
OHAPTER IX. 

C:HANGE "1 IN THE LE' EL~· OF THE BEA RES. 

T H E NOR TIIWARD A CEN'r OF THE '\VES'rERN ·'TIORE-T.JINES. 

rrllC successi shore-lines of Lak o'a iz ar :~ not pa.rallel with (. ell 

other and 'with the present levels of thu sea and of Lakes 'Villllipeg and 

l\lallitoha, but have a graduaJ as , ,nt frOlTI M nth to III th, whieh if-; OTeatest 
in the earlier an(l hig+ler beache~ and . lowly <liminishe8 through the IO'wor 

stag " uf the lak , being at last only Rlightly diff'ert~nt f1'On1 the level of 

the present tinle. II the we;;;t side of Lake Agassiz tho >1 'lat.ions of its 

bea .~hes 1m 1e II (letermil ed 11y 111)' eontinnous leveling, referred to sea
level hy raihvay surveys, thr ngh a distculC of l110re than 300 Jnil ;> '. f1'Oln 

it. 1110uth ( t Lake Tnt rse nortlnvarcl to near Riding Mountain in Mani

toba· and the a cOlnpanying ta.hle, on page 476, sho'ws approxi1l1ately the 
stage~ (If the lake during t.ho forlnation of t.he:-:;e shore-line..; in their rela

t.ion." to eel ··It other and to the pI' vent level. rrhese ~t.ag·eR of the water 

~mrf::we ha\p been assuJnecl to coincide generally with tl~e foot of the lake

ward slol e f the each ridges, and with the base of t.he eroded shore 

escnrplll :) ut~, th ::. erests of the 1 ache' having had a variable height £1'0111 

5 to 15 feet above the lake, corresponding' with their less or rnore rnassive 

lev ]oprn ~llt, \vhile the e"carplnellts rose from the water'H edge 10, 20, or 
rarely 30 f(~ et. 

In this table the estilnatocl sta.O' K of the laJe are noted .for eOlnparison 
at. its rnout11, where it outflowed by the HiYer Warro11 at th north end of 

Lake 1.-'raverse, a,nd on four lines of lat.it.ude whieh a.re Ilearly equidistant 
fi'Olll each other, passing throuo'h Feu'go, Grand F )rks, l~])}cnmn, an(l Glad.

gtone, req ecti ely 75, lSO, 224, and 308 lniles north of Lake Tra.verse. 
'l'houg,It the fourth of these intervals ],' ,'( Inewlmt OTeater tIt:lIl the others, 

it nUl .. till ho e 11 'id 'reel equivalpllt to tIle))} in the obs ~r"ed elevations and 

1l0rtinvul'Il as cnt )f th lake shor ~..' , 1e )ans , as will appear further on, the 
474 
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northward rise f the land and ubsiclellce of th lake had their maXiJllUI 

increase frorll sonth-southweft to n rt -north a t)l' (, rly in that elir tioB. 

Therefore tIt m 1'e w .'tern our e f th beach s ill the northern part of 

the area exaluinecl OlllP nsa es appr -x ':uately fur the ac1diti n J distal e 

between the third and f( 11rth of the..c O'l'nups of observati . 11 • 

The letters ab c II repreRel t wees -ive beach ' alon o' the northern 

part of Lake Ao'as"'iz, which are rg ,a in a sing le heaeh toward its south 

,n<1. S ,veral of t.he bea h , th u not 1 in a prelinlinary report 1 ar found 

to beC01118 double in sonl I) rt8 of tIl ir n rthwar 1 extent, awl a COl're

sp ndoll in notation is here presen T by d ")'nating subordinate stab'cs 

by double letters, a ' aa, bb. Th l' (.r , <, 1.0 ;. d ed the hvo tages of th 

Tintah beaches whi 11 were <liseovered after the pnbli ation of that report. 

rr h e lak e shore belollo'ing to the hibhes 01' H l'1nau stage a has now a 

northward ascent -)f a out b5 f et ill the first 7b lIlile~t north ii'OJD Lake 

JTraver, , about 6 f et in the 8 ond 7 1l1iles, end a,bout 80 feet in the 

third (liRtanee of 74 luiles to the international bonn ary. Its whole ascent 

thus in 224 111iles is 17is f t by a sl p which IDeI' S "'8 froln ::;lightly less 

than a half of a foot per 111ile in it8 southern third to -lightly rnore than 1 

foot per Inile in its northern third. Thl' ugL ir 10 \ I' .' tages rep 'esonted 

by separate beach :.s northward, whi h se in to b e united in the single 

HerllHlll beach along' the souther1 third of the lake, th northward a.. >,ont 

is gradually dinlinish · d 1< ~ ppr xil11atelr 30, 40, 60, and 70 feet in the fOllr 
portions of the observed COlU'S f these shore-lin e8, a untin thus t 2UO 
£ et in (11)( ut 300 Illiles. On th ... int rnational boundar the lowest Hennan 

stag , del, is about 5 ~ £ et b low the I-Iel'1l1<ul stage a, while the probable 

erosion of the outlet and, ::; lU011t 1 '\ rlllO' of' the s uth end of the lake 

b tw ~ell these sta ' · I p(~ar. not to Itavo exe ..Ieded 10 fe t. 

Between the series of H l'lTIan heaclws and tll series . f N orcros. 

'Leaches the HiveI' W alT n or de 1 it~ channol about 15 feet; and the upper 

N l' ross shore ascends nortlnvar 1 in the e flUe-eO njve dil"tan , s ab ut 25, 

35, D r" and 70 £ ~t, anlounting to 1 5 fe ,1; in the entire distance of 3 _8 

1l1iles. In t1e 111 st '(mth rn quart r its ascent is a third of : foot per 

111il ' ally lller :1,,' s to 1 arly 1 £ t 1 ~r 1 ile in th 1I1O~t~ 
l 
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T Ii' THE WE TERN BEA OIIES. 
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II r thern quart 1'. The ., to f as nt ar e .(J'htly l' rluce l i th se nd 

as llt i 160 t, While th outlet was 

bei b ' eroded PI' ha1)1 
rise of th land and d 

iut rnati n al uuda,r 

shore beloug-iIlo' to th 

ill the successive listauees r J ' nth t ') n rtll, t'tlnou tillg in total to 13b 

feet; in th sa] distan ' s th 1 (t ·hore a ' · nd:.; c ut 10, 15, 30, 

and 35 feet, in total ~)O fe t ; the 1 ~ \ uleyvil1e (t s11 l' ~ as nds about 7, 10, 

20, and ... 8 f et, in total G t t; and the Mc auleyYill l) ~hore ascencl~ about 
5, 10, 1 , and ..,2 feet, in total. f ct. The r ,' i( 11 of the River Warren 

( ul '11 b ,ta. ,at the end of whieh 

the southward outflow cease:1, " (C 'al ut 70 f'e t ; bu t the vertical distan ~ 

b :>~ve n th ~hore-lill . of thes stab ' 11 tl l ,tt'tude f Gladstone is 

about 2 £ ct, the diffi reno,e of 130 feet being aUri )utable to th north

,"vard risc f the land and the fall of th ' Ie; k I 'v 1 on ae ount of the 

dilninished attracti n of the ic -sIt et. The rat f northward aSt;ent is 

reduced to le:'8 than an in ·11 p l' mil long the Itherll part f the 1 west 

~t[ ,nl yville shor , and to 3 or inch ' P l' ruile aloll'o' its northerll part,I 

the a ra '" ina' 2 inch '.. 

FrOll1 the tuue of this 10 t b acb, £ I'll d Iring the southward 

outflow fLak A assiz, t the tlnle f th first bea 11, fonned during its 

northea t,vard outflow, the }al e f 11 only t ut 15 et. The ) there is 

no\v a des eut, on th Iatitud8 of Glacbt -lle, of about 2... 0 f t to the 

N ' rvi11e b nch, low whO h Lak -- Agas iz, while it northern barrier of 

ice remained, fell ab ut 45 ' re beforo it was reduced to Lake Willni

PO', The 1101' hward asceut f thes i:ih re-1ines f rtheastwarcl outlet 

d -" rea ' , lily sli htly in the distance of 75 or 0 luil' aluined north of 

the interllation' 1 boundary, the 'han ' 1) iug approxilnately frmll 2 £ et 

to 15 feot or less-that is, t the rato of .1( ut 2 in h· per 1nile. If th ' 

sta . , of the L: ,k had reaebocl ~outh tn Lake Travers ,they vvould proba

bly bhow a de 'reaR frOln a t 50 t 25 f t, or to 20 feet, in th "ir total 

llortln anI 'l~(jellt a vo th 1 el of tll -> PI' 'cut time alOllo' the distal ce f 
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1nore than 300 lniles frOln L( .ke T raverse to the south ends of Lak Ii 1\i[ani

toha and \¥"illnip >0'. The who 0 deseent, on the latitude of Gladston , 
bet, een the lowo __ t ~IcCaule Tville b (: ,eh, wher Lake Arras'iz c>ased t 

outflow southward, and the orio'inal level of Lake vVinnip c> (r, al)out 20 feet 

a ove the pI' tient'urfa ~.:> of that lake, is a1 nt 280 feet, of which probably 

25 or 30 feet lnay be due to the northward rise of the laud and dilniuution 

of oTavitatioll tcnvard the i e-sheot, while about 250 feet are due to the 

oT(1,duallow ~ring f Lako Ao'a iz hy its su eS'ive llorthea 'tern outlets. 

The depth of Lake Agassiz above the present su f ace of the south elld 

of Lake 'tVinnipeg was about GO feet during' it higher I-Iennan stag'es, 50 
£ et at the upper Norcross stage, 440 feet H,t the upper Tintah tage, 370 feet 

at the upper C::unpl')e11 stage, and 325 and 300 feet in the upper a.nd lower 

IV[cCauleyville stage -', heinO" thus redn -. d to half of its earlier depth 1 ~>f r 

it ceased to flow to the south. During the lower stages of outflow to the 

northeast the depth of Lake Aga>_ ~iz above La) c vVinnipeg cleereased to 

2 . feet at the UPI01' Blanchard sta 'e, about 240 feet at the thue of the 

FIillsboro beach, 210 feet ill the Elllerado stage, and successively about 1 5, 

16E), 145, 130, 110, and 6.5 feet in th> Ojata, Gladstone, Burnside, Ossowa, 

Stone,' all, and Niverville stage . 
r:rhe greatest expansion of La,ke Ag '"' iz was p81'hap~ rea, hed b for 

the Rennall series of beaches wa~ cOlnpleted, and it. appareutly was 111<1in

tained during the greater part of the tinle of outflow by the River Warrell ; 

but through the successive stao' . of outflow northea~tw(1l' l the Ie 1e was 

diluillished in area hy nearly proportionate gradations as its depth decreased. 

vVhen it began to fio\v ill this elir ction it probably still (ccupied about 

half of its a,rea that was 'lttained during the forrnation of the IIerIll<l1l <:1Jld 

Norcross bea(~hes; but, in cOlllpellsation for loss on its western and southern 

borders, it lllay have received 111e.unvhile as gTeat cvldition by growth 

towa,rd he north and northeast, thus retaining, until it ceased to outflow at 

L~ k 'rra:verse, nearly its nl< xinnull ~xtent. 

Be.! ond the lilnih; of illy lev ,lino', portiollB of nea,rlyall the shore-lines 

of Lake Agassiz below those of the Herrnan series have been observed by 

:Mr . .J. B. rryrrell, of the Canadian (+(~ulub'ical Surv y, at lr)calities in north

western Manitol a and eastern Saskatchewan. Froln a careful cornparison 
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of t e1 v tiOll of the ben-eha noted by Mr. T YlTell with th se (1 terlIDn d 

by lIly SUl'V , I a 1 d t orr lat very ati fa toril the tw et of 
sh r -line '. T h 110rth rn on' U ' tion 0 th ,'U ce. siv Ink 

fiedupon a rebi n ] y' 

O'e 477, in j lxtaposition 
c 1 ng tl U' extent 1'0111 

Lake Traverse t 
In the f m xploration near1 equ( I di tances divid 

the . veral secti n a r -'s the 

Rive se -ti DS ar 
the Vall 

and 

. es faI' er n 1ih. In this group 

to 30 ill . t 

n arer equival nc with 

i er th e. n n the Du k River. The 
I'd c1 i K ttle Hill, c10. u th of Swan 

Lak , at a dish nee of S 11 2 r 25 rone orth frOlll the Duck Hi l' 

and the n rth e D k M()unt in, a d abo t 50 luil orth fl' m 

the latitude of Gladstone. Fina y, the fifth eries wa noiee n ~l y 

portaO' and at the Grand K( pid. f the a katche, an, about 50 miles north 
of the last. 

As alrea 1y tc: ted in OJ apt l' ,r < ud VIII, the b aches a t ~ nel north 

f TIi !ina' d l d Duck m tain. · r £ und to av a l' 1'c. I ieI rthwa 'd 

ascent than al l' their . u"herll _rti trace y m T lev lin0'. I t is also 

very noteworthy that thi;' larcre aUl f 'fferelltial upliftin was chiefly 

clolle ," ft r th tlll of fOl'mati n f th a p 11 beael '7 wh r c . ,moly1 

all t 

iz the ou lern and entral p 1't 

1 
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of the lake ba~in reachin ' north t ladston , lw b en T::l,is<1 n arly t 
its pre, eut heio·ht. 'I'll 11 fo11 -" 1 a. tiln e, during the s eond third of the 

lake';' existence, ill which th eli tri t that include~ h iding and Duck lllonll

taius and ext lids north tn th 1I1Outh of t~le Sa. ~atch ,van Wet: b ~ in()' rapidly 

uplifted. But this lat :>r llortln I'd and no1'thea t · anI advance of the wave 

of upheaval had passed beyoud the Saskat hewan b ~fc l' Lal , Ao'as'iz 

\vas reduced to Lake vVinnipeg-, as i -I shown by the nearly level Niverville 

beaches, the latest formed while the ice ban'i r r c.tinecl. The rise of the 

land approxill1ately to its present height is thn _ known to h~ ve foll owed 

close Uti n tll g-laciall'ecession by which the land was relieved of the ice 

weight. 

Th relnnants of the ice-sheet adjoining IIudson Bay were not melted 

away until the Recent or post-G-lacial ep h had beb'un in the nOl'tlwrll 

United States, their departure being possibly even nearer to the pI' "ut 

clay than to the time of withdl'a · al of th ice b- Trier of Lake Agassiz. 

l\1ovino' onward pari passu with the departure of the ice, the uplifting wave 
of the earth's crust has rai. e 1 the 1 asin of lInd on Bay 300 to 50 feet 

since the sea was achnitted to it, and the uphea c:; 1 there is n t y et COlll

pleted. Though d ubtless ~lower than at first, it is still ill progross, 

according to Dr. Bell's oh ervations, at a probable rate of 5 to 7 feet per 

century. 

Three stages of th elevation of thi8 r O'i n from its Cluunplain ~' ubsicl

ene are thus indicated by the b eaches of Lake Agassiz and th fo ' 'ilif -'1' us 

nlarine beds overlying the till about Hud~on Bay, the first extending fi'om 

Lake Traverse to G-ladstone and the sotlth end of Ridino' ]\1ountain, th ;> 

s cOlld reaching thence probably to the northern and northeastern lindts 

of the area that was occupied by L ake AD-a \'iz, and· tl third affc ting 

the b asin of J aln s and IIudson bays. On the cornmon borders of these 

contiguous areas the uplifts were of course interblellde 1; but it SOOD.1S to 

be clearly ::;hown by the Carnpbell and Niverville b aches that thor J wa' 

essential rest from the uplifting rnOVOlll n t, with a permanence of heig-ht 
nearly as no,'V, upon the southern part of the hasin f L aIc ga! ,'z while 

it. - north rn part "'~. riHillo' and afterward upon the whole of thiH c sin 
while the country surrolLIHung IIudson ay has been Jevat A wa of 

MON xxv--31 
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pennancnt uplift has ad vauced froIu near the ., uthenl 1 order of the glaci

ated area to it~ celltral portion, wher' the ice-she --'t was thicke~t allcl wh 1'e 

it liugered in rernnants probn,bly lOllg' after it:; priu'ipal lna,~,' wa~ rnJted.1 

Accordillg to lny COlT lation, the highe.~t beach observed by 1\11'. Tyr

rell ea:st of Riding and hlCk n1uuutain~ belonn'~ to tll" upper N urerUS8 

stage of I ..ake Agassiz, \vhieh now has all <l,::)eellt of !:1:10 feet fr<nll itt; luontll, 

near Lake Traverse, to Pine River, in a distance )f about 4~O lIlile~. The 

rate of a,::;ceut of this beach frOlD the latitu 10)f Glad 'tone to Yall ey River 

is about 1 foot per Illile, but thence for nearly ;,)0 lnilef-5 llortlnvard to Pine 

River it . lnewha.t ex ' eed~ 3 f,et. The KauIO rates of a:-:c -'ut 'olltillue, with 

only slight changes in the Tintah awl Call1pbell beaches, for the c1istanees 

froul the latitude of Gladstone to the Yalley and Pille riven.;. This porti( 11 

of the western shore of Lake Aga:-3siz had rj~en altno~t unifol'lllly through

out its extent while theRe beaches were Leillg fonned. It had Leen lifted 

as a, 'whole to the salue aUlount u:-:; its 8outhel'l1 part ]lear Glad~tl)lle, 1ut it 

experienced scarcely any differeutial elevatiou ur tilting ulltil after the 

forn1ation of the Campbell beaches. 

The rate of uurthward asceut of tIle upper IHcCauleyville beaeh is 9 

inches per mile Letweell (Haclstollc aud the alley Hiver, aud thene 

northward for 55 lniles to the Duck River it a~ ·elH.18 a little Inure thau 

2 feet per ruile. III the ease of the upper Blanchard heach, the lowest 

Hoted near the Valley River, th 'se rate:-; uf ascent are respectively 8 inches 

aucl 2 :D et. 

\Jter Lake Ag'assiz began to outfio,v llUTtheastward, the differential 

northward HI lifting of this district uf the Ridiug" uwl Duck 1llountaiI . W ,Ht 

ou rapidly, aruoulltillg' probably to 7 feet within the distauce uf SO luiles 
11 xt northward fl'(llu the ·Valley Riv·1' during" the time b _,1iwoeu the nppor 

Blanchard beach and the lc)\y r Euteradu Leach. rrhe latter ilC.:L8 all a~eellt 

of ouly 60 fe'lt in about 110 uliles uorthward frolH Gladstulle to the I iue 

Hiver, while iu the llext 40 miles nl rth to Kettle Hill it ri~e~, like th 

preeedillg illsboro beach, 1 foot per rnile. 

Below these 8hore-lille~ the la.ter lal e le,7018 have heen ehano'ed e01l1

from their original h riz . ntality . 
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mil ettlo Hill th 

and ill 2 )0 lIDl 

Stollewall 1 -'aches are 5~, 4 , an 2 to 1~ 

inches per ile. 

Th v ry l' '> O'ular n l'th war 1'i ' 

all th IT ex Iored t t, n wh 1'8 

indi 'at ~ ~ cl arly that thi ' 'gi n 1m::; not ex ri n d violent oroe;enic dis

turbance nor fauitin o' sil 'e th dept ture f th ieo-sheet. Its hano-es of' 
Ie 1, which h" ve been l f Iarg c; U10U t, ~ sho the tilted planes of the 

for111er lake surfaces, t k pIa Tadually and "'ontinu .lc1 through the entire 

duratiol of the 1 Th ·y wen f rwa1' 

which he cl latest bared fr ill tl r t1' ating i e- heet, and they " 'ere 

essentially iiI 'shed, brino-ing the basi to the a. hei ht and attitude 

a now bef re tl 1e r1'i r 'IV , r III v d f1' ill th " C UTse of the Nelsoll 

HiveI', The contin ity of the beach the sl wall. gradual changes 

in their gradient prov that n f~ nlt ' l' Llisl cat] s atteIH.lell. the uplifting, 

tilting, and bendin
b 

f the su . cent I' ck 'ormatio " 

E AST 'VARD A CEN T OF T ilE FOR~1ER LAKE .LEVELS, 

E xpl rati 11 of the ea 1 es t rID on th oa t id of Lak gassiz 

haR n lllOStly limit t ~1inn tn, cLUS ' the ea tern pa.rt of this lake 

area in :&fanitoha. is covered by forest and is almost wh lly without settle

Dlent~ or roads, so that ft r th pr . :.ont a urv y of the sbor --lines there is 

ilnpracti ahle. F I' the MHJ11e 1'e s . the upp r shore, ' ,in l\linnesota have 

not been exactly tl'ac c1 eG st of ~faple L ake, which lies 20 lniles east

-uthea t of I' )k~to . \Vithin the praiI-i rea a I' ,. whi h the hig-hest 

ea. t I'll shore has b n surveyed c,nd it~ Ievati n a ternlined by lev ling 

its llorthwanl ascent i;' 'a, 1: t 115 f t it: 1 In'le fr In 1,055 feet above 

the ,' a ct L~ ] 'tl ·ide 0 tapl Lake. .A..s 

11 the w steIn l lOl'e Jf Lak ... .gass iz, t] l J n t (f ~ ' l.lt TCldually ill l'(~a 'e 

hOlll south to llorth, ranging' fr III 6 inches to 1 foot per luile ill its southern 

ha.ving' ::ny a rurt e ano' ~ ' 



4 4 THE GLA L LAKE AG-1:\.SSIZ. 


porti -n £ r ~ bout 75 Jniles, and frOln 1 £ ot to 16 inches per mile farther 

north. Before the lake in -Minnesota had fallen below its highest eastern 

b -,,1ell ill the south half of its explored extent the rise of the land and 

dilDinution )f attraction of tlL waning iee-sl~eet had caused <1 ~lightly lower 

parallel beach, three-fourths of a utile to 1J miles distant, to bE. formed 

tltrough the 110rthern third of Clay County; and this secondary beach, 

S(HDetilues double or triple, is 01 '8rvable at several places al no' the next 

30 llliles northward. At the northwest side of :&1aple Lake detinite bea.ch 

ri 0'8S helm giug to the Renllall staO'es of Lake l~g'assi~ lie successively 

about 8, 15, 30, (; nd 4r) f:. --'t 1 ..low its hig-hest bach. Yet all these shore

lines were forJned while the relative heights of the land and the lake 

c -ntinued stationary or witlt only ~lio'ht change, 1l0t sufficient for the 

fOl'umtion of any s condary beach ri 1 ' , alollg' a distance of SOll1e 75 lniles 

llortlnvarc1 from Lake Traverse and FIerman. 

The Nor 1'0-'-' eaclws in ~Iinll sota have been explored and their 

heio·ht llleasured thruugh the Salllt~ extent of 140 Jniles, ill whieh the upper 

Norm'oss buteh c scellds northward about 65 feet by a slope that inereases 
slightly fr III S( utll to north, a-vel'a.ging 11 ,ady 6 inches per lnile. In like 

lllanner tho northward ascent::; of t.he '-Pintah, Ca.mpbell, and ~1eCauleyville 

b aches in ~1innesot.a, and of the lower heaches fonned on this east side of 

the lake durin0' its outflow to tll ~ northeast, sho-w a gTadual docrease nearly 

as on the west in N'orth Dakota anG ~1a.uitoba. 

But ' lllpari::;on of the 'western ancl east.erll shores reveals another very 

interesting fe ature of the levels of thi.: glacial lak " naInely, an ascent fr ill 

vv'st to east sinlilar to that fi'oro south to north, but of less anlo11nt and 

dill:unishing in a sinnla-r ratio betw :>on the successive stages of the lake. 

On the latitude of Larinlore and Gran 1 Fork.' the a.. " -'·ut f the hiO"h :'8t 

HerllU: n stage )f La1~e A~)'assi~ above a liue 1l0W level is approxinlately 

33 f et in about 70 ruiles fr -ill west t east, the rate pel' Illile being' ery 

nearly half as lnuch as froln ~outh to north; and ill the later IIerrnan 

stan it is diu inishecl to about 30, 25, and 20 feet. On the N orc-ross 

shore-lines this ascent toward the east is approxiJnately 10 feet in about 60 

rniles, and it iA reduced in the 1\lcCauleyville stages to only 3 or 4 feet in 

about 5 miles; yet it c ntinues thro~lO"h all these stages approxhnately half 

, 

1 
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as l11uch pel' Inile as the a~cent tovntrd the n rth. Tho rate f HKcellt ed:it

ward also increases, like that northward, in proce ·c1in o· frllDl ~outh to llortlt. 

At the latitude of ,Vahp tOll alld Breekellrido'e, 35 Inilcs llorth fi'Oln the 

1l10uth of Lake ligassiz, the as ~ ,at of its lli ,h8..,t staa e is 10 feet froB] \yeBt 

to east in 45 luiles; at the latitude of Far~To and ~lo r1p~l(l, 7r) mileK north 

fi'0l1l the outlet, it is 15 feet in 50 HlileR; and at the latitude of G-ralld 

Forks, 150 fnile' north f'r)ln the outlet, it is 33 fe ,t ill 70 Illiles. 

RA'l'B O F -,~8CENT G R E J\'11E8T '1'0'" ARD 'rID" N O RTll-NORTHEAS'l\ 

These obseI'YatiollS that the corresponding' beaches are higher Oll the 

cast than on the west side of the lake, taken in c ~Illnection with the doubly 

more rapiclllorthwC1rd ascent of the west and east shores, indicate that the 
ehanges in the relatiolls of the land and surfaces l' level during the exist

ence of Lake Agassiz and through subsequent tirne have given to the 

fornler leveb of this g'laeial lake a lllaxiIllUll1 <.:k It frc)ll1 KontlH;outhwest 

to north-northeast, its rate in thi~ direetioll being sonl ew hat greater than 

that 11 )ted in following the shores in their nearly due-north course. 1~ht. 

Jnaxiu1lul1 rate' of northward ascent of about 1 foot pel' luile oh'erved in 

N o1'th Da,kota and southern :Manitoba, and of 1 foot to 16 inches per l11ile 

in ~1inne,,' ta, therefore belon,...; to a lake level which in its northern p 1'

tion, within the lintits of Illy' exploration, differs £'roIn the pr :.>sent level by 
an ascent of 'lpproxinlatel I} feet pel' 111ile tcmrard the north-northeast.T 

Sirnilar north-northeastvnlnl a::;cent continues tliroug'h th("l su 'eessive lower 

stages of the lake in \I\rhich its ~L1nount ill southern l\fanitoba, hetween the 

int rnational houlldary and (-Ba(t'ton" is reduced to abo It 4 inches I er 

Inile at the lowest stage of southward outflow; and i.t is scarcely 1 inch 

pel' Inile in tho Niverville beaeh"8 along their whole ohserv ,cl ext nt of 

about 2GO rniles f1'0111 ~10ITis, ~1anitoha, north to the nlouth of the Sas
katchelvan. No 'more than 20 feet uf differential northward uplift has 

taken place within this distallce since the cours of the Nelson HiveI' was 
uncovered by the receding ice-sheet. 

Pl'elin1iuary deseriptions and discussions of the nplifting' of this basin 

,vhich have been given in the chapter on the history fLake Agas. iz 
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showed thaJ, the mov n: nt of -'I th C Intl'y at L nJ( Traverse 

aftor the i ( boyo was luelt 1 pr 1 ~ ,l)ly clic1 not eed 9 fbO ' ; that thence 

northw(; I'll the rise f tho lan l an inki 0 ' _f the -'oi II v 1, a ' affee,t ,1 by 

ice attraction, increa 'ed to a e 1 ill 1 V h l B f ' u t 3f)O :£ et t Gladstone 

and nearly SUO:£ t in the <1i 'trict of tIt northern part of Duck l\tIollntain, 

where, as in n1;h D akota and ~1Inll :lsota, the In'l,,· um rate f as nt of 

the beach plane~ is towar 1 th'-' n t h-n r tllea ,t ; and that probably thence 

north to the Saskatch "\ ( ( 1 d tlle 1u rchil1, n rtll ( t to lIudsl n Bay, 

and east to J alnGf; Bay, tlw Ottawa hmiin, c nel ~1 t1' c 1, the HInount of 

nplift, Rin e th d ,par 11' of tl e i 'e, of a v ,ry large central part of th 
Oarea hi h it had 0 r d wa. smue ;vhat rnifnrll11y 500 to GOO:£ t. It 

has been :=1180 showll fr In 1Vr . Tyrr 11'8 0 ~ l' ( ' ( ns in the district of Riding 

and Duck 111(. untc i s that at' r tll nth l'n he If of the lake area had been 

1'< Ii , 1 :: 1n1 ,t to it pres nt h ight, and while that c· untry n l'th to Glad

stone Ia, nearly undisturl ed, a, gr t uplift of later dnto took place in 
the neJ-t 1UO J ile t - th n rth · anJ thnt , a.f r both these mo 111fmts, the 

r g ioll of lIue::; n anel J~ ~ ba T ' wa~ . till later r(Lis d , prol ably fl.-oID its 

Hmxinuun <lepr ·· ion to i s PI' · nt 1 it;h , Thr u 'hont the area of Iny0 

surv of the Lake .: .'iz ,'hore-1'n08, aHd nor h T( I'd along the Riding 

and Dn k Il'lOlllltain,', the ep irogeni ] Y ill n was a tiltin ' with aseent 

to the north-northea t, to\ ard the r ginn wh r the i -, heet had its greatest 

thiekn ·8;-;; but th l110r e nortl ern en nor he.. t rn part of thi~ 1<-1ke bed, 

ntral " t xpan ' which had been7 ( 

ic :.-envelop :ld, were ele at 1 to an appro.. · atel y unifo1'111 mnount. The 

L tillll progr s d fr south to n r th and northea.~ t lik a wave, per

lllanelltly uplifting succe ' ,'v " tin 0' s far as the borders of each 

nee '0 , Til hal' II ill the movem t· of the contionons tracts earlier or later 

uplift 

H A N fE S OF LEV ELS N ARJ...y C ~fPT-,ETED Dl R ING THE E TENCE 
F LAn:" A A I Z. 

Nearly the entir anl unt of tll . ' in the levels of the beaches 
of Lak '-' A 'a.' iz \i'nu~ evident!y contclUpOl'an ou, "with the e. i 'tenee f this 
lake, taking pt gradually, but appareutly progre sino' con paratively fa, ·tI I 
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between the Rtage~ lnarke 1 by the formation of definite boa 'hoR, w-hicb 

d ubtl ._ b long to tilll -, when these changes advanced very slo'Yly or 

w re interrupted by intervals of repos. Great as weI' the c01l1bin d 

epeirogenic uplift and lllodifieation of t}le go 1id surface of level, proclueing 

a diff rential ri~e of the highest western shore of the lake in l\1anitoha to 

tit extent of 175 feet at the intel'natioual boundary, 265 f t at the latitude 

of CHadRtone, and about 400 feet at tllO latitucle of 51 0 52/ north on the 
east side of Duck lVIouutain, 200 rniles north of the international boundary, 

in the relation of the land to th " 'water level, as ecnnpared with the vi 'inity 

of' Lake Tra,verse, they were yet abnost or perhaps quite completed before 

the ice-sheet wa~ so far withdrawn that it was no longer a barrier to Ire nt 

free drainage fl'0111 the basin of the Red River and Lake \Vinnil ego 

During tIl suhsequent pm;tglacial period, to the preRent til118, only 

v ry slight changes have taken place ill the relative elevations of th ' part 

of this area. where the heights of the beaches of Lake Ag'asRiz have been 

detern1ined in :D1innefiota, North l)akota, anel l\'fanitoba; and these slnall 
changes of level, sho,vn by the Niverville heachel:i, have b ,ell n1erel T a 

eontinuatioll of the 1110V01nents whi'il aec()]upallied the recession of the 

l' - heet ana are recorded by the suceessive shore-lines of this lake. 

CAUSES OF TIIR CHA.NGES OF LEVELS. 

In attemptin0' to tliscern the causes of the changes of' levels shown 

by th shore-lines of Lake Agassiz, three diyerse ab' ncie8, whieh certainly 

rnuRt hay been fact r8 vvorkino' together to produce the observed re, uIts, 

are to be studied with respect t the proportion contributed by each. They 
are consitlered ill th followino ordei·: (1) Gravitation of the water of Lake 
AO'assiz toward the ice-sheet; (2) changes in the tenlp'erature of the arth's 

crust due to the i-she t, or, ill other W rds, to the cold of the Glacial 

perio 1 and the return of the wanner clin1a.te now enjoyed; (3) epeirogenic 

rnov 111e11ts, or clo·wllward and upward bouding, often 1110re or less a COln

panied with the formation of faultR, aft' ting large area::; of the earth's 
Hurfaee, which Inay be due (a) to the inlposed weight of the ice-sheet 

and to its rerl1oval, or u) tl conditions and ~trcs, os of the earth's cru t and 

iuteric r riginating otherwise al:i by secular cooling anll contraction. 

http:clin1a.te
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The (I' 1 I' in hich 'i\Te shan thus ex~unine ral parts of the 

cOluplox causatioll f tho eha o'e~ )f Ie els i' n , however, the ord~r of 

their irnpurtan ,e 01' several shares ill the work. rrhe third agency, luani

fested in ohediulce to t.he pre~sure of the ice and in resilien '~e when reli ... v ,,<1 

fl'Olll it is found to havo heen the prill ~pal factor, producing' far the greater 

part of the changes of loveh.-, Its ruanife tation within the area of Lake 

Agassiz durino' the ilacial <1-ll.1 l{ecent periods on account of the ther 

ouditions and str s.' Inentioned appec: ,rs to be only a sHwJl element ill 

the pl'ohleln ; tllOugh, wheu thus origiuating, it i~ tieell to have had great 
in1portance in ean~ing HlH.:ll chancres ill lither parts of the world, and ven ill 

parts of North Anl rica, contelnp()raneuu~l , r with th upliftinb of tIt:. basin 

of this lake, rrhe first ao'ency nuted i.~ it lund to be a considerable factor, 

working' in the sa[ne directions as he::. ep iroo' I ic effects uf the transient 

ice weight, and contributing perhapfoS a fifth 01' ~t fourth as rnuch to ;vard the 

chang d relations of the water level and the land area. But the se ond 
agency, upon investi:::;ati)] , provel'3 to ha've been slio'ht in its effe t, anel · 

within the basin of Lake Aga 'siz, B far as it ~ ailed, it was opposeJ to the 

other two. 

GRAVITATIO TOW ARD 'I.'HE ICE-SHEET. 

Consideration of the eilaracter f th ehanges in the levels of the 

beacheR, re ' Ultil g in a g'l'ea.ter ascent UpOll th northern part of the area 

exa.rninea than farther south, and O'rndually approximating, through the 

.'ue ~ ," iv' stag B of the lake, to parall olii'lln 'with the present geoid surface 

of level led lne in lil Tearlier ::;tU(1i .' to attribute these changes ahno t 

wholly to gTavitation of the water of the lak ... toward h ic -sheet. r.rhe 

cause of the pre8ent relati on~ of the old 'hore-lines seerne,d to be discov

ered in tll expla.nation that at fin.;t thi~ attl'<:lctioll had a large eft'ect upon 

the lake level be 'ause f the nearness of a great depth of ic. on the t-, c 

in llorthern :Millnesota and on t] 1 ... llurth in Briti",h AUl rica, but t.hat after

,yard it was gradually dintini shed to a eOlnparati el T .'lnall influeI , when 

tl 'outherJl portion of the i(~e- -h t Ita 1 b ->1 IueIted and the attractino' 

force pI' • ,d d fr rn the reo'ion far north etwe n Lal e ,,\rVinlilp "g and 

lIudson the earth'.' crust wa.s believed to b , "0 

, s. 01. Survey, 

j 
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rigi(l that it was not depres~ tl by the vast w ight of the Ice nor ra;is:.d 

when relieved of that "weight, and the ehanges ,yore believed to con~i8t 

ehiefly in the differential subsidence of the lake level, not in the differ

ential elevation of the land hasin.1 
. The general l111iforlnity of these 

ehang'cs in their direction and ext nt, and their probable cun pleti J. during 

the departure of the ice-sheet, seen1ed to aceord with this hypothesi~;, 

The exaet c J11parison of the shore-lines sluvc3 (~a by lue,with levelina", on 

Loth the east aud west sides of the lake, extending for its upper I4tage ' 14() 

111iles fro111 south to north in IHinnesota and lllOre than 300 lniles frollt 

. outh to north in Nortll I)akota 'c"\,ud southern ~lYlanitoba, shws no (ll

sic1erable irregularity in the rates of Hortl L\vanl and east,vanl ascent-tha.t 

is, of north-northeastward a~ ,ent-of the forl1 ,1' lake leveb, whi -·ll thus 

se 111 to be attributable to gravitation toward the waning ice-sheet, l'ather 

than to a progressive elevation uf the land, f()1' that woul(l be expected to 

present noteworthy irregularities npon '0 large an area. It is probable, 
how "ver, that close scrutiny of the shore-lines will diselose sl11all divero'

ences, within lhnits of a few £ ot, fi'Oll1 the uniformity of sl( pes which 

they should have for agreeulOnt with this explanation; anc1 it is to be 

noticed that the highe,<t shores in the vieinity of T"rt=>.hern ', Brandon, and 

Neepawa, ~1anitoba, have Dlore nearly a northward than north-north

en, twarc1 a, cent; aL ,that a ::;lightly c1isproportionate in rease in the aseent 

of the highest l\1innesota shore-line in the next 1 ( or If) miles' north of the 

Buffalo River was ascribed to the proxirnity of a portiou of the ice-sheet 
on the east, ,vhere it wa.s fonning the Fergus Fa.lls alld Leaf Ifi1l8 1llOl'aines. 

Though it now appears true that the greater part of these ehanges of level 

are c1u to tlie differential rise f the land, t.11 gravitation of the lakeI 

to"ward the ice-sheet certainly operated ill eoujullction wi h that e allS8, 

contributillo' to the full extent of its eOlllpetency in producing the I' Jsults 

observed. 

1\1[1'. R. S. vVoodward, of th ~ Unit ~d States Ci"eological Sur ey, has 

worked out the lnathmnatical prohloul of dctennining the effect of allY 

I Similar oscillutiOlIS ill the relative heights of , a ' lllllulld, associn.tcd with glaciation, IU1\'0 liMn 

thus as(~l'ib 'd t ic attraction hy Allhemar, in Revulutions de 1a Mel' 18-10; hS ['011 in Clim ate and 
Time, 1 75 i and hy P Ollck, in Schw'u,ukungen des Meercsspieg "Tahrhuch c.l'1' Georrmphischen 
Gesellschaft Zll MUllchell, btl. VII, 18 2. 
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added mass, as an ice-Rheet, upon the earth's surfaee, to (list lJ'b the I vcIs 

of th' a awl of lake:s. 1 i t ,'. UILling' all ico-sheet with a radial oxteut of 38° , 
or about 2,GOO lnileR, and a central (lepth of 10,000 feot, fr01H 'whieh tll 

depth deerea~es at fir;-;t slowly aud theu Tnorc rapidly to its border he finds 

that the averao'e slope within 1 lleo']' > of tIl e horder of the ice wonld b, 
about G -inches per ntile, or le::;8 than one-thinl of the north-northeastward 

ascont of the highe~t shore-lineR of Lake Ag'as~iz in the north pent of the 

area where they have been tra(',ed 'with levolillg. If we eomp;u'e the prcuu

i:-; 'H in this PI' -lblern yvith the pro ahle condition::; ;tffoeting thiR gla.eiaJ lake, 

it seems sure that the N orth Alneri can iee-sheet in its lllaxinllUll extent 

.t) rOIl not TIl re than about one-fonrth ~o great all area, its "J tent hei)1 O' 

equival ent to a ~phol'ical circle with ;1, rn<.liuHof 1,' 00 or 1,300 ]nil e~; hut, 

on tIle other hand, it is probable that the n1axinnnn depth of this ice

sh eet sOlllewhat exceeded 10,000 feet, an<1 that th "> area ( f thif-: great depth 

was a b elt extending eastward frOlll a few huudred nl110s north or northeast 

of the :-;ol1th part of Lake gassiz to n. distanct~ ()f about 1,O()O nul es efu.;t

northeast, lying t11l1~ lnneh nearer than ill the assuHl -,d caRe of ~lr. W t1

'ward'~ illYestigation. The srnallel' area. a.nrlless tota.l n1as~ of the ice-sheet 

attractll r-!.' Lake l.\o'assiz llW y have b 11 oifs ,t b. the nearer po,'itiol1 of a 

largo part of' its nlaSS than in the asslunption of the problmn, so that 

I Rsibly its i.nfluel ce Illig·ht be a~ great in produeing all H.R ~eut of th lake 

le,Yel above the level of the pn:,.'ellt tiIne ; hut, if thi ;:; ~llathenlfttical illve,' 

tigatioll is r eliable, gra.vitation of the lake t()w~u'd it~ jee barrier could not 

glY to its highest shore a northward aseent of 11101'0 than a few ill ·he,' I or 

mile, at the Inost not so HInch :1.::; half a foot., whereas -its observed ascent 

withiJl the nrea of lny ley:>ling a,ttains a InaxinllUll rate of 1 foot to 16 

ill h->s per lnile, and this belongs to a north-northeastward ascent of fully 

1·} feet pel' 111ile. A quart.er part, or proba01y less, of t.he c.hallges in the 

lev Is of the;:; ~ heaeh --\ ' i ::; therefore referable t ice n.ttl'aetinll, -while the 

l u. ~ . Geo1. Survt: y, Sixth Anllnal Report, fur 1 8~' J-8:- pp. ~U l-300; :11111 Bnlletin No. -18, "On the 
fOTIn lind posit ion of t he se:1 lev 1," ] R8, , p. 88. COlllpa,re also Prof. Edw~Lrd Rul1's compntations 
, Ou the effect of cOlit illeuta l l amis ill L Iteringtho hw ol of the adjoining oce:1ns," G 01. Magazillc (3), 
Vol. V, pp. 113- 115 Mareh 1888 ; "Polar ic - < P ,ml th ir inflnen ce ill clHlnging sea levels, " by Sir 
'Villiam Thomson, Trans., ~ ool. :-\oe i t ,\'" 0 Gla (YOW , Vol. VIII, l R~8. pp. 322-3,10 ; a n «l " The study of 
t he ar th's n lIT 1Iy menus of the l'oll(l ululIl / ' by E. D. Preston, Am. Jour. Sci. (3), Vol. XLI, pp. 
H i>-460, .Jnne, 1 91. 
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renlanllng tlu'ee-quarters, or a larD' r pa.rt, 3111 unting at least to ab lIt 130 

to 300 feet, frollL ~onth to north, in soutlrv\re tern Ma.nitoba, heloub's to a 

differential elevation of the lanel. 

CHANGES IN THE TE11PERATURE OF THE EARTH'S CRUST. 

Am. llg the llditions produciug changes in the height and ;"'lopes of 

the land on 'whid} Lake \gassiz ~a.y are tll, coling ana contraction of the 

earth' crust by the iee-she t and b'lacial waters, and the subsequent ,varnL

ing and expansion OWillt?,' to the anlelioration of the e1irnate. The Huperficial 

portion of the earth's ernst in th " Red River Valley hm; a tOlnperatnre (. f 

47° to 42° F., aR slHnvlL by the water of artesian wells Hitnated respecti Jy 
at Ada and Donaldson, ~1inll. 1 But during the ti1l1e when this distriet was 

covered by' the ice-,.,1eet the tGlnperatnre of the underlyiug land surfa.ce 

was reduced to the freezing point, 3'2° F., and <- . Himilar lowering of tOln

perature lnay have affeeted the crust to a considerable depth, largely through 

tll ·. influenee of perenlating water, eausing a slight depr "' ~' si n of the i~ b'eo

thenlls, ,·,-,jth eonsequent contraction of the rocl.. and lowering of the land 

surfat,e. B) cOlnparison ''lith the present Bleau annual tenlperature of the 

Red River Valley, rans6ng appro rinlately fron1 41 0 at Lake Traverse to 33° 

at vVillnipeg, 2 it i~ Qvident that the artesian waters before nnted reeeiv part 

of their heat £1'0111 the earth's interior. In like lllanner pro hahly the interior 

heat kept the super£cial portion of the earth's crust beneath the ice-sheet 

as wann as 32° , at which ten1perature the earth's heat 'would be eontinually 

lLeltil\~' the ice, though certainly at a very slo'w rate. 

The differences in the tenLperatures of the earth's enu;t, due to tll 

ice-sheet and to ,vater perlTLeatil1t ; downward fr0111 it, 'would not, therefore, 

probably exceed 15 0 fron1 that of the present tirne in the , outhorn part of 

the basin of Lake Agassiz, and "would de 'rea, , to 100 at Donaldson, in 

I{itt'on County, the 1110st I1nrthwesten -in ~1:innesota, and to eyen <1. ] & 

arnount at 'iVinnipeg. rrhe extent. to whieh th ,' C slig'ht change~ in the 

I Geol. and Nat. Hi . Survey of Minnesot , Elc bnth An nual Heport, Pl'. 1117,111 . Det ailell 
uescriptiollS of these wells are given in tJIC lIext '·h(liIlter. 

>l C. A. Schott i n Smithsonian Contrihutions to Kuowledgoe, Vol. XXI, 1876; Atlas of th Tlmth 
Censns of th nit tl ·tates; H,eport of the Departmellt of Agricnltlll'fl an ti titatist.ics of M:mi ba 
for 1882, p. 318. Also see Chapter XI for statements of the monthly aJulllleall annual temp r •. ture of 
this dist r ict. 
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crusta1 tcmlperatures ·wonla depress the land while it was ice-cov>red and 

raiso it when the i . :> was withdrawn (I ,pends on the ratios of contraction 

alu1 expan: ion of th J underlying rocks. Those ratios have h Jen experi

luentally detennined in the ca~e, of various bl~ildino' stones, and conlpntatiollS 

therefrom indicate that only a very slJw11 arnount of subsidence and eleva

tion of the land Cc uld be caased in this \\ G y. 1 The total elevation s 

produeed wa~ probably not 111.ore than 50 feet in the southern part of the 

Rell River Valle)!, and Hot TIloro than 30 feet at vVinnipeg ; and its slight 

differential effect w nld be in the opposite direction to that whi -·hhas given 

to the beaches of Lake Agassiz their northward ascent. This eleJllent in 

the eausation of tho changes of elevation appears to be comparatively 

insignificant ill itself, aud its slnall c nlponent in the oscillatio1l of the shore

lines would be opposed to that for which we are ,'oeking an explanation. 

EPEIHOGENIC MOVEMENTS APPAHEN'fLY DEPENDENT N OLACL\TION. 

It ,_eerrlS to be very clearly indicated by the gradual diminntj n in the . 

nortlnvard a::;;cent of the beaches, until the lowest and latest have nearly 
the Ie el of the present tirne, that these progressive change, of elevation 
were directly dependent upon the departure of the ice-sheet, with which 

great geologic E,vent they were eontmnporane U.-'. As all' ady noted In 

ihapt ,r V and on a foreo'oing pag of this chapter, these changes were so 

(Erectl. ! proportionate with the glacial recession that the northward ascents 
of the sneee~sive beaches w(~re at first referred to the diluinishing gravi
tation of the lake toward the ice-sheet; but, apart frorn the inadequacy of 

this canse, detenninec1 by _Mr. W oOlhvard's investjgatic ns, the great extent 

f the highest beach ar1<l its relation to terruinal Inoraines Inarking" stages in 

the glacial recessioll sufficiently dmIlonstrate that other eallses eontributed 

even lIlore than ice attraction to produce the changes olJserved in the levels 

of the beaches. 

There rmnain to be consider :.d, as prolJable ·auses, first, the relation

ship between the earth's erust and its interior which lllay lmv :> pern1itted a 

I T. c. 'ha mberlin in Sixth \ullna.l R(~ pllrt , U. S. (:.:eo1. Survey, p. 302, and ill pape1' r eau b fore 
the Philosophic- -l ~oeiet, , Washingt oll, Ma.r ' h 13, 1886; G. K. Oilbert ill All1..Jour. Sci. (3 ), Vol. 
XXXI p. 297, .\l lr il, 1 86, and in U. S. Oeo1. 8urvey , MOllograph I, "Lake Bonnevillo," pp. 377,378. 
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sinking of the crust beneath the vast ·weight of the ice-sheet ana a reelev"t

tiOll whell that weight ,-vas rGllloved, and, second, oscillations which lllay 

have occurred ·without aependence n the o·laciation. For the diserilllination 

of the~ HlOveUlents it will be very il~structive to notice the changes of 

elevatioll that have been going forward at the salLl tilne in ()ther parts 

of the North AJnerican and European glaciated regions, and also in vari

ous areas which were never thus ice-laden. If Lake Agassiz is found to 

be an iustallce where nearly all these clu.Lllb 0:-; are appar~lltly referable to 

glaciation, there will bo 110 lack of opportunity for eCHllparing' it with other 

regions where the effeet~ due tu glaciation are cUlllbined with independent 

crustallllovenwnts. 

D'i8(;'~tS. "ion Qf the relationskiJ! of the earth" trust to the intcrior.-l\ly 

fonner reference of the north\vard a~cent of the beach l of Lake Aga~siz' 

to ice attraction, with the asslunption that the earth was so rjgid that its 

fornl \vonia not be changed hy the load uf the ice-sheet nor by itB rem )va1, 

Beelnec1 1110re probable because of the V{ell-kllo~Nn physical and Inath -

Inatical researches of Hopkin~, rrhOUlson, Pratt, auel Prof. G-. II. Dar\vill, 

,vhu couclnde that the earth is probably ~;olid, with not I "'\: rigidity than 

that of glass or of ~t -,c1. In deference to theiT investigations, this COll

elusioll is a 'eepted and taugbt in recent text-books of o'colooY by A. 
Geikie and Le Conte; 1 but in sirnilarly 1'e cut text-bouks Pre~twich allcl 

Dana teach that the earth probablY 'ollsists of a cOlnparatively thin ernst, 

underlain )y a moltell illterior, which l11ay ehange within a lllOderate depth 

to a great llucleal solid lua~s. Amollg other geologist~ and physieists who 

have di:::;eussed the eonditions of the earth's interior, K..ing',2 Shaler, 3 and 

I Sin e the publication of Le Conte's Elements of Geology , r ovised SOCOJl(l euition, 1882, this 
eminent geolog ist ha~ aha,nuonc(l the opinion Lere noted, aJl(1 HOW believes "that t,lw gen era'} 
structure of the earth is that of :.L solid nu l eus constituting nearly its ~whole mass, a solid crust of 
lU considerable eomp'1!ra tive thiekuess, aud a subcn1st liquid layer, either lllli ersal or over hU'go 
areas, separating the one from the other. .. Also that the crust )'ost,s upon the subcrust liquiU' f " 

as a f1oa.ting hody." American Geologist, Vol. IV, pp. 88-4A:, July, 1889; Am. Jour. Sci. (3») Vol. 
XXXVIII pp.257-263, Oct . 1887; Elemeuts of Geology, third clition, 1.891, pp. 84-87. 26 't 

2U. , ' . Geological Exploration of' the Fortieth Parallel, Vol. I, Systematic Geology , 1:Si8, pp. 117, 
696-725. 

:IProc., Boston So . Nat . Rist ., l 86l), Vol. XI, pp. 8-lf>; 1868, Vol. XII, pp. 128-136 ; 1~74. , Vol. 
XVII, pp. 28 - 2!;12. Memoin;, B oston ~oe. Na,t. R ist. , 1874, Vol. 11, pp. 320- 340. Scrihner 's Mu.r<lziuc, 
Vol. III, pp . 201-226, Feb., 1888. 
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Hade b lie it to b ~ solid, ;vhile 'Vhitney ,:! Dutt - 11,:3 P owell,4 vVad,'
worth,5 Cr()"by,6 Claypole,7 Phillips,8 Airy, fJ Fisher, 10 and JanlieH n Il 

believe that it is llwlten, or at least i, ~ llToullcled bv a ulOltcn laver,
.J .J 

and that the ~'Lrth's ernst floats in a e ndition of isostasy 12 or gravitatiollal 

quilibrinm U)JOll tho heavier liquid or , ri" cou. Dlobile interior or lay :>r 

envel ping the interior, subjeet, how ,vcr, to stress and resulting defor

111ati 11 beeans of the earth's eOlltl'aetioll. The thiekl1e~s of the ernst, 

aeeordillg' to this hypothesis, is variously estimat d to 1e fi'OlI1 20 to 150 

nlil S, 01' P sibly IOU ruile" or 1110re. 

Another staternent of the probable relationship of the earth's erust to 

the interior) ,vllich seenlS to COlne hetv n tll ·, se diverse opillioHs and ill 

,'orne 111ea:5U1' to express the i1nportant features of eaell, is given as follows 

by Gilb 1't, in his discussion of faults and displae01uents of the Wasatch 

range aud the area of Lake Bonn0vil1e: 

vVe are forced. to conclude that the mountain ranI::> ' f the Bonneville batiiu 

and the valley" between them do not, with reference to each other, obey the law of 

flotati 
It oIlm 'th e ual cogency that the faultR (10 not penetrate to c, layer char ac

tel'ized uy fluidity or semi-fiuillity, implying by th e tcrmti the power to flow under 

small shearilW strain, but terminate in a. region of rigidity, implying by that term 
th ability to withstand relatively large shearing strain. I conceive them to termi

nate at the ulJper limit of the region of plastici ty y pres urc, implyillg by that 
phrase that a.t a.ud elow a cert.ain depth the rocks of t.l1O ernst, howev81: r igid, are 

I The 0 i.rin of Moun a,ill Uange. 18 6, PI), 6, 7, 25 ', 267, 270, t c. PLilosophica.l Magazi no, Jun , 
1 1 (ahlO i ll Am. Ge01 gi. t, Nov., 1891) . I 

~ EartlL!luak \ , Volcanoe. J and Mountain Buil<ling 1871,1)1'.77-87. 
:; 1'e n Month ly, Vol. YII, Jlp. 364-378, n,ud 417-"131, Ma. and Jlllle, 1876. . S. Geol. SurYOT, F Ollrth 

Annual Repor pp. 1 3-198' Sixth Annnal R port, pp. HI~-198. 
I,' 'ieu' , V 1. III, I'P, 4 _0-4}::2, Aprill ,1~84. The Forum Vol. II, pp. 3/0-391, De ., 1886. 
6 I . IJnturali t Vol. XVllI, Juno, .Tnl . ' nd Aug-uRt, 1 
ap roo., Bo tou Joe. Na • lEst., 1883, Yol. XXII I'P. ,143-4 5. Geol. Mag'azille (... ), Vol. ~ r , ~ 8, 

Pl) ,241-2-2. 
7 Am. n.turali t, 01. XIX, Tlp. :?57-:?68, Mar L,l 8 . ,A.lll. Geolog ist , Vol. I, pp. c 6,nd Vol. II, 

PI... ::,~, J e and July, I 
8 Vesnviu , 18B!)] pp. 3'2'1,.29. 
!J . r .ture., Vol . XVIII, pp. .n-l ,May 9 .• 1878. 

10 J:>hy ies of the E nl't h ' 'rust 18 1, pp. 22:~, ",70, te. 
II (, -01. l a,fJ'a,ziu 3), Vo . IV, 1&57, pp. 344- 34 . 
III te rm p roposed by ·pt. C. E. Dutton in t p ap .!' 'On orne of the greater prohl rns of ] by . 'a) 

geoL .!!: " Hull .in of th PL ilosophi 'al o 'i e L~ of rtshillgtuu, Vol. XI 1)J' . 1-64 Jlri l '27, 1 (. ;'ee 
aJ an im rtall lli CUSS! n of t his condi tion or the ' a,l'th' ' rust," Th Gulf of JO' ico u.s a m easure 
of i ostu.~y,' b '\ J McGee, in Am, Jour. Sui. 3), Vol. XLIV, pp.177-192, Sept" 1892. 
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ubject t o such pressure that their yielding uwlel' sheariug strainR exeeedilw the 

elastic limit is lIot by fracture, but by flow. I conceive the orogenic block::; as (;O ll

fluent with the subjacent layer, exceptiug snch a.~ may wedge out by the C IlYCroen'o 

of fault plane._ .1 

rrhis view i~ c.lo~ely allied with that 'vhi -·11 l' ;lo'ards theiut rio1' (l:; ~oliil, 

and, inc1 ~ d, if I understalld t.he allthor~ holdin o' the doetrill of solidity, 

f( rHU; a neeessary postulate of' their explanation of orogeuie and epeiro

geni(" lnovenlenh;;. It is again well stated by Beckel', \\Tho rega}'(.l~ tlwarth 

"as a 'olid llULSS of extr'lD ly hio'h vise sit whi·h woulll yield slowly to 

relatively rnodorate fon~es of eOIlt)taJlt terrestrial Jireetioll and long dura

tion, but which would pr ~ ahly yielil ahnost irnper '~ptibly to cL11) fnreu 

)f 1 rief' duration 01' rapidly changing direetic n.,,:2 For such a ('oll/lition, 

however, which 8emB to n18 probahl o.l or pos~,ihly true for aU the ecuth 

excepting its volcanic area., I 8b uld pI' f ir, al-i 1110re iut Iligible to ordi

nary reader~, to ::;peak of tho interior a,s pIa::;tic rather than as either solid 

or liquid, though ill its rigidit. or resistance to ehange of fOlTll it 1nay 

equal or su1'pa~s the hard .st roek~ of the earth's SUlfa o. 

III the present state of OlU' InH1\vlcdge, tho elevation of the area of 

L ( ke Aga. siz, inereasiug ill ;J,Illonnt fro111 ;-;outh to north, (luring' tho dopart

nre f the ico-sIt et, scenlS lllost ·1 lady intelligible by supposing- it to have 

been an uplifting of the crust lJY the inflow of plastic if not perfectly 

lTIoIten rock ii'onl distriets outside th glaciate<l eLl'en, occurring prol ably 

b :;twe'Jl the depths of 2t) and 100 1uiIes, ill ob(:~dience to gravitation, 

which, to preserve the condition of isosta~y, would cans .> the ernst, \;v,hell 

loaded by the iee-sheet, to sink and displace part of the plastic. illterior, and 

-when the ice-sheet was l'elIloved would cause the plastie rock to flow back 

and raise the erust appl'oxinlately to its fornlOr heio'ht. . 

It lllUst be 'out , 1 that we ha ~ only a very inadequate knovvlec1ge 

of the conditions which would result fi-Oll1 tho enOrIllOUS pressure and hig'h 

tmnperature of the earth's interior; and wicle diven.;ity ill ~p culatiolls on 

this ubj J t win pro ably long olltiuue. ProfeRsor Shaler, while holding 

that the earth is lnainly solid throughout, }J Jrhaps lmvillg in its nlost Inubil-' 

1< ;YOI' b eneath tl> ,}'ust. "a. ribidit r ~n('h at' 1el( ng-~ to the 1l1etals 

J U. S. Geu!. , 'u r -e ,~louograph J, L u,ke Bonneville, 1890, pp. 3- 8, 3"D. 
\lBulletiu, G. . A' I Vol. II, 1891, p . 70. 
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resistance to conlpres~ ill," t i:; one f the arli ,st <: nd 1110 " I decided advo

cate:; of the opinion that the weight of an i-:'he tIna lepr ._:) the area on 

whi 'h it Ii ~> .-' , and that the departure f the ic would b attended by reel 

vation. In cOlnparison, hlHivo er, with th ;l phY'i al ,nditions and laws 

fmuiliar to us upon the earth'~ surface, the subsidence and el vation f 

extensive areas, a.' nearly all glaciated regiolls, SeeIll to clem nstrate a 

Inobility of the earth's interior as if it were fu: d l' ck. The SallIe eonclu

sion is indicated by voleanoes, which are probably the _peninO's. of Inolten 

passage: that "oIllillunicate dovvnw:.l,rd through the eqlst to a 11eavier rrlelted 

portion of the interior, thence deriving' their supply of h ·at, while their 

outp ured lavas consist largely or wholly of fused portions of the crust, the 

phellornena of eruption being can, 1 by the acce. s of water to the upper 

part of the 1110lten rock, n ar the volcanic vent. But the great plications of 

the strata in the fonnntion of mOlwtain chains evidently involve only the 

upper part of the earth's crnst, CrLlnlpled into saller area in adapting itself 

to the dilllinishing volul11e of the lower portion of tho "alHO crnst, which, 

with th nnclcl:~, i~ underg'oing c ntractioll on account of the gradual loss 

of it::; heat "ana per1ap~ also on accouut of pI' Tessing' olidification and 

c mpressiun. There is in this process no dependence on the plastic or 

p ·rhal' molten Gondition of the interior, e", cept as that seeU1S to he nec 'sary 

for distortion of the earth, both of the crust aud nucleus or Inobile layer 

enveloping the nudens, whereby considerable shrinkacre of vohuue can 

take plac 1e " re th acclllllulatell stress becOllles sufficient for the fornla

tiOll of a 1l1onntain chain. At the present time aJpressions and elevations, 

IJrobaLly caused by aCClul1ulating stl'esses, are slowly 'hanO'ing the relations 

of Ian and s a up n ulany parts of the earth's surface. In the saIne ,yay 

the downward and upward InoverrlOnt · which would be 'caused by the 

burden uf the ice-sheet and its reIlloval are doubtless in Inauy plac ~ '01n

plicatecl by 'ollcOlnitaut or sub:5eq lleut lllUV mOllts thus due to defonnation 

under stresses by which the elevation attributable t the departure of the 

ice-she >t luay be aUg'llleutell or partl) or wholly counteracted, giving InllCh 

irregularity t th '~ ()'laeial and p ~to'laci~'} oscillatiuns of the land. 
The ar a of Lake Bonneville has experienced 'hanges f 1 vel ",inl,e 

the fornlation f its highest ~hore-lill , " hich ~Ir. Gilbert finds to be in har
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mony with the explanatioll that the r weI' due to the yap ration f the 

lake and the eonseq nellt partial restoration of quilibrhull by the uIHlerfiow 

of pla 'ti ~ rock; but he regards his obs rvations a ' too incolnpl '>te t furnish 

absolute proof of this hyp thesis. 1 1 snpplenlentary and ]]10ro satisfa'tory 

test' .. npplied lJY this SlU'Y y uf Lake Aga ' iz. Del arrcc1 fr0111 referring 

the northward as'eIlt of the heaches of this glaeial lak"> ehiefly to ice 

attraction, I regard 1ny ob:servat.ions of their iner Hsiuo' rate of ascent in 

proceeding f1'orn south t.o north, the gradual approxi ation in the 1-wor 

Leaches toward ho1'izontality, null the pl'ohal)le eompletioll of these changes 

in relati ~ elevation durillg' tll existence of Lake llg'< ssiz awl the depart

ure of the ice-sheet, as all st1'ikino'ly accordant with this explanation, and, 

iudeed, as cleln ll:strativ f it truth. Th se "'hal ges in the lev -,Is of the 

beaches of Lake Agassiz, partly pertaining to the lake itself and in lal'o'er 

part t - the C1'u:·t of the earth, are tlll1S b liev "d,till to be wholly referable 

to the iufiuenee of the ic -sheet ill its recessioll, "with which they show 

snch remarkable corre~pondence in the direction, character, aud gradual 

c1ecrea ' of the northward as ·'ent. N n irr =>g'ulariti.ls of the differfmtial 

changes ill elevation are found which ' 111 to require uther explanation, the 

rise can ed by the renlovaJ of the i -, :'-8hoet not being ~ lubillod upon this 

area, so far as can be determined, \vith independent eart111l0VOlnents either 

of elevation or depression. 
History 0/ the cloctrin of crust dt;furmaJion by th" ic -she t.-J~unieson 

appears to hav" been the first, in 1 135, to suO'o·;:; -'t, this view, which I 
receive f1'orn hirn, that the subulergellce of glaciated lands vvhen they 

were loa ed ,vith ice has been ea,used directly by this load pressing down 

the earth's crnst up n jts fu ed interior, aud that the subs quent r0 leva

tion was a hydrostatic (or we lllay better say isostati~) uplifting' of th 

crust by ullderfl w of the inl ,1' nut," when th ice vvas JneIted away.2 'l"'wo 

I.d.m. J our. Sci. (3), 01. XXXI, pp. 284-299, April, 1886. . S. Geol. Survey, Monograph I, Lake 
Bonne ' lIe, 1 90, pp. 379-392. 

-Quart..Jour. Geol. S c. Vol. XXI, p . 178. Later discussions of this subject by Mr. Jamie on r 
in the eologieul Magazin ( .. ), V 1. IX, pp. 400-407 and 4. 7-4tiG, • 'ept. aBd ct., 18~2; and (3), Vol. 
IV, lIP. 344-348, u""., 1 7. In th ul'ti 'Ie last cite!l ho applies this explanation to the changes of tho 
hea, 'h e. of Lak Aga siz, w ioh up t o tltnt time I h ad attrilm t ·,11 mainly t o ic at t raction. The same 
principle, howe er ., w a lU'onght for 'ard u. ' Sir .I ohn Her ell t 1 in 1836, and had been advocated l>y 
Prof. James Hall, of' N w rlc, in 1.~9, in att,ribnting to the weight of s diments the long-continued 
subsidence of the areas on Vi hich they have been deposited in grea.t thi kn ss. 

MOl xxv--32 
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y ears later vVhittl ,8ey published a siulilar opinion.l In 1868 Shaler referred 

the subsidence of ice-covered areas to a f:mpposed rise of isogeothel'lual lines 

in the subjacent crnst, operating, in conjunction with the ice-sheet, to pI' 

dnce dov;rJnvard flexure ;2 but ill 1~74 and later he regards the depression as 

due directly to the weight of the i'e, aud the reelevation as due to its 

removal.3 The sallle view is advanced also by hamberlin to account for 

the basins of the Laurenti.au lakes, w heru he believes a cOllsiderable p~lJt of 

the glacial depression to have heen pennaucnt.4 

Tardiness in the l)(!!rin/f//ing vf tlu; chan.yes (~l levels ({l the Lake Agas 'iz 

basin.-That the greater part of the changes of levels npon the area of 

Lake Agassi~ has lJeen due to differential elevation of the muth's ernst, 

instead of ice attraction, seenu; to be proved by the b.u·ainess of their 

beginuing, a.s shown by the relationSllip of the highest beach of Lake 

Agassi~ to the eontiguous ternlillal 1l10ra.ines fonned on the adjacent land 

areas during' tIt recession of the i· -~he .t, of vvhich a (letailed de~criptioll 

has been gi veu ill Chapter IV. rrhe highest beaeh is eontinuous on the 

east frOlu Lake Traverse about 140 Iuiles north to ~Iapl ~ Lake, which is as 

far as exaet exploration of it has been earl'ied. On the west this shore-line 

is unbroken along an extent of about ~50 rniles £'roIn south to north, reach

ing into l\-Ianitoba. Now the adjacent Dovre, Fergus Falb, Leaf fIills, and 

Itasca lnoraines appear to havo been successiycly at.:curnnlated dnring the 

time of fonnatioll of this single highest beach, whieh lnark, , through so 

great distances and so large a portion of the ' glacial recession, a nearly or 

quite unvarying' stage of the lake and unc1i~turbecl repose of the earth's 

crust. If dinlinishing gTavitation of tho water of the lake to,vard the ice

sheet had been the chief eanse, or even an element of large illlportance 
aJTIong eOll1ponent eauses, of the changes of leyel~ of the beaches, the 

sluface of the lake Blust have fallen considerably in its northern portion 

IProe., A. A. A. S., 01. XVI, pp. 92-97. 
~Proc., Boston Soc. Nat . lIist., Vol. XII, pp. 12 -136. 
3Proc., Boston Soc. Nat. IIist., Vol. XVII, pp. 288-?'92j Memoir Bostou Soc. Na.t. lUst ' J Vol. II, 

PI>. 335-340. Am. J ollr. Sci. (3), Vol. XXXIII, pp. 220, 221, March, 1887. Scribner's Magazin , Vol. I, 
p. 259 March, 1887 . 

.j G log~ of Wisconsin, Vol. I, 1883, p. 290; Proc., A. }\... A. S. , Vol. XXXII, 1883, p. 212. The 
problems of ice a.ttracti n and of' deformation of the e[Lrth's crnst have heen furthor discllssed by 
Professor Chamberlin before the Philosophical Societ.y of Washington, l\lareh 1:3,1886; and, jointly with 
Professor Salislmry, in the Sixth Annual Report, U. S. Geol. Survey, pp. 291-304. 
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be aUtie of the decreatiin u. attl'a.etioll of th" 1 ', dUl'iuo' the tag ti of its 

retreat 1lotw -> ->n th , ;:j -' I nLllle~. But the > ~t nt of thl~ higlloi:it heach 

shows that no appreciable ehallge~ of level touk . pIaee while tIm iee-::;lleet 

was being 111elted ba 'k 250 lnil ' 8 (11' 1110re awl wa~ 1>1'ob<11)1y llLueh l'edneed 

in thicknes:' upon a large area farther llorth, llPanwhile, at tim ,/3 of halt in 

its reeossion, or perhaps of SOlne readvallee, accumulating tILe lUOi:it nmssive 

In rainic clepo:-:;its of this regioll. The :-;tabilityof the cru;:;t had beou Inain

tained during this great reductiun of tIle iee pre~~·ml'e; HHd wheu at lellgt~l 

an nplift eusued, the pro es::; \va::; Hlow and luarked lJY no parox 1na1r 

action, but PI' res::;ed in a gradual Inallller, though yet" itll pause::;, as was 

also doubtles::; the 111.ethod of the continue(1 retreat of the j 'e. 

Pa?t<- eS in the c'Y'ltsta7, 'Uplift 'J" ~corderl lJy tlw series of beach) .-.- The ::;uc

cessive beaches of Lake Aga ·.'iz, llu)ubering ~ venteen ju it.: northern pa.rt 

while the lake outflowed southward by the riYer Warren and fourteen 

while it outflowed northeastward, appear to have beeu ±orrned <luring 

pauses ill the differential elevation of thi~ area. Betw ~ th' tinl ~' , ' of 

fonnation of the ~)eaches the uplift of the land was too rapid to he recln~ded 

by wave erosion and b ::>aeh ueposits, and the definitely marked :-;horo-lines 

'belong to stages of interruption or ::;lower progres::; of this crustal uplift. 

At the southern end of the lake neh of the beaches, into wllich several 

ill their course fi'oU1 north to south become lnerged, lltay belong' to a ~lowly 

sinking' lake slu{ace, with change uf' 5 feet, or in SOlne eases 10 feet, during 

the accumulation (f the single ach rill0' ; and the interval::; of 10 or 15 

feet bet,veen the levels held by the lllOuth of the lake while the bea,ches of 

its. outherIl part were being fonued appear to represent tunes of exception

ally rapid erosio11 becau::;e uf cOlnparativ(:Jly fa't levation of that area and 

of the country crossed by the River vVal'ren. Along the course of this 

stream, the present valley of the ~1inn ta Hi -'1', no outcropping' l' cks 

are found at so high levels that t.hey would be touched by the continuation 

of the planes of the UI I eI' heaches of Lake Agassiz, havincf' in their 

southern part a descent to the south of about a lutlf of a foot per mile. 

'I'he River 'Varrcn eut its ehannelwholly in glneial Idft, until durincr the 

rVIc aul Tville 8ta e::; f the lake it reach d the ledge:::; of oTanitoid gneiss 
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whieh outerop ill the hottonl of the valley alollg a di~htll -, of ::;ev }raJ Inilol:) 

next helow l3ig Stolle Lake. 

Changes ,in levels of the ueaches onl!) CI; pwrtilll 'lJu:.lt8Ure (?f the ·tDe'tVeit/lit.-If 

tho thicknoss of the ice-i-:lheet upon the ar~a of Lake Aga~~iz ,val:) a half 

111ile to 1~ Iniles, a,::; seelUs probable, increasing' ii-olll south to north and 

llurtheast, the crustal uplift uleasuring- tho infl w to this area uf an equal 

weight of pla::;tic or 111ulten rock would l'ange fr01n 880 feet, or a sixth of 

a lIlile, at Lake rrravel'se, on the :-;outh, tu ~,G40 foet, or a. half mile, at 

the llorth end of Lake Winnipeg, 011 the as~uniption that the d :.nsity of the 

inflo'wing rock or Inagllla ,vore that uf tLe upper portion of the earth's 

crust. The density uf ice is taken as 0.9, water being 1.(; and that of the 

rocks forllullg the earth\; surface i~ assurued to average 2.7, the earth'· 

luean J llsity, deteTillined by three independent l11othod8 with closely 

accordant results, being about 5.5. But the 11100i]e stratlun next beneath 

the solid crust ii-:l surely ::I0111ewlat heavier than the erust. Ccnnparison of 

the eaJ.'th'~ :-3uperfi " al aud 11l8HU d 'll::litie~ llldieates f(~n' thi~ Blag-nia a proba

ble deusity uf 3.5 01' 1llOre, wluch would rccluee the eomput -, c1 uplift to G8 

feet at the ~uuth, with incre:: ,s ~ of ab ut 2 feet per ll'lil - llcuthward to 2,040 

feet in round lluJnbers 2,000 feet, at the 1110uth of Lake ,~Tinni}J j()' and 

along- the N C}l~oll River, or les~ thau these anlOunt~ if the density of the 

uplifting lllag'lIU1 was greator than 3.5. It it\ ver)' prubable that the sub

sidence caused by the iee-sheet, depressing the cru~t below its preglacial 

height, was lllOre than w uItl be thus strictly proportiunate to the weight 

added by the ice a.ecull1ulation; but on the other hand it se8111::l probable, 

as shown by the nurthward a~ccut of the beaches of Lake Agassiz, that 

only a lIlinor fractiou,perbaps 110w11 '1'e withiu thi' basin ex ceding Olle

fourth, of the \veight of iee removed was compensated by' the differential 

uplift of the land. 

But eould we well explain the fact· of glacial striati II aud el-ift trans

portation 1y assulllillg for the ice-sheet a less thickness, as one-third of a 

n:lile to 1 luile fronl south to north upon the lacustrine area, which may, 

inde el, be nearer the trnth, the rate of' ascent of the shore-lines within the 

area of my survey, resulting' apparoutly fr0111 the departnre of the ice, 

would be closely in accordance with the hypothesis that the earth's crust is 
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floating in isostatic equilibriu1l1 upon a. plastie or lTlOlt n interior, thouo'h 

th vertical oxtent of elevation of the whole basin iR probahlr seyeral hun

dred feet less than would be expected as a fnll lllea:::iUre of the weio·Itt. 

ren10Ve(1. Even with the presulJlption .that. t110 uplift in its rate of increa~e 

toward the north is only approxillwtely half, and in its aggregate alTIOunt 

only a quarter part, or less, of w'hat eon1putation would require, thi 

hyp thesis still Rem :::i to ~ fford the be -t explanation that we are able to 

offer for the northward ascent of the:-;o beaches, beyond snch ~n1all por

tion as can be referred to ice attraetion. And it i:-; to h::. ob 'el'vet.1 that 

o'laeiated areas generally show 1r their fjords that part of their depression 

by the ice-sheet continues to the present tinle, not having' heen equaled by 

the erustal elevation when the iee-sheet was dissolved. 

REVIE'V OF PLEISTOCENE OSCILLATIONS OF I~AND AND SEA. 

Having' thus eXalnined the probablo (~anses of the changes in relative 

elevations within the area of' Lake Agassiz, ,ve ~hall ga.Ul lnll(',h further 

knowledge of the evidence supporting' the hypothesis eoneerning the earth'l" 

erust and interior, to whieh it has led us, by reviewing the oseillation~ that 

have affected various other pal't~ of the world eOlltenlporaneons1y ,vjth th-:. 

accurnu1ation and (lisappearance of the Pleistocene ice-Rheets. Fjords, 

£ ~ , ilifel'ous rnarine deposits, and Inigratirms of nninlals and plant.s hear 

in1portant testunollY of the -'e vicissitn(le:-; of lawl and sea. It will he well 

first to consider our own continent, and afterward to inquire whether Soutl] 

Alneriea and Europe fared silnilarly. 

PREGLACIAL ELEVATION OF NORTH AMERICA SHOWN BY FJORDS AND 

SU1HIARINE RIVER VALLEYS. 

0ne of the 1110Rt inter :>sting fjonh; of North An1erica L that of the 

Saguenay, tributary to the St. La,vrencc. Along a distance of about fjO 

miles the Sagnena) is f1'0111 300 to 840 feet deep below the sea-level; its 

adjoining ditt's rise abruptly in some places 1,:,)00 feet ahov'e the water; 

and the width of its wonderfnl1y suhlilue and pictnres(lue gorge varies fr01l1 

about a Hule to 1~ nlilet'i. 1 ThiR fjord, lik ~ the IlULUY which indent our 

1 J. Vl. Da.wson, Notes on the Postplioccne Geology of Canada, 1 ;2, p. 41. 
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ea t rn coast fron1 ~faine to Labrador and Greenland, and our western 

coast ii'orn Puget Sound to the AI' ·tie Ocean, ,\ as ero led by a stremn that 

flowed along' the bottom of the gorge when it was above the sea; and this 

en1"i m 'was probably going forward in the epoch in J . liately preeedillg 

tIle Ic ~ age, for earlier HUbl"idm '-' (luring any period of l111lCh leng·th, 

o· '01 gically speakiug, would have caused the suhrnerged V::Lney to be filled 

with sodin1ents. TIt preg'lacial eleyation of the Saguenny l' o'ion therefore 

appears to have been at lea. t. about 1, 00 fe t OTeater than now. 

Siruilarl)Tit it; pro eel by the fjords of lUnine, the eastern Oanadian 

provin ·~ s, and Newfoundlm1( l, of Labraclor and Greenland, of the Arctic 

coast of ·North A111erica, ~Uld the archipelago west of Baffin Bay, and of 

the Pacific coast frorn Alaska to Oregon, that the entire extent of the 

North Anlerican glaciated aroa \\ . S considerably higher before than after 

glaciation. 

But the preglacial altit.ude of thiH area wa. 1l1neh greater than the 

depth of the fjords which iJ1(lent its shores. It is more nearly, but proba

bly still only partially, Inea..ured b) river valleys and fjords whieh are now 

entirely ~ublnerged beneath the ocean. The sublllarine horder of the con

tinental pl:tteau to depths of Inor' than 3,) 0 feet is eut b valleys or 

ehannel~ whieh if raj ,:ea aho the sea-level would be fjords or eallyons. 

These (~·an he no other than river '()UTSe~ eroued while the land st cl much 

higher than now; and its subsidenee e,ric1->ntly took place in a late geologic 

peri.od, l~e the deposition of ~ilt lllUS have obliterated the channels. For 

this cont.in :.ut a 1110~t in1pressive review of the evidences of its lately far 

OTeater height, as shown by these ~ublllerged river courses, has been given 

by Prot. J. ·vV. jpen '1'.1 . 

A ,cording to tIle United ~tates Ooast Survey charts, as noted by 
Spencer, tIt:.. bo ttCHl1 of a Hubnlerg'ed valley just outside the delta of til 

l\Iississippi i~ found hy tioundillgs at the tlepth of 3, . 0 feet. This valley 

is a few Iniles wide and is bounded by a plain of the sea bed froITI 900 to 

1,200 feet above its floor. . It tlnu; appears that the country north of the 

Gulf of AI :..xi '0 has been rais ld for a short tillle to a heig'ht of not less than 

I " Til high c· lltinent"l 1 vatioll PI'f'C tling t.lw Pleistocen period," Bulletin, . S. A., Vol. I, 
18 pp. 65-70' a lsu ill til Geol. Mag:tzillC (3), Vol. VII, pp. :!08-213, May, 1890.J 
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3,000 feet; and it is ilnportallt to note in passing that an equal uplift would 

wholly close the StTait of Florida, 2,OG4 to 3,000 feet deep, through which 

the (i-ulf Strean1 now pours into the North Atlantic. 

The continuation of the H lld~Ol~ River Valley has h een traced l)y 
detailed hydrographic. ~nrv ys to tLe edge of the ~teep' -ntinental fil . pe at 

a distance of about lor) miles fI'on1 Sandy Hook. Its outenno::st 25 rniles 

are a suhlnarine fjord 3 nules wi(le and fl'0 111 ~)OO to 2,250 feet ill vertical 

depth, llleasured frOllr the crests f it;-; banks, which, with the adjoinino. flat 

area, decliIle frmll 300 'to GOO feet below the present sea-level. The d '~epest 

sounding in this fjord is 2,844 feet. 1 

In a siinilar position, jn~t in~ide the bathynletric line of' 100 fathoJ11s 

on the sllbrnerged rnargin of the continental pla,teau off the n10uth of I)ela
I ware Bay, the Coast Sun ey ~ounclings reveal a ~hort fjord which ha.s a 

, aepth of 39(; fathon1s, 01' 2,376 feet. 2 

Again, the l Tllited States Coast Survey and British AdJniraJty charts, 

as Spencer states, reeord snbulerged fjorcl outlets fr0111 the (i-ulf of :Maine, 
I the Gulf of St. Lawrenee, and Fludson Bay, respectively, 2,664 feet, 3,666 

feet, and 2,040 feet below sea-level. The bed of the old Lanrentian River 

frOln the outer boundary of the Fishing Banks to the lllouth of the Saguenay , 

a distance of 11101'8 than 800 nliles, ShfHVl1 by Professor Spencer's lHap, is 

reached by soundings 1,87R to 1,104 feet in depth. 

G-reenland is divided ±i'ODl the contiguous N ortll Ameriean eontinent 

and archipelago by a great valley of erosion which is estinlated [rolll sonnd

i11,9,'8 and tidal records to have a 1110an depth of 2,510 feet below sea-level 

for G80 nliles through Da.vis Strait, 2,O~)f> feet for 770 Iniles next northward 

through Baffin Bay, and 1,1363 feet for the next 55 Iniles north through 

Srnith Strait .3 

(>n the Pacific coast of the United States Prof. .Joseph Le Conte has 

shown that the islands south of Santa Barbara and Los Angeles, now sepa

rated ±I'mn tlu::~ rnainland and fr I n each other b} ehaunels 20 to 30 1l1iles 

I A , Lindenkohl, R.eport of U. S. Coast and Geodetiic -'urvey, for 1884, pp. 4:35-'1:3tl; Am . .J onr. Sci. 
(3), Vol. XXIX, pp. 4-75-480, June, 1885, and Vol. xLI, pp. 489-49D, with map, .Jllne, 18~n. .T. D. Dana , 
Am. Jour. Sci. (3), Vol. XL, pp. 423-437, Dec., 1890, with map l'etlncetl from LT. S. Coast Survey chart. 

'l Ao Lindenkohl, Am . .Jour. Sei. (3) , Vol, XLI, p. 4fJ8. 
:I Smithsonian Contrihutions to Knowledge, Vol. XV, pp. 163, Hi4. 
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wide and GOO to 1,0 0 feet cleep, were still n. par of th :. Jnainland c1urin<r 

tho lat ,Pli 'ene aUfl early Pleisto ~ 11e IF>rind., .l 

In northern California Prof. G lorg'(' 1 )avid 'nll, f tho Unit 1StnJo, J oast 

Survey , as cited hy Spencer, l'epol't~ tlu'ee sHbn1arine valleys about 2f), 12, 

anI G]uil .s ~outh of Capo Nleudoeillo, ~jnkillg' l'e._peetively 9. 400, 3 120 and 

2,700 feet below t]l(~ sea-level where th y ero~s the 100-fathnn line of th> 

Inarginal plateau.~ If the land h er -were t.o ri. e 1,000 feet, these valleys 

would be fj n'df:; with sides towering hig-h a.hove tho water, hu till (leseend

ing benec th it to profound c1opth~. rrlte tin10 ot' great elevation pOl"ll1itting' 

orosion of those and a laro.'e nUJnb ::.1' f other ubIner 1 v~lll ys of theI 

;alifornian coast is .,hown hy Le Conte to have been the Pliocene peri el, 
with 'uhni~lation of th'-' uplift in the early part of the Pleistoee.ne.3 

Farther to the north, Png ~t SOlUlc1 ana the serios of sheltered channels 

and sounds through whieh the ~t (\1 boat ]>a~Rage i8 lnade to Glaeier Bay, 

Alnska, ar submerged valleYH of ern~i(Hl, llO,V filled 1y the sea, but tiepa

rated from the ('pen ocean h <I thouRands of islandt;, the continuation of the 

Coast Rauge of lllountains. Frolll the clepth.' of the eh~lnnels and fjords 

Dr. G. 1\1. })awHoll coneludos tlwt thiH area. had a prec;lacia.l elevation at 

lea·t ahout !)OO f ->=>t ab vo the pr -'~ollt sea-level during part or the whole 

of the Plioueue poriod,4 

The go 'n raj abs81we of Pliocene forrnations along both the Atlantic 

an 1 Pacifi(~ eoastE-; of N rth Arneriea indieates, aR' p lnted out by Prof. C. 
II. llitcheock, that (hu'ing- thiH IOllg period all of tho (~ontinent north of the 

Gulf of l\1-,~ ic held a greater altitlH.1e, which fron1 the evidence of theRe 

subrnariu8 vall .. TS is known to hay ~ 'nln1inatec1 in an elevat.ion at least 

3, 00 feet higher than that of the pres ::;ut tin1 , Such plat au-like nplift 
of the continent appearH tn have ex rteel so great influence ·on its rneteoro

logic cOllc1itionH, bringiug' a cooler elinlato throughont th year, that it 

finally heemne ellveloped hy i ce-sheet~ to the Routherll linlit of the glaeial 

stTire, till, and lllorain " stretching fr0l11 Nantueket (lid Cape Cod to mv 

York ity, CilleinlUt6, St. LOllif', Bj~nlHrck, nlul thene to the 

I lIUetill of t 11e 'ali forui ." Academy of'eione s, Vol. 11, 1 7 pp .515-520. 
\I I lJi.l., Vol. II, pp. 26fl-2ti . 
:JBulletin, . S. A., Vol. II, 1-D1 pp. ~:"3-330. 

ole natli Il Naturalist, 11 W I:>eric', Vol. III, pp. 24.1-248, April, 1877. 

http:altitlH.1e
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Pacific sOlnewhat south of Vancouver Island and Pug t Sonnc1. The thick

ness of the ice in the region of the '~Thite ~{onntains and Adirondack. was 

about 1 Inile; and Dana has shown, fro111 the directions of striation and 

transportation of the drift, that its central portion over th, Laurentide 

bjghlands between ~Iontreal and Hudson Bay had probably a thiekness 
f fnlly 2 Iniles. In British ·Colulnbia, according to Dr. ~. ~L Dawson's 

observations, jt covered lTlOuntahl sUlnluits 5,0 0 to 7 ,G40 fu~t above the soa.1 

LATE GL \CIAL OR CHAMPLAIN R BMER,GENCE "H WN BY FOSSILIFEROUS MARINE 

BEDS OVERLYING THE TILL. 

'Vhile thus heavily ice-ladon neady the whole glaciated area of North 

A]ueriea Rank helow its present level, but for the n108t part only to a slight 

alllOunt in c0111fmrison with its previous elevation. B :.-..oinning at or n ,ar 

a line drawn northeastward through Now York City, Boston, and Nova 

S otia, tho extent of the suhnwrgen , of the land by the sea at the tinle 

of the recession of the iee-sheet, a~ shown by f ssiliferous nUll'ille depojts 

overlying the till, inereased frOlIl 1f)O feet in southeastern New IIalnpshire, 

and 2 _ to 300 feet 011 the coast of l\laine and N ow Brunsw~ek, to 375 feet 

Oll the St. Lawrenee opposite to the ITlcmth of the Saguenay, and 56 J feet at 

~rJont1'eal It was 300 to 400 feet, increasing f1'01n south to north, in the 

basin of Lake Chmnplaiu; about 27rJ feet at Ogdensburg, and 4[)0 feet 

ne<1r the city of Ottawa.; and BOO to 500 feet, likewise inereasing northward, 

on the cc llntl'y soutln -st of Janle~ Bay.2 In Lahrador the snbrnergcnce 
was of sllw11 an10unt at the south, adjaeent to the Gnlf of St. Lawrence 

andNewfoundland; but was about 1,500 feet at N achvak, Dear latitude 

59° No, according' to Dr. Robert Bell; ~ and in northern Gre ,nland and in 

l}eol. Uagazinc (3), Vol. VI, 1 89, pp. 330-352. Transactions, Royal Sdciety of Canada., Vol. "VIII, 
Sec. IV, 1890, Pl'. 31" 32. 

'l Ao S. Packard, jr., Memoirs , Boston Soc. Nat. Hist., Vol. I, pp. 231-2G2. .J. W'. Dawl'wn, Notes 
on the Postpliocene Geology of 'anada; and AnI. .JonI'. Sci. (:3) Vol. XXV, 1883, pp. 200-202. C. H. 
Hitchcock, Pr ., A. A. A. S., VoL XXII, 18n, pp. 16~)-17;;; Geology of New Hampshire, Vol. III, pp. 
279- _82; and GeoL Magazine (2), Vol. VI, 1879, pp. 24 -230. G. H. Stone, Am. Jonr. Sci. (3) , Vol. XL, 
pp. 122- 144, Ang., 1890. R Chalmors, Transactions of the Hoyft1 Society of Canada., Sec. IV, 188G, pp. 
139-145. Baron Gerard de G~er, Am. Geologist, Vol. IX, pp. 2J7-:U9, AI)ril, 1892; and Proc., Boston 
Soc. Nat. BiRt ., Vol. XXV, 1 9~, pp. 451-477. Warren Upham, Proc., Boston Soc. Nat. lUst., Vol. 
XXIV, pp. 127-141, Dec., 1888' Am. Jour. ScL , May, 1889. 

3Blll1etin, n... A., Vol. I, 1890, p. 308. 

r 
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Grinnell Land it was frUIn 1,000 to 2, 00 feet, as ~hown by raised beach 

deposits 'ontaining Inarine Rhells.1 

That the land northward frOlll BORton was so 111uch lower while the 

ice-sheet was beino' filelted away is prov.od by the occurrence of fossil 

shells of far northern rauge, including Yolrlia (Leda) wrct'lca Gray, now 

fouud li\ ing only in arctic aH wh :..re thoy receive luuddy strC'an1~ frOlnL 

exist.iug glaciers and fronl tho G-l'oenlan..1 ice-sheet. This ~peeies is plentiful 

in the stratified clay~ resting on t.he till in the basin of Jcunes Bay, in the 

81.. Lawrence Valley, <- nd in Now Brunswick and ~laine, exten ling south to 

1'01'ts11..10nt11, N. H. 
Scantier hut yet conclusive proofs of the c1epres. ion of British Johuu

bia uncleI' the ice load are found in tho valley of tho FraHer Rivor and on 

the Pacific coast, in Vancouver Island awl the Queen Charlotte Islands. 

Lan1plugh lla;:\ observed recellt. Inarine shells in a railway cutting on th, 

west bank of the IImTison River, near itH juncti 'Hl with the Fraser, at an 

elovation not less tlUtll 100 feet above the soa.:! At New vVestrninster, on 

the Frazer, near its mouth, raised beaches indnsing fi'agnlents of nlarine 

shells are reported by Ballennan about 30 fe"t above the 1'iver.3 Fossilif

erous Hmrine deposits found in the vicinity of Victoria and N anaul1o, in the 

southeast part of Vancouver Island, at snudl elevations above the sea, are 

believed hy VI'. G. 1\1. I)a.wson to have been fOl'lll(-:!d at or neal' the wasting 

edge of the ice-sheet.; 4, and near the ll'liddle of the northeast side of this 

islanl1 two distinct deposits of till occur, with intervening- beds of 10es"-like 

silts, fl'on1 which this author lllfen; two times of glaciation, separated by an 
interval during which the land was SUbl11ergecl froru 100 to 200 feet.a 

Again, in the northeast part of the Queen Charlotte Islands Dr. I)awson 

I uart.•Jonr. Geol. Soo., Vol. XXXIV, 1 78, pp. (l6, 5fi6. Geol. Magazine (3), Vol. I, 18~4. p. 522. 
A. W. Greely, Report on th U. S. Expedition to Lally Franklill Bay, Grinnell La,nel, Vol. II, 1f:~88, p.57. 

'2 Quart. J onr. Geol. So ., Vol. XLII, 1886. pp. 284, 285. 
3 Geul. and Nat. II ist. Snrvt'~' of Canada, Heport of Progress for 1882-83-84, p. 33 B . 
'\ (i eo1. and Na t. Hist. SllrYl~Y of Canada, Annual Report, n~w s ries, Yo1. II, for 1886, p. 99 B; Quart. 

.Jour. ,:eo1. ~oo . , Vol. XXXIV, 1878, pp. 97, 98, allll Vol. XXX vn,1 81, p. ~79. Compare also Mr. G. W. 
Lamplng-h's ohserv:l,tions of g lacial shell !Jeds at ES(l'lil1lUlIit, near Viotoria: Quart..Jour. GeoL Soc., 
Vol. XLII, IH8G, pp. 276-284. 

5Geol. an d Nat. Rist. Survey of Canada, Annual Heport, new series, Vol. II, p. 10- B. 
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finds evidence of subn1ergenee to the ~lInount of 2 0 or 30n feet, while the 

O'laeial conditionB still endured. l 

H.EELEVATION CLOSELY FOLLOWING THE DEPARTURE OF THE ICE-SHEET. 

FrOln the Chalnplain suhluergenee this continent, since the ice ,veight 

depres~ing it ,vas ren1oyed, has been uplifted to its present height. The 

chano'es in the levels of the beaches of Lake Agassiz prove that ill the 

interior of the continent this m.overnent dosely followeel the recession of 

the ice; but on the shore:; of HUfbon Bay the 1' :" ::.levation iH still in prog

re "S, indicating that no long tilne has passed sinco large r8111nant8 of the 

i "e in that region rnelted away. On the Atlantic co( st we have different 

evidence of the rise of tho land soon after the iee-slleet disappearod, and 

the mOVeInent there, as also on the coast of British Cohullhia, resulted In 

all elevation sOl1lmvhat higher than now, so that the late. t oscillation of 

these regions has been a subsidence, which is still very slowly continuing. 

T'he rec(~nt. depre~sion of the eastel'll seaboard i::; shown by subnlarine 

stll1npS of trees, rooted where they grew, and h}T subn1erged peat bo ''', 

which prove that the whole coast frOlll Ne\v Jerser tu Routheru Greonland 

has lately sunk to a rnoderate extent. The InaXllnnrn known by these 

observations is about 8 ) feet, at 'which depth a peat hed oecurs under the 

'Tantran1ar salt Inar~h at the head of the Bay of Fundy.2 After the land 

had recovered ft'on1 the Chalnplain depression to its present level, or per

haps to the higher stage noted, the telIlperature of the North Atlantic was 

for a thue sOlnewhat wanner than nO'N. Southern speeies of lnarine Lllol

lusks were then able to extend northward to the Gulf of St. Lawrenee; 

but they have since become extenniLlated by a eonsiderable r frig-eration f 

I ..eol. and Nat. Hi t . urve of Ca.n a.da" Report of P.r0b'T for 1878-79, p. 95 B. Tran .• R y al 
Soci t. of Canada" Vol. VIII. Se . IV, Itl90, pp. :-l-74-. Important not 's of recent changes in level of 
the coast of BritiRll Columbia, of the State of 'Vashingtou, and of southern Alaska, are giyen by 
Dr. Da,wson in the Canadian Naturalist, new series, Vol. VIII, pp. 2H-248, April, 1877. He coneluues 
that thit\ a.rea had It preglaei:tl elevation at least about 900 feet nbove the present soa-level dur ing 
part or the whole of the Pliocene period, this being indieate!l by the fjords; that it was 11111eh 
dept'e ed during the Glacial period; awl th~Lt ill Postglacial time it h-- tI heen reelevfLtetl to a height 
proballly 200 or 300 feet greater than now, followed by subsidence to the present level, the latest p::u'i; 

of thi& oscillation being a soruewhn,t rapid clepre s ion of' perhaps 10 or 15 feet during the latter l)aI't of 
the last centur -:1, roo ement which may ·till he slowly going on. 

t 2Goo1. and Na,t. IIifit. Survey of Canada, Annual Report, new serieR, Vol. IV, for 1 8 8~, pp. 42 A 
and 10 N. 

I 
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the R a along' the coast north of Oape Cod, excepting isolat d coloni S.l 

Tho coast had heon l' ~ levatec1 u aftor the n~troat of the iee-sheet and 
before the southern luollusk~ nligrated northward, for in the extensive lists 

of the fOf:;sil f~l,una of the OluLlnpla1n beds,. also deUOlninated in t1.e11" two 

principal phases tho Leda clays ane! Saxicava sands, none of the southern 

species is included, excepting perhaps the oyster in southwestern Nlaine.2 

Postglacial elevation of the c untry along' the East })lain coast of 

Hudson Bay and on I-Iudson Strait is shown hy conspieuous raised beaches, 

according to Dr. Robert Bell, up to heights of at least 300 feet, while prob

ably others llTuch higher -'xi ·'t farther inland.3 In the region draining frolll 

the southwest to Janles Bay Dr. Bell reports lnarine shells in stratified 

beels overlying the gl:cial drift along the })louse, ~lattag'allli, and ~1issillaibi 

rivers up to about 300 feet ahovc the s a;4 along the Albany and I{eno

gmni rivers up to a height of about 4:.")0 feet; 5 and on the Attavvapishkat to 

about 500 feet abov th(:l sea.G It is also evident tha,t the shores of Hndson 

an (1 J mlle' bays are still undergoing elevation, t]us being proyed by the 

fresh appearance of the rail:ied buaehes, hy driftwood far above the 1iluit 

of the highest waves in stOl'lllS, ana by the gradual shoalinO' of harhors. 

The rate of ell1ergellce of the eastern cna~t is 88ti Inated by Bell to be 

between £) and 10 feet in a century; nter I)igge~ Island, aJ, the entran ' 

of Hudson Strait, ha~ risen 70 or 80 feet Hince it was inhabited by Eskilnos; 

and tho rise of the lnouths of the Ohurchill, Nelson, and Hayes rivers ~eems 

to be siluilarly rapid, being- estimated at about 7 feet in a hundred years.7 

In British Columbia. the reelevation following the C]~~ullplain depres
sion waR probably logically speakino., 

I Proc., Bostou Soc. Nat. Hist., Vo1. xx", , 1891-92, pp. 305-316; a.lso Am. .Tour. Sci. (3), Vol. XLIII, 
pp. 201-209, Mal' 'h, 1892. 

2 C. H. Hitchcock, 'The o-eology of Portlanil," Proc., . A. A. S., Vol. XXII, for 1873, pp. 163-175. 
A. S. Packanl. Jr.," u ervati os on th > Jlacial phenomeoa, of Labrador antl Maine," Memoirs of the 
Bo ton Society of N~ tnral History, Vol. I. 18l1;), pp. 21O-2fi2. J. 'V. Dawson, "Not A on the Postpliocene 
geoloo'Y of Canatla," 187:", pp. 112 (from the Canatliall Naturalist, lIew series, Vol. VI) . 

3Gc 1: and Nat. Rist. Survey of Cana-ua, Hcport of Progre , for 1877-78 p.32 C; fOT 188'> 3--1, 
p. 	31 D. 

qbiu., Report of Progress for 1875-76, p. 3JO; for 1877-78, p. 7 C. 
5Ihi(1. Heport of Prob"" H for 1871-72, p. D.2; for ·1875-76, p. 3.10; Annual Report, new series, Vol. 

II, for 1 6, pp. 3J a.nu 38 . 
G Ibiu., AnmutL Report, Vol. II, p. 27 G. 
7 Geo1. and N~tt. Hist. Sru'vey of anada, Report of Progress for 1877-78, pp. 3.., nnd !.. - "; for 

1878-79, p. 21 ; for 1 ~-8,) -1, pp. 2G, 3.0, 32 DD; Annual R,eport, new series, Vol. I, for 1 5, p. 11 liD. 
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after the olltillental iee-~heet was rerlloved, for Dawson, as before 'ited, 

finds that thi~ region sinee then has stood higher thall I O\Y, allowing' f -rests 

to grow on shores which have very recently become again sulnuerged, as 

on the eastern side of the continent. During the pa::;t hundred years, too, 

a eonsiderable subsidence has ta'kell plnee, aecordillo· to Dall, at a loeality 

known as Sinking 
\ 

Point, ill Chahner~ Bay, Prillce ,Villiarll Sound, on the 

south coast of Alaska; but all of that eouutry west of the one hundred and 

fiftieth meridian, to Bering Strait aud the adjacellt Siberian coast, is 'tated 

by this author to be now risillg at a :.;; nnewhat rapid rate. Barllades are 

found on St. ~1ichael's Island, Norton Sound, a,1; least 1 G feet above high 

tide, and ch'iftwood at Ulauy l(walities on Nurton Bay and Sound is ' piled 

111 WlllrO"YS * * * faraboye the level which the lllOst severe ~tOl'lns 

and the highest tides uow attain, * * * rnnc11 decayed, but still 
preserving its shape."l 

OSCILLA'l'IONS ASSOCIATED wrrH GLACIATION IN OTHER -' UNTRIES. 

Two other areas of great extent, nanwly, Patagonia ancluortliwestern 

Europe, have been covered by iee-sheets which have disappeared; aud a 

brief eonsideration of their oscillations attendillg the ice acclul1ulatioll and 

following its departure will be u~eful in this discus~ion f the eauset; of the 

Pleistocene earth n:lOVGlllents of the basill of Lake Agassiz and of the N rth 

American g'laciated area. 
rThe Inany intricate and deep fjord channels, [LIld sounds 011 the coast " 

, 

of Patao' nia, southern Chile, Tierra del Fuego, and the Falkland Islands, 
prove that this part of the earth's crust has lately stood for a considerable 

time at a much higher level than now. This stage of elevation was fol

lowed by the enveloplnent of the southern extrGlnit.y elf the continent by 

an iee-sheet, which, according to the observations of Darwin and Aga siz, 

sprea~ its drift northward to latitude 42°, while local g'laciers extended 

farther 11orth. vVhen the ice IneIted a way, the land was depre -, 'ed kn\ or 

than now, and since then a l' ,elevation has been in progress. Darwin states 
that "the land fi'Olll the Rio Plata, to 'rierra del Fuea'), < distance of 1,200 

H111 ,. ,h~k been raised il1111ass (and in Patagonia to a heig'ht of between 3 _ 

I Alaska and its Hesources, 1870, pp. 1165) 466. 
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and 400 £ et) within the peri d of the now existing shells. The old and 

weathel~ed shells left on the surface of the upraised plain still partially 

rotain their colors." 1 Another evidence f the receIl y of the uplift is sup

plied by the eli:' 'overy by Agassiz of a salir~o lakelet about 150 feet above 

the sea, in which several species of lllarino n~oIlusks were found living, 

identical with those of the neighboring seashores. 2 

N orthweste111 Europe also had a lllueh greater altitude during the 

later part of the Tertiary era, in 'whieh the land suffered va t denudation, 

'with er sion of fjords and channels that are now submerged hundreds and 

ev 11 thousands of feet beneath the sea. About the northern parts of the 

British Isles the depths of the sulnuarine ebannels of the old land sur±~'1Ce 

are approxintatelyfr01u 500 to 800 or 1,000 feet. 3 rrhe Skager Rack, between 

Denmark and Norway, has a depth of 2,5 )0 feet, with a still deeper sub

Inero'ed all y running frolLl it west and north to the abyssal Arctic Ocean.4 

On the c · ust of Norway the depth of Christiania fjord below the s(~a-Ievel 
is 1,380 feet; of Hardanger fjord, 2,624 feet; and of Sogne fjord, the longe:st 

]11 Norway, 4,U80 feet.:; The preglacial altitude of these portions of the ' 

European glaciated area, was therefore froln 1,000 to 4,000 feet higher than 

now. Probably lnany of these :;ubnlariue channels are 1110re or let:is filled 

with the glacial drift, t:iO that valleys originally descending continuously 

toward the lllarg'in of the continental plateau have become in . mlle portions 

ehanged to iuclo. eel basins. Another and nlOre probable explanation of 

the rnnch greater depth uf t:iOlne of the fjords in their inland portion than 

at their lllouths is the deprest:iion of the ' nntry while it was ice-covered, 

the coa:;t ha.ving subsided 11luch Ie "S than the interior. 

At the close of the I ce age in Europe, as in Alnerica, the o-laciated 
areas were m stly depre ",ed ' Inewhat belo,v their present height. The 

supposed great sublnergence, however, up to 1,200 or 1,500 feet or nlore, 

which ha3 been clailued by British b ologists for northern Wales, north

western England, and a part of Ireland, on the evidence of nlarine shells 

J Voyage of the Beagle, Chapter VIII. 
2 L u is Aga 'siz: His Life and Cor respondeuce, \'u1. II, p. 716. 
:l .Jame eikie, Qu<ut. .Jour. eol. Soc. , Vol. XXXIV, 1 78, Pl. XXXIII; The Gr eat I e Ag ' . 

2d ed., pp. 279-28·-1, PIs. IX-XII. 
4 Nature, V 1. XXIII, p. 393, with map of ubrnarine contour. 
1\ T. F. Jamieson in Geol. Magazine (3), Vol. VIII, pp. 387-392, Sept., 18~n. 
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an 1 fra<)'}nents qf shells in glacially transported deposits, i~ hown by Belt, 
Goodchild, Lewi~, K~endall, and others, t be uutenable. Iudeed, these 

fossils, not lying in the pinee where they were living, give no proof of any 
depression of the land, SilWb they have been brought hy eurreuts of the ice

sheet .1Iloving across the berl of the Irish Sea. But it is dearly knoWll by 
other evi<1enee, as rais ,u be::lChes and fossiliferous marine sedunents, tlmt 

large portions of (-heat Britain and Ireland were slightly depressc(l uuder 

their burden of ice, and Iu ve lJeen since uplifteJ to a vertical extent rang

ing probably up to a lnaxinl1Ull of about 300 feet. 
In Scandinavia the valuable ohservations aud studies of Baron Cfcrard 

de G =>er," of the Geological Survey of Sweden, llave supplied liLl(:~s uf ual 

depression of the land at the ti111e of the lneltulg away of the iee. 1 rrhis 
reg"ion of greatest thickness of the European ice-sheet is fOllud to have 

been depressed to an inerensing' exten t tl'OUl the outer portions toward the 

interior. The lowest lilnit of the suhrnergence, at the southern extreluity 

of Sweden, is no luore than 70 f t above the present sea-level, and in 

northeastern Denlllark it dim.inishes to zero; but llortlnvard it increases to 

an observed ar11.011nt of about 800 £ ,et on the "vest shore of the Gulf of 

Bothnia, near latitude 63°. Along the coast of NOl'wayit l'<1Ug' . frOll1 200 

feet to uearly 6 0 feet, exeepting" far northward, near the North Cape 

'\There it de Tea::;es to about 100 feet. In proportion with thi::; oh:ierved 

ntJlO'e of the suhsidence on the coasts of Seandiuavia, its ~unount ill the 

center of the country ,"vas probably 1,000 feet. 
A very interesting history of the IOl-itglacial oscillations of ::;outll1)r11 

Sweden has been also ascertained by Baron de Geer, which seenlS to be 

closely like the postg'lacial earth 11lOVGlnents of the northeastern bordor of 
North _AJuerica. As 011 our Atlantie coast, the uplift £1'(')111 the ClUtlllplain 

subluergenee in that part of Sweden raised the eUllutry higher than now. 

The extent of this uplift appears to have been ahout 100 feet on the area 

between Denlllark and :::Sweden, clOSUlg' the entrance to the Baltic Sea, 

which beCaJIle for some tiIne a great fresh-water lake. 1\'ftor this another 
depression of that reo'i 11 ensued, opening" a deeper pa"sao'e into the Balt.ic 

I "Quaternary cbanges of" le\'o] in Scanuinavia," Bulletin, G. S. A., Vol. III, 1892, PI'. 6i)-6~, with 
map of the late glaciallllarine area ill soutbcru Swcdeu. 
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than now, glVlllo' tu thiB bracki~h body of water (;t considerably higher 
dogr "'e of s( ltlH:., :5~ than at preBent, with the <Lclnlission of several Inarine 

Inollusk~, nutably Litoy-tna l'itorca wIenke, which are fund fossil ill the beds 

funned durillg' tlli~ beculld and samller ~uhlll~rgence, but are not livino' ill 

the Baltic to-dayo Thu~ far the mOV8Jllents of southern Sweden are par

alleled hy the postglacial oscillationlS of New England and eastern Canada; 

but a ~ ~cond uplifting of this part of Sweden is now taking place, whereas 

no corresponding' 1110VOIuent has heg'un OD our Atlantic border. It seen1.S 

to be suggested, huwever, that it lllCLY Y t ensu. The subsidence has 

ceased or hec01ne exeeeding-ly sluw ill easterll New England, while it still 

coutinues at a )ueasllrable rate in NevV ~Tersey, in Cape Breton Island, and 

in southerll (ireellland. 

So extensive agreOlnent on opposite sides of the Ath ntie, and a1. 0 in 

Patag nia, iu the oscillations of the Ian I while it was ice-covered and since 

the departlire of the ice-sheets, has probably resulted frorn siInilar causes, 

naIl ely, the 1'1' ~ure f the i 'e \\ ight and resiliOll"' of the earth':-; crust 

when it was unburdened. The restoration of isostatic equilibl'iuln in both 

North America and Europe is attended by luinor oscillations, the ondition. 

requisite for repose being' overpassed by the early reelevation of outer por

tions of each of these great glaciated areas. 

III view of this harrnony in the epeiroo'enic movements of the two 

continents during the CHacial and Recent periods, it SeelllS evidont that the 

close of the Ice age wat' not geol g'icaJly long ago, for equilibrium of 

the disturbed (1,reas has not yet been restored. Furthermore, the pa,rallelislIl 

in the stag'p of progress toward repo. inc1ieates nearly the saUle tirne for 

the end of the Glacial period on both continents, and approxi1nate syn

chronislll in the penduhtill-like series of postglauial oscillations. 

PLEISTOCENE OSCILLATIONS INDEPENDENT F GLACIATION. 

lil thi~ class of changes a.Joe to be included, 'whollyor in part, the post

glacial elevation of GTinnell Land and the northwestern coast of Greellb,nd, 
1,( ()() to 2,000 feet; 1 post-Plioeene upward IflOVeInents of 2,000 feet or 

, 

I clnart . .Jollr. 01. , 'oc., Vol. XXXIV., 1878,I'P. 136 :lnd 5Gt3. Goo1. .Mag . ( ), Vol. I, 188. , p. ' 22. 
A, VV. Greely, Hepol't of the U. S. Expedition to Lady Franklin Bay, Grinnell Land, Vol. II, 1888 p. 57. 
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nl r In Ja1l1aica and Cuba,l and of ahout 1,100 feet in llal'baclo .;2 the 

ree nt uplift f the euast of Peru at least 2,900 feet, a which iu dilninished 

an10unt soenlS to extend along the whole rang'· of tho~nd .. ; i its probable 

conuection with the upheaval of the CQrdillera~ of Nortll Anloriea, , here 

Le Conte 5 and I)illel' 6 believe that the elevatol'Y UH)Velllonts reached their 

greatest intensity III early Qna,tUl'llary tillie, cansing a ri:;e of several 

tll -u" Lwls of feet ill the Sierra Nevada; and the apparently correlative 

subsidence of a great fuea dotted with coral i~lalHls iu the Paeific. The 

Pleistocene uplifts of the Andes aud Roeky :llIollntains and of the vVest 

Indies Inake it nearly certaill that tho IstlulluS of PallHUla has been silni

lady elevated during this period. On the line of the PallaulU Railway the 

high ,·t land rises only 2~)9 feet abo c the t-5ca, and the llighest on the pro

posed route of the Nica.ragua Callal is about l3B f.l t; whil:. the Istll1lluS 

nowhere attain~ tho height of 1,000 feet. 7 It lllay be trne, therefore, 

tha.t subtnero' -'nce of this iStlllllUH ,ya~ 011e of the causes of the G-lacial 

period, the contiuuance of the -'<luatorial uceaniu current wo~twal'd into the 

Pacific havino' greatly dilninished the (-i-nlf Stre~-nn, which ca.rries wannth 

£:1'0111 the tropic:; to the llortLeI'u Atlantic and Ilortlnvestern Europe. 

Pleistocene Inou11t~tiIl-bllildillg is known to have o· 'lUTed 011 a Il1 st 

111assive scale in \sia, where the I-Iiluala.yas, stretching 1,500 !lliles frolll 

east to west, and to-weI'iug 20,000 to ",9,()()O feet abuv j the sea, are known 

to ha,vo been fornled in gren,t part during this latest geoloo'ie l:>riod, 8 COI1

1 .J. G. Sa,wkius, Reports Oll the Geol o-y of .Jamaica, 1 l)9, pp. 22, 23, 307,311,324--329; W-. O. Crosb, , 
" Ou the mountains of eastern Cuba," Appalachia, Vol. IIr, pp. 129-lt1-2. Olllp" William M. ~:~bb 's 

momoir, ~'On the topograph. rmd geology of Santo DOllingo/' Trans., Am. Phil. Soc., Vol. XV pp. 
103-11I. 

\l "The geology of Barbados," hy A ..J. J ukes-Browne u,wL ,J. B. Harrison , (~Ilart. Jour. Geol. Soc., 
Vol. XLVIl, Pl' . 197-:.l50, Fe ., 1891. 

3 • Aga iz, Proc., Am. Acad. of Arts and Sciellces, Vo1. XI, 187l1, p. 287; m:td Bulletin of th inseum 
of COllparativ Zoolog. a t Harvartl Colleg ', Vol. III, pp. 287-2HO. Above this height, at which corals 
are found atktched t.o rocks, receut cl -'v atioll of mnch grea.ter amount 8ccms to be indicated by 
terraces, by saline deposits, nd by the presellce of eight species of Allorchestcs, a marine genus of 

orustacea, in Lake '1'iticaca, 12,500 feet a,hove the ._ea . 
-I Darwin's Voya,ge of the Bagle, Chapter XVI. 
5 m . .Tonr. • ci. (3), Vol. XJ XII. pp. 167-181, Sept., 1886; Vol. XXXVIII, I'p. 257-:263, Oct., 188H. 
6 U. S. Geol. Surve~~, Eighth Annual Report, fo[, 1 ')6-87, pp, 4:28- ·t:32. 
7 harles Ricketts, "The cause of the Glacial period, with reference to the British Isles," Go 1. 

Mao'azille (2), Vol. II, 1875, pp. 573-580. A. R. Wallaoe, The Geographical Distribution of Animals, Vol. 
1, p. tlO. 

I! Manual of th :lcology of India,hy H. B. Ucdlicott and W. T. Blanford; Cal utta 187[1; Part 
I, liP. lvi, 7:Z ; Part II, pp. 5ml-571, (j67-GUH, 672-68l. 

MOr xxv--33 



514 THE GLACIAL LAKE AGASSIZ. 

tenlpOl'alleollsly with the glaeiation of North Ameriea, Europe, and portion 

of the southern he!11isphere. ,iVitlrill the s~une tinle the great tn ble-Iand of 

Thibet1 aucl much of eentral and northwestern A:':Iia have heen uplifted; the 

traet extencliug fl.'OI11 the Blaek and C~ at;p5nn seas northea:':lt to the Aretic 

Ocm-Ln has risen to fonll a laud ~urface; and the deep basin of Lake Baikal 
probably ha~ heen fonned in (O,onnection with the~ > crustal InOVeInent~. 

AccOlnpanying the forrnatioll of the H 'imal<-lyas there has been cloubtle's 

mueh disturbauc ' hy faults, local uplifts, and here ancl there plieation of 

trata along the whole cOlnplex east to northwest and west 111011ntain sys

tern of Oceanica, Asia, Europe, and northern Africa, fro111 N e\v Guinea, the 

Sunda Islallds, Anan1 and Siam, to the Caum sus, Carpathians, Balkans, 

A.pennines, Alps, Pyrenees, and Atlas lllountain:':l, stretchillg quite acrOtiS 

the Eastern IIen1isphere; but the greater part of the relief frol11 the previ

ouslyexisting deforlnatioll of the earth wa:':l doubtless along the central part 

of the belt, ill the colossal Hinullayan range. In like nHtnner the North 

, AIllerican 10rdillera,s and the Andes, reaching in one continuous moun

tain systeIll fl.'OIn the Arctie Circle to Cape Horn, have experienced withii1 

the sanle period great distlu'bance~, as already noted, similar to those of the 

rnoulltaills of tiouthern Europe and the adjacent part of Africa. vVith this 

American orographie belt is also probably to be assoeiatecl the n10untain 

systeIn, consisting largely of volcanoes now active, which forn1s the Aleutian 

Islands, Kalllchatka, the Klu'ile Islands, Japan, Fonnosa, the Philippines, 

Borneo, and Celebes, lying nearly in the salle great circlE with the Allde 

and Rocky 11lonntaillti, anti with theIU continuous in an arc of about 240 0
. 

Along two lines transverse to each other, one having an extent of half and 

the other of two-thirds of the earth's circlllnference, the great lateral pres

sures of the earth's crust which probably caused the elevation and glaciation 

of extensive areas during the Pleistocene period have been relieved by 

plication, faults, and uplift.s in the processes of the fonnation of rnouutain 

ranges. 

Asia had 110 ext.ensive ice-sheet like those of Europe and North AIll ,r

ica, probably because a sufficient elevation was not attained there until the 

Hirllalaya;-; and Thibet were uplifted in the G-lacial period. The southern 

lIbid., Part II, pp. 585, 586, 669-672. 

1 
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latitude uf the IIinlalayan range and the po~ition of Thibet anel ~Iollgolia 

iu an arid and prutly rainIE,:; helt, v{hich stretehe~ thellce west to the 

Sahara, forbade their glaeiatioll; but f1'0111 these l'oeently upliftedA~iatie 

table-lands and rnoulltains the lllO~t oxten.sive Pleistoeelle stratified delo::;its 

in the world have been brought down hy rivers and spread in the vast low 

plains of Siberia, eastern Chilla, and northerll India" sloping gently toward 

the sea, into which the finer part of this alluviulIl is e~rried. All the puz

zling' features of the Chinese loess fOrlnation, l reaching to great elevations 

\vitll such thickness alld slopes of it~ surface that it could 110t he so aCClunu

lated as alluvilnn of flooded strearn~ under the present ollditions, s elll to 

be readily explained by l'eferl'ing it~ deposition to annual floods from 

irnmense snow Inehing dtu'ing the Europeau and North Alnerican Glacial 

period upon the gradually rising eentral part of the Asiatie 'olltillent, 

which consists larg'ely of easily erosible strata, and had in pre-Glacial time 

becoine extensively disintegrated by weathering under a dry cliIllate. 

EFFECTS F ICE ACCUMULATION ON THE SEA-LEVEL. 

During' the Glacial period signifieallt change,_ of the sea-level w'ere 

caused, first, by abstraction of water fronl the ocean aud its deposition ou 

the land as SIlOW, whidl under pressure Inade the vast ice-sheets; and, 

second, by ice attraction of the ocean, lowering it still further, except in the 

vicinity of glaciated lands. An area of about 4,000, 00 square 111iles in 

North Ainerica and allother of about 2,000,000 square rniles in Europe 

'were covered by ice-sheets, ,vhich in their nH~ximuin extent had probably 

an averag'e thiekne, s of a half or two-thirds of a tnile, or perhaps ev n of 1 

mile. Disregarding' the acculnulation of ice-sheets of sInaller extent, which 

probably or possibly exh;ted at the salle time in parts 'of .L~sia and of the 

southern hetllisphere, as also the glaciers of Illonutain districts, the lowering 

of the oceall surface, which covers approxiinately 145,000,000 square Iniles, 

'would slightly exceed 100 feet, if the Tneall depth of the ice acculnulation 
was a half Inile. ~fore probably the sea over the whole globe ,vas thus 

I Baron Ri h thofcn, Geol.1\Iagazine (2), V L IX, 18 2, pp. 293-305 . .T. D. Whitney, Am. Natnra.Iist, 
Vol. XI~ pp.705-713, Dec., 1877. R . PUlllpelly, Am..Jour. Se1. (3), Vol. XVll, pp.133-144, Pcb., 1879. 
B. W. HilgaJ:d, Am. Jour. Sci. (3), Vol. XVIII, prj. 106-112, Aug ., 1879. 

l 
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depresseLl full T 150 feet, whieh ,vQuld correKpuud tu au average of about 

3,600 feet of ice Oll the glaciated areas of N u1'th \.lIwriea anll Europe. 

Fur the ::locoud factu]' in cansillg' such chauo' .>~, 1\11'. VV ' ..dwanl's cOlnpu

tations lJuforo dted indicate that grHvitati.ou tuward the ice \vould further 

dClJrosK the ucean prubably ~~-) to 75 feet withiu the tropics and iu the 

southerll heIuisphcrc, while it would raise the levol enuugh llear the border:.; 

of the i 'e-sheets to eoullterbalalLco appruxiluately die depressiuu due to the 

diluillutioll uf tbe oeartu's voluule, awl vlould lift portiuns of the North 

Atlantic t1,1 Ltl uf tho Al'ctie Sea perhap:-; 2()O ()l' BOU feet higher t]JClll llOW. 

Strmull erosion while the sea was 10were«1 to ~upply the iee of the GICleial 

period may explain the illdentatiolls of the ;-;outheasteru cuast of t1e Uuited 

States, as Palnlico alid Albemarle SUUlllb, be 'ides :-;ilIlilar inlets in JnallY 

ot1er parts of tho world; but the exeavatiulL uf ibesapeake aud De1aware 

bay' .'celllS lllore pI' baLly referable, at least iu pa.rt, to the tinle uf pre

glacial elevation, with the ehauneliug' of the now subluerged I-Iuc1son fjord. 

PROBABLE RELATIONS1UP OJ,' EPEIROGENIC ~lOV]j~MENT8 TllROUGH

OUT THE\\TORI"D '1'0 GLACIA'l'ION. 

In vicv!' of the extellsi ve Plei:-;toeelle oscillations of land and ::;ea l)oth 

in glaciat->cl aud unglaeiate<l region::;, it l:;eell1S a reasollable cunclusiOll that, 

'while SOllie of these 11loveluent.F;, as those affecting the beaehe~ of Lake 

Agassiz, have resulted dircetly frenn the nCl'.Ulllulation and dissolution of 

ice-sheets, 11101'0 generally, wben tlL l whole area of the earth is eonsidercd, 

they have heeu ilHlopeudeut of glaciatioll. ~.fa not such 11loveulollb.; of 

the earth':-; ernst, theIl, hnve elevated l(u·~·o 1urtiun~ of ')ntinents, as the 

northern half of North Anlcrica aHd theuorthwesterll part of Europe, either 

together or ill alternatiun, to heights like those of the present suow-linos on 

lfLOuntain ranges, uutil th:.· :, plateaus 1)0 ':L111e deeply chauneled b~y fjords 

and afterward covered by ice-sheets"? For the recentness of the Ice age, 

believed to have ended in the r >O'iOll of Lake Agassiz a11d the Lanrentian 

lakes not 1nore than 10,00U to (;,000. aI'S ago/ forbids nul' referring the 

glaeial elirnate to eOllditions hrought about hy a perio(l of inereased eccen

tricityof the ea.rth's orbit fruIll 240,000 to 80,OO() yeart' ago, whieh has 1) , II 

1. 'e Cha.pter V, pp. 238-:!40. 
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so ahly nutintainAd by Croll alHl G-eild ..J ; all(l 1401110 other a<1eqnate canse 

or causes Hlllst he sought fnl' the glaeiatinll of th .... sn great l ~ontilHmtal a.reas 

nIHI other llistrid:-; of slllaller oxtent, l)()tll in th ~ northern and southern 

hCllnispheres, cluring' tIle Pleistocene peri(Il1. 

The p1'i11eipal eanse of tl w 1('8 age seelll~ to tlle writer to he prohahly 

foull11 by the clew :-;nppliul in tlH l'elatinn~ all'ea,ly statecl of the earth's 

ernst ancl interior wherehy they 1>ee()1l1e . somewhat clistortecl fi'mn t.he 
.} .} 

spheroi,lal forlll while the pruues~ of contraetiOll goes forwa,nl, the lateral 

pressure b eariug' tIO"' ll :-;Ollle porti()ll:-; of tlH::, ('Hl'tll':-; :-;urfHen alld nplifting 

other extensivo arons. Tho protllbl1rallt plateaui-l, ~wept over by rnoistnre

laden wincls, woulll h .:.. the g-a.thering gnHlllds of vast iee-sheetH. .1\ similar 

explallation of the Glacial pori(Hl was lOllg ago Pl'np",se<l by Ly 11 alld 

Dana, hut without r eferrillg' the elevat,ol'Y Hl()yentellt~ ' tn the C<1rth 'K (lofor

rnation by contrac,tioll awl accullUl1ating' lateral PI' . ~ ll]'e while apl'l'oaehing 

an epoch of Inonntalll-huil<1illg, whielt fn1l(l~unental prineiple was fin;t sng-

g ~tec1 to In8 in an article il'oIH the p en of Prof. \V. C. Grosh) on the origin 

alld relatiolls of eOlltin(:.nt~ alHl 0 ~n11 hasillH. 1 

During the period~ inunediatelr pl'ececling- groat l'li ca.tion~ [lnd ~hnrt

ening of Se '1Tlents of t.he earth'~ el'n~t illvol cd ill the i(wrnatioll of loft.yo 

111Ounta,ill rang-es, the browl eru.Rtal lIl1,Y ~mollts e~lnsing glaeiation wonld be 

Ino~t wiclespread awl attain their llmxill'lllln vert.ieal extellt. The aceUJTIU

latioll of ice-sheets nla), ltave brought a.huut the ilnpresKio11 of their a.reas, 

with correspOlHling elov<l tlnn of other plat.call:-;, which in tUI'll wtlUlll 1 cortle 

iee-eoverec1, sn t.hat the epochs nf glaciation of the N ort.1lf'l'Il and Southerll 

ltemispher s, or of North ,AJneriea anel Eul'opc, lnay have altorna.ted with 

each nther.~ M:ore probably, however, as shown l>y the 01. sel'vatiolls and 

stll<lies of Salisbury, Geikie, Clul.luherlin, the present ,n'itnr, and others, 

the glacin,tion,':.i of N nrth A.Jno1'i('.(1. aIHl ElU'OPO ,,'ere approxirnatoly Kynehro

nonK; anil even the ~necessive ~tages of the lee age 011 the~e two eontillent:;; 

l Proc., Boston Soe. Nat. Jli:-;t., 18~3, Vol. XXII, pp. -li);;-!fjO. 

-Compare tho opilliolls of Ca.pt. F. ,Yo HnttOli, nit'l'll ill A. fieikio's Tnxt-hook of Geology, 2d CIL. 


p. 912, that t.he former goren,tel" extensioll of gola.ciers in l\1!\\' Zea.land. waR ea.I1fH~ll u.' au incn~asc ill t.he· 
eleva.tioll of the lallll, awl t.hat it helongcl] to a much earlier til1le than the Ice age ill the northern 
hemisphere, prolJU.bl. to the Pliocene period. 

t 
t 
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have a renlarkable parallelisrn, which probably indicates a silnilar sequence 

of events on the opposite Rides of the North Atlantie.1 

,Vhen the building' np of a great range of n10untains ensued, which 

nlay have been initiated and accelerated by the repeated depressions uuder 

ice 'weight aT1(l eonseqnent transfers of the earth's clefonnatiou fron1 one 

region to another, the aceul1ullnted stre" ; in the earth's crust. with develop

1TIent of inlll1811Se lateral pressure \vould be dilninished below the limit of 

its cOlnpetency to canse glaciation. 

It seelns probable that the rate of the earth's contraction ha been 

son1ewhat ullifol'1n throug'hout the vast ages known to us by the researches 

of geology; but tho corrugatioll of the earth's surface in nlonlltain-bnilding 

has been luuch lllOre rapid j n smne epoehs than in others, and between the 

tinIeR of fOrInatiou of great rnountain rang-es there have beon long intervals 

of quietucle. 2 Tho slowly pr()oTe.-sing contraction of the globe has been 

uninterrnpted, and ill SOlne way the eooled onter part of the crust which 

haH not shared in this dilllinntion of vohllne ha~ beon able to accofmnodate 

itself to the shrinking inlier nlH,t;S. l\S stated in preyiolls pages, this has 

probably resulted in a.istnrtion of the earth's fonD, both of the \vhole thiek

ne-;- of the eru~t and of the plastic or lTlOlten interior, within 1110derate 

liulits, during' the periods of quiet, ulltn so Inuch lateral pressure has been 

aecuTllulated as to cOlnprou, fold and nplift the strata, of a lllountain range. 

In attributing the s ~vere cli1nate of the Glacial period to great uplifts of 

the areas glaeiated through such deforlIlation preparatory to the process 
of 111ountain-bllilcling, it is (1istinetly iluplied that Pleistocene tilne has he Jl 

(t first exceptionally rnarked by such broad crustal lllovernents and has 

sin 'e gained ('.Olnpara.tive rest fronl the lateral stress to \vhich they were 

due by equally exeeptional plication, uplifts, and faults, ill the birth and 

growth of l11oulltains. Further, it is iTnpliecl also that stress in the earth's 

crust had been gradually increasing through long pre ious tiIne, whne the 

proeesses of llloulltain-builcling failed to keep paee with contraetion, lJut 

In. D. Sa.liHhur. , L\1lI ..Jour.Sci.(3), Vol. XXXV, pp.401-407, May, 1888 . .James Geikie aud T. C. 
Chamherlin, The ' reat lee Age, t.hird ed., 1891--; .Jollrnal of Geology, Vol. III, pp. 241-277, April-May, 
1895. \Varren 1 phal1l, Am. Natura.list, Yol. XXIX, pp. 235-241, March, 1895 ; Am. Geologist, Vol. XV, 
pp. 273-295, May, 1 95. 

~Dana.'s Mauual of Geology, 3d ed., p. 795. Prestwich'!! Geology, Vol. I, Chapter XVII. 



OAUSE OF THE I '1E AGEo 519 

were still sufficient to keep the earth's llef01onlation les. than is required to 

produce glacia.tion; for no evidences of intense and ,videly extended g'lacial 

conditions a.re found in the ~rreat series of rrertiary and :M~esozoic fonna

tions, representing the earth's history thTOUgh prohahly ten to fifteen rnillion 

years. And, indeed, these conclusions, tlrawn frolll the Pleistocene period 

and the ahsenee of glaciation tluoough vast era8 pre , ding, accord well with 

the known age and stages of growth of mountain ranges that have been 

fOrIned during these eras. No period since the close of Paleozoic ti1ne has 

been m re characterized by 1110untain-building than the comparatively short 

Pleistocene, 'whose durat.ion Iluty probably be included within 1 0,000 or 

150,000 years. 
Elevation of broad areas, as half of North Alnerica and ha1f of Europe, 

either s3 nehronously or, less prohahly for these c01npanion eontinental 

regions adjoining the North Atlantic, in alternation, to sueh heights that 

their precipitation of I110isture throughout the year was nearly all sno'w, 

gradually fOl'1ning jee-sh ,ts of great thickness, seOlns consistent. wit.h 

the conditions of the earth's crust. and interior which are indicated by the 

ehanges in the levels of the beaches of Lake Agassiz. A plastic interioT 

or nloIten lungrna beneath the solid crust accounts for the uplift of the area. 

of this glacial lake, with its gradual increase fr0111 south to north, and also 

appears, in oonnectjon ,,,,ith eOlltraetion of the earth and the fOl'Ination of 

nlountain ranges, to afford an adequate explanation of glaciation. It is 

probable that the great nplifts which are thus supposed to have eausea ice 

accunlulation were very slo"r in their progress, and that their effect upon 

extensivo continental £11' .,as was so distributed that the Inaximull1 change~ 

in slope on their l)orders would nowhere (~xceed 20 or 30 feet or at the 

ll10st 50 or 75 feet per luile, while perhaps smno portions of the uplifted 

region "Tonld reeeive no ehange of slope. And the subsidence oeneatll the 

weight of acemllulated ice was probably slow, though apparently much 

faster than the processes of preglacial and interglaeial elevation, and was 

sill1ilarly distributed, no liluited dist.rict being greatly changed. Excepting 

the areas where disturbances of nlountain-bnilding or extraordinary rising 

or sinking of ll1cmntain ranges were associated with these rnovelnent", the 

eontoHl' of the eouutry, with its yalleys, hills, and 1110untaius, remained in 
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general the sanle fr01n preglacial tinIC, throuo'h the lee age, to the present 

with only cLanges of slnpe ~ comlHollly ~mal1 ill any liInitec1 tract, whieh, in 

long distances, allowed gTPClt upheaval~ and depressions. The elevation of 

the central part. of glaciated areas, with aownwarc1 slopes on aU sides, 

f~tYore(l the outwanl flow of the ice-sheets' and their erosion and transpor

tation of the drift. But Inonntains and hills jutt 1 upward in ridg and 

peaks 'within the llloving i(·,e-sheeh.;, as they n )w stand forth in bold relief 

ahove the lc)\vland::-;; and th:. ico, with its ind o::;ec1 drift., was pushed around 

and over thern, sonle portiulls being deflected on either side, and usually a 

larger part. being carried urn ard aeros~ their tops. 

EPEIROGENIC MOVEMENTR INDEPENDENT OF GLA IATION OFTEN COMBINED 'VITlI 

OTHERS D E TO THE ICE WEIGHT AND TO ITS REMOYAL. 

The foregoing review of the Pleistocene epeirogenic 1l10venlents of 

various parts of the w rId show~ that n ,lny of tIl8Jll have affected COUll

tries which neyer wero g·laeiated. III those areas they have been nlost.ly 

or wholly without any demonstTablc relationship to glaciation. Again, in" 

c untri · ~ which have bee0111e iee-co,'ere(l, we learn fi'oni. fjords and suh

Inerged river valleys that great epeirogenic elevation of the land preccaed 

t.he accunnllation f the iee- heets. Th .J~e ])10Venlents also ,'vera evic1ent.ly 

independent. of glac,iation, not being c,uuP(l hy it, t.hough, on the other 

hand, the writer helieve~ that they were the eause of the ice acclllnnlatinn 

and of its l' > nlting' thift aeI osits. The In re extended epeirogenic 1110Ve

nIGnts of the earth within tho Pleistocene period have probably aris n fl'0111 

tho re1aJ,ioll~hip of the oarth's crust a.nd interior, and in areas of suffi

cientl) high latitude:.; anJ ill 1110nnt.11.i11 district", th..>y ha ve here and there 

pl'oc1ueed opochs of glaeiation. 

WItil ~ s ) ,videspread earth llHY' nlonts not dno to glaciation have been 

takino' place throughout this pm'iod, it is evident that SODle of th8111 would 

probably he ill prog-r s~ ill glaeiat(~d eonntrie, at the sanle tinle "vith t.he ice 

acclunulatioll ana after the departure of the ice-sheets, being cOll1bined in 
their effects ,,,ith other (~l'nstal lnovenlent~ dne to the weighting of the crust 

by the ice-load, and to its roli f by the ice-melti g. ThuH, for exalnple, 

\, hile w::> may refer the rise f the OTeater part of North Anlel'iea from the 
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Late Glacial or Chalnplaill subsidence to tho resilience of the earth's ernst 

on account of the departure of the iCEl, the uplifting of northern Labrador 
and of northern Greenland and Cfrinnell Land has been too great ill verti

cal extent to be proportionate with the l)l'ohable thicknosfl of the ice-sheet 
on those area._. r-rheir uplifting' has been ill its greater part probably due 

t a In Velnent independent of glaciatiun. 

Epeirogenic rnoyement~ of regjons which have not been ice-covered 

seenl in S0111e instances referable to a transfer of disturbance~ froln glaciated 

di .-· tri·ts. ACCOlnpallying the subsidence of ice-loaded tracts, t.here were 

doubtless uplifts of contiguous regions, perhaps SOll1etinles including outer 
rortions of tho country glaciated. For eXalnple, the upheaval of the St. 

Elias range and of its foothills, found by Russell to have takeu place sub

sequent to a long and severe glaciation of that region,l n1ay very prol ahly 
have been correlative \\ itll the Chml1plail1 subsidence ending the Glacial 

period in the northern United States. 

UPLIFT O]~ THE BASIN OF LAKE AGASSIZ APPARENTT.Y ATTRIBUTA
BL}~ 'VIIOLLY TO TIlE DEPARTURE OF THE ICE-SlIEErr. 

vVithin the basin of the glaeial Lake Agassiz I believe that high pre

glacial altitud(3, affecting likewise all the North AUlerican glaeiat 1.1 area, 
was tel'lnillated by the depression of the land while it was ice-burdened. 
All the nlovements which tltiK ba::;in has since experieneed, as rec -n1e.1 by 

the changes of levels of the heaches, Seelll to have resulted froIn tlw tend

eney of the ea.rth's crnst to regain equilibrhlln, after the ice nwlted away, 
by a rnoderate uplift, with inflow of the plastic or 1110lten nlagma beneath. 

The very regular gradation in the differential uplifting of the old shore
line " and its progres,' ahno. t to cOlllpletion while this Etke was still held by 
all ice barrier, aceonl well with this explanation. No elenlent of epeiro

genic disturbance is known hero whieh is not. readily aecouuted for by this 

hypothesis. The explanation is found to be adeqnate and applicable to all 

the features of the progressive changes in the levels of the beach's. The 

very Slllall ccnuponentwhieh could be ascribed to postglacial chano'e in the 

I "Mount St. Elias and its gl:1ciers," Am . .Jour. Sci. (3), Vol. XLIII, pp. 169-182. with map, Maroh, 
1892. 
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tmnperatnre of this part of the earth's crust on account of the departure of 

the ice would be practically insig'nificant in cOluparison with the direct 

effects of the r01110val of the ice ·weight; and its small proportion in the 

whole result would be to diIllinish instead of to increase its alllount. Upon 

thiH district, therefore, it seerns well-nigh certain that no other iJllportant 

movelnent of elevation or of depre sion has taken place in connection with 

that dependent on relief fr0111 the previously existing ice load. 

But a. fraction of the changes in the levels of this basin was clue to 

the clitninution and final cessation of the ice attraction in its effect to dra,v 

water surfaces and the geoid level upward in the direction of the ice 1nass. 

The proportion of this elmnent 111ay apparently have been as large as a 

sixth or a quartl~r of the l11easnred chang'es of levels; but its supposed. 

a1l1onnt, so far as I an1 able to indicate it, is deri vecl frolH estiulates of the 

v hune of the ice-sheet, rather than frcnn a discrinlillation of this part fi'Oll1 

that duo to elevation of the la,nd. The two agencies of ehange were nearly 

synchronous in their action upon the levels of the old shores, their effects 

were distributed in the salllC 111allHer in their relationship to tin1e and spaee, 

aud both had ahnost ceased within this basin when the iee barrier of the 

glacial lake was n1elted away. 

After progressively uplifting the area of Lake Agassiz, first chiefly in 

its southern half and afterward l110stly at the north, hut nearly ending their 

,york here while the glacial lake yet existed, these ag'encies haye since been 
elevating the basin of Hudson and Jal11es hays. The latter part of their 

labor rmuains unfinished, but during eaeh century approaches eonsiderably 

toward its c0111pletion, whieh will fully restore equilibrilul1 or isostasy to 

this portion of the earth's ernst. 

J 
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