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Abstract of the Thesis

Analysis of boulder distribution: implications for glacial processes in the vicinity of
Wildwood State Park, Wading River, New York
by
Jessica Leigh McEachern
in
Geosciences
Stony Brook University

2003

Wildwood State Park on Long Island’s north shore features many glacial erratics
situated on the beach and throughout the park itself. Most of these boulders have been
classified into three distinct lithologies: granite, granite gneiss, and basalt. The majority
of granites and granite gneisses are comparable to those found in the Branford-Stony
Creek Massif of southeastern Connecticut. The Branford-Stony Creek Massif is part of
the Avalonian Terrane, which dips southward from southe rn Connecticut, underneath
Long Island Sound and continuing underneath Long Island. I studied 647 boulders on the
beach and 235 in the park. By using characteristics such as boulder roundness, the likely
source area for these boulders is determined to be approximately 10 miles to the north, in
Long Island Sound. I also studied the distribution of boulders on the beach. They appear
mostly in three large clumps along a line parallel to the shoreline, clearly a non-random
distribution. Although boulders are more scattered in the park, ground-penetrating radar
has revealed clumps of boulders below the surface. Three different hypotheses for the
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distribution of boulders are considered: isolated clumps, lines in direction of glacier
movement (boulder trains), and lines situated along-strike (perpendicular to glacier
movement). The first two hypotheses are most viable, however further study is necessary
in order to determine whether boulders are isolated or have any sort of linear
connectivity.
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Introduction

Long Island is home to many interesting geological features, most of which are the
result of the glaciation responsible for its formation. Among these are glacial erratics,
often carried great distance by glaciers (Hanson, 1996). Many such erratics have been
found at Wildwood State Park, situated on the north shore of Long Island. The park rests
atop 50-foot bluffs overlooking a beach. The area on top of the bluffs is made up of
woodlands. Boulders have been found in this area, as well as on the beach. The
dominant lithology of these boulders is granite and granite gneiss, which is similar to
rocks found in southeastern Connecticut, which are part of a unit of rock dipping
southward underneath Long Island Sound and Long Island itself. It is thought that these
boulders are the same type of rock belonging to this unit.
The boulders are distributed on the beach in a clumped manner. It would appear that
they are distributed non-randomly, and I have performed statistical tests to verify this
hypothesis. Boulders are also seen scattered throughout the park, and have been
uncovered below the surface via ground-penetrating radar. The manner in which the
boulders are distributed may give one insight into their history and mechanism of
transport. I have devised three hypotheses to attempt to expla in this distribution.
This paper attempts to locate the source of the boulders, and to deem any one of these
hypotheses as valid.
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Section 1. Regional Geology

Long Island Sound is an elongate east-west basin. It is underlain by crystalline rocks,
which are thought to be similar to those found in southeast Connecticut (Lewis and
Stone, 1991; Stone et al., 1998). Granitic and gneissic rocks of Precambrian and

Figure 1.1 Map showing bedrock units underlying Connecticut and Long Island Sound.
Explanation: 1a. Hartford Basin; 1b. Pomperaug Basin. 2a. Carbonate shelf; 2b. Grenville
Massifs. 3a. Connecticut Valley Synclinorium; 3b. Bronson Hill Anticlinorium; 3c. Merrimack
Synclinorium; 3d. Taconic Allochtons. 4. Avalonian Terrane. 5a. Fordham Terrane; 5b. Coastal
Plain. (modified from Rodgers, 1985 and Pacholik and Hanson, 2001)
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Paleozoic age, known as the Avalonian terrane (fig. 1.1), have been identified in this
area. North-south structures extending down across the Sound have been identified
(Lewis, 2001), in particular a southward-dipping bedrock surface which runs from
extreme southern Connecticut south underneath Long Island (fig. 1.2). Lewis and Stone
(1991) note that various drillings have uncovered granite underlying Fishers Island, and
granite gneiss and schist underlying the North Fork and east-central Long Island. They

Figure 1.2 Cross-section showing stratigraphy underlying Long Island. Note that the bedrock
surface dips southward. (Franke and McClymonds, 1972)

have been found at depths from between 153 meters and 488 meters. These findings
support the notion that this bedrock structure found at southeastern Connecticut dips
offshore.
A core from a well drilled in the vicinity of Brookhaven contains a granite-gneissic
type of rock and has been dated. Preliminary Ar-Ar dates on biotite grains from the
sample yield an age of 270 million years (Hanson, 2002), which makes it compatible with
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an Avalonian terrane. This result gives further support to the notion that this bedrock unit
does extend southward from coastal Connecticut down underneath Long Island.
The area of study is located on the north shore of Long Island in the vicinity of the

Figure 1.3 Map of Long Island Sound, showing moraines running across Long
Island, as well as southern Connecticut. Location of Wildwood State Park is marked
with an asterisk (modified from Lewis and Stone, 1991).

Roanoke Point Moraine (fig. 1.3). The shore is bordered to the south by cliffs reaching 50
feet in elevation at their edge. The cliffs are a woodland area and the campground, as
well as various trails, is located here. Several kettle holes (depressions which mark
where the glacier left behind a large chunk of ice or other detritus after it retreated) have
been identified, including a large kettle on the southeast fringe of the campground. The
terrain is somewhat hilly and also features small valleys (fig. 1.4). Whether this
topography is due to glaciofluvial or post-glacial erosion is unknown. There is much till
4

found on the unpaved trails as well as off the trails, which is expected given the
proximity of this area to the moraine.

Figure 1.4 Part of a topographic map, showing the northern edge of Wildwood State Park.
Original scale of 1 inch equals 200 feet (Suffolk County Department of Public Works, 1974).

There are many boulders situated on the shoreline, as well as some distance up the
slope of the cliffs, in the campground and along the trails. They were originally brought
to this area by glaciers (Hanson, 2001). Officials at the park maintain that they are either
native to the beach or had been previously located in the bluffs overlooking the beach
(Nellen, 2001). As the coastline eroded back, the boulders would tumble down out of the
cliffs into gullies or cascade down the sides of gullies, particularly during a storm, and
end up on the beach. However, there is not a significant amount of northward transport
in this process. That is, when the boulders tumble out of the cliffs, they do so more in a z
direction (down) than in either the x or y directions. This results in the final position of
the boulders being within approximately 10 meters of the original position. The purpose
of this study is to trace the history of these boulders from transport away from their
source, by studying their pattern of distribution at the park. Maps M1 through M9 (inside
back cover pocket) illustrate the study locations in the park.
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Section 2. Glacial History of the Area

Lewis and Needell (1987) present a summary of the glacial history of the Long Island
Sound area, which includes the north shore of Long Island as well as southern
Connecticut. From the Tertiary to the early Pleistocene, streams eroded valleys into the
crystalline bedrock basement and the overlying coastal plain strata in the present-day area
of Long Island Sound. The location of drainage during this time was most likely
influenced by pre- late Cretaceous bedrock valleys located inland of the overlap of
Cretaceous deposits. Much of the morphology of the preglacial fluvial system is
preserved in a major unconformity overlying the bedrock and coastal plain strata.
During the
Pleistocene (fig.
2.1), glaciers
advanced across
Long Island
Sound at least
twice, although
possibly more
often (Lewis and
Figure 2.1 Diagram showing what the area of present-day Long Island Sound
(state of Connecticut outlined in green) looked like approximately 21,000 years
ago, before the onset of the Wisconsinan glaciation. The Connecticut Rift Valley is
the location of the present-day Hartford Basin. During this time, sediments were
being shed from the valley and were deposited offshore. (Lewis, 2001)

Needell,
1987;
Sirkin,

1982). Two tills of different ages have been found in Connecticut, supporting this
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Figure 2.2 Diagram showing the extent of the glacier approximately 18,000
years ago, sitting on top of present-day Connecticut with the future site of
Long Island to the south. Glacial Lake Connecticut and the Orient PointFishers Island Moraine are noted. (Lewis, 2001)

hypothesis (Lewis, 2001). Glaciers modified the pre-existing fluvial topography to an

Figure 2.3 Diagram showing the present-day situation, what was
left after the glacier retreated. (Lewis, 2001)
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extent. However, in general, the fluvial signature of the erosional surface was clearly
preserved, which indicates that modification of the surface by the glaciers wasn’t severe.
It is possible that the ice flow was strongly influenced by the pre-existing topography.
During the Late Wisconsinan (fig. 2.2), approximately 18,000 years ago, the last of
the glaciers crossed Long Island Sound and advanced across present-day Long Island.
Their terminal position is marked by the two moraines which stretch across the Island
(fig. 2.3). The area of this study sits on the Roanoke Point lobe moraine, which
corresponds to the Connecticut lobe of the Laurentide ice sheet (fig. 2.4).

Figure 2.4 Map showing moraines on Long Island and corresponding glacial lobes. Arrows
show approximate directions of glacial flow. The location of Wildwood State Park is marked
with a blue asterisk. Explanation: H= Hudson Lobe moraines. H1: Harbor Hill Moraine;
H2: Jericho Moraine; H3: Old Westbury Lobe; H4: Oyster Bay Moraine; H5: Northport
Moraine; H6: Sands Point Moraine; H7: City Island Moraine. I= Interlobate zone. I1:
Manetto Hills Lobe; I2: Dix Hills Lobe. C=Connecticut Lobe moraines. C1: RonkonkomaShinnecock; C2: Stony Brook; C3: Mount Sinai; C4: Roanoke Point. CR= ConnecticutRhode Island Lobe. CR1: Amagansett; CR2: Sebonack Neck-Noyack-Prospect Hill; CR3:
Robins Island-Shelter Island-Gardiners Island; CR4: Roanoke Point-Orient Point-Fishers
Island. N1: Narragansett Lobe-Montauk Lower Drift. (modified from Sirkin, 1996)

Section 3. Boulders and the Concept of Roundness
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Boulders, also known as erratics (Pacholik and Hanson, 2001), have been defined as
particles with a diameter of at least 256 mm. In glacial environments, boulders are
derived by plucking occurring at the glacier base. As the glacier travels, the boulders
tend to stay within the basal transport zone unless the glacier encounters an obstruction in
its path. In this case, the boulder may be thrust above the base of the glacier (fig. 3.1;
Pacholik and Hanson, 2001; Boulton, 1978).

Figure 3.1 Figure showing transport paths of glacial detritus through a cirque or
valley glacier, illustrating paths boulders may take when encountering obstruction
at front of glacier (Boulton, 1978)

The concept of roundness is important in determining the distance over which glacial
material was carried from its source, and thus allows one to pinpoint the source.
Roundness is a measure of how smooth or angular the edges of a particle are. Pacholik
and Hanson (2001) studied 373 boulders at Stony Brook campus, some 18 miles west of
Wildwood State Park. They concluded that the source of the boulders is just to the north
in Long Island Sound. The criterion they used to determine the distance traveled is a
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visual roundness scale for pebbles developed by Krumbein (1941) and slightly modified

Figure 3.2 Krumbein’s roundness scale for pebbles (1941)

for their study of boulders. The scale is shown in figure 3.2.
The Krumbein scale ranges from 1 (or .1) to 9 (or .9), from most angular edges to
most smooth edges. According to this scale, broken pebbles have a roundness value
equal to one- half the original roundness. Pacholik (2001) maintains that the scale can be
applied to boulders because the forces shaping both particle sizes are essentially the
same. However, he suggests a slight modification to this scale when applying it to
boulder studies. In the case of broken boulders, the roundness value should not be
halved. That is, one must look for the smoothest side of the broken boulder to arrive at
the roundness value. This is probably because other phenomena (including post-glacial)
is more likely responsible for the breakage that is seen.
Pacholik and Hanson further maintain that for boulders, equilibrium between
roundness and breakage is around a value of 5 on Krumbein’s scale. This equilibrium
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develops after 9 miles of transport away from the source. Additionally, most boulders
traveling at the glacier base cannot survive past 18 miles of travel (fig. 3.3). The rate at
which the balance between roundness and breakage is achieved depends on several
factors, such as hardness of the rock, presence of foliations or joints, and whether the
boulders are thrust upward into the glacier or remain at the base throughout their
transport.

Figure 3.3 The relationship between roundness and distance traveled as
obtained by Pacholik and Hanson (2001)

From their results, Pacholik and Hanson (2001) suggest that the source of the boulders
studied is made up of separate, multiple areas of outcrops underlying Long Island Sound,
and were, according to results from the roundness study, between approximately 6 and 12
miles offshore. The relationship between roundness and distance traveled as shown in
figure 3.3 is based on the mean size of the particles they studied, as well as the mean
roundness of 0.5 (Pacholik, 2001). The boulders they studied were compared to rocks of
Avalonian, Iapetus and Rift Valley Terranes found in Connecticut. They found that
boulders compositionally similar to the Branford-Stony Creek Massif in the Avalon
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Terrane of southern Connecticut constituted 85% of their total boulder population. These
findings may suggest that the boulders may have originated from a close source. The
Stony Creek granites and granite gneisses are generally enriched in orthoclase, and also
contain biotite and muscovite. Previous studies of Long Island Sound support their
findings. Lewis and Stone (1991) state that the bedrock underlying the Long Island
Sound basin is believed to be similar to the crystalline rocks found in eastern
Connecticut, which are made up of Precambrian and Paleozoic gneisses and granites of
Avalonian terrane (fig. 1.1).

Section 4. Boulder Trains

The Dictionary of Geological Terms (1984) defines a boulder train as “a line or series
of glacial boulders and smaller clasts extending from the same bedrock source, often for
many kilometers, in the direction of movement of the glacier by which they were
transported and deposited” (see fig. 4.1).

Figure 4.1 Boulder train sketch from the Massachusetts Institute of
Technology website (http://polite.mit.edu/fcgi-bin/pgt?part=2.1.0.7)
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Interestingly, they do not elaborate on what they include as “smaller clasts”, e.g.
cobbles and pebbles and perhaps clasts of even smaller size, or just cobbles. In other
sources of literature (e.g. Benn and Evans, 1998) the boulder-sized clasts were only
mentioned. It may be reasonable to include smaller-sized clasts as long as they are of a
significant size so their petrology can be evaluated. For that reason, one might include
cobbles in the study (although they were omitted here), especially if they are at least 0.1 0.2 m in diameter.
The term “boulder train” has been used interchangeably with “dispersal train.” Shilts
(1996) defines it as “the ribbon of compositionally distinct debris trailing down- ice from
a particular source.” DiLabio (1990) recognizes some common features of boulder trains.
Firstly, they are thin in comparison to their length and width (ratios of thickness to width
to length are usually on the order of 1:200:1000). Second, they are hundreds to
thousands times larger than their bedrock source; one assumes he is talking about the area
they encompass. Third, their contacts with surrounding till (laterally and vertically) are
abrupt. Fourth, they (i.e. trains as a whole) dip slightly up- ice, and lastly, their distinct
mineralogical components decrease down- ice from head to tail.
Lawson (1995; 1990) deems boulder trains a useful tool for determining the character
of glacial dispersal patterns in regions which were formerly glaciated. They can be used
to determine former ice flow direction, and have also been used in mineral prospecting.
In his study of mapping boulder trains in Assynt, N.W. Scotland, he claims that such
features usually exist in areas where localized rock outcrops have been crossed by a
strong unidirectional ice flow. Additionally, in his study, defining boulder train margins
is fairly easy, since alternating areas are usually free of erratic boulders. The boulder
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trains may reflect cumulative effects of transportation by glaciers in successive ice sheets.
Nevertheless, their orientations are consistent with former ice-flow patterns which were
determined from the distribution of other boulders and with glacial striae found on other
rocks.

Shakesby (1978) conducted a detailed study of boulder trains in Great Britain. He
concurs that they are known to exist in many areas with localized rock outcrops being
crossed by unidirectional ice flow. In his study, he plotted the location of individual
boulders on field maps. He discovered a curve in the line of boulder trains, and
concluded that it reflects a flexure in the grain of the topography. Furthermore, a marked
southwest bend at the western end of Loch Assynt (Scotland) may reflect structural
weaknesses exploited by the glacier ice.
DiMenna (2000) mapped a tinguaite boulder train located in west central Sweden.
These rocks were believed to derive from tinguaite dikes associated with a nepheline
syenite volcanic plug. Her study was quite similar to this one, but with one important
difference: the location of the source rock was known. In this study, we can only
estimate the probable source of boulders being somewhere in Long Island Sound.
Furthermore, the rocks in her study were fine-grained and mechanically stable, thus able
to withstand glacial transport well. Most of the boulders (at least 80%) studied at
Wildwood State Park are coarse- grained.
She describes a point source as a discrete outcrop of a distinct type of bedrock (e.g.
Stony Creek Granite from Long Island Sound basement rock, in our case). In her
discussion of boulder trains, she notes that they are often a composite of more than one
advance of glacial ice. It is possible for boulders to be deposited via a glacial advance in
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one direction, and then smeared out in another direction by either a subsequent advance
or by a shift in the flow pattern of the same ice sheet. This is important because it may
lead to a caveat in trying to differentiate between a boulder train and some other
phenomenon.

Section 5: Hypotheses

I have obtained results from this study via three basic types of observations: boulders
on the beach, boulders on top of the bluffs (in campground and on trails), and boulders
uncovered via ground-penetrating radar (GPR) surveys. This type of survey involves
sending electromagnetic waves into the Earth and looking at reflections. The nature of
this survey, as well as the results of these three observations, will be discussed in more
detail later. It was necessary to perform these observations in order to try to discriminate
between any of the three hypotheses discussed below.

Hypothesis 1. “Chicken Pox” model

I have proposed three hypotheses for the distribution of boulders at Wildwood State
Park. The first of these is termed the “Chicken Pox” model. This model suggests that
there are isolated clumps of boulders scattered in the park and on the beach, with no real
pattern or trend to suggest anything about transport mechanisms. Boulder clumps in the
park do not have any linear connectivity with boulder clumps found on the beach.
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Boulders are situated in a topographic low, and as the glacier runs over the area, the flow
of fluid slows it, causing it to drop its load.
A good way to test this model is to circumnavigate any boulder clumps revealed via
GPR. If more boulders are not found, it would lend credence to this model. If more
boulders are uncovered via this method, it may be indicative of some other phenomenon.

Hypothesis 2. “Hansel and Gretel” model

This model suggests the presence of linear trends of boulder clumps in the direction of
propagation of the glacier (in this case a roughly north-south trend), i.e. boulder trains.
This would imply that there are distinct sources (point sources) for each of the clumps
which are seen. This model gains support if the clumps on the beach and in the park have
a linear connectivity in the direction of glacier movement as discussed in literature. Once
again, a method such as circumnavigating the clumps found via GPR is a good way to
test for this. The model fails if the GPR surveys do not show evidence suggesting this
situation, or if the directions of glacier movement do not fall within a reasonable range.

Hypothesis 3: “Along-strike” model

The basic motivation for this final hypothesis is tectonic process. The “Along-Strike”
model suggests that the boulder clumps are situated along strike, or normal to the
direction of glacier movement, which may give clues about the transport mechanisms
involved. For example, it may be possible that the glacier ran into obstruction and had to
ramp up, thus dumping its load of detritus. Evidence of a boulder distribution suggesting

16

such a trend, or any indication of tectonic process where a change in the decollement can
cause the glacier to dump its load, uncovered via GPR surveys would make this model
very favorable. However, as I will show, the presence of a capping diamict makes this
very unlikely.

This discussion is illustrated in figure 5.1.

Figure 5.1 Flow chart illustrating the various hypotheses tested in this study

Section 6: Results

6.1 Boulder Analysis

I studied a total of 647 boulders on the beach along a line parallel to the shoreline
and over a distance of 1.3 kilometers. I subsequently performed statistical analyses on
these boulders over thirteen 100- m bins, including roundness vs. distance, roundness vs.
lithology, and distance vs. lithology. I constructed a north/south-distance vs. east/west-
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Figure 6.1.1 Plot showing positions of boulders along the shoreline at Wildwood State
Park. X' axis is horizontal distance along the beach (parallel to the shoreline), y' axis is
normal distance (perpendicular to shoreline). Exaggeration is roughly 6:1 in the y’ axis
direction.

distance plot to show the pattern in which these boulders are situated on the beach (fig.
6.1.1).

I created an overlay map using an aerial photo of the park, a topographic map and a
campground map as layers. Subsequently, I added the plot of boulders as a layer and
corrected it for scale in order to demonstrate their true position on the beach by, for
example, matching up the large boulders appearing on the plot with those showing up on
the aerial photo (see map M1 in back pocket). Due to the marked clumping behavior of
the boulders shown in the plot, it is easy to see that a non-random distribution is
represented. Statistical methods support this notion (see Appendix 1).
Using the results obtained from the study, I constructed a plot of boulder roundness
for the three most often occurring lithologies compared with horizontal distance along the
beach (fig. 6.1.2). As the graph illustrates, most of the boulders fell between roundness
values of 3 and 6.
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Figure 6.1.2 Plot showing roundness vs. distance for the three main lithologies
comprising the boulder clumps on the beach at Wildwood State Park

I then performed statistics for each lithology and the boulder population as a whole. A
mean roundness value of 4.34 for the total boulder population was obtained. Using
Pacholik and Hanson’s model (2001; fig. 3.3), this result would indicate a distance of
approximately 10 miles from the source. Given the direction of glacier movement at this
longitudinal position (fig. 6.1.3), it is likely that the source area for these boulders was
close to 10 miles to the north or north-northeast of their present location. This puts the
location of the source somewhere in Long Island Sound, however it is not possible to
pinpoint the exact location.
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Fig. 6.1.3 Map of Long Island Sound and Connecticut, with directions of
glacier movement indicated by red arrows. Possible location of source of
Wildwood boulders indicated by purple ellipse. (modified from Stone,
1998)

Figure 6.1.4 shows the distribution of lithologies along the same line parallel to the
shore. The three large clumps of boulders at 350, 850-900 and 1100 meters are marked
by the pronounced spikes of Stony Creek-type granite and granite gneiss, the main
constituent lithologies in these boulder clumps. The Stony Creek granites and granite
gneisses are mineralogically identical to those identified on the Stony Brook campus by
Pacholik and Hanson (2001). They consist of large orthoclase phenocrysts and contain a
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matrix of plagioclase, biotite and muscovite. Large pegmatites and migmatites have also
been identified at Wildwood. The basaltic rocks are mainly diabase. I performed
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Figure 6.1.4 Plot of boulder lithology vs. horizontal distance along beach at
Wildwood State Park.

statistics and characterized the boulders by lithologies. My results reveal that the Stony
Creek-type granites comprise 65% of the total boulders found on the beach. This could
indicate, as in the Stony Brook boulder study, that the source for the boulders is close.
This notion is compatible with the results from the roundness study, which may place the
boulder source at approximately 10 miles offshore.
I subsequently performed a study of boulders within the campground. It included 49
boulders which were studied using most of the same criteria as those on the beach:
roundness, lithology, estimated diameter, noting of special features, and position.
However, position was determined by using a handheld GPS and recording the resulting
latitude and longitude of each boulder. All areas carefully studied were highlighted on a
map with red pen (see map M1). There were a handful of boulders which were obviously
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not in place, as evident from their positions (placed near comfort stations, lined up in a
row as to block off a path), and these were not used in the study.
At the same time, I initiated a study of the trails other than those in the campground.
These included major paved trails and smaller, dirt trails. As with the campground study,
each of the areas studied was marked or highlighted on several maps with red pen for
future reference. This study includes 186 boulders which were studied using the same
criteria as those in the campground study.
Interestingly enough, the campground was quite sparsely populated with boulders, as a
total of only 49 were discovered (possibly 10 more if the smaller boulders moved to their
location by humans were counted). Most of the boulders found in place were very large
(heights greater than 1 m) and thus not able to have been moved by humans. It must be
noted that the average elevation in the campground is approximately 105 feet (~ 32 m)
above sea level, whereas the shoreline is at sea level. It is very possible that more
boulders are located in the subsurface below the campground, but lack of significant
erosional activity has prevented them from being exposed. Thus methods such as GPR
would be useful in trying to determine whether this is a possibility.
I determined the average elevation for the campground by constructing a grid on an
area of the topographic map encompassing a large area over which most of the boulders
were found. I recorded the elevation above sea level at each grid point to arrive at an
average elevation. I also recorded the elevations at locations where boulders were found
in the campground (noted by round blue symbols on the maps), and obtained an average
elevation of approximately 92 feet (~28 m) above sea level. I determined the frequency
of elevations occurring over eight 5- m altitude bins from 85 to 125 m , both for
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campground elevation and individual boulder elevation. I compared the frequency
distributions on a graph (fig. 6.1.5) to determine whether topography has a huge influence
on where boulders are found in terms of elevation. Normally one would expect to find
boulders in areas of topographic lows due mostly to erosion.
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Figure 6.1.5 Plot of frequency of campground elevations compared with
those of individual boulders in campground.

Although the average elevation of the entire area (grid) differs from that of the visible
boulders by approximately 6 feet, the distribution trends of altitude frequencies in this
graph are quite similar, despite the fact that there is a greater number of sampling for the
grid points than for actual boulder elevations. They both have peaks at the 95-100 ft. and
105-110 ft. distance bins, although perhaps the visible boulder peak at 95-100 ft. is a bit
more pronounced than that for the entire area. This may suggest that topography may
only play a minor role (if any role at all) in where boulders are found in this part of the
park.
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6.2. GPR Survey

GPR (ground-penetrating radar) is an extremely useful tool in helping one observe
what lies beneath the surface, whether it be stratigraphic layers made up of different
materials, objects such as boulders, and even buried man-made objects. In this study, it is
especially important and may add credence to the idea that boulders are also located
beneath the surface in areas where erosion has not occurred to such a great extent (e.g. on
top of cliffs). It may also help to give more support to the theory that we are dealing with
features known as boulder trains, which may tell us something about the boulder
source(s) and/or transport mechanisms involved.
With the help of field assistants and an advisor, I conducted a GPR survey on the park
trails from May to June 2003. 200 MHz antennas were used for most of the GPR lines
run, and several were conducted using 50 MHz antennas. The distinction between these
two frequencies is important. Higher frequency affords higher resolution, but leads to a
smaller depth of penetration. Lower frequencies afford lower resolution to a greater
depth (Davis, 2001; Benson, 1995). In deciding which frequencies were appropriate for
this study, we took into account the topography of the area.
We noticed that most of the boulders in this area, which were exposed in the cliffs,
were located approximately two-thirds to 90% of the way up the cliff. Since the height of
the cliff is 50 feet, this indicates that we should probably look to a depth of around 5
meters. In this case, 100 MHz antennas would probably suffice. However, we failed to
take into account the altitude in the immediate area where the survey would be
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conducted, that being more than twice the altitude of the cliff. This means that we would
have to use a lower frequency antenna, such as 50 MHz, to account for the greater depth
at which we would expect to see boulders. Nevertheless, the decision was made to use

Figure 6.2.1 Radargram from GPR line conducted with 200 mHz antenna. Boulder clump
circled in blue. Boulders indicated by hyperbolas. Areas highlighted in red indicate
boundaries of till-capping layer.

200 MHz antennas. 50 MHz antennas were also used, just in case the 200 MHz antennas
failed to show anything significant. Both yielded a presence of boulders within a
restricted layer near the surface. This layer appears to be a capping diamict.
The radargrams in figures 6.2.1 and 6.2.2 show boulders occurring in clumps beneath
the surface. We cannot determine the lithology of the boulders but we can put some
constraint on their size. As the radius of the object increases, its corresponding hyperbola
on the radargram becomes fatter at the top. Radius values were obtained via fitting
hyperbolas using REFLEXW GPR software. Most of the boulders have a radius of 0.3 m
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(or a diameter of ~ 0.6 m). This size falls within the range of that of most of the boulders
found on the beach. Most of the velocities ranged from 0.06 to 0.07 m/ns, with a few at

Fig 6.2.2 Radargram from GPR line conducted with 50 mHz antenna. Boulder clumps
circled in blue. Boulders indicated by hyperbolas. Areas outlined in red indicate
bouldaries of till-capping layer.

0.05 and 0.08. Using the 200 MHz antennas proved to be a good method, as the majority
of boulders were found at very shallow depths. A terminal till-capping layer rising
upward can be seen, and it is possible that the boulder-bearing layer rises up with it.
I compared the boulder density for clumped areas on the GPR line to that for clumped
areas on the beach. This was done by taking a length of GPR line along which clumped
areas were seen, and multiplying it by a swath obtained via angle at which the radar was
looking on either side (in this case, assumed to be 45 degrees) and the approximate depth
at which the boulders were found. The result is an area over which we see boulder
clumps. The approximate number of boulders was divided by the area to yield a boulder
density, i.e. a certain number of boulders per m2 . The results were within very close
range of those for the boulders on the beach. Clumped boulder densities for beach
boulders and radar boulders ranged from 0.007 to 0.05 boulders per m2 , and 0.013 to 0.03
boulders per m2 , respectively. These results suggest that the radar clump is of the same
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order as the beach boulder clump. It may be reasonable to describe the radar clump as a
“4th millennium clump.” That is, as the cliffs are eroded back, this clump would be
visible on the beach in the distant future.
These results are not without sources of error. In some cases it is not possible to
determine the exact size of the rocks represented by the hyperbolas on the radargram.
Those which may appear to be boulders may actually be cobbles or other smaller-sized
glacial debris, although the wavelength gives a clue, as does flatness of the top of the
hyperbola. Additionally, we do not really know what the swath width is. The values for
the angle at which we are looking at the line on each side and the depth are only
approximations.
As figure 6.2.2 shows, the layer containing boulders virtually mimics the surface
topography. This is not consistent with a thrusting/ramping type of phenomenon
suggested by hypothesis 3. For this model to be more viable, the direction of glacial
transport would have to be significantly oblique to the strike of the beach, and we would
expect to see a broader zone of boulders on the beach. The GPR surveys have uncovered
clumps of boulders below the surface of the park. The question is whether or not these
clumps have a linear connectivity with the clumps on the beach. Figure 6.2.3 shows an
area of the park which includes two of the main boulder clumps found on the beach (B1
and B2), as well as two main clumps found in the subsurface of the park via radar surveys
(R1 and R2). Here I attempt to line both sets of clumps up. Although B1 and R1 do not
line up well, R2 and B2 are fairly well lined-up in the north-south direction. This may
lend credence to hypothesis 2, the “Hansel and Gretel” model. It would be wise to
perform radar surveys along this area enclosing B2 and R2, as defined by the dotted
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brown lines. If clumps of boulders are seen in between B2 and R2, it may be indicative
of a north-south boulder train.

Fig 6.2.3 Map of Wildwood State Park, showing part of the area of study. Area outlined in red
shows where I looked for boulders on the surface, excluding areas which were impassable due
to vegetation (see Plate M3). B1=Beach boulder clump1; B2=Beach boulder clump 2;
R1=Radar boulder clump 1; R2: Radar boulder clump 2. Dotted lines show how well or how
poorly beach and radar clumps line up with each other. (Modified from New York State Office
of Parks, 1987)

Conclusion

From the results of the roundness study performed on the boulders at Wildwood State
Park, and the comparison of main lithologies to those found in southeastern Connecticut,
I can conclude that the source of the boulders is probably Long Island Sound basement
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rock. It is quite difficult to pinpoint the precise location of the source, but the results
from the roundness study, coupled with known direction of ice movement at this
longitude, may suggest a source located some 10 miles north of the park.
The distribution of boulders on the beach is non-random. This is reflected in their
location along a line parallel to shore, as well as in the statistical results (appendix 1).
The ground-penetrating radar surveys have uncovered clumps of boulders located below
the surface in the park, thus the distribution of these boulders also appears to be nonrandom. The boulder densities of these clumps fall within the same range as those on the
beach, meaning that they are on the same order as the beach clumps.
At this time, hypothesis 3 (“Along-Strike”) does not appear to be very viable. The
fact that the boulders appearing below the surface in the park are found in a capping
diamict layer makes this tectonic model unlikely. Furthermore, if this model was viable,
one would expect to see a broader band of boulders on the beach. Hypotheses 1
(“Chicken Pox”) and 2 (“Hansel and Gretel”) are both viable. However, we do not know
yet whether the clumps on the beach and in the park subsurface have a linear
connectivity, or are isolated. In order to differentiate between the two models, a
circumnavigation of the radar clumps is suggested. If no other boulders are found, the
isolated “Chicken Pox” model may be more favorable. If more boulders are encountered
along the line between beach clump and radar clump (fig. 6.2.3), the north-south “Hansel
and Gretel” model would seem more likely.
The fact that boulder trains may reflect more than just regional ice flow direction may
add a slight complication. While other indicators like striations or drumlins reflect
movement of only the last ice flow direction (DiMenna, 2000), boulder trains will reflect
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a composite of ice flow directions. The fact that boulder trains may be smeared out in
another direction by another advance of ice or by shifting ice patterns, may also
complicate matters. Until more information becomes available and further study is done
to reveal the local ice- flow directions, it will remain in speculation. Plates M7 and M8
show just two possible scenarios for transport and deposition of boulders in this area.
There were various areas in the park which were neglected, whether due to time
constraints, or inaccessibility at the time the fieldwork was executed. These areas which
were neglected due to time constraints are shaded in green on plates M2 and M3, and
should be looked at if a continuation of this study is being considered. The areas shaded
in mottled blue are those which were inaccessible, mostly because of excessive brush. A
part of this study was conducted in mid- late spring, when leafy vegetation was becoming
more prevalent. These areas must not be overlooked, and a study of them would be best
in the winter or early spring months, when vegetation cover is not as extensive. In order
to make a more clear distinction between the two unresolved hypotheses, it is important
to conduct further GPR surveys in the park. The impassable areas, areas with no visible
boulders, or unscoped areas shown on plates M2, M3 and M4, and especially locations
between clumps B2 and R2 shown on figure 6.2.3, are good places to start.

30

ACKNOWLEDGEMENTS

I would like to thank Drs. William E. Holt and Daniel M. Davis, my research advisors,
for all their time, patience and guidance, especially in offering insight which helped open
up new areas of exploration while adhering to the same basic idea. A thank you is due to
Dr. Gilbert N. Hanson for sharing some of his wealth of knowledge of Long Island
Geology. Thanks to Waldemar Pacholik for offering insight from his boulder studies.
Thanks to Jonathan Thompson, Patty Tzakas, and Brian Loveridge, my undergraduate
field assistants, for all their hard work in classifying boulders and playing around with
some of the statistics. Thanks to James Girardi and Rebecca Vogt for helping with the
GPR survey. Thanks to Brian Hahn for all his help in fine-tuning the layout of this paper,
especially where the figures are concerned. Thanks to the officials at Wildwood State
Park for their insight on the history and geology of the park. Last but not least, thanks to
the entire Geosciences department at the State University of New York at Stony Brook,
for all the encouragement they’ve provided.

31

REFERENCES

American Geological Institute (1984) Dictionary of Geological Terms, 3rd Edition.
Bates, R.L. and Jackson, J.A., eds. 571 pp.
Benn, D.I. and Evans, D.J.A. (1998) Glaciers and Glaciation. New York: John, Wiley
and Sons, 734 pp.
Benson, A.K. (1995) Application of ground penetrating radar in assessing some
Geological hazards: examples of groundwater contamination, faults, cavities,
Journal of Applied Geophysics 33, p. 177-193.
Boulton, G.S. (1978) Boulder shapes and grain-size distribution of debris as indicators of
transport paths through a glacier and till genesis, Sedimentology 25, p. 773-799.
Davis, D.M. (2001) personal communication.
DiLabio, R.N.W. (1990) Glacial dispersal trains. In: Glacial Indicator Tracing, R.
Kujansuu and M. Saarnisto (eds)., Rotterdam: A.A. Balkema. p. 109-122.
DiMenna, J. (2000) Mapping of the Tinguaite Boulder Train, West Central Sweden.
Bachelor’s thesis, University of Western Ontario, Canada. 61 pp.
Franke, O.L., and McClymonds, N.E. (1972) Summary of the hydrologic situation on
Long Island, N.Y. as a guide to water- management alternatives, U.S. Geol. Surv.
Prof. Pap. 627-F, p. F1-F59.
Hanson, G.N. (1996) personal communication.
___________ (2001) personal communication.
___________ (2002) personal communication.
Krumbein, W.C. (1941) Measurement and geological significance of shape and
Roundness of sedimentary particles, Journal of Sedimentary Petrology, p. 64-72.
Lawson, T.J. (1990) Former ice movement in Assynt, Sutherland, as shown by the
distribution of glacial erratics, Scott. J. Geol. 26 (1), p. 25-32.
___________ (1995) Boulder trains as indicators of former ice flow in Assynt, N.W.
Scotland, Quaternary Newsletter 76, p. 15-21.
Lewis, R.S., and Needell, S.W. (1987) The Quaternary geology of east-central Long
Island Sound: U.S. Geological Survey Miscellaneous Field Studies Map MF-1939-B

32

Pamphlet, p. 1-6
Lewis, R.S., and Stone, J.R. (1991) Late Quaternary stratigraphy and depositional
History of the Long Island Sound Basin: Connecticut and New York, Journal of
Coastal Research, Special Issue 11, p. 1-23.
Lewis, R.S. (2001) personal communication.
Nellen, R. (2001) personal communication.
New York State Office of Parks (1987) Wildwood State Park - North Country Road –
Wading River, N.Y. – 11792, scale 1 in. equals 600 ft.
Pacholik, W. (2001) personal communication.
Pacholik, W., and Hanson, G.N. (2001) Boulders on Stony Brook Campus May
Reveal Geology of Long Island Sound Basement. Geology of Long Island and
Metropolitan New York, Program with Abstracts.
Rodgers J. (1985) Bedrock geological map of Connecticut, Connecticut Natural
Resources Atlas Series, Connecticut Geological and Natural History Survey,
Hartford, Connecticut, scale 1:125,000.
Shakesby, R.A. (1978) Dispersal of glacial erratics from Lennoxtown, Stirlingshire,
Scott. J. Geol. 14 (1), p. 81-86.
Shilts, W.W. (1996) Drift Exploration. In: Past Glacial Environments, Sediments, Forms
and Techniques. John Menzies (ed.), Vol. 2. Oxford: Butterworth-Heinemann Ltd.
p. 411-439.
Sirkin, L. (1982) Wisconsinan glaciation of Long Island, New York, to Block Island,
Rhode Island. In: Late Wisconsinan Glaciation of New England. Stone, B. and
Larson, G. (eds). Dubuque: Kendall/Hunt, p. 35-59.
_______ (1996) Western Long Island Geology with Field Trips. Watch Hill: The Book
& Tackle Shop, 179 pp.
Stone, J.R. et. al. (1998) Quaternary geologic map of Connecticut and Long Island
Sound Basin, U.S. Geological Survey Open-File Report 98-371.
Suffolk County Department of Public Works (1974) Topographic Map - Five Eastern
Towns - Suffolk County, N.Y. – Riverhead, Southampton, Southold – Shelter Island,
East Hampton, Sheets B24 and B25, scale 1 in. equals 200 ft.

33

APPENDIX 1

STATISTICS OF THE BOULDER DISTRIBUTION AT WILDWOOD STATE PARK
PROBABILITY OF
GETTING

X' (meters)

# OF
BOULDERS

0-50
50-100
100-150
150-200
200-250
250-300
300-350
350-400
400-450
450-500
500-550
550-600
600-650
650-700
700-750
750-800
800-850
850-900
900-950
950-1000
1000-1050
1050-1100
1100-1150
1150-1200
1200-1250
1250-1300
TOTAL=

8
1
2
1
0
10
35
18
2
0
3
0
0
0
5
0
47
88
203
14
10
106
35
33
9
17
647

Average # of boulders
per 50 meter section
=

24.84615385

THIS # OF
BOULDERS
OR LESS

THIS # OF
BOULDERS
OR MORE

THIS # EXACTLY

SIGNIFICANT
VALUE
(smallest value)

8.40061E-05
4.18647E-10
5.41831E-09
4.18647E-10
1.61977E-11
0.000645283
0.97924017
0.097002683
5.41831E-09
1.61977E-11
4.68258E-08
1.61977E-11
1.61977E-11
1.61977E-11
1.58214E-06
1.61977E-11
0.999975622
1

0.999915994
1
0.999999995
1
1
0.999354717
0.02075983
0.902997317
0.999999995
1
0.999999953
1
1
1
0.999998418
1
2.43783E-05
4.10783E-15

5.83452E-05
4.0245E-10
4.99966E-09
4.0245E-10
1.61977E-11
0.000400204
0.010697709
0.032944015
4.99966E-09
1.61977E-11
4.14075E-08
1.61977E-11
1.61977E-11
1.61977E-11
1.27811E-06
1.61977E-11
2.36573E-05
5.2961E-23

5.83452E-05
4.0245E-10
4.99966E-09
4.0245E-10
0
0.000400204
0.010697709
0.032944015
4.99966E-09
0
4.14075E-08
0
0
0
1.27811E-06
0
2.36573E-05
5.2961E-23

0.013346598
0.000645283
1
0.97924017
0.953472932
0.000245079
0.064058668

0.986653402
0.999354717
4.10783E-15
0.02075983
0.046527068
0.999754921
0.935941332

0.00634852
0.000400204
1.11592E-33
0.010697709
0.02062146
0.000161073
0.023866562

0.00634852
0.000400204
1.11592E-33
0.010697709
0.02062146
0.000161073
0.023866562
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COMPLETELY RANDOM DISTRIBUTION OF THE SAME # OF BOULDERS
OVER THE SAME DISTANCE
PROBABILITY OF
GETTING

X' (meters)

# OF
BOULDERS

0-50
50-100
100-150
150-200
200-250
250-300
300-350
350-400
400-450
450-500
500-550
550-600
600-650
650-700
700-750
750-800
800-850
850-900
900-950
950-1000
1000-1050
1050-1100
1100-1150
1150-1200
1200-1250
1250-1300

32
26
25
38
18
36
25
18
25
28
25
20
23
22
31
20
24
27
16
21
22
18
28
24
29
26

TOTAL=

647

Average # of boulders
per 50 meter section
=

24.88461538

THIS # OF
BOULDERS
OR LESS
0.931792213
0.638187467
0.562096329
0.994697198
0.095742305
0.986336986
0.562096329
0.095742305
0.562096329
0.77064375
0.562096329
0.191552002
0.402724268
0.325693208
0.904099408
0.191552002
0.482594615
0.708317048
0.039568323
0.254496029
0.325693208
0.095742305
0.77064375
0.482594615
0.824125681
0.638187467
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THIS # OF
BOULDERS
OR MORE
0.068207787
0.361812533
0.437903671
0.005302802
0.904257695
0.013663014
0.437903671
0.904257695
0.437903671
0.22935625
0.437903671
0.808447998
0.597275732
0.674306792
0.095900592
0.808447998
0.517405385
0.291682952
0.960431677
0.745503971
0.674306792
0.904257695
0.22935625
0.517405385
0.175874319
0.361812533

THIS # EXACTLY
0.027692805
0.076091138
0.079501714
0.003308292
0.032596024
0.007511511
0.079501714
0.032596024
0.079501714
0.062326702
0.079501714
0.053118144
0.077031061
0.071197178
0.03561115
0.053118144
0.079870347
0.070129581
0.016107353
0.062944028
0.071197178
0.032596024
0.062326702
0.079870347
0.053481931
0.076091138

SIGNIFICANT
VALUE
(smallest value)
0.027692805
0.076091138
0.079501714
0.003308292
0.032596024
0.007511511
0.079501714
0.032596024
0.079501714
0.062326702
0.079501714
0.053118144
0.077031061
0.071197178
0.03561115
0.053118144
0.079870347
0.070129581
0.016107353
0.062944028
0.071197178
0.032596024
0.062326702
0.079870347
0.053481931
0.076091138

Explanation for foldout maps (plates) in back cover pocket:

M1: Map overlay showing boulder data and extent of progress. Progress along trails is
marked in red. Boulders are indicated by blue dots.
M2: Map overlay showing neglected areas, and areas with no visible boulders.
Neglected areas are noted in green. Areas with no visible boulders are noted in red.
M3: Map overlay of the park, showing impassable (due to vegetation) and neglected
areas. Neglected areas are noted in green, impassable areas are noted in blue
stippling.
M4: Map overlay showing extent of GPR lines, and areas with no visible boulders. GPR
lines are noted in black at their approximate orientation. Areas with no visible
boulders are marked in red.
M5: Map overlay showing density of boulders in park along GPR line. Values noted in
legend.
M6: Map overlay comparing density of beach boulders and GPR line boulders. Values
noted in legend.
M7: Map overlay showing possible scenario of boulder transport and deposition.
Direction of transport and deposition is noted by red parabola(s).
M8: Map overlay showing alternate scenario of boulder transport and deposition.
Direction of transport and deposition is noted by red parabola(s).
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