lYleaSUrements, nor an} thing appr a 'hUlb 
to avera (I' :.> In a. HI' ] lents, La, b" n lnad. The hi 'h rat ;' 0 

ill nt of tl .Jacobshaven glacier, as given by -reIland, and f the reat 

Ka' . ak . glaci 1', as o'ive 1 by Drygalski, alld other, illlilar 1 easurenlents, 

ar not at all qn . tioned, but these are quite exceptional, and alnl ,t a,' far 

as possible froIu being represelltativ ~. They rhibit extraordinar T 11l0V ­

1 1 tt8 through deep, ("'ul1:;triete 1 stn it , where the i e i fur ~ "d by the \ st 

aecumulati lIS of great areas in the rear, and where the wal'lll s as 11. 

pp "ar.· to exert it:-; earliest ~ nd gr J ,t ,t effe t " 'rhe aIllOn11t::; of i ,e dis­

char d in tll £ 1'111 of bergs frOln these two glacier~ is ver) ' Il1uch OTeater o 

tl an fl'Dl any oth I' kllO\\n poillt::; on the i -' fr) t f ~re ,Ila,1 , It 10.: 

erfectly 01 vious that the average border of the Greenland ice-sheet d 
n< t Ulove at a rate even distantly approx1lnati11g that of these two straits. 

If it aid '0 the whole COc .st f Cjreenland IllUt;t 1 o\7erwh Imetl almust 

i mediat ly, because the cOlnpet 11C.' of the summer heat of that reo'ion to 

hold be . k tll eage of the ice by melting is very slight. Dr r~'alski esti­

mat c nnnal surfa ' In lting at 7 feet. Even this is rrnwh Teat r 

tlu :n the <l nual surface Jlleltillg of the lugl field G-ulf region, judg y 

that of I 8} 4. W hile stinuttu are few, and 

qualifi 'c ti _ ,it · i ~' neve1'thol C rtHin that the average movelll ,ut of' the t 

) rtion of the border of the 0.1'. nland i e- 'R) \ h ich li . upon the hLnd is 

extr In ·} f the: t purtion whi It 'ud II the ' a nl r ~ , ;-\lllall . 

tion h "l :-l a hio,It rate f ulOti( ll, a::; i~'howll by the la 'k of activity in th 

discha!'O' of iCA ergs. 'Vhen it is considered t 1<.t the land h _ rd er i v r 

u eh oT - at r t t 11 th :; a b reier, an that of 1 , ,.,w , border a portion has 
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a relatively slow lU vement, it. will be evident that the averaO'e rate of 

v ->H18nt fl l' the 1order of th , great ice-sheet of ~reenland (jan 11 t he 

high; and the avGrage rate of this border is the nearest available ullaloo'u ... 

tu the borller lllUyeluent of the still n1 re extend ,d periphery of the anel ' 11t 

erican -n' Laurentiau g'la ·i "'1'. 

rl he present writer a1. n differs with ~fr. phaIn in his views r ,,'P '" ·tin o' 

te am liut an 1 distributiol of tIl ­:. eng-In. inl ch·ift. TI at con 'ideral h~ d ~hl'i . · 

i~ 101'n8 in th -> lJeh,ell purtiull f the i .• i:-; nut qne.,tioned; indeed t11 ter~u 

"eno'laci ;:.ll chift" was proposed hy the present wTiter in recognjtion f it· 
imlor HI C. 0 n' 1 -'Kt eYllen(j of the HU10u n t and ill tributioll of tbi is 

c1er' ed from the continental glacier of Creenlm . It is tl18l' ( . r vecl 

It t d q ri o preyuil. in tIt 1 r r ~)O or 7S f-' ::.t f th:. i ',e-sheet, an 1 rWC8­

81 ally r "ache.' U}_ to 100 t t , or pedIa} ,' even 1. 0 feet. The cU110nllt f 

thL' cl ~bri~, if it W l'e let d(n" eliTe ·,tly upon tIt ~d~ ,ei 'r' ~ botton1 b .,. l lelti ' 

1 situ, without concentration b~r the fonv(lrd motion of the icc woul(l h 
by a yery few feet, I' by a fra t10n of a fout. Th f rwarl 

nlotio11 of the iee UOllcentrat ,s thi~ at its eelo'e, :sO that it lllay there r lach, 

theuretieally, allY dirncnsion, entirely without regard to its aDlouut in all 7" 

o'i · -'n y rtical ~ tion of t1 -. ic. 'rho thic1 nes. of the lepusit fonn d fr ill 

tl :; ello'laeial drift is quite as llluch dependent upon the length of tillW lur­

in whieh the edg of the ice renlaills at 01 e line a:s UpOll the anlount of 

drift whieh the i e ma T earry 111 all given verti (1 .' ­>cti n . No saf't. 

illferenees fron1 the thickness of leposits of ent;lacial drift can there£ U' ·· 1 

with referene to the an nnt of eng-lacial lnaterial present in any 

I -rti II of th ~'l ' ci r. If th ice were a ' lut ly stc. 'I an th 

1->1 0 ,it of ello'lacial drift would be precisely that wl1ieh was h Id in th 1 

:11 O\T . th 1nint . d -~l 0 . it. If tllere ,"Yd. any for .ard Illotion of th 

while it -was heino' n16lt 1 awa. "', th r ,Yould ne 

tT'lti n. If th 1'e h 1 foot n anI th 

, ~for" arc1 4 ) f~ t whil f 1 fo t , 

f 1 -lac]' 1dep ,-it .:h uld h '" 40 f" t (1 p. 

rift ITla. - th Jr f l' h -> quite as l111wh au expression of J!l'olono'ed tim 

a 13 1' )' , cont :.nt of del 1'1. vithi t1 1' . 
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Th p' 'ilt rite1' h n f th 

wa ,. ill \yhi (·h 

ran ity of tIl 

nIHIl , i np r tallt lllOrain -'. alHl of 

~ 1 ·h lU'L' 'jYe , heets of till , too' ther with ;' f) g' at a r t1' rtt (If tll ~ i 'e, man rill. 

rphi.. llifficul ' i. enhanced hy a c.nnlpal'i 'nn of the upp I'll ·t beach, ' th 

t 1 >w r on " n'hich are correlated with llnu.:h le:-:;:-; i lnpor tant 0'1. cial neti il, 

r~nd . do not s ' 'Ill to eorresp nelingly iuferior i 1 nlagn itud . 

Th ' diffi 'ultv is SOllI8what relie, cd bv the l)l'obabilit\"T t1H1lt while th 
u ~ 

lal .:0 wa.' !.dacier-bound III the north the surfa 'e was e -V "rcd throughout c 

1· r I'e part of the year with ice, aud during- the re t v bergs and bero'­

I t. · and that, as a consequel CG, Wi111l action wa~ redu' ~ (l. tu a nn111fi1U111. 

T i ' lllay p s ibly he t11 liBe of solution of the prohleIll. ~Ir. ITplIan1, 
h " vel', finds but linlited evidence of h erg dopa ·its. TIl · :o: u I not be 

gr (" t if the eng-Ia,cial debris W<l 'C of slnall aIuount ; hut if it was large the 

protect~on of the lake sUl'fae froBl wave action by bero'~ ~hould find expre:­

8101 III V"}, considerable Tg deposit. . 

\. further difficulty is presented. by the slightness of the cutting tlt 1vn 

of the outlet <1uring the pel'iucl of the Berlli<: 11 bca '.h. If, however, the 

alt rnatiYe h rpothesis i .' adopted, the treueh of 40 or :)0 ,feet isting in 

(ll'ift l>I ~ ,ill previou:-; t ) the forn atioH f th I-Iel' ill~ll l. b ~ at'h i;hou1d p 1'­

rbap:-i wnrl of the out1 .t during' the earlier 1art of th 
la ·ial '-'treat, ·in ,t -'ad f 1) iug l' :!:ferrell to PI' O'laeial or int r0'1 a ia1, or : t 

lea.' I I' r ' r CA t tal, tinl:. Th ~ W( 1'1 lone 1 y the outl t and by the ice wnul l 

13 th . h rouO'ht morl nearly iuto harnlullY. 

I II l' ~p t t tln 1 w rlng- of th e ou tlet fLak , \~'a'''' ;'iz h:'T Rtao' " 

in tead f t Clad , progress which has b een pI' viously di~cu!-)8(:! ll, it ar p eal' 
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nel rapid , as is "W n known. 1l­

d as a luode of ex -. :-5 is wItc: t Inin r would r,~ 11 
" ... tuping." Wl n ne of the topes, in working p tll river, r a ·hel; :11 , T 

l' :.; r T ir or h ike that lnay lie in its irse, it I ~romptly lowers it tn a ll 

c mnui1t 'orresponding to the depth of th stope. If the bed of the river Ii . 
up 1 drift, e. : 01 t ially the sal t lIe i;.' folIo ed, but with sorne variation 
in detail The resh;taut factor in this case cOllsists of tntnsv(?rse barrien;;, 

such as U1UY he forI ned by bowlder belts, heavy Ina.sses of till, aggregates 
of _arse gra\Tel, and silIlilar inequalitie ' of the deposit. Thetie arr ~t the 

down-cutting of the streanl for a tilne and forlIl rapids on their lower .'id :>8. 

Th 'e rapids w rk away at tll barrier in :-stope fashion. ~l anwhile tIt 
stretch of river above 1'81110Ve8 the less resisting niaterial of its bottorn 

1Jwn to a gradation plane or to an actual base-level ,vith ref ,renee to the 
barrier. This brings about essentially the same cOllliition of alternatino' 

l;lack water and rapids that arities in connection with h rizontal strata. 

,;Vhen the barrier i ' cut through, erosion works rapidl) up streanl through 
the soft lnaterial, and if a lake lies in its course there will follo\v a sudden 

1 ~Terillo·. It is not in the nature f the Cc s , that a lak drained b r a lung 

ri, r flowing over horizontal bed,"or over drift .'hould be lowered nnif rml, . 

It does not eeln necmk cwy therefore, t appeal to a sedes of sudden accel­

erations and halt in a mnvelnent of tIl rust to a "nut for the rhythnli ~al 

drainage of Lc ke Agassiz and f the lUan) other lakes that exhibit like 
p "n luena, unl , there i~ indep ndent vid nc f :;nch Inovenlent.;. 

T. C. -1HAMBERLI , 
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VOLUME OF "VATER RECEIVED D DI CHARGED B Y L AKE A GASSIZ. 

The present yearly discharge of \ ater by the Nelson Riv r i::; pr ably 

equal to a depth of 10 to 15 inche:s upon its entir, basin, which is appro 7i_ 

mately the sal e area that sent it drainage int Lake Agassiz and through 

Riv l' vVarren and the later outlets of this lake to the sea. A half r 

lat'o ~r part of the yearly rainfall and sllowfa Ll ) 11 this ba in j' returned t 

th air by e Glporati u, le~ vina ' the volume stated to he carried into Hudson 

Be y the river. 'r hrough a few weeks in the spring the rapid sno\ 

lti uet acc01npanying' rains l' i:se all the strealn~ and lak s \vhi h are D' 

th £ Ger;:; of the N 1 n to th i1' flood stage; and, in contrast, Inany f th 
urses are dry in " nnn1er, .ut llIl1n, and v;rint r , a t1 wh 1 ri r 

y teln i . reclu ' t a 'luall fraction of it", previo IS 1 a.. in1ulll. 
But hen the ice-sh -'et We::; bing n1elt -d a < y and La1 , Aga: iz 

re eive it draina 'e, the volun , of water annually discharged frOln this 

1'e' wa;.; far great l' than now. Considering fir t the rainfall and sn all 

that tilue, we InUt;t doubtl s. uppose th" t they ' luewhat exceeded their 

pI' 'ent c; m unt, while he evaporation was less. It may be estimated, t11ere­

, r , that the water thus received and discharged hy Lak -' Aga, siz ea ,h 

y a1' was equivalent to a uniforrn depth of 20 or 30 inch S 0 e1' all its 

hy 11' graphi basin, 
still larg l' tribute W Li,t! deriv d fron1 the glacial nleltiuO', w'hich in a 

thousand Tears, IT , re )1' 1 ~;:;, eli ~solvecl frOl11 this area the greater part of an 

i -.h t 2, 0 to 6 or 8, 00 feet thic. Th ~l'ag re31'ly lTleltino­

W' ulc1 therefore b equival nt to an add 1 depth of 3 or 4 feet of ,vater, or 

3 t 48 inches, luaking with th supply frol11 precipitation, approxlJnat 1) 

5 to 7 :C t upon all the bR.l.,in. 
I thus appear that th , inflo\v and 0 Itflow of Lake Agassiz were fiy 

to ei O'ht ti re than those of Lake \Vinni veg. Int! ead of a flou I ( '. -
htU'b during' a £ w wee T ill sprino', tl rapid ice-rnelting undoubtedl T 

m intainecl continu usl · through the wann half of the year a larg'er out­

ow fi· In L ak Agassiz than the spring t:!ta of th .r l ' n River; but 

llrin winter" when tIl glacial 111elting stopped, the discharge frorn the
b 
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'la ial lake, exeepting the part due to the apacity of the lal as a 1'e }'­

v _ h', wa. eOluparatively 81 <: 11. In the winter Lake Agassiz, beconling <: t 

tirnes 1110Stly frozen over, like the pr ..i nt. 1'eat Laurentian lako:s, wuuld 

drawn down tu a level several feet. below its SUIDlner h io'ht, a L tll 
great outflowing river, as it wa~ durinJ the 1vann \ ather, 'would becollle 

redn to a t1'emn resemlJling the lowest tao e of the Nel' n. 

FI~UVIAL DEPOSITS IN THE RED RIVER V ALI"EY. 

'Yhen the bed of Lake l\~'a:5::siz was gradually uncovered frOln he 
water f the receding lake, SOlne arts of its entral plain, tllr ugl v hich 

the R cl River flows, probably r Inainecl as broaa, shallow basins of water, 
~hich that river and its tribntari ..; have in' - fill :>d 'with their tine de:y ' Y 
alluv i lUll. The ~ilnilar 1.: yey silt brought into Lake Agassiz by its d ·lta­
forn ino' affiuents, the Bnffalo, Sand Hill, 11 ,nne, Pembina, and Assini­

b ine ri rs, and others farther north, had been spread over large ar as f 
tll lake-bed, but more extensive portions had a luface of till, with no loiU h 
la 'u strine dep sit. er these formations luueh alluviu111 has been Ie id 

down (long all the aveuues of drainage of the 1<1 lake-bed and ·t has 

11 1 ( pressiol1i-i of the original surfae :1 whether of laeustrine sediIn - t 

or of till, being' eli -·tino'uishable from the f rIner nly by its eOlltainin o' in 

so . 11a es , hells like those now liviu0' iu the shallow lake ' f th nutr 

adjoining the area of Lak Age ssiz, rernains of rusLes aud sec1o'es anel peaty 

c1 P "its, as of the presellt l11arshe8 of the R d River Vall .y, and 0 ,asional 

bnLll 'he~ and log ~ of \vood, such as are floated down by streams in th i1' 
stages of flood. Thus the OCClu'renee of 'hells, rush ~, and . 1ges in the :1 
alln vial b ds at l\icCaule, yille, :i\1illn., 32 and 45 feet below the surface or 

abont 7 and 20 feet below the I v 1 of th Red Riv l', of sheets of turf, 

111an fi:ao'ln nt " of decaying wooll, and a log a foot in dialne e1' at G-} T ­

d " lVIinll. 13 to 35 feet belcny the snrface, and nUluerous other obs r a­

tl of 'etatio11. ehewhere along the Red River Vall y in these b cl , 
n~trate that Lak gassiz had been drained away , an 1 th~ t the vall y 

wa' a Ian 1 i-iurf ce ~uhject to overflow by the river at its st g f ft 0 , 
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Frolu the western part of the basin of Lake Superior a glacial lake 

outflo,:ved to the l\fississippi at the lowest point of the present watersh 

betw en the Bois Brule and St. roix rhrers, in northwe,_tern W isconsin. 

The bed of the old outlet is 1,070 feet abov the sea, or 468 feet ~ bove 

Lake Superior, and it is bordered by bluffs of drift ab ut 75 feet high, 

showing that when the course of outflow egan here the West Superior 

glaciallak was approxinlately 550 feet above the present lake level. The 

(li ·i 1 in this forn1el' watercourse is a wmnp, extending several nules in 

a valley eroded 75 to 100 £ et below the adjoining country, the distance 
betw ,n it bluffs being Iuostly about 1 Inile, but in the narrowest place 

nly about 1,0 0 feet. The highest part of the swalnp at the divid , is 

1,070 feet above the ea, but it has probably been filled 2 or 25 feet sinee 
the lake forsook this n10nth, which wa thuR. lowered by erosion to 450 feet, 

approxinlately, above the present Lake Supm·ior. Spring in the SWaInp, 

outf1 . ing partly to the Bois Brule and partly t the St. Croix, are nea,rly 

60 feet above the long and narrovv U pper ' t . Croix Lake, '"which is 1, 11 

fe ' a ov ~ the sea. rrhis and the silnilar but laro'er Lake 8t. Croix (lO\V 

and high 'water 667 to 687 feet above the sea, with InaximUlTI depth of 25 

f -'t c: t th stage of lo,v ,vater), through whi ·h the river of this llaIne flows 

n ar 'ts In 1th, lie in p rtiolls of the glacial river conrse vvhich have 10,V 

beC01ne dalnl e 1 at the upper lake by the grav ,1 and sand deposits of trib­
utaries and at the lo,ver lake by thos of the ~Iissi8sippi, raising the I vel 
of th outh f the Sf.. iroix since the departure of the ice reduced the 

river t its present size.1 

Silts referable to the vVestern Superior olacial lak are fund near 
Superi l' and Duluth, and it,-' delta deposits and shore-lines are traceabl 

here and there along the northwesterll shore of Lake Superi r in l\1inlle­

ta, but it 111ay ·well be doubted whether they extend into Canadian t rri­
tory. Before the ice-sh et had retI·eated so far as to nneover th r jgion 

c ~ -nt Port Arthur, its leparture fi.·onl Wisconsin and the greater part of 

Ii ·higan had probably penni ted Lake Superior to becolne confluent with 

Lak J\1ichiO'an, thus fOrIning' the glacial Lake Wan'en, with outlet by Chi­

the Des P laines, lliinoi , and l\:ILsissippi 1'iv 1'8, L ike the he<t ~'h 

1 Geolo f Minnesota, Vol. II, pp. 642, 643. 
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f Lake IZ, t shores of the vVe t Tn SupeTio' lak and f L ake 

v c ITe11 ,h w tlIat th d partur of the ice wa att nded ball rthwar 
uI lift f th lan.el,l 

Lak W an'en was pro ably c ntmnporL ou wi h the m aximlIDl 

t ·i II f L ake Aba iz, and it Ina), e ntinn d til tl tt l r beg· n 

I t bel d to the depaTt H 'e f the 

ic which I pea.r have p rmittec1 c nfl leut sheet of W' tel' t 

tret ha c sin 'le h 1<e fr ]11 the w ,_te 'U 11 1 of th a. i of Lake Ont rio 

ov r the hole or th e greater part of the £ UI' hi ~her Lanr ntian la} s. 

During the E;l' ial l' :.treat f,o L ake lVIichio'an and the we. ter p -rti n 

of Lak E rie each of these areas had an u 1 t to the lUi 'si sippi, that f 

L k Michigan cr s::;iug' the height f land close w t of Ohi a ' , ouly 12 

or 15 £ et a' oye the lake and a1 pr e., :i lL t ly 5 .. 5 f. , t hoy the sea, whil 

t1 e utflow fi: nn Lak Erie pa,', 1 vel' the 10 st pint f the water 1T 

bet vv en the l\L lUll e and the VVa a, h, 770 £ t above the I resent sea-level. 

Th departure of the i e frOlTl th southern p > • n. 11a f ~ i rno'an, 1 ,V.. 

v 1', .~ V to the gl ial Lake Eri " with its xten. ion north ard er L Ie 
t. Olair nd the southern €I d fLake H nron, a 10 l' out! t across theL 

We t r·h d of the Shic WL .. ee and Grand ri 7 'S, aBo", 'nO' the We t I'n Erie 
glaci(. l 1 I to flow into the o,le ·i· 1 Lt ke ~li hib'an r War' n y a pass 

whi ·h i·· now 729 feet t V '-' the sea.. on (; fte1' this th further l' -'si 

f th i p nnittecl Lalre 'Warren t cl as ne level throut;h COillle 't­

• 0' straits from Lakes n tari and E1'i t L {: ~ np ri r, i 'haTg' , g it 

urpll We ten., y tll Ohi ap' outlet. 

Snbse nent stages of the b·lacie l. r cessi n, uncov 1'i11O' an Itl fr m 

t1 e Lak ntari Ro e t the :Mohawk an I-Iu 1 

hi 
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nizing 1 ice-sh et and referring the high nci nt 1 <. h .. f tIn 1ajn t 

marine submer 'n ,the ' :.. fi 11 ha. als be n lab l'ately ,tudied by 
l'ding to the gla ial t or ThIel b Gilh rt, which ~ e ill to 

t d 
b
()'ain t th Adiro ­

dL ck ~ untain, and thence tret I eel a ross the 8t. Lawr n Tall ) t 

the L aurentide highlan s 11 rth of 1\10ntr ai and ue ee, tIt t) acial Lake 
II' quoi , outflow' a R. e, fOl'1n d a w 11-ll1ru.'k d beach which Gilh 'rt 0' 

ha' ] "1 ped, with d t rminations of its height l)y 1 vJino ' fr m th .r iao'c.J.'a 
Riv r .ast to Rome an nortl to t e yi inityof vVatertowll. Th Calladian 

orti n f this each, surr undi g the "western end of L c 
running along its north rn ide to th vi ini of B lleville has b II inli­T 

lady t 'aced hy eneer. Th , hei ht f Lak Ontario is "'-1 47 £ t, aI dthnt 
of the Id outlet cro sing t e watel'sh d · R 1 e i- 440 et (b ve the a­

level. Thence the high "t Iroqu i ea h,' in it c ur:'e acljacent to tb 

eastern end fLake t rio, h .: '" a gra nal asc t 0 abo t 5 fe t p r '1 
ng a distan e f 55 I iles n rtl war - to the latitude f '''Vat -r io, wh 1'e 

the higLest bea "h is 730 eet ab ve the ea, sho,vino' that a diili ntial uplift 

of a ut 29 fe t s tak n I la e, in com . ri ' 11 ,vith the e utI t. 

Fr R me we -tward to Rochester th ea ..h h nearly the same h hrht 

with t outlet, bu t f: .ther westward it deseends to 3 5 feet ab v th ea 

at Lewi ton and 363 £ et at Halniltou at the we tern eI d 0 Lak 0 tari , 

Conti ling " ong' th hea h nort.h of the lake, the saUle elevation with the 
Oln . outlet is reache L near Toronto, and then ,e east-northea t, ard an 

uplift i found, similar to that before n ted east of the lake, its a nnt 
near rrr en t n ( nd Belleville, ahoy , Rome, being about 24 f t. 

Only two SUlf a ,es of fonner Ie Is, hich are snp lied b 

shore of Lak s WruT 11 and Iroqu i , C 1 duct us frOlll' 0 i a ' t (. ter­

town and the month of Lake Onta1'i. B tween the 1 1 f Lak W a11' 11, 

at the astern end of Lake Erie, and th It te~t I I an llighe t bea 11. of7 

Lake Iroquois, at the w te 11 f Lake ntario, while it out at 
orne, there is a vertical fall of approximately 500 f t; nd f1" ill tll late t 

the serie of several ea be. n a1' \ iVat 1't wn wh 1'6 h Y 

1 Papers llefore cited; also Am. Jom. 
Mal'ch,l 1. 
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£ t, th 1 we t bein la t £ l'J 

400 £ t ' th 

belo·w t1 e T housand I land and at the 1 me Ie 
F r m, Lake W al ~en to th 

But the 

to 

pari n ther would have 

tIl 1 el of Lak" .1'1' n tari ,and 0 et 
1no1' f fall f1'o111 Lake Iroquois to th ea. The 23 t t1tu foun 1 

ur ., t1 e diffi ,rential rise of the are of L ke iltad during th early rut 

of the tilDe between the elates of Lak "'\rVan ,'en and of the s a at 0 t:;d n ­

burg'. But this differ ntial uplifting meanwhile affected the W 01 lake 

region, extending' ,ve h,varc1 over the area that had be c ,upi by t e 

o'lucial Lake 'Varr 1. ; . and it is probable as sh 'wn by the bea hes of Lake 

Ao'c iz, tha t the greater I art-indeed, ne 1'ly all-of the 265 £ et f 
oTadual han 'e in Ie Is betw en Chi " ' and the ea t rn end f Lake 

E rj to k place durino' the tilne of t el i ,} Lak Iroqu is and I r . u 
to th tbn of h s ~ -l :lv 1 in t e St. Lawr all y with hieh Jli co' 

a 

glacial l' c ' . i 11, etw n the fo1'mati 11 f it late -· t b ac \vitll utH w b 

Rom t the ~I hawk an the OillI l td partw' f til ie, r more J l' 1 ­
ly th melti g . n (; e u till: u h t1 e ie - hee, n e area r 

y th t. La renc , t whi "h t ] e c an wa then xt nIed. T ). ,1'1' r 
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back our cOlllparison of ChicaO' and Lake W arren with the . ea-Ievel t 
the tag of the o-lacial re ' " i n wh n the Niab'ara and the ~fohawk 'were 

fir. t un v red frorn the ice, we hay then to subtract froul the ( feet of 

apparent descent an u cletennined an1ount, which PI' bably ex"e ds 23 

feet and very likely 111ay be .fully 3 0 feet. The height of the ChicaO'o 

utI t abov th sea-level at the tin1e of OTeatest extensilll t f Lake vVar}' n 

is thus £ und t have been ,bout G5 or JOO:£ et, which differs only .-lightly 

f1' m it , PI' . ent hei -ht of 595 feet. Chieago having had nearly the Be II e 

el ratL a now, we larn from th shore-line~ of Lake vVarren that the 

country adjoinin the east -I'll end of Lake Erie was at that time depressed 

more than 2 feet, while the r o-ion north of Lake Superior was about 5 ,, 0 

£ et lower than now'. The HOlne outlet of Lack Iroquois was at first 50 or 

1 0 f et (1 ve the sea-level, and it vvas uplifted t about 300 feet ab va 

the s a whil it eOl1tiuued to e the outlet, ~uld to probably 3GO feet, lack­

ino' 1 . than 100 feet of its present height, by the tilne of the extension f 
th e ea to 0 -densburg and B'od vill . 

Be:b r - I roceedjng to consider the later great xtension f L ake I ro­

quois we lnay o-lance rapidly ov l' so e f the e planation: of the ancient 

levated shor -linGs of the Lanrentian lakes which have been offered by 
lIe 'es iv writ I's. ~Ir. ThoIllas H,oy, a civil ell rin .T 0 Torollto, in a 

pap T ol1l1nunicated ill 1 °37 ..r L. 11 to the Geological ' oci ::.ty of Lou-

don, 1"e c rded the d. of water that forni d the terraces < n d bea,eh riclo' 

ear r nto as an inlInens la-Ire, with '11rfa' at ne tirne b bout 1,00 £ t 

ab ve th ~ <.1, h eld i ll 011 aU si es 1 fOl'lnerly high :.1' barriers of land.1 But 

L n durin ' his travels in this country in 1841-42 eXa1llin. d th -'se sh rr ­

lin :\ itlt Ir. Roy ' Id prol un d th0111 t be of lnarine origill.2 I n 1 61 

P I' f. ' . J. ~h( an attributed the depositi fl f lrift ill thi~ lake r ; n to 

a 111 ri e subnl 'o'ence ex ee 1inb 1,5U f et; but h , like all subs llellt 

ob er r , was ne. hIe to find an llutrine fo ' T he beach r' g . 1 

efeITed t a ver y ext nsive fre8h- , ra, e1' lak fO'm 
th ,a d \ a uplift el, the ]ak t 

1 vati of th 
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lands.1 During the saIne year ~Ir. ~andford FleInin~' p Iblish ,1 a d 

d .;criptioll and lilap of the Davenport riLlo' and terrace, ·whi It are porti 

of the highest Iroquois ~hore-liue n ar Toront , referring' thenl to t e 
action uf La1- Ontario when it stood ~'about 1 7( feet ab v J i ' PI' . nt 

1 v 1. 2 The ~ eolo ·i al ~-~ Llrve of ::tnada, in its valua1Jl Report f PI' '­
1863 described these "ancient bea he8, terra' :' , ' n 

15, but pre eut nu th ry of their ori ,in. In 187 11'. 
a paper 0 the o·Ie ial c: .ld . te 01 ·it ,1 . ' c- ta f car­

1 (1' H'o·htH ' u<l otl er localities near Tor n to, acc Ul t d f r tll rift y 
th n ~y of i e-::;h ets durin two gr at p chs of glaciation, epal' t d 

~ eOl't;e .T. H ind ,ir 

c 

by <: long interglacial epe ell which han a cli rly like that - the 

PI' . nt ti Th Laurentian h kes, at the close of the Gla ial p ri 

HC l'ding to this author, were Inu h laro' r han n w, dS 'h by the Id 
shore-lin S; but he is not sure rbether their barri l' was th r c lin0' i e­

sh t or "a ' Uillulatio : f glacial dcbriH which hay since been l' Illoved. 3 

The south rn high shore-line ' of the e lakes, ill the niteel Stcte , haye 

1 n l' Clgarded by vVhittlesey, Newberry, laypole, and ill e1't, 

water fonnation, the lakes havino' been held hio'her than now· by h i ,e­

she t during its departure; and Spencer an I Taylor ar the only recent 

·writ l' who ha exalnined this r o-ion and believe the beaches t be . a 
8bo1' .4 

~ 

N one of the:::;e wri tel'S has studied the question, vVhere v~ e-

sheet latest barrier acr ....... th St. Lawrene all ~ The diree . n of 


'laci< 1 stri and transportation of drift a 'weI' that th ice- 11 t in t'li 


r '1 n dllring th of glaci tion wa" thi kest up II a 1elt 
~ 
I 

t t e t ­ rthw st in 

l 
t 
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th vi inity f Qu e . Th nce its U1Tent 1u h c1 u the v· He by l\fon­
tr t I anu al ~ I( wn th -' vall v , fillin . the broa e ,tu:: l'V f th I 'iv r to t e 

ancl II tha tra t at ur b ::;1 ow uel 

':.n W ,hin· 
,~illg it pee 1 f r tr at i j nlf of it 

awrence and W 8t t war , th gla i· 1 h .ke'· wc: V 8 on th th r 
f til in thi s v::ul y he: 1 lil(ew'is 11a ·t I ,et it 

de} " 1;nre. lak e whi h I ha, e nanled L i. ,ke It,. L 'ence,l 

h~H Clxte1l 1 d b yond the t asin f L c: ~e Ontari to fill at len .th th , 10\; l' 

part )f the Ottawa basin, probably to the rflouth of the Iattawa, and it had 

rea ea~ 1\T I'd aroun tl 11 l'therll 'ide of the A ironda k to Lake 

ha111plain ancl ~1ontreal, and clown the St. Lawrence "~alley probably t 

ueb or farther, when the ice clanl .. tween it and the sea disappeared. 

The glacial Lake St. Lawrence, until this tilne outflowing to the ocean by 

t ., Huds 11 River, then 'ec: . eel t exist; Lake Ontario becalue a separat 

heet of fI'esh water; ancl the sea, at at sOlllewbat lov{er level than Lake St. 

Lawren 'e had held, stretched to the Thousand Islands, where the St. Law­

rence River, at first nly a few nliles long and with scarc,ely perceptible 

fall, discharged the outflow of Lake Ontario into the prolongeel G'ulf of 
St. La\vr Clnee, 

Another branch of this theIne needs to be added, telling the history of 

the "ontinuous Huds n and Lake Oharnplain Valley during' the recession 

f the ice-sheet, up to the tinle of this opening of its northern portion to th 

'ean. The ab.. ence of marine fo:s ils in beds overlying the glacial drift 

on th shor " of southern New England, Long I -land, and N e\, Jersey, 

and the 'watercourses which extend f1'on1 the t rlnillal moraine on Long' 

I land outhward acro", ..' th adjacent rnoclified drift plain and continue 

..n ath the~ea-level of the (+1' at South Bay and other bays between the 

'hore and it bord .rillU· long ea.ches, prove that this I ~. st stood higher 

tl an now when the iee-sh t here e "" tended to its farthest limit. A 

, 

in the vicinity of N e\v York 

1 

j 
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durin' th Lc t Glacial or Oh mplain lJoch is upplied, as I believ , by 
th han 'v submarine hallll ~l f th - uelson which ha. b n tl'a ed by 

t ding 1 of th nit d I tat 0 (; t Sm'vey frOl abt ut 12 m' if 

'1 andy H o k to c ill tanc ~ of b ut ~o nUles uthea t from the II .1 Till 
:;Ilbmerg <l . 1ll) 1, I 'llg hef,\ve n tl PI' '- ent mouth f f e Hudson and 
the very leep bmarine fj r 1 of thi. ' r iv r, l'c . ' from lOt 1. fathoms 
in d th, \ ith an aver <. 'e wi( th f 14 miles, alt llg 'ts extent f 80 mile, 
the deT th b ing m a 'ur -,d fr m t t P of it banks whi h, with tl e adja­
ent 3,- .1, are c vered by 1r. t 40 fath .ill , of at r, in l' a iug , uth­

eastwar 1. wit tl e sl pe of this maro-in of the contin ntal } 1 t .>au. 
Durh . the whole 01' a on id 1'<.' 1 f th time of the glacial 

L and ~t. Lav\T1'en ~e, this are' " stretching 1 miles. outh­

ea twa -1 fr ill :rew York, vvas probably a lanel surface a l' hi h the 

Hu 1,., n fio"r d vvith a slight c nt to the .,ea. But northward fr In 

the present mouth of the Hudson the land stood lower than] V\!, a 1.] the 
(11l0unt of its depre::; i n, b ,ginning near the city of N e"w York and 

in reasillg' frOlYl south to north, as shown by terraces and deltas of ,the 

g'lacial Lake Hudson-Chalnplain, which 'were forrned before tbis lake 

e (; I e merged with Lake Iroqnois, was nearly 180 feet at , iVest Point, 

275 feet at Oatskil1, and 340 feet at Albany and Schenectady. ~ Farther to 

the north, ae,c,ordillg to n (,surements by Baron de Geer of the altitudes 

of the highest shore nlarks in the part of the St. La,vrence basin w'hich 

was filled by the glacial Lake St. La;wrenee, fornwd by the union of the 

two preci ding', the elepre~sion was near! y. 65 7 feet at 81. Albans, V 1..; 640 

fe t on the north side of the Adirondacks, southeast of ~Ioira, N. Y.; 

G25 feet on 1\-Iount Royal, at Montreal; and 718 feet on the hills £ w 

mil ' -. n loth f the ,it T of Ottawa. 3 FrOlll these :fi~lre .., hov\Te r , both 

in the IIucbon anl St. Lawrence hasins, we must subtract the anlOunt of 
cle ~ f the Hudson Riv r, which in jts -'11a 1 outside th 

l 
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harbor of New York Inay probably hav been on e 5 or 60 et i its 

length f abo It 100 1uiIe ', Befor th tinle of elisa} pearan e f the i e­
barri r a.t uebee this des eut 111ay have eli ' 'sh el, or the ea 

at N w Ycrk ma- havE' . ·u1 1~ ::i( ::' to hrillt!,' tll S re-lin nearly to it 

pI' lit 11 'ition' 1 ut the flu 1:. 11 alley n c · wIllie had 'eell uplift , 

w ut 

th This 

allting 

t. 
ehan­

to occupy the Lak Cbcluplain ba in, utflow' 0' . 

, it" '{ ' e £ 11 b)' th e stao' , bout 2 £ et the 

H udson-ChaInI1.. . 1, whi 'h hnd doubtl -, reach ,ll n rtll , ard 

(; 1_ n o' tl c hoI length of th Chan ph in basin. The ley 1 of the res lting 

Lal~e St. La ~ nce at th latcr tim of in, ' . I of th sea p:: , ue ee £ 11 

P ,-bably 5( f ef. or less t the ~ ~ -level. During these chang e. - th .. t -

f! w f L ak Ab" ~iz - Y h v P d in tl ways hef r d s ' ribed t 
th through the IInds )11, an aft rparcl t the e lar J' ulf f jt. 

Lc WI' n if th ,' a h( (In t PI' 'on -lye ill :) into H n son Bay, 

tll 

~_l ugh t 

lak pI' b bIY had a 1 ng th 

LAKE ~H NE T A. 

'jHum u eed t 

mon 
D . l\1olI ", In its rna 'mun xteu hi 

, 1 G mil s fixll ~ ,V -' a to Big StOlle Lake, 
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with a width of 40 miles in Blue Earth and Faribault counties attaining 

an area of more than 3,000 square rniles. The continued glac.ial rec ssion 

aft "l'Wdrd 0 ened IO'wer outlets ec stwarcl to the C(l llIlOn HiveI', and at tI] 

tiine of the vVa onia moraine had uncovered the lower part of th :NIil 10­

sota Valle 7, pernlitting the lake to be wholly drained. Ilortheastwarc to the 

~1i is. ippi. 1 It~ exiL .. was thu ' ellde previ( us to the b eo'inniuO' of 

Lake Ag j z, whi ·h dat ..> .. from th e ne t llsuing I)ovre lno 'aine. 

The 111( di£ d drift from the retreatino' ie 0 t 1e uI)per Minn "s ta ba 'n 

wa depo it 1 a1 ng the 10 -vel' b · lf _f thi ' vall ,fillino' it vith tratifi 

g 'av&i, sa d, utl l,. } to' -epth 75 to 150 f et . b ve th pres nt r 'ver 

£1' ln l t it u nth, whi ·h ·11 \ 8 tll t at < t thi p rtio11 f th 

vall a lllearly its PI' nt :f I'n at th tinl f final recessiou of' tb i e-

she t. I t . e "ill ' aI 'o probable tha t th ul pOl' part of the 'haun 1 1 

N w Ohn, oceul ied by the River vVan'eu at the tiI e of the Iiennan 

ea ·h " was (J II' ,a ly a cliutinctly Inark t P . pllic featu!''' v\T il n th · 
ice retreated, so that the first outflow fr m L ake Agassiz took it.' our."e 

at a 1'-IV I SOUl e 50 feet below the general SUd~lC adjoining' Lc ,k B Trav ' e J 

and Bia' S tOlle and Brown::; '\ aUe '" .2 As IOllo' as ,' treanlS lonr d int t 's 

valley directly- fron1 the 111 l' inO' ice-sheet, its lTIodified drift, o'ather d frOln 

th ice in which it had been h 11, cont.inu d to illcr ase in deptl ; but 

wh n the i e had retreated beyond the liYllits of the lVIinnesota basin, th e 
~ . 

'"'T ' 'water dis hal' ,1 here frCHll Lake A 0'<.1 ':iz brough 110 lllO l ifi 1 drift, c He , 

tIl 

an 
that TIl er 

volun f ,\ at r , ha\ 

:ilt, "hi 11 bay' 

in 

., T 1. X 7xn, 'or 1 3, p p . 213- :' I i a lso 

l 
, 




2 6 l'RE GLA I AL L E A S IZ. 

LAKE A. 

r ±. f a lak name 

y hiln Ld~ Da}o ( , ak t 

.nil 

ti h 
d he 

w its 

r t1' at. .The b d 1,3 

f t, r if' ithin 10 £" t 1 ~ or ab t Ii:', throuohont it lengt h; and7 

durin ' th o'la -ial r j ~ ssioll it wac' ('overed by a 1 ke wh .. 
now a h -i ,ht of abont 1, .J)0 to 1,3,- 0 feet, prob~ bly aseending slightly fron 

' utl t n rth as 'ompared with the pres81lt sea-level. PI' £ ' or T odd 

tates that the surface of this lacustrine area ill its ~. nthern part, fron1 

Mit hell t Redfield, is nearly flat till, but then('e llortl!\Yarcl is and and 

10 ss-like silt, while consjderable tracts of the eastern order of it north 

part consist f low dunes. 
The outfiowillg' Janles River wa;:; cutting' down its ~hannel durino' the 

retreat of th ice-lobe, alld its erosion was ~o rapid as to prevent the north­

ern part of Lake Dakota fro1l1 retaining' sufficient depth to outflow eastward 

into the south end of Lake Ag'aRNiz when the way was opened by the far­

ther pal'tul'e of the ice, receding frOlTI the Head of the \ t au des Prai­

ri and beginning' to uncover the Red River Valley. A large tract of the 
.. ,wI and t-iilt beds of' Lake Dakota, alld of a outio' 1 us glacial lake fonn ,d 

in S 'O'JIlt ounty , N. Dak., at the tilne of the Dovre u.1oraine (p. 1 

,Il l , its draina O'e to the Red River bv th head stream of th Wild 
. 1 

Riee1 mch p ';'es north of th I-Iead of the teau and enters the area f 
:-," d iz 11 aI'" ,n 11181'e. rrhe lowest I)ortion (It' the watershed 

, I 

this laeu trine d Jposit, over " hieh the J ~ III ' Hi c>r would flow ea. t t tllp. 
'Vild Hi ... ,River, i~ ._ ,arcely 10 f , t cbove the general level of the J aIlleS 

11 '~ , r :.. .- £ et above the present Ie, el of th at 

01. X 'XIII, 1 
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r r th I'n 

1 Vc ti ' n upp r p rti t ."' in 
lack of e Ti lle 5e that the 1· ke wa s have 

11 r th 

1'e the gla ial r tr at 

f 

r 

east N I'd outl t into Lake o'assiz, indi at that tl1e ~urfa , of land an 

rat I' ' ] th Jatn ~ '~ alley hall c inetl n arly th ..ir pre~ nt relati . L ak 

Dakot;t heing: alread chained a\ , y \vhen the 'Vild Hi Ri .r anLl tIt 
,--J '; • 

th nd f t.he Red River -Valley were uncovered by th i n f 
the ice-sheet. It is evident, therefore, that the 10nO' area of Lake akota 

1 - ~periellc ' c1 only slight differ ntial hanges of level, at 1 ast in th 

direction fr0111 south to north, since the del)arture of the lee. The James 

Ri,Ter -Vc.ll y is thus trongly contrasted with the northward uplifting that 

ha,.-' affected the Red River Vall y as shown by the beaches of Lake 

Agassiz, the highest of which ri ~ frOl11 , nth to north about 6 inch per 

lllile for 30 or 40 lnile~ at its south end, but a foot 01' l110re per lnile within 

40 ITliles faJ·ther north, and, indeed, has an average northward ascent f 

(; bout 1 £ t per rnile throug'h an extent of 400 Iuiles along the west side 

of this lake in North Dakota and ~Ianitoba. 

LAKE ' URIS. 

A Lak Agassiz gradually extended to the north, following the reced­

n0' ice alTier, it 1' , iv 1 ~n · -. -'ssively by three outlets the drainage of the 

gla iul la,l -, of th Sasl (t -.hmvan and i ouris basins. These streanlS took 

th conr~-' of the Sh y enne, Penlbina, and A.. iniboine ri ers, ea ·h bring'­

ing an ext nsive delta deposit. ,Yith the fir;:;t retreat of the ice froln the 

lUi 'olui Ootean a o'laciH1 lake he 'an to exist in th valley of the S u 

' (1 'katchewall in th vicinity of the elbow, probably outflowhlg at an early 

tin1e by the way of ~1oose Jaw reek, and throuo,h a. o'lacial lak, in the 

upper Souris ba~ill, to the )1 i:-;:-;0 lU'i neal' Fort Stevenson. Later the out­

flow from the Lake askatchewan 111ay have passed to the Lake Souris byf 
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f the , Va ~ ana Riv l', after P' 'si . tlU'oua'h a o'lacial lak whi "h 

PI' a ly extended fronl R gina GO mile.: t th '\ e~ iI the upp I' Qu'Ap­

ene ba in. 'Vhell th D<.k ta iee-Inb ,vas nlclte 1 back t the vicinit T 

of D iils L ake the drainaa'e of Lak ; onris pa ' ~ed suutheast by the Big 

Coul Je, one of th head 'tr .,1.1 • of t \. h 'y enne, flowing' t en e :6 r . orne 

time southwarrl bv the Janles Hiv l' to Lake Dak t <­ , but later -a ·tward 

n hward lJY the She . t Lak J'U I iz. A mann cript report 

L-j. W. J. Twinillo', ' 186 

( e-'t rib ." 12 f t 1 ani c­ thir f 
al ' Thi gl' at 

f the ~1 u. 

. with the open valle 

'111 uri. ( :>1. XXI) ) balSiI f the ouris 0 . 

l\Ioll.· River fro the lost south rn port' n uf this river'. 1 op in North 

ak ta t in )lanitoba, wh r i turns sharply n rthward a Id 

I' : 0.: through tIl Tiger Hills. ~orth of the S uris basin au ann of hi . 

lak xteI <l d nl« lng' th 1\. ':iniboin £1' ill Grisvv lel and ( ak Lal to 

~ In:> clistcll c above tIt lnouth of th Qn' :\.ppelle ; and th Blain bod of 

the lake ,vas cl eply iull ~ nt -'(I 01 tlL ( :st by the high ( Vc 1 area of Turtle 

ntH .r f the liguite-l earino' aranlie fOrlnation, whieh is 

w II d. vel ped 011 tIt upper part of t1 S~ uri Hi, r 3,11 1 flJnns, witl OY l'­

l ' drift clep ::;1t8, the 111£ • iv '" t l'l'a(~:; of the «t an clu ~1iss uri n th 

we 't. The 1 llgth of Lake Souri ' "a~ about l7() TIlilo:;, fro111 latitude 4, 0 

t latitude 500 36' , Hllrl it 1 . XinlU111 wi(1th~ north of 'rurtle iHoUI tall) wa 

II arly 70 iles. 
n til t -~h -' t 'v :-: t fLak to 

f th ~ S ur' 8 t 1.1 

mhina. c1 Ita ()f La e goa ' iz, i~ r led 1() t 30C feet ill d ptlI, proJ a­

ly vera 'iug 175 feet, along tll greater prui, of its e ur. e, but. it i8 f1' 1 
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3 to 4 - feet. d p, PI' 1 a.b1} < v Tagino• 3._0 fe t, al 11e' its last 20 mil 

It L-' "ut thl'ouo·h the plat II f F 1't Pi 1'1' hale tlla,t rec ehe rest wf.' Tc1 

fi'orn the P lnbina ~Ioulltain esearplnent. lltsid of this valle- the shale 

11'3 rlaill by 01 1 < thin she"t of till,which v ari lly fronl 1 t 

o or 40 feet in thieknes._' ; but the vailey itself cont· 'ns a . llsiclera Iy 
r ater dept} - f till. FI onl Lake~ Lorne and L Le to its d Ita th(:., P lU­

bina prol abI. Tfl( v .' in itR pregla inl course, where it:, old valley 1 arne 

partly fil1 ... 1 -with til1 - nr inO' the G-lacial period. rrhe top oTHphic f atuI' 

f thiH val1 e~ . ill 1 -'111 1' fully ,how by the followillo' nt . f <ppr 

Inate (~levations r ferred t the sea-level, those of the first eohunn b eing 

ill the 1 ttOlll of the alley, and th ,of the .. cord aloIO' the top of it 

b luffs at the general level of tho adjoining c'Qnntry. 

Elelat-io lt8 Iliong tit Pemb ina Vall y (ou let of Lak li ds) .1 

Locnli t ". 

1,265 1, 475 

t! owill ~ l'UI>ttu th e 1'1'1llbi na, lId rm incd hy r oil wa l11'\'Cy • •••• •••••• ••••••••• _••• _ 1,364 1,475 
BOll\! L; tk~, 3 m il es long :1Ild. 1 1, u1f m il w ide ___ . •... _... ...... .. ... _.... . . . . . •• _....•... 5--- L 1,357 1,40 

r ssL, k. '" ••••. ____ •• . ____ _____ ••••• _. _ ••• _.. _. ____ ... . _. _•••• ....... ••.••.• . •.•••••• 1 -11 1,355 1,485 

Peli e[lll Lnk ll, 10 lIIUp" lon g; anrl abo1l t a m ile "" i.le, InO tly 10 t 15 ii' t d p, bll t i ll lts 

11­ 21 1, 48f>-1. 510 

22~ 1.510 

pl'!> lllOl' til'ns alo ll t 20 fect, r i;; ing3 ,·t ) "enill:ll w u c1hl.,be tat g __ I 
J llnd iun of on t1b of PdiulD L - w it 1 the l'cmbin n......• _... _•. _..... . .............. . 

Lak(:Lornc; OJ'ea , a hou l. Iro il squa.l' ; m aDmum deptb.nh o tBfoot _........ .. . . .... .. 2:J--24 1,51U 

Ln.k L OLUS , ' f nearl y t he s[[ mc ar . amI m nl:i rnulll ,lepth, ......•... . ..... • .. ..•....... 2- 20 1,510 

1,510 

1,510-1,550 

1,525 

1, 480 

1.500 
1,550 

1,265 1,650 

1,250 1,545 

85 \ 
1,236 1,540 

100 1,125 1,5-10 

10 ~,U50 1,400--1, 500 

I'D 
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cnu 

~ 1 rO i: 

1,4 

tt laIL i_ c b u t an ighth f mil 

ut 40 f .le t L-iu'h ria narrow t Ta ', 

a £ urtl of a 1 il 

th east fr III tlL 

h It 1 ~ lnil R, a f 
£ ' above the riv r. 

] Li lp, fro 

thi 
tll 

e peciaUy in th 'i ·il it)'" of tll ii,'h tr( I 
,,-' in a vel' 1 ictlu'esql e vaH y, ,\VIlas siaes, ri 'iuo' teepl r O t 

T5( f t, c Te rout:;hl :::ea 1 and -,I ft 1Y tributar ravin .. aJld 0" l'g , 

with 11 l' and there hills aI d nall pIc ,teaus t lat have be n left blah t d b 

the Pl'o(' . of erosion. Thi.. of the For 

Pi 1'1'8 shal ,which also, within a half mile to 1 luile back from the riv l' 

f nn the 11iO"h plateau throuo'h ,,,hi h the ri ~r hus nt its '\ TO . T'h Uel '­7' 

r WI ' ~ d depth of the partially drift-filled vall y indicate that its a.r :l 

f drainage 'was no greater in pl'eg1a('ial tilDe than n v. 

Th m )uth )f LaIr, S uris ",here it first outflowed t Lake Agas. iz b 

tl Bin' joule and the 8h e1 1 was all roxin1~ t ;llv 1,6() t 1,. f t.. 1 

h 11' . nt se -l v 1 
t s r an. 

ha niH. e in 

thi. nd f it: 

n 

tinl of outfl >w to tl an 

1 
r P lican La ~ c nd al 

ut 

t] ill I in , th 



alle ~ an the P I hin a. The . ~ t n t. fLake 

t Cc along th 
ut ow 

E lIS AND LA 'S VAL L EY. 	 27 1 

of th 
ward 
h.. in u thi. 

iu th vi in-it 

tIt lake be 

tmi tll 

-1 p si ts 

h 1 f th t I 
, 110 ~ 

Th t P rt f the T ioer 

b'an t u t­

1ree1 . 

M ter the erosi n f Lan . all d lowered the Lak : b 1 w 

tll 1 7 1 a ut 1,' 90 £, t) at which its utfl ,y could pass instead to the 

north and northeast by the \ ay f ak Lak :l 1 th ._siI iboi , th 1 

~ ao.: withdrawll to the n )loth sid of the Assiuib ille Vall y · -t 

Lak and th d I osition of th :} gr at s. inib in delta . Lt lee1 

1. 	 width -f only 3 n i1 of th llloraini , b It f th Tig r I-Tills, 
of L an e:" Vall" and t1 ~lb of h 

t 

d 
b tweell th or in and t e 1' . edrn 1 witb 'n tl angl 1 etwe n tl 

l 
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· st-to-w st range of the Tig r H ills and the north-to- outh rau b' of 
t1 e Bral Ion H ill,. \Vitl the ~withdrawal f th ice front a rt e As..,in·­

b ine thi~ 0'a1 through th e nlorain ,vas soon channel d deeper, and tl e 
Ul'i,' turn ~d nnrtlrwcrcl at i s elbow, 1 avillg' its old ell un 1 of L ang 

,Tall and fl o,ving with luore rapid descelit to the Assinib _ ine in i s PI'. i ­
eut e nr"'. Th o'ap ha~ b :; 11 since 1'0 l ed t '1 total I -pth _f 350 f t; 

an 1 then -, n 1'thward the Souris has cut a channel bout 140 feet deep, 

>.wetly · till, whi h for 1 t ,ep bluff's th . t in m any pIa es ar ~ uenv b eing 

lmil 1'I lin cl by the strealu. E rosi n al ng' this part f th S uris i ' still 
PI' ce din ' r apidly , nd the valley h · s e very ne appearance, 

LA KE "ASKA'TCHEWAN. 

ThrOI gh the whole period of the existence of Lake Sonris, which at 

first u tflowed tu the ~Ii.._ouri and aften i:1rcl to L ake Abassiz, the glacial 
lake i ll the b a. in of the South Saskat 'hewan, c1 11 tIe. ' a1 .. 0 at last illeluding' 

th North SasI a,tchewan, was tributary to it, an d the outI t of this L " ke 

Ra 'katchewan was transferred to low er eonr"'e as t1 e border of th i 'e- ' 

she t receded froI11 southwetit to northeast. vVh n the upper part f the 

Qu' \ I elle b -·.une un ~ red, bnt its 1 weI' p . rtion r emain cl €I e1 e 1 
by th i e, the Saskatchewan ou tfio,v probably passed to Lak Souris 'u c­

.. s iv ly the ~1 e .Ja'v ere k and the upper uris, by th J ';Yas enT 

a 1 tl e I . e l\[ountain ere k, and b r the 'SUllllU rberry and Pir .,stone 

·reek. F inally th whole 1 n oth of the Qn'Appelle was uncov l'E,d, and 

the ,-, re~ t t?-la ial r iver from LaI Saskatehewa,n fl wed along the cour f 
t ·s valle T which is sirnilar to that of the F ernbina in its ,vidth and depth 

an tl e TIl llnGI' I ' L k ,,_ alo o' it~ hottOlll. At first thi river cr ~. ( the 

iv 'd t rye n the Hi ~ l' the t rrul'ns and the h ead of .the Qu' pp , Ie, 

wI l' it er 1~ 1 (, tr ugh-like ~bannel lik that of Bro,<n ,-' aI d L n ' 

\'T~,ll ~y · Lut later it pr( 1 ( bly _1..11111 a 10 er outl t .farthe · 'th, fl win g 

I;;'outh ward to th Qu' pp lIe thr - I g'h th valley f L on o• 01' La t ~1ountain 

uk . 

T h [, ll_ wing tc .bl , C illI il d f1' III H ind s rI o ,t of tlL in 

'111(1 ~f "·h ~ an ;>xl1, r in er , q crlition, 1 rmo" i t view th Tel _ark ·tble 

topog .(,phi' f atm'e' f the sh w ' the lenn'th.' an i 
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Lo a li ", . 

it taO' s f 

b L nO' 
:... b Ine 

ouri 

Sa 1 atche . a.n 

ma~ 1m c1 ,pth f the lal es thr ugh hich the river fl I t. el vatioll 

are r ferr to s a-level, approximately , by cOlllparison wHh th Cu auian 
P ac' Hail,v, y. 

Elevatimu:I (/Z0119 the U'.dl'lJell ra lley ou tlet of Ln];e ...'aRka ir.lic/t'nn). 

II i l,t of 

1 -1.J.!'I 

150-15:1 

15-1-100 

108-203 

:21 22:l 

26 

I , L9 

t, (j 6 

.1, '104 
1,0 5 
] ,636 

I , ti24 

1,504 
J,50:1 

1 ,SUI 

1,500 

l,31!9 
1,364 

1,26-1 

~ t. 

............... 140 
·10 no 

....... - .. .. ... 0....140 

U5-150 
HI 
185 

270 

270 
275 

30 ,1() 

300- 20 

:no 
20' 

t I 'e by the g'lacial Lake Saskatc lewan dluing 

throl: -h the h a t · n1 f the u'... pp ,11, fter" c I'd 

y til J head f the SSllli­

1\1i '­

hI tlil in 

L w r 

'as iz ·wl1i ..h 
~ 

'init f Prb ' 

1b rt, about 40 mil abo Te the confluence of its north and south 'anches, 

bet .; n LLtke Saskatchewan and Afdc: ssi'l; W e: r " 1 ved, 

here des rib d, had covered an area appro~ 'mat 1 3 
mil f:l I no (1 c1 25 to 7 nil wi 1 . 

It i.' to be added, however, that bef l' the Sa at h wan L wa 
p rnlitt cl by th o'lacial r treat to fill a part of the basin '0 far ea t as to 
outfl int tIt Qu'Appelle, an 8 xli f wat C}r, 1 .fill ,d th ice­

t:sh t , 1 c1 ,xi~t :1 1 in itB upp r portions, flowing south,vard, a noted ill the 

et: ly P<- rt of this hapt l', 1 Lak Pak wki and other HI' es. If w 
MON xxv--18 
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entral part its sm-face 
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coull y a vi i n o ' tl pa t, e :in a tail all the sue es ive lacial lakes 
of Alberta, Sa k ( t ·h wan, an siniboic, a d the old river' flowin from 
th ::.m ov r e pre ent W' tel' hed ', there w uid m~ 1y be rev aled very 

c mpl x hist l'. , whi h futul' g1a iali t8 can hope t dis ov r only by 
mnch patient '1 JOT ti . 

GLACIAL LAKE. OF THE PEACE ND THABASCA BA 

e PI' e' g chaI tel' I have 81 wn that th . - h et probably 
mer de O'la e from e Atlanti to he a ific, 
~ untains in their low p rtion adjoining the 
t ere rnay h v en 3 000 to ,000 £ et, 

loped lownw G ·d b th t th uth 
c; nd north. tuing the deparuU' f th ie, outh rn 1 l' e1' 
in this r gion a eL where along jt.. entir xt nt aero th ntin nt, 
retreat d iJ ge eral toward th north, with eDlbaym nt' he 'e and thel'e 
b tw en proj tina' i e-I beJ. Thu there arne- a time w en t e P . 

ivel' ba in ha 1 bee me rno tly or wholly "LillC e1' d fr m it i T 

a d h(jld lake 'hI t ill n the n ~~th by the re .din ~ lacial barri 1'. W t 

of the ne 1 un 'ed an :1. ev nteenth meridian, a ~ or ling t r. . ]\II. aw­
n, th e1 v. t d l ain whi h ar int l' t d by th cIe I valle -r f tho 

P ace and ~ k 'I V r and th il' t 'ibutari s a ~e over~pr ad by fin laeu­
trine ilt lyinO' n tl ,1.: . i 1 drift. 1 The e1 vati n f thi silt-en e1 ped 

antI' rar g s f1' ill 2,00 to 2,5 feet abov the s a, an I it ill..ty h 
mel' 1y a. va'i d Ita oec pyi g~ but a 'lnall part f th fully eXl anded 
P ea Lak. 
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depre i n of tl} lethy por tage pro1a Iy afforded, as 

remark dna r ' M' ing' I b ,th 1 west and latest channel of outflow 
fl· ill th acken~e ba'in to L( 1 e A a size 

rrhe waterc ill'" b) which th ~ur h ' , bringing the Peace and 
A ha a ca outfl rv pa ' e 1 into th Sa kat ewan, tIibutary to Lake Aga ­

iz, begin at Er 0 P 1't b and uth-southea tward ab t 100 
mil Y a Lake f t1 W , P elic< 11, H r il, . nd Birch lak ,Gr at 
and Ri ri e', Beav l', StUI' e n, an Pine Island lakes, to the Sas­

t Oumberlan Honse, Thi was the r oute of F ranklin nd 

c ar in 182 . T lat r ~tates that " by B a er Lak nd it hain 
of water Nelson River 1'e eiv Ipplies f1' the 1'y be nk of the M' '­

inip i or Cbur hill iver. Ind e , the eaver Lake chain, whi h lay in 
OUT route, originate witlri a hundred yaTd of the latt l' stream," Frog 

portage, at thi 1 ality, " i 3 0 pa e 10nO'. The path lead through a 'low, 
swampy wood, and oyer c. ( t t1' ct f gnei ~i. ing' only a few fe t above 
th wat r. n each sid ." T he 1her e riptions of their j ill' ey up the 
o U1' bill, hi h ' I' mble a c am f lake with many arms, more t 'an 
a . er," 1 y Isle a ]a 's e La , Deep River, lear and Buffalo lake, 
and ethy River an Lal e to ~{eth · p OI' a 'e, indicate that t . s wa at one 

tim the ave ue utH w from a glacial lake in the Mac ""enzie ba... in. I Ie 
a la I l', nc1 Bn ,, 10 L { s, whi ,ac T lin g t Ma Ot n, have thee 

sam tagnant \vat l', fined with reen urn in s mm r, are 

a pr xllU t I, 1,5 f et above the a ; 1\1: hy La e, 1,70 fee; the r st 

of 1 tl~y P rta ,, 1,7 feet, abun ntly tr w with b wldel: prob bIy 

belonging to a belt f morainic drift ; and 1 al rater River, a tribntar of 

t e thaba 'ca, at th l' h end of tlll. P l ag , 1,100 feet. A very steep 
des nt i I ade to the Cl arwater, whi h flow westward in a great valley, 
£ I'm . yo PI' O'h ial r:-;i il, ~ t ~) 3 Im1 wide,1 
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