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The title of this part is, "An essay concerning important physical 
features exl.iibited in the valley of the ~Iinnesota Uiver, and upon their 
sig-nifi.cation." 

The conclusion is that these features are a part of extended physical 
phenomena 011 this continent, which are of much practical importance 
to engineers, and possessed of special scientific interest. The object of 
this distribution is to submit the matter to the consideration of scientific 
men, so that tlle truth of the conclusions may be tested. 
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.AX ESSAY COXCERXIXG DIPORTAXT PHYSICAL !?EA.TURES 
EXHIBITED IX THE VALLEY 01!' THE l\IINNESOT A IUVER, 
.AXD 'C"PO:X TIIEIR SIG:XIFICATIOX. 

IlY ·G. K. W ARREX. 

Iutrodnctor~·-)Iinne;;ota Valley formerly the course of a <Treat river-General Yicw of 
the )lississippi ll:~in-Valley of Minnesota formerly drai';;ed the basin of Lake Winni
~eg-E':!de1_1ce of for.mer great ext~nsion of Lake Winnipeg-Pri;>feesor Hin d's descrip
t10n of\\ m DJ peg Ba.i!m-Hypothee1e to acconnt for the former drarnage of the Winni pe,,. 
Basin along the valley of the :Mississippi, and for the change to the present outlet 
by Nelson's River-Hypothesis confirmed, by Lake Michigan and Illinois River; by 
Lake \\-innebago and Fox River; by Saint Joseph's and Saint Mary's Rivers chang
ing from \Vabash River to Maumee River; by subsidence along the North Atlantic 
shore; by effects along the Saint Lawrence and Niagara Falls; by results on the 
shores of the Great Lakes; by the caiions of the Rio Colorado of the West and Rio 
Grande; by the basin of Great Salt Lake; by the peninsula. of Florida; by tho re
cent extension of the Gulf of )lexico northward in the valley of the Mississippi
Heferencc to a former continental change of level-Local changes of elevation of 
earth's surface inadmissible-Great permanence of continental structure since recent 
Tertiary l'eriod-Same structure in Glacial period-Shore-lines of continent indicate 
northern subsidence and southern ele>ation-)fap restoration of ancient basin of the 
Mississippi. 

The name first given to the l\Iinnesota River by tra,-elersand explorers 
was Saint Peter's, belie,-ed by l\lr. Nicollet to have been 
derfred from a Frenchman by that name, who, before Le Introductory. 
Seuer visited it in 1795, had located himself at its month. This 
name it retained on all the maps and works of subsequent explorers 
down to the organization of a territorial government. .Mr. Nicollet 
especially urged the preservation of the name on account of its early 
adoption and long historical use, and had it been a question simply 
among scientific wen it probably would not have been changed. 

It has, however, been a common occurrence for our settlers, when the 
countQ~ came to be occupied by them, to change names given by early 
French tranlers. Sometimes they were merely grotesque changes in 
pronunciation and spelling by which the origin and significance of the 
original name was nearly or quite lost, and sometimes it was to adopt 
a name more easily spoken or one whose meaning was more appropriate 
and pleasing to them. · 

Not unfrequently the name of the river was changed to that of the 
native tribe found there, and at other times, as in the present case, the 
name which these aboriaiues gave to the stream was adopted. These 
new names gfr<'a by tlle"' settlers afterward became i;11corporated in the 
laws, and thus ac11uired a precedence o\·er those assigned by the first 
explorers.* 

•In Rome note1l instances scientific explorers b:we inexcusably changed the names 
given h> JHe\·io11:> exµlorers and writers of the highest standing. Fremont changerl 
•; JanH'~·s P.-,ak "to,; Pike's Peak," "Lake DonueYille" to" Great Salt Lake," "Ogden's 
Rh·cr" to "Ilnmhohlt Ri,·er," ancl thus men who had fairly won the honor of so namrng 
sncb important places were unfairly deprived of it. 
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It wonftl be fortunate if the new name was always as appropriate as 
to this case. The ri,·er flowing through the land of the Dakotas, whose 
language abonnds in pleasant sounds, and whose names of natural ob-

jects are often expressive of characteristic features, pleasing or other
:wise to the senses or to the imagination, was named by them _Minne-sota. 
Botct in their language means nearly clear or cloudell. The whitish 
ll"ater of the l\linnesota makes it appear very distinct from that of the 
Mississippi where the rivers join, the latter having an amber-tint and 
-appearing quite dark where it is several feet deep. 

The line where the two waters join and mingle is marked by little 
whirls and eddies, and by ascending and descending currents, imitative 
of gentle ebnllition. 

Here the whitish water rising throngh the amber-colored has the pleas
ing effect of thin, eyer-varying clouds or curling smoke. It is altogether 
probable that this optical effect gave origin to the name Minnesota, 
Cloudy-water. 

This pleasing effect is only seen during the low-water stages of both 
,rivers, the amber-tint of the Mississippi being derirnd from the drain
age of forests and lakes containing decaying Yegetation, and the whitish 
·tinge of the Minnesota probably from minute particles of clay obtained 
.from the Cretaceous or Tertiary deposits along its southern branches. 

The ::\Iinnesota River valley is most ele-.ated at Lake Traverse, lying 
. in the valley, latitude 45° 40', longitude 960 55', about 

:Minnesota. val- 1 000 fi t b - th ] l It l . ley formerly the , ee a o' e e ocean- eve . s genera course is 
·c9ureeofa.grea.t southeast to Mankato, latitude 440 09', longitude 940 05', 
river. where the elevation is above 765 feet above the ocean. 
From ::\Iankato downward, the general course is northeast to the junction 
with the Mississippi, where- the elevation is 6!)5 feet above the ocean ; 
.latitude 410 42', longitude 93° 15'. The valley at the upper end is as 
wide as at its lower cud. Interrnning parts are sometimes much wider, 

-and rarely narrower. 'l'he whole is snnk from 1.'30 feet to 250 feet be-
low the general level of the country. 

The distance from Lake Traverse to )fankato, by the valley of the 
rin~r, is one hundred and sernnty-se\·eu 1:iiles; thence to the mouth, 
sennty-nine miles; total, two hundred and fifty-six miles. 

Tlle valley of the Mississippi below the junction, and of the ::\Iinne
sota above it, is wide and beautiful, and is continuous iu direction and of 
nearly tlte same breadth, varying from about oue mile to two miles. rsee 
map.] In marked contrast is the \alley of the ::\Iississi ppi above {heir 

junction, it beingonl.'· ahout one-quarter mile wide and nearly at right an
gles with the other. It is a mere gorge, "·hose bottom i:-i almo.-;t completely 
tilled by the 1frer, and evidently has its origin in the waterfall now at 
Saint Anthony. This fall iu quite recent times must have been where the 
ri,·er now joins the main valley, and since recrde:l to its present posi
tion, sen~n miles aboYe the junction. 

The '"'.1lle_y of the 1\Iin_ne~ota abo,·e, and of the l\Iississippi below, is 
much wider than the ex1stmg streams reqnire. It could uot ha,·c been 
formell by the action of existing forces, as the l\Iississippi abo\e bas 
been. It must haYe been excavated by some force that is no Ion O'er in 
operation, and if this was a river it must ha,-e been of much Iarcre~ size 
than the .Mississippi below the junction with the l\Iinnesota. It "'will be 
the object of this essay to show that this force teas ci rit'er · that it 
drained, in times subsequent to the last glacial drift formations all 

.the Winnipeg Basin. I shall endeavor to explain the cause of its 
1
dis

appearance, and show that this cause has produced the same effects 
·~lsewhere; and I shall briefly trace certain other effects, which an 
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operation of nature so extended most probably would produce and has 
produced. 

It is a general trutll that the valleys of nearly all our rfrers show 
indications of volumes of water in former times greatly exceeding those 
now flowing. I say nearly all, because some of our rivers in southern 
latitudes and rainy regions are an exception. But generally it may be 
said that our ri\·ers might have their volumes restored to what they 
were by a change of meteorological conditions, so. as to increase the 
rain-fall to tile required extent without changing the areas of their 
drainage basin. If this were practicable "\'l"ithout invoking other clianges 
on the earth's surface of the greatest magnitude, it is e-vident that it 
would affect rirnrs like the Minnesota and Mississippi abo>e their junc
tion (lying contignous, and having basins of limited areas) proportion
ately, and the rnlleys would always be proportionate to the areas of the 
drainage basins and volumes of discharge. This in reality is so generally 
the case, that a marked exception like that presented here, (where the 
much larger stream occupies the much smaller valley,) requires us to 
admit that if the great \'alley is a >alley formed by a river, it must have 
been by a rirnr draining a basin of >astly greater area than now drained 
by the .l\IinnPsota. 

The disproportionate size of the Minnesota Valley at the mouth 
of the ri>er increases as we ascend. For whereas the valley nearly 
maintains its width on the a>erage all the way t-0 the source, the 
stream gradually d\'l"indles away to nothing, so that at the upper 
end of the >alley where it is a mile wide, the only water there is, is 
recei>ed from small streams cowing through the ravines on each 
side, which have formed dams by their torrent-like deposits, and the 
intermediate spaces are occupied by lakes of considerable depth. That 
these small aftluents could not ha>e formed the great valley is ob
Yious enough. Their own small ra>ines show their power to erode, 
and this is proportioned to their >olumes; but, on their waters reach
ing the great valley, their power is lost, and instead of eroding 
there, they are making deposits and filling up. This feature of the 
aftlnents of the Minnesota Valley I believe I was the first to note and 
attribute proper importance to. I ha>e in my report of January, 1867, 
shown how tilis effect was taking place in the :Mississippi, and by it 
explained tlle formation of Lake Pepin and Lake Saint Croix. 

'l'lle Qu' .Appelle branch of the Assinniboinc IU>er in British America, 
closely resembles the )Jinnesota Uinr. There are similar lakes along 
its upper course, described by Prof. II. Yonle Hind, in his report of 
explorations of Assinniboine and Saskatchawan ri,·ers, &-c., concerning 
whicil I make the following extract in relation to the Qu'Appelle River: 

The narrowest breadth of the bottom of the Qu',\ppelle Valley is half a mile; its 
~rearest ureadrh about one mile ancl a half. Its shallowest part is 120 feet helow the 
Jen:] of the prairie, ancl its greatest clepth iR between 360 and 400 feet. • • The high
rst part of the bottom of the Qu'Appelle Yallcy is only 1"5 feet abo>e the south branch 
(of tlie Sa~katchawan,) at its surnmer-le,·cl, and from 75 to 78 feet abo>e it during the 
sprin" l'lc,·ation of its waters. Tliis occnrs at a point distant lit miles from the junc
tion,'( of the two rnlley~,) ~here a lake is found ~·hich _dischargcs_its~lf 1?oth. in~o the Sas
katcha wan and Assiumbome. Before eonnectmg with the Assmmbome it Jails about 
2~0 feet in 256 miles, or 1 foot I inch per mile. Tile difference of level between the South 
Ilranch on one end and the Assinuiboine at the other, does not exceed, according to our 
estimate, 200 feet. 

In its long, deep, and narrow course there are c~ght lakes, having an aggregate length 
of fift>-three miles. " • • Numerous soundmgs of the Qn'Appellc Lakes showed 
them fo holcl from 40 to 60 feet of water, which depths are maintained with great reg-

ulaijty. " • * " 
The eonstrnction of a dam 85 feet high aud 800 yards long would send the waters of 

the Soutl.J Branch down the Qu'Appelle. 
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In another place Professor llind says : 
How were the deep lakes hollowed out f Lakes tilling the breadth of the valley, 

but during the lapse of ages not having increased its IJreadtb, preserving, too, for 
manv miles such remarkable depths; and although in some instances far remo\·cd from 
one another vet maintaininO' those depths with striking uniformity. \Vlrnt could lJe 
the nature~{ the eroding fo~e which dug out narrow basins 54 to 66 feet deep at the 
bottom of a valley already 300 feet IJelow the slightly u~dnlating prairies, .and rarely 
exceedin"onemilein bremlth! • • • Tbeyseem to pomttotbe former existence of a 
much deeper valley no.w broken into tletached lakes b~· the partial filling up of inter
vening distances. 

The valley of the l\Iinnesota was not formed by glacial action. Tllere 
is nothing in the configuration of the country to have caused glaciers to 
act along such a line. Had this valley existed at the time the glaciers 
co•ered the country, they would have obliterated it, as we know they 
have many former river-rnlleys. J\foreover, this rnlley, at its upper part 
and all along its course, is through the glacial drift itself, and therefore 
must have originated since the deposit of that material. A priori we 
may assign to water alone the formation of the valley, for we know of 
no oth& sufficient cause. But the evidence that it was done by the 
action of water is direct, and exists, in deposits and terraces, such 
as are made by streams; in isolated high islands in the valley, such as 
are left behind by cataractR; in pot-holes and water· marks high above 
any present level of the stream; and in tlrn fact that there is nothing in 
the valley to interrupt the continued flow of water. 

Step by step along the Yalley the indications of the former great 
riYer since the last Glacial period are apparent, and I will here intro
duce a specimen of this eyidence, taken from the report of a scientific 
explorer who makes his statement witl10nt referei1ce to any hypothesis. 
It is from Owen's Geological Heport. In that Dr. Shumard says, p. 492: 

Two or three miles below the mouth of this river (Reel Wood) is one of the most in
teresting exposures of granite, on the left bank of the rh·cr. ]t rises in irregular 
smooth knobs to the height of 125 feet. At an elevation of 40 to 50 feet above the 
present channel an ancient bed of the rin~r is c1istinctly recognizable. The bottom of 
the bed, as well as the sides, are worn into polished grooves 5 to 12 inches deep; there 
are besides smoothly-worn pot-boles, not only in the former bed, but also at various 
heights even to the top of the rock, and most of the granite surface is rounded and 
almost polished, all giving evidence of having been laved for a very long period of time 
by a swift current, and corroborating the conclusions heretofore drawn from the exist
ence of Jovel terraces of alluvial land far above the present hi"hest-water mark aml 
from the position of strata containing fresh-water shells in elcv~ted positions, thdt the 
Saint Peter's once flowed at a higher level, or rather that the land has been elevated at a 
very recent period. 

There is sufficient eYiclence in the manner in which this valley has 
been ero<led to show that it was done by the action of a river which 
for~ed water-falls at .cert.ain points, which gradually recelled up stream. 
An mstance o~ the high isla~d.s of ~ock left in the valley, such as occur 
where a recedmg cataract divides rnto two channels, is noted by Dr. 
Shumard in Owen's Geological Heport, and a sketch of it shown on pagP 
486. .A better reprPsentation of it is giYen on sheet No. 13 of mv map 
of the )Iinnesota. Yalley, on scale two inches to a mile. " 

There is a much finer exhibition of this effect iu the Yicinity of' Little 
Hapills, thirty miles from the month. 1 t is shown on slwet :Xo. 18 of 
my map of the Yalley. There the falls on the former ri\·er nrnst !Jaye 
diYidecl into at least three channels. ..:\ map of this locality is gin'n 
with the text. 

\Ye haYe eYi<lPnce that since the <li:,'appParance of till' a11<"ie11t )linne
sota Hi>er, the :.\Iississippi has filkd up the Yalley at the month not les~ 
than sixty feet. There is only Yery little slope to the prest>nt ri,·cr from 
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!he. mouth np thirty miles to the Little Rapi1ls. This space in the rnllcy 
1s hke a lake that has been nearly tilled with alln,·inm. At these rapids 
the har<l limestone J'(H'k is from fort\' to tiftv feet above the river-sur
face, and underneath it is soft sand-rock, easily worn awav. The hi""h 
detached islan1ls in the ,·alley show there must have been· a cataract~'lt 
this point,.in the course of the ancient rirnr. The upper level was that 
of the lime-rock and the lower Jm·el was that of the ancient bed, which, 
through the action of the :\lississippi, has since filled up as stated fully 
sixty fee~. A sudden descent, then, must have occurred here, as great as 
one hullllred feet. Such was the power at work to form this valley. 

The valleys of the tributaries of the l\Iinnesota are sensibly propor
tioned to the present ,-olnmes, with the exception of the Ohippeway, and 
there is reason to ueliern it formerly received the drainage of the reg-ion 
of Otter-Tail Lake, which now goes to Lake \Vinnipeg. 

The topographical and by<lrographical features of the Minnesota Yalley 
are shown in detail as far as known on the map, on scale of two inches 
to the mile, accompanying the report of which this is a part. 

I intro<luce here in the text a reduction of the portion exhibiting the 
summit-le"l"el between J,akes Big Stone and Traverse. 

I consider it well established, that a ri,-er of large Yolnme greatl.)-
exceeding tlie present stream formerly flowed throughout G 1 . 
t '· 'I" t R" ,~ II I 1.· · · t d · enera view ue ·' mueso a n-er a ey; t iat tu1s rn-er ex1s e srnce of ~he ~issis-
the deposit of the glacial drift, as shown by the valley, at 81PP1 Ba&ln. 
its upper end being ex('avated in that material; and that it did not dis
appear merely from a diminished supply of rain in the basin, now <lrained, 
since other ndjacent uasi ns are not thus affected. 

I will now endearnr to show what was the source of this former great 
ri\·er, and in order to make this more readily percei,-ed I will present 
some geueral obserrntious concerning the preseut l\lississippi Basin.* 

The area <lrained by the ::'llississippi, exclusirnof the mountain-regions, 
is formed mainly by two great plains inclining toward each other, and 
whose i11terse1·tion forms the lowest longitudinal line of the basin. The 
~Iinnesota Hin'r occupies this lowest line from Lake Traverse to the l\Iis
sissippi; thence southwar<l it is the l\Iissis8ippi that is so situated. The 

. ~iver-valley along this line is generally, and as a whole, much wider and 
mdicativeof greater eroding action than that of any of the valleys of the 
tributary streams. The slope of this main valley is however generally 
less than that of the tributaries, and the \'olume of water flowing in it 
is~_in Se"l"eral places, less abo\'e a tribut~ry than. in th~ tributary i~self. 
"1th but few exceptions, the valleys of the tributaries are relatrrnly 

' proportiounl to their present volumes of water, so that we must look 
be.)·on<l the prt>sent Mississippi Basin to explain the anomaly presented 
by its axial rnlleY when compared with the like things in all the rest 
of this region. • ' 

If now we extend our consideration to the basin north of the l\Iissis
sippi Basin, we find its lowest line to he the prolong~tion of .Valley of the 
the .Mi11nesota Valley ckclinino· with the gentlest of slopes Mrn1nesotda .ford-
. . ' "' . I ll mer y rame 
JU the opposite direction to the north, the axrn va ey soon th~ba~inofLake 
Widening out into a great expanse of smooth, flat land. Winnipeg. 
This must han been the bed of a former gn'at lake, whose waters flowed 
down the :\Iinnesota Yallt'.Y; allll if w~ follow tl_1i8 ancient bed north
war<l, we fiud it pas::<iug, by an almost 1mpercept1ble slope, beneath the 

~I use rhe word ·' hasin" to denote the whole area drained b,v .a rh·er, and em
ploy the word "Yallev ,. to~ desi~rntte the space between the wain 1.Jlntt~, whether oecn
piecl hy wat .. r or by bottom ]a1;ds or by allndal terraces. 
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waters of Lake "\Vinni peg. The present le,·el of this lake is determined 
lJy the outlet to Hudsou's Bay, known as Sea Hi\·er or Nelson's Hirnr. 
Its elerntion alJove the sea, as estimated b,v l\Iajor Long, and adopted 
by Professor Hind, is about 630 feet, but there is con8iderable limit of 
error in this determination. The summit-elevation along the lowest line 
between this lake and the ~Iississippi is in the l\Iinnesota Valley at Lake 
Traverse, which is elevated about nine hundred ancl ninety-ti ve feet abo,·e 
the sea, so that if the lake-surface were to rise three hundred aud sixt.r· 
firn feet, it would again flow to the Mississippi. 

This most probably was the real condition at a time when tl"te outlet 
by Sea River to Hudson's Bay did not exist. 

Abundant evidence exists as to the former great extension of Lake 
Winnipeg; the work of Prof. Hind is full of it. The great , 

m~;i:::it :if:ii: lake-bed, which has been left dry, has excited the wonder 
s~onofLa.keWin· of all who have seen it, and I present the following quota
nipeg. tions to show how it impressed itself upon different ex
plorers as viewed in regions many miles apart. 

The first is that from Long's Expedition,• vol. 2, p. 3, describing the 
appearance, just after leaving the <lrift.formation along Lake Traverse: 

The plain upon which we were traveling was apparently boundless. It was covered 
with a short grass of a pale yellowish-green hue. The eye of the mineralogist could not 
-detect a single stone within a mile's travel, and the few that were detected during the 
day were rolled and uninteresting. Ia some places pebbles were as abundant as if we 
had been traveling upon the bed of some former ri vcr or lake. The mind endeavors in 
vain to establish limits to the vast expanse of water, which certainly, at some former 
{lay, overflowed the whole of that country. 

Near the junction of the Red Lake River these travelers note, Yo!. 2, 
p. 32: 

This completed a journey of two hundred auu fifty-six miles, rtirnt is, since leaving 
the head of Big Stone Lake.] • • • The dull monotony of a journey npon 
prairie-land never appeared tons so fatiguing. • • • The country is t'eT.'f 

.fiat and remarkably deficient iu water. 1'/tere are no rnlleys, and but few brooks and 
ernn springs. 

I italicise this quotation where it specially indicates lake-bed. The 
season of the year was the last of July. Ou reachiug Lake ·winnipeg 
it is stated, vol. 2, p. 76: 

Among the remarlrnble features of Red River may be enumerated its total want of 
islands, excepting near its moutli, and the circmnstancc that it has no hottom or val
ley, properly speaking. It rnns in a mere trench in the prairie. Toward the month 
of the river tlie country becomes au impenetrable swamp. 

So far, then, as Long's expedition shows the character of this region, 
it is just what the bed of a receding lake "Would be with a stream, "a 
mere trench" along the lowest line, cut in the surface of r. plain \vhich 
passed insensibly beneath the existing water. 

l\Iajor Long in his topographical report, p. '.!2±, Yol. 2, says: 

The immediate valley of Red River is not bounded by parallel ran.-.es of bluffs or 
banks like that of the Saint I>etcr and other tributaries or' the .Mississippi, but expands 
to a great width. • • • • • • • 

The .flatness of the surface that almost uniformly prevails thronoobont the valley of 
Red River may be regarded as a defect in its natural character th~t cannot easih· be 
remedied. • 

l\Ir. Nicollet saw this ancient lake-bed for the first time at a point 

• 8vo. Printed by G. B. Whittaker, Ave-l\Iaria Lane, London, 1~28. 
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about 90 miles from where l\lajor Long's expedition entered upon it. 
He says, [Sen. Doc. '.!37, ~Gth Cong., '.?ll sess., p. 52: J 

\Ve reached a spot which my uarometer sufficiently informe<l me was on the dividin ()" 
ridge, and no.t far from its eastern Yerge; so that we had actually trnYelecl over th~ 
great swPll of the plateau that separates the Upper Shayen from Devil's Lake and the 
Red Hiver; lrnt.we were not yet in t<ight of the great Yalley of the latter, though every 
111ome11t expecting to come within it. \Vhilc procee<ling onward we saw Dixon, who 
always preceded us at a <listance to indicate our best route, ancl.with ~is eagle eye to 
reco111101t.er the countr~· before us, smlclenly come to a stop, light his pipe, and qui
etly sit himself clown npon a small knoll with his back tnrne<l toward us. This was 
contrary to his nsagc, for he had alwa~·s before, when he suggested a halt for any pur
pose, been in the lrnhit of turning round to wait our coming. On this occasion he was 
11nmontble, and I could not guess the cause. \\'hen we reached him, we found him in 
the most ecstatic contemplation before the vast and magnificent valley of the Red 
River. which there rlisplayed itself before us, sprearling itself in au almost insensible 
slope to the east, to the north, and to the south, and bounded only by the horizon. 

)Ir. ~icollet then begs leave "to introduce a few reflections upon 
the magical influences of the prairies," and he conclmles by saying, "I 
pity the man whose soul could remain unmoved." 

The following is from the "Report of a Geological Surrny, &c., by 
Da,·icl Dale Owen, U.S. Geologist,'' (p. 175.•) He was then just west 
of Otter-tail Lake: 

Kothing but personal obsen·at.ion can convey to the mind the singular effect pro
duced uy this dead level plain. The line of the horizon is BO perfectly straight that it 
might almost serve the purpose of astronomical observations for determining the alti
tude of the heavenly bodies. \\"bile standing on this great savanna., straining the 
eyes in <!llest of some object more prominent than a blade of llrass, it occurred to rue 
that there is probably no spot on the globe more suitable than this on which to meas
ure a degree of latitude. 

'It * .. * * 
A few remarks will suffice to record our observations from this point to the settle

ments of Re<l River, since these plains extellll the whole distance • • * 
and gh·e a monotonous sameness to the whole face of the country. The descent of 
streams watering these plains is effected more by an exca\·ation into the alluvial de
posits than by auy depressions of the country. 

\\-hen near the 49th parallel, at Pembina, Mr. Owen reports thus: 
After a hot and fatiguing ride oYer the plains we arrh·ell an hour after sunset at 

the foot of Pembina ~fountain. In the twilight, as we stood, at .onr encampment on 
the plains, it lookerl as if it might ue :mo feet or more in height; but in the morning 
l1v broad davli,,ht it seemed less. \\'hen I came to measure it I was somewhat sur
pi·ised that fr cD<l not exceed 210 feet. I observed on this, as on many other occasions, 
that a hill rising ont of a le\·el plain appears higher than it really is, especially when, 
as in this case, the trees on its flanks and summit are of small growth. Pembina 
:\Ionntain is. in fact, no mountain at all-nor yet a hill. It is a terrace of table-lantl, 
the ancient shore of a "reat bo<ly of water that once tilled the whole of the Reel River 
Yalle\-. 

0 

On °its summit it is <1nite h•Yel ancl extcn1ls so for about five miles westwa.nl to 
another terrace the snmmit of which, I was told, is level with the great buffalo plains 
that stretch aw'ay towarcl tl1e Missouri. • * * • " 
IostPa1l of bei1w'composccl of ledges of rock, as I was led to suppo8e, it is a mass of 
incoherent sancf "ra\·el ancl shin<T]e, so entirely destitute of cement, that with the 
han<l alone a h~l~ scvc~al feet de~p may be excaYatecl in a fow minutes. The Pembina 
River has cut through this material a deep, narrow valley, but little elevated above 
the acljacent plain. 

The heicrht of this lake-terrace aborn the ancient bed west of Pembina, 
as ginn by :'.\Ir. Owen, is 210 feet. The lake-bed here is about 50 feet 
aboye Ued Rirnr, '\Vhich at this point is about 100 feet above Lake 
Winnipeg, making this lake-terrace 360 feet above the level of Lake 
"Winnipeg, a height sufficient, as I have shown alread;y:, to extend _the 
pre.sent Lake Winnipeg to Lake Traverse. The uncertamty that exists 

*4to. Printed by Lippincott, Grambo & Co., Philadelphia, 1852. 
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as to the correctness of the ele\·ations, requirr~ rue to state that too 
much reliance must not l:Je placeLl on them. The hypothesis of changing 
continental slopes which appears farther on, does not require that we 
should find au an~ient lake shore in the middle or northern part, high 
enough abo,·e the sea at present to be on a lewl .with Lak~ 'fraverse. 
On the contrary, it rather requires that the shore-hue that iormerly ex
isted sbould \Je at a lower leYel now. 

I will introduce here an extract from Professor Hi1ul's report upon 
the Winnipeg Basin, \Jnt any one intereste1l in the questions of phys'.
cal geography should consult bis report. 

Extracts from the 1Ya,rrative of the Canadian Red River E.i:ploring Ex
pedition of 1857, and of the Assinniboine and Saskatchezran E-::ploring E.rpe
dition of 1858, by Henry You/e Hind, Jll. A., F. R. G. S., Professor of Chem
istry, &;c., &c. * "' ln t1co 1•0/wnes. Pnblisheu by Longman, 
Green, Longman and Roberts, 18GO. Vol. 2, p. 230 et seq. 

CHAP. XXX:YI. SURFACE GEOLOGY. 

liEOGRAPil!CAL BOl:XD.\HIE~. 

The basin of Lake 'Vinni peg, inclmliT'.g nn<ler this term the country llrainetl b.~ the 
rivers flowin-g into it. extends from the !JOth to the 118th meridian, 

P~of, Hinf~cJ.e- its most rasterly point being the lake and swamps from which the 
~~~~gt1i:afn. m· Savanne River takes it~ r~se, in longi_tud~ 908 14', latitn~le 4.b'° 5~', 

and the most wt>sterly hnnt from wl11ch it draws contr1lmt10ns 1s 
probably the Glacier, near Howse Pass, in longitude 11i0 :15', Jatitn<le 51° 52'. 

The southern extension of its bonmlary i!:l at Lake Travers,., in Dakota Territory. • 
It stretches north as for as Frog Portage, longitwle 1o:p 30', latitude :j5" 213'. 
This basin consequently extends over 28 <legrees of longitude and 10 dt>grees of lat

itude. The elevation of its eastern boundary is l,4tl5 feet aboYe the ocPan, and the 
hehrbt of land near the sources of the trilrniary which rises farthest to the west is 
6,34i feet above the same level. 

Its northern boundary is separated from the Yalley of the :mssinnippi h.v a low port
age, over which waters flow dnring floods, while toward the south, Lake Tr:n·erse, 
which also sends water into the lllississippi during spring fre8hets, is only 020 feet 
above the sea.* 

The outlet of Lake 'Vinnipeg is through the contracted and rocky channel of .Nelson 
River, which flows into Hudson's Bay. 

The mean breadth of this great inland basin is about three hundred and eighty English 
miles, and its mean length nine hundred and twenty milt's, hence its arett is approxi
mately three hundred and sixty thousand sqnare mile~. Its shape assimilates to that 
of a tmncated section of a circle, lying in a position the reverse of that produced by the 
meridians and parallels distinguishing its boundary. 

The eastern rim of th_e basin of Lake Winnipeg is forme1l by part of the Lanrentitfo 
range of mountains, which consist of gneiss int<,rstratified in some localities with bands 
of crystalline limestone, and much embossed by domes of intmsive «rauite, syenite, 
and occasionally with elevations of trap. '"' 

The highest summit of the Lanrentitle Mountains as far as known does not exceed 
1,950.f~et ab~v.e the sea, or 1,350 fe~t ab~n-e Lake St;perior. ' 

Str1kmg oft m a southwesterly d1rect10u from the Savanne Lake the hei"'ht of land 
extends to Lake Traver.se, and is co~11posed of tlrift-hills co\·ering Laurentil'n, Silnrian, 
~nd ~evomau rocks, with low gra1_nte ranges and exposures of trap. From the dh·id
lll~ ndge, at the. som:ce of the Pigeon Hi Yer, sonthwesterl.1' to Yermilion Lak<', the 
Height of Lan<l ridge is called by th!', Indians ,lfis-sa/Je-Wa-chu; in its continuation to 
the low water-she<!, l1ctwecn Rainy Hi\·er and the )tisHissippi, it has the name bh-ko-
1111-bi Tra-c/111. Co11ti1llll'd sonthw~sterly from the Falls of PokPg:una, this ri<lgc wonl<l 
pass sonth of LPcch Lake, arnl strike the lkll HiYl'r of the Xorth neat· the Great Dend, 
at which point Doctor Owen found silarian roe ks in 11<~,.:. 

From this point on Hed Hi\'Cr the rilll of the basin assnmes a nortlrn«'stcrly <lin·c
tion as far as the elbow of the South Dranch of the Saskatchewan, along the dcnnded 

• NoTE.-This last elevation is too littl1.•. :'.\Ir. Nicollct'H barometrieal determiuations 
ma1lc it ahont \li:-1 feet ele,·ation, an1l thiH is con lirm .. 11 by the le\'Pls of Yarions surveys 
made since, although l1aving a probahle error of 2i> fl,t>t.' --G. K. "·· • 
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.fianks of the Grancl Cotean cln :Missouri. From the elbow it turns southwest as far as 
Chief )fouutain Lake, umler the 1 l4th meriflian, latitmle 49°, where it meets with the 
flanks of the Rocky .Mountains, trending first north, and thou northwesterly. The 
North llranch and tho main Saskatchewan iudicate approximately its low northern 
boundary. 

Sl:IU'ACE I'EATl.7lms. 

' Lake Winnipeg. at an altitude of628 feet ahovethe sea, occnpies the lowest depres-
sion of this great central basin, covering, wit!\ its associated lakcs, Manitoba, Wiuni
pegosis, Dauphin, a111J .Saiut )fartin, an area sli.,htly exceedin" thirteen thousaml 
square miles. tt • · .., 

0 
... •

0 * 't!-

The country, possessing a mean elevation of one hundred foet above Lake \Vinni
pcg, is very closely represeutecl by the outliue of Pcmhiua l\Ionutain, formiug part of 
the eastern limit of the Cretaceous series. • • " • * 

The area occupied by this low country, which inclndes a large part of the valley 
of Red River, the Assinniboine, and the main Saskatchewan, may be estimated at 70,000 
square- miles, of which nine-tenth!'! are lake, marsh, or surface rock of Silnrian or 
Devonian age, and generally so thinl;; covered with soil as to be unfit for cultivation 
except i u small isolated areas. 

Succeeding this low region, there are the narrow terraces of the Pembina )fountain, 
'"hich rise in abrupt steps, except in the valle~·softlle Assinniboinc, Valley River, Swan 
Hiver, and Reel Deer'8 Rh·er, to the le,·el of a higher plateau, whose eastern limit is 
formed by the precipitous escarpments of the Riding, Dnck, and Porcupine Mountains, 
with the detached outliers, Turtle, Thunder, ancl Pasquia Mountains. This is the great 
Prairie Plateau. * * .. * area in the basin of Lake Winnipe" is about 
l:W,000 f''Jllarc miles: it. possessPs a mean elerntion of 1,100 feet above the ;ea.. * " 

* • ... ... ..,. ~ * 
JIK\CllES A:'\D TEl!RACES • 

• 
In the Yalley of Lake ""innipeg the first prominent ancient beach is the Big Ridge. 

Commeucing east of Red Rh-er, a few miles from Lake \Vinni peg, tllis ridge pursues a 
sonthwesterl)· course until it approaches Red Ril·er, within four miles of the Middle 
Settlement; here it was ascertained by leveling to he 67t feet above the prairie. On 
the opposite side of the river, a beach on Stony ::\fountain corresponds with the Big 
Ridge, and tllrce or fonr miles farther west it is observed marking the limit of a former 
extension of the rnlley of Lake \Vinnipeg. Ou the east side of Red River the Big 
Ridge is traced nearly cine sonth from the ::11id<llo Settlement, to where it crosses the 
Roseau, fort~·-six miles from the mouth of that stream, and ou or next the 19th parallel. 
It is next met with at Pine or Tamarac Creek, in the State of Minnesota, and from this 
point it may be said to form a continuous and horizontal gravel-road beautifully arched, 
and abont 100 feet broad the whole clistance to the shores of Lake Winnipeg, or more 
than 120 miles. 

On the west side of Red River, aml north of the Assinniboine, I traced the Big Ridge 
from a point about tllree miles west of Stony ::lfonntaiu to near Prairie Portage. Here 
it appears to have been removed by the agency of tile Prairie Portage River and t.he 
waters of the Assinuiboiue, which are said to pass from the valley of that river into 
Lake ~fanitoha during very high floods. 

Another and higher ridge was ob:ier:ved on White. lllncl River\ about twenty m~les 
west of Lake )fanitoba. It resembled m every particular the rillge on the east side 
of Red Uiver, being abont 100 to 120 feet broad, and aho9-t 25 feet above the level 
prairie. It was again nQticecl in the rear of ::lfauitoba !£0~1se? where tile same c~ar
acteristics were preserved. It probably crosses the Assmmbome three or fonr miles 
west of Prairie Portage, aud is perhaps identical with tho lowest ridge or step of the 
Pembina )fountain. 

In the rear of Danphiu Lake, the next ridge in the ascendi1,1g. series occn~s; it forms 
an excellcnt pitching track t'or Indians ou the east bank of Ri~rng Mount~m. Proba
bh- these rido-es are fonncl close to<>'Pther at the foot of Pembine. Mountam, where no 
less than fou~ distinct steps occur ~'iose together, near the sm~rces of Scratchin~ River. 
The summit <if these steps may be the plateau, whose ah1tnde was ascertan.ied by 
Dr. Owen toehe 210 feet above the prairie-level, and the first steps may be coutmuous 
with the Big Ridge, limiting the.Ievc:l prairies of Red Rive.rand the Assiuniboine. 

The prairies inclosecl by the Big Ridge are everywhere rnter~ected by small sub~r
dinate rid<'es which ofteu die out. ancl arc eviclentl.v the remams of shoals formecl 1n 
the shallo~ bed of Lake Winnipe'g when its waters .were li~i~ed by the Big Ridg:e. 
::llany opportunities for obsen·iug the present format10n of s11n.1lar shoals occurred 111 
Lake Manitoba, St. )fartin·s Lake, Lake Winnip~g,, and ~anphm Lake. T~ese, wheu 
the lakes hecome drained will ha Ye the form of nd<'es m the level country then ex
posed. Iucleecl, it may h~ said that the region betw~en Danphin Mountain and LaJ.;;e 
)Ianitoba, in the clirectiou of Ebb-and-flow Lake, and south of that body of water, is 



14 

but recenth· drained, or still in process of draining, being removed from the snrf:1ce of 
Ebb-and-tlo1v Lake hy a nry few feet, and covere~ wit~ wat"~ to a larl(e c~t.,ut 1~ the 
spring. At present it consists of marsh, bog, antl rulge, m co11~11.rnt"d succcss1on .. "hen 
completelydrainetl tile country will resemble the present pr~1r1es of the Assi11111l1J;11e, 
with the crentle rich depressions, alHl tlic low tlry, gra.-ell,r r11lg'.•s. 

The re"'mbina i\lonntain is pal' exl'elle11ce the auci~11t l~ca~h m _the vallP,1· of Lake 
'Vinni peg. Dr. Owen th us describes it as it p1·cscnts itself a kw m11"s south of tlll' ~Jib 
p:irallel. 

I lrnYe alrea1l.) quoted this from Dr. Owen in a pi·~<'Ptli1~g-1~art of_ the 
essay, to show that his determination of the ehffat1011 ot tl11s anl'.tent 
beach makes it sufficiently high to restore the outlet sonthwar<l by the 
J\Iinnesota Valley, so I <lo not repeat it here. But this te.;.;timo11y of 
Professor Hind to the genuineness of this ancient beach, after h 1s thorough 
explorations in the \Yinnipeg Basin, lea ,·es no room to q nest_ion tha~ tue 
level of Lake \Vinnipeg· was formerly so much ab1ffe what 1t now 1:5 as 
to o\·erflow all the intervening country, an1l create the ri \·er tlu t erodeu 
the l\Iinnesota Valley. 

I have Yentnred to pro\·isi')nally restore thi.,; ancient lake, 011 the snp· 
position that its surface be raised about 3.".ifl feet aborn its present Jeni. 
It is not here claimed that this woulJ, if accurately done, girn the 
shores of the former lake, for tliere has probably been rn uch change of 
the slopes of the surface since the lake had its southern outlet, as there 
seems no way to account for its disappearance but by a change of the 
inclination of the longitn<linal Yalley of the continent. 

'.l'he consideration of the probable cause of tlie former extension and 
subsequent shrinking of this great lake nex:t demands attention. 

Having in the prel'.eding discussion shown that Lake \Vinnipeg form-
erly was continuous to the l\Iinnesota Yalley, with an 

alUJ~fhf:!s t~~ outlet along the valley to tlie l\Iississippi, we must at 
former drainage once infer that the existing outlet by Xelson's Ri\·er to 
of the Winnipeg the Hudson's Bav did not then exist. \Ve ha\e no ex:am-Valley, and for J 
thecliangeto the pie in nature of any great lake haYing two outlets at the 
w:1~":n~~'j{f~~~.Y same time in operation. It is not readily conceintble how 

two such could ernr have formed. Our general idea is that 
a lake is a depression of the eartll's surface, which becomes partly or 
entirely filled with water, and in the latter case it tlows out at the 
lowest point in the margin or rim of tlle basin. Thereafter this out
let prevents further rise of the water, by draining it off from the lake 
as fast as it enters, and thus it cannot o\·erfiow at some othPr point. 
~ow, inasmuch as tlte closing of the Selson's River outlet at the present 
tune would cause J.,ake 'Winnipeg to rise till it woul1l run out at the 
l\fou~esota ~Talley, it at fir~t seemed plausible to suppose that if tlie 
Glacial penod tempered oft gradually into tbe present geological epoch, 
there might haYe been a Ion~ time when the glaciers had still sufficient 
extension son~hward to close.this outlet to Hudson's Bay. Then, on the 
further recess10u of the gl~c1ers northward, the present outlet would be 
presented and the lake drmnetl off. Althou"h sometbinO' like tllis may 
have occurred, it is, s.o far as .r now know, ,7i1 unsupported hypothesis, 
and barren of any frmt. It. mil not aid us in explaining any :i'lienomena 
presented by oth~r lake-basrns and water.courses of X orth A.merica, nor 
enable us to predict what probable results we shall find in other reo·ions, 
and thus intelligently direct further in \·es ti O'ations. "' 

The hypothesis which I have found to a~count satisfactorily for this 
change of outlet from what it formerlv was clown the Minnesota and 
Mississippi to the Gulf ~f l\Iexi~o, to what it .now is by way ?f Nelson's 
or Sea 1{1,·er to Hmlson s Bay, is to regard it as a result of a gradual 
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chan_ge of inclination of the surface of the low interior portion of tlrn 
contment, caused by a slow eJe,·ation of tlie southern part and subsi
dence of the no_rther_n part, e;-.:tencling ~hrough a vast period of time, 
and probably still gorng on. rue elevating force appears to come from 
the part of the earth-surface occupied hy the Pacific Ocean and the 
line of greatest depression is somewhere near Greenland or between it 
~ml the conti~ent. At sonrn intermediate region there wot1]

1
d be no change 

Ill the clernt10n, but the change of slope would be rroino· on in the same 
direction throughout. \Yith these assumed condit~ns ~ve can mentallv 
go hac~ in time to a period when all of the Winnipeg Lake Basin-th·e 
lake berng shallow-was at a higher Ienil than the lowest axial line of 
the continental hasin south of it of which it would form a part. In that 
case no lake would exist in the basin, it being completely drained south
ward. At such a time the surface of Hudson's Bay and of the Arctic 
Ocean would be much less tlrnn now, a nil there would be a much greater 
extension northward of the waters of the Gulf of l\Iexico. \Yith such 
conditions the cohl at the north would be intensified and extend farther 
son th than no"·· while the northern extension of the Gulf would earn· 
t!Je warm, moist winds of the south farther north than now. This effec"t 
may have gone to considerable extent, and would greatly favor the for
mation of glaciers. Tue former existence of glaciers is tllerefore favor
able to this !Jypothcsis. 

Let us now consider what woultl happPn along the course of the then 
great southerly-tlowing riYer when the nortlleru subsideuce set in. First, 
there must have been a decreasing rh·er-slope in the northern portions, 
and a diminishing pqwer to erode. \VherHer some formation of bard 
rock was met, it the erosion failed to keep pace with tile clecreasing 
!!lope, a lake woulcl begin to form above it. This lake would thereafter 
catch and hold all the hard abrading material formerly washed along 
by the stream, and thus farther decrease its eroding power. The lake 
must gradually expand abo,·e the barrier, and its limit would be reached 
when a new outlet formed. In the present c~se tile outlet was on its 
northern rim. Such I take to be the history of Lake Winnipeg. Its 
southern outlet, the :;\linnesota, met, in the ledges of granitic formation 
which extend from Big Stone Lake soutlnvard along its >alley for 110 
miles, a material which its eroding power was too small to remove fast 
enough to prennt the formation and expam;ion of a lake above it. This 
growing lake finally found a new outlet by overflowing near Nelson's 
Rh-er. The first material of tile bed of tile new outlet was probably 
loose drift, so that it was easily removed, and the outlet widened and 
deepened rapidly. When the hard rocks in .the bed of ~elson's Ri,·er 
were reached abrasion proceeded slowlJ', causmg, along with the gradu
ally clianging slope, a slow fartlier recession of the southern shores, to 
be hastened occasionally by more rapid loweriug of the Je,·eI,. as so.me 
~Ong-resisting barrier was finally removed. The rec?nls of this ~ct10n 
m produciug ancient shores and beaches are showu m the quotat1011s I 
have made from the writings of others. 

The Nelson's Ri>er has eYeQ- indicalion of being of recent origin. 
Professor Hind savs of it: "lt is characterized by having falls and 
rapids which effcctlially oppose communication even by canoes." 

The direction of the tributaries oftlie Winnipeg Ba~-;in all indicate that 
they belonged to the same system of rivers as those of the Mississippi 
Basin. The course of the Bed Hiver as it comes from Otter.Tail Lake, 
of the Wild Wee River Shayen Oju Ri,·er, and other smaller tributa
ries, all point to a soutl~erly outlet, un~il in their course they reaeh the 
ancient lake-bed, and then they turn m regular cur>es through an arc 
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of more than noa anu take au opposite direction. This change of course 
is just what we should expect from a change in the outlet of J, lke \Vi u -
nipeg, and its gradually draining off. Professor Rind's exam_inatio!1s 
show that tlie South Brauch of the Saskatchewan formerly contmned its 
southerlv course through the valley of the Assiuniboiue H,i ver. I think 
the char!O'ed uirection resulted from the formation of a lake on its upper 
course, w"'hich opened a new outlet, and drained off unuer the action of 
the same cause which clmnged the course of the drainage of the \Viuui
peg Basiu. The Little Souris is said to ha.rn formel'iy lrn1l a southern 
course through the valley of the Pembina River, and tilere is evi
dence of the former great lake tilrough whose agency the cilange was 
effected. It seems to rne probal>le that thA Uppei· Little So:iris formerly 
connecteu with tile James or Dakota River of Da,kota. 

I will note here tilat, so far as I know, I was the first to point out the 
effect of lakes originating along- a water-course undergoing a di miuntion 
of its slope, which, l>y expanding, overflow and form new outlet~, thus 
rernrsing the courses of ri,·ers and changing their channels. 

A reference to the map (at the end of this essay) of the ancient Yalley 
when Lake vVinnipeg had its greatest expansion, and still hall its out
let l>y \Vay of the ::\Iississippi, will show the harmony there is in the 
<l.irections of all the rivers as members of the l\Iississippi Ilasin. 

There is no doubt an immense alluYial deposit in the ancient l>ed of 
Lake Winnipeg. Where this is cut through by the H.cd Rirnr it is 10 
to SO feet deep. All the tributaries from the west flowe1l through the 
soft cretaceous and tertiary strata, anu carried to the lake silt, which, 
spread out oyer the bottom, gin>s it such a womlerfnlly Icrnl appear
ance. These tributaries still carry a great lleal of clayey material to 
the lake, so that it is uow, and always has been, as its name siguifies in 
the Ojibbeway tougne, lri-nipi-mnddy water. 

The following facts an<l. reasons confirm the truth of the hypothesis 
of northern sul>sidence: 

An exactly similar case to that of the )Jinnesota Valle~- and ancient 

1 k M" h- J,ake \Vinnipeg is presented by the \aIIPY of the Illinois 
ga.: :p.d 

1fol: l{i..-er and Lake l\fichigan. The Illinois Y~Iley is through
nois River. out broad and deep, far beyond that of ri,·ers generally of 
the same volume. At its upper end its width is great, e\en where there 
is no stream, and it wideus out suddenly into what was, nmloul>tedly, 
the ancient shore of J,ake Michigan, whose waters must then ha Ye flowed 
clown the valley of the Illinois. So little ham the waters receded from 
this ancient outlet tbat the city of Chicago has cut down the barrier 
sufficiently to serve as a canal for navigation, and a drain for its sewer
age, by a direct flow of the water. 

The hopothesis given to explain the shrinki11 g of Lake \Vinnipeg 
answers equally well for this case. The much less chmirre in the sur
face-eleyation of Lake l\Ii~hig-a11, since the southern outlet closed, may 
be readily accounted form the greater Ie11gth of Lake :Michigan's new 
northern outlet than that of J,ake \Yinnipeo-. The hard resistino· O'ran
ite, which, in the 1\fiunesota Valley, pre,·ente1l erosion, 1'1'.1d its c;n~1ter
part at the I.1eacl of the Illinois Valle,,- in the continuous, nearly hori
zontly, stratified, compact, magnesian limestone. 

Another simil~r <;ms~ i~ pre~~ntecl. l>.Y J,ake \\'inu~bag·o and the Upper 
La.keWinne- F<;>_x: R1ve1, m \\~:sconsm. All the <lramage of the present 

be.go a.nd_ Up- \\ mnel>ago Basm was former I y south ward thron o-h the 
pe:FoxRi_ver. valley of the _Wisconsin llinr to the l\Iississippf The 
Wolf Hn-er, whose comse 1s southwesterly, formerly flowed direct to 
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the Wisconsin, bnt neal' its j1111ctio11 it trarnrsed g-ra11itic ri<lges, (tLe 
same as those met by the ancient )finnesota ;) its erosions could not 
keep pace with the changing continental slope, and a large lake was 
formed, much larger than the existing Lake \Vinnebao·o. This onr
tlowecl, finally, into the depression forming Green Ba.?, and the lake 
was thereafter greatly re1luced. The Little lJ'pper Fox and the \Volf 
rivers~ and otllers, turned hack in their course 011 reacl1ing this former 
lake-bed, pres!'nting the anomalous appearance which it has on the 
maps, Ro like those of the Hed Hi \'Cr of the }forth. 

Tile features of this line between Green Bay and the :Mississippi Yal
ley early facilitatP<l communication, and excited wonder, as those at 
tile source of the )Jiunesota cli11. There are the i,;ame kind of lakes on 
the Upper Fox as 011 the .::\Iinne,oota,aad the outlet of Lake Winnebago, 
like tlJat of Lake Winnipeg, is full of rapids. 

These four streams are all near!,\- unite1l at Fort \Va,yrH', Ind. By 
the course of the ri\·ers Saint JosPph and Saint ::\Iary's, 
(on the map,) we should expect them to flow southward st~tJ~;efe~'ir.8a.1:i~ 
to the Wabash. An examination which I have made i~e an'l Wabash 
shows that they once did so. TlJe ""abash Valley is con- ivere. 
tinned up, so as to unite with the Yalleys of these streams, and there arf' 
deposits iu tl10 ""abash Valley which could only ha,-e come from these 
streams. A little way down the \Vabasb Yalley, below where these 
streams join it, is found horizou tally stratified hard magnesian limestone, 
resi8ting erosiou, the same as that at the ancient Illinois outlet to Lake 
::\Iichigan. Tl.te anomalous present course of the Saint Joseph and Saint 
MaQ··s ri>ers also indicates that they formerly flowed down the Wabash 
Valley, and the great width of this Yalley throughout its leugth,compared 
with its preseut Yolume of water, contrasts strongly with the relation 
between neighboring streams and valleys. \Ye canuot bl:'lien. that Lake 
Erie enr had an outlet down this ,-alley. Its present level is l!JOfcet below 
the summit of the Yalle'\, and enn if Niagara did not exist, an eleYation 
of 50 feet would have· flowed it back into J,ake l\lichigan, and thence 
down the Illinois UiYer. ""bat seems most reasonable, is to cousider 
this change in the direction of the flow of the Saint Joseph's and Saint 
:MarJ·'s ri\·ers to be <lue to the formation of a lake at a higher level than 
Lake Etil:', (in the same way as we barn. already n.oted having taken 
place on the Fox Hfrer of ""isconsin,) which lake formed a new outlet 
along the present course of the l\laumee, the same as Lake Winnebago 
has along the lower Fox Hh-er, but, unlik~ ti.mt lake, t.his one has been 
entirely drai11cd off. I ha,-e 11e'\er lJad tune to examrn~ the coursi;i of 
the :\Iaumee to nrify this )Jypotbesis. There should ~x1st a~ ancwnt 
lake shore and a crorcre somewhere alonir the .:\Iaumee, if rock 1s encoun-

' ' 0 "' ' C> • f h tered in its course. It, therefore, furnis~es a test b~ wbteh urt er ex-
amination may nrify or reject this partial hypothesis. 

So far the confirmation to my hypothesis has be~n mainly tested b.r 
its ~xplanation of simi Jar phenomena in ~ot very ll~staut JJ:ypotheeis sus
regwus an1l larrreh· <lepeuden t upon m~ own ob:-e~va- ~1uned .bY effects 
· b1 

" "' • · If · · ·a" st·1r·tl1n rr in contiguous re-t10ns, ut ti.Jc b,rpotheSIS I tse IS Ill no \\ •' ' o' gions . 
.Professor Dana~ in his .'.\!annal of Geology, says : 

Althongh the earth, in its last stage, has reached a state of compa~ati~'e st~bility, 
ch 111ges of leHl in the la ncl still take place. The movemeu ts are of t" 0 kinds· 

1 
k 

I. ~ecnlar, or movem~nt>< progTessin~ slowly by the century. 2. Parox~·s11rn , ta -
in_~ place s11dtlenly, in connection usually with earthqnakes. 

C) 
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It is to tlie fil'st of these, of course, that 111.Y 11ypothesis l>elongs. 
Profosso1· Dana says : 

The secular movements w!Jich have been obse1Tc<l are confincll to the rnidclle an<l 
hicdier temperate latitudes, and are evidently a continuation of the seril'R which char
acterize<l the post-Tertiary period. In this and other dynamical c!Jangcs the post-Ter
tiary and the age of wan ha\·e intimate relations. 

As I have stated that the change we are considering is one of the 
present time, I ha Ye some difficulty in making quotations from author
ities to sustain that Yiew, for such similar effects belong to an antece
dent time. I therefore take that evidence which appears unquestiona
llly to belong to the existing period. Professor Dana's manual says: 

In Greenland a slow subsidence is taking place. For 600 miles from Drisco Bay, 
_ near 69° N., to the Firth of Igalika, 60~ 43', the coast bas been sinking 

Su lN~udt~te for four centuries past. Old buildings and islands have been sub
flor~ 8~~~e • merged, and the Moravian settlers ha,-e had to put down new poles 
an 1 

• for their bo.:its, and the old ones stand, as Lyell obscn·es, "as silent 
witnesses of t!Je c!Jange." 

On the North American coast south of Greenland, along the coasts of Labrador to 
Xew Jersey, it is supposed tbatsimilar changes are going 01!; tho1;1gh iaore i~vestigation 
is required to establish the fact. G. H. Cook concludes, from his obsercat10ns, that a 
slow subsidence is iu progress along t!Je coast of New Jersey, Long Island, and )lartha's 
Yineyanl. 

I ha"\e myself, examined a considerable portion of the coast between 
~ew Jer~ey and l\faine, allll I think that no hypothesis other than a 
gradual submergence going on at the present time will account for the 
~ft'ects ol>serve<l. 
If there is a subsidence along the Northern A thin tic shores, and a Ion~ 

the interior axial ,-alley, it is not unreasonable to infer 
th~fi':;~t ~~~~ that all the intermediate northern reg"ion partakes in it. 
:rence River. and thus it may be that the Saint Lawrence Rinr is a 
northern outlet, and of recent existence as such. 

This river is a vast arm of the sea, from the Gulf of Saint Lawrence, 
for a long way, such as might result from a partially sunken riYer-basin. 
Tile great depth in the Saguenay River, over that in the Saint Law
rence at their junction, indicates that a corresponding depth which must 
ouce have existed in the latter, has been filled up by detritus brought 
down by the upper Saint fotwrence and deposited in the lower part, 
after the course of the stream became reversed. 

The cataract of :Xiagara, a northern outlet, is of recent formation, 
N. F 11 and it should be noticed as a significant fact tllat all the 

18 ge.re. a s. northern outlets abound in cataracts and rapids, while the 
streams flowing south are comparati>ely free from them, indicating thl' 
more recent origin of the former. A few rapids in the course of the main 
)lississippi Yalley can be shown to liave a much more recent origin 
than the rest of the ,·alley . 

. Again, if we consider the lakes l>y themseh-es, we see that if the con
tinental slopes are gradually inclining more and more 

grse~~rt:k~~. the toward the northeast, these bodies of water must have a 
tendency to moYe in that direction, which they would obey 

until stopped by some rock~- barrier; these southwestern shores would 
have snio?th rounded outlines like land rising from the water, and 
the opposite ones would be sharp and ragged in outline from abrasion 
of the waves and from the snbmergencies of land long furrowed by 
atmospheric influences. Lakes 'Vinnipeg, 'Vinnebago, Superior, Huron, 
Ontario, and Champlain, all are bounded on the east and north I.ff 
rocky shores where the water is deep7 and the re~erse condition exists 
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01_1 the opp?site shores, whicli are more or les:-; shoal. It cannot be that th.is 
1hlference is due to the character of tlie rock in place for th.is could not 
cleter1_n~n~ the directio!1 of the action to he the same i~ places so distant 
~ml d1fte_r111g so much lrom each other. Were tlie tendency of the chang
rng co11t111c11tal slope to he in the opposite direction from what it is now, 
therP can ue little donut the lakes would ue found at the base of the 
Hocky ..'\lo1111tai11s as tl11·y formerly were in tlie Tertiar,y period of geology. 

The e,·i1lc11cc of re_c·Pnt clen1~io11 of southern ar"'.as pari passu with 
the northrru drprcs;;1011 comes from parts of the contine11t 
far remO\·ecl from tli<· ,·allcvof the ..'\Iinnesota where this Hylipothesis of . . . • . sont ern con-
lll\"est1ga t1011 was he_!.,'1111 1 and as tlrn.; is not the place to t~nental eleva.-
treat of the sn~je<'t folly, I intend to present only certain tton. 
g-eneral consiih·rations concerning this feature of tile subject. 

The regiou of vast caiions embraced in the draina"'e-basin of tllis 
riYer ~xhil.Jits rffects wh.icli would result from its grad7ral . 
elerntJon abo,·e the sea by a force which acted with mnxi- R1ho wColora.do 

· t · t 1. • • 1 • b . - of t. e est. mum Ill ens1ty a tue part ot tue as111 nearest the sea. 
The sources of this ri,·er originating in the higli mountains of the most 
e_Jernted central region could not ha>e the slopes at these places mate
riall.> diminished b,\- the changiug le>el of the continent, while tliere 
woultl be an nppreciable increase of the slopes in the parts near the 
ocean, where steep shores became more ele>nted. The surface-strata 
in the basin of the Colorado were mainly made up of soft creta
ceous and more receut geological formations, into whicli the streams 
reatlily cut .their way. Abundance of hard rocks, such as bowlders, con
cretions, &c., fell into these streams, and, by their abrading action in 
mo>ing along, cut the channel deep, as a saw supplied with sand and 
water works its way tlirongh a block of marble. The clashing sound of 
~hese rocks in the bed of these streams has been beard by persons stand
rng on the banks. Thus the abrading action in the Colorado Basin has 
kept pace witll the ele\ating action, and the great depth of these canons 
in a manner meaimres the extent of the elevation. Had such soft rocks 
existed along tile ..'\Iinnesota, under like conditions, so that the drainage 
could barn alwa~·s remained sonthwanl, we sliould have bad escarp
ments there 500 or GOO feet deep. 

No serious water-fall exists along the caiions of the Colorado, wbich 
is a proof of tile powerful and long-continued eroding _ac.tion, whic_li i_n 
s?me places has sawed into granite rocks. A result s1m1lar to tb1s is 
<hsplayed along tile Hio Grande del .Norte. 

The peculiarities of the Great Salt Lake Basin admit of an explana
tion on the hypothesis of a recent elernti<?n of the south- GreatSa.ItLa.ke. 
western part of the continent. Tile ancient beaches or _ 
shore-marks of a former P.xteusion of this lake by an elevat10n of the 
waters aborn the present level as much as 1,000 feet are seen 011 tile 
west slope of the ·wasatch and east slope of the Eum boldt l\1ount3:ins. 
This depth of waters spread the lake onr an immens~ area an_cl far mto 
the present basin of the Columbia River. Before this elernnon began 
we can st~ppose the ocean to have extended far inland to tile south of the 
Salt Lake Basin and that tbe drainage of the latter was toward the Gulf of 
Uaiifornia. As' the ele\·ation proceeded this lake would expand north
ward until the new outlet was formed through the Cascade Uange, by 
way of the nlley of the Columbia. A rapid lowering of_the s~rface 
and contraction of the area wonld soon follow, to be contmued _mdefi
nitely as the new outlet deepened ancl extended. At some pcnod, as 
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this elen1tion went on the Sierra Nevada and Coast ranges would reach 
a heio-ht sufficient to ~rrest the moisture coming from tlw Pacific Oe~a.n 
so th~t the evaporation in the interior ba~in would exceed the prec1p!· 
tation when the lake would begin to dry up, and finally become as it 
now is. 

A similar result in the hasin of the Hnmbol1lt lti\·er a111l :\Ind Lakes 
cau be similarl.r accounted for. . . 

I could bring many observations in snpport of tl11s new, and may do 
so ou some other occasion. 

There seems to he every eddence of this ueir.g Yery recently elerntecl, 
but, as it is not in the drift region, I do not know whet~er 

FPeninsula of the eyidences there can be distinguished from those wluch 
Florida.. au elcnttion precedrng that time would show. 

In my report on the l\Iississippi Rirnr I think I shall establish the fact 
that since the Drift period the Gulf of .:\Iexico has extended 

si!:c:fin~xd~r as hig·h up the valley at least as the neighborhood of 
of Mexico. Dubuque, Iowa. This will mainly depend upon the ohser
vations and measurements, which show an interruption in the general 
width of the main Yalley at the rapids near Uock Island, near Keo
kuk, and at the Grand 'rower, and at the Grand Chain. At all these 
places the river now flows through exceptionally narrow and oustructe1l 
channels, while a more extensi,-e and unoustructed ancient ,-alley is 
found alongsi1le of them. The reasoning is this, that this uniformly 
wide, ancient river-rnlley existed 1Jefore this extension of the Gulf 
northward. That when it afterward bf>came sn umergcd these old 
channels became so filled with silt, that on the region nndergoing a 
more recent elevation the river at these exceptional localities did not 
regain its ancient valley, !Jut has since excavated a new one, recent 
in origin, as its incompleteness shows. It will reqnire much space to 
fully elaborate this point, and I resen·e it for my report 011 the .Missis
sippi Hiver. The questions i11voh-e1l concern also similar effects on the 
Ohio and :'.\Iissouri mrnrs, for all of which the same explanation appli~s. 

It will be obsen·ed that, in speaking of the effects at the rapi<ls of the 
l\Iississippi, &c., I have introduced a change of lenl pre-

Reference to .1 • ti t" t 1 · · I a former conti- ceurng ie con men n mo\·ement gorng on no"-, b,Y wluc 1 
nen

1
taI 1 change a part that is now undergoing elen\tion experienced a 

of eve . t. .1 f" b · b ) reverse ac 10n, anu rom em o- a ove the sea wat: < e· 
press~d l>eneath it. This last action, too, wa~ post-Glacial, or, at least, 
was 8mce the most southern glacial drift was formed. I acknowledg·e 
two such oscillations as l>eing made ont aud ha\·c been as careful as 
possihle not to confound their effects, iu wLich th<:>v much resemble each 
other. · " 

In my discussion I 1..ia,-e held that the mon~ment of theearth's sm·· 

L I h face we hin-e been considerin O" is secular and affe!'ts larrre 
oca c anges 1• • '"' ' • " 

of elevation of areas at tue same tm1e. and that local chan"CS could uot 
r~~~~~a:it1i.~~ce be admitted to explai11 the cffect8 to which attention 

"·as called. Such local cha1JO"e8 only occur in Yolcanic 
regions. The thickness of the earth's strahi. at present prc>cludes such 
limited 1110\·ements elsewhere. 

The tertiary strata, wh~re I examined them in Xehraska, were found to 

G t hm·e a gentle inclination from the Hock'' 1\Iountains ex· 
rea perma- t .1 • I l J ' · 

nenc~ of struct- enurng o\·er ~unc reds of miles, ,Yet eYerywhere appearing-
~~~t~i:r;erecent le\·el and undisturbed, except b.r erosion. Yiewing tlwm 

at placc>s wht>re they are margined by the rocks, wl.Jich 
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formed the ~I.Jore of th~ anc!en~ lake into w_hich tl:ese tertiary deposits 
were madt•, it seemed hke '\"Jewmg that ancient shore itself. 

To show that thi~ permanence of stmcture in the earth's crust exists 
I will present a fow poiuts in regard to it as deduced . ' 
from phenomena of the Glacial period which have come ti!:~i:1a~~r~~t 
under lllJ obserrntion. The line of distinct unmodified ure ~!fats i;n. the 
glacial drift, as I ha Ye obs(•n·e1 l it, extends somewhat Glacia period. 

south of Warsaw, on the )Iississippi; theuf'e in au undefined line west· 
ward to the )Jissonri; thence along that rirnr, mostly on the east side of 
it, as. far north as about latitude 4ti0; thence westwardly till it joins the 
morames made by the ancient Hocky l\Iountain glaciers, which extencl 
eastwardly from the mountains ;;o or 100 miles. 

_.\.large inte1Tening portion of the plains shows no signs of glacial 
action, and the tertiary and cretaceous fossils almost everywhere lie 
exposed at the surfact>. The great glacier, then, must have had its south· 
west~rn terminus on these plains, Yery nearly along the line of the Mis
souri, south of the parallel of J(j::i north. This line is -very nearly para}. 
le 1 with the summer isothermal of the present time. That this was the 
~ine of terminus of the glacier seems confirmed by the glacial scratchings 
rn Wisconsin and ::\Iinnesota which are to the southwest, and this being 
the direction of the shortest line to the terminus, would be the line of 
least resistance to the glacial moYement. This condition evidently 
implies a disposition of the continental mas,.;es of mountain and plain, 
m.uch ~s no"l"f-an arid r<'giou on the plains which limited the.formation 
ot glaf'1ers for want of moisture, which presupposes a monntam-mass to 
the southwest to intercept it then as now.* 

Since the relatirn structure of the continent in its anangement of 
mountaiu aud plain appears to ha\·e been permanent for a The shore-line 
long period, I will in trounce the indications afforded by of the continent 
the ocean shores as to the cliangiug level of the continent. ~~!ic~~~8f£!J~; 

The existence of fiords and deep, narrow indentations aud.southern ele· 
h "• b . l 1 . th l t"t d .1 vat1on. a:-; een notel as be ongmg to nor ern a i u es anu 
glacial regions. Glaciers must do their work mainly aborn the sea-level, 
and it must refJnire subsefJUent submergence to con-vert valleys th~s 
eroded into fiords. Fiords m:n·, howernr, be independent of glamal 
action, for there can be no doi'ibt that a submergence of the canon 
region,.; of Arizona and :X ew ::'lie.xi co would form fiords out of Yalleys 
P_roded simply by the atmosphere ancl by streams. :1'foreover, th~ for~a
t10n of ~roded Yalle>s must ha>e been an except10nal form of glacial 
action. Its most conimon effel·t is to grind down all ~ut the large ma~ses 
composed of the hardest rock, filling, and obliteratrng, all former me-
qnalities of the surface. . 

The termination of the oTeat o'lacier on the Atlantic seems to have 
been marked all alongonr sh~re by ~11 immense terminal moraine, 1_nuch of 
which}s still visible at Loug Island, Block Island, a!'d Martha's Vmeyard 
and ~autucket Isfaucls. The wearing away wlnch these ~hores are 
undergoing I can account for only on the suppositi~n of th~1r gradual 
submergence. \YhereYer yalleys were filled by glacial deposits the sub
seqaent action of rains, if aboYe water, would wash them out, and then, 
on submergence, fiords would appear. , . , 

The material which the wa>es remo,·e trom the shores ~s ;not :sw~pt 
out into deep water. The lighter clays float inland, to aul rn formrng 
tlats. The smaller stones and gravel are slowly moved alon~~~~_s~~e, 
-;;-The wonderful Jabrri~tli--;;fero;i~ns f~rming the Bad La~d~--;;r-\Vhite River appe:ir 
to have entirely escaped ,::Iacial action and snbme~gcncc by water, '.l11d a~ t~ey exist 
now are a monument of atmospheric action, inclmlmg eYen the Glacial peno< · 
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rolling up and down with the wan~s until reduced to sand and depositeu 
in littoral cordons or in shoals like Nantucket and Great South Shoals. 
The large rocks remain distributed over the bed of the ocean. 

Looking at the map of the North American continent we see on ib 
northern shores the sharp and ragged lines similar to the contours of 
the contiguous dry land, while along the southern shores we see the smooth. 
rounded lines such as form the contours of land beneath the water. 

NOTE.-\Vhat is said here in this essay might, perhaps, more prope1·ly have been sai1l 
in 1868, at which time the snbstance of it was giYen in t!Je annual report. But a some· 
'vhat larger scope was there given to my remarks, and time did not suffice to reduce 
them to definite order. Even now my time is too much occupied to enable me to prop
nly compare my own observations with others. The map of the ancient valley, a11tl 
the diagram giving a profile of the continent along the lowest line, from the Gulf 01 

:Mexico to the Arctic Ocean, and along the lowest line from the heatl of Chesapeake Bay 
to San Francisco, were prepared and snlnnittcJ in l"'il", lint now a"ain repeated hert, 
having never been published. n 
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