








et e

RECENT SERIES. 183

be much more strongly developed. The opportunity for the present wind action to arise is
thought to have been given by the destruction of the forests and the vegetable mold of the
soil by the fires that repeatedly passed over the region. What the ultimate results' will be
can not now be foretold, for the conditions appear to be very nicely balanced. If the fires
continue and the barren patches become larger so that they are no longer protected by the
surrounding forests, the wind action may again become important and the dunes grow larger
and more destructive. If, on the other hand, fires can be kept out, vegetation will soon cover
the burns and restore the forest to its supposcd former unbroken state.

MARSH DEPOSITS.

FRESH MARSHES.

Marshes of the south shore.—Along the entire south coast of Long Island, except near
Montauk, the plains _s]ope gently seaward at a rate of 10 to 20 feet to the mile. There are
almost no streams on these plains, except near the coast, all the rainfall entering the porous
sand and making its way seaward as ground water. Near the places where the plains reach
sea level this water emerges at the surface, converting the edge of the plains into a marsh extend-
ing with hardly an interruption from Coney Island to Islip, a distance of nearly 50 miles. Far-
ther east similar marshes, although not entirely continuous, occur at short intervals to Shinne-
cock Bay. The landward edge of the marsh is usually a luxurious meadow, which grades off
with an intermingling of fresh and brackish water vegetation into a salt marsh, yielding great
quantities of salt hay. The entire marsh may be a mile or more wide, although a width of a
quarter of a mile is more common. The relative widths of the fresh and salt portions depend
on the relative slopes of the land surface and the bottom of the bay, one or the other predomi-
nixting accmding as one or the other slope is the gentler. The amount of ground water enter-
ing at a given level also has an important influence on the width of the fresh marsh.

Marshes in the valleys of the south side.—Where the plains of the south side of the island
are not cut by valleys the water emerges from the lower edge of each plain, but where valleys
are present the ground-water level is cut at some distance from the coast, and considerable
volumes of water emerge along the va.lleys, forming extensive marshes and even streams of
some size. Such a marsh is found in nearly every valley of the south shore, extending a mile
or so back from the coast in the sherter valleys and several miles in the longer ones. The
width is usually under a quarter of a mile. The principal streams bordered by marshes include
Cornell Creck, south of Jamaica; Valley Stream; the stream east of Liynbrook; Meadow Brook,
near Freeport; Jackson Creek, near Wantagh; Massatayun Creek, near Massapequa; Carlls
River, near Babylon; Connetquot Brook, near Islip; Patchogue Creek and Swan River, near
Patchogue; Carmans River, near Yaphank; Forge River, near Moriches; and a number of smaller
streams farther east. The most extensive marshes are along Peconic River, stretching from a
point west of Manorville to and beyond Riverhead, a distance of more than 10 miles. The
only stream of notable size on the north side is the Nissequogue, near Sm1t;htown This is
bordered by marshes for about 3 miles above its mouth.

Marshes near artificial ponds.—There are a number of artificial ponds and reservoirs along
the south side of the island, as at Valley Stream, northeast of Lynbrook, and near Freeport,
Wantagh, and Massapequa, and a few built for developing power or for other purposes at points
in the interior of the island, as between Babylon and Wyandanch. - There are two such ponds
at Riverhead. The effect of damming the streams is to back the water up over the gently
sloping valley floors and create marshes or swamps. This is notably the case at Riverhead,
where the slack water extends upstream for some miles, forming considerable marshes.

Marshes in obstructed channels—Some of the old channels, especially in the eastern half
of the island, were obstructed by drift left by the ice in an advance after their formation, and
surface waters -have accumulated behind the obstructions, forming ponds or marshes. Grass
Pond, northwest of Manorville, is a particularly good example of such an accumulation. Another
is found in the valley 1 mile west of Middle Island, and still another in the valley north of this
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point, although these marshes are not so extensive as Grass Pond. Other examples may be
seen at many points. About 1% miles northwest of Lake Ronkonkoma is a series of marshes in
a channel seemingly obstructed by wash from a tributary valley.
Marshes in kettles.—Besides the marshes in obstructed channels, or kettle channels, as
" some of them may be called, there are numerous irregular kettles occupied in whole or in part
by marshes. These are too numerous to mention singly, practically every kettle that con-
tains a pond also having a marsh around the whole or a part of its margin, and marshes are found
also in many others in which there is no open water. Among the ponds bordered in part by
marshes may be mentioned Lake Ronkonkoma; Artists Lake, near Middle Island; Long and
Grass ponds, between Wading River and Manorville; Swan and other ponds near Manorville;
the ponds south of Riverhead; and Poxabogue and other ponds near Bridgehampton. Many
marshes  unaccompanied by ponds occur in kettles in the vicinity of Manorville and Bridge-
hampton; these have never received names.

Marshes behind beaches.—Beaches have been thrown up across many of the reentrants of
the north shore by the waves and currents, and behind some of these fresh waters have accumu-
lated and replaced the salt marshes that originally existed there. The fresh marshes of this
type appear to have been more extensive formerly than at present, for fresh-water peats con-
taining stumps and prostrate tree trunks are found beneath the present salt marshes at many
points, a condition apparently due to a relatively recent sinking of the land. (See pp.212-216.)
This probably explains why most of the marshes at the present time maintain communication
with the salt water through narrow breaks in the barriers. In such places the fresh marshes
are found only around the edges. '

Interdune marshes.—At many places on the south coast, especially on the great beaches,
the dunes occur in either scattered hillocks or more or less definite ridges, between which are
level areas of moderate size. These areas usually lie a foot or two above high-tide mark but
commonly have no surface-drainage connection with the sea, being, in fact, inclosed basins
surrounded by dunes. Receiving not only the rain falling upon their surfaces, but also the
seepage from the surrounding dunes, which absorb practically all the rainfall reaching them,
these areas are naturally kept in a damp state very favorable to marsh growth. Marshes
formed under such conditions, in fact, occur almost everywhere in the dune areas near sea level,
such as those of the south coast. The largest single example is the marsh between Napeague
Beach and Promised Land, on the South Fluke. Especially good examples can also be seen
on Fire Island Beach, and minor marshes are to be found on nearly every spit and beach. They
are absent from the dune areas of the interior, both at Easthampton and between Patchogue
and Port Jefferson, where the depressions dre well above the ground-water level.

SALT MARSHES.

Marshes of the south shore.—Inland from the edge of the fresh marshes, at a distance depend-
ing -on the slope of the surface and the amount of seepage emerging, there is a change from
fresh to salt water vegetation owing to contact with the waters of the ocean. Outward from
this line.to open water the marshes are for the most part salt meadows. Similar though less
extensive marshes are built out from the inside of the great south beaches throughout their
length of more than 75 miles. These marshes are almost entirely of the salt-water type, although
some are bordered with fresh-water vegetation supported by seepage from the dunes.

An interesting feature of the distribution of the larger marginal marshes on the south
coast is their limitation to the region west of Islip. This is due to a difference in the topo-
graphic character of the shores. West of Islip the average slope of the plains is much less
than east of it. From Jamaica Bay ‘to Islip the 20-foot contour line is from 1 to 2 miles back
of the inner edge of the marsh—that is, the slope is from 10 to 20 feet to the mile and meets
the water at a very low angle. East of Islip, however, the 20-foot contour is in many places
only a few rods or a quarter of a mile from the shore, although locally retreating for a mile or
more, and the surface meets the water at a higher angle or even as a low bluff—a condition
that is unfavorable for marsh growth. The difference in topography is due to differences in
the geologic history of the deposits, those west of Islip belonging to the gently sloping outwash
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from the Wisconsin glacier, whereas considerable portions of those east of Islip belong to the
older, higher, and partly eroded Manhasset formation.

Marshes of the south-shore bays.—Besides the marginal marshes just described, large areas
of'marsh have been built up from the bottoms of the shallow bays of the south shore. None
of these bays are more than 6 miles wide and most of them are much less. They are all very
shallow, 11 feet being the greatest depth in Shinnecock Bay, 10 feet in Moriches Bay, and 25 feet
in Great South Bay. The depth of 25 feet is found only in the tidal channel at the inlet, the
ordinary depth being not more than 11 or 12 feet. Statements were made by Elias Lewis?!
in 1877 and by Warren Upham ? in 1879 that channels connecting with the land valleys could
be traced across the south side bays, but an examination of the charts seems to show that the
few channels present are in no way connected with land valleys but are the direct result of
tidal scour near the present or former inlets.

The marshes begin to form wherever the water is shallow enough for eel grass to obtain
a foothold, usually a foot or two below low-water mark, and where no strong currents are
flowing. The dead grass and the fine silt entangled with it gradually accumulate until the
ground rises well above above low-water mark and marsh grass takes root uponit. The upbuild-
ing continues until the marsh reaches a level covered only by occasional high tides. Part of
the present salt marshes may have resulted from the advance of the sea over former fresh
marshes or swamps, with the substitution of a salt-water for a fresh-water fauna. At the
east end of Great South Bay, north of Long Beach, and in Jamaica Bay, where the water was
originally very shallow, the marshes have taken possession of the greater part of the space
inside the beaches, having a width in places of nearly 5 miles. They are not absolutely con-
tinuous, however, but are cut by many narrow and winding channels and here and there by
more open spaces, such as Middle and East bays, near Jones Inlet.

W. W. Mather,* who gave considerable attention to these features, says:

I have been credibly informed that the grass now grows on a marsh near Rockaway, where vessels have ﬁoated
within the memory of my informant. On Coney Isiand also Mr. John Wyckoff informed me that many places which
were ponds and pools within his recollection now produce good crops of grass. A very aged man also recollects having

seen the surf roll in at the foot of the upland north of the marsh toward the east end of Coney Island. A broad marsh
now intervenes between the upland and the beach.

In fact, the whole line of geologic evidence shows that with a few local exceptions the
marshes are being rapidly extended along the south shore.

The marshes on the whole are rather stable when once formed and are seldom subjected
to much erosion, except where the waves break through the beaches and obtain access to them.

Marshes of the north-shore reentrants.—The formation of salt marshes in reentrants on the
north shore differs in no essential particular from the formation of marshes in the more exten-
sive waters of the south shore already described except that more of them have probably
resulted from the comparatively recent incursion of the sea over fresh-water accumulations.
They may be seen at many points. On the side toward the Sound they are usually bordered
by a barrier beach, but on the side toward the bay the beach is usually absent. Their transition
to fresh marsh has already been described.

SUMMARY OF GEOLOGIC FEATURES, BY LOCALITIES.

Owing to the fact that many of the deposits are in the present report considered in detail
for the first time, it has seemed desirable to bring together at one place the available facts
pertaining to each formation, making the discussions stratigraphic rather than geographic.
This has been done under ‘Stratigraphic geology.” Unfortunately by this method the dis- -
cussion of adjacent localities may be found on widely separated pages. Supplementary
geographic discussions are desirable but would involve too much repetition. An attempt
. has been made, however, to meet the needs of geologists and others interested in particular

regions by preparing the following tables, which summarize the chief points of geologic and
physiographic interest. :

Lt Am. Jour. Sci., 3d ser., vol. 13, 1877, pp. 215-210. 2Idem, vol. 18, 1879, pp. 81-92. 8 Geology of New York, pt. 1, 1843,'1). 17.
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To facilitate reference, the topographic and geologic maps are divided into rectangles
by lines of latitude and longitude, these rectangles being designated from bottom to top by
letters, and the columns of rectangles from left to right by numbers. The letters and numbers
make it easy to determine quickly the points of interest in a particular locality or on a particular
trip, and the page references make it practicable to look up details with the least possible loss
of time.

It should be borne in mind, however, that inasmuch as 10 years have elapsed since the
observations were made, few of the sections will be found exactly as described, especially
those along the north shore. Here, although the outcropping edges of the formations seen
in the bluffs often appear nearly horizontal, in reality many of the beds dip at high angles to the
south, as may be seen by comparing b, figure 97 (p. 110), and ¢, figure 95 (p. 110), the former
being a section at right angles to the face of a bluff and the latter section parallel to the bluff
face. Under such conditions a bed that appears horizontal where the face of the bluff is parallel
with the strike may appear notably inclined where the bluff makes an angle with the strike, or

" broadly arched where the coast line is curving. In many places it was impossible to deter-
mine the internal structure, and the greater part of the figures in the present report represent
only the apparent structure as shown in the bluffs. Where the dips are high, the cutting back -
of a bluff as little as 5 feet will change the whole appearance of & section, and it is not to be
expected that any particular feature will be recognizable after the lapse of a few years.

Principal points of geologic interest on Long Island.

Cootrdi- Part
nates ar
: Page of
on of sec- Locality. . Features. 2 3
Plates I| tion.a description.
and IT.
1A....| NE...| West of Coney Island....... Sand spit and AUnes.. ... ... ... i 177-180
1B....[|E..... Near Fort Hamilton........ Harbor Hill moraine, beginning of “ inland scarp’’ . .. 53,168
2A.. Near Coney Island.-......... Beach dunes and marshes............... e .. 184
2B.. .| Southeast of Brooklyn...... Outwash from ice along Harbor Hill moraine. ............................... .. 173
2B.. Near Prospect Park......... Harbor Hill moraine “inland scarp” . ... ... ... ....ccoooiiiieii ... .. 53,158
2B.. .. N....]..... do.. .. Confluent fans of outwash from ice along, Harbor Hill moraine . 36-37
2D.. _| On shore of East River...... Fordham gneiss OuteroPS - -« vuutt e it a e et e .. 66
3A.. Rockaway Beach........... Barrier beach, dunes, Spits. ... ... . i il .. 178-180
3A.. ..l BarrenIsland............... Outlier of Manhasset formation (?). . ...... ..ol .. 115
3B. ..} Jamaica Bay................ Extenstve salt marshes in process of formation..................... ... ..., . 185
3B.. ...| BergenBeach............... Outwash outliers. - . ... .ol .. 169-170
3B.. .| Near Remsen Landing......|..... 16 T .. 169-170
3C..... .| Near East New York....... Outwash from ice along Harbor Hillmoraine............................ . 172-173
3C... - -...| Near Brooklyn Reservoir. . .| Harbor Hill moraine (till type), “inland scarp” ......................... . 34-35,53
3C.. N e Wisconsin till; traces of Manhasset formation............................ .| 115,158-160
3D.. .1 % mile northwest of Stein- | Drumloidal hill... ... .. ... .. o i i e e 161
' way. :
3D.. . NearyLawrencePoint .......... cedon L O 161
3D.. %Imﬂe east of College Point..| Light-gray micaceous Jacobsand............... .. 108
3D.. ear Tallman Island........ Drumloeidal hill ........... ... ...... ..., . 161
3D.. T e : --| Wisconsin till and retreatal outwash... ........ .. Map.
3D.. Flushing Bay .| Pre-Wisconsin valley entarged by Wisconsinice........................... .. 44-45
4B Far Rockawa; Rockaway ridge (Herod gravel member of Manhasset formation) .. 118,127
4B. .. N[l Emergence of ground waters, fresh and salt marshes. .........o.o.ooovooeeao ... 183,184
4C Near Jamaica Depression between outwash plains.
4C North of Jamaica. Till of Harbor Hill moraine; “inland scarp”........ 34-35, 53
4C.... N Thin till over modified surface of Manhasset formatio: 158-160
4D. . | Seuee e ..| Thick till, including some Montauk till member of Manl| 158-160
-sional exposures of gravet of Manhasset formation.
4D.... ....| Near Whitestone Point. . ... 20-f00t bowlder rePOrted . . .. ...ttt 171-172
4D...|E..... Elm Point.................. Thick bed of dark Cretaceous clay . 69
4D....[ SE....| Little Neck Bay.. Pre-Wisconsin valley, modified by Wisconsin ice 44-45
[ 3.5 R I PO PO N Double line of beaches éFa.r Rockaway and Hicks). .
£ 20 < JRNN I O P Rockaway ridge (Herod gravel member of Manhasset formation). Faulted pebbles 127
in pits. )
L7 O H Ou]t]washlp!ains from ice along Harbor Hill and Ronkonkoma moraines; outwash 166-176
. channels. -
5C..... NW...| Northwest of Creedmoor. ...| Harbor Hill moraine; ¢“inland scarp”....... e et 53,158
-5D. .. .| S......| Lake Success................ Largest kettle in till or mixed moraine........... .. ..o i i 40
5D....| 8......| #milenortheast of Lake Suc- | Outwash channel through moraine, crossing of Harbor Hill and Ronkonkoma 164,175
cess. . moraines; eastern limit of unmodified ‘“inland scarp.” . . )
5D....[S......| Southeast of Manhasset. . ... Bowlder 54 by 40 by 16 feet reported..............oieeoiaee i, 171-172
§D....[S......| North Hempstead...........| Bowlder 40bfget long, 20 to 40 feet wide, and 10 to 17 feet high reported; possibly 171-172
same as above.
5D....[C..... mile east of Thomaston....| Cretaceous sand in Tailroad eUt. . . ..o .eieenieieiiie i iiiiae .. 69
5D.... W....| North of railroad, Great | Beginning of characteristic Manhasset plateau (100-foot level); exposures of Herod [31, 125,135,152
Neck., ravel, Montauk till, and Hempstead gravel members of Manhasset formation, in
luffs (rather poor).
5D.. .{ Manhasset Neck............ Manhasset plateau (180-foot level) projecting knobs of possible Mannetto gravel 30
5E. Base of Plum Point. -.] Jacob sand in floor of abandoned pit.......... 108
5E. 3 mile east of Plum Point. ...{ Knob of contorted Jacob sand in old gravel pits. 108
5E.. arker Point................ Montauk till member of Manhasset formation be 135
Hempstead gravel member.
S5E....|S......] Tom Point.................. Gravel of Manhasset formation, folded by Wisconsin ice 210
g ]];3: 8. mile north of Tom Point...| Targe sand delta of Wisconsin age, fine fore and top sets 177

218222270 North of Port Washington . . Many pits of Herod gravel member of Manhasset formation . ....................... 125
: o Center is abbreviated C.



SUMMARY OF GEOLOGIC FEATURES. 187

Principal points of geologic interest on Long Island—Continued.

Cootrdi- Part

nates | Par .

on | ofsee- Locality. 1 - Features. Page o

Plates T) tion. ’ oo description.

and IT.

5§ E....| S......|] Northeast of Port \\"nshing- Scarp between high and low level Manhasset plateaus (from Port Washington Har- 31
__ton. bor to Mott Point). : :

S5E.... C..... Prospect Point.............. Montttmk till member of Manhasset formation in bluff; undermined and submerged 13& Plate

peat. i XVI
b {3‘ .| § mile south of Mott Point. ..| Bright-colored Cretaceous clays; Mannetto gravel.................................. 69, 83-84
5E. 69

1 mile south of Mott Point...| Upturned Cretaceous and Mannetto gravel, 80 feet above sea level (on road cross-
ing neck to Port Washington). )

6B.. ...| Near Long Beach........... Double beach and dunes 180
6B .| Barnum Island............. Qutliers of Manhasset formation (?)... 30
6B Emergence of ground water: fresh and salt marshes 183-184
6B Lobate margin of outwash plains. ............................. 36,37
6C Ougvls&ash lains, outwash channels, loam patches resembling ¢ Jamesb 37,48,173
. of New Jersey. : :
6D .| Near East Williston.........| Clay git in Montauk till member of Manhasset formation (?) 141
6D . S Mixed outwash from ice along Ronkonkoma and Harbor Hill moraines; outwash | 37,48,30,165
i channels; morainic outliers; Ronkonkoma moraine {interrupted type).
oD.. B P AP, Kettle plain between moraines; remnants of Manhasset formation (?).............. 43,114
6D.. East of Roslyn.............. Terraced outwash channel from gap in moraine.........................._......... 49
6D.. Southwest of Roslyn........ Harbor Hill moraine; traces of modified “inland scarp’’ (24 miles southwest)........ 53,168
6D .| Harbor Hill................. Highest point on Harbor Hill moraine; possible traces of Mannetto gravel......... 82,170
b | West of Harbor Hill.........| Gravels of Manhasset formation beneath moraine 116
6D. East of Harbor Hill......... Outwash channel through moraine. ... ... ... ... ... . .. ... i . i, . 175
! West side of Hempstead | Montauk till member of Manhasset formation, between Herod and Hempstead 135
Harbor. ’ gravel members, finely exposed in many gravel pits. .
Near Glenwood Landing....| Traces of Cretaceous clays and sands near landing and southward; Jacobsand knob 69,108
in floor of gravel pit near landing. .
Local development of lower Manhasset plateau (100 foot).................ooeenn. 31
Hills of Mannetto gravel (with Wisconsin mantle)........_................... ... 30
%I.igh-levgl Mtanhasset plateau with semimorainal mantle of Wisconsin drift. - 30
Fine sand pit. '
Hempstead Harbor......... Pre-Wisconsin valley enlarged by Wisconsinice............cooiuiiiiiniiinnennan. 44-45
.| Westof Sea Cliff. . .......... Cretaceous white sands and Mannetto gravelinbluff.......................... 31,69
.| South side of Mosquito Cove.| Cretaceous sand and Mannetto gravel in unconformable contact in gravel pit. 81
.| East of railroad Deep, sharp Vineyard erosion valley in Manhasset formation............. ... 208
.| High-level Manhasset plateatu (180-200fe6t). .........cveurmnrieenroreinnanannaenans 30

.| Montauk till member of Manhasset formation; yellow, pink, and black Cretaceous - 69,135
clays, both north and south of landing.

6LE....| W....| Near Red Spring Point. Gray Gardiners clay with small quartz pebbles. .............co.co oo 96
6L....| W....| Near Weeks Point Gardiners clay, Montauk till member of Manhasset formation, etc.................. 96,135
6L....] N.....| Southeast of Lattington..... White and %inkish Cretaceous clay in pit.............ooooiiiiiiiii i 69
6E.... veeed COASta e Connecting beaches; low-level Manhasset plateaul..............ooiiiiiiiiiiaa. 31,178-179
7B..... Beaches, SPits, QUNOS. ... .uuieeiii i i 177-182
7B..... Salt marshes 184-185
7B..... Lobate outwash margin; emergence of ground water; fresh and salt.marshes....... 36,183-185
7C..... Outwash plains and channels; Joam 37,48,173
7. .Confluent outwash fans.............................. e 36-37
7D.. Ronkonkoma moraine, partly on Mannetto gravel 163-166
7D, ....| South of Wheatley... 0ld erosion forms in Mannetto gravel, mantled 82
7D....| N, NE| Near Syosset................ Kettle plain between moraines 43
7D.. .| NW...| Southeast of Brookville. ... Harbor Hill moraine...................... 168
7TE..... . Dissected Manhasset plateau (Vineyard erosion) 30
7TE..... Harbor Hill MOraine. ... ...coiiiieuiiiiii i 168
TR ... Near Oyster Bay............ Numerous flowing wells.
7E..... ......| & mile west of Moses Point. .| Gardiners clay, etc., reported......................o. il e eieeaieeaaas 96
7E..... NW__ [ Mill Neck. ... Remnant of high level Manhasset plateau. Cretaceous outcrop in railroad cut..... 30,69
7 .} West of Rocky Point........| Connecting beach..... .. . ... ... . e 178-179
7 S . 6 L T Cretaceous clays in beach. Gardiners clay and Montauk till member of Manhasset 70,96, 136
. formation in bluffs. .
7TE....|NE... %mile south of Rocky Point.| Cretaceous thrown out in dredgingharbor.. ... ....... ... ... .. ... ..., 70
7E..... E..... oopers Bluff ............... Jacob sand in beach; probably members of Manhasset formation (Herod gravel, 108,125
Montauk till, and Hempstead gravel) in bluff (poor exposure). 136, 152
8SB..... Near Jones Beach........... Double beach, dunes, salt marshes.. s.........| 178,180,184
8sB..... Coastoii i Lobate outwash margin, marshes, etC........ ..o 36,183
8C..... ..|"Massapequa River. Depression between Hempstead and Babylon outwash plains; outwash channel. .. . 173
8C..... .| Near Farmingdale...........| Cretaceous ¢laysinlarge pits........ .. ... ... o iiii il i 72
8C..... 4 mile west of Farmingdale. .| Terrace of gravel of Manhasset formation; outlying hills of Mannetto gravel. 82,118
8C..... 1% miles east of Farmingdale.| Westerly member of ““ Melville double channel 49,175
8C..... .. .| Southeast of Farmingdale...| Extramorainal kettles of doubtful origin ......... . ... ... ... . .. ... 43-44
sD.... .| 13 miles southwest of Plain- | Depression between outwash from ice along Ronkonkoma moraine and compound 49
view. outwash on the west. . . .
8D.... .| Bethpage......cooeeeiean... Cretaceous clays overlain by gfeudotlll (Minclay pits. oo i 72
sh.... .| East of Bethpage............; Bethpage terrace of gravel of Manhasset formation....... e 18
8D.. Northeast of Plainview......| Terraced outwash channel from Ronkonkoma moraine............................. 49
8D.. ..| North of Plainview..... ...] Hills of Mannetto gravel; pre-Wisconsin erosion topography....................... 44-45,82
sD_...|. ..| Mannetto Hills......... .| Mannetto plateau; sharp erosion gullieson margins.................ccooiiiieiennn.. . 30
8sD.... ..| 1 mile west of Melville.......| Roadside section of Cretaceous clays, marl, ete. ... ..o iiiiiiiiiieiiieea .. 72
8§D.. ..| Southwest of Melville........ Waestern of Melville “double channels” . ... ... ...t 49,175
8D.... .| 4 mile southwest of Wood- | Double moraine separated by flat outwash............ .. ... i .33
ury. )
8] HighHill................... Highest point of Ronkonkoma MOraine. . . ..cv..uue it iii et eeiiiiiiaaaaaaaaans 82,164
8] Near High Hill.............. Possible example of simple morainal cone; indications of Cretaceous or Mannetto 32
core (?). Fine development of rough gravelly moraine.
8 .| Northeast of Syosset_....... Kettle ;)lain ....................................................................... 43
8 Near Cold Spring Statio; Deep Vineyard erosion. valley in Manhasset formation; much Wisconsin drift on 208-212
. sides; some post-Wisconsin cutting.
8 .1 2 miles east of Cold Spring...| Kettle plain, branching kettles. ... .. ... e 42-43
8 ..| 14 miles east of Cold Spring..{ Harbor Hill moraine (interrupted). . 170
8| .| #mile south of Coopers Bluff.| White sandy Cretaceous €lay. ..........ooovemnirrrnin i, e 70
8E Coopers Bluff............... See 7 E (E).
SE..... W..... Wﬁst gl;ore of Cold Spring | Cretaceous sands and clays (opposite village of Cold Spring Harbor)............... ~ 70
arbor.
SE....Wo ... U T Pre-Wisconsin valley shaped by Wisconsin ice..... R 44-45
sE..... South of I.loyd Beach....... Cretaceous clays, Montauk till member of Manhasset formation, ete., in old pits.... 70
SE..... ...| South base of Lioyd Beach..| Mannetto gravelin hills... ... . ... . .. . e 83
SE..... ...I North base of Lloyd Beach..| Cretaceous, Mannetto gravel and Gardiners clay in bluffs (poor exposures)....... .. 70
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Principal points of geolog'lfc interest on Long Island—Continued.

Coordi-
nates | Part : R
on | of sec- Locality. Features. Page of
PlatesI| tion. s ) description.
and IT
8E..... N._.... West Neck............c.eennn Kettle plain of retreatal outwash on Manhasset formation.......................... 43,176
8E.....| NE...| Huntington Harbor......... Pre-Wisconsin valley, reshaped by Wisconsinice..................... el 44-45
S8E....|NE... W%st bside of Huntington | Trace of Gardiners clay 1 mile north of head of harbor 97
arbor.
8F..... SW...[ Lloyd Point................ T ) 179
8F..... SW...| 1 mile south of Lloyd Point.| Traces of Mannetto gravel in bluffs e 83
8F..... SW...|3% i)ni.letsoutheast of Lloyd | Evidences of subsidence (submerged bushes). . ........coiuiiiiiiiiiiiiiiiiiaan... 214
oint.
8F.....|SW._[1 i)ni_letsoutheast of Lloyd Crgtaceous and Montauk till member of Manhasset formation in bluffs; big bowl- 136,170-172
- Point. er.
8F..... SE.... lérmi{e% northwest of East | Folded gravels of Manhasset formation (Hempstead gravel member)............... 152
Fort Point.
8F.....| SE.... N%rt!mtrest of East Fort | Wisconsin till and Montauk till member of Manhasset formation in contact........ 136
oint.
8F..... SE....] East Beach Finespit.......... ..ol e e et eeeteieceeaatieeaaaaaeeaaaas 179
8 ]l; ..... ......| Lloyd Neck . é{etgl% plain of refreatal outwash on Manhasset formation...._................ . 43,176
9B. ee . .
9C -. Outwash from ice along Harbor Hill moraine; outwash channels.. .. 173,175
9C..... «....| 14 miles southwest of Kettles of doubtfulorigin. ... ... .o i, .. 43-44
. mont Pond. X .
9C..... .| Carlls River................. Eastern of Melville ‘“double channels’’; depression between outwash from ice along 49,175
Ronkonkoma and Harbor Hill moraines.
L O < P Broad Hill moraine, outwash channel in harbor.
9D Northeast of Colonial Springs| Cretaceous and Mannetto gravel in abandoned pits. ... ....................o. ... ! 82
9D ..| Near Wyandanch...._...... Outwash from ice along Ronkonkoma moraine. . ... ........o.ooooiiiiiii .. 168
9D. .| 13 miles north of Wyandanch| Extramorainal bowlders near road ascending hills.
9D alf Hollow Hills........... Slopes of Mannetto gravel; level top with small bowlders and shallow basins (Mon- 82,141
- tauk till member of Manhasset formation).
9D .| % mile east of Melville....... Eastern of Melville “double channels’. ..oueeeeeniene ittt ciirieeraneaannns 49,175
9D .| 1 mile northeast and 1 mile | Distinct terraces of outwash from ice along Ronkonkoma moraine, standing above
east of Melville. the valley outwash from ice along Harbor Hill moraine.
9D Dix Hills. . ......coocoian... Ronkonkoma moraine on Mannetto gravel 168
9E Southeast of Fairground. . . .| Kettle plain; branching kettles; kettle valley........ 42,43
9IE. Northwest of Dix Hills...... Late outwash from ice along Harbor Hili moraine.. ... 173
9E North of Dix Hills.......... Hills of Mannetto gravel mantled witk Wisconsin drift. . 82
9E .{ 14 miles south of Greenlawn.| Cretaceous clays in wells, etc., on west edge of hills. . .. - 71
9E. 1 mile northeast of Green- | Head of Northport-Babylon outwash channel....... ... ... ... ... ..., : 49
awn,
9E Northeast of Fairground. . ..| Harbor Hillmoraine..................ooiiiiiiiiii. e e 168-170
9E. | GreatNeck............ .| Obstructed valleys (pre-Wisconsin); retreatal outwash on Manhasset formation. . 52,176
9E 4 mile south of Halesite. . ...[ 20-foot bowlder in Wisconsin filling of Manhasset valley....................... ...
9E.. .| 1 mile northeast of Halesite..| White, gray, and chocolate-colored Cretaceous clays and talus of Mannetto gravel 71
- shown in bluffs at month of Centerport Harbor.
9E....|N..... Cel?tetl;port and Northport | Pre-Wisconsin valleys modified byice........... ... ool 44-45
arbors.
9E._ .. |N..... Soi)ltmtrest of Little Neck | Cretaceous dark clay and whitesandinbluffs.. ... ... ....o.ocoioiiiiii ... 71
oint.
9E. .. | N..... Southeast of Little Neck | Thick Cretaceous white sands and some dark clays in pits and bluff; Hempstead 71,153
Point. gravel member of Manhasset formation unconformably on Cretaceous.
9F..... SW.. | WestBeach................. Finespit....oooooiiiiiaii L, et m et ieessanasaiaieeenooaoa. 179
9F..... SW...| Shores of Price Bend........ Cretaceous clay, Mannetto gravel, Gardiners clay, and Montauk till member of 71,83
Manhasset formation, shown in amphitheaters along shore of Price Bend and '
to north: Mannetto bowlders 2 feet orgnore in diameter.
9 Eaton Point................ SPit ANd QUDES - - . .ttt auaeaee e aeeaaeaaaaan 179,182
9 mile east of Eaton Point...| Montauk till member of Manhasset formation in bluff near lighthouse. .. 137
9 mile southeast of Eaton | Cretaceous, Mannetto gravel, and Montauk till member in bluff......_.... e 137
Neck Lighthouse. X .
9 | EastBeach................. Fine connecting beach and Iow dunes. ... ......oaiiiiiiiiiiii it 179,182
9 4 mile east of East Beach....| Montauk till memberin blufl...... .. .. ... . i i .. 137
10 Barrier beaches, dunes, and salt marshes................ocooioiii .| 178,181,185
10 Lobate border of outwash. .. ... .. .. i, .. ‘ 37
10 ..| Melville and Northport-Babylon channels (Harbor Hill).................... 49,75
10 .| Outwash from ice along Ronkonkoma moraine (unusually flat).. i 166
10 .| Northport-Babylon outwash channel (Harbor Hill).. .. 49
10 Confluent outwash fans 36
10D... Ronkonkoma moraine, in part on Mannetto gravel. . F 82
10E... : Mannetto gravel beneath Wisconsin drift. .. .. ... . .. ... ..o ... 82
10E. Outwash from ice along Harbor Hill moraine over Manhasset formation. ... 172,173
10E... Barinoutwashchannel. ... ... ... .. ..o . i 50
10F... .. Edge of Smithtown ““driftless’” area...............ooeeeeeiiiiiiio ... . 162
10E... Thick outwash from ice along Harbor Hill moraine........................... . 174-
10E... Harbor Hillmoraine. ... ... . i iii it iaa et iaaaaaannns . 168-170
10E... Manhasset plateau, much dissceted by Vineyard erosion..............._.... .. ... 30
10D...S...... 1 mile north of Fort Salonga.| Extensive‘exposures of chocolate-colored and dark-gray Cretaceous clays, traces | 56,71,83,137
of Mannetto gravel and Montauk till member of Manhasset formation; immense
landslides aftecting cliffs for  mile inland; landslide scarps. (This is the so-
- called  Broken Ground.”)
11B...|C..... Fire Island Beach........... Barrier beach, dunes, good examples of fresh marshes among dunes................ 178,181,183
11B...[N..... [0 11 Lobate outwash inargin . ... 37
11C..IN..... North of railroad............ Manhasset formation projecting above outwash.._...... s 118
B O T I T DS Compound topography (Manhasset formation and outwash) 4 118
11 C. . N e Ronkonkoma moraine (confluent cone type); small outwash fans; south border of 32,36,162
Smithtown ‘“driftless’’ area.
1D . SWo. oo e Smithtown ‘driftless’ area; pre-Wisconsin topography 162, 208
11 D...| SE....| South of Smithtown........ | Head of Connetquot outwashchannel... . _......_............. 175-176
11 D...[ SE....| Southeast of Smithtown | Erosion bluffs facing Connetquot channel; pre-Wisconsin valleys; post-Wisconsin 175,208, 212
Branch. notching.
1nb..[C..... Near Smithtown............ Manhasset formation (Hempstead gravel member) exposed in railroad cuts........ 153
1nb...C..... 4 mile northeast of Smith- | Esker (just north of road) extending from bottom of valley up hillside for 1 mile, 116,162
town. establishing pre-Wisconsin age of erosion.
11D..|N..... North of railroad............ Harbor Hill moraine....................... 168-170
11D.. | N..... Nissequogue River. . ...| Pre-Wisconsin valley, little modified by ice 44-45
11D.. | N..... Stony Brook Harbor.. ..| Pre-Wisconsin valley, much enlarged by ice 44-45
nD..N..... Coast.....ooovenien it Montauk till memher of Manhasset formation resting on disturbed beds helonging 137
to Manhasset formation (between Nissequogue River and Stony Brook Harbor).

pary



SUMMARY OF GEOLOGIC FEATURES. .

Principal points of geologic interest on Long Island—Continued.

189

Coo:di- Part -
nates | Par
on | of sec- Locality. Features. Page.of
Plates 1| tion. . . description.
and IT.
12B...|N..... Fire Island Beach........... Barrier beachand dunes................o . ool e 1‘;3, 181
12C....| N..... Coast.....coveiiiiiiiiians This region is at end of extensive salt marshes (characteristic of outwash margins),
and beginning of erosional coast line (distinction of Manhasset surfaces). Being
transitional the formsare here indistinct.
12D...| W....| Along Connetquot River....| Broad Connetquot outwash channel (Harbor Hill)......................... ... .. 175-176
12D, CoE . feeeeeaneiaiieaeaaaaa . ’l‘lgln %utwash f}{om ice along Ronkonkoma moraine; Manhasset formation controls 168
e topography.
12D...( N.....{.. e .| Ronkonkoma moraine (low and interrupted). . 165
12D... | N..... Lake Ronkonkoma. ... Largest kettle lake ofisland .. .. 40
12D..| N..... Neor Lake Ronkonkoma. ...| Depressed MOTAINE . . ... ...uu.. i it 165
12D...{N..... West of Lake Ronkonkoma.| Terraced outflow channel leading from lake to Connetquot channel (now dry)...... 47
12E...[S......| % xﬁile kno:\thwest of Lake | Shallow pond and marsh behind recent delta in old channel in Manhasset formation. 183-184
Ronkonkoma.
12 E...| S......| Northof Lake Ronkonkoma.| Kettle valley . ... ... ... ooiiiiii it ees 42-43
12 E...0 S......| 14 miles north and } mile | Ridgeinchanmel. ... ... ... . i i it it a e aaeanas &
wost of Lake Ronkon- '
koma.
12E...|SE....| énile northwest of Lake | Terraced kettle. ... ... . it ai i 40-41
o rove,
12 E...| SE....| Near Lake Grove........... ‘West end of great intermorainal fosse depression (shown by 100-foot contour)...... 48
b O o T P Thin outwash from ice along Harbor Hill moraine on Manhasset formation (Man- 172
hasset controls topography). -
h5: 20 DR [ N PO Harbor Hiil moraine; dissected Manhasset plateaut:............oooooeiiiiiiiia.. .. 30,168
12F N O . Dissected Manhasset plateau (Vineyard erosion) 30
...| South of Crane Neck Point..[ Heavy Montauk till member of Manhasset formation, grading upward into Hemp- 137-138
stead gravel member; big bowlder.
Oldfield Point. .. .| Mertauk till member shows in biufis (eXPOSUIeS POOT) ... euueniiieiieaeaaennnnn 138
Setauket Beach Fine spit on hoth sides of entrance to Port Jefferson Harbor. 179
.| Fire Island Beach Barrier beachand dunes........................... 177-178, 181
Coast.......... .| Erosion outline of coast; mainly Manhasset border. 212
............................... Thin outwash from ice along Ronkonkoma moraine ; - 48-51,172
hasset frequently controls topography; channels partly Manhasset, partly Wis-
consin. .
1 mile west of Holtsville..... Double channel (4 mile south of railroad)................. ... ... . ... 50
Southof Selden............. Ronkonkoma moraine, probably exceptionally sandy, covered with old dune sands 165
at many points.
North of Selden............. Great intermorainal fosse depression; surface largely covered with old dune sand, 48
some local drifting at present time; Manhasset formation controls topography.
Near Terryville............. Qutwash topography gives way to Manhasset formation 168
SE....| South of railroad... ..| Outwash from ice along Harbor Hill moraine 172
...| Southwest of Echo. ..| Harbor Hill moraine gridge tyé)e) .. 170
C...| East of Echo......... ..| Harbor Hill moraine depressed type; many immense kettles north of raiiroad. ... .. 40,170
.| South of Port Jefferson...... Large gravel pit in Manhasset formation with moraine above; large bowlder (both 170,172
on road to station). . : :
North of Port Jefferson...... Indications of Montauk till member of Manhasset in lower part of bluffs on east side 30,138
of harbor; dissected Manhasset plateau (Vineyard erosion).
.| West Beach................. Cliffs of Manhasset formation overlain by one of the Wisconsin moraines; traces of 137
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East Beach.................
Fire Island Beach..
Coast

“Near Yaphank. ..
Near Coram Hill. ..
Near Middle Island

2 miles southwest of Middle
Island.
% mile east of Middle Island. .

1 mile east of Middle Island. .
2 fnilgs north of Middle Is-
and.

.| 1 mile sout) west of Rocky

Point.
1 mile southeast of Rocky

oint.
North of railroad..... e

.| # mile east of Woodhull

Landin,

g.
B milg. east of Woodhull

anding. .

4 mile west of Rocky Point
Landing.

1 mile west of Rocky Point
Landing.

# mile west of Hallock Land-
ng. :

1 mile east of Hallock Land-

ing.
Fire Island Beach...........

..| Barrier beach; dunes........................ .. .
.| Erosional coast line, mainly Manhasset formation.......... ...l

*1 Carmans Valley outwash with narrow channuel of post-Ronkonkoma age.. ..
.| Ronkonkoma moraine; morainal gap at Carmans River................_. ... ...

Montauk till member of Manhasset formation.
0O1d spit flanked with marsh

See 13 D

'| Carmans Valley outwash from ice along Ronkonkoma moraine....................

See 13 D. ;

Surface mantle of howlders and some till-like patches (mainly Wisconsin till, possi-
bly some Montauk till member of Manhasset formation).
Kettle valley, kettle chain (branching and completely closed)......................

Vineyard erosion valléy in Manhasset formation (modified by ice and by recent
erosion by Carmans River).

Kettle valley branching, partly open, occupied by Artists Lake.................... '

Branching kettle valleys

Thin outwash from ice along Harbor Hill moraine on Manhasset formation; Man-
hasset valleys and other pre-Wisconsin topographic features.

Till-covered monadnock rising above outwash (morainal?).

Harbor Hill moraine resting on Manhasset formation; Manhasset topography
distinet on north side, many valleys being only partly obliterated by the
moraine. Manhasset terrace well developed east of Hallock Landing.

Poor exposure of mottied buff to gray Gardiners clay.......cooeeeaeeiioniiiniaan.

Thick, gently folded beds of Herod gravel member of Manhasset formation

Small exposure of tough brown Gardiners €lay.........ccooviiiiiiiiiiiaiiaan...

Salmon-colored micaceous clay belonging to the Gardiners clay or the Jacob sand..

U%umed clays along fault ﬁlsme (Gardiners clay or Jacob sand). Folded beds of
erod gravel member of Manhasset formation.

Bowlder 25 by 10 feet, embedded in beach. .. ... .. ... . . il

Barrier beach, dunes, margin of Manhasset formation bordered by marsh (unusual).

.| Carmans Valley outwash with narrow channel of post-Ronkonkoma age..........

M?.lnhgl.s)set formation with thin outwash from ice along Ronkonkoma moraine

ocal).

Ronkonkoma moraine; morainal gaps and depressed moraine

Manlﬁasset surface with- thin till or mantle of bowlders; deep Vineyard erosion
valleys

Kettle vajlléy SYSERINS. ..o PR, e

184
177-178, 181
212

168
168
165
162

42,43

46

42,43 .

42
172

172
42

116,170

97
126

97
97
98,126
172
177,181
168
172

165
162

42
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G N I Y See 15 E (C, N). . :
15 F....| SE....| 1 mile southeast of Wading | Branching f{ettle-valley system (deep pond).. ... ...l . 42-43
River station.
15 F.:..| SE....| 2miles southwest of Wading |..... Q0 e e, 42-43
River station. .
15F....]C..... Igﬁmﬂes twesi; of Wading | Bowlder (20 by 20 by 16 feet) near highway through moraine...... e 171,172
iver station. R
15F....] C..... 2 ;}%i_le nox;tré.west of Wading | Bowlder (20 by 18 by 15 feet) near edge of marsh..... ... .. ... .cco..cciiiioo.. 170,172
iver station.
15F....] W....| # mile east of Woodville | Old brickyards and clay pit, probably in Gardiners clay and Jacob sand; upturned 109
Landing, Jlacob _stsa.ud in ravines; Montauk till member of Manhasset formation overlies
clay pits.
1BF....]C..... (07077 AU Landslips along bluffs and fresh-water pools along beach, both suggestive of 56,51,180
Gardiners clay and Jacob sand beneath talus; many deep ravines and amphi-
theaters; magnetic and tfametifemus sands on beach.
Near Herod Point.......... Horizontal beds of Herod gravel member, overlain by Montauk till member of 126
Manhasset formation.
Moriches Bay Barrier beach; erosion coast line; estuaries of pre-Wisconsin age............ PO 177,178
________________ .| Manhasset plain and valleys; local outwash from ice along Ronkonkoma moraine 118-119, 168
(largely near moraine).
North of East Moriches..... Local patches of loam, resembling ‘‘Jamesburg loam’’ of New Jersey.............. 172
.............................. Ronkonkoma moraine; depressed moraine at gaps (locally); compound type of 165
morainal ridge.
South of Manorville......... Morainal OUHIErS. . . ..ot it eiie e caaeaeaaas . 165
2 miles east of Manorville. ..| Exceptionally heavy morainal development.. 165
Along Peconic River........ Peconic Kiver f08Se. .. ... ... ... . i 120
.............................. Mogiﬁed Mtgnha,sset surface with thin outwash; large kettles, kettle valleys, kettle 42-43,120
chains, ete.
.............................. Manhasset surface with original drainage but slightly obscured; thin outwash near 17
moraine and elsewhere.
.| Near Deep Pond..._........ Branching kettle-valley System. . .oo.o oot iiietini e eeaiareeaeacearaenaennas 42-43
South of Fresh Pond Land- | Kettle valley and kettlechain.......... ... il 42-43
ing. .
Along coast. ...ooovenenn.... Harbor Hill moraine rapidly diminishes; ¥a.rtly removed by sea; almost disap- 171,182
ears at Jericho Landing; development of dunes at top of bluff and along north
})ace of moraine becomes important.
BF....]C..... Coast.oveeiri e Fairly clean bluffs commonly showing from 50 to 90 feet of Herod gravel member 51,56, 126
. of Manhasset formation; many amphitheaters; some landslips and springs sug-
gesting Gardiners clay or Jacob sand near beach level.
.| Paine Landing Montauk till member of Manhasset formation exposed in upper part of bluffs; 138
many big bowlders on beach; thick Herod gravel member of Manhasset.
Hulse Landing Same as preceding; Montauk till member continues to Fresh Pond Meadows, 50 138
feet thick in places; thick Herod gravel member of Manhasset formation.
East of Fresh Pond Landing. g‘hicllg Jlslersod gravel member; dunes at crest of bluffs.......................oL 126,182
.. €0 . s
.............................. See 16 D (N).
2 miles north of “Rock Hill””.| Bowlder 125 feet in diameter reported...... ... .ccoiiiiiamiiiiiaranaaaiiaaacaaanen 165
.............................. Ronkonkoma moraine (strong development), morainal channels, cones, kettles, | 32,42,48,165
ete., of all types; Bald Hill cone.
South of railroad............ Peconic River fosse; Wisconsin outwash, etc., on Montauk formation; large ket- 43,120,162
tles (Great Pond, etc.).
.............................. Vineyard erosion valleys in Manhasset formation; kettle valleys, kettle chains, etc.. 42-43,117
.............................. Qutwash from ice along Harbor Hill moraine over Manhasset formation........... 174
.| Near Baiting Hollow. Numerous branching kettles (kettle-valley type) -174
Along-coast................. Harbor Hill moraine (weak development) 171
Coasteieen i Steep bluffs cut by deep amphitheaters; dunes at crest of bluffs; many exposures 51,126, 182
: of Herod gravel member of Manhasset formation.
Near Friars Head........... Typical exposures of banded and cemented Montauk till member of Manhasset 138-139
formation eroded into pinnacles and knife-edge ridges (in amphitheaters). )
% Lmilg‘ east of Roanoke | Upturned clay (Gardiners)................. cevreeees e teeeteeaiaeetaaeaaaan 98
anding.
Near Roa.%oke Point........ Folded and overturned Gardiners clay and Jacob sand ........ceeeeeieniiiina.... 98
.| See 16 D (8).
See 16 D (N).
.| Ronkonkoma moraine (see 17 E, C); depressed moraine at broad gap.............- 165
Wisconsin outwash, etc., on Manhasset formation; many small kettles, pre- 43,162
‘Wisconsin valleys.
Outwash from ice along Harbor Hill moraine over Manhasset formation; numerous 174
kettles and kettle valleys; some Vineyard erosion va.ueals.
Alongcoast................. Harbor Hill moraine capping Manhasset terrace (weak development with many 171,182
gaps); partly covered with dunes.
18F....iN..... 4 mile west of JTacob Point...! Bowlder 38 by 20 by 11 feet. .. cououuininieiiiiiiiiieaeareateeeeareeanaaaannns 172
18TF....| N..... Near Jacob Point........... Tough dark Gardiners clay; Jacob sand; Herod gravel member of Manhasset for- | 98,109,126,139
mation; Montauk till member of Manhasset formation near top of bluffs.
1I8F....| N.....|..-.. (€ T Pinnacles of Gardiners clay and Jacob sand; possible Jameco gravel; Herod gravel | 98,109,126,139
member of Manhasset formation; Montauk till member of Manhasset formation,
. near top of blufls. .
Near Luce Landing. ........ Submerged peat and stumps. .... 213
Hampton Beach............ Barrier'beach; dunes, marshes 177,181
.............. Erosion coast line in Manhasset formation . 118
................. Manhasset plains with thin outwash....... 121
................... Ronkonkoma moraine (depressed at gap) 166
Tiana Creek... .| Late narrow outwash channel in Ronkonkoma moraine.. 49
.| Shinnecock Canal. ...| Outwash from 1ce along Ronkonkoma moraine.................coooiiiiiiiaaeaa.. 168
.| North of moraine. . }Visconsin outwash on Manhasset formation; kettles; Vineyard erosion topography. 43,162, 208
1 ITS) 1) t NN e et 179
Montauk till member of Manhasset formation and Gardiners clay in overturned 141-142
folds in bluffs; Triassic bowlders in Montauk till member.
...| Herod gravel member of Manhasset formation in bluffs 127
.| Seg 18 F (C, S).
Mattituck In -| Submerged kettle valley in Manhasset surface............coooioiiiiiiiiiiiiaiaaa.. 42,117
............................... Outwash from ice along Harbor Hill moraine on Manhasset formation; outwash 174
channels near Oregon Hills. .
..| Alongcoast................. Moraine largely eroded, only low narrow ridge remaining; several important gaps.. 171-172
..| Near Oregon Hills........... Montauk till member of Manhasset formation (with many Triassic bowlders) in 140
i

bed in middle of bluff,

'
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Hay Beach Point.
TLong Beach......
Truman Beach

Coast

ton.

scrabble.
Near Freetown..............
.| 1 milenorth of Freetown.....

West of Sammys Beach......

Cedar Point, Sammys Beach.

.| Manhasset formation with mantle of outwash

Low till bluffs (Montauk till member of Manhasset formation).
Spit, dunes, marshes. ....................... e
Beach connectingisland. ... ...... ... .. ...

Moraineisa more Bronounced ridge than forsome distance west; bluffs largely Flerod
member of Manhasset formation, overlain by thick till (in part Montauk till mem-
ber of Manhasset formation).

Many exposures of Gardiners clay and Jacob sand, highly folded and overlain by
Montauk till member of Manhasset formation; possible Jameco gravel under the
Gardiners cla%.

Estuary closed by beach. .

Qutwash fromice along Ronkonkomamoraine. ............ociiveuiiniennanaainnnaan

Duneg ov%r outwash, till and bowlders reported to have been washed out by waves
on beach.

Heavy Ronkonkoma moraine

Morainal gap; outwash valley; depressed moraine,

OQutwash channel through Manhasset formation.

Ronkonkoma moraine

Manhasset formation with thin m of Wisconsin drift; topography mainly
Vineyard erosion, modified by Wisconsin ice; kettles.

M;mtauk till member of Manhasset formation overlying folded Herod gravel mem-
her. N

Finespits........ et ee e et e e aeeee et tea e e aaaaaas

Coordi- .
nates l:o,rt Localit Page of
on of sec- Locality. Features.
PlatesI| tion. v ‘ description.
and II. !
19 G ...| SE....| Middlo of Oregon Hills. ..... Bowlder 15 feet in diameter.. ... ..t i, 172
19G...|E..... & {Pile1 southwest of Duck | Bowlder 23 by 20 by 15 feet. .. ... ..o it 172
ond. N
205 .../ SE....| Hampton Beach............ Barrier beach; QUIes. . ceoe it e 177-178, 181
20E...[C..... Shinnecock Hills............ Hills of Manhasset formation shoved and dragged by ice; old dunesands.......... 34-35,181
20E...] W....| 4 milo east of Shinnecock | Old clay pit showing Gardiners clay grading into Montauk till member of Manhas- 99,127
Canal. set formation; Herod gravel member of Manhasset formation.
20E...|N..... Nc;ol;‘t;hedu,st of Cold Spring | Gardiners clay and Montauk till member of Manhasset formation in bluffs. ........ 99
ond. .
20 F...| SE....| Near Cow Neck............. Irregular areas of Manhasset formation ap{)arently laid down around ice blocks.
20 F...| C......| West side of Robins Island..| Gardiners clay, Jacob sand, Herod gravel member of Manhasset formation, and 110,128,145
{\Io:ﬁauk till member of Manhasset formation-in bluffs (generally folded); fossils
ocally.
20 F....[| C......| Eastside of Robins Island. . MainlybHerod gravel member of Manhasset formation with some Montauk till 128
member,
20 F...| NW...| New Suffolk .| Outlier of Manhasset formation.........ccooeiiieiiiannnnencieennnn. 117
20G...|Couiifieiiinnns feeeaenan .| Outwash from ice along Harbor Hill morain anhasset forma 174
20G... SW...[1 l]'ﬂilo southwe; Keottle with till rim near Mattituck highway....coeveiieiininnnnn.. 174
chogue. .
20G...| NW...| Alongcoast................. Narrow belt of Harbor Hill moraine (hardly forms a ridge)....o.ccveeecieanneaaa.. 171
20 G ...| W....| West of Goldsmith Inlet.... Mgfllllﬁtill, some apparently Montauk till member of Manhasset formation, shows in 140
S.
200G ... N..... Horton Beach............... Fine pocket beach backed by dunes inclosing large pond......o..voeeooiioiiil.. 179
20H...[ SE....| Near Horton Point.......... Bluffs, apparently till from top to bottom; many large bowlders on beach; one 172
bowlder 25 feet in diameter in water 11 miles east of point.
b2J W DR I O Outwash from ice along Ronkonkoma moraine with margin truncated by seca; 168
estuaries converted into ponds.
LB LI NW . Ronkonkoma MOTaiNe. .. viieeaiene ittt et eieiiee e titaiiaearaeteeneaannn 166
2L E...| NE...| Near Watermill............. Watermill pond kettle.... 40
21E...| NW_..[2 milost northwest of South- | Kettle with outwash rim 41
ampton. '
b3 T O - 3 O PO Manhasset formation overlain by thin outwash 121
2Ll S W= e Strongly developed Ronkonkoma moraine 166
.............................. Deeply eroded Manhasset formation with thin mantle of Wisconsin till. ............. 119
.| West side of Jessup Neck....| Herod gravel and Montauk till members of Manhasset formation in bluffs. 127,142
Great Hog Neck............ Outlier of Manhasset formation with mantle of Wisconsin till...................... 120-121
.................... Manhasset formation with thin mantle of outwash......................oo.... 120
Shelter Island............... Thick deposits of Manhasset formation with Vineyard erosion topography; mantle [ 110,121,129
of Wisconsin till; fine spit at Shell Beach; bays of south side due to presence of 162,17§
%yfonpl;?.qk tice blocks. Smallshow of Gardiners clay or Jacob sand opposite Conk-
ing Point.
..| Hashamomuck Pond........| Submerged kettle valley........oooini il iiie i 42
W...{ 4 mile northeast of Hasha- | Kettle valley filled with marsh deposits (this and the one next preceding bounding 183-184
momuck Pond. a remnant of Manhasset formation, formerly an island). :
South side of fluke....... ...| Manhasset formation practically withoutoutwash.......... ... ... .. ... .. ... 120
‘West of Greenport.......... Big fresh marsh in depression in Manhasset formation . 183-184
.| Shelter Island............... See 2l G (N ).ttt iieeiaaaaens
Alongcoast.......oooeenn... Narrow and interrupted morainal belt, little in shape of ridge 171
Coastbluffs................. Bluffs mainly of till, probably largely Montauk till member of Manhasset formation; 126,140,171
pavements and great heaps of bowlders on beach; some exposures of stratified
gravels, probablg Herod gravel member of Manhasset. !
% inile tsouthwest of Rocky | Bowlder 25 by 25 by 30 feet in water...........oooiiiiiiiiii i 172
Point.
.............................. Barrier beach; Manhasset plains. .. ... ... . i 121,178
......... Manhasset plains with thinoutwash............................. 121
Scuttle Hole................ Kettle valley, kettle chains, connected kettles; kettle channels, etc................ 42-43
.| Sagaponack Lake........... Estuary (1:1;1; off from sea by beach (depression between Manhasset formation and
outwash).
Poxabogue Pond............ Partof Kettle valley . .. .. oooni ittt
......................... Outwash on Manhasset formation (outwash controls topography); loam in places.. 168,172
..... Strongly developed Ronkonkoma moraine..................... 166
Long Pond._................. Kettlesin outwash channels through moraine. ... ... ... ... ... . o iiiiiiaiiiia. 42
2 ﬂlil%s sou Outerops of Gardiners clay at considerable altitudes in moraine.................... 99
Harbor.
.............................. ‘See 21 F (NW). ,
LongBeach................. Connecting DeaCh. .. ...t i iaiiiiieiaeaaa PO 178
.| Northwest point of Hog | Pessible Jameco gravel beneath reworked fossiliferous Gardiners clay; Montauk 89,142
Neck. till and Hempstead gravel member of Manhasset formation.
Shelter Island............... See 21 G (NE).
.| South of South Ferry....... Flats of thick till (Montauk till member of Manhasset formation). ................... 146
Ram Island, ete............. Tslands united by connecting beaches. ... ... ... .. i i oot 179

146
179,182,185
179
120
126,140,170

89,98

168
163,181

166
168
166
121
127-128
179
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\
Principal points of geologic interest on Long Island—Continued.
COO'I:dl- Part '
nates ar
on | ofsec- Locality. Features. dcsPc?iggt?gn
Plates I| tion. '
and IL
22G...{E..... So;thwest of Hog Creek | Low plainof till (Montauk till member of Manhasset formation)................... 142-143
oint. .
23H...| NW...| Near Orient Point.......... Mainly Manhasset formation; some outwash; magnetic sands on beach............ 126, 179-180
231....| SE....| North side of Plum Island..| Gardiners clay; Jacob sand and Herod gravel member of Manhasset formation are | 100-101,111,
involved in small folds; much till in bluffs (probably largely Montauk till mem- 129,146
ber of Manhasset tormatxon) Several faultsin Herod member.
231....| SE....] South side of Plum Island...| Broad plain of Montauk till member of Manhasset formation on southwest end; | 100-101,111,
faulted Herod gravel member of Manhasset; folded Gardiners clay, Jacob sand, 130, 146
and Herod member; Montauk till member, east of Fort Terry.
Belt of dunesof considerable width 181
Hillsof Manhasset formation with little outwash. 121
Strongmorainal Fidge. . .. ..oeeeeiiiiiaraieniinna.n 170
General upland of Manhasset formation, with Vineyard topography; 121
landsof Montauk tillmember of Manhasset formation.
24 G.. .| Acabonack Harbor.......... Sand spitand marshes. ... ... ... . i 179,184
4G Near Hog Creek Point....... Montauk till member of Manhasset formation in folded Herod gravel member.
24 G.... .1 Ram Isiand, ete............. Spit in process of formation, largely below sea level 179
24 G.. ‘| Great Pond . ......llllll0 Pond inclosed by V-shaped spit 179
24G.... ‘West side of Gardiners Is- | Montauk till member of Manhasset formation north of Great Pon erod gravel 100, 129, 146
land. member of Manhasset formation; reddish clays and clayey sands 1 mile north of
Great Pond (Gardiners clay or Tacob sand).
24 G....[ NE...| South of Tobacco Lot Pond..| Jacob sand, Gardiners clay, and Montauk till member of Manhasset formation, 100, 105,
(generally folded); fossils {n Gardiners clay and Jacob sand. 116 144
24H...l S...... East of Cherry Hill Point....| Fine section of red and black fossiliferous Gardiners clay overlain by Jacob sand.. "105
24H...|S...... Southwest of Bostwick Bay Ja;:ob sand with ripples; Herod gravel and Montauk till member of Manhasset 110,129
ormation. .
24H...[Coeenn]eeecndoeeii Fine V-shaped spit inclosing pond...............coiiaun i 179
24 H. . Gardmers Point............. Sandy island makmg continuation of Gardiners Island spit.
24 H. .| Northeast coast of Gardiners | Cretaceous possibly present; Jameco gravel under Gardiners clay (doubtful); 90,100, 110,
Island. Gardiners clay, Jacob sand, and Herod gravel member of Manhasset formation 29,146
:invollved én complex folds. "Montauk till member of Manhasset commonly poorly
evelope
24 H...| SE....| Inland on Gardiners Island. . Rxdges due to folding.. 35
24 H. SE....| Tobacco Lot Pond.......... Bay bar 177-178
25F....| NW... Napgague Beach............ Big connecting beach; high dunes; fresh marsh among dunes.. 179,181,184
R R o ) P . 179 181,184
. Moraine (thin) on Manhasset formation; old dunes on surface; Manhasset erosion. . 166 180181
.| Quince Tree Landmg «-.e-.-| Montauk till and Herod gravel ‘members of Manhasset formation ) .. 8, 143
...| Goff Point, Hicks Island....| Hooked SPitS......covurriciieriirrramonercaiieeiienorcneenennn 179
_’| Eastern Plain Point... ..| Herod gravel and Montauk till member of Manhasset formation . 129,146
.| South coast....... .| Thick Herod gravel member overlain by Montauk till member 128,143
. Imterior................... . .| Hills of Manhasset formation with superficial mantles of morainal drift (W mconsm) 1
and dune sand (local).
R rf)nle tsout;hwest of Rocky | Intermorainal 0856 ChaNNelS. - c.ceeuennennniaaniiiiueiii il 47
.| 1 mile west of Rocky Point. .| Jacob sand under Herod gravel, member of Manhasset formation................... 111
...... do..eeeevnninnannnaa.....| Herod gravel and Montauk till ‘members of Manhasset formation . 128,143
.| Montauk station. I T:0 20 1 R 177-178
| Fort Pond..... ... Pond inclosed by pay bar 177-178
.| South of Fort Pond. ..| Barrier of Montauk till member of Manhasset formation . 145
.| Montauk station. ... ..| Uplands of Manhasset formation. (See 26 G, SW.) 121
South of Culloden Point..... Herod gra\]z;,l member of Manhasset formation under heavy till, possibly Montauk 128
till member,
Near Ditch Plain........... Low plain of Montauk till member of Manhasset formation....................... 14
Great Pond................. Pond dinclosed by bay bar, the latter characterized by dunes, fresh marsh, and 177-178,
onds 181,183
.| Southecoast................. ainly Montauk till member, often double or triple and including stratified sands; 89,99, 111
several outcrops of Gardmers clay and Jacob sand; Herod gravel member of 144 156
Manhasset occasionally seen; possibly some Hempstead gravel member of Man-
hasset. Sands below clays may helong to Jameco gravel.
27G...|N..... Montauk Point.............. ‘Thick Montauk till member ‘of Manhasset formation overlain by stratified gravel 144
. (Hempstead member of Manhasset).
North of Montauk Point....| Folded gravels (Hempstead member or gravelly ghase of Montauk till member).. 156
.| Southeast of False Point....| Montauk till member of Manhasset formation in bluffs..................... .. ... 144
4 mile west of False Point...| Dark chocolatecolored Gardiners clay; Jacob sand; Herod gravel member of Man- 99,111

.| Oyster Pond................
.| Near Shagwong Point.......
. Reed Pond..................

1-mile west of False Point. ..

hasset formation.
Montauk till member of Manhasset formation exposed at point.. ... ...,
Pondbehind bay bar. ... ..ot
Montauk till member of Manhasset formation. .
Pond behind bay bar

143
177-178
143
177-178

GEOLOGIC HISTORY.

PRE-CRETACEOUS EVENTS.! A

Little evidence is afforded by the older rocks of the Long Island region as to the conditions

existing on the island in Archean and Algonkian time.

The Fordham gneiss, which oceurs at

the west end of the island, is of pre-Cambrian age, but as it may be either a metamorphosed
sedimentary bed or an igneous rock, its exact relationship can not be told. Its quartzitic
bands, which strongly suggest sedimentary origin, are parallel to the bedding 'of the Cambrian
rocks, and in most places there is little evidence of any considerable unconformity between

1 For a full discussion of the geologic history of the New York region, see New York City folio (No. 83), Geol. Atlas U. 8., U. 8. Geol. Survey, 1902.
N A *
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them. At a few points, however, important breaks exist. The region appears to have been
under water through a part of the Cambrian at least, for a quartzite of this age is found at a
number of points in the vicinity of New York. The quartzite is followed conformably, so far
as is known, by the Stockbridge dolomite; indicating the presence of open water during late
Cambrian and early Ordovician time. Similar conditions also continued without material
break into late Ordovician time, as iridicated by the conformable Hudson schist overlying the
dolomite. There is no record of the Devonian and Carboniferous periods in the rocks of the
region, and it is probable that during these periods the land was above water much of the time
and was subjected to extensive erosion by streams. A little farther north considerable mountain
masses were uplifted in Devonian time and were later reduced by erosion, and it is not impossible
that some uplift occurred in the Long Island region, although not until near the close of the
Carboniferous was the compression of the rocks into sharp folds (fig. 54, p. 66) finally com-
pleted. In the meantime there had been considerable igneous activity in the region, manifested
in the intrusion of the granitic masses in the Fordham gneiss of Long Island. Some of these

masses on Long Island are so sheared, presumably as a result of the folding, that they now

have a decidedly gneissic structure.

After the period of mountain building there was a long period of eros1on, during wh1ch
the land was worn down to a low rolling surface. In the New Jersey region a shallow basin
was gradually formed, and in late Triassic or early Jurassic time this basin was occupied by a
body of brackish water, in which the red sandstones and shales of the Newark group were
laid down. During the deposition of these beds there was a second period of igneous activity,
producing both intrusions and surface sheets of diabase or *“ trap rock,” among which is the great
mass known as the Palisades.

Later, in Jurassic time, the entire eastern part of the United States became dry land and
was worn down by streams until the whole surface was reduced to a gently undulating plain,
with a few unreduced remnants or monadnocks. ' This plain, which was covered with the clayey
products of decomposition, is known as the Schooley peneplain and extended from the Atlantic
coast over what are now the Appalachian Mountains well into the interior of the country.
Toward the close of the Jurassic period a tilting of the plain began, the part southeast of central

New Jersey sinking below sea level and the part northwest of it rising.

CRETACEOUS EVENTS.

The elevation of the land in the northwest led to a more active erosion, and the sand and
clayey materials derived from the decomposition of the rocks were swept seaward and deposited,
along the coast, forming what is known as the Potomac group of New Jersey and regions farther
south. The absence of marine shells and the presence of numerous leaves and other vegetable
remains have led to the belief that the Potomac group is a fresh or brackish water formation
deposited by ‘meandering rivers or in estuaries or lagoons practically cut off from the sea by
barrier beaches. Several hundred feet of the clayey deposits were laid down. The deposition
of the Raritan formation seems to have been completed in the early part of the Upper Cre-
taceous epoch and in New Jersey was followed during the remainder of Cretaceous time by the
deposition of more or less marly sediments characteristic of deeper water and indicating a con-
tinued tilting, which eventually carried the old crystalline surface well below sea level. When
the tilting was completed the land in the vicinity of Schooley Mountain, in New Jersey, had
been elevated 1,500 feet, and the surface along the Atlantic coast sloped off beneath the sea at
the rate of 100 feet to a mile. In the Long Island region the late Cretaceous depression was
less marked, clays and sands derived from the erosion of the uplifted peneplain continuing to
be deposited while the marls were formmg off the New Jersey coast. The fragments of fossil
shells found here and there in wells or in the drift indicate that the clays and sands of Long
Island were not all fresh or brackish water deposits, but were at least in part marine. The
marl bed at the top of the hill near Melville (p. 68) suggests that fairly deep water covered this
part of the island at the close of the period.

1629°—14——14
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TERTIARY EVENTS.
'EOCENE EPOCH.

Although there seem to have been slight interruptions in the deposition of the Cretaceous
beds in certain parts of the New Jersey region,' the exposures on Long Island are too poor to
admit of their recognition even if evidence of them is present. Between the Cretaceous and the
Eocene deposits there was no strong break in New Jersey, for although a slight unconformity
exists the deposits of the Eocene and the upper part of the Cretaceous are alike in character if
not practically continuous in deposition. Where the Eocene deposits are seen they do not
differ greatly in thickness but occur as a practically uniform bed across the State.? This uni-
formity would seem to indicate the absence of any strong unconformity, the thinness of the
Cretaceous being due to nondeposition rather than to subsequent erosion. There is, however,
evidence of a slight unconformity at the top of the Eocene, but no extensive erosion of either
the Eocene or the underlying Cretaceous beds seems to have occurred. Physiographic evidence
elsewhere seems to indicate that the Eocene may have been marked by the completion of a
peneplanation begun in the Cretaceous, and that the surface stood at a low level, land erosion
being nearly at a standstill.

MIOCENE EPOCH.

At the close of Eocene time there was a further differential tilting of the land, in the early
stages of which the Eocene deposits may have been somewhat eroded. Later, however, the
Coastal Plain was depressed and the sea advanced across the Eocene and over the Cretaceous
deposits on the west. This depression probably completed the principal tilting of the early
Tertiary peneplain. Over both the Eocene and the part of the Cretaceous covered by the
ocean the sandy beds of the Miocene were deposited. These were thin near their western
limit but somewhat thicker seaward, burying and obliterating the erosion surface cut in the
Cretaceous and Eocene deposits. :

. - EARLY PLIOCENE EPOCH.

After the deposition of the Miocene sediments there was a decided uplift, which raised the
deposits above sea level and brought on a period of active erosion, which in the New Jersey
region removed considerable portlons of the Miocene beds and cut into the underlymg Eocene
and Cretaceous.

LATE PLIOCENE (?) EPOCH (LAFAYETTE FORMATION).

The early Pliocene was followed generally throughout the Atlantic Coastal Plain by a period -
of ‘deposition during which the Lafayette formation, consisting of a mantle of sands and clays ¢
derived mainly from the underlying Cretaceous and other beds, was deposited over the Coastal
Plain, even overlapping the metamorphic rocks in places' and apparently obliterating the
topography developed in the early Pliocene. It has usually been assumed that the deposition
took place during the period of submergence that has been postulated by most geologists as
occurring at this time, but Chamberlin and Salisbury ® have recently argued that the Lafayette
was laid down in eastward-transgressing zones of stream deposition, which filled the valleys
and spread somewhat widely over the coastal peneplain that had been developed in the less
resistant deposits in Eocene and Miocene time. The transgression they consider to be due to a
moderate ‘“bowing” ‘of the peneplain rather than to submergence. They also supposed that
the conditions affecting vegetation and precipitation had an important influence on the nature
of the erosion and deposition.

It seems certain, however, whether the formation is marine or fluviatile, that the land
could not have been far above sea level, for the widely spreading mantle of clays and sands
could not well have been formed at its present elevation of 300 or 400 feet had the streams
possessed the fall that this would require between the landward limit of the formation and
the then existing coast, which could not have been far east of its present pos1t10n

1 Clark, W. B., Science, new ser., vol. 4, 1896, p. 759

2 Clark, W. B., Correlation papers—Eocene Bull. U. S. Geol. Survey No. 83, 1891.

8 Chamberlin, T. C., and Salisbury, R. D., Geology, vol. 3, 1906, pp. 305-308. Compare views of Hill and Vaughan, Eighteenth Ann. Rept,
U. 8. Geol. Survey, pt. 2, 1898, pp. 246-247.
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The general absence of glacial erratics in the Lafayette has led most authorities to refer
the formation to the Pliocene, but Hilgard referred the similar deposits of the Mississippi Valley
to the Pleistocene. The granitic materials at Natchez, on which his opinion was based, have
since been shown by Chamberlin and Salisbury ! to rest unconformably on the Lafayette,
which they retain in the Pliocene. It has been suggested that the light sands overlying the
known Cretaceous on Long Island (p. 80) might doubtfully be Lafayette, but they are destitute
of crystalline pebbles, and this would seem to indicate a pre-Pleistocene origin.

POST-LAFAYETTE EROSION.

The deposition of the Lafayette formation was followed by a period of active erosion,
during which the Tertiary and Cretaceous deposits were cut down in places in the Long Island
region from an altitude of about 300 feet above the present sea level to one somewhat below
it.. The exact depth to which the erosion extended could not be determined with certainty,
owing to the difficulty of recognizing the Mannetto-Cretaceous contact from well records and
samples. The Mannetto gravel (the earliest Pleistocene deposit) is found resting on the Cre-
taceous down to sea level and the unconformity probably extends considerably lower.

The northward slope of the general Cretaceous surface and the buried pre-Pleistocene
valleys in the Cretaceous show that a powerful drainage system existed north of the present
island, and there is little doubt that extensive excavation took place in the Long Island Sound
region at this time. The magnitude of the unconformity resulting from this erosion, which was
many times greater than that producing the post-Miocene unconformity farther south, is the
chief reason for placing it after the Lafayette. So far as the island is concerned, it is the only
period of erosion between the Cretaceous and the Pleistocene of which a record has been left.

QUATERNARY EVENTS.
PLEISTOCENE EPOCH.
MANNETTO GLACIAL STAGE.

The earliest of the Long Island deposits that have been referred to the Pleistocene is the
Mannetto gravel, which has been described elsewhere, and the reasons for its assignment to the
glacial series have been there presented (p. 85). The term ‘“Mannetto stage’ is applied to the
period of its deposition.

The large percentage of quartz and the sporadic yellowish clays in this formation are
strongly suggestive of a derivation of the Mannetto material from the formations of the Coastal
Plain like the Cretaceous and Miocene, or from glacial material forming a mantle of residual
soil. Over 99 per cent of the material is probably from one or the other of these sources. The
remaining fraction of 1 per cent consists of granitic pebbles and erratic bowlders, apparently,
to judge from their absence in the Cretaceous and Tertiary deposits, derived directly or indirectly
through some agent not acting in the earlier periods of deposition. Although it is possible
that the deposits are strictly fluvial, it is thought more probable that glacial ice played a part
in their accumulation, being the agent to which the peculiarities pointed out are due.

The deposits are now found up to a maximum altitude of about 330 feet, at or near which
extensive remnants of an old flat surface of Mannetto gravel still exist. This fact may possibly
indicate that the land stood 330 feet lower than at present and that a broad, flat sheet of gravel
was built up to that level, at least in parts of the island. The slope of this surface from 330
feet at its north end to 270 feet at its south end, or at a rate of 15 to 20 feet to the mile, is
very similar to that of the present outwash plain in the same region, and the flow and
plunge structure of the two are identical so far as can be seen. On the other hand, the erratic
bowlders of the Mannetto have no counterpart in the outwash on Long Island, although the
Wisconsin ice is known to have abounded in such bowlders.

 Theslope of the old Mannetto surface and the internal structure of the depos1t would favor
an outwash origin. The evidence of the bowlders might seem to point to submergence, at

1 Op. cit., p. 308.
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least enough to admit of flotation by thin ice, but transportation by floating ice, such as might
occur in the shallow deploying streams of an outwash plain, may readily be conceived, although
nothing of the sort appears to have taken place in the Long Island region under what must be
acknowledged as equally favorable conditions in Wisconsin time. It is possible that the lower
part of the deposits in which the bowlders were found was formed below sea level, and
that the upper part was a sloping subaerial outwash plain similar to those now existing on the
island. The presence of the well-stratified clayey layers at low levels is also favorable to the
hypothesis of partial submergence, for such clays have not been found in the later outwash
deposits of the island and would be difficult to account for in those positions owing to the
absence of any probable causes of ponding.  (See Bridgeton formation, p. 223.)

The Sound depression already existed in pre-Mannetto time, as shown by the Cretaceous
topography beneath the Mannetto, but it is possible that 1arge Cretaceous deposits existed
along the Connecticut coast and supphed much of the gravel making up the Mannetto
formation.

The granite bowlders are found near the bottom of the Mannetto, as exposed on the island
and granitic pebbles occur up to the very top, hence the ice invasion began early in the Man-
netto stage and continued to its close. That the period of ice invasion was long seems to be
indicated also by the great thickness of the deposit.

The small percentage of gramte pebbles may be due to a long period of attrition beneath
the ice or in waters near its margin, which effectively reduced most of the fragments. On the
other hand, the fact that the first ice moved across an area of residual soils, where a large part
of the materials picked up must have been disintegration products consisting largely of clay
and quartz, with a few fresh granitic fragments, may be the chief reason for the small per-
centage of granitic pebbles in the Mannetto compared with the later Pleistocene gravels.

The exact place where the ice margin rested is largely a matter of speculation. It may
have halted in the Sound trough a little north of the present edge of the island.

. POST-MANNETTO INTERGLACIAL STAGE.

The deposition of the Mannetto gravel was followed by a period of extensive erosion during
which the formation, originally 100 to 300 feet or more thick over western Long Island, was so
completely reduced that, only a few isolated knobs remained at the beginning of the Jameco
deposition. The term post-Mannetto is applied to this apparently interglacial stage of erosion,
which is well represented by the Wheatley Hills, near the village of the same name, the essen-
tial topographic expression of which, the superficial coating of till being disregarded, is due to
erosion in this epoch.

The highest remnant of the Mannetto surface is found in the West or Mannetto Hills, in
the northern part of which it has an elevation of 330 feet above sea level. In the Wheatley
Hills remnants of the Mannetto probably occur as high as 300 feet. From this altitude, which
appears to mark the upper limit of the formation in western Long Island, valleys were cut
down to a point not less than 300 feet below the present sea level, the depth to which the suc-

~ceeding Jameco gravel has been recognized in wells.

Whether the Mannetto gravel lay at a similar altitude over eastern Long Island is not
known, but its development was probably somewhat less in this direction. Large masses,
"nevertheless, probably existed and the fact that the deposits as a whole were eroded until only
scattered remnants were left points to a period either of very rapid or of long-continued erosion,
or most likely both. The elevation as estimated from the Hudson submarine channels, which
are assumed to have been formed at this time, appears to have varied from 1,300 feet in the
earlier part of the stage to over a mile in the later part (p. 60).

The post-Mannetto erosion presumably followed, in its broader features the lines of pre-
Mannetto drainage, as the Mannetto gravel was probably somewhat lower over the deep Cre-
taceous valleys than over the Cretaceous knobs, in the same way that the Wisconsin outwash
is lowest where the underlymg Manhasset formatlon is low and highest where the Manhasset .
is high. That this is true in the Mannetto Hills region is shown by the section at this point



PLEISTOCENE EPOCH. . 197

(fig. 57, p. 81), the Mannetto and Cretaceous erosion surfaces being almost parallel. Where
the Cretaceous relief was less marked, however, the erosion was independent of the old topog-
raphy and cut mdlscrlmma,tely into Mannetto and Cretaceous. This type of erosion was
probably especially characteristic of the north-shore districts. In general, however, the land -
at the close of the post-Mannetto interglacial stage appears to have been not greatly different
in extent and topography from that existing at the beginning of the Mannetto stage. The
larger Cretaceous remnants appear to have been very nearly the same as before, the principa-
dlffcrcnccs apparently being the presence of a mantle of Mannetto gravel that covered and
obscured the older deposits in places and the deeper trenching of those deposits elsewhere.

JAMECO GLACIAL STAGE. .

The extensive erosion epoch just described was followed by an influx of material whose
granitic character seems to indicate a glacial source. The position of the deposits below sea
"level and the necessity of depending on well records for a knowledge of them make the deter-
mination of their exact character and structure practically impossible, and it is not definitely
. known whether or not the ice actually invaded Long Island. The high percentage of granl
itic pebbles present locally may mean the near proximity of the ice sheet, but the deposits as
a whole do not differ greatly, so far as appears from well records, from the later Manhasset or
from the Wisconsin outwash deposits and they may have a similar origin, in which case the
ice front presum&bly lay somewhere in the Sound. The distribution of the Jameco gravel on
Long Island and the islands east of it would seem toindicate that the front extended along the
Sound beyond Orient Point, passed north of Block Island, crossed southeastern Massachusetts
(probably between Plymouth and Boston), and passed north of Truro, Cape Cod.

The deposits appear to have accumulated in part in the space between the ice front and
the Cretaceous-Mannetto core of Long Island, and in part outside of and around the then
existing land masses, the materials being swept westward and southward through the depression
east of Jamaica and eastward and southward around the east end of the existing land beyond
the Mannetto Hills. The depression of the land at this time seems to have been 150 feet or
more (p. 218)

The erosion by the ice in the immediate vicinity of its margin appears, if we may judge
by the relatively small amounts of quartz and other locally derived materials, much less pro-
nounced than during the first invasion. In fact, the almost entire absence of recognizable
material derived from the underlyirig Cretaceous or the Mannetto gravel would seem to indicate
either a nearly stagnant condition of the ice near its margin or a sheet so overloaded with
material that it could no longer erode.

GARDINERS INTERGLACIAL STAGE.

The Jameco gravel gives way abruptly to the Gardiners clay, as if the source of materials
was suddenly removed, as it doubtless was by the retreat of the ice sheet from the vicinity of
the island. So far as known there is no unconformity between the two formations, the lignitic,
marshlike, and fossiliferous phase of the Gardiners following without any important time
break upon the cessation of Jameco deposition.

The land masses during the deposition of the Gardiners clay remained essentially as during
the Jameco deposition. No conspicuous change of level took place either at the beginning of
or during the Gardiners deposition, although there was a slow subsidence, which kept pace
with the accumulation, the top of the formation always remaining at or below sea level. The
subsidence could have been little if any more rapid than the deposition, as there is apparently
an entire absence of locally derived materials, such as would be present if the sea encroached
upon the Cretaceous and Mannetto land masses to any extent. The actual position of the
land, to judge from the general occurrence of the clays below sea level at the present time,
appears to have been generally a little higher than the present level, the few occurrences of
clays above sea level being apparently due to folding.
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In western Long Island the clays appear to have accumulated in the form of marsh deposits
bordering the preexisting land masses, but in eastern Long Island peat, muck, and other indi-
cations of marsh origin are less common, and the nonorganic character of the bulk of the deposits
appears to indicate an offshore origin of the formation, except perhaps of the earliest phases.

The question whether the deposition took place during a true interglacial stage or simply
during a temporary retreatal stage is somewhat puzzling. The presence of fossils in the clays
at several places indicates a period of sufficient length to permit the reoccupation of the formerly
glacial waters by animal life, and although this might, under favorable circumstances, take but
a few years, the character of the remains indicates a climate no colder than that of the Maine
coast at the present time, hence it is probable that the ice had drawn back to the northern por-
tion of the continent, if it had not entirely disappeared. The lignite present in the clays on
western Long Island and elsewhere and the general blackish color, presumably due to organic
matter, of the same clays on the Massachusetts islands and on Cape Cod indicate that plant
life had also extended itself over the region. The thickness of the clays themselves, taken in
connection with their apparently slow accumulation, likewise points to a period whose length
is more compatible with an interglacial stage than with temporary retreat.

JACOB TRANSITIONAL STAGE.

The fact that the transitional Jacob sand gives place to the glacial Herod gravel member

of the Manhasset formation without any recognizable time break, and that the latter in
turn gives way by transition to the great Montauk till member of the Manhasset, would make
plausible the supposition that the advent of new materials from the advancing ice sheet brought
about the change from the marine Gardiners clay to the more quartzose Jacob sand. It is not
unreasonable to suppose that the change of material marking the beginning of Jacob deposition
took place as soon as the advancing ice front reached the headwaters of the Connecticut and
began to discharge its drainage down the valley of that river. Under such conditions only
the finer material would be borne to the river’s mouth and distributed in the surrounding
region. The quantity of materials, if the supposition as to origin is correct, would indicate a
very slow advance, as the Jacob sand reaches a thickness of at least 30 feet. ,
, Although the materials seem to be of glacial derivation, the Jacob is essentially a marine
formation. It extends from western Long Island to southeastern Massachusetts and its per-
sistency points clearly to marine deposition rather than to accumulation in valleys or basins
above sea level; moreover, its marine fossils fix its origin beyond dispute.

Evidence of any material change of level is.lacking. That no considerable elevation took
place is shown by the entire absence of any evidences of stream erosion in the deposits at this
horizon, the only unconformities being those due to the scouring action of the overriding
Montauk ice. '

During the period of Gardiners deposition, as elsewhere pointed out, the land appears to
have slowly subsided, the sinking just about keeping pace with the accumulation, as indicated
by the fossils and salt-marsh deposits at the various horizons.

Such marsh deposits are absent, however, from the Jacob. This fact, taken in connection
with the persistency of the beds, the regularity of .the lamination, and the general absence of
ripple marks, suggests a sinking of the crust and a deepening of the water. As noted on another
page, however, faceted pebbles elsewhere in the immediately overlying Herod gravel member
of the Manhasset point to a subaerial accumulation of the Herod; hence it is probable that the
subsidence was slight, possibly only a few feet, or a little more than enough to keep pace with
the accumulation. This slight depression probably resulted in a further contraction of the land
masses of the island, so that, except in the Mannetto, Wheatley, and Half Hollow hills and
certain other parts of western Long Island, marine currents had free sweep over the region.
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MANHASSET GLACIAL- STAGE.

HEROD GLACIAL SUBSTAGE.

The change from the fine sandy silts of the Jacob to the glacial gravels of the Herod member
of the Manhasset formation indicates a nearer approach of the ice that supplied the materials.
The sandy nature of the lower beds, the more gravelly character of the upper layers, and the -
final transition into the Montauk till member would seem to mark various stages of the advance
of the ice, the front possibly just reaching the Sound at the time of the earlier deposition,
advancing close to the north shore of Long Island in the later Herod accumulation, and
eventually invading the island in the succeeding Montauk substage.

The Herod accumulation was marked by the development of strong currents, far more
swift and powerful than those of the Gardiners and Jacob stages of deposition. In fact, no
clay or fine silts could have been deposited if currents of like strength had existed during those
stages. These currents may be regarded either as glacial streams, emerging from the near-by
ice front and deploying over a subaerial outwash plain, or as tidal or other currents of the sea,
according to the elevation of the region with reference to sea level.

The Jacob accumulation certainly took place below sea level, and in the absence of any
evidences of stream erosion at its upper contact there is almost equal certainty that it was
not lifted .above sea level before the beginning of the conformable Herod deposition. The
lower beds of the Herod must therefore have been deposited at or below sea level. Higher up
in the Herod member, however, wind-faceted pebbles point to subaerial accumulation, making
it seem probable that sub31dcnce cither was not going on at this time or did not keep pace with
the upbuilding.. This part of the Herod seems most likely to have been formed as an outwash
plain similar to those of the Wisconsin stage, though on a larger scale. The accumulation
appears to have been very slow, the surface being exposed for long periods before being covered
by the succeeding layer. That the surface was probably nearly or quite devoid of vegetation
and that it was subject to strong winds, transporting sharp sand as in a sand blast, and in fact
possessed many of the characteristics of a desert, is shown by the faceted pebbles. That these
conditions were widespread rather than local, furthcrmore is shown by the presence of similar
pebbles at the same horizon on Nantucket and Cape Cod.

It seems probable that different conditions prevailed toward the close of the Herod accu-
mulation, the deposition of the overlying Montauk till member apparently taking place below
sea level. It would seem, therefore, that the subsidence, which started at least as early as the
beginning of the Gardiners deposition but which barely kept pace with the accumulation in
the Gardiners and Jacob stages, went on more rapidly during the later part of the Herod sub-
stage; so that, notwithstanding the upbuilding of the earlier deposits to some height above sea
level and the continued rapid deposition, the whole of the Herod was carried below sea level
before the advance of the ice marking the close of its deposition. .

The Herod member differs in thickness from point to point, as all deposits must whose
materials are supplied by glacial streams, but on the whole the member displays remarkable
persistency and uniformity for a glacial deposit. It seems to have had the form of a single
broad southward-sloping cuesta-like outwash plain, partly subaerial and partly submarine,
rather than that of a series of small outwash fans.

MONTAUK GLACIAL SUBSTAGE.

FIRST ADVANCE OF THE ICE.

Position of ice margin.—The ice, which was still remote at the beginning of the deposition
of the Jacob sand, had approached nearer during the deposition of the Herod gravel member
of the Manhasset, and it actually invaded the Long Island area at the beginning of the Montauk
substage, as indicated by the change of the deposits from gravel to till. The ice is thought to
have rcachcd south in western Long Island in a lobe extending down the old Jameco valley
between Jamaica and Brooklyn, dcprcssmg the Gardiners clay beneath its weight in that
“vicinity and giving rise to a doming at its edge, as recorded in the wells of the Rockaway Ridge.
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Eastward from this region the ice front, for the most part, probably rested against the side
of the Mannetto and Half Hollow hills, although bowlders in the Half Hollow Hills and a structure-
less mass resembling till resting upon the Cretaceous in the Bethpage pits suggest a temporary
advance extending much farther south. Beyond the hills mentioned the margin bent.to the
southeast and passed off beyond the present coast line at a point somewhere west of the till
exposures in the Easthampton beaches. Its invasion is marked in western Long Island by the
bowlder bed of Hempstead Harbor and by the bowlders and till in the wells of the exterior of
the island, and in central Long Island by a thick bed of till. On the North Fluke its work was
mainly erosion, but it also laid down a certain amount of till, and on the South Fluke it accom-
plished both severe erosion and heavy deposition.

Erosion by the Montauk ice sheet.—The erosion unconformity at the base of the Montauk
till member of the Manhasset formation has been described elsewhere (p. 134). It extends from
Long Island through Block Island, Marthas Vineyard, and Cape Cod to the Maine coast or
beyond and is nearly everywhere characterlzed by evidences of drag, by ice-shoved bowlders
and till deposits, or by superficial thrust faults, folds, and contortions. In fact, the evidences
are so clear-cut and decisive as to establish without question the eroding agency as the Montauk
ice sheet.

The ice on its advent was strong and vigorous, as is characteristic of an underloaded
glacier, and although it produced some folding, mainly of the open type, its work was largely
erosion and consisted in scouring broad, shallow trenches and basins and in beveling the
upturned beds of the arches and folds. Later its vigor appears to have decreased, probably
through overloading by material picked up in its earlier stage, and. deposition of the great beds
of till which are characteristic of the Montauk member followed.

Accumulation of the earlier deposits of the Montauk till member.—The evidence bearing upon
the conditions existing during the accumulation of the Montauk till member presents many
puzzling features. The most characteristic phase of the Montauk is the till, and of this the
most distinctive feature is its peculiar banding or lamination. This lamination, which is
described in detail in another place (p. 133), is unquestionably the result of accumulation in
the presence of water and may be conceived as due to deposition in local basins on a land
surface, to purely aqueous deposition in the sea, to extremely rapid deposition in front of the
ice margin by unconfined glacial waters above sea level, or to accumulation beneath the ice
sheet overriding the water-saturated Herod gravel member and other deposits below sea level.

That the deposition did not take place in local land basins appears to be indicated by the
extent of the Montauk member as well as by the absence of the necessary barriers; that it
was not the result of unconfined glacial waters deploying upon the land is shown by the per-
sistent character and horizontal position of the bedding, the member exhibiting neither the
high angles of aqueous morainal accumulations nor the definite stratification that it would
have if it were an outwash deposit; and that it does not represent marginal deposition below
sea level is made apparent, likewise, by the absence of any well-marked ‘assortment, such as
would inevitably result from purely aqueous deposition of this nature. The member is filled
with erratics irregularly distributed through its mass in far greater number than can be readily
conceived as arising in any way other than by direct deposition as ground moraine beneath
an ice sheet. The banding, however, is far more conspicuous than in any ordinary subaerial
accumulation of till. Accumulation beneath the ice sheet in the presence of abundant water
appears, therefore, to be the most probable origin'of these deposits. It seems likely that the
lamination results from dragging a loose body of drift, obtained by erosion or from the ice by
basal melting, and its readjustment in the presence of water. The extent of the Montauk
member seems to indicate that the water was a general rather than a local feature and suggests
that the deposits were most probably laid down below sea level.

That the deposition of the gravel phase of the Montauk took place below sea level would
of necessity follow if the interpretation of the origin of the till is correct, as the two have the
same stratigraphic position, one grading laterally into the other. The angle of bedding, high
in many places, the rapid change in direction of the dip, and the presence of delta and other



PLEISTOCENE EPOCH. . ' 201

flow and plunge structures and of contemporaneous unconformities of erosion and deposition
are all in harmony with the assumed conditions of rapid submarine accumulation at the margin
of the ice sheet. The bowldérs, too, seem to point to an aqueous origin, for although ice-rafted
bowlders are not uncommonly borne down the shallow streams of outwash plains and left in
‘the gravels, such definite and continuous beds as characterize the Montauk horizon on Long
Island are seldom formed in that way.

The absence of fossils, except those of secondary origin, in the reworked deposits of the
Gardiners clay points to shallow water. In Inglefield Gulf, Greenland, overlooked on three
sides by ice caps, abundant marine life was found by T. C. Chamberlin, who states® that 80
crinoids and numerous more common forms were obtained from a single haul of the dredge.
If deep water had prevailed along the Montauk margin, similar evidence of life would be
expected; but if the water was very shallow, the quantity of silt known to have been constantly
discharged into it by glacial streams and the rapid upbuilding of the deposits by the coarser
material would tend to prevent the occupation of the water by marine forms along the imme-
diate border of the ice. The severity of the erosion by the Montauk ice indicates that the
depth of the water was too slight to affect materially (through its powers of flotation) the
scouring action of the glacier. On the whole it seems probable that the Montauk accumulation
took place in very shallow water, possibly only a few feet in depth, with perhaps numerous
islands, due to folding, rising above its surface. The actual depression of the land with refer-
ence to the present sea level appears to have been from 75 to 100 feet.

FOLDING DURING MONTAUK SUBSTAGE.

Extent—The most marked feature of the Montauk till member, aside from the deposits
themselves, is the great folding that the underlying beds.exhibit. This folding is of widespread
distribution, being found from Brooklyn on the west to Orient and Montauk points on the
east, as well as on the adjoining islands. East of Long Island it is developed on a large scale
on Fishers, Block, Marthas Vineyard, and Nantucket islands and on Cape Cod and the Maine
coast. The magnitude of the disturbance is in places very great, at least for a surface feature,

 not a few of the folds reaching a height of 100 feet and some measuring 150 feet or more. The

folds always present their steepest faces to the south or are overturned in that direction.
Many of them pass into faults, almost always of the thrust type, the upthrow being on the
north.

The disturbances affecting the beds are of at least five orders of magnitude—(1) tilting
affecting the island as a whole; (2) low arches several miles in diameter and extending through-
out the greater part of the length of the island, such as the North and South fluke ridges and
their extensions; (3) low flat arches several hundred yards in diameter, representing irregulari-
ties in the broader arches of the second class; (4) steep, closed folds of considerable length but
of slight breadth, many of them overturned and faulted; and (5) the minor. crumplings of the
individual layers of the sharp folds of class 4. These classes are not, of course, sharply differ-
entiated from one another, all gradations between them being noted. Although the flexures
differ in details of formatlon all except those of the first class appear to have been the result
of the same general agency, the nature of which is considered in the following paragraphs.

Anticlinal nature of the fluke ridges.—The anticlinal nature of the fluke ridges is brought
out by the height of the Gardiners clay lying upon and near them. This formation on each
fluke is commonly at or slightly above or below sea level, whereas between the flukes and, so
far as can be determined from well records, both north and south of the flukes proper or of the
Manhasset belts (p. 119) which mark their continuation to the west its height is about 50 feet
lower. These ridges are therefore to be regarded as broad flexures having an altitude of about
50 feet and a length of not less than 50 miles on Long Island, to say nothing of their eastward
continuations—the northern one through Fishers Island, Watch Hill, Point Judith, Elizabeth
Islands, and Cape Cod, and the southern through Block Island, Marthas Vmeya.rd and Nan—
tucket.

1 Personal communication.
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. These broad flexures are not sunple arches but compound folds or anticlinaria, bemg
characterized by both minor local warpings and sharp, overturned folds and faults. The main
warping affected all the Pleistocene formations and extended down into the underlymg Creta-
ceous beds, as shown by the occurrence of the latter in many places along the axis of the arch
farther east, as on Block Island and Marthas Vineyard. The minor warpings probably affected
all but the 1owest of the Pleistocene accumulations, but the.sharper and smaller folds and the
faults are still more superficial, the disturbance becoming rapidly less downward and in many
places disappearing entirely, even in the cliff sections. It is doubtful if the beds lying 50 feet
below the surface are much if any disturbed by even the more pronounced folds.

Possible causes of the flexures—Reaching down into the Cretaceous, the disturbance could
have been produced only by an agency of great power. Crustal warping at once suggests itself
as this agency, but there are many reasons against accepting it as the real cause. If the two
flukes and their prolongations were part of a single uplift, the arching would be of a magnitude
that would make the theory of crustal warping seem somewhat reasonable, but as a matter of
~ fact the arches, though long, are relatively narrow, their extent transverse to the axis being
apparently far less than is to be looked for in true crustal warping. Their occurrence in two
groups, separated by a broad undisturbed area, points to a repetition of local causes rather than a
general cause such as crustal warping. It is beheved therefore, that such warping, if it played
any part in the formation of the anticlinal ridges, was merely a subordinate agency. On the
other hand, it seems equally certain that the ridges have resulted from causes differing also from
those that produced the minor folds. They are too broad, low, and flat (some being several
miles wide and only 50 to 100 feet high) to have resulted from
tangential thrust, and furthermore the deposits consist of incohe-
rent sands, clays, and other material entirely incapable of trans-
mitting thrust.

~ That the anticlinoria are due to a warping of the surface in
their vicinity seems clear, but that they were mainly the result of
‘a general crustal warping is very doubtful. It is more likely that
they are due chiefly to a warping of the unconsolidated deposits
»  through agencies other than crustal movements.

’

" Figure 195.—Disgram illustrating come Sediments vary greatly in bulk according to the arrangement
pression of beds through rearrangement ““packing” of the component grains or fragments. Being de-
of grains.

posu;ed without application of external pressure and exerting
only about two-thirds of the pressure of their normal weight (owing to the buoyancy of the
water) the particles of the sediments are at first very loosely arranged As the depos1ts thicken
they may undergo some, readJustments leading to a decrease in bulk, but they remain far below
their maximum density.

If the fragments were spherical they might be arranged (1) so that the lines connecting the
centers of adjacent spheres would form rectangles, as shown by a—ea—a—a in figure 198; (2) so
that the connecting lines would form rhombs with an acute angle of 60°, as a-a-b-b; or (3)
so that the lines would form rhombs intermediate between the rectangle and the 60° rhomb.
The first arrangement gives the maximum and the second the minimum vertical thickness. If
the grains of a sedimentary bed were originally deposited in the first manner and were subse-
quently forced by pressure to rearrange themselves into the second form, there Would be a
shortening of the vertical space taken up by the grains, represented by

2(r—1r cos 30°)=2 r(1 —cos 30°)=0.268 r.

The last factor is the equivalent of 13.4 per cent of the thickness of a given deposit
(d-d’, fig. 198). If it is assumed that the original thickness of the Pleistocene deposits before '
the folding was 300 feet and that in the original deposition the fragménts took an arrangement
equivalent to the one first described, then if by the pressure of the ice their arrangement was
later changed to the second form, there would have been a compacting of the deposits that
reduced their thickness about 40 feet.
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Of course, it is doubtless true that the grains never possessed as a whole the arrangement
suggested, but observations on soils show that the grains may be far from uniformly in contact
with one another, many vacant spaces occurring among them. The application of pressure
would be even more likely to close such spaces than it would to rearrange the grains.

Actual tests on natural silts and sands, the properties of which may be taken as indicating
the arrangement of the grains, show that although the average theoretical pore space is only
about 30 per cent and the highest theoretical pore space only 47.64 per cent of the volume, the
actual porosity,* as indicated by the water absorbed (which may amount to 50 per cent of the
weight of the material ?), is sometimes.as high as 75 per cent! Pressure applied to such material
could not fail to produce a very considerable compacting, probably fully equal to the theoretical
amount due to the rearrangement of the grains. Experiments made on gravel under the
writer!s direction in 1912 showed that a pressure of 10 pounds to the square inch, cmrespond—
ing roughly to the weight of 10 feet of material, resulted in a reduction of 5 per cent in the
volume of the gravel tested Higher pressures, up to ,and including 100 pounds, gave 1 per
cent additional compactmg

In the rearrangement of grains just described the decrease in vertical thickness is not the
only result. Figure 198 shows that this decrease in thickness is accompanied by an increase
in lateral extent. This increase (¢—¢’), which is equal to the radius of the grain, is not cumula-
tive, however, being the same in a horizontal distance of a mile-as in a fraction of an inch,
hence it can play no part in the warping.

It is well known, however, that clays flow readily under relatively slight pressure, as has
been brought out many times by the movement of clays beneath even relatively low dams and
railroad embankments. The long ridges of mud forced up on each side of the railroad fills
recently built across a wide stretch of Great Salt Lake and the flow of the clays underlying the
Gatun Dam at Panama are cases in point. The likelihood of such flow is now universally
recognized by engineers, and in all important constructions great precautions are taken to avoid
building upon clayey materials. If the flow is so pronounced in 15 to 20 foot embankments, it
must have been much greater under the pressure of hundreds of feet of ice. The deposits over
which the ice sheet passed were unquestionably saturated with water and the clays and fine
sands, which when wet flow like quicksands, must have been very plastic. It is not improbable,
" therefore, that flowage toward the anticlinorial axes actually took place on a considerable
scale, as it is known to have occurred in small degree in the case of some of the minor folds.
The lateral flow of the clay may be conceived to have taken place either with or without an
accompaniment of folding. Flows accompanying folding may be seen at many points on
Long Island and the New England islands, being manifested by the squeezing of materials
from the compressed parts of anticlines into the parts that were under less pressure.

Notwithstanding the competency of an ice sheet to materially compact the deposits which
it overrides, the anticlinorial ridges of the north and south flukes can not be referred to such
an agency acting upon a uniform series of deposits. Ice overriding such an accumulation
might indeed compress the materials and reduce their thickness, but the result would be broad,
even depressions stretching from the outer limit attained by the margin of the ice back to the
hard rocks of the mainland, leaving the extramarginal deposits in their original horizontal posi-
tion (fig. 199, p. 204). Such compression would, therefore, account only for the northward slope
of the arches, as the oompa,ctmg would take pla.ce only on that side of the belt, failing entirely
to explain the equally conspicuous southward slope. In other words, the materials north of
the flukes have not simply been depressed, but the deposits beneath the flukes appear to have
been actually raised, as they stand materially higher than in the extraglacial region on the
south.

It may be conceived, however, that the compactmg was differential rather than uniform,
the variation in amount being due either to differences in the character of the Pleistocene
materials or to differances in the altitude of the underlying Cretaceous and consequently in the

1 Slichter, C. S., Theoretical investigation of the motion of ground waters: Nineteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1899, p. 309,
% King, F. H., Principles and conditions of the movements of ground water: Idem, p. 70.

v
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thickness of the Pleistocene deposits. There does not appear to be sufficient variation in the
character of the Pleistocene deposits in the region to account for the abnormal difference between
their altitude in the moraine and their level elsewhere; hence this aid to differential compacting
need not be considered. An ice sheet moving over a region, such as that shown in figure 200,
where porous glacial materials rest upon an irregular surface of more dense and resistant
Cretaceous rocks, may be readily imagined to produce a considerable warping through com-
pacting. It must be acknowledged, however, that though this may be a possible cause, the
information at present available, either in the surface exposures or in well records, is insufficient
to afford any absolute confirmation. .

On the whole, squeezing and flowage of the clays appear to be an entirely competent cause
of the arching, the materials being assumed to have been pressed outward, or to the south,
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FIGURE 199.—Diagram showing supposed compression of bzds under ice load in the Long Island region. @, Mon-
tauk ice sheet; b, Herod gravel member of Manhasset formation; ¢, Gardiners clay; d, Jameco gravel; e, Mannetto
gravel; f, Cretaceous.

under the weight of the ice sheet, which, to judge from the presence of ice-deposited material
at the top of the Mannetto Hills, could not have been less than 410 feet thick at its margin and
may have been much more. Beyond the margin of the ice the pressure would be largely
removed and the clay would tend to thicken and rise, lifting the overlying beds. Under this
assumption the larger and more pronounced ridge would be formed at the outer limit reached
by the ice, and a smaller ridge would be associated with a retreatal halt, for the clay would be
less mobile and possibly thinner at the time of the halt, having already been subjected to the

probably more severe pressure of the early advance. Although of the several causes suggested
‘ ' flowage of the underly-
ing clays seems best to
explain the features ob-
served, the writer is loth
to advocate the theory
of a transfer of mate-

FIGURE 200.—Diagram showing supposed influence of Cretaceous masses in controlling the compression of rial on the necess ary
the Pleistocene deposits under iceload. e, Herod gravel member of Manhasset formation; b, Gardiners al A t th
clay; ¢, Mannetto and Jameco gravels; d, Cretaceous. - scale. € same

: . . - time warping and com-
pacting seem, with the evidence now at hand, even more improbable explanations. Perhaps
the least objectionable view is that which ascribes the origin of the arches to a number of
agencies supplementing one another, of which crustal warping, compacting of deposits by
pressure, and flow of plastic materials under pressure are the most important. Whatever
the cause may be that raised the arches, it appears to have been assisted by the drag and folding
due to the overriding ice. That the elevation of the anticlinoria has been considerably increased
by such folding can not be questioned. In asection on Gardiners Island (fig. 80, p. 100) meas-
uring about 1,350 feet, beds of a length of 2,500 feet have been compressed, giving rise to an
increased elevation which, before the subsequent erosion of the folds, must have amounted to
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at least 100 feet. On Fishers Island (fig. 85, p. 102) the original elevatlon due to folding appears
likewise to have been nearly double this amount and on Marthas Vineyard the thickening is
still greater.

‘ Mmor warpings.—Under the head of minor Wa,rpings are included the undulations (many
of them isoclinal), usually reaching only a few feet in height and a few hundred yards in length,
which are seen in many bluff sections and which give rise to a large part of the variations in
the level of the beds. In.some places warping of this particular type is more apparent than
real, being due to the truncation of the sharper folds of the class described below along lines
more or less parallel with their axes. There are, nevertheless, many warpings that are not
associated with such folds, and it is-the origin of these that is considered here.

Differential settling, which, as has been seen, is likely to take place in any thick formation,
especially where there are, as in the Pleistocene deposits of the Long Island region, more or less
minor variations in composition and texture, doubtless took place to a certain extent under the
weight of the deposit itself, although the warpings so produced would be likely to be very slight.
The principal readjustment, however, was probably due to the overriding ice sheet of the

. Montauk substage, which because of its great weight exerted a profound influence upon the
overridden beds. Its action was especially pronounced in the later part of the invasion, when
through differential erosion‘and deposition the surface had become more or less irregular and
the weight of the ice was unequally applied at different points. Direct shove upon the irregu-

larities of the surface under such conditions may have been an important factor in the produc-
tion of the warpings. Ice pressure against the stiffer and more clayey beds at their outcrops
may also have been transmitted beneath the overlying gravels, giving rise to warpings at some
points of weakness.

Open and closed folds —Although differirg in magnitude, the open and closed folds are of
the same general origin and may best be considered together. They include everything from
an undulation barely well enough defined to be recognizable as a fold to the closely compressed
and overturned and recumbent folds. In altitude they vary from perhaps 5 feet to 150 feet
or more and in breadth from a few feet to an eighth of a mile or more. Their axes are generally
parallel with the trend of the anticlinoria of the North and South flukes, of which they are a
superficial feature, having a roughly east-west direction. Very few of the folds are symmetrical,
almost all showing more gentle slopes on the north than on the south. Overturning, where
present, is always toward the south. :

Orogenic movements were postulated by many of the early workers as the cause of folding
on Long Island, but the evidences against such movements are very definite. Arthur Hollick
some years ago pointed out the superﬁcml character of the folding and the undisturbed condi-
. tion of the underlying beds. Very conclusive evidence was brought out by well records collected-
by A. C. Veatch during the present investigation, the logs showing the Cretaceous strata to dip
uniformly at the rate of a few feet to the mile regardless of the disturbance of the superficial
beds. Furthermore, the present field work brought to light many sections along the coast in
which the folding could be seen dying out downward. (See figs. 98, p. 110, and 133, p. 130.)

The slipping in mass of a bed or series of beds down a dip or structural slope may cause
the compression of the lower part of the mass into folds which are called slip folds. The move-
ment takes place along bedding planes, which may have been more or less tilted. The most
favorable localities for slip folding are in basins toward the center of which the beds dip steeply,
but it may occur also on any monoclinal slope. '

The origin of the Long Island folds and those of the New England islands farther east has
sometimes been attributed to slip folding, the slipping movement being assumed to have pro-
~ ceeded from north to south because the beds were overturned in that direction. One of the
chief difficulties in the way of accepting such an origin is the absence of any slope adequate to
cause the slipping of the beds. The present normal attitude of the Pleistocene beds is almost
horizontal, and the dip of the Cretaceous appears to be only a few feet to the mile, or a small

fraction of 1°, and it is not probable that the original dips were any steeper.

’
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Slip folding would seem to be more likely to characterize the clayey beds than the more
sandy deposits. No such difference was observed, however, the clays being no more disturbed
than the sands. In fact, the folding is in many places greater in the sandy material at the
surface and much less in the underlying clays.

Slip folding would necessarily be accompanied by the production of a slip or fault plane,
which in the present instance would have to be several miles broad and more than 100 miles
long. That no such slip plane is present on the greater part of Long Island is unmistakably
shown by the bluff sections, which, though reaching in places below the level of folding, nowhere
afford indications of any but local breaks due to slipping. On the contrary the upper folded beds
with a few minor exceptions grade downward into the lower undisturbed beds without breaks
of any sort, showing beyond question that the beds are in place and that the folding is only a
supcrﬁcial disturbance. Where the folding is more profound and extends below sea level it
is more difficult to prove the absence of the shp plane, although there is no evidence of its
existence.

Among the phenomena associated with the folding and affording a clue to its origin may be
mentioned (1) its maximum development along the borders of depressions, such as Long Island
Sound and the bays between the flukes farther east, or along northward-facing escarpments;
(2) its minimum development over flat surfaces such as the upper part of the Herod gravel
member of the Manhasset formation; (3) its usual development at the Montauk horizon and at
that horizon only; (4) the superficial character of the disturbance; (5) the rapid disappearance
of the folding below the Montauk; (6) the absence of disturbance above the Montauk (except
locally at the base of the Wisconsin till); (7) the constant association with the Montauk till
member; (8) the evidences of drag in the incorporation of the underlying gravels into the till;
(9) local evidences of the plowing of the underlying surfaces by bowlders; (10) the almost univer-
sal evidences of ice erosion at the Montauk horizon; (11) the massing of till against undisturbed
beds; (12) the association of the folding with thrust faulting on planes at high angles; and (13)
the overturning of the folds always toward the south.

It is to be emphasized that the folding is everywhere associated with the Montauk ice
invagion; that it is practically absent at other horizons; that it was most marked where
elevations rose above the surrounding level so as to present bold faces to the advancing ice
sheet; that it was associated with notable ice drag and erosion; and that the faulting and folding
were always in the direction of the ice movement.

Notwithstanding the general absence of folded beds beneath the glacial depos1ts of the
country as a whole, the absence of any extended folding on Long Island by the Wisconsin ice,
which reaches a thickness of more than 400 feet, and the general ease with which ice is known
to -override morainal and other unconsolidated deposits without material disturbance, there
seems to be no question that it is to the ice sheet invading the region in Montauk time that the
conspicuous folding is due. The theory accounts for all the associated phenomena, makes
use of an agency that is known to have been at hand, and leaves nothing but its unusual vigor
unexplained.

The cause of the unusual vigor of the ice in the Long Island region, as indicated by the
extraordinary disturbance of the beds over which it passed, presents an interesting problem,
the key to which is probably to-be found partly in the thickness of the ice sheet, partly in topo-
graphic conditions, partly in the subaqueous nature of the deposition, and partly in the climatic
conditions. The scarcity of folding in the glacial deposits of the American continent as a whole
and its insignificant development as compared to that in the Long Island region are probably
due largely to the general absence of scarps or other topographic forms adapted to receive the
brunt of the attack of the advancing ice. In the Long Island region, on the contrary, the Mon-
tauk ice found opposed to its advance the thick series of gravels (Herod gravel member) pre-
viously deposited at its front. Against these it impinged with great force, bending, folding,
shoving,” and faulting them on a grand scale, the disturbance involving also the underlying
clays, especially in the later stages of the advance, when considerable portions of the gravels
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had been eroded. Similar conditions likewise prevalled in the region between the flukes and
along the South Fluke.

It is true that, notw113hstandmg the even more marked scarps opposed to the Wisconsin
glacier, the folding it accomplished was much less than that due to the Montauk ice. Prob-
ably the greater effectiveness of the Montauk ice was due largely to the greater thickness of
the glacier and to the greater vigor of its movement.

That the Montauk ice was thicker than the Wisconsin in the Long Island region seems to
be indicated by the fact that it reached a more southerly limit, and that it was more vigorous
is shown by the relatively great erosion that it accomplished as well as by the greater thickness
of drift that it laid down, not only on Long Island but over a large section of the country.
The fact that the beds over which. the Montauk ice passed lay beneath the sea and were satu-
rated with water, and hence possibly presented more favorable conditions for folding than the
incoherent surface gravels over which the Wisconsin ice sheet moved may have had'something
to do with the more extensive folding by the older ice sheet. Again, the clay beds, which are
most susceptible to folding, were more thinly covered in Montauk time than in Wisconsin
time, ‘and being thus much more accessible to the ice they consequently suffered greater dis-
turbance. Still another factor favorable to greater erosion during the Montauk was the sub-
mergence, which was enough to prevent the accumulation of snow, though not enough to affect
the erosion materially. The surface was therefore free from the mantle of snow or stagnant
ice, which was present outside of the glacier in a part at least of Wisconsin time, and over which
the glacier proper passed with little effect, as indicated by the Smithtown ‘‘driftless’ area.

FIRST RECESSION OF MONTAUK ICE.

The fact that extensive deposition followed the active erosion of the first advance shows
a decrease in the vigor of the invasion, doubtless due in part to the overloading of the ice by
débris. There seems, however, to have been a decrease in ice movement, marked first by the
several minor advances and retreats recorded in the alternating beds of till and gravel in the
Montauk region, and finally by a more marked retreat during which the ice front was moved
back at, least as far as the north side of the Middle Island belt of the Manhasset formation
(fig. 107, p. 120). It then rested about on a line reaching from the vicinity of Manorville along
Peconic River, through Riverhead, north of New Suffolk through Cutchogue, northwest of
Great Hog Neck, and alc)ng the north side of Shelter Island. The North Fluke proper was
probably stﬂl covered by ice, as there is no record in the shape of depomts to indicate that the
ice retreated beyond its southern border. In western Long Island the ice front lay somewhere
north of the southern coast.

During the retreat of the ice there was more or less deposition by glacml streams, marked
by the gravels found here and there between the erosion unconformities of the earlier and later
Montauk ice invasions, but on the whole the deposition was on a very small scale until the ice
came to a halt along the line just traced. On this line the margin probably remained sta-
tionary or nearly so for a period during which considerable accumulations of gravel were laid
down. The greater part of the gravel deposits of Robins Island, Nassau Point, Great Hog
Neck, and Shelter Island were apparently accumulated at this time, probably as sand and
gravel deltas at the mouths of glacial streams. From the outline and topography of the various
masses, due weight being allowed to subsequent wave erosion, it appears that the deposition took
place not in an open body of water, but rather in irregular spaces among a number of detached
residuary ice masses occupying the greater part of the interfluke area. It is not improbable
that many small ice masses were buried beneath the gravel accumulations at this time and by
their subsequent melting gave rise to some of the warpings now observed in the beds as well
as to many of the numerous kettles.

As to the altitude of the land at this time very little is known. The heights of the deposits.
are not accordant and afford no indication of any common factor in the determination of their
levels. Cuesta-like surfaces such as characterize both the late Manhasset and the Wisconsin
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outwash deposits are entirely absent, and traces of beaches, if any were ever formed, were
removed by the later ice advances. The topography in a broad way resembles the kettle or
broken plains of morainal aspect, such as are not uncommonly associated with subaerial outwash
deposits laid down over and around ice blocks.

READVANCE OF THE MONTAUK ICE.

Evidence of the readvance is afforded by the strong scouring and folding of the beds laid
down during the recession, which thus lie between two strong unconformities of ice erosion.
The advance was least in western Long Island, where the ice appears to have reached little or
not at all beyond the north coast, and was greatest in the vicinity of the South Fluke, where it
extended beyond the south shore into the sea. It is to this readvance that the strong folding
and faulting of the Middle Island Manhasset belt is referred. The advance was vigorous and .
the ice was even more active in erosion than during the earlier invasion, both scouring and
folding occurring on a larger scale than at any previous time.

HEMPSTEAD GLACIAL SUBSTAGE.
FINAL RETREAT OF THE MONTAUK ICE.

The activity of the ice sheet on the second invasion seems to have terminated rather
suddenly, the period of vigorous erosion giving place to one of extended aqueous deposition
without the usual intervening period of till deposition, except in the Middle Island belt. To
this period between the cessation of erosion and the beginning of the ice retreat is referred

the formation of the older outwash deposits (Hempstead),

[ > <> which here and there project through the Wisconsin outwash
—"~~——">——""""___ | on the south side of the island.

Ve Mile ~ . After the retreat of the ice from the region of the South
FIGURE 201.—Profile of imperfect 40-foot terrace T 1UK€ DO deposits of consequence were laid down until the
east of Fort Pond, Montauk, asseen lookingfrom  ice reached a line close to the north shore of the island.
Second House, with higher Manhassetand mo- Here the ice seems to have made a somewhat extended
. halt, and broad sloping outwash plains were laid down
along its front. Traces of these old plains in the form of kettle valleys and other old
drainage lines (many of them likewise partly filled with later drift) are found at many points,
as elsewhere described (p. 174), from Miller Place, near Port Jefferson, to Orient Point.
Although these old gravel plains are everywhere obscured and many are completely buried
by the later Wisconsin outwash, they appear to possess, in their upper parts at least, the typical
fan shape and structure of subaerial deposits. Whether or not the lower parts were below
sea level can not, owing to the general absence of beach lines or other marine phenomena, be
determined with certainty, such features, if ever formed, now being hidden by the mantle of
Wisconsin outwash. The terraces (fig. 201) at the 40-foot level on Montauk, which appear to
have been formed soon after the completion of the Hempstead deposmlon would appear,
however, to point to a submergence at this time.

VINEYARD INTERGLACIAL STAGE.-
EROSION.

The deposmlon of the Manhasset formation (including the Herod gravel member, Montauk
till member, and Hempstead gravel member) was followed by an interval of strong subaerial
erosion, known as the Vineyard stage, during which the deposits were trenched from an elevation
of 200 feet or more above to at least 150 feet below the present sea level, and extensive drainage
systems with many branches and dendritic headwaters, such as the Nissequogue system near
Smithtown, were developed. The erosion of this stage was at least 50 and probably 100 times
greater than that which has been effected in post-Wisconsin time. In fact the two are com-
parable in magnitude to a river valley and a small gully—the post-Wisconsin work consisting
of hardly more than the formation of a few amphitheaters, a slight notching of the cliffs extend-
ing back only a fraction of a mile, or an insignificant trenching of the old valleys. It is probable
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that the Vineyard stage of erosion' was of much longer duration than the post—Wisconsin
although from the fact that the land is known to have stood considerably higher in the earlier
period it is difficult to make accurate comparisons. The climatic conditions were probably
not materially different, and even if they were more favorable to erosion in the earlier than
in the later stage, the diﬂ’erence could not, with any reasonable assumption as to rainfall and
absence of vegetation, have been very great. 'In fact, with porous materials such as the sands
and gravels of Long Island, the amount of precipitation has relatively little effect on erosion,
except close to the sea, unless it comes in the heavy downfalls of so-called cloud-bursts.

In the later part of this period of erosion the land stood at least 150 feet higher than at
present, as indicated by the depth of the submarine channels off Montauk, and the depth of the
Hudson submarine channel suggests that it probably stood considerably higher than that.’ On
Montauk there are evidences of a 40-foot terrace, which if due to erosion would indicate a sub-
mergence as well as an uplift during the Vineyard interval. In a view looking eastward from the
hills on the west shore of Fort Pond Bay the terrace stands out distinctly, having the appearance
shown in figure 201. It has a coating of Wisconsin drift, which would indicate that it was
formed in the preceding or earlier stage of the Pleistocene.

On the New Jersey coast and farther south there is a persistent marine or terrestrial terrace
known as the Cape May, formed practically at sea level, and now standing at an altitude of
40 feet or less, which has generally been regarded as of post-Wisconsin origin. This terrace -
is not developed on the Wisconsin outwash deposits in western Long Island, although on
Raritan Bay, only 10 miles distant, where the supply of material was no greater and the exposure
was much less, it has a typical development. These facts strongly suggest that the terrace,
if formed on Long Island, antedates the Wisconsin outwash and lies buried beneath'it. It is
thought, therefore, that there was a rather widespread subsidence in the Long Island region,
during which the land stood about 40 feet lower than at present. ‘The date of this subsidence
was probably the early part of the Vineyard interval, before the uplift which brought on the

stream erosion.
DEPOSITION.

meg to the elevation of the Long Island region in the Vineyard interglacial stage, no
general mantle of deposits could be formed over its surface. The conditions were, however,
not unfavorable to the development of soils over the surface, of peat and marsh depos1ts along
the streams, and of fossiliferous beach deposits upon its borders Such accumulations were,
indeed, formed at many points and may still be recognized when penetrated by wells. The
maximum elevation, as shown by the submarine Hudson valley, appears to have been at least
700 feet (see p. 63), but erosion had not attained any such depth on Long Island, most of the
deposits of the Vineyard stage lying less than 100 feet below sea level. They would there-
fore appear to mark the closing stages of the interval, when the subsidence had progressed nearly
to the present point.

WISCONSIN GLACIAL STAGE.
FIRST ADVANCE OF THE ICE.

The only evidence as to the nature of the climate during the long period of Vineyard erosion
is that afforded by the shells obtained from wells. These seem to indicate that it was no colder
than during the Gardiners deposition, when, as has been seen (p. 198), the climate was not far
different from the present climaté of northern New.England. Toward the close of the stage,
however, the climate became colder, or at least more favorable for the collection and retention
of snow, and the reglon eventually became covered with ice.

Whether the ice invaded the region as an advancing glacier, like those pushing their way
down the valleys in the Alps, or whether the region was first covered with snow which later
thickened and changed to ice is not positively known. There are several indications pointing
to the latter alternative. For instance, it seems impossible to account for the complete preser-
vation of the drainage system west of Smithtown on the hypothesis of an advancing glacier
plowing its way over the loose gravels, but the absence of erosion is easily accounted for if it is
assumed that the valleys were previously filled with snow or snow ice, over which the ice moved

1629°—14——15
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.without coming into direct contact with the surface itself. Again, the absence of till outside
of the moraine in the Bridgehampton region is better accounted for on the theory that the masses
giving rise to the kettles of the outwash plain at this point represented extramorainal accumu-
lations of snow rather than residual ice blocks from a true glacial advance.

The climate along the borders of the glacier during the maximum known advance of theice,
when its front rested along the line of the Ronkonkoma moraine, was probably very severe, at
least in regard to the amount of precipitation as snow, being in all probability even more
rigorous than in the region of the semicontinental ice sheet of Greenland at the present time.
In the Greenland region the scattered valley glaciers are able to take care of the excess of accumu-
lation of the central ice cap, whereas in
the Wisconsin stage on the continent a
continuous front of thousands of miles
was necessary to accomplish the same
result.

Stratified glacial deposits are found
up to an elevation of 410 feet; hence the
"FIGURE 202.—Section at top of bluffs between Woodhull and Rocky Point landings, lcemust have risentoat lea'St t,hat helght
. .showing folding produced by the Wisconsin ice sheet. The figure illustrates the above the sealevel. Ina hvmg glacier
. l;:zi::;i :&zﬁ:;e] :«:’1:12 where in contact with the ice at the top and their disap- the ice in the immediate Vicinity of its

front is commonly at least twice as high
as the moraine. If this relatlon held in Long Island, the ice may have reached a height of 1,000
feet along themargin. Notwithstandingits cons1derable thickness, which could hardly be assumed
as less than 500 feet, the Wisconsin ice sheet was not vigorousfin its erosion, indicating either
an overloaded condition or a very slow movement. Inasmuch as there is no evidence of any
considerable amount of englacial material, it is probable .that the sluggishness of movement
accounts for.the insignificance of its erosion and explains the relative scarcity of Wisconsin till:

The deficiency of vigor compared to that of the Montauk ice is well brought out by the
smaller scale of the folding. In many places the Wisconsin ice overrode the Manhasset forma-
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FIGURE 203.—Sketch map showing relative positions of ice during the Ronkonkoma and Harbor Hill substages of the Wisconsin stage.

tion without producing the slightest recognizable disturbance; elsewhere the folding was limited
to a disturbance of the beds within a foot or two of the surface (fig. 202). Here and there, how-
"ever, the disturbance was somewhat more extensive, reaching some distance below the surface,
as shown in Plate XIX, A (p. 114). Nowhere were such profound folds observed as the larger of
those produced by the older invasion, although there are indications that in many places where
bluffs and other steep slopes opposed the ice movement the folding was considerable. ‘
There was, however, more or less material, both beneath and within the glacier, that was
either set free directly from the ice upon, its melting or indirectly:deposited by minor rivulets
issuing from the margin and building up the great Ronkonkoma moraine (fig. 203) and
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the more or less detached gravel fans, which became joined into the nearly continuous plain of
outwash from ice along.the Ronkonkoma moraine. The sandy or pebbly loam present locally
on the outwash presumably represents a ““finishing deposit” laid down in the closing stages of
deposition. Definite channels, representing the lines of outflow of the water just before . the
supply was cut off by the final retreat of the ice, lead from the moraine to the shore.

Estimates as to the duration of the ice invasion can not be made with accuracy in the
absence of any definite criteria upon which to base calculations. According to F. J. H. Merrill,
however, bowlders from as remote a source as the Adirondacks have been recognized in the
moraines, and a journey of 200 miles is not improbable for many of the erratics. The rate of
movement of a continental glacier is not known, but it must be many times slower than that of
glaciers of the Alpine type, for these are fed by collecting areas several times as large as the
distributing glaciers; whereas in continental ice sheets the opposite is true, the area of the
sheet subjected to melting being larger than the area of collection. Probably the movement
was not more than a few feet a year. Even at the rate of 100 feet a year, which is more than
many valley glaciers average, it would take over 10,000 years to bring a single bowlder from the
Adirondacks to Long Island. ~ It is not unlikely that the duration even of the Ronkonkoma
substage was several times as great.

FIRST RECESSION OF THE ICE.

- The upbuilding of the Ronkonkoma moraine and the related outwash plain continued as
long as the ice front remained stationary; or, in other words, as long as the melting of the ice
margin was just counterbalanced by the advance of the glacier. This period was succeeded by
one of the greater general warmth or lessened precipitation, which caused a retreat of the ice
front from its position along the moraine throughout the region east of Lake Success, south
of Manhasset Bay. The retreat began at the east end of the island and was taken up progres-
sively westward. West of Lake Success the morainal deposits of the succeeding substage lie
south of those of the Ronkonkoma substage, and it is doubtful if any retreat of the ice occurred
in this region. If there was any it was more than counterbalanced by the later advance. It is
likewise unknown whether in the region east of Lake Success the ice retreated any considerable
distance to the north and then readvanced to the line of the moraine, or whether it halted on.
reaching the line now marked by the Harbor Hill moraine. The presence of kettles in the
subsequent outwash from ice along the Harbor Hill moraine indicates, however, that the
upbuilding of the late moraine followed very quickly after the recession of the ice and before the
residual blocks had had time to melt. The retreat does not appear to have been umform and
continuous, but was rather marked by temporary halts, during which accumulations of ‘consid-
erable importance were laid down in the intermorainic area.

READVANCE OF THE GLACIER.

After the influence causing recession became exhausted the ice took on new activity,
advancing with a regular front to the line now marked by the Harbor Hill moraine (fig. 203),
and bringing on a new period of moraine and outwash accumulation. The conditions prevailing,
however, differed somewhat from those of the earlier stage. A larger proportion of till was
brought to the moraine, but the supply of sand and gravel, as indicated both by the smaller
extent of the outwash deposits and by the smaller quantity of material in the moraine, was
considerably less. In fact, the pronounced channels leading southward from the moraine of this
stage show that the glacml waters, instead of being overloaded with gravel and sand, often pos-
: sessod relatively little such matcrlal and their work at such times became erosion mther than
deposition. What deposition there was followed very quickly upon the retreat, for the numerous
kettles of the outwash plains indicate the existence of residual ice blocks at many points. :

As to the duration of the second stage of activity little definite evidence is at hand. The
large quantity of till and bowlders suggests a prolonged ice movement, but the small quantity of
outwash suggests the reverse. There is no basis for concluding that it differed greatly in length
from the first advance.
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FINAL RETREAT OF' THE ICE,

The final retreat of the ice seems to have been rather abrupt and to have taken place
without notable halt in the Long Island region, as is testified by the general absence of retreatal
deposits. It is probable that as the climatic conditions ameliorated, the activity of the ice
movement gradually lessened and finally ceased, and the margin of the ice sheet became broken
up into detached masses as the ice melted. The masses occupying the valleys doubtless per-
sisted longest, especially. where covered with retreatal outwash and other débris. Under such
conditions buried masses may have lingered for hundreds of years, possibly even after the
. region had become clothed with forests, as at the Malaspina Glacier in Alaska to-day. The
porosity of the deposits and the free circulation of the ground waters would tend, however,
to hasten the melting of such blocks.

 In the earlier stages of the recession numerous lakelets probably existed between the ice
front and the highlands of the north side of the island, but in general they seem to have been of
short duration. No beach lines and only very small deposits have been recognized, the Port
Washington delta and the outwash on Lloyd Neck being the only marked exceptions.

RECENT EPOCH.
WORK OF WIND AND WATER.

The final retreat of the Wisconsin ice sheet left the island standing a few feet higher than
at the present time and probably nearly or quite destitute of vegetation, so that wind, streams,
and waves were free to begin their work of reshaping the island. The work of the wind did not
continue long, for except in the region south of Port Jefferson and along the coasts there is
little evidence of dune formation, notwithstanding the favorable character of the materials,
and none whatever of pebble faceting such as is found in parts of the Manhasset formation.
It is probable that the small amount of wind work over the island as a whole is due to the fact,
that vegetation almost immediately covered the surface. Dunes have, however, continued to
form on the coast to the present day, constituting high belts all along the south shore and
capping the bluffs of the north shore at many points east of Port Jefferson.

Upon the retreat of the ice, waves and ocean currents began to sculpture the shore and to
form numerous spits, bars, and connecting beaches. The result has been a straightening of the
coast line by the formation of the great barrier beach on the south side and the truncation
of the projections of the north shore. In fact, where the highlands come to the shore there is
scarcely a point that is not marked by sea chffs, most of them free from vegetation and not a
few still undergoing active erosion.

Details of the work of the various agencies acting in post- Wlsconsm times are given in the
discussion of Recent deposits (p. 176). '

SUBSIDENCE OF. THE LAND.

' EVIDENCE.

Submerged tree stumps and beds of peat on Long Island have been described by many
writers. W. W. Mather,! in 1843, reported stumps and logs beneath the water near Peacock
Point, between Oyster Bay and Hempstead Harbor. In 1857 George H. Cook ? mentioned
buried timber in the towns of Hempstead, Babylon, and Islip. At Hempstead an island
. covered with trees within the memory of Cook’s informant was a salt marsh at the time he wrote,
the hlghest part of the former island being lower than the meadow then existing. Elias
Lewis, jr.,? in 1869 recorded a series of observations indicating that large areas which formerly
had been swamp and woodland were then below the water level. Remains of fresh-water

1 Geology of New York, pt. 1, 1843, p. 21.
2 On a subsidence of the land on the seacoast of New Jersey and Long Island: -Am. Jour. Sci., 2d ser., vol 24, 1857, pp. 341-355.
3 Evidences of coast depression along the shores of Long Island: Am. Naturalist, vol. 2, 1869, pp. 334-336.
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vegetation were abundant 4 to 91 feet below the surfaces of the marshes on the south side of the
island (then about at sea level). Lewis descrlbed roots in place 10 feet below sea level. Near
Fort Hamilton the tide overflowed marshes with trees still standing, and stumps were seen far
out. It is said that 100 years earlier stumps abounded in Great South Bay, especially east of
Islip. A line of fence posts put in a hundred years before were found in place beneath the
sand at extremely low tide. Submerged meadows were seen at several places on the north
shore, one a few miles east of Port Jefferson extending half a mile from the shore and to a depth
of 16 feet in a compact mass. In a later paper* Lewis presents a number of additional observa-
tions. At Islip many stumps, the remainder of a forest still growing on the shore, were standing
on meadows of William Nicol. The absence of kitchen middens is accounted for by the rela-
tively recent submergence of the former marshes of Great South Bay. A large number of sub-
merged pine stumps were seen in a bay a few miles east of Islip. Many stumps stood about
the head of Great Peconic Bay and off the marsh north of the lighthouse at Montauk Point.
Lewis also mentions many instances of lignite being brought up in wells, but these beds are now
known to be pre-Wisconsin and hence do not bear on the question of recent subsidence. More
recently Veatch has reported marsh muck to a depth of 23 feet at Fort Lafayette, peat at 25
feet at the Brooklyn Navy Yard, and tree trunks from the surface to a depth of 9 feet near
Patchogue.

In addltlon to the evidence mentioned in the foregoing paragraphs most of the earlier
writers cited the occurrence of oyster and other shells at considerable depths in wells. It is
now known, however, that most if not all of these were from the Gardiners clay, the Jacob sand,
or the Vmeyald formation, and not being of postglacial origin they afford no evidence of recent
‘subsidence. The same is true of the wood reported at considerable depths, this belng found in
the Vineyard formation, the Gardiners clay, and the Cretaceous beds, as well as in the Recent
deposits.

Phenomena of the nature cited have been generally accepted as ewdence of recent sub-
sidence, but recently there has been a tendency on the part of some geologists to question such
an interpretation. A number of occurrences noted in connection with the present field work
threw doubt on certain of the supposed evidences and emphasized the necessity of caution in
using submerged vegetable accumulations as criteria of subsidence.

Thus, in the vicinity of Luce Landing, north of Riverhead, the peat, with its included tree
stumps, appears to have been largely let down to its present position on the beach below high-
tide level by undermining. Near Prospect Point, north of Port Washington, the process of
undermining could be seen in actual operation, the layers of peat projecting through the sand
- being bent and cracked as they are let down (Pl. XXVI, 4, p. 182), although sufficiently con-
nected to form a more or less continuous sheet at a level below their original position. In
both-places the beds have been exposed by the encroachment of the sea on marsh and swamp
deposits behind barrier beaches.

In addition to the evidences cited there are important botanical indications of subsidence
in comparatively recent time. These are afforded by the ranges of the common salt-marsh
plants, which, according to C. A. Davis, are as follows:

Range of common salt-marsh plants.

Specics. © Range. Time covered by sea.
Juncus gerardi Loisal (black grass).... ...t Between level of ordinary tide and | Covered by spring tidesabout
upper limit of spring tides. twice a month.
¢« Spartma patens association’’ (salt-marsh grass): Spartine patens (Ail) | Extends9to 12inchesabove and below | Covered about 1 hour each
Muhl. and Distichlis spicata (L.) Greene. mean high tide. tide.
Spartina glabre Muhl. (salt thateh). . ... ... i Between mean hlgh tide and half tide, | Covered about half of time.
) or mean sea level. ’
Zostera marinag L. (1 grass).....ooiiniiiiiiiii i Below low-tide limit.................. Permanently covered.

! Ups and downs of the Long Island coast: Pop. Sci. Monthly, vol. 10, 1877, pp. 434-446.
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- .Mr. Davis; who made a special study of the peats of the island for the Geological Survey
in' 1911, making a large number of borings and taking samples at short intervals from the
surface to a depth of 10 feet, is also the authority for most of the following descriptions.

At the salt marsh west of the head of Mount Sinai Harbor, about 14 miles northeast of
Port Jefferson, borings showed the ¢ Spartina patens association,” which is characteristic of
the zone at high-tide level, to extend from the present surface to the underlying gravel at a
depth of 5 feet, apparently 1ndlcat1ng long-continued subsidence, with an upbuilding of peat
at a correspondmo rate.

- A 9-foot test hole in a salt marsh 14 miles east of Riverhead showed a semifluid fresh-water
peat for the entire depth below the thin surface mat of salt-water plants, indicating that the
marsh has been covered by the tides only at a very recént date..

At the Mill Creek marsh, 5 miles east of Riverhead, the boggy wooded swamps above
tide level give place downstream to a brush-covered area containing tree remains, followed by
an open fresh marsh with scattered stumps and shrubs, and this in turn by a marsh with the-
“Spartina patens association,” overlying nearly 9 feet of fresh-water peat with abundant stumps
and roots, principally about 5 feet below the surface The incursion of the sea, as at the locality
described above, is evidently very recent. "The salt marsh along the east tributary of the main
creek contains many stumps and logs at and below the surface and was clearly a forested
swamp, also only recently invaded by the sea.

At the end of Pine Point, east of the marsh last descrlbed pine roots show in the beach to
or below low-tide level. A chﬁ' about 2% feet high, cut in the peat by the waves on the west:
side of the point, showed a gradation from a blackened sand soil at the base to Sparting patens
turf at the top.

Another marsh a few miles east of Riverhead showed 8 feet of Spartina patens peat overlying
a foot or more of brackish-water peat. Near the boat landing east of Meeting House Creek,
23 miles east of Riverhead, 3% feet of Spartina patens peat was found above a blackened sandy
gravel soil bed.

Swan River Marsh, near East Patchogue ‘has the appearance of occupylng a drowned
valley. ‘Toward the sea a wooded swamp gives way first to shrubs, next to fresh marsh, then
to brackish marsh, and finally to salt- marsh of the “Spartina patens association.” Partly or
completely buried stumps abound below the salt turf, here about a foot thick. . An essentially
similar sequence was noted along Mud Creek in the same locality.

"The conditions along the north shore are less favorable for study, but examples of submerged
peats and of progressive subsidence doubtless occur at:a number of points. Near Lloyd Point,
on Lloyd Neck, Huntington, the following succession was noted by the present writer at a point
where the marsh laps up on the gently sloping surface of the upland: (1) Brush-covered upland;
(2) marginal upland zone where bushes that had been recently killed by salt water reaching
the roots through the porous sands still remained practically intact, even to the smaller twigs;
(3) border of marsh with nearly intact bushes projecting through several inches of peat; (4)
belt located a few feet outward from edge of marsh with only trunks of shrubs remaining; (5) a
zone several rods from the edge with only low stumps visible; and (6) an outer area showmg
only the salt-marsh turf.

The occurrences noted appear to be too widely distributed and too variable in surroundmgs
to admit of explanation by any other than a single general cause, seemingly a slow, long-con-
tinued, and apparently fairly uniform subsidence of the land with reference to sea level.

All authorities are probably agreed that such a subsidence has occurred in comparatively
recent time, but there is a radical difference of opinion as to Whether the sinking has continued
down to the present day and is now going on.

The peat sections, as developed by borings made by Mr. Davis, show no variation in char-
acter that would indjcate a halt in accumulation at the present time, and his observations on
the rate of accumulation of Spartina patens peat near Liynn, Mass., based on cinders incorporated
in the material since the building of the railroad more than 50 years ago (6 to 8 inchesin a cen-
tury), would seem to indicate that if there had been any halt in a movement of corresponding
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rapidity the upper limit of salt-marsh growth would soon be reached and it would be replaced
by fresh-water turf. This is manifestly not the case.

On the other hand, it has been urged by D. W. Johnson that the belts of beach ridges of
essentially the same height, formed progressively one after another at a number of points along
the Atlantic shores, are evidences of present stability of the coast line. Johnson also considers
that dead trees in conspicuous numbers, which he believes would inevitably be of general dis-
tribution under the hypothesis of present subsidence, are really of local occurrence and are
rarely found except where a breach has been made through some protecting barrier, or where
*physmgraphlc factors have produced changes in tidal levels.

CONCLUSIONS.

.-The fact seems to be established that a subsidence of many feet has taken place since the
retreat of the latest or Wisconsin ice sheet, and that salt water now invades scores of marshes
in which trees grew-so recently that the stumps still project above the surface.

It is perfcctly plausible to attribute, as Johnson has done, the invasion in individual places
to variations in size, shape, or location of the openings through which the tidal waters obtain
access to the marshes, or to changes in the character or position of the beach ridges or other
protecting barriers themselves. Such changes would be expected, however, to favor the
exclusion of salt water quite as frequently as they would its admission, and fresh-water peat
should be found overlying salt-water peat as commonly as salt-water peat overlying fresh-
water peat. Although the former succession may exist, the thousands of borings made by Mr.
Davis show, except where the sea has been shut off by dikes or otherwise excluded, a practically
entire absence of such succession, the nearly universal order being salt-water forms above
fresh-water forms. According to Mr. Davis, in some of the places where there has been a recent
incursion of salt water, as in certain of the inlets near Portsmouth, N. H., there are no evidences
of either present or past barriers that could have influenced tidal levels. The writer also has
noted a number of localities where there seems to be no probability of former barriers.

The apparent changes in the level of bench marks at several points along the coast appear
to be inconclusive, as radical changes in tidal levels are likely to result from artificial causes,
such as the building of docks or the dredgmg of channels, but the fact that these changes always
point in the same direction, namely toward subsidence, seems to indicate that they should be
given considerable weight. .

Although there are no broad or extended belts of dead trees, except where changes of tidal
levels of considerable magnitude have occurred suddenly through the breaking of barriers or
changes in inlets, Mr. Davis states that dead trees are not only generally distributed along the
whole coast but are fully as numerous as the conditions of subsidence would suggest.

The action of salt water upon vegetation is in a high degree selective, and while prolonged
or repeated submergence would produce a general belt of dead vegetation, the incursion of
single high tides, which, especially during periods of subsidence, always advance well beyond the
normal tidal limits, would kill only the weaker species. More resistant species would survive
but might appear sickly or partly dead. Still others might survive for many years. As oaks
and other hard-wood stumps last an average of only 15 or 20 years, they may entirely disappear,
while trees or shrubs not vitally injured by the tides that killed the oaks are still living.

This transitional or sickly belt is not conspicuous, but may usually be recognized without
difficulty by careful observers.. From what the writer has seen he believes the condition to be
general in New England and on Long Island. It points strongly toward a present downward
movement of the crust. It can hardly be otherwise if the limitations of the vertical range of
salt~-marsh flora are as stated by Mr. Davis.

The chief evidence against present subsidence is that afforded by the parallel beach ridges
described by D. W. Johnson. At Cape Canaveral, Florida, for example, there is a broad belt,
half a mile or more in width, of low parallel sand ridges having the appearance of beaches formed

~one after another and all of essentially the same height. These ridges are certainly very sug-
gestive of stability of elevation with reference to sea level. ~Farther north, although similar
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" ridges exist, the width of the belts and the number of ridges is less and their evidence is more
open to question. It seems to the writer that so many factors of uncertain value enter into the
computation of the time required to form such beaches as that at Nantasket, Mass., even on the
assumption that there has been no material change of level during the period of their formation,
as to outweigh the mass of evidence favoring continued subsidence. -

On the Whole, the view that the subsidence has continued down to the present time and is
now going on is regarded by the present writer as the most probable. The rate suggested by
Mr. Davis is perhaps higher than would be expected, but recent additional unpublished data
collected by him seem to bear out the assumption of a rapid crustal movement. .

The subsidence in the Long Island region since the retreat of the Wisconsin .ice sheet is
apparently not more than 25 feet, which at an average rate of 6 inches a century would require
a period of 5,000 years. That the movement has been much - more gradual in the past is pos-
sible, but the uniformity of material to the depth reached by borings (10 feet) seems to indicate
that it has been uninterrupted for a considerable period of time. Earlier interruptions or
reversed movements are entirely possible, but the evidences of them, if any exist, are pre-
sumably now some distance below sea level.

LENGTHS OF PLEISTOCENE AND RECENT STAGES AND SUBSTAGES.

The lengths of the several Pleistocene stages.and substages are very difficult to determine
because of the lack of knowledge of the many local conditions that always enter into problems
of erosion and deposition. This difficulty is greatest in cdmparing stages -of accumulations with
those of degradation. It is possible, however, to recogmze a progressive change in length from
the earlier to the later stages, estimates of which are given in the following table, in which the
unit A is taken as the length of the Recent epoch and B as the length of the Wisconsin stage of
glaciation. The estimates are, of course, only approx1mate especially as to the length of the
stages or substages compared with the time units, but in general the relations are probably not
far wrong. For example, it is almost certain that the Vineyard erosion interval was at least

-five times as long as the Recent epoch, that the period represented by the Gardiners and
Jacob stages, as indicated by erosion in New Jersey, was even longer than that of the Vineyard
degradation, and that the post-Mannetto stage was to all appearances longer than all subse-
quent Pleistocene time. The comparisons of the glacial stages are less reliable, but it is certain
that there has been a variation similar to that indicated in the table.
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Relative lengths of Pleistocene stages and substages on Long Island.

Estimated
. length as
Epoch. Stage. Substage. Nature. Chief work. Remarks. (tzgr}\{%%;;%
or to
‘Wisconsin.

Insignificant erosion and depo- Al

Recent. Postglacial. sifion.

Deposition of 5 to 20 feet of till,

. . . Short period as compared to
Wisconsin. Glacial. m:tcllg outwash, and high mo- preceding glacial stage. B.
Vineyard. Interglacial. | Extensive erosion of older drifs, | ETOSIon nany times greater |5, 4 |

Hempstead. Glacial. Accumulation of 25 to 100 feet of

gravel.
; - Thickness of deposits points
Manhasset. Montauk. Glacial. Accumulation of 50 feet of till. f)glrgémito ]%ﬂiﬂkvﬁ:cg?;ﬂ; 5XB.
stage. .
. Accumulation of 100 feet or more
Herod. . Glacial. of gravel.
Pleistocene. Jacob. Transitional. Accugmlation of 25 feet of clayey Thickness of clay ;ind ex-
sand. . tensive erosuon1 in Il\irew
Jersey show that these
. g .civesrepresent ml exceed- | 10X A
Gardiners. Interglacial. Accumulation of 50 to 100 feet of gly long interval

clay.

{ Exposures of contemporane-

ous deposits in New Jer-

. sey (Pensauken forma-

Jameco. - Glacial. Accumulation of Jameco gravel. tion) show this to have | 10XB.

: been the most important

' period of deposition next
. to the Mannetto stage.

Reduction and nearly complete

Post-Mannetto. Interglacial. removal of Mannetto gravel.

Longest interglacial stage. 20X A.

Accumulation of 600, feet of

gravel. Longest glacial stage. 20X B.

Mannetto. Glacial.

SUMMARY OF PLEISTOCENE AND RECENT OROGENIC MOVEMENTS.

In the earlier stages of the present investigation it was assumed that the principal Pleistocene
deposits were of the nature of coastal-plain formation and that their upper surfaces indicated
approximately the position of the sea level at the time of their formation. On these assumptions
a depression of 300 feet was postulated as taking place during the deposition of the Mannetto
gravel and 200 to 250 feet by the completion of the Manhasset accumulation. Further study,
however, has shown that the Manhasset and, to a lesser extent, the Mannetto exhibit many
features analogous to those of the Wisconsin outwash plains developed on the south side of the
island, and it is now thought that they are in large measure of similar origin. It has been
necessary, therefore, to turn to the adjacent coast of New Jersey for evidence as to submergence.
Similarly it was ascertained in the course of the investigation that the data afforded by the
erosion valleys were insufficient to determine the amount of uplift, and recourse to the sub-
marine Hudson Valley was necessary. The movements are shown graphmally in figure 204
(p. 218).

Mannetto depresswn —As pointed out above, it is not improbable that the Mannetto gravel
of Long Island is in part of the nature of an outwash plain and was formed above sea level.
For this reason it is impossible to determine its position with reference to sea level from the
elevation of its remnants on the island. The Bridgeton formation, however, which seems to be
the New Jersey representative of the Mannetto, was not developed in the vicinity of the ice
sheet but rather as a coastal-plain formation. Considerable areas of it face the open sea, and
whether due to the action of the waves or to drainage at low gradient, their development could
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have taken place only near sea level. In no other way (in the absence of barriers) could the
slack drainage necessary for the development of the flat terraces, under the hypothesis of depo-
sition by streams of low gradient, be maintained. The present elevation of the Bridgeton
formation on the New Jersey coast ranges from about 100 feet in the southern part to 200 feet
in the central part, and indicates a submergence increasing from about 100 feet in southern
New Jersey to 200 feet or more farthernorth. A continuation with the same grade would give
a depression of 200 to 250 feet in the Long Island region at the time of the Mannetto deposition.
Figure 204 gives 200 feet, the greatest depression actually known.

Post- Mannetto uplift.—As brought out in the discussion of the submarine Hudson chan-
nels, the deposition of the Mannetto gravel was followed by a long period of erosion, during
which the rock gorge of the Hudson was probably cut to a depth of 700 feet. After the excava-
tion of this gorge and its seaward prolongation, which probably occupied by far the greater
part of the post—Mannetto interglacial stage, there was, if the submarine canyon is to be referred
to stream eros10n, an uplift of the land far surpassing in magnitude any known Pleistocene
‘movement in the region before or since. The surface, to judge from the depth of the canyon,

Manhasset

:etc.) .

Early post-Mannetto, interglacial (Basis: 700-foot Hudson channel)
of d

. Vineyard, interglacial (Basis: Inner submarine channel of Hudson)

Jacob (Basis: Composition and present elevation)

Herod (Basis: Faceted pebbles, elevation of contact with Montauk till member)

Early post-Wisconsin (Basis: ‘Submerged peat, tree trunks, ete:)

Jameco (Basis : Pensauken formationof New Jersey)
& +Gardiners, interglacial (Basis: Present elevation of clay)

-Mannefto (Basis: Bridgeton formation of New Jersey)
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FIGURE 204.—Position of land with reference to present sea level in the Plexstocene stages and substages Figures indicate feet.

must have stood 4,800 feet or more higher than at present. Although there is considerable
doubt that an uplift of this magnitude really took place, its occurrence is tentatively accepted
as best explaining the character and form of the canyon as described on page 61.

Jameco depression.—The Jameco gravel probably does not lie at the surface anywhere on
Long Island, hence evidences of its origin that might be afforded by its structure are lacking.
Moreover, as it is a glacial or glaciofluviatile formation, its position below sea level is of no
significance. The only evidence, therefore; as to the elevation of the land in Jameco time is
that afforded by its probable New Jersey equlvalent the Pensauken formation. The great
body of the Pensauken formation was deposited in a trough, 10 to 15 miles wide, crossing the
State from the vicinity of Raritan Bay to Trenton and thence extending down Delaware River.
This accumulation seems to have been the result of deposition by streams of low gradient in a
‘more or less closed basin, hence its elevation of 150 feet between Trenton and Raritan Bay is
not necessarily an indication of submergence to that depth. Pensauken remnants are, however,
found at similar elevations on the open coast; as northeast of Manchester and northwest of
Asbury Park, hence there is every reason to beheve that there was actually a submergence to
“a depth of about 150 feet. The fact that the submergence increased from 90 feet in south

" New Jersey to 150 feet in north New Jersey suggests that it may have been somewhat greater
‘than 150 feet on Long Island. :
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‘Gardiners wplift—The marsh deposits found at several horizons in the Gardiners clay
show that this formation at times reached sea level, indicating an uplift of at least 200 feet
after the Jameco deposition, as the contemporaneous Pensauken formation of New Jersey is
now 150 feet above sea level, whereas the Gardiners clay is commonly 50 feet or more below
sea level.

Jacob depression.—The Jacob sand is free from marsh deposits, but carries an extensive
shallow-water fauna, indicating a depth of water not much greater than during the Gardiners
deposition. It is probable that the depression was not more than 25 feet.

Herod and Montauk depression.—The subsidence, which during the Gardiners and Jacob
stages about kept pace with accumulation, seems to have continued through the Herod sub-
stage of the Manhasset, so that on the advance of the Montauk ice the water stood 75 to 100 feet
above the present sea level, as shown by the character of the Montauk till member (p. 200).
The depression did not, however, keep pace with accumulation at all times, as is shown by the
wind-faceted pebbles in parts of the Manhasset formation.

Hempstead uplift.—After the deposition of the Montauk till member of the Manhasset
formation there seems to have been an uplift of 100 feet or more, as the later Hempstead gravel
member of the Manhasset has the form of a normal outwash plain with contemporaneous
drainage channels cut to the present sea level or below. A possible halt at about halfway up
is suggested by the 40-foot terraces on. the Montauk peninsula.

Vineyard uwplift.—The valleys in the Manhasset formation were cut to a depth somewhat
below the present sea level, hence a considerable uplift must have followed the previous period
of deposition, but because of the modifications by the Wisconsin ice sheet and of more or less
Wisconsin deposition it is impossible to determine with any degree of accuracy the actual
amount of uplift, and it is necessary to turn again to the submarine valley of the Hudson for
a definite measurement. As shown elsewhere (p. 64), the upper channel appears to have been
cut in post-Manhasset time, and as it reaches a depth of 350 feet at its outer edge, an uplift of
this amount seems to be estabhshed

Wisconsin depression.—There appears to have been in Wisconsin time a depression which
brought the land to a level about 20 feet lower than at present, as shown in New Jersey by the
lower marine or low-gradient stream terrace of the.Cape May formatlon, as developed along the
New Jersey coast from Cape May to Raritan Bay. This depression is not recorded on Long
Island, hence it is thought to antedate the completion of the outwash deposits.

Recent movements.—After the disappearance of the Wisconsin ice the land seems to have
stood somewhat higher than at present, as indicated by the buried and submerged peats along
the coast, the difference in level being perhaps 25 feet. This would indicate the elevation of
45 feet in late Wisconsin or post-Wisconsin time. In recent years there has been depression
estimated at the rate of 6 inches to 2 feet in 100 years. A sinking of not more than 25 feet
apparently has occurred since the beginning of this movement.

CORRELATIONS OF THE LONG ISLAND PLEISTOCENE FORMATIONS.
PROBABLE EXTENSION OF THE FORMATIONS ALONG THE NEW ENGLAND COAST.
MANNETTO GRAVEL.

The Mannetto gravel, which on Long Island is the oldest of the Pleistocene deposits, was
ougmally the thickest glacml deposit on the island, but its deposition was followed by an
erosion stage of such length that the formation was reduced in western Long Island to a few
remnants, and in the eastern part it was nearly or entlrely swept away. This formation, owing
to either its shghtcl development or the greater erosion, was likewise largely removed from
the coastal region of New England, if it existed there, so that the Cretaceous, where seen, is
almost mvarmbly overlain directly by deposits correlated with the Jameco gravel rather than
by those of Mannetto age. This is notably true of the Cretaceous beds of Block Island and
Marthas Vineyard, but in an exposure near Scituate, Mass., remnants of gravels which closely
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resemble the Mannetto have been seen, strongly suggesting that the formation originally
extended at least to this point. Beyond this locality, however, the ice seems to have reached
. the coast, and the Mannetto materials, if any were deposited, were probably laid down in the
region now covered by the sea.

- JAMECO GRAVEL.

The Jameco gravel seems to be much more pers1stent in its present occurrence than the
Mannetto. A gravel at the same horizon as the Jameco is, in fact, well developed beneath Cape
Cod to Highland Light, Truro, and possibly locally along the west shore of Cape Cod Bay to
the vicinity of Plymouth, its absence farther north being due to actual occupation of the region
by ice. On Block Island the Jameco gravel appears to be represented by sands and fine gravels
with granitic pebbles, having an aggregate thickness of 30 feet or more, occurring between the
Cretaceous and the clay which is correlated with the Gardiners clay near Clay Head and Balls
Point and beneath the dark-gray to black clay correlated with the Gardiners at several points
west of Southeast Light. On Marthas Vineyard similar gravels having a thickness of at ieast
50 feet are seen beneath the great bed of dark-colored clay correlated with the Gardiners clay
at the Nashaquitsa Cliffs. On Cape Cod similar gravels occur near Highland Light, with a

thickness of 30 to 50 feet, below clays which occupy the position and-are of the type of the

Gardiners clay. On the main coast similar gravels are seen beneath clay at Indian Head, 8
miles southeast of Plymouth.

GARDINERS CLAY.

The Gardiners clay likewise appears to be a very persistent formation, a clay of the normal
Gardiners type and position being found at short intervals all the way from New York Bay
to Boston Harbor. Besides the development of the Gardiners clay on Long and Fishers islands,
as described in this paper, a similar clay is found on Block Island, notably in the vicinity of
Clay Head and Balls Point, near Black Rock Point, and locally west of Southeast Light. On
the Rhode Island coast. a clay of this type and horizon is seen in places between Watch Hill
and Point Judith. A similar clay appears on the Elizabeth Islands of Massachusetts; on Marthas
Vineyard it is strongly developed at the Nashaquitsa Cliffs, and on the Massachusetts main-
land thick beds are found at Highland Light on Cape Cod; at many points on the coast between
Orleans and Chatham; at Indian Head, southedst of Plymouth; at Third Cliff, Scituate; and
beneath the drumlins in Boston Harbor. It reaches a maximum thickness of about 100 feet.
Boston Harbor appears to mark the northern limit of the clay, although "a stratigraphically
higher clay with a different fauna extends north along the Maine coast and beyond. It is not
known whether the absence of the clay north of Boston is due to nondeposition or to erosion
by Montauk ice.

JACOB SAND.

The-Jacob sand seems to have been originally rather widely distributed, but it was much
more generally removed by the Montauk ice invasion than the underlying formations. A
fine clayey sand of the Jacob type is found, however, on Block Island, overlying the supposed
equivalent of the Gardiners clay in the vicinity of Clay Head and Balls Point. At Nashaquitsa
Cliffs, Marthas Vineyard, the Jacob horizon is represented by alternating clays, sands, and
gravels; on Nantucket it is represented by the gray clay and sands furnishing an extensive
fauna at Sankaty Head; and at Highland Light, Cape Cod, it is represented by fine, mealy
yellow sand.

MANHASSET FORMATION.

Herod gravel member.—The Herod gravel member of the Manhasset formation appears
to be one of the most extensive of the Pleistocene deposits, a gravel resembling it apparently
outcropping nearly everywhere from Long Island to the vicinity of Boston, including Block
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Approrzimale correlations of the Pleistocene formations bf Long Island with deposits of other areas.
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Island, the Rhode Island coast, Elizabeth Islands, Marthas Vineyard, Nantucket, Cape Cod,
and the Massachusetts coast as far as Marshfield and Scituate. The member appears to be
represented by the stratified sands and gravels found beneath some of the drumlins on the
shores and islands of Boston Harbor and by similar materials found here and there beneath
the thick till along the coast of New Hampshire and Maine. These deposits reach a thick-
ness of at least 100 feet in places, generally constituting a large part of the bluffs at the Rhode
Island and Massachusetts localities mentioned. North of Boston their thickness is greatly
reduced, 10 feet being a common maximum, and at many points the gravels are absent. As
on Long Island, most of the deposits of the Herod horizon have been extensively folded, and
many of them have been eroded, presumably by the Montauk ice.

Montauk till member.—The Montauk member of the Manhasset formation is the most
persistent of the Long Island deposits. On Block Island what appears to be the till phase
of the Montauk is even better developed than on Long Island, constituting a heavy folded
bed in the cliffs near Clay Head and Balls Point and formmg a large part of the bluffs west of
Southeast Light. On Marthas Vineyard a similar till is seen at several points in the bluffs
on the north shore. Similar conditions exist in Nantucket, although the till phase does not
seem to be strongly represented. On Cape Cod it is found mainly in the form of reworked
clay (probably Gardiners clay) from older formations, with a few pebbles and bowlders incor-
porated in it. The best localities for observing the deposit are at the West Barnstable clay
pits in the Chatham region and on the west side of the cape near Wellfleet. On the main.coast
however, the development seems to be much stronger, the till being a thick sheet filled with
bowlders, giving rise to the bowlder pavements near Manomet Hill; south of Plymouth, and, it
is believed, to the till hills and big drumlins of the Boston region. In northeastern New England
it apparently continues to be the principal till, ranging from 20 to 300 feet in thickness. The
_invasion in New England, as on Long Island, seems to have been dual, the first advance deposit-
ing the greater part of the material and the second advance accomplishing most of the folding.
In fact, the later advance is in some places represented solely by its erosion unconformity.
The folding is characteristic of the advance throughout, being found in northeastern New -
England as well as on Long Island.

Hempstead gravel member.—The Hempstead gravel member of the Manhasset formation
is limited as a continuous deposit to the western half of Long Island but seems to be developed
as an interrupted sheet along the coast throughout New England. Gravel of this horizon
is seen above the supposed Montauk till member on both the east and south coasts of Block
Island; it caps the bluffs at many points on the north coast of Marthas Vineyard; it occurs
above the fossiliferous beds at Sankaty Head, Nantucket; and it is seen at numerous places
on the Elizabeth Islands and Cape Cod and along the Massachusetts coast to Plymouth and
beyond. It is also found in New Hampshire and Maine above drift correlated with the Mon-
tauk member, in places reaching a thickness of over 100 feet.

VINEYARD EROSION INVERVAL.

The extensive erosion unconformity developed in the.stage following the deposition of
the Hempstead gravel member of the Manhasset formation, is fully as well developed in southern
New England as on Long Island, the terraces of Block Island, Marthas Vineyard, Nantucket,
Elizabeth Islands, Cape Cod, and the Massachusetts coast showing substantially the same.
deep stream cutting previous to the deposition of the -Wisconsin till as is found between Man-
hasset Bay and Port Jefferson on Long Island. North of Boston little erosion occurred in
early Vineyard time largely because of the submergence which continued through a considerable
part of the stage and during which the ‘“Leda clay’’ of the Maine coast was deposited. In the
later part of the stage, however, a considerable uphft accompanied by erosion appears to
have occurred in northeastern NeW England.
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WISCONSIN DRIFT.

The Wisconsin till sheet forms a mantle over the whole of New England essentially the
same as on Long Island. On the whole it seems to be but little better developed than on the
island, although in some places it reaches a somewhat greater thickness. F. G. Clapp ! gives
- its maximum thickness in northeastern New England as 20 feet, which is about the same as
the average in southern New England and Long Island.

CORRELATION WITH THE NEW JERSEY NONGLACIAL FORMATIONS.?
GENERAL CONDITIONS.

The conditions in New Jersey were so unlike those on Long Island and the nature of the
deposits is so different that with the information at present available the correlations are of
necessity doubtful, except perhaps in the vicinity of Staten Island. In the Long Island region
the ice advanced with a long front facing the sea, into or along the borders of which it emptied
its débris-laden waters. In New Jersey, on the other hand, the ice margin lay well back from
the coast and its till and outwash accumulated on the surface of the land. The ice was not
the only source of the material in the New Jersey region nor was the vicinity of the ice margin
the only place of deposition. The Cretaceous and Tertiary highlands were everywhere being
cut down and their materials were being deposited along thé valleys, which in places were
aggraded to elevations of 150 to 200 feet above the sea level.

CORRELATIONS.

The chief Pleistocene deposits of New Jersey and their correlation with the deposits of
Long Island are shown in the table facing page 220.

Lower Cape May terrace.—The lower Cape May terrace is composed of a quart,z or granitic
gravel, locally somewhat sandy, occurring as a low terrace about 20 feet above Delaware River.

. Trenton ‘
s R « |
Higher Cape May terrace : l ___________ ‘E‘:e_r:t_o-n- ff’fv_e_f __________________
' Lower CapeMaytercace - : ;
Sea,LaveL .

FIGU'RE 205.—Diagram showing the relations of the higher and lower Cape May terraces to the so-called “Trenton gravel” along Delaware
River in New Jersey.

below Camden, as a broad, flat terrace bordering the sea at about the same elevation at Cape
May, and as similar terraces in the reentrants of Raritan Bay and elsewhere. Along the Dela-
ware it rises upstream, apparently rising above the higher Cape May terrace beyond Trenton
and merging into the so-called ““Trenton gravels,” a local development of the Cape May forma-
tion. The relations appear to be as shown in figure 205 and would point to the completion of
- the valley phase of the Cape May in late Wisconsin time. The marine phase, however, seems
to be somewhat older, apparently antedating the Wisconsin outwash, as no traces of it are found -
on Long Island, although the conditions were presumably as favorable for its formation as at
the typical locality on the shores of Raritan Bay only a few miles away. The writer believes
that the Delaware development of the Cape May corresponds with the great outwash streams
of the Harbor Hill substage and regards the marine phase as having been developed at a some-
what earlier stage, supposedly contemporaneous with the cutting of the great inland scarp
bordering the Harbor Hill moraine from Brooklyn to beyond Jamaica.

Higher Cape May terrace.—The deposits of the higher Cape May terrace are more quartzose
than those of the lower terrace and carry a greater percentage of iron crusts from the Pensauken
formation.. Along the Delaware Valley they include a considerable admixture of northern
material, including fresh subangular granites, but in the tributary streams and coastal phases

1 Bull. Geol. Soc. America, vol. 18, 1908, table opp. p. 512.

2 In studying thecorrelations the writer spent several days in going over the best New Jersey localities with Mr. G. N. Knapp, of the New Jersey
Geological Survey, in 1903, and two weeks in company with Dr. H, B. Kiimmel, State geologist, in 1907. - Cordial thanks are due for the many
courtesies and the valuable assistance received from the State Survey during these visits.
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the materials are wholly of local derivation. The higher Cape May terrace has a maximum
elevation of 40 to 60 feet on the borders of Raritan Bay, along the New Jersey coast, and in the
open Delaware Valley, but may rise to considerably higher levels in the tributary valleys.
Inasmuch as the granites of the deposits are fresh, whereas in the next older formation (the
Pensauken) they are invariably weathered or rotten, it seems likely that the higher Cape May
terrace of the Delaware Valley corresponds with the Manhasset formation of Long Island, in
which the pebbles are likewise fresh. No deposit is known on Long Island with which the
higher terraces of Raritan Bay and the coast can be correlated, unless it may be the 40-fodt
terraces (Hlempstead gravel member) on the Montauk peninsula.

Intermediate stream deposits.—Deposits of locally derived gravels have been formed mainly
in the valleys cut in the underlying Pensauken by tributary streams entering the Delaware
trough. They are lower than the Pensauken and higher than the uppermost Cape May, and
represent the deposits of the mtervenmg stage, constituting a subaerial formation probably
contemporaneous with the marine Gardiners clay of Long Island.

Pensauken formation.—The principal development of the Pensauken formation is in the
great trough in the Cretaceous deposits extending across the State from Raritan Bay to Trenton
and down the Delaware Valley to Salem County. In this region the formation is commonly
an arkosic ferruginous sand or quartz gravel containing numerous pebbles of rotten red shale
and deeply weathered granites but no fresh pebbles. The formation in the tributary valleys
and along the coast is composed of local materials derived largely from the Bridgeton formation.
In the trough mentioned the formation attains a maximum altitude of 150 to 200 feet, but
along the coast it stands at about 90 feet. In general it lies in troughs or valleys eroded in the
Bridgeton formation. ' ‘

The presence of bowlders apparently ice rafted along the Delaware belt suggests that it
was formed during an ice advance, but there are many difficulties in the way of definite cor-
relation with the deposits of Long Island. Weathering is, on the whole, distinctly more
advanced in this formation than in most of the Manhasset of Long Island, although not more
than in certain phases such as those at Lloyd Neck (p. 136). According to the sequence of
events it should be correlated with the Jameco gravel, but a grave difficulty is encountered
in the fact that the upper surface of the Jameco is 50 feet or more below sea level, and that
of the Pensauken formation along the coast is at least 90 feet above it, although the localities
are only a few miles apart. The Jameco is a glacial formation and may have been deposited
at some depth below the sea while the nonglacial Pensauken formation was accumulating at a
considerable elevation above it. Such an origin of the Jameco demands a subsidence, as the land
stood considerably higher both immediately before its formation (as shown by the post-Mannetto
erosion valleys) and immediately after it (as indicated by the marsh deposits and the shallow-
water fauna of the Gardiners clay). Unless another glacial stage is introduced, of which there
is no other indication, there seems to be nothing besides the Jameco with which the Pensauken
can be logically correlated. In being a valley formation in an erosional depression of an older
surface, it agrees with the Jameco.

Bridgeton formation.—The Bridgeton formation is largely a cross-bedded quartzose gravel
of the Mannetto type, with some rotten cherts and granites, and was developed over extensive
upland areas in southern, central, and northern New Jersey. It was afterwards largely removed
in the central part, where it is now found only as caps on the higher hills. In elevation it varies
from 100 feet at the southern limits to 200 feet in Camden County. Its habit is the same as
that of the Mannetto gravel of Long Island, the formation occurring as a broad, sloping terrace,
which as a rule covers and obliterates the underlying Cretaceous uplands of New Jersey in
the same manner as the Mannetto gravel covers the Cretaceous remnants in the Mannetto
Hills of Long Island. The character of the Bridgeton formation and its position in the Pleis-
tocene series are so similar to those of the Mannetto gravel that its correlation with the Mannetto
seems reasonably certain. The two formations are probably contemporaneous with the extra-
morainal drift farther north in New Jersey.
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