
DEPAI{T:.\IENT OF THE lKTEHroH 

UNITED STATES GEOLOGICAL SURVEY 

G~~ORGE OTIS SMfTH, DTRECTOl{ 

BY 

]~ .:S1. KINDLE AND FRANK B, TAYLOR 

WASH I NGTON, D. C. 

ENGRAVED AND ·PRINTED BY THE U, S. GEOLOGICAL SURVEY 

\ 
GEORGEWSTOSE.EDITOR OFSEOLOGJC MAPS SJ KUBEL, CHIEF ENGRAVER 

1913 

" , .... -...... 



GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo.~jGal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topographic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenus, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streams, lakes1 a.nd 
(3j the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Reh:ej.-All elevations are measured from HlCHll sea level. 
The heights of IIlfluy points are ((('('urateiy determined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the area mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal elm'a-
tion above mean St:'<l le\~el, the vertical iIltt:'l'Ynl represented by 
each spaee bctwf'en lines being the same throughout eHcIt map. 
These lines nre called cOJ/four lines or, more brietl \', contours, 
and the uniform H'rtical (li"tan('e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h ('outour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FlOrRIe \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J river VB Hey bt'tweell two hills. In 
tIlt:' foregrOlliul tlll? seH, \\lth a bay that is partly ('losed hy 
a hooked sand hal'. On eaeh sirlf' of the v:llley is a terral'e. 
The terrllCC on the right merges into a gentle hill slope; that 
on the left is baeked by a ascent to II cliff, or RCfll"p, whidl 
contrasts with the gradunl awny from its ncst. In the 
map each of these features jndicat.ed, directly bel10ath its 
position in the sketch, by contour lint'R, The map docs not 
include the cliHtant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A coniour line reprt:'sentR a ('ertain height ahow sea lc\·e1. 
In this illustration the contour interval is 50 feel,; thel'efore 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so all, ahove mcan sea level. Along the contour at 250 feeL lift 
aU points of the surface t.hat are 250 f~et above the sea~that is, 
this eontour would be the shore line if the sea \vere to rise 250 
feet; alon!!: tllf' rontour at 200 feet. are all points that nrf' 200 
fcet abo\'e the sea; and so on. Tn the l:lpace bet,"ween any two 
contours are u11 pointR whose elevations are aboy,=, the lower 
and below the lligher ('on tour. Thus the ('ontnur at 100 ft'f't 
falls jUSL helow the edge of the tel'l'are, etnd tltat at :l00 feet lit:'i'l 
above the terrace; therefore all points on tile t.errace are shown 
to be more tlwn 150 but less than 200 feet aboye the sea. 
The summit of t.he higher hill is rm'lrh(l GiO (feet aboye sea 
leyel); accordingly the contoUT at ();;iO feet surrouuds it. In 
this illust.ratiou all the contoUl' lines arc nuwbered, and those 
for 260 and riOO feet are areentuHted by being made heavier. 
Usually it is !lot desirable. to number all the contour lincs. 
The a('centnating and nnmht'ring of certain of them~say eyery 
fifth one-suffires and the ht'ights of the others may he l.lSeer­
tained hy cOlLnting up or dO\vll from th('se. 

2. Contour lines show or' express the forms of slopes. ~\.s 

contours are continuous horizontal they wind SlllOOtllly 
about smooth surfaces, rect:'dt:' into rt'entrant of 
ravinei'l, and projert. in .passing around spurs or I"·o,mi,,wnees. 
These relations of cont.our curws Hnd 1:..0 of t.he 

can be seen f!"Om the map and 
lines sl~o\v the appl'oximate of any sl~pe. 

The yertieal interval betwef'n two \'{mtours the same, whether 
they lie along a cliff or on a genLle slope; but. to attain a gi ven 
heif!;ht on a gentle slope olle must. go £ll'ther than on a HtCt'p 
slope, and therefore contOun> are fill' aplll't on gent.le slopes 
and near togethf'r on steep one8. 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating country; a steep or mountainolLs 
country ean, as a rILle, be a(leql1ately represented on the same 
seale by the use of a huger intenal. The smallest interya 1 
used on the atlas sheets of the Ueologieal Survey is 5 feet. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may he 250 feet nnd for less rugged eount.ry ('on­
tOUT intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lje.-\Yater~oursf's are indicated by blue lines. Fora 
perennial stream the line is unbroken, but for an intermittent 
stream it is hroken or dotted. 'Vhere a stream sinks and 

the probable underground course is shmvll hy a 
blue linf'. Lakes, marRhcs, and odler bodies of ,vater 

by conventional signs in blue. 
for the works of' man and all letter­

are printed in 
,)ca"C.'.-J~l1e area of the United States (exclusive of Alaska 

and island possessions) is uLout 3,027,000 square miles. A 
mup of this area, dl1Hvn to the scale of 1 mile to the inch 
would ('oycr 3,0:27,000 s<jlHlrc incile"" of paper aJul measure 
about 240 by 180 feet. Each sqwHe mile of ground sll1-iaee 
wonld be reprcsented hy a inch of map snrfllee, and a 
linear mile on the ground a linp...Hr inch on the map. The 
seale mav be also a fraetion, of whieh the numer-
at.or is a" 011 the map and the denominator the corre-
spondiIl)!; lengt.h in nature expressed in the same unit. ThuB, 
as thcre arc 6:3,;~60 inehes in a the scale"] mile to the 
inch" i8 by the fradion 

Three are used on the sheets of the Geological 
and (\~.:-'()IJ' eorresponding approxi­

mately to -4 milt's, and 1 mile on the ground to an 
inch on t.he map. On the seale of ineh of map 
surface ahout 1 square surt"i-lee; ,on the 
scale of a bout. 4 s(]unre milf's; and on the se<lle of ~OOJ , 

alJOlti 1G '3<jIUlre mile8. At the bottom> of each aUas ",hcet the 
seale is in three a gradua,ted line repre­

a similar line indieat.ing 
a fraction. 

"U""""U"I(".·~J "cmap of the Unit.ed Stat.es 
is being Rheds of eOll\'enient size, which 
represent areas houwlc,d parallel.; awl meridians. ThCBc 
~Heas are called qnadrangle8. Each sheet on t.he seale of ~"O~Oili) 
represents one S(llmre degree-that is, a of latitude by a 
degree of longitude; f'adl sheet on thp of reprc"ents 
one-fourth of a square degree, and clIch sheet on scale ot 

one-sixteenth of a square degree. The areas of the corre­
sponding quadranJ!;les arc about 4000, 1000, and 2;)0 square 
miles, thollgh HH'y vary with the lat.itude. 

The atl:lS sheck;, heing only parts of OlJe map of the United 
States, are not limited by politi('al boundary lines, such as 
those of SLates, ('ounties, an (I tow nships. Many of t.he maps 

arell" lying in two or eyen three States. To each 
and to the quadrangle it represents, i::; given the name of 

some well-known town 01' natural feature within its limits, and 
at the sides and comel'S of each sheet are printed the Hames of 
adjacent quadrangle::;, if the maps are published. 

THE GEOLOGIC MAl'S. 

The nWPb l'epre:sentillg the show, colors and 
conventiowll sip;ns printed on topographic map, the 
distribution of rock ntHssC's on the surface of the land and, by 
means of structure sections, their llnderf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

I{oeks are of many kinds. On the geologie mnp they are 
diRtinguisheil w;; igneous, sedimentary, and metamorph~c. 

19n~'lms 1>oclcs.~Rocks that haw cooled and consolidated 
from a i'llate of fusion are known as igneous. Molten material 
hay from to t.ime IJeen forced upward in fissures or chan-
lie},.; of and sizf's through rocks of all to or 
lI(;arly to t.he Itocks formed by the of 
mohen material, or magma, within these ehannels~that is, 
below the suriu('/'---;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pm'allel walls it is 
called a where it fills a large and irregular conduit the 
mass is termed a 8IocA:. 'Vherc molten map;ma trayerses strat­
ified rocks it be intruded along betiding planes; such 

or "hed.s if comparatively thin, and lacco­
chambers prod ucell by the pressure 

roek molten material rool.; 
slowly, rocks are generally of 
crystalline texture. vVhere the channels reach the surfaee 
the moltell material poured out t.hrough them is called lwva, 
and lavas often build up volcanir mounli:lins. rocks 
that. have solidified at" the snrface are called 
LavHs generally cool mort:' rapidly than iutrllsive 
a:--1 a rule contain, espe('iHlly in t.heir superJieial parts, wore or 
lesH voleanic produ('cd by rapi(l ehillillg. The outcr parts 
oflanl How,:;; are UHtwlly porous, owing to the expansion of' 
thc gmltii originally prcsent in the magma. Explosive action, 
due to these gases, often accompanies volcanic eruptions, 
causing cjt,etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when eOllsolidated, constitute breeeias, agglom-

and tuffs. 
l'oclcc~.~nocks composed of the transported 

fragments or partieles of older rocks that haye undf'r~one 

dil:lintegration, of volcanic ejecta deposited in lakes and seas, or 

of materials deposit.ed 111 sueh water bodies by ehemical precipi­
tation are termed sediuu:nta1-Y. 

The ehief ngent in the transportation of rock Q-ebris is water 
in motion, illduding rain, streams, and ihe water of lakes awl 
of the sea. The materials are in large part carried ns solid 
particles, and the are then saia to be mechanical. 
Buch arc which are latel' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are carried in solution, and deposits of these are called 
oq:wnic if formed with the aid of lift.', or ('hclIIieal if formed 
·without t.he aid. of life. The more important roeks of chemical 
and organie origin are limestont', ehert, salt, iron on" 
peat, lignite, and eoal. Anyone of the named 
may be f'\epamtely formed, or the different he 
intermingled in many wayi'l, produeing a great variety 

AnodiCI' transporting ag-t'nt is nil' in llIotiOIl, or wind, lmd a 
third is icc in mot.ion, or glneiers. The mORt characteristic of 
the wind-borne or colian deposits is loess, a fine-grained earth; 
the most characteristic of ghcial deposits is till, a heterogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sediment.ary rocks arc usually made up of lllyt'r",. or beds 
·which can be separnted. Thest:' ure caned 8imta, 

and rocks in such layers are t.o be strlltified. 
The snrface of tlle earth is n~t immomble; 0\ er wide regions 

it \'ery slowly rises or sinks, with reff'rencc to the sea, and 
RhorE.' . lint's ~re thereby changed. ) ... s a result of upwanl \ 
moyement marine sedimellt~1ry, ro(~ks lIlay hecome part. of the 
land, and most of our land areas are in faet occupietl by rocks 
originally deposited as sedilllents in the 

Rocks exposed at the snrf[~ce of tl1e air, 
watf'r, ice, animals, and plants, 
known as bacteria. They 
soluble parts HTC leaeh('(l ont, the 
left as a residual layer. \Yater washes this 

and morc 
material being 
material down 

the slopes, and it. is 
other bodies of wat~r. 
but it is 

carrietl by riYers t.o the,oeeun or 
its journey is not eOlltinuous, 

huilt into river hal'S and flood plains, 
_·Ulu \·ial ~lacial deposits 

df'p()~its belong to 
layer is commonly inC'lnded 

Their upper parts, o~cupied by th~ roots of 
con:'!titute soils and subsoils, the soils being usually 

dist,inguisim! by a notable admixture of matter. 
and by various 

processes, roeks may in com position 
and in t.exture. If the new pro-
nouneed than the old such rocks arc called In 
the of metamorphism t.he cOllstituents of a chemical 

may enter into new combinations nnd ecrtain substances 
may be jost or new ones added. A complete gradHtion [rom 
the primary to the metmnorphie form may exist within a 
single roek mass. Such changes transform sandstone into 
quartzite and limestone into marhle and modify other Tocks 
in various ways. 

From time to timc during 
been deeply buried and hayc 
pressures, to slo\v movement, and to igneous intrusion have 
been afterward raised and later exposed by erosion. In such 
rocks the original structures may h:1\ e been lost entirely and 
new ones substituted. A system of planes of division, along 
which the rock. splits most. readily, may have been deyeloped. 
This structure is caned and may cross the original 

roeks cbanwterized by it 
Crvstals of mica or minerals nwy have gr~wn 

in tlle rock in "such a as to produce It laminated or foliated 
structure known HOI The rocks characterized by this 
structure are schisfl3. 

As a rule, the oldest rocks are most altered and t.he young,=,l" 
formations haw es('aped metamorphism, hut to this rule thcre 
are many imp01innt t.'o'lpeeially in regiolls of igneous 
activity [mel complex 

TOlOl.A.TlO.KS. 

For of 
above are into A f(edimentmy 
formation l'ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform ehflrad~r or rocks more or 1ess uniformly 
"\]l.Tiell in charadeI', for example, an altprnafion of shale and 
limestone. \Vhere fn}m one kind of rocks t.o 
another is gradufll it. may TWeeSf(ary to two contigu-
ous formations by an arbitrary line, aTHI some cases the 
dist.ill(~t.ion depends almost f'ntirdy on the contained fossils. 
An igneous fOl'mat-lon cont.ains one or more bodies of one kina, 
of' similar oecurrence, or of lil-:e origil1. .r\ metanH1l11hie for­
mation lllay consist of rock of uniform charaeter or of se\ eral 
roeks having eomIllon eharaetel'i:3ties 01' origin. 

\Yhen for seicntifi(' or eeonomie reasons it is desimhle to 
re('ognize and map one Ol' more deyploped parts of ~J 

yaried formation, such parts arc member", or In' oom(' 
odler appropriate term, as h!nlif.s. 

.\GES OF ROCKS. 

Geoloy'ic ti1lie.~The iime during which roeks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

/I 

• 



and still smaller ones stages. The age of a rock :is oxprC'Ssed 
by the name of the time interval in which it was fonned. 

The sedimentary formntions deposited during a period are 
f!)'oll}1f'd togf'ther into a 8yl:Jtnn. The prilleipal divisions of a 
system are ealled 8(Tie8. Any aggregate of formations less 
th1ul a sf'rie); iR called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those that aro older, and their relative 
ages may be determined by observing their positions. In 
many rcgions of intense' disturbance, however, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to d(,tcrmine their relati \"e from thcir 
present positions; under !:lUch eondiLi,ons. if prcscnt, 
may indicate which of t.wo or moro formations oldest. 

Many stratified rocks contain the remains or 
imprints of plants and animals at time the strata 
were dcpositcd, lived in bodies of' ,ynter or were ... \ashed into 
them, or were buried in surficial deposits 01] the hlncl. Rueh 
roekS" are ('alled fossiliferous. By studying f()ssils it has 
been found t.hat the life of each period of the emth's history 
was to a extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssilifel'ous rocks were deposited. From timl:' to time more 
complex kinds awl as the 8impler ones lived on in 
modified forms life more yaried. But during each 
period there lived peculiar forms, which did 1I0t exist in ('arher 
timl:'s and lwve not existed sinpe; thf'sf' are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in whirh they are 
found. Other types on from period to period, and thus 
linked the forming a chnin of life from the 
time of the rocks to the present. 'VJlere 
two :'leUimcntHry formations are rernot.e from ea('h other ami it 
is impossible to obserYe their relative positions, the charncter-
istic fossil found in thelll may (If'termillC which 'was 
deposited Fossil remains in the strata of different areas, 
provinc(~"" and eontineutr: afford the most import.ant menn:'l for 
comhining local histories into a earth hist.ory. 

It is many places difficult or to dt'terllliue the age 
of an igneons frfrlllation, hut rlw rdatiw age~of .:mell n fi)rm;l­
t.ion can in generaJ be asccrtaillcd by 
assoeiated f;edimentary formation of known 
igneous lllaRS or is df'positetl upon it. 
which metamorphic' J'oekf.; \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the T(,t'ohlt'd on nwp i.., that of the 
masses llnd not. of dwir metamorphit>lll. 

culon;, and pa.tiaus.-Ench fimnation if; :::;hown 011 
the map hy a dist.inetive combillation of color awl pattern allii 
is'lalwled hy a speriallett.er symbol. 

Patterns eompoAPd of parallel 
format.ions 

lineR fJ1'e u:::;ed to 
ill tlw jnlakes, 

tlots awl 
eirdf's repre:::;ellt idluyial, nnd eolian i{ll'lfllltions. Pat­
terllS of trianglf's and rhombs arc u::;ed for iguf'oUS fi)l'IllaLions. 
:Metamorphic rO{'kR of unknown origill nre 
short <l~:shes placed; if the I"()(·k is 
may lw \\avy lineR plJrHllcl to the t>truetll1"e 
Suihlble THltterllR an' used 10r met.amorphie 
tions known to he of or of igneous origino The 
patterns of' eaeh cbs.., are in vario\ls (~().lol's. \Vith the 
patt.erns of parallel colors are ui;!ed to indicate age, a 
partieular culor Lo cHeh t>YSt(Olll. 

The s\'mbols of two or more leth:'rs. If the age 
of a fOl'~ation i:::; known the snnhol includet> the 
bol, whieh is H eapital lett!'; or monogram; 
symbol:::; atl:' ('0111p08ed of I:Hualllettel's. 

I'lym­
tllC 

The ll:unPS of t.he systems and of sl:'ries that have heell given 
distincti ve in (mlpr fi'om to oltlest, with the 
eolor and assigne(l to 
subjoined 

Symbols and colors a8.~if}ned to the l·ock systems 

Sy.tAll 

f'eRF.\CE l'O.l:GUi:'. 

llillfl, Y:lll!'ys, 1ll1d 1,11 oiher SlLrfflec forms IJaYI:' beCD produced 
F9r f'xample, most thp rcsult. 

streallltl that l1(nr through 1), 
p}ains hOJ"(]('ring- mall)' streams were up 

hy the st.reams; \\a"es cut S(,ll (lliH;" Hlltl, in cooperation \\ith 
c~rrellts, "(mild up sand spits aIld ham. Topographic form" 
thus eonfltitute part of the reeord of die of tJ]P ('tl,rth. 

Some ionns are insepHrahly eOIlllecr,ed with Tlu, 
hooked sh9wll ill figure 1 is an illustration. To thil'( dnss 
belong alluyinl plains, lava streams, drumlins (smooth 
oval hills of till), and moraines (ridg-('s of drift made 
at tilC Ot.her forms are produced by crosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clllSS belong abandoned river channel'l, glacial furrows, 
and peneplains. In the making of a stream tprruee an n 11uvial 
plain is first built and af'ttrward partly eroded awny. The 
shaping of a lIla~'ine or lacustrine plain it> ul'lual1ya douhle 
proeess, hill:::; being- worn away (degraded) and ya]leys being 
filled up (aggraded). 

AU parts of the land surfaee arc to thc action of air, 
water, and ice, \'1"11ieh slowly wenr down, and streams 
earry the wask materinl t.o the sea. As t.he Jep~'nds all 
the £low of water to the sea, it ean no,t ('arried belo'w sell 
level, and t.he 8ea is therefore called the ba8(:;-/e1xl of prosion. 
LnkPs or hlrg: rivers may ddc,rmine locfll hasc-levds for certain 
regions. When a large tra('t is for a long time undisturbed by 
uplift or subsidence it is df'graded nt'arly to bast'-lcYt'l, tmd tlll:' 
fairly even snrface thus produ('etl is called If the 
tract, is af'tenvan1 uplifted, the ele\llted 
rf'('ord of the former elose·rf'lation of the tract. to base-leyel. 

'1"111: V~UtlO\JS GEOLOGIC HHEE'l·S. 

lllap sho'wing the areas occupied 
is called nn areal geology map. On 

,vhicIt is the key to tile map. To asC'er­
tain the meaning any color 01' pllttf'rIl and its lett.Pr symbol 
the rfwler should look for that color, pnttern, (lnd symbol in 
the wh('re he will find tIl(' name and description of the 

Hit is desired to find pfnt:icular format.ion, it.., 
name should be sought in the and its color and pattern 
llOtcd; then the areas on the in color and 
pattpl'll may be il'aeed OUL. TIle also a partial state-
ment of tIlC gpologic history. In the mlllletl of format.ions 

according 
unknown 

group t.hey ure placed in th~ order 
so far as known, t.be youngt'st at. the top. 

map.-The map reprf':::;fmt.ing the distribu-
tion of and roeks ,ina their relat.ions 
to the topogrllphic fpatllres and to thc 
~el'Jned the economic Heolog!l map. The that. appear 
ou the areal geology lllnp are usually shown on t.hi:::; map by 
fainter color and the areas of produdive formationH 

(~()lors. .A llline symbol shows the 
or qualT,v and is nccompflllied tlw 
mineral mined Or stone If 

mining indust.ries or artetlian in the 
nmJ1Y to sbow thuse additional economic featur!:'s 
in tht' folio. 

shaftl-1, and otJler 
different beds to 

elltting that exhibits thosc 
a sectiun, and the same tprm is applied to a 

repTC'S,,,>t>;ng the rebtions. The arrangf'IDf'ut of'rocks 

arrdn~,emenLiH cll11ed <l :;lrudut'(J .~ecti()n. 
is llOt limited, fIOWf>Ver, to natllrnl and arti­

for hi" iuforlllnt.ion eoneerning the earth's 
the lUallner of fi)rmation of roCkb and 

the bC'(lb on the surface, 
they Pl18S benclith Lhe 

surflwe and ean draw reprl:'s(,J1t.ing the stru('ture to a 
eOllsicirrable uept.h. i:"3Udl a see~ioll is illust.rated iIl figure~. 

t'IGURR 2.-r\ketch ~howing a verr.ieaJ section at the fronT and It landscape 
beyond. 

The figure represents a landHrape which is cut. off sharply 
in the foreground ou a vertical plane, so as to show the 
underground relations of t.hc roeks. The kinds of rock aru 
indicaLed by appropriate pattpl"lls of lines, dots, and dashel:l. 
Thr;se patterns admit of 111ueh variation, but those shown in 
Ggure a arc used to rcpresent the commoner kinds of roek. 

"'=cl"t<>n~HalHl~'Hl' 
glol1l<·cate, 

ShaJylm18st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau shown at tllf' kft of figure 2 prescnts toward 
the lower land an escarpment, or ii'ont, \\hich is .made up of 

sandstones, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt of lower land IS t.raversed by several 
ridges, which are l,wen in the sccdon to correspond to· the out­
rrops of a lwd of sandstone that. rises to the surf~lce. The 
upturlwd f'dge8 of tIlis hed form the ridges, and the inter­
mediate yalleys follow the outerops of limest.one and ealcareous 
shale. 

'Yhere the edges of the strata appear at the surface their 
thickness can he mell'"mred and the angles at which they dip 
helm·" the snrffwe can be obscl'\"ed. Thus their positions 
underground can be int"(·l'rpd. The diredion of the intersec­
tion of a lied widl a hOl~zoIltal plane is called thc ,~lrike. The 
iudinntion of the bed t.o the horizontal plane, measllred at 
right angles to the strike, is called t.he dip. 

Tn many regions the strata are bent into troughs and nrehes, 
sllch as are seen in 2. The arches arc (,HUe(1 anticlines 
and the troughs As the sandstones, shales, aud 
limestones were dPJlosited beneath the Sf'a in nearly flat sheets, 
the fltrt that dley arc now bent. and fcildf'd is proof that forces 
haye from time to time caused the f'arth's surface to wrinkle 
along rert.ain zones. In places the 8trat.a arc broken across 
nnd the parts haye slipped eaeh other. ~uch brenks are 
tel'me(ljaults. Two kind8 arc 8hown in figure 4. 

At the rig11t of figure 2 the section chows schists that arc 
tra ,"ersed by igneous roeks: The schists nrc much contorted 
llnd their arrangement uwlerground can not llC inferred. 
Henre that. portion of the· section delineates what is probably 
true but j~ not known by ohseryation or by well-fOlUlded 
inference. 

The sf:'dion also shows three set." of formatiolls, distinguished 
by tht'ir underground relatiolls. The uppermost set, ~een at 
the left, is made up of sanristOllt'S and Hbales, which lie ill a 
horizollt.al position. These ~trat9 were laid dO'wn under water 
hut are now high above the forming a plateau, Hnd their 
ohang-e of ele"mtion shows that u of the cilrth's masl'l has 
heell uplifted. 1'11(' strata of set. are parallel, a relatioh 
whieh is called cm,ero/·maolC. 

The second set ('OnsistR of strata thnt have be-en 
folded into arches and troughs. These strata were Ollee eOll­

tiUllOUR, but the crests of the al'che.." ha\Te b;'en remo,'ed bv 
erosion. The beds, like those of the lin>t set, are eonf'ormabl~. 

The horizontal strata of the plateau rest upon the upturned, 
erodpd edges of thc heds of the :::;eeoml set. shown Ht tlle left of 
the section. The overlying are, from their position, 
e,·idently younger than the deposits, and the bend-
ing awl t'Toding of the older beds must havc ocrurred betwe~n 
tllf'ir deposition and the accumulation of the young-fir beds. 
The roek:::; arc t.o the older, and the 
suriuee i", 11ll ""conformity. 

The third set of formations ('onsisil,; of crystalline sehists and 
igneou8 roe1o::s. At 80n1e period of their history the .."chists 
were folded or by fll'f':::;sl1r.e and t.raversed by emptions 
of moltell But the pre8SUTf' and intrusion of igneous 
ro(·kg have llot affected the overlying- stmta of the serond set .. 
Thus it is evidellt that a con8idemble int.enal elapscd between 
the formation of the sehisLs and the beginning of deposition of 
the st.rata of the seeond set. During tllis inter'ntl the sehi<;lts 
were metamorphoscd, they were disturbed by eruptive 
and they werc dceply eroded. The contact between the 
and third sets i::; another unconformity; it marks a time 
intel"Yal bet.\\een 'two periods 'of roek forrr;ation. 

The section and landseape in figure 2 are idf'al, but t.hey 
illustrnte aetnal relalions. The sediolls on the struetUrL'­
st'etion sheet arc related to the maps as the seetion in the 
figure is related to the landscape. Tlw prolile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
aloTlj.!; the sC{!tion line, and tJlC depth from the surface of any 
min~ral-producing or water-bearing stratum that appears in 
the seetion may be measured usillg the seale of we map. 

Columnar secLion.-The maps are usually accom-
panied by a c()lumna'J~ :;('ction, which eontains a eoneise 
description of the sedimentary formationt-l that oeCl1r in the 
qU~idrangle. It presents a summary of the filets relating to the 
eharader of the rocks, the thi(~kness of the formations, awl t.he 
order of aeeumulation of sueeessi ye deposits. 

The rocks are briefly deseribed, and their eharaders are 
indicated in the columnar diagram. The thicklle8ses of for­
illations are given in figures that strIte the lenst twd greatest 
meIL'lUl"ements, and the thicknesH of cach formation il'l 
shown in the eOlUlllTl, which drnwn to w~ale. The order of 
aceulllulation of t.he sediment8 is shown in the columnar 
arrangement-the oldest being at the hottom, the youngest at 
the top. 

The intt'rvalt> of t.ime that correspond to events of uplift and 
degradation and eonst,itut.e illterruption::; of deposition are 
indieated graphically and by the word" unconformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION 

INTRODUCTION. 

(1E:'o!EfUL R.F.L,\TIO~:".. 

Th(~ 

t~l(:e, an flrea, in that laiitudf'. 

"1""".'"'''''''' tlll:' northern 

Fn+,;HE 1,-lndex lIlap of weHlerll l\e"i York showing location of the 
.:--iiug-ant quadl'ltngle 

UEO(;UA.l:'llY Al'iJ) G-F:OT.OHY OF THE RDJIO:'\. 

hv tJH~ 

n~e G-lneiat.pd Plains on the uorill'i\'cst and extends northcaBt­
wa.rd into CUTlIIda. Tt~ nodhwe>ltel'u bOllud::U'v j,., indefinite hilt 

be . the soutbern 
glaciation 

em"tel'll Ohio and thence with a line scpllrat.ing the lowhmd of 
t,hf' lowpl' Great Lakes and ;-';L Lawrence from the uphmd of 
\Yc"tcrn, ('cutraI, :nul northerll New York. The Glaciated 
PIHillS ('xtcJl(l wl, ... ,tward from their f".olltlwash~1'Il limit thus 
defillPd to the Ul'ent Plaiue; and from the Ozark }lI'OYllh:e on 
the tlouth northward into O-wfHla. 

The A ppalaehinn Plnteml is tlw one of the sen'rnl 
di\"isiOI1f.! of the province extends into the 

region ill qlladratlgle is :-litllatp(l. It 
H hrOH(i (lisseded lIplnlHl between the Appalaehian 

Valley on ihe past <lnd the lower groull(l of the Mississippi 
baf:>iu ou tl1i~ Wf'f:>t and exteu(liug from tlw Catskill l\lotlntain" 
of New York sOllthwest\Yflrd into northern .\laliarun. The 
upl:ind sudiwe includes sen'nl1 minor platealls of somt.'wllflt 

OF THE NIAGARA 
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different, aititu(les, hut l1l:; n ,vllOle it is higher t,hnn 
the f:>Ufl'OlllHlillg arefL'o and is in genernl hOll1uled well-marked 
eseaqJtllPlltB. 

In the of thp lower Great Lake;:; the Glaeiate(l Plni]];.; 
I)T()yinC'P is into the Erie, HurolJ, and Outario plains 
and til(-' Lnll'entilill Pbteau, (See fig. 2.) Th(-; Erie plnin 

inchult,s the sha.llow basin of' Lake Erie with a narrow strip 
about its sout.lWrll and \H-'f;tern ~horps, the peninsula of tIle 
Provinr:e of Ontario between Lakes Erie lind Huron, lind it 

narrow helt in Kew York f'xt.endin,e: from Buffalo east'Yar(l to 
Auhurn, The lImoll plain illcliule,':i a of wP8tel'U New 
York, til(' nortlwrll of the t.riangular 
and a pHlt of tJu' of Lake Huron. The Olltario plain 
inC'ilules the shallo,,' basin of Georgi'lIl that part of the 
Province of Ontario lwt,weell the and Outario, a part 
of t.he lwrl of tll(-' bkf', and a of r,~e\\' York abont the 
south lilld enst ~id('s of tile lnk(·. The I,Hurentian Plat.eau 
oeenpies a. m'CH in Omada extending from t.he Sr. Litw-
1'enc(:' awl Bay northeast wanl, llorHnvard, aJl(lnorth-
westward for hundreds of milps. 

Relief-The general regioll ill which the is f.!it-
uatea may he 1113 comprising and wpsierIl )l"ew 
York, soutb81'H northern Penns,Yhania, a11(l llonh-
eastern Ohio. Viewed hroadly it consists of a series of tel'-

rise!:' the drainllp;e hasin of t.he lake 
nnd The slope is gradual at tirst but 
steeper along t.he horder of the Laurentian Plaieau. 

The northern parl of the Plateau is known fl:3 

the Plntenll. Tt.:-; lif's from lDOO to :WOO f(~(--'t 

above sea nlong itf:( 1I0rthel'n nIul 110rtln'i'cstel'1I 
and £,Tadunlly TiRes soutlnvlIl'd to neilrly :lfiOO feet ill 
~ e\". York and in more than 2()()O feet. in northern Penns), 1-
YHnia.. Towar(l the ea.st it is ratllPr lower, hut iL l'isp~ to 4200 
feet. ill the Cntskill :J:fOlllltuins, t.he of the platenu, 
Its surface iB decply h'enched bottoms of t.he 
deepest more than 1000 
upland, 
areas 

so llamed bee1\use in WP8t.erll ~f'\\, 

by l'l'si;;:;tnnt beds of the Portflge 
Plateau on tll(--' llorthw(-'st. and 

citseent of 600 to 
low and is broken 

QUADRANGLE. 

by hroad "alleys opening nortinvestwllrd. Aer06t:i llort.investern 
Penns,dvanin lll1d sOllthwef.!t.ern New York it is abrupt. and 

and it." ('rest is about 1000 feet higher than awl 
from the nan'()"W plain bordering Lake Eric. 

From Creek eastward the scarp is ratllCr less 
ahrupt., though and is hroken deep, narrow valleys 
extending well the plateau, so it 8:-; a lille 
of llortlnnl.l'd-nwing steep-sided promontories Ollt into 
tlle Eric plain. East of jluburn it mergps int.o the 

Erie plain extends tllong the base of the Portage GRCarp­
meni from A u burn to Buffalo, weRt of w11ich it broadens so ill'! 

to illdude tlw sOllthern part of t.he triangular 
betwc'en Lakes Erie awl Huron find a narrow strip 
south shore of Lake Erie. Lake Erie if:> 
shallow and its lwd may be 88 fI brOlul 
t.he s1ll'face of t.he plain railwl' l1S 1I dip,L.inet Tn 
1\e\\- York t.he Erie plain lif'!:' along' the pOllth shore of Lake 
Erie ~lIld extends PHstwal'(l to Genesee RiH'r, "vhii'll it 
i", It,i:'!S clist:inet. It,.:; sllrface is from GOO to SOO 
]('\"c1 Hnd is somewhat din'rsitiecl hy In'ond, shallow 

The so ;HlHled because it. is 
lim( stOllC, hOllnds the Eric 

the north and spparates from the Hnron plnin. It poorly 
(ldined lit Buffalo Illlt if:> more prominpnt. east of that. city. 
J\car AkrOll it is nhout 100 feel higll and cast of' G-euesee H.i,'el' 
it is still highcr. From J .. ulllu'u c,nstward to Schoharie Creek 
it i8 the escarpment the .'\ lleg-heny Plateau, the POl't­

into it, and sOlltheast of 8cho­
into the Helderherg 

cscarpllient, the bounding' Catskill l)la.teau ou 
the northeast ea~t. 011tal'io it is ohscured hy chift. 

The lIllrOIl plain occupie;; a 8trip of western ~ew York 
hetween tllP foot of the Onondaga escn.rpll1eni and th(--' cre::;t of 
the ~iag<lnl cscarpment and extends westward int.o Untario. 
III tIle lleighbOl'hoo(1 of Niag:ml HiveI' its f;lll'face is neHrly 
lc·yel, except for irregularities due to glacial deposits, and. lips 
ahollt 600 fept ahove sea level. Neur Rochester it is lower, 
and easi of G-elle"ee Rh'cr it. inio the (Jlltario 

Tn 

its surnll'e rises, 30 that in plHC'es Routh of G-eorgil1l1 
Ba,Y it is more than feet above 8ea level. 

The Kiagaru separa.tes the Huron 
Onta.rio plain. the most wiaely ph.ysi()p;f«phic 
feature of the l'egion awlmuy 1)<:' trw'ed, with few lllc(ernIPUU"~. 
from western Kew York t.o nort.hern l11il1oi8. )l"ol'th 
Lake it is Imnlly distinguishflble, but ut Rochester it is 
100 feet. high nno Ht Kiag;lH'iJ. and in southern Ontmio it attains 
a height of ~OO feet, At Hal)Jiltun, Ontario, it tums northw(-'st­
ward and extends to the Blue :Jlollnt.ains, south of G-eorgian 
BflY, where il is more t.han 800 feet. high. It forms tbe west 
sl)(;re of the bay, CrOl3f;t'S the Manitoulin IRliInd;;;, skirts the 
north end of Lake MichigaLl, l'eappeClrs in the (ireen Bay 
lwninsllln, 8THI crosses eastern \Visconsin iuto Illiuois, wlwrf' 
\"ithin a "hort distm1Ce it. dies out. 

The Ontnrio plain extends from the Kiagal'll esenrpment 
on the sOllth and west to the Lallrentian Plateau 011 t.he north 
and the Adirondaek on the past.. Its sllrfaee is rather 
(1i\'el'~ified, though ]eyel ill SOHle con;;;idenlble arenl3, and 
raug'ef<. fmm 2;30 feet. sea lcyel ahout. Lak(-' Ontal'io to 
more than 700 feet south of GeOl'gian Bay. III ~ew York the 
plain occupics H nalTOW helt from 2;30 to 600 feet nhoye sea 
lcy(--'l n]ong the south and east sides of Luke Ontario and a 
sont,heflst,\v!1rd extension as far as Utiea, East of LYons the 
~iagHra eSCHl'[JlllenL is not developed and the Ontari~ plain is 
merged wit.h the Huron plain ill the general lowland aren at the 
foot of the Onondaga (--'scarpnwut. The plain exte]}(l;;; north­
ward heneath the waier of Lake Ontario for some Illiles to a 



oor1y defined escarpment, beyond which is n yalley forming 
the deeper part of the-lake basin, se\'eral hundred feet below 
sea level. North of the bke the surface rises gradually to the 
border of the Laurentian Plateau, which occupies a little of the 
northern margin of the region. 

Draina.qe.-The streams of much the greater part of the 
region belong to the St. Lawrence drainage system, and thc 
larger ones flow directly into Lake Erie or Lake Ontario. 
Nearly aU of the Ontario plain is drained into Lake Ontario, 
but a few streams in its northwestern part flow to Georginn 
Bay, and its extreme southeast corner is drained into Hud;;;on 
River through the Mohawk. All of the Erie and Huron 
plains is drained into Lake Erie except the area east of Buffalo, 
which is drained in pa.rt to Niagara River and in part to Lake 
Ontario, and the northwestern margin, which is drained into 
Lake Huron. 

The northern and northwestern marg;ins of the Allegheny 
Plateau are draincd into LAkes Erie and Ontario, chiefly by 
short streams heading at the crest of the Portage escarpment 
and flowing down the slope to the Erie plain. Other strei1n1S 
rise some distance back from the rim of the plateau and flow 
out across the escarpment in deep, narrow valleys. The must 
not~ble of these is, Genesee Hiver, which rises in northern 
Pennsylvania on one of the highest parts of the phneau and 
cuts through the -escarpment in Portage Gorge, descending 
over several falls. Cayuga and Seneca lakes and most of tho 
other Finger Lakes also occupy valleys extending some dis­
tance back into the plateau, and deep gorges and high falls 
are abundant near their heads. In northeastern Ohio, whel'e 
the plate~u is lower and' the escarpment is less prononnced, 
several small rivers rise 'on the upland and flow into Lake 
Erie through rather open valleys in the scarp. 

Nearly the whole of the Allegheny Plateau, however, is 
drained south" .. estward into the Ohio or southeastward into the 
Susquehanna and DE'laware, and except in the Finger Lake 
region, in the Genesee Vaney, and in Ohio the divide between 
the strcams flowing to the Great L!'Ikes and those flowing 
southward is practically at the crest of the Porta.ge escarpment. 
So close is the coineidence in plaoes that Bear Lake, in Chau­
tauqua County, New York, although it lies on the Allegheny 
Plateau and its water flows to the Gulf of Mexico, is. but 5 
miles from Lake Erie, and the ultimate sources of the Susque­
hanna, which flows to Chesapeake Bay, are but 6 or 8 miles 
from the Mohawk. 

Strah'gmphy and stl'ucture.-The consolidated rocks of the 
Ontario, Huron, and Erie plains and the Allegheny Phlteau, 
except a few small igneous dikes, are wholly sedimentary 
and of Paleozoic age; ranging from Ordovician to early Car­
boniferous. The Laurentian Plateau, with its extension south..: 
eastward into the Adirondacks, is occupied by a complex of 
both ign~ous and sedimentary rooks, chiefly of pre-Cambrian 
age and more or less metamorphosed. Undoubtedly they or 
similm' ancient rocks extend everywhere beneath the region 
and 'form A floor upon which the younger strata lie. The 
stratified rocks form a great series having- a general southward 
and southwestward dip from the area of ancient rocks, whose 
sUlface presumably slopes in the same direction beneath the 
overlying beds. The oldest formations outcrop about the 
border of the Laurentian Plateau, and successively younger 
formations adjoin them in rudely concentric belts. In western 
New York and north of Lake Onta.rio the beds hAve a geneml 
east-west trend and a southerly dip. West of the lake they 
trend northwestward and dip southwestward, whereas along the 
south side of Lake Erie their strike is southwest aIid their 
dip southeast. 

There is a close agreement between the relief of the region 
and the surface distribution of the formations, the more re8il:'­
tant beds capping escarpments and steep slopes and thus giving 
rise to platforms, the surfaces of which, together with the lower 
slopes of the escarpments, are occupied by less resistant beds. 
The greater_ part of the Ontario plain, including nearly all of it 
north and east of I,ake Ontario and also the part beneath the 
water of Georgian Bay, is occupied by Lower Ordovician 
strata, chiefly limestone. So far as is known such strata also 
form more than half the bed of Lake Onwrio. The remainder 
of the plain, oomprising the bed of the southern portion of 
the lake and -a strip extending along the south side of the 
lake and thence northwestward to Georgian Ray, is formed 
by late Ordovician limestones and early Silurian sandston~ 
and ,shale. 

The Niagara escarpment is capped throughout hy limestone 
of the Niagara, group, of middle Silurian age. and the Huron 
plain, with its extension northwestward to Lake Huron, is 
occupied by late Silurian shales and sandstones. NO- beds of 
Lower Devonian age are exposed in tl~e .region. The Onon­
daga escarpment is formed by the Onondaga limestone, of 
Middle Devonian age. Other Middle Devonian shales and 
limestone occupy the Erie 'plain, the greater part of the penin­
sula of Lake Ontario, and most of the bed of Lake Erie. 

The Portage escarpment a.nd the gre.ater part of the Alle­
gheny Plfl;teau 'within th,e region are formed by sandstones and 
sandy shales of late De-yonian age, having a total thickness of 
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3000 feet or mOTe. The highest part'3 of the plateau, along the 
southern border of New York and in northern PennsyjyllOia, 
arc occupied by beds of Carboniferous a,c;e, particuIal'ly a mas­
sive conglomer!'lte that caps the highest hills. 

In most cf the region the strata lie in a compnratively 
undisturbed attitude, except for small faults and purely local 
'''Tinkles. Theil' general dip is southward or southwestward, 
is slight, and is fairly uniform. In northern Pennsylvania 
the strata of the Allegheny Plateau are broadly warped and lie 
in hardly distinguishable synclines and anticlincs having a 
general northeast-south'Nest trend. These gentle folds are 
parallel to the stronger folds in the eastern part of the 
A ppalachian province and some of them can be traced south­
westward into [ITelIS whe~e they tire more pronounced. A few 
extend northeastward from Pennsylvania. into New York but 
die out within short distances. The general structure of the 
region is therefore monoelinal, the heds dipping south or 
southwest, opposite to the general slope of the surface. 

I.fi.~tory.-Little is known of' the history of the region in 
pre-Camhrian time, but at the beginning of the Paleozoic era it 
WfiS apparently a land area occupied by rocks of' various sorts, 
which had been reduced by erosion to a nearly even su:r£'lce. 
The land was gradually submerged beneath the waters of a 
shallow epicontinental sea, known as the interJor Paleozoic sea, 
which occupied a great part of the ea.stern United States. The 
soutJwast shore of' the sea was for some time not far from the 
position of the present east side of' tile Appalachia.n Valley, 
and the northeast shore wa.s approximately along the present 
southern ma.rgin of the Laurontian Plateau. On account of 
changes in the relative level of sea and land neither shore ever 
remained long in one place, but gradually migrated back and 
forth, sometimes over a considerable space. Hence the shape 
and size of the sea, as well as its connections with other bodies 
of wuter, were constantly changing, and at times- bodies of salt 
water were surrounded by land, as was probably the ease dur­
ing the Salina epoch. 

During the greater part of the Paleozoic era the rehrion lay 
beneath the water of the sea and was covered by sUL'(~essiye 

sheets of detritus-pebbles, sand, clay, and- calc,a,reous mud­
whieh were washed in by streams from the neighboring land 
and spread over the sea hottom. At times beds of limestone, 
of iron ore, as in the Clinton formation, or of rock sa It, as in 
t.he Salina forma.tion, were deposited by chemical precipitatioll 
from the water. The sea teemed wit.h life, at first chiefly with 
invertebrate animals. In some heds the remains of various 
forms of invertehrates having calcareous shells are preserved in 
numbers so great that they form an appreciable part- of the 
bulk of the rock. Later in the era fishes appeared ~md plant 
life, both terrestrial and marine, flourished. 

Owing to migrations of the shores and to alternations 
between -marine and terrestrial conditions in much of' the 
region no section is known in which there was continuous 
deposition and which displays a complete sequenee of strata. 
Everywhere deposition WIlS interrupted at one time or another, 
and some deposits that had been recently formed were removed 
by erosion. "\Vhen deposition was resumed the beds then laid 
down were spread unconformably o\'er those beneath, lying 
across their beveled edges or extending beyond their limits and 
overlapping 'still older heds. Such uneouformities are found 
in several partl:l .of the region, notably beneath the Onondaga 
limestone. 

In [he early. part of the Cambrian period the region appears 
not to have heen occupied by the sea, but in later Cambrian 
time most of it was probabJy submerged. Deposition was 
llearly continuous throughout the Ordovician and Silurian 
periods, though it was' here and there inte1'l'upted for brief 
inter,rals. During much of early Devonian time most of the 
region was land, but deposition went on for a time in part of 
it, the bulk of the strata then deposited being removed soon 
afterward. In the middle and later parts of the Devonian 
period deposition was practically continuous, hut by the close 
of the period the sea was much shallower and smaller than it 
had been previously and practicany a11 the rcgion under dis­
cussion had emerged. During the Mississippian epoch erosion 
was going on upon the newly emerged land, which probably 
lay near sea level, as the reduction of the surface appears to 
have been slight. Early in the Pennsylvanian epoch a rather 
small area in southern New York and northern Pennsylvania 
was submerged sufficientJy to receive a thick deposit of gravel 
and intercalated beds of carbonaceous mud full of plant remains. 
The sea then withdrew altogether from the region and has not 
since returned to any part of it except the basin of Lake Ontario. 

About the end of the Carboniferons period the whole' Appa­
lachian province finally emerged from the sea and was greatly 
elevated. The uplift was accompanied hy extensive deforma.­
tion of the rocks ,along the southeast side of the Appalachian 
Plateau and the region still farther east, the strata being closely 
folded and more or less faulted. The gentle folding of the 
strata in northern Pennsylvania was effected at the same time. 
The uplift of the land and the deformation of the stmta pro­
duced a great mountain system in the eastern half of the Appa­
Jachian province and probably gave the surface of the l~emajnder, 

especially in the region under discnssion, a northwestward slope 
from a considerable altitude at the base of the newly formed 
mountains to relatively low ground in the region of the lakes. 

Thus at the beginning of the Mesozoic era the region was 
above sea level and undergoing erosion, and it has been in 
that. condition nearly ever since. The surface doubtless 
originally sloped northwf'..stward and northward and was drained 
by streams flowing in tllDse directions. The reduction of the 
surf~ce was several times interrupted by renewed uplift of the 
land, probably accompanied by some tilting or warping, with 
consequent changes in the courses of the streams. At least 
once, however, early in the era., and possibly sevel"dl times, ero­
sion continued so long without interruption that the whole 
surface, even that of the mountainous region in the southeast, 
was reduced to a nearly featureless plain-a peneplain-lying 
but little above sea level. The uplift next following, probably 
at the close of the J ul"dssic period, was accompanied by sub­
sidence of the region now forming the Atlantic Coastal Plain, 
bringing the shore of the Atlantic in as far as the present f< fall 
line," and by warping of the peneplain so that the southeastern 
part acquired a slope toward the Atlantic. Streams flowing in 
that direction thus had an advantage that enabled them to extend 
head ward and to push ba~k northwestward from the present 
southeastern margin of the plateau the divide between them­
selves and the northwestward-flowing streams. 

The uplift was considerable and the streams were revi\'ed 
and began deepening their valleys and again reducing the 
general surface. In time practically all the region north of the 
Portage escarpment and west of the Adirondacks was- reduced 
to a new peneplain, the remnants of which arc represented by 
the Erie plain. Another uplift again accelerated the rate of 
erosion and part of the region was reduced below the level of 
the Eric plain. It seems probable that during the Tertiary 
pcriod most of the streams draining the northern part of the 
Allegheny Plateau still flowed northward or northwestward 
into what are now the basins of Lakes Erie and OntariQ, but 
the course of the IIluin streams to which they were tributary is 
in doubt. 

During the Pleistocene epoch several great ice sheets in turn 
invaded the northern United States from the Canadian plains, 
on the coast reaching as f!'lr south as New York City and along 
the Mississippi extending into southern Illinois. That there 
were at least four such ice invasions in the Mississippi basin 
-in Pleistocene time is well established. In the region under 
discussion there is CDnsiderable evidence of at least two inva­
sions, but by far the greater part of the glacial d-eposits belong 
to the lust or "\Visconsin ~laeial stage. The ice spread from 
the Labrador peninsula a.nd extended across New York, cov­
ering all except a small area in its southwestern part. In the 
region of Lake Ontario it moved sout.hwestward, as io shown 
by thc scratches on the rocks. It ad vanced across the region, 
incorpomting in its lower part much of the loose surficial mate­
ria] and plucking out masses of solid rock, carrying within it 
and dragging along at its base quantities of bowlders, sund, and 
clay, grinding down the rock surface over which it moved, 
and filling up hollows. When it melted away it left the sur­
face nearly everywhere covered with accumulations of trans­
ported waste, the glacial drift. 

The most striking effeet of the ice invasion npon the geog­
raphy of the region was the modifieation of drainage systems. 
Some valleys were filled, others were deepened 01' broadened, 
and northward-flowing strealUs 'were da.mmed by ice or glaeial 
deposits and forced to seek new outlets southward. Divides 
wcre shifted, in places for long distances, and the direction of 
lUany strcams was permanently reversed. Many large and 
small lakes were formed through UlC modification of valleys by 
glAciation, and it is not improbable that at least some of the 
Great Lakes themselves originated in that manner. Many of 
the streams which were forced to seek new courses cut deep 
gorges, with waterfalls at the heads, and thus were formed the 
numerous gorges and cataracts of western and central New 
York, Niagara among the ·number. Some of the gorges and 
fans were later abandoned, the streams being diverted elsewhere. 

Near the close of the Pleistocene epoch, when the ice had 
melted out of the region, the land was so much depressed that 
part of it was helow sea level and Lake Ontario was a sea, con­
nected with the ocean by the Gulf of St. Lawrence, which then 
extended that far west. At that time quantities of sand and 
gravel were carried into the main valleys by the streams and 
the bedrock surface was in places huried several hundred feet. 
More reeent uplift has driven the sea out of the region, Lake 
Ontario again becoming fresh in consequence, and has set the 
streams at work dearing out their valle.fs again, but the task 
is still only partly accomplished. 

Relation of culture to geology.-The close relation of humAn 
activities in a given area to its geology and physiography is 
well displayed in the region under discussion. The distribu­
tion of the population and the industries of the inhabitants are 
both controlled in large measure by geologic or physiographic 
factors, but the physiographic control of trade routes is even 
more striking. The region is crossed by the' main route of 
traffic between the Mississippi basin and the Atlantic seaboard, 



which traverses the Erie and Huron plains and the Mohawk 
and Hudson valleys and the location of which is therefore 
determined wholly by physiographic conditions. 

The Great Lakes and the St. Lawrence, furnishing a deep 
waterway penetrating the very heart of the continent, would 
appear to be the natlll'al eastern outlet for the products of the 
great interior plains. Three factors, however, combine to inter­
fere with such use of the waterway. In the first place, although 
the upper four lakes lie at nearly the same altitude, Lake 
Ontario lies morc than 300 feet lower, and the greater part of 
the descent is where Niagara River plllllges over the Niagara 
escarpment with a vertical fall of 160 feet. This interruption 
in the waterway makes necessary the construetion of expensive 
canals to connect Lake Erie and Lake Ontario. In the second 
place, the St. Lawrence reaches the Atlantic at a point so far 
north that it is available as an outlet during only a part of 
the year, being closed by ice throughout the winter. In the 
third place, the most densely settled part of the Atlantic sea­
board, which is the market for a large part of the products of 
the interior, extends from the Merrimac to the Potomac and 
lies so far south that the St. Lawrence route is too roundabout 
a way of reaching it from the interior. Hence traffie between 
the interior and the markets of the coast necessarily 8eeks a 
more southern, more direct, and more economical route from 
the Great Lakes t.o the sea. 

The highlands of the Appala.chian province extend from 
northern N e-w England to northern Georgia and Alaba.ma and 
interpose a serious barrier to traffic between the interior and the 
coast except along one line-that of the Mohawk and Hudson 
valleys. The Hudson is at sea level as £n' inland as the mouth 
of the Mohawk, and the valley of that river in turn forms 
a deep pass separating the Adirondack highland from the 
Allegheny Plateau. An easy route for t.raffic is t.hus formed, 
nowhere more than 450 feet above sea level, connecting the 
Hudson Valley ,vith the lake plains. }l'rom the head of the 
Mohawk Valley the Ontario plain extends westward to the 
eastern margin of the Huron plain, which in turn rises gcntly 
westward to the level of Lake Erie ,at Buffalo. Along the 
natural pathway thus available the greater part of the Erie 
Canal, connecting Lake Erie with tidewater in the Hudson, has 
been constructed. It also affords such case of land transporta­
tion that of the five lines of railroad connecting New York with 
Buffalo, two follow the Hudson and Mohawk valleys and the 
Huron and Erie plains all the way and the other three, 
although they cross the Appalachian highlands, emerge upon 
the Erie plain through deep notches in the Portage escarpment 
and continue westward upon that plain to Buffalo. 

A number of cities and large towns are situated along the 
natural trade route, but they owe their growth in part to thc 
great development of water power where main streams descend 
the escarpments, as at Hochester and Niagara Falls. Even out­
side of the cities and towns the Erie and Huron plains and the 
strip of the Ontario lowland south of Lake Ontario are densely 
settled, for the additional reasons that the rocks of those arens 
give rise to a rich soil and that the climate is favorable to fruit 
raising. Thesc advantagel':l, with the ready access to large 
markets, have made it a prosperous agrieultural belt. 

The Port.age escarpment, on the other hand, is formed largely 
by rocks that give rise to a stony and rather infertile soil, and 
owing to this fact, as well as to its rough surface and dIe diffi­
culty of travel, the escarpment is nearly everywhere thinly 
scttled, except in the deep notches occupied by the Finger 
Lakes. The disad vantages of the district are partly offset by 
its: scenic attractions, particularly in thc Finger Lake region, 
which is famous for its glens and waterfalls. The Allegheny 
Plateau also has a rugged surface and is rather below the 
average in fertility, being consequently in general rather thinly 
settled, though more densely so than the Portage escarpment. 
Parts of the plateau, hMtever, are rich in mineral resources lind 
in forests, and in some areas, espeeially in the larger valleys, 
the population is fairly dense. 

TOPOGRAPHY. 

RELTEF. 

General (!hamcler.-The land area of the Niagara qlladran~le 
is almost equally divided between the Ontario plain and the 
Huron plain, as the Niaga.ra escarpment, which separates them, 
crosses the area in a general east-west dirtection neal' its middle. 
The Onondaga escarpment crosses the southeastern part of the 
area and its extreme southeast corner, lies upon the Erie plain. 
The altitude of the surface of the quadrangle ranges from 246 
feet above sea level along the shore of Lake Ontario to 800 
feet just north of' the southeast corner. Except for the two 
escarpments the surface has but slight reIief. The Huron 
plain is a nearly level area above which risc a few low, il'l'eg­
ular ridges, chiefly of glacial materials, and upon which the 
streams meander in channels but little lower than the general 
surface. The Ontario plain is also 'nearly even but slopes 
noticeably toward Lake Ont.ario. 

Onondaga escarpment.-The Onondaga escarpment crosses 
the southeastern part of the quadrangle south of Arkon, only 
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2 miles of its length being within the area. It is from 80 to 
100 feet high and from half a mile to nearly a mile wide and 
is rather steeper and more pronounced neal' the top of t.he 
slope, '''hic? is furrowed by several shal10w ravines. The sur­
face of the small area of the Erie plain bounded by the scarp 
and occupying the southeast corner of the quadrangle is fairly 
flat and ranges from 770 to 800 feet above ,sea level. 

Huron plm:n. - Rather more than half the land area of 
the quadrangle is occupied by the Huron plain. The central 
part of the plain, ext.ending from Wolcottsville westward past 
Tonawanda and including Grand Island, is nearly flat and 
slopes gently westward from an altitude of 600 feet or more 
at the east side of the quadrangle to 570 feet along Niagara 
River. At its northern margin, along the crest of the Niagara 
escarpment, the surface of the plain lies from 600 to ()20 fcet 
above sea level, and in the southeastern part of the quadrangle 
it rises gradually to an altitude of 700 feet along the base of 
the Onondaga escal'prnent and is somewhat broken by shal­
low valleys and low ridges. The evenness of the greater part 
of the surface of the plain is broken here and there by low, 
narrow, irregular ridges, from one-fourth mile to nearly 2 miles 
in length, l'i'3ing 20 to 50 feet a.bove the general surface and 
having a northeast-southwest trend. The samc trend is dis­
cernible in the minor irregularities of much of the surfaee, 
especially north of Tonawanda and on Grand Island, and is 
well shown by the courses of the smaller streams in thHt part 
of the area. WE'st of Lockport a long, narrow, irregular ridge, 
roughly pa.rallel to the Niagam escarpment, lies along the 
northern mar?;in of the plain, above which it rises 20 to 40 
feet, reaching an altitude of 660 feet at one or two points 
near Pekin. East of Lockport the surface is more or less 
irregular, several low ridges having a general east-west trend 
rising, in a small hill about 2 miles ('2st of Dysinger, to 680 
feet above sea leve1. 

Across the plain Niagara ,River flows in a general north­
erly direction. Southwest of Tonawanda and at Eagle Park 
on Grand Island its banks are 30 feet or so high, but through­
out nearly the ,vhole of its course above the faHs the hanks 
are low and the river flows practically on thc plain nnd has 
neither a flood plain nor a perceptible v~lle'y other than its 
channel. At the falls, however, it plunges into a deep, narrow 
gorge, which is described farther on. 

Niagarn escarpment. -The Ningara escarpment extends 
nearly due east from Lewiston to Lockport and thence some­
what north of east' to the margin of the quadrangle. It is 
rather sinuous, the crest in particular being irregular, espe­
cially from Pekin eastward. The altitude of the crC-'lt is fairly 
even across the quadrangle and is from 600 to 620 feet above 
sea level thr(lughout, but as the surface of the Ontario plain 
is lower at the western side of the quadrangle than at the east­
ern sidc the height of the escarpment is greatest at Lewiston, 
where it is 250 feet, and diminishes eastward to 200 feet or less 
east of Gasport. The breadth of the scarp and conscquently 
the steepness of the slope also differ from place to place. It is 
boldest and steepest about 3 miles east of Lewiston, where it 
rises about 240 feet in a quarter of a mile. From that point 
eastward the esca.rpmcnt is nearly everywhere double, ('Itch of 
the two minor scarps having about the same height and stcep­
ness. The terrace that scparates them lies from 520 to. fi40 
feet above sea lcvel and is more than a mile wide in some 
places, although in others it is not developed and the two 
lesser scarps merge into one. East of Gasport only the upper 
'scarp is present. It is as a rule not more than 100 .feet high, 
the intermediate beneh and the lower scarp being merged in an 
irregular slope about 2 miles broad. 
\ , Resides thc great gorge of Niagara River three short gorges 
notch the escarpment in the quadmngle, two of them now 
occupied by streams that rise on the Hnron plain 2 or 3 miles 
back from t.he sca.rp. The largest is The Gulf, northwest of 
Lockport,.which is 2 miles long, 40 feet. deep at its head, and 
160 feet deep at its mouth and which throughout most of its 
length is not more than a quarter of a mile broa.d from crest 
to crest of its walls. Another smaller gorge, about 100 feet 
deep, in the city of Lockport, is used by the Erie Canal for 
descending from the Huron plain to the intermcdiat.e terracc 
of the Niagara escarpment. At the north side of the city this 
gorge turns westward and joins The Gulf near its mouth. A 
small gorge a mile or so long and about 80 feet deep makes ,a 
break in the upper of the two minor escarpments south of 
Gasport. In addition to the larger gorges small 1'a vines inter­
rupt thc crest of the esca.rpment in several plaees. 

A great gulf or embayment in the escarpment near St. 
David, Ontal'io, at the weSt side of the quadra.ngle, 3 miles 
west of Queenston, is about 200 feet deep and is of impor­
tance in connection with the geologic history of Niagara Hiver 
and Falls. Its origin, as well as that of the gorges at Lock­
port and Gasport, will be explained under the heading "Geo­
logic history." 

Ontario plain. - The Ontario plain oecupies nIl of the 
quadrangle between the Niagara escarpment and Lake Ontario 
and extends northward for some distance beneath the lake. 
Its surface has a general northwestward and northward slope 

from an altitude of 360 feet above sea level along the base of 
the Niagara escarpment near Lewiston and 440 feet northeast 
of Gasport to 260 feet along: the lake shore we,;t of Olcott and 
280 to 300 feet east of that place. The shore is nearly every­
where lined with low bluff.."!, from 15 to 60 feet high. Except 
for the beach ridge and gorges described below, the surface is 
fairly uniform, though divetRified by the broad, shallow valleys 
of the minor streams. The minor irregularities of relief', like 
those of the Huron plain, show a general tendency to a north­
east-southwest trend, indicated chiefly by the courses of the 
streams, most. of ..,,,hich flow northeastward. 

The bed of Lake Ontario for a number 01 miles out from 
the southel'n shore is virtually a part of the Ontltrio plain. 
Toward the middle of the lake it slopes northward more 
abruptly and forms a part of' the southern slope of the great 
valley occupied by the deeper portion of the lake. Neal' the 
northeast comer of the quadrangle the water is 540 feet deep 
and the bottom lies nearly 300 feet. below sea level. At the 
west side of the quadrangle, off the mouth of' Niagara River, is 
a submerged terraee known as Niagara Rar. It lies from 25 to 
50 feet below the surface and a part of its front, 5 miles out 
from shore, descends 200 feet in less tha.n half a mile, forming 
a submerged escarpment. This steep slope extends for only a 
few miles, however, and the subaqueouFl slope both on the east 
and on the west is more gradual. 

Along the inner margin of the Ontario plain-in some places 
close to the basc of the Niagara escarpment, in othcrB more than 
4 miles north of it-runs a low but ..,,,ell-marked, rather sinuous 
rid?:e which rises 10 to 30 feet abovc the general surfil.ce. It 
extends in a general westerly direction from Johnson CreDk, at 
the east side of the quadrangle, to Ridge Road, whence it treuds 
southwestward to Wrights Corners. It is not wcll developed 
across the valley of Eighteenmile Creek but. reappears neal' 
Warrens Cornel' and extends wf'Rtward past DickersotlviHe to 
the base of the escarpment east of Lewiston. Neal' Cambria it 
is double for a few miles. It is cut through at sevenll places 
by ravines occupied by small streams, espccially west of Eight­
eenmile Creek, but east of the ya.lley of that _ stream it is cut, 
within the quadrangle, only by the ravine of Johnson Creek. 
Although low !md in places inconspicllous, the ridge is an 
important feature of the topography of the quadrangle, as it is 
traversed throughout by a main highway along wb-ieh the 
country is everywhere thickly settled. This ridge is also 
important geologica.lly, for, as is explained under the heading 
"Geologic history," it is a beach ridge formed by a predecessor 
of'Lake Onta.rio. 

The larger streams flowing into the lake descend for the la.st 
few miles of their eourscs thronp;h narrow gorges 10 to 30 feet 
deep. Eighteenmile Creek for 4 miles above its month !lows 
through a gorge 70 feet deep and one-eighth of a mile wide, 
with precipitolls walls in several places. The broRd, shallow 
gorge of Niagara River across the Ontario plain is descrihed in 
a paragraph under the next heading. 

N1:ogara gorge.-The gorge of Niaga.ra River begins nt the 
brink of the Horseshoe Falls and extends in a zigzag tonrse to 
the E'"scarpment at Lewiston, a distance of 7 miles as the river 
flows. It crosses a nearly level plain and the altitude of its 
brink ranges only from ,1515 to ,585 feet above sea level, hut as 
the gorge descends northward the depth from its top to the 
ri vel' increases from 160 feet at the falls to 340 fept at the escarp­
ment, and as the rivcr is in, places nearly 200 feet deep the 
whole depth of the gorge ranges from 390 feet just below the 
falls to 4\;10 feet at the. escarpment. As its width from rim to 
rim is but 726 feet at t.he narrowest place and is nowhere more 
than 1900 feet the gorge is in rE'.ality a small eanyon. Its 
walls are very steep, their upper parts being nearly everywhere 
yertical cliffs, but in most pla,ces their bases are steep slopes 
strewn with talus. The gorgc is illustrated in Plates VI to xvrr. 

Throughout its length the gorge occupies a part of the bott'om 
of a sha.llow valley from a quarter of a. mile to a mile,'widc. 
This valley, which begins at the head of the rapids above the 
falls, represcnts the valley of the river when it flowed across 
the surface of th~ plain before the gorge was formed. It is 
cut' mainly in thc surficial deposits that cover most of the 
plain. Its banks are generally not more than 15 to 40 fect 
high and are now rather obscure. West of the Horseshoe l<~alls, 
howeyer, it is cut into rather high ground and is fHl:ed by a 
bluff 130 feet high, the base of which is separated from t.he 
brink of the gorge by a narrow shelf, a part of the old valley 
bottom. The bluff decreases in height uorth,vard and at Hub­
bard Point merges into thc west wall of the gorge. At several 
other places the bluff's of the old valley are intcrsected by the 
walls of the gorge, and at most such places a few feet of sur­
ficial material forms t.he upper part of the gorge wall above the 
rock rim. 

The gorge i8 divisible topographically into four sections. 
Thc uppermost, sometimcs called the Upper GrE'.at gorge, is 
nearly straight and exttmds from the HorseRhoe Falls almost 
to the ra.ilroad bridgcs, a dista.nce of' 2} miles. Its top width i&­
nowhere lc-"ls than 1000 feet and oppositc the center of the 
American Falls is 1700 feet. The walls range in height from 
160 feet at the west side of the Horseshoe Falls to 250 feet 



near the lower end of the section and everywhere have a verti­
cal cliff in their upper part and a steep slope below. At the 
west end of Goat Island, at the head of the gorge, the slope 
is vcry steep and practically the whole of the lower 1i)0 feet is 
a vertical rock wall, which is capped with 50 feet of surficial 
material. The river is 192 feet deep in one place just west 
of Goat Island, hence the bottom of the gorge ill there nearly 
400 feet lower than the eastern rim. No streams enter this 
upper section of the gorKe from the sides except the east braneh 
of the river itself, forming the American Falls. 

The next section, a little more than a mile long, euryes 
northwestward from the railroad bridges to The Whirlpool. 
It is on the whole the narrowest part of the gorge, its top 
width being only 800 feet for half a mile below the bridges. 
Throughout that distanre the eastern wall is a vertical cliff of' 
rock over 200 feet high with a 'Tery narrow sloping shelf at its 
base. Midway of the section, at Eddy Basin, the gorge widen!;', 
and at The Whirlpool it reaches its maximum top width of 1900 
feet and is 2HO feet deep to the water and over 400 fcct to the 
bed of the stream. The small hanging valleys of a few short 
streams enter this section of the gorge from the southwest, 
making notches about 30 feet deep in the rim. The deep 
ravine of Bowman Creek, extending hack about half a mile 
from the hrink Hnd cut down at its mouth practically to the 
river level, enter" The Whirlpool from the northwest. Like 
the main gorge it has smull tributary hanging valleys on its 
sou tit west side. 

The third sf'ction of the gorge extends northeastward 2 miles 
from The Whirlpool to the bend opposite Niagara University. 
Its top width increases from 900 feet at the outlet of The 
Whirlpool to 1800 feet at. Niagara Glen and then decreases to 
1500 feet at the bend. The depth to the water increases with 
the slope of the stream, ranging from 260 feet at the outlet of 
The 'Vhirlpool to 330 feet at the bend. A little below The 
"\Vhirlpool the water is 100 feet deep, but furtJler downstream 
it is shallower, and the whole depth of the gorge is nearly 
uniform throughout the section, ranging from 360 to 400 
feet. Ncar the lower end of the SC{'tiOll the valley of Bloody 
Run enters the gorge from the south in a small alcove called 
Devils Hole. 

The most striking feature of the third section is at Niagara 
Glen, where a promontory of the western wall reduces the width 
of the bottom of the gorge to about half that aboye and below, 
although the top width is greater than elsewhere except at 
The Whirlpool. The top of the promontory is a shelf called 
Wintergreen Flats, which ranges in width from 300 to 500 
feet and lies 15 to 25 feet below the western rim of the gorge. 
Its southward slope to the river is steep and fairly uniform. 
Its northeastward slope is abrupt near the top, t.he flat being 
bounded on thut side by a cliff fiO feet high, below which the 
slope is less steep into a cove-500 feet ael'OSS and 200 feet 
deep-which opens northeastward upon Foster Flats, a broad, 
gently sloping shelf aboi1t 30 feet above the ,Yater. The cove 
is separated from the main gorge by a rough, rocky spur 
descending northeastward from the eorner of 'Vintergreen 
Flats. The slopes of the spur, the cove, and part of Fost,er 
Flats are strewn with huge angular blocks of limestone of the 
kind forming the rim of the ,gorge wall. The origin of the 
feature'S displayed at ~iagara Glen is an important part of 
the history of the development of the gorge and is treated 
under the heading" Geologic history." 
Th~ fourth section, It miles long, extends a little west of 

north from the bend at Niagara University to Lewiston. It 
has a fairly uniform width from rim to rim of about 1200 feet. 
"Kear the lower end the walls rise 340 feet above the riyer, 
which is 150 feet deep in one place, and the gorge is practi­
cally a canyon 1200 feet across and almost 500 feet deep. 
Several small alcoves in the e11stern rim are formed by tribu­
tary streams, especially Fish Creek, which enters the gorge 
just within its mouth in a shallow hanging ,Talley ahove a 
small alcove that descends the slope. About midway of the 
western wall Smeaton Creek enters in a notch called Smeaton 
Ravine, which is 80 feet deep and is cut' back 500 feet from 
the rim. Its origin and that of Devils Hole, in the third sec­
tion, are' discussed under the heading "Geologic history." 

Although not ordinarily regarded as a part of tJIC Niagarfl 
gorge the valley of the river aeross the Ontario plain from 
the foot of the escarpment to the lake is in reality a prolonga­
tion of the gorge and Illay be regarded as a fifth section. It is 
a little more than 7 miles long and has an average width of' 
2000 feet. The height of the banks above the water ranges 
from 30 feet at the mouth of the river to 125 feet at Lewiston, 
and the river is from 40 to 150 feet deep, being deepest at 
Lewiston, near the mouth of the main gorge. 

DRATNAGE. 

Geue/'al chamcier.-The whole of the quadrangle is drained 
into Lake Ontario, either directly or through Niagara Ri~'er, 
which flov'I's from south to north along the west side of the 
quadrangle and empties into the lake near Y oung8town. T\yo 
general characteristi('s of the streams of the area should he men­
tioned. One i$ the general tendency, especially of tl~e smaller 
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streams, to northeast or southwest courses. It is particularly 
noticeable in the small streams op Grand Island, north of 
Tona"wanda, and in the northeastern part of the quadrangle. 
As explained under "Geologic history," this alignment of the 
streams is due chiefly to the trend of the minor irregularities of 
relief, resulting from the glaciation of th~ region. 

The other general characteristic of the streams, at le!'lst of 
the main streams, is the occurrence of rather deep slack-water 
reaches in their lower portions. This is displayed by streams 
entering Niag'ara River above the Falls, particularly Ellicott, 
Tonawandn, and Cayuga creeks on the New York side and 
WeIland River on the Canadian side. The builders. of the 
Erie Canal took ad"'antage of this featul'eofTonawanda Creek, 
utilizing the channel of the creek from Tonawanda to Pendle­
ton. The larger streams entering Lake Ontario, particularly 
Twelvemile and Eighteenmile creeks, as well HE Niagara Hiver, 
also have deep slack-wat€r p,tretehes near their mouths. Eight­
eenmile Creek is 13 to 15 feet deep a mile above its mouth and 
Twel vemile Creek ie 13 to 18 feet deep for 2 miles from its 
mouth. The cause of this condition, technie1111y known as 
drowning, is explained under the heading "Geologic history." 

Niagara River.-Whether considered with regard to its 
importance in the drainage system of the Great Lakes, to its 
value as a source of power, to the scenic attractiveness of its 
falls, rapids, and gorge, or to its complicated and fascinating 
geologic history, Niag,ll'lt River is one of the most important 
and interesting strE'arns in America. Its scenic beauty is illus­
trated in Plates I to V. As the outlet of Lake Erie it carries 
the discharge of the upper four Great Lakes-except the parts 
artificially diverted through the Erie, Welland, and Chicago 
dmintlge ctlnals-and it descends 326 feet. between I,ake Erie 
and Lake Ontario. Where it flows out of Lake Erie its Sllr­
faee is 572 feet above sea level and it is in places 40 to 50 feet 
deep and has a swift, even current. At Black Rock Rapids its 
depth is reduced to 20 feet or le.!ls and its fall is somewhat 
accelerated. A little more than 4 miles from the lHke the river 
di vides about Grand Island and thus enters the ~iagara quad­
rangle as two streams. 

The western branch, about half a mile broad, flows almost 
directly north to Navy Island, about whieh it divides and is 
then joined by the eastern branch. The latter stream flows at 
first northeastward with a breadth of about one-third of a mile. 
At Tona wanda it turns northward and then north westward and 
becomes somewhat wider. Opposite La Salle it flows nearly due 
west and is from 3000 to 4000 feet broad. At Tonawanda it is 
joined by Ellicott and Tonawanda creeks from the cast, and at 
La Salle by Cayuga Creek from the north. 

The depth of hoth branches is irregular but averages perhaps 
20 fcet. "At Navy Island the two unite and the river is there 
it mileil broad but ::lhallow, lwiug If'sS than V=; feet deep nearly 
everywhere, thou,e:h soundingtl of 20 to 30 feet are recorded in 
one or two places. 'Yelland River, also (;aIled Chippawa 
Creek, enters from the southwest at Chippawa. At the head 
of the rapids the breadth of the river is decreased to 4100 feet 
and the depth to less than 3 feet nearly all the way across, 
except near the Canadian shore, where tlle depth is in plnces 
H or 10 feet. From Lake Erie to the first cascade at the head 
of the rapids the ri vel' surface descends 14 feet, and it is worthy 
of note that above the rapids the rivcr bottom is in many places 
lower than the rock rim that marks the head of the rHpids. 

At the first cascade the river, tJlere flowing west-northwest, 
is divided by Goat Island into two unequal branches, which 
reunite in the gorge below the falls, the west end of' Goat Island 
forming part of the wall of the upper end of the gorge. The 
northern or American branch, at first but 400 to ,500 feet 
broad, widens to 1000 feet at the crest of the Ameriean Falls, 
wlwre it plunges over the side of the gorge. Its channel is 
broken hy. se\'eml small islands, and one at the brink, named 
Luna Island, divides the American Falls into two parts, about 
800 and 100 feet wide, the smaller one being commonly known 
as Luna Falls. The deseent from the head of the rapids to the 
crest of th~ 'falls is 46 feet and the stream, though shallow, is 
\'ery tlll'hulent. The average depth is probably not more than 
18 inches and it is estimated that not more than 5 per cent of 
the total dischar,e:e of the river passes over the Amf'rican Falls. 
The height of the falls above the level of the r1Vf'.r below is 167 
feet, but the falls do not plunge directly into the river, drop­
ping only 100 feet or so to a talus of great limestone blocks 
heaped irregularly against the base of the cliff and extending 
outward 200 feet or more. The falling water dashes upon the 
rocks and runs off into the river through innumerable channels 
between them. 

The main stream, which flows south of Goat lsland, dccreases 
in width from 3200 feet at the head of the rapids to 1100 feet 
between the walls of the gOTge at the brink of the Horseshoe 
Falls, where it flows a little east of north. Several small 
islands lie close to the south shore of' Gont Island just below 
the head of the l'apids and numerous rocks projed here and 
there above the surfarf' of the water, especially on the hroad 
shelf of rock extending southwestward from Goat Island. 
Except in the main channels, which are believed to he 1.5 to 
20 feet deep, the water is shallow, particularly on the rock 

shelf just mentioned, on a corresponding shelf at the brink of 
the fall on the Canadian side, and in the middle of the stream 
below Gull Island. The descent from the cascade at the head 
of the rapids to tlle brink of the falls on the east side of the 
gorge is 52 feet. Owing to the northwestward slope of the 
rock fioor of the rapids the brink of the falls is a little higher 
on the Goat Island side than on the Canadian side and i8' 
several feet higher stilLat the apex of the <lhorsf'-Ehoe." 

The shape of the Horseshoe Falls is rather irregular and not 
easily described, but it is well shown on the large-scale map of 
the Niagara gorge. The outline is convex upstream and the 
deep reentrant at the apex of the eurve was in 1912 about 800 
feet farther upstream than a straight line joining the ends of' 
the falls. The height ranges from 158 feet at the Goat Island 
shore to 165 feet or more at thc apex of the curve and varies 
with the height of the water in the gorge below. Except for 
a few hundred feet west from Goat Island, where there is a 
talus of limestone blocks like that at the base of the American 
Falls, the water plunges directly into the great pool at the head 
of the gorge, the surface of which is a mass of foam in con­
tinual tunnoil for some distance from the foot of'the falls. 

In the upper section of the gorge the river is deep, soundings 
of 150 to 190 feet having been made in a nUlllber of places. 
It is supposed that the depth of the pool at the base of the 
Horseshoe Fal1s is greater than the height of the falls and the 
g-reatest depth found, 192 feet, is only a few hundred feet from 
the foot of the falls. Below the disturbed stretch close to the 
falls the river flows smoothly but swiftly through the upper • 
gorge, descending about 1.5 feet in the 2 miles and ranging in 
width from 500 to 1300 feet. Just above the Cantilever 
Bridge the strf'11m narrows and averages 360 feet in width for 
about three-fourths of a mile. This part of the river, called the 
Whirlpool Rapids, is rather shallow and very turbulent, with 
great waves standing here and there along the axis of the cur­
rent, and presents a most impressive spectacle. The descent 
from the bridges to The Whirlpool is about 35 fef't and the 
velocity of the current is estimated at 22 miles an hour. 

JuP,t above The Whirlpool the channel \yidens several hun­
dred feet and tlle velocity of the stream is somewhat checked, 
but it IS incrcased again at the entran('e to The Whirlpool and 
the water rushes past the outlet to the farther side of the pool, 
where it makes a complete circuit to the left and, diving beneath 
the In('oming current, comes up again at the outlet. Through 
this narrow gateway in the rocks, only 400 feet across, it pours 
in a swelling torrent several feet higher in the center of the stream 
than along the banks. The Whirlpool is about 1300 feet in 
diameter and its central portion is a great eddy in which flOflt­
ing objects have been carried around for weeks. The greatest 
depth found by soundings in The Whirlpool is 126 feet. 

The width of the stream in the third section of the gorge is 
600 to 800 feet in the upper !'Ind lower parts, but at Niagara 
Glen it is in one place only 300 feet. This part of the river 
also is shflllow, swift, and turhulent and is (',Ulled the Foster or 
De,Tils Hole Rapids. In the fourth section of the gorge the 
stream ranges in width from 400 to 800 feet and increases in 
depth to 150 feet in places, and its velocity and turbulence 
gradually die away to comparlJtive placidity. From The 
Whirlpool to Lewiston, where the river emerges through the 
Nia,?;ara escarpment, it descends about 40 feet. At Lewiston 
the river increases in width to 2000 feet, and it maintains this 
average width to Lake Ontario. The depth of that pllrt of the 
stream is from 40 to 80 feet, but a deep hole at Lewiston gdve 
a sounding of 183 feet. It is worthy of note that the river bed 
is below the level of Lake Ontario throughout the length of 
the gorge-even at the foot of the falls-except in the \Vhirl­
pool Rapids. 

Drainage of the HU1'on pla1:n.-All of the Huron plain 
that lies within the quadrangle cxcept a few small areas just 
back of the brink of the Niagara escarpment is drained hy 
tributaries of Niagara River. The largest is Tonawanda Creek, 
which enters the quadmngle from the east and flows across the 
area in a general westerly but' much meandering course to thc 
river at Tonawanda. In its course a(~ross the 'quadrangle it 
descends about 40 feet, but it is so erooked that its current is 
sluggish, and the stretch below Pendleton is:l fairly deep slack­
water reach used as a part of the Erie Canal. It receives the 
waters of Bull and Mud creeks from the north and of Ransom, 
Beeman, and Ledge creeks from the south and drains most 
of the plain within the quadrangle. Just above its mouth at 
Tonawanda it is joined by Ellicott Creek, a large stream that 
enters the quadrangle at ~he middle of the south side. 

Cayuga and Gill creeks, northwest of Tonawanda, flow south­
westward to thfl river above the falls. Bloody Run, a short 
stream rising in the northcrn part of the eity of Niagal"d Falls, 
N. Y., deS<'ends the wall of the gorge in Devils Hole, and just 
south of Lewiston Fish Creek, whieh flows for several milcs 
along the margin of the plain f!, little back from the crest of the 
scarp, enters the gorge through a small alcove -in its eastern 
wall. Grand Island is drained by a few short streams, espe­
cially Gun and Spicer cr('('ks. 

On the Canadian side the principul stream draining the 
Huron plHin i~ WeIland River (called also Chippawa Creek), 



which enters the river. from the southwest a little above the 
head of the rapids. Several short 8tr~ms flow into the gorge, 
particularly at The Whirlpool, where the deep ravine of Bow­
man Creek is a prominent feature. On the plain a little south 
of Queenston Smeaton Creek flows down the w&:Itern wall of 
the gorge in an alcove called Smeaton Ravine. 

Drainage of the Ontario plain.-All of the Ontario plain 
within the quadrangle is drained by streams flowing directly 
to the lake, of which the chief are Fourmile, Sixmile, Twelve~ 
mile, and Eighteenmile creeks. Johnson and Golden Hill 
creeks drain the northeastern part of the area but leave it 
before reaching the lake. The tendency of many of the 
streams to a northeasterly course and the drowning of their 
lower portions have already been described. 

Most of the larger streams rise on the slope or near the base 
of the Niagara escarpment, but the sources of Johnson Creek 
and of the East Branch of Twelvemile Creek are on the Huron 
plain ju.t back from it. creot. The East Branch of Eighteen­
mile Creek drains several square miles of the Huron plain 
east of Lockport and descends the escarpment through the 
small gulf at Gasport. It continues northeastward to the beach 
ridge east of Hartland, but instead of breaching the ridge, as 
Johnson Creek does, it turns abruptly, flows westward and 
southwestward a number of miles, and joins th~ main stream 
north of Lockport. Another tributary of. Eighteenmile Creek 
rises on the plain southwest of Lockport and flows down the 
escarpment in a rocky gorge called The Gulf, which lies just 
west of the city. 

CULTURE. 

The Niagara quadran~le is situated in one of the most densely 
settled regions of North America and probably in few parts of 
the country is the population more uniformly distributed. The 
population of the New York portion of the quadrangle in 1910, 
as estimated from the results of the ceneus of that year, was 
103,(X)(), of which approximately 70 per cent was. urban and 
30 per ce.nt rural. The land area of the quadrangle in New 
York is approximately 600 square miles, and the total density 
of its population in 1910 was 172 to the square mile, a high 
rate for an area containing no large city. 

There are four cities and five incorporated villages in the 
quadrangle, the total urban population being about 72,500, 
leaving 30,500 for the rural population. Much of this is in 
small villages, but, as may be seen by inspecting the topo~ 
graphic map, no differentiation is p088ible in this quadrangle 
between small villages and strictly rural districts. The area of 
the quadrangle exclusive of the cities is about 570 square miles, 
and the density of the rural population is 54 to the square 
mile, which is greater than that of most of the States of the 
Union, even if their urban population is included. This 
figure is exceeded in some parts of the quadrangle. The town 
of Newfane contains about 64 persons to the square mile, 
practically altogether a rural population and pretty evenly 
distributed throughout the town. 

The largest city in the quadrangle is Niagara Falls, N. Y., 
which in 1910 had a population of 30,445. The other citjes 
are Lockport (17,970), North Tonawanda (11,955), Niagara 
Fall" Ontario (9,248), and Tonawanda (8,290). Akron, 
which lies only partly in the quadrangle, Lewiston, La Salle, 
Wilson, and Youngstown are incorporated villages, and many 
smaller villages are scattered about the area. 

The chief occupation of the residents in the quadrangle 
is agriculture. The level portions of the Huron plain are 
generally cultivated, the principal crops being grain and hay, 
with considerable garden produce.' The Ontario plain is a 
fruit-raising belt, as the fertile soil and the amelioratin~ influ­
ence of the lake upon the climate are especially favorable {or 
the cultivation of orchard fruits, and nearly the whole of the 
land is used for that purpose. There is comparatively little 
timber in the quadrangle and n9 lumbering as a local industry. 

The cities are important manufacturing centers. At Niagara 
Fall. the development of power from the fulls h.. led to the 
establishment of a number of industries employing special 
electrical processes and to considerable general manufacturing. 
Lockport also is a manufacturing center, largely on aecap-nt of 
the power developed there. North Tonawanda and Tona~ 
wanda are great centers of lumber manufacture, the lumber 
being' brought by wat;er from points on the upper lakes. As 
these towns are practically at the beginning of the Erie Canal 
they are centers of commerce, and Lockport, the market town 
for most of the area, owes much of its growth to its situation 
on the canal at the point where it descends the escarpment 
through a series of locks. Oleott is a well-known Bummer 
resort and Akron cames on a small amount of manufacturing. 
Fishing is a notable local industry in some of the towns along 
the lake shore. 

The quadrangle is penetrated by anum ber of railroads. 
Three lines of the New York 'Central system cr088 it from east 
to west, and other branches connect Tonawanda with Niagara 
Falls, Lockpor4 and Buffalo. The WeBt Shore Railroad 
crosses the southeast corner of the quadrangle,. a branch of the 
Erie Railroad extends down the river to the falls, and bm~ches 
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of the Michigan Central and Grand Trunk system. extend 
westward into Canada. Electric railroads connect the towns 
along the river 88 far as Youngstown, near its mouth, and 
others extend from North Tonawanda to Lockport and from 
Lookport eastward and northward. An electric road follows 
the Canadian side of the Niagara from Chippawa to Queenston, 
running along the west brink of the gorge from one end to the 
other, and another line deecends the east side of the upper 
gorge and follows the water's edge to Lewiston. The views of 
the falls, the gorge, and the rapids afforded by these two routes 
give them high rank among the impressive scenic railway lines 
of the world. 

All parts of the quadrangle are reached by public highway., 
a numbe, of which 81)'1 excellent, though others are only fair. 
Macadamized roads connect the cities with one another and 
with some of the large towns, and a brick-paved highway is 
being constructed between" Lewiston and Youngstown. The 
Ridge Road, the highway that follow. the creot of the beach 
ridge from Lewiston to Rochester, is one of the best-known 
roads of the country and is so thickly settled as to have the 
appearance of a village street throughout a great part of its 
length. 

The Erie Canal enters the south side of the quadrangle, 
following the east bank of Niagara River from Buffa.lo to Tona",: 
wanda, where much of the traffic of the canal begins. It uti­
lizes Tonawanda Creek from Tonawanda to Pendleton, where it 
turns northward to follow a shallow depression in the plain al;l 
fur as Lockport. At Lockport it descend. the upper part of 
the Niagara escarpment through a small gulf in the northeast~ 
ern part of the city, making a descent of 60 feet through two 
double locks. From Lockport the ~nal continues to the east­
ern margin of the quadrangle along the intermediate terrace of 
the escarpment. 

Several steamer lines run down Niagara River from Buffalo 
to points in the quadrangle as far as Chippawa. Considemble 
freight traffic is carried on as far down as Tonawanda, and a 
few freight boats go down to Chippawa and to Port Day, just 
above the head of the rapids on the American side. Steamer 
lines cross the lake between Lewiston and Toronto and 
between Olcott and Toronto. Probably no other boat trip in 
the world is like that of the Maid oj the M'ut on Niagara River 
in the pool below the fallB. The little steamer makes trips from 
landings just below the American Falls on the east side and 
directly opposite on the west side up the river to a. point as 
close to the foot of the Horseshoe Falls as it is safe to navi~ 
gate. The number of tourists who avail themselves of this 
opportunity of seeing what is probably the most impressive 

, view of the great cataract is so great that two boats of the 
same name are now employed in making the trips. 

DESCRIPTIVE GEOLOGY. 

STRATIGRAPHY. 

GENERAL OUTLINE. 

The exposed rocks of the Niagara quadrangle are wholly 
of sedimentary origin and range in age from Ordovician (?) to 
Quaternary. They fall into two general classes-indurated 
stratified rocks of Ordovician (?) to Devonian age and uucon~ 
solidated surficial deposits of Quaternary age. The uncon~ 
solidated deposits form a blanket of relatively slight thick~ 
ness over the surfllce of nearly the whole of the quadrangle. 
The hard rocks underlie the surficial deposits eVeJ."ywhere and 
outcrop in Niagara gorge and in the smaller gorges, in the 
escarpments, and in a few other places, and have been exposed 
in many quarries and other excavations. 

The total thickness of Paleozoic strata exposed in the quad­
rangle is about 1100 feet. The beds consist of sandstone, shale, 
limestone, dolomite, and gypsum; and comprise portions of the 
Silurian aud Devonian systems and possibly of the Ordovician. 
Their sequence, thickness, and general character are shown 
graphically in the columnar section (fig. 5), and the several 
formations are described in detail in the following pages. 

Only dIe uppermost part, if any, of the Ordovician system 
is exposed at the surface in the Niagara quadrangle. It is 
represented by the Queenston shale, which is regarded by 
some geolGgists as of Silurian age and is therefore not definitely 
assigned to either system in this folio. The Silurian system is 
representeq. by formations belonging to the Medina, Niagara, 
and Cayuga groups, but some other Silurian formations that 
are found elsewhere" (l!:!pecially the upper part of the Cayuga 
group, do not occur on the quadrangle. All the Lower Devo~ 
nian is likewise absent and the Onondaga limestone, of Middle 
Devonian age-the youngest Paleozoic formation in the quad­
rangle-rests unconformably upon the eroded surface of the 
Silurian beds. Here and there in hollows of the irregular sur­
face beneath the Onondaga lie thin deposi-m: of sand that are 
thought to represent the Oriskany sandstone. 

The rocks exposed at the surface in the quadrangle are under~ 
lain by a considerable thickness of Ordovician and presumably 
also of Cambrian strata, which rest upon a floor ofpre-Cambrian 
crystalline rocks. The general character of these beds is known 
from examinations made in areas further north, where they 

outcrop. In ~he Niagara quadrangle the underlying beds have 
been identified in a general way by means of borings sunk to 
depths of more than 2000 feet. All the strata thus penetrated 
are believed to he.of Ordovician age. Theil' general character, 
sequence, and approximate thickness are shown graphically 
in the columnar section of rocks not exposed at the surface 
(fig. 4). 

The surficial materials ~mprise Pleistocene glacial and 
lacustrine deposits and Recent alluvium. They were formed 
under widely different conditions and occur in diil'eront parts 
of the area, and although their general order of deposition has 
been ascertained they do not form a continuous sequence of 
superposed beds and can not well be represented in a columnar 
section. They are described ih detail farther on in this text. 

ORDOVICIAN OR SILURIAN ROCKS. 

MEDINA GROUP (LOWER PART). 

QUBBNSTON SHALE. 

Definition.-The Queenston shale is named from Queenston, 
Ontario, pear which it is well exposed in the banks of Niagara 
River. It consists of red and green shale and green or gray 
sandstone. Its total thickness in the quadrangle, as revealed 
in deep well borings, is 1200 feet, but only the uppermost 300 
feet is exposed at the surface of the quadrangle, the outcrop of 
the remainder being covered by Lake Ontario. 

The formation was included in the Medina sandstone as 
originally defined and was formerly mapped with it as the red 
Medina, but later the two (the red and the white Medina) were 
separated rin lithologic grounds and given distinct names. 
The upper limit of the Queenston shale is fixed at the bottom 
of the white sandstone (Whirlpool) which is the basal member 
of the Albion sanili!tone. Its base is not exposed in western 
New York. 

Distribution and occurrence.-In the Niagara quadrangle 
the formation occupies practically the whole of the Ontario 
plain, extending from the base of the Niagara escarpment to 
the shore of Lake Ontario and northward for some distance 
beneath the lake. It is well exposed in both banks of Niagara 
River from Lewiston and Queenston to the lake, in the go~ge 
of Eighteenmile Creek, in the beds of. some of the streams flow~ 
ing to the lake, and here and there along the lake shore, 
especially east of Keg Creek. Nearly everywhere else it is 
covered by drift. . 

Character.-The formation consists characteristically of 
bright cherry-red shale, marked by perfectly regular lamina~ 
tiOll and entire absence of cross-bedding, with numerous inter­
calated beds of green shale 1 to 2 inches thick. The upper 
part of the formation is almost wholly shale, but in the lower 
part the shale is interbedded with thin layers of gray 'or green~ 
ish sandstone, 1 to 8 inches thick. The sandstone beds, some 
of which are ripple marked, are exposed in the outcrops along 
or near the shore of Lake Ontario. 

The shale is friable and breaks down rapidly under atmos­
p'~.eric weathering, forming a talus of small fragments at the 
base of each outcrop. Where exposed in Considerable thick~ 
ness it is discolored in zones an inch or so thick along bedding 
planes Rnd joint cracks. The ulti:mate product of weathering 
ia a rather .ticky red clay. 



Fossils.-The formation appe,urs to be entirely barren of 
fossils in the Niagara. quadrangle, as (,,ureful search at a number 
of exposures has failed to revealed any. The absence of fos­
sils is characteristic of red sediments in several other formations 
of Paleozoic age and appears to bear some relation to the color. 
It is said that in the area northwest of the Niagara quadrangle 
the formation C'ontains intercalated beds, the nearest few in 
number but those farther northwest more abundant, which bear 
fossils of Richmond age. 

I Age and correlation.-If, as has been reported, beds con­
taining Richmond fossils are intercalated in the Queenston 
shale in Ontario its Richmond age may be regarded as estab­
lished. On stratigraphic grounds, also, the Queenston shale 
appears to be the equivalent of at least a part of the Richmond 
elsewhere, although no Richmond fauna has been found in 
New York. The systemic position of the Uichmond is, how­
ever, a mat.ter of doubt, hence in this folio the Queenston shale 
is not definitely assigned to either the Ordovician or the 
Silurian system. 

SILURIAN SYSTEM. 

MEDINA GROU.P (UPPER PART). 

ALBION SANDSTONE. 

Definit£on.-The Albion sandstone is named from its occur­
rence at Albion, in Orleans County, N. Y., where it is 
quarried. It consists of white, gray, and red sandstone, with 
some red shale, its maximum thickness in the Niagara quad­
rangle being 135 feet, as recorded in a deep well at Akron. 
At its outcrop in Lewiston its thickness is about 100 feet. 

The formation is the upper part of the Medina sandstone as 
first defined and formerly mapped. The Albi.on sandstone 
and the Queenst.on shale tog-ether constitute the Medina group 
as mapped in this folio. The white sandstone at the base and 
the thin gray sandstone at the top of the formati.on are called 
the Whirlpool sandstone member and the Thorold sandstone 
member, respectively. 

Distribution and occurrence.-The formation outcrops in a 
narrow belt at or near the base of the Niagara escarpment and 
forms an irregularly scalloped terrace extendin~ across the 
quadrangle. East of Lockport the terrace is broader than it. is 
west of that city and is more or less masked by drift. The 
rock is quarried at several places near Lewiston, Lockport, and 
Gasport, but HIe formation is best exposed in the walls of the 
lower section of the Niagara gorge, where its full thickness is 
displayed. The base of the formation passes below water level 
at The Whirlpool and the top disappears at about the foot of 
the falls. The best exposure is along the cut of the Lewiston 
branch of the New York Central & Hudson River Railroad 
near the mouth of the gorge. 

Character.-'l'he formation consists of white, gray, and red­
dish sandstone interbedded with more or less gray and red 
shalE'. The following typical section exposed along the New 
York Central Railroad cut in the Niagara gorge illustrates the 
character and diversity of the beds. 

Section of Albion sandstone and adjacent formations near lower end of 
Niagara gorge. 

Clinton formation: Feet. 
Limestone, gray, coarse grained __ _ 3 
Clay shale. bluish gray __ 5-1-

Albion sandstone: 
Sandstone, gTay, massive. somewhat crOlls·bedded 

(Thorold sandstone member, the "gray band") __ _ 
Sandstone. red and gray mottled. cross-bedded 

throughout but seen only on weathered faces _ _ 6 
Sandstone, red, thin-bedded. andshale _______________ 20 
Sandstone, gray, thick bedded, at south merging into 

be(I of immense concretionary masses and 210 f-eet 
farther south into shale ___ _ 

Shale, reddish, and thin-bedded sandstone ___ . 18 
Sandstone, gray, thin bedded, somewhat calcareous, 

with bryozoans and brachiopods near base __ 
Shale, bluish gray, argillaceous or sandy _____________ 19 
Sandstone, white, cross-bedded (Whirlpool sandstoue 

memberJ__ ____ ______________ _____ _________ _____ 22 

Queenston shale: Shale, red, with thin bed~ of green shale 
2 to 8 feet apart. as a rule not pcrsistenL_ 115 

The basal bed of the formation, the Whirlpool sa.ndstone 
member, marks an abrupt change from clay shale to coarse 
white sandstone. It is well exposed in the old quarries east 
of the bridge at Lewiston. Though white in the main, it is 
here and the:r:e specked by minute black or greenish grains of 
an iron-bearing mineral that. on oxidation forms small brown 
spots. As compared with most sandstones the rock eontains 
very little mica. It is nearly everywhere cross-bedded, and 
where it forms the surface, as in a small area east of the bridge 
at LewistoIl, the oblique planes of cross-bedding have been 
opened by frost. 

In the quarries north of Lockport a bed at or near t.he same 
horizon as the Whirlpool sandstone member displays in mar­
velous perfect.ion innumerable wave and ripple marks of the 
sort for which the "Medina group has long been famous. These 
and other structural features of the rock have been studied by 
G. K. Gilbert.a Some of the cross-bedding so characteristic of 
the rock a.ppears to be the result of deposition while a rippled 
surface was being maint.ained on the ocean bottom. 

aGeol. Soc. Aruerica Bull., vol. 10, pp. 185-140, 1899. 
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The cross-bedding is in some places so delicate as to be 
seen clearly only where the sandstone has been subjected to 
long weathering, as, for example, just below the Thorold mem­
ber in the section in the Niagara. gorge given above, in which 
the oblique laminat.ion is well shown on 'iyeathered faces 'of the 
rock but is scarcely noticeable on a freshly fractured surface. 

Numbers of single valves of Lingula cuneata that. occur on 
the surfaces of slabs from certain layers of the sandstone are 
oriented in parallel lines, all the beaks pointing in precisely 
the same direction and a little I ridge of stony matter sloping 
away from each. This alignment of the shells and the detached 
groupings: of sheets of magnetite sand in layers no thicker than 
paper afford conclusive evidence of vigorous current. action. 
The direction of the current may be determined, because the 
ridges of sand were accumulated in the lee of the shells and the 
current must. have Howed in t.he direction in which the beaks 
of the shells are pointing. In the Lockport q llarrics this direc­
tion is northwest. 

Here and there the bedding of the sandstone shows irregular­
it.ies t.hat are much larger than the ripple marks and cross­
bedding which are so abundant. They consist of broad ridges 
and troughs in t.he bedding planes, from 10 to 30 feet wide and 
from 6 inches to 3 feet deep or high. They are seen in the old 
quarries near Lewist.on and on the north side of Eighteenrnile 
Creek at Lockport. One exposure on the New York Central 
Railroad south of Lewiston is illustrated in Plate XXI, and 

Associated with these species are the remnants of a tubelike 
burrow composed of small fragments of Lingula, which was 
evidently occupied by a species of marine worm. 

Still higher in the formation, 8 or 10 feet below the top, the 
peculiar plantlike fossil ArthrophyclJ.s harlani, which is prob­
ably related to the sponges, appears in abundance. It is com­
mon at this horizon throughout a wide area in New York but 
has not been found in. the lower part of the formation. A few 
fossils are present in the Thorold sandstone member, the upper­
most bed. of the formation. Among them are a species of 
Rhipidomella and some undeterminable bryozoans. 

Although the Albion sandstone contains a sparse fauna the 
greater part of the formation appears to be entirely barren of 
fossils. The Whirlpool sandstone member, from which no 
fossils J,ta.ve been obtained, was formed of nearly pure white 
sand. This and several other beds of the formation afford 
plain evidence of deposition under the jnflue~ce of wave and 
current action, and it seeIIlS nearly certain that the surface 
layers of the fine sand, agitated by waves and currents, must 
have been constantly shifting during their deposition. If, as 
is believed, the beds were deposited in comparatively shallow 
water at no great distance from shore, they con.stituted a good 
example of what zoologists call a "drift sand zone," in which 
conditions are regarded as unfavorable to the existence of 
marine mDlluscan life. The drifting sands that seem to have 
characterized considerable areas of the sea bottom near the 
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}'IGURE 5.-Columnar section of rocks expOBed iu the Niagara quadrru.gle. 

another at Lewiston in Plate XXII. They were regarded by 
Gilbert as giant ripple marks formed below the water surface, 
but other observers have considered them as analogous to 
similar ridges and depressions seen on some beaches of the 
present day. 

The section along the New York Central Railroad in the 
Niagara gorge affords an excellent example of the lateml pass­
ing of a 4-foot bed of sandstone into shale. In an intermedia.te 
zone about 210 feet wide between the pure sandstone portion of 
the bed and its shaly extension concretions of large size and 
irregular form occupy most of the thickness of the bed. As a 
rule, however, the later.al transition from sandstone to shale or 
from shale to sandstone' is only partial and is in reality due 
largely to the pinching out of a bed of shale between two beds 
of sandstone, which then appear as one, as is sllOwn in a cut on 
the railroad near the Lackawanna qualTy northwest of Pekin. 
The irregularity in t.he sedimentation shown in Plate XX may 
have been caused by. marine channeling or scour. 

F08Sik.-Fossils are extremely scarce at most horizons in 
the Albion sandstone and none ha.ve been found iIi its lower 
beds. In certain beds in the light-colored sandstone quarried 
north of Lockport Lingula cuneata occurs in abundance, and 
somc of the shaly red sandstone layel'S a few feet higher in the 
same quarries contain numerous fossils. 'rhese beds, which are 
about 25 feet below t.he top of the formation, have furnished 
the following species: 

Helopora iragilis. 
Phrenopora expJanata. 
Lingula oblata. 
Lingula cunent·a. 
Whitfieldella oblnta. 
Camarotrechia 8p. 
Modiolopsis? ol'thonota. 
Modiolopsis? primigenius. 

Ctenodonta sp. 
Pterinea ct. emacerata. 
Pleurotomnria? pervetllilta. 
Pleurotomaria? littorea 
Holopea? conoidea. 
Bucanella trilohata. 
Oncooel'a.s gibbosum. 
Ortbooeras multiseptum. 

coast during the greater part of Albion time appear to afford 
an explanation of the scarcity of fossils in parts of t.he forma~ 
tion and of their total absence from other beds. 

Definition.-The Clinton formation is named from Clinton, 
Oneida County, N. Y., where it is typically developed. In 
western New York it comprises shale member:;; at the base and 
the top, with limestone between; Its thickness in the Niagara 
quadmngle is 90 feet. Together with the overlying Lockport 
dolomite it constitutes the Niagara group .. 

Distribution and OCGUrrence.-The formation outcrops in a 
narrow band extending across the quadrangle along the slope 
of the Niagara escarpment. The limestone members in the 
middle of t.he formation determine the intermediate -terrace 
along the stretches where the escarpment is double, the lower 
shale member occupying the slope of the lower minor . scarp 
and the upper shale member forming the slope of the upper 
minor searp_ The rocks are exposed at a number of plaCf'13, 
especially in the "gulfs" tha.t form notches in the escarpment 
and in the ravines of streams desccnding the slope. East of 
Lockport the outerop is more or less covered by drift. 

The formatio.u. is well exposed throughout the length of the 
Niagara gorge, where it forms a considerable part of the walls. 
The gorge has to a great extent. been excavated in the upper 
shale member, and the limestone members in the middle of the 
formation make a narrow minor terrace near the bottom at 
several places. 

Subdivw£ons.-The Clinton formation, as herein defined, 
comprises foUl' members, represented in the columnar section 
(fig. 5) and well illustrated in Plate XVI. At the base is the 



Sodus shale member, a sandy shale with a maximum thick­
ness of 6 feet. It is overlain by the Wolcott limestone mem­
ber, a dolomitic limestone 6 to 10 feet thick, which is in turn 
overlain by the Irondequoit limestone member, a coarsely 
crystalline limestone 10 to 15 feet thick. At the top is the 
Rochester shale member,~ an argillaceous shale having a thick­
ness in the Niagara quadrangle of 60 feet. The three lower 
members constituted the Clinton formation as originally 
defined and mapped in western New York, the Rochester shale 
having formerly been called the Niagara shale and mapped 
with the present Lockport dolomite as the Niagara. shale and 
limestone. Of these members the Rochester is the only one 
mapped, the others being too thin to be shown on the scale 
used in this folio. 

Character.-The Sodus shale member consists of greenish to 
bluish-gray shale 2t to 6 feet thick. In the section in The 
Gulf, west of Lockport, it is made up of green sandy shale and 
shaly sandstone and is 30 inches thick, and at Niagara River 
it is an argillaceous shale 66 inches thick. In the Genesee 
River section at Rochester the member is 24 feet thick and is 
overlain by a 14-inch bed of iron ore, which is not found in the 
Niagara quadrangle. 

The Wolcott limestone member consists of dark-gray fine 
even-grained dolomitic limestone, 6 to 10 feet thick, containing 
very few fossils. In physical, chemical, and fannal characters 
it differs widely from the overlying Irondequoit limestone 
member, but there is no trace in the Niagara quadrangle of 
the Williamson shale member, which separates the two in the 
Genesee River section. The Wolcott member is well exposed 
along the New York Central Railroad in the Niagara gorge 
section and also where the wagon road descends the Niagara 
escarpment 2 miles west of Lockport. 

The Irondequoit limestone member consists of light-gray 
coarsely crystalline limestone, 10 to 15 feet thick. containing 
numerous pink crinoid stems. Its highly fossiliferous char­
aeter distinguishes it at sight from the underlying Wolcott 
member. Other characteristic features are slender vertical 
columns and zigzag fracture lines, many of which cross the 
surface of the strata, marking the position of the stylolitic 
structures. The columns range in length from a fraction of 
an inch to several inches. Some of the limestone strata are 
ripple marked, as in the bed of Johnson Creek, where two 
limestone beds show broad ripple marks 18 to 30 inches wide 
with crests 2 to 4 inches high. Similar ripple marks are dis­
played in the quarry in the Clinton formation at Gasport. 
They indicate that the limestone was deposited in a sea of 
moderate depth. 

The Irondequoit member is characterized by the oecurrence 
of reef structures. These are represented by irregularly bedded 
dome-shaped noncrystalline masses of limeStone, which are 
sharply differentiated from the inclosing limestone, being 
wholly different in composition and texture and generally 
much harder. They range in width from 6 to 35 feet and 
reach a maximum height of 10,feet. Some are confined to the 
limestone and others extend up into the Rochester shale. That 
they are not ordinary concretions is indicated by the marked 
contrast between the fauna found in them and that of the 
adj~ent limestone, as cephalopods and trilobites are abundant 
in the noncrystalline masses and are rare in tile surrounding 
rock. Trilobites and some other large"creatures appear to have 
frequented pockets or certain parts of the reef. Ringueberg 
noted the local abundance of fragments of trilobites, and Sarl has 
pointed out that weathered surfaces show that the masses were 
composed largely of bryozoans, which appear to have flour­
ished in widely separated colonies. The resulting reefs grew 
more rapidly than the adjacent sediments were accumulated 
and furnished a feeding ground for various free-swimming and 
detached species which congregated in large numbers and with 
their remains added to the'growth of the reefs. More than 100 
species have been recorded from the reefs, among the most 
abundant being the small brachiopod Whitjieldella nitida and 
the trilobite Illmnus ioxus. Nearly a dozen reefs, one of which 
is shown in Plate XXIII, are exposed along the Niagara. gorge 
and below Lewiston Heights. A typical example may be seen 
2 miles south of Lewiston, at' the third watchman's hut on the 
New York Central Railroad. A few have been noted between 
Lewiston and Lockport and there are several in the bed of the 
creek at Gasport. 

The Rochester shale member consists of soft bluish-gray 
argillaceous shale. Its lower part is almost free from lime­
stone beds, but its upper part is cha.racterized by the occur­
rence of thin .layers of limestone from 1 to :) inches thick. In 
the Niagara quadrangle the member is about 60 feet thick. 
Like lhost of the other formations of the qu~drangle it thickcns 
toward the east, and at the type locality at Rochester it is 8.5 
fe~t, thick: 'The, lithologic change ftom the :lrondequoit mem­
ber to the Rochester member is abrupt. The. close relation of 
the tWD is indicated, however, by the fact,that Jhe fauna of the 

"The use of the term Clinton to include Rochester shale is not accept­
a,ble to Mr Kindle, because in his opinion the oooun:ence of guide Clinton 
graptolites ,in the upper part of the type section at Clinton,::i. Y., excludes 
tlJe 'Rochester, shale frop1 the Cliq,ton as, origin\aJly defined by VanQ-Xem.­
EDITOR. 
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reefs in the Irondequoit member is more closely related to that 
of the Rochester member than to that of the inclosing lime­
stone. The Rochester shale member is overlain by the lower 
beds of the Lockport dolomite, into which it passes somewhat 
gradually, indicatin'g. conformable relations. 

Fossils.-The only fossils found in the Sodus shale member 
in the Niagara quadrangle are Anoplotheca he'mispherica and 
Anoplotheca pb:Catula. The very meager fauna of the W' olcott 
limestone member includes among its more common speries 
Anoplotlwca plicatula, Atrypa quadricostata, and Atrypa con­
gesta. A striking feature of the fauna in the Nia.gara quad­
rangle is its total lack, so far as known, of PentnmeTus oblongu-s, 
which occurs in great abundance in the Wolcott member in the 
Rochester section, where it is indeed the only conspicuous fos­
sil in the bed. The fauna of the Irondequoit limestone mem­
ber appears to include a much smaller number of species than 
that of the inclosed reef structures. Among the common spe­
cies are Atrypa reticularis, Stroplwodonta profunda, Rhyncho­
nella robu,sta, Camarotmchia acinus, Spirifer radiaius, and 
Whit:fieldella inter media. 

Fossils are abundant in the lower part of the Rochester shale 
member, several species of crinoids being among the most abun­
dant. and characteristic forms. Higher up the fossils are chiefly 
Bryozoa. The upper beds contain a comparatively meuger 
fauna and near the top fossils are scarce. The Rochester fur­
nishes by far the best collecting 6'Tound for fossils in the region. 
The fossils are admirably preserved and the number of species 
represented is probably greater than in any other member or 
formation in the section. Most of the fossils of Hall's Niagara 
group illustrated in volume 2 of the Paleontology of New 
York were collected from this member in the vicinity of Lock­
port. The richness of the fauna is shown by the fact that 80 
speeies of Bryozoa alone have been recognized by Bassler. The 
following list includes the species more' commonly found. , 

Enterol!l.sDla eaJicnlus. 
FavDsites pyriformis. 
Favosites constrict-us. 
Favosites parasiticns. 
Cladopora seriam. 
Striatopora llexuosa. 
Dictyollema retHorme. 
Fenestella etegans. 
Semicoscinium tenuiceps. 
Po\ypora incepta. 
Diploclewa I!paJ'8um. 
Ceramopora irubrfcata. 
Ceramopora incrustans. 
Chilotrypa oatiolata. 
Batostomella granulifera. 
Rythopora spinulosa. 
Trematopora tuberculosa. 
Trematopora stri.1.ta. 
Callopora elegantula. 
Encalyptocrinus ecalatus. 
Callocystites jeweUi. 
CaJ:"yocrinus ornatus. 
Thysalloerinus lHiiformis. 
Lyriocrinus dactylus. 
Ichthyocrinus Jrovis. 
J..ecanocI"inus macropetalus. 
Swphanocrinus angulatu~. 
Stephanocrin'lls gemnliforwis. 
(Jornulit-cs bellistriatlls. 
PholidopH Bquamiforlllis. 
Dictyonella coraIlifera. 
Strophonella striata. 
Dalmanella elegantula. 
Rhipidomella hybrida. 
Orthis llabellites. 

Orthostrophia fasciata. 
Plectamborutes transversalis. 
Leptmna rhomboidalis. 
Schucbertella subplanus. 
Scenidium pyramidale. 
Anastrophia brevirostris. 
Anast-ropbia interplicata. 
Rbyncbotreta cuneata 

americana. 
Spirifer Sillcata. 
SpiriIer crispus. 
Spiriier n1agarensis. 
Spinfer radiatus. 
Whitfieldella nitida. 
Whitficldella nitida var. oblata. 
Atrypa reticulaJ'is. 
Atrypa Dodostriat-a. 
Camarotcachia neglecta. 
('...aluarotcachia obtusiplicat,a. 
RhynchoneUa bideutata. 
Homeospira apriniformis. 
Trematospira camura. 
Pterinea emacorat-a. 
Leiopteria subpl:rna. 
Lyriopecton orbiculatus. 
Platyceras niagarensis. 
PlatycerlliJ angulatum. 
Diaphol"ostoma Iliagarense 
Orthoceras annulatum. 
Conularia niagaronsis. 
Calymene niagarensis. 
Tllrenus ioxlls. 
Dalmanit~ limulurus. 
Homalonotus delphinocephalus. 
Lichas boltont 

C01·relatt"on.-The section of the Clinton f,ormat.ion in the 
Niagara. q,uadrangle contrasts sharply with the type section in 
the east~entral part of the State in both lithologic and faunal 
charaeter. It is probable that the type locality is in the area 
of maximum sedimentation, where the sediments were almost 
wholly detrital, whereas such deposition failed to extend to the 
Niagara region during a part of Clinton time and as a result 
the placc of part of the shale is taken by limestone. The shale 
members are notably thinner in the Niagara section than in 
the Rochester section, 70 miles to the east. Thus the Sodus 
member, which is 24 feet thick at Rochester, is only 5t feet 
thick in the Niagara gorge. The Williamson shale member, 
whieh is also 24 feet thick at Rochester and lies between the 
Wolcott and ll'ondequoit members, is absent from the Niagara 
gorge section. The two limestone members, however, have thc 
same distinctive peculiarities in the blO sections. With the 
exception of the differences noted above and the absence of the 
bed of iron ore found in the Genesee River section, the section 
in the Niagara gorge closely resembles t4at at Rochester and 
the same nomenclature is applicable to the suLdi visions of each. 
Inasmuch as many species charMteristic of 'the Rochest~r shale 
are fonnd in the upper part of the Clinton formation at Olin­
ton, the Rochester shale is regarded by the United States Geo­
logical Survey·as the,equivalen! of these upper heds at 'Clinton 
and therefore as a member of the Clinton forIl?-ation. 

Dejinition.-The Lockport dolmnite is named from LOCk­
port, where the formation is 'wel~ exposed along the Erie Canal. 
It, ~onsis.ts chie,fly of d~rk-gray to chOcolate-colored dolomite 
having a total thickness in the quadrangle of about 150 feet. 

Together ''lith the underlying Rochester shale member it wus 
formerly mapped as the Niagara shale find limestone. With 
the underlying Clinton formation it makes up the Niagara 
group of this region. 

Distrihul£on and occul''l'ence.-The formation occupies an {,Ilst­
west belt, 5 to 7 miles wide, extending across the quadrangle 
sOltth of the Niagara escarpment., of which it nearly every­
where forms the ('rest. In view of the size of its arellS, its 
control of land forms, and its economic value, this is the most 
important limestone in the quadrangle. 

It is exposed almost continuously at the brow of the Niagam 
escarpment from Niagara River to Lockport and is particularly 
well shown in the two" gulfs" a.t Lockport. East of Gasport 
only about half the length of the scarp in the quadrangle is 
capped by limestone; in other places the top of the scarp is 
shale and the northern edge of the limestone is from a quarter 
to half a mile back from the brink. This remarkable fact is 
probably due to the remoyai of the limestone from most of the 
crest by glacial erosion. 

South of the escarpment the limestone is nearly everywhere 
covered by gladal drift except in the Niagam gorge, where all 
but the uppermost beds are exceptionally well exposed. It 
forms the rocky brink of the gorge throughout much of its 
length and is the rock over which the water falls. The highcst 
beds of the formation appear to be ('overed il? the quadrangle-, 
and its total thickness is therefore estimated from the best data 
obtainable. Well records are inadequate for determining the 
exact line of separation between the Lockport and the overly­
ing Salina formation, but so far as can be judged the thickness 
of the beds above the highest layers exposed near the falls is 
25 or '30 feet, making the total thickness of tile formation 150 
feet, as stated above. 

Chamcter.-The lowest beds of the formation eonsist of 6 to 
8 feet of drab to bluish-gray fine-grained liml;stone, conutining 
a large percentage of both m<lgnesia and aluminous material 
and probably fit for making a natural cement of fair grade. 
Although hard and close-grained it weathers rapidly on exposed 
surfaces into small, irregubrly shaped fragments and, like thc 
shale beneath it, tends to retreat more rapidly than the overly­
ing limestone, which in consequence overhangs it slightly in 
cliffs. In many places the transition from the shale below is 
gradual; in others large calcareolls concretiolls at the base of 
the limestone extend downward into the slmle, making th.e 
contact irregular. 

The basal beds are overlain by light-gray to white coarse­
grained semicrystalline pure limestone, full of fragments of 
crinoid stems. This constitutes the Gasport limestone member, 
named from Gasport, where it is 'well cxposed. The abundant 
crinoid plates and stems and the other fossils give it a distinctly 
different appearance from the beds a.bove and below, which are 
only sparingly fossiliferous. In the literature of the region 
this bed has been variously called the Lower Nia.gara limeston~e, . 
the Lockport Enerinal marble, and the Crinoidal limestone. 
Its average thickness is 9 feet, but in places it is mOre than 
20 feet thick. It outcrops in a narrow belt along the brow 
of the escarpmcnt and is shown on the geologic ma.p by a 
special color. About the head of The Gulf, northwest of 
Lockport, it is only thinly covered with glacial drift over an . 
area of about 200 acres, thus affording favorable conditions for 
quarrying. 

The contact between the Gasport limestone and the beds 
beneath is sharp, without intergradation.- It is exposed at Fish 
Creek on the east side of the Niagara gorge a little south of 
Lewiston, and on the west side of The Gulf near its head at 
Lockport. It is also well shown in the canal above the locks 
at Loekport, where about 4 feet of the underlying beds appear 
above water level and at a little distance look like fine-grained 
sandstone. The contact is displayed for several hundred yards 
continuously along the canal. It is slightly irregular, but 
there appears to be no stratigraphic break between the two 
limestones. 

At Lockport the Gasport member is nearly pure nonmag­
nesian limestone, wherells the beds both below and above it are 
highly magncsian. At the quarries 2-;- miles .east of Lockport 
the member is slightly magnesian. but its physical features are 
the same as in the quarries in The Gulf, fragmcnts of erinoid 
stems 'making up nearry half of the rock. Westward from 
Lockport the limestone becomes gradually more magnesian: 
D610mization, wher~ it has o'ccurred, appea'rs to have pl~oce'eaed' 
e~ther from the.t,opdownward or fro~· th'e base upwura. Thd 
s~tion ·on· ~he Canadian side at Niagara Falls shows 7 feel of 
hard gray subc~ystalline crinoida.l limestone, sharply differen­
tiated from the saccharoidal dolomite above and the '9 feet of 
argillaceous limestone below, and clearly the equivalent of the 
(lasport limestone member at I-,ockport, although it is dolomitic 
throughout. 

On the American side of the gorge the bed is well expose(l 
along the footpath to the river just south of the milroad bridges, 
where it has its usual crinoidal character but is 20 feet or more 
thick and is wholly dolomitic. Both there and farther south 
along the Niagara Gorge Ra.ilroad it contains large lenticular 
masses that are' entirely' different.in texture an9.' appearanc~ 



from the inclosilJg rock, although both are magnesian lime­
stones. The lenses are amorphous and contain neither crinoid 
sterns nor any truce of hedding. They are lighter in color than 
the inclosing rock and on weathering crumble to fine buff­
colored powder. They are of irregular outline and differ con­
siderably in size, the larger ones having a diameter of 18 to 
20 fefit and a height of 8 to 10 feet. It is believed that they 
represent reefs of bryozoans. 

THe part of the Lockport dolomite ovcrlying the Gasport 
limestone member differs widely from that member in physical 
texture and chemical composition. Where typically developed 
it is dark-gray to chocolate-colored saccharoidal dolomite con­
taining small cavities, some of which are partly filled with 
masses of white gypsum or are lined with crystals of' gypsum 
and dogtooth spa,·. On the Canadian side at Niagara Falls, 
where 50 feet or more of the beds are accessible for study 
,along the roadway to the foot of the falls, the rock is hard 
dark-gray saccharoidal dolomite containing numerous geode 
cavities. Along the Erie Canal just southwest of Lockport is 
an extensive lateral exposure of the same beds, where the gray 
to buff dolomite, 25 feet thick, grades in places into argillace­
ous or sandy phases. The beds are blnish gray and have hard 
surfaces when fresh but weather on exposure to a mass of shaly 
fragments. 

A total thickness of about 120 feet of the formation is exposed 
at J\-'-iflgara Falls and in the islands and mpids abo,,~e the falls. 
The middle and uppcr beds exposed there consist of hard 
brownish-gray or chocolate-colored saccharoidal dolomite with 
numerous paper-like partings of black carbonaceous matter. 
On fresh fr,wture the rock has a fetid or petroleum-like odor. 
Numerous geodes were revealed in the excavations of the 
Ontario Power Co. The cavities generally contain snow-white 
gypsum, selenite, dolomite, or more ran'ly calcite crystals. 
Some of the \-arious combinations include pinkish dolomite, 
silvery selenite, and amber crystals of calcite, making specimens 
of great beauty. Among the less common minerals are anhy­
drite, sphaleritf', p;alenite, celestite, fluorite, pyrite, chalcopyrite, 
malachite. and siderite. 

Some of UlC highest beds of the formation have been made 
accessible throngh excavations for the Erie Canal. Though 
the beds are normally covered by glacial drift their charac­
ter may he studied in the extensive rock dump at the canal 
excavations 1t miles north of Pendleton. The rock is massive 
dolomite with numerous gypsum-filleo (~vjties and scattered 
stylolites. Small specimens of galenite are'also found. 

Beds that appear to be thE' highest strata of the formation 
yet observed in the quadrangle were exposed by the canal 
excavations tbree-fourths of a mile north of Pendleton. The 
rock is thin-bedded black or steel-gray dolomite that gives off a 
strong odor of petroleum on fresh fracture. Some beds include 
numcrous thin partings of black shale, and many contain large 
cOllcretions, which, on long exposure to the air, weather in con­
centriC' shells like the coats of fln onion. Some of them have a 
nuclens differing in texture and strueture from the surroumling 
layers. Some of the beds show slightly curving layers of dark 
limestone covered by rlosely placed depressions or dimples a 
quarter to half an inch deep. A thin film of black carbona­
ceous matter seems everywhere to separate the strata character­
ized by these curious depressions. Another type of marking 
on some of the curved surf!:!ces of the dark limestone closely 
resembles and doubtless is ripple marking. Boul of these 
features are shown in Plate XXV. Whether the dimple-like 
markings were formed during the deposition of the strata or 
arc due to some secondary agency akin to those which produce 
stylolites can not be definitely stated. 

The upper part of the formation exhibits some other unique 
features at an old quarry 1~ miles east of Niagara Falls, N. Y., 
where the rock is thin bedded and several strat!:!, 2 to 3 inches 
thick, eurve sharply downward at intervals of 3 or 4 feet. The 
rf'sulting fl.eries of hroadly cUf\"ed plates gives the effect in 
cross section of a row of mammoth in \-erted saucers. (See PI. 
XXIV.) The downward Cllrve in successive strata is in the 
same vertical line, so that adjacent plates fit into each other: 

Fos.'I1·ls.-Fossils are in general extremely scarce in the Lock­
port dolomite. Thosf' that have been found are of mnch inter­
est, however, as they show the presence of three distinct faunal 
elements. The indigenous or normal Lockport fauna, derived 
from the Rochester fauna, which preceded it in the region, 
appears to have its maximum development in the beds overly­
ing the Gasport limestone, which are exposed along the canal 
near Lockport. Another is the crinoid fauua of the Gasport 
limestone member. A third fauna, prominent in some sections 
higher in the formation, is the Guelph fauna, an assemblage 
whi('h is of very different type from either of the other two 
and which had its maximum development in a more westerly 
portion of the Silurian sea, in which both the Guelph and the 
indigenous Lockport faunas appeal' to haye lived contempo­
raneously. 

The ~ormal fauna of the Lockport dolomite is much more 
common in the argillaceous facies than in the more nearly pure 
dolomite. In the lattel' rock fossils are compamtively scart'e 
with the ex('eption of corals. In the lower beds of the forma-
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tion the fauna in itl:> essential features is the samc as that of 
the Rochester shale, from \vhieh it is derived. In the section 
exposed near the hea(l of The Gulf, west of Lockport, the 
lowest beds show markings resembling worm trails, hut have 
yielded no other organic remains. 

ASi'\ociated with the crinoidul fragments that form so large a 
part of the Gasport member are several crinoid heads. Ringue­
berg has described the following spe~ies from this bed: 

Uallicrinus acanthinu8. I 'rhy~anocritlus lockporten~i8_ 
Deltacrinus contractus. lchthyocrinlls conoideus. 
Dendrocrinus (?) nodobrachiatllS. Eucalyptocrinus tubercuiatull. 

The invading fanna characteristic of the upper part of the 
formation is the Guelph fauntl, which was described originally 
from speeimens collected at Guelph, Ontario. Two or more 
incursions of this fauna extended into the province of the Lock­
port fauna as far as Rocheater. Van Ingen collected from the 
Lockport dolomite at Goat Island the following .!!pecies, which 
represent essentially the western or Guelph fauna: 

Stl'OIIlatopora sp. 
Halysitess.p. 
F,wosltes sp. (diffuse!X branch· 

ingform). 
Spil'ifercrispu8. 

I 
Trematospira sp. (common in 

the auelph uf Iowa). 
CwlO<ltl.uIllS :maerospira. 
pterinea subplana. 

In an old quarry 1t miles northeast of Stony Island, ahove 
Niagara :Falls, N. Y., the Guelph fauna is represented in a highly 
fossiliferous layer, 3 to 4 inches thick, near the top of the quarry 
ledge. The following species were obtained at this locality: 

Favosites niagarensis. 
Cmlocaulus sp. 

I Orthoceras ct. trUJ>itum. 
I Phragmooeras parvum_ 

In the higheat beds of the Lockport dolomite exposed by the 
canal excavations north of Pendleton a species of Leperdit.ia 
and one of Buthotrcpis occur in great ahundanee in certain 
strata. A branching species of l?avosites and one or two 
species of lamellihranchs were also fonnd in these higher beds. 

SALINA FORMA'1'lON. 

Dr/inilion.-The Salina formation is named froIll the town 
of S~lina, Onondaga Connty, N. Y., in which it is typically 
developed. It consists of gray magnesian shale, beds of dolo­
mite and gypsum, and, at t.he top, limcstone containing beds 
of natural cement rock. The Salina and the overlying Cobles­
kill dolomite constitute the Cayuga group as developed in 
western N cw York. The thickness of the formation in the 
Niagara quadnm/l:le is 440 fect. 

The Salina formation was originally ctllled the Onondaga 
salt group, but thc name Onondaga had previously been 
applied to a formation of ~liddle Deyonian age and its use for 
the salt-bearing rocks 'was soon diseontinued in vl.Vor of the 
shorter name Salina. In the region extending from Genesee 
RiYer eastward the Salina comprises fonr membel'B-the Pitts­
ford shale member at the base, the Vernon and Camillus shalc 
members, and the Bertie limestone member at the top. In the 
Niagara quadrangle only the Bertie limcstone membcr is cer­
tainly idcntified and mapped, the lower part of the formation 
consisting of a mass of shalc, dolomite, and gypsum not defi­
nitelv divisible into members. 

nisf'ribution and OCCUrl'enC6.-The formation occupies all 
that pfLrt of the quadrangle, except the extreme southeast 
corneJ', south of a line dra\yn a mile south of Niagara Fulls, 
through La SaHe, a mile north of Pendleton, and through 
'Volcottsville. Throughout most of the area it is covered by 
surficial deposits, but it outcrops in the bank of Niagara Riyer 
near Edgewater on Grand Island, and has been exposed in 
quarries in several places. :Much of the knowledge of the 
formlltion in the Niagara ql!adrangle has been obtaincd from 
the records of deep wells. 

Characler.-The bulk of the formation consists of inter­
bedded bluish-gray shale and argillaceous mag:nesian limest.onc, 
with more or less gypsum. Apparently the lowest. beds of the 
formation cxposed in the quadrangle are to he seen in the 
southwest bank of Niagara River 200 yardi:l below the boat 
landing at Edgewater, on Grand Island. The bed of the river 
is in black shale, which is overlain by 18 inches of green shale 
containing nodules of gypsum, and that in turn by 5 feet of 
soft, friable light-colored gypseous shale. 

In u wcll at Getzville. 6 miles east of Tonawanda, 45 feet of 
"red sand" and of white sand and shale were reported at a 
horizon not far from the base of the Salina. In a deep well at 
the Cummings cement works near Akron the lower 240 feet of 
the Balina was found to be bluish-gray shale with somc inter­
bedded dolomite, overlain by 25 feet of white gypsum and 
gray dolomitc and shale. The 130 feet next above consisted 
chiefly of argillaceous bluish-gray magnesian limestone. 

Beds of the character just described make up the lower 400 
feet or so of thE' formation. The upper 30 to 35 feet is gray 
to buff limestone containing less magnesia and argillaceous 
material than the underlying beds and ronstituting the Bertie 
li.mestone member. The transition from the beds beneath is 
gradual and the base of the member is not sharply marked. 
The upper 5 to 8 feet of the Bertie member has the composi-

tion of a natural cement rock and the beds have been exten­
sively quarried for cement making. The follo\ving i:lection 
exposed at and below the falls of Murder CreeK at Falkirk, 
just east of the southeast corner of the quadrangle, illustrates 
the character and relations of the beds: 

fierifion of top of Salina formation and overlying berM exposed along 
Murder Creek near Ji'alklrk. 

Onondaga limestone: ·Feet. 

Limestone, hard. light /:,'l'uy. nonmagnesian, in thin 
layers _ _ ___________________________________ _ 

I,imestone, dark gray, nonmagnesian. with some argil-
laceous material _______________ _ 

Cobleskill dolomite: Dolomite, light gray or buffish (roof of 
tunnel in cement quarry) __________________________ _ 

Salina formation: 
Dolomite, dark lead-gray (cement rock) _ (1 

Limestone, gray to buff, thick bedded ________ -;___ 25 
Shale, blue·gray, magnesian, and thin-bedded liW0I:Itone 

(to foot of big fall below cement mill) _________________ 25 

The 31 feet of limestone and cement rock at the top of the 
Salina formation ronstitute the Bertie member. The outcrop 
of the Bertie member in the quadrangle is confined to a nar­
row belt only 2 milgs long crossing the southeast corner and 
lying at the base of the Onondaga esearpment. 

Beds of gypsum occur in the Salina formation throughout 
the area occupied by it in New York. Gypsum has been 
mined or quarried at many places in the region east of the 
Niagara quadmngle but not within the quadrangle. Beds Ot 

rock salt also occur in the formation in other parts of the 
State, but theyappp.ar to be entirely lacking in the Niagara 
area. Deep horings have revealed extensive salt deposits in 
the Salina from 15 to 35 miles south of the quadrangle, where 
owing to the sonthward dip, it liea far beneath the surface, and 
the salt belt has been outlined as far east as Morrisville, in 
Madison County. The salt belt lies wholly sonth of latitude 
43°, whereas most of the area of outcrop of the formation lies 
north of that lat~tude, hence salt beds are generally absent 
from the outcroppmg part of the formation. A possible 
explanation of this ahsence is given under the heading "Geo­
logic history." 

F08/jW;.-So far as is known the part of the formation below 
the Bertie limestone member contains no fossils in the ~iagara 
quadrangle. The cement-rock beds of the Bertie member are 
extensively exposed in the quarries of the Ruffalo Cement Co. 
a few miles south of the quadrangle. From these beds a rich 
eurypterid fuuna has been obtained, including the following 
species: 

Euryptcrus lacustris. 
Ruryptcrns rCllIlpes. 
Eurypterus giganteus. 
Eurypteru~ pllstuloBUS. 
Eurypterus robu~tll!;. 
Eurypterus pachy.cheirns. 
F.urypterus dekayi. 
Ensarcus grand is. 
Eusarcus scorpionis. 

Dolichoptel"u8 mMrocheirus. 
Pterygotus acutieaudatus. 
PterygotllS bilobus. 
Pterygotus buffaloensis. 
Pterygotus cUUlmingsi. 
l'terygotus macrophthaJmus. 
Pterygotus quadriea:udatus. 
PterygQtus globicaudatus. 
Pterygotus cobbi. 

The fossils which the Bertie member contains, in addition to 
the Eurypteridre, are few. They comprise a Lingula, four or 
fi ve species of Orbiculoidea, Leperditia scalaris, Oeratiocaris 
acuminata, and one or two species of marine alj:!;&. 

Oharacter and dutribution.-A bed of highly magnesian 
limestone known locally as the "bullhead" rock o\'erlies the 
Bertie limestone member in the Niagara quadrangle. In the 
section neal' Falkirk it is 5 feet thick. It was at first regarded 
as palt of the Onondaga limestone and was later referred to the 
Manlius limestone, but Hartnagel has since shown it to be the 
probable equivalent of the Cobleskill of eastern New York, 
which is named from its typical oeeurrence at Cobleskill, in 
Schoharie County. 

The areal distribution of the Cobleskill dolomite in the 
Niagara quadrangle is essentially the same as that of the 
Hertie limestone member of the Salina, as it out.crops only in a 
narrow belt in the extreme southeast corner. In this quadran­
gle it is a magnesian limestone of drab or ash-~ray color. It is 
generally somewhat porous as the result of the dissolving out 
of calcite crystals and of small corals. In places it has a brec­
ciated appearanee on weathered surfaces. 

Fossils.-The following species of fossils are found in the 
bed: 

Nematophytum crassum. 
Favositessp. 
Orthothetcs interstriatuB (Or 

thothctes hydr>lulicus). 
\Vhitfieldella sulcata. 
Whitfieldella nllcleolata. 

Whitfieldella cf. lmvis. 
Spirifer eriensis. 
Rhynehonella sp. 
Loxonema1 
PIE'llrotomaria? 
Trochoceras gebhaa-di. 

l)EVO:KtaN SYSTEM. 

~ Name and di,slrihution.-The Onondaga limestone is named 
from Onondaga County, N. Y., where it is typieally developed. 
It was formerly known under the names Upper Helderherg 
limestone and COl'niferous limestone. In western K ew York 
it is 160 feet thick, but only its lower part is exposed in the 
Niagara quadrangle, occupying about 2 square miles of the 
extreme southeast corner. 



Characwt'.-The rock is free from magnesia and the greater 
part of the formation consists of nearly pure calcium carbonate. 
Its color ranges from light grny to bluish ?;ray. Where the 
formation rests in depressions in the surface of the Cobleskill 
dolomite there is in places a few inches of dark shale at its 
hase. In the section in the ql,1arry of the Newman Cement Co. 
at Falkirk the basal shale is 6 inches thick and is crowded 
with fossils. Thin partings of greenish shale, as a rule marly 
or calcareous, a qnarter of an inch to an inch thick, here and 
there separate the thicker beds of limestone. Most sections of 
the formation contain one or more zones of thin chert layers 
and concretions. Most of the chert is black, though some of it 
is gray, and it does not appear to occur at any definite horizon 
in the formation. In the section near FHlkirk a 6-foot bed of 
limestone containing black chert occurs 5 feet above the base 
of the formation. 

Relations.-The formation lies ullconfol'mably on' the eroded 
and irregular surface of the Cobleskill dolomite. At several 
plHces in and near Buffalo the unconformity is well displayed, 
Small caverns were formed here and there in the surface of the 
Cobleskill during the time of erosion in the early part of the 
De\Tonian period. These are filled with sand considered by 
J. M. Clarke to represent the Oriskany. At other places, as 
near Akron, the contact of the Onondaga with the underlying 
rock is marked by a few inches of blue clay or dark shale. 
The following section just north of the works of the Newman 
Cement Co, at Akron shows the character of the contact. 

StmtiQn of Onondaga lime.ytone alld underlying strata near Akron. 

Onondaga limestone: Ft,. In 
Limestone and black chert ".____ 6 
Limestone, gray, comlline _______ ._______ 4-5 

Shale, dark, coffee-colored, calCaJ'<'ous __ _ 
Shale, dark, with corals 
Shale, bluish gray, much like cla.y, cOlltaiIling lime-

stone pebblf';;. ________________________ _ 
Cobleskill dolomite: Limestone, drab. magnesian.__ 4-6 

Fossils.-The formation contains a rich marine fauna, corals 
being particularly abundant. In places tJIC corals form reefs, 
which are especially numerOllB in the basal beds. Some of t~e 
more common species found in the formation in the Niagara 
quadrangle are the followin,e,-: 

Favollites canadensis. 
Favosites emmonsi. 
Chonetes arcnata. 
Atrypareticuiaris. 
Stropheodonta concava. 
Stropheodonta inequistriata. 
Stropher)donta patcl'lIoni, 
Stropheodonta ltlllpla. 
Leptmna rhomboidalis. 
Rbipidomella cleobis. 

Spirifer aculllinatus. 
SpiriferlllltCra, 
Rpirifergrieri. 
Spirifer macrothyris. 
Spiriter di~paralis. 
Rpiriff'r varicosa. 
Spirifer dh"aricata. 
Phacops cristata val'. pipa.. 
Odontoccphalus selenurm:l. 

QUATERNARY SYSTEM. 

The deposits of Quaternary age belong almost wholly to the 
Pleistocene series and include glacial drift and associated lacus­
trine deposits. They cover nearly the whole surface of the 
quadrangle, the bedrock being exposed in only a comparatively 
small area. The glacial drift occupies approximately four~fifths 
and the 1acustrine deposits one-fifth of the surface. 

The glacial deposits consist of till in various forms, chiefly of 
Wisconsin age, although they include a little pre-Wisconsin till, 
and of stratified drift in the form of kames, eskers, and sheets 
of outwash sand and gravel. The lacustrine deposits were laid 
down on the bottoms and about the shores of lakes held back 
by the ice at many plaees during the reheat of the ice front 
across the quadrangle. With these deposits are associated 
gravels that were laid down in the channels of streams running 
into the lakes. 

The deposits of Recent age consist of alluvial sand and 
gravel along the courses of a few streams and of Hlluvial silt 
and muck in a few swampy areas. They are of minor impor­
tance and only a few large ones are shown on the surficial­
geology map. 

Drift underlying and apparently older than the \Visconsin 
drift lws been found in a few places in the quadrangle. Nearly 
all the exposures, including the best ones, were in quarry strip­
pings or temporary excavations and none of them showed the 
old drift to the best advantage. Compared with undoubted 
pre-Wisconsin till found in other parts of the area of the Wis­
consin drift, especially in New York, Ontario, and Michigan, 
these deposits appeal' to be of the same character, hut no evi­
dence has yet been found which affords a mean8 of determining 
their precise age. It seems certain that they are older than 
Wisconsin, but nothing more definite can be said. 

One of the best exposures was in the strippings at the west 
end of the quarry 2 miles northwest of Pekin, where, in the 
summer of 1911, the Wisconsin till was seen to be underlain 
by 6 or 7 feet of hard reddish till with more than the usual 
quantity of stones and ·cont.'1ining near the bottom two or three 
layers of fine sand cemented into a solid mass. There was no 
zone of old soil at the locality nor any highly oxidized joints 
or decayed stones. Exposures of indurated till believed to be 
of pre-Wisconsin age were found at two or three places in the 
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banks of Niagara River below Lewiston and on the shore of 
Lake Ontario. Dredges working on the enlargement' of the 
Erie Canal 3 to 4 miles east of Lockport hrought up Imrd till 
that appeared to be of pre-Wisconsin age. A small exposure 
in the bank of Murder Creek about 2 miles north of Akron 
has the appearance of the older till. Some of the borings for 
gas near Getzville penetrated "hardpan'" which answers the 
description of the pre-Wisconsin till seen at the other places. 
At none of these places is the older till displayed to good 
advantage. 

The best exposures of this older drift found in the quadran­
gle are on the Canadian side of the river, in the quarry at 
Queenston, and in Queen Victoria Park at Niagara Fallf:l. In 
the SUDlmer of 1911 a part of the rock surface in the quarry 
was covered by about a foot of hard till containing thin sheets 
of ferruginous gravel and overlain by 8 to 10 feet of softer, 
much lighter colored till. One of the winding, strongly glaci­
ated troughs in the limestone con.tained at its south end 6 to 8 
feet of the bard material with an intercalated bed of fine gravel 
and sand' in the same hardened condition. The hardening of 
this material is quite different from that of the cemented gravels 
seen in many deposits of Wisconsin age, being not so pro­
nounced but more thoroughly diffused, penetrating the finest 
clay and sand as well as the gravel. This is not true of the 
Wisconsin drift. 

In laying its conduits the Ontario Power Co. made an 
excavation more than 4000 feet long in the floor of the old 
river bed above the Horseshoe Falls, part of it being in rOo:'k, 
part in till of Wisconsin 01' doubtful age, and part in reddish 
clay or till that v.-as unusually compact and hard and contained 
a larger percentage of stones and bowlders than is generally 
found in the Wisconsin till in this area. In the summer of 
1911, in the excavation made for the new surge basin of the 
Ontario Power Co. at the base of the bluff about 100 yards 
north of the entrance to the elevator, steel piling driven into 
the base of the hluff on the west side encountered, beneath the 
'Viseonl'lin till, 10 feet of till so hard that it bent and twisted 
the piling. The whole depth of the hard till was exposed to 
view at the surge basin, where it Tests upon the rock, but a 
little farther south 14 feet of it was penetrated without reach­
ing rock. The deposit lies nearly 100 feet below the general 
surface of the overlying drift and is the best exposure of the 
older till in thc quadrangle. 

In a deep boring made in the filling of the buried Whirlpool­
St. David gorge J. 'V. Spencer encountered a series of beds 
which he interprets as glacial and interglucial beds older than 
Wiseonsin and which he correlates with the Toronto format.ion. 

The greater part of the surface of the quadl'flngle is occupied 
by till or bowlder clay of Wisconsin age. The till sheet also 
underlies the lake sediments nearly everywhere, and practic211y 
the whole smface was originally covered by it. Its general 
effect was to reduce thc relief and make the surface smoother, 
but its partial adaptHtion to the rock surfHce upon which it was 
deposited left it in places with low, irregular undulations show­
ing- no particular form or arrangement except where it had been 
been fnshioned into drumlins or into elongated till ridges. 

Ground moraine,-In a belt 3 to 5 miles wide extending 
from Lockport to Niagara River and lying south of the escarp­
ment the ground moraine is most characteristic and has under­
gone less modification than elsewhere. It is also wen displayed 
east and w('s,t of Lockport in the area between the escarpment 
and the Iroquois beach, on the southern part of Grand Island, 
and in smaller areas south of Lockport, south and east of Gas­
port, and west of Akron. In other parts of the quadrangle, 
especially in 'the large area north of the Iroquois beach, it has 
been extensively modified by submergence, tIle clay, sand, and 
gravel having been washed out and the larger stones and 
bowlders having been concentrated upon the sU1'face. The 
ground moraine in the 'quadrangle is rather thin, its maximum 
thickness being 50 feet Hnd its average thickness 10 to 15 feet. 

D1'Il1nlins and drumloid forms.-U nder certain conditions 
the till sheet, instead of being left in the form of a layer, either 
flat or fitted roughly to the inequalities of the rock surface, was 
molded beneath the ice into smooth rounded hillB or knolls 
called drumlins, The ground plan of a drumlin is Illore or 
less oval or elongate and is typically symmetrical, or nearly so, 
with reference to its longer axis, whieh invariably accords in 
direction with that of the ice movement. 'VeIl-developed 
drumlins add much to the beauty of the landscape. They arc 
not marginal forms but are distinctly subglacial. 

On the surficial-geology map 15 drumlins have been shown, 
six or seven of which are fairly typical, though rather small 
and low. The rest are more or less irregular in form, not 
perfect drumlins, but imperfect forms usually classed as drum­
loids. They show all sorts of irl'f'gularities and imperfections 
as compared with the perfect type, Most of them are rudely 
clustered. There are fi ve near Dysinger, six near Raymond. 
si$: ill Pendleton, ten near St. J ohmlburg, Bergholtz, and La 

Salle, two neal' North Tonawanda, and four in Ontario '!fest of 
Grand Island. Besides these there appear to be seyen buried 
under the Barre moraine east of Lockport and a number are 
probably pHrtly buried under the Niagdl"'d Falls moraine north­
west of Akron, In the groups west of the Erie Canal a rough 
tendency to alignment is noticeable; one line lies east and 
another west of the electric railroad southwest of Pendleton 
Center. Dolils Hill is in another line extending across to Grand 
Island, and those west of Bergholtz are in line with those on 
the Canadian side. The dusters at Raymond and Dysinger are 
arranged more nearly in transverse series. All the drumlins 
rmd drumloids have nearly the same trend-So 50°-600 'V. 
All except the four in Ontario and the buried ones near Akron 
and east of Lockport lie between the Niagam Falls and Barre 
moraines. The axes of t.he drumlins on Grand Island and 
near Tonawanda are normal to the course of the Niagara Falls 
moraine, but the axes of those near Raymond and Dysinger 
are nearly parallel to the Barre moraine. 

The most perfect drumlins in the quadrangle are in the 
southwestern part of the town of Pendleton. The best-devel­
oped one lies about halfway between Hoffman and Pendleton 
Center, half a mile east of the electric railroad. It is 35 to 40 
feet high, very even and symmetrical, and of the elongated 
slender type, being about 1.5 miles long and 0.2 mile wide at its 
base, the ratio of its axes being about 8 to 1. Its longcr axis 
trends S. 53° W. Seveml other d1'llmlins in Pendleton, Lock­
port, and Royalton are nearly as wen formed. Perhaps the 
most con8picuous drumloid is Dolds Hill, 2t miles east of La 
Salle. It is about a mile long and has the same genel"dl treud 
as those neal' Pendleton but is of irregular form. Seen from 
the side it presents two humps, the northern one of wh:ch is 
the higher and stands 55 to 60 feet above the plain, The 
northern part of the hill is about one-third of a mile wide at 
its base, Aside from the examples just described, most of the 
drumlins are low Hnd small. Some of' the smallest are thc 
most symmetrically formed. None of them are so elongated as 
the larger ones and few are over 10 or 15 feet high, The clm;­
tel' .around Raymond is more nearly of the O\"al type. 

Elongated till :I'£dges.-The lower part of the Ontario ph-lin 
has a slightly rihbed or corru?;ated surface due to ice sculptur­
ing of a peculiar kind, different from anything known else­
where. Where not covered by later deposits the whole area 
north of the Newfane beach has such an appearance, strikingly 
shown on the surficial-geology map. The ridges have many 
characteristics of' drumlins but are, nevertheless, so exception:iJ 
in some respects thHt they can hardly be classed as drumlins. 
They Hre, in fact, extremely elongated till ridges, whose appar­
rent relation to giant flutings in the smface of the bedrock, first 
described by G. K. Gilbert, is not characteristic of drnmlins. 

In ,e,-eneral, the ridges trend northeast and southwest across 
the plain, In the eastern part of the quadrangle their direc­
tion is about S. 68° W., but near the meridian of Korth Wilsoll 
the direction of, all the ridges changes to about S. 56° W. 
Most of the ridges more than 2 or 3 milps long are not straight 
but are slightly curvpd. The three ridges next wpst of Wilson 
are the most nearly straight and the one whieh passes through 
'Vilson is the longest continuous ridge in the quadl'flngle, being 
about 13 miles long. The ends of some of the ridges lap past 
each other, but as a rule the separate ridges stand end to end 
along the same line. The first two ridges west of'Vilson, three 
west of South Wilson, and two or three northeast of Lewiston nre 
narrow. Others, as those 3 miles southwest and 2 miles south of 
Wilson, haye swollen 01' widened parts midway of tlleir length, 
One, a mile and a half south of North Wilson, has a blunt point 
projecting on its north side neal' its north end, as if a ridge fi"om 
the northeast here' merged into the side of one with more south­
erly treDd, and this is on the meridian where the trend of the 
ridges changes, Besides the bending on the meridian of North 
Wilson, the most mHrked curniture was found in a ridge east 
of Ransomville, which shows convexity toward the southeast 
instead of the north west. 

The ridges are comp08ed of pebbly till containing only a few 
bowlders. They range in height from 10 feet or less to 15 or 
20 feet in thc Ilighest parts. Toward their ends they fade out 
grfldually, li'ew of tltem are more tJwn :l quarter of a mile 
wide, genemlly. hetween a quarter and an eighth, but thc 
expanded pHrts mentioned are half a mile wide. 

The ridges are separated by troughs ranging ih width from a 
quarter of' a mile to It miles, but on account of tile swening 
of adjacent ridges the distance between them IS rather irregular. 

East of North 'Vilson the ridges are nearly pamllel with the 
lake shorc, but west of that place their courses run obliquely 
across the plain. Near Niagara l~iver they seem to tittle out, 
and only two or three uncertain fragments were found on the 
Canadian side of the river. 

In his studies in this quadrangle some years ago Mr. Gilbert 
found a remarkable correspondence between the elongated till 
ridges and ridges in the surfaee of Queenston shale beneath 
them. The surface of the shale seems to be worn into forms 
like giant flutings trending parallel to the till ridges, and in the 
few places where the relations could be determined from well 
records it was found that the till ridges rest OJl the shale ridges. 



Moraine-like krwlls and f088e8 (Ul8ociated with the e8ca1"p­
ments.-Along the base of'the Onondaga escarpment southwest 
of Akron are knolls of till which show almost as great relief 
as some of the moraines of the quadrangle. It is thought, 
however, that this knolly strip is not a moraine in the ordinary 
sense but has been accumulated and shaped in consequence 
of the presence of the escarpment and of the relation of the 
moving ice to that obstacle. The knolls are best developed 
where the ice met the escarpment at an acute angle, and in 
most such places a peculiar trench or fosse separates the till 
deposit from the face of the escarpment. The best example of 
such a trench lies 2 to 3 miles west of Clarenc,c, a little south of 
the quadrangle, and is more than a mile long and about 10 
feet deep· near its head or east end and 25 to 30 feet deep a 
quarter of a mile to the west. 

Where the ice advanced against the face of the escarpment it 
tended to build up an apron of till against the base of the slope, 
reaching up in places 100 feet or more as a sloping approach 
from the plain to the scarp. An apron of this sort is fhlrly 
apparent along the base of the Niagara. escarpment from Lewis­
ton to Dickereonville but is better developed west of Queenston, 
on the Canadian side. It ordinarily covers up the lower rock 
ledges, and the shore cliff of the Iroquois beach between the 
places Domed is ~ut in it. 

As a rule this apron is continuous up to the exposed rocky 
strata in the face of the cliff. The fosse appears to have been 
produced by a modification of the usual ice movement by which 
the basal ice, instead of rising directly over the escarpment, was 
deHected to one side by the clift'. Such deHection probably 
operated to prevent deposition of drift at the base of the cliff 
and possibly even to cause scouring of the trough to some 
extent. A fosse appears to have been produced only where 
the advancing ice met the escarpment at an acute angle. 

There is no well-developed fosse near Akron, but the one 
west of Clarence is a typical example. Fosses are common 
along the base of the Niagam escarpment east of' Gasport and 
along the base of the upper bench at some places between Pekin 
and Model City. There is also a fosse It miles west of Queens­
ton. East of Gasport the ridged or knolly strip of tillaseociated 
with the fosse is much less conspicuous. At the first well-devel­
oped fosse, 8 mile east of Gasport, the Albion momine stands so 
close to the escarpment that it might be regarded as forming 
the north bank of the fosse, but farther 68st the moraine 
departs more ~d more widely from the escarpment, its front 
slope being nearly a mile away. 

Gene;ral characler.-Portions of four terminal moraines, 
representing as many substages during the retreat of the Wis­
consin ice sheet, lie within the quadrangle. They have a 
general east-west trend and two of them extend across the 
quadrangle and beyond its limits on both sides. They are 
nowhere especially prominent, and here and there they are 
weak and inconspicuous or even completely interrupted. In 
some places they are complex, being made up of several nearly 
parallel ridges; in others they are involved with kame deposits 
and sheets of outwash gravel and sand. They were deposited 
at the margin of the ice during its retreat but at times when it 
remained approximately stationary or perhaps readvanced 
slightly. Each of the moraines in the quadrangle was formed 
at a time when lake water lay against the edge of the ice, 
and they are water-laid in the sense that, although deposited 
from the ice, they were deposited in or at the edge of bodies of 
water. 

Frank Leverett has traced and named a number of moraines 
in the region east and south of the quadrangle. Two of those 
in the region on the east (Barre and Albion) extend jnto the 
quadrangle (see fig. 7) and os Leverett's names have ,been 
found to be applicable they have been used in this folio. The 
other two moraines in the quadrangle have not yet been iden­
tified with any of Leverett's moraines, and new names have 
been gi ven to them. 

Fragmentary deposits of apparently morainic character are 
found in a few places between the more definite moraines, but 
they are so indistinct and their relations are so uncertain that 
they have not been named as moraines. 

Niagara Falh moraine.-The Niagara Falls moraine extends 
across the southern part of the quadrangle in a broad curve 
that is eon vex toward the south. It enters the east side 2 to 4 
miles north of Akron, extends a little south of west through the 
town of Clarence, and in the town of Amherst lies only partly 
withi.n the quadrangle. Southeast of Tonawanda it lies outside 
of the quadrangle for about 3 miles, but it reentel'S south of . 
Tonawanda and runs west-northwest across Grand Island to 
Chippawa and Niagara Falls, Ontario, where it turns westward 
at the Lundys Lane monument. It is named from its occur­
renee at Niagara Falls, Ontario. 

In its relief and physical characters the Niagara Falls morai~e 
,differs considerably at different places. It is generally three­
fourths of a mile to a mile wide. The altitude of its crest 
above sea level ranges from 580 feet southeast of Chippawa, 
Ontario, to 670 feet north of Akron and nearly 700 feet at 
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th~ knoll at the Lundys Lane monument. In places it is 25 
to 30 feet above the general surface, but in its weaker parts 
its rtllief is barely perceptible. In Clarence and Newstead the 
moraine is split into two fairly distinct lines between which 
are smaller, less distincf;,! and shorter ridges. The southern 
line is the main ridge, is well defined, and is half to three­
quarters of a mile wide, and its higher knolls stand 30 to 50 
feet above the plain. In Clarence, 2 miles north of the main 
ridge, another one parallel with it extends continuously for 
about 4 miles. North and northwest of Akron the moraine 
assumes forms strongly suggestive of drumlins:. Five or six 
of the knolls show this form and their longer axes are about 
parallel with those of the typical drumlins a few miles to the 
north and northwest. It seems not improbable that the mata­
rial of this rather weak moraine WflB here superposed upon a 
cluster of drumlins or drumloids. In the vicinity of Clarence 
Center the two strands of the moraine are united by ir~lar 
knolls, but their dual character is even more pronounced west~ 
ward to a point south of Tonawanda, where they appear to 
unite. From Tonawanda to Chippawa, Ontario, the moraine 
is extremely faint. Across Grand Island and south of Tona­
wanda it is not a distinct ridge with a southward or front slope 
but is banked against the northward face of the relatively high 
till plain which forms the central part of Grand Island and the 
region to the southeast. At Chippawa it resumes its ridgelike 
form and is well defined close to Niagara Falls and westward 
to the Weiland Canal. A portion of this moraine is repre­
sented on the large-scale topographic map of the gorge, which 
shows clearly that Niagara River has cut deep embayments into 
the rear slope of the moraine, reaching beyond the crest into 
the front or westward slope. The form of the moraine as a 
ridge is more clearly shown on this map, in which the contour 
interval is only 10 feet. 

M01"ainic lcnolh in Pendleton.-In the town of Pendleton 
there are three or foul' knolls that appear to be morainic. 
They are 10 to 20 feet high and stand in the midet of the Hat 
plain. They trend east and west, or diagonally across the axes 
of the best-developed drumlins of the region. They extend, 
however, for only 4 miles and nothing was found either east or 
west of them that could be interpreted as a morainic deposit. 
In other parts of the plain some knolls of similar character 
have been found to be composed of rock thinly veneered with 
till and these may be of that sort, but no evidence of rock 
cores was found. 

Barre moraine.-The Barre m01'aine, so named by Leverett 
from the town of Barre, east of the quadrangle, was traced to 
Lockport by him.' The main ridge of the moraine enters 
the quadrangle east of Royttlton and extends westward through 
that place to Lockport. East of the city it is a well-defined 
ridge, but in the northern part of the city it is only faintly 
developed. West of The Gulf i,t resumes its full strength and 
continues as a prominent ridge to Niagara River, where it rests 
on the brow of the escarpment south of Lewiston. In places 
it stands close to the edge of the escarpment, but it is g~nernny 
a quarter to half a mile back. 

A peculiarity of the m~raine is its narrowness. In only two 
or three places is it more than a quartet of a mile wide at its 
base. A few of the higher knolls rise 50 to 60 feet above the 
plain, but the relief of the moraine is generally not over 20 to 
25 feet. Its altitnde "'nges between 600 and 660 feet above 
sea level but averages 625 to 650 feet, and within those limits 
of variation its Cl'fflt is substantially horizontal. 

East of Lock;port the moraine is split into four well-defined 
subsidiary ridges, which are nearly parallel and remarkably 
streight and even. The northernmost ridge is the strongest 
and highest. . The others decrease in strength toward the south, 
the 8Outhernmos1i one, which passes through Dysinger, being 
rather faint. Thp.. southern two unite about a mile east of 
Dysinger and the single ridge thus formed extends to the east 
and appears to die out. In this area are seven small buried 

,drumlins or ,drumloids which form the highest knolls and lie 
with their axes at an angle of 450 with the ridges. At Lock­
port the three subsidiary ridges south of the main ridge come 
to an end on the e8[lt bank of the channel leading to The Gulf. 
Nothing indicating a continuation of the ridges farther west was 
found, in N ew York or in Canada. 

Nearly all the way from Lockport to Hamilton, Ontario, the 
moraine lies close to the edge of the escarpment and the alti­
tude of its crest is remarkably uniform. 

Albion moraine.-The Albion moraine, named from Albion, 
east of the quadrangle, was traced into the quadrangle by Lev­
erett and Gilbert. It enters the east side of the quadrangle just 
south of the Erie Canal and continues as a Imy, smooth till ridge 
between the canal and the Niagara escarpment to and beyond 
Gasport, but toward the west it fades out gradually and is com~ 
pletely covered by the extensive sand and gravel deposits 3 miles 
west of Gasport. The moraiI,lic knolls in the cemetery in the 
northern part of Lockport probably belong to this moraine, 
but no other deposits certainly identified with it were seen in 
"this quadrangle. In Ontario a few knolls It mi1es west of 
Queenston and a few others farther ~est probably belong to it. 
lt is 40 to 50 feet high in its stronger parts but is narrow and 

Bharply defined. Most of it has a remarkably smooth, even, 
horizontal crest. 

Morainic knolls in Newfane.-In the southeastern part of 
the town of Newfane is a prominent ridge of stony till extend­
ing more than 2 miles northeast from Wrights Corners. It is 
about one-third of a mile wide and at its southwest end is 
sufficiently high and irregular in its l-elief to suggest a moraine. 
The heavy gravel ridge of the Iroquois beach lies close against 
its north and west sides and gives the impression that the till 
ridge may have have extended some distance east and west 
beyond its present limits and that it has been removed by the 
powerful shore erosion .of Lake Iroquois. 

A knoll 2 miles southwest of Wrights Corners, in front of 
and a little below the Iroquois beach, is so stony as to suggest 
-a morainic origin. Another very stony fragment 2 miles 
farther west may belong to the same formation. At Warrens 
Corner and extending more than a mile to the east is an irreg­
ular till ridge which risee slightly above the Iroquois besch. 
The shore line lies along its north ,side in the form of a low 
cliff. Another small fragment of till ridge about 4 miles 
farther west probably belongs to this moraine. 

Nothing further is known of this moraine either to the east 
or west. It lies so close to the Iroquois level that in places it 
has prpbably been destroyed by the lake. 

Carlton moraine.-No moraine ,other than those previously 
described has been identified with certainty in this quadrangle, 
but there is one in the Ridgeway and Oak Orchard quad­
rangles, on the east, which probably is represented by deposits 
in this area. A well-defined moraine was found about a mile 
southeast of Troutburg, within a mile or two of the shore 
of Lake Ontario and was traced westward through the village 
of Carlton, from which village it is named, in a course approx­
imately parallel to the lake shore, nearly to the eastern boun­
dary of the Niagara qnadrangle. Between Troutburg and 
Carlton it sta~ds 20 to 30 feet above the country south of it. 
West of Carlton it gradually fades out, losing its front relief 
and being recognizable mainly by certain characteristics of its 
rear slope. 

The average crest line of this moraine, like that of the others 
a1ready described, is horizontal. Although the moraine fades 
out at the east side of the quadrangle and is. not certainly ,trace­
able into this area, it may be inferred that the ice front which 
built the moraine farther east was continuous and rested for 
some time along the westward extension of the same line. This 
line lies a little above the 300-foot contour and along it.are two 
or three places in the quadrang1e where certain faint features 
suggest either morainic or g1acio-Hu vial deposition associated 
with a stationary ice front. About a mile southeast of Olcott is 
a low knoll with some bowlders and many small stones and a 
sRndy clay subsoi1. It does not appear to belong to any of 
the elongated till ridges of that region and may be a washed­
down fragment of the Carlton moraine. The same may be 
sai4 of some small knolls of stony till north of Coomer station 
and a small curved kamelike gravelly ridge associated with the 
larger knoll. In the vicinity of Olcott an extensive gravel 
deposit is in all probability outwash from the ice front at the 
time the Carlton moraine was formed or, perhaps, at a slightly 
later time, when the ice front stood a little farther north. 
Certain gravel ridges 2 miles east of Youngstown and some 
low stony knolls to the south indicate a halting ice :&ont. 
Another small deposit, of the same sort occurs at Niagara­
on-tha-Lake. 

Gravelly kame deposits areassociated with the sey-eral morain'es 
in many places in the quadrangle. Those associated with the 
different ridges of the Niagara Falis moraine, in the southeas.t­
ern part of the quadrangle, are small, but larger ones form con~ 
spicuous knolls west of Niagara River. The most prominent 
is the knoll on which are t:tte monmnent and the church at 
Lundys Lane. The knoll is formed partly of kame and 
partly of moraine material and'is the highest point of lamfin 
that vicinity. Cross-bedded gravels were formerly well dis­
played in the pit in the north base of the knoll, back of the 
old observatory. Thin gravels of low relief, not in the form 
of kames, extend northward somewhat discontinuously to low 
kames at Stamford and at the cemetery a mile southeast of 
Stamford. Beyond these the gravel sheet continues northward 
to kam~ in the next or Barre moraine. All these gravel 
deposits north of Lundys Lane were formed by. one large 
stream ~uing from the ice sheet to the north. All except the 
large kame and outwash deposit north of Stamford were laid 
down while the Niagara Falls moraine was being fonned or 
during the time of the retreat of the ice front that immediately 
followed the deposition of that moraine. 

A number of small kame deposits are associated with the 
branches of the Barre mOl·aine east of Lockport-two lying 
east of Dysinger, one southeast of Royalton, one at McNalls, 
and another 2 :rpiles to the west. They appear to be associated 
with drainage channels .that caused wE!ll-marked irregularities 
in the morainic deposition, and they form the highest points on 
the morainic ridges. All have been excavated for ~ad ballast 



so that their composition is well displayed. CertHin smaU iso­
lated gravel knolls show more typical kame forms than the 
deposits associated with the moraine ridges. A little cluster of 
five such gravel mounds lies 2 miles north of Royalton. AU 
are amaU, but they have the form of typical kailles. 

One of the largest kames in the quadrangle is at the west 
edge of the outwash deposit a.t the mouth of the'Vhirpool-St. 
David buried gorge. It is a prominent knoll, rising ulmost 
700 feet above sea level, or nearly,l50 feet above the plain a 
mile south of it. It stands in the line of the BalTe moraine 
and is composed entirely of gravel. Extensive excavations 
made by the Grand Trunk Ra.ilway 011 the east and north sides 
of the hill and in the outwash deposit east of it show fine exam­
ples of bedded and cross-bedded gravel layers, dipping mainly 
to the east and south. The gruvels in both deposits are deep. 
The kame appears to be related to the stream that produced the 
outwash, and this stream deposited the train of gravels that 
extends southward to the kame at Lundys Lane. 

The largest kame area in the quadrangle and the only exten­
sive deposit of the sort begins about 1 ~ miles cast of Lockport 
and extends east-northeastward mO're than 3 miles. It is at the 
,;vest end of the ridge of t.he Albion UlO'l'l:ljne a.nd was proba b]y 
deposited at t.he time of the fO'rmHtion of the ridge. Most of 
the kame gravel is banked against the slope of the Niagara 
escarpment. find lies lower than the crest, but some of 1t lies ou 
top of the scarp. The western part is composed of gravel to a 
depth of' at least 100 feet, as shown by excavations, and is char­
acteristically cross-bedded. The lower part extends northeast­
ward acrO'ss the Erie Callal and cnds about half a mile north­
west. of Orangeport. The part north of' the canal is composed 
largely of fine sand, but includes Home laminated silty and 
clayey layers. On the southwest the TIner mllterial merges grad­
ually into the gravel. Two or three isolated knolls O'f sandy 
gravel resting on the brow Qf the eseapment east of the main 
area llnd two 01' three detached masses north of it appE'nr to 
belong to the same deposit. Altogether, this area covers a 
space of ahout 3 square miles. It hns the typical knob and 
basin topography of large kame areas, and is probably the 
roughest piece of ground in the quadrangle except the eseHrp­
ments and gorge walls. The Eric Canal is excavated through 
the lower part of it for a distance Qf nearly 2 miles, and along 
much of this line the deposit is somewhat sandy. South of tIle 
canal its hummocky surfaee rises rather steeply 140 feet or 
mO're to the tO'p of the escarpment and extends a short distance 
south from the edge. The kame deposits at the cemeteries in 
the northwestern part of Lockport appe.:-u to belong to the 
same time O'f deposition and Hre associated with mQrainic knQBs 
which are probably also associated .''lith the Albion moraine. 

A few small gravelly knolls are scattered over the northern 
part of the quadrallgle. Some appear to be isolated Hnd Hot 
connected with any moraine, but most of them are on 01' near 
the line of the Carlton moraine and are probably more or less 
clQsely related to the position of the ice front at the time that 
moraine was deposited. They include the small hills east of 
Appleton, 1 mile southeast of Hurt, and at Burt. The larger 
kame north of Hartland is nQt directly associated with any 
mQra.ine. The low but well-defined gravel deposit 2 miles 
north of Hartland appears to be a washed-down kame related 
probably to the same stream that made the kames east of 
Lockport. 

A small esker 2-& miles southeast of Royalton (incorre,ctly 
represented on the surficial-geology map as a kame) stands 
slightly forward from the front line of thel~alTe moraine. It. 
is more than half a mile long and about 15 feet high and 
bends from a southerly to a southwesterly cOllrse. Its position 
suggests that it was formRd when the iee margin stood at or 
near the position of the Nia.gara Falls mOl"aine, but it was 
prQbably formed in the early part of the halt during which 
the Barre moraine was deposited. 

Three gravelly ridges 2 miles east Qf Youngstown are dis­
tinctly of the esker type, but they appear to have been con­
siderably modified by the wash of shallow waters over them, 
for their side slopes are more gentle than those of typical eskers. 
1'hey are 15 to 25 feet high and are conspicuous objeets on the 
flat plain. The southernmQst one is about a mile long and has 
a short spur projecting southwestward fi'om its north end. 
Beyond a shor~ break another ridge continues in the same line 
for abop.t half a mile to the north and also has a spur project­
ing south westward. Just east of and parallel to it is another 
gravel ridge, or esker, and cast of that is a lower, wider knoll 
of fine sand, not of esker type. Although tliere is nO' definite 
proof that these eskers were formed at t.he t.ime of the deposi­
tion of the Carlton moraine, such a relation seems probahlf:>. 

Outwa~h D"p""lt~. 

An outwash deposit O'f fine, somewhat clayey sand, associated 
with the Niagara Falls moraine, covers about a square mile 
south of the knoll at Lundys Lane. It wa):! laid down in lake 
water by the same, stream that deposited several of the gravel 
formations farther north. Part of it is shown on the map of 
the Niagara gorge. 
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Besides a small patch of fine sandy Qutwash in the southem 
edge of Lockport, ·the only notable outwash deposit associated 
with the Barre moraine is one ncar St. David station Qn the 
Grand Trunk Railway. The deposit is at the head of the 
embayment formed in the escarpment by the mouth of the 
Whirlpool-St. David buried gorge. The gravel lies mainly 
west of the railrQad and the O'utwash enst of it is aU fine sand. 
The deposit is associated wi.th the large kame that stands west 
of the track. From the edge of the escarpment, here composed 
wholly of drift, the outwash deposits slope gently to the south 
and east, as they were spread out over the plain, but the descent 
northward from their head is very steep and is characterized by 
many ra.vines and spurs. The ra vines resemble those formed 
by strcnms, but thcre is nO' evidence of stream action except in 
their lower parts, where springs appear, for the deposit is very 
porous, allowing the water that falls on the surface to sink 
quickly. Moreover, the ravines show a slight ridging around 
their sides at the top a.nd are highest just at the edge, indicat­
ing that they are not due mainly to stream erosiQn but are 
original. forms produced by ice CQntact and upward movement, 
the ice sl~wly rising while the sand and gravel of the outwash 
were being shed from its melting edge and surface. In the 
ravines on- the ea8t side of the embayment the fine sand Hppears 
to be in places 150 to 200 feet deep. The eastern portion of 
this deposit is shown on the map of the Niagara gorge. 

The IHrgest outwnsh deposit in the quadrangle is a. gravel 
bed 1 to 2 miles wide extending along the lake shore between 
points about 3 miles west and 5 miles eHst of Olcot.t. The 
deposits of fine sand west of Olcott and near the mouth of Keg 
Creek probably cover a part of the outwash. A part has also 
probably been cut away by the present lake. The upper limit 
of the gravel along its south side is a little less than 320 feet 
above sea level, and its lower limit along the lake front is at 
an altit.ude of about 280 feet. In thickness the deposit ranges 
from 1 to' 10 feet. The material shows a well-marked gra.da­
tion in coarseness, the coarsest part being about a mile south 
and southeast of Olcott. Toward the east and the west from 
that place the ma.terial gradually becomes finer, merging intO' 
fine graVE'1 01' coarse sand. It is of that charadeI' along the 
bluff facing the lake.about a quarter of a mile west of Olcott 
and in the sand pit hack of the OleQtt schoolhouse. For some 
distance east of Olcott it is coarser. In a general way the 
deposit appears to be limited to a sQmewhat definite upper 
level, as if by a shore line or a former water surface. In fact, 
n the past it. has sometimes been regarded as a beach, but 
neither the deposit itself nor the surface fomls associated with 
it appear to support such a view. Some of its features suggest 
that it may be a modified delta of Eighteenmilc Creek or of 
the greatly augmented predecessor of that stream, the Lockport 
branch of the ancient Niagara River. The surface slope of the 
deposit and also the gradation of the material from eoarse to 
line away from the locality whcre the creek now passcs through 
it suggest. such a origin, but the valley and gorge of Eighteen­
mile Creek below Corwin appear to show no indieation of 
earlier Qccupancy by a stream of larger ,"olume, nor is there a 
seonred channel on any other line leading northward from 
LO'ckport. 

On the other hand, the theory that the deposit is outwash 
from the front of the ice sheet, it"! deposition beginning possi­
bly at the time of the Carlton moraine and probably continuing 
to a time when the ice front stood a little farther north, seeills 
to account for its chief characteristics. Although there are some 
difficulties in explaining the deposit as outwash directly from 
the ice, they seem less than those encountered in cndea1'oring 
to explain it as a delta, and the idea that it is a beach seems 
to be entirely unwarranted. The gravels show evidence O'f sub­
mergence sincc they were laid down, for they contain a small 
amount of infiltrated clay, just enQugh to render the gravelly 
soil noticeably stiffcr than is c1mracteristic of delta deposits 
which have not been submerged. 

At points 1 and 2 miles south of Niagam-on-the-Lake coarse, 
solidly cemented gravel occurs in the bank of the river 30 to 
50 feet below the top. This gravel was at one time regarded 
as a buried beach, but it seems more probable that it is of' 
glacial origin. A smHll surface deposit of gravel just south Qf 
Youngstown is probably outwash deposited at the time of the 
Carlton moraine. 

O.,neral,Featur.,s. 

Glacial lake waters followed the retreating front of the Wis­
. consin ice sheet and covered the lower ground as fast as the ice 
~thdrew. The oscillatiO'n of the ice front complicated the 
relations considerably by opening and closing outlets and thus 
repeatedly changing the posit.ion and altitude of the shore lines. 
The depO'sits of three Pleistocene lakes are preserved in the 
quadrangle---Lake Lundy, Lake Tonawanda, and Lake Iro­
qUQis. Lake Lundy filled the Routhern' part of Lake Huron 
and the whole O'f Lake Erie and at. its last stage overspread the 
Nigaara peninsula in Ontario and the whole of t.he Niagara 
quadrangle, the final ppsition of the icc barrier being some­
where near the prcsent shore of Lake OntariO'. Lake Tona-

wanda filled the Tonawanda Valley and Oak Orchard Swamp 
and extended for more than 50 miles eastward from Chippawa 
and Niagara Falls. Lake Iroquois filled tlle basin of Lake 
Ontario but never included finy part of the other great lake 
basins. 

Clay and silt were deposit.ed in t.he luke wtlters only in 
favorable localities. Large areas of the lake bottoms received 
no such deposits, and only the deeper parts and tlIe hollows 
were covered. A small area in the sout.hern portion of the 
Niagara quadrangle was probably freed of ice temporarily dur­
ing the stages marked by the existenee of the glacial lakes 
Arkona, Wayne, and ,"Vanen, but after each of these stages the 
ice readvanced and eovered the entire quadrangle. Clay and 
silt may have been deposited in part of thQse lakes that lay 
within the quadrangle, but they were overridden by the rend­
vancing, ice and do not now form parts of the visi.ble surface. 
The relation of the earlier lakes to those whose shores are still 
tl"dceable in the quadrangle is given briefly under the head­
ing "Geologic histO'ry." 

Deposlts .. 1 Gh.ci .. ll,,.k., Lundy. 

Beaches.-During the existence of glacial Lake Lundy the 
level Qf the lake fell 85 or 90 feet., as is shown by fftintly 
ma.rked shore lines. The first or highest shore line of the lake 
(known as the Grassmere beach in southeastern l\fichi~an) is 
very weak and has been recognized at only a few placcs in the 
region and. nowhere within the Niagara quadrangle. To judge 
from its elevation elsewhere this beach might be expected to 
occur near Akron at an altitude of 785 to 790 feet, but it was 
not found in the small area which rises above this altitude. 
Gl"dvel at about 785 feet at a cemetery half a mile south of the 
boundary probably belongs to it. The highest shore line in 
the quadrangle is a beach lying along the base of the escarp­
lllent southwest of Akron. It is so faint as to be barely trace­
able, being only a thin capping of gravel und Eland on thc tops 
of the drift knolls. At Akron it is from 705 to 710 feet above 
sea levcl. Its faintness may be due to narrowness of t.he booy 
of water, as would have been the condition if the ice front 
stood at the Niagara Falls moraine when the beach was being 
made. It iR the same as t.he Dana beaeh of II. L. Fairchild 
farther east in New York and the Elkton bcaeh of A. C. Lane 
in sO'utheastern Michigan. It was not certainly identified else­
where· in the quadrangle. Beaches nearly as high occur on 
the hill at Lundys Lane and on the kame 4 miles to the nQrth 
but they are isolated fragments and their identity with tJle 
beaches on the mainland is not established. A small fragment 
of gravelly beach at an altitude of abO'ut 66b feet and a filint 
shore cliff at about 6130 feet run along the nQrth side and 
around the west end of a hill 1 mile eHst of Clarence Center. 

The most prominent heaches of Lnke Lundy in the quad­
rangle are near l)ekin lmd Sanborn. At cach of those places 
there is a fairly well marked pebbly beach ridg-e 2 to :) feet 
high and 100 to 200 feet wide. That on the hill half a mile 
south of Pekin is the stronger and is a crescent.ic summit har 
with its convex side toward the northwest. The bar 1 Illi.le 
northwest of Sanborn lies along the edge of a rock ledge facing 
southwestward. Most of it is fainter than the one near Pekin, 
but part of it is RO bulky as to suggcst that there may have 
been a kame or other deposit of glacial gravel at t.Lat locality 
which supplied much of the materiaL The bcaeh south of 
Pekin lies 663 feet above sea level and that northwest of San-
born Hl55 feet. 

Several fragments of the Lake Lundy shore lie on the 
Canadian side Qf NiagH.ra R,i ver. The best defined one is 
similar to the ridge south of Pekin anrl extends southeastward 
from Drummonds Hill nearly to the edge Qf the high bluff .at 
Falls View. FrQm the vicinit.y of Drummonds Hill it forms 
a summit bar on the crest of the Niagam Falls momine and 
lies about. 678 feet above sea level. It fades out a little north­
west of the reservoir near the bluff. The map of the Niagara 
gorge does not include the hill, but it shows most of the beach 
betwcen the hill und the reservoir. This shore line eli vides 
and runs in fainter form around the hill on which stnnds tll€ 
monument commemoratin~ the battle of Lundys Lnne. North 
of t.he hill a wenk but fairly well formed shore ridge of fine 
gravel and snnd was traced about 2 miles west and proh­
ably extends 11trther; to the east it enters the area shown on 
the map of the gorge as a nlint shore cliff and extends nearly 
to tile bluff'. Lt.'! altit!tde is 648 feet abo\ye sea leveL NO'rth 
of the hill a fainter beach was seen in places but is 10 or 15 
feet lower. On the low kames at and south west of Stamford 
graveUy beaches, .well defined but nQt conspicuous, were found 
in several places. The strongest one runs northward past the 
schoolhouse in the southern part ,of Stamford and' hooks 
around to the west Ht its nQrth end. Two of the Lake Lu'ndy 
shore lines were found on the large kame west of St.:David 
station on the Grand Trunk &ilway at elevations of 671 and 
665 feet. Both are very faint. 

The gravels of the delta of Murder Creek, which emptied 
into Lake Lundy at Akron, lie in well-defined ridges, much 
more prominent than any of the ordinary beaeh ridges of the 
lake, but the. ridges Hre confined to the delta itself: not being 



traceable beyond its limits in either direction. They are finely 
formed, especially on the west side of the creek. They range 
in altitude from the beaeh at 705 to 710 feet above sea level 
down to about 665 feet, the strongest ones lying between 665 
and 685 feet. The ridges and the delta in general are com­
posed of gra yel and coarse sand and show in a remarkable way 
the effect of an abundant supply of beach-making material. 

Although that part of the Lundy beach which passes 
through Akron is clearly on the mainland shore of Lake 
Lundy, it has not been traced continuously in either direction 
from that place and so stands at present as a detached frag­
ment and the other parts observed in or near the quadrangle 
are still smaller fragments. Inasmuch as there are in some 
plaees several strands of this beach below the highest, all of 
them very fi-lint except on certain deltas, it does not seem pos­
sible in the present state of knowledge to draw safe conclusions 
regarding the identification of the isolated fragments with thol:!e 
on tlle mainland. Whether the well-marked beach ridge south 
of Pekin belongs with the faint be~lch at Akron or with one 
of the other strands that are so strong at lower levels on the 
Akroll delta it is not possible at present to state; and the same 
is true of the other fragments seen. On this account it is 
c1.ifficult to make use of the Lundy beach in discussing the 
laud deformation that has affected the region. 

Delta:s.-The first delta to be formed in the quadrangle was 
in glacial Lake Lundy at Akron. It was begun in the stage 
of the lake marked by the beach at Akron, \"hich is 705 to 710 
feet above sea level, and its growth continued while the lake 
fell at a relatively ra.pid rate about 45 feet. The delta is com­
posed mainly of grave~ and covers about a square mile. Its 
gravelly character is due mainly to the high gradient at which 
the stream entered the lake, for Murder Creek descends from 
lligh ground southeast of Akron in a deep ravine now passing 
through the village. The lower part of the delta east of the 
creek is more sandy and not distinctly ridged. North of the 
delhI the creek passes through a narrow cut in the Niagara 
Falls moraine, north of which is another delta deposit of Hne 
sand at an altitude of 640 feet. This belongs to a late, lower 
stage of Lake Lundy. 

Cla:y.-At one time or another Lake Lundy cO\Tered the 
whole area of the quadrangle, except about 1 square mile south 
of Akron. As soon as the ice withdrew from the Tonawanda 
basin, the deposition of pebbleless clay began in its deeper 
parts and in some of the hollows of its shallower parts. The 
deposit is 5 to 10 feet thick as reported in well borings in the 
main valley but is thin among the morainic ridges east of 
Lockport. Fresh excavations on the Erie Canal half a mile 
north of Pendleton disclosed 8 feet of silt with 5 feet of' lake 
clay above the water. This clay is purplish red and of the 
finest texture, but the lamime are obseure. At several other 
points along the canal between Tonawanda and Lockport lake 
day was brought up by dredges and showed laminre. The lake 
clay between Pendleton and Tonawanda is under 8 to 10 feet of 
silt and probably underlies this whole area of silt from Rapids, 
on Tonawanda Creek, to North Tonawanda and nearly to Niag­
ara Falls. The canal was deepened to a total depth of 12 feet 
and tile bottom material brought up was generally a reddish 
pebbly till, but a mile east of :\Iartinsville and half a mile 
south"fest of Pendleton the bottom was on a bed of gravel and 
bowlders, upon which the lake day rested directly. 

The lake clay lies considerably higher in the eastern part of· 
the quadrangle than in the ';"cstern part. Just east of' Niagara 
Falls its upper limit is approximately at an elevation of ,585 
feet, at the eastern boundary it is neal' 605 feet, and among 
the moraines east of Lockport some of it extends up to 625 feet. 
tlmall patches of lake clay were found in other places, as at the 
brickyards east of Deyils Hole and in Niagara Falls, N. Y. 

Deposits of I,,.ke Tonawanda. 

Beaches and shore lines.-After the ice reeeded and the water 
of Lake Lundy fell the broad valley of Tonawanda Creek 
became a shallow lake, which may be called Lake Tonawanda. 
])urin~ its first stage it had five"outlets, three of which are in 
this quadrangle. (See fig. 10.) The shore lines of Lake Tona­
wanda are surprisingly clear and definite in certain places, but 
in most of the quadrangle they are so weak that continuous 
tracing was not attempted. The lake stood at two or three stages 
at which it made shore lines. Part of the Tonawanda beach is 
shown on the map of the Kiagara gorge and lies in the city of 
Niagara Falls, N. Y. It OCCUI'S also at Chippawa, on the Cana­
dian side. 'Vithin the area shown on the gorge ma p the shore 
line is not a gravelly beach but a low wavc'-Cut shore cliff. 

The principal abandoned distributary connected with the 
Lewiston branch of the early Niagnra River had its head in 
the eastern pa.rt of Suspension Bridge, 1500 to 2000 feet sout.h­
east, of the New York Central Railroad yards. Two lines of 
the Tona.wanda beach turn into the head of this old channel. 
One comes from the east, along Ontario Street, and the other 
from the south. Both lines are readily traeeable through the 
city and although no beach deposits oecnr along them, there is 
a well-marked change of slope and a noticeable coueentration 
of stones and bowlders on the flats below the low cliff. In the 
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!,outhern part of the city, about 200 yards south of the inter­
section of Niagara Street and Portage Road, the shore line 
turns at a sharp angle and runs northwest and west through 
the city to Third Street north of Niagara Street, where it turns 
north and approaches the cliff of the Niagara gorge. In the 
older part of the city the shore line is not easily traced, on 
account of buildings, street grading, and other improvements. 
At the south edge of the city, west of the Shredded Wheat 
Biscuit factory, there was an island in the lake. Its shore line 
has been cut away on its south side by the modern river but is 
faintly marked at thc east and west ends. 

This shore line is well defined also on the Canadian side. It 
runs soutlnvard along the base of the higher ground, heginning 
on the shore about a quarter of a mile east of the Dufl'erin 
Islands. In Chippawa it passes just east of the two dlUrches 
and turns toward the southwest. East of WeIland River it is 
very faint but was t.raced for about half a mile. At the head 
of the old channel in Suspension Bridge this shore line lies 
about 592 feet aboye sea level. Southward it declines percep­
tibly to about ,1)82 feet in Chippawa. It thus shows a north­
ward rise of 10 feet in tlbout 4 miles, or about 2t feet to the 
mile. 

On the north side of the valley, about 2tr miles cast of Sus­
pension Bridge, a shore cliff of a bout the same character 
extends along the southeast slope of the higher ground 2 miles 
north of the river for a mile east from the city limits. The 
beach is well'developed on Dolds Hill, 2 miles east of La Salle. 
Besides the wave-cut cliff along the east side a short stretch of 
faint sandy beacll marks its leyel at the sa~ between the two 
humps of the hill and at the windmill a quarter of' a mile to 
the northeast. Its altitude here is 593 feet. A small, low 
drumlin It miles southeast of'Dolds Hill has a gravelly beach­
like top, but whether the gravel is really a beach deposit or is 
due to the oscillation of shallow waters over it is not clear. 
This deposit is about 15 feet lower than the beach on Dolds 
Hill. 

The low shore cliff is plain on sever<J,l of the drumlins <Jround 
Pendleton Center, especially on one 2 miles cast of Beach Ridge. 
At the head of the old spillway 2 or 8 miles southwest of I,ock­
port it is well marked on the west side of the entrance, the 
bowldery flat below the f:·Jint cliff being well developed. Its 
altitude there is nearly 610 feet. Although no cliff was 
observed near the head of the Gasport spillway, 1 mile south 
of McKans, the presence of the spill way and the altitude and 
general appearance of its head establish the tlpproximate level 
of the lake at that place. A faint cliff shows alRo on t.he I.l!·um­
Hns at Raymoud and at 615 feet above sea level north of' Wol­
eottsyille. 

On the south side of the basin faint sand ridges occur on 
Grand Ishmd near the corner 2 miles north of Inland. Two 
faint shore lines rUll south of east from the bank of Niagara 
River 1 mile southwest of Tonawanda. For 2 miles they are 
very inconspicuous, but neal' the Eric Railroad they are 
stronger. The upper one passE'S out of the quadrangle just 
west of the Erie Hailroad and thence runs eastward. For at 
miles it is about half a mile south of the boundary and is a 
t.hin gravelly or sandy belt, in pIaees on the top of a low bluff. 
It reenters the quadrangle half a mile east of the Lehigh Val­
ley Railroad and extends to Ellicott Creek. Beyond, toward 
the northeast, it appears to be represented by sand ridges. In 
its continuation past S\vormville and East Amherst this shore 
line is more clearly defined than any other shore line of this 
lake. Neal' these places it :is a ridged belt of fine sand 2 to 3 
milcs wide and has been considerably modified in pla1::e8 by the 
wind. It covers a vertical interval of 12 to 15 feet. Farther 
east the sandy belt is narrow and ill defined to Beeman Creek, 
but beyond that it ''iB stronger to Sand Hill and widens north­
eastward. From Sworm ville eastward it lies 600 to 610 feet 
above sea level. 

The most perfectly formed beach ridge of J.Jake Tonawanda 
begins southeast of Tonawanda 'a quarter of a mile east of the 
Erie Railroad and half a mile north of' the southern boundary 
of tile quadrangle. It runs southeast and eaRt along the 
boundary to the Lehigh Valley Railroad and, although com­
posed of fine sand, to that point is not modified by wind action. 
l'~or about half a mile it lies a few yards sou til of the boundary 
line. Farther east are some dunes, but from Ellicott Creek to 
Getzville the beach is represented by three well-defined ridges. 
On the town-line road west of the Lehigh Valley Railroad and 
south of the boundary line the altitude of this ridge is 576 feet 
amI that of the shore line half a mile farther south 584 feet 
a bove sea level. 

Extending northeastward from a point near Hunts Corners 
and passing a little south of Swifts Mills is a slight steepening 
at the base of the morainic knolls which resembles a faint shore 
cliff. Its altitude at Swifts Mills is a bout 620 feet. It is not 
dellr whether this mark belongs to a low stage of Lake Lundy 
or to a high stage of Lake 'folla.wandu. 

Delfas and off-shore sand.-A well-defined gra,yelly delta Wf!S 

built by t.he east branch of Niagara River where it entered Lake 
Tonawanda. The greater part of the city of North Tonawanda 
stands upon this deposit, which is eomposecl in large part 

of fairly coarse gra \"el and covers about a square mile. In a 
number of excavations it is shown to have a maxi.mum depth 
of 6 to 8 feet, but it grows thinner toward its edge in the north­
ern and eastern parts of the eity. 

Along the south side of Lake Tonawanda were formed depos­
its of' fine sa.nd of' considerable extent, which a.re recognizable 
south of Getzyille, around East Amherst' and Swormville, 
a.round Sand Hill, and north of Swifts Mills. They contain 
little or no gravel and were derived in small part from the south 
shore of the shallow lake, but they are largely of the natUl'e of 
deltas. The deposit south of Getzville is related to Ellicott 
Creek, that neal' East Amherst and Sworillville appe-ars to 
belong to Got and Ransome creeks, and those near Sand Hill 
and Swifts Mills are related to Murder Creek. Perhaps some 
idea may be gained of the proportion of sand gathered by wave 
action from the lake bottom, compared with that contributed 
by the streams, by noting the large quantity of delta sand 
forming the ridges f'llst and southwest of Getzville and the 
small amount northwest of Hunts Corners, nearly all of which 
was probably derived from the lake bottom. 

Clay and 81:lt.-In the Tonawanda basin an extensive bed of 
silt and clay overlies the clay previously deposited in Lake 
Lundy. The silt predominated, but thin sheets of clay are 
interhedded with it. The deposit covers all the lower part of 
the basin and exicnds from a point half a mile west of the mouth 
of Gill Creek in the city of Niagara :Falls, N. Y., about to the 
old oxbow on Tonawanda Creek 2 miles southeast of Rapids. 
The borders of the silt are fairly well defined in most of the 
area but are less clear toward the east, where it thins grad­
ually. On a line running north through Martinsville the silt 
bed is nearly 5 miles wide, and elsewhere it. averages 2 to 3 
miles. Sections showing the silt to some depth were. seen in 
places along Tonawanda Creek, in new excavations on the Erie 
Canal, and in excavations in Martinsville, La Salle, and Niag­
ara Falls. In Martinsville a ditch ahowed 4 or 5 feet of strat­
ified vellowish fine sand and white silt with some reddi.sh 
layers~ of' clay at the bottom. In La Salle a ditch showed 
alternat.ing layers of yellow silt and gray clay to a depth of at 
least 5 fect. The clay occurs in greater quantity at this place 
Rnd a brickyard was formerly in operation there. At. the east 
boundary of the city of Kiagara Falls all ex(·avatioll for t.he 
new settling basin of the waterworks afforded a good view of 
the silts in a section about 8 feet deep, and there were small 
openin1:,'13 3 or 4 feet deeper. The beds are in thin laminre, the 
whitish silt alternating with greenish clay and in some parts 
'with fine yellowish sand. The silt bed is underlain by 18 to 
20 feet of the clays of Lake Lundy. Only on the flanks of 
drumlins and within the limits of the city of Niagara :Falls 
was the silt found resting on till or rock. 

D"posits of Glacial J ... k" lroquoiM. 

After the waters of Lake Lundy fell the glaeial waters of the 
Lake Erie basin became separated from those of the Lake 
Ontario basin, a.nd the new lake thus formed in the latter 
basin is known as glacial Lake Iroquois. It was held baek by 
an ice bllrrier which spanned the St. Lawrence Valley, and its 
outlet was at Rome, N. Y., through the Mohawk Valley to a 
marine estuary in the valley of the Hudson. The history of 
the waters of the Lake Ontario basin has not been fully 
worked out, but it is certain that the surface of La.ke Iroquois 
stood considerably lower at first than when it mllde the great 
Iroquois beach. (See fig. 10.) At some time during its early 
history there was a differential uplift of the Jand at the north­
east by which the outlet of the lake was raised, its waters were 
backed up on its western shores and the first beach was 
submerged. 

Newfane bea(!h.~Fragmenta.l'Y remains of a beach lower than 
the Iroquois beach were found in the eastern two-thirds of the 
quadrangle. Beginning a mile southwest of South Wilson 
this shore line extends in broken form eastward and northeast­
ward to the cast side of the quadrangle, but no certain eyi­
dence of it was seen toward the west. It attains its best 
development in the east€rn part of the t.own of N ewftme and 
may be called t.he Newfane or early Iroquois beaeh. Its 
washed-down and broken a ppearance and the stiffening of' its 
sands by infiltrated clay seem to a.fford evidence of submer­
genee and modification after this beach was made. In the 
eastern part?f Newfane the heaeh is a prolninent ridge of fine 
gravel exte'riding from south to north for 2t miles .• Begin­
ning about a mile north of the Ridge Road, it runs northward 
and curves around in a double hook to the east at its north 
end. It stands a.bout 4 feet ahove the grOlllld behind it, but 
its front slope is somewhat higher. There are smaller frag­
ments both above and below it at its south end. It runs like 
a, parapet along the western edge of the flat plain of' the town 
of Hartland and faees to the west and north over lower ground. 
This ridge was less modified by submergence than any of, the 
other fl"dgments of the beach, but it. shows considerable (,hange 
and has lower relief and more gentle side slopes than would 
be expected in an unmodified beacb ridge of sllch magnitude 
and in such a situation. The top of the ridge is about 370 
feet above sea level. Farther east, along the north line of 



Hartland, Hre four or five small fragmentary gravel ridges and 
a few sandy patches. One of the gravelly fragments is a mile 
north 'Of North Hartland. The others are near the east boun­
dary about 3 miles southeast of Barker. Between the frag­
ments there appears to be no definite evidence of the former 
existRnce of beach deposits except that the surface is more 
stony and bowldery than elsewhere. 

Three fragments in the southwestern part of Newfane are 
more gravelly. The southernmost one is more than 11 mile 
long and extends southward into Lockport. The fragments 
are irregularly arranged and appear to haye no connection 
with one another. 

One of the best-preserved fragments runs northeastward 
from the corne!' 1 mile south of East 'Vilson. It is a we11-
formed low ridge composed of coarse gravel. Another ridge, 
which is more sandy than the one just described, begins a 
mile east of East Wilson and ·runs westwfml about 3 miles. 
Another, standing at a slightly lower level, begins half a mile 
east of South Wilson, runs westward for nearly 2 miles, and 
then turns sharply to the south. It may be noted that the 
most conspicuous fragments of the beach, both at Sout.h Wih10n 
and east of Newfane, are on low salients of the land facing 
northwestward, and that the strongest parts of the Iroquois 
beach at a higher le\"el stand in similar positions. 

Nothing certainly representing the beach was found west of 
the hooked spit 1 mile west of South Wilson. It seems rather 
strange that the bench should be so completely destroyed o\'e1' 
wide intervals, but its preservation or destruction must have 
depended on many factors, such as its position with reference 
to waYes and currents and its composition. No certain evi­
dence Of an Iroquois level lower than the Newfane beach was 
seen in the Niagara quadrangle. 

Iroquois beach.-The Iroquois beach is one of the best­
known and best-developed old shore lines in the Great Lakes 
region. Although not so prominent as the Nipissing and 
Algonquin beaches of the upper lakes, it is, nevertheless, well 
defined and records one of the important stages of the glacial 
and lake history. Because of its promillent topographic relief 

. its position and course across the quadrangle are described 
under the heading "Topography." 

From the PAlstern bounda.ry of the quadrangle to a point a 
mile southwest of Dickersonville the shore line is a conspicuous 
gravelly and sandy ridge through the whole distance except for 
2 01' 3 miles north of Lockport. From the point west of Dick­
ersouville the beach ridge gives place "to a shore cliff tha.t con­
tinues to the east edge of the village of Lewiston. Thence a 
well-defined spit run's westward through the village to the bank 
of Niagara River, with a hook turning southward near the 
river and a longer one turning southward through the village, 
as is )yell shown qn the ma.p of the Niagara gorge. On the 
Canadian side the shore is marked by a cliff extBnding from 
the south edge of Queenston westward past St. David. Along 
most of this cliff the wave eutting was done close to the base of 
the escarpment. Elsewhere in the quadrangle the beach 
touches the base of the escarpment for only about half a mile 
at a place about 3 miles east of Lewiston, but from Lewiston to 
the creek west of Dickel'sonville the shore line is nowhere more 
than ha If a mile out from the escarpment. For about 2 miles 
eastward from a point west of Warrens Corner the beach ridge 
gives place to a low shore cliff Cllt. in the north side of a 
morainic ridge. A small fragment. of moraine a mile southeast 
of North Ridge is also wave-cut on its north side. 

From the east edge of the quadrangle the ridge extends 
nearly due west to the village of Ridge Road without a break, 
except where Johnson Creek passes through it. In this part it 
is well developed, but. it attains its grea,tRst height in the stretch 
extending southwestward from Ridge Roa.d past 'Vrights 
Corners, south of which it culminates in a short, high spit. 
Farther southwest a less conspicuous portion of the beach is 
carried, upon a bowldery morainic ridge, bnt around the head 
of the old bay the beach is still fainter and more broken. On 
the west side of the old bay a low but well-formed ,gravel ridge 
extends along the road west of Eighteenmile Creek. North of 
this is a great spit built southward from the east end of the 
morainal ridge east of Warrens Corner. From ,"Van'ens Cor­
ner the beach ridge extends nearly due west to North Uidge, 
beyond which it turns abruptly and runs south for more than 
a. mile, joining the earlier line that extends on to the wcst and 
southwest past Dickerson ville. 

The beach ridge varies considerably in its height ahove both 
the lake bottom and the ground back of it. Generally its crest 
is ]5 to 20 feet above the old lake floor HiO to 200 yards out. 
from shore, but for 2 miles east and 1 mile or more west and 
south of the village of Ridge Road and for 2 01',3 miles west of 
Warrens Corner its front slope (toward the lake) is less steep. 
At the ends of the spits on the east and west sides of the old 
bay at Lockport it...:;; top is nenrly 40 feet above the adjacent 
streams. The front descent from the spit at Lewiston is abrupt 
in the eastern part of the village, amounting to about 15 feet; 
from its outer end, near Niagara River, its descent is much 
more gradual. The northward descent from the moraine frag­
ment east of Warrens Corner ia very gradual-in fact, the 
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slope:;:. from the base of the shore cliffs are "genel"dlly more 
gradual than tbose in fro-nt of the bench ridges. The back 
slope (away from the lake) of t.he ridge is generally short and 
steep but differs considerably according to the relati.on of the 
ridge to thc features of the land behind it. North of Wrights 
CorneTS it rests against the front of a morainal deposit and has 
only a very :o;1ight depression behind it, and westward from 
Warrens Corner to the end of the ridge the back slope is 
generally less than 10 feet. At Ridge Road and eastward to 
the bend of Eighteenmile Creek the back slope is unusually 
high and steep, being 18 to 20 feet in 50 yards, and the 
relative height is increased to 25 feet. or more for nearly 2 
miles east of Hartland, where the creek flows close along thc 
rear of the ridge. For a mile east. of Johnson Creek the slope 
is also higher and steeper t.han the average. The back slope 
is high and steep in the eastern part of Lewiston bllt is slight 
toward 'Niagara River. 

In gener~l the beach ridge in the eastern half of the quad­
rangle is higher and more heavily built than in the western 
half. From the east edge of the quadrangle to Wrights Cor­
ners its top width is generally 300 to ,500 feet, affording room 
enough for a broad highway with houses and small garden 
plots on each side. The spits north of Lockport are still wider, 
being compounded of several ridges laid up together. West of 
'Varrens Corncr the ridge is generally not so wide. In Lewis­
ton, however, it is higher and wider. 

The beach is composed of sandy gmvel. The pebbles are 
well rounded and a large proportion of them are hard dark-red 
sandstone (Oswego?). In the eastern half of the quadrangle, 
especially in the gravel pits between Wrights Corners and 
Ridge Road and in the spit on the west side of the old -bay, 
the percentage of coarse gravel and pebbles 2 to 3 inches in 
diametRr is larger than ehiewhere. West of Warrens Corner 
the gravel is finer and the percentage of sand is greater. The 
spit in Lewiston is composed of rather coarse gravel where it 
leaves the shore cliff, but its material is perceptibly finer toward 
Niagara River. 

In three or four places gravel hars extend in different 
directions from that of the main front ridge. They are fairly 
prominent, though not equal to the main beach, and their 
posItion with respect to that beach shows clearly that they 
were formed first. One of them about 3 miles long passes a 
mile south of ~orth Ridge and forms the nOl'mal eastward 
continuation of t.he ridge from DickersonviUe. The northern 
or main ridge springs from it at a point about 2 mileR west of 
Warrens Corner. Another short fragment southwcst of North 
Ridge runs half a mile eastward int.o the space inclosed by the 
other two ridges and is entirely out of harmony with them. 
This spur seems to show the presence of some obstructing 
feature, possibly a morainic knoll, which sLood some distance 
to the west and from which it was thrown eastwar(l as a spit. 
Another light back ridge 2 miles long runs eastward a mile 
south of Ridge Road and curves around to the Routheast. 
West of Johnson Creek foul' or five light ridges run a quarter 
to half a. mile southeast from the main ridge. They project 
like spits and suggest an earlier position for the main shore 
line; running probably about a mile north of Hartland. 

There is also a faint record of a stage of Lake Iroquois pre­
ceding t.he stage of the back ridges just described, for along the 
south side of the East Branch of Eighteenmile Creek from 
the bend east of Hartland to the bend south of Wrights Cor­
ners there is a low, faint shore cliff cut by wave action, and 
south of the village of Johnson Creek is another fragment of 
,the same kind. This faint shore line was made earHer than 
either of the beaell ridges in.front of it., but the ridges appeared 
<;Joon after its formation find protected it from further attack. 

As a result of the rise of the lake level from the Newfane 
beach to the Iroquois beach the whole surface of the country 
between them shows strong evidence of submergence and modi­
fication. The surface is nearly aU stony or sandy and in cer­
tain parts is covered with many bo~lders. What may be 
called the' srirf-wasted or severely wave-washed belt along the 
front of the IrOqUOIS beach is more or less bowldery or stony 
across the whole ,,,,idth of the quadrangle. This' belt begins at 
the base of the beach ridge or of the shore cliff and extends out 
half a mile or more to the flatter part 'of the old lake bottom, 
its width depending mainly on the slope of the land. It is 
commonly half a mile to a mile wide, but in Hartland it extends 
3 or 4 miles north of the beach. 

The crest of .the Iroquois beach ridge lies at Lewiston 375 
feet above sea level and at the eastern boundary of the quad­
rangle 411 feet, making a rise of 3f.) feet in 28 miles in a direc­
tion N. 80° E. 'fhe variations of altitude and deformation of' 
this beach are discussed under the heading "GBologic history." 

Spits.-The larger gravel pits just north of the landing at T-,ew­
iBtoJ;l show one of the most remarkable sections of Pleistocene 
gravel to be seen in the region. -The beds are of clean gl"dYel 
and include some coarse layers consisting of large pebbles with 
no filling between them. Fine and coarse layers alternate in 
sharply defined beds. Some of the stones are 8 to 12 inches in 
diameter. Most of the material is well rounded, but some of 
the larger stones are not, their edges and angles retaining some 

prominence. The gravel is bedded, the beds dipping steeply 
sout.henstward, in some places nearly south, in others nearly 
east, and there is almost no evidence of ordinary cross-bedding. 
Only in one or two plru;es has even the slightest discordance 
of' bedding been observed. The most remarkable aspect 
of the deposit is the depth of t.he gravel and the depth to 
which the inclined beds go without break or cha.nge. At 
times the exposure has shown individual beds running to a 
depth of 40 feet and the bottom was not then exposed. A 
considerable part of t.he gravel is cementRd into a hard con­
glomerate. The deposit appears to be thickest at the pits, but 
it extends northward along the bank of the river for half a mile 
or more, thinning out in that direction. On the surface the 
beds give no evidence of their presence except that. the ground 
is stony and sandy; thelr surface is merely a part of the surf­
worn plain lying :in front of the Iroquois beach. A similar 
bed of gra vel occurs on the Canadian side and extends to a 
depth of about 20 feet near the house of John Kerr, but there 
arc no fresh excavations to show the structure. The ridge of 
the Iroquois beach or spit that runs west through the village of 
Lewiston comes to the bank of t.he river at the gravel pits and 
unconformably overlies the coarse, steeply incli.ned beds. The 
beach is composed of fine gravel or coarse sand, entirely unlike 
the material of the inclined beds. 

Some of the characterist.ics of the coarse gravel suggested at 
first. that it may be a bar of the i.nitial Lewiston torrent, but 
exca vations haye gone on more rapidly in the last five years and 
the new exposures, coupled with the finding of the bones of a 
mastodon at a depth of 18 to 20 feet in the gravel, seem to 
show that it is of Iroquois age. Gravel was drifted along shore 
from the east and was built into a large spit that. pushed out 
into the deep water of Niagara RiYer and at its west end hooked 
around to the south. The inclined beds shown in the pits 
appear to have been built off' the south end of'the hook or on the 
rear side of a subnqueons bar. The work was done mainly soon 
after the level of Lake Iroquois was raised from t.he Newfane 
level and probably in part during the transition, the spit dur­
ing that time migrating up the slope. As the shore line W!lS 
cut farther into the land the upper part of the older gravel was 
cut off. 

Deltas.-Two rather large deltas of the same age as the New­
fane beach occur within the qmtdrangle. The larger one, which 
shows more clearly modificat.ion by snbmergence, lies in the 
Iroquois embayment north of Lockport. It covers an area of 
about 5 square milcs and at the present time shows little that 
suggests a delta. It is chiefly a st.ony plain, being covered with 
many bowlders and cobbles but. carrying no great quantity of 
gravel. The coarse mat.erials are simply the residue of the 
delta, the finer parts of which were loosened by storm waves 
anclswept away during t.he later submergence. The gravel was 
carried up to the Iroquois beach ridge. A similar deposit 
thought to be the residue of another delta of the Newfane stage 
of the lake, extends about 2 miles north of Lewiston. Many 
of the stones which formerly coverecl it have been removed, so 
that neither the stony surfilce nor the limits of the old delta 
are clearly marked. 

Clay.-Fine pebblelcss lake clays partly fill the shallow 
troughs between the elongated till ridges in the district between 
Olcot.t and Youngstown and cover a part of the plain bordering 
the lake shore. They are whit.ish or light gray and in some 
places contain a small proportion of silt but no sand or coarser 
materials. The clay does not cover the crests of the elongatRd 
till ridges but is confined to the troughs. Tts altitude ranges 
from about 260 feet at the lake shore to 330 feet in some of the 
troughs 3 miles northeast of Lewiston. 

Silt and sand.-The small silt plain southeast of Wrights 
Corners covers scarcely more than a square mile but is well 
defined. . 

Besides the coarser sands associated with the Newfane and 
Iroquois beach ridges there are seyeral areas of fine sand. on 
the bottom of Lake Iroquois. The principal deposits a.re 
around Ransomville, near Olcott, east alld west of Somerset, 
and east of Barker. An are made up of ~ne yellowish sand, 
more or less modified by the wind and for that ·reason are of 
irregular depth~from a few inches to 15 feet.. A few of the 
wind-blown knolls and ridges seem large enough to be called 
dunes, but for t.he greater -part the surface has merely irregular 
inequalities .. 

Most of the deposits of fine sand in the quadrangle appear 
to be lake-bottom sands, but those near Newfune stand in such 
relation to streams and shore lines as to suggest t.hat they may 
be in part delta deposits. The lar~e sand area cast of Newfane 
extends about 5 miles from southwest to northeast a.no is ne!lrly 
2 miles wide. It lies on the slope just below the Newfane 
beach and appears to be the lakeward or outer part of the New~ 
fane delta north of Lockport, more or less modified by wave 
action uuring the higher stage of Lake Iroquois and by wind. 

Gra'vel bars of initial torrents.-The first streams that flowed 
from Lake Tonawanda over the escarpment when the waters of 
Lake Lundy fell and early I--,ake Iroquois was formed scoured 



t.l;le drift from their beds vigorously and hegan to build deltas 
where they entered the lake. But the lake waters below the 
escarpment were then falling at a comparatively rapid rate, so 
that the streams did not succeed in making true deltas but built 
instead gravel bars. The most notable results of this process 
may be seen along the course of the Gasport spillway. Mr. 
Gilbert mapped the gravel bars and found the highest one in 
the east edge of Gasport at an altitude of about 520 feet above 
sea level and four others farther down the stream, the lowest 
being about 100 feet lower. North of Lockport two such bars 
were found, one on each side of the exit from The Gulf. The 
bars, so far as observed, are composed largely of coarse, partly 
subungular material gathered from the drift-paved beds of the 
streams. 

In 1913 excavations on the Iroquois spit in Lewiston showed 
several feet of rather fine beach gravel and sand and at the 
bottom a bed of the same coarse rubblestones with gravel and 
coarse sand filling that fo~ni the torrential hal'S and the bars 
in the old channel near Niagara Falla. But the deposit was 
not exposed on the surface and so is not mapped. The deposit 
is .quite unlike beach gravels and was probably laid down by 
the initial torrent and afterward covered up by the gravel of 
the Iroquois beach. 

Gravel bar8 in old channels of Niagara River.-While the 
falls were below The Whirlpool the river above that point was 
flowing in a s~allow channel, like that in which it now Hows 
from Buffalo to Chippawa. This channel was cut mainly in 
drift, and in the cutting process the fine material was washed 
out and carried away while the gravel was formed into bars. 
There are not lDany such deposits in the old bed of the river, 
but some small ones are well known because of the fossil shells 
that have been found in them. These gravel deposits are 
shown on the map of the Niagara gorge. Small gravel bars 
occur On both sides of the old channel just south of The 
Whirlpool, another on the Canadian side south of Eddy Basin, 
and two on Muddy Run. The bar 1500 to 2000 feet south of 
Hubbard Point, on the Canadian sidp., is larger and well 
defined. It is almost 700 feet long and 300 feet wide and is 
composed largely of coarse material including subangular 
stones a foot or more in diameter. An excavation indicates a 
depth of at least 6 or 7 feet The filling between the larger 
bowlders, is gravel and coarse sand, and it is in this filling 
that the fossil shells are found. 

Much the largest of the gravel deposits connected with 
Niagara River are on Goat Island, in Prospect Park, and in 
the city of Niagara Falls, N. Y. Gravel beds cover about 
two-thirds of Goat Island-the whole of its west end and its 
south side eastward to the Three Sisters Islands. The coarsest 
portion of the deposit is at the upstream or eastern part of the 
island. The same cqarse rubblestones, with filling of gravel 
and coarse sand, characteriie this part and are well displayed 
in a pit recently opened east of the pa,rk commission's barn. 
Toward the west the surface of the deposit is slightly lower and 
the gra.vel is finer and more even in grade. Near the west end 
it is 10 to 12 feet deep. The gravel shows in the top of the bluff 
in the south and west sides of the i3land. Gravel has been 
taken from a large pit a little back from the south bluff, but the 
pit is now used as It dumping ground for rubbish. The gravel 
was well displayed there to it~ full depth and may still be seen 
in the north end of the pit. This pit was ilie richest of the 
Niagara localities for fossil shells. 

Grabau a gives a list of Quaternary fossils of the Niagara 
region compiled by Miss Elizabeth J. Letson, of Buffalo, co~~ 
prising a total of 31 species from seven localities. A greater 
number of species (28) were found on Goat Island than at any 
other place. The localities given a,re Goat Island, Prospect 
Park, Queen Victoria Park, Muddy Run, The Whirlpool on 
both sides of the river, and Foster Flats. 'rhe list is as follows: 

Pleurocera 8Ubulare Lea. 
Goniobasislivescens (Menke). 
Goniobasis liveseens niagaren-

Bis(Lea). 
60nlobasis haldemanni Tryon. 
AmDieola !imOM (Bay). 
Amnioola letBolli Walker. 
l!;ythinella obtnsa (Lea). 
Pomatiopsislapidari& (Bay). 
Valvata tricarinata. Bay. 
Valvata cincera Bay. 
Campeloma decisa 8ay. 
Limnrea colnmella. 811.Y. 
LimnlIla desidiosa Bay. 
Linlllrea cataBoopinm Say. 
Physa beterostropha Say. 
Planorbis bicarillatus Say. 
Planorbis pa1'V1ls Bay. 

Bphllll'inm striatinum (Law.). 
Bphmrinm stamineum (Collrad). 
Pillidium vlrginicnm Bourg. 
PisldJum oompressUiu Prime. 
Plsidium abdttulU Haldeman. 
Pisidinm nltra·montanuUJ Prime. 
Pisidium IIcutellatnm Bterki. 
LampBilis rectus (Lam.). 
LampsiIIs ellipsiformis (Conrad). 
Alaemidonta calceola (Lea) 
AJasmldonta. traneata. (Wright). 
Unio gibbOllus 1Ja.rnes. 
Quadrula IIOlida (Lea). 
Quadrula coccinea (Conrad). 

The largest deposit is in Prospect Park and the city of 
Niagara Falls, N. Y. The gravel covers the entire point, 
including Prospect Park and an area extending two blocks 
eastward. Here, as on ~oat Island, the gravel is coarsest in 
its eastern or upstream parts, where it shows very coarsli! suo~ 
angular stones of the size used in rubble construction work, 
with a filling of gravel and coarse sand. In May, 1913, an 
excavation on the north side of Falls Street about- 100 feet 
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east of Prosp~t Street showed material of this kind at a 
depth of 9 to 10 feet, coJ;ltaining large numbers of U nio shells 
in a soft and fragile condition. The gravel becomes finer west­
ward, toward. Prospect Point and the International Bridge. 

Beyond the mouth of the gorge, in Queenston and a little 
south of Lewiston, are two gravel bars on opposite sides of the 
river. On the Lewiston side the gravel does not appear to be 
deep, but at Queenston it seems to have a depth of 10 to 15 
feet. Both bare are C?mposed of gravel of the same character 
as that on Goat Island-ooarse rubble with gravel and sand 
filling, growing finer downstream. They appear to lie in a 
channel of later date than the cataract basin that was exca­
vated by the initial torrent, but it is possible that they were 
formed by it, for the level at which th~y lie (320 to 330 feet 
above the sea) is only a few feet below the Newfane beach. 
Originally the two bars probably formed one continuous 
deposit across the space through which the river now passes. 

Two miles north of Lewiston the old bed of the river at 
Fivemile Meadow is floored by coarse gravel similar to that 
seen in the bars above, and it shows in the bank on the oppo­
site side of the river. It is only 10 to 30 feet above the river 
and probably belongs to a slightly later time than the bar at 
Queenston. 

RECENT SERIES. 

Gravel har8 in old channel of Niagara River.-Most of the 
Niagara gorge and most of the old channel of the river are of 
Pleistocene age, but SOlDe ·part of each is Recent. Since they 
began at the escarpment near Lewiston the falls have worked 
back to their present position without interruption and there­
fore it is uncertain where the dividing line between Pleistocene 
and Recent shall be placed in the gorge. This problem is dis­
CUSSM under the heading "Geologic history." It seems certain 
that the gorge, from the upper side of Eddy Basin to the 
Horseshoe Falls, should be regarded as Recent. The old river 
bed on the west side from a point 1500 or 2000 feet south of 
Hubbard Point to the head of the upper rapids is probably 
also of Recent age. This part of the old channf'l includes at 
least two gravel bars made by the rapids when they were 
cutting the embayments in Queen Victoria Park, and these 
bars therefore likewise belong to the Recent series. One is 
the large deposit opposite the upper rapids, about 2000 feet 
south of the Horseshoe Falls; the other is the small bar 
directly opposite the American Falls. The bar 1500 to 2()()() 
feet south of Hubbard Point may belong to the Recent series, 
but as it is at the same level as the gravel beds on Goat Island 
and in Niagara Falls, N. Y., which are Pleistocene, it probably 
also belongs to that series. 

south. It contains only 2· or 3 feet of muck. Another swamp 
2 miles west of Pekin covers about It square miles and the 
l1Juck is 3 or 4 feet deep. It owes its e~8tence to the Barre 
moraine, which obstructs drainage to the north. Swamp areas 
nearly as large lie northeast of Royalton, east and southeast of 
North Hartland, and east of St. Johnsburg. Other smalkr 
swamps covering half a square mile or less are scatte~ widely 
over the quadrangle. Two are ~n old oxbows of Tonawanda 
Creek and one is in an old channel of Niagara River in the 
northeastern part of Suspension Bridge. 

Flood plains.-Niagara River has no ~ood plain of sufficient 
width or extent to be mapped. Eighteenmile Creek has a well­
developed Hood plain in its gorge between Newfane and Olcott, 
but it is too narrow to be shown on the map. Tonawanda 
Creek and WeIland River flow in narrow steep-sided trenches 
and have flood plains too small to be mapped. . In fact, no 
stream in the quadrangle has a Hood plain ~e enough to war~ 
rant mapping. , 

8h.ore deposits.-The accumulations of gravel and sand that 
were gathered by wave and current action on the shore of Lake 
Ontario are too small to be represented on the map. The larg~ 
est deposit is at Olcott, where Borne short gra~l and sand bars 
were built across a small embayment of the shore on the west 
side of the mouth of ~ghteenmile Creek and inclosed a small 
pond. 

STRUGl'URE. 

GENERAL FEATURES. 

The structural featurE'B of the quadrangle are of simple type. 
Notable faults or anticlinal Hexnres are unknown, the strata 
having been 80 little disturbed by orogenic forces thai they 
geuerallyappear to lie perfectly horizontal in a single exposure. 
Observations made over any considerable area, however, show 
that the rocks do not really lie horizontal but dip generally to 
the sonth. The gentle rise of the rocks toward the north is 
shown graphically in the structure section fOn:Ding figure 6. 
This monoclinal attitude is the main feature of the east-west 
trend of the strata of this quadrangle-a feature that is" general 
throughout western New York. 

The southerly dip between St: David and the falls is about 
29 feet to the mile. The Niagara gorge affords an excellent 
section about 7 miles in length across the strike of the rocks. 
Beiween the New York Central Railroad bridge and the elevator 
shaft at the falls the beds dip to the south at an average rate of 
28t feet to the" mile. The rate of dip along the northern two~ 
thirds of the gorge is somewhat less. The southerly dip, com­
bined with the northerly descent of the liver in the gorge, 
causes the beds of the section to pass below water level in close 

FIGURE 6.-Section of the rooks along a south-north line passing through Wolootteville and .Johnson Creek post office, near 
the east edge of the Niagara quadrangle. 

Don, ODoudagallmestoDe; S~k. Cobleskill dolomIte; So. SalinEl formatloD, with Bertie Umest<.me member (Sb); SI. Lookport dolomite; Sc,C1intolltormation. 
with Rochester sbElle member (S.); So, Albion sr.wlBtone; SQ, Qneenst:on !!hale. 

HorlzonlBl scala, t lnoh_4 miles. VertiBuJ.IlCala, Ilncb=approrlmately IlOOOteet. 

In general relations, composition, and structure the Recent 
gravel in Queen Victoria Park is very similar to that on 
Goat Island and in Niagara Falls, N.·Y. The bar west of the 
upper rapids is now almost obliterated by the park and power 
improveme"nts and shows no good exposure for fossils. but it 
was formerly one of the richest localities. A. P. Coleman a col~ 

lected the following species at this locality some years ago: 
PleW'ocera subuIara Lea. 
Gontobllsis livescens Menke. 
Phyaa helierostl'Ophia. Say. 
Limnma dellidiosa. Say. 
Sphrerium soUdulum. 
Bphwrium strlaMnum Lam. 
Unto gibbos~ Barnes. 

lJ.nio luteolus. 
Uniorectu8. 
Unio clavus. 
Unio occtdenll. 
Quadrnla lIolido. Lea. 
Quadrula coooinea Conrad. 

By boropari~g this list with that of Miss Letson, given above, 
it will be seen that Coleman reports five species not found at 
any of the other localities. All the other fossiliferous gravel 
beds at Niagara are older than this one, a fact which may 
account for the difference. 

Talus in Niagara go~.-The accumulations of talus at the 
base of the cliffs in the Niagara gorge belong to the Recent 
series in that part of the gorge which was made in the Recent 
epoch, and in a less degree the older talus accumulations have 
grown larger in the same time. The talus is composed of great 
numbel'B of huge blocks of limeStone with filling of finer talus 
material, partIy limestone and partly shale. In many places 
the large blocks are covered almost entirely by the finer mate­
rial. Under the American Falls and the northern part of the 
Horseshoe Falls the fine material has been removed and ·only 
the large blocks remain. 

Swamp deposits.-The largest swamp iIi the quadrangle is in 
the southern part of Amherst and covers about 3 square miles. 
It lies in a Hat basin between shore and delta sands of lake Ton~ 
awanda on the north and the Niagara Falls moraine on the 
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succession from Lewiston to the falls. The top of the Queens­
ton shale, which is 115 feet above the river at the Lewiston 
bridge, passes under water at the upper end of Foster Flats. 
At the foot of the falls the top of the Albion sandstone reaches 
the level of the river. 

A group of more than 20 wells drilled for the Tonawanda 
Gas Co. affords complete data concerning the rate of dip in the 
southern part of the quadrangle, about Getzville, the depth to 
the top of the Albion sandstone being recorded fo-r each well." 
Calculation of these records shows a dip of 42.7 feet to the mile 
between the northernmost and southernmost of the Getzville 
wells. The minimnm mte of dip within the area of this group 
of wells is 34.6 feet. The exceptional depth of the Albion 
sandstone in one of two wells that are oriented in a northwest~ 
southeast line gives a maximum rate of 44 feet to the mile. 
The rate of dip elsewhere in the district between Tonawanda 
Creek and the south edge of the quadrangle averages about 40 
feet to the mile, so that the prevailing dip in the portion of 
the quadrangle near Niagara gorge, which lies farther nortb, is 
about 12 feet to" the mile Jeas than in the area about Getzville. 
The available facts indicate that along an east-west beIt .of 
territory"in the southern part of the quadrangle the southerly 
dip of the rocks is about It) or 12 feet greater to the mile than 
in the contiguous territory on the north, embracing the middle 
and 'nbrthern portions of the quadrangle. This fact is one of 
much economic importance, as will be pointed out in the dis~ 
cussion of the natural~gas supply of the area. 

LOCAL FEATURES. 

Antictines.---8everal local features that form exceptions to 
the gentle southerly declination of the strata have been 
observed in this region. 

A series of low anticlinal Hexures in the Lockport dolomite 
are exposed southwest of Lockport along the canal, opposite 
the milepost on the cano.l rood. The arches rise 2 or 3 feet, 



Two Rmall anticlines occur in the Rochester shale member of 
the Clinton formation in the bed of the" gulf" at Gasport. 

Local flexures appeal' to be much more common in the 
comparatively soft strata of the Queenston shale than in the 
limestones. Local buckling of the beds affecting a small area 
has been observed at several localities. In the bed of Six­
mile Creek east of Youngstown one of these local bends of 
the'strata has given the shales below the second bridge a dip 
of 5"'-lW S. A broad, low anticline of small extent is exposed 
near the beach north of Somerset. 

A few small flexures in the Queenston shale occur in the 
outcrops near Wilson. Two of the anticlines are of special 
interest because they afford definite evidenC'e as to their rela­
tive ages. The more recent one is situated above the crossing 
of the east-west road at the head of the Hopkins Creek 
estuary. It follows the stream bed for a few rods and runs 
into a second bottom, where it is continued as a ridge with 
about 2 feet of uplift. The covel' of alluvium is about 2 feet 
thick and has been lifted into a ridge corresponding to the 
course of the anticline. Where this ridge enters the Hood 
plain of a later stage of the stream it has been partly obliter­
ated. Thus the date of tlle uplift is definitely marked in 
terms of creek-terrace history, having been developed since the 
termce was formed but before the latest stages of' stream ero­
sion. As the stream and its terraces are of postglacial age, the 
uplift is very rccent. This anticline trends N. 25° W. and lies 
parallel to the canyon of the creek. It is probably a secolld­
Ilry result of erosion, the removal of overlying beds permitting 
relief from compression to develop local arches. 

The other anticline whose relative age is known had a very 
different genesis. It is located at Thirtymilc Point, on the 
shore of Lake Ontario just east of the Niagara quadr:mgle. 
This remarkable flexure trends northwest and southeast. The 
waves have exposed a cross section of the beds in a cavelike 
opening at one end. The shales here are broken and form an 
abrupt V-shaped arch which is overturnec1 landward. The 
overturned arch bas been thrust toward thc southwest in such 
a way as to overlie and include in the resulting horizontal 
trough a pocket of glacial till, as shown in Plate XIX. This 
arch can be traced for a distance of 10 rods and ends in the 
lake bluff. All the features connected with this fold indicate 
that it is the result of pressure exerted by glacial ice from the 
northeast during the glacial epoch. 

Although the fold at 'l'hirtymile Point appears to be clearly 
the result of ice pressure, it is probable that most if not all the 
other flexures that have been observed are the result of loeal 
stresses in the strata. They have doubtless developed at different 
times, but all are probably of comparatively rccent date. 

Fault.~.~Faults occur in the softer rocks of this region, 
chiefly in the same beds that are affeded by most of the loczl 
anticlines. None of the faults show more than a few illehes of 
throw. Like the anticlines, they have no uniformity of trend 
and are no doubt the product of' special local stresses. 
Although very diminutive, the faults exhibit an interesting 
variety of types. Examples of some of these will be described. 

On the Lake Ontario shore north of Somel'8et a vertical 
fault trends N. 60° W. and has a throw of 5 inches to the 
southwest. 

Near Keg Creek on the Ontario shore a thrust fold is 
exposed in the shale. Its dip is about 300 W. and the vertical 
displacement is about 20 inches. Ncar by another thrust fault 
dips in the opposite direction. 

In the bed of Twelvemile Cref'k half a mile or more above 
·Wilson there is a sman thrust fault which dips 600 N. and 
trends N. 75° W. The vertical displacement is only 2 inches. 
Three thrust faults ill the same vicinity are separated by inter­
vals of 3 and 15 feet. Two of thesc trend N. 85° E. and the 
third east and west. They dip 45°-55° S. nnd have throws of 
5, 8, and 4 inches, respectively. 

A group of four thrust faults with a total displacement of] 3 
inches occurs on the shore of' Lake Ontario north of Somerset 
in close association with a normal fanlt. The thrust faults dip 
700 S. 10° ,V. and the normal fault dips in th~ opposite 
direction and has a displacement of 2 inches. It appears evi­
dent from these faults that at some points the stresses have 
been effective in opposite directions at different times within 
thE' period of faulting. 

J01:nt13.-ln common ,,,ith nearly all indurated rocks the 
shales, sandstones, and limE'stones of this region are character­
iz:ed by joints. In places in the Queenston shale these 
extremely narrow vertiqal fissures are rendered cOllspi('uous 
by greenish or light-colored bands, an inch or two broad, 
which mark their course across the dark-red shnles. Such 
bands are well displayed at the east end of the Lewiston 
bridge. The discoloration of the red shale along the Yf'rtical 
joint seams which traverse it at intervals commonly of a few feet 
is evidently due to chemical changes in the iron oxides effected 
by the waters percolating through the joints. In some local­
ities the joints are rather widely spaced in these shalcs; in 
others they are very near together. In the channel of Sixmile 
Creek east of Youngstown 30 joints were observed in a space 
of 62 feet, the interspaces having an average \vidth of about 2 
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feet. The QneenRton shale contains a system of joints with a 
general east-west trend which shows considerable uniformity 
in direction. A large number of observations made by Gilbert 
on the direction of the joints of this system shows that in most 
of them it falls within 10° of' east and west. They are there­
fore parallel with the general direction of the strike of the 
Paleozoic rocks of the region. 

In the limestones the joints are a potent factOT in the dis­
ruption and erosion of the .strata. They are effective in this 
way both by permitting aqueous solution of their walls and 
by affording a chauce for frost action. In quarry faces and 
cliff exposures the widening of joint openings has as a rule 
been slight, but probably nearly all the joints have been per­
ceptibly widened by solution. In the Lockport dolomite, 
which forms the rapids above the falls, thE' positions of some 
of the joints are marked by wide and d~ep crevices in the 
rock, ·which have resulted from the corrosion of' the joint faces. 
The formation of these crevices along inrersecting joints has in 
some places left bowlder-like masses of limestone, which stand 
above the limestone floor in the shallower parts of the rapids. 

A few slIlall caves have been produced in the Lockport 
dolomite by the enlargement of joints. One of these, a guarter 
of a mile northwest of' Loekport Junction, near the roadside, 
1S of cylindrical shape and has diametel'8 of about 28 and 30 
inches at the mouth, narrowing to 12 inches a few feet inside. 
A small spring issues from the eave. 

Another small cave, known as Devils Hole, occurs in the 
basal beds of the Loekport dolomite on the east side of the 
Niagara gorge. This cave can be entered for a distance of 
about 50 fcet, beyond which it narrows to a width clearly 
indicating that it is a widened joint. 

Several small U\yes are situated near the mouth of Fish Creek 
in the Gasport limestone member at the base of' the Lockport 
dolomite. One of these followB a north-south joint for 100 
yards or more. 

GEOLOGIC HISTORY. 

PALEOZOIC ERA. 

GENERA.L OU'l'LTNR. 

All the eonsolidate(l rocks that appear at tile surface in the 
Ningara region are sedimentary beds and represent deposits 
laid down 011 the sea floor. The body of water in whieh they 
accumulated ehanged in size and outline from time to time. 
Dlll'ing tile early part of thc sedimentation it was the broad 
northeastern arm of an extensive interior Paleozoic sea. 

The wille gulf' in which the Paleowic sediments of the region 
east and southeast of' the Great Lakes accumulated has been 
called the Appalflchian gulf. In the northern portion of this 
inland gulf the 3600 feet of seuiments which lie above the 
Laurentian gneisses of ihis region, ineluding at the top the 
Ouondaga limestone, were deposited. During the greater part 
of tne period of deposition of the strata of this region the 
Appalachian gulf' extended northward into eastern Canada 
and had for its northern coast line the crystalline rocks of 
Laun;mtia. Along the east and southeast coasts of the gulf' 
lay II lalld mass, probably of continental dimensions, which 
appears to have included portions of eastern New Yark, New 
Jersey, Pennsylvania, Maryland, and Virginia, and which 
extended all unknown distance eastward and southward. The 
position of the northern shore line of this old sea varied widely 
at different periods during the Paleozoic era, sometimes retreat­
ing and Hometimes advancing. At the end of the 8ilurian it 
retreated to dIe southeast, leaving northwestern New York 
aboye the AeH for a long period, during which it formed a part 
of the Jlorthwcstern shore of the Appalachian Gulf. This 
retreat was followed in middle Devonian time by an advance 
which again added the region to the domain of the sea, where 
it remained throughout the rest of Devonian time. Other 
oscillations of the sea floor took place durin~ Carboniferous 
time in the adjacent region on the south, and both deposition 
and erosion played their parts in the geologic drama. 

ORDOVICIAN PERIOD. 

The evidence of the earliest known mnrine invasion of this 
region by the sea is furnished by Ordovician limestoneE, which 
do not appear at the smface in the NiagHra quadrangle but out­
crop 011 the north side of Lake Ontario and farther east in New 
York. Pale07,Oic sedimentation in the region may have begun 
with the deposition of a thin sand deposit of Cambrian age but 
of this there is no available evidence. The accumulation of 
more than ~oo feet of Ordovician limestones, including the 
Beekmantown, Trenton, and Black River, indicates that the 
Ordovician submergence equaled and may have excePlled in 
duratioJl any which followed. This lIlay have been due in 
part to thc low relief of the land invaded by the alhancing sea. 
The great thickness of the calcareous deposit and the compara­
tive absence of argillaccous and sandy matter in it testifY to 
the subdlled character of the huu1 and the inactivit.y of erosion. 
~ IlmeronR minor oscillations of the sea floor took plaee and 
laicl bare pnrts of the lan(l, producing minor unconformities, 
overlaps, and local conglomerate deposits. 

The accumulation of limestone was followed by the deposi­
tion in the sea of large quantities of argillaceous sand, which 
now forms the Lorraine shale, showing that erosion of the land 
had become more active, and that the streams were C3,I'rying 
fine silts freely to the sea. This erosional activity increased 
greatly during the deposition of the coarse sands of the Oswego 
sandstone and then relapsed somewhat while the fine silts of 
the Queenston shale were deposited. Whether or not vertical 
movements and emergence of parts of the sea floor in this part 
of the region took place in Oswego time is not certain. The 
long pel'8istence of Qlleenston conditions is shown by the thick­
ness (1200 feet) and uniformity of the deposits. 

Striking features of the Queenston shale are its bright-red 
color and its apparent lnck of organic remains. Various factGl'S 
may have operated to produce the partial or complete barren­
ness of these beds. It is not easy to determine the environ­
mental factor or combination of' factors to which the paucity 
of a living marine fauna is due, and the task of accounting for 
the paucity oran extinct fauna is doubly difficult_ It is impos­
sible to say with certainty, for example, why this area, which 
was crowded with marine life dming RoehE'Rter time, was 
almost or quite destitute of life during Queenston time. Any 
one of two or three hypothetical sets of conditions may be 
assumed to explain the absence of molluscan life in the Qlleens­
ton sea. The possibility that a land surface existed in the 
region before the Queenston sediment was deposited, together 
with the evidence of certain fossils found in t.hese beds at 
other places, makes it doubtful whether the formation should 
be referred to the Ordovician or Silurian. Whichever of'these 
possiblc conditions may have dominated, it is clear that those 
which prevailed were very unfavorable to animal life. It is 
highly probable that the Queenston deposits were laid down at. 
no great distance from the shore of It land which was slovdy 
rising and from which were transported to the sea the fine red 
muds due to long decay of the land surface. Although the sea 
was shallow it did not fill up with sediment and this indicatt's 
that depression apparently accompanied the sedimentation. 
Thus deposition and shallowing of the sea did not reach .a stage 
which would permit the development of cross-bedding. 

SILURIAN PERIOD. 

The rocks formed from the white and red sands and muds 
whieh were laid down at the beginnin§!: of the next cycle of 
deposition exhibit a striking development of wave marks and 
cross-bedding, indicating deposition near the shore in compara­
tively shallow water. These coarse sandstones record the maxi­
mum activity of erosion and sedimentation in this region. 
During the deposition of the sands which later hardened into 
the Albion sandstone the northern shore line of the Appala­
chian gulf probably retreated to a more southerly position than 
it reached again before the close of the Silnrian. If the Albion 
sandstone is in part the equi valent of the much coarser Oneida. 
conglomerate toward the ea13t, as now seems probable, its mate­
rials were probably derived from the east or northeast. The 
eastward increase in the size of the fragmental materials from 
sand.to coarse conglomerate toward an old lanEl area of that 
time, which is represented by the Adirondacks, points toward 
this region as one of their sources. 

The extreme scarcity of or,!.,ranic remains in the Albion sand- . 
stone compared with their -great abundanc~e in parts of tl~e 
Silurian sell, in which it was doubtless deposited, has led some 
geologists to deny its marine origin nnd to assume that it is a 
continental formation. The insufficiency of this kind of evi­
dence is apparent, however, when it is considered that off 
some parts of' the present coast line of Great Britain scarcely a 
single mollusk can be found, while in other more favored areas 
of the British seas" part of a mussel bed may have a popula­
tion of 16,000 mollusks to every square foot."<1 It seems to 
have been true of the Albion sea, as it is of' the present sea, 
t.hat "tracts of sand when of great extent m-e unfavorable to 
the spread and variety of aqnatie forms of life, even as they 
are obnoxious to terrestrial creatures." b The Albion sand­
stone has a considerable extent in a general east-west direction, 
reaching westward across Ontario to i:ake Huron, beyond which 
it is unknown and probably merges into shale, Y'lhile toward 
the e.ast it is reported to extend nearly 150 miles and t.here to 
merge into a coarse conglomerate. It appears l"Jther clear that 
in this region it repre-sents near-Bhore deposits supplied by sed­
iment-laden rivers in the Canadian and Adirondack highlands 
to t.he north and northeast. 

The Albion sedimentation was followed by the deposition 
of argillaceolls mud and then of limy mud. that formed the 
lower part of the Clinton formation. This complete change in 
the character of the sediments may have been brought about 
by a moderate deepening of tilis portion of the sea and the 
northward shifting of the shore hne. At least deposition of 
land-derived sediments practically ceased for the time being 
in thiE portion of the sea, and clear 'vaters prevailed where 
mud and sand laden currents had previously laid down the 
Queenston and Albion formation,S. The new conditions also 

aJohnstone, James, Conditiom of life in the Ilea. p. 176, 1908. 
b Forbes, Edward, Natural hiswry of European fauna, 1'. 83. 



served to introduce a fauna much richer and more varied 
than that which characterized the Medina sea, and the deposi­
tion of limestone was produced largely by the accumulation of 
marine, shells accom panied by the precipitation of lime. Far­
ther east in New Y Qrk, however, the sea was not so clear, and 
in some areas, as at Clinton, N. Y., muds somewhat similar to 
those that preceded the Albion continued to be deposited. 

After the deposition of lime mud which consolidated into 
a bout 24 feet of limestone, blue argillaceous mud was spread 
over the sea bottom. The previous epoch of mud and sand 
sedimentation furnished a total thickness of about 2000 feet, 
but the sediments deposited at this time formed only about 
60 feet of shale, called the Rochester member of the Clinton 
formation. The fauna of this epoch, a slight modification of 
the preceding one, is one of the most widely distributed faunas 
ortlle Paleozoic, a fact which clearly indicates the existence at 
that time of normal marine conditions and unobstructed con­
nection with the larger seas of the world. 

These conditions were of comparatively short duration, how­
ever, for the contraction of the Silurian sea, which later resulted 
in marked changes in deposition, probably began at about this 
time. This change must have been accompanied by the sink­
ing of the adjacent land areas to low relief, for the sea again 
became free from silt and sandy sediments, while calcium and 
magnesium salts appear to have been about equally abundant, 
and about 200 feet of dolomite represents the sedimentation of 
tbe following Lockport epoch. Life was abundant where the 
conditions favored it, for a thin bed of nonmagnesian limestone 
at the base of the Lockport is crowded with organic remains, 
whereas the relics of animal life, except corals, are very scarce 
in the overlying dolomite. 

'rheappearance in Lockport time of the Guelph fauna, which, 
in the extraordinary thickness of the shells of its mollusks, has 
no parallel in Paleozoic faunas, strongly corroborates the phys­
ical evidence of the shallowness of at least the northern part of 
the Appalachian gulf, for marine zoologists have shown that 
tbick or strong shells on mollusks exist primarily as a protec­
tinn not against predatory enemies but against the action of the 
waves. If the physical history of late Lockport time is inter­
pJeted in the light of this biological fact the conclusion follows 
th!J.t the Silurian sea in western New York was so shallow that 
its bottom was subject to an intensity of wave action which 
made it a possible habitation for but few marine shells save 
sn('h heavily armored creatures as the mollusks of Guelph time. 
These animals came into this area only sparingly, although 
they were abundant in an adjacent area of the sea to the west. 

The close of Lockport sedimentation was marked by the 
, return of clastic sediments and the appearance in the sea of a 

eurypterid fauna (the Salina) which bears little or no resem­
blance to any fauna that preceded it. At about the time of 
the appearance of this fauna the sea water acquired a high 
degree of salinity and the nearly complete disappearance of life 
from the sea during much of the middle portion of the Salina 
epoch was probably the result of the increase of the salinity 
beyond the point that would permit marine life. This condi­
tion was brought about by elevation of the outlet of the Appa­
lachian gulf whereby it became nearly landlocked. 

The saline waters, thus confined, evaporated rapidly and 
extensive deposits of salt and gypsum were precipitated upon 
the shallow sea bottom: The salt, however, was not deposited 
everywhere in the Salina sea and no salt beds are fonnd in a 
large part of the present area of outcrop of the formation. 
Several theories have been proposed to account for this locali­
zation of the formation of rock salt, but the most probable 
appears to be that the water near the shores of the nearly land­
locked Salina sea was diluted to such an extent by fresh water 
coming in from stream!:! that salt waslnot precipitated. In the 
general region of the Niagara quadrangle the nearest land 
was not far away on the north and the quadrangle probably lay 
in the brackish-water zone. The deeper and more saline part 
of the sea, whe~ the water was not much dilu4ld by incoming 
fresh water, lay to the SQuth and southeast, and in that part of 
the sea the salt beds were formed and the great deposits of rock 
salt occur to-day. In the later part of the Salina epoch, how­
ever, the salinity seems to have decreased,lbecause the sea bot­
tom again became tenanted by a eurypterid fauna. After a 
short interval, in which the magnesian limestones of the Coble­
skill were being deposited, sedimentation was terminated by an 
elevation of the sea bottom, by which it became land. This 
emergence terminated the Silurian period in this region and the 
land seems to have pel'Sisted throughout Helda'berg and most 
of Oriskany time. 

DEVONIAN PERIOD. 

During the early part of Devonian time this immediate 
region was a land area, subjected to disintegration and subaerial 
erosion. After tbe reau bmergence of the land and the return 
of marine conditions a thin film of sand representing the ini­
tial Onondaga sediment was sptead over most of the early 
land area. Next followed a Tong period during which silts 
and sands were not deposited in this part of the sea. A rich 
marine fauna, in part forming extensive cQrfll reefs, occupied 
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the sea floor. and the calcareous sediments which are now 
included in the Onondaga limestone were deposited. This 
sedimentation terminatiir the fourth and last great cycle of 
Paleozoic limestone deposition in this region. As the Onon­
daga limestone is the youngest consolidated rock in the Niagara 
quadrangle, the later Paleozoic history must be read in areas 
to the south. where later rocks occur, The Onondaga epoch 
was followed by a long period of deposition of carbona­
ceous and argillaceous silts with minor layers of sand which 
showed the increasing activity of erosion and distribution of 
the land waste, during the aecumulation of the Marcellus, 
Hamilton, and succeeding formations. The sand deposited 
was greater in amount in the successive formations, forming a 
large proportion of the Chemung and indicating increasing 
erosion on near-by lands. The uplift to which this increased 
activity of the streams was doubtless due may have culminated 
in actual emergence of the sea bottom at the end of the Devo­
nian, but it is nearly certain that the sea in which the lower 
formations were laid down extended over this immediate region, 
for they outcrop a few miles south of the quadrangle. 

CARBONIFEROUS PERIOD. 

It is not known precisely when this region emerged from the 
sea for the last time. The rocks of southern New York were 
no doubt laid bare during the early part of the Mississippian 
epoch and again after that epoch, to judge from the unconform­
ities now seen in the rocks of that time in the southern part of 
New York or in northern Pennsylvania. There is, however, 
no means of determining whether the Niagara quadrangle was 
submerged between these periods of erosion. It is also a mat­
ter of doubt whether the depositB of the Pennsylvanian, epoch 
ever covered the quadrangle, although not far to the south the 
land was submerged and coarse deposits of land waste were 
formed. These deposits include conglomerates and coarse sand­
stones, indicating strong erosion of near-by lands, rapid currents, 
wave action, and irregular distribution of currents. During 
this epoch the region farther south was covered by the vast 
swamps in which coal plants grew luxuriantly and which now 
constitute the great coal fields of the northern Appalachians. 
In any event, this entire region was uplifted at the end of 
the Paleozoic era in consequence of the general period of 
Appalachian uplift at that time and did not again descend 
below sea level. It is likely that the emergence took place 
earlier in the Niagara region than in southern New York. 

MESOZOIC ERA. 

Throughout the whole of the Mesozoic era the region appears 
to have been a land surface undergoing erosion. The record 
of that time is therefore wholly physiographic and is necessarily 
fragmentary. So far as it has been deciphered it is briefly as 
follows: At first the land must have stood well above sea level, 
as in all probability it was considerably elevated during the 
great uplift that affected the whole of the Appalachhn province 
near the close of the Paleozoic era. Although in certain parts 
of the Appalachian region the rocks were greatly folded by 
the uplift, the strata in tbis area were not greatly deformed 
and the same is tr'ue of the surface. Practically nothing is 
kno~n of the drainage conditions at the ti~e, but certain gen­
eral considerations lead to the inference that the land surface 
had a general slope northwestward from the axis of greatest 
uplift in the Appalachian province and was drained by streams 
flowing northward and northwestward, although their ultimate 
point of discharge is not known. 

Ai!, the result of long and continuous erosion the region was 
reduced to ~ hearly featureless plain lying but little above sea 
level. There is good evidence that the entire region was SO 

reduced at least once during the Mesozoic era, if not several 
times. The time of formation of the peneplain is not certainly 
known, but the best 'evidence available indicates that it was 
completed near the close of the Jurassic or the beginning of 
the Cretaceous period. No portion of that peneplain remains 
in the immediate neighborhood of the Niagp,m quadrangle, but 
it is recognizable in the nearly level surfaces on the interstream 
divides in a large part of the Allegheny Plateau. 

By a consiqerable uplift of the region, possibly accompanied 
by a further slight northwestward tilting of the surface, erosion 
was greatly accelerated and the rejuvenated streams again 
began to cut down their va.lleys and reduce the general altitude 
of the surface. In this cycle of erosion all the region north 
of the Portage escarpment was reduced to a new peneplain, 
represented by the nearly level surface of the present Erie plain 
and possibly by that of the Huron plain. The study of the 
physiographic development of the Niagara region haa not pro­
gressed far enough to make it certain whether the Erie H;nd 
Huron plains are parts of one peneplain, formed in a single 
cycle of erosion, or whether they represent two peneplains. It 
is fairly certain, however, that the pronounced beveling of the 
surface of the Lockport -dolomite back of the crest of the Niag­
ara escarpment is the result of long-continued erosion during 
which the land was reduced nearly to base level. The time of 
this peneplanation is likewise not certainly known, but was 
most probably during the later 'part of the Cretaceous period. 

CENOZOIC ERA. 

TERTIARY PERIOD. 

Another uplift, amounting to only a few hundred feet in 
the Niagara region, put an end to the development of the new 
peneplain and the again rejuvenated streams began once more 
to reduce the surface. A still later and rather imperfect 
-peneplain was formed in the area lying north of the Niagara 
escarpment, the surface of that area being reduced to form the 
present Ontario plain. The main streams still flowed north­
ward or northwestward from the Allegheny Plateau. into which 
they had sunk their valleys hundreds of feet and from which 
they emerged through deep cuts in the Portage escarpment. 
They flowed across the Erie and Huron plains in shallower 
and more open valleys and cut through the lower .escarpments 
in rather narrow gaps. These northwestward-flowing streams 
were tributary to one or more trunk streams in northeast­
southwest valleys now occupie.d by Lakes Erie and Ontario, 
but opinion is divided as to whether the course of the trunk 
drainage was northeastward to the Gulf of St. Lawrence or 
southwestward to the Mississippi embayment. 

The surface of the land, except where attacked by streams, 
became covered by a deep mantle of residual soil and decayed 
rock resulting from prolonged wea:thering unaccompanied by 
rapid removal of the rock waste. Less intense weathering pene­
trated much deeper along the joint planes and loosened the 
rocks so that to a considerable depth they came to be beds of 
closely fitted blocks or slabs that were ready for removal by 
any agency which could grasp them effectively. The aggre­
gate amount of this decayed and loosened material on the 
whole surface was very great. 

Weathering produced different results on rocks of different 
sorts. Some of the pre-Cambrian crystalline rocks of the Lau­
rentian Plateau decayed more rapidly and hence more deeply 
than any of the Paleozoic stratified rocks of the Niagara 
region. Dikes and igneous rocks in general decayed more 
deeply than sedimentary rocks, and some of the metamorphic 
rocks were also considerably affected. Some other rocks in 
the same region suffered comparatively Hule disintegration, 
however, and were merely loosened along their joints. In 
the Niagara quadrangle the shales weathered to a heavy clay 
soil and at greater depths to flakes and chips and still deeper 
to blocks. The sandstone weathered to sand on the surface 
and to blocks and slabs below. The limestone dissolved along 
joints a-q,d -on exposed surfaces and was in large part carried 
away in solution. On that account it formed less soil than 
the other rocks .and that soil was a peculiar sandy clay. Recent 
strippings in the Pekin quarry, 150 to 200 yards back: from 
the former edge of the lower minor step of the Niagara escarp­
ment, revealed an old weathered surface of the limestone of the 
Clinton formation. The joints had d~lved out to depths of 
1 to 4 feet and to widths ranging from 1 inch to more than 12 
inches. On the blocks that stood in relief between t,he deep­
ened joints the originally flat surfaces had almost disappeared, 
and the joint crevices were filled with dark-red sandy clay, the 
residual soil of the limestone. 

There are indications that toward the close of the Tertiary 
period uplift of the land was resumed and progressed more 
rapidly than the general reduction of the surface by erosion. 
It is probable that the deep valleys, some of them now filled 
with drift, which are cut much below the genera.l surface of the 
region were formed or at least greatly deepened at this time. 
Erosion must have been somewhat accelerated throughout the 
region, but only the main valleys, or valleys that were situated 
where the uplift seems to have' been most pronounced, were so 
deepened. 

QUATERNARY PERIOD. 

PLEISTOCENE EPOCH. 

At the beginning of the Pleistocene epoch the general region 
of the Niagara ,quadrangle must have presented much the Bame 
broad physical features as at present-that is, it consisted of 
several'somewhat dissected bnt nearly level plains, arranged in 
a series ,of teJTaces or steps descending north ward and separated 
by low northward-fucing escarpments. The surface differed 
from' that of the present time, however, in a number of impor­
tant details. It probably stood several hundred feet' higher 
above sea level, the relief was noticeably more pronounced and 
the dissection of the surface more general, the drainage pattern 
was a long-established one inherited from previous erosion 
cycles, there were probably no great lakes in the region, and 
the surface was generally covered with a deep mantle of 
decayed rocks. Such were the conditions at the time of the 
fil'St Pleistocene ice invasion. 

The work of a number of geologists has established the fact 
that in central North America there were four if not five 
glacial stages in Pleistocene time, during each of which a great 
ice sheet spread southward from Canada over the Northern 
States. Between 'them were interglacial sta~es-times of com­
paratively genial climate-during which the ice sheets were 
greatly reduced if not entirely removed ~y melting. At least 



one of the earlier ice sheets jnvaded the Niagara region, though 
it is not possible to determine which one and there is some 
indication that there were more than one. The earl V ice sheet 
left a deposit of till, remnants of which are preser;ed in the 
region and have been described in this folio under the heading 
"Stratigraphy." In a few places evidences of the erosional 
effect of this ice mass have been preserved on glacially scored 
rock surfaces beneath the older till. These strim together with 
the varieties of rock fragments in the old till, suggest the same 
general sonrce and direction of' movement of ice as those of 
the Wisconsin glaciation. The existence of old drift, regarded 
by Leverett as possibly Kansan, ill northwest~rn Pennsylvania 
almost directly south of the Niagara quadmugle would seem to 
indicate that ice ad vanced at least that far. If so, its geueral 
effects, especially the partial obliteration of relief, the diversion 
of drainage, and the formation of glacial lakes, must have been 
nearly if not quite as great as those of the later Wisconsin ice 
sheet. Evidence of such changes, however, has been mostly 
obliterated. 

The earlier ice sheet eventually disappf'.-ared from the entire 
region and an interval of considerable length elapsed before the 
beginning of the invasion by the 'Visconsin ice sheet. How 
much of Pleistocene time is represented by this interglacial 
interval is 110t known, but it must have included at least the 
equivalent of the Peorian interglacial stage. No indications 
of it have been found in the quadrangle other tl13n the exist­
ence of the two drifts of different ages. At Scarboro, near 
Toronto, Canada, is an ext.ensi ve series of interglacial beds, 
presumably formed during this time and containing remains 
of plants which indicate that the climate was somewhat milder 
than at present. Ve~etable remains found in a deep boring in 
the Whirlpool-St. David bnried gorgeh ave been regarded by 
some geologists as of the same age as those at Scarboro, but 
there are reasons for believing that they are of later date. There 
is some difference of opinion regarding the origin and date of 
the cutting of this buried gorge, but the interpretation that 
seems most in accord with all the facts makes it of interglacial 
age and assigns it to the interglacial stage preceding the ,\Vis­
consin ice invasion. According to this interpl'etation, when 
the gorge had been cut back from the Niagara escarpment at 8t. 
David to the south side of The Whirlpool by a pre-Wisconsin 
Niagara River its volume was greatly reduced until the advance 
of the Wisconsin ice sheet closed the outlet of Lake Ontario 
and raised the waters so that they flooded the Niagara region. 

Origin of the Whirlpool basin and the Whirlpool-St. Dav4d 
buried ,qorge.-It has long been recognized that the rock 
basin of The Whirlpool is older than the rest of the Niagara 
gorge and has had a different history. It is a drift-filled gorge 
of pre-Wisconsin (probably interglacial) age, and its course is 
shown on the geologic maps. The walls on its east and west 
sides are rock cliffs, like those in the gorge immediately I.lbove 
and below, but those on the north and northwest sidcs, from 
the top down to an undetermined depth below the water, are 
l'omposed of drifr. Fragments of the rock cliffs on the two 
sides run a short distance north-northwest from The Whirlpool, 
showing the direction in which the buried gorge extends. 
Bowmau Creek descends from the upland about a mile to 
the northwest and has cut a deep ravine in the drift. It lies 
mainly along the western side of the buried gorge, for the west­
ern rock wall is exposed in the ravine for some dis~ance. 

South of the village of St. David there is a strongly marked 
reentrant in the front of' the Niagara escarpment, the head of 
which shows no rock for about a mile but is a steep and much 
gullied slope of drift. This place is in an almost direct line 
with the prolongation of the old cliff lines at The Whirlpool, 
and the rock gorge undoubtedly extends through to the break 
in the escarpment south ofSt.. David. A faint terminal moraine 
crosses its northern part and forms t.he highest part of the fill­
ing. At The Whirlpool the old gorge is 1875 feet wide at the 
top of the rock cliffs, 1950 feet at the top of the drift bluffs, and 
1200 feet at the water line, and it extends 2 miles northwest 
from The Whirlpool. 

The greatest depth found in The Whirlpool by Spencer was 
126 feet, near the middle of the pool. A boring in the drift 
filling of' the 'old gorge was made by Spencer at a point about 
half a mile north west of The Whirlpool. At a deptll of 269 
feet difficulties were encountered that stopped the work before 
rock was struck, but the old channel is probably as deep as The 
Whirlpool and its floor is-probably Queenston shale and not in 
part Albion sandstone as shown on the areal-geology map. 
North of the electric railroad em bankr~ent, glacial strirc and 
polished rock were found on the west wall of the gorge 90 feet 
below the top, showing clea.rly that the gorge was occupied by 
a portion of the ice sheet before it was filled with drift. 

Those geologists who regard the buried gorgs as of pre­
glacial age attribute the widening toward its mouth south of 
St. David to subaerial weathering and erosion during a long 
period in preglacial time. But the widening is hardly so great 
as has been estimated and at least a part of it on the west side 
is due to glacial erosion. There are other reasons why the 
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buried gorge shou ld be regarded as interglacial rather than pre­
glacial. Its top width and its depth are so nearly like the 
average width and depth of the Upper Great gorge that it must 
have been made by a cataract substantially identical in volume 
with t.he present Niagara Falls-that is, by aIL interglacial 
~iagara, as was believed by Lyel1. So far as the character­
istics of the buried gorge are known, they do not appeal' to 
bear out. the idea of several previous writers a that it was 
originally Ioade by it relatively smaH preglacial stream and was 
enlarged to its present width by long subaerial erosion, but 
they do seem to show clearly that it was made by a vertical 
cataract of large volume. 

FIG-vRll: 7.-Sketch showing probable course of old St. David River and 
relation of its features to the present gorge. 

A. Width and depth of bnded gorge indicate a strl\llm havIng proportlon~ of present 
Niagara River. presumably the outj"t of the same fonr lakes, suggesting interglacial age. 

R Upper end of wide buried go/'ge. 
C. Narrow buried gorge, enlarged later by Niagara River. 
D. Lpper eIl,l of oar>'<lw burloo gorge. 
E. Flow of Niagara Falls decreased to 15 per cent of present volnme, 
F. Flow of Niagara Faila increased to pre80nt volume. End of narrow gorge lat~r enlarged 

by large·-.-olnme Niagara. 
O. Old col in limestone ridge. 

At the south side of The Whirlpool a strongly marked reef 
sharply separates The Whirlpool and the Eddy Basin. This 
reef' seems to form the base of the old talus slope produced by 
weathering after the interglacial cataract had ceased and before 
it was buried by drift. Probably after the interglacial cataract 
had ceased a smaller gorge was cut back for 1000 to 1200 feet 
south of The Whirlpool. On the return of its great volume 
the river plung-cd into this and widened and deepened it into the 
present Eddy Basin. (See fig. 7.) But there could have heen 
no gorge where the gorge of the 'Vhirlpool Rapids now is, 
or pronounced widening and deepening would not have taken 
place. Only a vertical fall making a great caldron below can 
produce this result. The critical and decisive bearing of the 
Eddy Basin on this part of the gorge history has not been fully 
appreciated in the past. 

At the greatest extent of the Wisconsin ice sheet its front 
directly south of' the Niagara quadrangle was at Salamanca, 
N. Y., only 67 miles away. However, Salamanca marks the 
apex of one of the greatest reentrants of the ice front, which 
had a seaUoped outlint:', being made up of great lobes with deep 
reentrants between. Furtllermore, the ice that crossed the 
Niagara region was moving in a general southwesterly direction 
and its front at the time of its greatest extent was in sDtlthwest­
ern Ohio, 400 miles away. In its advancing phase the margin 
of the Wisconsin ice sheet probably manifested the same ten­
denry to oscillate that characterized it (luring its retreat, and it 
was probably accompanied by substantially the same series of 
glacial lakes, only in reverse order. 

Occupancy of Region loy I".,. 

Di1'ection Of ice mo'vement.~During most of the time of ice 
occupancy the Niagara quadrangle was under l'elati\Tely thick 
iee and was nearly on the axis of' the great ice current that 
moved souiliwt:'stward through the basins of Lakes Ontario 
and Erie. (Sec fig. 8.) The direction of movement was 
practically constant. In the basin of Lake Ontario the current 
moved westward along the line of' greatest depth until it., 
approached the western part, where it turned gradua.l1y south­
weshvard and passed obliquely across the Niagard region. The 
Niagara penInsula (the strip of land between Lakes Erie and 
Ontario) stood like a broad, low reef in the path of' the current, 
forming a relatively shallow place between two deeper basins, 
and there was a slight acceleration of flow as the ice moved 
across the barrier. 

"Pohlman, Juliu" Lifa h;,tmy-;;tN;",,~a Riva:::-"--;AC:Cm,--;AC:-~oCC-,.-;-Ad~v.-;;S-;-"'. 
Pmc .• vol 32, p. 002, 1884-. 

Grabau, A. W .. Guide to the geology and paleontology of Niagara Fall!! 
and vicinity: N{lw York State Mus. Bull. 45, 1001. 

TIle direction, strength, and steadfastness of the movement 
are amply attested by the glacial markings. The axes of the 
elongated till ridges trend about S. 680 W. neat the northem:lt. 
corner of the quadrangle. Near the meridian of North Wilson 
the ridges make a southward bend of about 120 , which gives 
them a trend of about S. 5W W. and indicates a change in 
the direction of ice moyement.. On this course the ice met the 
Niagara escarpment obliquely. The trend of the large flutings 
that begin at the top of the escarpment and run 100 yards or 
so southwestward is nearly the same as that of the axes of the 
till ridges below the eSelnpment. The axes of the drumlins 
and drumloids south of the Niagara escarpment trend gen­
erally S. 500 'V. to S. 60" W. and also record the deep ice 
current. They do not appear to have been affected noticeably 
by the discordant, more southerly movement of the thin border 
ice during the later building of the slender moraines of tlle 
immediate region. The direction of the ice movement and itl'l 
effect on the relief of the surface are also recorded in the trend 
of the great flutings in the sur£'l.Ce of the Queenston Rhale now 
covered by drift, and in the northeast or southwest courtle~ of 
many of the smaller streams. The rather wide distribution of 
flutings shows the breadth of the central body of the current, 
for on the Onondaga escarpment 2 miles southwest of Akron 
flutings nearly as fine as those in the Pekin quarries trend 
S. 680 W. The localit.y is 20 to 25 miles southeast of the 
central axis of t.he current and 200 feet above the general level 
of the plain where the central axis crosses. The whole area of 
this quadrangle lay in the path of the main cnrrent. 

Not until the ice front had retreated a long way from its 
farthest position and the Lake Erie ice lobe had shrunk back 
into the northeastern part of the lake basin did the direction of 
ice movement in the Niagara region show any notable cllange. 
Only then did the local elements of the land relief begin to be 
controlling faeiors in the ice movement. Two feat.llres~the 

basin of Lake Ontario and the Niagara escarpment - con­
trolled, more than any others, the movements of thc thinned 
ice sheet in the region and shaped the outline of its front. By 
the time the ice front had retreated nearly to Buffalo it had 
lost much of its pointed outline, as shown hy the position of 
the moraines in the accompanying map of the region (fig. 8), 
and had become a broad, gently rounded lobe. As the ice 

FIGURE 8.-Sketch map shO'Ying moraines around the west end of Lake 
Ontario. 

Deuse stipple pattern represents moraines formed on land; llght pattern. moraines deposited in 
ponded water. Dailhoo lines indicate probable extension at known moraines. Arm"". 
Rl,ow gene,ral direction of ic~ moveme;:;t. 

front retreated farther and approached the :Kiagara egcarpment 
the lobe grew still less rounded and its front became roughly 
parallel with the escarpment. When the ice frout had 
retreated nearly to the present ilhore of Lake Ontario, its ~]ge 
was moving in a direction nearly due south, as shown by the 
moraines. The ice edge was thin south of the,escarpment dur­
ing the building of the slender moraines and its scoring was 
light. On this account, probably, only a few strim havE' a 
direction normal to the moraines. In the Pekin ant] Akron 
quarries light strim of latcr date trending more nellI'I)' south 
cross the flut.ings and larger grooves diagonally. 

The dominant direction of strim, however, is more westerly 
in v]aces near the Niagara es{,Alrpment than might he expected 
from the position of the moraines, probably beeause of the 
close proximity of the deep basin of Lake Ontario, for when 
the ice front was still south of the Niagara escarpment the deep 
ice was moving slowly westwa.rd along the axis of the Lake 
Ontario basin. This dominant movement gave the narrow 
border strip of tllin ice a rather strong component of westward 
motion in addition to its own spreading movement toward the 
margin. Still, at the extreme edge of the ice the direction of 
movement was probably normal to the moraines. At this stage 



of recession the Lake Ontario ice lobe had become sharply 
defined and was spreading in all directions from its central 
axis except. toward the east, the direction from which the ice 
cume. At that time the ice was moving northwestward over 
Toronto and due north a few miles farther east. (See fig. 8.) 

Glacial sculpture and erosion.-Nearly all the outcrops in 
the district, except some that ha ve undergone prolonged ""eath­
ering, show more or less evidence of glacial polishing or sculp­
ture. Away from the escarpments, especially on out.crops of 
the Huron plain, ice scoring is generally light or lacking. Both 
the limestones and the sandstones were wep adapted to receive 
iee seorings, being hard enough to preserve them and yet soft 
enough to be easily graven by the tools of crystalline rock which 
the ice sheet employed. A covering of a few inches of t.ill was 
enough to preserve the scorings in many places. The finest 
displays of ice sculpture are to be seen in the quarries on the 
escarpments where the limestones have been freshly stripped, 
especially in the Pekin quarries in the limestone of the Clinton 
formation. Of almost equal interest are those in the Queenston 
quarries, on the Lockport dolomite, and at the quarries 2 miles 
southwest of Akron, on the Onondaga limestone. Besides the 
markinW" on the three limestones mentioned, strife and grooves 
are well preserved on some of the ledges of the Albion sand­
stone, where it forms a low escarpment. A few were also found 
on hard aremweous layers in the Queenston shale. 

In the three larg-e quarries 'mentioned the display of glacial 
markin~s is fit times unusually fine, but it varies from time to 
tillle with the progress of quarrying operations. Besides pol­
ishings, fine-line strife, and other markings of the lighter sort, 
all t.hree of the qunnies show good example3 of large flutings. 
In the Pekin quarry several of the larger flutings 4 to 5 feet 
wide and 5 to 10inches deep were visible in 1911. One showed 
a well-marked curvature in its course, bending £i'om S. 62° W. 
to S. 48° 'V. The trend of the flutings ranges from S. 54° W. 
to·S. 70° 'V., and that of the strife and grooves from S. 42° W. 

'to S. 65° 'V., with an average of about S. 5,)0 W. The latest 
strife, which are rather light ones, trend more nearly south and 
cross the hollows of the flutings without descending into them. 
The flutings and deeper grooves and many of the strire evi­
dently beloug to the time of thick ice, and the lighter markings, 
which haw'! a more southerly trend, appeal' to haye been made 
beneath the thin ice of the clm,ing stages of the recession. 

In the Pekin quarry the ice se-oring was heayyat the edge of 
the escarpment but diminished rapidly back from the edge. 
Near the edge and for 75 to 100 yards back the scored surface 
was mostly clean, smooth rock, fresh and unweathered. Farther 
back deep weat.hering along joints which were much widened 
and filled with dark-red residual clay and sand increased, until 
at the southern edge of the strippings there was scarcely any 
ice-worn surface, but instead a deeply weathered and stained 
smface, honeycombed with weathered joints to depths of 2 to 4 
feet. That part of t.he surface-150 to 200 yards back from 
the edge of the escarpment-was probably overshot by the ice 
and hence not scored. Before quarrying begall the surface was 
covered by 4 or fj feet'of till, so that the weathering was cer­
tainly accomplished before the Wisconsin glaciation and in all 
probability long before, for at the west end of the quarry 4 to 5 
feet of hard till, apparently of pre-'Visconsin age, rested on a 
glaciated surfilCE'. 

The phenomena in the Queenston quarries are much the 
same as those at Pekin. The rock surface, however, was more 
uneven and there were troughs 5 to 10 feet deep, one of them 
relatively narrow and winding, like those formerly seen on 
Kellys Island, in l .. ake Erie. In a part of one of the troughs 
a considerable mass of old, hard till, clearly of pre-Wisconsin 
age, overlies a small body of fine hard sand. The direction of 
strire in this quarry is S. 30° W. to S. 50° W. 

In 'the quarry southwest of Akron several flutings nearly as 
large as those in the Peliin quarry trend S. 600 W. to S. 68° 'V., 
and the trend of the strire ranges from S. 12° W. to S. 300 W. 
The stripping showed weathered j~ints much the same as those 
at Pekin but not so deep. The drift covering was only a foot 
or less, the rock protruding in many places. 

The general or average direction of strioo and also of drumlin 
axes in t.he quadrangle is about S. 550 W. Wide departures 
from that direction are rare and are generally accounted for by 
some local peculiarity of relief. Along the base of the escarp­
ments the strite generally trend more nearly west, but even 
slight depressions in the general surface cause them to turn 
more nearlv south. In Bowman Ravine, north of the electric' 
railroad, st;ioo on the west wall of the gorge 90 feet below the 
top follow the course of the wall sout.heastward. Besides the 
flutings described above, certain parts of the Niagam escarp­
ment are characterized bv furrows which are much ,videI', 
deeper, and longer. ~ 

The part of the Onondaga escarpment within the quadrangle 
shows the same sort and nearly the same degree of modification 
by glacial erosion as the Lockport dolomite. Considering t.he 
fact that Akron is 20 to 25 miles southeast of the central 
axis of the main Ice stream, it is surprising to find so close a 
correspondence in the degree of severity of gl3(!ial erosion. 
rhe flutings in the quarriee 89uthwest of Akron are as la,rge as 
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those in the Pekin quarries, but no furrows as large as those in 
the Lockport dolomite w~re surely identified on the Onondag'd 
limestone. 

Deposition by the ice.-As the ice advanced over the urea. it 
picked up much of the till that had been left by the earlier 
glacier. In many places it removed the till completely and 
plucked away portions of the underlying rock. The material 
thus incorporated with the ice, together with that brought from 
elsewhere, was transportw to a greater or less distance and rede­
posited as the ice melted away. Part of it was carried some 
distance by streams flowing from the melting ice and deposited 
in the stream channels as outwash sand and gravel, or in the 
glacial lakes as delta sand and gra vel, and lake silt and clay. 

When a stream fio\ved on the surface of the ice sheet or within 
the ice some material was deposited along its channel and later 
formed an esker, and at the place where the stream left the ice 
edge the material dumped formed a kame. Another part was 
deposited at the margin of the ice in the wat!3r which lay against 
the ice foot and formed the successive terminal moraines that 
mark places where the ice margin remained stationary for a 
time. A third part was deposited beneath the ice as it moved 
across the region, stood still, and melted away, and this part 
formed the ground moraines, the drumlins and drumloid forms, 
and the elongated till ridges. This whole deposit, collectively 
called the glacial drift, covered the former surface of bedrock 
and old tiU nearly everywhere. Tts general effect was to reduce 
the relief of the surface by smoothing out inequalities, although 
here and there the relief was inereHsed by t.he deposition of gla­
cial material in heaps and ridges. The drift also formed nearly 
all of the smface upon which the drainage of the present day 
has been developed. 

Lake Maumee.-Duriug the retreat of the ice front from the 
vicinity of Cincinnati to the divide south of Lake Erie the 
water from the melting ice drained freely sout.hward and no 
glacial lakes were formed. But when the ice front ret.reated 
down the northern slope of the divide, a series of independent 
Rma]] lakes were formed, all at first dmining southward. As 
they fell to lower levels and grew larger they drained westward 
along the ice front to one point of escape, and finally all 
merged into one lake ..,,,hich had a westward outlet, at Fort 
Wayne, Ind.~ This was the beginning of glacial Lake Mau­
mee. From that time on, as the ice front retreated northcast­
ward across the ba!lin of Lake Erie, a lake was always present 
in front of the iee and increased in area. Lake Maumee hall 
at least three stages and endured until the ice front had 
retreated to the vicinity of Girard, Pa. It did not enter the 
Niagara quadl'angle. 

Lakes Arkona, Wkittlesey, Wayne, and Warren.-Not long 
after the ice front withdrew from the vicinity of Gerard a 
lower outlet for the glacial waters WfiS opened in Michigan and 
they fell to a level 70 feet lower than the third stflge of Lake 
Maumee. This water body is known as Lake Arkonfl. Dur­
ing its existence the ice front retreated from the neighborhood 
of Girard to a position somewhere north of Buffalo, proba.bly 
within the Niag-dra quadrangle. It seems ('ertain, therefore, 
that some part of the quadrangle wus uncovered by the ice 
during a late stage of Lake Arkona and that the waters of that 
lake were the . first to cover any part of the quadrangle. The 
beach of Lake Arkona at Alden, 8 miles south of Akron, lies 
865 feet above sea l€\'el, and a Howing for a north ward rise of 
nearly 2t feet to the mile, the lake was about 75 fL'et deep over 
the top of the eScarpment sout.h of Akron. 

FrGURR 9.-Sketch map showing positioIl8 of ice barrier~ in Niagara region 
and shore lines of the better-known associated glacial lakes. 

The ice front then rcadvanced a short distance and raised 
the w~ters of the Huron-Erie basin about 45 fect, forming 
Lake Whittlesey. At this stage the whole quadrangle was 
again buried beneath the ice, the front of which stood about 
5 miles south of the southeast corner of the quadrangle. It is 
probable that a small part of the quadrangle was uncovered at 
the next retreat of the ice, for when it ad \ranced once more its 
front rested 011 the Buffalo moraine, which passes within 2 
wiles of the southeast corner, and the quadrangle was again 

entirely covered by ice. At the next retreat the ice certainly 
uncovered a considerable part of the quadrangle. This was 
the time of Lake Wayne, when the eastward outlet for the 
Huron-Erie waters was first opened south of Syracllse, N. Y. 
At the climax of the next readvanG'e the Niagara Falls moraine, 
which lies partly within the quadrangle, was formed. The 
lake waters followed the ice during the retreat of the front and 
covered the portion of the quadrangle which the ice abandoned. 
The lake that occupied the Brie basin at this time is known as 
Lake Warren. Its outlet was again westward, across Michigan 
and so on to the Mississippi. The better-known lake beaches 
and associated moraines are shown in fig. 9. 

Lake Lundy.-Soon after the withdrawal of the ice from 
the Niagara Fans moraine the level of the lake fell about 50 
feet from that of Lake Warren to that of the upper beach of 
Lake Lundy. The early shore lines of Lake Lundy have not 
yet been worked out in the region, probably because they are 
very faint. In Michigan the first beach of Lake Lundy is 
known as the Grassmere beach. A faint shore line -belie\'ed to 
be its continuation oecl,lrs at Elma, southeast of Buffalo) ahd at 
several points southwest and northeast of Elma. It there lies 
167 feet above sea level and it rises north ward nearly 2! feet 
to the mile, which would bring it up to an al6tude of' approx­
imately 790 feet at the southeast corner of the Niagara quad­
rangle, the lake submerging all but the small area on the escarp­
ment south of Akron. Thus the first stage of Lake Lundy 
stood 80 to 90 feet higher than the Lundy beach. 

DUling its next recession the ice front withdrew at least to 
some point north of the Niagara escarpment, for it afterward 
read vanced to the Rarre moraine, which, west of Lockport, lies 
on the top of the escarpment neal' its edge. The kame and out­
wash deposits at the mouth of the Whirlpool-St. David buried 
gorge were formed by a river issuing from the icc while this 
moraine was being deposited. The weakness of the Lundy 
beach at Akron appears to show that the water fell to the level 
of Lake Lundy soon after the ice front withdrew from the 
Niagara Falls moraine, and the presence of the fairly promi­
nent Lundy beach ridge just in front of the Barre moraine 
half a mile south of Pekin, showing strong wave action from 
tile northwest, makes it plain that Lake Lundy endured for 
some time after the ice withdrew from this moraine. 

The ice front next halted at the Albion moraine and stood 
against the lower slope of the Niagara escarpment not more than 
a quarter of a mile north of Pekin. Open water for the forma­
tion of the beach flouth of Pekin conld hardly have existed 
then, so it is inferred that Lake Lundy endured for some time 
after the ice withdrew from the Albion moraine. It seems 
probable that the ice front was resting at the Carlton moraine 
or at. some position farther north when the waters of Lake 
Lundv fell and those of the Lake Erie and Lake Ontario basins 
were finally separated. 

Probably during the existence of Lake Wayne and certainly 
during that of Lake Lnndy the predecessor of Niagara Falls 
was temporarily established, at another place, on the course of 
the stream through which the lakes discharged eastward into 
the Mohawk Valley. A vertical fall as high and as great in 
every way as the present cataract existed for a brief time in the 
hills southeast of Syracuse, N. Y., and its place was shifted 
from one location to another as the ice front retreated and un­
cmrered lower outlets. The grandeur Qfthe "fossil cataracts" at 
Jamesville and BIlle lakes has been described recently by Fair­
child a and earlier by Gilbert b and Quereau.o The stratigraphic 
sequence was much the same a~ at Niagara-a capping layer of 
hard limestone with softer shale below. This interesting epi­
sode in the history of the lakes can not be dwelt upon further 
here. 

Beginning of Niagara Falls.-The further retreat of the icc 
so as to open a lower outlet at Home, N. Y., resultea in the 
rapid draining of Lake Lundy, and the waters occupying the 
Erie and Ontario basins were separated. The remnant of Lake 
Lundy th8:t occupied the b:road, shallow basin of Tonawanda 
Creek is called Lake Tonawanda. The water in the Ontario 
hasin ;tell rapidly to the level of the new outlet and the lake 
thus established is c:-Jlled Lake Iroquois. During its early stage 
it. probably stood at the level of the Newfane beach. The fall 
of the water from the lowest level of Lake Lundy to that of 
Lake Iroquois was rapid, for no pause long enough for the for­
mation of a perceptible beach occurred in the interval. 

The principal discharge of Lakes Erie and Tonawanda was 
along the course of ~iaga:ra, River and over the escarpment at 
Lewiston. This was the beginning of' Niagara Falls and of the 
making of dIe gorge that now extends neflrly 7 miles back from 
the escarpment,. Not only did Niagul"d Falls be?:in then, but 
the discharge of Lake Tonawanda was divided and four other 

"Fairchild. H. L., Pleistocene geology of western New York: New York 
State Geologist, Twentieth Aun. Rept., pp. 104-189, 1902; Glacial waters in 
central New York: New York State Mus. BuB. 127. pp. 31-'37, 1909. 

b Gilbert. G. K .• Old tracks of Eria,n drainage in western New York: Geol. 
Soc. America Bull .• vol. S. pp. 285-286, 1897. 

a Quereau, E. C., Topography aud biatory of Jamesville Lake, New York: 
'Idem, voL 9, pp~ 173-182,1898. 



cataracts, on as many separate outlets of the lake, began at the 
same time at points east of LewIston, two of them in the 
Niagara quadrangle. 

The existence of the ~iagara catarnct. was in part contempora­
neuous with that of the cataracts near Syracuse, the sepamtion 
being olle of place without any break in time. The early 
Niagara took the overflow of the same lakes and carried sub­
stantially the same volume of water as the cataracts near Syra­
cuse, and soon after ~iagara began the discharge through the 
Syraeuse outlet ceased, the one robbing the other of its water. 

F1:rst distributaries of Niagara River.-The first harrier that 
obstructed the flow of Niagam River was at Buffalo and was 
probably composed mainly of the till of the Buffalo moraine. 
In breaking through it the water washed away the fine mate­
rials and deposited the gravel beds on Strawberry Island. 
With this first slight step of descent Niagara River began, 
but as the water at the north dropped to a lower level the river 
encountered new obstacles. The first within the Niagara quad­
rangle was the relatively high, flat till plain across the south 
half of Grand Island. Its surface is almost perfectly flat and the 
first water to pass over it was a thin sheet at least 6 miles wide. 
South of Tonawanda the Niagara Falls moraine, which rises 
slightly above the till plain, guided some of the water toward 
the north, only a small part escaping eastward north of Pull­
man. On Grand Island the Inoraine had no front relief, so 
that the '.yater overflowed the north edge of the till plain and 
the moraine in a sheet of rather even depth. This condition, 
however, ,vag only temporary, for the water soon began to 
develop channels in the till aud their number and distribution 
show the evenness and shallowness of the water. Most of the 
channels are on Grand Island and southwe;t of Tonawanda, all 
but two or three being within the quadrangle, and they are 
represented on the surficial-geology Inap as "Temporary dis­
tributaries." Most of them branch at their heads and begin as 
shallow troughs. In their lower courses they are remarkably 
straight and even, and where they bend the curves are grad-
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The lake was in reality only an expanded portion of Niaf,rara 
River, the volume of which was relatively so large that fine 
clay in suspension was ordinarily carried farther on and only 
silt was deposited on the lake bed. The lake stood at its high­
est level an'd, made its principal shore line early in its history, and 
probably most of the deposits on its floor were laid down at 
that time. The material was derived largely from the drift 
through which the river had been cutting a channel between 
Buffalo and Tonawanda. 

,Temporary spillways to Lake Iro!Juoi.~.-At first Lake Tona­
wanda discharged through fi ve outlets, three of which were in 
the Niagara quadrangle. (See fig. 10.) That the volume of 
the river was large at that time is shown by the fact that large 
streams flowed through four of the outlets, only one-that at 
Gasport-being small. The Lewiston spillway was largest, 
that at Holley was next in size, that at Lockport third, and 
that at Medina fourth. Although the streams were probably 
rather deep at first, after equilibrium had been established they 
were not more than 2 to 4 feet deep. Hence a slight fall in 
the level of' the lake stopped the flow through all but the Lewis­
ton spillway. 

The short gorges made in the escarpment throw light on the 
volume a.nd duration of the streams. Those at Lockport and 
Gasport are described under the heading "Topography." At 
first, when its volumc was greatest, the stream that flowed 
through the gorge now occupied by the Erie Canal went both 
northeast and northwest from Lockport, but it finally settled 
in a northwesterly course. At Holley and Medina the escarp­
ment is low and consists of two cliffs, indicnting that at each 
place there was a low fall or a rapids rather than a cataract. 
Each of these gorges is about 1t miles long and 80 or 90 feet 
deep and is cut in shale with Albion sandstone as the cap­
ping layer. At Shelby, 2 miles south of Medina, a gorge 
about half a mile long and 50 feet deep is cut in limestone. In 
the first course of this distributary a considerable stream flowed 
westward from Shelby across the flat divide and thence north-

FIGURE to.-Sketch map showing Lake Tonawanda and spillways from it to glacial Lake Iroquois. 

The lower or early stage of Lake Iroq"oi~, into which the spillways empt,ied, is partly indicated by th" Newfane b"at)h. The shore line of Lake Tonawanda is approxi_ 
mate, lIS it has been accurately determined in only a fcw pla.ces. Present elevation al.ove Sea level of heads of spillways is given. 

uaI. Three or four are occupied by creeks of very small size. 
Their bottoms are flat and tend to be marshy. In tileir lower 
courses their depth is gencraHy 15 to 20 feet. They do not 
meander and their character shows distinctly t.hat the streams 
which made them filled them bank full. Theil' lower courses 
range in width from 200 to 600 feet, but most of the heaa­
ward branches are much narrower. 

These little distributary channels must have been made very 
quickly and were soon abandoned, except two that bec..ame the 
main channels in which the river now flows around Grand 
Island. These two soon developed into large rivers and gath­
ered aU the water to themselves. In doing so they cut rela­
tively wide and deep channels in the drift. At one place this 
led to a pec'uliar result, for a distributary which had a slightly 
sinuous course has had its middle seetion at Sour Spring Grove 
cut away entirely, although the parts southwest and northeast 
of that place escaped demolition and narrow strips of thc higher 
ground forming their eastern banks still remain. The distrib­
utaries on Grand l'lland descend t.o an altitude of about 580 
feet where they entered Lake Tonawanda. 

Lake Tonawanda.-Bv the time the distributarie:3 011 Grand 
Island had been abando~ed the water in the Tonawanda Valley 
had settled to the level of the gaps in the Niagara escarpment 
that served as spillways to Lake Iroquois, and Lake Tonawanda 
was formed. It was not dammed by ice or drift bu,t simply lay 
in a low place in the creek basin. It extended about 50 miles 
to the east and 8 or 10 miles west of the present position of 
Niagara FaUs and was 9 or 10 miles wide sout.h of Lockport. 
Its greatest depth was at first 30 or 40 feet, but it was afterward 
silted up for 10 to 12 feet. Near its east end the lake was 
so narrow in places (see fig. 10) that there was probably a 
well-defined current flowing through it. The eastern part, 
the floor of which is now Oak Orchard Swamp, was also rather 
shaIl"",. 

NJagar ... 

ward past Shelby Basin. In all the spillways east of Lewiston 
the main portiollH of the gorgC'S were cut in one of the shales of 
the Clinton formation or the Queenston shale, with either the 
limestone of the Clinton formation or t.he Albion sandstone 
as, the capping layer. None were cut more than half a mile 
into the l,ockport dolomite, which at each place was relatively 
thin. It is almost certain that in some of the spillways, espe­
cially in the canal channel at Lockport and in the Gasport 
chrmnel, there was an earlier small ravine. The short gorges 
of the spillways east of Lewiston indicate a relatively brief 
existence for the streams that made them'. Their general like­
ness in magnitnde seems to show that all were made in about 
the same perIod and ceased at the same time. 

Lewiston wpillway.-The fact that. the Lewiston spillway 
finally became the only outlet make.'l it probable that it was 
from the beginning the principal one. Its remnants (Qnd) 
are shown on the Niagara gorge map. It had two head ward 
branches which united near Devils Hole. The eastern branch 
headed in Tonawanda Lake in the eastern part of Suspension 
Bridge alld flowed northwestward and thence northward along 
the present course of Bloody Ran. The western bmnch headed' 
also in the lake in the vicinity of Goat Island a.nd Niagara 
Falls and flowed northward along the course now followed by 
Niagara River. 'rhe head of the Bloody Run branch is about 
1000 feet wide and 7 or 8 feet deep. The faint shore cliffs of 
Lake Tonawanda leading into it are well marked. From its 
head it. runs northwest;ward across the New York Centra.l Rail­
road yards, .where it turns northward and 'widens to nearly 
3000 feet, heyond which it narrows again to less than 1000 
feet a short distance south of Devils Hole. The shore cliff" of 
Lake Tonawanda lead into the city of ~iagara. Falls, "N. Y., 
and seem to show that the original head of the west branch of 
this spillway was at a point a little south of Hubbard Point. 
Part of the original channel shows on the west side of the 

gorge from a point north of the Clifton House to Hubbard 
Point and on the point opposite, but from this locality nearly 
to the railroa.d bridges it has been cut away. From a place 
about 1000 feet south of the railroad bridges to The Whirlpool 
the bed of the early spillway is well defined on the west side 
but is fainter on the east side. Beyond The Whirlpool the 
river of that time expanded to a width of about 4000 feet 
at Wintergreen Flats but narrowed somewhat 1000 to 1500 feet 
beyond. The Bloody Run branch entered here, and north of 
this place the ri vel' had a lakelike expansion more than a mile 
wide, and 1!- miles long. This part of the river was shallow, 
its bottom being a flat floor of Lockport dolomite. At the 
north side of this expansion the river made a narrow passage 
through the Barre moraine before it leaped over the escarpment. 

Below the escarpment the first plunge of the Lewiston dis­
tributary scoured out a shallow, fan-shaped basin about It 
miles wide. It is shown on the sketch map (fig. 14) as the Cat­
aract Basin. It is excavated wholly in drift and includes the 
site of Queenston and the greater part of Lewiston. The old 
drift bluffs forming its east and west banks arc 30 to 50 
feet high. The distributary first plunged toward the north­
nort.heast, but in its later flow the river bisected the basin 
unsymmetrically, passing out north-northwestward. 

Old channel of N'iagara R1:ver.-Clearly distinguished from 
the original Lewiston spillway are the remnants of the old 
channel of the main river made after the abandonment of the 
other spillways. This old channel is the bed that the river 
occupied at each locality until the falls reached that point. It 
lies mainly within the Lewiston spillway and at a lower level, 
but its banks are higher and more sharply defined and it i~ 
nearly everywhere scoured to bedrock. Nortb of l?oster Flats 
this old c:hannel of the main river is not clearly distinguished 
from the spillway channel, but at Wintergreen Flats and tur­
ther south the distinction is clear. The old channel is well 
developed just north of The Whirlpool and south of it., and 
also along the west side of the gorge from The \Vhirlpool to 
the railroad yards. South of Hubbard Point the remains of 
t.he channel are confined mainly to the city of Niagara Falls, 
N. Y., and Goat Island. The gravel beds and scoured rock 
and stonv till surface cast of the New York Central Railroad 
station a;ld the gravel and stony till surface on Goat Island are 
parts of the old river bed. A narrow strip on the west side of 
the gorge south of Hubbard Point and probably including the 
gravel bar north of the International Bridge is another part, 
but the rest of the abandoned river bed,on the west side is of 
later date. These old remnants are labeled Qnc2 on the map 
of the gorge. 

At Lewiston a fragment of old river bed extending fi'om the 
sandstone terrace north of the bridge to the north end of tlH'! 

gravel pit beyond the railroad station is certainly n101'C recent 
than the cataract basin and in all probability corresponds to 
some part of the old river channel above. 

The making of the old channel began when the ea.sterll out­
lets were abandoned and the whole river was gathered into one 
stream, and in the upstream parts at and near Kiagan! Falls 
the scouring of the bed continued during all the time that the 
falls were cutting back to Hubbard Point. The part nearest 
the escarpment was, of coursc, soonest abandoned and least 
developed, and the part south of Hubbard Point was the IHst 
to be abandoned. 

During its stages of reduced volume the river tended to erode 
in a narrower bed and the work done then may hayc had some 
influencc upon the later flow when the volume was large. In 
some places it may have made a narrow, deeper channel which 
at a later time c..ame to be a deep place on the crest line of the 
falls, determining the place of the axis of the gorge and acceler­
ating the rate of recession of the falls. There is some reason 
to believe that this occurred at t.he narrows at Swift Drift 
Point, about 1000 feet north of Hubbard Point, where, ali! 
Spencer has pointed out, the original channel crossed a .eol 
with a short. but rapid descent to the north. 

Gldcial Lake Iroquois.;-The history of the earlier stages of 
Lake Iroquois has not yet been satisfilCtorily worked out. 
That the lake waters fell from the lower level of Lake Lundy 
to some level of Lake Iroquois seeins certain, but whether that 
first level was at the Newfane shore line or at some lower level 
is uncertain. S6me features noted in Ontario have sllggested to 
several observers a very low stage for Lake Iroquois, probably 
early in its history. Some of the observations, if accepted, 
seem to indicate that the lake was completely drained for a 
time in the early or middle period of its existence. There is, 
however, a possibility that the observations have been mis­
interpreted, and furthermore t.he interpretation suggested intro­
duces difficulties that seem to be insurmountable. 

The Newfane beach records the -lowest level of the lake of 
,vhich there is evidence in the J\Tiagara quadrangle: At that 
time the outlet was to the east at Rome, N. Y. The lake stood 
at that or some lower level while Lake Tonawanda was discharg­
ing through the five spillways and also during t.he time when 
the second section of tlle Niagara gorge waR being formed, as 
is described in follO\ving paragraphs. Later a general uplift of 
the land at the northeast raised the level of the outlet at Rome 



and tilted Ule lake basin southwestward. As a consequence 
the water level was raised on the south side of the lakfl to the 
line along which the great Iroquois beach was formed. At. 
Lewiston the water then stood 40 feet highcr than when the 
Newfane bf'.aeh was formed and 125 feet ahove the present sur­
face of Lake Ontario. At a later time the great ice barrier 
whieh spanned the St. Lawrence Valley somewhere below 
Kingston ~llld held Lake Iroqnois up to the level of the Rome 
outlet disappeared and the lake was drained off. The water 
in the Lake Ontario basin fell to a level somewhat lower than 
the present level of Lake Ontario. The land then stood so low 
that an arm of the ocean, known as the ChHmplain sea, ex­
tended up the St. Lawrence Valley to the lakc, but the marine 
stage was comparat.ively short. An uplift of the land ncar 
Kingston, Ontario, raised the outlet of the lake above sea level 
aud the present. Lake Ontario was formed. 

The exact time of the beginning of the Recent epoch haB not 
been established, but for convenience it may be regarded as 
having begun with the final disappearance of the ice from the 
Great Lakes region. As explained later, this event is recorded 
in the Niagara region by the diminution in the volume of Niag­
ara River on account of the opening of the Nipissing outlet 
and the diversion of the disch.arge of t.he upper three lakes to 
the St. Lawrence by way of Ottawa River. This was after the 
draining of Lake Iroquois and probably during the marine 
stage of Lake Ontario. 

Since that time additional sonthwestward tilting of the land 
surface lws taken place, with several results that have affected 
the Niagara quadrangle. The outlet of Lake Ontario was 
raised, causing the lake level to rise, and because of the tilting 
the rise was greatest at the west end of the lake. This rise of 
the ·water accounts for the drowning of the lower courses of the 
streams entering the lake. The tilting also closed the Nipissing 
outlet and restored the drainage of the upper three lakes to St. 
Clair River, thus greatly increasing the volume of Niagara 
River, which since that time has gone on cutting vigorously 
and forming the wide upper section of the gorge. Still anothcr 
effect of the tilting is the drowniug of the lower courses of 
streams entering Niagam River above the falls, owing to the 
raising of the rock sill at the head of the rapids which deter­
mines the height of the water in that part of the ri ,,'er. In also 
modified the volumes of the branches flowing around Grand 
Island, diminishing the"east branch and increasing the west. 

The southwestward tilt of the land is also recorded in the 
present position of the old lake beaches, which are· not now 
level but rise northeastward. This is true not only of thc 
beaches of which portions are found in the Niagam quadrangle 
but of earlier glacial lake beaches in the region south and east 
of Buffalo, the tilting of which has been ascertained by Fair­
child" to be in a direction a little west of south and to amount 
to 2t feet to the mile. The beaches of Lake Lundy and of 
Lake Tonawanda are so poorly developed and so fragmentary 
that the amount of tilt.ing is not easily ascertained, but a num­
her of observations give fairly harmonious results agreeing 
closely with those obtained hy Fairchild. The Iroquois beach 
has a general east-west trend in the Nia.gara quadrangle and 
the amount of southward tilting ('...an not well he measured. It 
is not level, however, hut lies 36 feet higher east of Johnson 
Creek than at Lewiston, indicating a tilt of which the westward 
component is 1.2 feet to the mile. Observations at different 
points about Lake Ontario show that the Iroquois beach has 
been tilted southwestward, like the older bea('hes. This latest 
movement, then, has affected all the beaches of the region' in 
t.he same way and is therefore of later date than the Iroquois 
beach. Another event of the Recent epoch is the development 
of the present drainage pattern, which has been conditioned 
almost wholly by the inequalities of the surface left by tlle 
Wjsconsin ice sheet, but in part by the beaches built by the 
glacial lakE'S and in part by channels cut by streams flowing 
into or out of those lakes. A little alluvial material has heen 
washed into low places, forming swamps and filling old hollows 
to some extent. Alon'g the shore of Lake Ontario a low bluff 
has been cut by the waves and a few small sand dunes have 
been formed by the wind. Material carried into the lake by 
streams has been deposited in bars off-shore. 

The principal changes now going on are occurring: at Niagam 
Falls and are described in the discussion of the recession of the 
falls. 

IIISTORY OF NIAGARA FALLS AND GonOE. 

It. has already been stated that Lake Lundy was drained 
through t.he uncovering of an outlet at Rome, N. Y., by the 
melting back of the ice margin, and that when t.he water Iwd 
fallen below the level of the crest of the Niagara escarpment 
the lake which remained in the basin of Lake Erie began to 
discharge through a stream flowing across the Huron plain into 
the new Lake Iroquois, occupying the basin of Lake Ontario. 
Th\lt stream was Niagara River. As soon as tile low east-west 
ridge south of Tonawanda had emerged by reason of the lower-
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ing: of the water, the river began to flow across it in a number 
of little distributaries, described in a previous paragTaph, but 
thcir existence was brief and all the flow was soon confined to 
the two channels at present existing. North of the ridgc, in the 
low area between it and t.he back slope of the Niagara escarp­
ment, the river spread out into the long, shallow Lake Tona­
wanda, whieh at first had .fiy"l outlets through low. places along 
the scarp, each stream forming a cataract or cascade where it 
plunged down the slope into Lake Iroquois. Thc westernmost 
and main outlet stream flowed out of the lake near its west end 
and plunged down the escarpment at Lewiston. Currying a 
greater volume of water, it cut down its bed more rapidly than 
the ot.her distributaries, which were soon abandoned. The ri ver 
became permanently located in its present course and the whole 
volume of water was discharged through the Lewiston spillway. 
From its beginning the fall has been cutting a gorge in the 
manner desCl'ibed below and has been working upstream, until 
at present it is 7 miles above its original position. During this 
process Lake Tonawanda has heen dmined, although the broad 
part of the river above Goat Island might be regarded as the 
last surviving remnant of the lake. 

The process of gOTge mak1:ng.-The making of the gorge and 
the maintenance of the falls as a cataract depend upon geologic 
couditions of a peculiar kind. The resulting process, althongh 
common among watcrfaUs, is nowhere better illustmted or more 
completely effective in producing the resnlts to which it tends 
than at Niag'dra. The strata in the Niagara gorgc are nearly 
horizontal, dipping sout.hward only about 20 feet to the mile. 
This attitude, coupled with the arrangement of the hard and 
soft layers, provides the conditions for keeping the water con­
stantly falling vertically from an overhanging led.ge during a 
long period of recession. 

Owing to the southward dip of the beds the stratigraphic 
conditions at the present location of the falls differ somewhat 
from those which prevailed at other stages during their reces­
sion. The genem.l conditi.ons have always been the same, how­
ever, and the whole length of the gorge has been excavated by 
the same process. The brink of the Horscshoe Falls is formed 
by 80 feet of' hard, massive dolomite (Lockport), beneath which 
is GO feet of relatively soft shale (Rochester), extending down 
nearly to the level of the pool below. (See fig. 11.) A short 
distance above the water is another layer of hard limestone 
(Irondequoitj, only 16 feet thick. Opposite the American Falls 
a thin layer of hard sandstone (Thorold) is cxposed about 15 feet 
beneath this limestone. Then follows relatiyely soft shaly sand­
stone of the Albion formation for 50 or 60 feet below the sur­
face of the pool, beneath which is another sandstone layer 
(Whirlpool sandstone), 25 feet thick. Beneath this in turn is 
300 feet 01' more of soft red shale (Queenston), extending below 
the hottom of the pool. Thus a massive layer of hard, compact 
limestone overlies several hundred fcet of relatively soft shales 
containing a few thiu layers of hard rock. 

Loekportdo!omite 

(Rocho.ter shale member.) 

(Thorold sandstone mem­"""., 

(WhirlpOOl sandstone mem_ 
ber.) 

FIGURE 11.-Sect.ion of bl'ink of Niagara Falls showing the arrangement of 
hard and soft strata and illustl'.atillg the process of erosion. 

SCllle,ljtlch~l85feet. 

The resistance to stream erosion of the massive layer at the 
top is much greater than that. of any of the layers beneath it. 
The thin hard beds in the underlying shales are at a decided 
disadvantage in resisting the work of the cataract., for the water 
only glides over the massive top beds but strikes with tre­
mendous force on the thinner beds 150 to 200 feet below, 
wherever they become exposed. Direct impact of the fal1ing 
water on the rocks above the level of the pool is not t.he chief 
process in gorge making, however-in fact, it counts for very 
little. By far the most important factor is the scouring of the 

. bottom aud sides of' the pool at the base of the falls, where the 
mass of' falling water strikcs. The shale is gradually worn away 
by the impact of the wat.el' alone, but more efficient tools are con­
tinually supplied. By the wearing away of the soft shale the 
ha.rd layetd Hre undermined and blocks and fragments of lime­
stone und 5andstonc ul.ll into the pool, where the tremendous 
turbulence of the water spins them round and round after the 
manner of pestle stones in the making of potholes (fig. 11). 

At first the blocks are angular, but even after they become 
rounded and although they are themselves worn away in the 
process, they wear the softer rock away more rapidly, hence the 
depth of the pool is greater than the height of the falls. 

Thus the brink of the cataract is aI ways an overhanging 
ledge projecting beyond the face of tIle supporting rock wall. 
Whenever a block falls from the brink it contributes t~ the 
lengthening of the gorge at the top and at the same time sup­
plies a new tool for lengthening it at the bottom. With each 
fall of rock from t.he brink the supporting wall behind the 
falls is attacked with renewed vigor a.nd the lengthening of the 
gorge goes on for a time at a slightly faster mte. This process 
has rcsulted in the making of the whole gorge from Lewiston 
t.o t.he Horseshoe Falls, except the basin of The Whirlpool, 
which is older than the rest of the gorge. 

Rrom the foot of the fans the surface of the river descends 100 
feet to Lake Ontario, bnt the stmta rise about 140 feet from the 
falls to the Niagara escarpment. Thus jt happens that the rela­
tions of the strata to the cataract were different at the escarpment 
from those now seen at the funs. A ·stratum which is only a 
few feet above the water at the foot of the fulls is nearly 200 
feet above the water at the mouth of the gorge. Owing to tile 
southward dip of the Lockport dolomite and t.o the beveling it 
has suffered in the formation of the level Huron pla.in, it is less 
than 20 feet thick at the escarpment, although 80 feet thick.at 
the falls and 130 to 150 feet thick a mile above the falls. 
Likewise about 120 feet more of shale is exposed at the' escarp­
ment than at The Whirlpool and 170 feet more than at the 
falls, These differences had important effects on the falls in 
their earlier history and have made a great difference in the 
subsequent modifying effects of weathering upon the wans of 
the gorge. 

Significance of g01ye characlers.-In considering the charac­
ters of the gorge and in interpreting their significance in its 
history, the most important elements are the top width and the 
depth. By noting these dimensions in the different parts of 
the gorge and determining the length of those sections which are 
chamcterized throughout by particular values of these elements, 
the principal periods of action of the chief forces involved in 
the making of the gorge are revealed. The dimensions of the 
gorge are well shown on the large-scale map and it. is evident 
at a gla.nce that there are at least four divisions (not counting 
The Whirlpool) characterized by important differences of width 
and depth or both and ranging in length from less than half 
a mile to 2t miles. A fifth division is recognized with diffi­
culty but is historically importa.nt. In another section there 
are other slightly less promincnt chamcters which also suggest 
a possible subd.ivision, but t.hese are not so clearly defined and 
their value and significance can be determined only when the 
bearing of the lake history is taken into account. The five sec­
tions of the gorge are illustmt.ed jn Plates VI to XVII. 

The top width of the gorge is the resultant of several differ­
ent factors. The walls are affected by weathering, which 
causes cliff recession and the formation of talus slopes. With 
100 t.o 200 feet of shale exposed to the weather beneath the 
capping limestonc the gorge walls can not remain vertical. 
The shale is soft and disintegrates mpidly, undennining 
the overlying harder beds and causing them to overhang. 
Although the upper beds are hard, they are divided by joints 
and can not long remain ovcrhanging.. Blocks a.nd fragments 
drop off and as soon as a relatively stable slope is produced on 
the shale below and the talus of hard beds forms a protecting 
cover for it, the slope and the limestone cliff become relatively 
stable and permanent. Owing to the nearly uniform geo­
logic structure the recession of the cliffs is nearly uniform 
throughout and therefore the top width of, the gorge is in gen­
eml a reliable index of its width as originally made. 

The width at the present water surface, though of' the high­
est value in its significance in the newer parts of the gorge, is 
not so reliable in the older parts, where the height of the water 
has vaned repeatedly and sometimes more than 100 feet. The 
same limitation applies to the value of facts showing the depth 
of water in the pools and rapids. In the newer parts their 
bearing is of the highest value, but in the older parts their 
significance is· modified by a. complicated history. 

Diffcrences of geologic structure or lines of weakness in the 
strata may have affected the dimensions of the gorge but 
certainly not to any great extent. The geologic structure is 
remarkably uniform throughout. . Except the southward thick­
ening of the capping limestone no differences of structure are 
known thHt ',vould produce a perceptible effect, and t.he thick­
ening is uniform from the mouth t.o the head of the gorge and 
can not be reg'Mded as the (~use of the marked differences of 
width and depth. Lines· of weakness t.hat may have affected 
the rate of' recession of the falls are suspected in a few places, 
but. their effect. was slight. All other factors, however, are 
negligible compared with the one wI-lich has been the great 
cause of the differences in the dimensions of the gorge-that 
is, variations in the volume of the river. 

The Great Lakes, the rivers connecting them, and the St. t 

Lawrence form in reality one great stream flowing from north­
ern Minnesota to the Atlantic. The lakes are in effect reserw 



voirs along the course of the stream, storing the water and 
equalizing the flow, and the overflow from the upper four lakes 
supplies Niagara Falls with nearly all the water that passes 
over them. Hence anything that affects the volume of dis­
charge through Niagara River affects the falls accordingly. 

Since the falls first began the upper Great Lakes have passed 
through five stages, each of which had a different outlet from 
those of the stages next preceding and following it, and the vol­
ume of water discharged through Niagara River changed with 
each change of outlet (fig. 12). There have been two periods 

FIGURE 12.-Sketoh map showing drainage areas tributary to NiagaJ.""a 
River, the volume of dischaJ""ge through the dYer during five lake 
stages, and the various outlets of the upper three Great Lakes during 
these stages. 

Stage l.-Early Lake Algonquin. Large volume of discharge divided between Niagara River 
and four other splllways over Nlag ....... ""c .. rpment 

Stage 2.-Klrkfteld gtage of Lake Algonquin. Small volume through Niagam River; large 
dllleha.rge through outlet at Klrkfteld. 

Stage S.-Porl Huron·Chicago stage of Lake Algonquin. Large volume through Niagara 
River; small diachargethrough outlet at Ohlcago. 

Stage 4.-Nlpisslng Great Lakes. Small volume through Niagara River; large discharge 
thro"gh outlet .. t North Bay. 
Riv:~ge Ii-Present Great Lakes. Full discharg .. of the "pper four lake. through Niagara 

during which the upper three lakes discharged by another out­
let and Niagara RiYer carried only t~e discharge of L1.ke Erie, 
amounting to only about 15 per cent of the whole diseharge of 
the four lakes. A knowledge of the late Pleistocene and Recent 
history of the upper Great Lakes is therefore necessary to an 
understanding of the vicissitudes that the falls have undergone 
and to an interpretation of the characters of the several parts 
of the gorge. 

Changes of drainage of upper Great Lakes.-The first stage 
was that of early Lake Algonquin, which occupied the south 
half of the Lake Huron basin. The ice barrier spanned Lake 
Huron from side to side, so Lake Algonquin received no draimlge 
from the Lake Superior and Lake Michigan basins. The vol­
ume of discharge was relatively large, however, for the lake 
recei ved considerable water directly from the ice sheet. Its 
outlet was at Port Huron, whence it discharged southward 
through St. Clair and Detroit rivers to Lake Erie, and the ·vol­
ume of water passing through Niagara River was correspond­
ingly augmented over that of Lake Erie alone. The whole 
volume of Niag'dra River at that time was probably as large as 
if not larger than at present, but the flow oyer the Niagara 
escarpment was divided into five streams, only a part following 
the channel past Lewiston. 

During the second or Kirkfield stage of Lake Algonquin, 
although the lake was very much larger than before, tile ice 
margin had retreated so that the water found an outlet past 
Kirkfield, Ontario, and down the valley of Trent HiveI' to Lake 
Iroquois, and the discharge at Port Huron ceased. During 
this stage, therefore, Niagara .River carried only the iliscbarge 
of Lake ~rie, which was itself somewhat diminished in size. 

During the third or Port Huron-Chicago stage of Lake 
Algonquin, which then occupied the basins of Lakes Superior, 
Michigan, and Huron, an uplift of the region on the north 
having changed the outlet from Kirkfield back to Port Huron 
and Chicago, most of the discharge of the upper four lakes 
again passed through Niagara River. At first a considel"dble 
port.ion found an outlet past Chicago into Illinois River, but 
the amount going this way decreased later to a sUlall fract.ion 
of tIle whole discharge. During the early palt of this stage 
the discharge of the upper four lakes was probably at its maxi­
mum, for the afHuents received directly from the ice sheet were 
greater than at any other time. In the later part of the Port 
Huron stage the contribution from the ice had almost ceaseJ. 
and as there was still a small outflow past Chicago the volum e 
of discharge at Port Huron was probably slightly less than now. 

At the beginning of the fourth or NipisRing Great Lakes 
stage the ice sheet finally disappeared from the Ottawa Valley. 
The Nipissing Lakes occupied the upper three basins, covering 
an area only a trifle larger than that of the three present lakes. 
The ice sheet having disappeared, no additional water was 
received from it and the volume of discharge of the upper 
three lakes was the same as that of the present St. Clair River. 
The outlet, however, was eastward from the northern part of 
Georgian Bay, past North Bay, Ontario, and down the valleys 

21 

of Mattawa and Ottawa rivers. During this stage, therefore, 
Kiagara Ri vel' was again left with only the discharge of Lake 
Erie. 

Continued uplift of the land on the north raised the outlet 
at ~orth Bay; Ontario, and sent the discharge of the upper 
three lakes back to Port Huron and thence to Lake Erie and 
Niagara. For a time, but only hriefly, both outlets were active 
at once. The change of outlet to Port Huron brought tbe 
Nipissing Great Lakes to an end and began the fifth stage, that 
of the Great Lakes. 

in the ·volume of Niagara River.-The main facts 
of the above brief history of the lakes, such as the order of the 
lake stages, their {'banges of outlet, and the effects of those 
('hanges upon the volume of Niagara Falls, are firmly estab­
lished. The variations of volume of the falls are fixed pri­
marily by the facts of the lake history, without reference to the 
characters displayed in the Niagara gorge. The history of the 
lakes is therefore the key to the history of Niagara, for no mat­
ter what characters are found in the gorge, it is certaiu that the 
yolume of the river and the falls has varied in accordance with 
the lake stages. (See fig. 13.) 

RIver Percelltageofpre.entvoiumo. 
stage. 

,r"""L----
Correspondlnglakestage. 

The present Great Lakes. 

Nipi""lng Great Lakes. Upper three lakes 
discharged eB.Stward fromUeorg;an Bay. 

"{h~~:ld l:~~e ~1.=efgo~U!~rd Uri::;; 
Georgian Bay 

{~ •• ~ AtJ .. ewiston \ EadY Lake Aigonquin. Five points of dis-
1 100""% At Bu!T .. lo charge ovel" escarpment. 

FrEHJRR lB.-Diagram showing variation in volume of :Niagara River dur­
ing the five lake'stages sketchod in figure 12. 

The problem of the correlation of the go"rge sections and the 
lake stages is relatively simple. Five sections of the gorge, 
corresponding in character and sequence to the five luke stages, 
may be recognized. (See fig. 14.) The results of the inyesti­
gations of G. K. Gilbert and -the writer indicate that the corre­
lation of the gorge eharacters with the lake f'!t.!lgcs mentioned 
above is complete. The Great I ... akes have been studied and 
their history interpreted by J. "\V. Spencer, hut as his history 
of the lakes is somewhat different from that given here, his 
conception of the history.of Niagara, which is dependent on 
the history of the lakes, iR also somewhat different. 

Injl1teJlCe of height of wafer in Lake Ontario basin.-The 
height of the water in the basin of Lake Ontario also had an 
important influence on the early history of the falls and gorge. 
The history of Lake Iroquois lmd the succeedin~ waters in the 
basin of Lake Ontario has not yet been worked out. The 
extension of the sconred channel of Algonquin RiYcr (Spencer) 
from the level of the Iroquois beach at Pcterboro, Ontario, to 
the present level of Lake Ontario at Trenton may lllark a very 
low stage of Lake Iroquois early in its history, but no other 
evidence of such fl stllge is known.. The sea appears to have 
entered the basin immediately after the draining of Lake 
Iroquois, ·when the ice barrier on St. Lawrence RhTer had 
melted away. The level of the marine stage is supposed to be 
marked by the Oswego beach (Gilhert) awl passes ,veALward 
under the present lake leyel at Oswego, but its depth below the 
p;resent lake level in the western part has not been determined. 
Tlie marine connection, however, was relatively shallow and 
,vas of short duratiOl1. Uplift of the land on St. Lawrence 
River east of Kingston soon shut out the sea and backed the 
water in the west cnd of the lake up to or nearly to its present 
level. . 

The United States Lake Survey charts show at the mouth of 
Niagara RiYer a submerged terrace known as Niagara Bar, 
·which has been supposed to be a delta of the river formed 
when the lake st.ood at a somewhat lower level. As many 
soundings on it show" rocky" bottom it seems certain t.hat it 
is not mainly of the nature of a delta. There is nothing on 
the charts indicating a lower delta or a lower shore line. 

DBVELOP~O<:N'l.' OF ::oJIAGARA GORGE. 

First section, or Lewiston Branch gorge.-The first section of 
the gorge extends about 2000 feet southward from its mouth at. 
the suspension bridge at Queenston. (See fig. 14.) It is 1300 
feet wide and nearly 500 feet deep to the bottom of the rinl', 
which is 120 to 150. feet deep and 600 feet wide. This section 
was formed during the existence of Lake Tonawanda, when the 
flow from that lake was divided, and during the first 01' early 
stag-e of Lake Algonquin. The main one of the five distribu­
taries of Lake Tonawnnda, carrying about 2f) per eent of the 
pl·esent volume of thE' river, then plunged down the escarpment. 
in a great cascade, whieh "ms soon changed to a ('atamct by the 
gouging of a deep pool beneath the falls. 

There is considerable uncertainty as to the character of this 
first falls. Some geologists believe that it descended in two cat­
aracts, the upper from the edge of the Lockport dolomite, and 
the lower from the edge of the Irondequoit limestone. It is 
also nncertain whether the depth of the river in this sf'Ction is 
(lue to S<'ouring at the foot of the falls or whether it indicates 
that the level of Lake Iroquois was at first below the present 
level of Lake Ontario. The deep hole opposite Queenston, too 
far north to ha ve been scoured at the foot of-the falls, has been 
interpreted as indicating that the water in the basin of Lake 
Ontario stood at least 150 feet lower than now. Great diffi­
culties st.and in the way of this explanation, and it seems more 
plausible that the hole was formed by the SCOUl' of the rapids 
when Lake Ontario stood only slightly lower than at present. 
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FIGURE 14.-Sketeh map of Niagara gorge showing the fi\'e named 
divisions of t.he gorge and changes in volume of the river and 
height of falls eorre~ponding to the five lake stages shown in 
figure 12, which determined their character. 

Lewiston Branf'.h gorge. cut ,ludng the first lake Rtage; ffillall volume. Old Narrow 
gorge, second lake stage; BIIlall volume. Lower Great gorge, third lako stage; 
large volume. Wbicipool Rapids gorge. fourth lake stage; small volume. Upper 
Greatgorge,fifthlakeBtage; filII volnme of uppet" four hokea. 

Second section, 01' Ola Narro'W gor,qe.-The second section 
extends from the south end of the first section to the bend at 
Niagara University, about 1-k llliles. It is remarkable for its 
straightness and its unifprmity in width and depth. The top 
width is about 1200 feet and the depth to the bottom of the 
river is nearly 400 feet.. The liver is about 500 fect broad and 
60 to 70 feet deep and is somewhat turbulent, with a moderately 
swift current. Cross sections of the gorge are shown in figure 
15, and a table of widths and depths of the gorge is give'll at 
the end of the text. 

This section was cut during the second or Kirkfield stage of 
Lake Algonquin, when the river earried only the discharge of 
Lake Erie, amounting to about 15 per cent of its present vol­
ume. This section was therefore made by a small cataraet, the 
volume of which was a little more than one-seventh of that of 
tbe present falls or about three times that of the present Amer­
ican FallE. THe gorg-e made at that time must have been nar­
row, like the gorge of the Whirlpool Rapids, and it Y\'aS prob­
ably rather shallow. There may have been three cataracts, one 
for each of the hard layers, as has been supposed, but no 
proof of this is known. With the eataract of relatively small 
volume and Lake Iroquois standing prohably about 85 feet 
higher than the present level of Lake Ontario, it seems certain 
that the scouring power of the falls was much Jess than now. 
The caldron below the falls was scomed neither as deep nor as 
wide nor as rapidly as with the larger yolume. But the eap­
ping hard layer was only ~5 to 40 feet thick and had therefore 
less resisting power than the SO-foot layer at the present falls. 

In this and the first section weathering has produced wider 
talus slopes than in other parts of tho gorge, a result due mainly 
to the grea.ter thickness of shale exposed but also partly to the 
greater age of the sections and the relative thinness of the hard 



("apping layer. The horizontal width of the talus slope is almost 
uniformly 400 feet on the west side and 350 feet on the east 
side. The rapids have slowly worn away the shale on the 
bott~m and on the sides where it is exposed, and in nearly all 
of this section the swifter part of the river is close to the east 
side. It seems probable that the depth of the section has been 
increased somewhat by the scouring of the rapids, and the river 
bed may also have become somewhat narrower where it was 
cut down by the later small-volume river. When the recent 
tilting of the land raised the level of Lake Ontario a little, 
the water was backed up into this section, slacking the rapids 
somewhat and increasing the apparent depth and width of the 
ri_ -
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FIGURE 15.-0l'O88 sectiOlll!l of the Niagara gorge 
showing rela.tive dimensiOlll!l of gorge, depth of 
water, and height of rook. strata. above river. 

A.. Mouth of gorge, OI1l1uewlth Brock MODDweutaDd railroad tunnel. 
B. Norih eud of Old Nanowgorge, !IOOOfeetl5OuthotA.. 
C. NIagara Glen, BOO teet uo1"theast ot Wl11tergreen Flats. 
D. 100) teet uortheaflt ot Thompl5OD Point. 
E. The Whlrlpool, BOO teet Dorthof Thompeou PoInt. 
F. Geutel' ot Eddy BasIn. 
G. Whirlpool Rapid., 800 teet north of Grand Trunk RaIlway bridge. 
H.lDternatJ.onalBrtdgQ. 
I. JUBtbelo"H~FH,ll8, BOO teet norih of Table Rooit. 

Third section, or Lower Great gorge.-The third section. 
extends from the bend at Niagara University to the upper end 
of the Eddy Basin but does not include The Whirlpool. Its 
length is about 2 miles. Its general character is described 
under the heading "Topography." 

This_,eection was cut during the third or Port Huron stage 
of Lake' Algonquin. When the small cataract was near the 
bend at the university the uplift pf the land at the north closed 
the Kirkfield outlet and sent the discharge of the upper l~es 
past Port Huron again, increasing the volume of Niagara Falls 
about sevenfold. The same uplift also raised the outlet of 
Lake Iroquois at Rome, N. Y., and backed the water up to the 
level of the Iroquois beach, 126 feet higher tban that of Lake 
Ontario. The water stood at nearly the same height in the 
gorge. 80 that the greater cataract at its beginning fell into deep 
water. This necessarily limited the depth to which the falls 
scoured, and it is believed that this is one of the two chief 
reasons why this part of the gorge is shallow_ 

The other reason why this section is shallow as well as wide 
is that the rock surface 8bo\"e the falls was very flat in this 
stage: The crest of the falls was unusually wide and was 
covered with a relatively thin sheet of water of even depth. It 
seems certain that this condition and also the high lake level 
below the fulls prevailed while the fulls receded from the bend 
'at the university to. Crips Eddy, and this part of the gorge 
gives a relative measure of' the duration of the high stage of 
Lake Iroquois. At the north end of Foster Flats, where the 
top width is now a little more than 1500 feet, the water sheet 
on the west side appears to have become too thin to scour 
through the Whirlpool sandstone at its foot and from that 
time on the water grew gradually shallower on that side. The 
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ridge extending northea.st;ward from the east edge of Winter­
green Flats was left as a narrow island or projecting ·point 
between the smaH gorge cut by th~ feeble side fall and the 
main gorge on the right. 'rhe side fall was finally robbed of 
its water, leaving the old bed at Wintergreen Flats dry. The 
thinness of the water sheet and the high level of the water in 
the gorge appear also to have preveni¢ the main cataract 
from scouring deeply on the east and south sides of Winter­
green Flats, and it seems almost certain that the falls did not 
scour through the Whirlpool sandstone layer, bnt that the nar­
row channel of Foster Rapids has been more recently made by 
a second low cataract plunging over the sandstone ledge. 

While the fulls were receding from the bend at the uni varsity 
a side stream flowed northward over the wide, flat bed of the 
Lewiston spillway (shown 8S Qnc' on the gorge map) to Smeaton 
Creek and fell into the Old Narrow gorge. Cliff recession has 
taken away the older part of the ravine which this stream 
made, but the part which remains has a floor of Irondequoit 
limestone. The ravine is almos't 70 feet deep and 150 to 200 
feet wide and extends more than 400 feet back from the present 
gorge cliff. These dimensions indicate a rather small stream. 
It does not seem possible that the ravine was made during the 
cutting of the Old Narrow gorge, when the volume of the river 
was small. The alcove at Devils Hole shows that Lake Tona~ 
wanda still stood high enough to discharge a small stream down 
the Bloody Run distributary for some time after the main 
cataract had passed the site of Devils Hole. 

Until the full, reached Crip' Eddy Lake Iroquoi, !'Ontinued 
to stand at its high level and the seouring power of the falls 
was slight, but Lake Iroquois was then drained and the water 
that had ,tood at the full, more than 100 feet higher than Lake 
Ontario fell probably at l~t 100 feet, increasing the height of 
the falls that much. At the same time the channel above the 
falls became more contracted. and the result was a deeper, nar~ 
rower gorge, made probably at a slightly more rapid rate. 

The reef which produces the sh~rp rapids at the outlet of The 
Whirlpool owes its origin to the breaking away of the east wall 
of the old gorge of' the buried Whirlpool-St. David channel 
(described under the heading "Interglacial stage") before the 
falls had time to scour out fully the rock: at its base. When the 
break in the wall came, the lowering of the water in The Whirl~ 
pool must have been sudden, for the drift was easily cleared 
out of the old buried gorge. (See fig. 7.) Then, resuming 
its cutting at the south side of The Whirlpool, the falls made 
the Eddy Basin before the volume of the river was reduced. 
The width and apparent depth of the Eddy Basin accord- with 
the width and depth of the deep part below The Whirlpool and 
also of the gorge above the railroad bridges; therefore the Eddy 
Basin is included in the Lower Great gorge. 

This section of the gorge was made jUBt before the final dis­
appearance of the ice from the Great Lakes region. The receEl~ 
sion of the falls in the making of the gorge went on without 
interruption past the iI1~d~fined time of separation between the 
Pleistocene and Recent epochs. The opening of the outlet at 
North Bay, Ontario, and the beginning of the discharge of the 
Nipissing Great Lakes eastward marked the end of the func­
tion of' the ice sheet as an ice dam in the Great Lakes region 
and the end of its influence on Gre.at Lakes history. For con­
venience the Pleistocl;:!ne epoch may be said. to have ended at 
that time. whieh is also practically the time when the ice sheet 
disappeared. 

Fourth section. or Whirlpool Rapids gorge.-The fourth sec­
tion extep.ds from, the sharp contraction at the south side of the 
Eddy Basin to the place of expansion just above the railroad 
bridges. Its length is three-fourths of ~ mile. 

At the railroad bridges the east wall recedes at the top, pro­
ducing a wide talus slope in ·place of the narrow slope to the 
north. Exclusive of this expanded part, the average top width 
of the narrow gorge is about 760 feet and the least width 725 
feet. At the water the width is about 360 feet. Knowing these 
dimensions, the volume of the river. and ·the rate of flow in the 
rapids, Gilbert estimated the depth of water to be about 3.5 feet. 
Spencer's soundings from the upper railroad bridge show a mid­
stream depth of 86 feet and a shallowing toward the sides. but 
the water there is only beginning its descent and has not 
acquired its full velocity. Gilbert's estimate applies to the 
lower part of the rapids, where the velocity of the water is 
about 22 miles an hour. '1;'he narrowest point in the whole 
river is just below the Grand Trunk Railway bridge, where the 
width is about 300 feet. 

Great blocks choke the rapids On both sides and probably 
in the middle as well Most of ilie talus slope on the west 
side is 200 to 250 feet wide and, being on the inner side of the 
curve, appears not to have been narrowed by the rapids. On 
the east side the cliff is vertical down to the Niagara Gorge 
Railroad track through much of the distance. Before the 
railroad was built the talus, except some large blocks at the edge 
of the water, had almost all been swept away and the shale 
was being eroded. An artificial embankment had to be con­
structed for the railroad at some points. In its narrower parts 
the slope is scarcely more than 100 feet wide. and through 
most of the distance it is less than 150 feet. This wall is on 

the outer side of the curve and has been heavily scoured at its 
base. In spite of the present narrowness of this section, it 
seems certain that since it was made it has been widened a 
little, both at the top and at the bottom, by the action of the 
rapids. The Whirlpool sandstone probably forms the floor of 
this section, except at its north end. 

This section was cut during the time of the Nipissing Great 
Lakes, when the falls carried only the discharge of Lake Erie. 
Its narrowness and shallowness give some idea of the dimen­
sions of the Old NaITow gorge when it was first made. 
Spencer interprets this section in an entirely different way, 
making it 185 feet deep and choked up with f.a.llen blocks to 
a depth of 100 feet or more. A deep boring at the east pier 
of the cantilever bridge is said to have gone through fallen 
blocks to a great depth. This condition is probably due to under­
cutting and refilling with block, by the gt"eIIt cataract when it 
first resumed gorge making just above the bridges, but there is 
no reason to suppose that undercutting and refilling extended 
further north. 

The UPPfff Great gor,ge.'-The fifth section extend, from the 
place of widening just above the railroad bridges up to the 
Horseshoe Falls, a distance of 2t miles. It is both wide and 
deep and in these respects presents a strong contrast with the 
section just described. It shows a pronounced. widening begin­
ning about 500 feet north of the American Falls and extend­
ing to the south side of Goat Island, a distance of nearly 3(x)() 
feet. Details of the width and depth of the gorge are given in 
the table at the end of the text. 

This section has been cut during the present lake stage, with 
the full discharge of the upper four lakes passing over Niagara 
Falls. The falls have bad the same volume through all of the 
section beginning just above the railroad bridges, where the 
wide part of the gorge begin,. The irregulsrities of width and 
depth that characterize this section are !lot due to change of 
volume but arise from local conditions, chiefly such as affected 
the length of the crest line of the fulls and the depth of water 
upon it. Geologic structure does not appear to "have had a 
perceptible influence in this section, except perhaps in the last 
1(x)() feet nearest the Horseshoe Falls, and there its influence 
is not clearly manifest. This section is also more nearly in the 
condition in which it was made than any other part of the 
gorge. It has undergone less weathering and has been affected 
less by other changes such as have occurred in the sections 
below it. 

Old chanrwl of Niagara River in Upper Great gorge 
stage.-Until the falls had cut the gorge back to the vicinity 
of Swift Drift Poin~ about 1000 feet north of Hubbard Point, 
the bed. of the river south of that place remained. at the level 
of the gravel on Goat Island. Hubbard and Swift Drift 
points are on a limestone prominence, which apparently 
formerly crossed this place in the .gorge as a ridge, called 
by Spencer Johnson Ridge. (See fig. 7.) South of it i, a 
gently descending valley in the rock surfHce-the Falls-Chip­
pawa preglacial valley of Sp'ncer. When the crest of the fulls 
was at the colon the ridge it WRii 50 or 60 feet higher than 
now, but from that time to the present the falls have been 
slowly backing down the slope to their present lower level. 

This decrease in the altitnde of the crest line lowered the 
river above the f.a.lls, causing it to cut the channels now occu­
-pied by the rapids above the fall, on both sides of Goat Island. 
This process uncovered the east side of the old FalJ.s..Chippawa 
preglacial valley at the head of the rapids and geve the river a 
westward-sloping floor of rock. Descending 40 to 50 feet over 
this, the river acquired great momentum and cut strongly into 
the deep filling of the old valley on -the west side. But the 
drift had a moderate power of resistance and turned the stream 
gradually toward the north. In this way the great embay­
menm with rock floors and drift banks.on the west side of the 
river opposite the falls and the upper rapids were made. M'oJoJt 
of the first curve f;lxtending northward from near the Table 
Rock House (marked Qnc4 on the gorge map) was made while 
the fulls were working southward 2000 or 3000 feet from Hub­
bard Point, 'and the south part of it was cnt later, the cutting 
continuing to the time of the beginning of the American Falls. 
The next curve, reaching from the .west side of the Dufferin 
Islands to Table Rock House (Qnc' and Qnc'), is fhlntly 
double, the curve changing slightly at a point about 1500 feet 
south of Falls View. This great curve is of recent date and had 
not been long abandoned at the beginning of the historic 
period. This is shown by the side fall in Hennepin's sketch 
made in 1678. Its early part was made while the falls were 
passing the American Falls and the last cutting W8B evidently 
made while the falls were about at the south side of Goat Island. 
The south half was probably of a still later date. The drift 
bluff on this curve is 130 to 140 feet high where it cuts the 
crest of the Niagara Falls momine. 

The sharp embayment at the Dufferin Islands (Qne) is 
probably of slightly later date. The limestone ledge at the head 
of the rapids, which virtually forms a submerged dam across 
the river, dips gently southward, and both the deepest water 
and the main current ate'near that side of the stream. At the 
south bank, where the ledge _ beneath the drift, it Ii .. so 



low that the water worked southward around it and cut deeply 
into the drift, returning to the main channel below the cascades, 
at the west side of the islands. 

For'ffl.(ltion of the upper rapids.-As just stated, the upper 
rapids flow westward down the east side of the old Falls­
Chippawa valley. This faet and the newness of the rapids are 
proved by the lack of erosion in the stream bed and bank. 
The ledges of the cascades pass under the drift on both sides 
of the river and on both sides of Goat Island on continuations 
of nearly the same lines that they follow in the rapids. They 
have therefore not been eroded or cut back appreciably by 
the river. 

A large area of the river southwest of the apex of the Horse-
8hoe Falls is shallow. It includes Gull Island and some other 
bare ledges and many visible rocks. Around this area the 
deep river divides into two currents, the heavier one passing 
south of the shallows and reaching the crest line of the falls 
west of the apex. The other deep current passes around the 
north side and re!Whes t4e falls at and a little north of the apex. 
A heavy current crosses the cascades about one-third of the 
way out from the south shore and di vides around the shallows. 
It seems certain that if the natural course of development is not 
interrupted the shallows will before long become an island with 
the main fall west and south of it and a lesser fall north of it, 
and ultimately the American Falls will be robbed of its water 
and will go dry. The main fall and the later extension of the 
gorge will probably keep near the Canadian shore along the 
line of the deeper water. By the time the falls have cut back 
to the cascades they will be 40 or 50 feet higher than now. 
The drift bank on the Canadian shore is likely to be slowly 
cut away unless it is protected. 

Recession of the H01'seshoe Falls.-Of the two great falls at 
Niagara the Horseshoe Falls is the main cataract. According 
to the United States Lake Survey's recent measurements'~ this 
fall carries 95.17 per cent of the entire volume of the river, 
leaving the American Fans only 4.83 per cent. 
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June, 1913) many rocks are seen in this part. On the west 
side the water is shallow, but it deepens gradually along the 
crest toward the apex. 

The estimates of the depth of the deepest water on the crest 
of the Horseshoe Falls range from 25 feet down to 10 feet. 
The latter figure is the estimate of the engineers in their recent 
work for the International Waterways Commission, hut it seems 
certain that this estimate is too low, for if the American Falls, 
with 3.5 feet of water on its crest line, has accomplished almost 
nothing i.n gorge making while the Horseshoe Falls has made 
the gorge from the American Falls to its present position it 
seems impossible that a depth of 10 feet would make so great 
a difference in the scouring power of the water. The depth on 
the crest of the Horseshoe Falls is prohably nearer 20 or 25 
feet than 10 feet. 

Several instrumental surveys were made between 1842 and 
1911, to determine the precise configuration of the crest lines 
of the two cataracts. The first ·was begun by E. L. Blackwell, 
under the direction of James Hall, and was finished in 1842. 
A series of monuments were established by this survey for the 
use of future investigators. The second survey was made by 
the United States Lake Survey in 1875, under the direction of 
Maj. C. B. Comstock, the field work being done by F. M. Tower; 
the third in 1886 for the United States Geological Survey by 
R. S. 'Vood ward; the fourth in 1890 by A. S. Kibbe, under 
thc direction of John Bogart, State engineer of New York; 
and the fifth by the United States Geological Survey and the 
State engineer of ~ew York, the field work being done by 'V. 
Carvel Hall in 1905. Surveys were also made in 1906 by the 
United States Lake Survey and by.J. W. Spencer. The latest 
survey 'VflS made by the International Watm·wa.ys Commission 
in 1911. On the accompanying outline map of the crest lines 
(fig. 16) only one later line, that of 1911, has been added to 
the map prepared by Mr. Gilbert. 

Aya.iling himself of the results of the first five surveys men­
tioned, Mr. Gilbert made a careful study of the rate of recession 
of the falls and presented his conclusions in a report publi':!hed 
in 1907.a Although it is manifest that the gorge is lengthened 
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FIGURE 16.-0utline map of the cre~t line of Niagara J!'alls showing the recession of the brinh: during various intervals since 18i2 

Before the improvements for Queen Vietoria Park were made 
the total length of the crest line of the Horseshoe Falls was 
2950 feet.. The improvements cut off 415 feet on the west side, 
where the water sheet. was shallow and broken. In 1842 and 
1875 the crest line was a fairly open curve, remotely rcsem­
bling a rather pointed and unsymmetrical horseshoe. (See fig. 
16.) There was no sharp angle in the central part, but there 
was a recess forming a nearly right angle at the east side. From 
this angle as it vms in 1875 there developed between that time 
and 1886 an acut.e, narrow recess (shown in Plate IV) extend­
ing eastward 200 feet. Since 1886, howeyer, the apex of' this 
angle has apparently undergone no further recession. Nearly 
all the subsequent change of the crest line has occurred along 
the south side wesl of the apex. 

This fall is 158 feet high, the greater part of the water filII­
ing by a sheer plunge from an overhanging cliff'. At the pres­
ent time the deepest water falls over the crest 200 to 600 feet 
west of the apex, but a deep stream also enters at and north of 
the apex. Since 1886 that part of the water which falls Ht and 
near the apex has appeared to strike a ledge estimated to be 
about 40 feet below the top, and from this the water rebounds 
as white spray before continuing its descent. This ledge lUiS 
grown wider from north to south in recent years as the apex 
of the falls has widened. The water sheet is thin and broken 
from Goat Island to a point some distance south of Terrapin 
Rock, and t.here is no deep water within 200 or 300 feet north 
of the apex. Even at high stages of the river (as in May and 

"Preservation of Niagara Falls, International 'Vaterways Commission: 
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as fast as the most rapidly eroded point on the crest recedes, the 
diffi(,!ulty of determining just where that point is at diiferent 
times 'and of making proper allowances for its change of place 
on the crest is so great that Mr. Gilbert determined the average 
rate of reeession by t.aking a certain length, say 400 or i)OO feet, 
of the eentral paTt of the erest line as a datum line for his com­
putation. The mean rate of recession on this line is regarded 
as the true mean rate for the cataract. This method giyes the 
same result in the end as a computation reckoning from the 
apex of thc falls and avoids some of the difficulties of the other 
method. For the early position of the crest line Mr. Gilbert 
used two authorities, Hall's survey of 1842 and a camera lucida 
drawing made by Basil Hall in 1827. Using Hall's survey of 
1842 and the survey of 1905, Mr. Gilbert found the rate of 
recession t.o be 5.3 feet a year. Basil Hall's drawing was made 
from Forsyth's Inn, un the bluff west of the Horseshoe Fans. 
Mr. Gilbert· had a photograph taken in 1895 from a scaffold 
erected on· the same spot. By comparing Basil Hall's sketch 
with the phot.ograph made in 1895, Mr. Gilbert found that the 
rate of recession was 4.2 feet a year. Thus, aecording a8 he 
gave authority to the map of 1842 or the camera lucida sketch 
of' 1827, Mr. Gilbert found the annual rate to be 5.3 or 4.2 
feet., but giving thc greater weight to the map and preferring a 
whole number to avoid the implication of high precision, he 
chose is feet as the probable annual rate of recession. J. W. 
Spencer, employing a slightly different method, found the rate 
for the period between 1842 aml1905 to be 4.2 feet a year. 

"Gilbert, G. K., Rate of recession of Niagara Falls: U. S. Geol. Survey 
Bull.30G. ' 

The crest line of the survey of 1911 shows the recession at 
the most rapidly receding point since 1H05 to be more t.han 8 
feet a year, but the mean rate by Mr. Gilbert's method is less 
than· 5 feet a year. There seems lit.tle doubt t.hat 4.5 feet a 
year is nearly the true rate of recession since1842, and thcre is 
rea80n for believing that it was about the same for the 100 to 
150 ycars preceding 1842. It is thought, however, that during 
a long period before t.hat time the rate was much slower. The 
reason for this opinion will be given after considering the rate 
of recession of the American Falls. 

Recession of the Amen:can Falls.-Most of the sllrYeys of 
the falls have included a determination of the crest line of tile 
Americ.a.n Falls, but in the survey of 1911 that determination 
was omitted and t.he survey by the United St!ltes Lake Survey 
in 1906 is therefore the latest of that fall. Attempts have been 
made to compute its rate of recession, but with one exception 
the differences between the sucessive crest lines are so slight 
that it. seems doubtful whether they are greater than the prob­
able range of error. Indeed, the mflp on which the 8everal 
lines are plotted seems t.o indicate errors of that. magnitude in 
certain places where a. later line projects farther Ollt thlm an 
earlier one. Hall's map of 1842 shows a great salient at the 
nort.h side of the American Falls that. projects a.bout 100 feet 
beyond tye line shown by all the luter surveys. Here, again, 
Mr. Gilbert made effective use of a camera lucida 8ketch which 
Basil Hall made of' this fall in 1827 and showed conclusively 
that the large salient shown on Hall's map is an error. 

Using the crest line of Hall's map, Spencer calculated the 
mte of rf'~ession to be 0.6 foot a year. After making the cor­
rection on Hall's map Gilbert calculated that the rate ,vas prob­
ably as small as 0.2 foot a year. But even that rate may be 
much too large. The deepest water passing over the American 
Falls is only 3.5 feet deep and the average is less than 1.5 fe~t. 

The crest line is nearly 1000 feet long and is an almost e\'en 
continuation of the cliff line on either side of it, as may be seen 
in Plate III. In faet the deepest water on tilis fall passes over the 
ledge ncar Prospect Point., a part of which protrudes slightly 
beyond the general cliff line. The fall is nearly 168 feet high, 
but the water st.rikes upon great blocks and bowlders which 
rest in part upon limestone ledges of the Clinton formation. 
The blocks are simply the coarser materials of t.he talus. In 
all t.he time that it has existed-probably 600 to 800 years­
the fall has not been able t.o remove the blocks or to make a 
measurable beginning of a gorge. It has removed the fine 
material of the talus and has probably steepened tJle base of 
the cliff somewhat but has done little Ulore. In short, it is 
doubtful whether the crest line of the American Falls has 
receded more than may be fairly ascribed to normal cliff reces­
sion due to weathering. If the slight reentrant in the central 
part of the crest line is due to recession produced by the fall it 
must. be a very old feature, for the water sheet is now thinner 
there than north of it. Moreover, the crest lines as mapped 
by the several surveys are more nearly in agreement in this 
reentrant t.han in most otber places and the recntrant is no 
greater than many others along the cliff where no side fall ever 
existed. 

Age of the fall.s.-In 1841 Lyell estimated t.he age of the 
fa.lls to·be 35,000 years. The suryeys made since then afford 
some basis for calculation, but the results of the several 
attempts that have been made differ considerably. In 1894 
Spencer calculated the total duration of the falls to be 32,200 
years, but in a later report (1907) he makes it 39,000 years. 

There is little evidence that geologic structure or lines of 
weakness in the rocks have mused important variations in the 
rate of recession, but there is much reason to believe that the 
most marked example of' this influence has passed recently. 
The sudden sharp recess that appeared in the crest line between 
1875 and 1886 seems explicable in no other way, and ther~ 
arc some facts that point to a similar occurrence 50 to 100 
years before. The dimensions of the gorge show that sueh 
events have been of rare occllt'rence. 

Inasmuch as t.he geologic conditions ha ye been remarkably 
uniform, the most important factor which has affect~d the rate 
of' gorge making is the variation in the volume of' the river. 
The sect.ions of t.he gorge cut during the small-volume or Lake 
Erie stages haye been ma.de more slowly than the sections cut 
when the volume Of the falls was large. 

The next most im'porta.nt factor is the depth of' the water 
sheet on the crest line of the falls. '"£he marked ('ontmst in 
the gorge-making power of the two catamcts shows the impor­
tance of this factor. The American Falls seems to lack power 
to make a gorge at a memm1'8ble rate, but if its 1000 feet of 
crest line were shortened to 100 feet, the same volume of water 
would prob::tbly pass over the creRt with a. depth of 15 to 20 
feet and this fall would theu have some efficiency in scouring 
out a caldron at its base. 

It is the same with the Horseshoe Falls. 'Vhen the condi­
tions of the river bed at and just above t.he crest have caused a 
short crest line with deep water upon it, the falls have scoured 
more effectively and hence more rapidly, and when the crest 
line was long and the water sheet thin t.he falls scoured less 
deeply a.nd hence undermined the overhanging crest ledge 
more slowly. On this account it seems certain that the· faUE) 



made the wide part ~f the gorge opposite the American Falls 
and Goat Island at a considerably slower rate than the nar­
rower part recently made or than the narrower parts farther 
north. Of course, where the capping limestone was thicker, 
as at Hubbard Point, the strength of the crest ledge was 
greater and recession tended to be slower. But this was offset 
by the greater height of the falls at that time. The river in 
the west side of the gorge opposite the American Falls and 
Goat Island is relatively shallow. The crest line was wide 
when this part was being made, and the water sheet relatively 
thin. At Carters Cove, nearly opposite Prospect Point, the 
sheet was too thin to cut through the upper bed of the Albion 
sandstone. Yet, although it must have worked back some­
what slowly, that· part of the fall was not left behind, as the 
side fall W8S at Wintergreen Flats. The deeper water toward 
the east side of the crest was shallower than it had been north. 
of the American Falls, where four soundings show the great 
depth of 186 feet. It W8S so shallow that the shallower west­
ern part at Carters Cove kept pace with the recession. Fur­
ther analysis, with these facts in mind, makes the rate for the 
cutting of the wide part of the gorge at the falls and also above 
Niagara University considerably slower than the rate deter­
mined from the surveys. 

By taking account of this factor and tP-e changes of volume 
caused by the changes of outlet of the upper three lakes, more 
accurate estimates of the time consumed in the making of 
the gorge may be made. These estimates show that the time 
required for cutting the Upper Great gorge was between 3000 
and 3500 years and for cutting the Lower Great gorge prob­
ably 2500 to 3000 years. The same considerations apply to 
the small-volume !:Iections with regard to the influence of the 
depth of the water sheet on the crest, but the variations of this 
factor in the making of the two Lake Erie sections and the 
first section can not now be determined. Spencer makes the 
rate of recession with the volume of Lake Erie alone 0.42 foot 
a year, or one-tenth of the large-volume rate. This rate seems 
a fair approximation, for the falls in thld small-volume sections 
had about three times the volume of the American Falls and 
the water was probably more concentrated on the crest line. 

If we take maximum rates of recession throughout, the mak­
ing of the gorge may have taken 20,000 yearsj with slower 
rates it may have taken 30,000 to 35,000 years. It is not 
believed that more precise estimates can have any greater 
value, for such estimates would seem to represent a degree of 
accuracy which is really impossible with the data that are now 
available. EstiD1ates ranging from 7000 to 12,000 years are 
evidently too low, and those ranging from 50,000 to 100,000 
years are too high. 

ECONOMIC GEOLOGY. 

The natural resources of economic value occurring within' 
the quadrangle include limestone, sandstone, shale, natural gas, 
clay, gravel, sand, mineral waters, and water power. The most 
important of these are the water and the limestone. 

LU!U1BTONE. 

Four distinct limestones in this quadrangle are quarried for 
commercial use--the Clinton, Gasport, Bertie, and Onondaga. 
The lower two of these limestones outcrop across'the entire 
width of the area mapped, extending from Niagara River at 
Lewiston through Lockport and Medina and eastward far 
beyond the quadrangle. The two higher limestones, the 
Bertie and Onondaga, are found only in the extreme southeast 
corner of the quadrangle, near Akron. 

8teelflux.-The most recent 8S well os the most extensive use 
to which the limestone of this region has been put is its 
employment as a :flux in the manufacture of steel. Only non­
magnesian limestone of a high degree of purity has been 
quarried in this region for this purpose. But two of the lime­
stones found here-the Onondaga and the Clinton-are of 
proper chemical composition for use as a steel flux. A third 
limestone, the Gasport, is sufficiently free from magnesia over 
a small area in the vicinity of Lockport to comply with the 
present local requirements for flux. In other districts magne­
sian limestone and dolomite are successfully used for iron and 
steel flux. 

The only limestone that has thus far been utilized for this 
purpose within the area mapped is in the Clinton formation. 
The Clinton forms a broad, flat terrace on the north ~lope of' 
the :Niagara escarpment along much of its extent between 
Lockport and Lewiston. Where the drift,cover is light, as it 
is in many places,-this limestone can be cheaply quarried near 
the escarpment. A short distance south of the escarpment 
the southerly dip of the beds carries this limestone too far 
below -the surface for profitable quarrying. The Lackawanna 
Steel Co. has recently opened an extensive quarry in the 
Clinton formation 1 t miles north west of Pekin. The lime­
stone that is quarried is used in the plant near Buffalo. 

Cemeni.-The limestones of this region include beds suitable 
for making both natural and Portland cement. Both .the 
upper Clinton and the Onondaga limestones, owing to their 
chemical purity, are available for use in making Portland 
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cement. The presence, however, of an excellent natutal 
cement rock in the Bertie limestone member has ·encouraged 
the manufacture of natural cement instead of Portland cement. 
The Bertie limestone occurs in the Niagara quadrangle over a 
small area southwest of Akron. The manufacture of natural 
cement was begun at Falkirk ill 1839, and has been carried 
on almost continuously by two or more companies up to a 
recent date. Immense quantities of this cement were used in 
constructing the Erie Canal and the New York City aqueduct. 

The greater uniformity in the composition and consequently 
in the quality of Portland or artificially mixed cement as com­
pared with that of natural cement has in recent years caused a 
decreased demand fOil natural cement, and this has resulted in 
the closing of the factory at FaIkirk. 

The beds that have the proper composition for natural 
cement are about 7 feet thick. They were worked from hori­
zontal drifts which leave a rock roof. The cement rock. after 
mining is burned and then finely ground, when it is ready for 
use as a hydraulic cement. 

Lime. - The Onondaga limestone furnishes an excellent 
grade of quicklime and has long been utilized for making lime 
at a number of points .along its line of outcrop between 
Falkirk and Williamsville. The nonmagnesian limestone near 
the base of the Lockport dolomite (Gasport limestone member) 
has also been used for lime in the vicinity of Lockport and 
near the Niagara gorge. 

Building stone.-The Gasport limestone member of the 
Lockport dolomite has furnished considerable building stone, 
nearly all of which has been u,ed locally. Much of it 1m, 
been used in foundations, but several buildings in Lockport 
have been constructed from it entirely. It is used also for 
window sills, trimmings, and like stone work. This stone is 
attractive and durable and fully meets the local demand for 
structural material of this class. Two quarries supply moat of 
this stone that is now being used. One is about 2t miles east 
of Lockport; the. other is at the head of The Gulf, west of 
Lockport. The detailed description of the beds is given under 
the heading "Stratigraphy" in the description of the formation. 

Near Queenston, on the Canadian side, excellent dimension 
stone is being quarried from the Lockport dolomite in consid­
erable quantities. This stone is used in high-class construction 
work. Large rough blocks of it form ·the parapet at the Horse­
shoe Falls and the fence along the north line of Queen Victoria 
Park. It is used as finished and carved stone in elaborate 
architectural designs in the beautiful power house of the Elec­
trical Development Co. at the side of the rapids above the falls 
on the Canadian side. It is employed to some extent in 
building work of high quality in Buffalo, Toronto, and other 
citill:3. 

Broken 8tone.-One of the important limestone products of 
the quadrangle is crushed or broken stone in sizes that are 
suitable for road dressing, railroad ballast, and concrete. The 
hard cherty layers of the Onondaga limestone furnish rock that 
is excellent for this purpose and of no value for any other. The 
manufacture of crushed stone therefore sometimes supplements 
the preparation of other kinds of stone, rock that is worthless 
for lime, cement, or building stone being thus utilized. The 
Onondaga limestone is quarried. extensively southwest of Akron 
by the West Shore Railroad, mainly for railway ballast and to 
some extent for road ballast, and a little is used for building stone. 

SANDSTONE. 

All the sandstone quarried in this region comes from the 
Albion sandstone. This formation was once known as the 
Medina or white Medina and now'forms part of the Medina 
group. Quarries have been opened in this formation at many 
points along its line of outcrop in the Niagara escarpment, from 
the gorge to the eastern margin-of the quadrangle. Some of 
these quarrieB were first operated nearly a century ago. Old 
buildings constructed of this rock are seeD in all the towns 
along the ~rpPlent. Flagstone was shipped from the Whit­
more quarry at Lockport to Rochester as early as 1831. It was -
used still earlier in the construction of the Erie Canal. This 
sandstone was used forJDerly in glass furnaces as well as for 
flagstonll:3 iUild for V8lious architectural purposes. At present 
it is used chiefly in making paving blocks, dimension stone, 
and broken stone for road metal and concrete. For concrete 
this broken sandstone is generally preferred to broken limestone 
or flint because it is slightly porous and makes a closer union 
with cement. Other features of this stone are noted in the 
description of the Albion sandstone. The quarry face and 
blocks of the stone in the quarry at Lockport may be seen in 
Plate XVIII. 

The only quarry now in continuous operation is situated 
north of Lockport, where a rock. crusher having a capacity of 
300 cubic yards of crushed rock a day is in operation. The 
cross-bedded and ripple-marked stone is utilized by crushing; 
the more even grained stone is used for paving blocks and 
dimension stone. A nearly white sandstone that fOrIns the 
lowest bed of the Albion, near Lewiston, was formerly quarried 
rather extensively. Other quarries thllt have furnished this 
stone are located northeast of Gasport -and on both sides of 
Eighteenmile Crook near Lockport. 

GRAVEL AND BAND. 

Gravel for use as railroad ballast, road metal, and concrete 
and building material is obtained from beach grave~ and gla­
cial and channel deposits in many places in the quadrangle. 
The largest supplies are obtained from the old Iroquois spit 
gravels at Lewiston, from the Iroquois beach ridge at Wrights 
Corners, from the large kame area east of Lockport, and from 
the kames throughout the quadrangle, and on the Canadian 
side from the outwash near St. David station on the Grand 
Trunk Railway. Sand is obtained at many plaees, generally 
the same places as the gravel. The finer wind-blown sand. is 
not much used at present. 

CLAY. 

The clay in the quadrangle is used in making brick but has 
not yet been put to other uses. There are brickyards at Ton­
awanda, La Salle, Lockport, near Niagara University, and at 
Niagara Falls, Ontario. Those at Tonawanda and La Salle are in 
the clayey silt of Lake Tonawanda and the till beneath; the one 
south of Niagara University is in lake clay; and those at Lock­
port and oJ:!. the Canadian side are in till nearly free of stones. 

GYPSUM. 

A bed of excellent gypsum 4t to 5 reet thick i, mined by 
two companies 1t and 2t miles northeast of Akron. A test 
boring made at Akron, about 50 feet deep, is reported to have 
found gypsum. This bed occurs in the Salina formation about 
200 feet below the base of the Onondaga limestone. Although 
extensively quarried less than a mile east of the Niagara quad­
rangle, the gypsum bed has not been recognized within the 
quadrangle. If present in the area it is confined to its south­
ea,tern part. The horizon of this bed lies 60 to 85 feet below 
the surface along the West Shore Railroad southeast of Akron. 
Thin layers of gypsum, !!lome of which may be of commercial 
value, have been encountered at other horizons in gas wells. 
In one of the wells at Buffalo three different beds of white 
gypsum, ranging in thickness from 3 to 12 feet, were struck 
within 100 feet of the surface. 

PEAT. 

Peat in sufficient quantity to suggest its use as fuel occurs 
in only two places in the quadrangle. An attempt made four 
or five years ago to manufu.cture fuel briquets at a place south­
west of Pekin did not prove profitable. Another deposit about 
as large as the one near Pekin is in the southeastern part of 
Amherst, but it has not been developed. In neither of these 
localities is the quantity of peat large, its average thickIiess 
being 2 to 3 feet. 

MINERAL WATER. 

Some borings that produced no gas yielded valuable mineral 
water, mainly of the salt and chalybeate varieties. The water 
from one of these wells at Akron has medicinal propertill:3 that 
have led to the founding of a sanitarium for the treatment 
of bowel and liver troubles: An analysis of this water is as 
follows: 

.Analysis of mineral water from weU at .Ak1'vn, in grains per gallon. 
Hydrogen sulphide (HIB) ______ Trace. 
Ferrous sulphide (FeB) (t) 1.57 
Caleium sulpbate (Co.BO,) __ . _ 86. 46 
Calcium ehloride (CaCI.) __________ ____________________ 818.33 
Magnetrlum ehloride (MgCll) __ _________________________ 802.34 
Bodium cbloride (N&Cl) ______ ___ ______________________ 7682.00 
Potassium chloride (KCIl _________ ._____ Trace. 

Analysis furnished by C. H. Lara.by. sooretary of the Banitarium Co. 
Analysis made by Herbert M. Hill, eity ehemist of Bu1falo. N. Y. 

A small spring of sulphur-bearing water issues from the 
lower layer of Lookport dolomite a mile north of McNaIls. A 
well in the Queenston shale east of Lewiston yields salt water. 
A bored well at Pendleton Center, about 100 feet deep, yielded 
a dark-colored chalybeate water, which flowed in a small streH:ID 
for two o~ three years, but the flow has now ceased. 

NATURAL GAS. 

Natural gas is produced in commercial quantitiefl in the 
quadrangle onJy in an area near the southern border. The 
first gas well drilled in Erie County was sunk at Getzville in 
1858 or 1859. It continued to produce for more than.aO years. 
It was one of a group of wells in the area immediately north of 
Getzville from which gas was piped for many years to Tona­
wanda. Most if not all of these older wells have ceased to be 
productive. The wells that are now producing gas comprise a 
group of 20 or more, southwest of Getzville and east of Tona­
wanda, which have furnished a moderate flow for some years. 
The best of thll:3e wells had an initial pressure of about 200 
pounds. Their product is turned into a line which carries gas 
to'Tonawanda from more productive fields BOuth of Akron 
and is said to constitute a fifth to a quarter of the supply 
received in Tonawanda. The Getzville gas occurs at depths 
ranging from 475 to 560 feet, usually in beds which represent 
the Albion sandstone of the Medina group. In a few wells 
some gas is found in the' shales and limestones above the 
Medina. 



At Akron five deep wells were bored for gas several years 
ago. After being abandoned for a time, these wells were 
cleaned out and furnished a moderate flow of gas for six or 
seven years. Akron obtains its present supply from the new 
and richer fields 4 and 13 miles south of the town. 

In the northern and middle portions of the quadrangle some 
wells' have been drilled for gas and oil without success, no oil 
and only smaH amounts of gas having been found. One of 
these borings near the shore of Lake Ontario 2l miles north­
west of Barker reached a depth of 2700 feet. A small amount 
of gas, estimated to be sufficient for three families, was encoun­
tered but was not utilized. At Barker a 202-foot well sunk for 
fresh water found an abundance of salt water and a small flow 
of gas which was llOt sufficient to be of value. The "burning 
spring" on the bluff south of the Dufferin Islands is said to be 
a leakage of natural gas from a crevice in the rock. 

In.1883 or 1884 a boring was sunk to a depth of 2007 feet 
in the village of Gasport. It is reported to have furnished gas 
for three stoves and two or three street lamps, This gas was 
found in shale about 1000 feet below the Albion sandstone. 

As a rule wells drilled for gas in the southern part of the 
quadrangle have been much more productive than wells drilled 
farther north, but not all of them have been successful. A well 
drilled in Tonawanda several years ago to a depth of 1100 feet 
found only a very small flow of gas at 558 feet. The 3129-
foot boring at Sour Spring, on Grand Island, drilled at a.bout 
the same time as the Tonawanda well, found nothing but snIt 
water. 

In the area immediately south of the Niagara quadra.ngle 
numerous wells in and ne.ar BuftHlo hfn-e yielded moderate 
flows of gas. The Buffalo wells found gas in the Salina, Lock­
port, Clinton, and Albion beds. Apparently the white Albion 
sandstolle (Whirlpool sandstone?) was the most productive 
formation. These wells showed maximum rock pressures rang­
ing from 142 to 480 pounds and gas pressures which for short 
intervals of confinement seldom exceeded 200 pounds. 

The results obtained by drilling numerous wells in this 
region indicate that all the formations between the Onondaga 
limestone and the Queenston shale may yield moderate quanti­
ties of gas where the rock texture and the structure are favora­
ble, but that the Albion sandstone is much the mOst important 
and productive of these formations. The texture or physical 
characters which locally determine the efficiency of the rock 
as a gas reservoir can be ascertained only by means of the 
drill. The general structural features are now well known, but 
additional data as to the position of the stratl:l, afforded by care­
fully made well records, will add much detail of economic value 
in the future. All of this region lies on a southward-sloping 
monocline of great extent. In accordance with the recently 
developed theories concerning the accumulation of gas in a 
region WhOSEl",structure is of this kind, commercial supplies of 
gas should be expected in or near those belts where the rate of 
dip shows a marked increase, In the description of the struc­
ture it was pointed out that the rate of dip increases near the 
southern margin of the quadrangle. It·is a very significant 
fact that all the successful wells in this quadrnngle are in or 
neal the zone in which the change in the rate of dip becomes 
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marked, whereas wells drilled to the north of this zone ha.ve 
failed to yield gas in commercial amounts. Prospecting has 
already been done in this zone in the higher formations nea.r 
the southern border of the quadrangle, but the underlying 
Ordovician limestone formations have never been properly 
explored by the drill. It is quite possible that when the more 
accessible Albion sandstone has been exhausted another and 
more productive gas bed may be found in the Ordovician 
limestones at a depth of 8000 to 3500 feet in the region between 
Akron and Tonawanda. 

WATER SUPPLY. 

All the larger cities of the Niagara quadrangle obtain their 
supply of water from Niagara River, pumping it into standpipes 
from which it is distributed untler considerable pressure. The 
sewa.ge of Buffalo is emptied into the river 8 miles above Ton­
awanda and the ,use of the water without purification has until 
recently caused a high typhoid rate in these cities. The city of 
Niagara Falls, N. Y., has recently installed a filtl"dtion system 
and, according to the State chemist, the filtered water now is 
pureT than that used by any other city in the State. Filtration 
plants are also planned for Tonawanda and Lockport. The 
water for Lockport is taken 1800 feet out in the river at Tona­
wanda aud the cities of Tonawanda, Niagara Falls, N. Y., La 
Salle, and Youngstown have local intakes. At Lockport an 
attempt 'was made to obtain a supply from wells, but without 
success. The town of Akron obtains its water from a flowing 
shallow well in the rock, the flow being collected in a catch­
ment basin. One of the few other flowing wells in the quad­
rangle-a well it mileS" north of Beach Ridge-flows about 10 
gallons a minute. ,"Vhen this well was completed an older 
flowing ·well a quarter of a mile to the nort.h went dry. The 
water-bearing gra veJ in these two wells lies beneath the imper­
vions sheet of clay deposited in Lake Lundy. 

The many farm houses in the region obtain water from shal­
low dug wells, most of which yield satisfactory supplies at 
moderat.e depths from gravel and sand in the drift. Many of 
them are sunk to the rock, on the surface of which the water 
accumulates. The residents of Gasport and Lewiston and 
numerous smaller places also obtain their water from common 
wells. 

WATER POWER. 

Part of the great power of Niagara. Falls has been ut.ilized 
by several large electric plants at the falls. The electricity is 
used largely a.t Niagara Falls, N. Y., and in Canada but is also 
con veyed to Buffalo, Tonawanda, and other places. The mean 
volume of flow of Niagara River measured at Buffalo from 
1865 t.o 1898 is 220,428 second-feet. The flow varies con­
siderably, ranging from 187,266 to 238,599 second-feet." The 
fall of the wat.er at the falls is 212 feet and the energy of the 
river averages nearly 5,000,000 horsepower but diminishes to 
about 4,000,000 horsepower at low stages; the available 
amount, however, is considerably less. It is calculated that 
a cllange of 1 foot in height of Lake Erie will increase or 
diminish the discharge by 28,205 feet, which is equivalent 

"Repol't of Board of Engineers on Deep Waterways, 1000. 

Dimensions of Niaga1·a gorge and oorrelation of seotions with lake stages. 

to 569,000 horsepower. The water is diverted and utilized 
for power by several companies on both sides of the river 
and 'the hydrostatic heads thus obtained range from 136 to 
210 feet." 

The first plant built for the use of water power at Niagara 
was erected by the Niagara Hydraulic Co. in 1853 but was 
not a financial success. When electrical "plants were sufficiently 
improved several were installed on the American side and later 
others were built by Canadian companies. When the United 
States Government assumed control of the use of the water at 
the falls the diversion on the American side was limited to 
15,600 second-feet. Under treaty with Great Britain in 1910 
the limit for the American side ·was fixed at 20,000 second-feet 
and on the Canadian side at 36,000 second-feet, but these 
amounts have not been fully utilized, In June, 1911,° the 
estimated average diversion of the water by the several power 
companies was 24,410 second-feet, not including 400 second­
feet taken by the LockpOlt companies from the Erie Canal. 

In the modern power plants the water is taken from the river 
above the city, conveyed to the western part of the city near 
the gorge, and· let down in vertical steel tubes, or penstocks, 8 
to 9 feet in diameter, propelling turbine wheels connected 
with electric generators of 5000 to 15,000 horsepower capacity, 
The product now being generated is reported to be 455,000 
horsepower, Much of the power from the Canadian side is 
brought into the United States for commercial use. The cur­
rent is carried on high-tension lines, the shorter ones with 
60,000 volts a.nd the longer ones with 110,000 volts. This 
enormous supply of power has given great impetus to the 
gro\vth of many iudustries in which electricity can be utilized, 
especially at Nia.g-dra j1"alls, N. y, Notable among these are 
processes requiring great heat, s:uch as the manufacture of cal­
cium carbide, carborundum, and aluminum, and smelting. 
Besides its local nse in' these industries it supplies light and 
power to Buffalo and many other places, including Toronto, 
Hamilton, and London, Ontario, and is transmitted as fa.r as 
Syracuse, N. Y., and Windsor, Ontario. 

Besides the diminution of flow dne to the diversion at the 
falls the volume of Niagal"d River is diminished by water taken 
out for the Erie and WeIland canals and the Chicago drainage 
cana.l. The Erie Canal is being enlarged and plans have been 
completed for enlarging the WeIland Canal, but the project to 
enlarge the Chicago Canal has not been approved. 

At Lockport power is derived from the water in the waste 
weirs of the Erie Canal, a deep outflow passing into the gorge 
of the west branch of Eighteenmile Creek. In fact the large 
manufacturing interests of this city owe their existence and 
development to this sour('e of power. Electricity is also 
brought to Lockport from Niagara Falls. It is estimated that 
6460 horsepower is utilized and the annual value of the resulting 
products from thirteen industries is about $3,000,000. The 
cost is low, for only a very small rent is paid to the State for 
the nse of the water. 

July, 1913. 

"Spencer, J. W., The falls of Niagara, p. 255. 
b Preservation of Niagara Falls: Me.ssage fyom the President of the United 

States, 62d Congress, 2d sess., H. R. Doc. 246, pp. 15-16, 1911. 
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3. Lake -:\lgOnqUi~~- FiN>~ --:- C~ieago. to I First ha~ightly··" Thi~eetion,-I-;:l·"". --l!-Fro;~:ndjustn~:n.th I North half (to head of Foster Rapi,;iS):- North-~lf:-:~·:'undingS' 
Port Hut·on·Chi Ml~sibSippt Rn'er greater than prell· I Lower. Great I of Nmgara Utllver-, Top: Greatest, HIfjO(over F08ter]lats): hut rapid;! show !'uallow 
C!1go stage. (Three and at Port Huron, ent: second half, gorge. 1 ~itY.to upper side of I least, 1200 (opposite south end of\Vinter- bed even in wide part. A.' 
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4. Nipissing Gl'eat North Bay, OntarIo 
Lakes. (Three up through Mattawa 
per Great Lakes, and Ottawa valleys 
expanded.) ,to Champlain sea 

I ~:~~ e~pa~~ed~w-

15 per cent of present 
volume, dischal'g"p. 
of Luke Erie alone. 

~ ... The present Great I' Port Hlll'On to' Lake . Presen;··volUIne, full 
Lakes. Erie and Niagara discharge of four 

, River. upper lakes. 

--------'-------_._------ --
Nlaprl\. 

Ponrt.h sectiolJ: I t mile. 
\Vhirlpo()l 
Rapids gocge. i 

Fifth B{l(·tion: I' 21 lllilp.s, 
Uppel' Great 
gDrge. 

970: least (at, Thompson Point), 400. 
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From upper side of ' 'I'op: 920 (south of bridges); 875 (Itt Grand I At cantilever bl'idge, H6: at 
.l!:ddy na~in to Trunk Ranwa~- bridge). Nmth of north end, 35, estimated 
point of expansion bridges: Greatest, 820; least, 72~: aver-I from velollity of water (2~, 
ahove the railroad age, auout 760. Water sudaee: Great· miles an hour). 

, bridges. est, 440; least, 300; average, about 1160. 

-- -----~ _____ I __ -

I' FrOill point of expan­
sion above t.he rail­

I .road bridges to the 
Horseshoe Falls. 

Nocth of AmericlI,n FaUs.-Top: Great- I Fl'omAmerican Falls north, 
est, 146,) (1500 feet south of cantile\'er, average, about ]60; foul' 
bridge): least, 1000 (at Swift Dl'ift I soundings. 186: opposite 
Point). Watel' surface: HYeatest, 925:' Prospect Point, 189. West 
least, 50f'i; average, about BOO. : side, wide part, 40 toBO; 

Opposite American Falls and Goat I deepest, 192, off Goat 
Island.-Top: Greatest, 1660 (Prospeet Island shelf. Average 

1 

Point); least, 1030 (Terrapin POint):! along east side, 100 to 120. 
avel'age, about 1450. Water surface: 

1 

GYeatest, 12.75 (at Luna Falls); least, 775; I 
average, nearly 1200. 

---- --,-----
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PLA.TE III. - GENERAL VIEW OF THE FALLS FROM CLIFF NORTH OF PROSPECT POINT. AMERICAN 
FALLS IN LEFT FOREGROUND; HORSESHOE FALLS IN DISTANCE. 

Note a lii nmenl of cioIT. Of Goat Island, America n Fa ll., a nd clift at Pro'p&ct Po int. The b rin k of the nearer part af tI'" fall. I. D 
I.dee th a t projects oeyond thn ~~ !l e r3 1 ~ Ii tf li rl @,a nd the water L, d ~e pest at !hlS poi nt . 

PLATE I.-PANORAMIC SUMMER VIEW OF NIAGARA FALLS FROM CANADIAN SIDE OF GORGE. 

Amer ican Fa lls at left; Horseshoe Fall, at , iih! 

PLA.TE II.- PANORAMIC WINTER VIEW OF NIAGARA FALLS FROM SAME PO INT AS IN PLATE I. 

PLATE IV. HORSESHOE FALLS FROM ITS EAST END. 

Goa! Is la nO she lf and T~ rrap l n Roc k in let! fo, ~\:round: d !ep,~~l:fa~~ec,est beyond, Hi \: h drift bl uff 01 old channel of Niaia,a RI ~ er 
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PLATE: V I. - U PPER GREAT GORGE OF NIAGARA RIVER, LOOKING SOUTH FROM WEST END 
OF CANTILEVER RAILROAD BRIDGE. FALLS AND INTERNATIONAL BRIDGE IN DISTANCE, 
NEARLY 2 MILES AWAY. 

Note qu iet deep water of l o~~ pool and rip ple a ro u nd roc k in fo rel/ ro u nd, w hich show. accelerat io n of c Une ,, ! ente, ina Wh irlpool 
Rap ids. Lockport do lomite cll tt at top of bank a! deht 

PL .... TE V Il I. - WHIRLPOO L RAPIDS GORGE, LOOKING NORTH (DOWNSTREAM) FROM NEAR EAST 
END Of GRAND TRUNK RAILWAY BRIDGE. 

East'ideo/Eddy Bulnlnd lstance. Water l nleltforeiroundhunola ttalned fullveloclty ; ~re8.test.e l ocity just beyond t he bend 
o/;:orll:e to th e left. Nearly ,erti cal cliff above track in forel:round to ri ll"htofce nte r 

PLATE: X. - EDDY BAS IN (I N FOREGROUND I AND THE WHIRLPOOL (BEYONDl, LOOKING NORTH. 

Sharp rapids over upper Wh irlpO{l I reel in ce nle r. Eddy Bu ln I. pa rt 01 dee p portion 01 Lower Greal ~orie. 

PLATE X I I. - DEEP POOL SECTION OF LOWER GREAT GORGE, LOOKING NORTHEAST. 

Deeppoollnloreirou nd;Fo.le r Fla tsandhead oIFoste r Rapids to, iint 01 cen ter . 

NEW YO R K 
N IA GA R A QUf.DRANG L E 

PLATE VI I.-LOWER END OF UPPER GREAT GORGE IN FOREGROUND AND HEAD OF NARROW 
WHIRLPOOL RAPIDS GORGE IN MIOOLE DISTANCE, LOOKING NORTH UNDER RAILROAD 
BRIDGES. 

Note cont rast In widt h 01 iori6 and behav ioral wa te, in t he two sections. 

PLATE IX. - EDDY BASIN IN FOREGROUND AND LOWER END OF WHIRLPOOL RA PIDS GORGE 
IN CENTER, LOOKING SOUTHEAST, UPSTREAM. 

Sw iltest waler about al cenler 01 view Main curre nl crosses east .Ide 01 Eddy BUin. In lell loreiround. Lockporl dolomite 
cap. cl iff; led~e 01 ha rd limes tone of Cli nlo n fo rmati on in m iddle of bl uff 

PLATE XI.-THE WHIRLPOOL AND DEEP POOL SECTION OF LOWER GREAT GORGE LOOKIN G 
NORTHEAST. 

St,oni current c,on ini W hirlpoollrom ,Iiht to left in fo rei.ound: rap ids On lower W hirlpool reel in center. with deep pool 01 Lower 
Great ;:;or;:;" beyond. Foste r Flauand head 01 Foste r Rapid. In d l. tance 

PLHE XII I.-SHALLOW SECTION OF LOWER GREAT GORGE, LOOKING SOUTHWEST (UPSTREAM ) 
FROM NIAGARA UNIVERSITY. 

Fos ter Flats a nd lower pa rt 01 Fo.ter Rapid. In dista nce . 
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PLATE XIV.- OLD NARROW GORGE, LOOKING NORTH FROM POINT NEAR NIAGARA UN IVERSITY. 

PL,"-TE XVlI. - TERRACE :CAPPED BY WHIRLPOOL SANDSTONE MEMBER Of ALBION SAND­
STONE, WITH NIAGARA ESCARPMENT AT RIGHT; LOOKING EAST FROM ROAD ABOVE 
QUEENSTON. 

Low t,11 bluff of Cata ract b .... rn In d lslAnce O"~ r outer part 01 terrace. 

PLATE XX.- LOCAL IRREGU LARITY IN ALBION SANDSTONE IN NIAGARA GORGE. 

The:renticular sandstone rna., ,e,1S uncomfQrmably on the t~~';,~~r beds beneath, wh ich sUILu/;esu channel;n>: and po .. ible marine 

PLUE XXIII .-REEF STRUCTURE AT TOP OF IRONDEQUOIT LIMESTONE MEMBER OF CLINTON 
FORMATION PROJECTING INTO ROCHESTER SHALE MEMBER IN NIAGARA GORGE. 

PLATE XV.- OLD NARROW GORGE AND LEWISTON BRANCH GORGE TO THE MOUTH OF 
GORGE, LOOKING NORTH FROM POINT ABOUT 300 YARDS SOUTH OF SMEATON 
RAVINE. 

PLATE XVII I.-ALBION SANDSTONE IN QUARRY AT LOCKPORT, N. Y. 

PLATE XXI.-SEDlMENTARY TROUGH STRUCTURE IN ALBION SANDSTONE ALONG THE NEW 
YORK CENTRAL RAILROAD IN NIAGARA GORGE SOUTH OF LEWISTON , 

PLATE XXIV.-SERIES OF CURVED PLATES IN LOCKPORT LIMESTONE. 

In old qu ... rry l J.i m iles east of N iali:ar ... Fal l>, N. Y 

NEW YOR.K 
NIAGA R A Q U ADR A NG LE 

PLATE XVI. ROCK SECTION EXPOSED IN EAST BLUFF OF 
THE NORTHERN PART OF NIAGARA GORGE ABOVE 
NEW YORK CENTRAL RAILROAD TRACK. 

PLATE XIX.-ANTICLINE IN QUEENSTON SHALE ON 
SOUTH SHORE OF LAKE ONTARIO NEAR EIGHTEEN­
MILE POINT. 

The: overturned arch re..u ltinlt: from th,e p~ essure of the il l ... c l ... 1 left 
I nc lo.e , (l; 1 ... c , ... ld " f\ ,n the.ynclo na l 'n/old at th .. '' It:ht. 

PLATE XXII. - CREST BETWEEN TWO SEDIMENTARY 
TROUGH STRUCTURES IN ALBION SANDSTONE 
AT LEWISTON , N. Y. 

PLATE XXV.- DIMPLED SURFACE AND RIPPLE MARKS ON 
UPPER BEDS OF LOCKPORT. DOLOMITE AT PENDLETON 
CENTER. 
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