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MANAGEMENT SUMMARY

Project Name. Geomorphology/Archaeological Borings and GIS Model of the Submerged
Paleoenvironment in the New York/New Jersey Harbor and Bight in Connection with the New
York and New Jersey Harbor Navigation Project, Port of New Jersey and New York, conducted
for the US Army Corps of Engineers, New York District (USACE-NYD).

Project Location and Environmental Setting. The project area designation is the New
York/New Jersey Harbor and includes a series of navigation channels of the Upper Bay
including Ambrose, Anchorage, Kill van Kull, Port Jersey, Newark Bay (South Elizabeth,
Elizabeth, Elizabeth Pierhead, Port Newark Pierhead, and Port Newark channels), and Bay Ridge
channels. Previous work has been done at these locations. New locations include Raritan Bay,
Lower Bay, and the area west of a line connecting Jones Inlet (Long Island) and Long Branch
(New Jersey).

Purpose and Goals. The primary objective of this investigation is to develop a model of the
submerged paleoenvironment. The model will function as a planning document to assist the
USACE-NYD and researchers in identifying areas that may have been suitable for prehistoric
and historic settlement and also to delimit areas in which stratigraphic sequences and intact Late
Quaternary landforms offer potential for preservation of prehistoric and historic surfaces and
sites.

This project will test and refine previous models of archaeological sensitivity thereby serving
as a blueprint to guide the USACE-NYD in the avoidance or mitigation of adverse impacts on
parcels designated for channel improvements.

Investigation Methods and Results. Examination and consolidation of previous research was
undertaken in advance of the present project. Prior to this study, a preliminary model of
archaeological sensitivity was assembled from baseline studies at select reaches in the Upper
Bay (Schuldenrein 2006). The present study extends the project area to the Lower Bay and began
with the systematic collection of cores aligned along three transects spanning the Lower Bay and
two to supplement earlier data collection in the Upper Bay. The transects were selected on the
basis of potential for yielding information in both closed and open marine and estuarine
environments that were considered to have strong potential for intact Late Quaternary
stratigraphy. The cores were identified for macrostratigraphy and were then dated and submitted
for specialized analysis by biostratigraphers (pollen, microfauna, and malacology) and geologists
(sediment stratigraphy and microstratigraphy). A key element in the study is the formulation of a
revised sea level curve for the New York Bight. The need for this baseline work was identified as
more detailed examination of the buried landform configurations and the stratigraphy
underscored trends that had not been recognized by earlier stratigraphers and geomorphologists.
The new data, and especially historic maps and Late Quaternary sequences, are being integrated
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into a Geographic Information Systems (GIS) platform to facilitate a multi-dimensional and
integrated landscape model that accommodates the changes registered by the specialists working
in each of the sub-disciplines. It also synthesizes the archaeological sensitivity model from a 3-
dimensional perspective. The model tracks spatio-temporal trends in landscape availability in
response to dynamically changing shore environments for the various periods in prehistory and
early history.

Regulatory Basis. The USACE-NYD is constructing navigation channels within the Port of
New York/New Jersey to a depth of 50 ft. The Corps as a federal agency is required to identify
the cultural resources within the project area and evaluate their eligibility for listing on the
National Register of Historic Places (NRHP).

The Federal statutes and regulations authorizing the Corps to undertake these responsibilities
include Section 106 of the National Historic Preservation Act, as amended through 1992 and the
Advisory Council on Historic Preservation Guidelines for the Protection of Cultural and Historic
Properties (36 CFR Part 800).
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Chapter 1
Overview and Introduction

OVERVIEW

This report presents data, results and recommendations from a multidisciplinary study of
the history and prehistory of New York and New Jersey Harbor, and part of the New York Bight
and Jamaica Bay. Primary outcomes of the research have been the development of a fuller, and
more thoroughly documented understanding of the human and physical geography of the
presently submerged landscapes surrounding the metropolitan New York City. The study is a
synthetic narrative linking the past 15,000 years of environmental change and human occupation.
The objective of the work is the creation of an archaeological sensitivity model for this complex
setting that enables planning agencies to mitigate the effects of development on irreplaceable
cultural resources.

The study supports the U.S. Army Corps of Engineers, New York District (USACE-
NYD) in its mission and responsibilities. As an agency of the Federal Government, the District
must include in its planning and programming the identification and appropriate treatment of
historic properties on or, eligible for, the National Register of Historic Places. This responsibility
is codified in Sections 110 and 106 of the National Historic Preservation Act of 1966 (as
amended) and in the associated regulations for Section 106 at 36 CFR Part 800.

The District’s responsibilities for New York Harbor navigation include the design,
implementation and oversight of undertakings that have the potential to adversely affect historic
properties (primarily archaeological sites). The challenge facing the District is how best to
identify, evaluate and appropriately treat such historic properties, given the effects of
contemporary human impacts on the estuarine and marine settings fronting the harbor.

This study is characterized as a “blueprint for assisting...in isolating and delimiting areas
that might have been available for settlement during the prehistoric and historic past” (page 153).
In other words, while the scope of the project did not envisage the identification of specific
archaeological sites, locations where they are likely to remain can be mapped. Figure 9.1,
Figure 9.2 and Figure 10.1 therefore provide a three-part archaeological sensitivity assessment
of the study area which can be used in the District’s Planning process.
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Since the focus of the study is on the potential of this environment to retain significant
evidence of past human activity, the chronological range is from about 15,000 years ago (when
the area first became viable for human occupation) until the present.

The signal environmental mechanism accounting for landscape change during this period
has been the punctuated but ongoing rise in sea level and the consequent flooding and
submergence of formerly dry-land areas. While general trends in sea level rise have been
generally understood for decades, a major contribution of the current study has been to revise
and calibrate the rates and extents of this process (known as the late Quaternary marine
transgression) through time. A model charting the transgressive cycle has been developed in
detail through the integration of diverse but complementary data sets. The study has assimilated
information from sea-bed borings (including a program of vibracores specifically included in the
study), landform relations, sequence stratigraphy, radiocarbon dating, and from pollen,
foraminifera, and molluscan studies.

The comprehensive revision of the sea-level curve for the New York Bight represents a
stand-alone product that incorporates multi-disciplinary data sets generated both from this report
and records obtained from published and unpublished sources. It constitutes a significant
contribution to the understanding of post-glacial sea-level change on the Atlantic coast of the
United States. Moreover, it serves as a guideline for calibrating the former levels of terrestrial
surfaces that once marked the edges of the transgressive sea. In this sense they allow
archaeologists to determine positions of the migrating coastline to various periods in prehistory
and history.

Based on the newly calibrated curve, it is hypothesized that at the height of the last
glaciation (about 20,000 years ago) the oceans were almost 100 m (328 ft) below their present
level. As the rapidly melting ice sheets returned huge amounts of water to the oceans there was a
rapid rise in the first part of the study period (up to 9 mm/0.35 in per year), but in more recent
millennia rates of sea level rise slowed appreciably. Rates were on the order of 1.5 to 1.6 mm
(less than a tenth of an inch) per year. Within this general pattern there were fluctuations in the
rate of rise. Between 2000 and 3000 years ago, for example, there was a pause (or “stillstand”)
which was long enough for a shoreline terrace to develop about 4.5 meters (15 feet) below
present sea level.
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A model of this type has critical implicaions for assessing both the prehistoric location
and preservation of archaeological sites. Periods of faster sea-level rise may be conducive to the
preservation of sites because of the possibility of rapid burial by sediments, while slower rates of
marine transgression can leave sites more exposed to erosion. The inverse may also be true. Thus
sediment composition and vegetation records contained within the strata inform as to how these
deposits were laid down and whether or not erosion or deposition were favored. In some
instances rapid sedimentation by flooding resulted in accelerated erosion while slow accretion
served to bury sites in place. In general the present study suggests that sites from earlier
prehistoric periods (Paleoindian through Middle Archaic, down to about 7000 years ago) have a
better chance of survival in the study area than those from later prehistory. Later prehistoric sites
are also more vulnerable to the massive modifications (both filling and removal) that have taken
place in historic times since the 17th century, and particularly from the mid-19th century to the
present. Historic-period resources are likely to be quite numerous, especially in shoreline or
near-shoreline locations where they have been submerged and/or filled.

Taken together the refinement and restructuring of geo-archaeological relations have
resulted in a document that provides a utilitarian baseline for planning decisions for the U.S
Army Corps of Engineers as it continues to plan for long term maintenance of its navigation
channel network. The systematics of geomorphology, sea-level rise, prehistoric and historic
settlement geography and, most recently, the large scale impacts of accelerated human impacts
on the sea floor are all taken into account in fashioning this planning document for preservation
compliance. The geoarchaeological models advanced herein will be put to the test in coming
years as planners move ahead in their design and channel maintenance efforts.

Introduction

The US Army Corps of Engineers, New York District (USACE-NYD) is responsible for
maintenance of harbors and waterways and is actively involved in dredging existing channels
and deepening others to allow greater access to the Port of New York and New Jersey (the
Harbor Navigation Project) (Figure 1.1, Figure 1.2, and Figure 1.3). Ongoing and anticipated
changes involve widening and deepening channels to a depth of 50 ft in specific areas. As a
federal agency, the USACE is required to identify cultural resources within its project areas and
to evaluate their potential for eligibility for listing on the National Register of Historic Places
(NRHP). Federal statutes and regulations identifying these responsibilities include Section 106 of
the National Historic Preservation Act, as amended through 1992 and the Advisory Council on
Historic Preservation Guidelines for the Protection of Cultural and Historic Properties (36 CFR
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Part 800). These responsibilities extend to both land-based and submerged cultural resources. In
terms of the Harbor Navigation Project, the shore and near-shore areas of the New York and
New Jersey harbors have been subject to filling or removal of former coastal past terrain
segments that once sustained and preserved evidence of historic and prehistoric activities.

A critical aspect to understanding the systematics of archaeological preservation in the New
York Harbor complex has been the documented progressive encroachment of sea level on the
adjacent land areas. Sea level has risen as much as 100 m since the last glaciation of North
America ended approximately 20,000 years ago. Rising sea level has progressively inundated the
continental shelves and continues to raise, flood, and cover coastal lands. The post-glacial rise in
sea level has covered former land surfaces that were attractive as settlements for prehistoric
peoples throughout this time period. While the probability of affecting “drowned” cultural
resources seems remote, the potential for their identification and protection need to be
considered. One of the most efficient methods for avoiding disturbance of submerged cultural
resources is to identify and evaluate the former areas of greatest site potential in their former
subaerial site settings. Just as land-based cultural resources studies address the potential for
archaeological sites on the basis of the geologic and geomorphic settings best suited for past
settlement, so too may these same tools be adapted to identifying potential underwater sites. One
of the more effective methods of addressing the latter approach is through modeling the rise of
post-glacial sea level and the interaction between the sea and its contemporaneous coastal zone
through time. Thus, the interface between land and sea, and related coastal, riverine, and marsh
environments, can be tracked over time and space to provide clues to which of these loci have
the greatest potential for in situ cultural resources. Similarly, the study of offshore stratigraphy
from cores aids both to document the position and timing of past sea level stands and to provide
fossil pollen and faunal samples for reconstruction of former vegetation and estuarine
environmental changes.

As part of USACE’s Section 106 compliance activities related to the Harbor Navigation
Project, extensive background research was conducted to examine past studies and especially the
logs of the numerous cores taken in the project area. In addition, a series of vibracores was
collected in key locations within the Upper and Lower Harbors and Jamaica Bay to aid in the
description and dating of sediments, and to provide new samples for micropaleontological
analyses. These cores, together with the records of cores from previous studies, helped to
determine locations within areas of proposed deepening and widening that may preserve
significant irreplaceable data on paleoenvironments as well as now submerged landforms.
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Prior studies conducted by Geoarcheology Research Associates (GRA) for the USACE-NYD
related to submerged cultural resources in the New York/New Jersey Harbor complex, along
with investigations performed by others that are on file with the USACE-NYD, provided data for
this larger synthetic model of the now submerged landforms and the probability of their
preservation. The model is important for determining areas of sensitivity for past Native
American occupation. Previous work by GRA demonstrated the feasibility of archaeological
sensitivity modeling and determined areas where additional data should be acquired. The present
report is the culmination of working model concepts attained through these earlier studies. Apart
from the acquisition and analysis of past reports and data, GRA designed and implemented a
strategic subsurface exploration program. A total of 20 new vibracores were extracted in
November 2006 and 2007 to investigate stratigraphic and temporal relationships not addressed in
previous geotechnical borings and cores, and to develop a more detailed relative sea level history
than was formerly available.

On the basis of the material provided in the present study, together with the vast core
database provided by the USACE, GRA has developed an inundation model of the Upper New
York Harbor and Raritan Bay together with portions of the New York Bight and Jamaica Bay.
The graphic model shows approximate prehistoric shoreline positions on a 1,000-year
incremental basis that delineates former coastal landforms and helps to pinpoint the
contemporaneous environmental settings now submerged beneath the harbor. The provided maps
will help to visualize the characteristics of the changing New York and New Jersey shorelines in
time and space while at the same time suggesting the habitats most conducive for past human
settlement over this period.

The project GIS was used to georeference an 1844 U.S. Coastal Survey map of the New
York Harbor region. Almost 12,000 bathymetric soundings were digitized from this map and a
digital elevation model (DEM) of the seabed created via a kriging algorithm. This DEM formed
the baseline for sea level regression images as it models the submerged landscape of the harbor
region before industrial-era dredging activities dramatically transformed it. The GIS was also
used to consolidate locational and stratigraphic information from geotechnical borings from a
large number of previous studies along with those carried out under the aegis of the current one.
Previous studies had recorded boring locations in a number of different coordinate systems (e.g.,
NJ or NY state plane, UTM, unprojected latitude/longitude). These loci were reprojected into a
single system and all available stratigraphic information was entered into a single database that
was used within the GIS to visualize and analyze the information in three dimensions.

The present study envisions the submerged landscape of the New York Bight as a series of
ancient land surfaces that sustained human populations since the arrival of people into the New
World. The detection of these surfaces and their systematic destruction or preservation and burial
is the purpose of the work in order to satisfy the obligations of the USACE-NYD under Section
106 of the National Historic Preservation Act (Chapter 1). A variety of previous studies have
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probed the subaqueous sediments underlying the Bight for paleoenvironmental and
paleogeographic purposes. This present study is synthetic and proposes to integrate and refine
previous models of the buried landscape into a comprehensive G1S-based construct for buried
site potential across the New York Bight (Chapter 2). The model is centered on a new paradigm
for sea level rise that is derived from regional models for the Atlantic Coast bolstered by a coring
program explicitly designed for this project (Chapter 3). The geological, bathymetric,
geomorphic, and hydrographic foundations for the new landscape reconstructions are developed
(Chapter 4) and the detailed paleoenvironmental results are presented on the basis of the new
corings for select portions of the Bight (Chapter 5). A systematic paleoenvironmental
reconstruction for the Late Quaternary is then presented, largely driven by the new sea level
curve, and by interpretations generated from biostratigraphic investigations of the sediment cores
(Chapter 6 and Chapter 7). This construct is the basis for a proposed settlement model that
plots the surfaces and landscapes that were sequentially available for settlement through time
(Chapter 8 and Chapter 9). A series of results and recommendations concludes the presentation
(Chapter 10). Supporting data sets are incorporated as Appendices. Details of the most recent
vibracores, including photographs and stratigraphies, appear in Appendix A. A compilation of
all available marine radiocarbon dates are featured in a table in Appendix B. Appendix C is a
contribution by Dr. Lynn Wingard on molluscan fauna from the most recent cores. Appendix D
is a contribution by Dr. Benjamin Horton, who reports on the foraminifers. Appendix E presents
a pollen analysis by Christopher Bernhard. The qualifications of all contributors appear in
Appendix F. Appendix G is the final “Scope of Work” for this project.

e —
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Chapter 2
Research Design

Previous investigations of the New York Harbor, focused on evaluating the potential for
submerged prehistoric and historic cultural resources for the Harbor Navigation Project, have
relied heavily on the post-glacial rise in sea level to identify, isolate, and explain relative site
potential. The history of sea level rise is important because it facilitates reconstruction of the
now-submerged former environmental zones, both riverine and marine, that were once most
conducive to human habitation. It became clear during the evaluation of these earlier studies that
the prevailing models for sea level change were dated and could not accommodate the
chronologies and sequences that emerged from the expanding database. Moreover, regional
(Atlantic Coast) sea level models have produced curves that were more in line with observations
from this study. Hence, the interpretations drawn from subsurface coring in the harbor for the
purpose of environmental reconstruction were flawed. To remedy this shortcoming, GRA
invested resources as part of the current study to develop a revised relative sea level model that is
up to date and accurate for both geological and archaeological researchers as well as engineers
and planners.

The fieldwork, conducted in November 2006 and 2007 sea level and utilizing the vibracoring
equipment of Alpine Ocean Seismic Survey, Inc., Norwood, NJ, investigated three specific areas,
Raritan Bay, Upper New York Harbor, and Jamaica Bay. Raritan Bay was chosen to address two
questions. Firstly, given that much of the present array of cultural resource investigations has
been aimed at the upper New York Harbor, GRA needed firsthand knowledge of Raritan Bay to
observe and assess the effect of rising sea level on coarse-grained sandy sediments in a relatively
sheltered environment. Secondly, previous investigations had cited a 1936 study (MacClintock
and Richards 1936, cited in Bokuniewicz and Fray 1979) that showed early borings for a
proposed bridge crossing from Staten Island (Figure 2.1). This model had been central to
previous reconstructions of New York Harbor stratigraphies. A profile across Raritan Bay
documented a deeply incised channel near the Staten Island shore filled with “mud.” The channel
was recorded as extending 45.7 m (150 ft) below present sea level. Obtaining a deep core from
the “mud” fill of this channel for use in pollen, foraminifer analysis, and radiocarbon dating of
organics would provide a record of continuous deposition of fine-grained sediment that
documented the post-glacial rise in sea level. Radiocarbon dating of this deep sequence promised
to aid in dating the marine transgression. Furthermore, data from this core was anticipated to
make an important contribution as the original work has been cited by many past researchers and
was apparently unstudied since 1936.
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Figure 2.1: Erroneous Subsurface Profile from Seguine Point, Staten Island, NY to Union Beach, NJ. (MacClintock
and Richards 1936, cited in Bokuniewicz and Fray 1976).
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Nine 12 m (40 ft) vibracores were extruded along two transects in Raritan Bay. These cores
are discussed in detail in Chapter 6. A series of five vibracores was placed to reconstruct the
MacClintock and Richards (1936) profile between Seguine Point on Staten Island and
Conaskonk Point at Union Beach, NJ. The transects provided compelling evidence that the 1936
study was erroneous in its findings. There was no deeply incised channel in any of the locations
shown in this early study.

Subsequent researchers are warned to avoid further use of that study. Four additional 12 m
(40 ft) vibracores were located along a transect normal to the shoreline at Keansburg, NJ. This
series of cores was drilled to record the effects of the marine transgression on a sandy shore
subjected to relatively low wave energy. As anticipated, reworked surficial sands were evident.
Although it was hoped that wave energy here had been subdued sufficiently to preserve possible
paleosols or other evidence of the prior subaerial land surface, these could not be distinguished.

Upper New York Harbor investigations also utilized 12 m (40 ft) vibracores. Two transects
were located to address questions raised by earlier GRA studies centered on the Port Jersey area
along the west bank of the Hudson River (Schuldenrein et al. 2001). A radiocarbon profile in that
study showed an apparent anomalous stratigraphic arrangement of time horizons in estuarine silts
and clays. Here cores taken at greater depths on the edge of the estuarine fill adjacent to the
Anchorage Channel had younger ages than those further inland. This juxtaposition of ages was
counter to the concept of how the marine transgression could be dated. An earlier report
suggested that the anomalous and apparently inverted stratigraphy might relate to a period of
lower sea level during the overall rise. Alternately, the inverted stratigraphy might reflect
slumping of the channel edge.

A series of 40 ft vibracores taken in a similar setting provided an independent view of the
stratigraphy and was geared to penetrate the estuarine fill to reach the pre-marine transgressive
land surface. This transect was located south of the Liberty Island access channel on relatively
undisturbed estuarine silt. Vibracores from shallow (1.8 m/6 ft) to greater (15.5 m/51 ft) depths
broadly paralleled the earlier Port Jersey transect. Only the innermost core (C-1) penetrated the
estuarine fill and furnished organics suitable for radiocarbon dating. The deeper core located
along this transect (C-4) and drilled in 16 m (51 ft) of water penetrated 12 m (40 ft) of estuarine
sediment. This core was expected to penetrate the estuarine fill and furnish basal organics to date
early flooding of the Hudson Channel when relative sea level was 27.4 m (90 ft) lower than
present. Ironically, core C-4 furnished a basal date of 2,520 + 40 B.P. (2,606 cal yrsbp). The
preliminary conclusion is that either estuarine sediment is “draped” over a preexisting irregular
land surface and filling deep depressions or incised channels, or slumping of younger estuarine
sediment has occurred to collect at the bases of the steep slopes on the edge of the Anchorage
Channel. Nonetheless, core C-1 with a basal date of 5,650 + 40 B.P. (6,473 cal yrsbp) has
presented the greatest time depth for a continuous sedimentation record for microfossil analyses.
Pollen, foraminifer, and macro-molluscan studies were performed on this core.
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Two additional 12 m (40 ft) vibracores were taken in the Upper Harbor. These were drilled
on the surface of the Bay Ridge Shoal. The purpose of these cores was to furnish a stratigraphic
record of sedimentary deposition that could be correlated across the Anchorage Channel for
comparison with sediments of similar type and depth described in an earlier GRA study of Port
Jersey (Schuldenrein et al. 2001). Once again, radiocarbon dating produced unanticipated results.
Wood fragments found at 10.18 m (33.40 ft) below mean sea level yielded a date of 1,850 + 40
B.P. (1,806 cal yrsbp).

The final area of investigation in the current study was Jamaica Bay. Coring in this location
was designed to provide the marine transgression history for the flooding of a sheltered
embayment upon which salt marsh had developed. It was hoped that stratified peat deposits
would help date the youngest portions of the marine transgression and anchor the young end of
the developing relative sea level reconstruction. Bridge access to Jamaica Bay limited the
investigation to 6.1 m (20 ft) vibracores. The objective was to obtain a series of five 6.1 m (20 ft)
cores leading from the surface of the Yellow Bar salt marsh southward into progressively deeper
water and stratigraphically lower sediment packages. This operation was conducted on
November 6, 2007. Falling tides prohibited reaching the surface of the Yellow Bar marsh;
however, a continuous record of fine-grained sediment underlying the marsh was obtained. One
radiocarbon date, 4,130 + 40 B.P. (4,432 cal yrsbp), at a depth of 9.8 m (32.14 ft) below mean
sea level suggested the transgression history of this portion of the Long Island shore.
Unfortunately, none of the five recovered cores included stratified peat deposits.

The re-assessment of the range of available work, published and unpublished, underscored
major inconsistencies in the databases. In part, anomalies are attributable to methodological
variability as well as fallacious interpretations generated from older sea level models. In the
course of the present work, a primary goal was to upgrade previous and present observations and
interpretations. In addition, previous GRA reports provided significant data that enabled us to
reconstruct the trends of relative sea level change over the past 10,000 years. Consequently, a
highly detailed reconstruction for the past 3,000 years was possible (Chapter 3). Specialized
analyses were undertaken as appropriate and by segment. Radiocarbon determinations were
obtained for samples from the Liberty Island transect (4), the Bay Ridge Shoal (1), and Jamaica
Bay (1). The limited number of samples was an indicator that many specimens were either
contaminated or provided contexts unsuitable for dating (i.e., minimal organic materials).
Samples from the Liberty Island transect and the Bay Ridge Shoal transect were submitted for
specialized analyses of foraminifera, pollen, and plant macrofossils. Pollen and foraminifer
specimens were productive and documented changing biomes and shifting margins of the
estuaries during the Holocene. Forty-foot core C-1 from the Liberty Island transect was sampled
at 30 cm (ca. 1 ft) intervals for analyses. Core D-1 from Bay Ridge Shoal was also sampled in
this manner to furnish 40 samples. In all, 80 pollen and foraminifer samples were analyzed.
Macro-molluscan samples were taken from all cores to aid in the determination of
contemporaneous water depths and habitat. Intensive sedimentological examination and mapping
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led to the development of a baseline stratigraphy. Collective stratigraphic observations and
supplementary specialized analysis allowed for reconstruction of the subsurface environments
and landscapes by navigation channel (Chapter 9).

In addition to the vibracores collected as part of the present study, results from previous GRA
harbor studies for the USACE-NYD were integrated, including the pilot for the present
investigation (Schuldenrein et al. 2006), and the Port Jersey and Shooters Island: Newark Bay
and Kill Van Kull (Schuldenrein et al. 2000a, 2000b, 2001). Other prior studies directed towards
paleoenvironmental reconstruction for submerged sites included work by LaPorta et al. (1999)
for portions of Raritan Bay, Arthur Kill, the inner New York Bight, and portions of the Upper
Harbor, and by Wagner and Siegel (1997) in the Kill Van Kull. Boring logs with sediment
descriptions were also recorded from the collection at the USACE-NYD library along with
pertinent geotechnical reports. The following section summarizes the results of initial attempts to
formulate a model of archaeological sensitivity based on a series of limited subagqueous testing
efforts and the paleoenvironmental sequences and submerged landform histories outlined earlier.
The model also incorporates the evidence for subaqueous disturbance that resulted from the past
150 years of navigation channel and near-shore dredging that has occurred within the New York
Bight.

Geoarchaeological Investigations to Date

GRA performed four (4) sets of field investigations in the project area between 1999 and
2001 (Schuldenrein 2000a, 2000b, 2001). Supplementary investigations, in conjunction with
harbor dredging were also undertaken by La Porta et al. (1999), and by Wagner and Siegel
(1997). Their results were integrated into the GRA reports and are referenced again in this
presentation.

New York Harbor Study. An extensive set of subsurface borings for the New York Harbor
area were analyzed for a pilot study for the USACE-NYD, which established a baseline
stratigraphy indexed by radiocarbon analysis and foraminifer, pollen, and plant and macrofossil
studies (Schuldenrein 2000a). GRA had access to a total of 114 borings extracted for
geotechnical purposes. Additionally, curated samples were examined at the USACE-NYD
storage facility at Caven Point, New Jersey.

Geoarchaeological field work was undertaken in November 1998 and involved inspection
and sampling of borings from two available drilling platforms. Standard geotechnical procedure
was used to recover 0.6 m (2 ft) long split-spoon samples at every fi