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INTRODUCTION 
 
 Long Island's prominent terminal moraines (Figure 1), the southern and older 
Ronkonkoma, and the northern and younger Harbor Hill, are considered to have been deposited 
by the fluctuating margin of one and the same glacier, the latest Wisconsinan glacier, the 
Woodfordian (Table 1).  A further corollary commonly attached to this age assignment is that the 
volume of the Woodfordian glacier exceeded that of any older glaciers.  And, applying the 
principle that the larger the volume of ice, the colder the climate, the Woodfordian episode is 
ranked as the coldest of the glacial stages. 
 

 
 
Figure 1 - Map of Long Island and vicinity showing Harbor Hill Moraine, Ronkonkama 
Moraine, and places mentioned in text.  CC (S of Peekskill in upper left), Cortlandt Complex of 
coarse ultramafic rocks; 1, eroding cliff on shores of Princes Bay, Staten Island; 2, Croton Point; 
3, Twin Islands, Pelham Bay Park; 4, Norwalk Islands; 5, Harbor Hill; 6, Sands Point; 7, Target 
Rock; 8, Montauk Point.  Rectangle locates boring-index map, Figure 6a.  (Modified from J. A. 
Bier, 1964.) 



 

 
 
Table 1 - Classification of Pleistocene formations of Long Island according to Fuller (1914); 
Fleming (1935); and MacClintock and Richards (1936).  Woodfordian, the youngest subdivision 
of the Wisconsinan Stage, not shown.  (Modified from S. W. Muller, 1965, table 2, p. 104.) 
 
 
 On the basis of new stratigraphic evidence uncovered in the north-shore cliffs by the 
coastal storm of December 1992, on our investigations of flow-directional features eroded by 
glaciers on bedrock surfaces and of provenance of the tills, and of directional interpretation of 
ice-thrust features on Staten Island, we challenge not only the Woodfordian age assignment but 
also the concept that these moraines were deposited by the fluctuating margin of a single glacier.  
In this paper, we review previous ideas about these two moraines and present the bases for our 
proposed new age assignments. 
 
 

REGIONAL GEOLOGIC SETTING 
 
 The Harbor Hill Moraine is a prominent feature of the landscape of New York City and 
Long Island.  (See Figure 1.)  According to most classifications of the Quaternary deposits of the 
New York City region, not only the Harbor Hill Moraine but also the closely associated, but 
older, Ronkonkama Moraine, are assigned to the most-recent, Woodfordian, glacial episode.  
(See Table 1.) 
 
 



PREVIOUS WORK 
 
 Not all geologists have classied these two famous moraines as Woodfordian.  The first 
geologist who studied these moraines, Warren Upham (1879), inferred that they had been 
deposited by two different glaciers (from the "First" and "Second" glacial epochs).  Based on the 
general uniformity of the state of stream dissection of the outwash plains lying south of each 
moraine, T. C. Chamberlin (1883) made a persuasive case for concluding that these two 
moraines had been deposited by the same glacier.  Chamberlin argued that if each moraine and 
outwash plain had been deposited by a different glacier, then the older, southern deposits left by 
the first glacier would have been notably dissected by streams during the interglacial interval 
prior to the advance of the second glacier.  Most geologists have accepted Chamberlin's same-
glacier interpretation.  Fuller (1914), correctly we think, assigned the Long Island terminal 
moraines to the Early Wisconsinan.  (See Table 1.)  Ever since the mid-1930's, however, these 
moraines have been assigned to the latest Wisconsinan (W. L. S. Fleming 1935; MacClintock 
and Richards 1936 and others). 
 
 Sirkin (1968, Table 1, p. 234) initially assigned the two moraines to a pre-Cary 
Wisconsinan age.  At Harbor Hill, Roslyn, "...the type locality of the Harbor Hill Moraine and 
the Harbor Hill Till..."  the till/outwash contact is visible (p. 250).  The long axes of pebbles from 
the Harbor Hill till at Alley Pond Borrow Pit "point generally NNW" (p. 248).  At the 
intersection of Lakeville Road and the Northern State Parkway, Sirkin found "about 5 feet of 
Harbor Hill till overlying 20 + feet of stratified lacustrine sands with thin clay partings (Plate 1, 
figures 2, 3, and 4)" (p. 249).  Subsequently, Sirkin proposed the term Roslyn Till for the 
"Harbor Hill Till" at Harbor Hill, Roslyn. 
 
 At the intersection of Roslyn Road and the Northern State Parkway:  "Another cut into 
the Ronkonkama Moraine, on the northeast side of the road, has exposed the lower till (cf. the 
Montauk Till).  Approximately 10 to 15 feet of till are overlain by 25 to 30 feet of coarse cobbly, 
outwash (or Kame) deposits (Plate 2, figures 1 and 2)" (p. 249). 
 
 Fuller (1914) placed the Montauk Till in the Manhasset Formation (with Herod Gravel 
below and Hempstead Gravel, above).  Sirkin rejected all this; he claims that the Hempstead 
Gravel is Woodfordian outwash (Sirkin and Mills, 1975; Sirkin and Stuckenrath, 1980). 
 
 From our studies of the Pleistocene deposits and of glacially sculpted features on bedrock 
surfaces in New York City and vicinity (Merguerian and Sanders 1990, 1991, 1992, 1994; 
Sanders and Merguerian, 1991a, 1992, 1994b), we re-emphasize the significance of 
Woodworth's generally neglected evidence that the reddish-brown materials forming the Harbor 
Hill Moraine in Queens were deposited by a glacier that flowed across the Newark basin and 
across the Hudson River on a path from the NNW to the SSE (Figure 2).  Moreover, Woodworth 
found that these reddish-brown glacial sediments were overlain by non-reddish till.  (A till 
younger than that forming the Harbor Hill Moraine has been reported by Walter Newman 1975; 
1977; and Newman and Pike 1975.  We do not know what, if any relationship exists between the 
post-Harbor-Hill till mentioned by Newman and Newman and Pike and Woodworth's non-
reddish till.).  Other examples of reddish-brown till resting on a glaciated bedrock surface with 



striae oriented NNW-SSE, as near Long Island City, Queens, described by Woodworth (1901), 
are present at South Twin Island, Orchard Beach, Pelham Bay Park, The Bronx (Figure 3). 
 

 
 
Figure 2 - Regional map of part of northeastern United States showing locations of preserved 
filling strata of Newark Basin (NJ and PA) and of Hartford Basin (CT and MA) (light gray tone).  
Parallel line segments in between show how glacial ice flowing from NNW to SSE across the 
"crystalline corridor" between these two basins would not deposit reddish-brown Newark-type 
erratics throughout a substantial stretch of the N shore of L.I. but would deposit reddish-brown 
erratics in extreme W and extreme E L.I. 
 
 
 Striae oriented NNW-SSE are parallel to the predominant direction of "diluvial scratches 
and furrows" found by L. D. Gale (1828; in Mather 1843) in Manhattan and by J. G. Percival 
(1842) in Connecticut.  This direction of NNW-SSE is the same as the inferred flow direction of 
the Lake Chamberlain Till in south-central Connecticut (Flint 1961).  The Lake Chamberlain Till 
underlies the Hamden Till, which was deposited by a glacier that flowed from NNE to SSW. 
 
 Additional evidence that the glacier responsible for the Harbor Hill Moraine flowed from 
NW to SE is found in the orientation of a well-exposed glacial-tectonic recumbent fold in the 
shore cliffs at Princes Bay, Staten Island (Sanders, Merguerian, and Okulewicz, 1995a, b).  We 
regard this new evidence that the Harbor Hill Moraine was deposited by glacial ice flowing from 
NNW to SSE as a further compelling argument that this moraine was not deposited by the 
Woodfordian glacier, whose direction of flow was from NNE to SSW. 
 



 
 
Figure 3 - View of striated bedrock overlain by reddish-brown till (black, beneath sod), South 
Twin Island, Pelham Bay Park, The Bronx.  Handle of trenching tool is aligned N-S with blade 
on N end.  Striae oriented NNW-SSE.  (J. E. Sanders.) 
 
 

DISCUSSION 
 
 One of our most-significant conclusions from our studies of features eroded on the 
bedrock in The Bronx and Westchester counties and vicinity and of the provenance of the 
associated till is that the ice sheet responsible for the Harbor Hill moraine flowed regionally from 
NNW to SSE, across the lower Hudson Valley (Fig. 4).  This conclusion supports the results 
obtained by J. B. Woodworth (1901) in Queens and adjacent western Nassau County.  Our 
results in the New York City region match those published from studies in the Boston area and in 
southeastern Massachusetts by the late C. A. Kaye, of the U. S. Geological Survey (Kaye, 1964a, 
b, c; 1982), who argued for Illinoisan and early Wisconsinan ages of the moraines on Martha's 
Vineyard, Massachusetts. 
 



 
 

 
Figure 4 - Map of Metropolitan New York showing parallel flow lines trending NNW-SSE in 
glacier that deposited the Harbor Hill Moraine.  (Based on Salisbury map, Fig. 7 of companion 
paper, this volume.) 
 
 
 For what it may be worth, here are some of the implications of our particular bias that the 
Pleistocene deposits in the New York City region were deposited by glaciers following the 
principle of one glacier, one flow direction. 
 
 (1)  The youngest glacier (presumably the Woodfordian) flowed from NNE to SSW.  
This glacier did not spread so far south as some of its predecessors (Fig. 5).  In fact, this glacier 
did not reach most of Long Island (but did cross parts of northern- and western Queens (Newman 
and Pike, 1975), Brooklyn, and Staten Island).  This glacier spread large indicator boulders from 
the Cortlandt Complex near Peekskill to Croton Point, Westchester County.  Part of the terminal 
moraine deposited by this glacier lies beneath western Long Island Sound, following the isobaths 
marked by Execution Rocks and Hen and Chick Shoals (Newman and Pike, 1975) and reappears 
along the S coast of Connecticut from Captain Islands and the Norwalk Islands eastward (Ellis, 
1962; Newman and Pike, 1975; Flint and Gebert, 1974, 1976). 
 
 
 (2) A pre-Woodfordian glacier (exact age not known) crossed the region from NNW to 
SSE.   (See Figure 4.)  This glacier transported indicator stones from the Newark Basin and 
points to the NW into areas lying E of the Hudson River.  The till deposited by this glacier, 
which includes that forming the Harbor Hill Moraine, undergoes a dramatic facies change 
controlled by the "crystalline corridor" in the bedrock that exists between NE end of the reddish-
brown rocks filling the Newark Basin to the SW and the S end of the Hartford Basin to the E 
(Sanders and Merguerian, 1991b; 1994b).  We have not found the exact line of separation along 



the north shore of Long Island where the color of the till deposited by this glacier changes from 
reddish brown (downflow from the Newark Basin) to gray or even yellowish brown (downflow 
from the "crystalline corridor").  We have so far determined only that this line of separation lies 
between Sands Point and Target Rock.  At Sands Point, a reddish-brown till fills valleys cut into 
the deltaic sands underlying the coastal cliffs (Sanders, Merguerian and Mills, 1993).  At Target 
Rock, the youngest till present is gray and contains erratics derived from the NNW, including 
Inwood Marble and Cortlandt-Complex ultramafic igneous rocks (Sanders and Merguerian, 
1991b; 1994b).  The absence of reddish-brown till in the segment of Long Island lying SSW of 
the S end of the Hartford Basin strongly supports our interpretation that the Woodfordian glacier, 
which flowed from NNE to SSW, did not reach much of Long Island. 
 

 
 
Figure 5 - Map of Metropolitan New York showing parallel flow lines trending NNE-SSW in 
Woodfordian glacier that for the most part did not reach to the Harbor Hill Moraine except in 
The Narrows, where it sent a tongue of ice out into the Lower Bay.  (Based on Salisbury map, 
Fig. 7 of companion paper, this volume.) 
 
 
 (3) The flow pattern of the glacier responsible for the Ronkonkoma Moraine matched that 
of the glacier responsible for the Harbor Hill Moraine.  If the correlations that have been made 
between the inferred outwash sediments in the subsurface near Jones Beach (Rampino, 1978 ms.; 
Rampino and Sanders, 1981b) and the two Long Island moraines are correct, then these two 
moraines could not have been deposited by the fluctuating margin of the same glacier.  This 
statement is based on the subsurface relationships whereby conditions between deposition of the 
lower inferred outwash (Merrick Formation; correlated with the Ronkonkama Moraine) and the 
upper inferred outwash (Bellemore Formation; correlated with the Harbor Hill Moraine) were 
sufficiently "interglacial" to enable the marginal-marine Wantagh Formation to be deposited 
between these two inferred outwash formations (Figure 6). 
 



 (4)  The extensive lake deposits including the Gilbert-type deltas, which underlie much of 
Long Island's north-shore cliffs (Sanders, Merguerian, and Mills, 1993) and also are present in 
the eroding coastal cliffs at Montauk Point, imply a large lake whose waters were held in on the 
south by a now-eroded terminal-moraine dam older than the Ronkonkama Moraine (Sanders and 
Merguerian 1994a, b).  The glacier which deposited this pre-Ronkonkama Terminal Moraine was 
areally the most-extensive of the Quaternary ice sheets. 
 
 

CONCLUSIONS 
 
 Many features made by the Pleistocene ice sheets that invaded the New York City region 
imply that two distinct flow patterns prevailed:  (1) NNW to SSE and (2) NNW to SSE.  Ice-flow 
features having these orientations have been observed for more than 150 years.  They include 
features eroded on the bedrock (striae and grooves, crescentic marks, roches moutonn‚es, roche-
moutonn‚e structures, and rock drumlins) and flow-directional characteristics of glacial 
sediments (orientations of long axes of drumlins and of axes of ice-push folds and provenance of 
till).  The youngest glacier to reach the New York Metropolitan area flowed from NNE to SSW.  
Although this ice sheet crossed parts of northern- and western Queens, parts of Brooklyn, and 
Staten Island, its most-prominent terminal moraine was deposited along the S coast of 
Connecticut. 
 
 The glacier responsible for depositing the Harbor Hill Moraine flowed regionally on a 
rectilinear path from NNW to SSE.  This flow direction was established by J. B. Woodworth 
(1901) in Long Island City, Queens, and is reinforced by abundant evidence (Sanders and 
Merguerian, 1991a, b; 1992; 1994b). 
 
 The glacier responsible for depositing the Ronkonkoma Moraine flowed regionally on a 
rectilinear path from NNW to SSE, the same pattern followed by the ice sheet that deposited the 
Harbor Hill Moraine.  Evidence from the shallow subsurface near Jones Beach supports the view 
that two units of inferred outwash (a lower one correlated with the Ronkonkama Moraine and an 
upper one correlated with the Harbor Hill Moraine) are separated by marginal-marine sediments.  
If the correlations of the inferred outwashes with the Long Island moraines are correct, the 
intervening marginal-marine sediments imply that "interglacial" conditions reappeared between 
two glacial episodes.  This relationship, in turn, implies that each terminal moraine was 
deposited by a separate glacier, not the fluctuating margin of a single glacier. 
 
 Extensive lake sediments, including those exposed in the eroding coastal cliff at Montauk 
Point, imply that in eastern Long Island, the lake waters were impounded on the south by a pre-
Ronkonkama terminal-moraine dam, now eroded.  If this is correct, then it suggests that the 
areally most-extensive of the Pleistocene ice sheets was not the youngest (a corollary of the 
Woodfordian age assignment of the Ronkonkama-Harbor Hill moraines).  Indeed, the 
Pleistocene glacier that spread the farthest south probably was one of the earliest ones to reach 
the metropolitan New York area. 
 
 
 



 
 

 
 
Figure 6 - Shallow subsurface relationships, Jones Beach and vicinity.  (M. R. Rampino and J. 
E. Sanders, 1981b; a, fig. 3, p. 118; b, fig. 4, p. 119.) 
 a.  Location map of lines of borings used to prepare stratigraphic profile-sections.  Line 
B-B' locates Jones Beach section.  Regional setting shown by rectangle, Fig. 1.  
 b.  Jones Beach profile section showing tripartite Pleistocene succession consisting of 
Merrick Formation, Wantagh Formation, and Bellmore Formation.  Further explanation in text. 
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