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be 1nuch 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 supposed 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 slol)e gently seaward at a rate of 10 to 20 feet to the n1ile. There are 
aln1ost no streams on tliese 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 
":ith an interming~ing of fresh and brackish water vegetation into a salt marsh, yielding great 
quantities of salt hay. The en,tire marsh may be a mile or more wide, although a width of a 
quarter of a 1nile 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 preclomi­
ntl.ting according as one or the other slope is the gentler. The amount of ground water enter­
ing nt 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 i~ cut at some distance from the coast, and considerable 
volumes of water .emerge aloil.g the valleys, 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 shorter valleys and several miles in the longer ones. The 
\viclth is usually under a quarter of a mile. The principal streams bordered by marshes include 
Cornell Creek, south of Jamaica; Valley Stream; the stream east of Lynbrook; :Meadow Brook, 
ne'ar Free1>ort; Jackson Creek, near Wantagh; Massatayun Creek, near Massapequa; Carlls 
Hiver, near Babylon; Connetquot Brook, near Islip; Patchogue Creek and Swan River, near 
Patchogue; Carmans Hiver, near Yaphank; Forge H iver, neat Moriches; and a number of smaller 
streams farther east. The most extensive marshes are along Peconic Hiver, stretching froll! a 
point west of Manorville to and beyond Hiverheacl, a distance of more than 10 miles. The 
only stream of notable size on the north side is the Nissequogue, near Smithtown. This is 
bordered by marshes for about 3 miles above its mouth. · 

Marshes near artijicial 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 Hi.verheacl. The effect of clamming 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 Hiverheacl, 
where the slack water extends upstream for some miles, forming considerable marshes. 

].farshes in obstructed channels.-Some of the c;>ld channels, espe~ially 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 }.1anorville, is a particularly good example of such an accumulation. Another 
is found in the valley 1 mile west of }.1icldle 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 11 milea 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 recei.ved 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 ·17U1rshes.-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. Tl:tese 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 falllli.g 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 N apeague 
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 are·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 fro~ 
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 i~ 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 ero.ded 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 Sbinnecock 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 1 

in 1877 and by Warren Upham 2 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 channel~ present are in no way connected with land valleys but are the direct result of 
tidn1 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 st.rong 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 m~rsh grass takes root upon it. The up build­
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 
1narshes or swa1nps, 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
tiill,.IOUs, howe-ver, 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,3 who gave considerD.ble attention to these features, says: 

I have been credibly informed that the gra.ss now grows on a marsh near Rockaway, where vessels have floated 
within the memory of my informant. On Coney Ishnd 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 betwem; 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 frmn 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 "~tratigraphic 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 repetitiqn. An attem.pt 

. 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. 

1 Am. Jour. Sci., 3d ser., vol. 1:~, 1877, pp. 215-21G. 2ldem, vol. 18, 1879, pp. 81-92. a Geology of New York, pt. 1, 1843, -p. 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 nti.mbers 
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 c, figure 95 (p. ~10), 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 para~el 
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 c_utting back 
of. a bluff as little as 5 feet will change the whole- appearance of .a section, and it is not to be 
expected that any particular feature will b~ recogpizable after the lapse of a few years. 

Principal points of geologic interest on Long Island. 

Coordi-
nates Part 

on of sec- Locality. Features. 
Plates I tion. a 
and II. 

lA ..... 
lB ...• 
2A .. .. 
2B ... . 
2B .. .. 
2B .. .. 
2D ... . 
3A .. .. 
3A .. .. 
3B ... . 

-~,~:::: 
3C .... . 
3C ... .. 
3C .... . 
3J? .. .. 
3D .. :. 
3D ... . 
3D .. .. 
3D .. .. 
3D .. .. 
4B .. .. 
4B .. .. 
4C .... . 
4C .... . 
4C ... .. 
4D ... . 

NE. . . West of Coney Island. .. .. .. Sand spit and dunes ........................... , .................................. . 
E ..... Near Fort Hamilton ........ Harbor Hill moraine, beginning of "inland scarp" ....................... · ......... . 
N. . . . . Near Coney Island. . . . . . . . . . Beach dunes and max;shes ............... · ......................................... . 
C, S ... Southeast of Brooklyn ...... ~utwashf!om ice_alo~!? Harbor Hil,I, moraine ..................................... . 
N ..... Near Prospect Park......... arbor Hill morame inland scarp ............................................ .. 
N .......... do ...................... Confluent fans of outwash from ice along, Harbor Hill moraine .................... . 
SE.... On shore of East River...... Fordham gneiss outcrops . 

~w~~~ ~~~"i~i~~~~---. ~:::::::: ~~~1~~~ ~F~~;g::S~h~~~~~i~~:<:;):_: ~ :::::::::::::::::::::::::::::::::::::::::::::: 
SE .... Jam~ica Bay................ Extensive salt marshes in process of formation .................................... . 
W. . . . Bergen Beach............... Outwash outliers ................................................................. . 
NE... Near Remsen Landing ........... do ........................................................................... . 
S ...... Near East New York....... Outwash from ice along HarbQr Hill mnraine ..................................... . 
C ..... Near Brooklyn Reservoir ... Harbor Hill moraine (till type), "inland scarp" .................................. . 
N..... . .. . . . .. .. . .. .. . . . . .. . .. .. . . .. Wisconsin till; traces of Manhasset formation ..................................... . 
SW. . . ! mile northwest of Stein- Drumloidal hill •................................................................... 

way. 
S'V ... Near Lawrence Point ............ do ...................... : .................................................... :. 
E..... ! mile east of College Point.. Light-gray micaceous Jacob sand ................................................ .. 
E..... Near Tallman Island........ Drumloidal hill .................................................................. . 
S ............................. : ...... Wisconsin till and retreatal outwash .............................................. . 
S ...... Flushing Bay ............... Pre-Wisconsin valley enlarged by Wisconsin ice ................................. .. 
SE.... Far Rockaway.............. Rockaway ridge (Herod gravel member of Manhasset formation) ................... . 
N... . . .. .. .. . .. .. .. . .. .. . . .. .. . .. . .. Emergence of ground waters, fresh and salt marshes ......................... : . ... . 
S...... Near Jamaica South......... Depression between outwash plains. 
C ..... North of Jamaica ............ Till of Harbor Hill moraine; "inland scarp" ...................................... . 
N ................................... Thin till over modified surface of Manhasset formation ............................ . 
S...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Thick till, including some Montauk till member of Manhasset formation, with occa-

4 D .... W .... Near Whitestone Point .... . 
sional exposures of gravet of Manhasset formation. . 

r~~~~d~~ra~~pc~!~~ceo~-clay: :: :_:: ::: :_:: ;: ::::::::::::::::::::::::::::::::::: 4 D .... E ..... Elm Point ................. . 
re- lSConsm valley, modified by WJSconsm ICe ................................. . 

Double line of beaches (Far Rockaway and Hicks). 
4 D .... SE .... Little Neck Bay .......... .. 
5B .... S ................................... . 
5B .... C .................................. . Rockaway ridge (Herod gravel member of Manhasset formation). Faulted pebbles 

in pits. 
5 C..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Outwash plains from ice along Harbor Hill and Ronkonkoma moraines; out,\·ash 

channels. · 
5C ..... NW .. . Northwest oi Creedmoor ... . 

·5D .... S .... .. Lake Success ............... . 
5D .... S .... .. ~mile northeast of Lake Suc-

cess. . 
5D .... S .... .. Southeast of Manhasset .... . 
5D .... S ..... . North Hempstead .......... . 

Harbor Hill moraine; ''inland scarp" ...... : ..................................... . 
Largest kettle in till or mixed moraine ........................................... .. 
Outwash channel through moraine, crossing of Harbor Hill and Ronkonkoma 

moraines; eastern limit of unmodified "inland scarp." . · · 
Bowlder 54 by 40 by 16 feet reported .............................................. . 
Bowlder 40 f~et long, 20 to 40 feet wide, and 10 to 17 feet high reported; possibly 

same as above. 

Page of 
description. 

1i7-180 
53,168 

184 
173 

53,158 
36-37 

66 
178-180 

115 
185 

169-170 
169-170 
172-173 

34-35,53 
115, 158-160 

161 

161 
108 
161 

Map. 
44-45 

118,127 
183,184 

34-35,53 
158-H\0 
158-160 

lil-172 
69 

44-45 

127 

166-176 

53,158 
40 

164,175 

171-172 
171-172 

5 D. . . . C .. . . . ~ mile east of Thomaston.. .. Cretaceous sand in railroad cut. . .. . .. .. .. . .. .. .. . .. .. .. .. .. .. .. .. . .. . . .. .. .. .. . .. . 69 
5 D. . . . W. . . . North of railroad, Great Beginning of characteristic Manhasset plateau (100-foot level); exposures of Herod 31, 125, 135, 152 

Neck.. gravel, Montauk till, and Hempstead gravel members of Manhasset formation, in 
bluffs (rather poor). 

5 D.... NE... Manhasset Neck. . . . . . . . . . . . Manhasset plateau (180-foot level) projecting· knobs of possible Mannetto gravel. .. . 
.5 E .... SW ... Base of Plum Point ......... Jacob sand in floor of abandoned pit ............................................. .. 
5 E.... SW... ;I; mile east of Plum Point.... Knob of contorted Jacob sand in old gravel pits ................................... . 
5 E .... SW, .. Barker Point ................ Montauk till member of Manhasset forlllation between Herod gravel member and 

Hempstead gravel member. 
5 E. .. . S...... '!'om Point.................. Gravel of Manhasset formation, folded by Wisconsin ice ......................... .. 
5 E .... S ...... ~mile north of Tom Point... Large sand delta of Wisconsin age, fine fore and top sets ................. · ......... . 
5 E .... S ...... No.rth of Port Washington .. Many pits of Herod gravel member of Manhasset formation ...................... .. 

a Center is abbreviated C. 

30 
108 
108 
135 

210 
177 
125 
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Principal points of geologic interest on Long Island-Continued. 

Coordi-
nates Pmt 

on ofsoc- Locality. Features. 
Piutcs I tion. 
and !I. 

5 ]~ .... Scarp between high and low level Manhasset plateaus (from Port Washington Har-
bor to Mott Point). · 

Montauk till member of Manhasset formation in bluff; undermined and submerged 5 E .... 

S ...... Northeast of Port Washing-
ton. 

C..... Prospect Point ............ .. 
peat. 

Bright-colored Cretaceous clays; Maimetto gravel.. ............................... . 
Upturned Cretaceous and Mannetto gravel, 80 feet above sea level (on road cross-

51~ .... SE .... ~milosouthofM:ottPoint ... 
5 E .... SE.... 1 mile south of Mott']>oint ... 

D~~t~eg~a~h~~~ ~:~~-t~-~~-- ..... · ............................................ . 
Outliers of Manhasset formation(?) ............................................... . X ~L: :: ~'v::: ~~~~~;~nfsi~~~~~--:::::::::: 

613 ..•. c ................................. .. Emergence of ground water: fresh and salt marshes ............................. o ••• 

6B .... N .................................. . ~~~~:S~~~~~to~~:~\~~~is; ioa~ ·patches. ~eseillbiing. ;'ialliesb;;r"i ioaill·,; · GC ..... All ................................ .. 

6 D.... S W ... · Ncar East Williston ........ . 
of New Jersey. · · · · 

Clay pit in Montauk till member of Manhasset formation(?) ...................... . 
6D .... S .................................. .. Mixed outwash from icc along Ronkonkoma and Harbor Hill moraines; outwash 

channels; morainic outliers; H.onkonkoma moraine (interrupted type). 
Kettle plain between moraines; remnants of Manhasset formation(?) ............. . 
Terraced outwash channel from gal? in moraine ................................... . 
Harbor Hill moraine; traces of modified" inland scarp" (2~ miles southwest) ....... . 
Highest point on FJ.arbor Hill moraine; possible traces of 1\lannetto gravel. ....... . 
Gravels of Manhasset formation beneath moraine ................................. . 

(l D .. .. 
6D .. .. 
uD .. .. 
()]) ... . 

. . (i D .. .. 

s,c ............................. : .... . 
W .... East of H.oslyn ............. . 
W. . . . Southwest of Roslyn ....... . 
W .... Harbor Hilt. ............... . 
W .... West'of Harbor Hill ........ . 

(iD ... . C ..... East of Harbor Hill ........ . Outwash chmmel through moraine ............................................... . 
(j]) ... : NW ... West side of Hempstead 

Harbor. , 
6 D .•.. NW ... Near Glenwood Landing .... 

Montauk till member of Manhasset formation, between Herod and Hempstead 
grav~l members, finely exposed in many gravel pits. 

'l'races of Cretaceous clays and sands near landing and southward; Jacob.sand knob 
in floor of gravel pit near landing. 

NW ........ do ...................... Local development of lower Manhasset plateau (100 foot) ......................... . 
E ..... Northeast of Old Westbury .. Hills of Mannetto gravel (with Wisconsin mantle) ................................ . 
Nl~ ................................. High-level Manhasset plateau with semimorairial mantle of Wisconsin drift.: ..... . 
NW... Bar 13each.. . . . . . . . . . . . . . . . . Fine sand pit. 
N'V ... Hempstead Harbor ......... Pre-Wisconsin valley enlarged by Wisconsin ice .................................. . 
SW ... West of Sea Cliff ............ Cretaceous white sands and Mannetto gravel in bluff .............................. . 
SW... South side of Mosquito Cove. Cretaceous sand and Mannetto gravel in unconformable contact in gravel pit ..... . 
S ...... East of railroad ............. 'Deep, sM.rp Vineyard erosion valley in Manhasset formation ..................... . 
C, SE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . High-level Manhasset plateau (180-200 feet) ....................................... . 
W ... , Near G!on Cove Landing •... Montauk till member of Manhasset formation; yellow, pink, and black Cretaceous· 

clays, both north and south of landing. 
W .... Near Red Spring Point ...... Gray Gardiners clay with small quartz pebbles ................................... . 
W .... Near Weeks Point ...... : ... Gardiners clay, Montauk till member of Manhasset formation, etc ................. . 
N ..... Southeast of Lattington ..... White a~d pinkish ?retaceous clay in pit ......................................... . 
N..... Coast........................ Connectmg beaches, low-level Manhasset plateau ................................. . 

~:::::: :::::::::::::::::::::::::::::: ~:tf!e:rn~~t-s:.~~~~: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

GD ... . 
GD .. .. 
6D ... . 
6 D ... . 
G D ... . 
61~ .. .. 
6E ... . 
6E .. .. 
61~ ... . 
(lE .. .. 

6E ... . 
6 ]~ .. .. 
6E ... . 
6E .. .. 
7 13 ... .. 
7 B .... . 

N ................................... Lobate outwash margin; emergence of ground water; fresh and salt.marshes ...... . 

~!~:::: ::::::::::::::-:::::::::::::::: . g~~v~~l~~t~~~~a~~~~l~: .1~-~~ ·.:::::::::::::::::::::::::::::::::::::::::::::: 
7 B .... . 
7 c .... . 
7 D ... . 

C..... . . .. . .. . .. . .. . .. .. .. .. . . . . . .. . Ronkonkoma moraine, partly on Mannetto gravel. .............................. .. 
W.... South of Wheatley.......... Old erosion forms in Mannetto gravel, mantled by Wisconsin drift •................ 

~\r~ ~o~~rh~~~~r\irook~;iiia.· _-_-:: ~:~~~l~Nt ~~tr'::~~-~~~~~~s_-.-.-.-::::::::::::::::::::::::::::::::::::::::::::::::: 

7 D ... . 
7D .. .. 
7D ... . 
7D .. .. 

SW ................................. Dissected Manhasset plateau (Vineyard erosion) .................................. . 
SE .................................. Harbor Hill moraine ...•.........•.••............................................. 

7E ... .. 
7 E ... .. 

C ...... Near Oyster Bay ............ Numerous flowing wells. 

~-,,, ·. ·.: .rt:W/~ o~~~t- ~~. ~~~~~ :~~~: : ~:~~~~t ~l~i~tfe~,~~l}d~~ass-et. piaieai;. · ·cretace~-~ ~-utcrop -i~ ~aiiroact ·cui: : : : : 
NE.. . West of H.ocky Point........ Connecting beach ................................................................. . 
NE ........ do ..................... Cretaceous clays in beach. Gardiners clay and Montauk till member of Manhasset 

formation in bluff~. 
Cretaceous thrown out in dredging .harbor ........................................ . 
Jacob sand in beach; probably members of Manhasset formation (Herod gravel, 

Montauk till, and Hempstead gravel) in bluff (poor exposure). 

~--·:::: ~;~/~-~~~-~~~-c-~:: ::::::::: Egg~l! ~~~v~g~:;~r:~~~~~~:~eic~~::::::::::::::: :::::::::::::::::: :~::::::::: 
C ...... :Massapequa Hiver.......... ])epression between Hempstead and Babylon outwash plains; outwash channel. .. 
N ..... Noar Farmingdale ........ ; .. Cretaceous clays in larJ(e pits ........ · ............................................. .. 
N ..... ! mile wost of Farmingdale .. · Terrace of gravel of Mil.nhasset formation; outlying hills of Mannet1o gravel. ...... . 
NE ... 1~ miles east of Farmingdale. Westerly member of"Melvilledoublechannel" ................................... . 
NE. . . Southeast of Farmingdale... Extramorainal kettles of doubtful origin ......................................... . 
SW... 1! miles southwest of Plain- Depression between outwash from ice along Ronkonkoma moraine and compound 

view. outwash on the west. 

71L .. . 
7 E ... .. 
71L ... 
7 E .... . 
7 E ... .. 

7 E..... NE. . . ~ 1nilo south of Rocky Point. 
7 E..... E. . . .. Coopers Bluff ............. .. 

sn ... .. 
8H .... . 
sc ... .. 
8C ... .. 
sc .... . 
8C ... .. 
sc .... . 
8 D .. .. 

Bethpa~ ................... Cretaceous clays overlain by ~eudotill (?)in clay pits ............................ . 

~~~~!a~:~~~~~~~ie·,~-- ~ ~::: ~:;~tc~ae ot~~:ho~g~~':t~11 <;:o~~~~~~~~::t~~ab:{e.'.'. ~::.:::::::::::::::::::::: 
SD ... . 
8D .. .. 
8 D .. .. 

s ..... . 
SE .. .. 
c .... .. 

North of Plainview .......... Hills of Mannetto gravel; pre-Wisconsin erosion topography ...................... . 
Mannetto Hills.............. Mannetto plateau; sharp erosion gullies on margins ............................... . 
1 milo west of Melville....... Road<;ide section of Cretaceous c1ays, marl, etc ................................... .. 
Southwest of Melville ....... Western of Melville "double channels" ........................................... . 

SD ... . 
8D .. .. 
8D., .. 
8D .. .. 

c .... .. 
.1~ . ... . 
E ... .. 
E .... . 

S D ... . NW .. . ! mile southwest of Wood- Double moraine separated by flat outwash ........................................ . 
bury. · 

8D .... N ..... HighHill ................. .. 
S D.. .. N. :.. . N oar High Hill ............. . 

Highest point of Ronkonkoma moraine ........................................... . 
Possible example of simple morainal cone; indications of Cretaceous or Mannetto 

core(?). Fine development of rough gravelly moraine. 
8 E..... SW. . . Northeast of Syosset ....... . 
8 E.... S..... Ncar Cold Sprmg Station ... . 

8 E ..... SE ... . 
8 E ..... S .... .. 
SE ..... W ... .. 
8E ..... W .... . 
SE ..... W ... .. 

2 miles east of Cold Spring ... 
It mile<> oast of Cold Spring .. 
t mile south of Coopers Bluff. 
Coopers Bluff .............. . 
West shore of Cold Spring 

Harbor. 

Kettle ~lain ...................................................................... . 
Deep 'ineyard erosion. valley in Manhasset formation; much Wisconsin drift on 

sides; some post-Wisconsin cutting. 

~:~~~lM-lfl·~~~~~~~~~~~~eCiY.~::::::::::::::::::::::::::::::::::::::::::::::: 
White sandy Cretaceous clay ..................................................... . 
See 7 E (E). 
Cretaceous sands and clays (opposite village of Cold Spring Harbor) .............. . 

8 E ..... W .......... do ....................... Pre-Wisconsin valley shaped by Wisconsin ice .................................... . 
S E..... NW... South of J,Joyd Beach....... Cretaceous clays, Montauk till member of Manhasset formation, etc., in old pits •... 
8 I~..... NW .. ~ South base of Lloyd Beach.. Mannetto gravel in hills·'· ....................................................... .. 
8 E ...... NW ... North base of Lloyd Beach .. , Cretaceous, Mannetto gravel and Gardiners clay in bluffs (poor exposures) .. : ...... . 
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188 GEOLOGY OF LONG ISLAND. 

Principal points of geologic interest on Long bland-Continued. 

Coordi­
nates 

on 
Plates I 
and II. 

Part 
of sec­
tion. 

Locality. Features. 

--------------------------------------------l-----~---------------------------------------------------1 

BE ••••. N ..... WestNeck •................. 
BE ••••. NE ... HuntingtonHarbor ........ . 
BE .•.. NE ... West side of Huntington 

Harbor. 
B F ..... SW ... Lloyd Point ............... . 
B F..... SW... 1 mile south of Lloyd Point. 
B F .•... SW ... ~ mile southeast of Lloyd 

Point. 
B F ..... SW ... 1 mile southeast of Lloyd 

• Point. 
8 F ..... SE .... 1~ miles northwest of East 

Fort Point. 
8 F ..... SE .... Northwest of East ·Fort 

Point. 
8 F ..... SE .... East Beach ................ . 
B F ..... S ...... Lloyd Neck ................ . 
913 ............ ·•••••••••••·•••••••••••·••••• 
9C .......................................... . 
9 C..... E..... 1~ miles southwest of Bel­

mont Pond. 
9 C ... ~ . NE . . . Carlls River ................ . 

9D .... SW ................................ . 
9 D. . . . S...... Northeast of Colonial Springs 
9D .... SE .... NearWyandanch .......... . 
9 D. . . . SE.. . . H miles north of Wyandanch 
9 D. . . . C.. . . . Half Hollow Hills .......... _ 

9D .... W ... . i mile east of Melville ...... . 
9D .... W ... . 1 mile northeast and 1 mile 

9D ... . NE .. . 
9E ... . sw .. . 
9E ... . 
9E ... . ~~~::: 
9E ... . E .... . 
9E ... . E .... . 

east of Melville. 
Dix Hills .................. . 
Southeast of Fairground ... . 
Northwest of Dix Hills ..... . 
North of Dix Hills ......... . 
1! miles south of Greenlawn. 
1 mile northeast of Green-

lawn. 
9E .... C •.... Northeast of Fairground ... . 
9E .... NW .. . Great Neck ................ . 
9E .... NW .. . ~mile south of Halesite .... . 
9E .... NW .. . 1 mile northeast of Halesite .. 

9E .... N .... . Centerport and Northport 
harbors. 

9E .... N .... . Southwest of Little Neck 
Point. 

9E .... N .... . Southeast of Little Neck 
Point. 

9F ..... SW .. . West Beach ................ . 
9F ..... SW .. . Shores of Price Bend .. _ .... . 

9 F ..... W .... Eaton Point ............... . 
9 F..... W. . . . t mile east of Eaton Point .. . 
9 F..... W. . . . t mile southeast of Eaton 

Neck Lighthouse. 
S ...... East Beach ................ . 9F .... . 
SE .... ~mile east of East Beach ... . 
C.. . . . Oak Island Beach .......... . 

9F .... . 
lOB .. . 
lOC ... . S ...... Coast ...................... . 
lOC ... . W .... Near Babylon .............. . 

g~~::: ·:Ed.ge~~ood"."::::::::::::::::: 
N, C... Base of moraine ............ _ 
N ..... Near Dix Hills ............. _ 

lOC ... . 
lOD .. . 
lOD .. . 
lOD .. . 
lOE .. . SW ... ·North base of Dix Hills .... . 
lOE .. . 8'\V ................................ . 
lOE .. . S...... South of Commack ......... . 
lOE .. . SE .... East ofCommack .......... . 
10E .. . W .... South of Larkfield ......... . 
lOE .. . C ..... Northofrailroad ........... . 
lOE .. . N ..... ······························ 
10D.· .. S ...... 1 mile north of Fort Salonga. 

11 B ... C ..... Fire Island Beach .......... . 
11 B . . . N . . . . . Coast ...................... . 
11 C.: .. N ..... North ofrailroad ........... . 
11 c .... s ...... ······························ 
11 C .... N .................................. . 

11D ... SW ................................ . 
11 D . . . SE.. . . South of Smithtown ....... . 
11 D... SE.... Southeast of Smithtown 

Branch. 
11 D ... C ..... Near Smithtown ........... . 
11 D. . . C. . . . . i mile northeast of Smith-

town. 
11 D. . . N. . . . . North of railroad ........... . 
11 D ... N ..... Nissequogue River ......... . 
11 D ... N ..... Stony Brook Harbor ....... . 
11 D. . . N. . . . . Coast ............... . 

Kettle plain of retreatal outwash on Manhasset formation ............ _._ .......... . 
Pre-Wisconsin valley, reshaped by Wisconsin ice ................. _ .. _._ .......... . 
'rrace of Gardiners clay 1 mile north of head of harbor ............................ _ 

Fine spit .... _ .................................................................... . 
1'races of Mannetto gravel in bluffs ............................................... . 
Evidences of subsidence (submerged bushes) ..................................... _ 

Cretaceous and Montauk till member of Manhasset formation in bluffs; big bowl-
der . 

Folded gravels of Manhasset formation (Hempstead gravel member) .............. . 

Wisconsin till and Montauk till member of Manhasset formation in contact ....... _ 

Fine spit ........................... • ............................................... . 
Kettle plain of re(reatal outwash on Manhasset formation ......................... . 
See B B. 
Outwash from ice along Harbor Hill moraine; outwash channels ........... _ ...... . 
Kettles of doubtful origin ................................................... _ ..... . 

Eastern of Meh·ille "double channels"; depression between outwash from ice along 
Ronkonkoma and Harbor Hill moraines. 

Broad Hill moraine, outwash channel in harbor. 
Cretaceous and Mannetto gravel in abandoned pits ............................... . 
Outwash from ice along Ronkonkoma moraine ................................... . 
Extramorainal bowlders near road ascending hills. · 
Slopes of Mannetto gravel; level top with small bowlders and shallow basins (Mon­

tauk till member of Manhasset formation). 
Eastern of Mel ville "double channels" ....•........................................ 
Distinct terraces of outwash from ice along Ronkonkoma moraine, standing above 

the valley outwash from ice along Harbor Hill moraine. 
Ronkonkoma moraine on Mannetto gravel. ....................................... . 
Kettle plain; branching kettles; ,kettle valley ..................................... . 
Late outwash from ice along Harbor Hili moraine ................................ _ 
Hills of Mannetto gravel mantled witr Wisconsin drift ........................... . 
Cretaceous clays in wells, etc., on west edge of hills .............................. _ . 
Head of Northport-Babylon outwash channel. ................................... . 

Harbor Hill moraine .................................. : ........................... . 
Obstructed valleys (pre-Wisconsin); retreatal outwash on Manhasset formation .. 
20-foot bowlder in Wisconsin filling of Manhasset valley .......................... . 
White; gray, and chocolate-colored Cretaceous clays and talus of Mannetto gravel 

shown in bluffs at mouth of Centerport Harbor. 
Pre-Wisconsin valleys modified by ice ............................................. . 

Cretaceous dark clay and white sand in bluffs .................................... . 

Thick Cretaceous white sands and some dark clays in pits and bluff; Hempstead 
gravel member of Manhassr.t formation unconformably on Cretaceous. 

Fine spit ......................................................................... . 
Cretaceous clay, Mannetto gravel, Gardiners clay, and Montauk till member of 

Manhasset formation, "shown in amphitheaters along shore of Price Bend and 
to north: Mannetto bowlders 2 feet orcffiore in diameter. 

Spit and dunes ................................................................... . 
Montauk till member of Manhasset formation in bluff near lighthouse ............. . 
Cretaceous, Mannetto gravel, and Montauk till member in bluff .......... .' ........ . 

Fine connecting beach and low dunes ............................................. . 
Montauk till member in bluff ................................................ : .... . 
Barrier beaches, dunes, and salt marshes ......................................... . 
Lobate border of outwash ........................... _ ............................ . 
Melville and Northport-Babylon channels (Harbor Hill) .......................... . 
Outwash from ice along Ronkonkoma moraine (unusually fiat) .................... · 
Northport-Babylon outwash channel (Harbor Hill) ............................... . 
Confluent outwash fans .................. _ .. _ ..................................... . 
Ronkonkoma moraine, in part on .Mannetto gravel ... _ ........................... . 
Mannetto gravel beneath Wisconsin drift ... _ ...... _ ........ · ...................... . 
Outwash from ice along Harbor Hill moraine over Manhasset formation .......... . 
Bar in outwash channel. ......................................................... . 
Ed15e of Smithtown "driftless" area .............................................. . 
'l'hick outwash from ice along Harbor Hill moraine ............................... . 
Harbor Hill moraine .............................................................. . 
Manhasset _Plateau, much dissected by Vineyard erosion ........ .' ................. . 
Extensive exposures of chocolate-colored and dark-gray Cretaceous clays, traces 

of Mannetto gravel and Montauk till member of Manhasset formation; immense 
landslides affecting cliffs for ft mile inland; landslide scarps. ('rhis is the so-

. called" Broken Ground.") 
Barrier beach, dunP.~, good examples of fresh marshes among dunes ............... . 
Lobate outwash i.nargin ................................................ _ ......... . 
Manhasset formation projecting above outwash ................................... . 
Compound topography (Manhasset formation and outwash) ...................... . 
Ronkonkoma moraine (confluent cone type); small outwash fans; south border of 

Smithtown" clriftless" area. 
Smithtown "driftless" area: pre-Wisconsin topography .......................... . 
Head of Connetquot outwash channel. ........................................... . 
Erosil)n bluffs facing Connetquot channel; pre-Wisconsin valleys; post-Wisconsin 

notching. 
Manhasset formation (Hempstead gravel member) exposed in railroad cuts ....... . 
Esker (just north of road) extending from bottom of valley up hillside for~ mile, 

esta hlishing pre-Wisconsin age of erosion. 
Harbor Hill moraine ............................................................. . 
Pre-Wisconsin valley, little modified by ice ....................................... . 
Pre-Wiscons"in valley, much enlarged by ice ....................................... . 
Montauk till member of Manhasset formation resting on disturbed beds l,elonging 

to Manhasset formation (between Nissequogue River and Stony Brook Harbor). 
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SUMMARY OF GEOLOGIC FEATURES. 

Principal points of geolog·ic interest on Long Island-Continued. 

Coordi-
nates Part 

on of sec- Locality. 
Plates I tion. 
and II. 

12 ]3... N..... Fire Island Beach .......... . 
12 C .... N ..... Coast ...................... . 

12 D... W.... Along Connotquot River ... . 
12 D ... C, E ................................ . 

12 D .. . N .................................. . 
12 D .. . N. . . . . Lake Ronkonkoma ........ . 
12 D .. . N ..... Ncar Lake :Ronkonkoma ... . 
12]) .. . N ..... West of Lake Ronkonkoma. 
12 E .. . S...... i mile northwest of Lake 

Honkonkoma. 
12 1~ .•• S ...... North of .Lake Honkonkoma. 
12 ll; ... S ...... 1~ miles north and i mile 

west of Lake Ronkon­
koma. 

1:.! E. . . SE.. . . i milo north west of Lake 
• Grove. 

12 E ... Sll; .... Ncar Lake Grove .......... . 
12 E ... C .................................. . 

12 E ... N .................................. . 

g {~:::: ~v~::: · so.t1tli.orc·mne ·Neck ·Pailli:: 
12 F .... N ..... Oldfield Point ............. . 
12 F .... N ..... Setauket Beach ............ . 
13 C.... S...... Fire Island Beach .......... . 
13 C •... N ..... Coast ...................... . 
13 n ... All ................................. . 

13 D ... 
13 E ... 

13 E ... 

13 E ... 
13 1" .••. 
13 F .... 
13 F .... 
13 F .... 

13 F .... 

13 1<' •••• 

13 F ... . 
14C ... . 
14C ... . 

~: E::·: 
14 E .. . 
14 E .. . 
14lL .. 
14 E ... 

N ..... 1 mile west of Holtsville ..... 
s ...... South of Selden ............. 

c ..... North of Seldon ............. 

N ..... Ncar 'l'crryville ............. 
SIL .. 'Sout;h or railroad ............ 
SW ... Southwest of Echo .......... 

~~::: East of Echo ................ 
South of Port Jefferson ...... 

w .... North of Port Jefferson ...... 

w .... West Beach ................. 

C. . . . . East Beach ................ . 
C. . . . . Fire Island Beach ......•.... 
N ..... Coast ...................... . 
c,w ............................... . 
E ..... ······························ s ................................... . 
SE .... Ncar Yaphank ............. . 
S,C ... Ncar 8oram Hill. .......... . 
C ..... Near Middle Island ........ . 

14 E. . . C.. . . . 2 miles southwest of Middle 
Island. 

Features. 

Barrier be!}ch and dunes ....................................................... : .. . 
This region is at end of extensive salt marshes (characteristic of outwash margins), 

and bei?inning of erosional coast line (distinction of Manhasset surfaces). Being 
transitiOnal the forms are hero indistinct. 

Broad Connctquot outwash channel (Harbor Hill) ................................ . 
'l'hin outwash from ice along Ronkonkoma moraine; Manhasset formation controls 

the topography. 
Ronkonkoma moraine (low and interrupted) ..................................... . 
Largest kettle lake of island ...................................................... . 
Depressed moraine ............................................................... . 
'l'erraced outflow channel leading from Jake to Connetquot channel (now dry) ..... . 
Shallow pond and marsh behind recent delta in old channel in Manhasset formation. 

Kettle valley ..................................................................... . 
Ridge iJ?- channel ................................................................. . 

Terraced kettle ................................................................... . 

·west end of great intermorainal fosse depression (shown by 100-foot contour) ..... . 
'l'hin outwash from ice along Harbor Hill moraine on Manhasset formation (Man-

hasset controls topography). 
Harbor Hill moraine; dissected Manhasset plateau· ............................... . 
Dissected Manhasset plateau (Vineyard erosion) .................................. . 
Heavy Montauk till member of Manhasset formation, grading upward into Hemp-

stead gravel member; big bowlder. 
M0~tauk till member shows in bluffs (exposures poor) ............................ . 
Fine spit on both sides of entrance to Port Jefferson Harbor ....................... . 
Barrier beach and dunes .......................................................... . 
Erosion outline of coast; mainly Manhasset border ................................ . 
Thin outwash from ice along Ronkonkoma moraine on Manhasset formation; Man-

hasset frequently controls topography; channels partly Manhasset, partly Wis­
consin. 

Double channel (t mile south of railroad) ......................................... . 
Hon konkoma moraine, probably exceptionally sanely, covered with old dune sands 

at many points. 
Great intermorainal fosse depression; surface largely covered with old dtme sand, 

some local drifting at :present time; Manhasset forma~ion controls topography. 
Outwash topography gtves way to Manhasset formatiOn ......................... . 
Outwash from ice along Harbor Hill moraine ..................................... . 
Harbor Rill moraine (ridge type) ................................................. . 
Harbor Hill moraine depressed type; many immense kettles north of railroad ..... . 
Large gravel vit in Manhasset formation with moraine above; large bowlder (both 

on road to station). . · 
Indications of Montauk till member of Manhasset in lower part of bluffs on east side 

of harbor: dissected Manhasset plateau (Vineyard erosion). 
Cliffs of Manhasset formation overlain by one of the Wisconsin moraines; traces of 

Montauk till member of Manhasset formation. 
Old spit flanked with marsh ..... , ................................................ . 
Barrier beach; dunes ............................................................. . 
Erosional coast line, mainly Manhasset formation ................................. . 
See 13 D. 
Carmans Valley outwash from ice along Ronkonkoma moraine ................... . 
See 13 D. · 
Carmans Valley outwash with narrow channel of post-Ronkonkoma age .......... . 
Ronkonkoma moraine; morainal gap at Carmans River ......................... . 
Surface mantle of bowlders 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) ..................... . 

14 E. . . E. . . . . ~milo eas'~ of Middle Island.. Vineyard erosion valley in Manhasset formation (modified by ice and by recent 
erosion by Carmans River). 

14 E . . . E..... 1 mile el\:lt of Middle Island.. Kettle valley branching, partly open, occupied by Artists Lake ................... . 
14 E.. . N..... 2 miles north of Middle Is- Branching kettle valleys .......................................................... . 

land. 
14E ... N .................................. . Thin outwash from ice along Harbor Hill moraine on Manhasset formation; Man­

hasset valleys and other pre-Wisconsin topographic features. 
14F .... 8 ........................................ do ............................................................................ . 
14 F .... SE .... 1 mile soul;• west of Rocky Numerous deep branching kettles and kettle valleys ............................. . 

Point. 
14 F .... SE .... 1 mile southeast of Rocky Tlll-eovered monadnock rising above outwash (morainal?). 

Point. 

1 

14 F ..•. C ..... North of railroad ..... ' ....... Harbor Hill moraine resting on Manhasset formation; Manhasset topography 
distinct on north side, many valleys being only partly obliterated by the 
moraine. Manhasset terrace well developed east of Hallock Landing. 

14 F.... W.... l mile east of Woodhull Poor exposure of mottled buff to gray Gardiners clay ............................. . 
Landing. 

14 F .... W ..... ~ mile east of Woodhull 
Landing. 

14 F .... C ..... ~mile west of Rocky Point 
Landing. 

14 F .... C ..... i milo west of Rocky Point 
Landing. 

14 F.... C..... l mile west of Hallock Land­
ing. 

14 F.... E..... 1 mile ea.st of Hallock Land-
ing. 

15 C.... N.. . . . Fire Island Beach .......... . 
15 D ... \V ................................. . 
15 D ... E .................................. . 

15 E ... S .................................. . 
15 E ... C, N ............................... . 

15 E ... I NW ... Northwest of Ridge .... ' .... . 

'!'hick, gently folded beds of Herod gravel member of Manhasset formation ........ . 

Small exposure of tough brown Gardiners clay ................................... . 

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

Upturned clays along fault plane (Gardiners clay or Jacob sand). Folded beds of 
Herod gravel member of Manhasset formation. 

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

Barrier beach, dunes, margin of Manhasset formation bordered by marsh (tmusual). 
Carmans Valley outwash with narrow channel of post-Ronkonkoma age ......... . 
Manhasset formation with thin outwash from ice along Ronkonkoma moraine 

(local). 
Ronkonkoma moraine; morainal gaps and depressed moraine .................... . 
Manhasset surface with· thin till or mantle of bowlders; deep Vineyard erosion 

valleys .. 
Kettle valley systems ........................................................ :: .. . 
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190 GEOLOGY OF LO~G ISLAND. 

Pri?"fcipal points of geologic interest on Long island-Continued. 

Coordi­
nates 

on· 
Plates! 
and II. 

Part 
of sec­
tion. 

Locality. Features. 

15 F .... S ................................... See 15 E (Ck N). · 
15 F.... SE.... 1 mile southeast of Wading Branching ettle-valley system (deep pond) ...................................... . 

River station. 
15 F.: .. SE .... 21W~~~~~h:n~tofWading ..... do ............................................................................. . 

15 F •••. C ..... 1~ miles west of Wading Bowlder (20 by 20 by 16 feet) near highway through moraine ...... · ............... . 
Hivel' station.· 

15 F •.•. C ..... i mile northwest of Wading Bowlder (20 by 18 by 15 feet) near edge of marsh ............................. .' ... . 
River station. 

15 F .... W .... t mile east of Woodville 
Landing. 

15 F •... C..... Coast ...................... . 

15 F •... E ..... Near Herod Point ......... . 

16 D. . . S. . . . . Moriches Bay .............. . 
16D ... N .................................. . 

16 D... N.. . . . North of East Moriches ..... 
16E •.. S ..... '····························· 

16 E ... C ..... South of Manorville ........ . 
16 E . . . E . . . . . 2 miles east of Manorville .. . 
16 E.. . N.. . . . Along Peconic River ....... . 
16 E ... NV/ ................................ . 

16F .... S .................................. . 

~~~:::: ~~~~~: ~o~~[h~~e~!o~~"o;i<i.La~d:· 
ing. 

16 F .... C ..... Along coast ................ . 

16 F .... C ..... Coast ...................... . 

16 F... . W . . . . Paine Landing ............. . 

16 F . .' .. C ..... Hulse Landing ............. . 

16 F ..... E..... East of Fresh Pond Landing. 
17D ....................................... . 
17 E ... S .................................. . 
17 E... W.... 2 miles north of "Rock Hill". 
17E ... C .................................. . 

17 E... N..... South of railroad ........... . 

17 F .... S .................................. . 
17 F .... C .................................. . 
17 :F .... W .... Near Baiting Hollow ....... . 
17 F.... N..... Along coast ................ . 
17 F .... N ..... Coast ....................... . 

17 F .... N ..... Near Friars Head .......... . 

17 F.... N. . . . . t mile east of Roanoke 

17F ... . 
18 D .. . 
'18 E .. . 
18 E .. . 
18E .. . 

Landing. 
N ..... Near Roanoke Point ....... . 
N .................................. . 
S ................................... . 
C ..•... ······•·•·······••······•••··· 
N ..... ······························ 

18 F .... C, S ................................. . 

18 F.... N. .. . . Along coast ................ . 

18 F .... N ..... t mile west of Jacob Point .. . 
18 F .... N ..... Ncar Jacob Point .......... . 

18F .... N .......... do ..................... . 

18 F ... . 
19D ... . 

N ..... Ncar Luce Landing ........ . 
N. . . . . Hampton Beach ........... . 

19 E ... . S ...... Coast ...................... . 
19 E ... . S ...... ······························ 
19 E .. . c .................................. . 
19 E ... . C. . . . . Tiana Creek ................ . 
19 E .. . 
19 E ... . ~w·. ~: ~~~e~?C:o~::~1~: ·.••• ~:::: ·:: 
19 E .. . NW... Red Cedar Point ... ~ ....... . 
19 E .. . N..... 1 mile east of Southport .... . 

19 E ... N ..... 2 miles east of Southport ... . 
19F .... NW .................... : ........... . 
19 E... N..... Mattituck Inlet ........... .. 
19 G ... SE ................................. . 

19G ... SE .... Alongcoast ................ . 
19 G... SE.... Near Oregon Hills .......... . 

Old brickyards and clay pit, probably in Gardiners cl_a_y and Jacob sand; uptumed 
Jacob sand in ravines; Montauk till member of l\).anhasset formation overlies 
clay pits. 

Landslips along bluffs and fresh-water pools along beach, both suggestive of 
Gardiners clay and Jacob sand beneath talus; many deep ravines and amphi­
theaters; magnetic and gametiferous sands on beach. 

Horizontal beos of Herod gravel member, overlain by Montauk till member of 
Manhasset formation. · 

Barrier beach; erosion coast line; estuaries of pre-Wisconsin age .................. . 
Manhasset plain and valleys; local outwash from ice along Ronkonkoma moraine 

(largely near moraine). 
Local patches ofloam, resembling "Jamesburg loam" of New Jersey ............. . 
Ronkonkoma moraine; depressed moraine at gaps (locally); compound type of 

morainal ridge. 
Morainal outliers ................................................................. . 
Exceptionally heavy morainal development ............•........................ :. 
Peconic hh,er fosse_. ............................................................. . 
Modified Manhasset surface with thin outwash; large kettles, kettle valleys, kettle 

chains, etc. 
Manhasset surface with original drainage but slightly obscured; thin outwash near 

moraine and elsewhere. 

~~ftl~b~fi~e:~k~~fe ~;;~~::::::::::::::::::::::::::::::::::::::::::::::::::: 
Harbor Hill moraine rapidly diminishes; partly removed by sea; almost disap­

pears at Jericho Landing; development of dunes at top of bluff and along north 
face of moraine becomes important. 

Fairly clean blutfs commonly showing from 50 to 90 feet of Herod gravel member 
of Manhasset formation; many amphitheaters; some landslips and springs sug­
gesting Gardiners clay or Jacob sand near beach level. 

Montauk till member of Manhasset formation exposed in upper part of bluffs; 
many big bowlders on beach; thick Herod graver member oJ Manhasset. 

Same as preceding; Montauk till member continues to Fresh Pond Meadows, 50 
fetlt thick in places; thick Herod gravel member of Manhasset formation. 

Thick Herod gravel member; dunes at crest of bluffs ............................. . 
See 16 D (S}. ' • 
See 16 D (N). 
Bowlder 125 feet in diameter reported ............................................ . 
Ronkonkoma moraine (strong development), morainal channels, cones, kettles, 

etc., of all types; Bald Hill cone. 
Peconic Hiver fosse; Wisconsin outwash, etc., on Montauk formation; large ket-

tles (Great Pond, etc.). 
Vineyard erosion valleys in Manl1asset formation; kettle valleys, kettle chains, etc .. 
Outwash from ice along Harbor Hill moraine over Manhasset formation .......... . 
Numerous branching kett-les (kettle-valley type) ................................. . 
Harbor Hill moraine (weak development) ...........•................ 0 

••••••••••••• 

Steep bluffs cut by deep amphitheaters; dunes at crest of bluffs; many exposures 
of Herod gravel member of Manhasset formation. 

Typical exposures of banded and. cemented Montauk till member of Manhasset 
formation eroded into pinnacles and knife-edge ridges (in amphitheaters). 

U ptumed clay ( Gardiners) .................•........ ~ ............................ . 

Folded and overturned Gardiners clay and Jacob sand ..•......................... 
See 16 D (S). 
See HiD (N). 
Honkonkoma moraine (see 17 E~,.9); depressed moraine at broad gap ............. . 
Wisconsin outwash, etc., on Manhasset formation; many small kettles, pr<;l-

Wisconsin valleys. 
Outwash from icc along Harbor Hill moraine over Manhasset formation; numerous 

kettles and kettle valleys; some Vineyard erosion valleys. 
Harbor Hill moraine capping M:anhasset terrace (weak development with many 

n~!~J~r ~~r~;r 2~0b~ri~ f:Ci{~ ~~~~: . ................. _ ........................... . 
Tough dark Gardiners clay; Jacob sand; Herod gravel member of Manhasset for­

mation; M:ontauk till member of Manhasset formation near top of bluffs. 
Pinnacles of Gardiners clay and Jacob sand; possible Jameco gravel; Herod gravel 

member of Manhasset formation; Montauk till member of Manhasset formation, 
near top of bluffs. . 

~~~:fe~rt:~~a~~~s~~:~~e~::::::::::::::::::::::::: :::::::::::::::::::::::::::: 
~~~s~~~f;:se ,~::!~~t;t~~~~i~~:::::::::: ~::::::::::::::::;::::::::::::: 
Ronkonkoma moraine (depressed at gap) ......................................... . 
Late narrow outwash channel in Ronkonkoma moraine.· .......................... . 
Outwash from Ice along Ronkonkoma moraine ................................... . 
vV: iscon~in outwash on Manhasset formation; kettles; Vineyard er~sion topography. 
Fme sp1t .................................... :, ................................... . 
Montauk till member of Manhasset formation and Gardiners clay in overturned 

folds in bluffs; 'l'riassic bowlders in Montauk till member. 
Herod gravel member of Manhasset formation in bluffs ........................... . 
See IS F (C, S). 
Submerged kettle valley in Manhasset surface .................................... . 
Outwash from ice along Harbor Hill moraine on Manhasset formation; outwash 

channels near Oregon Hills. . 
Moraine lar~ely eroded, only low narrow ridge remaining; several important gaps .. 
Montauk till member of Manhasset formation (with many Triassic bowlders) in 

bed in middle of bluff. · 
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SUMMAR.Y OF GEOLOGIC FEATURES. 

Principal points of geologic interest on Long Island-Continued. 

Coordi­
nates 

on 
Plates! 
and II. 

Part 
or sec­
tion. 

Locality. 

19 G ... SE .... Middle of Oregon Hills ..... . 
19 G . . . E..... ~ milo southwest of Duck 

Pond. ·· 
20 E ... SE .... Hampton Beach ........... . 
20 E ... C ..... Shinnccook Hills ........... . 
20 E ... W .... t mile cast of Shinnooook 

Canal. 
20 l~ . . . N. . . . . N <p~~~~st of Cold Spring 

20 ]<~ ••• SE .... Ncar Cow Nook ............ . 
20 ]<~ ••• C ...... West side of Robins Island .. 

20 F .... C ...... East side of Robins Island .. 

20 l? ••. NW ... New Suffolk .......... : .... . 
20 G ... C ................................... . 
20 G... SW... 1 mile southwest of Cut-

chogue. 
20 G . . . NW... Along coast ........ : ....... . 
20 G ... W .... West of Goldsmith Inlet ... . 

20 G • . . N. . . . . Horton Beach .............. . 
20 H... SE.... Ncar Horton Point ......... . 

2~ E ••.. N ..... : ............................ . 

21 E ... N,V ................... : ............ . 
21 E . . . NE... Ncar WatcrmiU ....... : .... . 
21 E . . . NW... 2 miles northwest of South-

ampton. 
21 F .... SE ................................. . 
21 F ... S \V- ............................. . 

NE. 
21 F .... N,V ................................ . 
21 G .... S ...... WestsideofJcssup Neck ... . 
21 G .... W ..... GrcatHogNeck ........... . 
21 G .... NW ................................. . 
21 G .... Nm ... Shelter Island .............. . 

21 H ... SW .. . Hashamomuck Pond .... : . .. 
! mile northeast of Hasha-21 H ... SW .. . 

21 H ... s.: ... . momuck Pond. 
South side of fluke ...... : . . . 

21 H ... S ..... . West of Greenport ......... . 
21H ... SIL .. Shelter Island .............. . 
21H ... C .... . Along coast ................ . 
21H ... C ..... . Coast blufis ................ . 

211[... C...... ~ milo southwest of Rooky 
Point. 

22 E .... N\V ................................ . 
22F .... S,V ................................ . 
22 F .... SW ... Scuttle Hole ............... . 
22 F.... S.... . . Sagaponack Lake .......... . 

22F ... . 
22F ... . 
22F •... 
22F ... . 
22 ]~ ... . 

22 F ... . 
221? ... . 
22 G ... . 

22 G •... 
22 G •.. 
22 G ... . 
22H .. . 
22H .. . 
22H .. . 
22H .. . 
22H .. . 

C ..... PoxabOh'UC Pond ........... . 
Sl~ ................................. . 
NC ................................. . 
NC.... Long Pone!.. ............... . 
N..... 2 miles southwest of Sag 

Harbor. 
N .................................. . 
NW ... Long Beach ................ . 
SW ... Northwest point of Hog 

Neck. 
NW .. . Shelter Island .............. . 
w ... . South of South l<'erry ...... . 

Ram Island~e~o ............ . 
Hay Beach romt .......... . 
Long Beach ................ . 

NW .. . 
sw .. . 
c ..... . 
w ... . 'l'ruman Beach ............. . 
N .... . South side of fluke ......... . 
N .... . Coast .................... '·· 

22 H. ... N ..... Bluff of Brown Hills ....... . 

23 F.... S W. . . Georgica Pond ............. . 
23 F ..•. C .................................. . 
23 F .... , SC .... South and east of Easthamp-

ton. 
23 F .... N,V ................................ . 
23 F.... N..... 2 miles northeast of Hard-

scrabble. 
23 F .... E ..... Ncar Freetown ............. . 
23 F .... NE ... 1 milenorthofFrcetown .... . 
23 G ......................................... . 

23 G .... C ..... WcstofSammysBe;~oh ..... . 

23 G ... C ..... Cedar Point. SammysBeaoh. 

Features. 

Bowlder 15 feet in diameter .......................................... : ............ . 
Bowlder 23 by 20 by 15 feet ....................................................... . 

Barrier beach; dunes ............................................................. . 
Hills of Manhasset formation shoved and dragged by icc; old dune sands ......... . 
Old clay pit shO\ving Gardincrs clay grading into Montauk till member of Ma.nhas-

set formation; Herod gravel member of Manhasset formation. 
Gardincrs clay and Montauk till member of Manhasset formation in blufis ........ . 

Irregular areas of ManhasSet formation apparently laid down around icc blocks. 
Gardiners clay, Jacob Sa.Jl~l Herod grave member of Manhasset formation, and 

Montauk till member of Manhasset formation-in blufis (generally folded); fossils 
locally. 

Mainly Herod gravel member of Manhasset formation with some Montauk till 
member. 

Outlier of Manhasset formation ...........................•........................ 
Outwash from iec along Harbor Hill moraine on Manhasset formation ............ . 
Kettle witl1 till rim ncar Mattituck highway ..............•.................... · .. . 

Narrow belt of Harbor Hill moraine (hardly forms a ricfge) ........................ . 
M~f~~l, some apparently Montauk till member of Manhasset formation, shows in 

Fine pocket beach backed by dunes inclosing large pond .......................... . 
Bluffsi apparently till from top to bottom; many large bowlders on beach; one 

bow dor 25 feet in diameter in water It miles east of point. 
Outwash from ice along Ronkonkoma moraine with margin tnmcated by sea; 

estuaries converted into ponds. 
Ronkonkoma moraine ........•.....•...............•.............................. 
\Vatermill pond kettle ..........•.........•........................................ 
Kettle with outwash rim ......................................................... . 

Manhasset formation overlain by thin outwaSh ................................... . 
Strongly developed Ronkonkoma moraine ........................................ . 

Deeply eroded Manhasset.formation with thin mantle of Wisconsin till ............. . 
Herod gravel and Montauk till members of Manhasset.rormation in bluffs ......... . 
Outlier of Manhasset formation with mantle of Wisconsin till ..................... . 
Ma.Jlhasset formation with thin mantle of outwash ................................ . 
Thick deposits of Manhasset formation with Vineyard erosion topography; mantle 

of Wisconsin till; fine spit at Shell Beach; bays of south side clue to presence of 
Montauk ice blocks. Small show of Gardiners clay or Jacob sand opposite Conk­
ling Point. 

Submerged kettle valley .......................................................... . 
Kettle valley filled with marsh deposits (this and the one next preceding bounding 

a remnant of Marihasset formation, formerly an island). · 
Manhasset formation practically without outwash ................................ . 
Big fresh marsh in depression in :M:anhasset formation ............................ . 
Sec 21 G (NE) .................................................................... . 
Narrow and interrupted morainal belt~ little in shape of ridge ..................... . 
Bluffs mainly oftill, probably largely ~1ontauk till member of Manhasset formation; 

pavements and great heaps of bowlders on beach; some exposures of stratified 
gravels, probably Herod gravel member of Manhasset. 

Bowlder 25 by 25 by 30 feet in water .............................................. . 

Barrier beach; Ma.Jllmsset plains .................................................. . 
Manhasset plains with thin outwash .............................................. . 
Kettle valley, kettle chains, connected kettles; kettle channels, etc ............... . 
Estuary out off from sea by beach (depression between Ma.Jlhasset formation and 

outwash). 
Part of kettle valley .............................................................. . 
Outwash on Manhasset formation (outwash controls topography); loam in places .. 
Strongly developed Ronkonkoma moraine ........................................ . 
Kettles in outwash channels through moraine ...................................... . 
Outcrops of Gardiners clay at considerable altitudes in moraine ................... . 

'See 21 F (NW). 
Connecting beach .................................... ' ............................. . 
Possible Jameco gravel beneath reworked fossiliferous Gardiners clay; Montauk 

till and Hempstead gravel member of Manhasset formation. 
See 21 G (NE). 
Flats of thick till (Montauk till member of Manhasset formation) ................... . 
Islands united by connecting beaches ............................................. . 
Low till bluffs (Montauk till member of Manhasset formation) .................... . 

~~~tc::~e~~~~~I;fanci ~:: : : : :: :: : : : : : : : : : : ::: :: : :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Manhasset formation witl1 mantle of outwash ..................................... . 
Moraine is a more pronounced ridge than for some distance west; blufis largelr. Herod 

member of Manhasset formation, overlain by thick till (in part Montauk till mem­
ber of Manhasset formation). 

Many exposures of Oardiners clay and Jacob sand, highly folded and overlain by 
Montauk till member of Manhasset formation; po~ible Jameco gravel under the 
Gardiners clay. 

Estuary closed by beach. · 
Outwash from ice along Ronkonkoma moraine ............... , .................... . 
Dunes over outwash, till and bowlders reported to have been washed out by waves 

on beach. 
Heavy Ronkonkoma moraine .................................................... . 
Morainal gap; outwash valley; depressed moraine ................................ . 

Outwash. channel through Ma.Jlhasset formation. . 
Ronkonkoma moraine ............................................................ . 
Manhasset formation with thin mantle of Wisconsin drift; topography mainly 

Vineyard erosion, modified by Wisconsin ice; kettles. 
Montauk till member of Manhasset formation overlying folded Herod gravel mem-

ber. ' 
Fine spits •..... ·-.·: .............................................................. . 
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192 GEOLOGY OF LONG ISLAND. 

Principal points of geologic interest on Long Island-Continued. 

Coordi-· 
nates Part 

on ofsec- Locality. Features. 
Plates I tion. 
and II. 

23 G... E..... Southwest of Hog Creek 
Point. 

Low: plain of till (Montauk till member of Manhasset formation) .................. . 

2:1 H ... NW ... Near Orient Point .......... Mainly Manhasset formation; some outwash; magnetic sands on beach ........... . 
23 I. ... SE .... North side of Plum Island .. Gardiners clay; Jacob sand and Herod gravel member of Manhasset formation are 

involved in small folds; much till in bluffs (probably largely Montauk till mem­
ber of Manhasset formation). Several faults in Herod member. 

23 L ... SE .... South side of Plum Island ... Broad plain of Montauk till member of Manhasset formation on southwest end; 
faulted Herod gravel member of Manhasset; folded Gardiners clay, Jacob sand, 
and Herod member; Montauk till member, east of Fort Terry. 

24F .... C ..... Coast ....................... Beltofdunesofconsiderablewidth ............................................... . 
24 F.... N..... Along railroad............... Hills of Manhasset formation with little outwash ......... ~ ......................... . 
24 F.... N. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Strong morainal ridge ..................................................... · ....... . 
24 G... SW... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . General upland of Manhasset formation, with Vineyard topography; broad low-

24G .... SW ... A cabonack Harbor ......... . 
'24G .... W ....• NearHogCreekPoint ...... . 
24 G .... E .... . 
24 G •... E .... . 

Ram Island, etc ............ . 
Great Pond ................ . 

24 G .... E .... . West side of Gardiners Is-
land. 

landsofMontauktillmemberofManhassetformation. 
Sand spit and marshes ............................................................ . 
Montauk till member of Manhasset formation in folded Herod gravel member. 
Spit in process of formation, largely below sea level. ..•............................ 
Pond inclosed by V -shaped spit. ....... : ......................................... . 
Montauk till member of Manhasset formation north of Great Pond; Herod gravel 

member of Manhasset formation; reddish clays and clayey sands 1 mile north of 
Great Pond (Gardiners clay or Jacob sand). 

24 G .... NE ... South of 'l'obacco Lot Pond .. Jacob sand, Gardiners clay1 and Montauk till member of Manhasset formation, 
(generally folded); fossils m Gardiners clay and Jacob sand. 

24 H... S ...... East of Cherry Hill Point .... Fine section of red and black fossiliferous Gardiners clay overlain by Jacob sand ... . 
24 H... S. .. . . . Southwest of Bostwick Bay. Jacob sand with ripples; Herod gravel and Montauk till member of Manhasset 

formation. • 
24 H ... C ........... do....................... Fine V-shaped spit inclosing pond ................................................ . 
24 H... C...... Gardiners Point............. Sandy island making continuation of Gardiners Island spit. 
24 H ... SE .... NortheastcoastofGardiners Cretaceous possibly present; Jamecq gravel under Gardiner.> clay (doubtful); 

Island. Gardiners clay, Jacob sand, and Herod gravel member of Manhasset formation 
involved in complex folds. Montauk till member of Manhasset commonly poorly 
developed. 

SE.. . . Inland on Gardiners Island. . Ridges due to folding ...... : . ..................................................... . 
SE .... 'l'obacco Lot Pond .......... Baybar ......................•...•.....•.......................................... 
NW... N apea~:,>Ue Beach. . . . . . . . . . . . Big connecting beach; high dunes; fresh marsh among dunes ..................... . 
S ........... do ............................ do .................................•.......................................... 

24H .. . 
24H .. . 
25F ... . 
25G ... . 

SE .................. :. . . . . . . . . . . . . . . Moraine (thin) on ManhaSset formation; old dunes on surface; Manhasset erosion .. 
SE.... Quince Tree Landing........ Montauk till and Herod gravel members of Manhasset formation .........•......... 
SW ... Goff Point, Hicks Island .... Hooked spits ..................................................................... . 
SW... Eastern Plain Point......... Herod gravel and Montauk till member of Manhasset formation ................... . 

25G ... . 
25G ... . 
25G ... . 
25H .. . 

SW ... South coast ................. Thick Herod gravel member overlain by Montauk till member ................... . 
SW... Interior ................... :. Hills of Manhasset formation with superficial mantles of mor:ainal drift (Wiscon!!in) 

and dune sand (local). 

26 G ... . 
26 G ... . 

26 G .... SW ... ! mile southwest of Rocky Intermorainal fosse channe~s ...................................................... . 
Point. 

26 G ... . W..... 1 mile west of Rocky Point .. 
26 G ... . w .. ~ ....... do ...................... . 
26G .. . C ...... Montauk station ........... . 
26G ... . C...... Fort Pond ................. . 
26G ... . C ...... South of Fort Pond ........ . 
26G ... . C ...... Montaukstation ... ~ ....... . 
26G ... . N..... South of Culloden Point .... . 

26G ... E ..... Near Ditch Plain ........... 
26G .... NE ... Great Pond ................. 

27 G ... NE ... South coast ................. 

27 G ... N ..... Montauk Point .............. 

27 G ... N ..... North of Montauk Point .... 
27 G ... N ..... Southeast of False Point .... 
27 G .... N ..... ! mile west of False Point ... 

27 G .... N ..... 1·mile west of False Point ... 
27 G .... NW ... Oyster Pond ................ 
27 G .... NW ... Near Shagwong Point ....... 
27G .... NW ... Reed Pond .................. 

Jacob sand under Herod gravel, member of Manhasset formation.· .. : ............... . 
Herod gravel and Montauk till members of Manhasset formation ................ _. .. 
Bay bar ............•.....•...•.•.........•.....•.................................. 
Pond inclosed by oay bar ......................................................... . 
Barrier of Montauk till member of Manhasset formation .......................... ·I 
Uplands of Manhasset formation. (See 26 G, SW.) ................................ . 
Herod gravel member of Manhasset formation under heavy till, possibly Montauk 

till member. 
Low plain of Montauk till member of Manhasset formation ...................... . 
Pond inclosed by bay bar, the latter characterized by dunes, fresh marsh, and 

ponds. 
Mainly Montauk till member, often double or triple and including stratified sands; 

several outcrops of Gardiners clay and Jacob sand; Herod gravel member of 
Manhasset occasionally seen; possibly some Hempstead gravel member of Man­
hasset. Sands below clays may belong to Jameco gravel. 

·Thick Montauk till member·of Manhasset formation overlain by stratified gravel 
(Hempstead member of Manhasset). 

Folded gravels (Hempstead member or gravelly phase of Montauk till member) .. 
Montauk till member of Manhasset formation in .bluffs ........................... . 
Dark chocolate-colored Gardiners clay; Jacob sand; Herod gravel member of Man-

hasset formation. . 
Montauk till member of Manhasset formation exposed at point ................... . 
Pond behind bay bar ............................................................. . 
Montauk till member of Manhasset formation ...................................... i 
Pond behind bay bar .......... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · : · · · · · · · · · · · · · · · ·I 
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PRE-CRETACEOUS EVENTS.1 
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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 occprs 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 geologie history of the New York region, see New York City folio (No. 83), Geol. Atlas U.S., U.S. Geol. Survey, 1902. 
\ . 
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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 indicated by the conformable I-Iudson 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 
1nasses on Long Islarid 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 erosion, during which 
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 ~f 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, w~ch 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 
e 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 
dep,)sited 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 t.o have been completed in the early part of the Upper Cre­
taceous epoch and in New Jersey was followed during the remainder of Cretaceous ti~e 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 s~a 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 
Jess marked, clays and sands derived from the erosion of the uplifted peneplain continuing to 
be deposited while the marls were forming off the New Jersey coast. The fragments of fossil 
shells found here and there in wells or in the drjft 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 thi~ 
part of the island at the close of the period. 

1629°-14--14 
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TERTIARY EVENTS. 

EOCENE EPOCH. 

Although ther.e seem to have been slight interruptions in the deposition of the Cretaceous 
beds in certain parts of the New Jersey region,1 the exposures. on Long Island are too poor -to 
admit of their recognition even if evidence of them is present. Between the Cretaceous ari~ 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.2 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 Cretaeeous beds seems .to have oeeurred. Physiographic evidence 
elsewhere seems to indicate that the Eocene may have been marked by the completion of a 
peneplanation begun in the CretacP-ous, and that the surface stood at· a low level, land erosion 
being nearly at a standstill. 

MIOCENE EPOCH. 

At the elose 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 advaneed aeross "the Eoeene and over the Cretaceous 
deposits on the west.. This depression probably eompleted the prineipal tilting of the early 
Tertiary peneplain. Over both the Eoeene and the part of the Cretaceous covered by the 
ocean the sandy beds of the Mioeene were deposited. These were thin near their western 
limit but S<?mewhat thicker seaward, burying and obliterating the erosion surface cut in the 
Cretaeeous and Eocene deposits. 

· EARLY PLIOCENE EPOCH. 

After the deposition of the Mioeene 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 portions of the Miocene beds and eut into the underlying 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 days o 

derived mainly from the underlying Cretaceous and other beds, was deposited over the Coastal 
Plain, even overlapping the metamorphie rocks in places· and apparently obliterating the 
topography developed in the tCa:rly 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 3 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 Mioeene time. The transgression they eonsider to be due to a 
moderate ''bowing'' ·of the peneplain rather than to submergence. They also supposed that 
the conditions affecting vegetation and preeipitation 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 elays 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 exis~ing coast, 'which could not have been far east <?fits present position. 

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. 
a Chamberlin, T. C., and Salisbury, R. D., Geology, vol. 3, 1906, pp. 305-3Q8. Compare views of Hill and Vaughan, Eighteenth Ann. Rept. 

U. S. 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 fonnation 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 1 to rest :unconformably on the Lafayette, 
which they retain in the Pliocene. It h~s 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 recogniz4tg the Mannetto-Cretaceous contact from well records and 
san1ples. 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 th·e Long Island Sound 
region at this time. The magnitude of the unconformity resulting from this erosion, which was 
many tiu1es 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 whic~ 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 it:;; 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 gg per cent .of the material is probably from one or the other of these sources. The 
rmnaining 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 ~nd to 270 feet at its south end, or at a rate of 15 to 20 feet to the mile, is 
very si1nilar 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. 

, The slope of the old Mannetto surface and the internal structure of the deposit 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 large Cretaceous deposits existed 
along the Connecticut coast and supplied much of the gravel making up the Mannetto 
formation. 

The granite bowlders are found near the bottom of tl~e 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 granite 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 h~nd, 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 Pleistocen~ 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 IIills, 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 sue-

. 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 I-Iudson 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 underlying Manhasset formation is low and highest where the }.1anhasset . 
is high. That this is true' in the Mannetto Hills region is shown by the section at this point 
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(fig. 57, p. 81), the Mannetto and Cretaceous erosion surlaces being almost parallel. Where 
the Cretaceous relief was less marked, however, the erosion was independent of the old topog­
raphy and cut indiscriminately 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
differences apparently being the presence of a mantle of Mannettb gravel that covered and 
obscured the older deposits in places and the deeper trenching o! those deposits elsewhere. 

JAMECO GLACIAL STAGE. . 

The extensive erosion epoch just described was followed by an influx of material whose 
gra~1itic 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 n1ake 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 n1ay n1ean the riear proximity of the ice sheet, but the deposits as 
a whole do not differ greatly, so far as appears from well rec.ords, from the later Manhasset or 
fro1n the Wisconsin outwash deposits, and they 1nay have a similar origin, in which case the 
ice front presu1nal;>ly lay somewhere in the Sound. The distribution of the Jameco gravel on 
Long Island and the islands east of it would seem to· indicate that the front extended along the 
Sound beyond Orient Point, passed north of Block Island, crossed southeastern Massachusetts 
(probably ~etween 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 IIills. 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 n1ay judge 
by the relatively small amounts of quartz and other locally derived materials, much less pro­
nounced than during the fust invasion. In fact, the almost entire absence of recognizable 
1naterial derived fron1 the underlying 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 J ameco gravel gives way abruptly to the Gardiners clay, as if the source o'f materials 
wos suddenly removed, as it doubtless was by the retreat of tl1e ice sheet from the vicinity of 
the island. So far as known there is no unconformity between the two formations, the lignitic, 
Inarshlike, and fossiliferous phase of the Gardiners following without any important time 
break upon the cessation of J ameco deposition. 

The land masses during the deposition of the Gardiners clay remained essentially as during 
the J a1neco deposition. No conspicuous change of level took place either. at the beginning of 
or during the Gardin~rs deposition, although there was a slow subsidence, which kept pace 
with the accumulation, the top of the forp1ation always remaining at or below sea level. The 
subsidence could have been little if any n1ore 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, :Qluck, 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 siinply 
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 w~ters 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 cpntinent, 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 th~t 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 
toqk 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 he 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. 
, A~though.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 b~sins 
above sea level; moreover, its marine fossils :fi.x its origin beyond dispute. 

Evide:r;:1ee 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 Hal! 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 simdy silts of the Jacob to the glacial gravels of the Herod member 
of the Manhasset formation indicates a nearer approa'ch of the ice that supplied the materials. 
The sttndy 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 advtt~ce 
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 Ilerod 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 I-Ierod must therefore have been deposited at or below sea level. Higher up 
in the Ilerod member, however, wind-faceted pebbles point to subaerial accumulation, making 
it seem probable that subsidence either 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 similm: 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, furthermore, 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 membe.r 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 wh~ch 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 I-Ierod member differs in thickness from point to point, as. all deposits must whose 
materials are supplied by glacial streams, but on the whole ~he 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. 

J?IRS'l' 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 I-Ierod gravel member 
of the :Manhasset, and it actually invaded the Long Island area at the beginning of the Mont{tuk 
substage, as indicated by the change of the deposits from gravel to till. The ice is thought to 
have reached south in western Long Island in a lobe extending down the old Jameco valley 
between Jamaica and Brooklyn, depressing 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 again~t 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 H~mpstead 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 ce~tain 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 characterized .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 tillmember.-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 I-Ierod 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. Accum~lation 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 exte~t 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 
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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 bowlders, too, seem to point to an aqueous origin, for although ice-rafted 
bowlders are not uncomn1only borne clown 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 G'Q]f, Greenland, overlooked on three 
sides by ice caps, .abundant marine life was found by T. C. Chamberlin, who states 1 that 80 
crinoids and nun1erous 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 fro~ 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. Tllis 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. Altho.ugh the flexures 
differ in details of forn1ation, all except those of the first class appear to have been the result 
of the sa1ne 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. Tllis 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 Vineyard, and Nan­
tucket. 

1 Personal communication. 
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. These broad flexures are riot simple arches but compound f<?lds or anticlinaria, being 
characterized by both minor local warpings and sharp, overturned folds and faults. The main 
warping affected all the Pleistocene· formations and extended down iJ?.tO the underlying 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 lowest 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 thsre 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 
apparen'tly 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 believed, the!efore, 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 
.----:::o-"""""""---:::o---===--..--,-_---.,i., tangential thrust, and furthermore the deposits consist of incohe-

'\: rent sands, clays, and other material entirely incapable of trans-
~ mittillg thrust. 

/': That the anticlinoria are due to a warping of the surface in 
"" : their vicinity seems c~ear, 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 
I 

.__...;:;::---:::; __ -=---==:;-=--------:!c' through agencies other than crustal movements. 
FIGuRE 198.-Diagram illustrating com- Sediments vary greatly in bulk according to the arrangement 

pression of beds through rearrangement or "packing" of the component grains or fragments. Being de­
of grains. 

posited 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 deposits thicken 
they may undergo someJeadjustments.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 re~tangles, as shown by a-a-a-a in figure 198; (2) so 
that the connecting lines would form rhombs with an acute angle of 60°, as a-a-b-bJ· 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-r 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). Ifit is assumed that the original thickness of the Pleistocene deposits before ' 
the folding was 300 feet and that in the original deposition the fragments 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 ~whole the arrangement 
suggested, but .observations on soils show that the grains may be far fron1 uniformly in contact 
with one another, ·many vacant spaces occurring nmong 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 2

), 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, correspond­
ing roughly to the weight of 10 feet of J?laterial, 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 compacting .. 

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 exte;nt. This increase (c-c'), which is equal to the radius of the grain, is not cumuJa­
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 
rec~gnized 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 t~e 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 ~he anticlinoria! 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 mn.y 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 Islari.d 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. 

N otwith::;tanding the competency of an ice sheet to materially compact the deposits which 
it overrides, the anticlinoria! 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 
1night 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 compacting would take place 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 compacting was differential rather than uniform, 
the variation in amount being due either to differences in the character of the Pleistocene 
1naterials or to differ~mces in the altitude of the underlying Cretaceous and consequently in the 

1 Slichtcr, C. S., Theoretical investigation of the motion of ground waters: Nineteenth Ann. Rcpt. U. S. Geol. Survey, pt. 2, 1899, p. 309. 
s King, F. H., Principles and conditions of the movements of ground water: Idem, p. 70. 
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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 
Cretace'ous 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, 

FIGURE 199.-Diagram showing supposed compression of beds under ice load in the Long Island region. a, Mon­
tauk ice sheet; b, Herod gravel member of Manhasset formation; c, GardinE>rs clay; d, Jameco gravel; e, Mannetto 
gravel;/, 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 chiy 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 sm~ller 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
rial on the necessary 
scale. At the same 

FIGURE 200.-Diagram showing supposed influence of Cretaceous masses in controlling the compression of 
the Pleistocene deposits under ice load. a, Herod gravel member of Manhasset formation; b, Gardiners 
clay; c, Mannetto and Jameco gravels; d, Cretaceous. 

- 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 a section 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 elevation due to folding appears 
likewise to have. been nearly double this amount, and on Martha~ Vineyard the thickening is 
still greater. 

. Minor warpings.-Under the head of minor warpings 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 t.!:l.at are not 
assodated 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 thic~ formation, 
especially where there are, as in the Pleistocene deposits of the Long Island region, more or less 
minor variations in composition and t~xture, 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 tp.e 
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 differing 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 a~es are generally 
parallel with the trend of the anticlinoria of the North and South flukes, of which they ,are a 
superfici~l 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 superficial 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. Ftirthermore, 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 assume~ 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 adequa.te 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 . 

. I 
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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 
superficial disturbance. Where the folding is more profound and extends below sea level it 
is more difficult to prove the absence of the slip 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 nort~ward-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) loc.al evidences of the plowing of the underlyi11g surfaces by bowlders; (1.0) the almost univer­
sal evidences of ice erosion at the Montauk horizon; (11) the massing of till against u11disturbed 
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 
inva~ion; 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 deposits 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 consider3:ble portions of the gravels 
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had been eroded. Similar conditions likewise .prevailed in the region between the flukes and 
along the South Fluke. 

. I 

It is true that, notwithstanding the even more marked scarps opposed to the Wisconsin 
gln,cier, the folding it accomplished was much less than that due to t~e 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'somethiilg 
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 
debris. 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 flog Neck, and along the north side of Shelter Island. The North Fluke proper was 
probably still covered by ice, as ~here is no record in the shape of deposits 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 -glacial 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 fo~ 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 an,d topography of the various 
masses, clue weight being allowed to subsequent wave erosion, it appears that the deposition took 
place not in an open body of water, but rather iri irregular spaces among a number of detached 
residuary ice masses occupying the greater part of the interflu~e 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 in<;lication of any common factor in the determination of their 
levels. Cuesta-like surfaces such as characterize both the late Manhasset and the Wisconsin 



208 GEOLOGY OF LONG ISLAND. 

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 e.arlier invasion, both scouring and 
folding occurring on a la.rger 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 Micldle Island belt. To 
this period between the cessation of erosion and the beginning of the ice· retreat is referred 

the form'i:ttion of the older olitwash deposits (Hempstead), 
~. ~ :J· which here and .there project through the Wisconsin outwash 
~--__, 1 on the south side of the island. 
~----~--~------------~ Y4- Mile . After the retreat of the ice from the region of the South 
FIGuRE 20l.-Profile or imperfect 40-foot terrace Fluke no deposits of consequence were laid down until the 

east of Fort Pond, Montauk, as seen looking from ice reached a line close to the north shore of the island. 
Second House, with higher Manhasset and mo- Here the ice seems to have made a somewhat extended 
rainal hills iB distance. 

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 Mille:r 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 ~fter the completion of the Hempstead deposition, would appear, 
however, to point to a submergence at this time. 

VINEYARD INTERGLACIAL STAGE.· 

EROSION. 

The deposition 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 ~levation 
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 ate 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, 
althqugh from the f_act 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 difference 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 t.he 
I-Iudson 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
nlergence 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 ou.t distinctly, having the appearance 
shown in figure 201. It has a coating of Wisconsin drift, which would indicate that it was 
fonned 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. 

O~g to the elevation of the Long Island region in the Vineyard interglacial stage, no 
general m~tle 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 deposits along 
the streams, and of fossiliferous beach deposits upon its borders. Such accumulations were, 
indeed, formed at many points and ~ay 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 (seep. 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 Jllark 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 climate of northern New. England. Toward the close of· the stage, 
however, the climate became colder, or at least more favorable for the collectio,n, and rete)ltion 
of snow, and the region 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 ()f 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 vaneys were previously filled with snow or snow ice; over which the ice moved 

0 ' 
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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 glacie1 during the maximum known advance of the ice, 
when its front rested along the ·line of the Ronkonkoma moraine, was probabiy 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 centrall.ce cap, whereas in 
,,,/,--- -,,,,____ -------,,________ the Wisconsin stage on the continent a ____ ... 
-----~----2.--------------; -------- continuous front of thousands of miles 

::~;~~~~~~~~;~-~~3~~~~~ifZH~~~~~;~~~~~~~-=-:- ::~ecoosaxy to accomplish the same 
----------------.----.,..------------------- ---------· Stratified glacial deposits are found 

0 5 Feet up to an elevation of 410 feet; hence the 

·FIGURE 202.-Section at top of bluffs between Woodhull and Rocky Point landings, 
.. showing folding produced by the Wisconsin ice sheet. The figure illustrates thE> 

breaking up of the folds where in contact with the ice at the top and their disa:Jr 

ice must have risen to at leas't that height 
above the sea level. In a living glacier 
the ice in the immediate vicinity of its 
front is commonly at least twice as high 

•· pearance at lower levels. · 

as the moraine. If this· relation held in Long Island, the ice may have reached a height of 1,000 
feet alongthe'margin. Notwithstanding its considerable thickness, which could hardly be assumed 
·as less than 500 feet, the Wisconsin ice sheet was not vigorous. in 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 m·any places -the Wisconsin ice overrode the Manhasset f?rma-

~Covered with ice at the Ha'rbor Hill stage 

74~ 

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). Nowher~ 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, U!Ore 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 Ro_nkonkoma moraine (fig. 203) and 
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the more or. less detached gravel fans, which became joined into the nearly continuous plain or" 
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 witp. 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 erraties. 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 oppos~te is true, the area of the 
sheet subjected to melting being larger than the area of collection. Probabl.y the movement 
was not more thm1 a few feet a year. Even at the rate of 100 feet a year, which is more than 
many valley glaciers average, it woulcl"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 w.as 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, sout~ 
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 li~ 
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 I-Iarbor Hill moraine. The presence of kettles in the 
subsequent outwash from ice along the I-Iarbor I-Iill moraine indicates, however, t~at· 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 appea:c to have been uniform a~d 
continuous, but was rather marked by t-emporary 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 glacial waters, instead of being overloaded with gravel and sand, often pos­
sessed relatively little such material, and their work at such times became erosion rather than 
deposition. vVhat 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 h~ve been rather abrupt and to have taken place 
.without notable halt in the Long Island region, as is testified by the general ab~ence 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 
llp :into detached masses as the ice melted. The masses occupying the valleys ·doubtless per­
sisted longest, especially. where covered with retreatal outwash and other debris. Under such 

- conditions buried n1asses 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 
W ash:ington 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 a~d. 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 cliffs, 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-Wisconsin times are given in the 
discussion of Recent deposits (p. 176). 

SUBSIDENCE OF THE LAND. 

EVIDENCE. 

Submerged tre~ stumps and beds of peat on Long Islan·d 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 2 ·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 highest part of the former island being lower than the meadow then existing. Elias 
Lewis, jr.,3 in 1869 recorded a series of observations indicating that large areas which formerly 
had been swamp al).d 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. 
a Evidences of coast depression ~long 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 s,urfaces of the ma~hes ,on the south side of the 
island (then about at .sea level). Lewis described 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 1 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 ~ 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 addition to the evidence mentioned in the foregoing p'aragniphs most of. the earlier 
writers cited the occurrence of oyster and other shells at considerable de.pths in .wells. It is 
now known, however, that most if not all of these were from the Gardiners clay, the ·Jacob sand, 
or the Vineyard 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 being found in 
the Vineyard formation, the Gardiners clay, and the Cret~ceous beds, as well as in the R~cent 
deposits. 

Phenomena of the nature cited have been generally accepted as evidence 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 Lancling, 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, A., 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 s·ea on marsh and swa1np 
deposits behind barrier beaches. ' 

In addition to the evidences cited there are impor.tant botanical indications of subsi.dence 
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. 

Species. · Range. Time covered by sea. 

Juncus gerardi Loisal (bl~ck grass)......................................... Between level of ordinary tide and Covered by spring tides about 
upper limit of spring tides. twice a month. 

"Spartina patens association" (salt-marsh grass): Spartina patens (Ail.) Extends 9 to 12 inches above and below Covered about 1 hour each 
Muhl. and Distichlis spicata (L.) Greene. mean high tide. tide. 

Spartina glabra Muhl. (salt thatch). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Between mean high tide and half tide, Covered about half of time. 
or mean sea level. 

Zostera marina L. (eel grass) ................ ,.............................. Below low-tide limit.................. Permanently covered. 

I Ups and downs of the Long Island coast: Pop. Sci. Monthly, vol. 10, 1877, pp. 434-44G. 
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.. Mr. Davis, who made a special study of the peats of the island fo:cthe 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 1~ 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 indicating long-continued subsidence, with an upbuilding of peat 
at a corresponding rate. 

A 9-foot test hole in a salt marsh 1! 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 recent date .. 

At the Mill Creek marsh, 5 miles east of Riverhead, the boggy wooded swamps above 
tide level give plaee downstream to a brush-covered area containing tree remains, followed by 
an open fresh marsh with scattered stump's and shrubs, and this in turn by a marsh with the· 
"Spartina patens association," overlying nearly 9 feet of fresh-water peat with aht~ndant stu:p1ps 
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 described, pine roots show in the beach to 
or below low-tide level. A cliff 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 Spartinq- patens 
turl 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, 
2! miles east of Riverhead, 3ffeet of Spartina ·patens peat was found above a blackened sandy 
gravel soil bed. 

Swan River Marsh, near East Patchogue, has the appearance of occupying 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. . -!\n essentially 
simiiar sequence was- noted along Mud Creek in the same locality. , 

The conditions along the-north shore are less favora:ble for study, but examples of submerged 
peats and of progressive subsidence doubtless occur atfa_ 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 th~ 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 showing 
only the salt-marsh turf. 

The occlirrences noted appear to be too widely distributed and too variable in surroundings 
to admit of explanation by any other than a single general cause, seemingly a slow, long-con­
_tinued, and apparently fairly unifor~ 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 indicate a halt in accumulation at the present time, and his observations on 
the rate of accumulation of Spartina patens peat near Lynn, Mass., based on cinders incorporated 
in the material since the building of the railroad more than 50 years ago (6 to 8 inches in 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 1nariifestly 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 

'physiographic factors have produced changes in tidal levels. 

CON.CL USIONS . 

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

It is perfectly 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 ti4al 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 ri.o 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 change~ 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 dredging 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 1nagnitude 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 
norn1al 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 miks 
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 sirnilar . 
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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 N antasket, Mass., even on the 
assumption that there has been no material change of level during the period of their formation, 
as to outweigh the m~ss 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 d_ata 
collected by hiin 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 e~dences 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 comparing stages-of accumulations with 
those of degradation. It is possible, however, to recpgnize a progressive change in length from 
the earlier to the ~ater 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 Bas the length of the Wisconsin stage of 
glaciation. The estimates are, of course, only approximate, 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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Relati·ve lengths of Pleistocene stages and substages on Long Island. 

Estimated 
length as 

Epoch. Stage. Substage. Nature. Chief work. Remarks. compared 
to Recent 

or to 
Wisconsin. 

Recent. Postglacial. Insignificant erosion and depo-
sition. A. 

Degosition of 5 to 20 feet of till, Short period as compared to Wisconsin. Glacial. t · ~ck outwash, and high mo- preceding glacial stage. B. 
rarne. 

Vineyard. Interglacial. Extensive erosion of older drift. Erosion many times greater 
than Recent time. ·5XA. 

Hempstead. Glacial. Accumulation of 25 to 100 feet of 
gravel. 

Manhasset. Montauk. Glacial. Accumulation of 50 feet of till. 
Thickness of deposits points 

to great length as com-
pared to tho Wisconsin 5XB. 
stage . .. 

Herod .. Glacial. Accumulation of 100 feet or more 
of gravel. 

Pleistocene. Jacob. Transitional. Accumulation of 25 feet of clayey Thickness of clay imd ex-
sand. tensive erosion in New 

Jersey show that these lOX A. stages represent an exceed-
Oard'iners. Interglacial. Accumulation of 50 to 100 feet of ingly long interval. 

clay. 

Exposures ofcoutemporane-
ous deposits in New Jer-
soy (Pensauken forma-

Jameco. . Glacial. Accumulation of Jameco gravel. tion) show this to have lOX B. 
been the most important 

I period of deposition next 
to the Mannetto stage. 

Post-Mannetto. In terglacia I. Reduction and nearly complete Longest interglacial stage. 20XA. removal of Mannetto gravel. 

Mannetto. Glacial. Accumulation of 600. feet of Longest glacial stage. 20XB. gravel. 

SUMMARY OF PLEISTOCENE AND RECENT OROGENIC MOVEMENTS. 

In the eadier stages of the present investigation it was assumed tha·t 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 
featuTes 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. 
SimtJarly it was ascertained in the course of the investigation that the .data afforded by the 
erosion valleys were insufficient to determine the a1nount of uplift, and re.course to the s·Ib­
marine IIudson Valley was necessary. The movements are shown graphically in figure 204 
(p. 218). . 

Mannetto depression.-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 form_ed above sea level. 
For this reason it is impossible t6 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 farther·north. 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 fiudson chan­
nels, the deposition of the Mannetto gravel was followed by a long period of erosion, during 
which the rockgorge 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 jwst-Mannetto interglacial stage, there was, if the submarine cany<;>n is to be referred 
to stream erosion, an uplift of the land far surpassing in magnitude any known Pleistocene 
_movement in the region before or since·. -The· surface, to j~dge from the depth of the canyon, 
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FIGURE 204.-Position of land with reference to present sea level in the Pleistocene 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 glaciofl.uviatile 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 equivalent, the Pensauken formation. The great 
body of the Pensauken formation was deposited in a trough, 10 to 15 miles ~ide, 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 
·1nore or less closed basin, hence its elevation of 150 f.eet between Trenton and Raritan Bay is 
_not necessarily an indication of submergence to that depth. Pensauken remll.ants 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 believe that there was actually a submergence to 
a depth of about 150 feet. The fact th~t 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 uplift.-The 1narsh 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 1nuch greater than during the Gardiners 
deposition. It is probable that the depression was not more than 25 feet. 

Herod (Lnd 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 uplijt.-After the deposition of the Montauk till member of the Manhasset 
fonnation there semns to have been an uplift of 100 feet or more, as the later Hempstead gravel 
n1ember 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 uplijt.-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 mnount seems to be established. · 

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 formation, as developed along the 
New Jersey coast from Cape May to Raritan Bay. This depression is not ~·ecorded on Long 
Island, hence it is thought to antedate the completion of the outwash deposits. 

Recent movements.-After the disapl)earance of the Wisconsin ice the land seems to have 
stood ~omewhat higher than at present, as indicated by the buried and submerged peats along 
the coast, the d,ifference 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 1nore than 25 feet 
npparently has occurred since the beginning of this move~ent. · 

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 J;>leistocene deposits, was 
originally the thickest glacial 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 entirely swept away. This formation, owing 
to either its slighter development or the greater erosion, was likewise largely re1noved from 
the coastal region of New England, if it existed there, so that the Cretaceous, where seen, is 
almost invariably overlain directly by deposits correlated with the J ameco 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 



2·20 GEOLOGY OF LONG ISLAND. 

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 mor.e persistent 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 N ashaquitsa 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 ar~ 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 IIill 
and Point Judith. A similar clay appears on the Elizab~th Islands of Massachusetts; on Marthas 
Vineyard it is strongly developed at the N ashaquitsa 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, southeast of Plymouth; at Third Cliff, Scituate; and 
beneath the drumlins in Boston Harbor. It reaches a maximum thickness of about 100 f~et. 
Boston Harbor appears to mark the northern limit of the clay, although -a stratigraphically 
higher cl.ay with a different fauna extends north along the Marne 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 
:f.i.ile 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 N ashaquitsa 
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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Approximate correlatrom of the Pleistocene fo7'11UJ.lrom of Long Island with deposits of other areas. 

Long Island. 

I 
New Jersey. Supposed 

time 

Indian Hill, Plymouth, Boston Harbor and vicinity, Mas.<a- Northeastern New England 
equiva. 

Fishers Island, N.Y. mock Island. R. I. Marthas Vineyard, Mass. Nantucket, Mass. Elizabeth Island, Mass. West Barnstable, Mass. Buu.ards Bay, Mass. Truro, Cape Cod, Mass. Chatham, Mass. Manomet Hill, Plymouth, Mass. Ients in 
Mass. chusetts. (Clapp). the Missis-

Stage. Substage. Origin. Represented by- Position of ice front. .Altitude or land. -· Nonglacial formations. Glacial deposits. sippi and 
Ohio val-
leys, etc. 

Hill inner Thin sheet of mominal Relatively thin mominal Thin to fairlfa thick bowlder Thin sandy till with bowl- Thin sandy to elayey till; Thin sandy to clayey tW; Thin sandy till with scat- Sandy till, with some bowlders; thick- ''Trenton gravels." "' 
Upper part 

Harbor Hill moraine and asso- At Harbor or ders; in places represented of till Harbor HiU. ciated till and outwash. moraine. drift. Absent. Absent. Absent. drift; numerous bowlders. tiU, in pares with mo- solely by scattered bowl- in places only scattered thickness locally; in places tered bowlders. · ness unknown, hut probably small :§ sheet. Early 
About 20 feet lower 

rainal topography. ders. bowlders. has morainal topography. = W Is-Wisconsin. Glacial. than at present. Superficial mantle of poatdnnnlin till. Older Wisconsin drift. Lower Cape May ·; cons in. 
I 

from I 
terrace of Dela- Lower part 

Ronkonkoma. Ronkonkoma moraine and asso- At Ronkonkoma or outer Undifferentiable from Relati,·ely thin mantle of Moraine and outwash plains. Momineand outwash plains. Undirterentiable from Undifferentiable from U nd i He reo tiable from Und Hferen ti:lblc U nd iffe re n tia bl e from Undifferentiable from Undifferentiable from younger drift. 

I 
ware Valley. 

~ 
of till 

ciat.ed till and outwash. moraine. younger drift. morainal drift. younger drift. younger drift. y(moger drift. younger drift. younger drift. younger drift. sheet. 

Great erosion unconformity; 350- Peorian 
foot submarine Hudson chan- . Clays overlapping upon lower slopes u Led a clay." Erosion interval 

(?) 
nel; channels (later) of Long of drumlins. between ~her ----
Island Sound and of sea hot- No evidence of any op- A bout 350 feet higher and lower ape Iowan Vineyard. Interglacial. tom off Montauk; and Vine- proach of ice near enough than at present. Erosion unconformity. Erosion unconformity. Erosion unconformity. Erosion unconformity. Erosion unconformity. Erosion unconformity. Erosion unconformity. Erosion unconfollllity. Erosion unconformity. Erosion unconfonnity. Erosion unconformity. 

N:~\~~~Ta1~ 
Erosion interval. 

(?) 
I yard formation, consisting of to be marked by deposits. 

I 
fossiliferous sands and muck ley. ----
peaty deposits, etc., in burieci Erosion unconformity. Erosion unconformity. Sanga· 
valleys; soil zones, etc. mon(?) 

' 

, . 

~foot terrace(?). Probably north of Long About 40 feet lower Questionable terraces Not recognized. Possibly the 40-foot terrace Not recognized. Not recognized. Not recognized. Imperfect terrace remnants Not recognized. Low, imperfect terraces. " Island Sound. than at present. at about 40 feet. near Vineyard Haven. at about 40 feet. ~ 
Hempstead. 

Hempstead Not definitely recognized; 
Local gravels. Possibly some of wash lines on drum- 100 feet of stratified and un- ~ Glacial. gravel Near north coast of island in probably sparingly devel- lins. stratified gravels. .2 member. 

u~y:fe~~nhasset east; alon5 scarp between About 100 feet lower Possiblr some local Gravel on east and south Plateau of north coast (Tis- G~~~ o/bt~tff~f n~~f~er~ Uppermost of the pre-W is- Up~r gravels beneath mo- Gravels of upper terrace or oped locally. ,., 
upper an lower Manhas- than at present. grave patches. coasts. bury terrace of Wood- cousin gravels. rame. plateau (100 to 125 feet). :!0 feet or graveL Gravels of plateau bordering shore. • worth). part of island. :>: 

I 
set plateaus in west. 

~ 
u 

Read vance and At south shore or beyond. folding. 
Higher Cape May 

terrace of the 
Temporary reccs- Delaware Val~ 

North or Shelter Island and Banded till or poorlh as- Probably the heavy tHis, ley; higher (::0 Illinoian. Manhasset. sian (local depo- "Middle Island belt." Heavy banded till near Clay Banded rbbly--clay till (re- Banded rbbly-clay till (re- llam1ed pehtly-e}ay till (ro- Banded jbbly--cl~y till (re· Heavy bowlder till at beach level MontaLJktill sition of gravel). 75 to 100 rect lower Local deposits of Banded till in bluffs of sorted gravels in luffs which in places form hills Till sheet beneath "Led a to CO feet) tcr-
Montauk. GlaciaL member. than at present. banded tilL Head, Balls Point, and north coast. near Saokaty Head and worke material from worke material from rising above the sands and worked matQrial from worke matenal from Banded pebbly-clay layer. near Manomet; bowlder till forming lireater part of the dmmlins. clay"; most of drumlins. races of H.arit.an 

west of Southeast Light. northward. older formations). older formations). gravels. older formatioqs). older formations). bluffs west of Rocky Point. Ray, etc, 

First advance 
(folding of older Near Bethpage in west; be-beds and de~ yond south coast in east. sition of thick 
till). 

About 75 feet below Folded gavels present lo- Cut out by ice erosion un- Cut out locally by ice erosion In Long Island Sonnd, prob- present level in Below sea level alon~ coast but m:lf. Herod. Glacial. Herod gravel member. ably near north coast of early part of stage; Folded gravels. Folded gravels. Folded eravels. Disturbed gravels. cally; some places cut conformity along coast; Probably below sea level. Thick sands prest:nt locally. Sands and gravels in bluffs. unconformity but prob- Gravels beneath drumlins. Thin gravels (10 feet.). 
out by ice eroston uncon- Erobably present in high- ably present in places rise to a considerab e height in h' . 

island. above sea level at fonnity. ands of interior. along coa.st. times. 

Probably south of the head- Probably about 20 Thin yellowish sand alter- Clayebesands and fossilifer- Possibly some of clays on Not separable frqm the un- Not separable from the un- Not separable from the un- Below sea level along coast; probably Not seen; generally below sea level; 
Jacob. Transitional. Jacob sand. waters of Connecticut feet above present Gray clayey sands. Thin buff sands. Not seen. Not seen. Burgess Neck and in val- Eossibly represented by fossiliferous Absent. 

River. level. nating with clay laminre. ous dsat Sankaty IIea.d. ley of Monument River. derlying clay. derlying clay. derlying clay. occurs in hill. eds encountered in wells. 

Erosion interval and Erosion interval. Yar~ 

Dark g'Cfu to black cl:J; Probably represented by 
Fossiliferous clays of outer harbor re-

stream deposits. mouth. 
the blue clay formerly ex- T~;or~~Js r!~~~i~ t~~ tbe~ Possibly some of clafis in T~f{~k gr~fa ~r re~~f i~ No traces of ice within drain- About 50 feet above Chocolate, gray, and near y Head, B Dark gray to black clay at posed bcnc.ath the fossilif- Probably occurs just below Thick dark fu~ to black Gray clay, with small ~uartz Below sea level along coast; probably worked into drumlins; fossiliferous Gardiners. Interglacial. Garcliners clay. age areas of streams enter- present level. red clays. Point, Black Rock Point£ Nasha~uitsa and locally erous beds at Sankaty the reworked clays at or a clay pit are probably ~~eb~lo~-0~aml~~-~l ~1;~ clays in b u 8 at light- anticlinal folds ~ng coast pebbles constituting ower occurs in hill. blue clay beneath drumlins at Great Absent. 

ing Long Island Sound. and west of Southeas on nort coast. head and by the blue cla(.s little below sea leveL Gardiners day. where. house. (east). part of clay beds in bluff. Head, etc. 
Light. reported below sea leve . 

30 feet of sand and fine 
30 to 50 feet of granitic 30 to 50 feet of gravel be- Probably represented by 

Probably in Long Island 150 feet or more below Below sea level if pres- ~vel near ClaJ Head, .Below sealevel along coast; probably Possibly some of gravels reported in Pensauken formation. Kansan. Jameco. Glacial. Jameco gravel. Sound or vicinity. present leveL ent. lis Point, an west of gravels at· Nashaquitsa Below sea level. Below sea leveL Below sea leveL Below sea :level. neath above-described Below sea level. Gravels. occurs in hill. harbor wells. 
some of the prodrumlin 

Southeast Light. cliffs. clay at lighthoUse. tills. 

4,800± teet above 
Great erosion unconformity; present level(?). 

nearly complete removal of 
thick Mannetto gravel; cutting 

Cretaceous Unconformity (land 200 feet Erosion interval and of outer snbmarine valley and 700± feet above pres- Unconformit-y below Unconformity at top of Cre- Unconformity ::tt top or Cre- Unconformity below sea Unconformity below sea Unconformity below sea Unconformity below SD:1 Unconformity pelo\': SC2 Unconformity below sea Unconformity bclo·w sea Unconformity probably above sea Unconfonnitf at top of Erosion intcn·al. Aftonian, Post-Mannet.to. Interglacial. canyon and of rock gorge of No evidence of ice. eat level. sea level. taceous. taceous. level. level. level. level. level. level. level. le\·el but not exposed. (recognize( in borings). or more higher than at pres- stream deposits. 
Hudson River; excavation of 

ent). 

Long Island Sound (principal 
stage). Slightly lower than at 

present. 
··~ 

~\ The thickness of Pleistocene stratified 
Mannetto gravel probably present 

Probably about 200 Probab~ cut out by depoSits in this hill exceeds com-
above Cretaceous at Scituate. Probably represented by Pre-

Mannetto. Glacial. Mannetto graveL Probably in Long Island feet below present post· annetta ero- Absent; probably cut out Absent; probably cut out Probably cut out by post- Probably cut out by post- Probably cut out by post- Probably cnt out by post- Probably cut o4t by post- Probably cut out by post- Probably cut out by post- bincd post-Manne~to f'!rmations; greater part ofpredrumlin Bridgeton formation. Jerseyan drirt. Kansan. Sound or vicinity. by post-Mannetto erosion. by post-Mannetto erosion. Mannetto erosion. Mannetto erosion. Mannetto erosion. Mannetto erosion. Mannetto erosipn. Mannctto erosion. Mannetto erosion. level. sian. Cretaceous either nses high abovo Possibly represented by weathered till. 
sea or Mannetto gravel is present. and oxidized tills of interior. 

I 
·-~ --~--

1629°-14. (To face page 220.) 
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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 I-Iarbor and by similar materials found here and there beneath 
the thick till along the coast of New I-Iampshire 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. ~ong 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. 

Montaulc till member.-The Montauk member of the Manhasset formation is the most 
persistent <;>f 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 Chiy I-Iead and Balls Point and forming a large part of the bluffs west of 
Southeast Light. On Marthas Vineyard a similar till is seen at several points· in t.he bluffs 
on the north shore. Similar conditions exist in Nantucket, although the till phase does not 
see.ln 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
Ulg the greater part of the material and the second advance accomplishing most of the foldfug. 
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 Engla~d. Gravel of this horizon 
is seen above the supposed Montauk till member on both the east and south co~ts of Block 
Island; it caps the bluffs at many points on the north coast of Marthas Vineyard; it occurs 
above the fossiliferous beds at San~aty I-Iead, 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 teaching a thickness of over 100 feet. 

VINEYARD EROSION INVERV AL. 

The extensive erosion unconformity developed in the. stage following the deposition of 
the I-Iempstead 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 uplift accompanied by erosion appears to 
have occurred in northeastern ~ ew 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 Islartd. 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 1 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 FOitMATIONS.2 

GENERAL CONDITIONS. 

The .conditions in New Je.rsey were so unlike those on Long Island and the nature of the 
depos~ts 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 debris-laden waters. ln 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 the 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 Gape Jfay terrace.-The lower Cape May terrace is composed of a quartz or granitic 
gravel, locally somewhat sandy, occurring as a low terrace about 20 feet above Delaware River. 

Trenton 
"Trenton ravels"' 

'",Sea .. le"Ye~ 
~-------------------~-----------------------------------------------------

FIGURE 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 C~mden, 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 o_f 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 t4e 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 Gape 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 grani.tes, but in the tributary streams and coastal phases 

1 Bull. Geol. Soc. America, vol. 18, 1908, table opp. p. 512. 
2 In studying the correlations 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 ~he 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 likewjse 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-foot 
terraces (I-Iempstead 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 intervening 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 n1aterials derived largely from the Bridgeton formation. 
In the trough rnentioned 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 forined during an ice advance, but there are many diffic;mlties 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 cer·ta~n phases such as those at Lloyd Neck (p. 136). According to the sequence of 
events it should be correlated with the J arneco gravel, but a ·grave difficulty is encountered 
in the fact that the upper surface of the J ameco 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 J ameco is a glacial formation and may have been deposited 
at son1e depth below the sea while the nonglacial Pensauken formation was accumulating at a 
considerable elevation above it. Such an origin of the J ameco demnnds a subsidence, as the land 
stood considerably higher both immediately before its formntion (ns shown by the post-Mannetto 
erosion valleys) and- imn1edintely after it (ns indicated by the marsh deposits and the shallow­
water fnuna of the Gnrdiners clay). Unles$ nnother glncial stage is introduced, of which there 
is no other indication, there seems· to be nothing besides the J nmeco with which the Pensauken 
can be logically correlated. In being a vnlley formation in an erosional depression of an older 
surface, it agrees with the Jameco. 

Bridgeton formation.-The Bridgeton formation is lnrgely a cross-bedded quartzose gravel 
of the Mannetto type, with son1e rotten cherts and granites, and wns developed over extensive 
upland areas in southern, centrnl, and nort4ern New Jersey. It was nfterwards .largely removed 
in the centrn1 part, where it is now found only as caps on the higher hills. In elevation it varies 
from 100 feet at the southern lirnits t.9 200 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 n1anner as tp.e Mannetto gravel covers the Cretaceous relllllants in the Mannetto 
I-Iills 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 grnvel that its correlation with the Mannetto 
seerns reasonably certain. The two forinations are probably contemporaneous with the extra­
morainal drift farther north in New Jersey. 
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