
IMAGE EVALUATION
TEST TARGET (MT-3)

1.0

M
ij^

Emm

1.1

us
ns
u

:i£ 12.0

L25 U.4 ||.6MMMNI^^^ IIII^^^^^^S llllllH^_^i^_^^= nil lllll^^

^ 6"

.^ ^.p
^4'

Photographic

Sciences
Corporation

'.^'V'*'. ^
^J^"^^

23 WEST MAIN STREET

WEBSTER, N.Y. M5«0
(716) b/2-4903

'^



,.v'^

CIHM/ICMH
Microfiche
Series.

CIHM/ICMH
Collection de
microfiches.

Canadian Institute for Historical Microreproductions / Institut Canadian de microraproductions historiquas

<S



Technical and Bibliographic Notaa/Notaa tachniquM at bibliographiquas

Tha Instituta haa attemptad to obtain tha baat
original copy available for filming. Faaturas of thia
copy which may ba bibliographically unique,
which may altar any of the imagea in tha
reproduction, or which may significantly change
the usual method of filming, are checked below.

D Coloured covers/
Couverture de couleur

I I

Covers damaged/
Couverture endommagie

Covers restored and/or kaminated/
Couverture restaurike et/ou pelliculAe

Cover title missing/
Le titre de couverture manque

Coloured n^^i^.^
'

Cartaa gA'^gi-Ai^^hiquas en couleur

Coloured ink (i.e. other than blue or black)/
Encre de couleur (i.e. autre que bleue ou noire)

Coloured plates and/or illuatrations/
Planches et/ou illustrations en couleur

Bound with other material/
ReliA avec d'autres documents

D

D

D

Tight binding may cause shadows or distortion
along interior margin/
La re liure serrie peut causer de I'ombre ou de la
distorsion ie long de la marge intirieure

Blank leavM added durtng restoration may
appear within the text. Whenever possible, these
have been omitted from filming/
II se peut que certainas pages blanches ajouties
lors d'une restauration apparaissent dans le texte.
male, lorsque cela «tait possible, ces pages n'ont
pas iti filmies.

Additional comments:/
Commentaires supplAmentaires:

L'Institut a microfilm* le meilleur exemplaire
qu'il lui a iti possible di se procurer. Las d«taiis
de cet exemplaire qui sont peut-4tre uniques du
po«nt de vue bibliograpriiciua, qui peuvent modifier
uno image reproduite. ou qui peuvent exigar une
modification dnns la methods normale de filmage
sont indiqute u-dessous.

r~| Coloured pages/
Pages de couiecr

Page* oamaged/
Pages endommagias

Pages restored and/ci _

Pages rastaur^es at/ou pallicuiies

Puges discoloured, stained or foxec.
Pages dicolories, tacheties ou piqu^es

Pages detached/
Pages d^iachies

QShowthrough/
Transparence

Quality of print

Quaiit* in«gale de I'impression

Includes supplementary matarii.,
Comprend du material suppl^mantaire

Only edition available/

Seule Mition disponible

I I

Page* oamaged/

I

I

Pages restored and/cr laminated/

nn ^**9*« discoloured, stained or foxed/

I I

Pages detached/

I I Quality of print varies/

rn Includes supplementary material/

I I

Only edition available/

D Pages wholiy or partially obscured by errata
slips, tissues, etc.. have been refilmed to
ensure the best possibia image/
Lea pages totalement ou partiellemant
obscurcies par un fauiilet d'srrata. une pelure,
etc., ontM film^^es i nouveau de fapon d
obtenir la meilleurc image possible.

Thj
tol

The
pot
of!
filnr

Orij

bog
the
slot

othi

first

sior

or il

Tha
ahal

TIN
whi

Mar
diff<

•ntii

begl

righ

recgi;

met

This item is filmed at the reduction ratio checked below/
Ce document est film« au taux de reduction IndiquA ci-dessous.

^OX 14X 18X 22X

t ^

12X

26X 30X

16X 20X 24X 28X 32X



Tha copy film«d h«r« has b<Mn reproducad thankp
to tha ganarosity of:

Library of the Public
Archivas of Canada

Tlia imagab appearing Kara ara tha bast quaiity
rossibia ccnaidaring tha condition and iagibility
of tha original copy and in Icaaping with tha
filming contract spaciflcations.

Original copies in pointed paper covers ara filmed
beginning with the front cover and ending on
the last page with a printitd or illustrated impres-
sion, OK the bacic cover when appropriate. Ail
other original copies ara filmed beginning on the
first page with a printed or illustrated imprea-
sion, and and'ng or^ the iaat page with a printed
or illustrated iupression.

Tha last recorded frame on each microfiche
shall contain the symbol -^ (meaning "CON-
TINUED"), or the symbol (meaning "END"),
whichever applies.

Maps, plates, charts, etc., may be filmed at
different reduction ratios. Those too large to be
entirely included In one exposure ara filmed
beginning in *he upper left hand corner, left to
right and top to bottom, as many frames as
required. The following diagrams illustrate the
method:

1 2 3

L'exempiaire filmA fut reproduit grice i la

gAniroaltA da:

Lii bibliothiqua des Archives
publiques du Canada

Las imagea suivantas ont «t« reproduftes avac la
plua grand soin, compts tenu da la condition at
da la nattetA da l'exempiaire film*, et en
conformity avac lea conditions du contrat da
fiimage.

Lea exempiairea originaux dont la couverture en
papier eat imprim«e aont filmAs an commenpant
t,ur la premier plat et en terminant soit par la

darnlAre page qui comporta une empreinte
d'Impreaaion ou d'iliustration, soit par la second
plat, aelon le cas. Tous las autras axemplairas
originaux sont fiimAs an comman^artt par la
prami4re page qui comporte une empreinte
d'Impreaaion ou d'illuetration et en terminant par
la darnlAre page qui comporte une telle

empreinte.

Un dee symboiaa sulvants apparattra sur la

dernl*re Imago da cheque microfiche, salon la

cas: la symbole —»• signifie "A SUIVRE". la

aymoola y signifie "FIN".

Les cartaa, planchea, tableaux, etc., peuvent Atre
fiimAs A des taux da rMuctlon diffAranta.
Lorsque io document eat trop grand pour Atra
reproduit en un seul clichA, 11 est fllmA A partir
da I'angle SMpArieur gauche, de guuche A droite,
et de haut en baa, sn pranant la nombra
d'images nAcessaire. Las diagrammas sulvants
lllustrant la mAthoda.

1 2

5



e^<^ M<*
7
^ i *

ADVANCE COPY.
First proof, subject: to correction. This copy is mailed

to you witti the hope that you will take part in its dis-

cussion, either in writing or orally.

> ^

AMERICAN SOOT^.TY OF CIVIL ENGINEERS.
INSTITUTED 1852.

TRA.NSACTIONS.
Note.—This Society is not reEponsible, as a body, for the facts and opinions advanced

in any of its publications.

(Vol. XXXI.— , 1894.)

A FEW REMARKS ABOUT THE NIAGARA
GORGE.

By L. L. Buck, M. Am. Soc. C. E.

To BE READ AT THE ANNUAL CONVENTION, JUNE, 1894.

Various scientiSc societies have discussed this gorge and in some

cases attempts have been made to estimate the length of time required

by ihe river to excavate the chasm as it now exists. But there are

some of its features which appear to have been overlooked in such

papers as have come under the writer's observation, and which he has

thought might be of interest to our members Avhile they are here,

where they will be able to examine and study the question for them-

selves. It presents abundant opportunities for the development of

theories. The writer has had various theories about it, but should

any of them become evident in this paper he warns anybody who

attacks them that he may suddenly find him on his side regarding them.



To simplify the following deHcription, the gorge has been divided

into six parts, as follows:

A B, 11 500 ft. long; B C, about 4 000 ft.; C E, about 1 200 ft.;

R D,2 000 ft.; E F, 3 200 ft.; F H, 3 700 ft. These distances are

but roughly approximate, and obtained by scaling. The portion A B,

beginning at the falls, is generally about 800 to 1 200 ft. wide at the

water surface, has but slight descent and a rather slow current, and

along its axis, as shown by the soixndings, depths of 120 to 190 ft.,

the latter depth being toward the upper portion. This is the only

portion in which soundings have been taken.

B C, at the water surface, has a width of about 400 ft. , a descent

of about 26 ft., and, as would be exjiected, a tremendous current, very

much broken up and about 10 or 12 ft. higher in the middle than at

the edges.

G R, at the water siarface, has a width of about 600 ft., a descent

of about 2 ft., current decreasing and becoming smoother at R.

R D, the portion known as the Wiurlpool, has at the surface a

length of 2 000 ft.; width, 1 100 ft. The outlet E, on the right-hand

side, is about midway between R and D. The axis of the current

from R approaches the right side, and while some of the water flows

directly through the outlet, the greater part flows past the outlet, im-

pinges against the shore at the right of D, turns to the left and rircles

around till learly opposite the outlet, where, meeting the portion

coming down the left side, both currents are driven toAvard the outlet,

and, passing under the former current, come boiling up at the outlet

and flows through it in a new direction at an angle of over 90" from

its former direction. Beyond 1) is a ravine, down which a small brook

flows and empties into the Whirlpool at Z). E F has a s face width

of 600 ft. , a descent of 4 or 5 ft. , and a considerable current.

At F the surface suddenly narrows to about 300 ft. in width, with

an increasing current and a descent of 7 or 8 ft. , to H, where the width

becomes about 900 ft.

Throughout the whole distance the sides of the gorge are vertical

at the top, and next to the Horseshoes the vertical portion extends

nearly to the lower surface. Below this point the banks are vertical

or overhanging, with heights of 30 to 60 ft. Below this, a slope formed

of the debris from the sides with inclinations of 35 to 45^, ex-

tends to the water's edge. The upper stratum of rock is generally 10
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to 15 ft. thick of limestone, possessing considerable strength, but
flakes off slowly by exposure to the atmosphere. This is suc-

oeeded by IJmestoas shale, blue shale, more finely stratified limestone

and red sandstone, red shale and limestone strata with clay seamp.
The existence of the great falls is due to this arrangement of the
formation. The water falling over the edge of the top stratum exca-

vates the softer materials below, until the top stratum projects so far

out that its own weight and the superincumbent water causes it to
break off.

From the soundings below the falls, as well as from a study of the
Genesee Falls at Rochester, where the formation is very similar, it

appears that generally the fall excavates to a depth below the lower
surface about equal to the height of the fall above that surface.

Judging from the generally uniform conditions existing from
A to B, it is reasonable to suppose that the excavation throughout
the 11 500 ft. has gone on at about the present rate. If so, it would
have occupied a period of about 4 000 years.

At B the conditions are abruptly changed. The chasm becomes
but about half as wide as at A B. Although no soundings can be
taken, there is good reason to suppose that the depth does not exceed

80 ft. Then there is the rapid descent of the surface. One feature

exists in the formation in this portion which does not occur in the
former portion, in the fact that here we have a second strong stratum
of rock about 12 to 14 ft. thick, located about 115 ft. below the top
one, and suggesting that it may have caused the fall to be divided

into two parts, the lower following the upper. This argument is also

supported by the fact that immediately overlying this second strong

stratum is a stratum of blue shale 50 ft. thick, and which would be
rapidly disintegrated by a heavy volume of Avater falling upon it, or if,

with a fall of 115 ft., it suddenly brought up against the second
smooth stratum, which would deflect a considerable portion of it

laterally and violently against the shale. The excavation here would
be much more rapid, and consequently make the gorge narrower.

The Whirlpool appears to indicate that there must have been a great

cavity in the rock, although some writers have advanced the theory

that at one time tLa river continued in the direction oi R D produced,
and after excavating the gorge up to about the present outlet became
dammed by glacial action or some natural convulsion, which diverted



the water into its present course. This m«y be the most reasonable

theory.

The third striking feature is that at F H, where the great protiiber-

ance G juts out from the left bank, with a considerable ravine between

it and the bank, and extending from the lower end about half way to

the upper end.

There may have been a long, narrow island about over the highest

part of this protiiberance before the falls reached this part.
^

This

would divide the stream, the larger channel to the right. Such larr;er

channel would cut more rapidly and deeper than the other one, so that

by the time the smaller had cut about half way up, the larger would

have reached the upper end of the island, and would then divert the

water from the smaller channel to itself. The island afterwards would

crumble down to its present form.

It must be constantly borne in mind that at whatever point the falls

have been, the river above them has spread over a much greater width

than that of the present gorge, and that the falls themselves always

left the gorge narrower than we now find it, to be afterward widened

by atmospheric influences.

In the remaining two miles the gorge presents some features of

minor interest, but none so striking as those described.
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