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OVERVIEW:
This field trip begins in the Walking Dunes active parabolic dune field, just to the east of Napeague
Bay, and concludes less than 3 km to the east in a transect of the washboard hill terrain of Hither Hills
(figure 1). The Hither Hills are an unusual series of parallel, regularly spaced hills of similar heights (about
10m) which are of considerable interest because of their implications for our understanding of Long Island’s
paleoclimate during the Pleistocene as well as the mechanics of glaciotectonic deformation. The Walking
Dunes of Hither Hills State Park, some of which are actively overrunning a forest, record changes in local
conditions over the past few decades and centuries. This field trip is built largely around a comparison of
features visible at the surface with the findings of a series of GPR (ground-penetrating radar) surveys of the
subsurface that have been carried out in the two areas.
WALKING DUNES:
The Walking Dunes are a series of parabolic dunes. Parabolic dunes are a special dune form, completely
dependant on vegetation and moisture. They migrate downwind, and are usually found in uni-modal wind
regimes. They are characterized by partially stabilized limbs which point upwind, and a blowout at the
center of the dune which migrates faster than the limbs. As the wind blows up a concave windward
slope it accelerates, increasing its ability to carry sediments. Thus, the blowout is characterized by
having highest wind velocity and no vegetation. As the blowout advances ahead of the partially
stabilized limbs, the dune takes on a parabolic shape as a result of the slower advance of
the limbs. Because of their extreme sensitivity to climate, which is much less well
constrained than wind patterns, parabolic dunes are relatively poorly understood.
We will park at the end of the road that runs along the eastern edge of
Hither
Napeague Bay, and walk north along the shore, past linear shoreline
Hills
dunes and the buried remains of a 19th century fish factory
(disruption from which may have significantly influenced the
evolution of the dunes). At the trail marker, we turn right
and walk up the windward flank of dune 5 (figure
2). Passing blowouts produced by a combination
of hikers and wind, we proceed through the
Walking
narrow gap to the crest at the downwind
Dunes
nose of the dune (figure 3).

Napeague
Bay

Figure 1) Shaded relief map showing
the relative locations of the parabolic
Walking Dunes and the linear-trending
Hither Hills.
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STOP #1) Crest of dune 5:
This is the youngest of the major dunes,
advancing in recent years at a rate of over 6
m/yr. Aerial images show its development
over the past few decades as a blowout on
the flank of dune 4. The narrow crest of
this dune has evolved considerably over the
past few years, and recent careless trampling
of vegetation by hikers is causing rapid
erosion and dune evolution.
The interior of dune 5 is imaged by a
100 m long GPR transect shown in figure 4
(see figure 3 for location). The base of the
base of the dune is essentially at water table,
below which is glacial material, (diffraction
hyperbolas there correspond to large
cobbles and small boulders). There is some
layering in the glacial material, with
evidence of erosional surfaces predating the
arrival of the dunes. The significance of
these erosional events is unclear. Their
roughly westward dip (confirmed in crosslines) could be due to erosion by water at a
relatively recent time of slighty lower sea
level, or perhaps glacial processes closer to
the time of deposition.

Figure 2) Aerial image of the Walking Dunes, showing the
positions of the main dunes to the east of Napeague Bay.

The apparently shallow dips of dune
foreset beds are only apparent dips: through
most of the transect, the GPR line is not a
true-dip (normal to strike) section. Isolated
diffraction hyperbolas within the dune are the
tops of buried trees.
Figure 3 (at right) Aerial image of dunes 4 and
5, showing the locations of stops #1 and #2,
the 2-D GPR transects in figures 4 and 7, the
3-D GPR ‘cube’ of figure 8 (the rectangle at
stop #2), and
two blowouts on
the right flank of
dune 5.

blowouts

Figure 4 (at right)
Interpreted GPR
transect of part
of dune #5,
showing predune glacial
s t r a t i g r a p h y,
water table,
dune foreset
beds, and buried
trees overrun by
the advancing
dune.
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Looking SE from stop #1 we see dune 4
(our next stop), and older dunes beyond it.
We head back down the windward slope of
dune 5 and turn to the right (avoiding
sensitive slopes). Note the erosion at hiking
trails on the limbs of dune 5, particularly at
the blowouts shown in figure 3. Areas
without vegetation affect (and are affected)
by the complicated wind regime within the
dune. Given adequate sediment supply, such
blowouts can nucleate new dunes. Aerial
imagery suggests that dune 5 began as such
a blowout on the flank of dune 4.
Turning right into dune 4, we enter an
area that was heavily vegetated before the
dune arrived. After the dune passed, it
revealed trees that had been buried for
several decades. These trees, many later
burned for campfires, stood as mute
reminders of the dynamic nature of a
parabolic dune field (figure 5).

Figure 5) The ‘phantom forest’ was exposed as dunes migrating
over the area revealed the buried trees they had prevously
enveloped. These ghostly remains have almost all been removed
as souveniers or firewood. (photo courtesy of John Black).

STOP #2) Crest of dune 4:
As we turn SE towards the broad interior of dune 4 (figures 2,3), note the tall grasses that grow in the
lower-lying areas. GPR surveys have shown that water table is very shallow in these areas, and our
topographic surveys have confirmed that this area is very close to mean sea level. Water table is a very
important factor in the growth of these dunes, as damp sand provides a stable base for the rest of the dune.
At the base of dune 4 we pass a large sign describing the phantom forest. The sign is about 130 meters
from the front of the dune, but 50 years ago, the dune had not yet reached this location, which was then
heavily forested. Figure 6 shows 1996 dune locations superimposed upon a 1938 aerial image. During
that time, dune 4 advanced over 200 meters. Between 2001 and 2004 the rate was only 1.7 m/yr, but
between 1930 and 1955 it averaged over 8 m/yr: truly
earning the name ‘Walking Dune’.
Note the exposed layers in the eroded flanks of
the dune near the crest. Some of these slip surfaces
stand out because they have more or less resistance
to erosion. Don’t be confused by the apparent dip: a
dipping surface can appear horizontal if viewed
parallel to its strike. In some layers (and, sometimes
at the surface) you can see dark, mafic grains. Layers
with such grains make good GPR reflectors.
When you reach the crest, look ahead onto the
forest. It is damp, because it is near sea level and
because it is just above glacial material which
contains clay. Just as at dune 5, this glacial material
can be imaged beneath dune 4 (figure 7; for location,
see figure 3). The dampness helps stabilize the dune
above. The forest is thriving, but it is about to be
killed by the dune. Note the steepness of the slope.
Where it is dry (and, thus, cohesionless), it is limited
to a slope of about 30 degrees, the angle of repose of Figure 6) 1996 positions of bare dune, superimposed on
a 1938 aerial image. The rates indicated are averages
angular sand.
over that period - at times they were much higher.
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Figure 7)..........
GPR transect
of dune 4,
showing dune
foreset beds,
the base of the
dune near the
water table,
buried trees,
and pre-dune
stratigraphy.

Dune foreset beds appear to change dip in figure 7 because, as the dune has advanced, its depocenter
has shifted from side to side as the main blowout has migrated. Therefore, a 2-D GPR line cannot yield a
true dip section over more that just a part of the line. A 3-D GPR line at the crest of dune 4 (figure 8)
records a shift in the position of the blowout and the depocenter of dune growth.
Sediments eroded from the adjacent headlands which eventually come to comprise the dunes are first
carried into the Napeague Harbor by coastal currents and are deposited as a series of offshore ridges, which
are then transported to the beach by wave action. Eolian processes move the sediments from the beach face
landward where ultimately the dunes are formed (Black, 1996), under winds that may be channeled through
a gap between Gardiners Island and headlands on the south fork. In a 1930 aerial image dune 3 appears as
an active simple dune, developing a blowout on its western limb. At that time there was sufficient sediment
to allow the blowout to develop into a distinct parabolic dune (Dune 4), as documented in a series of
subsequent aerial images from 1930 - 1959. Similarly, later aerial images show Dune 5 developing as a

Figure 8) A migrated and topo-corrected 3-D ‘cube’ representation of 61 closely-spaced
GPR lines at the crest of dune 4, viewed from the upwind direction (at left) and from
downwind (at right). A smaller cube has been removed to reveal the interior, and the
grey region is an area where the surface slope precluded collecting data. The black
layers are GPR ‘wiggles’, packets of which correspond to dune stratigraphy - some
have been outlined for clarity. At the top of the cube representation at left,note the nonuniform dune growth associated with a shift in the blowout and depocenter.

4

blowout on a limb of Dune 4. Note, however, that
the younger Dunes 4 and 5 are progressively
smaller; suggesting that limited supply of sand has
constrained dune development. Looking NW, we
see that the entrance to Napeague Bay, quite open
for most of the past 150 years, is now very narrow
- limiting the sediment supply and explaining the
pregressively smaller size of dunes 1 through 5.
The dunes have evolved over time, but 19th
century maps (e.g., figure 9) indicate that at least
some of them were in place over 150 years ago.
GPR on dune 1 shows that, although it has not not
advanced in the past century or two, its surface
has evolved, with a reversal in prevailing wind
direction as onshore breezes near the south shore
became dominant. Its great height (18m) is due
to it being built upon elevated glacial material.

1000 m

SE

NW
‘reversed’

25m

main dune

5m

glacial

Figure 9 (above) 1891 map
showing dunes 1 and 2 in their
current positions and what
appears to be a distinctly
parabolic dune 3 northwest of
its current location.
Figure 10 (at left) GPR line
across ‘stable’ dune 1, showing
an irregular base atop glacial
material (bottom line), slip
surfaces consistent with
migration to the SE within the
main body of the dune, and
(above the top line) a zone
formed under onshore breezes.

There are also large areas of exposed cobble pavements, presumed to be glacial in origin, but reworked
by marine processes so that they are now in parallel orientation to the current shore line. The alignment of
these pavements is thought to be related to the growth of this land body by marine processes (Black, 1993).
These pavements may also play an important role in the formation of both the linear beach dunes along
Napeague Bay, as well as the parabolic dunes of the Walking Dune Field.
In many areas to the north, cobble pavements have been exposed by eolian processes that remove
sand and transport it to the southeast portion of the dune field. A large dome dune to the north of Dune 3
appears in the same location in an 1891 map of this region (figure 9), indicating that it has been stable
for over a century. The close proximity of this dome dune to Dune 3 at that time suggests that it might
possibly represent a stabilized portion of Dune 3 which was left behind as it migrated.
It is common in parabolic dunefields to have dunes follow each other across the surface. Here, the
oldest and most southerly dunes are the largest, and the only ones that are stabilized. The stabilization is
probably triggered by the effects of onshore breezes and partial shielding (by the younger dunes) from the
driving winds from the NW. Ultimately, though, it is the vegetation growing on top of it that stabilizes a
dune. The dunes you see around you are, therefore, particularly susceptible to disruption due to careless
hiking.
We walk back to the cars and proceed south and then east to the power line cut transect of Hither Hills.
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STOP #3) Southern end of Powerline Cut:
We start at the southern end of the former
LILCO Power Line Cut access road (PLC), which
runs about 2 km northward from Montauk Highway
to just short of LIRR train tracks, near the northern
shore of the south fork.
Just past the gate, we see Petticoat Hill Trail
(PHT), which intersects the PLC near the top of a
hill. Looking north from that intersection, we see
a valley, followed by the next in the series of SWNE trending hills that run across Hither Hills Park.
The PLC runs at a high angle to the strike of the
hills (figure 11), providing a convenient transect
line. The prevailing model for the creation of the
hills involves glaciotectonics, with subglacial and
postglacial fluvial processes of secondary
importance. Where and when that glaciotectonic
deformation took place (proglacial or subglacial,
during glacial advance or retreat) is less clear, and a
topic for discussion during this field trip.

Figure 11) Topographic map
of Hither Hills, showing the
locations of the Hither Hills
stops on this field trip.
Note the SW-NE trend
of the hills and the
topographic feature
interpreted to be
a subglacial
tunnel valley.

Turning left (to the west), we start walking along
the trace of the 200 MHz GPR line running along
PHT (figure 12). Note that this trail is nearly parallel
to the local strike, so we do not expect folding
associated with the hill to be readily visible in the
GPR. In fact, stratigraphic layering is much less
well imaged throughout the Hither Hills than in the
Walking Dunes: the glacial material is relatively
poorly layered, and it contains many boulders and
cobbles that scatter the GPR energy and complicate
interpretation. Therefore, diffraction hyperbolas are
a)
the predominant feature of these radargrams. Their
shapes differentiate them from stratigraphic layers
and make it possible to determine the radar
propagation velocity (which we need to know in order
to convert GPR travel time into depth below the surface).
In figure 11b, we see numerous diffraction hyperbolas.
Two at the far left (east) end of the line are apparently utility
pipes buried by LILCO/LIPA. The rest are clasts. Because
of their easy visibilty in GPR of this frequency, we know
that the larger clasts in this layer (assumed to be a tilll) are
either large cobbles or small boulders. Note in figures 11b,c
that this presumed till and the stratigraphy beneath it appear to
be cut off by the surface along the westward slope of the hill as
we proceed along PHT. It is possible that this material was

b)

Figure 12 (at right) A 200 MHz GPR line along Petticoat Hill Trail,
perpendicular to the start of the Powerline cut at stop 4:
a) (top): uninterpreted line, topo-corrected.
b) (middle): A portion of the line in (a), at higher resolution. Two
strong diffraction hyperbolas near the start of the line
c) (bottom): interpretation of (b). Note the distinctively shaped
diffraction hyperbolas at left and the dipping stratigraphic layers
visible at right, in some cases clearly cut off at the surface.
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c)

transported farther south by the ice (what in tectonics would be
described as a lateral ramp, with the base of a shear zone at a
lower altitude toward the west).

a)

We turn back up PHT and turn north on Serpent’s Back
Trail (SBT), which meets PHT just west of the PLC.
STOP #4) Valley on Powerline Cut:
We walk north on SBT to, down the north flank of the hill.
High frequency GPR in the valley below shows a thin (<1 m)
veneer of sediment. When we reach a cross-trail (the
inappropriately named Ocean View Trail), we return to the PLC
and follow it to the north.
About halfway down the PLC (720 m north of stop 3 on
PHT), we reach a 60 m wide valley in which GPR shows
substantial sediment - about 8 m (figure 13). The hills to the
north and south dimly show a folded sediment layering. Note
that the structural amplitude of the folding is substantially
greater than the topographic amplitude of the hills, evidence
that the tops of the hills have been eroded somewhat. The
amount of material eroded off the hills appears to be far too
little to supply the sediment fill imaged in figure 13. This
suggests that the sediment is derived primarily from somewhere
along the axis of the valley, out of the plane of the GPR line. A
possible clue to the source of this sediment can be found in the
topo map of figure 11. Note the dendritic pattern, of which this
valley is part of a minor splay. The main branch of this dendritic
pattern is a valley to the north which we interpret as a subglacial
tunnel valley. That valley is our next stop.

b)

Figure 13) Segment of a 200 MHz GPR
line crossing a valley about halfway down
the Powerline Cut at stop 4.
a) Uninterpreted
b) Interpretation of (a), indicating folded
layers and sedimentary fill. The relatively
great (roughly 8m) thickness of this fill
suggests a very significant deposit
depositional source.

STOP #5) Likely Tunnel Valley:
As we descend the hill 1300 m from the start of the PLC, we find outselves in a valley that is wider and
deeeper than any we have yet encountered. Near the bottom, there is a cross-trail (Flaggy Hole Road)
which extends 600 m west along the axis of this valley, to a trail by the LIRR train tracks. In aerial images
and topo maps, this valley appears as part of a system with a distinctly dendritic appearance, with an
apparent drainage direction to the north and west.
On second inspection, it appears unlikely that such an extensive drainage pattern could have developed
post-glacially, so effectively eroding through these hills. Although it has clearly served as runoff drainage
during post-glacial times, it is more likely to have formed subglacially, as a tunnel valley. This raises an
interesting question: where in the glacial system (below or in front of the ice) did the hills form?
In some ways, the Hither Hills terrain resembles modern pro-glacial hills observed to form in front of
a glacier (like a thin-skinned fold-and-thrust belt in front of a continental collision, or soil in front of a
bulldozer). There are, however, just too many of them to be explained by a single push from the rear - the
mechanics of such deformation is fairly well understood and such a push would not be mechanically
feasible. On the other hand, this curved series of fold-cored hills looks very much like the (generally
smaller) modern examples of push-hills formed as part of an episodic (usually seasonal) re-advance during
a time of overall retreat. If the large size of the hills can be explained by the large sediment supply at the
time, such a model neatly explains many aspects of what we see. Analysis by Stony Brook graduate
student Elliot Klein on hills that are exposed at the shoreline at the eastern end of the park showed that
some adjacent hills are quite different stratigraphically. Such stratigraphic variability (with the intermittent
appearance of clays) could easily result from variable conditions (including the occasional formation of
lakes dammed by older hills to the south).
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a)
Figure 14) GPR data along
the Powerline Cut, across a
fluvial zone (interpreted to be
a subglacial tunnel valley),
including stop 5.
a) 50 MHz line, in which the
DRZ is a sharp and simple
reflector.
b) 200 MHz line of a segment
of the line in (a), in which the
DRZ is much less distinct
and irregular - constraining
the nature of the layer.

b)

If, however, the feature at stop 5 is a tunnel valley, it creates a major problem for such a model. The
subglacial flow of a tunnel valley obviously cannot erode into a hill that does not yet exist. This series of
hills, therefore, must have been formed at least somewhat subglacially. The hill at stop 3 was very close to
the front of the ice advance (no more than a few hundred meters), so the folding is apparently associated
with processes in the frontal several hundred meters of the glacier.
The picture remains incomplete, but the current working model is that the Hither Hills folding occurred
in the highly dynamic few hunded meters at the nose of the glacier, subglacially and (perhaps, in places)
proglacially. The working model is that this deformation probably occurred during a time of overall retreat,
as part of partial readvances. The time scale (whether annual or longer) is unclear. It involved significant
folding as well as simple ‘dumping’ of sediments by the glacier, and (as we saw at site 3) it involves some
along-strike complexity. There remains a great deal about which we are unsure. An important component
of that uncertainty begins with an interesting aspect of the radargrams in figure 14.
The area around stop 5 is the topographically lowest point along the PLC (only about 12 m above sea
level), providing the GPR a window for imaging material that would not otherwise be accessible. A lowfrequency 50 MHz GPR line (figure 14a) clearly shows a very sharp reflector only about 6 m below the base
of the valley. That same reflector, which we designated the deep reflective zone (DRZ) can be observed as
a nearly horizontal (within 1 to 2 meters) reflector in low-frequency GPR data from all parts of the PLC though in higher-altitude areas it is much farther below the surface and thus less clearly imaged..
Figure 14b is a higher-frequency (higher resolution) radargram of part of the same area, but the DRZ is
much less distinct. The explanation for the higher frequency antenna paradoxically resolving the DRZ less
distinctly is simple - the DRZ must be composed largely of clasts that are resolved as a complex jumble of
reflectors by the 200 MHz antenna, but which are too small and too closely spaced to appear as anything
other than a sharp, uniform layer at a frequency of 50 MHz. This implies clasts in the size range - and with
a spacing - of roughly 12 to 50 cm (5 to 20 inches), very close to the 25.6 cm diameter defined as the
transition between cobbles and boulders. This suggests that the DRZ is a till - possibly a basal till that has
been reworked enough to break up everything larger than cobbles and the smallest boulders.
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STOP #6) Exposure of DRZ:
It is likely that time will not permit us to visit
this last stop. To get to it, we proceed to the northern
end of the PLC, walk about 20 m west to PHT, and
follow its northen extension to the train tracks. about
50 m NE, on the opposite side of the tracks, is a
trail. To get to the exposure of the DRZ, we follow
that trail about 100 m to an intersection, turn left
onto a trail up a hill and around curves, until we
see, at right, a gap leading to the shoreline bluff
(about 15 m tall). Down the slope and 50 to 100 m
to the left (west) is the exposure. How much is
visible depends upon the erosional effects of the
most recent nor’easter.

Figure 15) A photograph of the DRZ (the pebble-rich

cobble-bearing layer near the top of the image), with
If it isn’t covered by material eroded from above,
intense folding below. The Hither Hills deformation
we see in the bottom 10 m a beautiful series of folds.
appears to be confined to above the DRZ, so the folding
The overall dip is toward us, as we are on the
at the center of the image apparently predates the
northern flank of an anticline. The perspective of
glaciotectonic event that caused the Hither Hills.
the cliff face, combined with secondary folding,
provide us with a view of folding that, until recognition of the DRZ, was assumed to be characteristic of
Hither Hills deformation. In fact, though, all of this folding lies below the DRZ (figure 15), which GPR
across the park shows to lie below the main Hither Hills folding. As expected from its character as a GPR
reflector (figure 14), the DRZ contains many pebbles and cobbles, but no large boulders.

The simplest explanation of what we see appears to be that the folding observed at stop 6 predates the
advance of the glacier to a point near stop #3, with the DRZ forming a basal till. The hills then formed for
the most part subglacially (but adjacent to the very front of the glacier), as a result of minor episodic
readvances during a time of overall retreat - with massive outflow of basal water, largely through a system
of tunnel valleys.
For more information:
This field trip guide can be found on the LIG website at:
http://www.geo.sunysb.edu/lig/
Additional resources, including Kurt Goetz’s MS thesis (a GPR analysis of the Hither Hills) and James
Girardi’s BS honors thesis (a study of the Walking dunes, including GPR) can be found at Dan Davis’ lab
website: http://rock.geo.sunysb.edu/~Davis/QuaternaryGeology.htm

Figure 16) A compilation of GPR data from
the PLC, showing topography, SCWA wells,
and the mapped position of the DRZ.
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