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RECUMBENT FOLD IN DISPLACED SLAB OF UPPER CRETACEOUS SEDIMENTS, 
PRINCES BAY, STATEN ISLAND, NEW YORK: FURTHER EVIDENCE THAT ICE 

FLOWING SOUTHEASTWARD DEPOSITED THE HARBOR HILL MORAINE 

John E. Sanders and Charles Merguerian, Geology Department, 114 
Hofstra University, Hempstead, NY, 11550-1090; and Steven C. 
Okulewicz, College of Staten Island, Staten Island, NY 10314 . 

INTRODUCTION 

Near the navigation tower along the shores of Princes Bay , 
Staten Island, [UTM grid coordinates 566.70E, 4484.20N; Arthur 
Kill 7.5-minute quadrangle], ca. 1.5 km WSW of Seguine Point, is 
a coastal cliff in the Harbor Hill Moraine (Figure 1) . Erosion 
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Figure 1 - Map of surficial deposits on Staten Island made by JES 
using the outline of Soren's (1988) map and most of the contacts 
from Cadwell's (1989) map, but with additions to show units in 
our classification . Stippled area , Harbor Hill Moraine; LT , 
navigation - light tower on shore of Pr inces Bay ; A- A' locates 
profile - section of Figure 3 . 
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of this cliff has exposed recurnbently folded yellowish­
weathering-, gray-, and brownish Cretaceous sediments that are 
enclosed within reddish-brown Pleistocene deposits. The 
Cretaceous strata here have been studied by many geologists; 
these strata are generally presumed to be nondeformed and in situ 
(Schuberth, 1968). 

The inference that the Cretaceous strata are not in situ is 
based on the discovery of Pleistocene-type sediments (tills and 
outwash sands) beneath the Cretaceous, both in the coastal cliff 
and in borings made for the sewer line beneath Hylan Boulevard. 
In this paper, we present the evidence that the Cretaceous strata 
are not in situ but have been subjected to ice-thrust deforma ­
tion. The orientation of the recumbent fold here implies that 
the glacier responsible for the deformation and associated Harbor 
Hill Moraine flowed from NNW to SSE. If the Harbor Hill Moraine 
were deposited by ice flowing from NNW to SSE, then we argue that 
it cannot possibly be of Late Wisconsinan age (i. e., Woodford­
ian) as most Pleistocene geologists since 1935 have presumed. 
Rather, this moraine must be older, possibly of Early Wisconsinan 
age, as originally assigned by Fuller (1914) . 

GENERAL GEOLOGIC SETTING 

Two major stratigraphic units composed of sediments, (1) the 
Upper Cretaceous coastal - plain strata and (2) the glacial 
deposits, are present in southern Staten Island . Both overlap 
two older geologic features in the bedrock, the Staten Island 
Serpentinite and the edge of the preserved wedge of Newark 
Supergroup strata with its included Watchung extrusives and 
Palisades intrusive sheet (not shown on Figure 2). The coastal-
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Figure 2 - Profile section from Staten Island to the Ramapo fault 
showing tilted- and eroded remnants of Newark basin-filling 
strata. Serp., Staten Is. serpentinite; subsurface relationships 
not known (J. E. Sanders.) 
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plain strata underlie perhaps 50% of Staten Island, but for the 
most part, have been buried by the glacial deposits. Exposures 
of the Cretaceous strata are not numerous and are confined to the 
SW part of the Island. 

Staten Island's general geologic relationships are displayed 
on the New York City Folio of the United States Geological Survey 
(Merrill and others, 1902) and on the map, based on the Folio, in 
the geologic report on the ground water (Perlmutter, and Arnow, 
1953). Other colored geologic maps include the New York State 
geologic map (Lower Hudson sheet, Fisher, Isachsen, and Rickard, 
editors and compilers , 1970 ) and the Newark 1 0 by 2 0 quadrangle 
(Lyttle and Epstein, 1987). Maps of the surficial deposits on 
Staten Island are included in the New York City Folio , in the 
ground-water report by Perlmutter and Arnow and in another such 
report by Soren (1988 ), and on the surficial geologic map of New 
York (Cadwel l, 1989 ). Vari ous guidebooks also include geologic 
maps of Staten Island (for exampl e , Beni moff , 1994 ; Mergueri an 
and Sanders , 1989 , 1991 , 1994 ) . 

DESCRIPTION OF CLIFF SECTION BY LIGHT TOWER, PRINCES BAY, 
STATEN ISLAND 

The Pleistocene sediments beneath the Cretaceous by the 
light tower along the shore of Princes Bay became exposed, for 
the first time that we know of , after a severe coastal storm in 
the fall of 1980. The storm waves removed all the sandy talus 
and undercut the cliff, thus exposing reddish-brown till and 
coarse brownish outwash sands beneath the typical yellowish, well 
stratified Cretaceous. Previously, these reddish-brown 
Pleistocene sediments had been totally obscured by the slope-wash 
sedi ments that had accumulated at the base of the cliff. For 
many years , Sanders visited this site with classes from Columbia 
University. Merguerian, shovel in hand , was on one of these 
early 1980s digs. Each time we removed enough of the post-storm 
slope wash to demonstrate the existence of the reddish-brown 
Pleistocene sediments beneath the Cretaceous. This evidence 
indicated that the Cretaceous strata were not in situ and implied 
that glacio-tectonic action had taken place (Merguerian and 
Sanders, 1991; 1994 ). 

In 1984, as part of the planning for project WP-136 , the 
Oakwood Beach Water-Pollution-Control Project , the Engineering 
Services branch of the Subsurface Exploration Section of the 
Department of General Services, Division of Public Structures, 
Bureau of Building Design of the City of New York, contracted for 
the drilling of numerous engineering-test borings along the route 
of the West Branch Intercepting Sewer beneath Hylan Boulevard 
(Figure 3). The geologic analysis of these borings prepared by 

Woodward-Clyde Consultants, Inc. showed a few examples in which 
Cretaceous-type sediments are both overlain- and underlain by 
Ple i stocene sedi ments. The borings showed that the top of the 
in-situ Cretaceous along the shores of Princes Bay lies at -50 to 
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Figure 3 - Generalized profile-section along the Rylan Boulevard 
sewer line from Manhole No. 2 (Richmond Avenue) to Manhole No. 16 
(Colon Street). Line A-A' on Figure 1 locates section. (Drawn 
by JES from data in Mueser - Rutledge Consulting Engineers Report 
to Moretrench American Corporation dated 05 January 1990.) 

-60 feet below the zero datum of the engineering studies, which 
is the Borough of Staten Island Sewer datum, +3.19 feet above MSL 
at Sandy Rook, NJ. (By contrast, the zero datum on the U. S. 
Geological topographic map of this area is mean sea level.) 

During August 1994, in preparation for a field trip to 
Staten Island by participants in the 1994 annual meeting of the 
Geological Association of New Jersey (GANJ), we visited this site 
along with Dr. Alan I. Benimoff. We spent only a short time here 
and dug only enough to display the red-brown sand. Our small dig 
did not expose any till. In our guidebook article, we emphasized 
the outwash and proposed that the Cretaceous slab had been 
displaced not by ice-thrust deformation but rather by ice rafting 
(Sanders and Merguerian, 1994, p . 293 - 294) . 
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On 15 October 1994, the day of the GANJ trip, numerous 
geologists examined the cliff section in partial denial and 
disbelief . Undaunted, we dug enough of a face at the SW end of 
the exposure to demonstrate that coarse brownish Pleistocene sand 
underlies typical yellowish- and whitish Cretaceous sands and 
clays. We did not expose any reddish - brown till. Accordingly, 
most of the discussion centered on the hypothesis that we had 
proposed, namely that the displaced slab of Cretaceous, which we 
contended lacked any signs of deformation, had not been involved 
in ice-thrust tectonics. Instead, we preferred the notion that 
it had been ice rafted by glacial meltwater streams . 

On the following day, Steven C. Okulewicz accompanied our 
New York Academy of Sciences On - the-Rocks trip to this same 
locality. As Sanders finished emphasizing that the lack of 
deformation in the Cretaceous supported an ice-rafting mechanism 
(as opposed to ice - thrust deformation), Okulewicz said: "Is that 
a recumbent fold in the Cretaceous? If so it shows it has been 
deformed!" (Figure 4). On Election Day, November 08 , 1994 , JES 

Figure 4 - Close view of recumbent fold in ice - thrust slab of 
Upper Cretaceous, by light tower, Princes Bay Staten Island. 
Width of view is about 3 m. (Charles Merguerian.) 

and CM revisited the site . Armed with shovels and an assistant 
(Christopher Merguerian) , we dug our way to not only verify the 
fold but found ample evidence for at least seven discrete thrust 
surfaces within and around the Cretaceous slab (Figure 5) . 
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Figure 5 - Examples of ice - thrust tectonics exposed in eroding 
cliff by light tower on shore of Princes Bay, Staten Island. The 
cliff section includes numerous low- angle "thrusts" and recumbent 
folds. The Upper Cretaceous here has been thrust against itself 
and also over the red-brown Pleistocene sediments which have also 
been thrust against themselves . K = Cretaceous, Q = Pleistocene. 
Black = Cretaceous ironstones. Drafted by CM from field sketches 
and photographs as datum, no V.E. 

The eroding coastal bluff in the Harbor Hill Moraine at 
Princes Bay indeed exposes a slab of Upper Cretaceous sediments 
(consisting of interbedded white charcoal-bearing clay layers, 
cross-bedded sands, and hematite-cemented sandstone/conglomerate) 
that is enclosed within typical reddish-brown Quaternary 
sediments (tills and outwashes). The Cretaceous is here overlain 
by channelized Pleistocene pebbly outwash. Above this outwash is 
another reddish-brown till. Nearby to the SW, a buff-colored 
paleosol and a layer of loess overlie the upper till. The 
Cretaceous exposed here, formerly thought by most geologists to 
be nondisturbed and in situ, clearly is neither. As mentioned, 
it displays a recumbent fold (as outlined by cm-scale clay 
interbeds) with a sheared out lower limb. This fold plunges 
roughly 17° into S600Wj its axial surface is oriented N4°E, 
200NW . Within- and below the Cretaceous sequence are at least 
seven low-angle imbricate ice-thrust surfaces . (See Figure 5 . ) 
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The hematite-cemented ironstone layer has been brecciated in situ 
and possibly has been duplicated along a thrust. 

The orientation of the recumbent fold and ice-thrust 
surfaces constitute additional evidence that the ice which 
deposited the segment of the Harbor Hill Moraine exposed on 
Staten Island flowed from NNW to SSE. Other evidence that the 
glacier responsible for the Harbor Hill Moraine flowed from NNW 
to SSE includes indicator stones from localities lying NW of 
Staten Island. Examples are: anthracite coal from NE 
Pennsylvania, Silurian Green Pond Conglomerate from the 
Appalachians in NW New Jersey (Figure 6), Proterozoic gneiss 
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Figure 6 - Regional map showing parent areas of two distinctive 
indicator stones found in till forming Harbor Hill Moraine in 
southern Staten Island, New York City, NY: (1) anthracite from 
northeastern Pennsylvania, and (2) Green Pond Conglomerate from 
northwestern New Jersey. Stippled area, outcrops of anthracite 
coal; S. I. = Staten Island; P . B. = Princes Bay. (J . E. 
Sanders in G. M. Friedman and J . E. Sanders , 1978, fig. 2-1 , p. 
27. ) 

boulders, and rocks from the Newark basin - filling strata 
(reddish - brown conglomerates and -sandstones and Palisades 
dolerite). These indicator stones from such distant localities 
as the anthracite district in NE Pennsylvania prove that the SSE ­
directed ice flow was not a local change - of - speed phenomenon at 
the margin of a fast-flowing ice tongue (as inferred by Salisbury 
and co - workers and published repeatedly during the interval from 
1890 to 1933 in the New York City and other folios of the U. S . 
Geological Survey and in the guidebook to the geology of the New 
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York City region published by the 16th International Geological 
Congress; Figure 7). 

Rather, according to our analysis of the Pleistocene 
deposits in the New York City region (Sanders and Merguerian, 
1994), the most-recent glacier flowed from NNE to SSW, a 
direction that is down the Hudson Valley, not across this valley. 

Figure 7 - Map of northeastern New Jersey and southeastern New 
York showing inferred flow lines in the latest Pleistocene 
glacier. Further explanation in text . (Kummel, 1933 , fig . 13, 
p. 66; original by R . D. Salisbury . ) 

Our proposed NNW to SSE flow direction for the till which 
surrounds the displaced slab of Cretaceous supports a pre­
Woodfordian age, as previously found in Queens County by J . B . 
Woodworth (1901). (See companion paper in this volume on the age 
of Long Island's terminal moraines.) 

CONCLUSIONS 

The Cretaceous strata exposed in the coastal cliff that is 
eroding the Harbor Hill Moraine along the shores of Princes Bay, 
Staten Island, near the light tower, is both overlain- and 
underlain by reddish-brown Pleistocene sediments, including tills 
and outwashes. That the Cretaceous has been deformed by ice­
thrust tectonics is demonstrated by the presence of low-angle 
thrust surfaces and a recumbent shear fold within the Cretaceous 
strata. The orientation of this recumbent fold indicates that 
the deforming ice flowed from NNW to SSE. Provenance data also 
indicate that this flow direction was rectilinear and regional 
and was not confined to the SE margin of a fast-flowing ice 
stream centered in the Hackensack Valley lowland . 
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