DESCRIPTION OF THE WATKINS GLEN-CATATONK

INTRODUCTION.

. By Hexry 8. WiLuiaMs and RaLea S. TARR.
LOCATION AND AREA OF THE QUADRANGLES.
The area mapped in this folio is included in the Watkins

Glen and Catatonk 30-minute quadrangles. The Watkins Glen
quadrangle, which includes the area mapped on the Watkins,

Elmira, Ithaca, and Waverly 15-minute sheets, lies near the-

center of the southern tier of counties of the State of New
~ York, between parallels 42° north, marking the southern
boundary of the State, and 42° 30" north, which crosses
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. F1aURE 1.—Index map of the vicinity of the Watkins Glen and Catatonk
quadrangles.

Darker ruled area, Watkins Glen-Catatonk folio. Other published folios indicated by lighter
ruling as follows: Nos. 92, Gaines; 93, Elkland-Tioga.

Cayuga Lake about 4 miles north of Ithaca. Its eastern and
western boundaries are meridians 76° 30" west, passing through
the eastern part of the city of Ithaca, and 77° west, about 7
miles west of Watkins, at the head of Seneca Lake. It
includes the whole of Chemung County, a narrow strip of
eastern Steuben County, a narrow strip on the west side of
Tioga County, and portions of - Schuyler and Tompkins
counties. (See fig. 1.) TIts north-south length is about 344
miles, its east-west breadth about 25} miles, and its total area
approximately 885 square miles. It is named for the pictur-
esque Watkins Glen, situated west of Watkins, in a deep east-
west gorge cut in the western hillside with precipitous walls
and numerous waterfalls.

The Catatonk quadrangle which includes the area mapped
on the Dryden, Owego, Harford, and Apalachin 15-minute
sheets, is directly east of the Watkins Glen quadrangle. Its
northern boundary passes through the northern part of Dryden

and cross Tioughnioga River about one-half mile north of .

Messengerville. Its western boundary is the eastern boundary
of the Watkins Glen quadrangle. Its eastern boundary is the
meridian of 76° west longitude, which crosses Susquehanna
River between Owego and Binghamton. Near this boundary
are the towns of Messengerville, Marathon, Lisle, Hooper, and
Vestal Center. The quadrangle includes the southeastern
quarter of Tompkins County, the southwestern quarter of
Cortland County, the whole of Tioga County, and a strip
about 5 miles wide in the western part of Broome County.
Its dimensions and total area are the same as those of the
Watkins Glen quadrangle.
Catatonk, situated on Catatonk Creek a few miles northwest of
Owego.

GEOGRAPHIC AND GEOLOGIC RELATIONS,

These quadrangles lie entirely within the area of the
Allegheny Plateau, which skirts the west side of the great
‘Appalachian Valley from its south to its north end. The
consolidated rocks of this plateau are all Paleozoic sediments,

deposited in the sea which lay to the west of the ancient Appa-,

lachians during Paleozoic time. These sediments, consisting
of essentially horizontal sheets varying in thickness and texture,
were brought above the sea at the close of the Paleozoic era,
when the ancient Appalachians were re-elevated and their area
extended westward. Although this uplift caused mountain

folds in the Appalachians proper, there was little disturbance |

of the sediments farther west. The strata of the plateau,

than 2000 feet above the sea.

It is named for the town of -
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therefore, though exhibiting minor folds, are in the main still
in approximately horizontal positions. Since its uplift this
plateau has been almost if not quite continuously exposed to
denudation, with the result that throughout its area it is now

profoundly worn and dissected. Among the latest events of

the glacial period in the northern part of the plateau were
two invasions by a continental glacier, the later being that of
the Wisconsin stage, by which many changes in the surface
features have been brought about. The rocks underlying the
surface cover of Quaternary deposits of varying thickness in
the Watkins Glen and Catatonk quadrangles are entirely of
Devonian age.

There are many differences in the local geologic history of
the various parts of the plateau province. Some of these differ-
ences present problems which may be solved by the study of a
single quadrangle; but there are also many broader problems
whose solution may be expected only after much larger areas of
the Allegheny Plateau have been studied. This folio is there-
fore to be considered as only one of a number dealing with
closely related problems. '

Wz,

TOPOGRAPHY.

By RarpH 8. TARR.
.RELIEF.

ELEVATION.

"The country comprised within the limits of these quadrangles
is a deeply dissected, hilly plateau. The streams have cut steep-

‘sided valleys in the plateau, but the interstream areas, though

high above the valley bottoms, preserve a much more even sur-
face, largely through the influence of the nearly horizontal strata
of shale and sandstone. Viewed from the valleys the appear-
ance is that of a rugged region of steep slopes; but from the hill-
tops the aspect is far less hilly and rugged. Many of the hills
rise to elevations of 1700 or 1800 feet, and several are more
The highest point in the quad-
rangles is a hill just west of East Virgil, which has an eleva-
tion of 2133 feet. So high and steep are some of the hills that
they are locally known as mountains; for example, Mount
Zoar, west of Elmira, where in a distance of less than a mile
there is a difference in elevation of about 800 feet. ‘

The Jowest land exposed in the area is the shore of Lake
Cayuga, which has an elevation of 381 feet above sea level;
but the actual rock floor of the valleys, which would represent
the lowest land if Quaternary deposits and lake water were
absent, is much lower. A well boring at Ithaca reaches rock at
a depth of 430 feet, so that the valley bottom here is at least 49
feet below sea level; and a boring at Watkins passed through
1080 feet of unconsolidated material, proving the hard rock
in the lowest part of the Seneca Valley to be at least 637 feet
below sea level. Therefore in the Watkins Glen quadrangle
the maximum known relief between hilltop and valley floor is
2770 feet. '

Considered in regard to elevation the Catatonk quadrangle
may be divided into three belts. The largest of these, extend-
ing north of east, includes all of the southern half and, in the
eastern part, a portion of the northern half of the quadrangle.
In this belt the hilltops average from 1400 to 1600 feet in eleva-
tion. North of it and also extending in a direction north of
east is a belt of higher land with hilltops averaging from 1600
to 1900 feet in elevation and a number of hills above 2000
feet, the highest reaching an elevation of 2133 feet. Still
farther north is a much more level and lower area, whose eleva-
tion is nowhere above 1130 feet. This belt occupies only a
small area in the northwestern part of the quadrangle. The two
southern belts grade into one another; but the two northern are
separated by an abrupt escarpment rising 400 to 700 feet, and
followed at its northern base by Fall Creek. This escarpment
coincides with a change in the bed rock, the uplands being of
more durable shales and sandstones than the lower belt. In the

Watkins Glen quadrangle these belts are less clearly defined.

THE UPLANDS.

Although the !;plan'ds are not rugged, they’are far from level.
Along many of the divides the hilltops preserve a moderate
uniformity of level for several miles; but neighboring hills rise

~ to decidedly different elevations, and all the hills slope rather

steeply toward the minor upland valleys. If all the larger

valleys were filled to the level of the minor upland valleys, the
surface would still be hilly, though far more subdued than now
and with a certain subequality of hilltops. (See ﬁg. 28, illus-
tration sheet II.)

Cirquelike upland wvalleys—Owing to the 1nﬁuence of the
nearly horizontal beds of shale and sandstone, the hills are com-
monly flat-topped and their upper slopes are usually smooth
and well rounded. They vary greatly in shape but are typi-
cally curved, inclosing broad, moderately sloping, shallow,
cirquelike areas above which they rise 100 to 200 feet. In
places the more resistant layers have been etched by denud-
ation into terrace forms, but these upland divides and hilltops
are, on the whole, so mature in form and consequentgf S0
evenly sloping that they are almost uniformly cleared of timber,
and are cultivated in spite of the fact that the soil is ordinarily
thin, rocky, and infertile.

Upland wvalley slopes.—Below these mature uplands the
slopes of the valley sides become much steeper, giving rise
to a topography of much less mature appearance than that
of the divide areas. These steeper slopes, which extend in
places up to the very divide, are found here on one side
only, there on both sides, in the latter case giving the
valley the appearance of a broad gorge. Where one side is
steeper than the other the steeper slope is generally on the
side where the stream is flowing; but in valleys extending in
an east-west direction, the steeper slope is more commonly on
the south side than on the north side, a condition which may
be due to the fact that the strata dip southward. - Most of
these valley sides are too bteep for farming, and consequently
are still wooded.

Rock terraces.—On the steeper slopes of the upland valleys,
and to a less extent on the hilltops themselves, denudation has
etched out minor topographic forms, dependent on the
difference in resistance of the horizontal strata. The most
common of these forms are rock terraces contouring the hill
sides, and at the bases of many of them springs emerge, form-
ing swampy patches. The emergence of the spring water in
these situations suggests that the process of sapping, by which
the terraces were formed, is still in progress.

Most of the rock terraces are horizontal, or approximately
s0; but in places they are inclined, and even broken into
smaller sections. Indeed, some of the broken terraces are so
confused that it has been difficult to determine whether they
are rock or moraine. Such conditions prevail especially on
the steeper slopes. This phenomenon has been 1nterp1eted as
the result of downhill slipping of the terrace front prior to the
glacial invasion, perhaps aided in some places by the shove of
the ice. Residual clay, formed by the decay of shale layers
beneath the cliff-forming sandstone beds, would afford good
slipping planes, and in some localities the .presence of such
residual clay could be demonstrated. The fact that the glacial

.advance did not round and remove, these rock terraces is

evidence of its ineffectiveness as an agent of erosion on the
uplands, a conclusion amply sustained by other evidence

presented in the section on the Quaternary system. (See p.

16.) In the area occupied longest by the ice sheet rock terraces

are few and imperfect, and usually have rounded edges.

Some of the best instances of the development of these rock
terraces occur at the heads of short streams tributary to the
deeper main valleys; for example, 24 miles northwest of
White Church. These streams were ev1dent1y actively gnaw-
ing at their divides when the ice last advanced over the region,
and in the course of their work had formed gorges in the lower
portions and an irregular, angular rock topography about the
headwaters. In a number of such situations denudation has
produced perfect though small buttes.

Difference from morth to south.—There is a very decided
difference between the upland topography of the northwestern
portion of this area and that of the remainder. Even where

‘the elevation above sea level is not greatly different, the sur-

face in the north is far less rugged, the hilltops are broader,
the mature divide areas are less distinet, rock terraces are
less common, and the sides of the upland valle}s are much
more moderately sloping.

This difference coincides rather closely with a difference in
rock structure and composition, weaker shales being character-
istic of the north and more resistant shales and sandstones of
the south. In a less perfect way it also coincides with a
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difference in the length of time that the two sections were gla-
ciated during the Wisconsin stage; for theice stood longer on the
northern third of the area than on the southern two-thirds.

VALLEYS.

Through valleys.—These quadrangles include a part of the

divide between the St. Lawrence and Susquehanna systems, .

and the valley pattern is very peculiar.

Two long, deep troughs, occupied in part by Lakes Cayuga
and Seneca, extend nearly parallel to each other northward
across the northern portion of the Watkins Glen quadrangle.
These troughs carry the drainage of most of the northwest
quarter of the area toward the St. Lawrence.

In the southern part of the Catatonk quadrangle is the
Susquehanna Valley, rather narrow, moderately flat-floored,
and with sides rising, wusually with moderate steepness,
though in places precipitously, to the upland a mile or two
from the river and 500 or 600 feet above it. The river flows
westward, leaving the quadrangle near Waverly, where it is
joined by the Chemung from the west, the two forming a con-
tinuous valley near the southern margin of the quadrangles.

Most of the tributaries to these valleys are short, descending
in a few miles from the high divide areas to the bottoms of the
main valleys. This is especially true of the valleys tributary
to the Cayuga and Seneca valleys and of the southern tribu-
taries-to the Susquehanna, but the larger valleys that enter the
Susquehanna Valley from the north are long, deep, narrow,
and of peculiar character. :

In the western part of the area is a long, north-south trough
connecting the Seneca Valley with the Chemung Valley at
Horseheads, without a well-defined divide. East of this trough
is the Cayuta Valley, long and narrow, with steeply rising walls,
forming a continuous depression from Seneca Lake to the Sus-
quehanna Valley at Waverly, also with no well-defined divide.

Still farther east is the similar Catatonk Valley, with steep,
straight walls that are continued across the divides where a
branch of Sixmile Creek rises to flow into Cayuga Lake.
Near Candor is a broader, east-west valley which extends to
Spencer, where it unites with the north-south Cayuga Valley,

and still farther west to Van Itten, where it opens into the

Cayuta Valley:

East of the Catatonk Creek valley are two similar valleys,
those of the East and West branches of Owego Creek, both of
which are continued across the divide of the St. Lawrence drain-
age basin, the West Branch heading near a branch of Sixmile
Creek east of Slaterville Springs and the East Branch heading
near an arm of Fall Creek northwest of Harford. - In the
northeast corner of the Catatonk quadrangle a similar valley is
occupied by Tioughnioga River, a tributary to the Susque-
hanna, which enters the quadrangle from the north and leaves
it at Lisle, on the eastern margin. In the Cortland quad-
rangle, just north of this, the Tioughnioga Valley also is
continued across the divide of the St. Lawrence drainage area.

These valleys are all peculiar in character. They are very
narrow, they do not progressively widen from head to mouth
of the stream, their walls are steep, their sides are straight and
show a marked absence of projecting spurs, and they have no
pronounced divides at the heads of the streams, the present
divides being on low morainic or other glacial deposits, and not
in the narrowest parts of the valleys. :

Valleys of the type just described may be called through
valleys (a name suggested by Prof. W. M. Davis), because
they extend uninterruptedly through from one drainage system
to another. The narrowest part of the through valleys in this
area is in that portion of the plateau which is highest and
which may be considered to be the normal divide region
between the St. Lawrence and Susquehanna systems; but the
present divides of the larger streams are near the northern

- edge of this higher belt, not in the middle. For some reason

this higher belt of upland has been trenched through by pro-
found valleys, so deeply that old divides, presumably located
where the through valleys are narrowest, were not reoccupied
after the ice sheet left the region.

 The through-valley condition is not confined to the main
valleys. The headwaters of a large number of smaller streams
are also situated in through valleys of less marked character,
and there is every gradation from normal rock divides at the
headwaters to the perfect through valleys of the larger north-
south troughs. Examples will be found at Halsey Valley;
at the head of Michigan Creek south of Danby; at the head of
Danby Creek; at the head of Prospect Valley south of Slater-
ville Springs; at the head of Cascadilla Creek south of Ellis;
in the valley west of Hunts Corners; in the valley south of
Franks Corners; and at many other places in the area.
Notched divides tending toward the through-valley condition
form one of the most characteristic topographic features of this
area and they are also present throughout the surrounding
region. That this condition of notched divides was a general
feature in the topography before the Wisconsin ice advance is
proved in numerous places by the presence of drift-filled
gorges tributary to the through valleys near the present

‘divides. '

2

Although the through-valley condition is due partly to the
presence of deep drift deposits, which obscure the rock topog-
raphy, it is mainly the result of the actual absence of definite
rock divides. This condition may be best illustrated by calling
attention to a few specific examples.

Near the western margin of the Watkins Glen quadrangle
is the Post Creek valley, with steep rock walls rising-above a
flat-bottomed, drift-filled valley, and with so low and flat a
divide, where it heads near Montour Creek, that the New
York Central and Hudson River Railroad (Pennsylvania
division) passes easily across it. A railway and a trolley line
pass,with easy grade across the divide between the Seneca and
Chemung valleys. Through valleys extend from the Reynolds-
ville-Bennettsburg valley through Texas Hollow, and from the
Taghanic Valley to the Cayuta Lake valley. It is possible to
pass from the Cayuga Valley to Spencer and thence to the
Cayuta Valley at Van Etten without encountering a well-
defined divide; and likewise to pass up Pony Hollow and
enter either the Newfield or the Butternut Creek valley. In
each case, however, the valley walls rise high above the valley
bottom, and, both at the present divides and at the narrowest
part of the valley, the slopes of the valley sides are usually
steep. ,

One of the most remarkable low divides in the area is that
of Texas Hollow, between Odessa and Bennettsburg. At both
the north and south ends this valley flares slightly and is
drift-filled to an unknown depth; but near the middle there is
rock in the valley bottom set deeply between steeply rising
walls. For almost its entire extent this valley has straight
walls, so steep that they are still wooded from top to base and
no roads ascend them. KExcept at its north end the valley
receives no tributaries other than those which head almost on

the very edge of the inclosing steep valley slopes, and the walls

are remarkably smooth and regular. The very word “hollow,”
in common use in this region, shows local recognition of the
peculiarities of the steep-sided, straight-walled type of valley
without definite divides. The straight, steep, smooth walls,

which extend for a longer distance in Texas Hollow than else-

where in the area, find their counterpart on a smaller scale in
many other places; for example, south of West Danby,
between Ithaca and Nina, south of Montour Falls, and in the

~Taghanic Valley south of Mecklenburg.

It is, in fact, true that not one of the large streams of this
area heads against a definite rock divide; and this is true of
east-west as well as of north-south valleys. To a less marked
degree the tributaries of secondary size reveal the same charac-
teristics. Besides those already mentioned, attention may be
called to the divide at the head of Baldwin Creek just south of
Breesport, the divide between Baker and Wyncoop creeks, and
that between Johnson Hollow and Montour Creek. Even
some of the still smaller tributaries have low divides with the
valley sides rising high above them. Such is the case, for
example, back of two hills about 2 miles southwest of Elmira
and of a hill about 2 miles northeast of Horseheads.

A stream valley, in fairly uniform rock, normally broadens
from head to mouth. A mere glance at the topographic maps
of this region suffices to show that this normal condition is by
no means uniformly present in the valleys of these quadrangles.
The Cayuta Valley and its tributaries well illustrate this diver-
gence from the normal. The headwaters, above Cayuta Lake,
unite in the broad valley in which that lake lies and which
extends southwestward toward Odessa; but, instead of fol-
lowing this trough into the Seneca Valley, the outlet stream of
the lake flows through a narrow gorge past Alpine, and thence
along a valley that rapidly narrows toward the southeast—that
is, in the direction of the flow of the stream. At Cayuta the
valley is joined by Pony Hollow, whose narrowest part does
not coincide with the present divide. Between Cayuta and
Rodbourn the Cayuta Valley is a deep, narrow gorge, but it
broadens again toward ‘the southeast, and at Van Etten turns
sharply southward into a valley which also narrows and broad-
ens before it reaches the Chemung Valley at Waverly. Norm-
ally there should be divides at these narrow parts; and their
absence suggests that, through some cause, parts of several

‘stream systems have here been united into one. The origin of

this and other topographic peculiarities is considered in the

- section entitled “Physiographic record.”

Where Chemung River enters the Watkins Glen quadrangle
from the west it occupies a broad valley; but instead of follow-
ing this valley the river passes south of Hawes Hill, through a
narrow gorge which is broader at each end than in the middle.
After passing through Elmira the river flows southeastward in
a valley which is narrower than that at Elmira or that west of
Big Flats. The Erie and Lackawanna railroads pass to the north
of Hawes Hill along the broad valley which the Chemung
leaves near Big Flatsand which certainly must be considered the
preglacial course of the river. It would not be a difficult task
to divert the Chemung through this valley, or even northward
into the Seneca Valley.

Other through valleys in the area show similar divergence
from the normal condition of a valley broadening uniformly
from the head toward the mouth.

Another normal characteristic of valleys is that the tributary
streams enter at accordant grade; but there are innumerable
broadly flaring valleys opening into these through valleys at
levels high above the main valley bottom. These tributary
hanging valleys have gorges sunk in their lower portions; and
not uncommonly there are gorges of two ages, one postglacial,
the other of earlier date and drift filled.

Valley filling—The smaller valleys, away from the main
streams, are not, as a general rule, deeply drift filled; but here
and there wells reveal such a depth of drift as to indicate the
presence of buried valleys. But the main valleys and the
lower portions of the valleys tributary to them are deeply drift
filled. This fact is indicated by the records of the following
deep wells in various parts of the quadrangles: At Ithaca, 430
feet to rock; at Watkins, 1080 feet (no rock); at Cook Acad-
emy, Montour Falls, 436 feet (no rock); at Millport, 187 feet
(no rock); at Horseheads, 350 feet (no'rock); at Breesport, 195
feet (no rock); at Elmira Heights, 300 feet (no rock); in and
north of Elmira, 100 to 125 feet (no rock). At Waverly rock
was reached at depths of 64 to 72 feet. One mile northeast of
Etna, in the Fall Creek valley, there is 170 feet of drift on the
bed rock. At Ellis, in the Cascadilla Creek valley, a well 100
feet deep does not reach rock; at Brookton, in the Sixmile
Creek valley, a well reaches rock at 170 feet; at Danby a well
80 feet deep does not reach rock; in the Owego Creek valley
wells 60 to 70 feet deep fail to reach rock; in the Susquehanna
Valley, south of Endicott, no rock is reached at 150 feet; and
at several other points in this valley wells from 50 to 100 feet
deep do not strike rock.

The general effect of this filling is to lessen the relief; but
in many of the larger valleys it also forms a level floor, as the
latest additions to the deposits were water laid. Nowhere in
the quadrangles is this better illustrated than in and near
Elmira, where the valley bottom is a flat gravel plain with a
width of 2 or 8 miles. In consequence of such deposits the
usual condition of the larger valleys is that of a flat floor from
which steep valley walls rise abruptly. The chief exceptions
to this condition are in those valleys where the ice stood and
built moraines in the valley bottom. In such valleys the floor
shows a confused hummocky topography, as may be seen
southeast of Dryden, south of Brookton, and south of Seneca
and Cayuga lakes.

Steepened main valley slopes.—Accompanying the condition
of through valleys is the presence of a steepened slope, on both
gides of many of the valleys where they are narrowest, but in
others alternately on one side and on the other. In places the
steepness is sufficient to make the valley wall a cliff, at the base
of which talus is accumulating; but more commonly the slopes
are not so steep as to be called cliffs, though too steep for farm-
ing. In such valleys, although both the valley bottoms and
the uplands are cleared for farming, the valley sides are forest
covered for miles and no roads ascend to the upland except
along the tributary valleys. This condition is illustrated both
east and west of Elmira, along the Cayuta Valley between Van
Etten and Waverly, in Texas Hollow, in the Cayuga and
Seneca valleys, and in many other places. Many of these
steepened slopes rise to the mature upland, and even to the

- mature-upland divides, proving conclusively that there was
~a double stage in the history of the valley development of

the region. ‘

Hanging valleys.—The truncation of the uplands by the -
steep-sided valleys leaves many of the smaller valleys hanging
200 to 400 feet above the main valley bottom; and their small.
streams, after flowing along a modérate slope in the upland
valleys, abruptly change in grade at the edge of the steepened
slope and cascade down it in shallow gorges. It is evident
that the deepening of the main valley and the steepening of
the slopes have been accomplished so recently that the weaker
tributaries have not yet had time to form valleys in harmony
with the overdeepened main valley.

Many of even the larger streams tributary to the main
valleys show a similar condition. (See fig. 27, illustration
sheet II.) This is well illustrated in the Tioughnioga Valley
above Marathon. Here the lower valley wall is steep and the
upper slopes more moderate. Across the steeper slopes the
tributary streams pass in rock-walled gorges cut in the beds
of broad valleys whose bottoms hang a hundred feet or more
above the river. The unnamed creek flowing from East Virgil
to Messengerville is typical of these hanging valleys in the

‘Tioughnioga region. Farther north, in the Cortland quad-

rangle, similar hanging valleys occur.

A very perfect hanging valley may be seen on the west side
of Owego Creek, about 2 miles northwest of Owego, where a
small stream occupies a mature valley nearly to its end and
then, for over 100 feet, tumbles down the steepened slope in a
gorge with several falls,

There are numerous other hanging valleys tributary to the
larger valleys, and even to the smaller ones. Of the latter the
hanging valleys tributary to Prospect Valley may be taken as a
type. The tributary streams enter Prospect Valley through
gorges sunk in the bottom of mature hanging valleys; and the
main valley is bordered by a steepened slope with rock terrace




remnants’of the old valley floor. Some of the valleys tributary
to the Susquehanna are hanging; for example, the valley of
Hunts Creek at Lounsberry, whose lower course lies in a rock-
walled gorge sunk in the bottom of a broad, mature valley.
It would require a long list to refer specifically to all the hang-
ing valleys in these quadrangles. They are present in scores of
valleys, especially those jextending approximately north and
south, and show all stages of development. They occur, for
instance, in Texas Hollow, in Pony Hollow, in Cayuta Valley,
in the valleys of Sixmile Creek and of the inlets to Cayuga and
Seneca lakes, and in many other valleys.
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F16URE 2.—Cross section of Lake Cayuga valley 2 miles north of Ithaca.
Horizontal scale, 1 inch=2 miles.
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FiaUurE 8.—Cross section of Seneca Lake valley 8 miles north of Watkins. -
Horizontal scale, 1 inch==2 miles,

Nowhere, however, are the hanging valleys better developed
than along the walls of the Cayuga and Seneca Lake valleys.
Here the steepened slope’ extends from an elevation approxi-
mately 800 to 900 feet above sea level down to the rock floor
in the valley bottom ; that is, at least 850 feet in the Cayuga
Valley and 1400 to 1500 feet in the Seneca Valley. (See figs.
2 and 3.) At Watkins there is a descent in the valley wall
of 1400 feet in a little more than a mile on the steepened slope,
but above this slope, toward the west, the surface rises only
700 feet in a distance of 5 miles. The upper slopes are mature
in - form; below them are straight, smooth-walled, gorgelike
valleys in which the lakes lie.

WEST . EAST
1000

FIGURE 4.—Profile along bottom of Watkins Glen, in Seneca Valley.
Horizontal scale, 1 inch=2 miles. Well 1080 feet deep in delta did not reach hard rock.
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FrcURE 5.—Profile of Buttermilk (Tenmile) Creek 2 miles south of Ithaeca
Horizontal scale, 1 inch==2 miles. ’

In harmony with this change in slope of the main valley
walls there is, at approximately the same level (800 to 900 feet
elevation), a change in the gradient of the tributary streams.
To the edges of the steepened slopes these streams flow through
valleys with moderate grade, but there the grade abruptly
changes and the streams descend to the lake valleys in a series of
cascades and falls. (See figs. 4 and 5.) This condition is found
in all the tributaries to the Cayuga and Seneca valleys within
the limits of these quadrangles. TFor example, Glen Creek flows
through such a hanging valley before descending the steepened
main valley wall in the picturesque Watkins Glen. Fall and
Cascadilla creeks, which bound the Cornell University campus,
have the same general characteristics. The plateau on which
‘the campus is situated is the outer edge of the hanging valley
of these two streams, and its rock floor at this point is at least
850 feet above the rock floor of the Cayuga Valley a mile and
a half away. Sixmile Creek also flows in a gorge cut in the
bottom of a hanging valley, whose rock floor is, however,
between 150 and 200 feet lower than that of the neighboring
valleys of Cascadilla and Fall creeks.

Gorges and falls.—Where these tributary streams tumble

down the steepened slopes they have cut gorges, in which there
are many picturesque cascades and falls. (See figs. 23 to 26,
illugtration sheet I.) Of these gorges the best known are
Watkins and Havana glens, in the Seneca Valley, which are,
however, only two of many. The massing of the contours on
the map along Big Stream, Sawmill Creek, and Wu. kins Glen
in the Seneca Valley, and along West Branch of Cayuga
- Inlet, Butternut Creek, Coy Glen, Buttermilk Creek, Sixmile
Creek, and Fall Creek, in the Cayuga Valley, shows clearly
the existence of these gorges in the course of the larger streams;
but they are present also in the smaller ones.
gorges are the result. of postglamal erosion, and the streams are
still busily at work deepening them. Weathering has not yet
had time to broaden the gorges markedly, and consequently
Watkins Glen-Catatonk.

Many of these
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the walls rise as steep cliffs, many of which overhang where the
stream is undercutting them on one side.

Much of the variety of form and picturesqueness of the
gorges is due to the influence of the abundant joint planes
which cleave the shales vertically and allow rock masses to fall
away under the influence of weathering, giving rise to smooth
rock faces and angular rock buttresses. The joint planes aid
greatly in determining the direction of the streams in the

~gorges and also, in many places, the form of the falls. Far

more commonly, however, the falls owe their origin and form
to the variation in texture of the nearly horizontal shale and
sandstone layers. ’

Gorges of a second type, with associated waterfalls, are found
where drift deposits have turned the stream to one side of the
preglacial valley and forced it to flow across the rock wall of
one side of the valley. This condition is illustrated at two

‘places on Sixmile Creek, at Brookton, where a great delta

deposit has pushed the stream over to the south side of the
valley, forming a fall that is utilized for power, and north of
Slaterville Springs, where the creek is pushed over against its
east wall by a massive drift deposit, associated in origin with a
stand of the ice in this vicinity. Here a deep gorge has been
cut. Rapids and falls in small gorge sections of diverted
streams occur also in other parts of the quadrangle.

Older buried gorges.—Many of the streams tributary to the
main valleys are flowing in gorges of earlier date than the post-
glacial gorges described above. As deposits made during the
last ice advance partly fill these older gorges, they are known
to antedate that advance; and as they are both broader and
deeper than the postglacial gorges, it is  evident that they
required a longer period of time for their formation. In many
places postglacial streams are engaged in removing the drift
filling of the older gorges, with varying degrees of success. In
some localities—for example, in Clark’s Glen at Fitch Bridge,
3 miles west of Elmira—the present stream flows along the
axis of the older gorge, which it is engaged in eleamng out,
revealing the old, much-weathered, and crumbling gorge walls
where the stream swings against one side or the other. Many
of the smaller streams flow between rock walls, partly drift
covered and crumbling, and farther apart than would be possible
as a result of postglacial work, even if the presence of drift did
not preclude the possibility of assigning them to postglacial
origin. In most places the postglacial stream work has not yet
sufficed to clear out the drift and reveal the rock floor of these
gorges. This is especially true of their lower ends, where the
rock bottom evidently lies far below the level of the drift floor
of the main valley, and therefore can not be reached until the
main valley has had its drift filling removed.

That there is a system of older gorges associated with the
hanging valleys is proved in many places. The best evidence is
afforded by the buried gorges in the valleys tributary to Cayuga
and Seneca lakes. Fall Creek, for example, crosses such a
buried gorge just above the Cornell University campus, and
there it broadens out and flows between drift walls in place of
the rock walls which bound the stream above and below. The
university has made a small lake by placing a dam across the
postglacial rock gorge that has been formed where the stream
passes out across the south wall of the older gorge. Cascadilla
Creek also has a buried gorge, and Sizxmile Creek crosses

- parts of such a gorge, its valley expanding to an amphitheater

where it crosses the broad older gorge and narrowing to rock
gorges, with falls, where it passes, in postglacial cuts, from one
section of the older gorge to another.

Thig condition is illustrated also by Big Stream, Rock Stream,
the part of Watkins Glen above the railroad, and upper Havana
Glen, in the Seneca Valley, and by upper Buttermilk Creek, in
the Cayuga Valley. These streams, as well as others, flow in
alternate sections of narrow postglacial gorges, where they are
turned aside by the drift, and broad gorges, or “amphitheaters,”
where their courses coincide with the older buried gorges.
These older gorges have precipitous walls which, in many

places, as in Havana Glen, may be seen extending out under
the drift filling that has turned the postglacial streams aside.

The older gorges are much more clearly exhibited along the
sides of the Cayuga and Seneca valleys than elsewhere in these
quadrangles. There they are cut in the bottoms of all the
hanging valleys and also trench the steepened main valley
slopes. In some places the postglacial stream follows the older
gorge down the steepened slope; but in others the thick deposits
of moraine and delta, 'which occur at about the level of the
edge of the steepened slope, have turned the stream completely
aside from its older gorge and forced it to cut an entirely new

‘postglacial gorge in the steepened slope.

Watkins Glen well illustrates this deflection. For 3 or 4
miles above the railroad bridge the stream flows alternately in
postglacial and older gorges; but below the bridge it is in a
narrow, precipitous gorge which it has cut since the Wisconsin
ice left the region. At the elbow in the creek, just above the
railroad- bridge, the -older gorge diverges from the present
stream course, passing out under the railroad station and thence
down the hill slope past the sanitarium. At the sanitarium a
well boring carried to a depth of 105 feet found no rock, and

buried.

just to the west no rock was found in a well 175 feet deep,
apparently in the gorge; but wells both north and south of
this locality, on the banks of the buried gorge, reach rocks
at depths of 10 to 20 feet. The bottom of this older gorge
is, however, above the level of Seneca Lake, for rock out-
crops continuously above the lake level across the course of this
gorge.

A similar condition exists on Buttermilk Creek south of
Ithaca,® though here the older gorge is not so completely
Above the road which crosses Tenmile Creek near
the 900-foot contour there are alternate sections of older and

- postglacial gorges; but below the road, down to the main val-

ley floor, the creek flows in a postglacial gorge. Just north of
Tenmile Creek the older gorge extends down the steepened
slope as a distinct sag in the hillside, in reality a gorge with
precipitous walls 1nclos1ng extensive drift deposits. It is much
broader and deeper than the postglacial gorge of the present
creek.

Similar buried gorges exist in the bottoms of the hanging
valleys of the streams tributary to Tioughnioga River. For
example, the creek between East Virgil and Messengerville occu-
pies an old gorge in its lower portion; but at East Virgil the
valley contracts decidedly, the older gorge contmulng a little
farther south under a great morainic pile and rejoining the
creek a few hundred yards upstream. Similar conditions occur
in a valley on the east side of Tioughnioga River farther north,
in the Cortland quadrangle. That these older gorges were pro-
duced before the last ice invasion is proved by the fact that they
are filled with drift of this invasion; and that they required a
long period of time for their formation is demonstrated by the
fact that they are deeper, broader, and less steep walled than the
postglacial gorges. The bearing of these facts on the question
of the origin of the overdeepening of the main valleys, which
gave rise to the hanging-valley condition, is discussed in the
section on ‘‘Physiographic record,” page 30.

Minor valley peculiarities.—Tributaries naturally enter the
main streams with an acute angle pointing downstream; where
the angle points upstream it suggests that the main stream has
had its direction reversed. Such “barbed” tributaries join the
northward-flowing Catharine Creek near Pine Valley and
Cayuta Creek near Van Etten.

Valleys exist in various places in these quadrangles where
streams no longer flow, and some of these valleys lie on hill
slopes where, under existing conditions, no such valleys could
possibly be developed. Many of these valleys follow the con-
tour of the hillside, and some of them have but a single bank.
They are characteristic phenomena of ice margins where glacial
streams flowed from the ice front or along its edge.

In still other places broad, flat-bottomed valleys are occupied
by streams far too small to have formed them, indicating the
former existence of larger streams along their courses. These
valleys, most of which are too small to find expression on the
topographic map, were made by marginal drainage and out-
flowing streams during the glacial occupation of the region.
The sites of the more prominent valleys of this type are
indicated on the surficial creolowy map, and a description of
some of them will be found in the section on the Quaternary
system.

MINOR TOPOGRAPHIC FEATURES.

The major features of relief of this region are the result of -
erosion of the nearly horizontal shales and sandstones; but
many of the minor details of topographic form are due to the
unconsolidated drift, or- to the modification of this deposit by
later erosion. The raising and leveling of the valley floors

‘through drift deposition has already been mentioned, and a

description of the moraines, deltas, alluvial fans, and other
Quaternary deposits is presented in the section on the Quater-
nary system, pages 15-28. Except in a few places—as, for
example, in the moraine areas south of Watkins and Ithaca—
the relief of these deposits is not sufficiently marked to warrant
expression on the topographic map; yet in the landscape they
form conspicuous features of detail at many places.

DRAINAGE.
RIVERS.

Being in a headwater region, the streams of this area are
mostly small. As the drainage of the area is tributary to two
river systems, the Susquehanna and the St. Lawrence, it finds
its way into the sea at two widely separated points. Fully
two-thirds of it goes by way of the Susquehanna. The divide
between these two systems is very irregular, swinging south-
ward nearly to Horseheads south of Seneca Lake, and nearly
to Spencer south of Cayuga Lake, whereas between these two
lakes it extends northward nearly to the latitude of Ithaca, and
east of the Cayuga Valley it passes northeastward across the
northern boundary of the Catatonk quadrangle. Although for
most of its extent this divide passes along the crests of the
hills, it descends several hundred feet where crossing through
each of the valleys between the larger tributaries of the two
opposing systems.

¢ Matson, G. C., Jour. Geology, vol. 12, 1904, p. 183.




From the divide it is a long journey to the St. Lawrence,
but a very short one to the Susquehanna and Chemung, which

extend entirely across the southern portion of the area. The.

Susquehanna, which here flows westward, enters the Catatonk
quadrangle at an elevation of about 820 feet and leaves it at
about 760 feet, everywhere having a moderate fall and flowing
over glacial deposits. The volume of the river fluctuates
greatly from the low-water stage of midsummer to the floods
of spring; but it is not uniformly deep enough to be of
importance for navigation.

In spite of the large volume of water in Susquehanna River,
it has accomplished a surprisingly small amount of erosion in
postglacial time. Kames and eskers extend up to its very
banks; the outwash gravel plains are only slightly trenched;
its current is still divided around a small drift island (Hiawatha

Island, near Owego), which it has not removed; and, except in

one or two places, it is not attacking the adjoining hills. It is

true that its valley presents alternate cliffs and more moderate -

slopes, and that the river is in many places flowing close to the
base of the steeper slopes; but these cliffs are in the main
inherited from an earlier stage of river erosion, for glacial
deposits are banked up against them, notably at the cliffs west
and southwest of Barton.

As the Susquehanna swings southward near the center of
the Catatonk quadrangle, the country south of the river forms
in part a roughly triangular area with the river on two sides;
and as the tributary streams flowing northward and those flow-
ing westward are in competition for the drainage of this area,
they can not be of great size. It is evidently because of this
fact that the streams tributary to the Susquehanna from the
south in this quadrangle are all so small.

The largest tributary to the Susquehanna system from the
north in the Catatonk quadrangle is Tioughnioga River, which
cuts across the northeast corner of the quadrangle and joins
the Chenango, a tributary of Susquehanna River, in the Bing-

‘hamton quadrangle, just to the east. The Tioughnioga heads

far to the north and brings to the Susquehanna Valley waters
which normally would be tributary to the St. Lawrence but
have been diverted by glacial interference. Owego Creek,
entering the Susquehanna at Owego, is formed by the con-
vergence of two branches, which unite not far north of Owego.
A few miles south of the junction it receives the waters of
Catatonk Creek. Xach of these three streams heads in a

broader portion of the valley, and flows toward and through a

narrow portion, which broadens slightly downstream. Evi-
dently the narrower portion represents an old divide, and each
of these streams, like the Tioughnioga, has received accessions
of headwaters formerly tributary to the St. Lawrence. Other
smaller streams, like Danby and Michigan creeks, have also
received headwater additions; and the sum total of these addi-

tions, in this and neighboring quadrangles, has materially .-

increased the volume of the Susquehanna.

The largest stream in the Watkins Glen quadrangle is
Chemung River, which is navigable by canoes and small row-
boats. Just below Waverly this river joins the Susquehanna.
None of the tributaries of the Chemung are large enough to
deserve the name river, and, with the exception of Cayuta
Creek, they all head within a few miles of their junction with
the main stream. The headwaters of Cayuta Creek lie within
5 miles of the northern edge of the Watkins Glen quadrangle,
and the creek unites with the Chemung near Waverly, on the
southern border, being thus the longest stream in the quad-

rangle. Yet, notwithstanding its length, Cayuta Creek is not

an especially large stream, because all its tributaries are short
and small. None of them exceed 6 miles in length and the
majority are not more than 2 to 4 miles long. For much of
its length, including the entire distance from Van Etten to
Waverly, the divide is within 2 or 3 miles of Cayuta Creek.
In the section from Van Etten to Alpine, the streams on the
south side are short, but those on the north side are several
times as long, and the tributaries on the south side head against
much longer southward-flowing creeks that are directly tribu-
tary to the Chemung.

The St. Lawrence drainage is carried northward along two
main lines, the Cayuga and Seneca valleys, whose outlet
streams unite farther north. The southern divide of the
Seneca Valley is farther south than that of the Cayuga, but
the divide between the Cayuga and Seneca valleys is much
nearer the latter.

Several of the streams tributary to these main valleys have
had their volumes diminished by glacial diversion of their
headwaters ; for example, the stream in Havana Glen by diver-
sion to Cayuta Creek; Sixmile Creek by diversion to both
Willseyville Creek and the West Branch of Owego Creek;
and Fall Creek by diversion into both Tioughnioga River and
the East Branch of Owego Creek—all diversions from the St.
Lawrence to the Susquehanna system. As has been stated,
the tributaries to these two main troughs in this area descend
the steepened lower slopes as a series of falls and cascades in
gorges cut in the shale. The water power which these streams
of steep grade provide is utilized in several places, as at Mon-~
tour Falls and Ithaca; but the small and variable volume of
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the streams renders this source of power of limited value. The

grades of all the larger streams are moderate, and they conse-
quently possess little value as sources of water power.

LAKES AND SWAMPS.

The south ends of the larger two of the Finger Lakes,

Cayuga and Seneca, lie within the Watkins Glen quadrangle.
Seneca Lake extends farther south than Cayuga Lake, but does
not reach so far north. It has a length of 85 or 36 miles;
Cayuga Lake is 36 or 87 miles long. Both these lakes occupy
long, winding valleys, though that of Cayuga Lake is much
more winding than the Seneca Valley, and both are bounded
by smooth valley slopes, steepened near the lower portion.
Both the lakes broaden toward the north, where, in one section,
they attain a width of 3} miles each; but within the area of
this quadrangle the width nowhere exceeds 1} miles. Both
are very deep, Seneca Lake, the deeper, having a sounding of
618 feet, while the deepest known point in Cayuga Lake is
435 teet. The bottom of Seneca Lake is 175 feet and that of
Cayuga Lake 54 feet below the level of the sea; but as the
valley bottoms have been raised by drift deposits, these figures
do not represent the actual depth of the rock floors of the
valleys. Both lakes occupy river valleys that have been
decidedly enlarged and deepened by ice erosion.
- These lakes are of sufficient size to have an important influ-
ence on the local climate, making possible the extensive growth
of grapes and other fruits along their shores. They are also
the seats of many summer homes, which are rendered all the
more attractive by the presence, near by, of many picturesque
gorges and falls. The heat of the summer nights is tempered
by the valley breeze which flows down the gorges from the
hanging valleys above the steepened slopes. The effect of the
hanging valleys in causing the convergence of air currents is
the prime cause for the notoriously treacherous winds of the
lakes. Squalls are frequent, and they often drop down upon
the lake at some distance from the shore, making sailing at
such times unsafe. The winds sweep down the high hanging
tributary valleys and, reaching the ends of these valleys well
above lake level, descend upon the water surface without
warning of their approach. - '

The lakes serve also as important highways of navigation
and in earlier days were used as pathways of exploration and
settlement. They are both connected by canal with the Erie
Canal system, and at one time Seneca Lake had canal
connection with the Susquehanna, though this canal is now
abandoned. Owing to their large size and great depth, these
lakes are never completely frozen over except in the coldest of

* winters.

Next in size to these two lakes is Cayuta Lake, east of
Watkins, a shallow lake less than half a mile wide and 2 miles
long. This lake is formed behind morainic accumulations,
deposited across the broadly open valley at the southwest end
of the lake. Spencer Lake, just north of Spencer, on the
eastern edge of the Watkins Glen quadrangle, is the only other
lake in this area worthy of special mention. It liesin an out-

wash gravel plain, occupying a kettle probably formed by the

melting out of a buried ice block. Just south of it is a
morainic area rising above the outwash plain and serving as a
partial dam. Scores of smaller ponds and swumps occupy
kettles in the morainic belts, but most of them are too small
even to have a place on the map. There are also a number of
small ponds nmade by artificial dams for water power and for
municipal water supply. Dryden Lake, southeast of Dryden,
occupies a kettle in the moraine. It was at one time enlarged
by a dam, but this has been destroyed, greatly reducing the
size of the lake, whose shores are now surrounded by a swamp
on the site of the old lake.

Most of the surface of this region is well drained, though
there is slack drainage in small areas, forming small swamps
and wet places. The largest swamps are on the deltas at the
heads of Cayuga and Seneca lakes. There is also a swamp east
of Slaterville Springs, on an outwash gravel plain behind a
moraine built by an ice tongue in the Sixmile Creek valley.

INFLUENCE OF PHYSIOGRAPHY ON SETTLEMENT.

Throughout these quadrangles the relation of settlement,
industries, and commerce to topography is striking. The
rugged topography unfits much of the land for agriculture, and
consequently there is a large percentage of forest-covered land,

especially on the steeper slopes. In places lumbering is still

an important industry.

The larger valleys are mainly cleared and occupied by pros-
perous farming communities, but the smaller valleys are in the
main too steep walled and too narrow bottomed for the most
successful agriculture and the bottom lands are in many places
strewn with stony débris brought by the torrential tributary
streams. The uplands are mainly cleared, but the poor soil,
much of which is thin and stony, the remoteness from markets,
and the hilly and usually bad roads have been unfavorable to
the highest development of agriculture. Consequently farm-
ing on the uplands is on the decline, many houses are deserted,
and even some farms and roads are abandoned. The popula-

tion is steadily decreasing in practically all the hill towns
Much of the upland might well be allowed to return to the
forest condition; for the remainder dairying and sheep raising
seem the natural industries.

On the uplands roads can be built almost anywhere, though
locally they are bad and have steep grades; but in ascending
from the larger valleys to the uplands there are many places
where roads can not be made except at great expense. Some
of the roads ascend from the valleys, by steep grades, diagon-
ally up the hillside; but most of them follow the minor
valleys.

Because of the ruggedness of the topography travel across
country is difficult; but the well-graded through valleys have
furnished a series of excellent highways, mainly along north-
south lines, several of which are followed by railways. This is
well illustrated by the main line of the Lehigh Valley Rail-
road, which passes up the graded Cayuta Valley and across the
lips of two hanging valleys, one at Odessa, the other at
Burdett, without serious grades, and, being above the edge of
the steepened slope, without the necessity of numerous bridges
across the gorges.

The ease of railroad building along the major valleys con-
trasts strikingly with the difficulty in crossing the uplands.
It is possible to go with little grade from Elmira to Van Etten,
via Waverly; but the more direct route of the Elmira and
Cortland branch of the Lehigh Valley Railroad requires the
ascent of a steep slope to reach the long Newtown Valley.
To travel by rail from Ithaca to Watkins it is necessary to go
by way of Van Etten and Horseheads. A shorter route via
Van Etten and Odessa passes within 2 or 3 miles of Watkins
well above the Seneca Lake level because of the fact that the
railroad comes into that valley through a hanging tributary
valley. The only important east-west highway is along the
Susquehanna and Chemung valleys, which are followed by two
trunk lines, the Erie and the Delaware, Lackawanna and
Western, and, from Owego westward, by a branch of the
Lehigh Valley Railroad. The Tioughnioga through valley is
followed by a branch of the Delaware, Lackawanna and West-
ern Railway; the East Branch of Owego Creek by a branch of
the Lehigh Valley Railroad, which crosses the divide of the
through valley near Harford by an easy grade; the Catatonk
Creek through valley is occupied by the Elmira and Cortland
branch of the Lehigh Valley Railroad which has practically no
grade across the divide. The divide of the through valley of
Willseyville Creek is also crossed by the Elmira and Cortland
branch, with moderate grade, and by a branch of the Delaware,
Lackawanna and Western Railway extending northward from
Owego to Ithaca. The latter descends the steepened slope of
the Cayuga Valley by means of a switch back and a very
steep grade; but the former does not attempt to descend to
Ithaca, keeping instead in the hanging valley of Cascadilla and
Fall creeks, 470 feet above the Cayuga Valley.

As the travel is along - the valleys, which are also the most
fertile portions of the area, these are the most densely settled
parts of the quadrangles, the seat of numerous villages and of
several cities and large towns. Two of the larger places, Ithaca -
and Watkins, are at the head of lake navigation and both have
felt the influence of trade by the Erie Canal. Waverly,.
near the junction of the Chemung and the Susquehanna and
at the mouth of the Cayuta Creek valley, is closely related to
Sayre and Athens, Pa., two much larger places with which
Waverly shares some of the advantages of position on a broad
outwash plain at the junction of important valleys. Elmira,
the largest city in the two quadrangles, also on a fertile out-
wash plain, is at a natural junction of routes, toward which
roads and railroads converge. Its situation on Chemung River
and on a canal now abandoned was of early importance.

One of the best known cities in the quadrangles is Ithaca.
Tt is situated ata convergence of highways, being at the junc-
tion of two large converging valleys (Fall and Sixmile) with
the north-south Cayuga Valley; but the effect of this converg-
ence on the growth of Ithaca is lessened by the hanging condi-
tion of the tributary valleys, which interfere with the entrance
of traffic to the city. The hanging valleys have, however,
given rise to a moderate water power, but not enough to cause
great development. The value of Lake Cayuga as a highway,
formerly of marked importance, has decreased with the decrease
in importance of the Erie Canal; and Ithaca owes a large part
of its present importance to the location of Cornell University
there instead of to its position as a natural industrial center.

Most of the smaller towns and villages of the area owe their
position and present importance to their situation at the con-
vergence of highways—notably Owego and Spencer and
smaller places like Lisle, Nichols, and Union. Most of these
smaller places lie in the large valleys at or near the mouth of
a tributary valley up which a main highway passes. In early
days many of these highways were important as stage routes,
and the villages were located at junctions of such routes. A
few, like Brookton and Marathon, have water power, and at
least one, Slaterville Springs, has some reputation as a health
resort. Some of the villages are busy and growing, but most
of them are sharing in the decline of the uplands. Every-




where in the area the influence of physiography on location
and development is evident.

DESCRIPTIVE GEOLOGY.

The surface rocks of these quadrangles are of three classes,
as follows: (a) The outcropping edges of the solid, stratified
rocks may be seen in ravines, along the shores of lakes, and in

artificial cuttings which have penetrated through the soil.
These stratified rocks are argillaceous shales, thin-bedded sand-

stones and flags, and a few thin bands of impure limestone,
belonging to the Devonian system. Over the whole area the

strata are nearly horizontal, but have a general gentle slope to

the south. () A few small dikes of igneous rock cut through
the Devonian sedimentary rocks, but no metamorphic rocks
have been .discovered. (c¢) Unconsolidated deposits of sand,
gravel, till, etc., of glacial and river origin and belonging to the
Quaternary system, constitute the general soil of the region.

DEVONIAN SYSTEM.

By HenNry 8. WILLIAMS.

GENERAL RELATIONS.

The southern half of the State of New York, from its western
boundary on Lake Erie to a point within a few miles of Hudson
River on the east, is underlain by rocks of the Devonian system.
On account of the gentle southward inclination of the strata
the formations outcropping in the southern counties of the
State are younger than those farther north. The formations

exposed in the Watkins Glen and Catatonk quadrangles belong

to the upper part of the Devonian, and the highest rocks
exposed in the southern part of the Catatonk quadrangle are
near the top of the system. KFormations of the Carboniferous
system appear in the adjoining counties of Bradford and Tioga,
Pennsylvania, but nothing of that system is certainly identified
within these quadrangles.

The sedimentary rocks of the Watkins Glen and Catatonk

quadrangles are classified into formations, members, and lentils, '

the description of which is summarized in the columnar sec-
tion forming figure 6.
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F16URE 6.—Generalized columnar seetion for the Watkins Glen and
Catatonk quadrangles.

LITHOLOGIC CHARACTERS OF THE STRATA.

The rocks of the Genesee shale are, when unweathered, massive
brownish-black shales, weathering into thin fissile flakes. The
surfaces of fracture are smooth and the texture is extremely
uniform. The shale is very fine grained and predominantly
siliceous rather than argillaceous. This shale is distinguished
from the dark fissile shale which appears at numerous higher

horizons by its greater uniformity of grain and texture, and by

the general smoothness of the surfaces of the fissile flakes into

which it weathers; in the unweathered massive rock this feature

is expressed by its smooth, laminate stratification. The similar

dark fissile shale that is found above the Genesee weathers into -

thicker flakes with rougher surfaces and of lighter color (a
grayish black) than the typical Genesee shale. The Portage
formation is also of softer texture than the Genesee, owing to its
greater percentage of argillaceous matter, and on Weathermg
rapidly turns into a clay soil.

Watkins Glen-Catatonk.

D

There are several distinctly calcareous horizons near the top
of the Genesee shale, expressed by several series of concretions
in which the calecareous matter is moderate in amount, or, where
richer in lime, by calcareous beds varying from a few inches to
a foot or more in thickness. These calcareous beds are argil-
laceous limestone in the outcrop at Firtree Point and appear
to represent the limestone at Lodi of the section farther north.
In the section at Esty Glen, on Cayuga Lake, there are several
zones of concretions situated between two slightly calcareous
sandstone beds capping the Genesee. Here the excess of
siliceous matter makes sandstone instead of limestone, the
calcareous element being relatively small.

Above the Genesee the strata exposed in these quadrangles
consist of a succession of thin-bedded, fissile shales and thin
flagstones with some beds of sandstone 8 or 10 to 20 inches
thick. In the lower or Portage formation the tough flags,
formed of thin-bedded, hard, arenaceous layers, separated by
fissile argillaceous bands, predominate. In the succeeding
Chemung formation the lower 600 feet (the Cayuta shale mem-
ber) is predominantly argillaceous, though including many
sandstone beds 8 to 10 inches thick, rarely thicker. In the
upper portion (the Wellsburg sandstone member) the sandstone
beds are more numerous and conspicuous. In weathering, the

- rocks of the Portage break up into uneven, irregular, splintery

pieces, and many of the flags are wave marked and have uneven
surfaces. The Chemung rocks display a tendency to break
vertically across the strata and when reduced to fragments
make rectangular blocks with square edges. There is also a

difference in the general color of the two formations. The

rocks of the Portage are in general of a dark blue-gray color;
the Chemung rocks, when weathered, are lighter and brownish.
These characteristics are general, yet in each formation there

appear some beds more typical of the rocks of the other
formation.

The above description applies in general to the rocks of both
quadrangles, but the lithologic characteristics distinguishing
the Chemung rocks from the Portage appear at a lower horizon
in the Catatonk than in the Watkins Gilen quadrangle, and in
neither is the transition a sharp one. On account of this earlier
appearance (in relation to faunal succession) of the Chemung
lithologic characters, there is shown on the map a transitional
zone between the Portage and Chemung formations in the
Catatonk quadrangle. The horizon of first appearance of
the typical Chemung fauna is shown by a colored line, and the
transitional lithologic zone is drawn as beginning with the first

" strata of typical Chemung character. These strata appear

nearly on meridian 76° 15" west longitude and come in lower
and earlier eastward to longitude 76°, where they are 600 feet
below the typical Chemung faunal line. The rocks of the
Ithaca shale member of the Portage present a strong resem-
blance to those of the Chemung, and this fact, in addition to
the resemblance of their fossils, may have led to the classifica-
tion of the Tthaca as part of the “ Chemung group” in the early
surveys of the State.

At several horizons in the Portage, ranging in position from
bottom to top of the formation, there is a uniform, thin-bedded,
dark-colored fissile shale, ranging in thickness generally from
10 to 20 feet, but locally reaching 100 feet. Illustrations of
these beds are seen at the base of the Ithaca (the “Ithaca
Lingula shale”); a few hundred feet above the Ithaca, as at a
point west of Newfield; and near the base of the Chemung, as

~ at Van Etten, at the base of the first Tropidoleptus zone. It

was thought, on first noting these horizons of fissile shale, that
they might be of value as definite markers. But the attempt

‘to trace them from place to place proved -unsatisfactory from

the fact that the thin bands of sandstone separating the fissile
shales were found to change rapidly in thickness. In the
passage of a few miles many heavy-bedded sandstones and flags
may appear in the midst of the fissile shales, by thickening and
running together of the thin beds, entirely changing the com-
plexion of an exposed section. The fact that the fossils occur-
ring in the fissile shale, are very similar, at whatever horizon
they were found, also detracted from the value of the shale for
marking horizons. It was conclided, therefore, to indicate on
the map only those shale masses which contained some inde-
pendent fossil evidence of their particular horizon.

DIVISION LINES BETWEEN FORMATIONS.

As will be seen in the columnar section (fig. 6) four divisions
of formation rank are represented in these quadrangles—the
Genesee, Portage, Chemung, and Catskill. Heretofore these
formations have been defined by their lithologic character and
contents, and the limiting horizons have been left indistinct.
Though' their names have appeared in literature and on geo-
logic maps for over fifty years, the chief difficulty experienced
in mapping them arises from uncertainty as to the nature of the
marks by which two contiguous formations can be separated.
From the Genesee upward the general character of the rocks is

" monotonous, and above the Genesee, in the Sherburne flagstone

member of the Portage, bands of black fissile shale appear,
closely resembling the Genesee rocks. Very rarely does any
single stratum, or series of like strata, preserve such constancy

laterally as to furnish the sole basis for tracing a geologic hori-

zon entirely across a quarter of a quadrangle. Although slight
differences mark the successive horizons of the column, the
lithologic changes are too gradual to serve for defining masses

of less than about a hundred feet in thickness. The gradual

lithologic changes do not proceed uniformly in any one direc-
tion for the whole area of a quadrangle. Where lithologic
changes are thus indefinite, fossils, and particularly the compo-
sition of the successive fossil faunas, have been used and found
reliable in determining continuous horizons to a remarkable
degree of accuracy. The conspicuous lithologic characteristics
of the Genesee shale have furnished the chief criteria for draw-
ing the line between the Genesee and the Portage. For the

line between the Portage and the Chemung the faunal and the

lithologic changes agree in the Watkins Glen quadrangle, but
diverge in the Catatonk quadrangle; accordingly both lines

~have been shown on the map, as already described. The

Ithaca shale member of the Portage, though marked in some
sections by diagnostic initial or terminal beds, is discriminated
and its limits defined by the range of the Ithaca fauna. The
Sherburne flagstone member is recognized as belonging to the
Portage formation by its fossils, and stratigraphically its
limits are determined by the Genesee shale below and the
Ithaca shale member above. The Enfield shale member is
also recognized as part of the Portage formation by its fossils,

but stratigraphically it consists of the beds lying between the

Ithaca shale member and the Chemung formation.
In the eastern part of the Watkins Glen quadrangle the

first Tropidoleptus faunal zone appears mear the top of the

Portage. This paleontologic zone is typically represented at
railroad level and for 200 feet above it at Van Etten. It is
composed of thin-bedded, blocky argillaceous shale with some
sandstone bands in the higher parts, not materially differing
from the Chemung rocks above, and contains a fauna whose
genera are similar to the Hamilton and Ithaca faunas but
which lacks typical Chemung species. Some traces of the Port-
age fauna are also to be seen in this zone. The fauna marking

~ this zone appears east of the Watkins Glen quadrangle and is

strongly developed in the Catatonk quadrangle. It is well
represented by its characteristic species at the east side of the
Catatonk quadrangle, but not so distinctly on the west side.
On account of the absence of distinctive Chemung fossils this
fossiliferous zone has been included at the west in the Enfield
shale member of the Portage formation.

The Chemung formation in the Watkins Gllen and Catatonk -

quadrangles is divided into two members, the Cayuta shale
and the Wellsburg sandstone, the distinetion being based on
the presence and observed range of five well-marked facies of
the general Chemung fauna. The base of the Cayuta shale
member is indicated by the fossils of the Dalmanella danbyi
zone ; its termination by the fossils of the third Tropidoleptus.

zone. The space between is occupied at the west by the typical

Chemung fauna. For 500 or 600 feet above the third Tropi-
doleptus zone the Wellsburg facies of the Chemung fauna is
seen. Near the top of the Wellsburg sandstone member is the
Leptostrophia nervosa zone. For local classification these pale-

ontologic zones are convenient means of subdividing the

Chemung, where lithologic characters fail to be sufficiently
diagnostic. The sandstone at Watkins Glen near the base of
the Sherburne member, the sandstone on Cascadilla Creek near
the middle of the Ithaca member, and the conglomerate at the
top of the Leptostrophia mervose zone in the Chemung forma-

‘tion are each local lentils discriminated primarily by their

lithologic characters.

Variation in thickness.—On crossing the quadrangles from
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