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MANAGEMENT SUMMARY

A geomorphological/archaeological study was carried out in connection with proposed South Shore of Staten
Island Coastal Storm Reduction Project in the Borough of Staten Island, Richmond County, New York. This
work was carried out by Hunter Research, Inc. under contract to Princeton Hydro for the New York District of
the U.S. Army Corps of Engineers (USACE) as part of project compliance with Section 106 of the National
Historic Preservation Act of 1966 and related federal regulations. John Stiteler, Soil Scientist, worked as a
subcontractor to Hunter Research, providing geomorphological services.

Work tasks completed as part of this study involved the following: background and historical research; prepa-
ration of a site health and safety plan; geoarchacological monitoring of the excavation of borings; sediment
testing; data analysis; and preparation of this report. This study was performed as a sequel to an earlier, broad-
based Phase I feasibility study completed by Panamerican Consultants, Inc. in 2005 and specifically addressed
through geoarchaeological analysis the potential for deep-buried prehistoric archaeological resources along the
project alignment. In addition, the work scope included historical research and analysis of the Lake tide mill
site in Great Kills.

Fieldwork entailed the project geomorphologist/archaeologist monitoring 29 of 38 split-spoon borings and 14
Geoprobe borings at various location along the 5.3-mile-long project alignment. Core samples were submitted
for radiocarbon dating (28 dates assayed), pollen analysis, macrobotanical analysis and particle size analysis,
with specialist reports in each case being appended to this report.

Geomorphological/archacological assessment indicates that there are substantial portions of the project align-
ment that hold little to no potential for yielding intact buried land surfaces and significant prehistoric or his-
toric archaeological remains. However, three locations have been identified, where there exists some prospect
of prehistoric and/or historic archaeological resources surviving within the project’s Area of Potential Effect
(APE). These locations are as follows:

*  An area measuring roughly 225 feet southwest/northeast by 100 feet southeast/northwest on the southeast
side of Hylan Boulevard, northeast of Mill Creek, where a developed subsoil was identified in alluvial soils
and may have prehistoric archaeological potential. Further investigation of this area will be complicated
by the existence of contaminated soils within the depth range and horizontal limits of the zone of archaeo-
logical interest.

* A somewhat longer section of the project alignment extending from the southwestern end of Cedar Grove
Beach to the southeastern corner of Miller Field where intermittent evidence of a buried A horizon and a
thin but relatively stable soil profile were observed. This area is considered to have both prehistoric and
historic archaeological potential. Historic archaeological potential is concentrated around the southeast end
of New Dorp Lane where evidence could survive of two 19th-century lighthouses and a lighthouse keeper’s
station, at least two turn-of-the 20th-century hotels, bathhouses and a hospital, as well as possible earlier
features from the late 17th and 18th centuries.



MANAGEMENT SUMMARY (CONTINUED)

* An area measuring roughly 400 feet southwest/northeast by 300 feet southeast/northwest on the northeast
side of Ocean Avenue at the base of the upland at the southwestern end of Fort Wadsworth. This area is
considered to have both prehistoric and historic archaeological potential with resources of interest perhaps
lying at depths of up to ten feet below the present ground surface. Historic archaeological potential may
include Contact period and early historic remains associated with Oude Dorp, the first European permanent
settlement on Staten Island established in the early 1660s.

For each of these locations, recommendations are offered for further study as part of continuing project compli-
ance with the Section 106 process. All three of these locations lie within the limits of the Gateway National
Recreation Area and further study involving archaeological excavation will require issuance of Archaeological
Resources Protection Act (ARPA) permits by the National Park Service.

The site of the Lake tide mill will not be affected by the proposed project. No further study of this site is con-
sidered necessary.
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Chapter 1

INTRODUCTION

A. PROJECT DESCRIPTION AND
SCOPE-OF-WORK

This report presents the results of a geomorpho-
logical/archaeological study carried out in connec-
tion with the South Shore of Staten Island Coastal
Storm Reduction Project in the Borough of Staten
Island, Richmond County, New York (Figure 1.1).
This study was carried out by Hunter Research, Inc.
and John Stiteler, Soil Scientist, under contract to
Princeton Hydro for the New York District of the
U.S. Army Corps of Engineers (USACE) as part of
project compliance with Section 106 of the National
Historic Preservation Act of 1966 (as amended
through 1992) and the Advisory Council on Historic
Preservation Procedures for the Protection of Historic
and Cultural Properties (36 CFR Part 800). The work
has been conducted in the project’s Preconstruction
Engineering and Design (PED) phase in accordance
with a Programmatic Agreement (PA) signed in 2016
by the U.S. Army Corps of Engineers, New York
District, the National Park Service and the New York
State Historic Preservation Office (NYSHPO).

The South Shore of Staten Island Coastal Storm
Reduction Project will involve the construction of
flood risk management features consisting primar-
ily of a buried seawall and armored levee along a
majority of the Fort Wadsworth to Oakwood Beach
reach of the Staten Island shoreline (Figure 1.2). This
linear construction element will serve as the first line
of defense against coastal surge flooding and wave
forces. The flood risk management measures are
divided into four sections, from southwest to north-
east, as follows:

*  Reaches A-1 and A-2 — construction of an earthen
levee 3,400 feet in length with a crest elevation of
16.9 feet NAVDS8S

¢ Reach A-3 — construction of a vertical floodwall
1,800 feet in length with a crest elevation of 19.4
feet NAVDS&S

¢ Reach A-4 — construction of a buried seawall
22,700 feet with a crest elevation of 19.4 feet
NAVDS8S8

In addition, the project incorporates an interior drain-
age plan, which includes:

e Acquisition and preservation of 301 acres of open
space

* Excavation of a 188-acre pond with removal of
phragmites monoculture and seeding/re-planting
of ponds with native vegetation, creating 46 acres
of emergent wetland habitat

* Construction of tide gates and gate chambers
along the project alignment

¢ Raising of three roads: Seaview Avenue (at
Father Capodanno Boulevard), Kissam Avenue

and Mill Road

e Other minor interior drainage measures in accor-
dance with the Minimum Facility Plan as defined
in the Final FR/EIS

The scope-of-work for the geomorphological/archaeo-
logical study laid out six tasks: a review of previous
research coupled with supplementary targeted back-
ground research on the Lake tide mill site at the south-
western end of the project alignment; preparation of a
health and safety plan; monitoring of the excavation
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Figure 1.1. Location of Project. Source: National Geographic Society 2013.
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of borings by the project geomorphologist; sediment
testing; data analysis; preparation of this report; and
project management (Appendix A). This study rep-
resents one in a series of successive cultural resource
surveys and assessments relating to the South Shore
of Staten Island Coastal Storm Reduction Project and
its predecessor projects extending back into the late
1970s, which are detailed below in Section C of this
chapter.

The main focus of the current study was a geo-
morphological and archaeological assessment of the
potential for deeply buried landforms and associated
Native American sites within the Area of Potential
This
assessment, conducted by a qualified geoarchaeolo-
gist experienced in the fields of geomorphology and
archaeology, entailed gaining a familiarization with

Effect (APE) along the project alignment.

other recent paleogeographic studies of the Staten
Island shoreline and monitoring of a series of project-
specific geotechnical borings. As a separate task,
historical research was also conducted into the his-
toric Lake tide mill site, located within or close to the
APE in the Oakwood Beach area. This task entailed
primary archival research, historic map analysis and

site inspection.

The contract agreement for this work is dated August
18, 2017. Fieldwork was carried out at various times,
as access to property and winter weather permit-
ted, between August and November of 2018 and in
April and May of 2019. Background research was
performed at various times over the fall of 2018 and
intermittently over the fall and winter of 2019-2020.
Senior Hunter Research personnel who were respon-
sible for undertaking these investigations met the
federal standards for qualified professional historians
and archaeologists as specified in 36 CFR 66.3(b)
(2) and 36 CFR 61. James Lee served as Principal
Investigator for this work, while John Stiteler, Soil
Scientist, working as an independent subcontractor to
Hunter Research, provided geomorphological exper-
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tise. Eryn Boyce, Principal Historian, undertook the
bulk of the historical research with assistance from
Richard Hunter, who also served as Project Manager.

B. PREVIOUS RESEARCH AND
PRINCIPAL SOURCES OF INFORMATION

The South Shore of Staten Island Coastal Storm
Reduction Project and its predecessor projects has
been the subject of several previous cultural resource
surveys, although the current study represents the
first time that detailed geomorphological investiga-
tions have taken place along the Fort Wadsworth to
Oakwood Beach section of the Staten Island shore-
line. Beginning in the late 1970s, a reconnaissance-
level cultural resource survey was performed as part
of what was then referred to as a beach erosion control
and hurricane protection project, assembling and pre-
liminarily evaluating baseline historical and archae-
ological information for this section of shoreline
(Lipson et al. 1978). Concurrently, the National Park
Service inventoried cultural resources in the Gateway
National Recreation Area, identifying a number of
Native American sites, including one Paleo-Indian
fluted point find spot, in the Great Kills Park area, just
south of the current project alignment (John Milner
Associates 1978). In the mid-1990s, the earlier cul-
tural resources reconnaissance was updated with par-
ticular attention being given to historic map analysis
and recommendations were made for follow-up stud-
ies (Rakos 1994). An initial investigation at the south-
ern Oakwood Beach end of the alignment identified a
Native American site that was subsequently destroyed
by private development (Rakos 1996) and then the
entire project alignment was the subject of a Phase I
cultural resource survey (Panamerican Consultants,
Inc. 2005).

This latter survey, which provides the underpinning
for the current study, included both archaeological
testing and historic architectural survey, resulting
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in recommendations for more targeted archaeologi-
cal and geomorphological investigations involving
borings at selected locations along the project align-
ment/shoreline and in interior areas where drainage
improvements are planned. No Native American
archaeological sites were identified, but concern was
expressed that deep-buried land surfaces with asso-
ciated archaeological remains might survive below
marsh deposits in the littoral zone. This conclusion
was generally supported by a broader-based geomor-
phological study performed for the New York and
New Jersey Harbor Navigation Project (Schuldenrein
et al. 2014 [see below for further discussion]).

Over the past half century, a variety of other cultural
resource investigations has been carried out in north-
eastern Staten Island in the vicinity of the current
project. The vast majority of these have been Phase
IA-level archaeological documentary studies, which
have not included in-field archaeological testing, and
none have identified critically important archaeologi-
cal resources. A series of studies were performed in
an around the Oakwood Beach Wastewater Treatment
Plant in the 1980s and early 1990s in connection
with water control and sewerage improvements (e.g.,
Greenhouse Consultants 1990), while, more recently,
Phase IA studies have been completed for the South
Beach and Oakwood Beach watersheds as part of
the New York City Bluebelt Program (Historical
Perspectives 2011a, 2011b), for the rehabilitation of
Cedar Grove Beach (Historical Perspectives 2010),
for reconstruction and drainage improvements along
South Beach (AKRF 2014) and for Ocean Breeze
Park (Chrysalis 2008).

Turning more specifically to the topic of geomorpho-
logical and archaeological research, a review of the
pertinent literature indicates that minimal geoarchaeo-
logical fieldwork has been conducted on Staten Island
and none on the terrestrial portions of the South Shore.
In conjunction with a study of several proposed pipe-
line routes on the northwest corner of the island, an

archaeological survey was conducted from 2010 to
2013 by the Public Archaeology Laboratory (PAL),
based in Pawtucket, Rhode Island. This setting, which
includes parts of the neighborhoods of Richmond
Terrace, Mariners Harbor and Graniteville, is bor-
dered to the north by the Kill Van Kull and on the west
by the Arthur Kill; this is a relatively sheltered area,
not subject to the high wave energy which impinges
on the Atlantic shore setting of the current study.
Much of the area also lies at elevations between 10
and 20 feet amsl, i.e. greater than the general eleva-
tions of the current project alignment. As an adjunct
to the PAL survey, 52 geoarchaeological borings were
recommended in areas where conventional shovel
testing was deemed inadequate (Chernau 2012).

As of late 2012, 31 geoarchaeological borings had
been conducted, all monitored and analyzed by per-
sonnel from Geoarchaeological Research Associates
(GRA) (Chernau 2011b). Fill was ubiquitous through-
out the study area and in many cases extended to the
limit of boring at 20 feet bs. In 24 of the borings, fill
extended to the base of excavation at 20 feet bs or was
underlain by peat, estuarine deposits, sands showing
no evidence of soil development, high-energy fluvial
or shoreline deposits, or some combination of these
(Chernau 2011a; 2011b; 2012). The material iden-
tified beneath fill in these borings was considered
not to be archaeologically sensitive. Paleosols were
identified beneath fill in three borings (RCH-4H-
ARC-8; RCH-4H-ARC-13; RCH-6-ARC-1); in six
other borings “possible paleosols” were identified
beneath fill or examination of the cores was reported
to “suggest the presence of intact Holocene soils that
could contain pre-contact cultural deposits, although
these soils are for the most part deeply buried below
the project pipeline vertical APE” (Chernau 2011b;
2012). Opening elevations amsl for the borings were
not reported in the reports reviewed for this study.
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Several sampling programs employing split-spoon
borings and vibracores have been conducted in the
Lower Harbor offshore from the current project align-
ment (La Porta et al. 1999; Schuldenrein et al. 2014).
In addition to fieldwork conducted in 2006 for the
Schuldenrein et al. study, the comprehensive report
collated and incorporated previous Geoarchaeological
Research Associates coring results and those of other
researchers (Wagner and Siegel 1997 and La Porta
et al. 1999). In the La Porta et al. study, the testing
area closest to the project alignment was conducted in
an area designated Lower Bay Zone 2, just offshore
from the Oakwood Marsh and New Dorp Upland
zones of the current study. A total of eight vibrac-
ores and split-spoon borings were conducted in an
area approximately one mile to three miles from the
shore. The researchers concluded that “[t]he shades
of brown coloring of much of the sediments suggests
that they are reworked glacial outwash associated with
[Merguerian and Sanders 1994] Till 1V; gray silts and
fine-grained sands that are likely post-glacial in age
are relatively thin (<3 feet). The brown color and
coarse nature of the sands suggests the presence of a
thick wedge of glacial outwash occurring throughout
the section. There appears to be very little preserva-
tion of intact Holocene sediments within these cores.”

The Lower Bay Zone 1 of the La Porta et al. study
was located southwest of Zone 2, offshore from the
Tottenville neighborhood of Staten Island and near
the head of Raritan Bay. The testing program in Zone
1 comprised a total of seven split-spoon borings and
vibracores. Recovery in the upper portion of three
vibracores and one boring (B-110) each consisted
of 20 to 30 feet of “dark gray, homogeneous silty
clay or clay with rare shell fragments, topped by a
thin layer (<3 feet) of black, organic, foul-smelling
mud.” Recovery in the remaining three borings
was “somewhat sandier and siltier.” Below 30 feet,
recovery in all borings consisted of sands, silts and
clays. In interpreting the borings, the researchers state

that “Core B-110 exemplifies the presence of intact
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Holocene to Pleistocene sediments at extremely shal-
low depths, possibly to as much as 30 feet. The siltier/
sandier units below 30 feet may be interpreted as Late
Pleistocene outwash; however, all other core samples
taken below 30 feet indicate reworked Cretaceous and
Tertiary pollen, suggesting the presence of an uncon-
formity, or severe channel scour and headland erosion,
possibly coincident with the Last Glacial Maximum
(prior to possible human occupation). The presence of
intact Holocene sediments at shallow depths, as indi-
cated in core B-110, sheds supportive light on current
models of headland erosion of archaeological sites
during periods of slow-rising sea level (Belknap and
Kraft 1977, 1981). Those culturally sensitive areas
contiguous with barrier islands and marine transgres-
sive lagoon sequences may contain intact and sealed
cultural deposits.”

For the Schuldenrein et al. study, a total of nine cores
were taken in two transects of vibracore borings
conducted across lower Raritan Bay, from Seguine
Point on Staten Island to Conaskonk Point (Union
Beach), New Jersey and from just south of Great Kills
Harbor, Staten Island to Keansburg, New Jersey. The
stratigraphy of the Seguine Point borings consisted
of: marine sands; bedded sands and gravel exhibit-
ing stacked fining-upward sequences “which may be
associated with glacio-fluvial conditions™; possible
glacial till or diamict (observed in only one boring;
and deeply weathered Upper Cretaceous sands, silts
and clays. The report states that “No paleosols or tex-
tural unconformities which would suggest preserved
stable surfaces during this depositional period were
observed.” The stratigraphy of the Keansburg transect
consisted of: reworked marine sands, silts and clays;
possible reworked beach sand (observed in only one
core); sands and weathered clays associated with allu-
vial and colluvial settings along a submerged reach of
creek (observed in only one boring); stacked fining-
upward sequences of sand and gravel analogous to the
possible glacio-fluvial deposits in the first transect;
and highly weathered Cretaceous sands.
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Schuldenrein et al. note that the south shore of Staten
Island — the setting of the current study — is the high
wave energy shore of the bay. They assign most of
the area offshore from the current project alignment a
low archaeological sensitivity, i.e., a low potential to
contain submerged preserved surfaces. They assign
a moderate archaeological sensitivity to the area
offshore from the Oakwood Marsh Zone — a bathy-
metrically shallow area known as the Old Orchard
Shoal — because of the potential for the “shoal” to be a
remnant of a drowned barrier island. This is the same
area characterized by La Porta ef al. as having only a
thin cap of post-glacial sediment over glacial outwash.

Finally, the Lake tide mill, the subject of site-specific
historical research under the current work scope,
while certainly a well-known site in the Oakwood
Marsh from the early 18th through the early 20th cen-
turies, has not been previously studied in detail. As
part of the current study, deeds and surrogates’ records
were examined to establish a sequence of land owner-
ship, while other primary and secondary sources (e.g.,
newspapers, tax and census records, published and
manuscript materials) were reviewed to flesh out the
land use history of the mill and mill property. The
bulk of this research was conducted online and in per-
son at the Staten Island Museum and the Staten Island
Historical Society. Particular attention was given to
historic maps and aerial photographs, the most infor-
mative of which are reproduced in Chapter 4B below
and have been of assistance in pinning down the loca-
tion of the mill. A more general history of the project
alignment is provided in Chapter 4A as context for the
geomorphological/archaeological analysis.

C. GEOMORPHOLOGICAL/
ARCHAEOLOGICAL RESEARCH
METHODS

This geomorphological/archacological study centered
on the monitoring and analysis of a series of geotech-
nical borings excavated at intervals along the project
alignment and in selected locations in the interior
drainage areas. The boring procedure involved the
recovery of 38 cores using a truck-mounted split-
spoon coring rig operated by the Baltimore District,
U.S. Army Corps of Engineers, Field Exploration
Unit. Twenty-nine of the 38 borings were observed,
and the resultant core samples examined, by the proj-
ect geomorphologist.
excavated to a lesser depth of between 15 and 30 feet,

Fourteen Geoprobe borings,

were similarly observed and the soil samples exam-
ined. Limited judgmental manual bucket augering
was also conducted in selected locations by the project
geomorphologist and most of the accessible portions
of project alignment and interior drainage areas were
visited on foot

The soil profile at each sampling location was described
using standard field parameters (Munsell color, soil
texture, soil structure, rock fragment content, pres-
ence of redoximorphic features, etc.) (Appendix B).
Particular attention was paid to those characteristics
pertinent to the archaeological potential of the study
area (e.g., age of the sediments, depositional dynam-
ics, the potential for the presence of deeply buried
cultural material and the presence of buried developed
surfaces (Ab horizons) within the sediment column.

Following field examination of the soil cores obtained
through the various extraction methodologies, sub-
samples of the sediments were retained for further
analysis as deemed appropriate by the project geo-
morphologist.
provenience and depth and appropriately preserved
for specialized analysis. Following completion of the

These samples were labeled as to

fieldwork, samples were prioritized as to their poten-
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tial to yield data relevant to the study and submitted
as appropriate for further testing. Analyses were
conducted for radiocarbon dating (Appendix C), pol-
len analysis (Appendix D), macrobotanical analysis
(Appendix E), diatom paleoenvironmental analysis
(Appendix F) and soil particle size (Appendix G); all
these analyses were conducted by outside specialists.

D. CURRENT STUDY AREA CONDITIONS

The study area is located along the southeastern
(seaward) edge of Staten Island, the southernmost
borough of New York City and a municipal entity that
is co-terminous with Richmond County. The island is
largely residential but is also home to light industry
and shipping facilities, most notably along its north
and western shores that border the Kill Van Kull and
the Arthur Kill respectively. Staten Island is the least
densely populated of the five New York City bor-
oughs; thousands of acres of open area are set aside as
county, state and national parkland and include large
areas of coastal salt marsh, inland wetlands, and steep
and rocky areas at the heart of the island.

The Atlantic Ocean coastline of Staten Island trends
southwest to northeast and the project study area,
extending from Great Kills Park to Fort Wadsworth,
roughly corresponds to the northeastern half of the
island’s shoreline (Figures 1.3a-b; Photographs
1.1-1.8). At the southwestern end of the study
area, the project alignment extends southeastward
down the former Mill Creek drainage corridor from
Hylan Boulevard to the Oakwood Beach Wastewater
Treatment Plant.
ment, where a 3,400-foot-long earthen levee is
planned, marks the northeastern margin of Great Kills

This section of the project align-

Park, an element of the Gateway National Recreation
Area. The wastewater treatment plant dominates the
southwestern end of the project alignment and will
be protected by a floodwall on its southwestern and
southeastern sides. The majority of the project align-
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ment between Hylan Boulevard and the Oakwood
Beach Wastewater Treatment Plant is characterized
by contaminated soils resulting from the burning and
dumping of medical and other waste, which prevented
The
contaminated soils extend from depths of two to

geomorphological/archaeological soil testing.

up to ten feet below the present ground surface and
contain contaminants such as arsenic, lead, PAHs,
PCBs, dioxins/Furans, Radium-226, Thorium-232 and
Uranium-238.

Following the project alignment northeastward along
the shoreline, the current landscape consists of a
series of barrier beaches, separated by stone-rubble,
timber and/or concrete groynes which presently help
to retain and prevent the erosion of sand (Figure
1.3a; Photograph 1.1). Under the project plans, the
shoreline from the wastewater treatment plant to Fort
Wadsworth will be protected by a buried seawall
topped with an armored levee interspersed with short
stretches of floodwall. The wastewater treatment
plant sits within an area of partially reclaimed marsh-
land that extends northeastward as far as Ebbitts Street
and is retained on its seaward side by Oakwood Beach
and Cedar Grove Beach. Although formerly lined
with beach cabins and other resort structures, this
section of shoreline is devoid of buildings as a result
of coastal storm damage and subsequent demolition
activity. The marshland, referred to throughout this
report as the Oakwood Marsh, will be replaced north-
east of Kissam Avenue by a pond, while segments of
Kissam Avenue and Mill Road will be raised (Figure
1.3a; Photographs 1.2 and 1.3).

Northeast of Cedar Grove Beach, the shoreline from
Ebbitts Street to Midland Avenue, which includes
New Dorp Beach and the southern end of Midland
Beach, encases a zone of upland, referred to through-
out this report as the New Dorp Upland (Figure 1.3a;
Photographs 1.4 and 1.5). New Dorp Lane, which
runs perpendicular to the shore down the axis of the
upland is bordered by the residential neighborhood of




<

SN
930000
KX

CRFFTK X
LIS
2 NS

V'v
58

X

Legend
Project Alignment
Bike Path
Construction Easement
Culverts
Feasibilty LOP Miller Field to Fort Wadsworth
Hylan Blvd Levee 30 percent
Inlet Outlet Structure
Interior Drainage Pond B2
Maintenance Easement

Manholes

D Overflow Structure

Promenade
Ramps
Seawall
Service Road
Swale
D Tide Gates

[] wwTP Floodwall 30 percent
m Zone of Contaminated Soils

0 200 400 800 1,200 1,600

Feet

[_] Miller Field to Oakwood Beach APE with 50 foot construction buffer

Figure 1.3a. Aerial Photograph Showing Project Alignment Details (Southwest Portion). Source: New York Division of Homeland Security and Emergency 2018 and U.S. Army Corps of Engineers, New York District.
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Photograph 1.1. General view of the northeastern end of the project alignment looking northeast
toward the Verrazzano Narrows Bridge and Fort Wadsworth from the southern end of Sand Lane near
drill hole DH29 (Photographer: John Stiteler, August 2018).
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Photograph 1.2. General view of the northeastern end of the project alignment looking southwest
along South Beach from the southern end of Sand Lane near drill hole DH29 (Photographer: John
Stiteler, August 2018).
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Photograph 1.3. General view of the central section of the project alignment looking northeast along
Midland Beach from the northeast corner of Miller Field near drill hole DH19 (Photographer: John
Stiteler, September 2018).
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Photograph 1.4. General view of the central section of the project alignment looking southwest along
Midland Beach towards New Dorp Beach from the northeast corner of Miller Field near drill hole
DH19 (Photographer: John Stiteler, September 2018).
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Photograph 1.5. General view of the central section of the project alignment looking northeast from
New Dorp Beach near drill hole DH16 toward the southeast corner of Miller Field (Photographer:
John Stiteler, August 2018).
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Photograph 1.6. General view of the southwestern end of the project alignment looking northeast
across the Oakwood Beach marsh from near drill hole DH11 (Photographer: John Stiteler, November
2018).
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Photograph 1.7. View looking southeast showing the southeastern end of Kissam Avenue and the
location of drill hole DH10 (Photographer: John Stiteler, November 2018).
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Photograph 1.8. General view of the southwestern end of the project alignment looking northeast
from the northeast corner of Great Kills Park toward the Oakwood Beach Wastewater Treatment Plant
and the locations of drill holes DH7 and DH8A (Photographer: James Lee, May 2019).
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New Dorp Beach to the southwest and by Miller Field,
a former U.S. Army coastal air station, now part of the
Gateway National Recreation Area. Again, there were
formerly numerous cabins and other larger beachfront
structures, recently destroyed, on the shoreward side
of Cedar Grove Avenue.

Northeast of Miller Field, the shoreline along the
remainder of the project alignment as far as Fort
Wadsworth comprises two long stretches of congru-
ous beachfront, Midland Beach and South Beach,
which are paralleled by Father Capodanno Boulevard
(Figure 1.3b; Photographs 1.6-1.8). Landward of this
highway is an expansive area of partially filled marsh-

land that was historically drained by New Creek.
Owing to residential and commercial development in
this area, the present-day drainage pattern bears little
resemblance to its historic predecessor. The residen-
tial neighborhoods of Midland Beach, South Beach/
Ocean Breeze and Arrochar occupy much of the for-
mer marshland, portions of which remain as preserved
land (e.g., South Beach Wetlands) and made parkland
(e.g., Ocean Breeze Park). The project plans envisage
several excavated ponds within the area of the former
New Creek drainage system (Figure 1.2).
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Chapter 2

PALEOENVIRONMENTAL CONTEXT

A. BEDROCK GEOLOGY

The northwestern (landward) half of Staten Island
is formed on conglomerate, sandstone, siltstone, and
shale of Triassic age (Newark Group); intrusive
diabase of Jurassic age; and, most prominently, ser-
pentinite of Ordovician age. The diabase is a part
of the more extensive Palisades Sill, exposed along
much of the lower Hudson River valley. Serpentinite
makes up the highest point on the island, Todt Hill.
Unconsolidated deposits of Upper Cretaceous and
Upper Pleistocene age make up a skirt extending
southwest, southeast, and northeast around this bed-
rock core. Marine coastal plain deposits of Upper
Cretaceous age, belonging to the Raritan Formation,
are present southeast of Todt Hill extending beneath
the project alignment to the Atlantic shoreline and
beyond, as well as west and southwest toward the
Arthur Kill (Figures 2.1 and 2.2).

The Raritan Formation on Staten Island differs some-
what from the extensive formation westward in
New Jersey and consists of stratified white, light- to
dark-gray, and red beds and lenses of clay, silt, and
sand. The characteristics of the Raritan Formation
on Staten Island have not been fully explored, but
Soren (1988) notes that “the upper clay member of the
Raritan Formation is known to overlap the Lloyd Sand
Member in western Long Island ... and seems to over-
lap the Lloyd in Staten Island.” The Lloyd Formation,
a product of deltaic and braided stream deposition,
consists of “fine- to coarse-grained discontinuous
sand and gravel beds with interbedded clay and
silt; the sand and gravel beds may contain varying
amounts of interstitial clay and silt. The sand grains
are generally clear or white, but may also be gray or

yellow. They may contain trace amounts of heavy
minerals and, locally, lignite and iron oxide concre-
tions” (Garber 1986). Soren (1988) reports that the
greatest known thickness of the Cretaceous Raritan
Formation on the island is 270 feet near Huguenot, in
the south central portion of the island, though it may
reach thicknesses of as much as 400 feet. The Raritan
Formation on Staten Island is unconformably under-
lain by bedrock units and unconformably overlain by
Upper Pleistocene deposits (Figures 2.2 and 2.3).

B. LATE PLEISTOCENE/HOLOCENE
GEOMORPHOLOGY

Glaciology: Based on the known limits of Pleistocene
glaciation to the west, the study area has been near or
within the furthest extent of continental glacial ice at
least three times over the last 2.4 million years. The
most recent glacial advance reached its maximum
extent at the southern tip of modern Staten Island and
Perth Amboy, New Jersey, 20,000 and 22,5000 years
before the present (BP). This ice was part of the lead-
ing edge of the Hudson-Mohawk Lobe of the Late
Wisconsinan (Woodfordian Stage) continental ice
mass (Figure 2.4). It is noted here that researchers are
not in agreement on the exact timing, sequence, and
mechanics of the events at the last glacial maximum
or in the early stages of ice recession. Views on the
timing of events such as release of water from glacial
lakes may differ by thousands of years and there may
be disagreement as to whether events such as certain
glacial re-advances did in fact occur. The reconstruc-
tion given below attempts to integrate differing views,
but is by no means comprehensive.
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Figure 2.1. Bedrock Geology of Northeastern Staten Island. Source: U.S. Geological Survey, National

Geologic Map Database. See Figure 2.2 for geological cross-section.
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Figure 2.4. Late Wisconsinan Glacial Limits in the Lower Hudson Valley. Source: Stanford 2010. Project
limits outlined in red.
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The effects of continental glaciation go far beyond
even the vast surface manifestations of erosion and
deposition.
water were temporarily contained in world-wide
continental ice masses at the last glacial maximum,

Because immense volumes of global

global eustatic sea level fell by as much as 390 to 425
feet (Fairbanks 1989; Peltier 2002; Clark et al. 2009)
and the exposed coastal plain in the area of New York
City and northern New Jersey extended as much as 60
miles east of the present shoreline, to the edge of the
Continental Shelf.

Advancing glacial ice scoured the relatively soft sedi-
mentary rock of the Stockton Group from the lower
Hudson River valley and the Newark Group rock
from the nearby ancestral Hackensack and Passaic
River valleys, while overriding and rounding the more
resistant schists underlying Manhattan and the diabase
of the Bergen Ridge, Laurel Hill, and other high points
across the river to the west. A broad, high, continuous
terminal moraine formed at the ice limit, a product of
ongoing delivery of sediment-laden ice to the wasting
ice front. The terminal moraine is visible as promi-
nent landforms in Perth Amboy and Metuchen, New
Jersey. On Staten Island it makes up an irregular axial
ridge from the southwest end of the island, along the
lower elevations of the southeast flank of Todt Hill,
and terminating on the northeast corner of the island
at the Narrows, the reach of harbor between the Upper
and Lower New York Bays (Figure 2.3). While ice
reached almost to the summit of Todt Hill, it does not
appear to have overtopped it; the continuous moraine
along its eastern base appears to have been formed
by converging flow around the base of the upland
(Stanford, personal communication 2019). Across
the Narrows, the moraine manifests as the landform
which lends its name to Bay Ridge, Brooklyn and
continues northeast as the long, high ridge of the
Ronkonkoma Moraine on Long Island.
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As a result of this most recent glaciation the surficial
geology of Staten Island is dominated by glacial drift
of Upper Pleistocene (Late Wisconsinan) age (Figure
2.3). The glacial material mantles the bedrock units
and Raritan Formation deposits with the exception of
some Raritan outcrops in the western and northern
portions of the island and exposures of serpentinite
on Todt Hill. South and east of the terminal moraine
the drift consists largely of glacial outwash, primarily
Outwash
underlies the flat area of eastern Staten Island from
Amboy Road and Richmond Road to the shore
between Arrochar and Great Kills Park. The outwash
deposits are thickest (about 125 feet) along the eastern
shore between New Dorp Lane and Arrochar (Soren
1988).

stratified fine to coarse sand and gravel.

Wasting of the glacial mass and recession of the ice
margin from the Perth Amboy area commenced at
around 20,000 years BP (Stanford and Harper 1991).
The resulting meltwater was confined between the ter-
minal moraine and the receding ice front and formed
a series of transient proglacial lakes which filled
the scoured troughs of the Passaic, Hackensack and
Hudson River valleys (Figure 2.5). As the ice mass
continued to recede to the north, low points in the
ridges separating the parallel troughs were exposed
and served as spillways, allowing water to move from
one lake to another and ultimately to flow through
eroded breaches in the moraine.
boundaries and water levels of the proglacial lakes
over time is reflected in the names applied to the lakes.

The transitioning

The initial lake, which occupied the Arthur Kill,
Newark Bay, and the upper New York Bay lowlands,
has been designated Lake Bayonne. Waters of Lake
Bayonne overtopped the moraine and created an out-
let to the coastal plain at what is now the Richmond
Valley on Staten Island and later near Perth Amboy in
the position of what is now the Arthur Kill (Stanford
and Harper 1991).
at Perth Amboy allowed creation of an outlet chan-

Ongoing erosion of the outlet
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Figure 2.5. Glacial Lakes and Ice Margins during the Late Wisconsinan Retreat. Source: Stanford 2010. Project
limits outlined in red. Key to lakes [1 [] [} [1 bylabbreviations on their shorelines: AL=Albany; BN=Bayonne;
CT=Connecticut; HK=Hackensack; PM=Paramus; MH=Passaic, Moggy Hollow stage; GN=Passaic, Great
Notch stage. Ice margins are: TM=terminal moraine; M1=last ice margin before Lake Bayonne lowers to form
lake Albany, Hell Gate stage, in the Hudson valley, and before Lake Passaic lowers from the Moggy Hollow
stage to the Great Notch stage; M2=last ice margin before Lake Passaic, Great Notch stage drains, and before
spillway erosion establishes stable Lake Hackensack; M3= last ice margin before Lake Hackensack lowers
through Sparkill Gap into Lake Albany. Recessional ice margins marked by large deltas or [ [ [1 [1 [1 [plains
are: EZ-Elizabeth; FL=Fair Lawn; PR=Paramus; WW=Westwood; RV=Rivervale.
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nel within what is now the Arthur Kill. At Tremley
Point, the channel downcut through till, outwash and
recently deposited lake sediments until it encountered
the diabase sill that forms the Bergen Ridge and the
Palisades. Downcutting of the outlet was effectively
stopped at that level and the lake level stabilized
upstream in the Hackensack trough. The progla-
cial lake which subsequently occupied the trough is
referred to as Lake Hackensack.

Ongoing ice recession exposed an outlet at Hell
Gate, allowing the lowering of the lake level in the
Hudson River valley and differentiating the meltwater
body there as Lake Hudson. The water level in Lake
Hudson was about 40 feet lower than that in Lake
Hackensack and over time a spillway was eroded
between the two bodies along the present course of
Kill Van Kull, allowing some drainage from Lake
Hackensack into Lake Hudson. Eventually, ice reces-
sion northward up the Hackensack trough exposed a
water gap at Sparkill, allowing relatively complete
drainage of Lake Hackensack into the lower Hudson
Valley (Stanford and Harper 1991).

Drainage of meltwater impounded in the lower Hudson
Valley finally occurred with the breaching of the ter-
minal moraine at the point now called the Narrows,
possibly as a result of catastrophic release of melt-
water from the Great Lakes basin. The timing of the
breakthrough at the moraine is not precisely defined;
Donnelly ef al. (2005) place it at around 13,350 years
BP. An immense amount of meltwater from the lower
Hudson Valley — and almost certainly from glacial
lakes to the north and northwest — released through
the breached moraine flowed southeast for 90 miles to
the contemporaneous shoreline at or near the edge of
the exposed continental shelf. Over much of this dis-
tance the meltwater flowed down an existing ancestral
Hudson River valley which had been incised into the
exposed coastal plain during repeated Pleistocene
marine regressions.
to the terminal Wisconsinan outburst, carrying flow

The channel was active prior
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produced by precipitation and meltwater flows over
the course of the Middle to Late Wisconsinan period
(Thieler et al. 2007). However, prior to the terminal
Wisconsinan, the course of the Hudson River fol-
lowed a paleo-valley cutting through the present
location of the borough of Queens. The reach imme-
diately below the Narrows, adjacent to the current
study area, dates to the time of the breaching of the
moraine there (Stanford, personal communication
2019). The flow through the breach at the Narrows
dramatically deepened and broadened the ancestral
river valley; this now-submerged landscape feature is
referred to as the Hudson Shelf Valley. The channel
reach immediately below the Narrows lies at a general
elevation of around 100 feet (30 m) below current sea
level (Thieler et al. 2007).

As the ice receded from the terminal moraine on what
is now Staten Island and Long Island, flow over and
seepage beneath and through the moraine produced an
outwash plain extending from the base of the terminal
moraine eastward across the exposed coastal plain.
On Staten Island, apart from the Richmond Valley,
which carried meltwater west toward the Arthur Kill,
there are no well-defined meltwater channels, sug-
gesting that the flow that produced the outwash plain
in the study area was produced by widespread flow of
meltwater draining from the glacier surface or subgla-
cially, including flow from the area of Long Island.

In the initial period following ice recession from the
terminal moraine the land area now called Staten
Island was not yet a true island. The outwash plain
extending east from the vicinity of Todt Hill was
contiguous with that extending east from what is now
Long Island. To the north and west lay extensive
glacial lakes. Within several thousand years of the
beginning of ice recession, erosion of the moraine
at Perth Amboy allowed flow from Glacial Lake
Bayonne through what is now the Arthur Kill west of
Todt Hill, while spillway drainage from Glacial Lake
Hackensack to Glacial Lake Hudson created the cur-




GEOMORPHOLOGICAL/ARCHAEOLOGICAL STUDY: SOUTH SHORE OF STATEN ISLAND

rent course of the Kill Van Kull to the north of Todt
Hill. The ancestral Raritan River flowed through the
sub-aerially exposed area that now forms Raritan Bay,
south of Todt Hill. With the failure of the moraine at
the Narrows the newly formed channel of the ances-
tral Hudson River was established and Todt Hill and
its surrounding outwash apron were completely cir-
cumscribed, becoming a true island; the confluence of
the ancestral Hudson and Raritan River channels lay
just north of the current location of Sandy Hook, New
Jersey (Stanford, personal communication 2019). The
island at that time would have encompassed around
twice its current land area, extending south and east
of the current limits.

In the immediate post-glacial period the outwash-
covered coastal plain lying east of Staten Island was
a windswept region of very low relief, cut by minor
channels and subject to a periglacial climatic regime,
as was Staten Island itself. Vegetation of the outer
coastal plain, as well as that of Staten Island, the inner
coastal plain, the Piedmont, and other areas inland
in close proximity to the receding ice front would
have been that characteristic of the modern sub-polar
tundra — largely grasses and low shrubs, probably
including some alder and willow in stream hollows
and valleys. Fertility on the recently-exposed coastal
plain was likely low as soils would have been sand-
dominated and low in nutrients, including soil carbon.
This would have been especially true with greater
proximity to the continental margin, where soils had
been subaerial for a shorter time and thus subject to
less weathering and less accumulation of soil car-
bon. With ongoing ice recession and the beginning
of climatic amelioration, forests composed largely or
entirely of spruce — broken by numerous wetlands —
began to colonize the former glaciated and periglacial
settings, including Staten Island and coastal areas to
the north and west. With further amelioration of the
climate, vegetative succession extended over millen-

nia to pine-dominated forests and ultimately to mixed
hardwoods (see Section C of this chapter for a more
detailed review of post-glacial vegetative succession).

Post-glacial Drainage: Within a short time following
the beginning of ice recession, 1st- and second-order
streams draining the upland formed by the face of
the terminal moraine and adjacent unglaciated areas
began to incise the outwash plain, flowing initially to
the ancestral Raritan River and, following failure of
the moraine at the Narrows and establishment of the
reach of the ancestral Hudson River east of Todt Hill,
also to that trunk stream. Some of these low-order
streams probably occupied hollows and courses estab-
lished by meltwater flow over or beneath the moraine.
With the breakthrough at the Narrows and the forma-
tion of the Hudson River channel below it, all drain-
age from within the study area would have flowed to
the new channel. The head of the outwash plain lies
at general elevations of 50 to 70 feet above mean sea
level (amsl); headwater reaches of most first-order
streams within the study area originate at elevations of
150 to 250 feet amsl. These streams thus have a high
gradient in the upper reaches, falling 100 to 200 feet
over a short distance and acquiring considerable ener-
gy before encountering an abrupt reduction in gradient
at the upper limits of the outwash plain. The head of
the now-submerged ancestral Hudson River channel
offshore from modern Staten Island, the Christiansen
Basin, lies at an elevation of around 100 feet below
mean sea level (bmsl) (Thieler et al. 2007), providing
a drop in elevation of 150 to 170 feet from the head
of the outwash plain to the trunk stream, a distance of
one to three miles.

Over time, incision of the sandy, unconsolidated
outwash by these streams almost certainly proceeded
fairly rapidly and the hollows of even first-order
streams would have been wide due to slumping and
Initially, how-
ever, incision would have been impeded by the pres-

failure of the unconsolidated banks.

ence of permafrost in the periglacial setting. Almost
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by definition large amounts of outwash would not
have been emplaced until ice recession began; how-
ever, even the wasting, receding ice front would have
exercised immense climatic control over the region
so that periglacial conditions would have prevailed in
the Staten Island area for as much as several millennia
following construction of the outwash plain. Stream
incision initially may have been largely confined to
the thawed upper zone, slowing as frozen sediments
were encountered at depth. A second impeding factor
may have been the presence of Cretaceous clays of
the Raritan Formation. As noted above, Soren (1988)
has stated that thickness of the outwash between New
Dorp Lane and Arrochar, at the northern limit of the
study corridor, may reach 125 feet. However, the
underlying Cretaceous material may well exhibit an
undulating, irregular surface. Testing for this study
encountered dense clay tentatively identified as part
of the Raritan Formation at 35 feet below surface
(25 feet bmsl) and extending to the limit of testing
at around 55 feet below surface at 1.5 miles north of
New Dorp Lane.
dates of greater than 43,500 years BP and containing
exclusively Cretaceous pollen was also encountered

Dense clay yielding radiocarbon

at depths ranging from 48 to 88 feet below surface
(44 to 77 feet bmsl) at Oakwood, near the southern
end of the project alignment. Streams encountering
these dense, very firm clays would have been greatly
impeded in their ability to incise. Stream hollows
draining to the ancestral Hudson River channel may
thus have not exhibited a linear gradient but rather
a stepped profile. Streams occupying these hollows
probably initially tended to flow in relatively straight

channels, with only shallow meanders.

Sea Level Rise: With the continued wasting of
the Late Pleistocene ice sheets of North and South
America and Eurasia, world-wide sea-level began
to return to pre-glacial levels. Coastal plains that
had been exposed for millennia, such as the Atlantic
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Coastal Plain flanking the Hudson Shelf Valley, were,
over time, again inundated by marine waters (Figure
2.6).

Because of several complicating factors, sea level rise
and inundation of the coastal plain did not necessar-
ily occur in a linear, straightforward fashion, either
spatially or temporally. The complicating factors
include: variations in eustasy (world-wide sea level)
resulting in part from ongoing catastrophic releases of
meltwater stored in massive but ultimately transient
glacial lakes; and isostasy — effects such as crustal
depression caused by the weight of glacial ice and
subsequent rebound of the crust following removal of
the ice load. The presence of the enormous weight of
a continental ice mass causes the surface of the Earth’s
crust to deform and warp downward, forcing the fluid
mantle material to flow away from the loaded region.
As the load is removed by ablation of the ice mass, the
removal of the weight from the depressed land allows
uplift or rebound of the surface (isostatic rebound)
and the return flow of mantle material back under
the deglaciated area. Due to the extreme viscosity of
the mantle, it takes many thousands of years for the
land to reach isostatic equilibrium, returning to more
or less its pre-glacial state. A related phenomenon
is a forebulge effect — a temporary elevation of the
crust in areas just beyond the glacial limit, caused
by the migration of the viscous mantle material. In
most coastal areas, the Earth’s surface was (and, to a
lesser extent, still is) rising over the course of many
millennia following ice recession even as sea level
was rising, complicating the process of reconstruct-
ing rates of coastal inundation. Similarly, subsidence
of areas formerly elevated through a forebulge effect
allows for accommodation of large volumes of marine
waters, further making the rate of relative sea level
rise less than linear. Needless to say, rates of relative
sea level rise vary, dependent on location.
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Figure 2.6. Generalized Shorelines in the New York Bight, 4,000 to 14,000 Years Ago. Source: Merwin
2010:Figure 5. Project area circled.
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A number of sea-level rise curves have been produced,
including several for the mid-Atlantic, New England,
and New York City coastal regions (e.g., Belknap
and Kraft 1977; Rampino and Sanders 1980). These
curves rely largely on radiocarbon dating of peat and
other organic material recovered through coring of
now-inundated coastal surfaces in the near offshore
and correlation of those dates with depth below mod-
ern sea level. A complete review of the various con-
structed curves is beyond the scope of this report but
there is broad agreement in their general conclusions.
Schuldenrein ef al. (2006; 2014) have taken a compre-
hensive approach, correlating coring and radiocarbon
data from several projects conducted by those authors
in the New York Bight, as well as similar data and pre-
served cores produced in studies by other researchers.
Broadly describing the results of the study, the authors
state that they show “a rapid rise in relative sea level at
a rate of approximately 9 mm/yr (0.5 inches/yr) from
at least 9000 cal yrs B.P. until about 8000 cal yrs B.P.
when the rate of rise diminished to a consistent 1.5
— 1.6 mm/yr (0.06 inches/yr), from 7000 cal yrs B.P.
until the present” (Schuldenrein ez al. 2014).

By the middle Holocene, marine transgression result-
ing from rising world-wide sea levels was raising the
base level of the streams flowing through the current
study area. Schuldenrein et al. (2014) place sea level
at 25 feet below modern mean sea level at 5,000 years
BP. This contrasts sharply with around 400 feet at
the Last Glacial Maximum and is considerably less
even than the local base level formerly provided for
these streams by the ancestral Hudson River chan-
nel. One result of the decreased gradient would have
been a tendency for the streams to transition to a more
meandering channel form, with increased lateral inci-
sion and floodplain construction. Bed aggradation
would also have been taking place beginning in this
period, undoing some of the earlier channel inci-
sion. At this point, the lowest reaches of the local
streams would have been tidally influenced, estuarine
settings. This transitional zone migrated up-system
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with ongoing sea level rise as areas that were initially
estuarine settings became completely inundated. As
barrier islands (discussed below) impinged on the
coastline, flow from the tributary streams draining the
eastern side of Staten Island was partially impounded
landward of the islands, forming lagoons which were
connected to the ocean through tidal inlets, creating
brackish conditions. The Schuldenrein team depicts
the land/marine margin within the study area at 1,000
years BP at basically the same location as seen today.

Barrier Islands: A common feature in settings of
transgressing marine shorelines is the presence of bar-
rier islands — low, narrow, subaerial landforms lying
parallel to the coastline at distances of tens of meters
to several kilometers offshore and separated from the
mainland by a lagoon or “back bay” (Figure 2.7).
Barrier island formation along the New York-New
Jersey coast may have begun with depositional nuclei
along the Late Pleistocene low-stand shoreline at the
time of the Last Glacial Maximum (Ritter 1986), with
the original sand ridges migrating landward with the
advancing post-glacial shoreline.

Barrier islands are made up of distinct geomorphic
zones (Ritter 1986). On the seaward side are low-
gradient beaches that are in a constant state of change
during storms and periods of large swells. This face
is divided into zones based on elevation and the wave
dynamics that take place there. The lower and middle
shoreface are submerged at all times and are dif-
ferentiated by the amount of wave energy expended
there. The upper shoreface is the zone most affected
by breaking waves and is generally submerged even at
low tide. The foreshore is exposed at low tide and is
also constantly affected by wave energy. At a slightly
higher elevation is the backshore, the highest and
most stable part of the island. This area is frequently
the site of dunes and may be sparsely vegetated. The
boundary between the foreshore and backshore may
be marked by a flat berm. Landward from the back-
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Figure 2.7. Schematic Diagram of Barrier Island Formation. Source: Reinson 1992.

Page 2-13




HUNTER RESEARCH, INC.

shore and dunes, a flat or very gently sloping surface
(“backbarrier”) borders the lagoon, which is directly
bounded by tidal flats and/or salt marsh.

Like all coastal settings, barrier islands are dynamic,
unstable features in both the short and middle-to-
long term. In the short term, the islands are con-
stantly undergoing reworking by waves and wind.
Additionally, storm-generated waves or tidal surges
may produce breaches which are then kept open by
tidal flows. Tidal inlets may migrate laterally over
time, moving in the direction of longshore currents
and reworking all of the subaerial portion and at least
part of the submerged portion of the island (Kumar
and Sanders 1974).
the dynamism of the system as incoming tidal flows
deposit sand within the lagoon, constructing a feature
designated as a flood tidal delta.

The inlets also contribute to

These inlets are
exposed at low tide and may become the substrate
for salt marsh within the lagoon (Godfrey 1976), thus
altering the lagoon edge from open water body to
marshland.

In the middle-to-long term, these islands are migrat-
ing landward, transgressing over the adjacent lagoons.
During severe storms, waves repeatedly wash over the
low islands, a process called overwash. Overwash can
extend the length of an island or can be localized. In
the former case, sand is washed from the length of the
backshore or dunes and deposited on the tidal flats or
within the lagoon. Where overwash is channelized it
often produces a geomorphic feature called a wash-
over fan, either on the tidal flat or within the seaward
edge of the lagoon, sometimes accreting on fan depo-
sition from earlier storms. Over time, the position of
the island moves landward as it essentially “rolls” in
that direction.

Growth and persistence of barrier islands is largely
governed by two factors: rate of sea level rise and
sediment supply. Two schools of thought have devel-
oped regarding the relationship between the islands
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and sea level rise. The prevailing view, shoreface
retreat, envisions a process by which, as sea level
rises, the landforms migrate continuously landward
and the former position becomes submerged. In this
erosive process, the sediments underlying the island
and the backbarrier are completely reworked. The
second school envisions a step-wise process in which
a barrier island remains in place, growing in height, as
sea level rises. During this period the lagoon expands
and deepens. At some point the rising sea overtops
the backshore, drowning the island in place, and the
surf zone advances to the landward side of the lagoon,
forming a new barrier island there and beginning the
process of lagoon formation landward from the new
barrier. Although the action of waves and currents
will rework some of the overridden island’s sedi-
ments, the basal facies of the transgressive landform
may be preserved.

The role of the rate of sea level rise and sediment
supplying these processes has been investigated and
discussed by Kraft (1971). In Kraft’s view, slow sea
level rise favors destruction of the sediment record of
marine transgression as barrier islands and all associ-
ated sediments are completely reworked. Rapid rise
of the sea would tend to favor local retention of at
least some portion of the sedimentary record because
the advancing surf zone — the most dynamic and
erosive part of the transgressing front — would have
less time to rework the backbarrier sediment, in part
because the surf zone might tend to advance rapidly
across the existing lagoon. Rampino and Sanders
(1981) have proposed that the barrier islands now
flanking the coast of southern Long Island probably
became established about 2 km offshore of their pres-
ent position around 7,000 years ago during an interval
of rapid sea-level rise. The authors propose that this
shore and barrier complex was created when the bar-
rier shoreline overstepped landward from a former
position some 5 km offshore. During the past 6,000
years, an interval of slower submergence, the barriers
have migrated landwards by continuous shoreface
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retreat (Kumar and Sanders 1974; Rampino and
Sanders 1981). This model may be inferred to apply
also to the current Staten Island coastal study area.

Based on coring of coastal Long Island, Rampino and
Sanders identify four main stratigraphic units formed
in barrier island/lagoon settings: brackish-water to
salt-marsh peat; lagoonal silty clays; backbarrier
sands; and barrier island sands (Rampino and Sanders
1980). The peat is described as consisting of a unit in
which “surficial sediment consists of thin, brown to
gray fibrous peat (50 to 100% plant remains), com-
monly overlying and interbedded with gray organic
silty clay containing plant material (<30% plant
remains). Vegetation in the marsh area is primar-
ily composed of Spartina alterniflora at the lagoon
margins, with Spartina patens, Distichlis spicata, and
lesser amounts of Salicornia sp. on the high-marsh
surface. The landward brackish-water fringes of the
marshes are marked by stands of Phragmites com-
munis” (Rampino and Sanders 1980). They note
that while the peat stratum may reach thicknesses of
up to 2 m (6.6 feet), the thickness along the lagoon/
backbarrier margin is generally thin, with a maximum
thickness of around 20 inches.

The lagoonal sediments are described as consisting
“predominantly of silty clays; toward the enclosing
barrier islands, increasing amounts of sand are pres-
ent” (Rampino and Sanders 1980), with the sand intro-
duced through washover events or the proximity of
tidal inlets. In some cores taken close to the barriers,
the lagoonal silty clays were found to be interbedded
with back- barrier sands. The clays are described as
heavily reduced, evidenced by an olive-gray to black
color and the strong odor of hydrogen sulfide.

The backbarrier-sand stratigraphic unit of Long Island
is described by Rampino and Sanders as medium-gray
to olive gray fine- to coarse-grained sand, containing
These
sands are found directly behind the barriers and

shells and occasional layers of organic silt.

thicken towards the barriers, reaching thicknesses up
to 20 feet. Some of this accumulation is a product of
tidal delta formation. The great majority, however,
is deposited through sheet washover, including tidal
delta formation, when during great storms “large
gaps are often eroded through the barriers and fan-
like bodies of sand are deposited by the ocean waters
pouring into the lagoons” (Rampino and Sanders
1980). These authors note that “Sanders and others
(1970) report the presence of oxidized brown sands
overlying gray sands in backbarrier environments in
southern Long Island. They suggest that these brown
sands were brought into the lagoons by tidal inflow
and washover and believe that these brown-over-gray
sands may be incorporated as such into the geologic
record. However, in the present study the color of the
Holocene sands landward of the present barriers was
found to be predominantly gray. Directly behind the
barrier islands, thin (Iess than 5 cm) bands of brown-
ish sands were found within the gray backbarrier
sands with no obvious textural difference between the
two. These brown sands appeared to be in the process
of being reduced and mixed with the gray sands by
the action of burrowing organisms” (Rampino and
Sanders 1980).

The barrier-island sands stratigraphic unit has been
described by Rampino and Sanders for Long Island
(1980) and for Fire Island by Kumar and Sanders
(1974).
coarse-grained sands with some gravel (usually less
than 10%) in places and containing shells. Rampino
and Sanders found that the Long Island (Jones Beach)
barrier sands extended to depths greater than 100 feet
below the surface. Kumar and Sanders reported on

These sands are characterized as fine- to

the influence of migrating tidal inlets on the strati-
graphic record. For Fire Island, they describe tidal
inlet channel floors consisting of a lag of pebbles
and large shells at depths up to 33 feet below mean
sea level, overlain by a vertical sequence of inlet
sediments produced as a result of differences in
depositional environment with depth and position in
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tidal inlets. These tidal inlets migrate laterally along
the island in response to longshore transport of sand.
Kumar and Sanders estimate that this lateral migration
may typically be responsible for reworking sediments
beneath 20 to 40% of the length of individual barrier
islands and estimate that in their Fire Island study area
the extent of reworking is toward the upper end of
that range (Kumar and Sanders 1974). Rampino and
Sanders note that “it is expected that beneath barrier-
island segments with migrating tidal inlets, a prism of
inlet-filling sand with a thickness equal to the depth
of the inlet scour will be preserved. Beneath barrier
island segments without migrating inlets, the barrier
sand body has a flat lower boundary” and that “the
modern barrier-island sand prisms of inlet-fill origin
cut deeply into the underlying Pleistocene and Upper
Cretaceous deposits” (Rampino and Sanders 1980).
The modern barrier sands grade seaward into shore-
face and offshore sands. To the landward, the barrier
sands grade into backbarrier tidal delta and washover
sands.

C. LATE PLEISTOCENE/HOLOCENE
VEGETATIONAL SUCCESSION AND SOIL
DEVELOPMENT

Chronostratigraphy, a key concept of paleoenviron-
mental reconstruction, is based on the premise that
the types and amounts of pollen at various levels in
stratified soils document patterns of plant distribution
through time and that changes in plant distribution are
largely the result of climate change. A zone or stratum
within soil that is characterized by a specific suite of
pollen types is referred to as a chronostratigraphic
zone or chronozone.

Two models of chronostratigraphy are commonly
used in the northeastern United States — the Blytt-
Sernander model and the Pollen Zone model. The
Blytt-Sernander model was developed through the
study of Danish peat bog formation in the late 19th
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and early 20th centuries (Blytt 1876; Sernander
1908), while the Pollen Zone model was developed in
New England during the first half of the 20th century
(Deevey 1939; Davis 1965). Both models subdivide
the late Pleistocene and Holocene into a series of
chronozones of varying duration (Table 2.1). While
the Blytt-Sernander system uses names that imply the
dominant climatic conditions in northern Europe (e.g.,
Boreal and Atlantic), the chronostratigraphic system
for New England refers to the subdivisions based on
the dominant types of pollen present in the strata.
From oldest to youngest, these are the Herb (Zone
T); Spruce (Zone A-1 to A-4); Boreal (Zone B); Oak
and Hemlock (C-1); Oak and Hickory (C-2); and Oak
and Chestnut (C3) pollen zones (Deevey 1939; Davis
1965:386-397). Pollen Zone C-3 has subsequently
been divided into two parts (C-3a and C-3b), with
Zone C-3b referring to a later (upper) zone that con-
tains more spruce and pine pollen (Table 2.1).

The Pleistocene epoch occurred between 2.6 million
years BP and 10,000 years BP. During this time four
major periods of glaciation occurred in northern North
America: two Pre-Illinoian; Illinoian; and Wisconsin
(Crowl and Sevon 1999:224). Each of the four glacial
episodes is separated by a relatively warm intergla-
cial period. Alternating cooler and warmer intervals
within a glacial period are referred to as stadials and
interstadials, respectively. The interglacial period
prior to the Wisconsin is known as the Sangamon
stage. The Holocene epoch, which started at the end
of the Wisconsin glaciation at around 10,000 years BP,
represents the latest interglacial period.

In both glacial and periglacial landscapes, large
amounts of sediment are introduced into stream val-
leys. During each of the interglacial periods streams
tended to proceed through a series of stages starting
with a braided pattern of multiple, shifting chan-
nels and ending with channel stabilization, stream
entrenchment and associated vertical accretion. It is
during the latter stages of stream development that
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Table 2.1.
Correlation

of Geological,
Paleoenvironmental
and Archaeological
Timelines. Source:
Vento 2015:25.
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floodplains and terraces were formed. The speed at
which these events occurred depended on the local
topography, climate and the floral environment of
the time. The various stages of stream development
for the late Pleistocene and Holocene are described
below. It should be kept in mind that the events
described below were superimposed on (and therefore
influenced by) a landscape that underwent similar
stages of stream and landform development during

previous interglacial periods.

The last major expansion of the Late Wisconsinan
(Laurentide) ice sheet took place beginning in the Late
Wisconsin stage at about 23,000 years BP and culmi-
nated in a maximum ice advance at approximately
18,000 — 20,000 years BP. After 18,000 years BP a
climatic period began which progressed with a slow
ice sheet recession characterized by several ice re-
advances which lasted from circa 15,000 years BP to
the beginning of the Holocene at around 10,000 years
BP (Watts 1983:300). Within the Blytt-Sernander
model these periods are referred to as the: Oldest Dryas
(stadial); Bolling (interstadial); Older Dryas (stadial);
Allerod (interstadial, which includes an inter-Allerod
cold period); and Younger Dryas. These correspond
to Pollen Zones A-2 to A-4 (Davis 1965). Although it
has been well established that widespread extinction
of large mammals occurred during the transition from
the Allerod to the Younger Dryas, the cause of the die-
off continues to be a topic of debate and may include
one or more of the following: human predation (e.g.,
Martin 1967, 1984, 2005); disease (e.g., MacPhee
and Marx 1997); environmental change (e.g., Guthrie
2006); or comet impact (Firestone and Topping 2001;
Firestone et al. 2007; Kennett et al. 2009; Paquay et
al. 2009; Surovell 2009).

Although not directly applicable to the current study
area, microbotanical data from a number of locations
in Pennsylvania provide insights into the floral com-
munity of the Mid-Atlantic and southern New England
during the late Pleistocene. These include Rose Lake
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in Potter County, Kings Gap Pond #1 and Crider’s
Pond in Cumberland County, Longswamp in Berks
County, and Tannersville Bog in Monroe County. At
Longswamp, at approximately the same latitude as the
current study area but immediately south of the late
Wisconsin ice front in eastern Pennsylvania, tundra
vegetation with grasses, ericaceous shrubs, and dwarf
birch was present, suggesting a cold, dry and windy
environment (Watts 1979). Similar vegetation, with
no evidence for spruce (“generally perceived to be
one of the first arboreal plants to colonize deglaci-
ated regions” [McWeeney and Kellogg 2001:193]) or
other trees, was present at Kings Gap Pond #1, less
than 30 minutes latitude south of Staten Island but 90
miles south of the maximum extent of Wisconsinan
ice, between 16,080 and 14,410 years BP (Delano et
al. 2002). However, evidence of a non-tundra, spruce
forest was present at this time at Crider’s Pond, in
a similar setting in Cumberland County, 17 miles to
the southwest, in sediments as old as 15,000 years
BP (Watts 1979). Pollen cores from Crider’s Pond
indicate that this area, more than 90 miles south of
the glacial boundary, was dominated by spruce (Picea
sp), dwarf birch (Betula grolandulosa), and various
herbs between 15,000-13,000 years BP (Watts 1979).
By around 13,000 years BP jack pine (Pinus banksi-
ana), balsam fir (4bies balsamea), and speckled alder
(Alnus rugosa) were present, forming a diverse envi-
ronment containing both tree and shrub species. Red
spruce (Picea rubens) was present by 11,500 years
BP with white pine (Pinus strobus) appearing shortly
thereafter (Watts 1979).

The Younger Dryas stadial, which occurred at the end
of the Pleistocene, marks a world-wide reversal of the
warming climate of the Allerod interstadial. Although
the pollen record at Browns Pond in the central
Appalachians of Virginia suggests a brief cold rever-
sal at 12,260 years BP possibly correlating with the
Older Dryas (Kneller and Peteet 1999), the absence of
evidence for climatic reversal between 11,000-10,000
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years BP at this location suggests that the cooling
effects of the Younger Dryas may not have extended
as far south as Virginia (Kneller and Peteet 1999).

Because of the large volume of sediment load inher-
ited by the transport-limited rivers, it was not until the
terminal Younger Dryas that the braided stream chan-
nels began to accrete vertically to form floodplains.
Where present, alluvial sediments that date to the ter-
minal Younger Dryas form coarse-grained C horizons.

It was during the terminal Pleistocene, about 13,500
years BP, that humans are believed to have arrived in
the Northeast.
the terrestrial environment of this region at that time

Microbotanical remains indicate that

would have included both boreal and deciduous tree
species. Deciduous species would have initially been
restricted to floodplains and other favorable settings
before gradually expanding into more diverse settings.

Pre-Boreal (10,000-9,000 Years BP): The Pre-
Boreal chronozone (lower part of Pollen Zone B) is
the first climatic interval of the Holocene. The biotic
environment of south-central Pennsylvania from circa
10,000 — 9,000 years BP was characterized by a
closed forest comprised of pine, fir, oak, hemlock,
alder and birch. Although the Laurentide ice sheet
had receded to the north, weather patterns were still
influenced by ongoing deglaciation. At this time the
dominant atmospheric circulation pattern for North
America was zonal (west to east), which resulted in
an increased frequency of cyclonic storms (Knox
1983:30-31; Vento et al. 2008:16). At this time east-
ern Canada remained covered by a massive glacial ice
sheet, and the sea level was still approximately 66 feet
below its present elevation (Conners 1986).

Changes in forest composition in eastern Pennsylvania
and the lower Northeast in general around 10,000
years BP suggest that the opening of the Holocene was
marked by near modern climatic conditions (Davis
1983). Delcourt and Delcourt (1981) have document-

ed the presence of conifer-oak forests in the Middle
Atlantic region at 10,000 years BP that included
cold-adapted, mesic species such as birch, elm, ash,
ironwood, maple and beech. Oak and hickory pollen
are well-represented at 10,000 years BP at Browns
Pond in Virginia. Hemlock was present in central
Pennsylvania by 9,600 years BP (Watts 1979:462).

Although the data suggest that the Pre-Boreal forest
likely contained a substantial component of temperate
hardwoods, these species were probably restricted to
favorable topographic and edaphic niches, initially
occurring as patches within a predominantly conifer-
ous forest. Eisenberg (1978) suggests that during the
early post-glacial period oak was also adapted to drier
upland sites where soil formation was more advanced.
In the southern section of the modern conifer-hard-
woods found on the Appalachian Plateau, deciduous
species have migrated northward along major valleys
and their tributaries (Braun 1950), a situation that may
resemble the early to mid-Holocene immigration of
deciduous species along stream valleys from glacial
refugia in the south.

The frequency of cyclonic storms during the Pre-
Boreal phase resulted in frequent flooding and the
slow but continuous vertical accretion on floodplains
and low terraces (Knox 1983:26-41; Vento ef al.
2008). Floodplain instability during this time is asso-
ciated with the formation of Bw/BC horizons along
rivers and larger streams of the Northeast (Vento and
Rollins 1989; Vento et al. 1992; Vento et al. 2008).

Boreal (9,000-8,000 Years BP): The Boreal chro-
nozone (upper half of Pollen Zone B) marks the
beginning of a warm period that lasted from circa
9,000—4,500 years BP that has been referred to vari-
ously as the North American climatic optimum, the
Altithermal, and the Hypsithermal period (Deevey and
Flint 1957). Climatic regimes of the Hypsithermal
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include the warm and dry Boreal episode (9,000—
8,000 years BP) and warm and wet Atlantic episode
(8,000—4,500 years BP).

During this climate period there was a dramatic
expansion of white pine into both uplands and low-
lands (Watts 1979). Because pine is an excellent
temperature and moisture indicator, it reveals that
the climate was both warmer and drier than it had
been during the previous thousand years or at any
time since (Davis 1983). The increase in pine pollen
during the Boreal climatic episode defines important
aspects about the prevailing climate and biotic envi-
Watts notes that “pines flourish on acid
sandy soils where natural fires are frequent and where

ronment.

competition for the larger canopy-forming decidu-
ous trees is restricted,” adding that “pines become
established on sites where forest has been destroyed
by fire, storm blowdowns, or forest clearance, all of
which make light gaps” (Watts 1979:462). Although
oak, hickory, beech and elm were present they did not
reach their peak distributions until circa 5,000 years
BP (Prentice et al. 1991:Figure 6).

The warm, dry Boreal climate had a detrimental
effect on ponds and low-order streams. Oxidized
soils containing damaged or destroyed pollen
at sites from Georgia to New Jersey, (including
Quicksand Pond, Bartow County, Georgia; Cranberry
Glades, Pocahontas County, West Virginia; Big
Pond, Bedford County, Pennsylvania; Panther Run,
Mifflin County, Pennsylvania; Longswamp, Berks
County, Pennsylvania; and Szabo Pond, Middlesex
County, New Jersey) indicate that the ponds and
bogs dried out more frequently during the mid-Holo-
cene Hypsithermal than in subsequent times (Watts
1979:263). By 6,500 years BP the last remnant of
the Laurentide ice sheet had melted on the Quebec-
Labrador Plateau, and the Atlantic Ocean had reached
its current level (Conners 1986:Table 1; Delcourt and
Delcourt 1986:34).
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The dominant atmospheric circulation pattern during
the Boreal episode was zonal (Knox 1983:30-31).
Although thunderstorms were relatively common
under this climatic regime, the presence of the glacial
ice in northeastern Canada prevented major precipita-
tion events (i.e., hurricanes) from reaching the north-
ern Appalachians until after circa 6,000 years BP
(Vento et al. 2008:23). Thunderstorms of the Boreal
episode resulted in frequent forest fires and rapid allu-
viation (sediment aggradation) along streams. Typical
soil profiles associated with this time period consist
of a thick Bw/BC horizon capped by an incipient A
horizon along major rivers in the Northeast (Vento et
al. 2008:19).

Atlantic (8,000-4,500 Years BP): A rapid decrease
in pine and an accompanying increase in both oak
and hemlock circa 8,000 years BP marks the transi-
tion from the drier conditions of the Boreal climatic
phase to moister conditions of the Atlantic climatic
phase (Pollen Zone C-1; Prentice et al. 1991:Figure
6; Vento et al. 2008:17). The Atlantic to Pacific
periods (Pollen Zones C-1 to C-2) were dominated
by a mixed zonal-meridional atmospheric circulation
pattern (Knox 1983:30-31; Vento er al. 2008:16).
Meridional (south to north) circulation patterns are
associated with heavy, persistent rains and substantial
floods.

Although mast-bearing trees continued to increase
in abundance during the Atlantic episode, they did
not reach their historic levels until the late Holocene
or Neoglacial period (i.e., post-5,000 years BP).
Chestnut, an exceedingly slow migrant, does not
occur in central Pennsylvania until around 5,500
years BP. Many of the arboreal species that became
dominant at this time (e.g., oak and chestnut) provided
fruits and nuts known to have been used both by
humans and by faunal species hunted by humans, such
as deer, elk, bear and other small mammals (Davis
1976). Changes in the weather patterns and ground
cover resulted in slower but more continuous alluvial
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aggradation and the formation of two sets of stacked
Bw and incipient Ab horizons on the terraces of larger
rivers (Vento et al. 2008:19). The development of Ab
horizons reflects greater land surface stability.

Sub-Boreal (4,500-3,000 Years BP): The beginning
of the Sub-Boreal climatic episode (Pollen Zone C-2)
marks the end of the Hypsithermal and the beginning
of the Neoglacial period (Vento et al. 2008:4). Forest
of this time was dominated by oak and hickory, and
there is a marked reduction in pine, birch and alder
(Prentice et al. 1991:2047). A dramatic decline in
hemlock that began around 5,000 years BP (Haas
and McAndrews 2000:81) continued throughout this
interval.

The Sub-Boreal climatic episode is associated with
the formation of mottled Bw horizons and/or C hori-
zons along larger streams in the Mid-Atlantic region
(Vento and Rollins 1989; Vento et al. 1992; Vento et
al. 2008). The presence of coarse-grained vertical and
lateral accretionary deposits at deeply stratified sites
in the Susquehanna and Delaware river valleys and
elsewhere document the increased frequency of large
storms after 6,000 years BP (Vento and Rollins 1989;
Vento et al. 1992; Vento et al. 2008). Similar strati-
graphic evidence in the northern Midwest supports the
idea of more frequent large floods after 6,000 years
BP (Knox et al. 1981). Not surprisingly, the incision
of the Pre-Boreal and Boreal valley-fill deposits in
most areas of these basins occurred about 6,000 years
BP coincident with increased meridional circulation in
summer, a condition which promoted cyclonic storms
by the lifting/mixing of warm-moist Gulf air masses
by cool-dry air masses out of Canada (Grissinger et al.
1981; Vento and Fitzgibbons 1987).

There are competing hypotheses to explain the reduc-
tion of hemlock during the Sub-Boreal interval. Knox
(1983), Vento and Rollins (1989), and Vento et al.
(1992; 2008) suggest that the decline of hemlock
and its continued suppression during the Sub-Boreal

(circa 4,500-3,000 years BP) indicate that warm and
dry conditions prevailed at this time. Hemlock is an
accurate indicator of drought because of its shallow
root system and sensitivity to atmospheric humidity
(Fowells 1965; Haas and McAndrews 2000).

The researchers cited above argue that this drying
pattern is the result of meridional stabilization of the
sub-tropic high zone over the Mid-Atlantic or the
increased occurrence of warm-dry zonal flow (much
like conditions in the 1930s). This pattern caused a
reduction in vegetative cover and greater surface run-
off, which promoted vertical accretion on low terraces
within stream basins. Although others have proposed
that the hemlock decline was the result of disease or
insect infestations (e.g., Bhiry and Filion 1996; Davis
1981; Filion and Quinty 1993), most of the evidence
suggests that the decline can be attributed to drought
(e.g., Haas and McAndrews 2000; Niering 1953;
Valero-Garces et al. 1997; Yu et al. 1997). Whether
the overall climate during this period was warm and
dry, or more similar to today’s, it is clear that the
rapid deposition of coarse sediments along rivers and
streams during the Sub-Boreal period was the result of
frequent cyclonic storms that caused severe to moder-
ate lateral channel migration of tributaries, with allu-
viation dominant over incision along major streams.

Sub-Atlantic (3,000-1,750 Years BP): The climate
of the Sub-Atlantic chronozone (lower Pollen Zone
C-3a) was warmer and moister than the preceding
interval (Table 2.1). In most respects the climate and
forest composition of this late Holocene period was
very similar to that present at the time of European
contact. Like most of the Ridge and Valley province,
the forest at that time was characterized as an associa-
tion of oak and chestnut, with local variations due to
slope and altitude. Ridge tops were typically domi-
nated by scarlet, black and chestnut oaks, the upper
slopes by red oak; the lower slopes by white oak, red
oak, hickory and hemlock, and the valley floors and
river terraces by white oak, sugar maple, hemlock,
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white pine and pitch pine (Braun 1950). Chestnut was
a dominant species, though it has been eliminated due
to the chestnut blight of the early 20th century. The
forest contained pockets of other climax associations
that reflected the region’s mountainous character and
Of these, the
mixed mesophytic cove forests would have been par-

altitudinal variations (Braun 1950).
ticularly well developed.

The warm and moist conditions during the Sub-
Atlantic allowed for long-term floodplain stability
and subsequent A-horizon development (Table 2.1).
Floodplain stability indicates that the effects of merid-
ional circulation and resulting pattern of frequent
cyclonic and convectional storms was much reduced
during this time. A return in the abundance of hem-
lock pollen from its low levels during the Sub-Boreal
suggests lower rates of evapotranspiration and more
effective precipitation.

Scandic (1,750-1,200 Years BP): The forest during
the Scandic period (middle Pollen Zone C-3a) appears
to have been similar to that of the preceding Sub-
Atlantic phase. Cooler and moister climatic phases
such as the Scandic (1,750-1,200 years BP), as well as
the subsequent Pacific (700—500 years BP) and Neo-
Boreal (500-50 years BP) phases, effectively arrested
A-horizon development while the increased frequency
of tropical storms (hurricanes) led to increased runoff,
floodplain instability, and the formation of Bw and BC
horizons on floodplains and low terraces.

Neo-Atlantic (1,200-700 Years BP): The Neo-
Atlantic is associated with the latter half of the Middle
Woodland period. The forest during the Neo-Atlantic
period (upper Pollen Zone C-3a) was similar to that
of the preceding Sub-Atlantic and Scandic phases.
As during the Sub-Atlantic, an increase in floodplain
stability during the warm moist Neo-Atlantic period
resulted in the formation of an Ab horizon along larger
streams.
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Pacific to Modern (700-150 years BP): The for-
est type associated with the Pacific (700-500 years
BP), Neo-Boreal (500-50 years BP), and Modern (50
years BP—present) periods (Pollen Zone C-3b) was
similar to that of the preceding Sub-Atlantic through
Neo-Atlantic stages but with an increase in spruce
and pine. Nearly all of the original forest-cover in the
Northeast was removed by the end of the 19th century
as a result of lumbering and agricultural activities.
The forests of today are exclusively secondary com-
munities which bear little resemblance to the origi-
nal forest association (Casselberry and Paull 1967;
Gifford and Whitebread 1951).

The Neo-Boreal marks the return of cooler conditions
to the northern hemisphere. The weather patterns
resulted in pronounced winter cooling and summer
droughts. As during the earlier Scandic episode, the
cool-moist climate of the Pacific and Neo-Boreal peri-
ods effectively arrested A-horizon development while
the increased frequency of tropical storms resulted in
rapid deposition and Bw horizon formation on flood-

plains and low terraces.

D. HISTORIC PERIOD ENVIRONMENTAL
SETTING

Historic maps, dating from around 120 years after the
first permanent Dutch settlement on Staten Island,
show the study area as a mix of coastline beach,
extensive coastal marshes and some areas of fast land
(e.g., Taylor and Skinner 1781 [see below, Figure
4.1]). The area at the extreme northeastern end of the
project alignment is depicted as the base of the upland
now occupied by Fort Wadsworth (“Fort” on the 1781
Taylor and Skinner map); the upland is a segment
of the terminal moraine immediately adjacent to the
Narrows.
maps show an extensive marsh or wetland stretching
to the southwest, fed by numerous streams draining

Beginning at the base of the upland, the

the uplands to the northwest, including the southeast-
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ern side of the moraine. A gap in the beach at the
mouth of the stream network suggests tidal flow in
and out of the marsh.

Southwest of this marsh, a broad area of fast land
approximately 1.25 miles wide is shown straddling
a lane or road in the location now occupied by New
Dorp Lane. The dry land is depicted on the Taylor and
Skinner map as being divided into agricultural fields
with scattered trees; the same map shows several
buildings along the lane and a side road (Mill Road)
extending southwest to Mill Creek within the Great
Kills marsh. Southwest of the fast land, coastal swamp
extends to the Great Kills embayment; on all maps, a
narrow spit-like neck of fast land extends southwest
for some distance along the southeastern edge of the
Great Kills wetland. The Taylor and Skinner map
appears to depict the northeastern portion of this spit
as fast land, merging into beach to the southwest and
southeast. The configuration of beach, streams, and
wetlands in both the northeastern and southwestern
portions of the project alignment strongly suggest
that the “beaches” are actually a line of transgressing
barrier islands which have accreted onto the coast of
Staten Island, forming “barrier beaches.”

The 1781 Taylor and Skinner map indicates the pres-
ence of at least 14 first-order streams immediately
northwest of and flowing across the project alignment
(see below, Figure 4.1). The majority of these are
depicted as originating on the face of the moraine to
the northwest of the project alignment. In this area,
the first-order streams combine to form second-order
streams between the head of the outwash plain below
the moraine and the modern coastline; ultimately,
four of these second-order streams combine to form
a watercourse labeled “New Creek” on later maps.
One second-order stream draining the moraine and
the landscape below it flows to the Great Kills embay-
ment and on later maps (e.g., Dripps 1872 [see below,
Figure 4.5]) is labeled “Mill Creek.” Additionally,
two first-order streams are depicted near the south-

west end of the project alignment, flowing southwest
more or less parallel to the coastline and joining to
form a second-order stream (“Bass Creek”) that flows
to the Great Kills embayment.

Mid-19th-century maps of Staten Island indicate that
virtually no development had taken place along the
marshy coastal areas (e.g., Butler 1853 [see below,
Figures 4.3]). A U.S. Coast Survey map of 1844
shows the marsh surrounding New Creek as having
been subdivided into fields, although this may simply
reflect harvesting of marsh grass for bedding and fod-
der rather than true agriculture (see below, Figure 4.2).
Other U.S. Coast Survey maps for this period also
show an unimproved road extending from the base of
the Fort Tompkins (later Fort Wadsworth) upland to
near the mouth of New Creek (e.g., U.S. Coast Survey
1861; 1866). A dozen or more structures are shown
along the road, but these do not appear on the 1853
Butler map and were most likely informal structures
such as fishing shacks.

By 1853, as shown by the Butler map, a score of
houses stood on the fast land at New Dorp (see
below, Figure 4.3), while by 1859, as indicated by
the Walling map of that year, a lighthouse had been
constructed near the beach at the end of New Dorp
Lane, replacing a large elm tree which had formerly
served as a navigational aid (see below, Figure 4.4b).
Southwest of the dry land at New Dorp, very little
development was occurring along the coast during
this period. The 1853 Butler map shows a structure
labeled “Mrs. Peersoll” at the northeastern end of the
narrow spit of land lying between the shoreline and
An
“L” shaped wharf projects from the beach nearby.
Near the southwest end of the spit are two structures
labeled “Loveridge.”

the coastal marsh extending from Great Kills.

Two other structures labeled
“Loveridge” stand a short distance to the northwest,
within the marsh. The 1859 Walling map also shows
a structure labeled “Mrs. Peersoll” and two structures
labeled “Fish Houses” at the Loveridge location.
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The first clear evidence of filling of the New Creek
marsh is shown on the 1872 Dripps map (see below,
Figure 4.5). It shows Evergreen, Burgher and Atlantic
Avenues (all still extant today) extending to a wharf
on the coastline just northeast of the mouth of New
Creek. It should be noted that later maps (e.g., Beers
1887 [see below, Figure 4.6a]; U.S. Coast Survey
1895) do not show these improvements, although they
do indicate that the marsh was much diminished in
area from that shown on earlier maps. Late 19th-cen-
tury maps show the presence of numerous drainage
ditches within both the marsh surrounding New Creek
and that north of Great Kills, apparently reflecting
an attempt to drain the wetlands (U.S. Coast Survey
1889; 1895 [see below, Figures 4.26 and 4.28]). No
tide gates or other control structures are indicated on
these maps, although these may have existed. Turn-
of-the century topographic maps (U.S. Geological
Survey 1900, [see below, Figures 4.7 and 4.29]; 1905)
continue to show extensive coastal marsh within the
New Creek drainage and northeast of Great Kills, with
no development aside from the presence of several
unimproved roads within the New Creek marsh.

By 1917, the entire beachfront within the major-
ity of the study corridor had been commercially
developed, with improvements consisting largely of
amusement parks, hotels, bungalows and other vaca-
tion and recreation-related structures. The vacation
area was serviced by the Southfield Beach Railroad,
just northwest of Seaside (now Father Capodanno)
Boulevard. Development was most pronounced from
the northeastern limit of the project alignment at the
base of the Fort Wadsworth upland southwest of the
end of Sea (now Lily Pond) Avenue) to Buel Avenue,
Most of

the northeastern portion of the salt marsh lying in the

two blocks southwest of Seaview Avenue.

New Creek drainage had been filled, allowing devel-
opment from a boardwalk along the landward edge
of the beach to as far northwest as the northwestern
side of Seaside Boulevard. Extensive development,
including the laying out of streets and residential lots,
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had taken place between Seaview and Buel Avenues,
inside a large meander near the mouth of New Creek.
The debouchure of the creek lay to the southeast of
the block between Seaview and Liberty Avenues.
Large expanses of land northwest of Seaside (Father
Capodanno) Boulevard within the marshy New Creek
drainage are still shown as undeveloped at that time
(Bromley 1917 [see below, Figures 4.9a-c]).

For a quarter mile southwest of this, development was
limited to campsites; hotels, casinos and a boardwalk;
and then more campsites extending to the northeastern
edge of the George W. Vanderbilt estate (Miller Field).
From the southwestern edge of the estate, at New
Dorp Lane, to around Ebbitts Avenue (now Ebbitts
Street), development again picked up for a short dis-
tance and included not only campgrounds but also a
block of residential structures, a hotel, bath house, and
gymnasium, all within a stone’s throw of the water’s
edge (Bromley 1917 [see below, Figures 4.9¢c-¢]). The
stretch of development immediately northeast of the
Vanderbilt estate, the estate itself, and the residential
area and large structures southwest to Ebbitts Avenue
roughly demarcate the area shown as fast land lying
between two coastal marshes as shown on the 1781
Taylor and Skinner map (see below, Figure 4.1).

Southwest of Ebbitts Avenue, development was lim-
ited to a single line of bungalows along the beach-
front, extending to near Promenade Avenue (now Fox
Lane), just northeast of the present-day location of the
Oakwood Wastewater Treatment Plant. The bunga-
lows were closely spaced immediately southwest of
Ebbitts Avenue and sparser further to the southwest
This
area corresponds to that depicted on the 1781 Taylor
and Skinner map as a narrow neck of fast land transi-
tioning southward to a sandy spit (see below, Figure
4.1).

(Bromley 1917 [see below, Figures 4.9e-g]).




GEOMORPHOLOGICAL/ARCHAEOLOGICAL STUDY: SOUTH SHORE OF STATEN ISLAND

Filling of marshy areas, facilitating residential and
commercial development, continued through the mid-
and late 20th century, particularly in the post-World
War Il era. A 1947 topographic map shows the marsh
within the New Creek drainage to be confined to the
north-central portion of its former extent, bounded on
the southwest by Cromwell Avenue and on the north-
east by Vulcan Street (U.S. Geological Survey 1947).
Currently, much of that area is still open marshland
and brush, including Ocean Breeze Park and the
South Beach Wetlands, which extend well northeast
of Vulcan Street to Sand Lane. The same map shows
that drainage to the ocean was still via an open New
Creek debouchure at the end of Seaview Avenue, as
does a 1955 edition of the same topographic series
(U.S. Geological Survey 1955). By 1966, no open
confluence was present, with discharge from the New
Creek drainage apparently confined to a pipe running
offshore (U.S. Geological Survey 1966).
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Chapter 3

PREHISTORIC CULTURAL BACKGROUND

Prehistoric human occupation within the dynamic and
mobile post-glacial environment detailed in Chapter 2
is the primary focus of this chapter. Human occupa-
tion of the Middle Atlantic region of the United States
had begun by 11,000 to 10,500 years BP within a
boreal forest composed primarily of pine and birch
that shifted, as temperatures warmed, to pine and oak
(Dent 1991; Stewart 1990, 1991).
tion cover extended throughout much of the region,

Similar vegeta-

although the presence of favorable microenviron-
ments arising due to topography, solar exposure and
surface water (ponds, lakes, and rivers) exerted a
considerable influence on prehistoric subsistence and
adaptations.

Evidence of Paleo-Indian occupation on the Coastal
Plain of New Jersey, generally in the form of isolated
fluted point sites (Kraft 1977a; Cavallo 1981; Custer et
al. 1983), reflects the presence of early human groups
in the region. The point distribution is affected by the
bias of non-systematic surface collection activity, but
nevertheless provides some indication of the nature
of Paleo-Indian adaptations. It is generally accepted
that these points and associated finds are indicative
of hunting and game processing activities (Bonfiglio
and Cresson 1978). Similar tool assemblages from
the late Paleo-Indian site of Turkey Swamp near the
boundary between the Inner and Outer Coastal Plains
in Monmouth County, New Jersey, are interpreted as
reflecting the same activities (Cavallo 1981).

As indicated in the discussion of transgressing sea
levels, Staten Island was not a coastal location at the
time of Paleo-Indian occupation. Thus, evidence of a
Paleo-Indian human presence on Staten Island would
not relate directly to a coastal environment, but rather
to the exploitation of inland forest/riverine habitats

(Edwards and Merrill 1977). Paleo-Indian activity
on Staten Island is manifested in isolated fluted point
finds in the central and southern portions of the island
and by two sites along the Arthur Kill — the Port Mobil
site and the Charlestown Beach site, both located
roughly four to five miles to the northwest of the
project alignment. There is also a single Paleo-Indian
find spot near the Great Kills Yacht Club located less
than a mile from the southwest end of the corridor, but
no other information is available for this unnamed site
(A085-01-163) (Table 3.1). The Port Mobil site was
identified within a tank farm located 1,000 feet from
the Arthur Kill. Now in an area that is heavily dis-
turbed, the site was originally situated on high sandy
ground along an eroding slope at an elevation between
20 and 40 feet above present-day sea level. The Port
Mobil site has yielded eight fluted points, end and side
scrapers, and unifacial tools (Kraft 1977b; Eisenberg
1978; Ritchie 1980; Pagano 1985). By contrast, the
Charlestown Beach site was detected eroding from a
peat layer at the edge of the Arthur Kill. This site has
never been fully described, but a site form was pre-
pared by Professor Bert Salwen in 1967. The site has
yielded at least 10 Paleo-Indian fluted points to col-
lectors, including examples of Clovis and Cumberland
types. Numerous phases of prehistoric occupation are
indicated, including the more recent Early and Middle
Woodland periods (Pagano 1985).

Paleo-Indians inhabited a region with a rich fauna.
The mammoth, oriented to more open habitats, may
have occupied the area prior to the arrival of humans,
while the forest mastodon was more certainly a
contemporary of early Paleo-Indians. Deer and pos-
sibly caribou also would have been common species
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GEOMORPHOLOGICAL/ARCHAEOLOGICAL STUDY: SOUTH SHORE OF STATEN ISLAND

roaming in the early Holocene forests. The proximity
of a riverine habitat would have supported aquatic
resources, both animal and plant in nature.

Many scholars working the field of Middle Atlantic
human prehistory have combined the Early Archaic
period with the Paleo-Indian period and view the
two time frames as a broad Late Pleistocene/Early
Holocene adaptational continuum (e.g., Gardner
1974; Custer 1989, 1994).
one favors a sharp or gradual transition, four stratified

Regardless of whether

and dated Archaic sites have been found in southern
Staten Island and excavated by avocational archaeolo-
gists. These are the Richmond Hill site, the Old Place
site, the Hollowell site and the Ward’s Point site. Of
these, the Richmond Hill site is the closest to the
project alignment, located approximately two miles
northwest of the southern end of the project corridor,
while another Early Archaic resource, the unstratified
Goodrich site, is situated near the northern end of the
island.

In the interior of Staten Island, at the Richmond Hill
site, a modern humus and a stratum with undatable
cultural material sealed a layer of reddish-brown
gravelly sand and clay that yielded examples of Kirk-
type, Palmer, Hardaway (Early Archaic) and LeCroy
(Middle Archaic) projectile points. Most of the cul-
tural materials in this layer were associated with a
hearth that yielded a radiocarbon date of 9,360 +/- 120
years BP, the earliest radiometric date yet recorded for
human occupation within the current limits of New
York City (Ritchie and Funk 1971). While this is the
closest site, its habitation was clearly oriented to the
west towards the Fresh Kills wetlands.

The Old Place site is located at the eastern end of the
Goethals Bridge approach, approximately five miles
northwest of the project alignment. This location
lies just off the terminal moraine that represents the
southernmost maximum extent of the Wisconsinan
ice advance. The excavators recognized the site as

a series of three or four cultural layers within a tan-

colored sand near the swamp edge. The deepest layer
contained Stanly, LeCroy and Kirk points and hearth
charcoal dating 7,260 +/- 140 years BP. Ritchie and
Funk (1971:49) consider this date to be appropriate
for the Stanly points but too recent for the earlier
forms. The Goodrich site, located roughly three miles
north of the northern end of the project alignment,
is a multi-component site reportedly dating from the
Early Archaic through the Late Archaic periods. No
definite site limits have been determined for this site,
and the New York State Museum site file information
is largely silent on the site’s stratigraphy and artifact
yield.

The Hollowell site is located well to the south of the
project alignment at the base of a low sand rise near
Ward’s Point.
three prehistoric strata: a Late Woodland stratum; a
Late Archaic/Early Woodland stratum with Vinette
I ceramics and a Vosburg point; and a layer of
brown mottled sand that yielded 24 points including
Kanawha, Stanly and Eva types (Middle Archaic). A
charcoal sample from the brown sand was dated to

This multi-component site contained

3,110 +/- 90 years BP, an assay that seems more likely
to be derived from intrusive charcoal originating in
the overlying Late Archaic/Early Woodland occupa-
tion (Ritchie and Funk 1971).

The nearby Ward’s Point site is located on a low sand
knoll at the southern tip of Staten Island and produced
a stratigraphic sequence similar to that observed at the
Hollowell site. An Early/Middle Archaic stratum was
overlaid by early Middle Woodland and Transitional
layers and a Late Woodland shell midden. The base
cultural layer comprised a mottled reddish-brown
sand that contained Kirk (Early Archaic), Kanawha
and LeCroy (Middle Archaic) points, as well as two
hearths from which charcoal yielded radiocarbon
dates of 7,260 +/- 125 and 8,250 +/- 140 years BP
(Ritchie and Funk 1971).
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Hypothetical reconstructions of the Middle Atlantic
coast between 6,000 and 8,000 years ago suggest that
estuarine areas were approaching their current loca-
tions along the coastline. Tidal salt marshes appear to
have emerged in advance of the transgressing shore-
line of New Jersey and Long Island by around 5,000
years ago, and the shoreline achieved its current loca-
tion approximately 3,000 years BP (Kraft 1977:Figure
27). Climatic conditions were warm and somewhat
moister than in the preceding Boreal phase, with oak
and hemlock as dominant vegetation species (Deevey
1952; Dent 1979), but perhaps with pine persisting in
coastal areas.

This time period coincides with the emergence of
another archaeologically-defined human adaptational
phase, the Middle Archaic. Material culture changes
during the Middle Archaic include the appearance of
ground stone tools in addition to flaked stone artifacts.
There is also a shift in the dominant raw materi-
als utilized for tools — away from cryptocrystalline
rocks toward a wider range of rock types, including
rhyolite and argillite — which may be suggestive of
increasing mobility in the landscape and also pos-
sibly of changes in social organization. Archaic sites
in the southern portion of the Middle Atlantic have
been type-cast as macro-band and micro-band base
camps in areas of “maximum habitat overlap” (Custer
1989, 1994).
freshwater swamps and bay/basin loci. Coastal tidal

Such areas typically include interior

salt marshes and estuarine environments also would
have been food resource-rich habitats available for
exploitation.

Native American occupation sites producing cultural
materials datable to the Middle Archaic are generally
considered to be rare on Staten Island (Pagano 1985;
Boesch 1994).
above produced Early Archaic side-notched points
(Hardaway) as well as stemmed (Stanly) points, two
broadly diagnostic forms that span as much as 2,000
years of occupation in the southeastern United States,

The four stratified sites discussed
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which may help to explain the difficulty in recogniz-
ing Middle Archaic occupation (Ritchie and Funk
1971). Other possible explanations for this mixture
of points may be found in geomorphological changes
affecting soil accumulation rates across Staten Island
or in micro-stratigraphic changes that were not recog-
nized during the excavations.

Changes in climate commencing about 4,600 years
BP produced the warmest and driest conditions of
the current post-glacial period, with oak and hickory
becoming dominant tree species. This climatic shift
appears to roughly coincide with the emergence of the
archaeologically-defined Late Archaic phase. This
phase is characterized by different diagnostic lithic
forms and an increase in the number of base camps.
According to Boesch, Late Archaic occupations are
more commonly found near estuarine environments
(such as the Pottery Farm, Bowman’s Brook, Smoking
Point and Goodrich sites) and along larger interior
streams (Sandy Brook, Wort’s Farm and Arlington
Avenue sites) (Boesch 1994:11). Most of these sites
are located along the western side of the island. The
only identified Late Archaic material recovered close
to the current project alignment is the prehistoric
component of the Walton Stillwell House site (A085-
01-0027) that included large side-notched points and
full-grooved axes found in pits with more recent
prehistoric and Contact period material. This site is
located close to the northeastern end of the project
limits.

The appearance of cache pits and ceramic storage ves-
sels, a key characteristic of the successive Transitional
and Early/Middle Woodland periods, indicates a
greater degree of sedentism among Native Americans
in the Middle Atlantic region. Custer (1989) has
argued for an adaptational continuum spanning the
Late Archaic through the Middle Woodland periods,
which he labels Woodland I in the southern coastal
Middle Atlantic.
and exchange is manifested in the presence of Adena

Evidence for long-distance trade
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cultural materials from the Ohio River Valley at habi-
tation and mortuary sites dating from around 2,500 to
2,000 years BP. Increasing exploitation of estuarine
resources in coastal areas is noted during the period
of Adena influence.

Transitional period components are present at the
Pottery Farm, Ward’s Point, Old Place and Travis
sites on the western side and southern end of the
island but no distinctive Transitional sites have been
documented within a one-mile radius of the project
alignment (Boesch 1994:12). Neither has evidence of
Early Woodland occupation been found within a one-
mile radius of the project alignment, although many
sites on Staten Island have Early Woodland compo-
nents, most notably at the Pottery Farm, Old Place and
Rossville sites.

Warm and dry climatic conditions began to yield
to a cooler, moister, more modern climate with oak
and chestnut vegetation about 2,000 years BP, which
is roughly coincident in some areas of the Middle
Atlantic with the waning of Adena influence. The
majority of sites dating to this period, referred to as
the Middle Woodland, are located near estuaries. The
more significant sites with this component include the
Huguenot, Cutting, Pottery Farm and Page Avenue
North sites (Boesch 1994:12).
VanDeventer/Fountain House, located within Fort
Wadsworth a few hundred feet from the northeastern

Excavations at the

end of the project alignment, also yielded evidence
of Middle through Late Woodland period occupation
including lithic debitage, a Rossville projectile point,
ceramics sherds and thermally altered rock (Table
3.1). The site was characterized as a small hunting
and gathering camp (Louis Berger & Associates, Inc.

1990).

By 1,000 years BP the trade and exchange network
influence had disappeared, and the archaeologically-
defined Late Woodland period, or Woodland II phase,
emerges. Increasing evidence of sedentism is mani-

fested in the expanded use of storage facilities and
more permanent house structures. Increased gather-
ing of shellfish and the harvesting of plants reflect an
intensification of food procurement evidently related
to population growth. The emergence of agricultural
production is also related to this sedentary settlement
pattern, which was maintained until European contact.
Material culture of this period is distinguished by
several distinctive ceramic forms and small triangular
projectile points, the latter evidently indicative of
bow-and-arrow technology (Custer 1989).

Late Woodland occupation has been documented at
numerous sites on Staten Island, including many of
those already mentioned (e.g., the Hollowell, Ward’s
Point, Bloomfield/Watchogue and Old Place sites).
One additional important site deserves mention. This
is the Bowman’s Brook site, also referred to as the
Milliken site, which is located near the northwest cor-
ner of the island, approximately four miles from the
project alignment. This site was occupied through-
out the Woodland period and is the type site for two
well-known ceramic decorative styles. The site was
initially recorded in the site files of 1904 (Set A), later
supplemented with information produced by Alanson
Skinner and then again by Bert Salwen (Skinner 1909;
Salwen 1967).

Because of Staten Island’s position adjacent to New
York harbor it was the location of some of the earli-
est Native American and European interactions in the
region. Starting in the early 17th century the Dutch
established a trading post on the island. These interac-
tions, especially with Dutch settlers, became increas-
ingly contentious and deadly, and between 1639 and
1655 three separate attempts were made to establish a
permanent settlement on the island. It was not until
1661 that the first permanent Dutch settlement was
established at Oude Dorpe (Old Village) by Dutch,
Walloon and French Huguenot families at South
Beach at the northeastern end of the project alignment.
By the end of the 18th century, Native Americans,
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decimated by disease and crowded out by settlers, had
largely departed Staten Island. Excavations at the
Walton-Stillwell House (A085-01-027), part of the
site of Oude Dorpe, have identified mid-17th-century
artifacts in association with Native American arti-
facts. Artifacts included shell, bone, Native American
These
materials were found in pits that also yielded Flemish-
style ceramics and Louis XIII coin dated 1638 that
predate the house, which was built circa 1668. The

ceramics and triangular, chert arrowheads.

house, which is no longer standing, was located on
top of a bluff approximately 30 feet above sea level
and pits were found around the house and also at the
base of the bluff closer to the shoreline (Anderson
and Sainz 1965). As mentioned above, earlier Native
American components were also identified at this site.

In addition to those mentioned above, there are nine
other sites that are located within or near the proj-
ect alignment (Table 3.1). With the exception of
one site, all were identified during the late 19th or
early 20th centuries and very little detail is avail-
able. A “Lenape” site was reported in the vicinity
of Fort Wadsworth (probably site A085-01-031 and/
or A085-01-167), although no additional informa-
tion is provided (Parker 1922:Plate 211; John Milner
Associates 1978:57). Moving to the southwest, arti-
facts, including a chert biface, were reportedly found
at Midland Beach by members of a British Museum
expedition in 1900 (Boesch 1994:117). Detailed loca-
tional data are not available. Isolated cultural remains
were also identified on the site of the Vanderbilt
estate, which in 1919-21 was converted into the U.S.
Army coastal defense airbase known as Miller Field
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(A085-01-169), although information regarding their
character and the exact location of their discovery
are not provided (Parker 1922:Plate 211; John Milner
Associates 1978:58). Three sites, all associated with
what appears to be a single Native American shell
midden, were identified just beyond the southern end
of the project alignment (A085-01-164, A085-01-165,
and A085-01-166).
Woodland period site, reported separately by Alanson
Skinner, Reginald Bolton and Arthur Parker. Skinner
reported observing flint waste flakes and a shell heap
near Lake’s Mill at a site he called the Oakwood site
(Skinner 1909:17). Parker simply describes a shell
heap at Lake’s Mill where he discovered, “a few shells
.... No pottery or relics occur, but a few flint flakes
are found” (Parker 1922:685). Finally, Bolton identi-
fies this area as being occupied for 16 years by the
Nayacks after they moved from Long Island (Bolton
1934:152, 156).

These are all likely the same

In 1995, an archaeologist with the U.S. Army Corps of
Engineers, New York District tested the alignment of a
proposed levee at Oakwood Beach (U.S. Army Corps
of Engineers 1996). Testing along the southwestern
side of Dugdale Road north of the Oakwood Beach
Wastewater Treatment Plant yielded four pieces of
debitage from four shovel tests. No diagnostic arti-
facts were recovered and the site was destroyed a
year after the survey. These finds may be associated
with the Lake’s Mill/Oakwood site reported above.
Finally, a small collection of prehistoric artifacts were
found at Crooke’s Point (A085-01-162), although no
further detail is provided in the site files.




Chapter 4

HISTORICAL BACKGROUND

A. OVERALL HISTORY OF THE
PROJECT ALIGNMENT

The first well documented European encounter with
Staten Island occurred in 1524 when the Italian
explorer Giovanni da Verrazzano anchored his ship,
La Dauphine, off the island’s Atlantic coastline.
Historians generally agree that the name Staten Island
originated approximately 85 years later with the
English explorer Henry Hudson, who first sighted
the island when he sailed into the Lower New York
Bay in 1609 while in the employ of the Dutch
East India Company. At that time he christened it
Staaten Eylandt in honor of the Estates General,
which governed the Netherlands. Although the Dutch
established permanent settlements at what became
Albany and Manhattan in the 1620s under the aegis
of the Dutch West India Company, who sent groups of
French settlers to engage in the fur trade for the com-
pany, they did not attempt to establish a permanent
settlement on Staten Island until the 1630s (Lundrigan
and Navarra 1997:7; Dickenson 2003:11-12).

In 1639, David Pietersz de Vries received land rights
on Staten Island and established a settlement near
Tompkinsville in the northeastern part of Staten
Island.
Watering Hole” due to the presence of a fresh spring

This location was also known as “The

there that supplied vessels with water on their return
voyages to Europe. The settlement failed within two
years, however, when the Lenni Lenape attacked the
settlement in retaliation for having been wrongfully
accused of stealing pigs belonging to the settlers. Two
subsequent attempts by Cornelius Melyn to establish
settlements near Fort Wadsworth in 1642 and 1650
also failed within only a few years due to conflicts
with the Lenni Lenape precipitated by the mistreat-

ment of the Native Americans by the Dutch colo-
nial government and Dutch settlers (Lundrigan and
Navarra 1997:7; Dickenson 2003:12-15; Panamerican
Consultants, Inc. 2005:3-21).

European colonists established the first permanent
settlement on Staten Island in 1661, when Governor
Peter Stuyvesant granted land on the island to a group
of Dutch and French settlers under the leadership of
Pierre (Peter) Billou (Dickenson 2003:17). Eventually
known as Oude Dorp, or Old Town, this settlement
stood along Old Town Road, which followed the pres-
ent alignment of Olympia Boulevard and Robin Road
in South Beach at the northern end of Staten Island
approximately 1,200 feet west of the project align-
ment (Panamerican Consultants, Inc. 2005:3-21). In
1664, Oude Dorp housed between 12 and 14 families
and consisted of a wooden blockhouse surrounded by
several wooden houses (Panamerican Consultants,
Inc. 2005:3-21). That same year, the British seized
control of New Amsterdam from the Dutch and Staten
Island became part of the West Riding of Yorkshire in
the province of New York. Oude Dorp was renamed
Dover by the English (Leng and Davis 1930:108-112;
Lundrigan and Navarra 1997:7).

Efforts to colonize Staten Island intensified under
British control, and, beginning in 1670, Governor
Francis Lovelace ordered dozens of lots to be laid out
on the north, east and south shores of Staten Island.
Toward the southern end of the project alignment, for
example (in the vicinity of the Lake tide mill), Jacques
Guyon secured a patent for a large tract of land that
included the neighborhood of Oakwood. During the
ensuing decades, the British colonial government
issued dozens of new land patents, and new settlers
slowly arrived on Staten Island. During the 1670s, a
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new settlement known as New Dorp, or New Town,
appeared on the east side of Staten Island approxi-
mately 1.5 miles west of the project site in the vicin-
ity of the intersection of Richmond Road and Amboy
Road. By 1679, approximately 100 families occupied
the island, displaying a mix of Dutch, English and
French surnames (Leng and Davis 1930:117, 125;
Steinmeyer 1950:13-14; Dickenson 2003:19).

In 1683, the British convened the first Provincial
Assembly of New York, which enacted a law to reor-
ganize the province’s civic structure. The law estab-
lished Staten Island and the neighboring Shooter’s
Island and Island of Meadows as a separate entity
within the province of New York and organized them
into the County of Richmond. Richmond County rep-
resented one of New York’s original counties and was
named in honor of the Duke of Richmond, the brother
of England’s King Charles II. The settlement of New
Dorp, which was also known as Stony Brook, became
the county seat (Bayles 1887:90-91; Leng and Davis
1930:128; Lundrigan and Navarra 1997:7; Dickenson
2003:28; Jackson 2010).

In 1688, the British divided Richmond County into
four administrative precincts that generally corre-
sponded to Staten Island’s natural features and were
known as the North, South and West divisions and
the “Lordship or manner of Cassiltowne,” the latter
encompassing 5,100 acres of land in northwestern
Staten Island, roughly opposite Bayonne, which had
been granted to Governor Thomas Dongan in 1687
(Leng and Davis 1930:128; Jackson 2010). These pre-
cincts were designated, respectively, as the townships
of Northfield, Southfield, Westfield and Castleton
in 1788 by the New York State Legislature (Morris
1898:114; Lundrigan and Navarra 1997:7). The proj-
ect alignment was located entirely within Southfield
Township until 1866, when the village of Edgewater
was formed from the northern portion of the town-
ship. Edgewater’s boundaries incorporated the cur-
rent neighborhoods of Stapleton, Tompkinsville and
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Clifton and the northern terminus of the project align-
ment. In 1898, Staten Island became a borough within
New York City and all of its villages and townships
were dissolved (Jackson 2010).

During the decades following the creation of Richmond
County in 1683, Staten Island developed at a relatively
slow pace. The British continued to grant land patents
to settlers in fractions and multiples of 80 acres, and
by 1708 the entirety of Staten Island had been divided
into approximately 166 farmsteads and two large
estates known as the Manor of “Cassiltowne,” which
belonged to Governor Thomas Dongan, and the Manor
of Bentley, which belonged to Captain Christopher
Billopp and encompassed 1,600 acres of land in
southwestern Staten Island roughly opposite Perth
Amboy and South Amboy. The population of Staten
Island rose accordingly, growing from 727 people in
1698 to 1,889 people in 1737 and to around 3,000 in
1776 on the eve of the Revolutionary War (Steinmeyer
1950:18-19; Dickenson 2003:20). Enslaved Africans
constituted between 10% and 20% of Staten Island’s
population during this period (Steinmeyer 1950:18-
19).
Staten Island during this period, with ferries provid-
ing access from the island to lower Manhattan and

A transportation network also developed on

to settlements and towns on Long Island and in New
Jersey, and a nascent network of roads connecting the
isolated hamlets and farms scattered across the island
with the new administrative and government center
established at Richmond (Richmondtown) in 1729
(Dickenson 2003:28-29).

A Map of New York and Staten Island published by
George Taylor and Abraham Skinner in 1781 captures
this transportation network and the predominantly
rural and agricultural landscape that Staten Island
still retained more than a century after Europeans had
established the first permanent settlement at Oude
Dorp (Figure 4.1). Unsurprisingly, Richmond repre-
sented Staten Island’s main population center during
this period, although New Dorp, which is not identi-




GEOMORPHOLOGICAL/ARCHAEOLOGICAL STUDY: SOUTH SHORE OF STATEN ISLAND

ISLT “pupisy uaini§ pupv y.10{ MaN o dppy 7 JO 1819 IOUUD[S WBYRIQY puk 081030 ‘I0[AR], ']'H 9InS1]

000°6

Ve

2

06.'9

1004

00S'y

0sz'c Sek'k 0

juswubiy 108foid

puaba

Page 4-3




HUNTER RESEARCH, INC.

fied by the 1781 Taylor and Skinner map, remained
one of the larger settlements on the island. In contrast
to the dense clusters of buildings at Richmond and
New Dorp, the south shore of Staten Island remained
sparsely developed in the late 18th century, with the
project alignment primarily running through unde-
veloped beaches and marshland. Three roads were
located within close proximity to or passed through
the project alignment. At the northern terminus of
the project alignment, Old Town Road curved north-
east from Richmond Road towards the Narrows on
a path that corresponded with the present alignment
of Quintard Street, Olympia Boulevard and Robin
Road. Two dwellings stood on the southeast side of
Old Town Road in the vicinity of the project align-
ment, including a dwelling constructed by Thomas
Walton in 1668 east of the present location of Ocean
Avenue (Panamerican Consultants, Inc. 2005:3-21).
Toward the southern end of the project alignment,
New Dorp Lane and Mill Street ran directly through
the project alignment. New Dorp Lane connected
Richmond Road with the south shore of Staten Island
and provided access to a one-story fieldstone dwelling
constructed in 1677 by Obadiah Holmes, which is cur-
rently located at Historic Richmondtown and known
as the Britton Cottage, and an 18th-century dwelling
owned by R. Barnes (Panamerican Consultants, Inc.
2005:3-58, 3-59). Mill Street ran southwest from
New Dorp Lane to the Great Kills and past the Lake
tide mill (see below, Chapter 4B).

Apart from Richmond, Southfield Township remained
predominantly rural and agricultural until the late
19th century. In fact, the majority of the project
alignment ran through undeveloped marshland and
farmland along the south shore of Staten Island. A
series of mid- and late-19th-century maps illustrates
the limited development that occurred in Southfield
Township and on the south shore of Staten Island dur-
ing this period (Figures 4.2-4.4). Within the vicinity
of the project alignment, development was largely
confined to two areas along Old Town Road and
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New Dorp Lane. According to the 1844 U.S. Coast
Survey map, one structure stood within the boundar-
ies of the project alignment on the beach southeast of
Old Town Road (Figure 4.2). This likely represented
either a fish house or another type of temporary struc-
ture, for it had disappeared by the time James Butler
published his Map of Staten Island, or Richmond
County, New York in 1853 (Figure 4.3). The 1844
U.S. Coast Survey map also incorrectly locates the
Britton Cottage partially within the boundaries of the
project alignment. This likely represented a mistake,
for the Britton Cottage stood to the west of the project
alignment at the southeast corner of New Dorp Lane
and Cedar Grove Avenue (Panamerican Consultants,
Inc. 2005:3-58). The 1844 U.S. Coast Survey map
places the three neighboring dwellings on New Dorp
Lane, including the Barnes House on the north side of
the road, adjacent to and outside the project alignment
boundaries. The elm tree depicted by both the 1844
U.S. Coast Survey map and the 1853 Butler map at the
end of New Dorp Lane represented an important local
landmark and reportedly served as “a mark for ves-
sels coming and going from New York to Amboy and
New Brunswick” during the late 18th and early 19th
centuries (4 New And Correct Mapp of the County
of Richmond 1797; Panamerican Consultants, Inc.
2005:3-76).

Southfield Township continued to grow during the
1850s and 1860s, with the township’s population
more than tripling from 1,012 people in 1820 to 3,645
people in 1860 (Jackson 2010). Southfield Township
grew more slowly, however, than the neighboring
townships of Castleton and Northfield, whose popula-
tions exceeded 6,000 people in 1860, and development
was largely confined to the villages of Stapleton and
Clifton in the north of the township (Jackson 2010).
By the 1850s, development in Southfield Township
had begun to spread from Clifton towards the south
shore of Staten Island. New roads were laid out north-
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Figure 4.4a. Walling, H.F. Detail of Map of Staten Island, Richmond County, New York. 1859.

Page 4-7




HUNTER RESEARCH, INC.

Legend N
Project Alignment A
0 375 750 1,500 2,250 3,000
N T E——
Feet

Figure 4.4b. Walling, H.F. Detail of Map of Staten Island, Richmond County, New York. 1859.
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Figure 4.4c. Walling, H.F. Detail of Map of Staten Island, Richmond County, New York. 1859.
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west of the project alignment in the area currently
occupied by Fort Wadsworth, and new dwellings and
large estates were constructed along these roads.

Based on the 1853 Butler map and H.F. Walling’s
Map of Staten Island, Richmond County, New York,
which was published in 1859, the project alignment
ran along the south shore of Staten Island to the east
of a line of five houses located on the east side of
Sea Avenue, which followed the current alignment of
Lily Pond Avenue and Father Capodanno Boulevard
(Figures 4.3 and 4.4a). The Walling map of 1859
identifies these houses as belonging to H. Fountain,
J.J. Henry, W. Fellows (two houses) and Kettletas
(Figure 4.4a). Between 1844 and 1850, a small
settlement also developed in Southfield Township in
the vicinity of the elm tree at the end of New Dorp
Lane.
passed seven dwellings located along New Dorp
Lane and Cedar Grove Avenue in 1853 (Figure 4.3)
(Morris 1898:412).
stood a large cedar grove, which extended southeast
towards the shore and occupied a large property that
also contained a dwelling and a pier. While the dwell-

Known as Oceana, this settlement encom-

To the southwest of Oceana

ing remains unidentified on the 1853 Butler map, the
1859 Walling map labels the dwelling as the property
of Mrs. Peersoll (Figures 4.3 and 4.4c). By 1859,
Oceana contained eight dwellings, a lighthouse, which
had been constructed on the south side of New Dorp
Lane in 1856 and was known as the EIm Tree Light,
and a dwelling for the lighthouse keeper (Figure 4.4b)
(Panamerican Consultants, Inc. 2005:3-76). The
name Oceana disappeared from popular usage after
1860 (Morris 1898:412). To the southwest of Oceana,
two fish houses belonging to William Loveridge stood
within the boundaries of the project alignment in 1853
and 1859 (Figures 4.3 and 4.4c¢).

As with the preceding decades, the rate of growth and
development within Southfield Township was rela-
tively stagnant during the 1860s and 1870s, despite the
opening of the Staten Island Railway in 1860 (Jackson

Page 4-10

2010). In fact, the population of Southfield Township
actually dropped slightly from 5,082 people in 1870
to 4,980 in 1880 (Jackson 2010). The establishment
of the village of Edgewater in 1866 removed an
area of relatively dense development from the town-
ship’s boundaries, and settlement within Southfield
Township remained concentrated at Richmond and
along Richmond Avenue during the ensuing decades.
The Map of Staten Island published by M. Dripps in
1872 captures Southfield Township’s predominantly
agricultural landscape and shows that undeveloped
farmland and marshland continued to surround the
project alignment on the south shore of Staten Island
(Figure 4.5). Several new streets that extended from
Richmond Avenue through the project alignment to
the shoreline had been laid out at Linden Park and
Grant City by 1872, but no buildings or dwellings had
been constructed along these new streets. The four
dwellings on Sea Avenue, the Elm Tree Light and
the neighboring buildings on New Dorp Lane and the
Lake house and tide mill remained the only structures
in the vicinity of the project alignment. By 1872, the
small settlement on New Dorp Lane was no longer
known as Oceana and contained the Elm Tree Light,
approximately four dwellings, a hotel known as the
Gangerrolf House and a club house (J.B. Beers & Co.
1874). This club house stood to the west of the project
alignment at the intersection of New Dorp Lane and
Cedar Grove Avenue and was associated with a pri-
vate racecourse developed by William H. Vanderbilt,
the son of Cornelius Vanderbilt, between 1859 and
1872. A grandstand and stables also stood on the
property (Panamerican Consultants, Inc. 2005:3-63).

The pace of development within Edgewater Village
and Southfield Township began to intensify during
the 1880s as the first hotels and recreational facili-
ties were constructed along the south shore of Staten
Island (Figures 4.6a and 4.6b). The construction of
a branch of the Staten Island Railway between Saint
George and Arrochar in 1886 helped to spur this
development (Panamerican Consultants, Inc. 2005:3-
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Figure 4.5. Dripps, M. Detail of Map of Staten Island (Richmond Co.), N.Y. 1872.
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Figure 4.6a. J.B. Beers & Co. Detail of Atlas of Staten Island, Richmond County, New York. Section A. 1887.
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Figure 4.6b. J.B. Beers & Co. Detail of Atlas of Staten Island, Richmond County, New York. Section B. 1887.
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23). Between 1874 and 1887, a road known as Seaside
Boulevard was laid out near the northern terminus of
the project alignment in Edgewater Village (Figure
4.6a). Seaside Boulevard followed the same route as
Father Capodanno Boulevard, which runs along the
south shore of Staten Island approximately 260 feet
west of the project alignment. By 1887, two hotels
stood on Seaside Boulevard. The Atlas of Staten
Island published by J.B. Beers & Co. in 1887 identi-
fies these hotels as the “Ocean House,” which was
owned by Tom Brown, and the “Bleak House,” which
was owned by J. Seguine (Figure 4.6a). Seaside
Boulevard continued south into Southfield Township
as an unfinished lane through marshland owned by
Hodges, Mc. Roberts and Cameron. A dwelling
located on the east side of Seaside Avenue, which
the 1887 Beers atlas identifies as the property of
Mrs. S.A. Burlele, stood within the boundaries of the
project alignment.
along Cedar Grove Avenue to the south of New Dorp
Lane during this period (Figure 4.6b).

A resort also began to develop

In addition
to the Gangerrolf House, which stood at the south
end of Cedar Grove Avenue, two additional hotels
stood along Cedar Grove Avenue in 1887. The Hotel
Greenwald occupied a lot on the west side of Cedar
Grove Avenue owned by Dr. Weed. It stood directly
opposite the South Side Pavilion, a beachfront hotel
owned and operated by the Peteler family. To the
south of the South Side Pavilion stood the Sea Side
Nursery, a beachfront facility constructed in 1881 to
care for poor sick children (Panamerican Consultants,
Inc. 2005:3-86). William H. Vanderbilt’s racecourse
still stood on the north side of New Dorp Lane to
the west of the project alignment in 1887, but it was
demolished by 1898 (Panamerican Consultants, Inc.
2005:8-63).

After 1887, the development of the south shore of
Staten Island as a resort and amusement area pro-
ceeded quickly during the 1890s. The consolidation
of Staten Island with New York City in 1898, which
dissolved the island’s four village and five town gov-
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ernments and organized them into wards within the
Borough of Richmond, served as the primary driver
behind this growth (Jackson 2010). As evidenced by
the map of the Staten Island Quadrangle created by
the U.S. Geological Survey in 1900, this development
largely occurred in three distinct clusters at South
Beach, Midland Beach and New Dorp Beach (Figure
4.7). As noted above, South Beach began to develop
as a resort area during the 1880s with the construc-
tion of hotels on Seaside Boulevard at the northern
end of the project alignment. By 1890, these hotels
had been joined by additional hotels, dance pavilions,
shooting galleries, a carousel and other amusements
(Panamerican Consultants, Inc. 2005:3-23). During
the 1890s, the South Beach Land Improvement
Company acquired all of the beach south of Sand
Lane and constructed a boardwalk on the property,
renting space to entrepreneurs who opened bathhous-
es, merry-go-rounds and games along the boardwalk
(Panamerican Consultants, Inc. 2005:3-23, 3-24). A
number of hotels and other amusements, including
two casinos and vaudeville establishments owned
by William Nunley and Albert Hergenhan, opened
between the boardwalk and Seaside Avenue in South
Beach during the 1890s. In 1892, the Staten Island
Railway extended its branch line from Arrochar to a
station at Sand Lane in South Beach. This spurred
further development in South Beach during the ensu-
ing decade, and most of the available space between
Seaside Boulevard and the boardwalk was occupied
by hotels and recreational facilities by 1907 (Figures
4.8a and 4.8Db).
businessmen opened an amusement park at the north
end of the boardwalk in 1906. Known as Happyland,
the amusement park housed a restaurant, a theater, a

In 1906, a group of Staten Island

bar, a dance hall, an animal show, a scenic railway
and other attractions (Panamerican Consultants, Inc.
2005: 3-29).

In contrast to South Beach, Midland Beach did not
This
development occurred under the aegis of a subsid-

develop as a resort and area until the 1890s.
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Figure 4.8b. Robinson, E. and R.H. Pidgeon. Detail of Atlas of the Borough of Richmond, City of New York.
Plate 15. 1907.

Page 4-17




HUNTER RESEARCH, INC.

Legend Q
Project Alignment ¥
0 200 400 800 1,200 1,600

Feet

Figure 4.8c. Robinson, E. and R.H. Pidgeon. Detail of Atlas of the Borough of Richmond, City of New York.
Plate 16. 1907.
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Figure 4.8d. Robinson, E. and R.H. Pidgeon. Detail of Atlas of the Borough of Richmond, City of New York.
Plate 17. 1907.
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Figure 4.8e. Robinson, E. and R.H. Pidgeon. Detail of Atlas of the Borough of Richmond, City of New York.
Plate 18. 1907.
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iary of the Midland Beach Railway Company, which
installed trolley lines on Lincoln Avenue and Midland
Avenue in 1896 to provide access from the Staten
Island Railway station at Grant City to the beach. The
company constructed a boardwalk along the beach,
and the Midland Beach Hotel and Casino, a carousel
and a Ferris wheel opened between the boardwalk and
Ocean Avenue between 1897 and 1898. Additional
hotels, including the Richmond Hotel and Cable’s
Hotel, a toboggan and a steamboat pier were con-
structed in Midland Beach during the final years of the
19th century. In 1901, the Southfield Beach Railroad
Company established trolley service between South
Beach and Midland Beach and constructed a station at
the north end of Midland Beach where Ocean Avenue
terminated. All of these structures appear on the A¢las
of the Borough of Richmond published by E. Robinson
and R.H. Pidgeon in 1907 (Figure 4.8¢c). Poppy Joe
Island Beach, an undeveloped tract of land owned by
the Southfield Beach Railroad Company and encom-
passing 25.77 acres, stood to the north of Midland
Beach. Though Poppy Joe Island Beach was used for
camping during the first decade of the 20th century, it
remained undeveloped until the second decade of the
20th century. A casino, bathing pavilion and several
wood-frame structures had been constructed to the
south of Midland Beach at the southeast corner of
Lincoln Avenue and Southside Boulevard by 1907
in an area designated Woodland Beach (Panamerican
Consultants, Inc. 2005:3-43, 3-52).

While South Beach and Midland Beach developed on
the same model as Coney Island during the 1890s and
1900s, New Dorp Beach remained relatively rural dur-
ing this period. In contrast to dense network of hotels,
casinos and other recreational facilities that lined the
boardwalks in South Beach and Midland Beach, the
hotels and recreational facilities at New Dorp Beach
occupied large properties on the east and west side of
Cedar Grove Avenue (Figure 4.8d). Several notable
changes occurred in New Dorp Beach, however,
during this period. In 1891, the Elm Tree Light was

relocated to the north side of New Dorp Lane, where it
stood in 1907. By 1907, the Sea Side Nursery, which
was renamed the Sea Side Hospital of St. John’s Guild
in 1887, had drastically expanded its facilities with the
purchase of the former Gangerrolf House property to
the south, the erection of a rear wing on the main hos-
pital building and the construction of several wood-
frame buildings to the west of the hospital. In 1902,
a fire destroyed the South Side Pavilion, and it was
subsequently rebuilt as the New Dorp Beach Hotel by
Edward Hett. Edward Hett also owned the New Dorp
Hotel and Picnic Ground, which stood opposite the
New Dorp Beach Hotel on a lot formerly occupied by
the Hotel Greenwald. To the north of the South Side
Pavilion/New Dorp Beach Hotel stood the Southfield
Hotel, which had been constructed by Felix Boehm in
the 1890s. In 1907, the land to the south of New Dorp
Beach remained undeveloped and was divided into
narrow lots of salt meadow (Figure 4.8d).

South Beach and Midland Beach remained popular
resort and amusement destinations through the third
decade of the 20th century. Although the Happyland
amusement park closed in 1917 after only 11 years in
operation and was subsequently destroyed by a fire
later that year, South Beach still retained the dense
network of hotels, casinos, bath houses and other
recreational facilities that had developed between the
boardwalk and Seaside Avenue during the preceding
three decades. Midland Beach likewise continued to
thrive during this period, and a roller coaster and a
scenic railway were constructed to the east of Ocean
Avenue prior to 1917. By 1917, wood-frame bun-
galows lined the shore at Poppy Joe Island Beach
immediately north of the Midland Beach roller coaster
and several bungalow colonies and campgrounds
with names such as Camp Warren, Bungalow Town,
Moore’s Camp and Ocean Breeze had been established
along the previously undeveloped shoreline between
South Beach and Midland Beach. Woodland Beach
also grew during this period, and wood-frame bunga-
lows replaced its campsites between 1907 and 1917
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(Panamerican Consultants, Inc. 2005:3-52). A series
of maps published by George W. Bromley and Walter
S. Bromley in their Atlas of the City of New York,
Borough of Richmond, Staten Island and the Sanborn
Map Company in its Insurance Maps of Staten Island,
Borough of Richmond, New York in 1917 capture this
changing landscape (Figures 4.9a-d) (Sanborn 1917).

Like South Beach and Midland Beach, New Dorp
Beach thrived as a resort and amusement area into
the third decade of the 20th century. In fact, the
development that occurred in New Dorp Beach dur-
ing this period radically altered the rural character
that it had maintained until circa 1910 (Panamerican
Consultants, Inc. 2005: 3-70). By 1917, a grid of
new streets lined with small rectangular lots occupied
by modest one-story, wood-frame bungalows had
been constructed on the west side of Cedar Grove
Avenue, replacing the New Dorp Hotel and Picnic
Ground and the neighboring dwellings that had stood
to the south of New Dorp Lane in 1907 (Figures 4.9¢)
(Sanborn 1917). This street grid extended to the east
side of Cedar Grove Avenue, where it terminated at
Bayview Place immediately adjacent to the Elm Tree
Light lighthouse keeper’s dwelling. A new bungalow
colony, which the 1917 Bromley atlas identifies as the
New Dorp Beach Camping Grounds, also appeared
on the east side of Cedar Grove Avenue to the south
of Waterside Street during this period. Felix Boehm
made significant changes to his resort, Felix Boehm’s
Picnic Grounds, on the east side of Cedar Grove
Avenue between 1907 and 1917. During this period,
he constructed bathhouses, erected a wood-frame
building that served as a gymnasium and housed a
dance hall and a bowling alley and demolished the
Southfield Hotel. The New Dorp Beach Hotel contin-
ued to operate during this period as Munger’s Seaside
Park. The Seaside Hospital of Saint John’s Guild was
also extensively renovated. Between 1909 and 1911,
the hospital’s original 1881 wing was demolished and
four one-story diagonal wings of fireproof concrete
and brick construction were added to the rear wing
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that had been erected in 1901. To the south of New
Dorp Beach, a private bungalow colony known as the
Cedar Grove Club and comprised of modest wood-
frame bungalows arranged along the beach developed
between 1910 and 1917 (Panamerican Consultants,
Inc. 2005: 3-76 - 3-91). While additional clusters
of wood-frame bungalows lined the shoreline in
Oakwood Beach between Kissam Avenue and Fox
Lane in 1917, undeveloped salt meadows and marsh-
land continued to predominate (Figures 4.9f and 4.9g).

As previously noted, the south shore of Staten Island
remained a popular resort and amusement destination
into the third decade of the 20th century. As evidenced
by a series of aerial photographs produced by the
Fairchild Camera Company in 1924, the grid of resi-
dential streets and neighborhoods that currently char-
acterizes the neighborhoods of South Beach, Midland
Beach and New Dorp Beach was well established by
1924 (Figures 4.10a-d). Between 1917 and 1924, the
number of bungalows and dwellings in these neigh-
borhoods significantly increased. While undeveloped
pockets of marshland still occurred, most noticeably
between South Beach and Midland Beach and New
Dorp Beach and Oakwood Beach, the south beach of
Staten Island’s suburban landscape was well estab-
lished by the 1920s. This landscape included Miller
Field, a coastal defense air station constructed by the
federal government on the former Vanderbilt estate,
which stood on the north side of New Dorp Lane,
between 1919 and 1921 (Panamerican Consultants,
Inc. 2005:3-68). Beginning in the 1920s, however,
the resort and amusement areas along the south shore
of Staten Island began to slowly decline in popularity.
The pollution of New York Bay during this period
This,
coupled with a series of major fires in the 1920s

lessened the recreational appeal of the area.

and the construction of the Franklin D. Roosevelt
Boardwalk in the 1930s, precipitated the demise of
many of the hotels and private recreational facilities in
South Beach and Midland Beach. In 1937, only a few
bathhouses, rooming houses, a carousel and a hotel
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Figure 4.9b. Bromley, George W. and Walter S. Bromley. Detail of Plate 13. Atlas of the City of New York,
Borough of Richmond, Staten Island. 1917.
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Figure 4.9c. Bromley, George W. and Walter S. Bromley. Detail of Plate 14. Atlas of the City of New York,
Borough of Richmond, Staten Island. 1917.
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Figure 4.9d. Bromley, George W. and Walter S. Bromley. Detail of Plate 16. Atlas of the City of New York,
Borough of Richmond, Staten Island. 1917.
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Figure 4.9¢. Bromley, George W. and Walter S. Bromley. Detail of Plate 18. Atlas of the City of New York,
Borough of Richmond, Staten Island. 1917.
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Figure 4.9¢. Bromley, George W. and Walter S. Bromley. Detail of Plate 24. Atlas of the City of New York,
Borough of Richmond, Staten Island. 1917.
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remained in operation in South Beach, while several
bathhouses, a carousel and a roller coaster still stood
in Midland Beach (Sanborn Map Company 1937,
Panamerican Consultants, Inc. 2005:3-29). At New
Dorp Beach, the Sea Side Hospital of St. John’s Guild
and the New Dorp Beach Hotel, which became known
as Mandia’s Hotel, remained open in 1937 (Sanborn
Map Company 1937; Panamerican Consultants, Inc.
2005:3-88).

During the ensuing decades, the south shore of Staten
Island underwent numerous changes as New York City
slowly transformed the shoreline into public space.
As previously noted, the construction of the Franklin
D. Roosevelt Boardwalk effectively brought an end to
the era of private resorts on the south shore of Staten
Island. Designed to open the approximately 2.5 miles
of shoreline and beach to the public, the Franklin
D. Roosevelt Boardwalk was built by the Works
Progress Administration between 1935 and 1937. It
underwent extensive renovations and reconstructions
in the 1950s and 1990s and currently extends from
Ocean Avenue in South Beach to Greeley Avenue
in Midland Beach (Gottlock and Gottlock 2013).
Approximately 12 years later in 1949, New York City
opened the Great Kills Park to the public as Marine
Park. Originally planned in 1929, the approximately
523-acre park was formed from Crooke’s Point, an
area of upland located at the tip of the south shore
of Staten Island more than a mile to the south of the
project alignment, and reclaimed marshland, which
included the site of the Lake house and the Lake
tide mill, with more than 15 million yards of fill. In
1972, the Great Kills Park was incorporated into the
Staten Island Unit of the Gateway National Recreation
Area along with Miller Field, which was decommis-
sioned by the federal government in 1969, and Fort
Wadsworth, which is located immediately adjacent to
the northern terminus of the project alignment (7he
New York Times, 23 April 1929; National Park Service
1976:113; National Park Service 1989:4). Between
1954 and 1966, New York City demolished the Sea
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Side Hospital of St. John’s Guild at New Dorp Beach
and the 20th-century bungalows that stood south-
east of New Dorp Lane and Cedar Grove Avenue
(Nationwide Environmental Title Research 1954,
1966). The Cedar Grove Club and its 20th-century
bungalows survived until 2010, when the New York
City Department of Parks and Recreation revoked its
permit and demolished the bungalows (D’Elia, Wenus
and Slepian 2012). The south shore of Staten Island
sustained significant damage during Hurricane Sandy
and many of the extant 20th-century bungalows and
dwellings in Oakwood Beach were subsequently
demolished (National Environmental Title Research
2012-2015; Gottlock and Gotllock 2013).

B. HISTORY OF THE LAKE TIDE MILL

The history of the Lake tide mill dates back to
1696, when Daniel Lake (I) acquired 270 acres of
land on the Great Kills from Peter Billeau and Isaac
Billeau (Table 4.1) (Richmond County Deed B/240;
Richmond County Deed B/241). He also purchased
an adjoining 80-acre tract of land from Peter Billeau
(Figure 4.11) (Richmond County Deed B/240). Born
to John and Anne Spicer Lake in Gravesend, Long
Island, Daniel Lake (I) relocated to Staten Island with
his family circa 1695 (Mullane and Johnson 1981:7).
During the ensuing years, he amassed substantial
landholdings near the Great Kills. However, shortly
after acquiring the 270-acre parcel on the Great Kills
from Peter and Isaac Billeau and the adjoining 80-acre
parcel from Peter Billeau (Billous), Daniel Lake
(I) sold the western half of the property to Joseph
Holmes, his stepson, on March 3, 1696, retaining for
himself the eastern half, including the future site of
the Lake tide mill (Richmond County Deed B/242;
McMillen 1951:1). The site of the tide mill remained
in the Lake family during the next four generations,
passing to Daniel Lake (I)’s son, Daniel Lake (II), his
grandson, Daniel Lake (III) and his great grandson,
Daniel Lake (IV) (McMillen 1951).
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Transfer Date
4 February 1696

5 February 1696

Unknown

9 October 1727

Uknown

Unknown

2 May 1803

21 July 1825

8 April 1826

10 April 1834

8 September 1854

29 November 1856

19 September 1860

Table 4.1. Lake’s Tide Mill Sequence of Ownership.

Grantor

Peter Bilyou (Billeau)

Isaac Bilyou (Billeau)

Daniel Lake (1)

Daniel Lake (1)

Daniel Lake (Il1)

Daniel Lake (IV)

Daniel Lake, Jr. (mariner) and
Margaret Lake and Cornelius
Lake (miller) and Susannah
Lake

Edward Beatty

John Beatty (miller) and
Elizabeth Beatty, Cornelius
Beatty (tanner and currier)
and Ann Beatty, Jacob Lozier
(mason) and Sarah Lozier,
Jacob Beatty and Elizabeth
Beatty and Isabella Eleanor
Beatty

James and Ann Beatty

Henry B. Metcalf, referee

Arthur G. Lake

George J. Greenfield, referee

Grantee
Daniel Lake (1)

Daniel Lake (1)

Daniel Lake (1)

Daniel Lake (I11)

Daniel Lake (IV)

Daniel Lake, Jr. and
Cornelius Lake

Edward Beatty (merchant)

John Beatty, Jacob Beatty
and James Beatty

James Beatty

James McLees (Monmouth,

New Jersey)

Arthur G. Lake

James Mclees

Arthur G. Lake

Reference
Richmond County Deed B/240

Richmond County Deed B/241

Unknown

Daniel Lake Will on file at New

York Historical Society
Unknown

Unknown

Richmond County Deed F/357

Richmond County Will C/942

Richmond County Deed 0/256

Richmond County Deed V/433

Richmond County Deed 35/91

Richmond County Deed 41/606

Richmond County Deed 46/607

Sale Price

Illegible

Illegible

n/a

n/a

n/a

n/a

£1,000.00

n/a

2,000.00

1,800.00

3,500.00

1,700.00

3,000.00

Notes

A lot of land on the south side of Staten Island bordering
land of Jacques Guyon containing 270 acres. This lot of
land included what eventually became the Lake's Tide Mill
property. Also, a lot of land on the south side of Staten
Island containing 80 acres.

A lot of land on the South side of Staten Island bordering
land of Jacques Guyon containing 270 acres. This lot of
land included what eventually became the Lake's Tide Mill
property.

It is believed that Daniel Lake (1) devised the 270-acre
property that he purchased from Peter and Isaac Billeau to
his son Daniel Lake (II).

Daniel Lake (I1) devised his real estate to his sons Daniel
Lake (111) and William Lake.

It is believed that Daniel Lake (111) gave land that contained
the Lake's Tide Mill property to his son Daniel Lake (V).
When Daniel Lake (I1l) died in 1792, he devised a salt
meadow located adjacent to land owned by Daniel Lake
(1V) and the mill creek to his son.

It is believed that Daniel Lake (IV) gave the Lake's Tide Mill
property to his sons Daniel Lake, Jr. and Cornelius Lake. No
deed for this transfer of ownership was recorded with the
county.

Lot of land containing 13.3 acres with mill creek, mill pond,
mill race and mill dam lying to the west and mill house,
dwelling house, barn, outhouses and orchards.

Edward Beatty named his sons John Beatty, Jacob Beatty
and James Beatty and his friend Richard Corner as
executors of his estate, devised his real estate and personal
estate to them as tenants in common and granted them
the right to sell his real estate and personal estate.

Lot of land containing 13.3 acres with mill creek, mill pond,
mill race and mill dam lying to the west and mill house,
dwelling house, barn, outhouses and orchards.

Lot of land containing 13.3 acres with mill creek, mill pond,
mill race and mill dam lying to the west and mill house,
dwelling house, barn, outhouses and orchards. Also a lot of
meadow containing 5 acres of land on the south side of the
mill property. James McLees died intestate in 1835 and his
property passed to his wife Rebecca Lewis McLees.

Lot of land containing 13.3 acres and mill creek, mill pond,
mill race and mill dam. Also a 5.0-acre salt meadow at the
Great Kills near the southeast end of the mill. Property sold
at public auction due to order of Supreme Court of New
York related to action of Tyler McClees and wife against
William Loveridge and others. William Loveridge married
Rebecca Lewis McLees in 1841.

One undivided half part of a lot of land containing 13.1
acres and mill creek, mill pond, mill race and mill dam. Also
in a 5.0-acre salt meadow at the Great Kills near the
southeast end of the mill. James McLees was presumably
the son of James and Rebecca McLees.

Lot of land containing 13.3 acres and mill creek, mill pond,
mill race and mill dam. Also a 5.0-acre salt meadow at the
Great Kills near the southeast end of the mill. Sold at public
auction due to order of Supreme Court of New York in
action of James McClees against Arthur G. Lake.
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The date when the Lake tide mill was constructed
remains unclear, although the available documenta-
tion suggests that it was built between 1709 and
1723, most likely by Daniel Lake (II). According to
McMillen (1951:1, 4), a 1709 survey for the laying
out of Mill Road, on which the Lake tide mill stood,
did not mention the mill. In 1723, however, another
survey of this road described it as running to the mill
(McMillen 1951:4). A miller’s house, known as the
Lake house, was likely constructed at the same time as
the tide mill. It stood northeast of the mill on the south
side of Mill Road (McMillen 1951:4). Born circa
1684 in Gravesend, Long Island, Daniel Lake (II) was
the first of two sons born to Daniel Lake (I) and Alice
Stillwell Lake (Mullane and Johnson 1981:10). He
died in 1727 and devised “all my lands and tenements
where [ now dwell” to his sons Daniel Lake (IIT) and
Joseph Lake in his will, which was proved on October
9, 1727 (New York Historical Society Publication
Fund 1903:54; Mullane and Johnson 1981:13-14).

Born on January 26, 1719, Daniel Lake (III) mar-
ried Sarah Connor(s) (Daniel Lake Vertical File).
The couple had eight children, and their eldest son,
Daniel Lake (IV) was born in 1741. Daniel Lake (IV)
worked as a miller, probably following in his father’s
footsteps. He apparently received the tide mill and the
associated house and property from Daniel Lake (IIT)
prior to 1790, possibly following his marriage to Ann
Garrison Lake in 1762, for both men appear in the fed-
eral population census schedule of 1790 for Southfield
(Mullane and Johnson 1981:19).
1790 federal population census schedule, Daniel Lake

According to the

(III), whom the census identified as Daniel Lake, Sr.,
headed a household that included one boy under the
age of 16, likely a grandson, a woman, presumably
his wife, and ten slaves. The houschold of Daniel
Lake (IV), whom the census listed as Daniel Lake,
Jr., included a boy under the age of 16, likely his son,
a woman, presumably his wife Ann Garrison Lake,
and a single slave (U.S. Federal Census, Population
Schedule, Southfield, Richmond, New York 1790).

After his father’s death on August 30, 1792, Daniel
Lake (IV) inherited a salt meadow adjoining his land
and Mill Creek, a silver broad sword and a slave
named Thomas (Richmond County Will #24; Davis
1889).

Maps from this period show the Lake family’s tide
mill and the surrounding landscape. On the Plan (No.
31) du Camp Anglo-Hessois dans Staten Island, New
York, which was created between 1780 and 1783, the
tide mill appears at the end of Mill Road in a marshy
area directly adjacent to the Great Kills (Figure 4.12).
Although the map identifies the owners of the major-
ity of the neighboring properties, including houses
belonging to D. Lake and W. Lake, it does not provide
the name of the owner of the tide mill or the miller’s
house, which stands slightly north of the mill on the
west side of Mill Road. Likewise, 4 Map of New York
and Staten Island published by George Taylor and
Abraham Skinner in 1781 does not identify property
owners, though it provides more detailed and accurate
information about the tide mill and the surrounding
landscape (Figure 4.13). In addition to the Lake
house, which the map correctly locates on the east side
of Mill Road, and the tide mill, the Taylor and Skinner
map of 1781 also depicts the dam that spanned Mill
Creek and which, at high tide, retained the millpond
that powered the mill. By 1781, a ditch or canal con-
nected Bass Creek to the millpond, providing addition-
al water for the operation of the mill. 4 Map of Staten
Island during the Revolution, 1775-1783, which was
prepared by a Staten Island historian named Loring
McMiillen in 1933, lists Daniel Lake, Jr. (Daniel Lake
IV) as the owner of the tide mill and the occupant of
the Lake house (Figure 4.14). Interestingly, the ditch
does not appear on the New and Correct Mapp of the
County of Richmond published in 1797, although the
Lake house, the tide mill, the millpond and Mill Road
are all present (Figure 4.15).
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Figure 4.12. Detail of Plan (No. 31) du Camp Anglo-Hessois dans Staten Island, New York.
1780-1783. Lake tide mill circled.
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Figure 4.15. Detail of 4 New and Correct Mapp of the County of Richmond. 1797. Lake tide mill circled (note:
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In operational terms, the tide mill (a gristmill) ran on
water power generated by trapping water from Mill
Creek and Bass Creek at high tide behind the dam.
The mill only operated on the outgoing tide when the
miller raised a gate to release the water through the
millrace to turn the mill wheel. Each high tide pro-
vided approximately five hours of milling time, which
equaled a total of ten hours from the two high tides
each day (McMillen 1951:4; Panamerican 2005:3-
62). In contrast to non-tidal mills that would typically
operate for longer periods using the more continuous
flow of a river, enabling them to produce flour both
for local inhabitants and regional markets, the Lake
tide mill, at least initially, most likely functioned as
a relatively small-scale “country” gristmill serving
chiefly neighborhood farmers (McMillen 1951:4).

It appears that Daniel Lake (IV) continued to own
and operate the tide mill and reside in the Lake house
through 1792, when he inherited the salt mead-
ow adjoining his property from Daniel Lake (III).
Sometime during the next seven years, however, he
transferred the property to his sons, Daniel Lake, Jr.
and Cornelius Lake. This may have occurred in 1794,
when Cornelius Lake married Susannah Androvette
(Mullane and Johnson 1981:42). While both broth-
ers evidently owned the property, it appears that
Cornelius Lake occupied the Lake house and operated
the tide mill in the 1790s and early 1800s (see below).
Although Daniel Lake, Jr. reportedly worked as a
miller, a road return from 1796 referred to Cornelius
Lake as the miller and it was Cornelius that the New
York State Comptroller’s Office taxed for a house,
mill and lot, valued at $1,650, in 1799 and 1800
(New York State Comptroller’s Office 1799, 1800;
McMillen 1951:4; Mullane and Johnson 1981:42).
In contrast, Daniel Lake, Jr. only paid taxes on a
house and lot valued at $200 in 1799 (New York State
Comptroller’s Office 1799). In 1800, Cornelius Lake
headed a household that included a boy under the age
of 10, likely his son, a boy between the ages of 10
and 16, possibly his son or a servant, a girl under the
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age of 10, presumably his daughter Sarah Ann Lake,
a woman over the age of 45, presumably his wife
Susannah Androvette Lake, and a slave (U.S. Federal
Census, Population Schedule, Southfield, Richmond,
New York 1800).

Cornelius Lake and Daniel Lake, Jr. retained owner-
ship of the tide mill, the Lake house and the surround-
ing property until 1803, when they decided to offer
the property for public sale. The property contained
a “valuable Grist Mill, with two run of stones, com-
monly known by the name of Lak’s [sic] Mills,” a
house, a barn, 12 acres of land “consisting of Fresh
and Salt Meadow” and a salt meadow (Evening Post,
April 1, 1803:4). Daniel Lake, Jr. and Cornelius Lake
advertised the tide mill as “conveniently situated for
any person wishing to carry on the business of a Flour-
Merchant, as the Mill goes by the tide, and the water is
navigable for vessels drawing from six to seven feet”
(Evening Post, April 1, 1803: 4). This may indicate
that, in contrast to McMillen’s characterization of it
as a “country” mill, the Lake family, by the early 19th
century, was operating the mill as a commercial enter-
prise and processing grain shipped in by coastal ves-
sels from further afield (McMillen 1951:4). Edward
Beatty, a merchant, purchased the tide mill property,
which contained 13.3 acres and included the mill,
the Lake house, a barn, outhouses and an orchard,
from Daniel and Margaret Lake, Jr. and Cornelius
and Susannah Lake for £1,000.00 on May 2, 1803
(Richmond County Deed F/357). The deed recording
the transfer described Daniel Lake, Jr. as a mariner
and Cornelius Lake as a miller, which strongly sug-
gests that Daniel Lake, Jr. never operated the tide mill,
although he may have been involved in grain and flour
shipment (Richmond County Deed F/357).

Edward Beatty appears to have purchased the tide mill
property for his eldest son John Beatty, who had mar-
ried Elizabeth Lake in October 1797. Born on May
26, 1778, Elizabeth Lake was the daughter of William
and Elizabeth Poillion Lake, the granddaughter of
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Daniel Lake (III) and the cousin of Daniel Lake (IV)
(Mullane and Johnson 1981:22).  While the New
York State Comptroller’s Office taxed John Beatty
for a house and farm in 1800, the baptismal record for
his daughter Eleanora Beatty refers to him as a miller
in 1804 (New York State Comptroller’s Office 1800;
New York Genealogical and Biographical Society
1907b: 116). A Richmond County deed of 1826 also
describes John Beatty as a miller and a resident of the
town of Southfield, where the tide mill was located
(Richmond County Deed 0/256). Edward Beatty
died on July 17, 1825, and devised his real estate,
including the mill property, to the executors of his
estate, his sons John Beatty, Jacob Beatty and James
Beatty, and his friend Richard Corner, as tenants in
common, authorizing them to sell his property (New
York Observer, July 23, 1825:3; Richmond County
Will C/942; Bayles 1887:626).
carpenter from Castleton, Staten Island, purchased
the tide mill property from his siblings, James and
Elizabeth Beatty, Cornelius and Ann Beatty, Jacob
and Sarah Lozier, Jacob and Elizabeth Beatty and
Isabella Eleanor Beatty, for $2,000.00 on April 8,
1826 (Richmond County Deed O/256). The property
contained 13.3 acres, the tide mill, the former Lake
house, a barn, outhouses, orchards, gardens and a five-
acre salt meadow (Richmond County Deed 0/256).

James Beatty, a

It is unclear if James Beatty occupied the former Lake
house and operated the tide mill after he purchased
the property, although it appears that John Beatty
continued to live on the property with his family.
Both James Beatty and John Beatty appear in the
1830 federal population census schedule for the town
of Southfield, which indicates that they occupied
separate dwellings, and a Richmond County deed of
1834 refers to James Beatty as a carpenter (Richmond
County Deed V/433). John Beatty headed a household
that included a woman between the ages of 50 and 60,
presumably his wife Elizabeth Lake Beatty, a boy
between the ages of 5 and 10, a boy between the ages
of 10 and 15, a boy between the ages of 15 and 20, a

man between the ages of 20 and 30, a girl under the
age of 5, three girls between the ages of 5 and 10 and a
girl between the ages of 10 and 15, all presumably the
couple’s children (U.S. Federal Census, Population
Schedule, Southfield, Richmond, New York 1830).
Born to Edward Beatty and Eleanor Cortelyou Beatty
on November 16, 1800, James Beatty was 24 years
younger than his brother John Beatty (New York
Genealogical and Biographical Society 1907a: 45;
New York Genealogical and Biographical Society
1907b:113). In 1830, James lived with his wife Ann
M. Beatty, who was between the ages of 20 and 30, a
man between the ages of 60 and 70, likely his father-
in-law, and a woman between the ages of 40 and
50, likely his mother-in-law (U.S. Federal Census,
Population Schedule, Southfield, Richmond, New
York 1830). Regardless of the identity of the occupant
and operator of the tide mill, James Beatty maintained
ownership of the property for only eight years.

James McLees, a resident of Monmouth County, New
Jersey, purchased the tide mill from James and Ann
M. Beatty for $1,800.00 on April 10, 1834 (Richmond
County Deed V/433). The purchase included the 13.3-
acre tract of land on which the mill sat, the former
Lake house, a barn, outhouses, an orchard, gardens
and the five-acre salt meadow (Richmond County
Deed V/433). James MclLees died intestate prior
to August 11, 1835, and the tide mill passed to his
widow, Rebecca Lewis McLees (Monmouth County
Letters of Administration B/28).
McLees married William Loveridge, a basket maker

Rebecca Lewis

from Gloucester, England, on Staten Island on April
6, 1841 (Wright 1909:199). After their marriage, the
couple occupied the former Lake house with Rebecca
McLees’s children, while Loveridge operated the
tide mill (Richmond County Deed 14/532). Between
1844 and 1854, William Loveridge purchased several
salt meadow tracts in Southfield in proximity to the
mill, which Richmond County deeds identified as his
property (Richmond County Deed 14/532; Richmond
County Deed 14/533; Richmond County Deed 27/59;
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Richmond County Deed 32/675; Richmond County
Deed 33/569). According to the 1850 federal popula-
tion census schedule for Southfield, the 40-year-old
William Loveridge worked as a miller and headed a
household that included his wife Rebecca Loveridge,
whose age was incorrectly given as 5, and her three
children: Tyler McClees (20), who worked as a
carpenter, Ann McClees (17) and James McClees
(15) (U.S. Federal Census, Population Schedule,
Southfield, Richmond, New York 1850).

Despite this changing ownership, the tide mill and the
surrounding landscape remained largely unchanged
during the middle decades of the 19th century. The
mill and milldam appear on a Map of New York Bay
and Harbor and the Environs created by the United
States Coast Survey in 1844 (Figure 4.16). They
stood in a marsh surrounding the Great Kills bordered
on the north and east by meadows and farmland.
Interestingly, the 1844 Coast Survey map does not
show Mill Road extending south to the tide mill and
also does not depict the Lake house. This was likely
an oversight since the tide mill, the house and the full
length of Mill Road all appear on the Map of Staten
Island published by James Butler in 1853 (Figure
4.17). In addition to the tide mill and the house,
William Loveridge also owned two buildings that
stood to the east of the mill property at the end of a
lane that extended from Mill Road to the shore of New
York Bay. While the 1853 Butler map did not list the
purpose of these two buildings, H.F. Walling labels
them as fish houses on the Map of Staten Island that
he created in 1859 (Figure 4.18).

William Loveridge apparently lost ownership of the
tide mill in 1854 following a lawsuit brought against
him by his stepson, Tyler McClees (Richmond County
Deed 35/91). Arthur G. Lake purchased the mill prop-
erty at a referee sale for $3,500.00 on September 8,
1854 (Richmond County Deed 35/91). At that time,
the mill property still contained 13.3 acres adjacent to
the millpond, dam and millrace and held the rights to
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Mill Creek, the millpond, millrace and milldam. The
sale also included a five-acre salt meadow near the
southeast end of the mill property (Richmond County
Deed 35/91). Loveridge, however, continued to oper-
ate the mill. The 1855 New York state population
census schedule for Staten Island lists the 46-year-old
miller as the head of a household that included his
wife, Rebecca (58), his stepdaughter, Ann McClees
(21), and Andrew Crawford (50), an Irish servant.
The census reports that the Loveridge household
occupied a frame dwelling valued at $5,000 (New
York State Census, Southfield, Richmond, New York
1855).

By purchasing the tide mill, Arthur G. Lake returned
the property to the descendants of Daniel Lake (I).
Born on October 14, 1811, Arthur Gifford Lake was
the fifth child of Daniel W. Lake and Mary Gifford
Lake (Daniel Lake Vertical File; Lake Family Vertical
File; Mullane and Johnson 1981: 43). Daniel W. Lake
was the son of Captain William Lake, who served in
the Revolutionary War, the grandson of Daniel Lake
(IIT), the great grandson of Daniel Lake (II) and the
great, great grandson of Daniel Lake (I) (Mullane and
Johnson 1981). He married Catherine Johnson, who
died without any children prior to 1850. In 1850, the
38-year-old Arthur G. Lake lived with his brother Dr.
James S. Lake and worked as a fisherman (Mullane
and Johnson 1981:49-50).

As noted above, despite purchasing the tide mill and
the former Lake house in 1854, Arthur G. Lake does
not appear to have initially occupied the property.
Instead, he rented it to William Loveridge. According
to the 1855 New York state population schedule for
Staten Island, Arthur G. Lake (45) lived in Southfield
in a frame dwelling valued at $500. He headed a
household that included James Van Cleese (19) and
Ann Bracken (22), an Irish servant. Neither Arthur G.
Lake nor James Van Cleese listed an occupation (New
York State Census, Southfield, Richmond, New York
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Figure 4.16. U.S. Coast Survey. Detail of Map of New York Bay and Harbor and the Environs. 1844. Lake
tide mill circled.
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Figure 4.17. Butler, James. Detail of Map of Staten Island, or Richmond County, New York. 1853. Lake tide
mill and Lake house circled.

Page 4-46




GEOMORPHOLOGICAL/ARCHAEOLOGICAL STUDY: SOUTH SHORE OF STATEN ISLAND

"PAOIIO [[IW 9PN OB "6G8T YLK MON WGuno) puoutysry ‘pup]sy uapis fo dvpy jo e A'H ‘SUul[[epr 81t dINS1]

1094

009°¢ 0oL’z 008°L 006 0S¥ 0

4 juswubiy 108loid

N puaban

Page 4-47




HUNTER RESEARCH, INC.

1855). James Van Cleese was likely James McLees,
the son of James and Rebecca Lewis McLees and the
stepson of William Loveridge.

Arthur G. Lake sold one moiety, or undivided half
part, of the tide mill property to James McClees for
$1,700.00 on November 11, 1856 (Richmond County
Deed 41/606). H.F. Walling recorded the split owner-
ship of the mill property when he published his Map
of Staten Island in 1859, labeling the Lake house as
the property of Lake and McCluse [sic] (Figure 4.18).
James McClees sued Arthur G. Lake in 1860. Due to
a court ordered public sale resulting from the lawsuit,
Arthur G. Lake again purchased the tide mill prop-
erty at a referee sale for $3,000.00 on September 19,
1860 (Richmond County Deed 46/607). A review of
Richmond County deeds indicates that Arthur G. Lake
and his family retained ownership of the tide mill, the
former Lake house and the surrounding property into
the first decades of the 20th century.

It appears that Arthur G. Lake took possession of and
began to operate the tide mill in or prior to 1860, like-
ly following his marriage to Anna Gertrude Delaney,
an Irish immigrant, in circa 1858/1859 (Mullane and
Johnson 1981:49). The 1860 federal population cen-
sus schedule for Staten Island lists the 45-year-old
Arthur G. Lake as a miller and reports that he owned
real estate valued at $2,400 and had a personal estate
valued at $500. His household included his wife
Anna Lake (21) and their son, Daniel Lake (1) (U.S.
Federal Census, Population Schedule, Southfield,
Richmond, New York 1860). Interestingly, a 50-year-
old miller named Arthur G. Lake also appears in the
1860 federal population census schedule for Brooklyn
as the head of a household including a wife named
Anny Lake (21) and a son named Daniel Lake (1)
(U.S. Federal Census, Population Schedule, Brooklyn,
Kings, New York 1860).
would suggest that this is the same person, it remains
unclear whether Arthur G. Lake lived in both Staten
Island and Brooklyn in 1860. Given the dates of

While the similarities
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the census records — the Brooklyn record dates from
July 1860 and the Staten Island record dates from
October 1860 — it is possible that Arthur G. Lake
moved from Brooklyn to Staten Island (U.S. Federal
Census, Population Schedule, Southfield, Richmond,
New York 1860; U.S. Federal Census, Population
Schedule, Brooklyn, Kings, New York 1860). The
1865 New York State census gives Arthur G. Lake’s
age as 45 and identifies him as a farmer. He occupied
a frame dwelling with his wife, Annie Lake (26) and
their four children: Daniel Lake (6), Mary Lake (4),
Ellen Lake (2.5) and John Lake (11 months) (New
York State Census, Southfield, Richmond, New York
1865).

A series of maps help to document the changing
ownership of the tide mill, the Lake house and the
associated property in the mid- to late 19th century.
A map of New York Bay and Harbor produced by
the United Coast Survey in 1861 shows the tide mill
and house at the end of Mill Road (Figure 4.19). The
small building located immediately north of the Lake
house on the east side of Mill Street likely represents
the barn that stood on the mill property. It appears
that the Map of Staten Island published by G.W. and
C.B. Colton in 1866 copied information from the
1859 Walling map, for it also identifies the tide mill
as a gristmill and incorrectly lists the owners of the
Lake house as Lake and McCluse (James McLees); as
noted above, Arthur G. Lake became the sole owner
of the tide mill and house in 1860 (Figure 4.20). Both
maps show the two fish houses that first appeared on
the Butler map of 1853. By 1872, the fish houses had
disappeared and the owner of the house is listed as
“Lake” (Figure 4.21).

In their Atlas of Staten Island, published in 1874, J.B.
Beers & Co. provide additional detail about the tide
mill property, outlining its boundaries and listing it
as containing 18 acres (Figure 4.22). A dyke or dam
extended west from Mill Road around the tide mill
to the western bank of the Mill Creek, and a road ran
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Figure 4.19. U.S. Coast Survey. Detail of New York Bay and Harbor, New York. 1861. Lake tide mill circled.
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Figure 4.20. Colton, G.W. and C.B. Colton. Detail of Map of Staten Island, Richmond County, New York. 1866.
Lake tide mill circled.
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Figure 4.21. Dripps, M. Detail of Map of Staten Island (Richmond Co.), N.Y. 1872. Lake tide mill circled.
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along the shore of the New York Bay extending south
from Cedar Grove Avenue to John J. Crooke’s land.
This road appears on the map of New York Bay and
Harbor prepared by the United States Coast Survey
in 1882, which also shows the Lake house and its
barn and the tide mill (Figure 4.23). Interestingly, the
1882 United States Coast Survey map indicates that
the two fish houses remained standing on the shore of
the New York Bay at the end of a lane extending east
from Mill Road.

After purchasing the Lake house and the tide mill
property in 1860, Arthur G. Lake continued to oper-
ate the tide mill during the 1870s and 1880s. He
also supplemented his income by farming. In fact,
the federal population census schedule for Staten
Island of 1870 reports that Arthur G. Lake (54) was a
farmer who owned land valued at $4,000. He headed
a household that included his wife, Annie Lake (29)
and their five children: Daniel Lake (11), Mary Lake
(9), Ellie Lake (7), Annie Lake (3) and Arthur G.
Lake (2) (U.S. Federal Census, Population Schedule,
Southfield, Richmond, New York 1870). According
to the 1875 New York State census, Arthur G. Lake
(62) again identified himself as a farmer. He occupied
a frame house valued at $1,500 with his wife, Annie
Lake (34), and their seven children: Daniel Lake
(16), Mary Lake (14), Ella Lake (12), Annie Lake
(8), Arthur Lake (6), Jane Lake (4) and John Lake (2
months). The household also included an Irish laborer
named James Hutton (27) (New York State Census,
Southfield, Richmond, New York 1875).

In 1880, however, the 60-year-old Arthur G. Lake
listed his occupation again as miller (U.S. Federal
Census, Population Schedule, Southfield, Richmond,
New York 1880). His household included his wife,
Annie (Anna) Lake (39), and their eight children:
Daniel W. Lake (21), who worked as a miller, Mamie
Lake (19), Ella Lake (17), Anna Lake (13), Arthur
Lake (12), James Lake (9), John Lake (7) and Janie
Lake (4) (U.S. Federal Census, Population Schedule,

Southfield, Richmond, New York 1880). It appears
that Arthur G. Lake was operating the tide mill as a
“country” gristmill during the 1860s, 1870s and 1880s
and only grinding grain for local farmers on a rela-
tively small scale, for the mill appears in neither the
1870 nor the 1880 federal manufacturing census (U.S.
Federal Census of Manufactures 1870; U.S. Federal
Census of Manufactures 1880). Arthur G. Lake died
at the age of 76 at the Lake house on April 22, 1887,
and devised his real estate and personal property to
his wife, Anna Lake, during her lifetime and then to
his children and their heirs (New York Herald, April
24, 1887:16; Richmond County Will V/111). His will
granted Anna Lake the right to divide the property
between her children prior to her death (Richmond
County Will V/111). The tide mill probably ceased
operation prior to Arthur G. Lake’s death in 1887. In
1890, the celebrated Staten Island historian William T.
Davis reported that the mill had not been used in sev-
eral years because there was nothing to grind (Davis,
Davis Notebook).

The Lake tide mill stood idle for approximately a
decade before the Lake family demolished the build-
ing. The Atlas of Staten Island published by J.B.
Beers & Co. in 1887 shows the tide mill and the
boundaries of the mill property, although it incorrectly
locates the Lake house on the west side of Mill Road
(Figure 4.24). Neither the tide mill nor the house
appear on a map of New York Bay and Harbor created
by the United States Coast Survey in 1889, but the
map does show the dyke that surrounded the house
and protected it from high tides (Figure 4.25). The
absence of the Lake house and the tide mill likely
resulted from a poor quality scan of the original map
rather than from any mistakes made by the United
State Coast Survey.

In 1891, W.R. Miller sketched a revealing view of the
Lake tide mill (Figure 4.26). This evocative draw-
ing shows the two-story, wood-frame, clapboarded
mill building moderately intact several years after the
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Figure 4.23. U.S. Coast Survey. Detail of New York Bay and Harbor, New York. 1882. Lake tide mill circled.
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Figure 4.24. J.B. Beers & Co. Detail of Atlas of Staten Island, Richmond County, New York. 1887. Lake tide
mill circled.
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Figure 4.26. Miller, W.R. “Lake’s Mill, New Dorp, Staten Island.” 1891. Source: Davis 1942:137.
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Lake family closed it, although the mill wheel and
the dam appear dilapidated. The mill was in a similar
condition approximately two years later, as seen in a
circa 1893 photograph, which gives a clearer sense
of the state of deterioration of the waterpower system
(Photograph 4.1). The Lake family reportedly demol-
ished the mill “about five or six years” later (Davis,
Davis Notebook). However, a map of New York Bay
and Harbor published by the United States Coast
Survey, suggests that the tide mill might already have
been demolished by 1895 (Figure 4.27).

Anna Lake continued to occupy the Lake house with
her children after her husband’s death. The 1900
federal population census reports that the 57-year-
old widow headed a household on Mill Road that
included her daughter, Mary Lake (36), her daughter,
Julia Lake (22), and her son, Arthur G. Lake, Jr. (30)
and his family. Arthur G. Lake, Jr. was married to
Alberta A. Lake (26), and the couple had three chil-
dren: Arthur G.W. Lake (5), George R. Lake (3) and
Dorothy A. Lake (1) (U.S. Federal Census, Population
Schedule, Richmond, New York, New York 1900).
The Lake house was a two-story, side-gable, side-hall,
clapboarded dwelling with an exterior brick chimney
and a one-story, side-gable wing (Photograph 4.2). As
noted above, an earthen dyke surrounded the house
and property to protect it from inundation at high tide
(Photograph 4.3). In addition to the house, the dyke
enclosed a barn, several outbuildings, a number of
ornamental and fruit trees planted around the house
and several acres of land that the Lake family culti-
vated to meet its needs and, possibly, to supplement
its income (Photograph 4.4) (Davis, Davis Notebook;
Davis 1942:138; McMillen 1951:4).

During the ensuing decades, the landscape around
the Lake house began to change as Staten Island
slowly began to develop into a suburban enclave for
New York City. In 1900, the house still stood in a
relatively desolate landscape surrounded by the Great
Kills marshes and salt meadows at the end of Mill
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Road (Figure 4.28). A Map of the Richmond Borough
Park System published in 1902, however, shows the
suburban landscape of Oakwood beginning to develop
to the northwest of the Lake house and Mill Road
(Figure 4.29). Although the 1902 map did not depict
any buildings, it does indicate the location of the dyke
that surrounded the Lake house and property. Within
five years, proposed suburban subdivisions occupied
much of the agricultural land to the west of the Lake
house and the Great Kills (Figure 4.30). Ultimately,
the Whitlock subdivision shown on the Atlas of the
Borough of Richmond published by E. Robinson and
R.H. Pidgeon in 1907 between the Great Kills and
Hylan Boulevard was never realized. Despite the
increasing pressures of suburbanization, salt meadows
still surrounded the Lake property, which contained an
L-shaped, wood-frame dwelling and two wood-frame
stables or barns, in 1907.

Salt meadows continued to dominate the landscape
surrounding the Lake house and property into the
second and third decades of the 20th century. A
topographical map of the Borough of Richmond pub-
lished in 1910 depicts the Lake house and farm set
in a sea of salt meadows characterized by a complex
web of ditches (Figure 4.31). The 1910 topographi-
cal map details the layout of the Lake farm, showing
the dyke that enclosed the property, the stable that
stood adjacent to Mill Road, the cultivated fields and
the trees that were scattered across the landscape. At
the southwestern corner of the dyke, a bridge crossed
Bass Creek near the former location of the tide mill. It
is unclear if any members of the Lake family occupied
the house during this period. By 1910, Anna Lake
(67) was living at 303 Guyon Avenue with her daugh-
ter, Mary G. Lake (46) and her son, Arthur G. Lake, Jr.
(40) and his family (U.S. Federal Census, Population
Schedule, Southfield, Richmond, New York 1910).
The property remained in the Lake family, however,
for George S. Bromley and Walter S. Bromley iden-
tify the Lake house as the property of the H.G. Lake
estate in the Atlas of the City of New York that they
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Figure 4.27. U.S. Coast Survey. Detail of New York Bay and Harbor, New York. 1895. Location of Lake tide
mill site circled.
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Figure 4.28. U.S. Geological Survey. Detail of Staten Island Quadrangle. 1913 [1900]. Location of Lake tide
mill site circled.
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Figure 4.29. Detail of Map of a Richmond Borough Park System as Recommended by the Committee on Parks
of the Staten Island Chamber of Commerce. 1902. Location of Lake tide mill site circled.
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Figure 4.30. Robinson, E. and R.H. Pidgeon. Detail of Atlas of the Borough of Richmond, City of New York.
1907. Location of Lake tide mill site circled.
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Figure 4.31. Detail of Borough of Richmond, Topographical Survey. 1910. Location of Lake tide mill site
circled.

Page 4-63




HUNTER RESEARCH, INC.

Photograph 4.1. Lake’s Tide Mill. Circa 1893. Source: Davis. Courtesy of the Staten Island Museum.
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Photograph 4.2. Lake House and property. No date. Note the dyke surrounding the property. Courtesy of the
Staten Island Museum.
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Photograph 4.3. Lake House. 1925. Courtesy of the Staten Island Museum.
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Photograph 4.4. Lake House and property. 1926. Note the barn to the right of the Lake House and the outbuild-
ings. Courtesy of the Staten Island Museum.
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Figure 4.32. Bromley, George W. and Walter S. Bromley. Plate 24. Detail of Atlas of the City of New York,
Borough of Richmond, Staten Island. 1917. Location of Lake tide mill site circled.
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published in 1917 (Figure 4.32). The Lake house and
barn remained standing through 1924, by which time
the Lake family had apparently left the property and
a number of cabins had been constructed on the prop-
erty, including one on the site of the tide mill and at
least three within the walls of the dyke (Figure 4.33)
(Davis 1942: 138).

All visible traces of the Lake tide mill and the Lake
house and property disappeared during the middle
decades of the 20th century. The millstone and a
portion of the mill wheel from the tide mill survived
into the 1920s, but the remains of the wheel were cut
up for firewood during the winter of 1933-1934. By
1942, the Lake house had been demolished and the
Lake property, including the former site of the tide
mill, had been incorporated into Marine Park, now
known as Great Kills Park (Davis, Davis Notebook;
Davis 1942:137). The dyke and many of the trees
that surrounded the Lake house survived until 1942,
but the house site and the tide mill site, including the
milldam, the millpond and Mill Creek, disappeared
prior to 1949 (Davis, Davis Notebook; McMillen
1951:4). Today, the site of the Lake tide mill and the
Lake house lie within Great Kills Park.
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Chapter 5

GEOMORPHOLOGICAL INVESTIGATIONS AND ANALYSIS

A. FIELD METHODOLOGY

Fieldwork for this study began on August 23, 2018
with the excavation of DH32 at the northern end of
the project alignment and continued until November
2018. Following a winter hiatus, work resumed in
April 2019. As of December 2019, when field testing
was officially considered as concluded, 38 split-spoon
borings and 14 Geoprobe borings had been com-
pleted along the alignment of the proposed seawall
(Appendix B).
initially planned, but three were ultimately elimi-

Forty-one split-spoon borings were

nated from the work plan. The original scope-of-work
agreement called for geomorphological monitoring of
21 of the split-spoon borings. Once fieldwork com-
menced, however, it became clear that — because of
the expeditious manner in which the borings were
being carried out — it would be possible monitor a
greater number. Ultimately, 29 of the 38 split-spoon
borings and all of the 14 Geoprobe borings were
observed by the project geomorphologist. Split-spoon
borings that were monitored were as follows: DHI,
2,6,7,8,10, 10A, 11, 12, 13, 14, 15, 16, 19, 19A, 20,
21,22, 23,24, 25, 25A, 26, 27, 28, 29, 30, 31 and 32
(Appendix B).

Of the 29 split-spoon borings which were monitored,
20 were carried to a depth of 36.5 feet below surface
(bs); the remainder were carried out to depths ranging
from 46.5 feet to 136.5 feet below surface (Appendix
B). With one exception (DH23, carried out to a depth
of 46.5 feet bs), all of the deep borings which were
monitored (DHI, 2, 6, 7, 8, 10, 10A, and 11) were
located near the southern end of the project align-
ment. Construction in this area, near Oakwood Beach

and the Oakwood Beach Wastewater Treatment Plant,
is slated to include deep excavation to accommodate
construction of tidal gate structures.

Split-spoon coring was conducted by the Baltimore
District U.S. Army Corps of Engineers Field
Exploration Unit using the Standard Penetration Test
Procedure (SPT) per ASTM D 1586. A truck-mount-
ed rig was employed and 1 3/8 inch ID x 32-inch long
split-spoon samplers were advanced by a 140-pound
The
spoon was advanced 18 inches, then withdrawn and

automatic hammer utilizing a 30-inch drop.

opened for inspection. Following withdrawal of the
spoon after each 18-inch advance, the borehole was
advanced 12 inches utilizing a 3.5-inch diameter roller
bit.
each boring location was sampled, with sampling car-
ried out from surface to 1.5 feet; 2.5 to 4 feet; 5 to 6.5
feet; etc. In the deeper borings, this methodology was
followed to a depth of 50 feet; below that point, an
unsampled auger advance of 3.5 feet was carried out

Thus, approximately 60% of the soil profile at

between each 1.5-foot sampling interval.

Following opening of the spoon, the contained
core segment was examined and described in-situ
by the geomorphologist and a geologic inspector.
Geomorphological inspection and description were
focused on sediment color, texture, gravel content,
organic matter content, characteristics of stratigraphic
boundaries, etc. Following completion of descrip-
tions by both inspectors, subsamples were taken by
the geomorphologist, if warranted, and the remain-
ing sample was bottled and labeled by the geologic
inspector. Subsamples taken by the geomorphologist
were placed into 1-gallon ziplock storage bags and
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labeled (date, project name, boring number, depth
below surface, and location of subsample within the
core segment).

Geoprobe coring was conducted by the Savannah
District U.S. Army Corps of Engineers Field
Exploration Unit utilizing a tracked Geoprobe Model
7822DT Direct Push machine. All Geoprobe coring
was carried out at sites previously cleared and permit-
ted for other subsurface testing. Coring was carried
out in 5-foot increments; eight probes were conducted
to 15 feet below surface, one to 20 feet below surface,
five to 30 feet below surface, and one probe to 40 feet
below surface (Appendix B). Following removal of
the 2-inch OD, 5-foot long PVC liner from the sheath,
the liner was capped at both ends and labeled with the
date, boring number, depth of advance, and an arrow
indicating the direction of boring. In general, the
Geoprobe borings were conducted to gain larger sam-
ples and more complete profiles in locations where
split-spoon borings had shown facies of interest; not
all of the Geoprobe profiles were described in detail.

It should be noted that both split-spoon and Geoprobe
sampling, while extremely useful for characterizing
the subsurface, are not without their limitations when
it comes to analyses such as geoarchaeological and
paleoenvironmental studies. The limitations result
from the recovery of less-than-complete sediment
columns. Results of both of these sorts of studies are
optimal when fine-grained details such as the pres-
ence of (often thin) buried surfaces and the nature
of boundaries between sediment strata or facies
(e.g., abrupt, gradual, diffuse, etc.) can be accurately
identified. An obvious example would be that an
unsampled one-foot auger advance could easily result
in the failure to identify a buried formerly stable
surface. Similarly, subsurface conditions, including
obstructions, frequently result in recovery of partial
or no samples.
sandy sediments generally provided good recovery

in 18-inch advances of the split-spoon though some

In the current study, prevalence of
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advances returned no sample and recoveries ranging
from 12 to 16 inches were common. Similarly, for
the approximately 60 Geoprobe core advances at 14
locations, average recovery was 2.95 feet per five-foot
advance.

Following preliminary review of the field data, select-
ed soil samples were submitted to outside specialists
for processing and analysis. Thirty-five samples were
submitted to Beta Analytic Laboratory in Miami,
Florida, for pretreatment; 28 samples were ultimately
chosen for radiocarbon dating (Appendix C). Thirty-
two samples were submitted to Dr. John G. Jones,
paleoethnobotanist, Chandler, Arizona, for pollen
analysis (Appendix D). Eight samples containing
gross organic matter were submitted to Ms. Justine
Woodard McKnight, archaeobotanical consultant,
Severna Park, Maryland for paleobotanical analy-
sis (Appendix E). In most cases there was overlap
between these sample submissions, i.e., samples
selected for analysis were split and portions submitted
for dating, pollen analysis and — where warranted —
paleobotanical analysis.

Five samples from a single soil column (DH23)
were submitted to PaleoResearch Institute of Golden,
Colorado for diatom identification (Appendix F).
Fifteen samples, 13 of which came from a single soil
column (GP7) were submitted to the Cornell Nutrient
Analysis Laboratory (CNAL) at Cornell University,
Ithaca, New York, for analysis of total carbon and total
nitrogen content. At the request of the project geo-
morphologist, 45 samples were processed for particle-
size analysis by the U.S. Army Corps of Engineers
Baltimore District Materials and Instrumentation Unit
in Baltimore, Maryland (Appendix G). Particle-size
analysis was carried out using both sieve and hydrom-
eter methods.
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B. FIELD INVESTIGATIONS

1. Environmental Zones along the Project
Alignment (Figure 5.1)

On the basis of both modern surficial conditions and
subsurface profiles revealed by borings, the project
alignment can be divided into three major zones.

The first zone lies at the southwestern end of the
alignment and extends 3,000 feet northwest of the
Oakwood Beach Wastewater Treatment Plant (Map
Stations 10+00 to 89+00). Sampling in this zone
involved DH1 through DH10 and GP1 and GP2. This
zone consists mainly of coastal marsh associated with
the Great Kills embayment. The marsh, marked by
dense phragmites and extensive areas of standing
water, surrounds the treatment plant and extends north
through the former residential areas of Tarlton Street,
Fox Beach Avenue, Fox Lane and Kissam Avenue.
Although, overall, the proposed construction corridor
is oriented northeast-southwest, an initial northwest-
southeast reach is designed to tie the seawall into
high ground near the base of the terminal moraine
that extends from just west of Hylan Avenue (site of
DHI) to the southeast corner of the treatment plant
property (site of DH7), at which point the project
alignment turns a right angle and heads northeast. The
northeast-southwest reach of the project alignment
lies at distances of 300 to 600 feet from the shoreline,
within the phragmites marsh; the northwest-southeast
reach extends into the highly modified hollow of Mill
Run, 6,000 feet from the shore. For the purposes of
this report, this area is referred to as the Oakwood
Marsh Zone.

The second zone consists of a slight topographic high
described previously, extending from an area extend-
ing from 2,000 feet southwest of Ebbitts Street to
3,000 feet northeast of New Dorp Lane, a distance of
around 8,500 feet (Map Stations 90+00 to 175+00).
This zone, which includes Cedar Grove Beach, New

Dorp Beach, Miller Field and the southwestern end
of Midland Beach, was sampled by DHI11 through
DHI19A and GP4 through GP8. From the southwest-
ern end of Midland Beach (DH19A) to the southwest-
ern end of Cedar Grove Beach (DH13) the project
alignment is located just landward from the top of the
swash zone, along the boundary between the beach
and the vegetated shoreline. Southwest of DH13, the
alignment angles slightly to the south for a distance of
750 feet before turning southwest again and entering
the phragmites marsh. For the purpose of this report,
this area is referred to as the New Dorp Upland Zone.

The third zone makes up the northeastern half of the
project alignment, from midway between DHI19A
and DH20 (Map Station 175+00) to the northeastern
terminus at DH32 (Map Station 292+45), at the base
of the Fort Wadsworth upland. For nearly the entire
distance, sampling was carried out on or just land-
ward from the backshore, the highest and most stable
part of the former barrier islands. Around DH31,
the project alignment route turns inland toward Fort
Wadsworth to tie into the base of the upland. This part
of the study area is shown on late 18th through early
20th-century maps as lying immediately adjacent to
an extensive coastal marsh surrounding New Creek
and numerous tributaries and for the purposes of this
report is referred to as the New Creek Drainage Zone.

2. Soils along the Project Alignment

USDA-NRCS soil mapping of the project alignment
presents as a mosaic in which more than half of the
alignment and the area immediately landward reflect
Soil
series mapped in these areas and denoting filling or
disturbance comprise:

disturbance, filling and urban development.

* Bigapple (BiA) — sandy dredge spoil; Blown-out
land (Bl) — wind-stripped lag marine depos-
its; Fortress sands (FoA) — sandy dredge spoil;

Page 5-3




HUNTER RESEARCH, INC.

Greenbelt-Urban land complex (GUA); and
Urban land-Greenbelt complex (UGA, UGB,
and UGC) — all of which consist of asphalt over
human-transported sandy or loamy material;

e Jamaica sands (JaA) — sandy dredge spoil; and
Urban land, reclaimed substratum (UrA) and
Urban land, sandy substratum (UsA) — both of
which consist of asphalt over human-transported
material;

*  Urban land-Verrazano complex (UVAI) — asphalt
over loamy human-transported material over
beach sand and/or sandy outwash and/or dredge
spoils; and

e  Verrazano (VzA) — loamy human-transported
material over beach sand and/or sandy outwash
and/or dredge spoils

DHI1 and DH2, at the extreme southwestern end of
the alignment, were situated in an area mapped as the
Boonton-Haledon complex, 0-8% slopes. Both the
Boonton and Haledon soil series are described as hav-
ing formed in parent material made up of red coarse-
loamy till derived from sedimentary rock. Soils in the
area sampled by DH3, DH4 and DHS, along the former
(now filled) hollow of Mill Creek, are mapped as the
Gravesend-Oldmill complex. Both of these soils con-
sist of sandy human-transported material over human-
transported refuse material. DH6 through DH8 and
DHO9A and DH10A were located on the grounds of
the Oakwood Beach Wastewater Treatment Plant and
within the large phragmites marsh extending northeast
from Great Kills respectively.
within a large area of Urban land-Verrazano com-

All were conducted

plex, low impermeable surface (UVAI). DH10 was
located near DH10A but fell within an area mapped as
Jamaica sands, frequently ponded. Jamaica soils are
made up of sandy dredge spoil.
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The area surrounding DH11 and DH12, at the extreme
northeastern end of the large phragmites marsh, is
mapped as Ipswich-Pawcatuck complex, very fre-
quently flooded. These soils consist of herbaceous
organic material over sandy fluviomarine deposits.
Soils in the vicinities of DH13 and DH14, both locat-
ed along the top of the beach in the Cedar Grove area,
are mapped as Hooksan-Verrazano-Urban complex
— sandy aeolian deposits, loamy human-transported
material over sandy aeolian deposits and/or beach
sand and/or sandy dredge spoils and/or sandy glacio-
fluvial deposits, with paving in some areas. DHI1S5,
also in the Cedar Grove area, was located within a
small area mapped as Hooksan sand (HkB), which
consists of sandy aeolian deposits. DH16, imme-
diately south of Miller Field, was conducted at the
seaward edge of a large area mapped as Deerfield
loamy fine sand (DfA), formed in sandy outwash
derived from granite, gneiss and/or quartzite. Local
topography suggests that the Hooksan sand aeolian
deposits mapped at DH15 probably overlie soils of the
Deerfield series.

The locations of DH17 and DH18, both of which were
removed from the testing program, lie at the seaward
edge of Miller Field. The soils are mapped as a com-
plex of Hooksan sand (HkB) and Hooksan-Dune land
complex (HDB), both consisting of sandy aeolian
deposits.
polygons lies an area of Blown-out land (Bl) — wind-
stripped lag marine deposits. Pertinent to this study
is the fact that landward from this, the body of Miller
Field is mapped as Branford loam — coarse loamy gla-
ciofluvial deposits over gravelly glaciofluvial depos-
its. Soils of the Branford series may underlie the

Immediately seaward of these mapping

aeolian cap mapped along the beach edge.

The locations of DH19 through DH31 all lie along
the upper edge of the beach; soils at all of the loca-
tions are mapped as “Beaches, sand” (Bs). The entire
area landward of this reach is mapped as fill, dredge-
derived, and Urban land, including the following soil
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Figure 5.1. Key Aerial Photograph of Project Alignment Showing Locations of Borings. Source: New York Division of Homeland Security and Emergency 2018 and U.S. Army Corps of Engineers, New York District.
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series: Bigapple; Urban land, sandy; Urban land,
reclaimed; Greenbelt-Urban land complex; Fortress
sands; Urban land-Hooksan-Verrazano complex; and
Verrazano. The location of DH32, slightly inland
and near the base of the Fort Wadsworth upland, is
mapped as Verrazano sandy loam — loamy human-
transported material over beach sand and/or sandy

outwash and/or dredge spoils.

3. Overview of Sedimentary Facies

Split-spoon and Geoprobe core recovery revealed
the presence of a minimum of six sedimentary facies
along the project alignment. Sedimentary facies are
bodies of sediment that are recognizably distinct from
adjacent sediments, the differences being attributable
to variation in the depositional environments and
mechanics.

The uppermost facies, identified throughout the study
area, consisted of 3 to 12 feet of marine-derived beach
sand of Late Holocene age — coarse to very fine sand
containing various amounts of very fine to medium
rounded and subrounded gravel (generally zero to
30% by volume). The color of this sand was consis-
tently dark reddish brown to dark brown (generally
2.5YR to 7.5YR 3/2-3/3).

The second major facies was less clearly defined. Itis
assumed that in some borings, at some as-yet unspeci-
fied depth, an interface was encountered between the
Late Holocene deposits and Late Pleistocene glacial
outwash sand and gravel. This interface was defini-
tively distinguished in only a few borings (DHI1
through DH15), where it appears that a thin (one to
four feet) deposit of Late Holocene overwash sand
overlies soil profiles, some of them truncated, formed
in outwash. Even in this area, sediments beneath a
relatively thin weathered profile consist of dark red-
dish brown to dark brown coarse to very fine sand
containing varying amounts of very fine to medium

rounded and subrounded gravel. Difficulty in distin-
guishing the marine sand/outwash boundary in most
of the project alignment may be in part because much
of the sand transported and deposited by wave action
has its origin as near-shore outwash sand of relatively
local origin. Thus, the material making up the bar-
rier beaches is made up largely of reworked outwash
sand and gravel and, as no weathering zone which
may have formed at and below the stable outwash
plain surface was encountered, the boundary was not
identified.

A third major facies consisted of dark gray to black
(generally 2.5Y or 2.5YR2.5/1 to 7.5YR4/1) sediment
dominated by fine-textured material and containing
very fine to gross organic matter. Soil texture was
predominantly clay to silty clay but strata of sandy
loam, sandy clay loam, loamy sand, very fine sandy
clay, and fine and very fine sand were also present.
The upper boundary of this facies, which ranged in
thickness from 5 to 12 feet, was encountered at depths
ranging from 13 to 25 feet below surface (5 to 13
feet below modern sea level). This material is inter-
preted to be made up of sediment deposited within a
coastal lagoon — primarily slackwater deposits along
the lagoon edges and within the body of the shallow,
brackish lagoon — but may also include tidal delta
sediments deposited at tidal inlets and possibly fresh-
water estuarine deposits marking where terrestrial
streams entered the tidal environment of the lagoon.

Sandy strata within the silt- and clay-dominated
lagoon facies are interpreted to be the products of
overwash of the barrier beach by storm-driven waves
powerful enough to carry sediment into the lagoon.
In the interest of brevity, in the following descriptions
these collective deposits will generally be subsumed
under the term “lagoon deposits™; products of the
various depositional settings will be specified as
appropriate. The organic-rich, fine-textured facies
was encountered in eleven of the 29 split-spoon and
five of the 14 Geoprobe borings which were moni-
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tored for this study; all borings which recovered the
dark, organic-bearing lagoon sediments were located
within the northeastern half of the project alignment,
northeast of Miller Field.

The fourth major facies consisted of very dark gray to
black (generally SYR3/1 to 7.5YR2.5/1) fine to very
fine sand containing very fine organic matter and, in
many cases, very fine fragments of mollusk or bivalve
shell. This facies, ranging in thickness from 2 to 7
feet, was generally encountered at 10 to 12 feet below
surface (modern sea level to 4 feet bmsl). This facies
was identified in 13 split-spoon borings, all in the
northeastern half of the project alignment, and is inter-
preted to consist of backbarrier sediment. This facies
is a product of overwash deposition on the landward
side of barrier islands and includes deposition along
the lateral fringe of a lagoon or lagoons.

A fifth facies was encountered almost exclusively
in the Oakwood Marsh Zone and consisted of dense
clay ranging in color from Gley 1 7/N and 2.5Y7/1
to 10R3/6 and 4/8; thin beds and stringers of sandy
clay and coarse, highly leached sand were also pres-
ent. This facies, generally encountered at depths in
excess of 40 to 50 feet bs and extending to depths of
up to 100 feet bs, was recovered in DH5-9A in the
Oakwood Marsh Zone and in DH23 in the New Creek
Drainage Zone. These sediments are interpreted as
part of the Upper Cretaceous-age Raritan Formation.

A less-widespread facies consisted of associations of
silty clay, sandy clay, loam, loamy coarse and medium
sand and higher concentrations of gravel than seen in
samples throughout most of the project alignment.
These sediments, noted in five contiguous split-spoon
borings (DH22-DH25A) and GP11, were encountered
at general depths between 23 and 30 feet bs (generally
between 13 and 20 feet bmsl) and ranged in thickness
from one to eight feet. Many of these samples showed
evidence of oxidation and reduction (redox), some to
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the extent of being gleyed. This suite of associated
sediments is suggestive of stream channel floor, chan-
nel bar and floodplain deposition.

4. Oakwood Marsh Zone (Figure 5.2a;
Photographs 5.1-5.3)

The Oakwood Marsh Zone includes an extensive
marsh within and extending northeast from Great
Kills Park; the grounds of the Oakwood Wastewater
Treatment Plant; and the lower reach of the hollow of
Mill Creek, north of Great Kills Park.

DHI was located in the lower reach of the Mill Creek
hollow, which extends north from Hylan Boulevard
to a head at a watershed divide at around Park Street.
The watershed divide, on the terminal moraine 5,000
feet west of Hylan Boulevard, lies at an elevation
of around 50 feet amsl; west of the divide, drainage
flows west into Richmond Creek. The Mill Creek
hollow is a part of the Staten Island Greenbelt, a
system of 2,800 acres of contiguous public parkland
and natural areas in the central hills of Staten Island.
The eastern end of the Greenbelt’s White Trail,
which allows foot travel from Willowbrook Park near
Victory Boulevard to Great Kills Park, lies within the
hollow. The hollow is vegetated with trees and thick
brush and has been highly modified by the dumping
of fill; sequential episodes of filling are visible in cut-
banks of a small stream and large vegetated mounds
of fill are ubiquitous. The small stream carries flow
immediately following rain events but it is likely that
most drainage within the hollow is conducted through
buried stormwater pipes.

DHI1 was located at Map Station 12+66 (NYSP
Northing 142357.760/Easting 948641.208), approxi-
mately 125 feet northwest of Hylan Boulevard. The
opening elevation was 15.49 feet amsl. Visual exami-
nation of the setting suggested that approximately six
feet of fill might be present and sampling confirmed
this. Gravelly coarse sand containing brick and
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concrete was recovered to a depth of about six feet.
Recovery below this, to a depth of around 30 feet bs,
revealed strata of gravelly 2.5YR3/3 to 3/4 sand of
various textures (coarse sand to fine sandy loam). At
30.5 feet bs (15 feet bmsl) an abrupt boundary was
encountered, with 2.5YR3/3 loamy medium sand with
very fine gravel overlying two feet of 7.5YR2.5/3
fine sand containing no gravel. Recovery below this
point, to the limit of excavation at 51.5 feet bs, was
predominantly coarse and medium sand with varying
amounts and sizes of gravel. Soil color was gener-
ally 7.5YR2.5/3 to 3/4, with some zones of 5YR and
2.5YR3/3.

DH2 was located just southeast of Hylan Boulevard
at Map Station 15+00 (NYSP Northing 142147.722/
Easting 948837.665), 234 feet east of DH1. Opening
elevation was 13.25 feet amsl. Although historic and
modern landscape alteration mask the true nature
of the setting, it differs from that at DH1. Unlike
the more confined and moderate-gradient setting at
DHI1, at the location of DH2 the ancestral Mill Creek
had likely entered the head of the outwash plain,
undergone a relatively abrupt change in gradient, and
become free to move laterally. Today, the Mill Creek
hollow has been filled and graded in this area, remov-
ing any sign of the underlying topography. The area,
bordering the southeastern side of Hylan Boulevard,
is maintained as lawn and periodically mowed; phrag-
mites are present immediately to the east of the boring
site and dominate the vegetation extending from that
point southeastward. Recovery to 4 feet bs consisted
of 7.5YR2.5/3 loamy sand fill. Recovery from 5 to
6.5 feet bs was 7.5YR4/4 heavy silt loam exhibiting
many medium distinct redoximorphic mottles and
containing weakly weathered gravel; the same mate-
rial was present in the upper four inches of the fol-
lowing advance from 7.5 to 9 feet bs, indicating that
the stratum — strongly suggestive of a stable, weath-
ered subsoil — was approximately three feet thick at
minimum. Because of an unsampled auger advance
from four to 5 feet bs, the precise depth of the upper
boundary of this stratum and whether there was an

associated overlying A horizon is undetermined. The
lower boundary of this material was abrupt, giving
way at around 8 feet bs to 2.5YR3/3 sandy loam with
fine gravel. Recovery from eight feet to 33 feet bs
(approximately 20 feet bmsl) consisted of stratified
fine, medium and coarse sand — loamy in some strata,
as at the top — containing varying amounts of fine and
very fine gravel. Below this, to base of excavation
at 51.5 feet bs (38 feet bmsl), recovery consisted of
coarse and medium sand — predominantly 7.5YR3/3
to 3/4 — with very fine to medium gravel.

DH3 through DHS5 were not monitored for this
study, in part because of concerns about soil con-
tamination; following a hiatus, monitoring resumed
at DH6 on April 29, 2019. DH6 was located at Map
Station 53+21 (NYSP Northing 139693.872/Easting
951567.683), 3,821 feet southeast of DH2, along
the southwestern edge of the Oakwood Wastewater
Treatment facility. Opening elevation was 11 feet
amsl. Excavation of DH6 had been carried out to 34
feet bs (23 feet bmsl) before monitoring for this study
commenced. The geologic monitor reported that the
upper profile consisted of 10-12 feet of fill (extending
more or less to sea level); the rods and spoon dropped
from 7.5 to 9 feet bs, suggesting the presence of a void
in the fill. Following a one-foot auger advance, moni-
toring for this study commenced with sampling from
35 to 36.5 feet bs (24-25.5 feet bmsl). Recovery con-
sisted of 5YR3/3 coarse sand with fine and medium
gravel. Below this, to 57.5 feet bs (46.5 feet bmsl)
recovery was similar, with sand texture generally
fining to fine and medium. Following an unsampled
3.5-foot auger advance, recovery from 57.5 to 59 feet
bs consisted of Gleyl 7/N (light gray) sandy clay and
very fine sand. Recovery below this point, to base of
excavation at 119 feet bs (108 feet bmsl) was dominat-
ed by fine and very fine sand but included thin beds of
clay and sandy clay; colors were predominantly light
gray to white but included thin oxidized strata of yel-
lowish brown (10YR5/8) to red (10R4/8) (Photograph
5.1). Virtually no gravel was present. Drilling was
terminated at 119 feet bs because of collapse.
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Photograph 5.1. Core sample from drill hole DH6 (Oakwood Beach Marsh), 117.5 to 119 feet below
surface, Cretaceous sand and clay of the Raritan Formation (Photographer: John Stiteler, April 30,
2019).
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Photograph 5.2. Core sample from drill hole DH10 (Oakwood Beach Marsh), 82.5 to 84 feet below
surface, Cretaceous sands of the Raritan Formation (Photographer: John Stiteler, November 2, 2018).
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Photograph 5.3. Core sample from drill hole DH10 (Oakwood Beach Marsh), 115 to 116.5 feet below
surface, Cretaceous sand and clay of the Raritan Formation (Photographer: John Stiteler, November
3,2018).
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DH?7 was located at the southern corner of the waste-
water treatment facility grounds, 550 feet south-
east of DH6 (Map Station 58+71; NYSP Northing
139342.095/Easting 951920.437). This point marks
a 90° turn to the northeast in the project alignment.
Opening elevation was 11.77 feet amsl (rounded here
to 12 feet). Recovery to 11.5 feet bs consisted of fill,
including gravel and wood. Recovery from 12.5 to
16.5 feet bs (1.5 to 5.5 feet bmsl) was organic material
(meadow mat), with an increasing content of mineral
soil with depth. Recovery beneath the meadow mat,
from 17.5 to 21.5 feet bs (5.5 to 9.5 feet bmsl) was
heavily reduced (5Y3/1) very gravelly loam and
loamy coarse sand; some gravel was angular to sub-
angular. This material was tentatively identified as
early historic fill or roadbed. Recovery from 22.5 to
39 feet bs (10.5-27 feet bmsl) was 2.5YR2.5/2 to 3/3
fine and medium sand with varying (small) amounts
of very fine gravel, coarsening in the lower few feet to
medium and coarse sand with fine and medium gravel.
From 40 to 54 feet bs (28 to 42 feet bmsl) recovery
was predominantly 7.5YR3/3-3/4 fine and medium
sand with varying (small) amounts of fine and very
fine gravel. An abrupt change was encountered in the
sample from 57.5 to 59 feet bs, made up of thinly bed-
ded light gray and light yellowish brown (2.5Y7/1 and
6/4) fine and very fine sand free of gravel. The next
sample, from 62.5 to 64 feet bs (50.5 to 52 feet bmsl)
Gleyl 3/N very firm clay. The succeeding sample,
from 67.5 to 69 feet bs, was taken within an enclosed
Shelby tube and was not available for examination.
Recovery of the remainder of the boring — to 134 feet
bs (122 feet bmsl) — was dominated by fine and very
fine sand, free of gravel, with thin stringers and beds
of clay and sandy clay. Thin bedding was common in
the sands, frequently with alternating beds being oxi-
dized and reduced. Colors varied widely and ranged
from brownish yellow (10YR6/6) to strong brown
(7.5YR5/6) to light gray (2.5Y7/1). Some oxidized
zones were red to dark red (10R4/8 to 3/6).

DH8 was located at Map Station 63+00 (NYSP
Northing 139300.775/Easting 952269.411), 429 feet
northeast of DH7. Opening elevation was 11.58 feet
amsl (rounded here to 12 feet). Recovery to 9 feet bs
consisted of gravelly silt and loam fill. Following a
one-foot auger advance, recovery from 10 to 11.5 feet
bs consisted of saturated organic matter (meadow mat)
over organic-rich clay. Beneath this, to 16.5 feet bs
and possibly to 19 feet bs, was loamy coarse sand and
coarse sandy loam with much gravel, including angu-
lar pebbles. As in DH7, this material was tentatively
identified as early historic fill or roadbed. Below this,
recovery to 34 feet bs (22 feet bmsl) was 2.5YR2.5/2,
grading to 5YR2.5/2, fine and medium sand with
minor amounts of very fine gravel. Recovery from 35
feet to 54 feet bs (23 to 44 feet bmsl) was predomi-
nantly 7.5YR3/2 to 3/3 sand, coarser and containing
medium and coarse gravel in the upper five feet and
fining to fine and medium sand with very fine gravel
below. Beneath this, to base of excavation at 114 feet
bs (102 feet bmsl), recovery was thinly bedded sand
with clay stringers and beds as described for DH6 and
DH?7.

DH10 was located along the southwest side of Kissam
Avenue, at Map Station 81+47 (NYSP Northing
140884.783/Easting 953626.704). Kissam Avenue is
a northwest-southeast street, bounded at the southeast-
ern end by a constructed sand seawall, and surrounded
by phragmites marsh; no houses are currently standing
along this former residential street. Opening elevation
at DH10 was 3.48 feet amsl. Sampling had proceeded
to a depth of 61.5 feet bs (58 feet bmsl) at the time
monitoring for this study began. Examination of geo-
logic sample jars indicated that clay was encountered
around 48 feet bs (roughly 45 feet bmsl) and was over-
lain by 12 feet of yellowish brown (10YR6/6) very
fine sand transitioning with depth to very fine sandy
clay. The clay encountered at 48 feet bs extended to
79 feet bs. The lower boundary w