'EVOLUTION -
OF THE
- FALLS OF NIAGARA

/

BY

e o em——




- 4
r '( "": r;_-;‘ 'M--
- . o
B e
E
X .
..;
v’ S50 § ) ‘; <
N -
1 '
.
»
J'v
NIAGARA
| ,‘.
*,
'
- -

BY WINTHROP SPENCER










— e e T PR
e T B B e Tt o M GRS P SIS










THE FALLS OF NTAG ARA













CANADA
DEPARTMENT OF MIN|

FALLS OF NTAGARA

'EIR EVOLUTION AND VARYING RELATIONS TO

'E GREAT LAKES: CHARACTERISTICS OF THI

POWER, AND THE EFFECTS OF I'l's DIVERSION

\

Josern Winnian Winrn

or Sri

LA, PH. D, F4

1905H-0

7= =N

OTTAWA
' .8 AW ¥ 0 T

1907




6EVS7EOV




Sir,—I have the honour of transmitting
aph on the Geology and Physies of Niagara Falls

tended under a commission from Dr. Robert Bell, Aetir

Depu ¢ and Dire r of the G q \ter
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J. W. SPENCER

December, 1907

;’1«5 0"“’4"1""“ ’

eUbELLD







Roserr Berr, LSO, M.D., D.Se., F.ILS.,

( (i |
St~ have had the honour of t it D
f Recession-lines of Niagara Falls, for vonr 8
I for 190 : Boananea
1 ] 1= begun in June, 1905, under
1 n 1 \et Depn Head Di f the
G S ( 1 I'l mission rther
“““ 1 ( ri
t important fa I'he fiel 1 ompl ( pt a
| pt nd under | |<11 t ( ( \ | nera
1 1 1 il ne after the dreaft
{ | n hi | |1 1 | 1
I ha | n |

J. W. SPENCER
May, 1006







PREFACE

Niagara and its history are so familiar, that most people

naturally conclude that almost evervthing concerning the Fall
has already been made known, so that additional worl SNEEest s
little more than a re-d eription or essav writing,  Among the

various contribntions to the lite rature, onl v few, 1in number,

bear upon the geologiecal aspeet, and fewer still have made addi

tions to onr knowle of the subieet Yet such contribution
1 ill be seen from mm 1CCeSSAT coveries announced in
this by formed chapter O Ineon ipon whiel (
e of the Falls, This statement applies not only to
il, but also to their physiea pect h

1 1 1
he river had been meas

ited by the engineer—not merely
future of the Falls, but even that of

The recession of the Falls throngh

ordinary limit of research requires
changes, in the volumme and eurrents of the river, in the height
of the Falls, and in the effeets of the buried vallevs, determined
by causes acting far from the great cataraet, O ned a new field
aid Hso the apphication of mor precise

that the

methods of rescarch than were formerly followed,
Falls of Niagara have given rise to a chapter in seience, I long

ing entirely to themselves, which had not hitherto been under

stood, and which could not have been interpreted by any outside
standard

Four surveys of the erest-line of the receding Falls had been
made, with eonsiderable intervals between them ['he last pub
lished one was made in 1890 but none had been undertaken b
Canadian authorities, As the diversion of power at Niagara

xi
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wis attracting attention, and as sueh would ehange the reces
sion, Dr. Robert Bell, Aeting Deputy Minister and Dirveetor of
the Geological Survey of Canada, saw the necessity for prompt
action, as the operations in progress were tending to alter the

natural conditions, so that the last opportunity was passing by,

\[wl'uu\n r, s rvations mm\- Iy ‘|\‘ cngimeers of fln‘ power com
panies might be of valne, which would Le lost when these eorps
shonld he dishanded.

Under these conditions, and finding that T had already com
menced sueh o work, on oy own acconnt, by a survey of the
erest-line, in Octoher, 1904, Dr. Bell commissioned me to pr
pare a *ceoraplete monograph * upon the science of the Falls, as

he had been aware of my previons contributions to this subject.

Ihese had already peen |»|||r]|~hu! in a report of the Ton
\ndrew I Green,™ who had been instenmental in having the
Niagara Falls Park, on the New York side, established, after
Lord Dufferin had proposed a similar Park on the Canadian
side,

I wias this \||‘ Gireen who -~|i-_-m:|\ul the l'-. P Wite rwiays
Commission, for the protection of the Falls, In this conneetion,
it may be said that 1 represented Mr. Green in some of his nego

tiations with the late Seeretary Hav, who also was mueh inter

ested in Ningara Falls,  Indeed, Mr. Green was especially
desivons that T shonld make just such a survev as has now been
carried ont under Dr. Bell,

Upon Mr. Low sneceeding to the directorate, he extended
the commission to a date that T had supposed would be sufti
cient, which however proved not to be the case, o that the work
wis completed by myself con amore, and the Geologieal Survey
has now the use of it under arrangements effeeted by Mr, Low.

The commission was commenced in June, 1905, and the
ficld work was carvied on until February, 1906, This was dune
to the mild winter, for even on January 25, 1906, the farmers
* Eleventh

Rept. Com. State, Niag, Falls, 1865
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FALLS OF NIAGARA N e

It would be unjust, here, not to pay tribute to the

{ tho late Prof. J. P. Lesley, who firat saw the

Memory
! value of my
ations bearing on Niagara falls, and througeh

se enthusiastic encouragement alone I was led to develop
my researches along lines laid down and approved by him, thu
forming a new chapter in the seience, as he said, which has been
the foundation of the present work

I'he best colleetion of publications on Niagara falls that

the Hon, Peter A. Porter, of Buffalo, who

POSSESSes many
d volumes I'he bibliography has been omitted from thi

vork, as much the greater part lies entirely outside of this sub

v be found in the rare ;w\\r‘i-w'\wn of the Con

missioners of the State

Reservation of Niagara Falls, N«

cived much assistance,  Clapt. (

Maid of the Mist placed hi

ced good ship at my dispe
mding purpose Mr. James Wilson, C.E., superintend
ent of Queen Vietoria Park, gave me mo aluable suppor
throughout the whole period of the survey. Mr. W. T. Jenning
1 kindly furnished me ith their
e gorge Messrs, Beverley Value and Ja
Goodwin, M yanker Pavine and C. E. Mitehell, and My
different power companies, greatl
information i connexion with
thank Mvr. Jacob Schneider (who
) @l ted me in boring operations, as did Mr. ', C, Butler
and Messrs, . A, Coste, F. W. James, W. J. Aikens, J. Hay

others, of the g

( companies, to all of whom I desire to offer
Mr. M. J. Butler, Deputy Minister of

Canals, My, James White, of the I

my warmest

Railways and

iterior D partment, Mre, J. L.

mal, Mr, Ste irt, of the St. Law
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canals, Mr. Postlethwaite, of Toronto harbour, and others,
kindly furnished me with lake fluctuation records. [ must
especially thank my assistants, Messrs. Robert Iarvie and
Clande E. Eldridge, for their great interest in the work and
efficiency in the field. It is further due that acknowledgment
should be expressed to my dranghtsman, Mr. J. D. Cleary, and
LI"IH r, Miss K. D, Liscom, for

more than necessary aid that they rendered me. 1T desive to

my clerical assistant and sten

thank Mr, O. C. Sénéeal, Chief Draughtsman of the depart
ment, for final additions to the maps, and for superintending
the engravings, &e,

I especially desive to thank the United States Secretary of
the Navy, and also Captain Z. L. Tanner, for kindly lending
ne, e rsonally, apparatus for soundings in the rapids of Niagara
Gorge

Finally, I am particularly indebted to Mr. Wm. MeM:

Superintendent of the Durean of Printing, for his interest in

he work, and for the handsome presentation of this volume,

and its expeditions appearance, after I was brought into direct

ontact with him, and for the assistance and conrtesy of all the

gentlemen of the Bureau with whom 1 have had associations
ORIGIN OF TH} A M " NIAGARA

The region was onee oceupied by a large tribe of Indians of

which the name 18 not now known In the early seventeenth
century they were ealled * the Neutrals ' (as between the Hurons
and the Iroquois), but about the middle of that century

ey were exterminated by the Troguois after the defeat of the

Hurons Only one word of their languago remain It i
Onghiara, the name of the falls and river below, which name
wias adopted by the Indians who afterwards peopled the distriet
The name became modified to Niagara with the accent on the
penult NViagara), and it was so ,in-I"‘w'.-'mJ at the beginni

of the nineteenth century. (For a fuller acconnt s n. 469
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SUMMARY
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1

1819 \t one point this line is found within 235 feet of Goat
island, thus throwing the whole of the great ereseent of the fall
ithin Ca | territory, hile onl the irn b !
resecn rending to G la | 1 Y Yor I
he eataract is 1 ed to mere ings of water. The
hely of the ater for power pu ( hire 1
( | a ! " | ing ('m ' wotl
rapi n the castern | 1 I'he qum f ¢
fallis r this end ad G .
or in tl hole volume to be considered But the volume fl
ing down the American falls is approxima n per
g1 I th [ S (hia 1" |
I f harge the r } rn niel eterming
e fl | r down the Upper rapi g y Canada 750t
80 per cent of the f Y ) See Chay
XXI.)
I'he ¥ n of the f bhet n 1842 and 1905 IND
( the centre of the ap or a mean retreat r the ful
idth of the gorge of 265 fee Nearly sever iree-quarter
weres of the rocky floor of the Upper rapids fo luring that
time I'he retreat takes place by rapid central recession fol
lowed by a cessation of the same with a rapid lateral enlarg
ment.  Thus for twenty years there has b no apparently

measurable
1

central ret

Mean reces

< been found
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PARTIAL SUMMARY 0
above Delow 1l \\]mf[--w' it is considerably  less, as
also is the ease below Foster flats,  But near the end of the

canon a drowned eataract was hrought to light where the river
within the gorge rapidly deepens from fiftv-threee feet to nearly
150 feet below Lake Ontario level, The narrow channel as deep
as 183 feet was also found a third of a mile bevond the wmoutl

of th

gorge, although it has generally been silted 1o a moeh

I '|¢|M\ Nee Chapter
I'he rvoek strueture and the exeavating power of Ningara
falls are treated in ( 11\[-‘.z vit, and the characteristies of the

Gorge in s u\.wllwrwhw to the receding falls arve deseribed in

the two following chapters: the or
\dagara river are deseribed in Chapter 1
The Whirlpool-St. David buried channel extends from

Whirlpool to the edge of the e wepment, about two and a half

miles bevond, and was erroneo thought to be the ancient
conrse of the \uw;n:r river The mewent canon ha How
heen v\!-‘urn‘i by borings, the deepest of which renched to 269
feet, or to a level only a little above that of the Whirlpool I'he
Operations  wer I at this point on aceount of the ex
pense, which w ing very heavy, but in a genera

we no kno the effeets of the buried valley on the ri
To its great depth it gave rise to the Whirlpool, hat not
the gorge above, as might have been the eas I'hi

one of the most important points established by the present

survey, as the effeets it had ]-\w\‘v:u I in the recession of the

falls had not been fully known. I'he head of the ancient
stream, whiech at the Whirlpool beean to form a goree, was only
short distance south of the railwav bhridec it Lvell ridoe

The now buried channel never deained the Ervie basin, nor

that of anv ereck above the |'!.|.. r rapids, But about the
Whirlpool, it originated the valley later filled with drift, which
wis ll'lll'l\l\ re-exeavated when the falls had receded as far

its omtlet,  Some enrvions featnres were observed in the bhorines,
"
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PARTIAL SUMMARY g

rence of the Upper rapids, where now the Niagara river is
descending over the left bank of the otherwise bhuried valley.
It has a great deal to do with the recession of the falls,
[Tere the river is turning its conrse nearly at right angles, now
cansing the falls in receding to elimb, so to peak, the ancient
lateral bank of a vallev, so that the hard rock formations
above are getting thicker, with the softer lower beds becominge
more concealed, thus tending to reduce the rate of the recession.
I'he investigation of the basin in the rocky floor brought to
light the Falls( ||i|>]m‘~.| valley In the vieinity of the falls
this is covered by a hundred feet or more of drift, which has
been explored in many places by borings, so that the rocky
floor beneath the mantle is evervwhere found to be sinking
ls the sonthwest N Chapter xn
IFoster flats begin at about two-thirds of
Whirlpool, and extend for a like distanes It is one of the
vildest and most beautiful places in eastern Ameriea.  Iere is
i series ut‘ terraces of the greatest inv;--w\w-- in the inve stiga
tions of the recession.  These are floors of the Niagara river,
howing that until the falls had reached this point, nearly three
miles from the mouth of the gorge, there were two ecataracts,

ne in advance of the other, each about 120 feet in height.

\lso it is found that the second one, which had been gaining on
the upper, now became united with it At this time the second
channel was still high above the present bottom of the river,
Lower down the gorge was the third eataract. It may be said
that this cataract was at one time 300 feet high, and was low
ered by the subsequent backing of the waters of Lake Ontario
into the gorg The lowest eataract remained until long after
the united upper ones had passed this seetion of the eafion, but
subsequently joined it, and made one Niagara falls from the
time that they reached the Whirlpool.  This complex history of
Niagara river is largely recorded at Foster flats, which is a

wonderful place.  Until lately only the Erie waters emptied by
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PARTI 1 TARY ]

the eastern side of the Canadian falls, b !
fe re on th ester hat the fal il be redueed fron
nearly 5,000 feet in width (in 1900) to 1,500 or 1,600 fo
[towill further reduee the Nmevican falls from 1,000 feet (in
cluding Luna island) to a few disconnected ren I'he
utilizat ! in sieht at the pres moment, | that taken
thready has redueed the sheet of water on the Goat I <helf

| \ | n { 1 " ha h hrn |

ey | ) | I I 1 ‘ 1
i (1 | 1
| e of 1l 1

\1 1 ot o | )

( noof th er above Greer IFir I

p ! neatn ot o1 |
T v | I ] ( n
; | he i | ' 1
| Y 1 |
I'hi 1 | nu 1 equihihr 1
1 re 1 Lake Erie 1l (
fTe kes 11 1 1M I
f the mean level of ikes by t feet, ar mav e
three or four feet, the effeet navi he | 1
i ea AN Hrn ( 1

know, except to be « e 1S unimportar heeause the i
take of the 1t I the lake 1tlet I'l i iee |
irisen from not investigating the seience of Niagara The

diversion of even 125,000 horse-power above the rim will affeet

the Upper lakes more than the use of an extra 5,000 enbie feet

at Chicago But the inereased velocity of the discharg
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Is explored have thrown so mueh light on Niagara that
bearing on the outlet of Lake Erie are of particular in
ind they form a distinet chapter that added to the
s also another deseribing the features by which the origind

¢ basins has been found. The Falls-Chippawa

demanded a search for what proved the discovery of the

ran valley and cafion, a few miles to the west. The cafion

rought to light in the explorations of the * Short hill
por f it disseet the Niagara escarpment and are

d in the -]u;u ravines, Southward there is no suggestion

c¢h an ancient ontlet for the Erie basin on the surface of

t country onl 1 f fe bove the level of Lake Eric

e T of we horing the o the lakes were
ed the e g " lue in the que

of ter, and obtaining natural ga I'hese problem

( furtl estizgation. which the limit of the

did 1 permit However, a great buried valley wa

not merely was a channel found deep enongh to drain

0801 [rie | it also severa maller tributaries
I'hi mplete the most important « | n the

| ( Erie basi hich forme rece ed the
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14 FALLS OF NIAGARA

power companies, will involve the necessity of the Boundary
Line being well known.
\u article has just appeared under the title of * Niagara .
Falls Already Ruined,'® wherein the writer, Mr. Alton D
Adams, advoeates the saving of the American falls by carrvine
the point of decpening the channel to the International Bound
ary Dut to cover the cost he suggests the further abstraction of
water from the Canadian falls to the extent of over one-thivd of
the whole volume of the river. The scientific aspeet of the |
;N»Hi‘n is germane to this paper—the fulfilling of it lies @
tirelv within the jurisdiction of the State Department
I'he Boundary Line a8 0s

Commission in 1819

Under the Trea I Gher | | nda Lin rawi o
through the middle of Lake Ontari until it strikes the em :
munication r I een tha ke m | I rie hene {’
long the "middle of said communication into Lake Eri f

I
)
q
\

for a reference to commissioners to decide what islands shonld

I'he commission lopte m ne of hich foll
: g
the deeper channe nd "y ite for islm PRIt 7
ik : |7
either party It = fon mpensat i ere ha ! ’//4.
1 Lit ited near G lane nd Grand
1sland, givi nl or cqui 1 to Cana ["nless ot
r
e made n pensation !
| I.iv ecar G lin md Grand mn for (
middie of ¢ rive 1 r Treaty) mld have divided Grand
ne (] orner of G 1=l eV |
|
¢ PV uld 1 fallen to Canada |
I'he Bom I re repr ced, is signed hy P |

Porter and Anth. Barelav, commissioners, and William A [

T I'ec) W 1 Ma ine, pp. 115124, 1905 | |
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16 FALLS OF NIAGARA

Bird and David Thompson, survevors. It is dated 1819, The !

present copy is on the same scale as the original, the official

copy in the State Department Library of Washington, to which i
aceess for making the photograph, was obtained throngh the I
kindness of Mr., William MeNair, chief librarian,

The sketeh of the ervest of the falls in 1819 was only ap
proximate, but the established position of the Boundary Line
in its relationship to the shore of Goat island has been trans
seribed to the map of the recession (Plate 11.) so that it will he

understood in its bearing npon the present erest of the falls

CRESCENT OF THE GREAT FALLS ON THE CANADIAN SIDE O]
I'HE LINE. I
\t the end of Goat island shelf the Boundary Line is be
tween 235 and 260 feet from the island.  Opposite the apex
of the falls it is about 300 feet from the Goat island shore,
vhile the apex is 400 feet within the Canadian side of the line
\fter swinging round nearly parallel to the uthwestern shore
of Goat island it bends towards the New York si

island, and there passes on vard between Navy island and Grand

. above Goat

islan It hugs elose the shore of Grand island, being only
200 feet away, with the Canadian bank from 1,200 to 2,300

feet bevond the Boundary Line. The ,-l.uu.g F the Boundary

Line gave the whole of the eastern channel, the Ameriecan falls,
and Goat island to the state of New York:; but only from 235 the
to 300 feet of the river at the falls. This threw the erescent 8

of the Canadian fall vithin the territorial boundary of Can nes

| na
ada

FIRST CANADIAN SURVEY OF RECESSION OF NIAGARA FALLS,

\s the Boundary Line places the ervest of the falls, where the
recession 18 oceurring most rapidly, entirely within Canadian
! ‘V\Y“‘[\l"i"!l_ ‘!v' |‘]'I servation 4"' \l.::dlﬁ« Illl v[""‘lH‘ s ""' |l‘

duty of the Canadian peaple Four previous survey have been

|
|
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CHAPTER III

NEW MEASUREMENTS OF THE RECESSION Ol
NIAGARA FALLS
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SNtegman’s map.—\ map of the vieinity of Niagara falls,
on the seale of three chains to the inch, was made by John

Stegman®, and bears date of January 17, 1799, It was made

by compass bearings and is, therefore, not as acenrate as it
shonld be. This is further apparent where the intervening
shore lines were sketehed in, but the measnrements between
sulient points often corvespond closely with more recent ones,
The eurvature of the Canadian falls is too hroad.  DBut there
are other points on the map of value in studying the recession.

See Map, muoeh vedueed in size, Plate 1v.

fuorpouss)

(wodidwy)

Fig. 1. Sketeh Map of the Falls in 1764 (Montresor's),
Ellicolt’s Survey, said to have been made abonut 1789, has

not heen found.  However, his deseription of the fallst written

in that year, is reprinted in Appendix 1. Mr, Ellicott estimated
the age of the falls at that early date as being about 55,410
Years, :

* Niagara Falls Park,’ Court of Appeals for Ontario, Maps and Plans
B’ o Ay I Book, 1884, Only a few copies for use of court were printed,
One mar be seen in library at oode Hall, another in the Publie Library,
Toronto, and the avther possesses a copy. In this volume are also maps
by Chewedt, and others

v husetts Magazine,” July, 1790, pp.
warnal ' of William Maclay, Appleton’s, 1880,

87-8,
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29 FALLS OF NIAGARA L vy
International - Bowndary Survey map of 18519.—On this

map the erest line of the falls was sketehed in, and has been

transferred to map Plate 1. Diflienlty was found in loeating
the position of hoth ends of the erest line, but Stegman’s map

wag of mueh aid in this matter,

Prate 111 (a,

Other early maps.— Chewett’s survey of 1831, that of

Messes, Burwell, Keating and Hawkin of 1834, and others, add

to onr knowle
the falls®,

cof the early determinations of the features of
In Stegman’s map the falls are a flattened crescent.  In
1819 there was a very sharp apex, in contrast with the flat-

tened form in the snevey made by Prof. James 1all4

Hall's, U.S. Lalke, Woodward's} Kibbe's and Spencer’s surveys.

The first trigonometrieal survey of Niagara falls, made for
establishing a basis of the measurement of recession, was that
of Hall in 18542, The second measurement was made hy the
nited St

-4

es Lake Survey in 18755 At this time another noteh

was heginning to form on one side of the centre, hut the prinei
pal recession was at the head and towards the western side, The
thivd survey was that of Prof. R. 8. Woodward in 1886, Dur
ing the last interval the recession was small where before it had
been greatest, But there was an enormons <'l|l:||'~,:1'l||l'lll, of the
apex which had appeared in IST5 It was now somewhat
similar to the form of 18519, The survey of August 8. Kibhett

in 1890 was the most detai

The growth of the apex of
1586 had been suspended. The great recession was on its west
ern side as in 1875, bot the apex had assumed a mueh more
acute form.  The next survey was begun in October, 1904,
by myself, aided by Mr. James Goodwin, C.E., and Messrs,

* See foot note, page 20

t* Natural History ' of New York, Vol 4, 1842 (on reduced scale).
t Lake Survey chart of Niagara Falls, scale 1 to 10,000, 1875,

tt Seventh Report Com. State Res., Niagara, N.Y., 1801,




o i/ V“:;.W

») 1T 31vig

s N T IR W




PART OF MAP OF NIAGARA
By John Stegmen
Jon 1799




- -

PART OF MAP OF NIAGARA
By John Stegmen
Jon 1799

S

S s s

Vegs—or K

[uprun) Jo

1O SENANANASVIN

NOISSUOAN



Prate \

OSSN o

First Trigonometrieal Map of Niag

SRk P M e e

1SUOD

: 50 O SE N o e a5 — 3
¥ 2 3 2 = = -2 3 = .

10 81TV

OVIN

ARt

10001

AINE



AN 4

of e -
b Cunada) MEASUREMENTS OF RECESSION 27

Hovle and MePherson, Engineers of the Electrieal Develop
ment Company,  In Aogust and again in November, 1905, 1
re-surveved the ervest-line with my own assistants:  hut in
December o vemarkable voek-fall ocenrved which is added in
a sketeh line on the map, 1t is also shown on Plate virn,® which
gives the effeet of the water diverted from Goat island <helf.

In .\Hu'llnli\ 1., reference data of the survey will be found.

These are the five survevs which mark the four periods of
measired recession.  The faet that another survey has been
made requires some mention.  After my survey was first made
in October, 1904, and T had heen vequested to contribute the
resnlts to the Commis<ion of the N. Y. Reservation at Niagara
falls (which T conld not doy, T found on my return to complete
the investigations of the falls in June, 1905, that the United
States Geologieal Survey had sent ont a survevor to duplicate
my survey, which was then purely a seientifie question.  The
gentleman in charge had the opportunity of secing my survey
of October, 1904, and later | saw the vesult of his.  Some dis
t'l'<'p;|l|«'il'~’ ;Ipl»l':ll't'l]. whiclh led me to make the re-survey in
November, 1905, which confirmed my previous observations as
does also the photograph of the erest-line shown in Plate vi.

However, this i

an imimportant detail, as in a very few years
all will be ehanged.

From being a seientific question only, where my survey had
the priority, it became an International one when the surveyvor
located the International Line very mueh neaver the Cana
dian side than where it had been established by the Boundary
Commission in I8S19, The apex of the falls is now sitnated
about 400 feet west of the Boundary Line, thus placing the
erescent within the Camadian territory.  Apart from any hound
ary question, a survey of the falls can only be made from the
Canadian side. My two surveys of Augnst and November, 1905,

constitute them the last actually made, while that of October,

* Photographed Dee, 8, 1905
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1904, gives it priority after that of Kibbe. Tt was shown in
the first edition of the Recession map, to accompany Summary
Report of the Geological Survey of Canada for 1905, no im

portant change having oceurred in the meanwhile,

RESULTS OF SURVEYS OF THE CANADIAN FALLS,
Most writers have taken the total area of recession and
divided it by the entive length of the evest line, namely :—

2215 feet in 1842, 2,950 feet in 1880, 2,535 feet in 1905,

This later shortening of the falls is due to diversion for
power thus restrieting the width of the viver by filling in the
bank so that the erest line has been redueed 415 feet,  Calenla-
tions based upon the perimeter show the enlargement of the
cauldron, but to measure the retreat of the cataract the area
which has fallen away should, be divided by the width of the
cataract which has produced the gorge,

Just north of Table Rock House is a fragment of a terrace
(T on map Plate 1) which marks the former bank of the
river.  DBetween the original shore of the rviver herve, and the
end of the Canadian falls at Goat island, is a natural eross-
seetion which has escaped subsequent changes from the widen-
ing of the gorge by frost action, and undermining of the eliff.
Thus the true width of the river is shown to be nearly 1,200
feet across, not ineluding the recently uncovered rock flat at
the edge of Goat island.  From a point 600 to 700 feet below
Table Rock House, where a fragment of the old rocky bank ean
be found, the full width of the gorge reaching aeross the same
Goat island shelf is also found to be 1,200 feet. Accordingly
this figure will be adopted as the mean breadth of the ehasm

which is due to the recession of the eataract.

RATE OF RECESSION AND CHANGE OF FORM,
The recession of the Canadian falls from 1800 to 1005 1

have found to be 39,832 square feet, or nearly one acre.  This

represents a rvecession of 322 feet as above defined in fifteen

Prare VI
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W Gapace) MEASUREMENTS OF RECESSION 35
years, or annually 2+2 feet.  In the meantime there has been
practically no medial recession; but the remnants of the former
western border of the apex have disappeared. The beginning
of the new apex is suggested by a short new channel in the
upper beds of rock down which the water shoots before break-
ing over the falls, This is illustrated in Plate vi. A second
channel is also beginning to appear, but not sufficiently to affeet
the outline of the erest in a pronounced manner. Since the
above was observed the rocks have fallen away, so that by
October, 1906, a widening was in progress reducing the width
of even the little V-shaped trench.

Adjacent to the apex, upon its eastern side, the manner of
recession has recently taken upon itself the wedging-off of
upper layers of limestone.  This oecurred after the instru-
mental measurements of November, 1905, but prior to De-
cember 9, 1905, Accordingly the eataract strikes a projecting
shelf and rebounds to the abyss below.  This is shown in Plate
vir.  The manner of rebounding was auticipated at one point
in the shelf where the waters had been noticed to strike a ledge
forty or fifty feet below. In October, 1906, the projecting
shelf appeared to have a length of 200 feet or more. These

“changes seem to have affeeted the bursts of spray rising out of
the eauldron. The elevation of the spray is searcely greater, if
as great, as the level of the wall top, while formerly the ex-
plosions were more frequent, sending up columns to a great
height.  Plate vir. also shows the reduced volume of water on
the Goat island shelf, occasioned by the diversion of part of
the water, which at the time the picture was taken was equi-

valent to the lowering of Lake Erie by three-quarters of a
foot.

Between 1875 and 1890, 97,735 feet fell away, making an
average recession of 81+44 feet, or 542 feet per annum. The
greatest fall occurred in January, 1889, and another in 1882,

Attention should be ealled to the fact that during this time a
69683}
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36 FALLS OF NIAGARA (Geol. Surv.

great apex which was beginning in 1875 was completed in 1886
after which there was a rapid widening of the chasm. Indeed,
since the date just mentioned, there has been no recession of the
apex, the work being expended in broadening and straight-
ening the crest line. Going back from 1875 to 1842, 180,000
square feet above the point of Table Rock HHouse collapsed.
During that period the most notable rock-falls ocenrred at Table
Rock in 1816, and in 1850. The area here given represents a
mean recession of 150 feet, or an annual retreat of 454 feet.

Owing to the deep incision of the erescent, shown by the
survey of 1819, the recession of Niagara falls after this date
must have been very rapid as a consequence of the double face
of the great natural quarry. This is shown by the representation
of the form of the erest of 1819 on map (Plate 11.), though it
can only be considered as approximate. However, this form was
soon afterward changed by the great fall of rock in 1823, which
carried away a large mass of Table Rock then extending north-
ward of that shown by Hall in 1842, though it left the platform
in front of Table Rock House projecting fifty-cight feet until
the rock fall of 1850. Before 1823 Table Rock extended some
600 or 800 feet to north of Table Rock House, or beyond the
location of the Hennepin channel, though here it may have
been as wide as it was known elsewhere,

The survey of 1819 shows a form more favourable for rapid
recession than during the succeeding periods, on aceount of the
deep indentations of the erest line, like that which appeared
in 1886, and is now beginning to repeat itself in the V-shaped
apex mentioned. The representations of the surveys of 1764,
1799 and 1831, while not to be relied upon, show the crest
lines to have been flattened.

Between 1842 and 1904-05 there has been a disappearance
of 317,642 square feet, or nearly seven and three-quarter acres,
representing a total recession of 265 feet and a maximum of
285 feet, not taking into account the small superficial channel

of Cy
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now appearing; but this total medial recession was reached in
forty-four years without any addition in the subsequent nine
teen years, during which time the work of the falls has been
that of rounding the irregularities of the ervest line.  This

represent a mean annual recession of 12 feet.

RECESSION OF THE AMERICAN FALLS,

The recession of Niagara Falls is almost wholly determined
by the Canadian falls, as they had already receded about 2,100
feet since they parted company with the American falls at the
foot of Goat island, some 600 years ago. During all this time
the American falls do not seem to have retreated more than
110 feet, if so much, in exeess of the unknown widening of the
gorge from frost action. In 1819 the International Boundary
surveys represented the ineision in the ervest line almost as deep
as we see it to-day. On acconnt of the inferior recession of the
Ameriean eataract as compared with the Canadian one, and on
acconnt of the small amount of recession showu between the
surveys of Prof. Iall in 1842 and Mr. Kibbe in 1800, a re

sarv.  (Mr, Kibhe's survey is given in Plate

SUPVEY Wils unnece
VI,

The total breadth of this eataract in a steaight line from
Prospeet point to Luna island is 855 feet, and from Luna
island 10 Goat island is sixty feet,  The amount which Mr. Kibhe
found fallen between 1542 and 1890 was only 26,600 square
feet, which is an average recession of twenty-nine feet in forty
cight years, or 0-60 of a foot per annum. A curious phe-

nomenon is seen here (See Kibbe's map), in that the wall of

the gorge appears to have receded faster than the shelf heneath
the northern side of the American channel, which shelf pro-
tendes as shown on map in Plate vor, and in profile on Plate
XV,

This at first snggests that frost action beneath the falls

is very small, while at a point exposed 1o spray it heeome:

Prare IX
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exaggerated. But there seems another reason. In 1721, Charle-
voix visited Niagara falls, and specially mentions several points
as then jutting out. The projecting shelf may be the remains of

the floor of the falls before the separation of the Canadian
cataract.

SLOWER RETREAT OF THE FALLS NOW AND IN THE FUTURE.

From the measurements obtained it is seen that there has
been reduction in the recession of Niagara falls during the
last fifteen years, giving rise to problems which require investi-
gation.  The rock strneture is variable. The channels in the
river had not hitherto been studied. The discharge of the river
has been reduced, to some extent artificially, and to a small
extent by meteorologieal conditions: there has also been lower-
ing of the lakes by scouring of the beds of their outlets, The
course of the river is changing in relationship to the underly-
ing rock formation.

The measurement of the recession of the falls is the first
step in the research.  The diversion of the water for power
purposes already shows a pronounced lowering on the Upper
rapids.  The great reduetion in the rate of the recession
during the last fifteen years now seems to be due more to the
changing course of the receding channel and character of under-
lying beds, than to other canses. In the immediate future there
will be a large quantity of power brought into operation, and
should the full eapacity of the franchise be utilized the retard-
ation of the recession from this cause must be very great. To
generations 600 or 1,000 years hence this retardation may be of
advantage, provided any of Niagara falls be left. On the other
hand their grandeur will become a matter of history only, while
at the present day they are seen by 600,000 to 1,000,000 peo-
ple every year.

From the seientific point of view it will not be possible in
future to determine the rate of recession in its bearing on the
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past age of the gorge: for a laree volume of water will be so
diverted from the falls as to greatly cheek the rvetreat. The
present time affords the last opportunity of making the mea
surement of Niagara falls in even their approximately natural

condition,

POSITION OF THE FALLS AT THE TIME OF FATHER HENNEPIN
ESTABLISIED,

Father Hennepin fiest saw Niagara falls in 16780 e men
tioned and illusteated o eross eascade (See Plate Xvin, Ap
[tvll-li\ 1), on the western side of the great eataract, withont
the separating roek appearing at the surface of  the water,
Could sneh a eondition have obtained, and if so, where 2 Aier
I had recorded a remmant of the lower margin of the river r
maining just north of Table Rock Honse, My, James Wilson,
who has rendered me invaluable aid thronghont this work,
called my attention to a depression sinee filled in north of Tabl
Rock Honse, hevond which no lateral falls conld have existed.
e had the profiles made In fore the changes in the Park.
While some of these features eonld still be found, the identi
fieation of the position of the falls is due jointly to his observa
tions and my own researches,

Near Table Rock Honse i< a <light elevation of six or seven
feet above the lowest marginal hed of the river shown in the

terrace

con Map i 1t is also well shown in the view, Plate
X, (on opposite page).  From the old profile it was found that
north of this ridge at Table Roek Honse the low lit]})ﬂui--l\.
already mentioned, begins to vise at a point 430 feet norvth of
that building.  About 250 feet hevond this a steeper old hank
is found from fifteen to twenty feet above the floor of Henne
pin channel. This point at 450 feet was the beginning of the
inner edge of the old channel, the conrse of which was nearly
parallel with the elay banks behind 3 consequently the present

brow of the gorge follows a line at a very acute angle to the
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course of the deserted channel.  That this channel did exist
there is proof in the map of Stegman, made in 1799 (Plate
v.). He shows a pond 400 feet long and nowhere more than
forty or fifty feet wide, connecting at its sonthern end with the
river, but blocked at its northern extremity. This depression
has a position identical with the drained one of later date. As
it is known that 100 feet of the Table Rock eliff have fallen
away since the time of Hall's survey, the channel just men
tioned should be projected somewhat farther as on the map.
Here then are the remains of » channel behind a low elevation
of rock which must have produced a eross fall when the great
cataract was passing this point. Thus the position of the falls
at the time of Hennepin in 1678 has been closely located.  Al-
lowing for the fallen shelves of Table Rock, and carrving the
erest line of the great falls outward in a eurve similar to that
of Hall's time, it erosses to the northern face of Goat island
shelf at the same distanee in front of the present falls as would
be found by extending them down the gorge 950 feet in aceord
ance with the measured rate of recession.

ITad there been no measurements for determining the rate
of recession, Hennepin’s eross-fall carefully worked out would
have furnished means for ascertaining the rate during the last
227 years (to 1905) carrying back the date 164 years before
that of Hall, when no other white man than Hennepin had left
a deseription of the * Moceasin falls’ of the Indians, of the
time of Champlain.

Then there was no Goat island shelf, but the Canadian falls
had the form of semi-cirele without the re-entrant curve
by which the sheet of water has been since lengthened to
2,050 feet in 1900, before the eurtailment of 415 feet by com-
mercial men. Accordingly the Canadian falls at this late
date were much grander than in the time of Hennepin, when
their diameter was only 1,200 feet, with a perimeter of 1,500
to 1,800 feet. The form was then a flattened curve with pro-
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hably a slight indentation corresponding to the deep sounding
at the angle of Goat island shelf.

The insular rise north of Table Rock Honse with the de-
pression bevond and behind the power-house may be seen in

Plate x.

) is reproduced from a drawing made in 1768,

NoTe 1L.—Plate 1lla (page
by Lt. Wm. Pierie, Royal Artillery. The illustration was kindly furnished by
Hon. Peter A, Porter, of Buffalo, N.Y. Next to that of Hennepin (1678%) shown
in Plate Xuirn, this is the oldest picture of the Falls of Niagara known to
me At first glance the pleture appears very much distorted, with Goat
island far too small and out of proportion. However, when taken along with
Kalm's deseription in 1750 (See Ap. 1), the picture becomes a valuable
record of the recession of the falls. It shows that the eastern limb of the
covered with water, reached nearly across the face of the island;

crescent
also that the same rocky shelf extended much further across the gorge than
now, and that the re-entrant angle of the falls was then relatively small

Tk 2.~Plate Vlila, page 33, id reduced to one-fifth of its full size, from
an engraving of a painting by John Van der Lyn, 1804, The engraving s
dedicated to the Society of Fine Artg of New York, The picture shows

Table Rock, since fallen, and also the greater breadth of Goat island shelf

than now. (By kindness of W. K. Vanderbilt, jr., Esq.)
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CHAPTER 1IV.

HEIGHT OF THE FALLS AND SLOPE OF NIAGARA RIVER.

Descent of the Upper rapids. cade  at outlet of Whirlpool, and
Height of the falls of Rapids at Foster flats
Descent of Whirlpool rapids, Cas Table of slope of Niagara river

DESCENT OF THE UPPER RAPIDS,

The descent of the river from Lake Erie to the rapids,
where a ridge extends aeross the river producing the First
caseade, is nearly fourteen feet.  From this determining bar
rier the Upper rapids deseend in different caseades fifty-five feet
to the present edge of the water, as now diverted on the Cana
dian side; but the descent of the rapids to the apex is eon
siderably less, as it is situated several hundred feet farther up
the side of the lately buried pre-glacial channel. This is an
additional eanse for the thinness of the sheet of water there,
The depth of water is greatest along that part of the erest ex
tending from the Canadian edge to the present apex. This is
due to the transverse gneient Falls-Chippawa trongh erossing

the direetion of the rapids, From Greens or First caseade

the l'n|'i~‘~ extend about 2,500 feet to the apex of the falls, but

the distance is much greater toward the western edge, owing

cataract,
THE HEIGHT OF THE FALLS,

The height of the falls on the Canadian side at ordinary

es is 158 feet, but on the side adjacent to Goat island it is

two feet more. These heights are to the level of the river at the

lm\\l‘l'llnllﬂ‘ a thousand feet to the north, where the river
17




it the foot of the falls so as t«

cdnee <lightly the height given It wonld be diffieult to deter

exactly, for at the end of the tunnel of the Eleetrieal

Development Company under the falls, some 600 feet from the

dee of the river, one sees the impetuons irresistible torrent

boilir nd ehurning the ever-chaneinge surface of the ter

v
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L
I . Pr 1 Cana fa
nd rtical \ \ R ria f
L. O we of Laks Ontar N. L., Niagara lir
ton N , Niagara shale ; C) L, Clinton Limestone
R. M., Red Medina e and sandstone 2. M.. Gy
\{ andston M Medina sha

At the apex the falls deseend 175 feet. 1is superior height
i= due to its being farther up the rising bed of the channel and

n the middle, both an

nearer its middle.  There iz then,
inereased height of the eataract and a greater volume of water,

which facilitate the recession here until retarded by its pro

truding ledges,




SLOPE OF NIAGARA RIVER 10

Below the foaming canldron, the surface of the

a streteh of comparatively smooth water, so that it is

for a mile and a half, to near Cantilever bridee, with a dese

of a foot and a haltf or less I have seen this

river, during the season of 1905, twelve feet above ordinary
tages, when the Canadian edge of the viver alw the f
risen three feet,

Furning now to the New Yor channel, ther {
in the upper part of the river similar to that deseribed aboy

the Canadian falls.  This is situated a little below the lie

innel. The descent of this Upper rapid is forty-five feet. The

\merican falls at its northern edge deseends 16575 feet, whils
ipon the margin, adjacent to Luna island, it is 169 feet. Luna
island produces a third but intermediate cataract of small size,

from which, before t

e the fina leap the waters hound fron

one ledge to another.

DESCENT OF WHIRLPOOL RAPIDS, OF CASCADE AT OUT] (

HIRLPOOL, AND OF RAPIDS AT FOSTER FLATS

Below the head of the Whirlpool vapids the river dese
one and a half feet 1o the Whirlpool, and again seven feet
wother smoother streteh above Foster flats, I'wenty feet

ore of violent x.||l'<{~

eduee the viver to the level as at the
foot of Foster flats, and sixteen feet more of descent to the

mouth of the These features are more fully shown in

e aceompanying table of the slope of the river, and also

the longitudinal seetion, figure 3,

I'he level of the river in the

gorge 15 constant changing,
mdd this differing at various points. It may vary from a fi
inches to two or three feet—these |-x|[-.|u..“~ ocenr irregularly,

irving from a fraction of a minute to a few minutes apart




Ena of gorge
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Longitudinal section of the gorge showing the slope

"ig. 1 distortion ten times. W
W. R., Whirlpool rapids ; L. O., level of Lake Ontaric

on of Whirlpool ;

|
f M

) € i " . o of river cutting plar na gray band just 5
above Whirlpool ; ., position of drowned falls or great rapids: N. L. Niag ' inton limestone s R. M., -
Red Medina shale and sandstone ; g M gray Medina band : M. s, Medina shale ; depth of river than above, Channels at

Whirlpool and Foster rapids obstructed with blocks

Adng




SLOPE OF NIAGARA RIVER ol

Tasre or sLore oF N1AGARA Riven

Lake Frie
At It

Colborne, 1860 1905 396 58
1%91 1)
1904 (Jun, Nov
At Cleveland, 1855 1905
1904 (Jan. Nov
Niagarn river
At Bridgeburg Low
High
INT1 180 Mean
Tonawanda, N.Y ., 1871 1805
Schloss P, N.Y Low
High
IRT1- 18005
Chippawa, 1904 (Jan. Nov.) 815
At Mean Lake lovel
Head of Rapids
Forebay Ontario Power Company, 1904 (Jan
Nov 8187
Rock floor at intake RITH

At elbow of loop behind Dufferin island
‘op Canadian falls, contral apex, opposite Monun
ment of Survey, T 6
idge of river opposite T, P, 6
Wdgge of fulls at Goat island
cof falls on Canadian side, ordinary stage

(new shore line) w8 248
g on Canadian side, very high water w73
ch Marks, Table-Rock House 113 260
f Upper rapids, Canadian side from
Ont, Co, forelay
River surface below falls at end of Electrical
Development tunnel S04 1004

River surface 1,000 fect farther down (Ontario

Power Company ) 1004
tiver surface Very high 112
Descent of Canadian falls, centre + 175
western side 158
eastern side 160
Top of Ameriean falls, northern si MeoH 266 5

southern side, at Luna
island an 265
Descent of Upper rapids, New York channel
from level of Ont. Co. forebay at western
end of Green caseade 50
Descent of American falls 1675
River surface at Cantilever bridge, head of

Whirlpool rapids 98 5
River surface under Grand Trunk Railway
bridgs 3 o 0
River surface eddy at foot of Whirlpool rapids
proper 301 LR
1 River surface at Whirlpool. 203 47
i Descent of Whirlpool rapids 515
s

* This datum appears too high

"




02 FALLS OF NIAGAKRA TN BT
FaBLe oF sLork oF Nacary River—Conlinued
\bove Lake
A\bove Sea, VNE Fall
It Ft Ft
Basit ween Whirlpool and Foster ta 80 10
Foot of Foster flats, in eddy iy 19
Cable crossing (Ontario Power Company o 10
Month of gorge 230 3
River at Queenston I 246 20 020
H 0Tl 17
INTH- 18 Meur 2 0
I Ont
At Toronto, 183 1905 24 K
1891 1905 2HH 07
Descent from Lake Erie to Lake Ontario (1891
1 N h
M £ 18011905 would !
I'he lake leve wre redueed from the mean monthly tables

in the Lake Survey reports, and unpublished records of Wel
land canal and Toronto harbour. The datum at Niagara falls,
the profile of the Niagara Falls Park and River railway,
the seetion at the Michigan Central Railway bridge, Mr. Jen

nings” measurement of the rvapids, levels determined by the

power companies, new levels econcerning  the falls taken by

mvself, wherein the first

their centre appears, and Mr. White's * Altitudes in Canada’

attempt at measuring the height of

for other points of the slope of the river, have furnished the
above information, which is the most precise obtainable. For
convenienee, unless otherwise specified, throughout this work
Lake Erie will be considered as 526 feet above Lake Ontario:

il Lake Ontario as 246 feet above the sea, as the elevation of

2145 feet applies only since 1890,
Attention should be ealled to the faet that the Canadian

| the falls has been artificially carried back about 417

feet. This should have -H:'ml_\ inereased the height, but as

the water was diverted 1o a deeper part of the channel the des

cent was not materially changed.




CHAPTER V

NEW SOUNDINGS IN THE GORGE OF NIANGARA RIVER

Former soundings in the river Soundings in the Whirlpool
Position of the new sounding Soundings below the Wi
gs under the Canadian
first attempted) Sounding ! Fo r fla 1
Soundings from the Canadian fall ! nsid rg
» near the Cantilever bridg Sounding river beyo 1
Sounding and boring it Car gory
r bridge Soundings above th Upper rapid
)1 rapid Depth of water on the Upper rapid
FORMER SOUNDINGS IN THE RIVER
Soundings of the depth of the rviver had been made e

navigation demanded.  Thus they were taken in the river from
Lake Erie to as near the rapids above the falls as the boats

dare go without risk. Soundings were also made in the river

below the wmouth of the gorge as far up as the landing stages of
Queenston and Lewiston,  Sinee before 1750 the carly tlers

of the country used small boats to eross the river below the line
of the American falls, as is done now by the Maid of the Mist

In this region soundings were also made by the United States

Lake Survey, and published in 1875, Another line of ne
ings was made at the Michigan Central Railway bridge in
1599, These have been published by My, P W, Curey® from
the data furnished by the engineers of the railwayv.  No other
soundings have ever been published.  The present data at the
bridge were kindly furnished me by My, 11 Thsen, bridge engi
neer, of the Michigan Central railway.

The enrrent at the Michigan Central bridge is very strong,

rendered the sounding of the depths a diffienlt nundertaking

* Trans. Can. Inst,, Toronto, vol p. 7,100
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It was, however, m'n'u]ll'rli hed by nsing weights of 600 ]mu||-i~

rin of a tad-pole,t supported on an axis, so as to

made in the
offer the least resistance to the enrrent, A large sized telegraph
wire was nsed.  Three ont of four of the sinkers were eventn
ally lost, The soundings conld not disclose the character of the
gorge, as heneath the hottom of the rviver, the channel was re
filled with fallen bloeks,

The statement was made that no other soundings had been
published, but it is said that a Mr. Nissen, in a boat ealled 7'
Fool-Killer, made soundings in the Whirlpool and elsewhere
which were not published.  Sonndings, however, taken in swift

enrrents by ordinary methods are very unreliable,

POSITION O] (MF R NEW SOUNDINGS,

In my ill\t\liﬂ.lli"ll\. the n|||<-~!iun arose as to what was
the character of the channel beneath the surface.  Withont a
L]lvl\\lnw‘gt' ~-|‘ I]H' »'I!:lll:il!: i-l‘.i'lll'l'~ ] \‘HHI'I not 'Il'llllllill"
what work the river had done at the various points.  No one
knew the depth of the river in front of the Amervican falls, or
at any point above in the diveetion of the Canadian falls, Al
guesses as to the depth beneath the Canadian falls proved most
erroncons, based as they were nupon deep soundings (previons
to my work), below the line of the American falls, two-thirds
of a mile away, which were taken to indicate the <]v[ll|| of the
river throughout its course, interrupted, however, by the
Whirlpool rapids.

The Whirlpool is situated along the course of an ancient
buried channel.  Its depth was a mystery., Just hevond the
outlet of the Whirlpool the channel is modern.  What had been
accomplished by the ancient stream, and what by the modern
river £ Here was another point where a knowledge of the depth
of the river was necessary,  Dorings at the Michigan Central

Railway bridge give proof as to the character of the old valley,

t See also Rept. of Chief of Engineers, U.S.A., pt. VIIL, 1900
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et

though more or less filled as hefore mentioned, and the sound
ings at the bridge supplicd information from which to draw eon
clusions as to the depth of the Whirlpool rapids,

Farther down the rviver below the Whirlpool are Foster
flats.  Here there had been great changes in the viver, The
soundings below the month of the Whirlpool wonld  show
what the falls had done after they had passed Foster flats, and
before reaching the Whirlpool gorge.  The rapids in the na
rows opposite Foster flats could only be regarded as a v petition
of the Whirlpool rapids on a modified  seale—occupying
channel partly refilled by the extraordinary mass of fallen
rock which ocenrs at this point. It was necessary to know the
character of the channel below the flats inside the goree and

near its end, as well as just bevond,

The soundings of 1905 bhronght 1o lig

it for the first time
the nature of the floor of the gorge, leaving us still ienorant of
the depth of the river under the Great Falls,  To make any
soundings here seemed at fivst impossible.  Captain Carter of
the Maid of the Mist and Mr. Wilson, with others, were ready
to assist.  Finally the soundings were suceesstully made in
September, 1906, completely changing prevailing views of the
I'I‘H“iun,

Other methods than those used elsewhere had 1o he adopted
for sounding under the falls. A buoy about 355 feet long
pointed below and loaded at the end with twenty-seven ponnds
of lead, (the whole weighing fifty pulm-Ll wias made.  About
six inches of it floated above the surface of the water, A rod
on top carried a red flag.  The lower end was covered with a
lead shoe to record the seratehes when bottom should be strnck.
Within this buoy were two Tanner-Blish sounding tubes doubly
proteeted from the jarring blows.  The buoy was taken out in
a tug from Fort Day through the kindness of Mr. Champagne,
and placed overboard hy my assistant, Mr. Walker.  Different

points chosen for sending off the buoy were determined by the
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distance from an anchored buoy, The course of the sounding
buoy was observed by others. Tt struek the rapids of the First
caseade at different trials in fifteen to twenty minutes, Another
fifteen to twenty minutes earvied it down the Upper rapids over
the falls and some distanee below, even as far as Carter cove,

where it was picked 1 by the steamer,

SOUNDINGS UNDER THE FALLS FIRST ATTEMPTED,

As shown on the large map and in a seetion (figure 5), the
depth of the viver is eighty-fonr feet at a point about a thon
sand feet from the falls,  This point is near the middle of the
gorge, with a deeper channel reaching to 192 feet nearer the
castern side. s the shelf was found for some distance down
the river it was thought to extend to the falls themselves, as
also the deeper iuner channel.  The opinion as to the shelf
was found to be correet, but not that as to the deeper channel.
Near the eentre of the apex, where the volume of water is
largest, soundings under the falls reached depths of sixty-nine
and seventy-two feet. From the markings on the lead <hoe of the
Imoy it was found that the sixty-nine foot sonnding struck hard
rock of a boulder or fallen block, while the seventy-two foot
sounding seraped on suel a surface as would be shown in strik
ing shales.  On the eastern edge of the apex the buoy struck
rock with such foree as to damage the end, showing that sound
ings conld not he made there, as the water was eheeked by
ledges breaking its descent. The width between the rock wall
mentioned and the point of the seventy-two foot sounding is
too narrow to permit of a deep channel corresponding to that
of 192 feet extending to the present site of the great channel.

The effective depth below the falls, being somewhat less than
that on the shelf (which has a general depth of S0 to 100 feet
extending as far as Carter cove) may be due to the boulders or

fallen blocks, or the floor may rise upwards as in the case of the

cove behind the Wilson ridge at Foster flats,  These variations

A
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of the depth have changed our idea of the mode of recession,

and of the history of the channel it=elf,

SOUNDINGS FROM THE CANADIAN FALLS TO NEAR CANTILEVER
BRIDGE.

The soundings in this section of the gorge were made from
the Maid of the Mist, and extended from a point in the foam
as near the eataraet as it was safe for the vessel to navigate,
for a distance of a mile and a half, to a point near the Canti
lever hridee above the \\'||i|'||um| I'zl]ii"\

The soundings on the chart show extremely variable depths.
This is due to a narrow and very 1]1'1']» channel }ll'lll‘[l':llillL' the
general floor, which tloor near the falls is from SO to 100 feet
below the surface, Still there are ]uinl\ on it where reefs
oceur much neaver the surface of the water.  An extensive
one is found opposite the Ameriean falls, where at extremely
low water great honlders may be seen near the surface.  The
current here is I':l[ii<|. and on acconunt of the danger in sailing
over rocks a detailed exploration was not undertaken.  On
my large chart or map this reef is shown to extend abount one-
third of the way across the river, but it is supposed to reach
farther than this distance from the Canadian side. Additional
information is thrown upon this ~l||l_il‘l‘| liA\' my assistant, Mr.
Clande E. Eldridge, in his sketeh map of the ice _ii!lll of March,
1906 (figure 4).  In this figure, a stranded ice mass is seen
about two-thivds away from the Canadian shore, nearly opposite
Luna island. It is at present supposed that the floor rises so
near the surface that at this point one of the great rock blocks
protrudes to hold the ice.  Indeed, near this point, 1 found a
'll'l"ll of nlll_\‘ ﬁfl_\‘ seven feet, and T have seen fallen blocks
in one case standing fifty feet high, where the mass was lving
on its edge.  This observation is of importance as showing
that the deep channel, which trenches the floor under the Goat

island shelf, is very narrow. .\ eross section from the Goat
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island shelf is shown in fieure 5

illustrated in fieure 6, which is a seet hetween Carter cove
and the shore bhelow Prospeet point.
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Fig. 5. Section fron House to the Goat Tsland shelf
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Fig. 6. Section from Carter cove to shore below Prospeet point




must exist on account of the 192-foot soundings above 1
beeanse the soundings in front of the American falls are deeper
than on the shelf bevond., Until the later soundings 1 regarded

the <helf <Hm~ih the \merican  falls, hlmm\'ihy rather

abruptly, as a site of a drowned falls with its floor trenched
upon the eastern side by a deeper channel.  Just below Carter
COVY( Plate xxxvir, g, ( iw.ll“'[’ xxxiv. ), the broad channel of
the river is very deep, without the occurrence of the shelf as i
shown in figure 7, a seetion at the | pper Areh bridge

— '
s T —-_—
Scale §— 199 190 A——
I . S he Uy \1

I'he diseovery of the reduced depth of the river under the
falls, ~|1n‘.‘|n; i effeetive excavating power, confirmed  the
idea that in this vieinity the height of the falls had been greater

but is now redueed by the backing iter in the goroe

SOUNDINGS AND BORINGS AT CANTILEVER BRIIN

\t the east pier of the bri , the Michigan Central railwa
bored with a diamond drill in 1899, to determine the eharaete
of the foundation. This is located in the npper end of the
Narrows of the gorge of the Whirlpool rapids, and for the

first time disclosed its character, showing a sueeession of elay,

md boulders, mostly limestone, extending to lepth of 185
feet below the surface of the river, which is here about ninety
seven feet above Lake Ontario See Chapter xi1., on Whir

pool Rapids seetion.)  Thus it is seen that deep channel in the
cks, extending from the falls through the ider portion of

the cafion, =till continnes at the same depth of about eighty
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seven feet below lake level into the Narrows of the Whirpool
I'upil|~. The first geol

al uses of this seetion were made by
Mr. . W, Currie, who published it in the * Transactions of
the Canadian Institute,”

Asmay be seen in eross-section, figure 8, this buried channel
is refilled so that the present greatest depth of the river is
cighty-six feet,

RM
£ ME =
P Channe/ o

refilled with blocks

olid shate

i ——
Scale @ 160 200 Q0 s

Fig. X Section of river at Cantilever Yridge

FHE WHIRLPOOL RAPIDS,

From this point on the velocity of the cnrrent becomes
greatly aceelerated, as between here and the Whirlpool the de
scent is over fifty-one feet. While the water shoots with a
smooth: surface under the railway  bridges, it soon  becomes
tempestuous in the l';l[iH-. .\ll_iili'l'lﬂ to them are some un
nsually large masses, one of which is 120 feet long, and more
than 60 feet wide, and 10 feet thick.  Such have fallen re
cently, as is shown hy the entive absence of an incipient eafion
where .\||IV|||'\ ereck tumbles over the soft roek on the vestern
side of the Narrows. Tt is with sneh bloeks that the bottom
of the chavnel is refilled, some rl-;u-hin: near the snrface, pro-
ducing boiling breakers.  No ordinary vock-mass could resist
these wild currents, hroken and inl«-rrnplwl by all manner of
secondary envrents, and sueeession of tossing billows rushing
down at the rate of from twenty to thirty miles an hour.  Even
this velocity s indeterminable on account of the constant

changes, and we know nothing about the under envrents. The

————r——

SR
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sounding lead might be lowered into the river from a eable, hut
there is every probability that it would be caught in some erevie
among the rocks No useful information would he derived
from ascertaining the actunal depth, as the borings at the Canti
lever bridge show that the channel in the roek formations had
been exeavated to its full depth, before the fallen bloeks had
obstrueted the passage of the viver. The maximum depth in
the rapids is very mueh less than cighty-six feet

In spite of their wild character some daring spirits have

navigated these rapids in bareels and  specially  constrneted
boats,  In one ease a boat was made with watertight compart
ments and a keel of ivon weighing 1,600 ponnd The na

gator was strapped into it inoa omanner that enabled him 1
release himself,  On one of his two vovages the boat npset i

spite of the heavy keel, when the man was under water for over

a minute, after which the boat righted itself and he es iped
On the other vovage his hoat shot nearer the Canadian banl
and did not upturn \ further illustration of the caprices of
the current occurred lately,  Five small, flat-bottomed hoats,
belonging to the Maid of the Mist, were ent loose at the landing
of that steamer by some misereant and turned adrify Al of
these went through the rapids into the Whirlpool where they

ere recovered.  One of them was upset, two more were filled
with water, while two others containing the oars went throngl
in an almost dry condition.  The fivst steamer, Maid of (h

Wist, shot these rapids nnder a full head of steam and eseaped

SOUNDINGS IN THE WHIRLIPOOL,

There has been much speenlation and interest as to the
depth of the Whirlpool.  Mr. Nissen made some sonndings in
it from his boat, but these are not known. e could not di
reetly eross its conrs For those who are not familiar with
the Whirlpool let it be said that the waters come into it, eross

its outlet, eirele round, and finally pass out almost entirely
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as under-cnrrents,  Thus any floating objeet carvied into i
may remain swirling vound for davs or even weeks.  Where
the upper eurrent comes in contact with the lower, ereat tim-
bers may be seen pitehing down endwise, being dreageed into
the lower current, but most of these soon come to the surface
again,  There is always mueh material in the Whirlpool eon
stantly floating round its course, advancing or vetreating from
the shore with the intermittent surging,

During the last season the quantity of logs was greatly in
creased by the removal of the temporary dams of the power
companies, who dislodged their timbers by dynamite, thus send
ing them into the river. These cansed the greatest diffienlty
in making the soundings.  While a boat eould sail round in the
safer waters it could not eross the centre of the pool, where the
currents meet, lest it be deawn endwise into the boiling vortices,

The surface of the Whirlpool is forty-seven feet ahove Lake
mra I“il”‘.l I

had made sections of the viver channel, of which the Whirlpool

Ontario. In my paper on the * Duration of Ni

is an arm, assuming the depth as substantially the same as the
deepest sonndings above,  From one of these sonndings T eon-
cluded that the river and \\’]Iil‘lpun] reached a llr]rlll of from
90 to 100 feet below the level of Lake Ontario, which wonld
indieate channel 136 to 146 feet deep. I have heard it esti-
mated at 300 feet, but the great current is an under-tow, so
that its depth was not determinable, except by measurement
with specially devised appliances,

My method of sounding here at the Whirlpool, as at other
peints, was by swinging a eable across a streteh of water of 1,150
feet. This distanee was n-u||~i~||-r;|l»|_\ inereased as it was neces
sary to carry the cable to a height of sixty or cighty feet above
the water in order to allow for enrvature, and to prevent its fall
ilIL’ into l||n~ wiater It'-l it be 1';111}_'||l lv.\ Ilw All'“.l‘lllﬂ \\nnll. Thi<

cable of seven strands is the same as that used on the naviga

tional sounding instruments of Commander Tanner. 1t is sup
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posed to stand a strain of 600 pounds, althongh at one time it

was subjected to a strain of 900 pounds without breaking. But

at different times it was broken. It was sn pended at the two

ends on movable drums, with a pulley wheel elamped to it
which was shifted to any desived point over the viver.  Throngh
this wheel a second eable was operated, having at one end the
sounding lead, and at the dram a recording meter. Dy thi
means the position, and by the use of hyvdrostatie tub tl

depth to which the sounding lead rveached conld be measured
I'wo * leads " were used, one of which was twelve and a half

'I“l\ wWere

ind the other thirty unds in weig

ad with a form offering least resistance possible,

were beaten about and hurl the rocks by the

s if struek with a sledge hammer.  The depths were acenrate
determined |~\ the Tanner-Blish tube of small bore, with rings
losely ound on the inside These tubes are twenty fonr
inches vith a rubber cap on their upper end.  With the
closed end above, one was pl d in a brass tube upon support
ng springs o as to relieve the jar, and thi 1 Was inserte
in the sounding leads, Protected from the eurrents these litth

ubes quietly recorded the .ilw'u of the water: for the pres
sure compressed the air into a smaller space, and the rising

ter wet the inside of the tube. So far as moistened, the

ind rings, which appear white when dry, hecome trans

parent and sharply mark the heig to which the water has

iscended. By measuring this on the proper seale the depth i
fathoms is immediately read off. In a very few eases the rough

ness of the current dashing the leads inst the rocks rendered

the readings not quite certain. In such cases the readings were
. |
rejected,
When the friction brake of the drum was released, the
eight was allowed to sink as |'.:|m1'\ as ssible in order to
reach  bottom along the shortest line, as otherwise the current

carried it down. In some cases this line when measured did




Geol. Sury

64 FALLS OF NIAGARA

not mate l'iJ”_\‘ X |‘|| !}lt' ¢|w]|!h |'1-wn|'|[¢‘|| ill llu- ganges, Some

times the lead was earvied far out of position, but in every case

S

i |
| |
s |+

|

[

’

|

|

the sudden striking of the bottom and releasing of tension on
the eable was il|~1.»|1l].\ felt at the drum, and the slack of the

wire began to uncoil. Accordingly there was no doubt when the




SOUNDINGS IN THE WHIRLPOOI (I

]"'||ll”| Wils ""1"‘\“". II] |‘\i‘ wan I 'l1.|‘[‘ i ‘ili‘ ol "‘Vl)l‘['ll:‘
between Thompson point, at the ontlet of the Whirlpool, and
the little gorge of Colt ravine, in diveetions ot right angles to
the axis of the Whirlpool, This line is on the edee of the Whirl
pool proper, where it joins the true viver.  (SNee the lare map
The seetion is illustrated in figure 9 (p. G4).

Nine sonndings were made along this line, hesides seattered
ones, Close nnder Thompson point a depth of seventyv-five feet
vas obtained, This inereased to 102 feet at a ]n-ihl abont H00
teot from shore,  On the western side of the Whirlpool there

1= a =he I subime |:v-l tooa e pth

fonly cighteen feet at a point
|

about 150 feet from the shore. Just bevond ther wdden

‘i..'.“m: to seventv-cight and eightv-seven feet In sonnding
nnder Thompson point the inward enrrents were oderately
strong, but at the point where the depth was 102 feet there was

a neutral zone, so that the soundine cable paid ont only thre

feet more than the hvdrostatic depth.  Detween this sonndine
md one of eightv-seven feet upon the other side a verv re
markable result was obtained. Lomg after the dram was ex

pected to have ceased uneoiling the weight and eable still con

tinned to ran ont, At the surface the enrrent did not greatly

detleet the eable, bur it v canght by an under eurrent whieh
carried it some 200 feet (hevond the point where it entered the
vater), into the channel of the viver proper—that is to say, in
the eonrse of the river as if there had been no Whirlpool,  The
vhole feature, however, is, cenerally -ln.ﬂ\inv_-, regarded as the
Whirlpool. Tt i< an imporiant distinetion in the study of the

mechanies of the river,

On aceonnt of the vortiees in the enrvrents, and the ditfienlty

of swinging the cable, it had seemed hmpracticable to determine

the 'l'|'”‘ at this !l-»illl. The enrrent favonred the sonnding
here, which reached a depth of 126 feet, indicating that the
channel was deeper than the Whirvlpool proper, and that the lead

had reached a point seventy-nine feet helow the level of Lake
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Ontari I'his is a depth of only cight to tifrteen feet ko tha
hat of the river above Whirlpool rapids, or that of the ret
Whirlpool rvapid channel rvevealed at Cantileve

the | had not been deawn into the deepest portion of the
channel
Putting all these things te " ippears for the tir

I
10 | une deptl 1 gored ( 1
Whirly ( | rapl Learning 1y
t nn he \Whirls I think 1ty ( | (
mding 1" ( er o " | fon hie | |

i 1 ( {i re in depth the It tld not |
1 | 1l I ched L ng agal
HUnerol i points, ¢ it struek o ragged edge of the

Medina shale, and not seraped bright by occasional heavy blows
- hard Himestone as had ocenrreed elsewhere; so that it is prob

ible that the pre-glacial channel does not exceed a depth of mor

han fifty feet bel lnke level, if =0 mmel

Before leaving the Whirlpool it may be said that the sus
pension eable was carvied round the pool in a boat, illn trated
in Plate x1. A Some additional sonndings were also taken,
eh are shown on the ehart, reaching from twentyv-tou

ot " "

SOUNDINGS BELOY I OoLTLET Ol iy WIHIRLIPOO]

Below the Whirlpool outlet i deseent of abont seven
feet, where the aters again become smoother before passing

n to the rapids at Foster tlats Irom a point on the Gorge Rail
av track 1 attempted to send a eable across the river in a
hoat, as shown in Plate x5, opposite this page \ttached at
one end to the boat the eable was paid out from the shore; the

hoat rveached the opposite side and was canght by an assistant,

landed the enrrent swept it down =0 that

bt bhefore it conld Iy










SOUNDINGS IN THE GORe G
| I '

the eable had to be ent in order 1o save the men, b o1
carvied past the vortex of a sma hirlpool 1o where there
mminent danger \ second attemp < made having

Iving in the boat to which the eable was attached <o

that it paid ont from hoth ends But the rope proved of no
whvantoge as it was rapidly earvied down the wer, i
mvsterions way some 700 or S00 feet of «

ind disappeared in the rive

Fhe viver at this point had probably never been eross

hefore It appeared for to emnt the « ne

\ ( York to the Canadim des bt sneh did I prove ‘
154 It is mueh better to navieate in the Pl ’ "

1= not to be carvied nointo the rap \ ;
time, on the initiative f 1 ol "
hier side from mie. the Sl ks g " | ¢

weross to the New Yo de where the nu iekly landed
nd the Fope e I LU o le ( 1 ‘ I
thereafter, on the enrra tightening 1t p.o1tost paed {
thread I'he river is 640 feer ide here, d aneludn

me of pu‘w; 1 gainst the side enrrent m i

just a minute and a halt to make the teip iling to get

he eable eross, i hetfore v fourth atten the (
who had learned the art of navigating these enrrents agreed
| ¢ the soundings from the hoat, m hich a thied mm
embarked I'he sonnding ere mande TREUR! ¢ of th

er, the men g as tar T i o " then returnn
for me to make the reading In this I sueeeed
taining eight sonndings in this section, and in erossing at last
the lead vas dropped in the middle and drageed < to gt
maximum depth, which was ninety-nine feet At this point

he river is thirtvanine to forty feet above Lake Ontario
that the deepest part of the river is sixty feet helow the level of

Lake Ontario I'hns the viver here is shallower than in the

win channe ¢ the month of the
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York side there is a <hallower shelf extending some distance

from shore,

Scale 100 200 300 oot

Fig. 10, Section of the river, quarter of mile helow Whirlpool outlet and
above Foster flats,

I st here pay tribute to the ‘il'il\l']'_\' and skill of James
Seott and AMlexander Leger in the navigation of this hitherto
unexplored  part of the river, for withont them it wonld
probably have still remained unknown. Fred. Seott was the

third man.

SOUNDINGS BELOW FOSTER FLATS, AND JUST INSIDE THE GORGE

It was necessary to ascertain the character of the river
below Fosier fiwts. The Ontario Power Company had sne
mwlt'll i|| ul'llilll_' H] i';ll>li' NCeTOSS llli‘ |'i\|'|' swiung l'l‘nlll llll' lu)l
of the gorge.  This was kindly placed at my disposal by M.
Banker Payue, the general manager.  Tlere the river has lost

much of its depth, being only sixty-three feet.  This is at a

level ten feet above the lake: thus making the soundings

Scale &

Fig. 11, Section of river below Foster flats and a mile and a-quarter
within gorge
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reach to the depth of about fifty-three feet below the surface of
Lake Ontavio.  We find the depth a little less here than in the
reach between Foster flats and the outlet of the Whirlpool. But
at this point, which is a mile and a quarter above the month
of the gorge, there is still a strong enrrent.

At a point abont a half mile within the gorge and opposite
the second bridge of the Gorge railway I made several sound
ings reaching to 138, 1HE and 150 feet vespeetively This
deeper channel is on the New York side of the viver. .\ quarter
of a mile above this place one or two soundings were taken
to o depth of 120 feet, while a few hundred yvards above an
other one gave sixty-nine feet, thongh complete seetions aeross
the river were not undertaken. At these points the river can
not be more than three or fonr feet above Lake Ontario, and
accordingly the channel here is very much deeper than in the

upper part of the river.,

Scale § 190 . 290 200 soe0

Fig. 12, Section across the river, a quarter of mile within the end of gorge

SOUNDINGS IN THE RIVER BEYOND THE END OF THE GORGE.

At the mouth of the gorge, three soundings, less than 200
feet apart, were made from the Suspension hridge. The decpest
of these was ninety-nine feet, At the time they were taken |
did not suspeet a deep channel both above and below the bridge.
It is ]-4-»~i|v||' that intermediate sonundings mav show a con
tinuation of the unfilled channel of 150 feet in depth. A third
of a mile below the end of the gorge, at a point nearly opposite

the Queenston doek the floor in the middle of the river
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reached  ninety  feet,  but passing  toward the New  York
~i'l~. a narrow gorge was  found which had a greal -|-‘|l‘|1.
Here a considerable number of leads were enst, re aching to

120, 135, 150 171 and even 1

b ofeet, showing a remarkable

chasm.  The discovery of this channel was due to the suggestion
of my boatman, James [Tumphries, who could not find hottom

when fishing.  The Lake Survey soundings below here reached

only to a depth of ninety-six feet.  This is at a level twa
to three feet above Lake Ontario.  The eurrent here runs at
the rate of fonr or five miles an hour, so that it is difienlt to
hold a small boat in on position,

This drowned gorge is narrow, perhaps not over 200 or 300
feet in width. It has also precipitons walls, not merely shown
by the rapid change of de pth, bt on pulling up the sonnding
lead on the western side, the upper part was bhent over the
inner tube in oa mner to indieate a blow whieh it conld only
have received in being drawn up against an overhanging ledge

Again on sonnding neaver the eastern side the lead was allowed

to drag in order to ascertain the maximmm depth.  In hringing

it up the weight eanght <o that it had to he again rveleased by
the men rowing  backward Mere, at a third of a mile
hevond the !y.,n,,l of the great Niagara goree, is a submerged
cafion trenching the onter channel.  Combining the evidenee
|n|: \\il\» that insid the sorge l ]l:c\.‘ discovered what is now
a drowned falls or vapid, formed when the lake level was 180
feet or more lower than now.  This was an entively nnsnspected
feature in the physies of the viver (See figure 3, page 50), and
was formed while the Niagara was small, ¢lse the inner channel
would have been very mueh hroader,

A dittle farther down, opposite Lewiston, the river shows

a depth nowhere exceeding ninetv-six feet, and below this point

it is silted up so that the old channel is entirely obscured,
with the modern rviver varying from twenty to sixty feet,  In

Lake Ontario, bevond the month of the river, the evidence of

od
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that the waters of Lake Ontario were ever lower than ninety
<ix feet, after the hivth of Niagava viver, and it is even possible

that it way now he partly vefilled.

SOUNDINGS ABOV) UPPPER RAPIDS,

The soundings in the river above the falls were made |

\
the United States

ke Survev, and along a  line between
Chippawa and Grasse island the mean depths ave vedneed 1o

<ixteen feet, \toa point helow this seetion one sounding reached

wenty-two feet,  Sonthward the viver inereases to twenty feet

in depth, and near the northern end of Grand island it is thirty
three feet Fhe depth of the upper viver is extremely variable
At the International i-l!‘l:._ about two mile helow |.w|v | re,

it reaches fiftv-three feet, which i< mueh below the roek barrier

at the head of the vapids above Niagara falls. Xt a mile and
a quarter above the bridge it is only

feet,

eventeen to twentv-fonr

DEPTH OF THE WATER ON THE UPPER RAPIDS,

I'his is determined by he ledge of rocks producing the
Greens or Fivst easead IFrom the

for

Goat island shelf ontward,

a distanee of 400 feet or more to the channel separati

the outermost Sister island, the depth  of  water at present

ordinary stages mav be taken at an average of only one foot,

as shown in Plates xinoa and w, page 7T, Nee also Plates
sxxtooa and nw).  Above the outermost Sister island and
hevond, where there is a fall of six or seven feet, Plate xxxi1.

iy the depth is between two and three feet and remains so
for an unmeasured  distance of perhaps 400 feet, hevond
which the erest <shows a roeky ridee with the

1

condition may then extend more than half way across the river,

water agam r
dueed so that at times the led

appears almost have,  This

hevond which to the Canadian shore the river is moeh deeper,

reaching perhaps in places to twelve or even fifteen feet, as; i
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Prare

w of Bed of River at Electrical Development Company’s Forebay when water

limestone, leaving separated masses still in place

of deep erevice opened in bedrock by the river currents at

ff.  The joints in the bed rock opened by solution of the

Prare X111

Electrical Development Company’s Forehay
=




CHAPTER VI,
ROCK STRUCTURE AFFECTING THE RECESSION O}
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these rapids above the falls have not been produced hy  the
Niagara viver, but arve a sloping surface dating back to pre
glacial times, T have discovered that the rocky floor of the
rapids was formerly the site of a broad shallow pre-glacial
valley, now reopened and forming the floor of Queen Vietoria
Park on the Canadian side, but still buried at Goat island on
the New York side.  For the canse of this Falls-basin, filled

'Ilt'l |||‘i|]ll'r] over \\il'l 'I!'i“ ‘l"'"'*il‘. st I|l'l'|| '.“l‘ IHJIIIV\' '\'

was made: hut not until my recent investigations was it re
warded by the discovery that this basing bounded on one side
by the rocks heneath the vapids, conneets with the huried valley
extending sonthwestward avound the rapids towards Chippawa
village,

The rock ledee which determines the hieight of the rviver is
almost horizontal on account of erossing the strike of the beds
at a vieht angle. 1t is this stroeture which gives sneh uniform
depth to the vim of the upper basin as shown in Plates xii.
and xxxr A and .

The vim at the First easeade is a conspicuons feature from
the head of Goat isiand to a point above Dufferin islands, vet
upon approaching the western side it is redueed in height sev
eral feet as the l'w'l\‘\‘ floor passes under the drift A|l‘|-l--il~ near
the islands, |l|'l<-t'~|. had the drift I'i~|:~- which formed the

hanks of the original Niag

ra rviver here been a little lower, the
conrse of the channel wonld have been diverted half a mile or
so to the west where the bed roek is lower than at Greens eas
cade. This change wonld have eansed a veopening of the huried
valley, with the lowering of Lake Erie and the formation of a
caseade at its outlet,  Then the rapids above the falls would not

have been formed.

EFFECT OF FALLS-CHIPPAWA VALLEY UPON THE UPPER RAPIDS,

This Falls-Chippawa valley just referved to has left its im

|-|‘n-~i--|| npon the l':l|li«l~. l.l"ll\ill:: lll'\\ll npon them 'vl"'lll the
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hills above, as shown in Plate xiv. (on page 82), one sees the
smoother waters in front of the Canadian-N iagara Company's
plant, and below the rapids at the Eleetrical Development
Company's works,  These waters ocenpy a transverse channel
trending from the widest part of the Park obliquely to near
the head of the present apex of the falls. The waters rushing
down the river arve diverted at this eross channel toward the
Goat island shelf, thus piling up the greatest volume of water

to accelerate the formation of the apex in advanee of the reced

ing falls,  Still, as seen by the slope of the river, the inereased
height at the apex shows that the falls, which hitherto had
been reeeding in the bed of the Falls-Chippawa valley, are now
erossing the side of it,

This faet doubtless aceounts for mneh of the recent reduced
rate of recession, and partly for the faet that the apex has
searcely advanced in twenty years.

The greatest foree of the falls has been expended along a
line elose to the present edge of the Goat island shelf, as is
shown by the deep ehannel of 192 feet, which I found off Goat
island, while the middle of the river below the falls is only
cightyv-four feet decp. The fall of rock which ocenrred in
November, on the eastern side of the apex, cansed a widening

of the channel, a feature which is still continning,  After the

survey of 1542 there was a great hroade |1in: of the gorge under

the western part of the falls,
MODE OF RECESSION OF THE FALLS IN THE ROCK FORMATIONS,

In the near future mueh encroachment should e expected

upon the upper part of the Goat island shelf from the un

dermining action of the main eurrent of the river. On the
other hand, the end of the shelf, being |-l'nll-<'h-.[ by great talus
blocks, with but little water falling over it, mav remain a per

manent feature.

The removal of the heavy blocks of rock immediately under
6
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feet below the terrace mentioned (see figure 5, page 58), just
ontside the lmit of the foaming waters near the Goat island
shelf. At this point some of the officers of the ship had ex

peeted to find a shoal, as indeed T did myself,

DEPTI OF FHE EXCAVATING POWER OF THE PRESENT FALLS,

In the erest line, at the time of Prof, Hall's survey, no
snggestion of sueh a feature as this deep lateral channel
appears. At fiest the Veshaped indentation of the evest ling
represented in 1819 was regarded as having some velationship
with the deep channei of 192 feet.  But the recent soundings
under the falls, reaching to no more than seventy-two feet, show
this not to have been the ease.  ere are unquestionably great
fallen blocks, but the enrrents wonld earry the buoy off the
higher points as indicated by the seratehes on the lead.  As the
depth is only twelve to fifteen feet less than in the viver farther
down, this comparative shallowness seems to be dne to the acen
mulation of roek, or to the rise of the river Hoor s ocenrs on the
late viver bed now exposed near the head of the eove bhehind
Wilson terrace at Foster flats, on which floor at the end of the
cove are great bloeks of fallen rocks.  In either case it now
seeti= that the reeession hy underentting is vetarded by the talus
slopes of great blocks: but it is aceomplished by the sand and
staller stones in the churning eauldrvon, grinding off the faces
of the softer shales, thus deepening the hed of the viver behind
and beneath the masses of fallen vock. At this depth the rock
formation (fignre 2, page 4%) is composed of ved Medina shale
and mottled sandstone.  There may be acenmulations of twenty
to thivty feet of fallen masses, among which erosion is oceurring
to possibly the limit of the heavy band of Medina gray sand
stone: so that the excavating power of the falls may not he
limited to cighty feet, but may reach 100 feet beneath the sur
face of the water,

The present rednction of the execavating power of the falls




i
is in part dune to the changing direction of the gorge, leaving
the course of the pre-glacial channel and turning at rvight angles
to it Ihis feature is contined to the recession of the  last
1,000 feet, since Hennepin tirst saw the fall Dut it does not
account for the very deep channel vhich demands a lower level
of the river, tiftv foet of which is dammed by the recent rise
of water at Whirlpool rapids Here then arises the question,
are the Whirlpool rapids so recent 2 This will be auswered







CHAPTER VIIL

ROCK STRUCTURE IN THE GORGIE

i
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\agara formation th UL ! f tones o (
I believe that the first differential measurements for the pm
pose of determining the effect of the strata upon the rec
the fa were made by mvselt and appenr 1 )
on of Niagara Falls” published in 18947 hut the e
ent Ve ere partly - barometri nd
enrate for the greater detail of the present w % hich
based upon instrumental determinations.d
I'he measurements of the different voek  formatio i

ken from various points so as to bring out the eharaeteristic

f the beds, as to their thickness, and their dip or slope, whicl

have an effect upon the recess of the fall 'hese data ar
plainly expressed in the following table, which dso the
basis for showing the rock formations in the varion oot

Fhev also serve for determining the divection and amonunt of

ip of the different strata thronghout the conrse of the Niagara

re
* Amer Vol. XLVIIL, page 457, 1804

The ons were made by levelling vario ) !

L survey and by triangulation of certain essibl trata in the gorg

Mr. George A. Rucker, and by measurements of different power com
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Tasres or Erevarioss or Strara v Niacaray Gonar,

5 ] 1

o 4 3

w = w
- » ‘
£ = ES

g
3 -
Above Lake Ontario o =
< -
=
Surface of ground (adjacent ) S i Jo S0 MO 38 B2

Surface  Niagara
near or at edge

Top of Niagara <hale

312+ 10)

(264)

Top Clinton thick band of

Hnestone 200 105
Top Clinton shale (18 (76) (176)
Top Medina sevies (%) (700 (168
Top Medina gray band sand

stone 135« 6) 71 T0 63 (63
o gray band and tog

Mudina red shale (120, 1 " O ()

Above Lake Ontario

tunnel

Surfuee of ground fadjacent) Kre ) 3
Surface of roek (adjucent) 74

Surface  Niag limestone

near edge of cafion o0
Top Niagara shale . 10 160 178 1654
Top Clinton thick band line

stone . 126 116 [ (00) 118 102
Top Clinton shale 105 i
. ledina series " W

Tina gray band sand

Base of gray band and top of
shales (—0) (—15)

Top of Clinton thick band at Portal of Niagara Falls Power Company
145 feet above Lake Ontario,

Figures in parentheses are interpolated; others observed

From the mouth of gorge to Whirlpool and to Grand Trunk Railway
bridge dip is 1 In 200, South 60° west,

Between Ontario wer Company’s shaft (near their power house). Intake
of New York Niagara Company. and Electrical Development Company's pit
the dip Is 1 in 160, South 25° east.

Between Ontario Power Company’s power house, the north end Cana-
dlan Niagara Company's pit and the south end Electrical Development Com-
pany's pit, the dip 1s 1 in 110, South 25° west

LA
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OF STRATA
From the information given in the table 0\ | n
in figured dions, it ean be determined that the aver 5
I of the strata from the mouth of the gorge to the railwav bridge
{ above, has a diveeti f south 60 t, m
1 »lmu‘u‘i or n fwent fi e mile { e o
eting th mmformation 1 the dip ¢
had been observed that the Tx ere disturbed at 11 |
1 h istance above the rail | N b
I m page 117 Indead this pon cri il o
i | of the fal | cen | 1 |
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Ivom the ol ry detai i LR
nee of the lede the First cas ¢ ndin (
i<land the Canadian shore It ha tas binsy
| 1
2 ntal surtace, except here bhroken near tl estel nel
by the beginning of the ancient vall ng under the
wljacent drift hills,  This «
hallow river of uniform depth
easeade and is in reality the rim
i wrers arn !l.|~~m:--u'
EFFECTS OF DIPPING STRATA ON THE RIVE]
From Niagara falls in a streteh of v more than
iles to the ratlway bridees the steata rise sixty fi ih
¥ variations in the ~|i;v of the beds owing to the change of diree

mn

of the

]

From the railway bridge

v the

Whirlpoo

1
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the heds ave horizontal so far as one sees, but in reality they

dip slightly erosswise of the river, tending to throw the deeper
waters on the Canadian side.  After passing this mile of dis
tance the rviver turns at right angles at the mouth of the \Whirl
pool, and obliguely erosses the sloping heds, Below this, the
gorge extends for a mile and a half to Devils Hole, in which
distanee the beds rise thivty-five feet.  Tlere the eaiion turns
at a sharp angle and extends in a diveet line to its month two
miles below.  Along this portion of the gorge the strata rise
forty feet more, but at its monuth they ocenr abont eight feet
higher on the eastern side than on the western side.

The character of the rocks has, in a general wav, been
deseribed when eonsidering the formations beneath the falls,
There is a remarkable regularity in the thickness and character
of the different formations, exeept that the npper limestone
v of the

Smountain,”  On the other hand, where the upper limestone

grows thinner on passing northward towards the e

should have been thickest, its surface has been deeply denuded,
forming ancient valleys, buried by dvift where this has not
heen removedd,

These valleys have had more to do with modifving the rate
of recession of the falls than the variable thickness of the lime
stone.  Beneath the capping bed of Niagara limestone therve
appears to be no reason for the rate of recession of the falls
being modified by the changing chavacter of the underlving beds<
themselves. On proceeding downward, the lower strata, in the
cafion rvise, besides which the slope of the viver descends, Con
scquently, the effeet upon the falls of the varvions havder or
softer beds is determinable at any point, and really depends
upon the height of the falls at any partieular place, while the
volume of water romains constant,

At the present time all of the Niagara and Clinton forma
tion have been penetrated.  FEven beneath the falls themselves

the hard bed of Clinton limestone, having a thickness of cight
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ondary falls there is ample proof in the Wilson terrace and
Smeaton ravine, features of <o mueh Huportance that they will

¢ considerad in separate chapters,

The large tereaee of Foster flats is a remnant of the old
river bottorn underlaid by the Medina sandstone, from which

farther down the gorge the thivd eataraet deseended.

CAPPING STRATA O} NIAGARA LIMESTONE,

IBREGULARITIES O

The eapping band of Niagara limestone at the outlet of the
canion 15 redueed to a few feet in thickness, althongh the
formation attains 110 feet or more at the head of the rapids

wove the falls,  As stated before, this thickness is greatly re

dueed in the trough adjacent to the falls in Queen Vietoria

e and at Goat island on the other, This Falls

Park on one
Chippawa trongh was cut to a depth of sixty or eighty feet into
the rock surface of the country, while in the vieinity of Hub
1-114! point the .\i.l‘_‘,ll"! ||mr»luln~ attain lln'il' greatest -]w\:l
tion, forming Lyell ridge transverse to the eonrs of the river,

above the

to a he \:W ol Trom sIxXty to one hundred and ten feet a
trongh mentioned,  Although the ridge is high, the eafion
has dissected it.  Add to this irregular snrface feature the

buried Whirlpool-St. David valley, ther might be found eanses
for great variation in the recession of the falls dne to topo
graphie features,  Below the Whirlpool and also near the end
of the eafion other transverse rocky ridees, of no considerable
height, have to be erossed,

From what has been observed there is little in the structure
of the rocks which would give rise to great variation in the
recession of the falls during any period of constant height or
moderately uniform discharge in the volume of the river. The
inferior height of the falls at the mouth of the gorge should
compensate for the effeets of thinner hard capping rocks.  The
variations in the recession of Niagara, when considering the

question as a whole, are depe ndent upon the changing volume
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md deseent of the river, and upon the erossing of higher rock,

or buried \.||].‘\»_ due to the aneient \'H‘l“:l‘llvhl of the region

The rock structure. as old geological formations, n

reviewed as a separate subject apart from it< effeet upon

Niagara river. Knowing the general character of the forma

ons in relation to the goree, the next step 18 to se hat
ork has been done by the river at different points regardies

of the eanses
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here only twelve feet thick, inereasing to twenty or thirty feet
immediately bevond the edge of the chasm), and sloping to the
water's edge. At this point there ave little ravines in the upper
heds on cach side, bat these do not Pitss bevond the stage of
:H'Ml-

At about 7,000 feet from its mouth the eable of the Ontario
Power Company erosses the river.  Here the eanon is 1,145

feet wide, while the river has a breadth of only 480 feet, The

sof the gorge is 318 feet above Lake Ontario,

ground at the ¢
while the depth of the river is sixty-three feet, or fifty-three

feet below lake level,  This fi reach of the Niagara ecanion

extends above Niagara University in a nearly dirveet line for

a distance of 9,000 feet from the mouth of the govge (-1 m

map), having a sonthward conrse Here it hends harply west

SMEATON RAVINIG

I'he ocenrrence of this eurions feature for a t1ne
cemed inexplicable, but it eventually proved be a record
e intermediate aap in the earlier history of the Falls of

il It s situated 4,000 feet above the month of the gorg

and s e eati feet long and 150 fee ide, bounded
by the perpendieular walls of Ni v limestones, over the

hales, whieh in the ']"l" r opart of the ravine arve covered by
alus, sloping downward to the band of Clinton limestone,

the depth of about 90 feet e low the surface of the country

I'his band of lmestone, however, has itself heen ineised for a
distanee of tifty feet within the hrow of the gorge, but being at

lower level it s actually trenche

for a length of 200 f

From the Clinton band i< now a little fall of thirtyv-five fo
with rapids below to fifty feet, or to a level of 175 feet above
the lake

At one time Smeaton ravine must have been supplied by

stream of nearly fifty feet in width,  To-day there is onlv m
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i FOSTER REACH h

voud the hene

Reach number 2 (11 I

From the point I

on map ), ¢

I
A

EVILS HOLY
I of the river

stends to the outlet of the

\\I\Evi;uu? a farther distanee of 8,500 feet, or 9,400 feet to the

centre of the Whirlpool gorge.  The

in an obligue direetion the line mentic

Whirlpoo

expands so that

med would «

thonsand feet in length to the opposite edge of the Thi
wldition, however, cannot he made to the medial of 1l
canon

Fhis second Reach is perliaps the most important of an
treteh along the conrse of the Niagara river, and at the sanme
time is the most eomple The original Niagara river, ontside
f the gorge, has heen ieveved by mvself  throughout this
region It widened ont into a small lake along the npper part
of Reach number 1 R e map as hins been deseribed
when treating of the Smeaton ravine "~ the in th
ceond Reach broadens 1o even 1.7350 fod ineloses Foste
Ia but this is independen f the outer 1 \
Non f the changes in the phvsies of river were deserilu
in g paper published in 189

Devils Tlole, which i< a eave some five by seven feet at it
outlet, in base of Niagara lhmestone, opens into a strong
earved lateral eation, but smaller than Smeaton ravine

Foster flats is 3,600 feet long, the lower end beginning at

» 300 feet above the end of Reach num

a remarkable Tittle bay
The river is reduced to a breadth of
vart of Foster rapids, although it h
mediately above,

At Foster flats there is a remnant «

formed the floor of the river. 1

heve there was a cataract from the (
haveging it is Wintergreen flat, a
** Duration of Niagara Falls,' Am. Jour §

called ( ripson or

280 feet at the

ber 1. At its upper end i
Isddy.

narrowest

Fisherman

as idth of 900 feet

which

re is also Wilson terrace,

o terrace proper
linton lhmestone Over

mnant. of the old flom

Vol. XLVIIL, p. 464, 1594

mentrond '!.

stend another
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fect higher than below the Hats (see tigures 15 and 28). Owing
to the veloeity of the eurrent among these boulders the depth of

the vapids is immaterial, as it has no bearing on the exeavation

of this part of the canon. Above Foster flats the elliptical form

of the gorge contracts to one of uniform breadth of abont 1

I‘w-l. '”n seetion of the canon, between here .|nn| the \\'||il'1
pool, is given in fignre 16,
WHIRLPOOL-RAPIDS REACIL

The old river banks are shown at the mouth of the Whirl
pool. These, however, eome under the study of those of the
orviginal river channel. At the month of the Whirlpool, the
gorge is 900 feet in width, and here the viver is only 460
feet wide,  The Whirlpool gorge is widened out to the maxi

mum breadth of 1,750 feet, while that of the cauldron at the

water's edge is 1,150 feet across,  The basin is an extension of
a thousand feet to what would be the natural river conrse, now
forming an eddy or tributary to the viver proper, appearing as
if it had been the old ehannel of the river itself

The head of the Whirlpool is bhounded by hanks of elav,
sand and gravel to a height of nearly 300 feet above its surface.

(Nee Plate X1 a on page 67.) .\ eross seetion is shown in

17, Section across gorge at Whirlpool, between Thompson point

wnd Colt ravine,  Broken lins shows river botton outside this line
figure 17, where the maximum depth of the Whirlpool is 102
feet, but in the river just ontside 126 feet, were found without
the ereatest ~|n»|n|h of the rviver being measured (p. 64). This

shows o depth of seventy-nine feet helow lake level, or twenty

feet more than that of the viver hetween the Whirlpool outlet and
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of cighty-six feet and a huried chiannel extends to 185 feet helow
< surface.  (Nee figure 21, Chapter xin®) Above the surfac

of the water the wall of the gorge rises 208 or 210 feet,  Along

this reach, while the gorge is reduced to sueh a narrow pro
) portion, the old banks are strongly marked and show that
" the river had a breadth of 1,500 feet before the waters were

concentrated within the narvow chasin. This feature proves
that the constricted gorge was not entively due to the <hrink
age of the viver at this point. These matters will be disensed

when considering the channel of the Whirlpool rapids,

FHE FALLS REACHL,

Above the railway bridges is another bend in the conrse of
the gorge where it turns 10 westward, and extends thene
in o direet conrse to the erest of the Canadian talls. It sud

denly widens ont from the end of Reach 3 (here S100 feet

broad) to an average breadth of 1,300 feet.  This width is,
however, varied slightly, being vedueed to 1,200 feet at b
bavd point, and inereased somewhat opposite the Ameriean
falls, as would he l\]u‘vl«-l], Above the Ameriean falls it is
again redueed so that the gorge has a bhreadth of 1,200 feet
between Goat island and the western walls below the line of the
Canadian falls,  This i< Reach Noo 4 (above v. on map).,
and has a length of 12,000 feet, but it bends towards the apex

. so that the l H:!]l may he ~|iu||l]_\ mereased, 'l.llll- the [t'lt:!h
of the eafion is about 36,600 feet from the Queenston Suspen
sion bridge or about 36,200 feet from the brow of the esearp
ment,

After passing the end of Reach 3 the sudden widening of
the gorge indicates a marked change in the history of the i
falls,  Besides the uniform breadth the greatest de pth to near :
their site is constant, This suggests that there was no material

variation in the effeetive height of the falls in this portion of

* See Chapter XIL on Whirlpool rapids, showing section of boring

A
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The last eross section of the corge (figure 20), is one from
Goat island, over the Goat island shelf, and extends to near
Table Rock. This shows the tereaced viver bottom with the
decp channel, near the castern side of the gorge,  (Nee also

longitudinal scetion, figure 3, page 50.)

Table Rock

T

gorge from Table Rock House t . Island
f, showing submerged terrace and deep channel ; also, rock floor of Falls
Chippawa basin at Table Rock Hous

Fig. 20, Section

This deep channel opens out into the wider one below the

\meriea

v falls and Carter cove, after passing the upper sub
merged terrace.  The height of the rock wall here is about 160
feet above the river, while it is nearly 220 feet at Habbard
point, and the roek surface on Lyell vidge a short distanee back

from the chasm rises to 270 feet,




CHAPTER IX

ORIGINAL BANKS AND BED OF NIAGARA RIVER

Outlet of Lake Erie and the Upper From Smeato nd o
reach of Niagara river Afor
Cafor each above a b h Fron \ KOTR Wk
Whirlpool 0
OUTLET OF LAKE ERILE NDUPPER REACH OF RIVER
the falls has changed very

The character of the

little since the

Although this is the ease the river t such as (
I"!Wlf!'-llx'iu features of the under it s It is
found that its depth rveaches fifty-three feet, at a i
miles helow the outlet of Lake Erie Ihis de I
from =eventeen tot ntv-four fe hrongh a ridge of Cornifi
ms limestone, which rises sixty foe tl ¢ ¢ rIve
half a mile away from its present 1 hi
ward the rocky rim on the norther e of Lake Eri e
much lower I'he Corniferons ride h Wen dssed lon
cfore the birth of the 1 ! 1= fur n beneath the
International hridge her ( he It pon (
ited surface at the ‘“i“ of torty (R (21 | river hi
int is 1,850 feet across, bu L recent stag
velve feet higher, it was nearl ¢ that hreadth hiowt
the e raised flats at the town of Forr Eric I'his terrace
elongs to the history of the rive hen the str 15 first
nrsing a the 1 ng « nt \ 1 defined banl
] ling the estuari il leav o sp I t
1" y-u'\' t abont 340 feet above Lake Ountar
109
]
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From Fort Evie (12,000 feet from the lake), the distance to
the rimn above the Upper rapids along the western channel is
seventeen miles, while along the eastern channel it is somewhat
farther.  1ts breadth vavies from 2,000 to 3,000 feet, and while
its depth is rendered irregular by bars, the soundings show it
to be thivty-three feet or more at points thronghout the sonth

t s reduced to some twenty

ern half of its course, althongh
feet among the bars which eross the river at the mouth of the
Chippawa eveck.  The country is a low plain, much of it
V'i~in'_- no more than from ten to “"'“’f feet above the lake
Indecd, if the surface of the river did not deseend to nearly
fonrteen feet helow lake level, at the head of the Upper rapids,
it would turn the erecks at Chippawa and Tonawanda, with
their tributarvies and other low I!l;ll"“. into extensive estnaries,
This low country is slightly modified at a point from two to
three miles south of the Upper rapids wher the land rises
nearly fifty feet above it, or forty feet above the lake. Simi
larly elevated ground appears on Grand island,

I'here mnst have been a slight depression in this ridge, Tike
that in the Corniferons belt near Lake Erie, else the waters
would have been diverted to a more western eonrse Below
(n |“" -||I‘| \.1‘\\ i‘I.I“‘]‘ l‘ll two arms "I. Y‘l‘ ri\' runite, .”\']
although it somewhat widens it is again redueed just below
‘||\)l,m\'ﬁl A ereater breadth formerly obtained when the
waters passed over the projeeting tlat point now forming the site

ol \iJ:JI'.l |||‘~ N\oew \wl‘],.

The rocky barrvier obstrueting the upper Niagara basin is

shown by the line of Greens or First caseade of the Upper

rapids, (see Plate x5, on page ) Ihe now uneovered

rock floor COMPOSC d of Ni:

gara limestone, as seen at the upper
end of Goat island, is 313 feet above Lake Ontario, while at
the lower end of the island the underlying rock surface is only
265 feet. The tloor of the river at the Ontario ( nvu]mh\.- m

take, in front of Dufferin islands, is at 306 feet. Where the




er sends a branch round Dufferi

100
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This view is represented in the panorama on Plate xny
(on page S1). In it is also seen the eastern bank of the Falls
Chippawa valley, whieh has heen uneovered by the rapids eross
ing it.  The smoother water shows the deepest part of the pre
glacial channel, The apex of the falls is now entting back and
across the old bank, and this tends to reduce the recession of
Niagara falls as mentioned on page 11, 8o long ago as 1841
Niv Charles Lyell attreibuted the rapids to ancient topography
buried beneath the drift,

The modern Niagara rviver, after establishing its conrse
along the Upper rveach, swung round over the buried valley,
whenee its general course was determined by the low surface
e [\l'l‘**‘lﬂll‘. il'l'c‘~[urli\r of the materials which formed its bed.
So long as its lower extension was blocked I;.\ a rocky barrier
the buried valley produced no effect upon the features of the
river.  The floor of its margin had a level now represented by an
clevation of 316 above the lake, as may be seen adjacent to
the intake of the Niagara Power ( ompany at Niacara Falls,
but the surface of Lake Erie is now fonrteen feet higher than
Greens or First Caseade,

This old terrace floor passes round an island in the sonthern

part of the town, where there is a sharply eut terrace between it

and the viver, opposite Goat island Through the town this

old shore line has been obliterated by artificial grading, but it
reappenrs bevond, and forms a distinetive featnre of a terrace,
where the Gorge Railway ear shed is loeated, as shown on map
dingonally aeross from Hubbawd point.  (See also Plate xvi
i) The banks on this eastern <ide were not genervally high.
On Goat island o deposit of river gravel with tlaviatilk
shells aeenrs near its =ontheastern quarten having now  th
same level of 316 feet,  These deposits were deseribed by Prof
James Hall and Siv Charles Lyell more than sixty vears ag
Prof. Hall had also measured the terraces at this loeality an

ompared them with others at Whirlpoal point. The terraces at
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lower levels did not belong to the original river banks, but

marked the lowering of the waters at

more recent date,

Adjacent to the falls on the Canadian shore were, at that

time, high banks of the old river rising to 380 feet above Lake

Ontario, back of which the conntry rose

in Lundys Lane, a mile

distant, to a point 465 feet above same datimm,  The terraces on

the New York side have been mentioned first, for the reason

that here is an extensive floor of the original river bed, while
on the Canadian side, in the ~H]-~..‘m nt lowering of the waters

and the removal of the material from the buried valley, the

river has undermined the old

and all higher terraces

minding Vietoria Park have

ht of from 100 to 120 fed I'hese bluffs are ( hown
Plate xv. (on preceding page), which is a winter scene,

From the northern part of the Park reservation the differ
ent terraces begin to be recognizable, and continue nntil thes

reach the vieinity of Hubbard point,
cut off by the encroachment of the we

Here at Hubbard point is a n

outside of the bank of the g«

um;‘l‘ omewhat greater Hi 15

nnant of the ol

vhere "n‘\. ire abruptly

breadth of 150 feet. ar

shown on Plate xvi. A,

Dehind this fragment of the old floor, whose inner margin

an elevation of 318 feet, there is a steep bank of a fev

feet Back of this the hills of limest

ce to a height of 370 feet at the

here they are covered ‘I‘_\ only two

On the opposite side the land has

brewery, Plate xvi. », and at tl

one rise in a short dis
circle in Wesley Park,

or three feet of =oil

an equal height back of

16 st ol the new post

e it is covered by only a few feet of earth. Here the

er erosses the |<i:||<\1 limestone ridge in the whol Niagara

striet: so high that the river eould never have flowed by

course had the ridee not been mm

wch lowered by the pre
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glacial depression, where at Tubbard point the old glaciated
surface was found,  (See Plate xvi. a, also map.) It was this
barveier at Hubbard point which determined the height and the

level of the river until after the falls had receded past it, when

the loose earth was rapidly removed from the Falls-Chippawa

basin to a depth of sixty feet.  The lower terraces are features
of the subsequent history of the river,

The gorge at Hubbard point is reduced to a breadth of 1,150
feet and to 1,050 feet at Swift Drift point to the north. There
is no evidence that the lower preglacial valley to the south cut
to a lower level at the narrows of Hubbard point.  Moreover,
from Hubbard point sonthward the boundaries of the old river
rapidly diverge, showing that the pre-glacial valley had a south
ward and not northward divection,  (See Plate xxir., ( hapter
XI11,)

Below Hubbard point, for a half mile or more, the terraces
on both sides are eut off, as the modern cafion is wider than the
original valley. (See large map.) Just south of Cantilever
bridge the gorge rapidly contracts and at the sammne time the old
river banks grow wider apart. This feature is shown on map
and in figure 18 (page 1035), which is a eross-section abont
1.700 feet north of the Grand Trunk Railwav bridee, where
also the lower terraces appear.  The great terrace at this locality
is strongly marked as shown on the large map and on Plate xx.

The bank has been deeply carved out by the eurrents, thus

«leaving a steep bluff.  The inner edge of the floor has a height
|'r

distance from the cafion edege is 530 to 560 feet, but this also

316 feet, with blnffs behind over twenty feet higher, Tts

includes the lower terrace from 75 to 125 feet wide, the rock
floor of which is only 280 feet above Lake Ontario.  The upper
terrace, upon reaching the vicinity of the cove between the
Whirlpool rapids and the Whirlpool, has been eut off by the re-
ceding walls of the gorge.

On the eastern side of the river this terrace is equally well




Prate XV a

View of Hubbard Point (terrace in front of h

ween pre-glacial valley

View opposite Hubbard Point (with corresponding terrce in front of point.
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defined by the very sharp banks below the old Mount Eagle
hotel (see Plate xx1. 1), which have a height of more than
twenty feet above the old floor, with an altitude of 316
feet at its inner edge. IHere also are two lower terraces
nearer the river, belonging to a later epoch, but the main ter
race mentioned extends from the gorge for a breadth of 510
feet. This, added to the width of the gorge, about 750 feet,
and that of the terrace floor on the western side, shows that
the original river reached, at this point, 1,780 feet in width:
but as this section is somewhat oblique the general breadth i
ibout 1,500 feet. While the western bank has been abruptly
eut off at the Whirlpool, the eastern one is still intaet, but
swings round so that the remains of the old floor have a breadth
ontside of the present gorge of only 150 feet at Whirlpool point
It continues for a distance of a few hundred yards beyond the
outlet of the Whirlpool, where it also is truncated at the edg
f the gorge.

A\t the point mentioned above the Whirlpool, where the ter
race is abruptly terminated, the old river had a breadth re
duced to 1,250 feet. Its bed was composed of drift which
filled the buried Whirlpool gorge, on the other side of which
the terrace reappears, showing a rviver breadth of 1,500 feet
\t a quarter of a mile beyond Thompson point the banks show
the breadth of the old ehannel to have been 1,400 feet and
just bevond the terraces are suddenly ecut off. At Thomp-
gon point, as well as at Whirlpool point oppesite, the lower
terraces coalesce, and are not so distinetly separable as above
this loeality, Indeed, from below the Whirlpool outlet to the
mouth of the gorge no lower terracs remain like those above,
I'he absence is striking.

Below the Whirlpool, where the terraces on the Canadian
side end, there is a rock ridge which was crossed by the
Niagara river when it commenced flowing. It surface cleva-

tion is about 3830 feet. However, a few hundred vards
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beyond, a remnant of the old floor is again scen at Win
tergreen flat, where the inner edge has an elevation of 316 feet,
bounded by a bank fourteen feet higher.  This flat, which was
the bottom of the old river, has, at one place, a breadth of 500
feet, with its floor deelining from 312 to 306 feet. This shows
that the depth of the river was considerable.  Opposite here, on
the New York side, the encroachments of the gorge have r
moved the river bank.

\ short distanee below Wintergreen flat the floor of the old
river re-appears in a lake-like expansion, with an islet covered
with river deposits of ronnded and flat stones in loamy soil.
Here its edge is not always sharply defined, as the washings
of the hillside and the enltivation of the soil have obseured
the original water line.  These deposits up to an elevation of
324 feet approximately represent the old water surface. Their
clevation at the edge of the cafion is 318 feet above Lake
Ontario,

In some pleces the river deposit has a eonsiderable depth.
It is ten feet deep where the Ontario Power Company's eables
cross the river,  North of Foster flats the river expanded into
a little lake with a breadth of abont 3,800 feet.  The more
sluggish character of the eurrents, and the smaller de |‘l|| of
water here, abundantly accounts for the less sharply defined
western bank, while on the eastern side, which is now the ont
side of the bend of the river, from Devils Hole to bevond the
cable erossing of the Ontario Power Company, the bank is more
gharply defined back of the terrace floor which is from 100 1«

250 feet wide,

FROAM SMEATON RAVINE TO THE END OF CANON,

Just beyond Smeaton ravine the old river banks contract to

the brink of the gorge on hoth sides, where they are again trun

cated, Here the river ents throngh a rock ridge with an

altitude of about 330 feet, covered with a clay floor rising
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beyond to 340 or 350 feet, This was the barrier which made
the expansion or lagoon north of Foster flats, It was erossed
]-‘\ the river for a distance of 3,000 feet,

Beyond this last ridge the distance to the end of the gorge
is 200 yards with the delta deposit at the end.  (See Plate xvin
A Here the old river floor was about 322 feet higher than

the present surface of Lake Ontario,

FROM THE MOUTH OF GORGE TO LAKE ONTARIO,

At the birth of Niagara falls there was no river below the

escarpnient, for the water cascaded direetly into Lake Ontario.

\s the waters receded the river eut across the Medina shale for

two miles,  Bevond that point it flowed over drift elays and
other material, exposing in places the Medina shale. At its
lowest level the waters in the Ontario basin receded many miles
from the present shore, when the deep channel at Queenston
vas excavated,  (See Plate xxix., Chapter xv.)

From this account of the river banks it will be seen that the
early Niagara river can be traced fiom Lake Erie to what was
then the margin of the lower lake, now Lake Ontario, at sub

stantially a level which indieated but little s of its surface;

much less than that of the present npper reach. At first it may

have been little more than a strait with ill-defined margins.







CHAPTER X.

WHIRLPOOL ST, DAVID BURIED VALLEY

SPECULATION AS TO I'TS ORIGIN

ara canion the ex

tures of the Niag

In treating of the fe

ension of it now m-'nl‘iw! \w_\ the Whirlpool has been part

deseribed (page 104). The lateral walls are precipitous, the

mme as the othe r i“""i""‘ of the oorge, but at it head only

drift banks are seen. N Plate x1. A,

XviL 1), having

band of Medina grav sandstone,

i thickness of about twenty feet, reaches to ten or fifteen feet

wve the surface of the pool. At the head of the Whirlpool

grav band is absent for a breadth of 1,000 feet, while at a

point between the Whirlpool and the Whirlpool eddy, it is re

moved for less than 600 fect

\s late as 1841 Prof. James Hall* had regarded the cove

of the \\'Inirlpm»l as an eddy in the course of the river, but in

that year Sir Charles Lyell first recognized it as a part of

i buried valley, and connected it with the embayment in the

esearpment of Saint David, supposing it to have been the

course of a preglacial Niagara river. In 1881 T first showed

that the Niagara river was not the outlet of the pre-glacial
Erie basin, | then supposed that the channel was interglacial.
* “ Natural History of New York, Part IV, Vol. IV., 1842
Travels in North America,’ 1841
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This idea was vepeated as late as 1901 by Dr. G, K. Gilbert.*
Until the present investigation of the refilled Whirlpool
rapids, and the discovery of the Falls-Chippawa valley, its
irne character could not have been known. The idea of any
portion of the channel being interglacial T withdrew in 1887,
and even at that time regarded the Whirpool rapids seetion
as not representing the ancient eourse of any considerable
gtream. At that time 1 said, “ we are led to the conclusions
that the course of the Niagara river above the Whirlpool
and below is mostly of modern origin thronghont, and not
to any extent a drift-filled gorge re-excavated since the ice age.’
*The Saint David valley represents only the water course or
water courses of loeal drainage before the ice age,’ For
some years little attention was given to this channel.  Tn 18864
Prof. E. W. Claypole pointed out the oceurrence of rock high
up in Bowman ravine at the head of the Whirlpool cauldron.

.\g:lill. in 1804, I measured the height to which these beds

reached, nsing the United States Lake Survey topographic chart
for the position of the stream. This map was very incorrect,
ghowing the gully as extending from the middle of the Whirl
pool, so that one had to infer that the buried channel was only
about half the depth now found. Donbt, however, existed, and
at a meeting of the American Association for the Advancement
of Science, Prof. II. S. Williams suggested horing to settle the
question, and offered the first subseription.  This was not acted
upon until 1905, when the work was carried out by the Geologi-
cal Survey of Canada. The accompanying corrected map is
from that of Mr. E. Gardner, Provineial land surveyor, ex
tended by myself.

In 1841 Lyell distinguished between the precipitous cliffs
of the modern gorge and the more gradual slopes of the buried
channel.  These last are eapped with limestone having polished

* Atlas sheet of Niagara. U.S. Geol. Survey,

** Amer. Naturalist, Vol. XXI., p. 270, 1887
f Report upon meeting of Amer. Ass. Ad. Sci., Sept., 1886
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rounded edges, but their slope never exceeds 457, and rar ly

more than 30°, while that of the lower shale is much less,

SURFACE FEATURES FROM BOWMAN CREEK TO EDGE OF

ESCARPMENT.
The loose materials at the end of the \\.Ili)']["'l" have been
carried away by Bowman ereek, which has made a deep ravine
for three-quarters of a mile, in a direct line, in the very slightls

undulating plain of from 310 to 350 feet elevation above the

lake. If it were not for the deep gully of Bowman ereek and
its branches, there would be no trace of the buried valley upon
the surface of the countrv. Bevond the head of this ereek no
further evidence of the valley appears above the ground which
rises slightly higher. However, at about two miles from the
headwater of the Whirlpool, the country becomes broken b
several deep ravines among hills of drift covering the face of
the Niagara escarpment, where it bends behind the village of St
David, but there is no St. David valley proper.

The country to the northeast of the buried valley is slightly

rolling, as far as the brow of the esearpment, and eovered with
a clay surface. It does not rise more than 350 feet above the
1ke But at its mouth and westward arve deep deposits of sand
ind gravel rising in Berryman hill (Plate xxx.) to the unusual
altitude of 442 feet. Prof. James Hall, in 1842, noted the
oceurrence of these materials to a depth of 150 feet in a well.
Beneath the surface deposits of this region, outside of the buried
vallev, the limestone floor usnally rises to about 330 feet above
Lake Outario.

To the northeastward of the buried valley, the country

only slightly rolling to the brow of the escarpment, and it is

covered with a elay surfa Nearer the mouth of the buried

valley there arve deep deposits of sand and gravel
From the mouth of the Niagara gorge the rock face of the

escarpment  extends westward for abont two miles and a
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quarter (see large map), where it suddenly turns sonthward
for thred quarters of a mile. Here it is covered ‘v_\ eravel

hills mentioned, or continnes in and forms the eastern wall of

the buried gorge.  As an escarpment the rocks are not shown
farther than where the Michigan Central railway crosses the
Town Line road. West of thiz point for a mile and a half the
fuce of the Niagara esearpment is almost entire lv obsenred by
rolling drift hills, although an upper terrace, with a rocky
foundation, begins to appear. However, at nearly two miles
from the point mentioned, a spur of the esearpment emerge
from the sand hills.  The npper portion is veally an insular
mass in front of a rocky terrace exposed when the waves of
lake were making the Roy terrace 287 feet higher than now, at
the date of the birth of Niagara falls.

This promontory led Sir Charles Lyell to think there was
an embayment or expansion of the buried Whirlpool-St. David

|

valiev, and to compare it with the outlet of the gorge | 8e¢

Plate xvir. A, on page 121); suggesting that the former had

a great breadth, while the latter is reduced to a quarter of
a mile,  Dut this turn in the esearpment is not the enlarged
valley of the buried channel, althongh many  have followed
him in this view., Nor was this strange, for over a consider
able  portion of this seetion it was only by making loeal
inquiries and careful search that rock exposures were found.
Thus an obscure quarry on Mr. Thomas Berryman’s farm was

found hidden in a field below the railway, and away from any

public road. It has an altitude

320 feet, and w‘nn:lll--nlh
is on the brow of the buried escarpment.

The oceurrence of rock everywhere to the west was subsc
quently established, thus reducing the possible width of any
buried valley. By digging alone the course of the stream at
one or two places to the east rock was found. At a point a

few hundred feet west of the railw ay crossing of the St. David

road is the head of the ereek. It emerges as an enormous
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exposed western preglacial wall with its rounded  edges i
1,400 feet s consequently the difference in these measurements
represents widening of the gorge due to the action of Niagara
river.  (See map, Plate xvinn opposite,)

The western wall of the Whirlpool has not receded to any
considerable extent, for immediately bevond the end of the
\\'lnil‘llnurl |.I‘.‘|‘_'IIH'II|~ of the HH rounded Iillll"|l'll" II|L'"~ ap
| ear, where their upper surface has an altitude of 290 feet s hut
this surface, heing forty feet helow the ridge penetrated by the
viver bevond the outlet of the Whirlpool, indicates that there
wag a much hroader upper valley than the buried gorge itself
The absence of limestone above 290 1o 300 feet for a breadtl
of possibly nine hindred vards shows here a rapid broaden
ing of the preglacial superficial valley trending northward
from Lyell ridge.

\t the quarry of Bowman ravine the glaciated edges ap
pear.  The same feature is scen o fow hundrved vards  sti
farther on, aeross the Eleetrieal Railwav embankment ; and
igain on lot 42, where Bowman ereek produces the Harvie
waterfall in ;v\~-i||: over the side of the old goree into the deey
ravine.  Herve the voek surface is 301 feet above Lake Ontaric
and beneath forty-six feet of dvift.  From all these exposur
the line of the western wall is discovered, and here it trend
much nearer the north than was ~H’-"u-'w<‘ Midwayv betweer
this last exposure and the brewery, where well No, | (see may
p. 131) was just sunk, the rock is reached at seventy-five foo
helow the surface, or 202 feet above Lake Ontario, I'his sho
it to be within the vallev adjacent to the Whirlpool echannel, 1

not within the gorge itself

A\t well No. 3, which my driller sunk during the reeer
operations, the rock was found to be thirteen feet higher, «
at 301 feet above the lake \ecordingly, these wells are

the edge of the trough, and by conneeting them with the eor

responding height at the brewery, the western wall of tl
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ed gorge s established, showing estward turn near well

Of the loeation of the eastern wall we are not (quite so wel

informed.  The rock wall of the gorge is found near € on map

Plate xx.).  The novthern end of the outlet is located nean
the point where the Michigan Centra Rai braneh
Peate XVI

/
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to Queenston erosses the Town Line road between Niagara and
Stanford.  Just bevond it the line of rvailway skirvts the
escarpment on its descent to the lower plain and exposes the
rocky wall.  These terminal points established, they can be
connected  with o line enrving as on the western  side,
At the intervening schoolhouse, where well No. 5 is situated
(see map), a depth of 120 feet did not reach rock, with
the surface at an elevation of 370 feet.  This point is
in and near the eastern margin.  On lot 42 1 sunk another
well to ninety feet without reaching rock, and this was at a
distanee of 1,140 feet from the western wall.  From all these

observations | have been able to limit the bhreadth of the buried

valley, which is 1,400 feet immediately beyond the end of the

Whirlpool, to a breadth of 1,600 feet or perhaps 1,500 feet just

before breaking throngh the face of the esearpment.

BORINGS IN THE WHIRLPOOL-ST. DAVID CHANNEL—ORIGIN OF
MODERN  WIHIRLPOOL,

Although not quite complete, a survey has at last heen
made of the Whirlpool-St. David channel, after a period of
much writing upon the subject, dating back for sixty-five vears
to the time when Sir Charles Lyell first recognized its char
acter and suggested that the Whirlpool was due to the exist
ence of this burvied valley.  The ovigin of the Whirlpool is
now established as never before.  The modern \\'hil'lln-ul is the
result of the reopening of a fragment of a buried valley after
the falls had broken through its side at the present ontlet, It
is due to the Geologjeal Survey of Canada that this ques
tion has now been so completely established, and 1T have to thank
my assistant, Mr. Claude E. Eldvidge, for the final supervision
of the extremely tryving operations, which enabled us to reach
the depth mentioned later in this chapter.

On lot 42—where the deepest well was sunk, the position

chosen was 630 feet from the rock exposure of the western wall,
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with the intermediate deep Bowman ravine bet

veen,  This
position was seleeted so as to be somewhat nearver the western
vall of the buried valley than it< supposed middle,  The total
depth attained was 269 feet, or seventy-one feet above Lake

Ontario.  Aecordingly the well reached to a point only twenty

fonr feet above the Whirlpool level,  Diflienlties hiere

ATOSC =0
that the borings had to be discontinued
hat roek is absent in the buried ehannel to a de pth mneh

below the level of the Whirlpool i< unguest

mable, partieular!

does it so appear on account of the absenee of the thick band

of Medina sandstone above the level of the water at the end of

he  Whirlpool, The  present  surves

establishes the

istence of the preglacial eation, with its upper edges rounds

in a more  pronouneed  form than was

expeeted \s only

oft beds of shale ocenr below the sandstone it is imma

to the nvestigation of the recession of Ningarn falls

hether the ancient go

e reached searveely to the level of 1

Outario or below it

CHARACTER OF DRIFT IN DEEP CHANNEI]

I'he following seetion e presents the material penetrated at

he deep well:

Red elav with a few angular I hbles 10
Rounded gravel » 2
Brownish sandy loam (dry N
Small angular gravel in red elay matrix. |
Loam with fine angular gravel, 10

Angular gravel with some binding elay

(very toush boring).. . . 26
I;l\”‘ll l‘[.li\b‘ ‘JH" \\llll SO J'\‘_’”]J"

fragments, " 8 g6
Fine washed sand, grav colonr, with re

mains of white spruce wood . ]
Clavey sand. . .. . 14

Bluish elayey sand. 20
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I'v/t/.
Angnlar gravel with earthy binding, peb
bles size of pease or heans (extremely
difficult boring).. .. .. .. .. .... 19
Loamy sand with small angnlar pebbles, 27
Extremely fine quicksand (angular) with
clay binding, when mixed with water
casily flows, hut soon sets, so that it
cannot be taken up by pumps.... 2+ 268}

In this last bed the easing  was bent, and at the samo
time the quicksand flowed in and filled the tube for several feet.
Thronghout the whole depth the drvness of the materials, not
holding even the water poured into the boring, rendered opera
tions very diffieult.  Water oceurved in the lowest quicksand
only,

The matervials found in the well show a strong contrast with
the stratified sand and waterworn gravel covering the edge of
the Niagara escarpment and filling the old month of the gorge
where, in sand pits; they have heen exposed for fifty feet
or more.  In Bowman ravine, ent through the deposits in
the \\'||ir|}nm| channel to a depth of nearly 300 feet, very few
boulders were seen.  So, also, at the end of the \\.Ilil’llulul. the
acenmulation of boulders, left after the 300 feet of drift have
been washed away, is relatively very small.  These show that
the few larger stomes in the dreift are almost exelnsively
granites, quartzites, and other transported erystalline  rocks

a limestone from the ;lllj;lt'!'n!

with rarely a boulder of N

\\;1”*, -

FOSSIL WOOD BURIED IN DRIFT,

The fossil wood ocenrring at a depth of 186 feet, as men
tioned in table, was kindly determined by Prof. D. P, Pen
hallow of MeGill University, who found it to belong to Picea
alba, or white sproce, in a fair state of preservation, althongh

buried there for probably more than one hundred thousand




and for another dav or two, a strong inward dranght con

WIHIRLIPOOL-ST, DAVID VALLEY
vears,  Of it he says: * This species is known in the Pleis
tocene, where it has been recognized inoonly a few instances:
the black spruee, Picea nigra, being, on the other hand, very

common and well defined types of such deposits”

BREATHING WELL.

Boring No. 1 was found to be a breathing well.

reaching a depth of 226 feet, when the end of th

e coarse gravel bed, an inward suetion was observed \t

this point it was deemed necessary to dynamite the end of the

casing in order to insert a smaller tube as the outer easing had

bhecome bent in the gravel,  Tmmediately after the

Subsequently, at a time when the water in the Wi M‘!w-w\ Vils
wetienlarly high, there < an ontward enrrer monnting t
hlast No ostrong ere these enrrents it hardly seemed ‘.‘,u;i“.
that such conld ocenr exeept in proximity to sures in ad
went rock However, as the continned borings showed the
ihsenee of rock, this breathing appeare | due t |
haracter of the POrONS Erave I, not associated witl werns, and

depending upon atmospherie conditions, and the height of the

ver in the Whirlpool \s the deeper borings

were made
hen the temperature was below freezing point, water ponred
nto the inner casing froze into solid ice at the depth of 226

. on account of the suetion of the eold air between the outer

i inner easing







CHAPTER XI

ST, DAVID CHANNEL BELOW THE ESCARPMENT

Pre-gla v v \! Ninga
fepth river t h

PREGLACIAL SURFACE SHOWN BY DEPTHS OF WELLS

\s shown upon the large map the trend of the burie
Whirlpool- St David valle \ wwproaches the esearpment
hias a direction mneh morve to the novthward than former
ipposed It then enrve estward as if it had origh left
the platean region a 1 I o ( { ent
1 narrow ridge of rock, between ) " h i
quently removed by ave or atmospheri hich thu
produced the indentation in the Niagara s prent

I'he topography here is not that of an ordinary embayment

t the mouth of a vallev, and its stroeture is so peenliar as to

challenge  attention, There is nothing in the topography
!

shnggesting i l|1.1|l\\'; 1 = hor I estern ’3““"-‘ n thd

northeastern one wonld require a sharp turn in the conrse of

he river A< o consequence an examination of the wells to the
north of St David was made I'he record Il be given in
\ppendix

Below the brewery alveady mentioned (page 120, the sm
fae to the Bell terrace plain, ith its edge sitnated

b _\wl\] the hamlet of St. David, so that this has a breadth of
v mile or more Nearer the Niagara river the Dell terrace
becomes quite narrow and is underlaid |._\ Medina red shales
and sandstones, which are only slightly covered with surfac
cenmulation.  In the vieinity of St David these rocks ar

anting, but they are replaced by deposits of sand and gravel p

137 !
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forming a terrace of a wmean height of 168 feet above the lake,
while a lower |-~im at St David village is 164 feet,

On this platform are several wells in sand  and gravel
reaching to a depth of sixty feet, where water is obtained,
Adjacent to the road, a quarter of a mile south of the village,
at Mr. Woodward’s, there is a well of 130 feet, but below sixty
feet very little water was obtained. 1t is not certain whether
the well terminates in drift deposits or Medina shale, but even
if the drift reaches this <|w|-¥|| the hottom of the well is still
forty feet above Lake Ontario (or only seven feet bhelow the
surface of the Whirlpool).  Another well, on lot 96, on this
same terrace, is ninety feet deep. Several other wells to the
north of St. David show the presence of rock to a height which
would precinde a buvied channel in that diveetion:  but such

might have skirte ]l the Niagara eseavpment to the northwest

Mr. J. F. Seovell® ealled attention to the existence of a

buried channel between St, David and the Niagara river, on

account of finding some deep wells, and also beeause of the
absence of Medina shal at certain |n-ivH» on the western bank
of the Niagara viver. The vesult of an examination of the wells
shows that sueh s the case On lot 34, a well is said to
have a depth of eighty-one feet without reaching rock, while
at another one, just sunk, rock occurs at forty feet. On lot 64
there is an absence of rock to a depth of ninety feet, while a
quarter of a mile to the north (lot 66), rock is found at sixty
feet,  On lot SO the well did not reach rocks at sixty-cight feet,
Neaver the river (lots 19 and 20) no rock was found at a depth

of eighty feet.  These features wonld indicate here a ehannel

about twenty feet helow the lake level,

SURVEY OF BANKS OF NIAGARA RIVER

These consist of Medina ved shales for a distancee of about twe

miles north of Queenston village, but on passing Field point

* Proe. Amer. Asso. Ad. Sci, Vol, XXXIX., pp. 245-246, 1801
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such heds disappear beneath the water.  The banks evervwher
form steep bluffs from forty to sixty feet, and even higher on

receding from the river,

Nee Plate xxix.)  In the cove of
Hogshollow only blue elay and  other drift material appears
\bout a mile and a half below Field point, at a place just north
of Slinglands point, the shales rise to the surface.  Lake
Ontario is only about three and a half miles farther away.
Thus along the west hank of the river a buried valley is found
to ocenr.  The eastern banks of the river helow a point two
miles from the mouth of the gorge consist mostly of drift clay.
Whatever shales underlaid the old topographie features they
ere largely redueed to a level helow that of the lake, along the
lower course of the viver, especially on the eastern side,

I'rom the data thus obtained it appears that there was an
old channel coursing from St. David to the Niagara, but so fan
there is nothing to show that it had any great depth, nor, on the

ther hand, that there is not a deep one Foven this may have
helonged to a loeal drainage, and mav not have come from the
Whirlpool-St. David valley.  An old channel in the softer shale
honld have been relatively mueh wider than the chasm eat
through the Niagara limestone

On the other hand, a buried valley may \-u~~l|-\n e found
extending northwestward (but not northward) to the lake, but
only one or two wells in this direetion have heen examined.

Fhere may be a complexity of the drainage features of pre
elacial times in this region, which are not vet understood, but
they are unimportant if they do not show a depth throwing

ight upon the bottom slope of the Whirlpool-St. David gorge.
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CHAPTER XII

NARROWS OF WHIRLPOOL RAPIDS
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th len eontraction of the buric [neing na
hier e i of an amphitheatr ¢l
(‘on ing th rueture ith modern topography the 1
{ meier ro nld T ked for at Sinelair hal
9 | | | ha the 1l ter of the treib
me ! | | his q ¢ ed 1 )
ifield \ point from five-cight even-eight f a mile
o ilever ride 1] Plat her !
1 ( rlolee f Ni ra e n ri n botl 1de !
rive TO latin | 1 me
I T Hubl 1 17 feet ab
h i 1 1 nded pl \ i
I f 1l ¢ (
Swift Deift poin contra hire mn nd
1,000 feet. In the cove between th
| tinage in either reeti ]
1 | | 1 I i ] (
1 | 1 Inde I
e L poin her 1w Gorge eseend | |

ravine in a little cove adjacent t hich the rocl howe 10
1 ed surfa apposite to b b on Plate
| 1 ( hof the eanm the of sul o
quent « wations by the falls I'he Narrows of the rapid —"
1 I nothe illey ‘!‘!VVI~~I‘-! I'hus, at the railwav bridg et
he fl he western side has an altitude of 308 feet, whi ‘
hie rn side it is slightly less ith the roel I
rising twer feet or more \ third of a mile to the northwa
here i her inner e ith a glaciated bed at 2850 fi .l
N
o ( i le hi n the Ne Yor ide th I ton
I trough is not represented, as the wall is at 204 fe N ¢
present gorge 750 feet wide between them. Iere 1
vallev Lias been uncovered by the modern river, h I

iter banks were more than twenty feet high (abov
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margin at 316 feet), and 1,500 feet apart where the strong

currents carved oul ~h_.|>!.}\ marked tervaces betfore the river

shrunk into a narro pre-glacial channel now  found 1o b

hallow, (Nee Plate xxi1. 1)

BORINGS AT CANTILEVER BRI

I'he boring at the eastern per of the Canti

dismmond drill, and the recove of the ecore,

thie racter of the refilled Whirlpool rapids seetion. It wa
hns proved that the buried rock was absent to a depth of 185
feet helo the urface of the river, or eightvseven feet helo
that of Lake Ontario (page 60 Out of the tot hiel
ness of the 185 feet, 124 feet were found to eonsist of hloel
imd  boulders of limestone, and sixteen feet of sandstone,
Ul with clay between, .\ table of these borings is given on a £
owing page.  Some of the bloeks had a thickness of ten or
elve feet, as in the vicinity of seventy-five feet  bele the
river surface.  The talus slope extends be vond the overhanging

cliffs of Niagara limestone for a distance of 220 feet on one
ide, and 222 feet on the other, with the hreadth of the river

O feet, and a maximom depth of eightv-six feet (figure 21)

' .
S Ty = W
o B P I I {u ” L wl
N.» -
= s e O O B 2 = - =gy
N e g $A(e
N ~ . ¥
LM > | S . R gt ¢
L \ © a
honnsl rabiTied
M.s moitly limerteas ks
\ ]
cale § 0290240 ey M
Fig. 21. Section across the canon at Cantilever bridg Fhis is 100 feet
lomger than at narrowest part of gorge N. L, Niagarn Hineston
Ningara shale : €, L, Clinton limestons R. M. Red Medina shale and sand
tomes 3 g M., Medina gray sandstone : M, s, Medina shale s Lo O, Leve
f Luke Ontario; R, Tevel of viver; W., boring on eastern side
' b 1

N CBBCN, approximate form of refilled channel; Preglacial chanm
between limits of W Wand R-R; tt, terrces wing boundary of

Niagara river before it sunk into Whirlpool Rapids y

hann

If this seetion be now examined, as shown on a true seale,

ith the n mity of the deelination on both sides, one is
104
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struck by the great steepness of the covered slope from the

of the eliff to the bottom of the well; also with the fact

hat th

slope of the western side should be the same as on the eastern
Ihis leaves the impression that the bottom of the gorge mus

have been kept open by a more vigorous current than ne

obtains, or by one excavating the bed of the channel and re
moving all the débris as rapidly as it fell into the enrrent

How mu

deeper the middle of the buried channel i< than the

bottom of the well eannot be known, but its e pth re whes to
almost the same level below the surface of Lake Ontario as the
river channel above this point.  Aecordingly, a muneh greater

depth can not be expected

iS AT EASTERN PEIR OF CANTILEVER BRIDGE

Lime rock (fallen block)
Boulder

Black sla

tard lime rock. . 5
Clay and boulders
Bastard lime roc
Clay
Rastard rock
Cla nd boulder

St | feet above the river, which is nearl
ninety tario. Datum umed at 300 feet, wh
th ower here The figures are taken directl
from t} Engineers, It should be noted that son
of the large; but they are not in their natural

place 18 both these and the blocks of andstone mentioned oceur
depths in the channel far below the levels at which their beds
hort, they are refilling a channel which has been cut out
shales

oceur, I
red Med
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cl bould 1
gand 1
Clay 11 1
Sand rock 1
Cla 1
Sa 191
( hou 119
Rand rock 11¢
Clay 1
gand roch 110
Clay L houtd :
{ l 1 1lder 2
1 roc} 1
( nd bould 80
' | T f R
R h 1 k
\CCUMULATIONS IN THE CHANNELS OF WHIRLPOOT D RAPIDS
COMPARED
Glaneing now at the character of the mater n the refilled
gorge her ind comparing it with that filling the ]
St. David ehannel, the contrast is striking
In the tter mentioned trench the acenmmulati e nd
"“'\‘1‘ orave . ’\‘“‘ "“'l. rareiy i .‘“'H \‘i\
boulders as do oceur are found to be composed of ervstalline
rocks A\ little red sandy elay covers the surface I'his drift

material is now known to a

1y aetual ‘I«;J! of 269 feet Only
ne or two blocks of Niagara limestones were observed on the

sides of these deposits: so, also,

| the boulders which have acen
mulated at the end of the Whirlpool are, almost entirely, trans

ported ervstalline rocks,  The contrast of this glacial material

ith that in the boring at the Cantilever hridge, w
posed of fallen Niagara rocks, is conelusive evidence of the

to the full depth of 185

newness of the Whirlpool rapids g

feet below the surface of the river.

AMOUNT OF EXCAVATION AND REFILLING AT Ty NARROWS,

Here is a cafion of unequalled narrowness reaching to a

feet |

lepth of : ow the adjacent floor of the outer valley
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1 ( o1 il ( ]
| ! nare canon the Whi
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by boring. is 248.000 sqnare feet: that of the modern voree 1
156000 s N O | « ing the hnri
ente 12,000 square feet Of this | imonnt, 69,000 [Tp
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f this area; which if
depth would be thi
it favonred by the «
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listributed ith breadth of 600 feet
feet, and this form would be some
irrence of the er <helf at 250 feet

wside the Narrows,  This form of section is repre )
gure IS (page 105) On the other hand, if the
100 fext, about that of the rive o-dav, the depth
cen fortv-fi foet hown at R R gure 21
In the calenlation me errors rise from t mg th
f fallen houlders, having interstices filled with e¢lay, as if con
ed id roek in its natural beddin \llowing for thi
ti d | deerease f the fallen ma immd an
ereas: in the size of the pre-glacia ev.  On the other hand
¢ rel 1l of the elavey matter | he rone enrrent of
Il mueh materi from the thinner bed f liv 1«
| 1 e d be earrie wav, and allowanee here onld
ren the area of the pre i o1 However hether
ancient channel were a little larger or a little smaller than
ere represented, the analvsis shows that at this point a deep
ree did not exist. \ecordinegly, this buried g-w" refille
n, nearly 400 feet deep, 15 ON¢ wed | the modern
vhien the river surfae O | er than 1
he ancient valley diverted into 1t the o1 f the river
that the concentrated fore onld rer ¢ the dén |
alls as steep as those dis ered by the deep horing
["pon the recession of the falls bevond this seetion, favoured

the backing of the water into the gorge below, the bottom of
hannel could not be kept open: weeording! hel
of the river hieh 1s eight ix feet deep the Canti
er bridee, the channel is reocenpied fa rocl < shown
¢ horings the hrid Tust hel |
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producing the present rapid hich have been m,m,.\‘u.\ only ]

after the falls had receded to near their prezent position, which W1
aceom for the freshness of the alls, and the absence of any
inder n where Muddy ereek runs down the western wall at I

CHARACTER OF THE ANCIENT VALLEY AT NARROWS

ar attention has been primarily given to the 1
| at the \\'!wu'!nu-i rapids ['hanl 11
due to Mr. P. W, Currie® for ealling attention te houlder

ind fallen Dl found in the borings, This « | is exca \

ited 1noan onter el ha imn el n ot S08 tec "
¢ Lake Ontario on its western side at the railway In
Iy m a quarter to a f mile northward there 1s a fragmer 1
r rock ent terrace, | me id of 125 teet, m
elevation of 280 feet That it i meient is shown by its g
1ated surface It is represented at (a), figure 18 (page 105 s
[Ter he  narrow pin he gorge—only 750 fi
ide, or a hundred feet na an at Cantilever hride fos
ere there is no remmant of the errace. (See map, Pl ’
I'he lower terrace do ain on the eastern sid |
cre the wall of the gorge irteen te higher bl 7d
removal has been oceasio enrrents eneroaching «
han
i mdermining the east than the western side.  Sti Nias
the breadth of this inner , with its depth, seems to ha i
been suflicient to )mm‘luw v eross-section of 18,000 square fee "
wi the pre-glacial ehannel unable to earry the whole volume -
the river
I'his conclusion is derived from the faet that the inne »
hannel is situated within a broader onter one bounded by stes &
minks shown in the view and on Plate xxr. », and ttfienre 1 =
I'hese letters represent the margin of the great river. TI it
nter channel continues to Sinclair point, where the wester
*Tr Can. 1 Vol. VIL, pp. 7-14, 1801 hen
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channel,  Thus is satisfactorily explained the features of the
eddy seetion, .\ characteristie of such an old gorge wonld Ty

the deseent from the head of the slope by steps over the harder
Niagara, Clinton, or Medina sandstones, which are vepresented
in the longitudinal seetion figure 22
It is not to be supposed that the ancient valley terminated
abruptly at the upper end of the Narveows, for the pre-glacial
land surface bevond this point continued to rise for a distance
of three-quarters of a mile to Lyell vidge, the vocky stmmit of
hieh has an altitude of 370 feet.  This vidge formed the
livide between the Whirlpool valley and the Falls-Chippawa
bhasin trending in the opposite divection (s Plate xxi1.).
Even in pre-glacial times the full height of the ridge was inter

rupted, as the ancient eros at the divide had redueed it

320 feet at Hubbard point In

by fifty feet to a height of
studving the features upon the ground there was always a
strong impression left that the stream proper headed in a littl
cove opposite Swift Drift point, where the Gorge railway com
mences its deseent, and that the basin or cove between Swift
Drift ]willl and Hubbard l»uinl was one like many npon the

summit of divides which drain in both direetions.

WHIRLPOOL RAPIDS NARROWS ROCK EXCAVATION BY MODERN

RIVER,

From eareful measurements from soundings, and partien
larlv from the borings at Cantilever bridge, the results show
hat the preglacial Whirlpool gorge did not extend muneh above
Sinelair point, though a small channel led into it, Therefore,
the falls, except at the Whirlpool, have had to exeavate all of
the gorge out of solid rock, as they are doing to-day

It has been mentioned that varions observers thought that
buried channel may have reached to nearly the site of the
resent falls,  This was not, however, my earlicr impression,

I did not then elosely define my views bevond stating that * at
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this point the Niagara river took possession of the eastern side

of a drift filled valley.,"* But later my opinion was made quite

clear, namely, that the ehannel of the modern river ¢ maintained
a full breadth and depth, but the constriction applies to the

g » alone,” that is, the inner one which was filled with drift.

“ The depth of the depression was the greater in the eentre, and

the river took possession of a deeper portion, and upon the
removal of the drift, sunk within the gorge.” ¢ This shallow
buried valley began in Johnson ridge ’ (that is the Lyell ridge at
Hubbard point) * just above the railway bridges, and extended
to the Whirlpool, whose eauldron is only a deeper extension of
the same channel.’™d  The views expressed in 1804 were only

an avant courier to the present work, and it is no little satisfac

L. tion that they have been so fully sustained.

Subsequent  to my  contribution just mentioned My

F. B. Taylor, who has been one of the principal investigator

in the later history of the lakes, contributed a paper upon this

subject in 1898, In this he thought that there was an amphi

theatre at the head of the Whirlpool, located at Sinelair

point, but he did not consider the importance of the littl

\ valley which supplied the waters for the small ancient cataraet

With this modification, Mr. Tavlor's conclusions agre

with mine formerly expressed. The head of the amphitheatre

evidently descended by a series of steps which extended

into the eddy section. The origin of the Narrows of the
LLEN Whirlpool rapids section is now set forth, name ly, that the
i s larger part of the river was concentrated into the narrow pre

glacial valley, while another portion of the lake drainage over

flowed by way of Chicago. So long as a considerable portior

of the river was concentrated into the channel it would not be

widened except by the undermining of its sides,

Eventually this ancient valley was not large enough to take

*Amer
b

Jour. Se., Vol xIviil, pp. 4556-472, 1894

Vol. 4, vi., 430-450, 1808




View of Section of Medina Red shales and sandstones, on Gorge
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View of Original River bank, outside of the Narrows of Gorge,
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the volume of the river, inereased by the portion of water tem
porarily diverted at Chicago. In order to account for the
Whirlpool Narrows, Mr. Taylor formulated a temporary with
drawal of the Huron waters while the falls were passing the
rapids. He thought the temporary diversion was oceasioned by
certain changes of the outlet of Algonquin lake, before the
waters were finally backed sonthward by the rising of the bar-
rier at Lake Nipissing. I had not found anything to sustain
this view, becanse the old shore line of Algonquin lake eut off
the overflow of Lake Iuron to the south until the barrier was
broken through by the rise of land at the Nipissing outlet, His
hypothesis required reduction of volume as complete os bhefore
the original addition of the Huron drainage.

Mr. Taylor’s temporary diversion proved only partial. Tt
was due to the overflow at Chicago into the Mississippi drain
age, and not to glacial dams as he supposed (see chapter xxvir.).
The amount of diversion was sufficient to cause the withdrawal
of the water from the shallower portion of the channel, at the
Whirlpool rapids so that the falls produced a ecaiion 750 feet

wide, in place of 1,200 feet as elsewhere,

WIDENING OF THE GORGE ABOVE THE RAPIDS,

As the outer channel at the Narrows is 1,500 feet wide,
with the gorge reduced to 750 feet, and as there was a small
temporary reduction of IHuron discharge, which reduced the
volume of water here, the question arises as to what caused the

rapid enlargement of the gorge to a breadth of 1,300 to 1,400

feet above the Whirlpool rapid Narrows. This width should be
reduced somewhat on account of frost action and under entting
of the cliffs by the river, so that the original banks above here
have been undermined and completely fallen away; however,

a little farther up, at Hubbard point, they again appear, show

ing the river to have been 1,200 feet wide. As the pre-glacial

channel became too narrow to direct the course of the river,
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now enlarged again, it would flow around the head of this
channel and over the side of the narrower chasm, as it did at
in earlier time round Wintergreen flat, and now over Goat is
land shelf to the side of the apex of thie present falls, and break
over the sides until it could widen a gorge sufliciently large to
receive the volume of the falls, To emphasize this feature the
river was not shooting throngh the confined channel as that e
neath the Cantilever bridee to-day but throngh one of moderate
depth, and was breaking over a large periphery with the conse
quent undermining effects,  From that time to the present, facts
now known -hn\n Y%.H there has been no great v;mn:l in the
character of the gorge, except that there has been a large amount

f the walls and falling in of the original river

of undermining

banks.
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CHAPTER XIII.

FALLS CHIPPAWA BURIED VALLEY.

Well borings, depth of drift, and Falls-Chippawa  valley outh of
absence of channel west of gorge. Victoria Park
Valley indicated by deep wells ad Late reversal of drainage at the
Jacent to falls falls
Southward enlargement of Falls Lower terraces of Falls ba
Chippawa valley hesults of finding the Falls-Chip
Origin of Upper rapids and Great pawa valley
basin of the falls,

WELL BORINGS, DEPTII OF DRIFT AND ABSENCE OF CHANNEL
WEST OF GORGE,

Reference has already heen made on former pages, to the ap
parent rock basin at the falls as noticed by Hall, Lyell and
Julins Pohlman. Later, Mr. Scovell ascertained that there
were deep wells to the west of the Clifton House, and thought
that a buried valley extended from the present site of the falls
to St. David valley. Learning that there were deep wells I
provisionally followed Mr. Seovell, and I regarded the Whirl
pool St. David valley as a tributary to a greater hut shallower
channel to the west (1804).

The valley above the falls is wide: the outlet of the Whirl
pool-St. David valley was supposed to be broad, thongh it is
now found to be narrow. Then, again, the river at the Upper
rapids was nearly in the direct course of Pohlman’s Tona-
wanda drainage.  Consequently these broader features favoured
the location of the supposed valley and provided a working
hypothesis, especially as the eafion-like form of the Whirlpool-
St. David trench had not been ~|||'\'1'A\w|.

On commencing to re-investigate the physies of Niagara
falls the first work to be done was to determine how this falls

basin could have been originated by streams flowing west-
1 161
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ward of the present conrse of the river toward St. David. In
order to aseertain the origin of this basin, which is exeavated
to sixty feet in depth out of hard limestone, the depths of a
very large number of wells were obtained; some of which were
ninety feet before reaching the rock surfaces. The buried rock
floor was then determined hy taking the levels of the wells,
The result showed that the pre-glacial surface was too high for
a trench extending from the falls northward upon the western
side of the river,

The rock floor of the country west of the river, from the
town of Niagara Falls and along Lundys Lane, was found to
have a general elevation of 340 feet above Lake Ontario, while
the pre-glacial surface of the basin at the falls was reduced to

258 feet,

VALLEY INDICATED IN DEEP WELLS ADJACENT TO FALLS,

To the southward deep wells were found. West of Vietoria
Park, on the property of the Carmelite monks (well No. 6),
horings reached a depth through the drift of ninety-five feet,
showing that the floor at a point 700 feet back of the upper
edge of the drift hills was reduced to 277 feet above Lake
Ontario. This proved to be at a point on the side of a buried
channel. A number of other wells had been sunk, which are
shown on the maps.  As a result of the sinking of these wells a
deep trongh was found between the rocky floor south of Drum
mondville and the rising floor adjacent to the Upper rapids,
and at Chippawa. The breadth of the nupper part of the trongh
was most plainly brought to light, as it was erossed hy the pipe
line of the Ontario Power Company in an oblique direction,
exposing depressions in the rock for a distance of 2,400 feet,
or along a direct section across the old valley of about 1,700
feet, with the rock bed absent above the level of 259 feet. On
cither side the rocky rim rose to 320 feet or more. Accordingly
the re-opened basin at Niagara falls extended southward nnder

the drift hills,
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[t was then aseertained from other dec p owells, some thre
miles distant, that the rocky floor under the flat surface of the
country was redueed to a similar depth as that of the hasin at
the falls,  This suggested a trench, Tt now seemed that a valley
hil'l I'l"'ll ‘li“"'\l'l]"l \\llil‘h l'”]'“i‘ll"‘l H |:||".f| stream for exea
vating the Whirlpool-St. David valley,  This was before  fully
analysing the evidence beaving upon the Whirlpool rapids,
Indeed weeks elapsed, with additional data added from time
to time, hefore any attempt was made to carry new investi
gations in the direetion where they subsequently led.  Had |
then published, a sevions ervor would have been made,  The
importance of the features at Hubbard point would have heen
overlooked, and it would have been stated that the aneient ( hip
pawa ereck had been turned into the Whirlpool-St. David ehan

nel in conformity with the present topography.

SOUTHWARD ENLARGEMENT OF FALLSCHIPPAWA VALLEY

At Habbard point, also oppesite Swift Drift point e

vond, the floor of a preglacial valley was 317 feet above level
of Lake Ontarvio.  This depression was made in the limestone
formations of the Lvell ridge, which here erosses the conrse
of the gorge, and rises back from the river to 370 feet, 1f one
stands at the eastern end of the Upper Arch bridge and looks
at the broad valley, bounded on one side by the Upper rapids,
and on the other by the terrace-hill of Vietoria Park, and then
turns in the opposite direction, the terraces on the Canadian
side are seen to swing round to near Hubbard point, and appear
to meet the corvesponding ones on the New York side, wlich,
close to the end of the bridge, are underlaid by rock at or near
the surface. The view presents an amphitheatre nearly closed
it the northern end and widening out to the south, suggesting
i former topography draining southwestward. Applying
measnrements: Up the Ferry road leading from Clifton Hotel

the rock was everywhere shown to be near the surface, for it
11}
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wWis I'w'l'l'nl|'\ l'\|nv~t‘-| in the sewerents,  On the gy ( Plate
xxit), the houndary of this aneient basin was taken at the
level of 320 feet above Lake Ontario, as the rocky floor above
rises somewhat slowly, while at Hubbard point the old floor has
an altitude of 317 to 320 feet,

Opposite the Ferry road, across to the corresponding point
in Prospect Park, the valley has increased from 1,200 feet at
Hubbard point to a breadth of quite 2,500 feet, though it is

only 3,500 feet to the south of Hubbard point.  Another tra-

verse of 3,000 feet brings us opposite the southern corner of
Goat island.  From the rocky shorve near the upper end of the
island, across the gorge to the terrace behind Vietoria Park, is a
distance of 3,500 feet; but as the Canadian rocky rim here is
buried, the additional amounts that must be added to  this
breadth are not 1]l-|inill'|‘\ known.

At another section 3,000 feet southward at the Carmelite
monastery, the distance, from the rocky edge of the Upper
rapids at Goat island to the well (No. 6), is abont 4,700
feet,  As this well is within the \;l”i'v\ the additional diztanee
to the buried western side is not known,  Thus the pieture
of the widening of the basin to the sonthward, althongh head
ing only at Hubbard point, is supported by actual measnre
ments, and the enlargement broadens from 1,200 feet to
over 4,800 feet in a distance of less than two miles, while the
depth inereases about sixty feet in this distance. At even 270
feet above datum its breadth in the Park is 1,600 feet, As
before pointed out, nowhere north of the immediate vicinity
of this channel, as at the Upper Areh bridge or anywhere north
ward, are there any remains of a pre-glacial floor lower than
280 feet,  This broadening and deepening to the southwest
ward, with a slope deseending from the highest ridge at HTub
bard point, forced the conclusion that the Falls-Chippawa
vallev was a pre-glacial feature with the drainage in the oppo-

site direction to that of the present day.
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be the ease the rock floor is reduced to 266 feet: and even if
somewhat higher it indieates an embavment of large size into
vhich the Falls-Chippawa basin expands on receding  from
Niagara viver. At a mile to the sonthwi of this latter
point, the Malone well (No. 20), reaches rock floor at 312 feet
above Lake Ontario, while the Grey well (No. 21), thre
quarters of a mile farther southward, shows the rock at a level
of 267 feet; so that the boundary line is somewhere hetween
these two last mentioned points, (Nee Plate Loand also Large
map here clls arve mdieated, )

\t half a mile south of the Grey well is the Ferry well (No
22) It is situated just north of the erecl I'he rock s
face is at 259 feet s it is found that the emba
sweeps sonthwestward into greater basin bhetween the
of Niagara limestone on one side, and the Corniferon
tone on the other

Returning now to the cove south of the convent, the sonth
castern side may be located by the Glasg well (No, 10
where the rock surface is at 282 feet, or sixteen feet helow
that at ( i.¢|-,x.m‘1 village \eain in the middle of this huried
embayvment, at Montrose Roundhouse, the rock appears at 256
feet (well No. 23), and in Kister's well nearby (No. 24), at

N can

middle of the

valley

are two Clark wells,

ne of which (No. 11), shows a depth of 112 feet to the rock.
Some of the quicksand from the bottomn had been kept by the
ner, Mr. Patrick Clark.,  IHere the buried floor it 232
feet.  In a southwestern direction, nearly half a mile hevond
the ereck, is the well of Mr. Emanuel Read (No. 25 hich
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LATE REVERSAL OF DRAINAGE AT THE FALLS.

The last mentioned wells show the deeper part of a buried

channel, which is nearly 100 feet below the level of Lake Erie,
whose elevation is 326 feet above Lake Ontario.  This feature
opens up another guestion, namely, what beeame of the drain
age of the Falls-Chippawa basin before the mantle of drift
was spread over the Niagara peninsula?  Following up this
investigantion a new outlet for the Erie basin has been dis
covered, and will form a sequel to the chapters on Niagara falls,

ara dis

The reversal of the conrse of drainage of the Niag
trict has been established |v>\ well borings: still, had one not
blindly gazed upon the topography abont the falls it wonld
have been of itself apparent even withont measnrements already
set forth in a former part of this chapter. The whole basin
from Hubbard point clearly suggested a topography opening
to the south, which now anvone ean see at a glanee, as shown in
1, |'Mh XXIL

ILad not the drift hills adjacent to the Upper rapids been

too high the water would have coursed a mile westward, when

it would have swept around the triangle between Vietoria Park

and ( ||ign|~.|\\.| village.  Tnothis ease the viver would have estab

lished its course in the deeper channel without forming the

| pper lu«|m|~. 'Hu Inn-|-m-\ of the l'i\. rto sweep |-..||||-] and
remove these deift hills is shown in the broad flat of Vietoria

Park, and in the cove which comtains Dutferin islands,

LOWER TERRACES OF FALLS-BASIN,

The lower terraces of the Falls-basing below the one des
eribed at abont 317 feet (page 115), are of minor importanee a
thev only mark the lowering of the stages of the river during
the recession of the falls,  In Vietoria Park the undermin
ing of the higher terraces has led to the formation of one
high bluff, yet on approaching its northern end a terrace is

Iv

distinetly —n!r,ll'.lllul_ at an elevation of 308 to 310 feet.

con
bric
}N'ﬂ
4II|”
leve
the

e

helie
first
open
estal
rapis
whie

retar

revel




of Canada} "

FALLS-CHIPPAWA VALLEY 169

continues about a third of a mile north of the Upper Arch
bridge where it is eut off at the edge of the chasm. It is com

posed of commingled river

ravels and earthy deposits.  Tts
equivalent oceurs at Prospeet Park and on Goat island, and its
level is that of the rock floor at the Narrows, where erossed by
the railway bridges,  This last feature suggests that this ter
race was formed in quicter water held back by the higher floor
in the vieinity of Hubbard point.

Another terrace is shown at 292 feet, having a lower rock
floor in front at 280 feet. The lower rock floor in  the
vieinity of Table Rock Tlouse at 265 feet, and a still lower
fragment at 258 feet, are remains of the bed of the Falls-Chip

pawa basin, uneovered by the modern river

RESULTS OF FINDING THE FALLS-CHIPPAWA VALLEY.

The aceount here given of the Falls-Chippawa channel is, 1
believe, the first suggestion of its existence. It eertainly is the
first proof of its discovery, with the topographic featnres
opening to the southwest, These, as deseribed in this chapter,
establish the origin of the Falls-basin and that of the |'|y|u'
rapids, and reveal the existence of the deeper trongh out of
which the falls are now beginning to emerge, with conseqnent
retardation of their recession.  They also show the former
reversal of drainage in this distviet.  Lastly, the investigations
here deseribed led to the finding of the great ancient outlet of
the Erie basin, which, as earlier discoveries showed, received the

preglacial dreainage of the Upper Olio river,







Prate XXIIL a

View of southern end of Foster Flats, obstructing gorge

, with rapids
cutting round, (from Whirlpool Point)
Prare XXIIL »
A0
Lo
Y

View of upper end of Foster Flats, and Rapids, with outlet of Whirlpool
in the distance, (from near Devils Hole)







CHAPTER XIV.
FOSTER FLATS RECORDING CHANGES OF HEIGHT OF
FALLS AND VOLUME OF RIVER

Significance of this section
Characteristics of ter flats 1

assoclated features

Ison terrace of Clinton Time
stone and its remains

Pot-holes in fallen blocks

Distinction between N
Clinton blocks

agara  and

SIGNIFICANCE 01 THIS SECTION

Midwav between the Whirlpool and the bend of
bevond the Devils ol

V}H l.\\l‘
15 an extensive terrae projecting tar
into the gorge. This is surmounted by other terraces and huge
fallen masses of rock, the whole !\l'w(‘lll'ill‘: a sloping promontory

extending into the eafion at a level lower than the floor of the

country trenched by Niagara river. This is shown in Plate
XXII1, A,
Standing upon the highest of these terraces led Winter

green flat, which is a fragment of the late floor of the river, and

oking northward, there appears to be a densely wooded flat

bstrueting the river beneath,  This is shown in Plate xxvi. »
The name ¢ Foster flats ' was derived from that of a set

er of early days, and loeally the main terrace is known by this
appellation, which also appeared on charts of the river many

vears ago. Lately, however, the Park Commission called it the

Niagara glen. In the true sense of the word it is not a glen

s it oceurs on one side of the river only, in the form of a ter

ce snrmonunted by others or flats wherein the whole seientifie

portance lies, The term  bottom ’ eonld also be appropri

ely used.

Foster flats was not mentioned in seientifie litera
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tore antil T dvew attention to their bearving npon the history of Xt
the Falls, 18914, Foster flats furnish by far the most im SOV
portant  records in the history  of Niagara  throughont the (
gorge, feet

CHARACTERISTICS OF FOSTER FLATS AND ASSOCIATED FEATURES

Foster flats (s large map begin at 11,000 feet fron F [

the mouth of the gorge, in a little eddy at the point of he e g \l "
herve the viver is abont twenty feet above the lake.  Then the a m‘
broaden . ont and extend  up the caiion for a distance of 3,600 y

feet \t fir the terrace in front of the talus has a bhreadtl \

mereasing from 6O to 100 fee in a distanee of le than 500

feet from the end of the flat, th an elevation of about twent ‘

feet above the river.  Ilere 1s a sudden rise to thirtyv-five «

forty feot, hier npon the terrace sww\ hroadens ont ta 300 "

teet On its lower surface there are almost no fallen ma I
wching 600 or 700 feet from the lower end N

Wilson terr f Clinton limestone (C. L), 100 200 f e, endin
r of fallen masse M. gray Meding band forming |
fat<; N. L, Niagara tone wall 1 h spar (Wit

$00 Lo H00 feet betwee 1y

fron
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extends from under Wintergreen eliffs, and ineloses a cove ol
several hundred feet in length, the floor of which rises from
seventy-five feet above Lake Ontavio at end of spur, to 115
feet at its head, wherve it is characterized by fallen bloeks,
Wilson ridge, traversing the flats, i< 150 to 200 feet from the
river, with the tervace in front, nearly tifty feet above the water
From the end of the ridge to the Pavilion is about S00 feet,
Midway is an abrupt rise of ten feet to the higher terraced
floor, which in front is seventy-five feet above the lake, rising
hackward somewhat rapidly to the foot of the Wilson ridge.
At a short distance above the Pavilion the terrace is sur
mounted by higher ground partly composed of natural strata,
but these are mostly buried by fallen blocks which represent
a tongue of débris extending from the higher ledges eross
vise of the river.  Many of these blocks rest upon large ronnd
od boulders and stones which belonged to the bottom of the
river.  DBeyond this spur is an embayment along the course
of the intermittent drainage streams, with the floor having a
height eorresponding to that of the terrace. Farther on is
unother spur.  Here the disturbed strata extend dirvectly to the
cliff above the water, and ave covered by great fallen blocks,
e end of the ridge is seen in Plate xxv. A, which also shows
the rapids in front of the flats,
Passing the second spur, or Wilson point, the slope rapidly
deseends to the surface of the main step or terrace, which
tends to the upper edge of the flats 600 feet bevond

Wilson spur, with a height of seventy-five feet above Lake

Ontario.  The two eross spurs shown on map are composed
f blocks derived from Wintergreen eliffs, and from Wilson
terrace.  Indeed, it is from the blocks of these spurs that the
river is obstrneted so as to give rise to rapids situated here.
The descent of the river from above Foster flats to just

elow the Pavilion, is abont fifteen feet, while hetween here




XXIV.

PrLaTE

OF NIAGARA [Geol. Surv.

and

I)IJI

that

leve
par
abo
row

inde

helo
that
able
and
these
9)
medi

the 1

)
block

eontr




of Canada] FERRACES AT FOSTER FLATS 177

and the lower end of the Flats it iz only five feet.  (Se map,
Plate xx1v.)

The terrace at the upper end of the old river bottom shows
that the forces of the river were still at work here at the same
level as that which obtained while the falls were at the lower
part of the flats, hut a great change ocenrred immediately
above them. As the terrace bends rvound from the nar
rows to the foot of the eliffs, close to the talus banks, it is
indented by a trench leading to Fisherman eddy (also ealled
Cripson eddy), cut throngh the underlying thick Medina beds;
so that althongh there is no permanent stream the rains and
frost action have excavated a large gully out of the hard rocks,

While the main floor is generally underlaid by the Medina
band of gray sandstone having a thickness of fourteen feet,
with spurs covered by fallen blocks surmounting it in front
of Wintergreen eliffs, vet the lower end of it has a level
below the surface of the Medina sandstone.  This  shows
that its origin and preservation are not entirely due to the dur
able roeks contained in it.  So, also, with regard to the shales
and red and mottled sandstones of the overlying spurs.  Indeed
these spurs are the remains of the Wilson terrace (W. P, figure
23) which once extended across the river, when the inter
mediate falls from the Clinton beds had not yet united with
the upper Niagara falls, which union is found to have taken
place here. The eul de saec. behind Wilson terrace, continues
broad, heading in the marginal wall of the cafion from which
Wintergreen flat projeets, but the apex is b vond the limit of
the old river bank.

On descending the cove and reeeding from the eliffs the
blocks become more seattered and almost disappear, in strong
contrast to those at the head—(one of which measured fifty
by forty by twenty feet)—showing how the river grinds up or
lissolves the great masses which fall into it.  Here on the

errace is a feature of the river floor showing what would be
12
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expected if the present channel could be drained.  This floor
was the old bottom of the river when the waters were descend
ing upon it from the second cataract.

The northern face of Wintergreen flat shows a hroad
\Y -||:||uw| illn'i~inl|, over the t'l[:r nf' which the river onee cas
caded. In front of the old river bank at Wintergreen flat its
inner edge has an altitude of 316 to 318 feet, with a floor
sloping downward to 305 feet at the northeastern angle. Thus
the river must have reached a depth of over ten feet. The pre
sent form does not show the shape of the erescent when Niagara
falls were located here.  The northeastern angle of Winter
green is underent as if by eurrents rounding the point.  The
precipitous eliff is forty-five feet to the talus, which now slope
gixty-five feet to the Wilson terrace, at an elevation of
195 feet above Lake Ontario.  The ;n-im, 310 feet on map, 1s
still more under-cut, as this was the last spur at the apex of
the falls of smaller volume, before the union of the upper
Niagara and Clinton eataracts,  This feature locates the middle
of the original river and gorge, when the upper falls were cas
cading on the Clinton or Wilson floor, as is more plainly seen

in the field than on the map.

WILSON TERRACE OF CLINTON LIMESTONI AND ITS REMAINS

This terrace is due to the massive bed of Clinton limeston

of eight or ten feet in thickness vesting on another ten feet of
thinmer limestones,  The upper bed is extremely durable, while
the lower beds are somewhat vielding.  Again, these strata rest
upon the more perishable red shales and sandstones of  the
Medina series,  Here oceurs a conspicuous flat which 1 have
called the Wilson terrace, in honour of Mr. James Wilson, who
turned these wilds among the huge masses of fallen rocks into
a wonderful park, unlike any other in eastern Ameriea,

In front of the talus below Wintergreen cliffs the Wilson

terrace has a breadth of 100 to 200 feet. Below the eastern angle
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of the upper ¢liffs (310 feet above the lake), the spur of Wilson
terrace (map and Plate xxxv, a), extends outwards across the
course of the river, and terminates 400 feet from the edge of
the cliffs with detached masses heyond.  On the sonthern side
of this spur the terrace is bonnded by eliffs twenty feet or more
in height, in front of which is a talus strewn with blocks of
fallen Clinton limestone.  These are now lving outward where
they were broken off as the eurrents undermined them by the
removal of the softer steata beneath, 1t seems strange to se
the effeet of the river underentting in front of it instead of on
its margin, but this spur is a remarkable record of the union
here of the secondary falls and the upper Niagara falls,

In front of the main face of Wintergreen cliffs, there is a
great assemblage of fallen blocks below the level of Wilson
terrace.  One of these hloeks, though now split in two, is eighty
feet long, twenty feet wide above the ground, and eight or nine
feet thick. It lies erosswise of the course of the river. It is
the fallen edge of the Wilson terrace undermined from the
lower side of the river, when the falls were still easeading over
it, and it lies only a short distanee below its natural position
In this locality are found an immense number of these great
blocks, and thev show that the Wilson terrace must have ex
tended across the river, being the floor of the channel into which
the upper falls easeaded, but located nearer the Canadian side
than the present channel of Foster rapids, as shown in Plate

xxvi. A and other figures,

POT-HOLES IN FALLEN BLOCKS,

[ere are found pot-holes in fallen blocks, formed beneath
the falls, after the blocks had broken loose and were resting on
the slopes below, as shown by the holes which now have a vertical
position.  Three of these pot-holes in one block have a diameter

f eighteen inches with a depth of three feet or more.  Another
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The base of this wedge is about 100 feet across. Towards the
point some transverse fissurves disseet the mass. Bevond we find
these surface blocks first separated, though in their natural
position, and farther on they are tilted. This feature extends
for another 300 or 400 feet,  This is the narrow medial ridee
on Foster flats,  While some blocks of Niagara limestone oceur
upon the surface of the spur near its base, vet the fallen blocks
of the ridge are those of the thick Clinton band which had heen
undermined on the removal of the underlying strata.  That
this ridge is part of the old Clinton floor, of which remnants
extend as far southward as Wilson point, there is no question ;
but the ocenrrence of this cove hehind the spur of Wilson terrac
ready mentioned, presents diffienltios,

The Wilson floor was the bhottom of the river receiving the
waters of the upper eataract: Foster flats in the same manner
received the falls from the Clinton limestone, but in the cove
the evidence of an intermediate water fall from the Clinton
bed does not appear. The apex of the cove in the northern side
of Wintergreen flat is bevond or ontside of the original banks
f Niagara river, where the floor was 316 feet above the
lake, Ountward of this at a distance of 400 feet the floor is
lowered by ten feet (see map Plate xxiv.) 5 consequently this
cove, heading where the water was shallowest, eould not have
been made by the enrerent of viver.  Tts origin is not apparent

This feature is at variance with the physies of the normal
falls, and cannot be overlooked.  An island surmounted on the

Ie
rid

« siegested by Mr, Gilbert, wonld have hiad to be in front
of the main conrse of the river, as it was passing the deepest
channel, where Wintergreen flat is now loeated, with the apex of
the lateral falls not in the middle, but on the onter edge of the
gorge, where the water must have been shallowest.  This is a
very strong reason for disearding the idea of an island of such
extreme narrowness as to be less than its height above the

Clinton rocks, besides which the necessary débris of Niagara
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lmestone does not appear Fhe oceurrence conld seaveely T

expected as it would not he consistent with the Clinton floor of

the intermediate fal

The present chiannel is an eneroaclinent of 100 feet
or more upon the eastern side of the gorge.  Necordingly, th
I transverse spur of Wilson point

| with the Wilson terrace as the northern spur, for a remmant of
‘ the floor is still preserved beneath Wintergreen flat I'hi

clusion 15 contivmed by the fi

river must have passed over the

e shown in Plate i

oA and xxveoa, and o xxve i, indieating that the

pemt ol Wintergreen flat

onter

wias near the middle of the river,

which, from the views, is scen to be diverted entirely out

tern edge of the

\t the spur
f Wintergreen flat (310 on map) is a projecting point show
ing the place where, at one time, was the apex of the fall

which ea ded to the Chinton tlo

ith a lateral shelf
like that of Goat island, over which the water vere stll flowing

hundreds of feet in advance of the apes

I'he intermediate falls from the Clinton limestone beemm r-

upper lavers of the Medina

series, us shown by the rising ground at the cove, and also l

rapids in places, over the harder

features well sl

v oat the lower end of Smeaton mn
Fhese rapids soon passed to the softer lavers until the

reached the Medina g

eray sandstone hand,

clianng

FNION OF NIAGAR AND CLINTON FALLS FHEIR

Fhe Wintergreen tlat was the floor of the upper falls. Tl

Wilson flat, which was the floor of the intermediate cataract,

HEIGHTS

indicates the separation of the two falls, the latter descending

from the Clinton limestone band into the river flowing over

Foster flats and covering the floor of Medina  sandstone

Behind the northern spur, and also above the terrace south of

Wilson point, the absence of the Clinton limestone bed of the
middle

falls shows changed eonditions.




View looking down on North End of Foster Flats and River
from outermost point of Wintergreen Fla
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With the Wilson terrace aliraptly

ending, the Clinton
and Niagara cataracts tinallv united at this point, but they
did not excavate more deeply than before their union, At
the time of the union the conrse of the eurrent was obliguely

from the Canadian to the New York side, and it is found to

have been diverted hy the walls of Wintergreen flat and Wilson
terrace. A higher buttress nearly opposite 310 on the map,
wenrs on the New York side.  This, however, has not the form

of a terrace, but is the s {

ing edge of the platean above
Eldridge).  This feature of the falls breaking

barric

throngh =«

v and leaving buttresses on both sides is repeated at the
present outlet of the Whirlpool (Plate xxvin n, on page 190),
here they have considerably reduced the present breadth of the

canon,

The union of the two eascades easily explains the eliffs
facing up the river on the sonthwestern side of Wilson point.
These were undermined by the  enrvents sweeping against
them and eaunsing the blocks of Clinton lmestone to fall ont
ward in a direction opposite to that of the conrse of the river.
Ihe upper eataract had a height of 120 feet measurved from
the edge of the old channel at Wintergreen flat to Wilson
terrace and from this floor to Foster tlats, the Clinton or second
cataract fell another 120 feet (taking the mean height of the
flats which rise somewhat immediately below).  During the
epoch of the Clinton falls the volnme of the water was only 15
per eent of the total present discharge (Chapter xx.).  As the
retarded river below Foster flats has now a depth of only sixty
three feet the former depth of the water may be taken as not
exeeeding ten feet or less with free drainage: but the barrier at
Wilson point may have temporarily inercased the denth of the
river above, after the addition of the TTuron drainage.

The distance from the mouth of the gorge to Wilson point,
which is the last remuant of the Clinton floor before the union

of the two cataracts, is 13,400 feet. The united falls now
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receded another 600 feet to the head of Foster flats, when the
great change in the physies of the river occurred. The lowering
of the Ontario waters on this section had as vet no other effect
than that of affording an easy slope for the drainage
IHIRD Ol EDINA  CATARNC ! ELLING OSTER ¥I

\t Foster fl nother record of gre hange in the feature
of Niagara river is found. With the emergence of the floon
the river, by the ring of the Oy o jev thus drawing off
I er from the Chinton ehann vt I fall eame i
OXISTeNe ( | cenrvence of the he hand of M
I ndston I'he { rive n Inerease
) 1 I¢ nt

['he nar I ri| have f o by ¢

\ f 1 en | FIve [ f 1 ( or
the river has bear Cepil hat vl nderminn 1
( Plates xxvi. A and 1) SO cks have rolle off
¢ of Wilson poin I'l blockin f the ehannel ha
curred sine he backn he On he N 1

\fter the npper united fal had passed Wilson point the
deseendi 240 feet directly to the floor of Meding sandston
vet they eould no penetrate at, So o the continned unt
thew reachied the head of Foster flats: It s tnimaterial how f Lars
the third fall lagged behind the wunited upper one I'l
flats are 35 feet higher than the river to the south of the
which is 99 feet deep. The modern falls with their preser

I
height have an effective erosive foree of S0 to 100 feet below
river surface Now it ig found that the foree of the river

sufliciently inereased to penetrate the original floor to a dej

» feet. This actual deepening corresponds to the inerease




Large pot-hole, with bottom broken through, formed in block of limestone after
it had collapsed beneath the Falls when they were at Foster Flats
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mechanical power of the falls; due to inereased volume, when
the l‘;|H~ were lHl\*ill: this ‘l‘\'|i"||. l he pend tration of the flats

by the third eataract scems to have been when the falls were at

the Whirlpool, for here the surface is lowered some 30 feet

below the level of the flats, but the Whirlpool reaches to an in
ereased depth of about this amount, below the floor of the ¢han

nel outside of the pool—with the consequent lowering of it

surface, so that the falls were here able to excavate to the

greater :|--M||_ than is now seen further down.

The sudden widening of the channel ocenrs

nmediate

ibove the head of Foster flats, as mav be seen in the map and

in Plate xxv. n, as well as also the decpening observed

gsoundings between here and the Whirlpool, wher

section of the broad U-shaped channel was obtained.  The river

in front of Foster fats is about 300 feet wide, whil t alw

le Jus Wi

t attains Y00 feet, but bevond this loeal enlargement the mean

idth of the river is only 630 feet.  The united npper an

middle falls together had receded nn\'\ GO0 feet when the great

enlargement took place \s there was no inerease in the heigh

f the falls, this enlargement eould m ly have been due to a

ereater volume of water, such as the addition of the Huron dis
arge to the Erie drainage and the Niagara viver, whiel
etnally ocenrred,  (Seq Chapter xxvir)
Opposite the upper end of Foster flats, upon the eastern side
if the gorge, is found an indentation in the eliff. Tt extends for
thout a thousand feet to a rocky promontory, and the general

mtline suggests a former connexion between it and Wintery

it. The conelusion arrived at, concerning these features, is that

this is the locality where the inereased volume of the river I

me effeetive, producing falls oblique to the general course of
he river, as the waters were cascading into the smaller and
more ancient channel which was insufficiently large to take the
creased discharge, so that this was carried down and |».|~~ml

er the side of the chasm into the channel below. Sueh a
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condition Iuw'«'“:ll‘”_\ in time exeavated a broader eafion which
assumed a normal form by the recession of the falls.

The distance between the upper edges of the caiion is ab
normal, reaching to 1,700 feet. This gave the impression that
an « \ll';lnrl“ll:ll'_\ volume of water had been |'m||lir<‘~| o exceavat
such a great breadth. Below the Whirlpool the old banks of
the river were 1,500 feet apart, while the gorge has a breadth
of 1,300 feet. Above Wintergreen flat the former channel
widens to 1,650 feet, while at Wintergreen point the gorge itself
is reduced to 1,200, and farther down its breadth is 1,400 feet,
The 1'|“{>|i1':l| form (as shown on the map) is not a usual
feature,

That the course of the ancient river was over Wilson point
is unquestionable. The deeper small channel on the side, with
the Medina falls, directed the course of the now enlarged river,
with the inereased quantity of water pouring into the wester

side, obliquely, as just mentioned.  This naturally erowded the

gorge upon the eastern bank, as shown in Plates xxvi. A and s,

and accounts for the widened cafion here, beginning to expanc
out of its natural course into an elliptical form just above the

head of Foster flats, and the residual upper terrace of Winter

green.  These features, both in the gorge and at its outer edges
establish the position of the falls when they received the i
ereased volume of water from Lake IHuron.

The slope of the banks, in the curve of the river below Foste
flats, on the eastern side of the gorge, is much less than in fro
of them, where there has been more recent undermining of 1l
lower formations. On the Canadian side frost action is show:
both above and below Wintergreen flat where the walls hav
fal'en away from 50 to 100 feet, entting off abruptly tl
'k of the Whirlpo
Belo

original river bank which extends from bs

to a point 1,400 feet from the head of Wintergreen.
Wintergreen the terrace has also fallen away so that the wa

of the gorge is now back of the position of the old shore lin

dum
this I
OS¢
Owing

ived
13
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At Wintergreen, the original banks are well preserved, A few
hundred feet farther on the old <hore line reappears and recedes
from the present brink, showing what was a lagoon or expansion

of the river.  (See large map. )

Upon the revision of the physies of the Whirlpool gorge, no

evidence was found to show that there had been an increased

volume in the river in this scetion, but the old banks wer

'rnu:]\ curoterraces uu]u*.ﬂm: great width  the ri\l"', not

merely to the Whirlpool, where the western shor

has beer

undermined and fallen away, but also to below Thompson point,

and between it and the head of Winterereen tlat

To repeat, the strongest proof of the augmentation of the

river at this point is found in the pencteation of the former floor

of the channel above Foster flats, of which thev are a remnant

I'hese have a height of seventv-five feet above Lake Ontario, so

that the soundings above them, in the ehannmel 630 feet wide,

reaching to fiftv-nine fet below the lake, show that the inereased

‘harge was able to penetrate 135 feet info the solid

wk floor
vich received the earlier volume, and earvied it to the thivd
cataract situated farther down the goroe I'he surface of tha
iver has been lowered thivtv-five feet or more sinee the receding
hird fall subsequently penctrated Foster flats,  Indeed this
epth of penetration corresponds to the height of the falls at

his loeality, in the changing physies of the river

REVIEW OF FORMER CONCLUSIONS,

This revision of the study of Foster flats is made de novo,
eleven years after the first writing on the subject.  That th
falls had receded, nnder a reduced deseent of the river and
dume of water, to the point was then shown.  But between

this loeality and the head of Whirlpool rapids diffienltios then

ose, to which only s stive hiyvpotheses conld he applied.
Owing to the lapse of time I was not guided by any precon

cived theories in the present revision of the work. Nor did [
13
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refresh my memory by reading my earlier contributions, so that th

the ]m-mv II"‘r‘r'rmH"\ has not heen the u—H|’ of !\x'n\'\u'r )y

impressions, It i satisfactory to me, to find how well the early rac

pioncering hypotheses have withstood the test of time and A

mvestigation, col

In 1804 T coneluded that the great inerease in the volume in

of the water took place when the falls were at the head of ¢

Foster flats, stating that :—* Xter pa ing Foster lats the ehasn

hows the effeet of a greatly inereased foree, for the gorge i od

again widened and the terrace below washed away., . . . The hie

magnitude of the erosion indieates an inereased discharge which I'hi

as pi dueed by the turning of the waters of the Huron basin lrai
and adding them to the Niagara drainage I'he effeets of th

| greatly inercased volume of water were to widen the chasn -

| d ent ay pa f Foster platform, but leaving enongh 1« Huy
‘Y tell their nstory page 4664 I'his 1= cne of the discoveries

in the phvsies of the river, furnishing a time element in con

o1
puting the age of the falls

While three cas ere distinetly 1z the upy el
and middle falls were not then known to have united here, for
the detailed strneture at the flats had not been studied so elos lem
15 during the present investigations 'l depth of the rive
t Lewiston was thought to be only ninety-six feet, so that the :

great descent of the Medina falls and rapids was not known

In 1888% T discovered that the Huron waters only latel
turned into the Ervie drainage.  This paper was soon follows
by others. One of these was an essay on Niagara falls, pul
lished within a few months, by Mr. G. K. Gilbert, in whieh he
has based his studies of the changing ]-h'\»i-« of the falls mostl
upon my work. Two of the most important discoveries, whicl
he adopted, are the change in the Huron drainage, and the pos
tion of the falls when their volume was inereased. Writing «

Duration of Niagara Falls, cited before
* Proc. Amer. Ass. Ad, Scl., Vol. XXXVIL, pp. 1971

, 1888
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these in 1895, he says:  When the falls had receded to Just
heyond the end of Wintergreen flat (that is the high level ter
race above Foster flats), * probably at about this time the whole
amonnt of water in the river was inereased in a manner to be
considered later.”  (p. 222.4)  This had been explained by me
in * Duration of Niagara Falls® (p. 446). Again he says: * DBy
the tipping of the basin, the lake (Huron) was made gradually
to expand towards the west and south, till the last waters reach
ed the pass at the head of the St. Clair river.  Soon afterwards
the water ceased flowing through North Bay outlet ' (p. 229).
This was his form of adoption of the change of the Huron
drainage found by me in 1888,

A little later Mr, F. B. Taylor} worked out an explanation
for the Whirlpool gorge. e thought that the waters of Lake
Huron turned into Erie as I had set forth, but that they were
wain withdrawn, owing to changes in ice dam, when the falls
vere passing the Whirlpool vapids and that later when Niagara
falls were just south of Cantilever bridge, the full volume of
the Huron discharge was again added.  Tad it not been for the

new evidence of the character of the Whirlpool rapids, the pro

blem might remain unsolved.

t National Geographic
t Bull. Geol. Soc. Amer., Vol. 1X., pp. 59-84, 1898,

nograph Series, No. 7, New York, 189







CHAPTER XV,

TERRACES ABOUT END OF GORGE, AND LAKE LEVEI
BELOW THE PRESENT

Roy terrace and lake level at birth Delta of Niagara riv nd the
of fall T feer) ibsiden of lake
Eldridge flat (200 feet) Lowest level of water in Ontario
lell terrace (174 feet) basin
lroquois beach (187 feet) Final back f water belr
Lower terraces r ] |

ROY TERRACE AND LAKE AT BIRTH OF FALI

I'he main banks of the viver at the birth of the falls erossed
ridge extending to half a mile sonth of Broek’s Monument
and Hall point, where the old shore line has been removed
by the falling of the brink (see large map and figure 24)

Bevond this 1|<|:A an indistinet water line oceurs at a core
sponding height, showing the temporary level of water in the

Ontario basin at about 322 feet above its present level.  Near

< it, about 500 feet inside

he point where Brock stream eross
e escarpment on the western side of the
marked beneh which 1 shall eall

I'homas Rov, who made a study

oor

ge, is a well
“4-.\ terrace in honour of Mr.

of the Canadian terraces ad
went to Lake Ontario as long ¢ "

y as 1807,

The inner edge of this terrace has an elevation of 287 feet,

imd 284 feet farther ont, while there is a subordinate one near

wink of gorge at 275 feet for the inner and 268 feet for the

nter edg This is the flat in front of the shelter of the

Eleetrie railway at Broek’s Monument. Its maximum breadth

ay be taken at 300 feet, with the rocky banks behind rapidly

ing to Broek’s Monument fortv-two feet higher. The total
* Cited In Geology of Canada, 1863




terrace
indistinenishable Though old water level |

ontinunonsly explored 1t appears to oceur at

the brow of the Niagara escarpment, where
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front part of it seems to have been ent down by the old lake
waves for twenty or thirty feet below the rising ground back
of it.  Still the recognition is easiest where the waves earved
shore lines out of the soft drift material,

About half a mile west of the road, from St. David south
ward, an old shore line becomes conspicuous, bounded by low
rocky bluffs. At a mile and a half farther on, but still east of
I‘n' \\‘1']|;|Il<l l‘:l|l.ll, a spur of the .\i;l'."ll‘n esearpment ~!:|I|~|~
out prominently above the plain below. The eol connecting
this u||l].\illf_r spur with the escarpment behind forms the floor
of the terrace just to the eastward. Its height is 287 feet, In

the region of De Con falls (thirteen miles from Niagara river)
at 282 feet, and on the opposite gside of the great vallev of
Twelve-mile ereek, the inner side of the terrace, with a rocky
bluff behind it, has an elevation suggesting that it is at the same
level, as at Roy terrace.  The feature is repeated above Jordan,
about seventeen miles from Queenston, with J,\Ib,ll’lll'i\ the
same elevatioy.  Dut no survey has been made that ean give
the proper extension of this terrace.  Suflice it to say that Roy
terrace at the mouth of Niagara river plainly indicates that the

height of Niagara falls; at their bivth, was about thirty five feet,

FLDRIDGE FLAT,

On the eastern side of the mouth of the gorge there is a cut
terrace about 100 feet wide and 200 feet high, shown on the
map and named Eldridge flat. Its |vrt-~v-r\;|liwn is no dounbt
due to the harder beds of the Medina red sandstones distributed
among shales, but its form is that of an old shore line, which

represents a pause in the lowering of the Ontario waters,

BELL TERRACE,

Bell terrace is the next.  On this is located the road from
Queenston to St. David and westward, At the erossing of this
road over the Electrie railway its height is 174 feet. With a

breadth of a few hundred feet it extends to St. David, where
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the average height is 168 feet, althongh it is somewhat lower

at the corner of the hotel. At St. David it widens ont to half
a mile or more, back of which are the drift hills in front of
the Niagara esearpment.  Behind Merritton it is more diffienlt
to separate from the topography, hut it r ippears as a distinet

feature at other points, as east of Jordan, I have noticed the
same terrace at points ten miles east of Hamilton. Tt is some

times narrow, rising rapidly to the hills behind, or even cut

awav at |u-i|u\.‘n the side of the esearpment, Again, it is broad

From Niagara river westward its edee forms a steep hlufl

behind the old lru‘n-‘x— shore line, which is thirt ive or for
feet belo The Bell terrace is seen on the one hand risin
egently to the bluffs hehind, and on the other deseending ibruptl
to the Trogquois shore line in front, this makes the terrace
trongly marked feature in front of the Niagara escarpment

\djacent to Niagara river, at a fe feet below its surface

the i

is underlaid by red sandstones and shales of

{ .
Crraee

the Medina series, and these, in part, no doubt, give rise to il
persistend of the prominent features, DBt it is not « v
o1 ch foundation A\t St. David, and for some distane
Wi e, the wells, to a depth of sixty feet in sands m

how that the Medina sandstones are wanting, and that

the terrace form is due to wave action on superficial deposit

Here is evidenee of its being the floor in front of an old shore
line The inner edge of this terrace rises more rapidly tha

that of the Troquois plain in front, which may be due to the

washings from the hills,
This old terrace, which I have named in honour of D

Robert Bell, who had made most of the studies in this reg

1
hefore 1880,% marks a

waters in the Ontario basin, and its ocenrrence

falls, i

sinking of th
as connected with the study of the recession of the
important,

Report upon Surface Geology

* Geology of Canada, 1863

pause of considerable duration in the
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IROQUOIS BEACIHL

Again the waters sunk to the Iroquois shorve line, which, at
the mouth of the Niagara river, has an elevation of 135 to 137
feet.  This is the most econspicuous and perfeetly preserved
strand about Lake Ontario.  On the western side of the
Niagara caiion it is simply a ent terrace in front of the steep
bank in front of the Dell terrace: it is carved ont of a elayvey
soil.  From this line the old lake bottom almost impereeptibly
slopes ontward.  While the gravel heach charaete rized it els
where it is entirely wanting here, with the result that the
determination of the exact water line is not practicable within
the range of two or three feet, as the washes from the hills
behind have somewhat modified its inner edge.  With this
qualifieation by the use of the level T found it to have a height
of 130 feet at Queenston,  (Nee figure 24, page 195, also map
Plate xxxn1.)

On the New York side, the old shore is more strongly
marked than on the western, as the joint action of the river and
lake enrrents have washed away the talus slopes of the * moun
tainside,” and left a floor of Medina sandstone at 135 feet, In
front of this terrace is a steep slope to a much lower one, hevond
which a sand and gravel ridge rises at the village of Lewiston,
with features such as characterize the Iroquois beach. It is a
few hundred feet wide and slopes about twenty feet to the
plain in front. At the end of the spur above the river its
height is 126 feet, but where it joins the main Iroquois shore
it has risen to 137 feet, where the ervest of the spit is taken at
a slight elevation above the water line,

Looking at these features from the western side of the river
one would suppose they were two shore lines a few feet apart;
one of sand and gravel, the other of rock. DBut the former
declines gradually to the end, and the slope of the spit, deter-
mined instrumentally, indicates that it is one of those spits

ommonly formed beneath the water level where rivers enter
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lakes or seas. The well deve loped Troguois beach was one of

long duration, sufliciently so to allow the building up of grave

ridges often 300 to 500 feet wide, and fifteen or twenty fi

thick. This beach marked the longest panse in the lowering of

the aters of the Ontario basin, while the falls were receding

to Foster flats, which, together with other beaches and Smeator

| ravine, record the story of the early Niagara falls
IHE LOWER TERRACES,

Dehind  the |rw|u I spit lower  terrae 1= seen
seventv-five feet Farther « n the river, two miles hels
it Field pon the old rviver bed and ban 1 ell sh

re the tloor i mposed of gravel overlving shale or «
‘\,1‘. S Here the effeets of the rive re strong TR
n channel ront the sarface, or depositn | I'he heigl
of the raised river bottom abont forty feet at the upx
end, and somewhat less at the lower, ith the surface chn

nels inereasing in depth.  Opposite, on the eastern side, i

cove formmeg a deep indentation in the generally high banl

an elevation corvesponding in height, while the edge, belo
Field point, is marked by a lower water line of twenty feet

\t the mouth of the river is a somewhat extensive ri
flat in front of the town of Niagara-on-the-Lake. Tts heig
15 only three to five feet above the iter, behind whieh is

steep bhank 'l hole story is not told, as the lake continu

recede mueh below the present level,  Dut this terraec

the lake level rose again from the extreme sub

atter

. but before the recent lowering

NIAGARA RIVER AND FURTHER SUBSIDENCE OF 1

It is an undetermined question whether these 1

record only the original subsidence of the lake wate

r whether after the original shrinking of the lake to a smal

the

wrea, with stbsequent rise, the lake surface may
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heen slightly higher than now, so that the lower terraces mark
a second subsidence, due to the entting down of the St. Law
rence outlet.  Lower water lines of the Ontario basin are now
drowned.  The Niagara river below Lewiston has been re
filled with river deposits so that its depth is now redneed in
;bl:lm« to un|‘\' |||il'l.\ or !vul'!.\' feet.  Near the lake the

is seventy-two feet deep.

river
Pevond the mouth there is a fan
~h;1|u'~] delta extending lll':ll']v\ four and a half miles, at first
covered with only twenty to thirty feet of water, but with
forty-cight to sixty feet near the edge.  Bevond this margin,
there is an abrupt deseent to 100 or 150 feet, with the lake
further inereasing in depth bevond.  The submergence indi
cated here is a repetition of the features

] about Burlington
bay, at the end of Loke Ontario, which has a depth of seventy

ght feet behind a beach five miles from the end of the lake
mentioned long ago by myself. With regard to the delta of
the Niagara river, to which Mr. Gilbert ealled attention as
evidence that the lake level was from 100 to 200 feet lower

than now, it may be said that as the delta deposits at their very

edge rise to within about sixty feet of the surface, and as there
are no indentations in the isobaths beyond, they do not of
themselves furnish any evidence of greater subsidence of the
lake than this amount, although the acenmulations may have
been heaped up in decper waters immediately bevond, now
covering the topography of the pre-glacial basin of the lake.
From other proof a lower water line might have been in-
ferred, such as that of the ninety-six foot sounding at Lewiston,
Until the present time this depth of the river below the end of

the 2

» had furnished all the evidenee of the former greatest
emergence of the Niagara channel.  Now, however, the deep
sounding to 183 feet affords the first demonstration of the late
great subsidence of the lake waters affecting Niagara river.

P

Geology of the Region about the Western End of Lake

Ontarlo.’
by J. W, Spencer, cited before.
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The shore Tine vepresented by the delta, T have taken as the
equivalent of one now raised and tilted at the eastern end of
the Tnke, which Dr. Gilbert stated passed under the lake waters
at Oswego,

The lake level, so far as it affected Niagara river, must

have sunk to that of the deepest sounding, thus lengthening
the channel by eleven miles and a half, which below the sur
face drift is entirely excavated out of soft Medina shale. The
sinking of the waters below the level of Troquois heach brought
into existence the falls from the Medina sandstone, deseending
320 feet to the deep rviver channel mentioned—a much greater
height than was suggested by previous evidenee.  This is showr
by soundings, to have been diminished only thirtyv-three feet

at a third of a mile within the gorge if indeed the channel here

is not partly refilled

LOWEST LEVELS OF WATER IN ONTARIO BASIN

e considered as

If the deformation of Iroquois beach

found that between the head of Lake Ontario m

Prospect farm, east of Watertown, the differential rise amount

ed to 367 feet. This warping of the land must have affected
the rocky rim of the Ontario basin, seventy miles helow the
outlet of the lake: so that the waters, if the continent stood
sufticiently high, conld have been lowered another 500 fe
But of this amount only a little more than the depth of the gre
sounding is necessary to account for the deep channel of tl

Niagara river unless it be further vefilled.

FINAL BACKINC O} iy WATERS TO THEIR PRESENT LEVEI

when the waters in the Ontario basin shrun

After the tim

gara shore the tilting of the land at th

far away from the Ni
outlet of Ontario cansed the lake to rise again, thereby over
flowing low lands at its head, and submerging part of tl

Niagara gorge. The final movement was at a late date. Tn
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was iln|n~~|w! the free flow of the river with the consequent
effect upon its slope.

On the return of the waters to what height did they rise?
Some years ago I brought forward evidence snggesting that
it rose to about seventy-five feet, as represented in terraces at
Queenston, Lewiston, and by certain gravels at the Devils
[Hole.® Tt is possible that these last may have fallen from the
deposits of upper river gravel; consequently the evidence here
is doubtful. The rounded boulders beneath fallen blocks on
Foster flats eannot be :u‘w[vl»ll as ]-!'--ul'. A\t the outlet of
Lake Ontario well marked terraces oceur on both sides up to
sixty feet or even higher, in keeping with those along the sides
of the lower Niagara river. Whether these shall be found dip
ping as if passing under the lake in going westward, or resting
almost horizontally (as is suggested at many points), is un
certain without a complete survey. DBut the probability seems
to be that the terraces of seve nty five feet were formed, while
the water was originally sinking in the lake basin.  This
backing of the water would reduce the descent of the river,
with some effects upon the lower rapids. To whatever height
the lake rose after its late subsidence, the subsequent fall of the
waters has been accomplished by the Saint Lawrence river

deepening its channel.

* ' Another
VL, pp. 43

» in the History of Niagara Falls Am. Jour. Sel
Vol







CHAPTER XVI.

GLACIATION AND DRIFT ADJACENT TO NIAGARA RIVER

jation in Niagara district Character of sand ridge
r of clayey and stony drift River deposits with shell

GLACIATION IN NIAGARA DISTRICT,

The glaciation, or polished and seratched surfaces of the
rocks, establish the eharacter of the conuntry before the glacial
period was closed, and sharply defines the work performed by
the modern river, which at different places has re-exposed the
old drainage surface, Thus, in the exeavation for the aqueduet
pipe of one of the power companies in the Vietoria Park, the
southern edge of the buried Falls-Chippawa valley was found
scratched and polished.  Again, on rising from the lower ter
race at the Whirlpool rapids, a few feet to the higher floor
the rocky bank of the ancient valley is found polished.  This
proves that the broad channel at the Narrows was pre-glacial
So also at the Niagara quarry, on Monroe's farm, and beyond
it Harvie fall, the Whirlpool-St. David valley shows its upper
cdge to have been rounded and polished. At the last mentioned
place the direction is 8. 107 W, just outside of the treneh, the
trend of which here is N, 207 W,

During the summer of 1905 extensive excavations for
ewers were being made on Ferry road and on the street he
vond, in Niagara Falls Centre, which showed that the uppes

wks had been planed off to a remarkably level surface, highly
;m]ile] and k]iuhll‘\' seratched.  Here the elevation of the sur
face rock is 354 feet; the direction of the striations is S, 45

W., approximately in the same direction as this section of the
1) 1o
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river, but as the old valley bends more to the south the course
of the seratehes becomes oblique to the axis.

\t the Queenston quarry, on the mountain point southeast
of St. David, the main striation is 8, 60° W, with fainter lines

S, 607 K. and S, Iere were observed some ,|,.,.', grooves., It

may be stated that the conrse of the glaciation rarvely coineides
with the trend of the Niagara escarpment or other surfac
features, but is oblique to them, often at high angles, thus show
ing that these were not produeed by the action of the ice, which
only ]-wl%iuv] their surfaces, The glaciation is of the highest
value in determining whieh depressions arve old and which new
At varions points adjacent to the river, now concealed, the po
li‘)l‘ " ‘”|'Iv.l"l < !1:|\4‘ ]""ll Vll"‘ 'V 'l as lor i}’*ld“"l at Il\ll?".ll"‘

point and opposite to it,

CHARACTER OF CLAYEY AND STONY DRIFT.

The drift along the river above Dufferin islands is composed
of elay mingled with small stones and a few boulders. 1In
Niagara Falls Centre, at the head of Ferry road. upon digging
sewer-trenches, drift twenty-four feet deep was found lying
over the polished rock Here it was a reddish sandy elay
with very few pebbles and occasional angular stones of granite

and other material.  In the bluffs overlooking Vietoria Par

vising to 100 feet or more in height, some of the layers ar

-.llwl. but these oceupy the ‘»|||'i~ ‘i vallev,

I'he ridge of Lundy Lane trends westward from Drun
mondville (or Niagara Falls South), for a distance of soms
what more than two miles.  Near the monument to the battl
of Lundy Lane the high drift ridge is composed of sand and
gravel, In a well nearly a mile west, at a point wher
the surtuce has an altitude of 425 feet, the depth to rock i
ninety feet, mostly through sands and gravel. At well No.
over the buried Whirlpool-St. David valley, the surface clay ha

a thickness of eight feet, quicksand fifteen feet, bluish cla
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fifteen feet, red clay fifteen feet, with sands or angular gravels
below, as was deseribed in the deep well No. 1 reaching 269 feet.
These materials usnally have some clay mixture. At well No, 4
the bottom layer of drift resting upon rock consisted of a sort of
quicksand of extremely fine texture and angular form, which,
with water, easily flowed, but set so quickly that it was diffienlt
to pump it out of the l':l~in(;. At the \\'hirllmnl the 1']:|.\‘-‘ have
a thickness of forty feet.

CHARACTER OF THE SAND RIDGES.

Speaking generally, the plateau of the Niagara district has
a remarkably level or slightly undulating surface covered with
red clay soil such as characterizes the drift at Niagara Falls
Centre, shown in the sewer, or at Well No. 2. The ridge at
Lundy Lane is an exceptional feature. A smaller hill of like
character oceurs south of the post oftice of South KEnd, but
there is still another higher hill—the Berryman—rising high
above the immediate brow of the escarpment just west of
the outlet of the Whirlpool-St. David trench, where the face of
the escarpment is covered by drift hills.

From the summit of this hill a declining ridge extends in
both directions; that covering the buried valley disappears
within a half mile to the east, being indented with deep valleys.
Extensive gravel pits here show the structure of the materials
to a depth of fifty feet; also a well to 100 feet. They are com
posed of sand and gravel with well marked stratification, but in
false bedding dipping in both directions :—that is, outward to-
wards the low country of Lake Ontario, and inward towards the
platean. This structure is shown in Plate xxx.

The pebbles are mostly from one to three inches long and
form only a subordinate part of the whole. Many are com-
posed of granite and quartzite, but the greater portion are lime-
stone or reddish sandstone fragments which have been trans-

ported from the Hudson river or the Trenton formations on
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the northern side of Lake Ontario, with rarely a fragment of
Niagara limestone. These deposits overlap the clays which

cover the angular gravels of the buried channels. That these

accumulations transported across the lake were deposited in

water is unquestionable. They even oceur to a height of 75

to 100 feet above the summit of the escarpment, so that they

could not have been redeposited from other drift hills in this

region.

The transporting ice which supplied the material seems to

have been attracted by the pre-glacial valley here, and to have
deposited its load in melting, where the currents could stratify

it. A repetition of this phenomenon is seen at Font hill, where

similar deposits occur building up a higher mound which blocks
the head of the ¢ Short Hills’ \'u”v_\'. (The buried Lr

nel.) The Lundy ridge also is adjacent to the buried Falls

an chan

Chippawa valley, and the sands have considerable depth.

RIVER DEPOSITS WITH SHELLS.

As pointed out long ago by Lyell and Hall, there are river

deposits containing fresh water shells. Hall describes these on

Goat island, and Lyell those which occurred in Vietoria Park

back of the late Cedar island, before the gravel pit was recently

obliterated. The same shell deposits oceur on the high point

just at the outlet of the Whirlpool and elsewhere. They were

accumulated in the quieter waters when the river covered these

now drained terraces,
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CHAPTER XVII.

LAKE BASINS AND METEOROLOGICAL CONDITIONS
AFFECTING THE FALLS

Drainage area. The Erie ratio Humidity

Mean rainfall and evaporation from Temperature
Lake basins. Velocity of the wind

Modified conditions in the Erie Relationship of evaporation to
basin. rainfall

DRAINAGE AREA—THE ERIE RATIO.

In the investigation of the physies of Niagara falls the
problems of the fluetuations of the lakes, of the discharge, and
of the changing arcas of the lake basins supplying the waters
of the Niagara are fundamental questions and require presenta-
tion here, although the data have been derived from the already
collected meteorological notes, some of which consist of tables

that will be I!I‘l-wnln-\l in _\].[n-n:]i\ Iv.

Drainage Areas.*
Area of watershed or drainage basin of Lake Superior:

Sq. Miles.

IRVERIAII0 . «u as i 0is ae werws  SOTEO
U T e 6,800
In WHNORBIR. o v <o 40 sd e ve we 3,160
O T T O R SR 7,860
Water surface.. .. .. .. .. .. .. .. 81,800

80,400

The U. S. Lake Survey gives the total area as 76,100 in-
cluding a water surface of 32,100 square miles.

* Altitudes In Canada, James White, pp. 182-186, 1901, Also Rept. Engl-
neers, U.S.A., Appendix FFF., pp. 2861-2, 1903.
217
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Area of watershed or drainage basin of Lake Huron:

8q. Miles
In Ontario.. +v oo oo o6 w0 o9 v oo 85,400
IRTREEIAEENS . . v W ww 9E ey s 16,700
Water surface.. .. .. .. .. .. .. .. 23,200

75,300

This area includes,

ABOIRIRRINAY: 5. 45 S0 36 ot 58 30k obod 5,600
s T ) (R 1,600
Bt. Mary river. . .. o «c o0 o0 o0 o 150
Saginaw bay.. .. .. .. .. .. .. .. 1,050
Avea of $BIANGS. . v 2V s w6 e we 1,700

10,100

Area of watershed or drainage basin of Lake Michigan:

On adjacent land.. .. .. .. .. .. .. 10,200
Water surface.. .. .. .. .. .. .. .. 22300

62,500

Area of watershed or drainage basin of Lake St, Clair

river:

s YT T e Y R R A 4,160
LT T T R DAL T 2,160

WOBAR SUVEROR:" 3 o Lo v i 3n 4 E 445

6,765

Area of watershed or drainage basin of Lake Erie:

S ADRERTNOG ) 57 i e i el vieesls) B8 5,480
DR ORI TRRT I B vy a1 3% e e U1 20080
I MBI i s v % 5 50566 o @ e 2,090
In New York.. .. .. .. .. .. ... 2,210
1B IRRERRA L L e oven=s, S B e 1,270
I8 Ponnsylvanis. . . ov voliie e wa 580

Water surface.. .. .. .. .. .. .. .. 10,000
34,480

[Geol. Sury
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The U, 8. Engineers give the total area of the Erie and St,
Clair drainage basin at 40,800 square miles, ineluding 10,600
square miles of water surface,

Area of watershed or drainage
In Ontario. .

In New York. .
Water surface. .

» basin of Lake Ontario:

7,450

92 980

From the fore Ll"ill% tables it will he seen that the total area

of the Nis

a drainage basin is 259,445 square miles (White's
tables) or 254,700 square miles (U.S. Lake Survev). The area
of the Erie-St. Clair basin is 41.245 square miles (White),

r 40,800 square miles (U.S. Lake Survey).

In studying the physies of the falls it will be seen that

this separation of the Erie drainage from that of the total
amount of the Upper lakes is neee

ary, for at one time the
Niagara river received only the water from the Erie basin, and

part of that from the St. Clair. Thus the drainage area of
Erie compared with the entire area drained by Niagara is

sixteen per eent, or about one-sixth of the whole region.

MEAN ANNUAL RAINFALL AND EVAPORATION IN THE LAKF

BASINS,

The mean annual rainfall of the different lakes has been
computed for the period between the years 1882-1905; and
both the mean annual and mean monthly rainfall will be found
in Appendix 1v.

The average rainfall has been found to be
in the basin of :

* Rept. Lake Survey, 1903, pp. 2878-9;

for data since 1898 Annual Rept
 Weather Bureau
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1882 08| 188200, 1882 ), 1801 00 1001 05,

Lake Superior 1 inches., 27 26 inches, 26 17 inches, 27 .06 inches, 20 64 inches
Huron & Michigan 32 12 32 00 SNH 3104 L3240
St. Clair-Ere M08 Mo 12 83.70 28

: Ontar N7 N7 373 W00 RUSR 1]

Rainfall and the evaporation based on the discharge (1882

1808) in terms of eubie feet of discharge per second :

Rainfall.? | Evaporation. | Evaporation
For Superior basin M7, I64 (s f) AL (s f 13.75 (inche
3 Michigan- Huron §25, 807 N3, 831 202
St Clair-Er 102, 308 77.8% W10
Ontario SO.007 Y11 3 67
sf means cubic feet per » "

The evaporation in inches is corrected for the fall of lake

t the close of the period of observation.

evel ¢

The first period of rainfall given above is adopted from the

Lake Survey. The other groups of years are selected on aceount

of surveys of the recession of the falls having been made in 1800
and 19035, and the renewed rainfall sinee 1900, The earlier e
cords are too incomplete at eertain points to satisfactorily exten
the table. In faet, one should expeet that the average rainfall i

the Superior basin errs on the side of being too high, on accoun

of the diminished precipitation north o e Superior, wher
there are only a few stations, some of which have not beer
organized many yvears. For instance, at Nipigon, a large rive

discharges into Lake Superior, here it is 20:24 inche

. while to the northeast, at Martin falls, it is reduced to 141
! inches,  The same feature oceurs north of Huro
) t Engineers’ Rept., 1903, p. 2860,

1ding Huron rainfall in the means of the two Lak
)-1.

a, b, ¢. Corrected by
1 t Engineers’ Rept., 1

5, pp. 28

ol
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\ecordingly, the future revision of the rainfall may somewhat
reduce the average discharges of the basins of Superior and
Huron as w-l|\|~.|l'<‘-| with those of Michigan and Erie. This

question also has a bearing upon the recession of Niagara

falle.  From the above table it will be seen that the average

rainfall in the different basins varies, but this alone does not

account for the redueed height of the lakes since 1900,

MODIFIED CONDITIONS IN ERIE BASIN,

\lthough the drainage arvea of the higher lakes is larger

than that of Erie, the pr

portional rainfall is less. The pro
portion of the Erie precipitation to the whole amount in the
Lake region, exclusive of Lake Ontario, is 177 per cent, or
slightly greater than that of the Erie area compared with the

vhole, which is 16 per eent, The determination of these pro

portions will be found to have a direct bearing on the physical
changes of Niagara falls,

The evaporation depends upon the humidity, temperature,
wind, the proportion of lake surface compared with the whole
drainage basin, and whether the lakes themselves have varied
in gize. It has been found that Lake Erie at its birth was of
very small size. It had an area of 1,000 to 1,500 square miles
compared with 10,000 square miles at the present day. Conse
quently the difference would have to be treated as a land area
suffering less evaporation in former times.

/I///Il/‘r/!/ll(.

Upon investigating the question of humidity the average
mount from 1852 to 1898 was

Lake Erie. .

found to be, for

8% deb 736 per cent.
Huron and Michigan. . 764 “
Superior. . 764
Ontario. . 7440 “

In Appendix 1v., the monthly humidities are also given
r Lake Erie.
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T'emperature.

Evaporation depends upon the temperature, so it is given,

for
Lake Erie (1882-'08) was.. .. .. .. 480 F
Superior (1882-98).. .. .. .. .. 359 F
Huron and Michigan.. .. .. .. .. 42.08F
Ontario . 441 F

See Appendix v,

Velocilty of Wind.

For the same period the average velocity of the wind, for

Lake Eric o e ' 104
Superior.. .. . e P bk R 005
Huron-Michigan. . .. ST ; 103
Ontario, . . : i ¢ W% &% 107

See Appendix 1v,

Re /u/{u/u//f/r of /';l'l//”('vl/l‘“ll to Rainfall.

The question arises:—C'an the amount of evaporation Iu
determined from meteorologieal conditions alone? On this
subject, Prof. Alfred J. Henry and Prof. Norman B. Conger
have made some caleulations for various points on all lakes
But different stations vary greatly, with the evaporation on the
sonthwestern side of the lakes being much greater than on the
northern or eastern sides. The results of these ealeulations
based upon the shore stations ave too high for mid lake, beeans
the determining temperature of evaporation (temperature of
the surface waters) is, at some seasons of the yvear, from 10° t
207 higher than obtains in mid lake.

Thus no valuable information throwing light upon thi

problem from the ealeulations of the shore stations is obtair

able, The differential character of the meteorological phen
mena is of value in forming impressions of changing condition

at the same stations in different localities,

* Weather Bureau Bulletin No. 213, p. 22, 1809




CHAPTER XVIII,

FLUCTUATIONS OF THE LAKES

K« po ) Cl of f H oM
observation ing that of Er

Mea 1 u ial 1 ati ol I L o1 of | nd O >
Erie, 1550-19 ompared

Fluctuations of Er and  Huror Mean  quing m o
compared Ontario, 1854-1

Lowering of Lake Huro ¥ f ke Ontario and
Drainage by Chicago canal Saint Lawr river red

LAKE ERIE NOTE ON POSITIONS OF OBSERVATION,

e fluctuations of the lakes are primarily dependent upon

the meteorological conditions such as those already mentioned.

But in times past the more wooded portions of the ¢

e lake region must have modified the fluet

unations, with

}.HHH”\ other eanses not econsidered I'he data covers tift
ears or more of continuous observations, with fragmentary in
formation recorded many years still farther bael First, they

throw lig upon the variable discharge; secondly, upon the
present stability of the Niagara region, so far as differential
novements of the earth’s ernst are coneerned; and thirdly, the

leepening of the outlets of the lakes, ke

The two most important points about Lake Erie for obsery-
ng the fluetuations are at the intake of the Welland canal,

Port Colborne and at Cleveland. 4 (

ations at Duffalo

¥ 1 the r irds obtained through the K Iness of Mr. J. L. Weller,
ident ngineer, Welland canal, and of Mr. James Wi

Geographer
rior Department, Ottawa, and Mr. Butler, D

puty Minister of Canals,

The fluctuations at Cleveland are from Report of U8

Engineers' Lak
rvey for 1903, 1904 and 1
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and at the western end of the lake show greater variations than
at Cleveland, where the waters arve less likely to be piled up or
lowered by the winds,  DBesides this, Cleveland and Port Col
borne are along the line showing the greatest amount of former
differential change of level indicated by the raised beaches
Around the head of Lake Erie as far as Cleveland there has been
very little unequal clevation in the earth movements, while from
Cleveland northeastward an unequal elevation of the deserted
beaches is strongly marked by a rise of 120 feet in a distance
of 164 miles to Fouthill, Ontario: or of 100 feet in a distance
of 144 miles to Sheridan, N.Y. This last distance is in « more
casterly direction.  Indeed, nearly all of the rise ocenrs east
ward of Madison, Ohio, which is forty miles east of Cleveland

From the daily fluetnations at Port Colborne, in its relation
to the sill of Loek No. 27 of the Welland canal, the monthly
and annual averages of the lake have been caleulated sinee

1849, So. also, the same information has been obtained with

regard to the fluetuations at Cleveland sinee 1854,  Authentic

eontinuous records at Duffalo date back to only 1887, Fron
these tables the average daily fluetuations during periods of fi
years, fifteen years, and other groups of years have been con
piled in order to ecompare them with the surveys of the rec
sion of Niagara falls,

For the mean height of Lake Erie at Buffalo, hefore co
tinuous observations were made, an approximate result can |
obtained by adding 0:12 to the levels at Cleveland. The
mean levels are ~'ut|||»||nJ from U. S. Engincers’ tables withe
deduction of 033 of a foot required by the latest prec

levelling to sea level datum.  The necessary correction has bee

made for Port Colborne




e R T S TR G AN

ot Canada) LOWERING OF LAKE OUTLETS 241

and 1905 it was 245:07; also showing a difference of 1:17 feet.
Thus it will be seen that there has been no change (in the mean

of many years) of lake fluctnations. The conclusion is that the

lowering of the Erie outlet is at the same rate as at the St.

Lawrence outlet of Lake Ontario. At Niagara falls. and at

Galops rapids of the St. Lawrence, the two rivers flow over lime
stone which mostly determined the rims of the lake basins above
these points: althongh a limited amonnt of drift affects the St
Lawrence as well as the outlet of Erie

While silts have

tional bridge, vet in channels

as above mentioned,

segaregated around the piers ol the Interna

between some of them, the

river has deepened its bed.  Thus in the

channel of the fourth

span, some thirty vears ago, the depth was forty-two feet, while

: it has since seoured to a depth of fiftv-three feet,
At Galops rapids the depth to the roeky rim does not exeeed
thirteen feet, which in June, 1902, reached 2:09 feet or 1:25
\ feet below Ogdensburg, a few miles above page 27935, I.'.}.
Eng., 1902). There the bed of the river is co nposed of elay.

While the rocky rims arve the principal barriers to the lakes,

limiting the power of the rivers in the scouring of the elay beds

vet part of the lowering of the lakes

appears to be due to

changes in the clayey seetions, and it is not surprising to find

that the amount of lowering of the two lakes has been the
same,
The wear of the rocky floor of the river, adijacent to the

head of Goat island seems at first insignificant:  but after

passing the First cascade between two and sis feet of rock

have been removed by the modern river, which has acted upon

he rapids only sinee the falls veceded from 1,000 feet south of

Mubbard point, or 7,000 feet from the present erest of the falls

hat is after the falls had Iuglm to remove the deift from the

uried Falls-Chippawa valley, with the appearance of the Upper
rapids themselves. This oceurred less than fifteen hundred
vears ago, and -hows that the lowering of the river, through the

16
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rocky barrier, has been very slow, and accomplished at irregular

intervals,

LOWERING OF THE OUTLET OF LAKE ONTARIO,

I'rom the table of the quinquennial flnetuations of Lake On
tario and the St. Lawrence river already given (Chapter
xvir) and the annual fluetnations (Chapter xxxu.), the follow

ing table has been computed.

1876 1800
1801 1900,
19011905

\lthough this table is not complete for all the years (
observation at the four stations, yet it is sufficient to show that
it would be only slightly changed by the addition of the average
of fifteen years preceding that of 1876, Irom the <|||i1n|m nnia
table (p: 32), it is found that the level of Lake Ontario at
Toronto between 1561 and 1890 is u|.|‘\ 0+08 of a foot higher
than the average of the later fifteen years, so also Lock 14 shows
that the mean of thirty years from 1861 to 1890 exceeds that of
fifteen years ending with 1890 by only 008, Consequently the
earlier records at other l"'ilﬂ‘ are unnecessary. On .‘leﬂ_\f'in
the table here given it is found that the mean water surface fel
between the periods ending 1891 and 1900:  at Toronto, 1:31
at Lock 27, 1:00; at Lock 15, 1:07, and at Lock 14, 0-86 feo
After 1900 the water rose again at Toronto, 0+62; at Lock 27
0:50; and at Lock 11, 0-0D of a foot. With this rise of the bro
surface of Lake Ontario, amounting to more than half a fo

the rise of the river level should have been commensurate i

1.],\.'. of an insignificant nllljlrnrh\_ The conclusion is that 1
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bed of the St. Lawrence rapids channel adjacent to Lock 14

was reduced 0-62 less 0-09, or 0-53 of a foot at least. The level
of the lake fell 0-45 of a foot during the decade 1891-1900 more

than the river at Lock 14. These results added give the per

manent lowering of the lake outlet at and above Loek 14 at 095

of a foot, although on account of the inereased rainfall (1901

'05) the actual present subsidence in the lake surface has been

reduced to only 0+69 of a foot

(131 062) 1

ver than between
IST6 and 1890,

I'urning now to the discharge of the St. Lawrence river
page 248 and Appendix vi, Table

tween 1S

3) the me

1 volume b

6 and 1890 was 260,700 cubie feet per second, but

from 1891 to 1905 it was reduced to 231,000 eubie feet v dif

ference of 26,400 cubic feet per second. As a fall of one foot

of the lake level corresponds a diminution of discharge

unounting to 25,761 cubie feet per l

second, the actual measure

ment shows an amount corresponding to the lowering of lake
level by slightly more

than one foot. \s this was not due to

|>l-v‘1|'l'.l|i-‘ll hia n
cased, it was evidently eaused by a lowering of the channel
herehy permane ntly reducing the surface of the lake to a lower

cl.  The lake level during 18911905 was 110 feet lower

han in the vem

7690, while the lowering determined by
| |

wtely 105 feet, the mean

e discharge is shown to be approxi

fifteen years, The inereased rainfall during 190105 hLas

pparently counteracted this lowering to 0:-69 of a foot, thus

lemg it trom 098 of a fool—a condition

canuot e

peeted to continue

EFFECT OF LOWERING OF ONTARIO ON HIGHER LAKES.,

The mean annual flnetuations given in

He aecompanyving

hapter xxxi1. show that this sudden subsidence of the water

irred between 1800 and 1902, with the subsequent fluetua
ns which are fairly expressed by taking the

mean of several
I
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vears, Changeable winds prevailing over several vears may to
some extent give rise to variations; so also gronpings of differ
ent years, but the rvesults are all in the same direction—ghow
ing a lowering of the lake outlets, thongh now partly connter
balanced by the present exeessive rainfall,

The mean height of the water during thirty years until 1890
shows no extraordinary changes, while immediately following
there was a sudden lowering at all the lakes exeept Superior.
The slope between Toronto and Lock 27 being only slightly
more than one foot, and most of this situated within twelve
miles of the Lock, it may be eonsidered that the whole dis
wnd 15

tance belongs to the lake level Between Locks &
the rapids descend nearly eighty-nine feet to the expansion of
Lake St. Francis. Detween Locks 15 and 14, which last i

pevond the lower end of this lake, there is only a slight fall

Beauharnois eanal, with Lock 14 at its head, extends (alongside
Coteau, Cedar, ,\]vll’ Rock and Caseade mywi- to Lake St
Louis, which is more than eighty feet below Lake St. Franei
Some streams from the northern side of the Adirondack moun

tains enter the St. Lawrence above Lock 15, vet in the mean
Ivernges Iu!‘_ no effeets appear, as it 1s seen that the lowern
of the ater is the same as that at Lock 27 Lake St. Loui
receives the large and variable Ottawa river, producing ver
great fluetuations of ten feet or more Such changes inerease
or reduce the head of the waters on these l‘.q-'\ Is, whieh won
theoretically retard the outflow above Lock 14 at times of higl

water in the Ottawa river, if the amount were not too sm

or consideration on account of the great deseent of the rapid

Turning now to the other lakes as well, the canse of this o

eral low stage of water, also prevailing in the Erie and TTar

basing, cannot be attributable to anv great extent to the inferi

rainfall throughout the whole period: for after some vears

reduced precipitation (1801-1900) the mean rainfall for

following five vears inereased in the whole lake reg
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the precipitation was greater than that which prevailed not
merely during the vears of low water (1890-1900), but also
during higher water preceding 1801, Yet it has not raised the
lakes to their former stages: and with the next evele of Iy

rainfall the reduced levels will hecome more apparent. Necord

ingly with the evidenee before me there seems no other suf

ficient explanation for this lowering of the lakes than that due
|

to the sconring of the ontlets, making itself nifest by the
sudden sinking of the water, particularly ithin neriod of
two yvears (1890-92), In the meanwhil I | f Lak
Superior has not been measurab redueed, and the mer |

rainfall h raised its leve
The rise of about 0:62 of a foot i1 ke Ont

1901205 does not appear in La |

This infer rise of Lake Erie in conty to that « | tl
othes Takins [ik dotibilons:-attsthrtablaito -t
of the water f the river, already begun to a smal

Nee Chapter xxi, Part 1) \ uniform rate of
ould not be expected I'he impact oceurring on the various
trata would weaken their resistance and ecause them to give
iy at irregular time When the next lowering of the outlets
ill ocenr cannot be foreseen, but the forees are alway t i
earing down the roeky barriers of the la
\s has been shown the amount of | orn in tl |
out one foot. On referring to the disecharge tables it will b

ind that the mean Erie overt 1= given, between 1560 and

SO0, was 21,500 cubie feet per second more than during the
eriod 1891-1905.  This is equal to about 0-035 of a foot. Thi
wludes the slight rise canused by inereasged rainfall for the ]
¢ vears

IFor the absolute sinking of Lake Huron one foot must be
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added to 0-66, or 1:66 feet as the total amount of lowering of

Lakes Huoron-Michigan which has ocenrred.  The shoaling is

very noticeable in the shallow channels among the islands,

EFFECTS OF THE LOWERING OF THE LAKES UPON CANALS AND
ITARBOURS.

About 1893, much concern was occasioned by the shoaling
of the harbours, the cause of which was not explained at that
time. Low water was characteristic of the decade ending 1900,
Sinee that time the water levels have been higher with the in
ereased  rainfall which is partly counteracting the effects
of the lowered outlets.  With the return of normal dimin
ished rainfall the lowering of the lakes will be more apparent,
in the relationship of their levels to the harbours and canals
The sudden shoaling of the canhls by one foot, when they wer
made for even fourteen feet dranght, is a serious problem which
must enter into the engineering features of the future, and also
the shoaling of the harbours, the effeets of which are variable
with the oscillations of rainfall.

Added to this shoaling of the harbours and eanals will
be the future lowering of Lake Erie, due to the diversion of

the waters for power purposes.  (See Chapter xxr., Part 11.)

CORRECTED ELEVATIONS OF THE GREAT LAKES,

\s the outlets of the lakes have been lowered sinee 1800
the mean elevations that should be adopted are those between

1801 and 1905 inelusive, thus making:

Lake Ontario. .

Lake Erie. . TR ETE TR T

Lake Huron.. .. .. .. .. .. .. .. 58000
Lake Superior.. .. .. .. .. .. .. 060194

(This elevation of Superior is the mean during 1561-1905




CHAPTER XX,

DISCHARGE OF NIAGARA AND OTHER RIVERS
OF ST, LAWRENCE DRAINAGE

Notes on discharge

Variations In discharge of St
Mean quinguennial 4 harge of St Lawrence river.
Mary, St. Clair, Niagara and 8 Variations in  discharge of St
Lawrence rivers, Mary river
Variations in discharge of Niagara Froportional drainage of Eric bash
river
Variations in discharge of St. Clair
river.

NOTES ON DISCHARGE.

In the earlier investigations of Niagara river® the only
available measurements of the discharge of the St. Clair and
Niagara rivers were extremely fragmentary, and those obt

able were made in 1868.4 Very much more satisfactory in

formation is now at hand, as extensive determinations have

been made for different stages of the lakes, and published in

reports for the years from 1900 to 1905,% so that the discharge
of any day since the fluctuations of the lakes veere first recorded
some lilk\_\ Years ago can be ealenlated. The ‘“ﬂ'h.ll':' s for the
Niagara river are given in the report for 1903. The mean
monthly and annual discharges have been transeribed 1o Ap
pendix v, of the present report.

While the fluetuations of the lakes involve many problems
b aringe on the lake |1i~'--l'\. <||~<'1w1"_'l~ ol |.4|Iw~ H\:1>-1l and
Erie only produce a direct modification of the recession of Nia
gara falls. The present conditions have not always prevailed.
Ihus, in 1888, it was first discovered that Lake Huron did not

*‘Duration of Niagara falls,’ J. W. Spencer, Am. Jour. Sei, Vol
XLVIIL, p. 461, 1804

t Report of Chief of Engincers in 1869, p. 582
t1Ib

1900-'5
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empty into the Niil‘;Jl‘.‘ drainage until a recent :l:mu con-

sequently it was necessary to ascertain the difference of volume
of discharge of the St. Clair and Niagara rivers.
\s the surveys of Niag:

and 1905, the periods of discharge in the following table have

s falls were made in 1875, 1800,

been chosen =0 as to correspond with the vears of the surveys.
From the table it will be seen that there was a sndden shrinl
age of the water after 1800, The discharge of Niagara in 1800
was given at 228,974 cubie feet per second, while in 1891 the
amonnt was only 208,908 cubie feet. The lowering of the water
of the St. Clair viver hegan to appear in 1889, but only in 1801

did it attain the present low level.

MEAN QUINQUENNIAL DISCHARGE OF ST, MARY. ST, CLAIR
NIAGARA, AND ST, LAWRENCE RIVERS
Year St Mar St Niagara St ]
1860 1860 84,288 215, 200 18 700
ING6 1870 K33, U85 0 4R Wil 6520
INTL I8TH 80,581 4 RN 240,68
1860 1875, NN, 282 AR 0,767
.
1876 1880, " "% G4 1,800
1881 188) 242,124 RN
1886 18490 06, 244 %, 50 6, 19
G 1800 0,152 220,107 i, 621
1801 1805 (AR’ 3.001
1806 1900 N2, 481 YD N4
1901 1900 173,665 06, 167 4428
1891 190 04,167 244, 0536
1801 14002 17
1860 1802 197 ) R
1860 18890, i i, 604
1860 1900
for 190102 only
* The discharge of Niagara river given in the 1804 report (p. 4058)
215,200 cubic feet per second as the mean from 1860 to 1903, and for th
Clair rive 205,400 cubic feet As willsat once be een the differen

the discharg entirely too small and could not have been u

determining the relative physical featurss of Niagara river
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The tables are adapted from the Enginec rs’ Report of 1903,
based upon the mean measurements at an open section of the

Niagara river and at the International bric

ge, two miles within

the river.

VARIATIONS IN DISCIHARGE OF NIAGARA | ER

The change in discharge for one foot of fluctuation of Lake
Erie is (for datum discharg :n‘\m} to 23.205 enbie feet

per second. This includes 1,200 enbie feet per second discha

for the Erie canal, and 1,100 feet per second for the Welland
canal, Thomas Russell, p. 4116, 1894 I'he equation

1 fon
the variation of the river stands thus:

Discharge in cubie fe ond s o 155,500

22,402 (( a%0 ( the elevation of ke Fri
Cleveland. (s f. is eubie feet per second.)

In the discharge tables the volumes of the varion ( 1
w=ed upon the fluetuations of the lake I'he meter dete ina
ms for various stages we made during some Y

ween 1898 and 1902, Thus it will be seen that the measure

ments were only taken after the lowering of the lake ontlet,
hich feature was not recognized ( puting the discharee
or to 15891, I'his omission accounts for the larger volume of
e river between 1560 and 1590 compared ith that ot b
quent Vears, giving an exeessive discharge betweer 21,000

23,000 cubie feet

If the Niagara channel has been uniformly deepencd

e equivalent of one foot sinee 1890, one foot should have heer
ken from the lake levels in ealenlating all discharges prion
the lowering of the outlet ; which has not been done, but in the
bles, the discharges are given as if the outlets were as high as
hen the lake-devels were recorded prior to 1801, although
¢ water-meter determinations were made sinee the lowering

the outlets By comparing the mean discharges from 1560
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to 1800 with that from 1891 to 1905, the volume of the Nia
gara river for the two periods is reduced from 225,967 to
201164 eubie feet per second, a difference of 21,803 cubie
feet, or a lowering of about 0-95 of a foot. Transposing the
case, with the bed of the channel as formerly nearly a foot
higher, the mean discharge before and after 1800 would be ap
proximately the same. Thus is explained the extraordinary dis
crepancy that demanded investigation, as the meteorologica
variations were entirely unable to account for it.  In short, the
discharge of Niagara river in the future ean only be taken a
that of the mean since 18900, which further re-determinations
may slightly correet.  Aecordingly the mean volume is taken
at about 204,000 cubie feet in place of 219,000 for the whole
period from 1860 to 1905,  This materially reduces the esti
mate of the power of Niagaea falls, The Lake Survey ha
lately redueed their estimate to 215,200 cubie feet (their me
thod being unpublished), but nowhere have they corrected the
discharges for the lowering of the outlets as mentioned. Wi

my correetion .A;v)vhul, the mean discharge would be further

reduced to 200,000 cubic feet per second.

VARIATION IN DISCHARGE OF 8T, CLAIR RIVER.

A change o1 discharge in Saint Clair river for one foot «
fall of Lake Huron is 19,238 enbie feot per second ( page 4120

While the formula for the discharge is simple yet it was instr

mentally determined for only a limited range wI-|u-i:I|'. as in the
ease of Niagara river, after the lowering of the St. Clair outlet
Consequently, similar corrections in the diseharge tables must |

;.].I.‘i.v\ for the vears |»l'n~-|-'iin: 1801, Again, ice action o

which observations have been made during onlv three winter
is not fully understood ; thus results are less satisfactory th

at Niagara river.

* Report of U, 8. Engineers, page 4120, 1504
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The table (page 248) gives the mean discharge of Lake
Huron from 1860 to 1800 at 207,357 cubie feet per second, and
that from 1801 to 1902 at 171,746 cubie feet.  As has been
shown (Chapters xvirn and xix.), the Huron outlet has heen
lowered by 0-66 of a foot more than the surface of Lake Erie,

to which one foot must be added.  Applying this correction to

the mean discharge given before 1501, the resnlt shows 176,957
cubic feet per second, or about 5,000 eubic feet per second
more than the mean discharge of the twelve years 1801-1902,
This excess wonld be redueed by inclnding the discharge of
the last three vears; and further allowing for the imperfee
tions of observation, the diserepaney of caleulation before 1891

compared with determinations since that date is greatly
duced.

Thus it becomes apparent that the differences between the

dischar, of the two periods is due to the omission in consider

ing the former higher bed of the St. Clair river. This analvysis
mfirms the conelusion as to the recent lowering of the Huron
outlet, and the necessity of adopting the discharge values since

1800 as the standard.

ARIATIONS IN THE DISCHARGE OF THE ST. LAWRENCE RIVER,

A formula has been found for extending the discharge
calenlations, and it mav be added here, along with those of the
ther rivers,  The meter measurements were taken in 190002,

t the narrowest part of the river below Cardinal (that is below

The discharge in enbie feet per second 01683 a1
level of Lake Ontario at Oswego —240) : or, in other words,
he variation of one foot ehanges the volume by nearly 25,761

eet,  Fluetuations of level of one foat at the

‘T repre

nt nearly 26.787 enbie feet, in the discharge measurements




VARTATIONS IN THE DISCHARGE O 81 MARY RIVER

The formula for the variations of the discharee of Lake

Superior may be applied in the study of the relative fluctua

cevel of Lake Superior G400,

PROTORTIONAL DRAINAGE OF F'IE ERTE BASIN,

1 to determine ( erences between the outfl of tl
I I b I'al in the Repom
ineers for 190 d 1904 var e me irge of ]
rive | 1 small pereentage hieh when redueed the
ferential discharge of the Erie basin makes the apparent di
crepaney here very much greater than is permissible Concer

ne Erie alone, Mr. Russell shows that of the Niagara disel

when it reacl 222 400 en f per seq 11,100 ¢n
feet per second ( |« rom tl Irie | { 1
{ £ ihe vosion S ' i traat T— ‘
h is tl Ni discharg ) ( ed the St (
h this  mmount, But the ecaleulation from the disehm
formula as given in the 1903 report shows only 21,300 cul

feet per second as the average between the vears 1860 and 189

inclusive. This is ten per cent of the total overflow of the Fa

hasin In the report of 1904 this pereentage was reduced I
much indeed that Mr. Russell savs: ‘It v Id require a i
great and totally inadmissible evaporation from the lake
have the differences as small as observations indicated (pa
$125)." “The most that ean be done then with the wate f

heights, discharge, and rainfall is to see a reasonal
value of the land run-off and the lake evaporation will give

the difference of the Detroit and Niagara rivers,
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from the discharge

vitlues is elose to that obtained from the meteorolog

This amount of 15 per cent as derived
i calenla

tion, which is 17-7 per cent (page 221); and from the pro
portional part of the drainage arca of 16 per cent The
discharee value is ’-lulm‘w the most correct on  account
of  the variable rainfall in  the different 1k basi
variations, uch as

There will be other meteorol

wind in the Erie than in the




POWER OF NIANGARA -PART ONI
riable  discharge and i Ratio of ( : 1A
rinkage | fal
of horse-power of the fall Fr h
ble 1 rin re or Lin atior f
mechanical horse-pow ¥ r r
VARIABLE DISCHARGE AND PRESENT SHRINKAGE.

The descent of the Niagara viver from the First o (
the Upper rapids to 1 Ontario is 312 feet. The rface of
he river below the falls mav be taken 100 oot | hi¢
power of \""5“""i"" ts the produoet « { )1 o
nd the variable discharge volume of anv p

Corect
(
\vera ( " 1860 I8N0 IRLLL 1000
1801190 ). 00
1860 1900 4 MR
1858 (O ' 14,000 e
1862 (for the year 248, (00
1862 (1 T G0, 000 :
I8 (for the vear 1
1902 (mont f Febroar 1
1902 (Felyy, 2511 8. 1 0
Reducing these figures to horse power the following results
ire obtained ;
RANGE OF HORSE-POWER OF THE FALI

\verage Corr
horse power 1860 1800 B4 000 1P L1000 H.1

1801 1905 1915, 000 19175 000

1860 1905 327000 1,745, 000

1858 (October 7 7,563,000 T3 000

1862 (for the year ) 804,000 3, 000

1862 (for month of Ju 0,264 000 736,000

1,500, 000 1,500, 000

bruar 1216, 000

CHAPTER XXI

From these figures it may be seen that the

aries « |Il'l'll|1'l|~]\ﬂ

* These

are averages taken from the di
the lowering of the lake outlets, not allow
lischarge is that of the period of 1-1905
t Water at Port Colborne onl 1hove

1,216,000

work of Niagara

charge tables, but or ount

1 for her the rrect mean
th
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A\VAILABLE 1 R IN THE RECESSIO
|"\‘-m T tandpoimmt ol the ree on of the fa LT he
of this horse power, whether large or small, come nto oper
tion. The greatest foree of the viver is at the apex. This em

ation of the
sho mp 1 ral retreat of the great eataraet;
ECHANICAL HORSE POW
\ change of one foot in the height of Lake Erie will
erea v diminish the discharge by 23,205 eubie feet
second, which is equivalent to 569,000 horse power. When
comes to the question of the artificial applieation of power,
water be taken from the river belo the First eascade,
obtainable horse power will be mueh less than if taken al “

On the average of all the companies, the available amount



FLUCTUATIO OF LAKE ERI 00

MEAN QUINQUENNIAL FLUCTUATIONS OF ERTI
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(
i 60 " ‘
1-7 ; - v
o ) 80 o .
690 . _—
o 16 100 "
i8] - N
el o il T2 ~
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I'he Buffalo record f

uations similar to those at Port Colborne, when eompared

v the short period shows differential

th Cleveland.  As the monthly and annual fluctuations are

Flevations refer to mean tide at New York N
els by precise levelling, a difference of 1:08 f vas found between Canadian
les and those of engineers of 1.8 A, Of t) ; ) b Weke Fetiir

Canadian tables, which has here been d 3 - ke

Erie and Ontario, but owing to t
f correct

1, the differences betwes S Bk e
ma Id show a con

voule
James White's Dictionary of










cen that the mean raimnita L ! 11

has diminished by more than 1-5 inches during the years 1891

1905, when compared with the period from 1882-1800; whils

the rainfall of both Superior and Erie has increased. I'hi

vill not account for the fall in the Huron basin, but as

period under consideration embraces a number of years i

effect on Lake Erie would have produced proportional resul

luring m of the time. Even considering the fluctuations

is impossible to account for the differential subsiding of Hu
her than by a lowering of the outle pr omewl

(| the exeavatio f St. Clair cana it

leore by the Chiea drainage eanal, but mostly by seourn
the 1 m of el \ closer ana might she

fi leepening of the St. Clair outlet My caler

tion to 066 of a foot inelude the vears 1901 m

1905 « ier t enter nto Mr., Russ (

tio 080 of { ered Doubtle th lifference

even more occeurs where the data do not permit of more pre

caleulation This do not cover the fu amonnt of lower

DRAINAGE BY CHICAGO CANAI

In this connexion it should be stated that the full allow

the canal (10,000 cubie feet per se cond) should theoretica

lower Lake Huron 0:521 of a foot; Lake St. Cl

ie 0379 of a foot, requiring 486 ye
to effect nine-tenths of this change. The eanal was opened Ja
ary, 1900, During 1901 the average flow was 4,270 cubie fi

During 1905 the eanal withdrew about 5,000 eubic feet

second

CHANGES IN THE HURON LEVEL AFFECTING THAT OF ERIJ

The rise of the lakes is not simultaneous, and if tl

amounts to one foot in Lake Huron it would eventually r




FLUCTUATIO OF LAKI
Lake Erie by 0-727 of a foot. It ild requir
lays to accompli h five-tenths of this rise in Lake Eric 1
nine-tenths it would take 239 davs.4 A rise of one f
[Muron corresponds to 0-602 of a foot in St. Clair. A 1
ne foot in Erie |k|m]uw s 0:346 of a foot of b er
Lake Huron. From these facts it will be seen tha
rison of the lake level | VeArs mig ) (
rror md on ( ns extendin (
be relied npon
In former times the enormons changes of el in tl
tario basin have played a fundamental part in the rece

Niagara falls. Some of the later changes oceny

n or scouring of the ontlet I'hese h

unt

FLUCTUATIONS OF ERIE AND ONTARIO COMPARED.

The changes of Niagara river clos

he levels of Lake Erie, The surface of the river

ade of the l'!.|uy ¥‘1|‘i‘|~ i= abont fourteen
the lake. The differential changes of level bet

nd Lake Ontario

are

MEAN QUINQUENNIAL FLUCTUATIONS OF ERIE

| Lake Fi | Ontar
' t Pt " t Tor
|6 246 78
614 246
G670 0 261
175 ) o M5 40
K0 : 51
185 It i
815N 2N i 41
) 716 245 00
00 7157 24168
o 176 HH 49
90 T2 RS 1624
" 7166 24507
0 7948 M8

t Thomas Russell, in Appendix EEE., Rept. Lake Surve

i, p. 4131

1hove the
feet lowe

ween Lake

shown in the following table.

090

] :
d for
ot in
15¢ of
"\ 8
com
(n
m of
irable

AND ONTARIO




heen kept

hity

JUENNIAL! FLUCTUATIONS AT TORONTO, OSWEGO

AND ( LOTTE




1900

he exaggerate n hoth side Whether thi r1si fron nd

re the river beginsg to descend.  Records of the fluet

e here been \«y' it ol
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\ comparison of these points should throw light on the questior

of changes of level of land

\pplication of these data will be found in hapters xi

d

From this table it may be seen that the Galops 1

be taken as another point for comparing the fluetnations of

here shorter, cover

ke Ontario.  The period of observation

ng only thirt ears, and the mean fall is 110 feet

MEAN QUINQUENNIAL FLUCTUATIONS AT TORONTO. LOCK
GALOPS RAPIDS, LOCK 15 CORNWALL, AND LOCK 14

ALLEYFIELD




CHAPTER XIX.

LOWERING OF THE LAKE OUTLETS

wbility of the outlet of Lal Lowering of the outlet of Onta
Superior 0
Table mea T fluctva
Eric, Huron | ric o ke ? it
r of the Huron outle ) 1 Y
I 1 Onta lak
wvering of the Erie outlet at t}
I th O f
FABILITY OF THE OUTLET OF LAKE SUI 0
I'ables of the quinguennia fluctunations of the lakes have
een given, but in order to further investigate the question of
the lowering of the outlets the mean annual fluetuation of the
lakes are found in the following table,—for Superior at Sault
Ste, Marie, for Lake Huron at Sand DBeacli near the outlet of

he lake, and for Lak Erie at Cleveland.

The fluetnations of Lake Superior since 1803 show an
erage inereased height amounting to 0:41 of a foot as com
ared with the years 1860 '03. This is an absolute rise of the
iter surface, in excess of any lowering of the outlet over the
stalline rocks, the data for determining which are not
nd, if indeed it be measurable I'he rise is in conformity with
he mean rainfall, which inereased by 17 inches, between 1891

1905

ompared with the mean of the period of 188290
Of itself this evidence is not conclusive as to the present
nstancy of the outlet of Lake Superior, but it sufficiently
eparates the question from that concerning the lowering of the
ITuron outlet, so that the scouring of the outlet of Lake Superior
v be considered so glow as to be immeasurable.
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FABLE OF MEAN ANNUAL FLUCTUATIONS OF ERIE, HURON AND
SUPERIOR
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fallen one foot. As this has been continuous over a period of
fifteen vears the mean difference, which amounts to 0:-66 of a

foot, i8 not a temporary oscillation of level such as mav he

observed when even individual years are comp
From the evidence at hand, I, therefore, agree with My

Russell that must be a permanent lowering of the Huror

outlet The records of fluetuations before

omplete to be able to form definite coneln

Between January, 1846, and August, 1851, only a few seatter

monthly records of the leve of Lake Erie are obtainable
Detween Jannar IS46, and August, 1849, there i v

monthly record for Huron—the mean height during this time
58011 feet
The Erie record for the first eight months of 1846 oive
mean elevation of 57149 feet, while that of Lake Huron i
58100 feet \ccordingly the difference of level between FErie
and Huron was 951 feet, which is greater than the average

al quinquennial period sinee 1854 I'his fragmental recor

goes to show that, as far back as 18486, the level of Lake Iuror

had not fallen as compared with Lake Eric Again, there i
T from May to October (inclusive) for the vear 1540, |
this sho a relatively lower level for Lake Iuron, while du
ing the high water of June and July, 1838, there was an i
creased differential height for the lake So also a still furthe

I in June, 1819, when

inereased height for Huron is fou
difference was 1040 feet Individual months or even seaso
taken separately are of little value, for, as has already be
shown, any considerable sudden rise in Lake Huron wil
quire from months to even yvears to be equalized in Lake ki
I'rom the incomplete records now obtainable back to 1819
there is nothing to show that for any considerable period tl

low differential elevation of Huron had occurred prior to

period between 1890-1905,

* Compiled in Report of U. S, Engineers on the Lake S




Although the greater rise of

also by comparison of

ue to evaporation are not determin

important modifications are recogni

vering

how that the ;-lilu'w.n\ lo

curred between 1889 and 190

0+6 to 066, or even 0+80 of a foot
calenlations.

1
the

und in more detailed studies of

outlet o

But further slight changes might also be

Superior began in 1804, yet

on account of the general subsidence of the other laks 1}
ring just after 1890, this latter date may be taken as breal
in the records without involvir imy considerable error
tween 1861 and 1890 the mean height of 1 Super
60167 feet above tid le sinee that ti i t |
risen to 602-08 feet A\t tl me time Lake Turon fe 1
feet to HS0 38 fe 1hove s eV r an al (
157 feel 1 Lake Eri ided fror 7290
feet, or 0-06 of During 1891-1905
nnual rainfal I Supe I 1
hat of the Eric n rose 0-46 in inch, On t}
he rainfall  of In M 1 1
1:57 inchi
N 1
rded diminution of e Micl n-Tur : s
n | [ compe ited ) hie ! |
Superior and tl igl in the Erie basin, Conse
he reduced « f La Huror the
iinfall, shoul e within 1l it 1,400 1,500
et per se md ; hiel 1ld a 1ffe ( 1 ¢
Fri
Evidenee f the differenti ri of Lake 11
enogiven 227 I'hi "
ving the small effects produced by the changes of rai

f Lake Superior

from the data, in which

11
1hle

according to t

In
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FABLE OF MEAN ANNUAL FLUCTUATIONS OF ERIE AND ONTAR It

1846 QTR 1
1 Hu 1

i ri It 18 necessary mpare the leve f1
Ontario I'h ecords at Port ( ne on Lake 1
| \ 1oht ( f 1 that of ( (
¢ here compared 1 those of Lake Ontario at Tor
( companyi ible and in the quinquenni
Chay | ( 29 I'he great drop of Irie ocen
n 1891 a sudder f Lake Ontario tool pl
nearly the 1 1116
| in level of Erie at Port Colborne | ecen 1854
1590, sec 0 7283 feet e sea level, and b
1801 and 1905 it 15 57166 feet: thus showir inking

Ontario between 1854 and 1800 was 246-24, and between 159
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Of the franchised diversi n, the two l‘wll\}h‘l!li‘ s on the New
York side, and the Ontario company on the Canadian, take
their water from or above the First cascade, and consequently
affect the river common to both countric The intakes of the
Canadian Niagara and the Electrical Development Companies
are from the deeper part of the river, far lower than the First
cascade, and they will not nse the water from the shallower
part of the river near Goat island side. Nor will they lower it
in the basin above the First cascade or Lake Erie to any appre
ciable extent \s a power question alone, below the First cas
cade, almost all the ater passing down the Canadian falls,
belongs to Canada.

[t is the diversion of the water from above the rim of the
First cascade which will further shrink Niagara falls. Already
the erest has been curtailed by 415 feet, on the western sid

al embankinents h pp. 267-8.)

owing to the art

Jesides these there are ten other franchises, mostly
some of which have been cancelled. Several are in unlimite

amounts, so that the whole volume of the river might have be«

given awayv, but none of these last are under construetion,
At the time of writing (winter of 1906) the Chicago drair
1ge eanal is taking 5,000 enbie feet per second; the Canadi

companies, 3,000; and the New York companies 9,000 cubic
feet, in all 17,000 feet, besides the Welland and Erie cana

This is equal to the lowering of the water in Lake Erie |

three-quarters of a foot. The figures include a liberal loss i
conversion, and they should b compared with the discharg
at a time of low water. Passing by the minimum daily over
tlow, occurring in these later years, but adopting the mean

volume of February, 1902, which was 175,000 cubic feet pe

second, the above ll‘.|nt'l1i~l'~, ill-‘llhi‘lh;{ canals, represent

per cent of the total low water discharge,
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LIMITATIONS OF USE,
Sinee writing the above, the report

of the International

Waterwavs Commission has appeared.  They recommend  the

limitation of the power on the Canadian side to 36,000 eubic
feet per second, and on the New York side to 18,500 eubie feet

per second: in addition to which is the discharge of 10,000

cubie feet for the Chicago eanal:—in all 64,500 eubie feet,

inclnding the Welland and Erie eanals, or nearly 37 per cent of

the low water discharge. This amount will lower the river, pro
ducing effects on the falls onlv a little less than the diversion of

the full franchise volume mentioned. 8o, also. it

will most
seriously impair navigation on the Upper lakes as will be ex

plained in next chapter.

POWER OF NIAGARA BELOW THE FALLS

The question of the power of Niagara does not end here.

There is the same volume of water descending about another

re. Here is

nearly fifty per cent of the power of Niagara falls themsel

Ives,

hundred feet before reaching the mouth of the

Various schemes have been proposed to utilize it

instance
1 tunnel on the Canadian side, adjacent to the Whirlpool rapids,
here there is a deseent of 515 feet. On the New York
ide it has been proposed to build a retaining wall beside the
rapids which would eventually reach a height of fifty feet
nd then cut down the natural ~|u,-<' of the side of the cafion

to build a eanal between the retaining wall and the side of the

now made perpendicular. On the embankment the (

ilway would run, while the power house would be
at the outlet of the Whirlpool.

oster flats a fall of twenty feet is available Finallv,

situated on

\t

e last proposal is to dam the mouth of the river to a height of

100 feet, and thus at onee obtain a million and a quarter of
vailable horse power This would flood Foster flats, drown
¢ Whirlpool,

submerge Whirlpool rapids, and form a great

et i
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may contract their breadth on the Canadian side, by 200 feet

more, a8 already 415 feet have been taken owing to the artif

ial embankment.  As as stated on the previous page, the shrinl

progress on the western side of the falls will amount t

SO0 feet
Niagara falls reached their supreme magnificence by 1900
when the perimeter of the Canadian falls was 2,950 feet and

\merican

whole is reduced by en

With the ns

the 1,000 feet I'he now

of the full fra

eroachment to about 3,500 feet

chises the entire width of the falls will be reduced to 1,500

or 1,600 feet, and then they will lie wholly in Canadian ter
A ; s

torv, except small streams coursing down the ancient river

hed over the Goat island shelf and the present route of

\merican channel and fall Bu casional glimy

mcient grandenr of the falls will be seen during ‘\.-.}-\iu"

lly ].):“‘ atery

DIVERSION AT

Y POWEL

AKES AND CANALS

LOWERING OF 1
NIAGARA RIVER.
s to be an 1

at all, there seem
vater at Niagara will 1

If the subject be considered

pression that the diversion of the

iffeet the higher lakes.  1f the iter were all taken from be

the Greens or the First easeade, at nearly fifty feet down the

rapids, the affeet he upper river would be unappreciable
But most of the water under the franchises will be taker
from or above the rim, which forms the barrier to the basin
he Upper rapid

twenty-two and a half

narrow part of the outlet of Lake

national bridge, the mean depth i
but the deepest part of the channel reaches to fifty-three fe

At 1:25 beds

twentv-four feet

the rocky appear at seventeen

miles above,
\l.m.\ parts of the river below are thirty fi
int just above the basin mentioned, which is ne:

IH [H'\ I,.Il.l vl}l‘

|'..»n.‘| by a slight diminution of 1

| t
deep to a pe

fourteen the level of Erie. sandbars

bile and de

the river are md




Prate XXXI11

View of western end of Canadian Falls, before curtailment of 415 feet
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current, the same would be removed, ith an equally small

inerease of v I'hus, if the \114'r'i"t be doubled, the

ransporting power is inereased sixty-four time I'his sl

that the bars are as unstable as the river, the whol f

which may be considered to have a depth of between thivty and

'1"‘\ three feet, \s the ‘5.]»\\\ upon a great part of the rim is

ess than three feet, and as probably the deepest

channel does not

erage more than eight or nine feet, the floor of the ri

Cr ever
vhere, to near Lake Krie, is practically at ¢ 0 ( Y
ed of the channe 1 the rim. A rdingly, it 15 not « rel
he river | that gives the slop ti ru he con
ion at the narr ontlet « he lal hereby the face of
river 18 here piled p d flow on h more rapid ’
\t Fort Eri 1 broad terrace five eight fee !
e river extending to a hig iver ban \t the upper end,
is underlaid by rock, onee a floor extending ro e rivel
\ e erib of the Buffalo Wate rks the depth of annel 1
eventeen feet But immediately above and beld i Pere
hannel to twer four feet more, so that the deeper part of
¢ seventeen-toot ehannel VoI by refilled with elay
Here the eloeity of the river reache Cle mile an hour,
Ithough the wdth 1 ithout 1,850  feet \ he deeper
hannel about 1,000 feet wide, 1ith it limitation, b
4‘4|\‘h ol eIve feet  or ( | nd  here the original
mtlet of the ittle Erie drainage y tha Ul the ehannel
than twelve feet ““i‘ has been only reecently over
od (s (| 1 by the ¢ Inere ‘ h ¢
charge, \t the time of the augmented volume he rive
looded the rocky floor of Fort Erie to a deptl ithout twelve

feet, sinece which time the lake has been lowered perhaps twent

feet by the scouring out of the elay and rocky barrier, during
recent part of history of the river
It is thus easily seen that if the slope of the river be in
ised, its veloeity at the outlet mentioned, whiel is n fi {
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eight miles an hour, must be inereased also, and that the pri1
cipal acceleration due to the lowering in the basin above the
Upper rapids will be concentrated at the narrow outlet of the

lake. At the Upper basin the velocity is less than two mile

e width of the luke

an hour, but this is two and a half times tl

outlet
A\ change of level of Lake Huron by one foot will raise

lower Lake Erie 0-727 of a foot; also a rise of one foot i1

Lake Erie will cause a backwater of 0:346 of a foot in Lal

Huron. The distance is sixty miles, and the fall of the rive
eicht and a half feet. At Niagara I have determined the fluetu
tions in the basin from Port Day levels, and find that a chang

of one foot in Lake Erie }‘rvui*.m a fluetnation of 045 of

foot in the Upper basin, about five hours later The distance

nineteen miles, ith a fall of nearly fourteen feet [
these eirenmstances it is easily seen that a lowering of the wat
in the basin above the Upper rapids must considerably inere
the velocity at the outlet of Lake Erie.

The result of the withdrawal of the water behind the Iix

cascade, as has been already shown (page 266), is to lower tl

water in the basin. As the water is being drawn off, it is par

w‘m;uu».w'-‘! by the inereased velocity of the river above.

long as any water runs over the thinly covered rim, the artifi

cial diversion from behind will have the same effect as if the
channel were depeened. Once it shrinks below the higher pa:
into the narrower deeper channel a new component will be i
troduced, when the result will approach that of simply a chang
of outlet. This, however, cannot oceur until the level ha
fallen considerably for ordinary stages of water. If it wer
not for the contraction of the channel, the greatest loweri
would exceed the amount mentioned (page 267).

With the gradual lowering of the basin, a difference of o
foot in the slope of the river should inerease the veloeity
the outlet of Lake Erie by about three per cent, which

the course of a year and a half would lower Lake Erie near
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a foot,® with the complete effeet shown sometime afterwards

While some as yet unmeasured fa

mav soms "‘!I it retard

the velocity and inerease the time, the ultimate effect must be

the same.  After that the equilibrium should be

restored at a
lower level of the lake. Subsequently

of another and still another foot, or more,

~uyvm!\\rw"w'wilur‘ study, ho it 1 a fe Vears o t
from the time of the complete use of the franchise r, |
Erie will not be lowered by three fec v more for evailing
low water not taking inte ( it the effeet of the further
leeper utlet of the lake | WV recur n
fime itement troduee ( f¢ 1 1'he
tendeney of the river is alwavs to scour ar er the bed of
the outlet of the lake, as aetual cenrred to the extent of one
oot immediately after 1800, Now, with the inereased veloeity
occasioned by the slope of the river, omented from fourteen
to seventeen feet, the deepening of the outlet m | ceeler
ited at the bridge section, and on the more o rim at Fort
Erie town. While the full amount cannot be preei

presents a serious problem from the economic le of the
question, which eannot be avoided even if overlookes With the
lowering of Lake Erie, the same effects w fi nd Lake
Huron and Michigan in their tnrn ered a little later

So much for the MM ies of the river as the qQue m appear
) 1M But has not the diversio { Uread "

dueced an appreciable effeet ?

I'he five thousand cubie feet per second taken by the Chie
vrll.\l]ul* an effect of lowering Lake Michigan nd ”;"-“ bv
0+26 of a foot or over three inches. The volume of the Chicago

canal inereased to ten thousand cubic feet per

double this amount, or lower Lake 1T ewhat more

than six inches, This Chicago diversion of five thousand cubie

* Chézy formula v R. 8., wher represents veloeity con
requiren v 1 rmined (which in large river does not
ffer greatly for small changes) R, the radius or depth ; 8 7 or fal
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feet affects the level of Lake Erie by 022 of a foot.4 and Lake

t, which in each ecase will be doubled

Ontario by 0+19 of a

with the inereased discharge 1\.‘ the Chieago eanal

\ marked inerease in the rainfall has oceurred sinee 1900
as compared with the mean rainfall during the decade endin
with that year. On « xamining the tables of the fluetuation
level and rainfall, and taking into account the eff f
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level of Lake Erie is not lowered bel

ad not the

that of Pre vions
diversion occeurred, while a corres li
actually took plac ane . ke Eric
would have been ! oot

()29

at Chicago

While it is more diffienlt to rec 1

netnations

an large ones, all must
f time, fo

this demonstration of
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CHAPTER XXII

)W ONTARIO LEVELSs sHOWN IN TROQUOIS
BEACH
} h
Ir ] |
(| ( I 1 Il H
1 {
A\ I
1 n 11 1 | | n
| 1 1 (
( ( | 1l
f \ 1 0 ind
i Iy 1 el
\ he [ I'l | Ontan ron

ing the disturbed leve f the roads between

il Lewiston with Prof. Desor in 1851,4 Prof

Stoddard said: ‘ The unequal elevation of the different parts

* Journal of the New York Historical Soc., p. 68, 1811
t Proc

ton Soc. Nat, Hist., Vol. IIL, p. 368, 1851
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0.

gseen as constituted
eparated beachlets having an amplitude of twents y twer
five feet. On proceeding eastward this feature of ridgelets wi
greater amplitude becomes more strikine both on the Canadia

and New York

s of the lake. Tn a recent paper Prof
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childs has marked five or six of these subridg it the eastem

end

l‘ the ].Hm: but there are also lower shore line

Having worked out the valle; ¢ character of the Or

basint 1 was unable to account for the barrier to the e in the
St. Lawrence region unti ifficient tilting of the 1 bs¢
quent to the Iroque epoch as 1 | 1 o nt r the
obstruction to the basin.t  This enabled me to comple

planation of the origin of the Lake O | I q )

NXI11I

I'he Troquois beael f furthe nortar

that for a long time n vl |

194 feet; and at Adams Centre 410 feet (Gilbe
p

Spencer). I'he delta ( re 1 l o f

spect farm, four mile ( f Wate V1 183 feet

nterrupted extension « tl ime shore nlane nortl

East Piteairn 695 feet; and at Fine 725 feet. On the northern

le of the lake the beach rises from Hamilton at 116 feet

Speneer), to north of Carlton station west of Toronto at 178

eet® (Coleman). At Kingston Road, twelve miles east of

h notes of Great lal Pro Am. Phil. So

1881, Also Proc. Amer. Ass. Adv. Sci., Vol. XXX., pp. 131-146, 1881

$ Transactions Royal Society, Canada, loc. cit

* ‘Origin of Basins of Great lakes." J. W. Spencer, Quar. Jour. Geol

Vol. XLVIL, pp. 523-533, 1800. Also Am. Geologist, 1890,







half north of

(Spencer).

rapids), sixty

650 feet

deman )

SIX mile

BEACH

IROQUOIS

112 feet
of Colb:

Speneer) @

nort wrne 355 feet

I'rente

n

The upper terrace at 136 th hore line
thove, is ]'I"-lw‘f“x the presentative of the Bell terrace south
of Lake Ontario, which | ] f fortv fi 1hove
the Iroquois plain.  Prof, Cq i recognized here a lower
bar 374 feet, and re it the boulder ’

he rear of tl Crrace NS I'¢ 1 |
eries from the bo the f the gra beach (forty
en feet) as the f the Troqu beach, whicl

1" he head of the lake, i ten faced with b or pave

aitai but ke ias o - e

'l ent p 1o he 1 I re 1

I'ren I Colemar l n
Campbellford and ne \ J i 1 \

f 475 1 I ( 1 I f
ng in the ( I n tl ( ion
! o re line is { ( n
chi wer mile, e these measuren i

fou hat tl | ( ( | (8]
bo y feet per m in a direction N. 257 F rrected
| is the e Niaga tri I'he ris

crens it at tl beastarny and-oE ) Ontasis: (b

{ I're n, Riel ind Prospeet FFarm, New Yor the

erage rate e feet per mile N, 167 E. Thi ing ealen

ed ston the ontlet of the lake indicates the up
ift of the lake region from the head of the lake to be 400 feet,
nd if computed to the first rapids of the St. Lawrence (Galops

beyond, ho

the rise nld amount

the region of
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N.Y., but this name he did not give to t heach Suby
equently, 1 extended this beach to near Datavi nd acan
Prof, Fairchilds tool up the subjeet and mapped the ol hore 1
ne some thrty Ve mile bevond, Ile found it o nrring Il

tar as the Genesee valley, and fragmental equn ents of f
the head of Seneca lake.
The deformation or tilting of the | ¢ line ha i )
rtant bearing on the phvsies of Niagara 1 1 When the
e existed the sheet of iter extended fr Lake Turm
over Lake Erie into the Ontario basi I'her (
o f the lake hen it formed | er beacl the 1
portant of these though not the net 18 the 1l
\fter it Ve pot e Ca Lan <1 on thenr
f Warrer e I hea gl 1
: rked out. (S b Plate
ELEVATION OF FOREST BEACIH
Southeast of Lake Huron it is strongly marked Fore
it ( tanding at 715 feet above the sea, I s
d the | vard and parallel with 1 e Eri )
eridian of tern end of Lake Ontari ere at | 1
ation of 770 feet. It then turns northeastward and rise
I more rapadly It frequently ents across the purs of drift
res, I'he Niagara peninsula ha | t

oceurrence of this beach exec pt at

the

fourteen miles west of Niagara

unusual ridge of drift which attaing an el

00 feet above Lake E rising « of a plain
rtv or forty feet above the lake. \round
t Science, Vol. VL., p. 222, 1885
§‘Lake Warren Shore-lines in West N.Y.' by H. I

Amer., Vol, VIII

pp. 260-286

river,

for

ition of
hich i
this hill is a

Fairchilds, Bull
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strongly ent terrace with a fine gravel floor at an altitud
s 7935 feet above sea level (measured ). Northward of Fore
sueveyed the old shore Tine to the base of Tndian peninsu
where it hends eastward,  In this divection it has no spe
bearing on Niagara falls,
On the New York side this beach is 680 feet in height (bay
at Madison, which is forty miles east of Cleveland.  Here tl
‘ clevation is 673 feet (har.).  The beach continnes to iner
in height toward the east, so that at Sheridan, N.Y., its eley
tion is 773 feet (Gilbert) and at Crittenden 860 feet,  Bevor
this it vises to Indian falls and again slightly descends as
ih trends o the sontheastward, s established by Prof. Fairehil:
1 Westward of Cleveland the tilting is redueed to a very sn
amonnt, as hevond Toledo its height is 653 feet,  Aeain it ri
; i very slowly west of St Claire river, and on approaching
r latitude of Port Huron its height is feet (Spencer).

However, here appears a strong eastern equivalent in

uplift, for near Forest, twenty-five miles acrvoss the forn

strait, its elevation i< 715 feet above sea level,  From this po

XXX1v,

on the n

15 shown

the shore lTine extends northeastward

\ word may I rep ated with regard to the survey of

beachies,  Where the v form bars or ridges, with d pression

lagoons behind them, 1 adopted the highest line of wave acti

which would be from three to five feet above the water surfa

This method was pursned on account of the erest being

most constant feature On the other hand, where the wa

were entting terraces, the most aceurate point determinable

the junction of the plain with the bluff behind would be hel

i water level.  The same is true where the heach is represented
sand plains,  Consequently, when the shore line changes

') character a personal equation appears. It was thus on

western side of the Tharon steait, the measurement heing
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vhile on the eastern, where the ride

was »ll:!\l\i\ above the water |ni.l|||,

FILTING OF LAND AT EASTERN END OF LAKE ERLE

Fhe Forest beach has particular nuportance in connexion

vith Niagara, in showing that the earth movements abont the
western part of Lake Erie were ve ry small, while the rise of
land at the eastern end of the lake was conside rable, Between
Madison, Font hill (Brown's nurseries), and Sheridan, the

wverage rise in this large triangle is

in direetion N, 45 K. If the

one foot per mile

more castern triangle hetween

Font hill, Sheridan, and Crittenden be taken, and this em
races the ontlet of Erie, the average rise i< one and a half feet
per mile in diveetion N, 60} A< alrveady noted (page 283)
the deformation at the western end of Lake Ontario is two

feet per mile N. 25° E.. as record in the

Iroguois bheach Shightly  greater movemer e shown in
1 er beaches

From these measurements on the Forest be ach it is found
that there has been a rise in the Niagara distriet of 135 feet

more than southwestward at Madison.  With this Jef
raightened ont, Lake Erie was redneed to | kel

Nee page 296

I'his former tilting of the Niagara distriet would wrest
he continnanee of the movement so that it might In Hpposed
hat the Niagara river would be raised to a higher point, which

mld s the waters into the Mississippi Dut from the
present survey it is found that the stalili of the region no
revails 8 Chapter xxx.). withont any indieation of  the
irection which veenrring movements may take,

n the region of the Great lak and their D X
Am. Jour. Sci Vol. XLI. p 01-211. 1891
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