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F OREWORD 

The singular hills of glacial origin which we now call drumlins 
were noted by James Hall in his report of 1843 on the geology of 
the Fourth New York Di strict. S ir James Hall of England had 
referred to the Engli sh forms as early as 1815. They came under 
active study in Europe in 1864, and in America from about 1878. 

Previous to 1907 considerable literature on the subj ect had accu­
mulated, but there had been no comprehensive publication in de­
scription and explanation. A nd owing to considerable variation in 
the characters and relations of the hill s. as seen by geologi sts in 
different regions, the question of their origin or manner of construc­
tion was yet under debate. 

In the year 1907 the writer published a detailed description of 
the west-central K ew York drumlins, richly illustrated , as Bulle­
tin 111 of the New York S tate Museum. Because the State has the 
finest group of drumlins in the world, exhibiting the greates t range 
in all of their features, that paper was the 1110St comprehensive and 
conclusive on the subject. Moreover it ,,'as the only writing which 
proved from observed features the subglacial construction of the 
hills, and discussed the complex mechanics of their upbuilding, 

Unfortunately that Bulletin 111 was in limited edition , and with 
scanty distribution, and in a short time was "out of print." Because 
of this condition it appears desirable to publish the present writing, 
and in the proceedings of a sci entific society which has particular 
interest in the ea rth features 0 f western and central New York. 
No apology is made for making large use or even repetition of mat­
ter in the former paper, and with regrets that it is not feasible to 
reproduce the elegant three-color maps. 

G ENERAL CHARACT ERS ; TER M I NOLOGY 

Drumlins are the most massive, singular and interesting of all the 
varied products of glacial agency. In their occurrence, attitude and 
relation, form and structure they are not only the most remarkable 
of ice-sheet deposits but in their size, convex surfaces and graceful 
outlines they are the most striking of the drift-forms ; and perhaps 
the most beautiful of all earth-forms of modera te size. 

Previous to the di scovery of continental glaciation these hill s were 
the greatest geologic enigma. There composition, like that of mo­
raines and the veneer of till, classed them with the "dri ft," the mass 
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of heterogeneous earth-stuff then supposed to have been d ri hed 
down from arctic regions by overwhelming yet mysterious cata­
clysi sm of polar waters. And when glacial science arose, much less 
than a century ago, these mounos and ridges were confidently cited 
as fatal to the glacial theory. They were inconsistent with the as­
sumed leveling and planing effect of a sliding ice-sheet. And even 
down to the year 1906 the mechanics of their construction was In 
doubt. 

The glacial genesis of drumlins is evident. They occur only in 
glaciated territory and their composition, at least in New York, is 
compact till or "ground-moraine." 

The conspicuous superficial characters of drumlin s are the smooth 
surfaces, convex profi les, and their axial direction parallel with the 
ice-flow direction of the locality. Their topographic expression is 
so distinctive that they are readily detected on topographic maps 
having the contours with a vertical interval of 20 feet. (See plates 
3, 5-7.) 

Their molded forms attest the overriding effect of the ice-sheet, 
while their internal structure proves that they were built up from 
the bottom by a plastering-on process. Their relation to moraines, 
described below, indicates that they were built and shaped under the 
relatively thin border of the continental glacier, in the peripheral 
zone where the transporting energy of the ice-sheet had become in­
competent to carry any farther its heavy load of rock-rubbish borne 
in the lower strata of the ice, the "subglacial" drift. 

Definition of drumlins must be in rather general terms because of 
their varying characters. They are smoothed-surface hills of till, 
built and shaped by the overriding action of an ice-sheet, and elon­
gated in the direction of ice movement. More tersely, they are 
smooth, convex masses of drift, built and shaped beneath an ice­
sheet. 

T erminology. Previous to 1884 various names for the drift hills 
were used by different geologists, suggestive of the form and rela­
tions . Some of these names were parallel ridges; lenticular, mam­
millary and elliptical hills; parallel drift hills; whalebacks and sow­
backs. 

In 1877 James Geikie used the term "drum," celtic for hill or 
ridge. The name " drumlin," diminutive for drum, was applied by 
H . jVI. Close in 1866 for the units in a large and very interesting 
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group in northern Ireland; and the name was g iven greater publicity 
in a paper by Kinahan and Close in 1872. Professor W. M. Davis, 
who has introduced many very useful names in earth-science, first 
made use in America, in 1884, of the term drumlin, since which 
time it has universal usage. 

OCCUR~EN CE I GENE RAL 

As these masses of dri ft were accumulated beneath the continen­
tal ice-sheet·s it might naturally be expec:ed that the~' would be of 
universal, or at least of very general , occurrence. But such is not 
the fact. Over vast areas of glaciated territory they are entirely 
wanting. They are not reported f r0111 Ohio. Indiana. 1Ilinois, 
Minnesota, the Dakotas, southern ?\Iichigan and Iowa. They are at 
least very infrequent in other states. 

Some forms interpreted as drumlins have been noted in southern 
Canada, Nova Scotia and in the western provinces. 

The drumlins of Ireland are the type forms, which are similar in 
all essential features to the New York forms. They occur al so in 
Scotland and England; and a large group in northern Germany. 

In the United States there are three large di stricts of drumlin de­
velopment. The New England area includes southern New Hamp­
shire, with towan.! 700 examples ; i\Iassachuse tts, with 1,800; and a 
southward extension into Connecticut. The \~iscon sin-Michigan 

area was estimated by Chamberlin to hold 5,000 drumlins. The 
third and largest area is the subject of thi s writing. 

The apparently capricious di stribution of drumlins in the glaciated 
territory of Europe and America was one cause of the uncertainty 
and debate regarding their origin. However, when it is recognized 
that the typical or well developed drumlins and drumlin ridges are 
only the most emphatic of a variety of forms produced by the rub­
bing effect of the ground-contact ice under horizontal thrust ( see 
page 29) ; a!lct that on the one hand these forms shade off into in­
definite flutings or moldings of the dri ft, and on the other hand are 
represented by scoured or rounded rock hills (rocdrumlins) ( see 
page 25) it is probable that thi s class of glacial phenomena is more 
widely distributed than has been supposed. But the requisite condi­
tions for production of typical drumlins were not commonly ful­
filled, as great areas of glaciated lands seem never to have been sub­
jected to the drumlinizing effect of the ground-contact ice. 
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DISPLAY I N NEW YORK 

Favor,jug Conditiol1S, The drumlins of western and central New 
York form the largest group in the world, and with their varied 
characters and relations are the most remarkable and instructive. 

It is recognized that no single group or area is likely to illustrate 
all possible fea tures pertaining to these drift forms; but this New 
York field includes such a grea t variety in form, attitude and rela­
tionship that they fully exempli fy this class 0 f glacial phenomena 
and clea rly reveal the manner of their making. 

The great development o f the New York drumlins was due to the 
conj unction of favoring conditions, as (1), character of the rock 
strata in supplying an abundance of pasty till; (2), topography of 
the Ontario basin and lowland ; (3), deployment of the ice body, as 
controlled by the land surface; and (4 ), thrust-movement of the 
ground-contact ice. These factors will be discussed below. 

Distribu.tiol1; Area. The map, plate 4, shows fairly the location 
of the drumlins and also their relative abundance. The topography 
of the map is not reliable. 

The principal area is the Ontario fi eld , a belt about 35 miles wide 
bordering the south side of Lake Onta rio; with an east-west extent, 
from Syracuse to the N iaga ra River, of about 140 miles. A t least 
half of this territory, or about 2,500 square miles, carries many 
thousands of typical drumlins, 

The fi eld of greatest development may be defined as the low 
ground of the O nta rio plain north of the F inger L akes, and reach­
ing southward on the flank of the north-facing slope of the highland. 
Between Honeoye and Canandaigua lakes they lie as high as 1,700 
feet elevat ion. 

The heart of this drumlin area is shown in plate 5, which includes 
the Palmyra and Clyde quadrangles o f the New York topographic 
map. 

A somewhat di stinct group of drumlins borders the O nta rio shore, 
eastward from' Sodus Bay. The eastward extension o f this field 
swings a round the east end of the lake, as a belt five to ten miles 
wide, reaching past vVatertown into the St. Lawrence valley. These 
have peculiarities of at titude and form to be described later. T hey 
are shown on the P ulaski, Sacketts Harbor and \ \fa tertown sheets. 

T he main drumlin fi eld extends westward in well-defined forms 
to beyond the meridian of Batavia, the termination being shown on 
the Batavia and Attica sheets. 



6 ROCHESTER ACADEMY OF SCIENCE 

A nother drumlin field of remarkable character li es west of the 
Genesee River and bordering the Ontario shore, where the waters 
of Lake Iroquois were too deep for effective erosion. On the Nia­
gara-Genesee prairi e in Orleans and Niagara counties these dri ft 
forms become elongated ridges, fading out southwestward, in the di­
rection of the ice flow , as faint and invisible swells of the till veneer . 
This drumlinized fluting of the land surface has given northeastward 
direction to the streams of the district, which singularly are flowing 
oblique to the general slope of the lanel. This feature is shown in 
plate 4, and by the topographic sheets bordering Lake Ontario. 

Tn the southwes t corner of the S tate a group of handsome drum­
lins surrounds Chautauqua lake. These point southeast, having 
been formed by the deployment in that direction of the lingering 
ice body in the E ri e basin. Their genesis and history are distinct 
from those o f the great O ntario di splay. 

A small group stands about the north end of Cazenovia lake, some 
12 miles southeast of Sy racuse. See plate 4. 

NHlI/cratio1/.. This Kew York area probably includes over 10,000 
drumlin crests, of which on a conservative estimate at least 6,000 
a re indicated on the topographi c sheets. \Vhere they are close set 
from 20 to 35 can be counted in a square of four square miles. Five 
drumlins to the squa re mil e is common. Three to the mile is not 
more than the average, counting la rge and small, and on the 2,500 
square miles of strong drumlin topography this would give 7,500 
examples . Estimates have been made by counting the di stinct drum­
lin summits or crests indicated by the contour lines in certain dis­
tricts and using the figures for larger areas, with a result giving 
about 5,000 cre. ts for the fi fteen topographic sheets that cover the 
best parts of the drumlin area. O n the 216 square miles of the 
Pa lmyra quadrangle (plate 5) the estimated number of crests was 
800, but the actual count gave 955. Great number of minor ridges 
are beneath the recognition o f the 20-feet contours, but are con­
spicuous to the fi eld observer. 

BOlll/daries. "\ clear di stinction must be drawn between the nat­
ural or orig inal limits of drumlinizing work and the induced bound­
aries produced by erosional effects of river and lake. A glance at 
plates 4, 5, 6 and 17 will show sharp northern boundaries, and pas­
sageways more or less distinct across the larger field. The northern 
limits have been produced by wave erosion of the glacial Lake Iro­
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T HE HEART OF THE D RUMLIN AREA 

Palmyra an d Clyde quadrangles. S hore featu res of Lake Iroquoi s in the upper part of the map. Channels and deltas of glacial drainage in lower part of map. Amount of land uplift, in feet, since glaci al time is shown by th e li nes of equal r ise (i sGbases ). O ther numerals g ive the present height above ocean . 
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quois and the existing Lake O ntario. T he breaks are partly due to 
eastvvard flow o f rivers of the copious glacial drainage. ( For the 
latter see Bulletin 127 o f the New York S ta te lVI useum.) The sub­
ject of drumlin erosion will be treated later. 

T he southern limits o f the druml in groups are original or con­
structive, and of course somewhat indefinit e. O n higher ground the 
drumlins disappear as scattered mounds in the bolder relie f of the 
rock hill s. O n low ground they fade off as smooth flutings in the 
drift sheet (see page 16), and in one stretch clea rly correlate with 
a fronta l moraine (pla te 13 and page 21). 

Southeastward the main drumlin fi eld terminates in a tongue or 
point at Syracuse, with the detached Cazenovia group twelve miles 
furth er. T he maps show no d rumlins north and northeast o f Syra­
cuse, over the O neida lake depression, nor on the high ground south 
of the Syracuse district. This extension of the drumlins as a tongue 
in an otherwise barren territory becomes yet more s triking j f the 
Cazenovia group is included in the work 0 f the Sy racuse ice lobe . 

Eas t o f Syracuse, at Fayetteville, Canasto ta and O neida, the so ft 
Salina shales, which compose the irregular ground surface, exhibit 
no effect of ice-rubbing and carry only just enough drift to prove 
the former presence o f the ice-sheet. T he topography is easily mis­
taken for mora inal, but is rea lly due to a tmospheric erosion . 

F urther descripti on o f the natural borders of the drumlinized 
drift surface would be o f slight value to the reader. But the study 
of the topographic sheets with reference to drumlin forms will be 
found ve ry interesting. And precise mapping in the fi eld would be 
fine exercise in the discrimina tion o f land forms and the interpreta­
tion o f geologic processes. Very interesting surface relief is not 
expressed by the map contours with only 20-feet verti cal relief. 

E rosion Fea-turrs. P lates 6-8, 14-16, show that the waves o f 
Lake O ntario a re dissecting the heavy drumlins which happen to 
stand at the water level. O f course the incoherent dri ft composing 
the drumlins cannot stand up aga inst storm waves like solid rock. 

Simila r destructive wave-work was done by the g reat glacial lakes 
that preceded O nta rio (See Geologic S tory of the G ell esee, R och­
ester, 1928.) Along the stra ightened, mature shore 0 f Lake Iro­
quois, extending fr0111 N iagara River to Sodus Bay ( plate 5) , no 
drumlin was able to survive the wave eros ion; although they sur­
vived where immersed in more than 30 or 40 feet of water ; and also 
in the region toward Syracuse where the lake was shallow. 
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At Sodus village the Iroquoi : beach, the "Ridge R oad," is an 
erosion cliff in st rong drumlins. Eastward the Iroquois shore with 
less maturity curves southward around Sodus Bay, but yet marks 
a north limit of close-set drumlins. The villages along this border 
are South Socius, \ iVayne Center, Rose and \iVest Butler; the line 
pass ing two miles southeast of Wolcott (pla tes 4, .5) . 

South and eas t from Sodus Bay, over the l\Iontezuma and Oneida 
lowlands, groups of drumlins stood as islands in the Iroquois wa­
ters , and are notched more or less at the ends. To the observant 
traveller between Rochester and Syracuse the statement that the lon­
gitudinal drumlin profi le is a lway s COli vex seems untrue, because de­
cided concave notching may occasionally be seen 0 11 both north and 
south ends. But these are erosional features, due to Iroquois wave 
action (See plate 9). They are most ev ident between Clyde and 
Savannah. 

Passing northward in the Sodus embayment, into what had been 
deeper waters of Lake Iroquoi s, a group of drumlins appea rs which 
is abruptly terminated by the present O ntario beach. It is probable 
that the O ntario waters hide drumlins in their dep ths. The se ri es 
of heavy drumlins that are opposing the \\' aves a ll the \\'ay from 
Sodus to Oswego suggest that other northern members of the g roup 
are submerged. However, these drowned members had been sub­
jected to wave erosion in the lower levels of Lake O nta rio, because 
the lake level has ri sen from zero to its present elevat ion of 246 feet 
over ocean. And prev ious to O ntari o the long-lived Gilbert Gulf, 
sealevel waters, occupied the basin . 

Of the series of glac ial lakes which bathed the receding front of 
t he ice-sheet Lake Dana had such elevation and relat ion to the drum­
lins as to produce conspicuous eros ion features. In the east-west 
belt between Honeoye Falls and Caledonia the tall drumlins stood 
as small islands in the Dana wate rs, and are notched at 700 fee t ele­
vation. T he Rider Hill, at Industry, is a good example. S imilar, 
and even cl ea rer, examples are the high drumlins on the Albion 
quadrangle, seven miles north of Batavia in the town of E lba, east 
and northeas t of East Oakfield. These were severely wave-cut and 
the debris was swept into g ravel bars and spits, similar to the Iro­
quois features between Lyons and Syracuse. 

The glacial Lake \\farren, predecessor of Dana, left conspicuous 
wave work, especially south and east of East Avon. An eroded 
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drumlin a mile south of East Avon has heavy gravel bars curving 
from both north and south ends , at 880 feet above tide. 

Some drumlins exhibit vertical grooves, furrows and ridges run­
ning up and down their side slopes. These are regarded as erosion­
al, due to atmospheric effects, especially stormwash . The rubbing 
and shaping effect of the ice in horizontal movement could not pro­
duce vertical irregularities. 

In some cases the erosion on the s ide slopes has gnawed into the 
summit so as to produce a wavy or irregular crest line. 

These erosion forms will be mentioned in a later chapter on the 
forms of the drumlins. 

Subd-iv isiolls; T-ime R elation. The great druml in field (plate 4) 
comprises some divisions with differences in time of their formation. 
The hills were built benea th the waning ice-sheet, and the complex 
dynamic conditions necessary for their production were migrating 
northward, along with the receding ice border. It is apparent that 
the extreme southern hills were constructed before the northern . 

Considering both position and age the fi rst series appea rs to be 
the group which may be named the A ttica-Geneva, or the western 
Finger lakes series. These forms lie on higher ground, between the 
Tonawanda valley and Seneca lake. 

The second, the main group, stretches from Oakfield eastward to 
the Oswego river . Thi s includes the heart of the drumlin field 
(plate 5) with the most striking topography 0 E close-set drumlins. 

A third and late series includes the hills which border Lake On­
tario eastward from Sodus. This we may call the Ontario series. 

In the Genesee valley the first series blends with the second, the 
main group. And it is possible that the outlying drumlins at Syra­
cuse and Cazenovia were formed contemporary with the fir st series. 

The drumlinizing of the Niagara-Genesee prairie, in Orleans and 
Niagara counties, was perhaps contemporary with the second or 
mam senes. 

The Chautauqua group, constructed by the Erian ice body, cer­
tainly antedates all the forms in western and central K cw York. 

Attitude; Orientation . In its maximum development the Quebec 
ice cap had over central and western New York a flow direction west 
of sOLlth, or about southwest. At that time it was not inAuenced by 
the land relief. But in the thinning of the ice-sheet there came a 
phase when, as a plastic solid, its movement was affected by the 
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larger relief or the gross topography of the overridden land. 'With 
the waning of the border and thinner ice its flow was more and 
more directed by the inequalities of the land surface. 

The drumlins are the best criteria for the later ice-flow direction. 
The long axes of the drumlins indicate the direction of the latest 
vigorous movement of the ice-sheet in their locality. The variant 
directions of the drumlins throughout the whole field prove a radial 
or spreading flo,v of the ice body that filled the Ontario basin dur­
ing the stage of its waning that is represented by the drumlin forma­
tion. 

The attitude of the drumlins with reference to compass direction 
varies according to their position in the area. The angular directions 
of their longer axes cover nearly a half circle. In the district east 
of Lake Ontario they point east, that is they were shaped by a move· 
ment of the ice from the west. As we pass westward around the 
south side of Ontario we find the direction gradually shi fting to 
southeast, then to south, and finally in the western part of the field 
to southwest. And on the Niagara-Genesee prairie, in the northwest 
corner of the state, the direction is even more westerly. This radial 
attitude is well shown by the map, plate 4. 

The consonance of the drumlin attitude to the latest ice flow is 
strikingly confirmed by study of the drumlins in the outlying dis­
tricts. The Chautauqua hills point southeast, with the spreading 
flow of the Erian lobe of the melting ice-sheet. On the other hand, 
the drumlins of the 'Watertown district point southwest, conforming 
to the latest flow of the thinning ice in the St. Lawrence valley. 

Another interesting fact in this connection is that the axial direc­
tion is not always uniform along the same meridian. If the topo­
graphic control over ice movement changed with the varying latitude 
of the ice front, as the latter was receding, the drumlins record that 
fact. For example, twenty miles south of Rochester the ice margin 
was guided by the deep Conesus, Hemlock and Honeoye valleys, and 
the drumlins lie north and south. But on the same meridian, six 
to twelve miles south of the city the drumlins point to the southwest. 
The ice flow was then controlled by the broad Genesee valley and 
the thrust was from the northeast. This also indicates the relation 
111 age. 

The radial or spreading flow of the ice-sheet at any single stage 
must be found by comparison of the drumlin directions within a 
single series of forms, that is, drumlins which were built simultane­
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ously. This is so ev ident on the map that specific description IS un­
necessary. 

The genetic relation between ice-flow direction and the attitudes 
o f the .drumlins find s si ngular confirm a tion in the district east of 
Lake O ntario. already noted . Pass ing eastward around the corner 
of the lake (,Mexico Bay) we fi nd tha t the drumlin axes veer from 
southeast to east. Pass ing on north some 10 miles, to Ellisburg and 
Belleville, we see the drumlins pointing southwest , nea rly opposed in 
direction to the form s at Os \\'ego and Mexico. 

T hese oppos ing directions represent icc-flow movements during 
different stages of the same body of ice. The ice-sheet did not en­
tirely disappear and then return in different direction. While the 
Ontarian lobe yet covered the Mexico Bay di strict the radial fl ow 
produced the form s pointing southeast at Oswego and east at Sandy 
Creek. But during a fin al stage of the glacier in the same region a 
thrust of the ice lobe from the St. Lawrence valley produced the 
southvvest-pointing forms between E IIi sburg and \iVate rtown . 

Recog'nizing that if the south east-pointing forms were made by a n 
earlier Aow of the same waning ice budy that produced the later 
sou:hwes t-directed forms, then somewhe re between the two oppos­
ing forms the drumlinized drift shoulci indicate a turning, swingi ng 
or· pivota l motion o f the ice; a nd such is founel. Seen in the field 
the drumlins of the Pulask i distri ct show peculiarities of form which 
the map contours do not suggest and which appea red inconsistent 
and puzzling. F rom whatever direct ion we may view some of these 
hills the convex drumlin form appears . In some cases one detects 
a fa int but distinct molding of the hill in direction highly inclined to 
the mai n mass. Sometimes an irregular surface which has been re­
ga rded as morainal becomes equivoca l, or even clearly ice-molded , 
with a change in the point of view. 

A n important fact which has a bearing on the origin of drumlins 
and the mechanics of their construction must be noted. The secon­
dary or contrawise forms just no ted do not seem to have been mad e 
by cutting or ca rv ing of the primary forms, but to have been pro­
duced by the addition or plastering-on of material during the later 
molding. The work was cons truct ional not erosiona l. 

A singular form of drumlin is founel in the district south and 
southwest of Rochester. This suggests one drumlin superposed on 
another ; a sort of two-story drumlin. The fea ture is related to the 
present topic of orienta tion . Examples are seen in the Hosmer hill, 
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four miles northwes t of Scottsville (Plate 10) ; Cushman hill, two 
and one-balf miles nortbwes t of Scottsville; and Martin bill, one 
mile east of W est Rusb. 

Some of the concave slopes on these "double-deckers" may coin­
cide with the Lake Dana leve l, and it is possible that they have been 
accentuated by wave erosion. But the molding is found at other 
levels, and the surfaces have the characters of ice-molding. The 
lines are out of horizontality and erosional phenomena are wanting. 
The explanation is found, it is thought, in a slight change in the di­
rection 0 [ the ice movement during the construction process. Such 
change in the ice-flow direction was apparently due to the directive 
influence of the wide Genesee valley on th e thinning ice-sheet. The 
later flow was changed from west of south to south and eas t of 
south. 

A suggestion that the superposed drumlins might be the product 
of a second ice invasion, or of a large readvance of the ice front, 
appears to be ruled out by the fact that the peculiar feature is found 
only in the northern portion of the Genesee valley, where it widens 
out into the Ontario plain. 

Relatioll to the Lalld S1friacr. A glance at the map, plate 4, shows 
that the general drumlin area covers ground of all altitudes from 
the level 0 f Lake Ontario (and perhaps in the depths of Ontario) 
up to about 1,700 fee t, west of Canandaigua Lake. \Vest of the 
Seneca valley they reach up to high ground, 1,100 to 1,500 feet. In 
the low north and south depression of the Seneca and Cayuga val­
leys, where we might expect them to be well developed, they are 
weak or absent above 500 or 600 feet. 

vVhile scattering drumlins in poor form may occur between the 
eastern members of the Finger lakes it appears that the area of 
close-set and well developed forms does not reach south on the high 
ground east 0 f Seneca Lake; but that extensions of the fi eld do 
reach up on the high ground west of Seneca Lake, and as far west 
as the Tonawanda valley. 

The greatest development of the drumlins is on the low ground 
north of the Finger Lakes, and chiefly under 500 feet altitude. This 
great development on the low Ontario plain, and their comparative 
absence on the higher ground which faced the ice-sheet, is most 
striking in the central and eastern part of the drumlin belt. 

This distribution of the drumlins indicates that altitude and gross­
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er topography were not the only controlling factors in the drumlin 
format ion. T he direction of ice-flow \-vas another important factor. 

The dominant topographic feature was, and yet is, the wide and 
deep O ntario bas in. P revious to the epoch of drumlin formation 
this feature had little influence on the glacier movement. The ice 
over New York was then subject to a push or thrust-movement from 
the northeast by the central ma ss of the Quebec ice-cap. However, 
during the drumlin phase the push from the northeast had ceased, 
and the O ntario lobe of the glacier had been Ie ft as a semi-stagnant 
body of ice, which as a plastic solid spread by its own weight and 
deployed over the Ontario lowla nd and its borders. The effects 
have been described in the preceding chapter. 

The valleys of the F inger Lakes were carved in Preglilcial, Ter­
tiary, time by a rema rkable series of parallel rivers which flowed 
northward to join a great mas ter river, the O ntarian, in the bottom 
of the west-leading Ontario valley . As shown in plate 11 the north­
ern sections of all these ancient valleys are now filled with drift and 
entirely obliterated. The basins produced by the northern blockade 
now hold the se ri es of parallel Finge r lakes. 

The belt of "open valleys," plate 11, with small amount of clri ft 
on the slopes, suggests that the deeper ice in the valleys had been 
comparatively stagnant, and se rved as a bridge over which the up­
per ice rafted its load of drift a nd piled it into th~ "valley-heads·' 
moraine. Late r the ice-sheet thinned and its front backed away, 
northwa rd, without leav ing consp icuous drift masses either as mo­
raine or drullliin . TIut the abundant drift held in the deeper ice was 
used to fill the northern portions of the ancient valleys, and then 
to heap the drumlins on the plain. 

As stated above the land surface eas t o f Syracuse did not feel the 
rubbing effect of the ice-sheet. The Sy racuse d istrict was SUbjected 
to the thrust of a tongue of ice which pushed southeastward from 
the spread ing O ntarian mass. The southward and southeastward 
flow did not affect the land surface in the Oneida lake region, nor 
ove r the high ground eas t of the Seneca valley. 

R elation to the Rock Strata. The glacial stuff built into the drum­
lins was mostly derived from the exposed or outcropping strata ad­
jacent on the north. Exceptions will be noted below. 

The central area of the drumlin field is the low ground north of 
the belt of limes tones , known as Helderberg and O nondaga. Be­
neath these limestones, and extending northward down under Lake 
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Ontario. the very thick st rata are chi ef-ly shales, with some N iaga ran 
limestone and TvJedina sandstone. It is e-timated that of the total 
thickness of some 3,700 feet over 3,100 feet a re shale. Through 
millions of yea rs of exposure in Preglacial time with a tmospheric 
weathering the old land surface had acquired a mantle of res idual 
clay. T his became the fir st grist of the glacial mill. A ll of the thick 
rock strata have a southward downslope, or dip, which gave the 
outcrops a northward projection , opposing the impact of the ice 
movement. The abrasion of the bed rock, after the removal of the 
decay product, produced a second g ri st of clayey materi al. 

It is probable that the bulk o f the rock-rubbish in the drumlin 
area was not carried far away from its source by the bottom ice, 
but on the contrary was plaste red into the drumlin hills. T he thick 
shale and limestone rocks suppli ed a load of unusually clayey and 
adhes ive drift. It is quite certai n that the plastic and adhesive char­
acter of the subglacial drift was an important factor in the upbuild­
ing of the mass ive, close-set drumlins. 

The occasional occurrence of number ' of far-traveled bowlders 
in some of the drumlins, crystalline rocks from the western Adiron­
dacks and from Canada, qualifies the conditions stated above and 
emphasizes the complexity of the glacial hi story. A fine example 
of the occurrence of foreign bowlders was found in the E ly drum­
lin, on the eastern edge of the city of Rochester. I n 1928 the cutting 
for a street, Hurstbourne Road, across the crest o f the handsome 
dru!1llin ex posed large numbers of huge bowlders of crystalline 
rocks of various kinds derived from far northeast. T heir well 
rounded forms and smoothed surfaces at test severe abrasion during 
their long journey, and thi s implies g rinding pres 'ure unde r great 
depth of ice. But these far-journeyed bowlders occur chiefly at or 
near the surface of the drumlins. Some of the coarse subglacialma­
terial of the northeast highlands had been ra fted into the di strict 
a nd incorporated with the bottom dri ft of the thinning ice-sheet. 

Form; Dimens'io lls . The character istic form of the New York 
drumlins is that of an elongated oval, with the length three to five 
times the breadth. This shape prevails in the crowded areas (plate 
5), and al so in the detached and scattered hill s. Appa rently thi s 
dolphin-back form is typical a nd normal for alI drumlins wherever 
found, when the mechanical facto rs involved in their construction 
were normally balanced. 
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All" the outlines or profiles of typical drumlins are convex. The 
lengthwise profile is an elegant, convex curve, characteristically more 
abrupt or steeper a t the north end. The south ends, except o'f the 
steeper ovals a nd domes, normally taper off into the mantle of till, 
unless eroded by waves or other agency. 

The crest line of the longer ridges is cOl11monly a st raight line, 
which may appear as true as if cut to a straightedge. In cross-sec­
tion the variation in profile for single ane! typical drumlins is more 
limited than in long itudinal section. The summits naturally have a 
symmetric curve.' B ut in close-set or crowel ed areas the drumlin~ 
have a COl11mon hab it of coalescing or uniting by growth, and a cr05S­
section may show (wo or th ree or perhaps more ridges. Not in fre­
quently thi s welding of ridges produces quite irregular masses (plate 
6). The ]vIormon Hill, fo ur miles south o f Palmyra is such ex­
ample . 

The blending of drumlin ridges is genera lly from a position of 
overlapping, as they usu al ly lie in escbelon. Sometimes they build 
side by s ide in even j-anks. 

The ' junction. of the convex drumlin with the horizontal ground 
surface naturally g ives a concave slope at the drumlin base. Above 
this basa l concavity all drumlin surfaces are 110rmally convex, ancl 
departures f!"Om convC'xity a re clue to some interference or to some 
subsequent effect . As noted above t wo or more drumlins may over­
lap or coalesce so as to produce irregular or unusual forms. '\Io­
ra inal dri ft is frequently banked aga inst the sides or bases of the 
d rumlins so as to ra rely change the true drumlin form. Erosion by 
the waters of glacial outflow may have cut the slopes and even the 
crests, but decided crest cutting by glacia l fl ow is rare in New York. 
Vertical ridging or ribbing of the slopes is thought to be positively 
erosion al, either by glacial waters or by pos tglacial storm wash and 
weathering. On the other hanel, longitudi na l flutin g or molding is 
regarded as a constructional effect o f the druml in-m ak ing process. 

vVith few exceptions the drumlins are cl ea red of timber ancl their 
su rfaces a re tinder cultivation, as they afford excell ent soils. Some 
minor irregularities of surface may be subdued by fa rm cultivation. 
but when the atmospheric elements contributing to thei r erosion are 
considered it is surprising that th ey are so well preserved. In the 
g reat majority of cases the original form is preserved with little 
change. 
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The type of drumlin form least displayed in New York is the 
dome shaped or mammillary. Judging from the topographic sheets 
the group which most nearly approaches the dome lies about Fair­
haven bay, partly shown in plate 7. 

The most common va riation in New York from the normal type 
is in the way of elongation. Long ovals and even-crested ridges are 
characteristic. They are well shown on the Clyde (plate 5), A uburn , 
Oswego and Brockport sheets. Quite cxtreme examples are shown 
in plate 12. 

The most extreme for111s in elongation are the slender, attenuated 
flutings which are too small to be represented on the maps. Platc 
13 is the best mapping. This form will be described below. 

It is an importan t fact that the several var iations fr0111 the normal 
drumlin form are not intermingled, but are grouped distinct. Cer­
tain areas display only a particular form . For example, the type 
form with moderate elongation i seen in plates 5, 6; rounded masses 
in plate 7; very long ridges in plate 12 ; a nd attenuated ridges in 
plate 13. It is evident that some definite unbalancing of the several 
mechanical factors results in the production of a particular form. 

The very extlTI1lC form of elongated ridges is so unlike the typical 
drumlin that it deserves a different name. It is a fluting or ribbing 
of the drift surface,..a "wash-board" structure. Existing apart from 
true drumlins this drift form would not be recogn ized as of the 
same genesis. The term "drumlinized" has been g iven by the writer 
to thi s product of the sliding ice-sheet. On first thought it might 
appear that this fluting of a broad till surface was the more natural 
effect than the heaping of the drift into oval hills. \nd it is prob­
able that this strUCture may be found in wide a reas where typical 
drumlins do not occur. 

Vve can discriminate three varieties of the drul1llillized surfaces. 
The larger form includes the broad, low rolls which may not be rec­
ognized by the map contouring. They have been partially described 
on page 6. T hese low, broad moldings of the till mantle are the 
common and only form produced by the rubbing of the ice-sheet 
over most of the surface of the N iagara-Genesee prairie. Passing 
westward by railroad or highway the change can be seen from quite 
typical long drumlins near the Genesee river to the long swells of 
low relief. When not indicated by the topographic maps they may 
be recognized by the transverse, shallow cuts for the railroad grade. 
"Westward these rolls gradually facie into gen tie undulations 0 f the 
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surface, quite impercep tible except by the lip and down grarles of 
the railroad. La rge areas a ppear quite flat to the eye. 

This northeast by southwest fluting of the land has directed the 
post'g lacial st rea m flow in a wide belt south of Lake Ontario, as not­
ed above . . T he fluting is wcll developed southwest of Alden and 
west and southwes t 0 f B uffalo over the lower and smoother plain. 
The contouring on the E rie connty, sheets, A ttica, Depew, Buffalo 
and other quadrangles to the south, fail to indicate the drumlinizing 
of the land surface . 

O f the smaller dru111linized form there are two varieties. One of 
these has been desc ribed, page 16, and is suggested on plate 13. The 
other form is a subordinate, secondary or parasitic fluting. This 
st ructure is di splayed in the Lyons, Clyde, Savannah di strict, where 
the primary drumlins ca rryon their slopes, and in the inte rvening 
hollows, a secondary or minor order of ridges. These are very 
straight, parallel, close-set, and often not larger than a' small rail­
way embankment. T hey a re difficult subjects for photography and 
no picture is here included. But they are conspicuous hom any 
highway in the di strict. 

The e intermediate, and attenuated ridges clearly prove the mold­
ing effect of the moving ice and its drumlin-forming tendency, even 
in the hollow s between the primary strncl ures'. The maj or and 
minor ridges taken together suggest comparison with a pi ece of 
wood molding struck by the planc r . And the comparison is closer 
if we take the long drumlins which carry longitudinal ribbing along 
their sides and bases. It is perfect ly evident that this long itudinal 
molding of the dri ft structures was constructive, and a part of the 
general process o f drumlin building. 

The size and dimensions of the drumlins are variable, within lim­
its, according to the quan tity and quality of the drift carried in the 
lower ice and the depth and movement of the ice-sheet. 

T here appears to be a limit to the height of individual drumlins. 
In New York thi s limit is abou t 200 feet. Us ing the map contours 
for determining the altitudes of the bases and summits (an inexact 
method, with maximum error o f 40 feet) only one drumlin has been 
found with height over 200 feet. A t some elevation the upbuilding 
process is antagonized by the eroding a nd leveling effect, and a bal­
ance is struck between the two opposing factors which limits ex­
treme height, and results, apparently, in the productiOl~ of multiple 
ridges of moderate size insteaci o f one huge ridge. This principle 
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appears to be illustrated in the shape of the peculiar island groups 
in the Syracuse region, desc ribed later. 

The most conspicuous drumlins, striking because 0 f thei r isolation, 
like those rising out o f the \VI ontezuma ma rshes, a re not the highest. 

Using the map contours. as noted above, for app roximate data , 
along with precise fig ures gi ven by the map for some higher drum­
lins, following a re figures for a few of the highest hiII s. A longe r 
list is given in RulJetin 111, N . Y. State ~Iuseum. 

On the Roches ter Illeridian. FEET 

Rider hiI1, at Industry ..... . ...................... . . 180 

Palmyra meridian. 

Pigeon hiIl, 2} miles northwest of Mari on .... . ........ 185 
Sodus mcrid ian. 

Zurich hiII, 5 miles south of Sodus ... .. ............... 200 
Baker hill, 6 miles south o f Sodus .. .. . ................ 220 

Clyde meridian. 
Chimney hiI1 , 1 mile north west o f R ose . . . . ............ 180 

T riangulation station, hill 2t miles south o f Clyde ...... 180 

Fai rhaven meridian. 
Hill 4 miles southeast o f Montezuma . . . . . . . . . . . . . . . . . . 180 

Oswego-Auburn meri d ian . 
Three hills, e;ch ........... . . . ... . .................. 180 

An interes ting fact is th at the p reva ili ng maximum height of 180 
feet is the same as of the type drumlins in no rth I rela nd. 

The length of drumlins is as va ria ble as their height. I t cannot 
be closely determined from the map contours, as a relie f o f less 
than 20 feet may carry a di stinct ridge for a long dista nce. Scores 
of drumlins can be found on the maps wi th a contoured leng th o f a 
mile or more. A length of one and one-half miles is not ra re, but 
two miles is extreme for a ty pical drumlin . T he close welding o f 
overlapping ridges may g ive g reat length. Perhaps the longes t well 
contoured forlll s are in the Oswego d ist ri ct, pla te 12. 

The drumlinized flu tings in the northwest part o f the sta te. de­
scribed ahove, may have unit length of seve ral Illiles , but have not 
been measured. 

Compositioll. T he d rumlins a re composed o f very compact till 
and represent the subglacial or "g round-mo raine" d ri ft . T he ma­
terial is decidedly ha rder a nd more compact, especiall y the deeper 
layers, than the ord ina ry till mantle. T he included stones of a II 
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sizes are very commonly abraded or glaciated. All the characters 
of the drumlin till indicate movement under pressure. The material 
is emphatically the grist of the glacial mill. 

The occurrence of water-laid drift, sand or silt, within the drum­
lin body is very rare . In extended examination of the internal struc­
ture only two cases were found of sand layers in the interior of 
drumlins , exposed by erosion on the shore of Lake Ontario. Some 
cuttings made by the electric railway between Rochester and Syra­
cuse showed sand and sandy till as occasional upper beds . 

As the drumlins were built under the thinner border of the ice­
sheet it would seem very probable that streams on the surface of the 
glacier might sometimes carry sand down through crevices; and the 
sand become buried in the subsequent growth of the drumlin. The 
chances of such inclusion \\'ould increase as the thickness of the ice 
dimini shed. 

The rarity of included water-borne matnial in the New York 
drumlins is conclusive evidence against the old supposition that they 
had been produced by overriding and reshaping of older moraine 
drift masses. In New York the moraines are largely water-laid ma­
terials, while the drumlins are hard till. It may be possible that in 
some other region of drumlin occurrence they might be produced by 
overriding of moraine drift during considerable readvance of an ice 
front. The relation of the New York drumlin s to moraines will be 
noted later. 

vVater-laid materials on the surfaces of drumlins is to be expected, 
as the deposit of glacial stream work and of the subsequent glac ia l 
lakes. 1"10st 0 f the New York drumlin area was buried in standing 
water after the ice was removed. 

As the ice melted away over the drumlins it sometimes left mar­
ginal or morainal drift on a nd among the drumlins. Rarely this 
might be so abundant as to partially bury or obscure the smaller 
drumlin forms. Such a case is found in the Junius kame-moraine, 
midway between Geneva and Lyon s. However, such superficial 
morainal drift must not be mistaken for nor confused with the drum­
lin material. It is not only emphatically distinct in its genesis from 
th e subglacial drumlin substance but subsequent in its deposition. 

The proportion of far-brought and crysta lline rocks is theoretical­
ly less in drumlins than in terminal moraine deposits. In any belt 
it probably will be found that the proportion of drift derived from 
the subjacent strata, or from the rocks immediately northward, is 
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larger in drumlins than in the moraines; for the reason that the 
drumlins are built beneath the ice-sheet, of the subglacial or ground­
moraine rock-rubbi sh. 

Howeve r, the far-tr:-tveled bowlders sometimes occur in large 
numbers in the capping laye r .' of drumlins (see page 1-1-). 

In some di stricts in centra l K cw York the base of the drumlins 
and perhaps large portion of the mass is so ft shale rock . This is 
discussed below under the topic of R ocdrumlins. 

Strlte/lIrl'; CO llerll/ric Bl'ddiJl[j. ] f the drumlins are construc­
tional , or built lip by a plastering-on process, then it l11ust ue expe::: t­
cd that on a cross-sect ion they would revea l some bedding or onion­
peel structure, with the upper layers pa rallel to the drumlin surface. 
Theoretically such stratification would not be conspicuous, as varia­
: ioll in the building process would not ue g reat as compared with 
the work of water. in either kind ancl Cjuality of ma terial or in th e 
ra ' e of deposition. The comparative steadiness in the action of the 
glacier taken in counect ion with the heterogeneous cha racte r 0 f ! he 
lllaterialll'oulcl seem unfavorable to the procluc~ ion of any very con­
spicuous bedd ing. 

Artificial cuttings in drumlins clo not expose la rge sectional a reas, 
and these can usuall y be seen only at close range, which is not favor­
able for inspl:c' ion o f indefini ~ e and large-scale structures. 

Fortunate ly for this study Nature has a ss isted . vVe have a splen­
did exposure o f the interior structure o f drumlins a long the south 
shore of Lake Ontario. spec ia lly between Sodtw Bay and Oswego. 
In thi s stre tch of auout 28 miles not less tha n a score of drumlin s, 
many of large size. are di ssected to the core, sli ced from top to bot­
tom, by the \vave e ros ion. The constant undercutting by s:o rm 
lVaves yields continually fre sh sect ions, and fortunately in different 
directions. Some of the drumlin s a re Cllt in direc t cross-sec; ion ; 
some in ob lique section: and some qui te long itudinally. 

The erosion cliffs vary in height from 20 feet up to 140 feet. The 
growth of vegetation rarely is enough to obscure the structure. but 
in some cases is a proof of bedding in the till , as it li es in zones. 
The higher cliffs are bare. (See plates 14-16.) 

.\ majority of the cliffs show undoub ted concentri c bedding, and 
in several it is surprisingly di stinct. U n fortunately , some lines of 
bedding which appear to the eye are not recorded in the photo­
g raphs. A t di stances which minimize the irregularities of the cli ft 
faces, in salients, reent rants, amphitheaters and monuments, the 



I )Roc . R oel-I. .\ C,\D. SC I E N CE V OL. 7, P LATE 12 

ELONGATED DRUMLINS 
Part o f the Ful to n shee t. On the north th e d rum lill s a re o \' erlapped by mor a in e depos it. 


Scale: one inch equa ls one m il e. 
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fact of bedding parallel with the drumlin surface is strikingly evi­
dent, and is shown by different features. Even at close range a 
difference in the texture of the beds is evident. Distinct lines or 
zones of bowlders are frequent. Some difference in shade of color 
is common, and such color difference clue to varying capacity for 
moisture is pronounced. The latter is also shown by patches of 
vegetation clinging along certain lines. 

A striking proof of stratification is the differences in weathering, 
indicated, as in plate 16, by lIniformity in elevation on the cliff face 
of irregular weathering and conical buttresses. 

In cross-section view the concentric bedding decreases in convex­
ity passing downward toward the base of the drumlin. Near the 
base the bedding is nearly horizontal, and the arching increases 
toward the top. A good test and confi rmation 0 f the concentric 
structure is found in the oblique and the nearly longitudinal sections. 
The stratification exposed in these different sections has directions 
that pertain to concentric structure. The application of these facts 
of drumlin structure to the problem of drumlin origin will be con­
sidered in a later chapter. 

To aid the study of the subject by anyone who wishes to examine 
the drumlins persona lly the following notes are given. West of 
Sodus Bay (Pultneyville sheet) the cliffs are partly morainal and 
only two good drumlin sect ions occur, one of them shown in plate 16. 

E ast of Sodus Bay the lake shore and the dissected drumlins are 
mapped in plates 6 and 7. The di ssections which displayecl the bed­
ded structure in the clearest manner at the time when plates 15-17 
were made, in 1905, are in order eastward. using local names; Lake 
bluff. by Sodus Bay; Cline's bluff. one mile east; Blind Bay bluff, 
one mile west of Port bay (plate 16') ; two cliffs either side of Juni­
per pond, three miles east of Fairhaven (Little Sodus') bay. 

It should be understood that the distinctness of the structures in 
the drumlin till 'will va ry with the degree of moisture in the surface, 
and with the illumination . Probably the appearance of the cliff sec­
tions may change with deeper clltting. al1Ci so vary as time passes. 

Relation to 111oraillcs. If the drumlins represent vigorous move­
ment of the ground-contact ice during episodes of either advance 
of the ice front or halts in its rescession then each drumlin belt 
should correlate with a line of frontal moraine. Such relationship 
appears definite for the main drumlin field, north of the Finger 
lakes. Where the drumlins fade out to attenuated ridges, from 
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Celleva I-I"e s t\\"a rcl to Auburn. a di st inct IJelt of mora ine drift li es two 
o r three mil es ill front, 011 the south . T his, the \ \Tate rloo moraine, 
is well sl1 o\\"11 in plate 13. 

l\Ioraini c belts, like the weak \\Tate rloo moraille, represent only 
the superglacial and higher englacial dri ft , ca rri ed to and pass ivelv 
dropped at the ex treme ma rg in. " 'hile at the same time the drumlin s 
were forming beneath the ice-sheet in the rea r of the moraine, from 
! he subglacial and the 1011'e r englacia l clri ft. 

Theoretically the morai ll es should be I\"eak in front of heavy 
drul1llins, and in central Ne \\" York the facts are in accord. But 
there is another reason . D uring the clnnnlin-making epoch the ice­
sheet in centra l Ne ll' York \\"as faced by deep lakes. T hese were 
held lip by the ice itsel f acting as a dam on the north . The dri ft 
in the terminus of the ice-sheet was di spersed by fl otat ion o f the ice 
and by th e II'a ves and currents of the lakes. 

\Vhile cl efinite lines of moraine a re lack ing a fell' ka me-areas are 
s' rong. .:-\ t the termination of the rivers \\"hich drained the melting 
ice-sheet very heavy deposits of \\"ate r-Iaid clri ft was pi led into kame­
moraine hill s, as the l\Tendo n. V ictor and Junius. 

During rescess ion episodes 0 f t he ice front, by increased melting 
or dimini shed thrustal movement, the drift in the ice was quie tly 
lowered on the drumlin territory . Not infrequently we may find a 
patch of irregular surface among the drumlins which can readily be 
discriminated and mapped as moraine. Rarely thi s may obscure the 
half buried d rumlins. 

Sometil1les the volume of morainal dri ft increases northward so 
as to give dec ided 11l0raine topography. as in the vValworth di strict 
in \\layne county. P late 12 shows how a subsequent land-laid 
moraine laps on the north limit of the latest drumlins. 

Islalld-l-iI?c Croups. These rema rkable masses are partly illus­
trated in plates 17, 18. T hey occur in the main drumlin area , in the 
belt from Lyons eastwa rd to ·y racuse. T hey are partly bounded by 
river chann els cut in so ft Salina shales by the latest glacial d rainage. 
N orth of Warners, plate 17, is a n example of such drumlin massing 
not wholly surrounded by channels or open spaces. 

O ne peculiar feature of most of these masses is an increase of 
height toward the center, which gives them an individua lity or unity. 
If these drumlin masses have a co re of rock reaching above the Sa­
lina shale, which forms their base or pediment up to about 500 feet 
in the more easte rly groups ( plate 17), it has not been found . But 
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ATTENUATED DRUMLINS 
South edge of the drumlin bel t, wi th the correlati ng mora ine. Parts of the Clyde and 


Geneva sheets. Extensive fl uting o t th e drift is not shown by th e 20- fect co nto urs. 

Scale : one inch equals one mile. 
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such rock core is not improbable for the more northerly groups. 
Plate 18 shows the largest of several g roups of drumlins which 

rise out of the marshes north of Cayuga la ke. These are not so coni­
calor cUlllulative as those eastward (plate 17), but are isola ted 
groups of irregular form anc! size, even clown to individual drum­
lins. In the Montezuma district these ri se out of the broad marshes 
as if half drowned. 

However, it does not seem probable that the absence of drumlins 
over wide tracts could be due to entire burial of the hills under lake 
and vegetal accumulations. More likely the low marsh area s are 
destitute of drumlin s for the sallle obscure reason as others at higher 
levels. This leads to the next topic. 

N oll-Drumlin Spaces. 1\n important fact , not prev iously noted 
in this writing, is that the drumlin area of central New York was 
from 270 to 290 fee t lower during the period of glacial occupation 
and drumlin con struction tha n it is no\\!. The lines of equal post· 
glacial uplift (isobases ) a re drawn on plate 5. This depressed con­
dition of the land continued during the earl ier phase of Lake Iro­
quOI S. 

Another element in the very complex hi story rel a tes to the north 
and south depress ion from Sodus bay to Seneca lake. It is believed 
that in preglacial time the S usqul'hanna river turned north at vVav­
erly-Elmira and occupied the Seneca- Sodus valle\·. It was the lar­
gest of the north-R owing rivers described on page 13. The ancient 
valley o f the Susqueseneca river is indicated faintly in the low north 
and south tract \\'est 0 f Clyde (p late 5). • 

Another element in the hi stoi'y is the fact that all of the area frol11 
Lyons east to Syracuse \\'as under the water of Lake Iroquoi s. 

The lack of drumlins in the bare spaces shown in plates 4, 5 and 
18 appears to be involved in the geo log ic conditions just stated. vVave 
erosion by Lake Iroquois was not responsible, although such eros ion 
did remove the drumlins north o f the Iroquois shore, shown in plate 
5. 

Apparently the lack of drumlins north anc! northw est of Clyde is 
due pa rtly to non-co nstruction and perha ps in some degree to burial 
under Iroquois depos its. The weak d rumlins two to three miles 
northwest of Clyd e suggest the tops of half-buried hills. 

The open spaces of the lowe r ground, illustrated in plate 18, lie 
in the region of deep drift-filling of ancient valleys, the northward 
continuation of those now holding the Finger lakes, chiefly in the 
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north and south depress ion of the Sodus embayment and the Seneca 
and Cayuga valleys. 

Many suggestions in explanati on o f the drumlin-ba re spaces are 
ruled out. \Ve have to recognize the probable equality in both the 
drumlin and the non-drumlin trac ts of the depth and pressure ot 
the ice; of its impact and rate o f movement ; and of its burden of 
drift. The inequality in the drumlin construction probably relates to 
unequal conditions in the land surfaces. 

In the areas of deep valley-filling perhaps some depress ions were 
yet below the average level. and consequently beneath the plane of 
vigorous thrust movement. In such case a plane o f shea ring might 
ha ve been established over the depress ions. "'lith shea ring action 
the initiation of drumlins would be di scouraged, as they imply some 
obstruction or sOlll e degree of loca l drag in the bottom ice. The oc­
currence of drumlins within or along the open spaces might be due 
to cas\1al obstructions, while the shea ring process prevented creation 
of new obstructions. 

The lowest of the open space have been partly fill ecl with post­
glacial lake silts, st ream detritus and vegetal accumulation. And the 
very lowest are yet partly under water. 

OprH Chall1!r':;. The channels or water courses with more or less 
direct eastward direct ion, like those from Fairport to Lyons, shown 
in plate 5, and between l\IonteZllma and Sy racuse, were occupied if 
not wholly produced by the copious ice-border dra inage, escaping 
eastward to the iVlohawk-Hudson. These channels are all cut in 
erodible Salina shale, and were effective when the land stood nearly 
300 feet below the present level. 

The uncertain and puzzling channels a re those with windings and 
way ward indirection , and these may be related in their orig in to 
some of the nondrumlin spaces. Seneca river is an example, with 
it s northward turn east of Sava nnah , and from Cross lake (an open 
tract) around to Baldwinsville, and then south to nea r Onondaga 
lake . This is partly shown in plates 4 and 19. The Clyde river 
(plate 18) and Dead creek (plat e 19) are other examples. 

\;\fhen the ice-sheet finally melted off fr0111 central New York it 
\Vas succeeded by Lake Iroquoi s. T he vagrant and erratic drainage 
lines must have been initiated, a round and among the drumlins, as 
the lake waters were drained away. The land was then much lower 
than it is at present, and with more slope to northward. T he slug­
gish stream-flow through many thousands 0 f years has probably 
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been influenced and perhaps diverted by organic growths and peat 
fillings. 

Rocdntlllli'lls. It is found that the molding effect of the overrid­
ing ice-sheet was not restricted to the dri ft masses, the drumlins, 
which were deposited during the rubbing process by the ice itself, 
but was felt by the hill s of soft rock that were exposed to the ice 
erosion (plate 19). 

The term drumlin cannot appropriately be applied to ice-shaped 
rock hills, even though the genetic relationship may be evident. The 
term "drumloid" is appropriate, but the word has long been uS'ed 
for hills of glacial stuff having an accidental resemblance in form to 
drumlins. A di stinctive term with obviolls meaning is needed, and 
such a term is rOCdn/1'lI.tills. using as a prefix the Celtic word for 
rock. 

It must be very clear that rocdrumlin s are an effect of a moderate 
amount of erosion, or removal of material, while drumlins are the 
product of upbuilding and shaping at tl1e same time. The genetic 
distinction is important and fundamental. 

Between Palmyra and Syracuse the foundation of the drumlins 
is Salina shale, mostly the soft red and green beds known as Vernon. 
All of the deeper valleys of the di strict are cut in this shale, which 
may be seen on the slopes as bare patches of bright colors, light 
green and red. In the area of Jordan and Memphis these shales, 
forming the walls and bottom of the broad valley, are eroded into 
forms simulating morainal topograph.v. As far east as Oneida the 
rock forms might, as seen from a distance, be mistaken for moraine. 

In the Jordan-lVIemphis district the Vernon shales reach up to 
over 500 feet elevation, while the Jake' and stream fillings in the val­
leys are about 400 feet alti tude. The Vernon shale, there fore, ex­
tends upward about 100 feet above the lowlands and arc overlain by 
the gypsum-bearing Camillus shales. Eas t of Jordan they form the 
common platform from which the drumlins rise (plates 17, 19). 

It appears that in the belt from Lyons to vVeedsport the Salina 
shales belong in the same horizontal plane, or topographic horizon, 
as the drumlins , and the interesting question arises if the 'drumlin 
masses may not be partly shale beneath a veneer of till. One and 
one-half miles northeast of Port Byron, and three miles west of 
Vveedsport, the red Vernon shale appears clearly on the slopes and 
on the summit of a drumlin-shaped hill with a summit contour of 
460 feet. Here is certainly a drumlin form in rock, a rocdrumlin. 
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It is very likely tha t other of the lower drumlin forms may be chief­
ly shale with only a varnish of drift; and it is more than likely that 
some of the larger drumlin have a base or a core of rock. 

All the western-central New York rocks have a decidedly south­
ward dip. It appears, there fore, that north of the Lyons-Syracuse 
parallel the rock st rata must lie at increas ingly higher elevations. 
And the vertical or stratigraphic range 0 f the Vernon shale, several 
hundred feet in thickness, would include the whole height of the 
drumlin forms in a considerable belt of the northern terr itory. An 
examination was made of the hills ,,'est of Baldwinsville, with result 
not unexpected. It was found that all the drumlin form are clearly 
composed of red shale. \-vith only an apology of till coating. All of 
the hill s in the UpPlT half of the map, plate 19, and lying between 
the two north and south valleys. are not drumlins but rocdru1l1]ins. 

On first sight these hills would be regarded without ques tion as 
true drumlins. But there are decided though refined differences 
which appear on close study. The rocd rumlin s are not so symmet ri­
cal as the till forms. The slopes are Ie s regular. and the struck ends 
are liable to be abrupt and irregular, and not so symmetri cal as true 
drumlins. Even the 20-feet contours of the Illap reveal the differ­
ences. Looking at plate 19 it may be noted that the bases of the hills 
are indefinite, and that the hill s do not have the clear-cut individual­
ity of drumlins, as shown in plates 3, 5, 6, 7. The differences in 
form between the rocdrumlins and drumlins are clearly recognized 
in the field, and are fundamental. 

Vernon shale is only hardened clay, without structure anel eas ily 
decomposed. It yields readily to weathering and to erosion, and the 
product of the ice-rubbing was a plastic paste and lubricant, essen­
tially like clayey till in its mechanical properties. In consequence the 
hills of Vernon shale which stooel within the zone of drumlin for­
mation were, in conflict with the moving ice, easily shaped into the 
drumlin forlll. And when given that shape they resisted the ice-im­
pact. They were, like drumlins, both compliant and res istant. T hey 
became drumlin in form, in clever masquerade. 

The Salina shales as a whole, many hundreds of feet in thickness 
in the drumlin territory, must have supplied a large amount of plas­
tic and adhes ive mater ial for the drumlin-making process. P robably 
this was an important factor in the New York area. 

Recognizing that glacial rubbing shaped the Salina shale hill s, 
the rocdrul11lins, it would appear likely that hill summits in other 
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di stri cts beyond the drumlin area might, under exceptiona l condi­
tions rece ive a drumloid expression . It is quite possible that such 
forms do occur. Some uplands, especially the intervalley areas in 
the Finger lakes region, exhi bit some horizontal grooving. The 
smooth and graceful walls o f the deep north and south vall eys in­
dicate a moderate amoun t 0 f general sandpapering. 

Some effect of ice abrasion and the shaping of land surfaces, 
where exposed to movement o f the ground-contact ice, is probably 
more widespread than has been recognized. However, thi s does 
not at all imply that glacial erosion can excavate valleys or produce 
lake basins. 

P HYSICA l. F.\ CTOI~ S I N D RUMLIl': FOH M ATION 

I t is apparent that the d rumlin-building process involves many 
facto rs, and most o f them indetermina le and elusive. The problem 
is complicated , including not only the difficult subject o f the behavior 
of plasti c solids but the action of the ice under a complex ity o f geo­
logic conditions. 

In conside ring the mechanics o f drumlin construction three sets 
of fac tors a re recognized: those pertaining to the ice itself; those 
relating to the drumlin-forming drift; and the external influences of 
topography and atmosphere. These will be briefly considered in 
order. 

D yna1",tic F actors P crtaiu-iug to the Glacier . 
\. Vertical pressure. T his is directly proportionate to the ver­

ti ca l thickness o f the ice-sheet. 
2. H ori zontal pressure. A t the periphery 0 f the continent al ice­

sheet the hori zontal pressure required to produce fl ow, 0 11 either 
level g round or on an upslope (as in the New York area), was main­
ly an effec t o f the ve rti cal pressure in the rearward and deeper part 
of the ice-body. T he depth of the ice along the d rumlin-making 
zone was probably insufficient to greatly aid the forward movement. 
However, w ith plas ti city effecti ve the vertical pressure or weight 
might have had some local effect in modi fying the movement or in 
producing differential flo w. 

3. V igor and velocity of fl ow. This is due primar ily to the thrust 
f rom the di rection of the deeper ice. T he' horizontal displ acement 
or mass movement of the ice border would be influenced by the 
larger fea tures of the land surface, and by the local temperature and 
rain fall. 
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4. Differential flow. P lasticity of the ice would theoretically al­
low unequal flovv, or a tendency to flow in prisms or currents anal­
ogous to currents in water st reams; and the drumlins are evidence 
of such local variations in the ice flow. 

S. Plasticity. This property of the glacier ice would be increased 
by pressure, heat, and water as a lubricant. In the marg inal, drum­
lin-forming zone plasti city due to vertical pressure would be re­
duced; that due to horizontal pressure would be fa irly constant; 
while that clue to heat and water , from rainfall or melting. would be 
increased. 

Factors Relating to the Drift H rfd ill I he Ice. 

1. Volume of the drift. It has long been recognized that the 
plastic flow of glacier ice diminishes "vith increase of rock debris. 
But the movement of the ice by rearward thrust would not be great­
ly affected by the contained dri ft. T he influence of the load of 
drift toward producing rigidity might aid in producing differential 
flow in prisms or bolts. Vv'hateve r was the effects on the flow of the 
ice by variation in the load of dri ft, its abundance in the lower por­
tion of the ice-sheet was a direct help in drumlin construction. 

2. Position of th e dri ft. The vertical location of the rock-rubbish 
in the ice is an important factor. Debri s superficial to the ice-sheet 
could produce only fronta l moraine. Drnmlins were built from the 
debris carried in the lowe r layers of the ice. 

3. Quality of the drift. It would appear that a clayey, adhesive 
cha racter of the elri ft would facilitate the plastering-on process, by 
which the New York drumlins certainly were made. No drumlins 
are found composed largely o f bowlders and friable material. 

Factors of Exter11al Co ntrol. 

1. General slope of the land. A down slope would favor move­
ment of the ice both by thrust and by plastic flow, and perhaps by 
shearing of the upper over the lower layers. A n upslope would re­
tard or prohibit any motion at the bottom except by thrust. The 
drumlin area of New York has, in general, an upslope, though the 
central district of massive display is nearly level. 

2. ::VIinor topography. This element is indefinite because variable 
in many ways. It would appea l- that great irregularity of the over­
ridden land surface would be unfavorable to movement of the lower 
ice; and in which case the drumlin-making process would lie more 
in the plane of the hilltops. This may have a bearing on the con­
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DRUMLINS IN ISLAND MASSES 

Par t of the Ba ldw in sv ille shee t. The va ll eys are cu t in S a l in a slia le , wh ich also forms 
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strl1cti on of the island masses, page 22. Small prominences or ob­
structions in the floor of the ice-sheet might be favorable, as nuclei, 
for the initiation of drumlins. 

3. T emperature and water supply. Plasticity of the ice was fa­
vored by heat and water. Cold and dryness favored rigidity . The 
margin of the ice-sheet must have had, especially in summer, near­
ly its highest possible temperature, and large supply of lubricating 
water from the ice melting and the rainfall. 

S U MMARY; FA CT .\ N D PHILOSOP HY 

Origin of Drumlills. It is certain that the N ew York drumlins 
were built up by a plastering-on process. The ice-sheet did not 
drop its dri ft burden in the depress ions or low places, but plastered 
it on the obstructions. The plastic and adhesive character of the 
shale-derived dri ft of central New York was probably an important 
factor accounting for the great number, height and shape of the hills . 

The rocdrumlins, or shale hill s with the peculiar drumlin form, 
were shaped by a moderate amount of erosion or rubbing off of the 
soft rock. 

The upbuilding of the drumlins by the plastering process was coin­
cident with a rubbing-off and shaping effect. As masses or hills 
the drumlins were built by accretion of drift, but their singular form 
is due to the erosional factor. The whole process may be compared 
to the work of the sculptor on a clay model, a plastering on and rub­
bing off. The accretion was because of the greater friction between 
clay and clay than between clay and ice. 

The hill s of accretionary drift res isted the ice impact and its rasp­
ing effect just as did the hills of shale . The form possessed by both 
classes of hill s is that which opposed success ful resistance to the ice 
erosion, and the least resistance to the overriding movement. 

Thnlst ilJ07JCnl elit of the GrOlllld-Colitact Ic C' . Drumlins were 
shaped by the sliding movement 0 f the bottolll ice, that in contact 
with the land surface. Thi s implies that the whole thickness of the 
ice-sheet participated in the movement. Such moti on was not due 
to gravitational stress on the ice over the drumlin a rea , because the 
general slope was uphill , but it was produced by an effective thrust 
on the marginal ice by the pressure of the thicker rearward mass . 
.\s the ice-sheet became thinner by ablation there ca me a time when 
the drift-loaded ice ill contact with the ground felt less vertical pres­
sure but was subjected to greater horizontal push by the thick ice in 
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the rear , and was pushed forward bodil y. In thi s behav ior of the 
ice-sheet li es the key to drumlin formation . 

It does not follow that drumlins must always be formed where 
the bottom ice had a sliding motion , as 0' her assoc iated conditions 
are requIs ite. S uch thrustal movement would be effective only 
where a border of the ice-sheet was backed by a thick and spreading 
rearward mass. 

The combinati on o f conditions req ui site for effective thrust J11 ove­
men t over a belt of country and for the considerable time necessa ry 
to create drumlins was not common . However, it may be assumed 
that wherever the ground-contact ice had vigorous movement o f 
some duration it might be indicated by some molding of the ground 
surface, especially where that surface was comparatively sllloo·.h 
and composed of e!ri ft. The degree and form o f the ice molding 
would vary with the strength and ba la ncing of several factors. Some 
evidence of thi s ice work J11ay perhaps be found where drumlins do 
not exist. 

D~'1/a1l/. ics. It appea rs that in th e typi ca l drumlin area the ice did 
not move as a solid niass . or even ill wide sections, for such motion 
woule! have prod uced a pla ning or levelling effect. The typical 
drumlins a re proo f of a plastic and variable fl ow, while the long, 
stra ight ridges imply that the ice was pushed in comparat ively rigid 
bol ts or prisms that wavered a nd shifted . 

In the balancing and adjustment of the several dynamic factors in 
the dri ft-burd ened ice the two oppos ing forces of ri g id ity an e! 
plasticity seem to be the more fundam ental. T he amassing of the 
drift into drumlin form , or at least the non removal of the hill s, im­
plies that the depth of ice and the vertical pressure were so moderate 
as to allow the plastic ice to override a nd adapt itsel f to the obstruc­
tions, while at the same time the whole sheet of ice was sufficiently 
rigid to move und er horizontal thrust. 

Judging from the facts a nd the theoretical mecha nics it would 
appea r that the typical drumlins represent short lines of temporarily 
diminished pressure and of lagging fl ow . T he lines of vari abl e pres­
sure and motion, though close set in the dominant d rumlin a rea, 
must have been di scontinuous, short and constantly shi fting. 

The drumlins could not have been determined , a t least as rega rds 
location, by external influences , as atmospheric agencies above or 
topographic and geolog ic features beneath , but must have been pro­
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DRUMLIN MASS IN MONTEZUMA MARSH 
Parts of Clyde, Weedsport, Geneva and Auburn sheets . 

Scale: one inch eql1als one mile. 
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ROCDRUMLINS 

P,-u-t of the B;dd\\ ill s\' ill e she et. Tile drulIllin ·like hill s in tile tipper part of tile ll1ap are 


com posed o f Salina (V e rn on) shale. 
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duced by the interaction of the mechani cal factors resident within 
the ice itself, the latter behaving as a plas tic solid. The germ of 
each drumlin must have been some obstruction beneath the ice or a 
fortuitou s ma ssing of drift, or perhaps the lodgment and anchorage 
of a big bowlder. 

The breadth of the main drumlin area, supposedly a unit in time 
of formation, is about 30 miles. If the northern and broader drum­
lins (plate 7) were built contemporaneously with the southern at­
tenuated forms (plate 13), which appea rs certa in, the physical concli­
tions responsible fo r the different forms may be assigned. The 
broader and more widely separated forms, those about Fairhaven 
(plate 7 ) were under g reater vertical pressure because of the great­
er depth of the ice. T hi s might have g iven greater potential plas­
ti city, but the effective plasticity and differential flow should have 
been less than in the central part of the belt. On the other hand 
the attenuated drumlins near the extreme border and under the thin­
ner ice were subj ect to less vertical pressure. Here the ice had freer 
movement : it was less burdened with drift, having already built the 
drumlins in the rea r ; and probably it had less effective plasticity 
and less differential movement. In other words, the attenuated, 
border forms were molded beneath ice moving with greater free­
dom, greater relat ive rigidity, and with more uniformity and con­
tinuity. 

T he culmination of the drumlin-making process appears to have 
been in the middle of the belt, where the several dynamic factors 
were well ba lanced and working together at the maximum of efficien­
cy. There the dri ft was abundant and plastic; the rigidity and the 
plas ticity of the ice were active and balanced; and the differential 
flow was at it s maximum, that is to say, the ice was not moving in 
long rigid bolts nor in wide masses but in short and wavering prisms. 

The very long and flat ridges of the Niagara-Genesee prairie 
(plate 4 ) were the product of steady and long continued movement 
of more rigid ice than that which built the shorter, steeper and 
crowded drumlins in the middle of the area. The ice had less bur­
den of dri ft, less differential fl ow and less effective plast icity. The 
effect was si milar to the production of the attenuated flutings in the 
Waterloo-Seneca Falls district (plate 13 ), but the work was on a 
much larger sca le. The direct ion of the drift molding in the west­
ern di strict is that of the preva iling direction of the continental gla­
cier over the state. 
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R elatiu Age. The attitude and form of the drumlin s ill the Pu­
laski distri ct, due to the change in the direction of the ice How, prove 
that they were shaped during the latest phase o f the ice work in that 
locality. The same conclusion is reached by theoretic considerations 
and is enforced by all facts of observation . 

The peculiar di stribution o f these l\ ew York drumlins and their 
orientation prove that they were built under the spreading fl ow of 
the semistagnant ice body reposing in the O ntario basin. The cor­
relation of moraine with the ultimate flutings of the drift shows that 
the drumlins were built under the thinning border of the ice-sheet. 
This relation has been noted in other drumlin regions, as vVisconsin, 
Massachuse tts, Ireland and Germany . The drumlins of north Ire­
land, the type forms, lie in curving lines of ice flowage; and in all 
essential characters are strikingly similar to our New York forms . 

Form alld Relatiolls. The interaction o f the mechanica l and geo­
logic factors has prodl1ced a great variety of drift forms which may 
be covered under the class of ice-molded or drumlinized dri ft. Fol­
lowing are the typical forms: 

1. Domes, or mammillary hill s and low broad mounds (plate 7). 
2. Broad oval drumlins (plate 6). 
3. O val drumlins with definite outline and high relief (plates 3, 4). 
4. Long oval drumlins ; the dolphin-back hill s (plate 5). 
S. Short ridge drumlins (plate 5). 
6. Long and low swells of drumlinizecl drift, hav ing the south­

wes:ward direction o f the principal movement of the glacier. 
7. Minor drift moldings on the flank s of and between the typical, 

close-se t drumlins. 
8. Slender ridges a,t the attenuated edge of the drumlin belt, wi th 

correlating moraine (plate 13). 

The more striking relations in the di stribution and association of 
the New York drumlins are as follows : 

1. The drumlin area is practically on the north-facing or ice-op­
posing slope of the land (plate 4). 

2. The region of greatest development is on the low Ontario plain 
(plate 5) . 

3. The greatest development of typical, close-set drumlins is in 
the region of the greatest thickness of the Salina shales , which sup­
plied clayey and adhesive dri ft. 

4. The predominant drumlin area is where the ice flow was south 
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and east of south, 01' at a high angl e with the preceding, southwest­
ward movement. 

S. The drumlins are not placed in any orderly sequence or r egular 
disposition, but are spaced in irregular manner. 

6. The seve ral varieties i;l forlll are not intermingled , hut simi­
lar forms are grouped together. 

7. "'"ithin the same belt, or what is regarded as a formational unit, 
the south forms, or those nearer the ice front, are the more attenu­
ated: whil e the north fOrIll S, those beneath the deeper ice, are 
broader (plates 13, 7). 

8. A belt of moraine lies in front of the attenuated border of the 
central drumlin area (plate 13). 

9. The greater height of the drumlins, steepness o f slope and reg­
ularity of form occur in the middle of the drumlin area, and charac­
terize the max imum and most effective \\'ork of the constructive 
process. 

10. The development of the broad, low swell s in the northwest 
part of the great drumlin area is where the ice flow had only Olle 
direction, and where it hael less volume of very clayey drift. 

D epth of the DrulIllin-Making Icc. No conclusive or definite data 
are available 0 11 thi s matter . The following calculation is merely 
suggestive . 

The \Vaterl oo-Seneca Falls moraine (plate 13) \\'as laid tinder 
the water of a glacial lake which bathed the glacier front, with its 
control or outlet on the eas t. It is believed that the highest eleva­
tion of that water was about 700 feet , the height of Lake Dana. 

The mora ine lies at a bout 500 feet elevation, which implies 200 
feet depth of water. As the moraine is weak, becau se the drift load 
had been incorporated into the drumlins in the rear, it may be as­
sumed that the ice was not heavily anchored in the lake water by a 
load of rock-rubbish. In order to retain its position against the 
buoyancy of the water the ice should have been at least 2.5 feet over 
the lake, or with a thickness of 225 feet. Taking this as the mini­
lllum depth o f ice at the glacier margin, and a~suming a surface slope 
of 30 feet to the mile, the elevation of the surface of the glacier over 
Clyde, 12 miles north of the moraine, would be ( 725 + 30 X 12) 
108.5 feet. As the Aoor of the Clyde drumlins is about 400 feet ele­
vation the depth of ice in the center of the drumlin belt was 685 
feet. And as the tallest hills there are 180 feet the depth of ice 
over their summits was about 500 fee t. 
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Northward to the parallel of the massive hill s (plate 7) is about 
15 miles. Allowing for a reduced slope of the glacier surface, say 
to 20 feet per mile, the ice surface ove r the Fa irhaven district would 
be 1,385 feet. A nd the depth over the hill summits over 1,200 feet. 

DR UMLI NS I N E ASTER N N E W YORK 

\iVhile the drumlin di splay in west-central N ew York , as described 
above. is by far the la rgest and ri chest it is not the only field in the 
state. Very interesting a reas of drumlins and molded land sur­
faces are found in the eastern and northern par ts of the state. The 
occurrences are widespread, with singula r forms and relations, and 
a fair description of the features would make an extended paper. 
During over thirty years in the study o f the P leistocene geology of 
the state the "vriter has seen nearly all of the drumlin areas, and 
fain would describe them in detail , but only a brief outline is fitting 
here, which may however se rve as a guide. 

For the geographic references the quadrangles of the New York 
topographi c map, or the co rresponding sheets , will be named. The 
reade r should have ava ilable a full set of the topographic sheets. 

In the eastern half of the state th ere are three principal regions 
of ice-shap ing phenomena. These a re the g reat valleys which dur­
ing the waning phase of the Q uebec glac ier held tongues or lobes 
o f the ice sheet. During favo rable stages these lobat ions had the 
dynamic conditions requi site for the molding of the land surfaces. 

The regions possess ing drumlins will be noted as fo llows: ( 1) 
the St. L aw rence valley, with southwestward direction; (2) the 
great Champlain-H udson valley . with southward direction; (3) two 
diversions a long the west side of the lower H udson ; and (4) the 
Mohawk valley, which held a westward lobation o f the H udson 
ice body. 

The st ronger flow of ice through the S t. Lawrence valley fed 
the Ontario ice body (page 13) and in a later stage the weaker flow 
aided in producing some peculiar features described on page 11. 

The best drumlin fea tures in the S t. Lawrence va lley proper are 
found on the Alexandria Bay, Hammond, Clayton , Cape Vincent, 
\iVatertoW\1 and Ca rthage quadrangles. The northeast by south­
west alignment of the land relief is quite clearly shown by the 
map contours. The ice streamed through the valley with force 
for ages, during both the advance and recess ion of the Quebec ice 
cap. Even the crys talline rocks show the rasping process, and 
some granitic bosses may perhaps be rega rded as rocdrumlins. 
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O n the Carthage sheet a large nUlllber of s lIlall but ty pical dru111­
lins with north and south direc tions are seen some mil es west o f 
Lowville, in the town of H arri sburg. (>thers with similar direc­
tion li e in the southeas t corner o f the \Vate r town Cjuadrangle. A 
few form s occur about the village of Redwood. 

An extension of the la rge but irregular St. Lawrence field is 
found on the Antwerp and Lake Bonaparte quadrangles. especially 
north and wes t o f the lake, in D iana a nd Antwerp towns. 

O n the Canadian s ide of the S t. Lawrence valley no examinati on 
has been made in dru111lin study, but a good development o f drum­
lin forms may be confidently ex pected. 

T hroughout the long stretch o f the g reat Champla in-H ud son val­
ley some detached o r sporadic drumlins may be found outside of 
the well drumlinized fi elds. T hey have not been recorded by the 
wr iter in the Champla in va lley. A nd appa rently the dynamic con­
d iti ons requisite for the shaping o f land surfaces did not effectively 
occur north o f Glens Falls. But in the main and lower Hudson 
va lley drumlin features a re handsomely developed. 

The Saratoga. Schuyler ville and Call1bridge quadrangles supply 
many good examples. A group o f drumlins li es eas t and south­
east o f Sa ratoga lake. O thers are seen about the village of A rgy le, 
in the northeast corner o f the Cambridge sheet. Thi s irregular fi eld 
in the upper ma in va lley blends on the south with that of the ~ I 0 ­

hawk vall ey, described la ter. 
Southwa rd , beyond the ~Ioha \\"k embayment. the valley carri es 

splendid d isplay o f ice-shaping, espec ially on the west s ide. O n 
the east side some no rth and south sha ping of th e la nd surfaces , 
with some east o f south, appears on the K inderhook a nd Copake 
sheets, but st ronger on the R hinebeck. Clove, Ca rmel and \Vest Point 
quadrangles. The northern part of the Carmel sheet depicts heavy 
north and south fo rms, and others are seen on the southeast corncr 
of the W est Point sheet. E ast of P oughkeepsie some suggestive 
forms due to poss ible ice-shaping require examination. 

The ground west of the H udson river has superior di splay of 
ice-shaped topography. The pa rallel aliena ti on of the contour lincs 
is as Illuch, or 1110re, in evidence on the topographic sheets than 
are the oval drumlins. ( See plate 20.) The phys ica l conditions 
or dynamic factors in the broad ice stream appears to have often 
fa vored the fluting or drumlinizing o f the land surface ra ther than 
the local piling of the perhaps scanty drift into typical d rumlins. 
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The long Hudson ice tongue was limited along the west side of 
the valley and crowded against the Ca tskill , Sha wangunk and 
Ramapo highlands. This probably inten sified the southward thrust, 
which also intensified the rubbing-down as against the upbuilding 
process. 

The land surface of the Coxsackie, Catskill , Kaaterskill and New­
burgh quadrangles is clearly drumlinized in southerly direction. 
The reced ing termil1l!s of the ice tongue had some spread ing flow. 
which along the borders of the va ll ey caused diversion from the 
prevailing southward movement. \s the highland wall receded the 
ice deployed westward so that on the E llenville, Goshen and Por t 
Jervis quadrangles the exce llent drumlin development east of the 
mountains has southwestward direction. Yet farther south the 
Ramapo quadrangle ca rries heavy north and south drumlins along 
the east face o f the Ramapo mountain. 

A definite diversion of the ice to the southwest took place in the 
Kingston district. An ice lobe moved up the three adjacent valleys 
of the Rondout and vVallkill rivers and Esopus creek. The Rosen­
dale sheet depicts the handsome features. East of the Wallkill river 
the alignment of the topography is north and south. 

The most pronounced diversion or offset from the main Hudson 
ice lobe flow ed westward up the ~ [ohawk valley. On the Albany 
and Berne quadrangles the flow was southwestward. Beginning 
some five miles southwest of South Schenectady the ground up 
the 1\orlllans Kill valley is st rongly molded in southwestward di­
rection to Delanson and Quaker Street, and on toward Gallupville. 
This is shown on the north part of the Berne sheet and the south 
part 0 f the Amsterdam sheet, plate 20. The south part of the 
Fonda sheet depicts some drumlins with similar direction. 

This Mohawk lobe pushed far west, up the valley to beyond 
H.ichfield Springs, eventy miles from the H udson river. Surpris­
ingly, this wayward ice tongue built a group of excellent drumlins 
north and northwest of Richfield Springs village, al1 pointing west. 
These well-spaced drumlins appear on the Richfield Springs and 
\ IVinfield sheets. They are also depicted, in colol-, on plate 5 of 
the ew York S tate M useum Bulletin o. 160, year 1912. 

The explanation o f these drumlins, in such singular location, re­
quires the narration of a bit of P leistocene history. In some mid­
dle stage of the waning of the Q uebec ice-sheet a heavy belt of ice 
was left in the Mohawk valley. This strait of ice, connecting the 
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Hudson and Ontario ice bodies, and lying between the Allegany 
highland on the SOllth and the foothill s of the Adirondacks on the 
north, has interesting relation to the glacial hi story and especially 
to the glacial drainage. 

A t some undetermined stage in the shrinking of the ~lohawk ice 
strait the westward push, from the H udson, prevailed as far as to 
the meridian of Ut ica. U nder such conditions, with a vigorolls push 
on the ice from the east, were the Richfield-vVinfield drumlins con­
structed . 

The guidance of thinner ice by the large r topography is well 
shown on the plate 5. A few ultimate drumlins, northwest of \ Vest 
vVinfield, point to the southwest. The point of the ice lobe was 
guided by the gross topography and was pushed southwest between 
the hills into the head of the U nadilla valley. 

U nder the theory of multiple glacia tion of New York, or at least 
of very great recess ion and read vance of the ice sheet ma rg in , it 
might be held that these drumlins were built during a la ter and 
final episode o f Mohawk glac iation. 

P late 6 of Bulletin 160 shows why there a re no d rumlins in the 
Albany-Schenectady di st rict. The weight of the ice cap had de­
pressed the continent, and on removal of the ice the Albany dis­
trict was about 350 feet lower than it is today. \Vhatever drum­
lins ""'ere formed there are deeply buried in the delta of the great 
glacial Mohawk ( the Glaciomohawk river ) built in the wide Hud­
son estuary. 

COJ"'IPLEXITY IN TILE HISTORY 

It is possible that there are undiscovered and unsus pected ele­
ments in the P leistocene history of Jew York, and tha t it is more 
complicated than now recognized. I t is possible that the oscillations 
of the ice front , recessions and read vances , have covered distances 
sufficient to amount to multiple glaciation , with important changes 
in physical conditions and geologic processes . While we must take 
the phenomena as we find them, and study them as they a re, we 
may not deny the poss ibility that our I\'ew York drumlins and other 
glacia l features are fin al p rod ucts of geologic changes not now 
rea lized. However, it would be unscientifi c to minimize the tr \1th 
before \1 S and magni fy the \1nknown and purely hypothetical. 
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