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SECTION 1-INTRODUCTION AND BACKGROUND



1. INTRODUCTION

The sea is often described as the last great frontier. It is vast and opaque, and exploring its
depths requires ingenuity and daring comparable to that summoned for space flight. The sea can
be inhospitable and indifferent to human survival. From the vantage point of a ship far from
shore, one can experience vistas of tremendous emptiness in every direction, with expanses of
water meeting expanses of sky. Within this watery void, your ship is the only remnant of human
culture as far as the eye can see—a floating outpost of cultural landscape. In this light, it can be
difficult to imagine that the submerged continental shelf holds a rich archaeological record,
documenting not just the history of maritime exploration, trade, and warfare in ships that never
reached their ports, but thousands of years of prehistoric human settlement when sea levels were
lower and coastlines were miles from the modern shore. This submerged archaeological record
within federal waters along the Atlantic Seaboard is the subject of the current study.

The Atlantic Outer Continental Shelf (OCS) off the east coast of the United States extends
from the Bay of Fundy in eastern Maine to Key West at the southern tip of Florida, and
encompasses the area from the outside edge of state lands (established by the Submerged Lands
Act of 1953 as 3 miles from the shoreline) out to the edge of the Exclusive Economic Zone
(which stretches 200 miles offshore, except where such a distance overlaps with another nation‘s
Exclusive Economic Zone). The Bureau of Ocean Energy Management (BOEM) has
responsibility for permitting undertakings within such waters under the Outer Continental Shelf
Lands Act (OCSLA), which was signed by President Eisenhower in 1953 and authorized the
Secretary of the Interior to grant mineral leases on the outer continental shelf and create
regulations necessary to carry out the provisions of the act (Austin et al. 2004:34). The
Department of Interior assigned its OCSLA responsibilities in 1982 to the Minerals Management
Service (MMS), now BOEM, giving it the authority to lease areas of the OCS for activities
focused on oil and gas and non-energy minerals including sand and gravel (Environmental Law
Institute [ELI] 2009:18). The Energy Policy Act of 2005 extended that authority to include
offshore alternative energy development such as wind, solar, and hydrokinetic projects (ELI
2009:19).

The BOEM-permitted undertakings require consultation on cultural resource stewardship
under the provisions of Section 106 of the National Historic Preservation Act. To better manage
known and potential cultural resources, BOEM has requested an updated study for the Atlantic
OCS that gathers information on historic shipwrecks and models the potential for prehistoric
sites based on reconstruction of past landscapes, human settlement patterns, and site formation
and preservation conditions, particularly during the period of coastal transgression. The current
study supplements two previous studies of portions of the Atlantic OCS carried out
approximately 30 years ago (Institute for Conservation Archaeology [ICA] 1979; Science
Applications, Inc. [SAI] 1981). The ICA study covered the area from the Bay of Fundy to Cape
Hatteras, while the SAI study covered the area from Cape Hatteras to Key West. Both studies
provided an overview of the geology, prehistory, and sea level rise data that may affect
submerged prehistoric site preservation, as well as a predictive model for locating historic
shipwrecks. This study builds upon this body of work by exploring more recent research on
prehistoric settlement patterns, archaeological research, and relative sea level curves to refine the
predictive model for locating intact, submerged prehistoric archaeological sites on the OCS. It



supplements the research on historic shipping and shipwrecks by creating a database of known
and suspected shipwrecks.

The goals of this study are two-fold. First, it sets out to evaluate current theories on
prehistoric settlement patterns, paleoshoreline positions, relative sea level rise, and regional
geology in order to identify potential areas on the Atlantic OCS where submerged prehistoric
sites might be located. The second goal is to provide historic context for and construct a database
of historic shipwrecks within the Atlantic OCS region. While the database has been provided
under separate cover, this report documents the research involved in assembling the database, as
well as an overview of historic shipping that provides context for the many submerged historic
resources within the project area.

To tackle this investigation, characterized by sweeping geography and topical scope, TRC
assembled a team of in-house and outside experts in history, prehistory, underwater archaeology,
geoarchaeology, and marine geology from respected institutions across the East Coast. The
product of the team‘s research is a database of historic shipwreck locations, accompanied by a
summary of maritime history for the study area, and a presentation of current thinking on
submerged prehistoric sites and the coastal landscape they occupied within what is now the
Atlantic OCS, with expectations for where sites might be found and how to go about finding
them. Each component of the study, along with an introduction of key concepts, is provided
below.

1.1. PREHISTORIC PROBABILISTIC MODEL

The first component of the study involved evaluating current theories on prehistoric
settlement patterns, paleoshoreline positions, relative sea level rise, and regional geology in order
to identify potential areas on the Atlantic OCS where submerged prehistoric sites might be
located. As part of this discussion, the TRC team provides information on state-of-the-art
techniques and equipment that can be used to locate and investigate such sites.

The portion of the technical report presenting the model for submerged prehistoric sites
draws on late Pleistocene/early Holocene site and settlement pattern information from terrestrial
areas to establish —efrrestrial analogs” for coastal areas submerged during the Holocene
transgression. The limited available information on known submerged sites is also discussed.
Important to the discussion is a consideration of what the coastline looked like at particular
points in the past and how sea level rose in a given area. Recent research on paleolandscapes and
sea levels is assembled for each region. The section contains a general discussion of potential site
integrity in view of the nature of various types of landforms, how they might have changed
during transgression, and taphonomy during and after inundation.

1.2. SHIPWRECK INVENTORY

The second component of the study consists of documentary and database research to
identify confirmed, reported, and potential historical archaeological resources, centered on
sunken vessels within the boundaries of the Atlantic OCS. The sources for this database included
both primary and secondary sources from a large number of repositories, institutions, and
agencies with an interest in maritime history. Available information about each wreck was



assembled into a Microsoft Access database to serve as a searchable tool that BOEM can use to
identify known and likely historic sites within an area of concern. A geodatabase for all entries
with coordinates within the Atlantic OCS also has been generated to work with ArcGIS.

The current shipwreck inventory used existing government and commercial databases. It
built upon the data previously assembled, using additional primary historic sources, as well as
secondary sources and commercial and governmental databases that catalog known shipwrecks
and unidentified obstructions that could correspond to a historic wreck. The research on primary
documents concentrated on sources with the highest potential to yield useful information, such as
life saving station records, but other less productive sources were sampled as well—documents
like newspapers, admiralty court records, and insurance claims. The quality of information
contained in the records varied, both in terms of the location of the wreck and in the amount of
historical detail and context about the ship and the circumstances of its demise. All of the
information collected was entered into a database that referenced source information. That
database is one of the primary deliverables for this study. As context for the shipwreck
inventory, TRC‘s senior historian prepared a general, abbreviated maritime history of the
Atlantic Seaboard, assembled information on vessel types, and offered a model for shipwreck
potential across the OCS, as well as recommendations for survey strategies.

1.3.  GEOGRAPHIC AND TEMPORAL DIVISIONS

Given the breadth of the Atlantic Seaboard, it is necessary to divide the OCS into smaller
study regions to address the changes that occurred during both the prehistoric and geologic past
(Figures 1.1 and 1.2 depict the temporal and spatial divisions referenced in this report). Any such
divisions are, by their nature, arbitrary to a certain extent. Chapter 2, which provides an overview
of the prehistory of the Atlantic Seaboard, uses divisions that follow the cultural and
environmental differences noted in the archaeological literature. While it is obvious that
prehistoric cultures did not recognize state boundaries, much of the research conducted along the
East Coast has tended to follow such divisions, with similar projectile points sometimes having
different names in neighboring states, for example. The discussion of prehistory is grouped into
four parts: New England (encompassing Maine to Connecticut), the Mid Coast (encompassing
New York to Virginia), the Southeast (the Carolinas and Georgia), and Florida. Certainly it is
possible that one could group these areas differently, but these divisions provide a reasonable
way to encompass what are broad areas of shared cultural patterns through the Paleoindian and
Archaic periods, tied in some measure to environmental variables. The cultural history in
Chapter 2 also focuses on two key temporal divisions: the Paleoindian and Archaic periods.
Combined, these periods range from approximately 13,000 to 3,000 years ago, and encompass
the limits of when human settlement would have been possible on the OCS, which varies region
to region.

Section 2 of this report discusses current research on marine transgression and archaeological
site preservation, and is also presented within a regional framework. These study regions are
somewhat arbitrary, but they are employed here because they reflect a combination of
geographical/geological distinctiveness and research histories. Chapter 3 focuses on the Gulf of
Maine along the coast of Maine, which due to glaciation has a geologic history distinct from the
Cape Cod and Georges Bank areas that are included in Chapter 4 (Southern New England and
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the Georges Bank). As one moves south from the Maine coast into Southern New England,
larger areas of the now-submerged coastline were exposed during a time when human
occupation was possible, unlike in areas further north. Chapter 5 includes the New York and
New Jersey coasts, which encompasses the New York Bight, centered on the Hudson Shelf
Valley. The next study region, the Middle Atlantic (Chapter 6), includes Delaware, Maryland,
Virginia, North Carolina, and a portion of northern South Carolina. This region encompasses the
Delaware and Chesapeake bays, the Albemarle Embayment in North Carolina, and the Cape Fear
Arch. Chapter 7 examines the Georgia Bight, which extends from the vicinity of Myrtle Beach,
South Carolina, to the Georgia—Florida border. Finally, Chapter 8 includes the coast of Florida
from the Georgia border to the Dry Tortugas.

There is no consistency within the literature on the dating of certain geologic timeframes and
events of interest in this study. For example, the maximum extent of the terminal glaciations in
North America, referred to as the Last Glacial Maximum (LGM), is dated differently from
source to source, anywhere from 17,000 B.P. to 22,000 B.P. The more recent literature, however,
appears to cluster between 20,000 B.P. and 22,000 B.P. For example, Duncan et al. (2000:400)
provide a date of 22,000 B.P., Otto-Bliesner et al. (2005:2526) indicate the LGM was at 21,000
B.P., Yokoyama et al. (2000) indicate the LGM was at 19,000 B.P., and McHugh et al. (2010)
use 19,000-17,000 B.P. for the LGM. Given this range, a date of 20,000 B.P. has been adopted
for the LGM in this report. LGM is an important point in time, since it represents a point of
maximum subaerial exposure of the OCS. However, given the unlikelihood of human occupation
of North America at this point (see Chapter 2), uncertainty about the precise date of the LGM has
little possibility of negatively affecting site modeling on the OCS.

1.4. PALEOSHORELINES AND SEA LEVEL DETERMINATION FRAMEWORK

The Quaternary period has been a time of extreme and rapid climatic and environmental
changes. Sea level fluctuation is a critical variable in reconstructing paleoenvironments,
prehistoric settlement patterns, and subsistence patterns in North America (Murphy 1990). Such
fluctuations represent the superposition of two independent movements, including that of the sea
surface and that of the land surface (Dix et al. 2008).

The primary factors that influence global and regional sea level include changes in the
volume of sea water, tectonics, and variations in the earth‘s gravitational field (Dorsey 1997). To
a lesser extent, sea level changes reflect alterations in circulation patterns and thermal regimes.
These factors can be classified in terms of their spatial extent (e.g., global versus local
processes), their temporal extent (e.g., short term versus long term), or the medium in which they
operate (e.g., vertical movements of the sea surface versus the vertical movements of the land
surface) (Dix et al. 2008).

Over a time scale of millions of years, the primary factors that influence fluctuations in the
global sea level consist of plate-tectonic-induced changes in ocean basin geometry. The long
term movement of continental and oceanic crustal plates can result in changes of up to several
hundred meters as ocean basins are created or destroyed and expand or shrink (Dix et al. 2008).



On time scales of tens of thousands of years, the periodic exchange of mass between the
Earth‘s ice sheets and oceans as a result of glacial-interglacial cycles provides the dominant
contribution. This includes both eustatic and isostatic components. Eustatic refers to changes in
ocean volume and its distribution that are linked to changes in sea and terrestrial ice volume,
while isostatic refers to changes linked to earth surface height, which reflect tectonism (rifting,
uplift, etc.) and/or climate-driven changes such as ice volume and crustal loading. Isostasy is
most often invoked in discussions of —sbstatic rebound” after deglaciation, whereby the land
mass that was depressed by the weight of glaciers rebounds or rises in adjustment as the glaciers
melt and the weight is removed (Figure 1.3). Related to this process of isostatic rebound is
subsidence along the margins of the former glaciated area, where the weight of the glaciated land
surface would have created a forebulge. As the glaciers retreated, this forebulge would go
through a process of subsidence. Thus, as the glaciers melted, glacial isostasy would involve
uplift beneath the melted ice and subsidence along the rim of the melted ice. Figure 1.4 illustrates
the correlation between sea level rise and various rates of rise or subsidence of the land
connected with glaciation. In all cases, shorter term regional variations are superimposed on top
of the longer term, global signature of sea level (Dix et al. 2008).

The main dynamic in global (eustatic) sea level is the change in the volume of oceanic waters
in response to the cyclical growth and decay of the Earth‘s ice sheets. Essentially, the growth of
the ice sheets removes water from the oceans and locks it up in glaciers, thus decreasing the
global ocean volume. However, as glaciers retreat, glacial meltwater enters the ocean, increasing
the volume (Dix et al. 2008). The mechanism for the growth and decay of glaciers throughout
time has been attributed to changes in the orbital parameters of the earth, known as the
Milankovitch cycle (Weaver 2002). While global oceanic waters were tied up in continental
glaciers, vast areas of the now-submerged continental shelves worldwide were exposed.

Three primary categories of proxy sea level data can be used for reconstructing past
landscapes: (1) global glacio-eustatic curves; (2) glacio-isostatic adjustment models; and (3)
relative sea level curves (Dix et al. 2008). Relative sea level curves, obtained directly from past
sea level indicators, such as dated corals, foraminifera, saltwater peat, intertidal oysters, or
archaeological material, represent the most accurate way of reconstructing past coastlines for a
particular region because they reflect the local impact of eustatic, isostatic, and tectonic variables
(Dix et al. 2008).

The most recent full-glacial cycle began approximately 135,000 B.P. Global sea level and
temperatures at that time were perhaps slightly higher than present levels (Donoghue 2006).
Chappell and Shackleton (1986) derived Late Quaternary sea level curves from oxygen isotope
data that demonstrate eustatic sea level fluctuations due to the expansion and melting of
continental ice sheets throughout the past 135,000 years. Between 135,000 and 20,000 B.P.,
global sea level and temperatures fluctuated but generally fell, reaching the lowest point
approximately 20,000 B.P. during the LGM. At this time, much of the world‘s water existed as
ice in extensive glaciers that covered large land areas (Clark et al. 2009; Denton and Hughes
1981), and enough water was shifted to the continental glaciers to lower the world‘s oceans as
much as 120-130 m (Clark et al. 2009; Dorsey 1997; Fairbanks 1989; Peltier 2005). This period
during which sea levels were at their lowest is also referred to as the lowstand.
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RAPID TECTONIC UPLIFT OR ISOSTATIC REBOUND

Land rises faster than sea, coastline retreats seaward,
appearing to be falling locally, but actually rising eustatically

1: GLACIAL PERIOD

2: ICE MELTS

3: REBOUND

Figure 1.4.  Factors influencing relative sea level rise.
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Fairbanks‘ (1989) study of Barbados corals (Acropora palmata) yielded a detailed eustatic
sea level record for the last 20,000 years. According to this record, sea level began to rise slowly
around 20,000 B.P., following the LGM. As glaciers continued to retreat, global sea levels
increased some 20 m from the LGM to 12,500 B.P., followed by a rapid period of sea level rise
known as Melt Water Pulse (MWP) 1a, which Fairbanks dates to ca. 12,500—11,500 B.P. Sea
rise slowed between 11,500-10,500 B.P., a period Fairbanks associates with the Younger Dryas,
a period of cooling temperatures. This slower period of sea level rise changed abruptly with
MWP 1b, a one thousand year period when sea levels rose approximately 28 m (Fairbanks
1989:639).

The dating of some of these events described by Fairbanks, however, has since been refined
in some cases and questioned in others. For MWP 1la, Bard et al.‘s (1990a, 1990b) uranium-
thorium (U-Th) dating, combined with radiocarbon dates from Fairbanks (1989), provided a date
range of (14,200-13,800 B.P.), with a corresponding sea level rise of 20 m (-94 to -74 m). Liu
and Milliman (2004:187) suggest a slightly more narrow temporal range for MWP 1a (14,300—
14,000 B.P.), representing a change in sea level of 20 m (for a mean rate of 66 mm/year), while
Stanford et al. (2006) suggest a date range of ca. 14,100-13,600 for MWP 1a.

Perhaps more salient to this study is MWP 1b, which, unlike MWP 1la, corresponds to a
period when humans were known to occupy North America. Bard et al.‘s (1990a, 1990b)
research indicate that MWP 1b took place from 11,500-11,100 B.P. and represents a change in
sea level from -58 m to -43 m. Liu and Milliman (2004:187) present a similar assessment of
MWP 1b, with a temporal range of 11,500—11,200 B.P., during which sea level rose from -58 m
to -45 m (for a mean annual rate of 43 mm/year). Other scholars, however, have questioned the
extent—and even the existence of—MWP 1b (see discussion in Montaggioni and Braithwaite
2009). The precise timing and amplitude of MWP 1b are still open questions for many because
this event was originally detected as a hiatus between individual drill cores collected at different
depths off Barbados, rather than being represented in a single core sample (Bard et al. 2010). In
attempting to address the existence of MWP 1b, Bard et al. (2010) dated 47 pristine coral
samples drilled onshore of the Papeete barrier reef in Tahiti using U-Th, but found no evidence
of MWP 1b in these dated coral samples. Further research is necessary to resolve this issue,
which has implications for archaeological site preservation potential.

Likewise, the dating of the Younger Dryas event has undergone some revisions based on
more recent dating techniques. As Meltzer and Holliday (2010:8) note, —e most recent, high-
resolution analysis—which uses isotopic analyses of deuterium excess and oxygen isotope 18 as
indicators of past ocean surface and air temperatures, respectively—indicates that Younger
Dryas cooling began 12,900 calendar years before present, with the warming starting 11,700
calendar years before present (Steffensen et al. 2008).” Until very recently, however, the
archaeological literature has used a date range of ca. 11,000-10,000 B.P. for the Younger Dryas
(e.g., Faught 2002, 2004; Mayewski and Bender 1995; Taylor et al. 1993).

Considering the revised efforts at dating these events, after ca. 11,000 B.P.—marking the
approximate end of assumed MWP 1b—sea level rise again slowed. Sometime beginning 7000—
6000 B.P., the net rate of sea level rise began to slow significantly and gradually approached its
present rate (Dunbar et al. 1992; Oldale 1992; Stanley and Warme 1994).
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1.5. COASTAL RESPONSE TO SEA LEVEL CHANGE

Coastlines are generally high-energy environments characterized by wave and tidal processes
(Waters 1992). As a result, the preservation or destruction of sites on the coastline depends on
the position of the site relative to shoreline processes (Coastal Environments, Inc. 1977,
Gagliano et al. 1984). Depending on the interplay between a variety of factors including
sediment supply, subsidence, coastal processes, and tectonic activity, shorelines have: (1)
transgressed landward, (2) stabilized and maintained a neutral configuration, (3) prograded
seaward, or (4) tectonically emerged or risen above the modern sea level (Waters 1992).

Paleoindian and Archaic period archaeological sites would have been affected by coastal
processes during the last marine transgression. Transgression is primarily a destructive process
that does not create ideal depositional sequences (Belknap and Kraft 1985). Episodes of
transgression are periods of erosion. Consequently, the process of shoreline retreat is important
for site preservation.

Transgression may occur in two ways: (1) by shoreface retreat, when the coastline slowly
advances landward; or (2) by stepwise retreat, when in-place drowning of coastal features occurs
(Waters 1992). Shoreface retreat is the erosion of previously deposited sediments by wave and
current processes as the shoreline transgresses (Waters 1992). As sea level rose during the Late
Quaternary, the beachface and shoreface erosion zones sequentially passed across those portions
of the continental shelf that had been exposed. Thus, older sediments that had been deposited in
coastal and terrestrial environments behind the shoreline were reworked, first by the swash and
backwash processes and then by the waves and currents associated with the upper shoreface and
breaker zones. Reworked terrestrial and coastal sediments are referred to as palimpsest sediments
(Swift et al. 1972b), and the erosional surface, marking the depth of maximum disturbance by
transgression, is known as the ravinement surface (Belknap and Kraft 1985). Shoreface retreat is
most common in areas where the sea level rose slowly and subsidence rates were low.

A major factor determining the severity of erosion during shoreface retreat, and as a
consequence the preservation potential of Late Quaternary sediments and any contained sites, is
the rate at which sea level rises (Belknap and Kraft 1981). If the sea level rises rapidly over the
continental shelf—for example, during meltwater pulses—erosion will be of relatively short
duration and the underlying sediments will have a greater potential for preservation (Waters
1992). However, a rapid rate of sea level rise is not a necessary condition for potential site
preservation. During periods of steady sea level and even retreating water (e.g., during the
Younger Dryas), identifiable beaches and shallow water features such as wave-cut terraces or
oyster bars can be produced and occasionally preserved (Hine 1997). More important
archaeologically are those preserved terrestrial or fresh water features indicative of the actual
Pleistocene landscape inhabited by the early human arrivals. Such features can include buried
river and stream channels, karst features and more developed sinkholes, in-place soils, peats, tree
stumps, higher elevation rock outcrops, and other similar landform features.

More important than sea level rise in the potential for site preservation is the configuration of
the topography on the continental shelf prior to transgression (Belknap and Kraft 1985). If a site
is located and later buried in a topographic position that will not be eroded during transgression,
it will be preserved under the ravinement surface.
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Other factors that influence site preservation on the continental shelf include: (1) the energy
level of the coastal processes and depth of the wave base; (2) the cohesiveness of the sediments
comprising the site matrix; (3) the amount of subsidence prior to transgression; (4) the gradient
of the continental shelf; (5) tidal range; and (6) sediment import and export processes (Waters
1992).

1.6. ARCHAEOLOGICAL SENSITIVITY FOR PREHISTORIC SITES

This report employs two ways of characterizing the likelihood that portions of the OCS have
preserved prehistoric resources. The first method uses the term —sesitivity” and addresses
physical and culture-history constraints on site formation. Under this approach, sensitivity is
constrained by when prehistoric occupation was first possible and then likely, and is
geographically defined by reference to sea level curves used in each region that correspond to
these temporal events. This approach divides the OCS in each region into three sensitivity
categories, as described below:

1. No Sensitivity: Areas that were not subaerial at the LGM. Since such areas were
always submerged, they have no potential for containing terrestrial sites.

2. Low Sensitivity: Areas that were subaerial between the LGM and the Paleoindian
period, representing a time when it is unlikely—although possible—that human
settlement of eastern North America existed.

3. High Sensitivity: Areas that were subaerial beginning with the Paleoindian period
to the present.

The second method of characterizing the likelihood of preserved prehistoric sites uses the
concept of preservation potential. Areas of High Preservation Potential represent locations within
the High Sensitivity areas where conditions exist that provide a better likelihood that prehistoric
sites would have survived marine transgression. In some regions, there may be no specifically
known or mapped High Preservation Potential areas designated, although characteristics that
would define such areas (hence, provide the conditions that surveys would attempt to identify)
are provided. Throughout most of the OCS, detailed studies of geomorphology using seismic
sub-bottom profiling and coring in conjunction with bathymetry are needed to define the
character of submerged landforms and create more fine-grained mapping of potential intact site
settings. Over time, such information may become available for more areas—perhaps in part
through investigations prompted by offshore energy development—and mapping of High
Preservation Potential areas can be refined.

1.7. REPORT STRUCTURE

This report is divided into four sections, each containing thematically-related chapters.
Section 1 includes this introduction (Chapter 1) and an overview of the prehistory of the Atlantic
Seaboard (Chapter 2). Section 2 contains Chapters 3-8, which are contributions to current
research for different areas within the project area, from Maine to Florida. Drawing on Sections
1 and 2, Section 3 synthesizes the prehistoric modeling introduced in the regional chapters
(Chapter 9) and presents proposed survey methods for identifying locations for prehistoric sites
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(Chapter 10). Finally, Section 4 covers work to develop the Atlantic OCS shipwreck database,
including a discussion of sources and methods for research (Chapter 11) and a historical
overview of shipping on the Atlantic Seaboard (Chapter 12).
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2. PREHISTORIC SETTLEMENT PATTERNS
2.1.  INTRODUCTION

Despite decades of archaeological research, our understanding of the earliest humans to
occupy what is now the eastern coast of the United States remains limited. The earliest, most
broadly acknowledged human presence in the continental United States dates to approximately
12,500 B.P., during the Paleoindian period. The most well-known cultural manifestation of this
early settlement is called Clovis, which is represented archaeologically by distinctive, fluted
projectile points that have been found over a wide geographic area in the United States.
However, for decades there have been sites that indicate, if not conclusively prove, a pre-Clovis
occupation in the Americas; these include Meadowcroft Rockshelter, Pennsylvania (Adovasio et
al. 1990, 1998, 1999); Saltville, Virginia (McDonald 2000; Wisner 1996); Cactus Hill, Virginia
(McAvoy and McAvoy 1997); the Topper site in South Carolina (Goodyear and Steffy 2003);
and the Sloth Hole and Page-Ladson sites in Jefferson County, Florida (Dunbar 2002, 2006a;
Hemmings 1999, 2004). None of these sites is without controversy, but they have forced
archaeologists to revisit their models for how and when people first arrived in the Americas (e.g.,
Anderson and Gillam 2000).

Most archaeologists accept that the human occupation of North America began with a
migration of people from Asia across the Bering land bridge, which would have been exposed
from 20,000 B.P. to a time perhaps as late as 10,000 B.P. due to lower sea levels associated with
the LGM (Anderson and Gillam 2000; Dixon 1999, 2001; Fladmark 1979; Hoffecker et al.
1993:48; Meltzer 1988, 2004; Smith 1986). Once in North America, the method and timing of
migration south into the Americas remains an issue of debate. Some researchers have argued that
an ice-free corridor allowed for movement into the interior of the continent sometime after
11,000 B.P. (e.g., Haynes 1966, 1969, 1971), while others have suggested that early settlers,
once having occupied Beringia, followed a coastal route to colonize the Americas (e.g., Dixon
1999; Faught 2008; Fiedel 2000; Fladmark 1979).

Given the fact that sites that might confirm a coastal migration are almost certainly now
inundated, it may be impossible to demonstrate which route accounts for the settlement of the
continent. However, researchers have evaluated models of migration by testing them against
those data that are available. For example, Goebel et al. (2008) present a working model to
explain the origins of human occupation of the Americas that draws on both genetic and
archaeological evidence. They first summarize the results of genetic testing of contemporary
Native American populations, including nuclear gene markers, mitochondrial DNA (mtDNA),
and Y chromosomes, which demonstrate a genetic connection to contemporary, indigenous
populations of southern Siberia (Goebel et al. 2008:1497). DNA tests conducted on early skeletal
remains and human coprolites also support an Asian origin. Interestingly, analysis of genetic
variation in contemporary Native Americans, particularly certain subclades of mtDNA found in
Native American groups throughout North, Central, and South America—but not in Asian
populations—suggests common American ancestors approximately 16,600—11,200 B.P. (Goebel
et al. 2008:1498).
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Fix (2002) has noted that the mtDNA data make it difficult to accept the notion of Clovis
people migrating south from Beringia through the ice-free corridor and spreading rapidly
throughout the Americas (cf. Martin 1973), since the timing of such a passage would have been
too late to account for the genetic variability observed. He notes that a model of coastal
migration, which presumably would have allowed for an earlier start of settlement (perhaps as
early as 16,000 years ago) is consistent with the genetic variability in contemporary Native
American groups throughout the Americas (Fix 2005). This settlement model assumes that
people moved down the Pacific coast to the narrow isthmus of Central America, crossed the
isthmus, and continuing to spread up the Gulf and Atlantic coasts, with the Mississippi River
serving as an entry to the continental interior (Fix 2005:432). Based on this model, the Eastern
Seaboard of North America could have been settled within 3,000 years (Fix 2005:432—433).

Others have suggested that Clovis derived not from Asia, but from the Upper Paleolithic
Solutrean culture of Europe, which dates to ca. 22,000—16,500 years ago (Bradley and Stanford
2004:465; Sellet 1998). Noting that there are no known pre-cursors to Clovis in Alaska or eastern
Asia, they suggest Solutrean maritime hunters entering the Atlantic coast of North America may
account for the handful of early, pre-Clovis sites on the Eastern Seaboard. They point to a
number of factors to support their hypothesis, including similarities in tool manufacturing
techniques and artifact forms between Solutrean and Clovis tools, temporal consistency, and a
plausible migration route to North America.

The logistical problems a founding population would have encountered traversing the North
Atlantic Ocean, the lack of early occupation sites above about 48 degrees north latitude, and a
gap of at least 5,000 years between Solutrean sites in Iberia and early sites in eastern North
America, suggest that any resemblance in bone and lithic tools between the two cultures is
coincidental, and not indicative of direct contact (Straus 2000; Straus et al. 2005). Furthermore,
genetic data also indicate an Asian origin for Native American populations (Fix 2005; Straus et
al. 2005:522-523). Still, should the North Atlantic migration route be shown to have been viable,
the continental shelf off the northeastern U.S. would be a logical place to search for evidence
(Stright 2004).

One study of Paleoindian settlement patterns resulted in a model to explain —outes, rates, and
reasons” (Anderson and Gillam 2000:43) for colonization of the Western Hemisphere. The study
analyzed paths at a continental scale, to determine which routes would have afforded the least
cost to traveling hunter-gatherers. Factors in the model included topographic relief, locations of
ice sheets and pluvial lakes, and the location of known Paleoindian archaeological sites. The
findings suggest that initial dispersal occurred in coastal and riverine settings and on plains, and
that founding populations probably spread and diversified rapidly. In terms of routes, Anderson
and Gillam‘s model implies that now-submerged portions of the continental shelf may have been
important for early dispersal, whether by foot or by boat. In eastern North America, this is
reflected in the distribution of sites along the Atlantic Coastal Plain and the paucity of sites in the
Appalachian Mountains, which were a barrier to mobility.

One of the challenges of any of these models of population spread into the Americas is
accounting for sites that appear to predate Clovis. While none of the referenced North American
sites 1s universally accepted by scholars, the finds at Monte Verde, Chile, appear to have
convinced most skeptics (Meltzer et al. 1997). The earliest securely dated Paleoindian stratum at
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Monte Verde dates as early as ca. 13,800 B.P. (Dillehay 1989), so models that cannot explain
outliers such as this site are problematic.

What is known about the early occupation of the Eastern Seaboard derives not from models,
but empirical data from field research up and down the coast. The following sections present
summaries of that early settlement, including the Paleoindian and Archaic periods—periods
when settlement of the OCS was feasible, based on what is known about Late Pleistocene/Early
Holocene sea levels along the Atlantic coast. The dates for these periods vary up and down the
coast, based on the extent to which dated contexts are available. As a general framework, the
Paleoindian period dates roughly from 13,000-10,000 B.P., while the Archaic period ranges
roughly from 10,000-3,000 B.P. Regional culture histories below refine these date ranges, as
appropriate. All dates presented here, unless noted otherwise, are given as uncalibrated years
before present (B.P.).

Drawing geographic lines to demarcate areas of culture history has always been a challenge.
Not only is one faced with cases of gradual material culture variation that must be geographically
parsed, but it is also necessary to take into account thousands of years of cultural developments
in which cultural expressions and affiliations emerge differentially across space and time.
Further complicating the task, regional similarities in prehistoric developments have been
masked to some extent by typological nomenclature influenced by where research has been
conducted and the spheres in which researchers operate, often following state boundaries. The
following geographic divisions have been defined to encompass broad areas of shared cultural
patterns through the Paleoindian and Archaic periods, tied in some measure to environmental
variables. Section 2.2 focuses on New England, including Maine, New Hampshire,
Massachusetts, Rhode Island, and Connecticut, where similar climate and environmental
conditions correspond with broadly similar cultural developments. Section 2.3 covers a larger
geography that encompasses coastal New York, New Jersey, Delaware, Maryland, and Virginia.
This area was populated by prehistoric groups whose archaeological record is more similar
internally than to regions north and south. While archaeologists would refer to most of this
region, with the possible exception of New York‘s Long Island, as the Mid-Atlantic, no
geographic name effectively encompasses these states. Therefore, to avoid any confusion, the
current report refers to this area as the Mid Coast region. Section 2.4 discusses the prehistory of
the Southeast, which for purposes of this study includes North Carolina, South Carolina, and
Georgia, which generally follow the same patterns of prehistoric developments and display the
same types of material culture. Finally, Section 2.5 includes the culture history of peninsular
Florida. All of the sites mentioned in the text are plotted in Figure 2.1.

2.2. NEwW ENGLAND

Archaeologists have documented over 12,000 years of human settlement in the terrestrial
terrain of New England. The archaeological record of ancient Native American habitation in the
Northeast is commonly divided into three general temporal periods: Paleoindian, Archaic and
Woodland. A —Laf” period is sometimes included in discussions about the Paleoindian period,
and the Archaic and Woodland periods are both further subdivided into Early, Middle and Late
categories. In addition, the Late Archaic and the Early Woodland periods are separated
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by a distinct transitional period referred to as the —Tmasitional” or the —Twminal” Archaic. Each
division among the general periods of the ancient Native American cultural chronology is based
on the interpretations of the archaeological record. These periods are distinguishable within the
archaeological record on the basis of observed differences in the material culture, specific land
use patterns inferred from the archaeological remains of the material culture, and, occasionally,
by other indicators, such as mortuary practices.

The ancient Native American cultures of the early pre-contact period corresponding with the
ca. 12,500-6000 B.P. period, when portions of the region were subaerially exposed and available
for human habitation include:

» Paleoindian period (ca. 12,500—10,000 B.P.)
» Early Archaic period (ca. 10,000-7500 B.P.)
» Middle Archaic period (ca. 7500-5000 B.P.)

Up until a little over a decade ago, ancient Native American artifacts and/or documented
archaeological sites dating from the Paleoindian and Early and Middle Archaic periods along the
coastal plain were quite rare. This lack of archaeological data initially led archaeologists of the
1960s to conclude that the Northeast‘s —elosed boreal forests” of the post-Pleistocene could
support few human foragers, and that these unfavorable environmental conditions had resulted in
an apparent depopulation of the Northeast at that time (i.e., known as the —Rchie-Fitting
hypothesis™) (Fitting 1968; Ritchie 1980). The Ritchie-Fitting hypothesis was confronted with
newer palynological data that indicated that the environment of New England, especially
southern New England, was more amenable to habitation than had been suggested previously,
and the Ritchie-Fitting hypothesis has since been rejected (Dincauze and Mulholland 1977; Jones
1998; Robinson and Petersen 1992).

While sites dating from the Paleoindian and Early and Middle Archaic periods remain rare
compared to later Woodland Period sites along the Atlantic Coastal Plain, archaeological
investigations in southern New England in the last 25 years have dramatically increased our
existing knowledge about ancient Native American settlement patterns and resource procurement
strategies (Carr 1996; Cross 1999; Doucette and Cross 1998; Dunford 1999; Forrest 1999;
Gardner 1987; Jones 1998; Jones and Forrest 2003). These archaeological data indicate that there
was a complex transition of cultures from the time of the arrival of the first Paleoindian colonists
to the florescence of the Middle Archaic populations some 3,000 years later (Jones 1998). These
studies also have brought into question the adequacy of current terrestrial archaeological survey
paradigms for locating sites from these periods in New England. Jones (1998) has opined that
limitations of archaeological testing strategies commonly used on land in the Northeast have
biased the current record of Paleoindian and Early Archaic sites towards medium to large interior
camps—sites that are probably not representative of the range of site types produced by hunter-
gatherers of the terminal Pleistocene and early Holocene.

The rapidly changing environment that characterizes the late Pleistocene to early Holocene
time period hypothetically should have produced an archaeological record of site types that is
highly variable, because of the need for flexible responses in social and economic behavior to the
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environmental conditions (Jones 1998). Increasingly, evidence of lowered water levels and an
emergent correlation between large wetlands and major water bodies and ancient Native
American archaeological sites suggests that water (inland and coastal) and its associated food
resources were critical factors in site selection. Hypotheses are now proposed that assert large
Early and Middle Archaic period archaeological sites in proximity to large lakes, rivers and
extensive wetlands with inlets and outlets flushing their respective systems may have been more
common on the Coastal Plain, but were submerged by the rising sea level (McWeeney and
Kellogg 2001). It is perhaps for this reason that certain site types (especially large coastal
occupations and very small interior camps and extraction locations) seem to be lacking or are
very rare in the archaeological record (Jones 1998). With very few exceptions, virtually all
documented Paleoindian and Early Archaic finds reported throughout New England lack detailed
contextual information.

2.2.1. Paleoindian Period

Following the retreat of thick glacial ice, the present terrestrial landscape, as well as the then-
subaerially exposed portions of the OCS in New England, were probably inhabited by a
relatively low population of mobile hunter-gatherers employing a specialized tool kit developed
for the exploitation of large migratory game (e.g., caribou, elk, bison, and mastodon) (Dragoo
1976; Kelly and Todd 1988; Snow 1980; Waguespack and Surovell 2003). In particular,
Paleoindian people living in the region are thought to have relied mainly on caribou that
presumably were abundant in the environment of that time (Spiess et al. 1998). The presence of
these early inhabitants is recognized in the archaeological record through distinctive lithic
technologies.

The Paleoindian period in the Northeast is divided into two temporal groupings, or traditions.
Diagnostic fluted projectile points and related artifacts characterize sites of the Fluted Point
Paleoindian Tradition (12,500-10,050 B.P.) (Spiess 1990; Spiess et al. 1998). The elongate,
bifacial points have a distinctive flake scar, or flute, created by the removal of a channel flake
from one or both faces of the tool (Snow 1980). Other characteristic artifacts include unifacial
endscrapers, usually made from a single flake with a spur, or graver, on one or both ends (Snow
1980; Spiess et al. 1998). Piéces ésquillées, created from thick flakes or core fragments, are also
typical of the Paleoindian tool kit (Snow 1980). The Late Paleoindian Tradition (10,050-9,500
B.P.) is distinguished by a change in bifacial technology from fluted points to parallel-flaked
lanceolate points, similar in form to Scottsbluff or Eden points of the Midwest and western U.S.
(Cox and Petersen 1997; Doyle et al. 1985; Spiess et al. 1998; Will and Moore 2002).

Throughout the Paleoindian period, artifact assemblages tend to feature non-local lithic
materials, such as chert and jasper and regionally and extra-regionally available rhyolites (e.g.,
Mount Jasper rhyolite, Lynn volcanic suite, Saugus Jasper, Munsungun Formation chert, etc.). A
marked preference for fine-grained crystalline material is reflected Paleoindian lithic technology.
Raw materials observed in artifacts recovered from sites in New England include chert,
chalcedony, jasper, quartzite, crystal quartz, and fine-grained volcanic rocks, such as rhyolite and
felsites, often found hundreds of kilometers from their primary source (Spiess et al. 1998). These
great distances may represent long distance travel to established source areas, trade, and/or
utilization of fluvially or glacially transported material.
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Recognition of a variation in point styles has led to the establishment of a typology and
chronology for regional Paleoindian fluted points. Spiess and others (1998) developed a four-part
typology, while Dincauze‘s (2007) analysis produced a slightly different division. Both schemes
use the Great Lakes region typology as a basis (see review by Ellis and Deller 1997) for New
England divisions. The sequences are based on variations in the length/width ratio of the
projectile, size and shape of the basal concavity, size of the flute scar, and the presence or
absence of —fishtail” forms at the base of the point. Chronology was established using
radiocarbon dates, when possible, and relative position on lakebeds and stepped shorelines in the
Great Lakes. Each phase is named for the site whose artifacts best represent the type‘s attributes.

In New England, Spiess et al. (1998) recognize the oldest phase as the Bull Brook/Vail-
Debert, named for the fluted point types recovered from the Bull Brook site in Massachusetts,
the Vail site in Maine, and the Debert Site in Nova Scotia. This point style is parallel-sided to
lanceolate in shape with a medium to deep basal concavity, and flute scars that extend along half
the length of the point (Spiess et al. 1998). The phase is dated at a number of sites across New
England and Nova Scotia, and represents the time period from 10,800-10,500 B.P. (Spiess et al.
1998). Dincauze (2007) lists Bull Brook as the oldest period, comparable to the Gainey phase of
the Great Lakes, with Vail-Debert as stylistically different, but also representing the initial
Paleoindian occupation of the region.

The next youngest Paleoindian phase in Spiess et al.‘s (1998) typology is the Michaud-
Neponset, and it is best characterized by points from the Michaud site in Maine and the Neponset
site in Massachusetts. These points are narrow and thinner than those of the preceding phase, and
have a flute scar that extends along most of the entire length of the tool (Ellis and Deller 1997).
The basal concavity is shallow, and the base is typified by —fishtils” or —flang ears” (Spiess et
al. 1998). This style is similar to the Barnes points of the Parkhill Phase of the Great Lakes and
Mid-Paleoindian of the Mid-Atlantic. The Michaud-Neponset phase is associated with dates
close to 10,700-10,300 B.P. (Spiess et al. 1998). Dincauze (2007) uses essentially the same
styles, but names the phase Barnes/Parkhill/Neponset.

Crowfield Phase points occur in both the Great Lakes and New England, and are correlative
with Simpson points of the Mid-Atlantic (Spiess et al. 1998). These points are thinner and wider
than Michaud-Neponset phase artifacts, and expand from a narrow base (Ellis and Deller 1997).
They often have multiple, long flutes and a shallow, wide basal concavity (Spiess et al. 1998).
These points have been found in Vermont and eastern Massachusetts. No Crowfield Phase dates
are available for New England.

The youngest New England fluted point type is the Nicholas, named for the Nicholas site in
Maine (Spiess et al. 1998; Wilson et al. 1995). These points are similar to those from the
Holcombe phase of the Great Lakes region, and are small and thin with shallow concave bases
(Spiess et al. 1998). A Nicholas Phase site in Maine has yielded dates of 10,060 B.P., and is
thought to provide —aeasonable end-date for fluted point Paleoindian occupation in the region”
(Spiess et al. 1998:238). This conclusion is further supported by the discovery of another
Nicholas phase site in interior Maine, which yielded an Accelerator Mass Spectrometry (AMS)
radiocarbon age 10,110 B.P (Will et al. 2001). Dincauze (2007) groups the Crowfield and
Nicholas/Holcombe phases with lanceolate points as Terminal Pleistocene and Early Holocene.
Anderson (2001:155) suggests that the replacement of lanceolate points with notched projectile
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points in the Late Pleistocene/Early Holocene coincides with a shift in hunting emphasis from
large animals to —smaller, more dispersed game animals.”

Paleoindians were once thought to be highly specialized hunters of big game, such as
mammoths, mastodons, and caribou. Archaeological data from Paleoindian sites throughout New
England (Meltzer and Smith 1986; Spiess et al. 1998) and the ecologically similar Great Lakes
(Stothers 1996) region are consistent with the hypothesis that Paleoindians subsisted on
migratory game, chiefly caribou. Paleoindian sites in New England have yielded caribou, beaver,
and bison bones, along with some charred floral remains including nuts and berries (Spiess et al.
1998). Specialized subsistence models focusing on large game derive primarily from Paleoindian
sites located in the midwestern and southwestern United States, such as the Folsom site (Figgins
1927), which clearly exhibit evidence for the exploitation of large (now extinct) animal species
by humans. However, recent evidence suggests that an emphasis on large game may be
overplayed, and that Paleoindians across North America were more likely opportunistic hunters
and gatherers whose diet was largely influenced by environmental variability (Cannon and
Meltzer 2004; Meltzer 1993). Similar arguments have been made by researchers in the Northeast
(Dincauze 1993; Ogden 1977). Dincauze (1990) has asserted that the Paleoindian inhabitants of
southern New England made use of the full range of readily available plant and animal species
that existed at the time. Jones and Forrest (2003) have also argued for the more generalized
subsistence model among Paleoindian peoples, citing the apparently higher occurrence in the
archaeological record of small Paleoindian encampments as compared to that of larger base
camps in the region. They assert that these smaller sites reflect a settlement system wherein small
groups of mobile foragers adapted to resource unpredictability and pursued a more generalized
subsistence regime, exploiting a variety of available floral and faunal resources present in the
resource-rich areas surrounding freshwater glacial ponds and wetlands widely distributed across
the recently deglaciated New England landscape. Archaeological evidence recovered during the
excavation of Shawnee Minisink archaeological site, situated along the upper Delaware River,
seems to support Dincauze, Jones and Forrest‘s arguments for Paleoindian exploitation of a
broad subsistence base, as it includes evidence for the processing of fish, nuts, and edible plants
(e.g., Goose foot [Chenopodium sp.], ground cherry, black berry, hawthorn plum, pokeweed,
pigweed [Amaranthus sp.], smart weed [Polygonum sp.], wild lettuce, grape, hackberry, and
meadow grass) (Hanley et al. 2002).

While no evidence of sea mammal hunting by Paleoindian-period peoples has been found in
the archaeological record to date, the possible exploitation of sea mammals by Paleoindians in
the Northeast should not be ignored, as they are an important resource for many arctic and sub-
arctic peoples today (Jones 1998). Finds of the archaeological remains of marine mammals on
the former shores of the Champlain Sea in Vermont, and the serendipitous recoveries of mammal
finds from the continental shelf by fishermen, indicate that marine mammals such as walrus,
ringed seal, harp seal, bearded seal, hooded seal, harbor seal, and gray seal all could have been
present and exploited by coastally-adapted Paleoindian settlers (Jones 1998).

Generally, settlement strategies during the Paleoindian period are poorly understood as
Paleoindian materials and sites are, overall, quite rare in the documented archaeological record.
However, it is clear that Paleoindian site size and duration of occupation are highly variable
(Jones 1998). Identified sites include large, possibly seasonally occupied base camps such as the
Vail site in Maine and the Bull Brook site in Massachusetts; small residential camps such as
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Reagan in Vermont, Whipple and Israel River complex sites in New Hampshire and the
Templeton site in Connecticut, as well as very small task-specific loci, such as the Hidden Creek
site in Connecticut (Basa 1982; Boisvert 1998; Bouras and Bock 1997; Byers 1954; Gramly
1982; Jones 1997; McWeeney 2002; Moeller 1984; Robinson et al. 2009; Spiess et al. 1998). In
some areas, Paleoindian sites have been found in settings removed from present-day water
bodies but on landforms strategically positioned above low-lying terrain that may have been
suitable habitat for caribou and other game animals; campsites in such settings are typically
indicative of short-term habitations by small groups of people, perhaps in some cases by even a
single, extended family (Spiess et al. 1998). Elsewhere, a strong correlation has been found
between Paleoindian sites and glacial features that include well-drained sand and gravel kame
deltas and outwash terraces, suggesting a preference for high, well-drained ground, near streams
or wetlands, which also offered vantage points for observing game. In the coastal region of
Maine, for example, the pattern of small Paleoindian sites on sandy high ground near water
sources is embodied in the Hedden (Spiess and Mosher 1994; Spiess et al. 1995; Spiess et al.
1998), Spiller Farm (Hamilton and Pollack 1996), and Neil Garrison (Douglas Kellogg, personal
communication 1999) sites. Two small, eroding sites on the coast at Boothbay contained
Paleoindian artifacts eroding from beneath Ceramic period shell middens (Spiess et al. 1998).
While now at the present-day coast, at the time of Paleoindian occupation, the site was located
inland, adjacent to a stream. Work by Kelley (2006) suggests that in inland Maine, a region
dominated by lakes and wetlands during the late Pleistocene and early Holocene, hunting and
travel sites would be associated with lake/wetland shores and thoroughfare locations between
lakes. The limited size and artifact suites of these sites has been used to identify each as a travel
or hunting campsite, used by a few people for a short amount of time. The linkage between
geomorphic features and archaeological sites has been used to suggest hunting strategies (Spiess
et al. 1998), but may also suggest the importance of locating water during drier periods.
McWeeney and Kellogg (2001) suggest that people of this time relied more heavily on upland
regions where thinner glacial sediments and bedrock control of groundwater made water
availability at springs and streams more predictable.

The large Paleoindian sites known from New England and Nova Scotia are each
characterized by eight or more artifact loci, reflecting population aggregation and/or repeated site
visits (Robinson et al. 2009). For example, the Bull Brook site, located in Massachusetts, is
positioned on a large, flat-topped sandy kame or delta, and is composed of a circular pattern of
36 loci (Byers 1959; Robinson et al. 2009). Robinson et al. (2009) interpret the site as an
aggregation site for communal hunting to exploit the seasonal movement of caribou from
subaerially exposed portions of Jeffreys Ledge to the inland ca. 10,300 B.P. Likewise, Vail, in
northwest Maine and now submerged by Aziscohos Lake, is interpreted as a riverside kill site
(Gramly 1982). Large sites like these have produced the vast majority of fluted points recorded
in New England in the Paleoindian Database of the Americas (PIDBA), an online, county-by-
county (or province) database of Paleoindian period projectile points finds in North and South
America (PIDBA 2009).

It is probable that many Paleoindian sites were situated on the now inundated continental
shelf (Marshall 1982). The existence of submerged Paleoindian sites has been revealed by the
finds of scallop draggers. For example, the dredges on a scallop dragger off the western tip of
Black‘s Island in Maine‘s Blue Hill Bay recovered three Late Paleoindian lanceolate bifaces
from approximately 44 m water depth (Crock et al. 1993). Examination of bathymetric charts
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from the region suggests that the artifacts may come from a site or sites located near the edge of
the now submerged Union River channel (Crock et al. 1993). These artifacts represent the oldest
recovered material from Maine waters. While indicative of occupation during the Late
Pleistocene/Early Holocene, it is unlikely that these artifacts were recovered from an intact site.
More reasonably, they represent material eroded from what was then a terrestrial site located on
the Union River banks, and redeposited into the river channel nearby. Kelley et al. (2010)
describe a submerged site in inshore waters near Bass Harbor, Maine that is associated with
Middle Archaic period artifacts (Price and Spiess 2007). Multibeam bathymetry, side scan sonar,
seismic reflection profiling, and coring were used to identify a sheltered lake/wetland complex. It
is possible that Paleoindian inhabitants used similar settings where available.

No archaeological material has been recovered from areas further offshore, however,
draggers working to the south, offshore of Massachusetts, have recovered mammoth teeth
(Whitmore et al. 1967). The presence of these probiscidean remains suggests that these broad,
offshore areas were dominated by grassland/steppe environments, suitable to support large
grazing animals and herd animals, such as mammoth and reindeer.

Potential Paleoindian occupation of these offshore areas would most likely be situated so as
to best exploit available herd animals and coastal resources. Robinson et al.‘s (2009)
identification of the Bull Brook site as an aggregation site linked to hunting of migrating caribou
requires the hunters to have knowledge of migration patterns and a potential familiarity with the
landscapes available to prey species. Shaw et al. (2006) suggest a large subaerially exposed area
with associated adjacent islands was present to the east of Cape Cod ca. 13,000-9,000 B.P., and
may have provided hunting areas contiguous with the current mainland. Paleoindian hunters may
have followed herd movements into this area, and even across limited expanses of open water.
Use of boats by Paleoindian people is unsubstantiated, but has been suggested as a method of
colonization of the coastal portions of western North America (Dixon 1999; Erlandson 2002;
Erlandson et al. 2007; Fedje and Christensen 1999; Fladmark 1979). Paleoindian exploitation of
coastal resources has not been recognized in northern New England and the Canadian Maritimes,
primarily because any coastally focused occupation or resource-related areas of this time period
are currently submerged. In other portions of the world, where coastal zones of Terminal
Pleistocene age are preserved, Paleoindian sites are associated with marine mammal, fish, and
shellfish remains (see Sandweiss et al. [1998] for an example from coastal Peru, the Quebrada
Jaguay site).

Using available settlement models, Paleoindian period peoples are likely to have used
subaerially exposed areas of the OCS, dependent upon access across areas contiguous with the
coast or having the ability to navigate across open water. Sites may exist as: 1) small upland
hunting and travel sites associated with surface water, such as springs, 2) multi-loci aggradation
sites developed for group exploitation of resources, and 3) coastal sites positioned to access
marine resources, including marine mammals, fish, and shellfish. Site preservation in these areas
will be influenced largely by depth of burial and geological processes acting on the sites
following occupation.
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2.2.2. Early Archaic Period

The start of the Early Archaic period (ca. 10,000-7500 B.P.) coincides with the end of the
Pleistocene and the Wisconsin glaciation and the commencement of the Holocene epoch 10,000
years ago. The early Holocene is marked by a climatic shift towards conditions that were
generally warmer and drier than those of the preceding Pleistocene epoch. This shift produced
concomitant changes in southern New England‘s environmental setting to which the region‘s
Native American inhabitants at the time adapted. By the Early Archaic, the environment had
transformed from open woodlands to more closed forests initially dominated by spruce, balsam
fir, birch, and poplar, but eventually dominated by pine (Almquist-Jacobson et al. 2001; Bernabo
and Webb 1977).

The Archaic period represented a time of increased familiarization and settlement within the
Eastern Woodlands. Archaeological evidence recovered to date suggests native peoples of the
Early Archaic followed a more diversified subsistence strategy relative to that of the preceding
Paleoindian period. This more diversified subsistence strategy appears to have included the
pursuit of available smaller game and fish as well as the gathering of available woodland and
wetland vegetation, and nuts (Dumont 1981; Forrest 1999, Jones 1998; Kuehn 1998; Meltzer and
Smith 1986; Nicholas 1987; Robinson et al. 1992). The archaeological record exhibits a strong
correlation between Early Archaic habitation sites and wetland locations as many of the
identified sites are located around the perimeters of ponds, marshes, and wooded wetlands and at
the headwaters of major rivers. Consequently, from this distribution of sites, it may be inferred
that wetland environments became increasingly important loci for human activity during the
Early Archaic (Jones and Forrest 2003; Nicholas 1987).

Identification of Early Archaic habitation sites throughout southern New England has
typically hinged upon the recovery of corner-notched, stemmed, and bifurcate-based projectile
points during archaeological surveys. Recent documentation of Early Archaic sites in New
England has led researchers to question whether Early Archaic archaeological deposits are in fact
rare as initially believed (i.e., Sanger 1977), or have simply been overlooked because they may
be difficult to discern from later archaeological components given the widespread presence of
quartz throughout much of New England during the pre-contact past. Excavations at very deeply
buried sites along major rivers in Maine have yielded important evidence of Early Archaic
occupations. Investigations along the Saco, Kennebec, Androscoggin and Penobscot rivers have
prompted the identification of what has been called, —Th&Gulf of Maine Archaic Technological
tradition” (e.g., Robinson 1992; Sanger 1996; Will et al. 1996).

Non-bifacial tools that include unifacially edged tools, cores, and flakes have been proposed
as alternative diagnostic markers for the period (Robinson et al. 1992), as have —ibbled flakes”
or —dertulates” and tabular blades (Thomas 2001; Waller et al. 2010). This assemblage,
subsumed within the Gulf of Maine Archaic tradition, also includes hammerstones, milling slabs,
and notched pebble sinkers (Waller et al. 2010). Artifact types crafted using this new technology
of pecking and grinding reflect an increased focus on plant and fish resources during the Early
Archaic (Robinson 1992). Chipped stone tools were typically produced from local stone, often
collected in cobble form, suggesting more restricted territorial ranges than in Paleoindian times.
Archaeological investigations of the Sandy Hill Site in Ledyard, Connecticut (Forrest 1999),
record the early Holocene utilization of a distinctive quartz lithic technology focused on the
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production of quartz —microliths” for use in composite tools (Forrest 1999). The preponderance
of expedient tools and nearly exclusive reliance on local or regional lithic materials are
characteristic of this tool assemblage, and suggest either a —astricted wandering” or a —eentral-
based wandering” settlement system (Waller et al. 2010). A restricted wandering settlement
system consists of seasonally based group movements by small, residential groups within well-
defined territorial limits, while a central-based wandering settlement system describes settlement
at a place for an extended period of time by a modest population until the time arrives when the
entire community finds it necessary to move on, perhaps never to return (Ritchie 1980).

The identification of a semi-subterranean pit house associated with a LeCroy Bifurcate
complex at the Weilnau site in Ohio (Stothers 1996), a pit house dated to 8920 + 100 B.P. from
Connecticut (Forrest 1999), and more recently two pit houses dated to 7830 + 130 and 8110 +
90 B.P. at the Whortleberry site in Dracut, Massachusetts (Dudek 2005), imply a previously
unknown degree of sedentism for Early Archaic populations (Waller et al. 2010). It is inferred
that these larger, longer-duration residential sites were associated with peripheral small, short-
duration sites resulting from logistical forays in the Early Archaic settlement system. Jones and
Forrest (2003) assert that the Early Archaic semi-residential settlement pattern in southeastern
Connecticut is an adaptive response to predictable, readily abundant resources (Waller et al.
2010).

2.2.3. Middle Archaic Period

The environmental setting associated with the Middle Archaic (ca. 7500-5000 B.P.) is
characterized by increased precipitation relative to the preceding Early Archaic period. Forest
composition and vegetation changed in response to the increased rainfall as the pine-dominated
landscape was replaced by a deciduous forest of oak, sugar maple, elm, ash, and beech, with
smaller numbers of hemlock and white pine. Deer populations expanded and likely became a
major subsistence focus with the emergence of the —mast” forest. Bear, wolf, otter, and wild
turkey also emerged in greater numbers, while comparatively smaller populations of moose, elk,
and caribou populations persisted in spruce-fir northern hardwood forests.

An increase in the relative frequency of Middle Archaic sites in the Northeast suggests that
colonizing peoples were firmly established in New England by 7500 B.P., with a greater density
of identified Middle Archaic sites occurring in southern New England than in the north (Waller
et al. 2010). Southern New England‘s resident Middle Archaic populations continued their
generalized subsistence regimes with most sites of the period discovered around ponds, lakes,
rivers, and wetlands (Bunker 1992; Dincauze 1976; Doucette 2005; Doucette and Cross 1997,
Maymon and Bolian 1992). Subsistence activities reflected at these sites included the focused
harvesting of anadromous fish, hunting and foraging, and fishing. Base camps established along
extensive wetland systems (Doucette 2005; Doucette and Cross 1997; Jones 1998) supplemented
smaller logistical camps and exploitation sites within the Middle Archaic settlement system. An
increase in the complexity of seasonal rounds is conjectured on the broad range of resources
available throughout the period (McBride 1984).

Middle Archaic occupations in southern New England are typically identified by the

presence of Neville, Neville-variant, Stark, and Merrimack style projectile points (Dincauze
1976; Dincauze and Mulholland 1977). The Neville type-site for Middle Archaic Native
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American occupations in New England was situated along the Merrimack River in Manchester,
New Hampshire, and contained a substantial Neville projectile point tool assemblage. Many of
these points possessed slightly bifurcated or notched bases, thus providing evidence for a
possible technological evolution out of the preceding bifurcate-based Early Archaic point type.
The site was used repeatedly beginning roughly 7750 B.P., probably as a seasonal base camp
situated to take advantage of migratory fish runs. Besides fishing, other activities represented by
artifacts and features at the site include stone tool manufacture, hide working, and wood working
(Dincauze 1976). At Middle Archaic sites throughout New England, projectile points are found
in association with steep-bitted scrapers, flake knives, perforators, adzes, axes, gouges, and
choppers. Groundstone tools became more central to the material culture of the Middle Archaic.
The presence of adzes, gouges, and axes within the archaeological record suggests heavy
woodworking activities and the possible manufacture and use of dugout canoes, which is further

suggestive of the increased importance of river travel for Middle Archaic peoples (Waller et al.
2010).

A preference for regionally available lithic raw materials (quartzite and rhyolite) is reflected
in the Middle Archaic‘s archaeological record. Utilization of Ossipee Mountain and Boston
Basin volcanic materials is also evident during the Middle Archaic, although quartz apparently
remained the raw material of choice (Bunker 1992). The correlation between regional lithic
material types and Middle Archaic materials has led Dincauze (1976) to theorize that Native
American band or tribal territories were established within major river drainages, and that the
scheduling of subsistence activities such as the seasonal pursuit of anadromous fish species may
have developed in response to territoriality (Dincauze and Mulholland 1977; Waller et al. 2010).

In Maine, chipped stone spear points are more abundant in the Middle Archaic
archaeological record and the first cemetery sites occur. Artifacts dating to this time period have
also been discovered submerged in places, such as Blue Hill Bay suggesting that sea level rise
has submerged sites from this time and earlier (Crock et al. 1993). The cemetery sites reveal
mortuary practices that included the sprinkling of graves with red ocher, and the offering of
grave goods, such as gouges, slate spear points, and stone rods (Moorehead 1922; Robinson
1992; Will and Cole-Will 1996; Willoughby 1898). Commonly referred to as the —RedPaint
People,” sites dating to this tradition have typically been found east of the Kennebec River with
some sites displaying a strong focus on maritime resources.

2.3. MID COAST

Surveys of regional prehistory associated with the modern states of New York, New Jersey,
Delaware, Maryland, and Virginia are provided by Cross (1941), Custer (1984, 1989), Dent
(1995), Kraft (1986), Mounier (2003), and Ritchie (1980). Archaeologists working in this region
have traditionally employed a system of three periods (Paleoindian, Archaic, and Woodland) to
divide the span of time between the first settlement of the region by Native Americans and the
arrival of the European explorers in the sixteenth century. The Paleoindian period spans roughly
12,500-10,000 B.P. It is followed by the Archaic, divided into four periods: Early Archaic
(10,000-8000 B.P.), the Middle Archaic (8000-6000 B.P.), the Late Archaic (6000-3000 B.P.),
and the Transitional or Terminal Archaic (3000-2700 B.P.). The Woodland period postdates any
possibility for submerged sites on the OCS.
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At the Pleistocene glacial maximum, the Laurentide ice sheet extended as far south as
present-day New York City. After the retreat of the glacial ice sheet, tundra vegetation, similar to
that found today in Alaska and northern Canada, colonized the newly exposed landscape
(Gaudreau 1988). Between 19,000-11,000 B.P., a spruce-dominated forest was present,
retreating northward and eventually replaced by a forest dominated by pine. Finally, by
9000 B.P. (during the Early Archaic period) hardwood forests, similar to those that characterize
the Eastern Woodlands today, were present throughout the region.

2.3.1. Paleoindian Period

Only a few sites dating to the Paleoindian period are known from this portion of the Atlantic
coast, while the presence of early peoples is implied from the occasional find (often on the
surface) of characteristic fluted projectile points that were presumably used to hunt Late
Pleistocene/Early Holocene fauna (Anderson and Faught 1998). The relative scarcity of early
sites along the modern coast is to be expected. Even if the region was well-populated prior to
10,000 B.P., most of the evidence for early human presence has been destroyed or hidden by
natural or cultural processes. Foremost among these forces is the post-glacial rise in sea level.
During the initial settlement of the region, sea level was roughly 100 m lower than today,
meaning that, for example, what is now lower New York Harbor would have been exposed land,
cut by stream channels of the Hudson and Raritan rivers.

The first reported Paleoindian habitation site in eastern North America was at Shoop,
Pennsylvania (Witthoft 1952). This discovery was soon followed by the Reagan site in Vermont
(Ritchie 1953) and the Bull Brook site in eastern Massachusetts (Byers 1954). Another early site,
Meadowcroft Rockshelter, probably has received more attention than any other early prehistoric
site excavated in eastern North America, due in large part to the very early radiocarbon dates
obtained for the lowest artifact-bearing strata. The site is located in southwestern Pennsylvania,
approximately 50 km south of the maximum extent of the last advance of the Wisconsin ice
sheet, and overlooks a small tributary of the Ohio River. The rockshelter deposits are deep,
stratified, and contain several cultural components, with an internally-consistent suite of
radiocarbon dates ranging from at least between 685+80 through 13,240+1010 B.P. (Adovasio et
al. 1990). No fluted projectile points were found in the lowest strata at the Meadowcroft
Rockshelter, leading the principal investigator to suggest that the deposits were created by people
earlier than, or at least outside of, the fluted point Paleoindian tradition (Adovasio 1993).

Another well-studied stratified Paleoindian site is the Shawnee Minisink site in the Upper
Delaware River Valley of eastern Pennsylvania. Charcoal from hearths in the Paleoindian
component of the Shawnee Minisink site has been radiocarbon dated to 10,590+300 and
10,750+600 B.P. (McNett 1985:6). More than 76 seeds from at least 10 different plant species
were recovered from Paleoindian contexts at the site (Dent and Kauffman 1985:67).
Interestingly, there are only minor differences between the Paleoindian and Early Archaic
botanical assemblages from the site. In addition to the wide variety of seeds and fruits at
Shawnee Minisink, fish bones were encountered in Paleoindian contexts (Dent and Kauffman
1985:73).

In general, Paleoindian settlement patterns may be described as semi-nomadic within a
defined territory. The subsistence focus was on hunting both large and small game and it is
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assumed that wild plants were exploited for their food potential as well (Custer et al. 1983;
Gardner 1980; Kraft 1973). Populations of Pleistocene megafauna, such as mammoth and
mastodon, were likely dwindling by this time, but pre-Clovis populations, if they existed, may
have utilized a much richer late Pleistocene ecosystem marked by extensive estuarine systems,
high order stream terraces, broad open grasslands, and wetland habitats. Sites such as Cactus Hill
(445X202), on the Nottoway River in Virginia, show evidence of coastal plain riverine settings
being heavily utilized in Clovis and what appears to be pre-Clovis times (McAvoy and McAvoy
1997). Cactus Hill may have been one of a series of smaller sites located upstream from the
Atlantic shelf for the purpose of raw material replenishment as well as hunting and gathering.
Similar riverine settings further inland were exploited as well. The Higgins site (18 AN489), for
instance, is a Clovis site on the western shore of the Chesapeake near Baltimore-Washington
International Airport in a small stream setting in a headwaters area (Curry and Ebright 1990;
Ebright 1989, 1992).

Many regional Paleoindian sites are located adjacent to what would have been fresh water
sources at the time of occupation. During the Late Pleistocene, lowered sea levels and associated
lowered ground water tables resulted in fewer fresh water resources compared to Holocene
conditions, and the few resources that were present undoubtedly attracted human foragers. Fresh
water locales would have been visited repeatedly by Paleoindians, and thus these sites are more
visible in the archaeological record than environmental niches used only sporadically. Mounier
(2003:126), for example, notes that almost all habitation sites from all prehistoric periods in New
Jersey are located near fresh water. Two Paleoindian sites, two sites with redeposited
Paleoindian period artifacts, and 12 isolated finds (mostly fluted projectile points) have been
documented on the outer coastal plain of central and southern New Jersey (Grossman-Bailey
2001:171-184). An additional 12 fluted points, most made from jasper, with others from
quartzite and argillite, have been recovered on the coastal plain between Sandy Hook and
Barnegat Bay in central New Jersey (Marshall 1982). Numerous Paleoindian isolated finds have
been identified in the Chesapeake Bay area, but relatively few intact sites are documented.
Brown‘s (1979) survey of fluted points in Caroline County, Maryland shows five points—four
Clovis and one mid-Paleo. The dearth of sites is attributed, in part, to the notion that many
regional Paleoindian site locations are submerged. An upland site, Paw Paw Cove in Maryland
(Dent 1995; Lowery 1989), is located close to ancestral Susquehanna River terraces overlooking
where the Choptank and Miles rivers flow into the Susquehanna. Locations such as this may
simply have been utilized for its proximity to rich floodplain areas resources. Some evidence
also suggests that site location choices were designed to provide protection from the elements.
One common pattern consists of southern exposure sites adjacent to topographic features that
provide shelter from prevailing winds (Dent 1995:124).

Paleoindian technology is distinguished by the distinctive fluted projectile points and
specialized tool kit that included scrapers, burins, gravers, denticulates, spokeshaves, perforators,
knives, pieces ésquillées, and unifacial flake tools. Tools include highly specialized formal
implements, multi-purpose tools, and expedient tools. A variety of high quality cryptocrystalline
raw materials were utilized such as chert, jasper, and quartz. Kraft (1986) notes that fluted points
diminished in size after Clovis, ultimately being replaced by notched Early Archaic points such
as Palmer and Kirk.
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The geography of Paleoindian settlement patterns has traditionally been interpreted based on
a presumed reliance on high-quality lithic raw material, and thus an attraction to source areas
(Gardner 1989). The use of cryptocrystalline raw material facilitates hunting and gathering
expeditions outside the usual lithic resource procurement area by allowing portable, flexible
technologies based on bifaces and blade cores with long life spans that can be reliably used,
resharpened, and recycled as Paleoindian groups moved across the landscape (Goodyear 1979).
Artifacts associated with this period in the region include high percentages of cryptocrystalline
material, although the picture of Paleoindian resource use is becoming more nuanced. Many
coastal plain sites (e.g., Paw Paw Cove) show intensive use of high quality cobble resources such
as jasper instead of more distant outcrop sources (Custer and Galasso 1980; Custer and Lowery
1994; Lowery 1989). Where high quality cryptocrystalline raw material was not available locally
as outcrops or cobble sources, one might expect a high percentage of curated tools (manifested
by resharpening) and blanks transported from source areas elsewhere. That indeed is what is seen
at the Shoop site, north of Harrisburg, Pennsylvania, where many fluted points, scrapers, and
other typical Paleoindian tool forms were made from Onondaga chert, a raw material found in
western New York north of the Finger Lakes region (Carr and Adovasio 2002; Witthoft 1952,
1954). Some Paleoindian groups in the region did, however, make use of lower quality local
lithic raw materials as well. For example, in the Chesapeake drainage and in other portions of the
coastal plain, Paleoindian assemblages include a high percentage of local, non-cryptocrystalline
material such as quartz and quartzite (Dent 1995:127). Cryptocrystalline raw materials of high
quality were more likely to be used for tools that would be curated and reused, while locally
available resources would have served well for expedient tools (Goodyear et al. 1989).

Lithic resources, like fresh water sources, may have served as focal points of human
occupation on the landscape. Stratified sites containing Paleoindian artifacts in an area rich with
good lithic raw material include the Thunderbird and Fifty sites of the Flint Run Complex in the
Shenandoah Valley of Virginia (Gardner 1977). The —Fht Run Lithic Deterministic” model of
Paleoindian settlement, where the movements of small groups of Native Americans across the
landscape were made to take advantage of this important lithic source (Anderson and Sassaman
1996), was based on finds at the complex, which included quarries, reduction sites, base camps,
and maintenance camps. On the Delmarva Peninsula, there appear to be two mechanisms
responsible for the distribution of fluted projectile points. One concentration in the north
centered on the Delaware Chalcedony Complex may reflect the Flint Run model, where
Paleoindian artifacts are associated with outcrops of high quality lithic raw material. Two other
concentrations of fluted points are along the mid-peninsular drainage divide, where the Late
Pleistocene-Early Holocene environment was riddled with swamps and wetlands attractive to
game (Custer et al. 1983), and at the mouths of the Choptank and Nanticoke rivers (Custer
1989:94, 103). Custer (1989) believes that Paleoindian sites clustered along the upper reaches of
the mid-peninsula drainage divide are base camps; however, Lowery and Phillips (1994:33)
believe that they are temporary camps.

Known site types for the Paleoindian period in the region include riverine base camps located
near high-quality lithic sources and smaller transient hunting camps near game-attractive areas.
For example, Werner (1964:31) describes a jasper Clovis point, hearths and associated debitage
from an alluvial terrace context at the Zierdt site in the Upper Delaware valley. Kraft (1973)
describes similar riverine contexts at Plenge in the Muscontecong River valley of western New
Jersey. Larger sites, such as Shawnee-Minisink (McNett 1985) may have been occupied for a
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longer period of time or as some suggest, may represent a series of brief occupations over the
long term to exploit nearby chert outcrops (Gingerich 2007). Most of the recorded Paleoindian
sites along the Middle Atlantic coastal plain, however, are either short-term camps or isolated
finds. Isolated finds include several locations along the Delaware River described by Kinsey
(1972:328; see also Marshall 1982). Many of these projectile points are surface finds on kame
terraces on both the Pennsylvania and New Jersey sides of the Delaware River. It is likely that
Paleoindian sites in downstream areas of the Delaware, Susquehanna and Potomac, for example,
would have included larger camps, now inundated, occupied for exploiting rich estuarine
resources and the smaller, backwater swamps. From these camps, forays into upstream and
interior headwater areas (e.g., Turkey Swamp) would have been staged. Such activity would
account for the broad distribution of isolated fluted points and small sites that typify coastal plain
site settings today.

The fundamental problem with investigating Paleoindian coastal adaptations is that the
evidence is presumably underwater. However, a few sites on the West Coast (where the
continental shelf is relatively narrow, and sea level rise had much less effect than in the East)
have yielded ample evidence of early maritime adaptations. For example, a deep shell midden of
marine shellfish remains, fish bones, and lithic artifacts at the Daisy Cave site on San Miguel
Island, California, has been dated to 9,700 B.P. (Erlandson 1993, 1994). Nevertheless, it is
unclear what role aquatic resources, particularly fish and marine mammals such as seal, may
have in Paleoindian subsistence in the region. Fish bones were recovered from the Shawnee
Minisink site in the Delaware River Valley (McNett 1985), and preservation factors may explain
their absence elsewhere. The degree of hunter-gatherer dependence on maritime resources during
the Late Pleistocene and Early Holocene has been a matter of debate (Yesner 1980). Some
researchers (e.g., Perlman 1980) have postulated that because coastal environments are among
the most productive land forms (in terms of food and raw material diversity and abundance),
their occupation should coincide with their earliest development and stabilization. In contrast,
others (e.g., Bailey and Parkington 1988; Erlandson and Fitzpatrick 2006) see a trend of
expanding subsistence patterns to include specialized niches such as the coast over the course of
the Holocene. The use of marine resources as an alternative subsistence strategy in times of
seasonal nutritional stress is documented in the ethnographic literature and may serve as a model
for possible Paleoindian subsistence practices. For example, historically-known Northeastern
hunter-gatherer groups such as the Beothuk in Newfoundland relied heavily upon a variety of
aquatic resources (especially seal, salmon, cod, smelt, herring, sturgeon, and shellfish) at least
part of the year (Reynolds 1978). Furthermore, the ethnographic record of North American
hunter-gatherers suggests that coastal groups relied heavily on fish and other aquatic resources,
regardless of latitude or effective temperature (summarized in Kelly 1995:Table 3-1). Work on
submerged early prehistoric sites in eastern North America could potentially yield data to
address this problem.

In the southern portion of region, bathymetric research by Blanton (1996) indicates that the
Pleistocene lands now submerged in the Chesapeake Bay along the East Coast are also likely to
contain Paleoindian sites. Tidal forces on such submerged sites may explain why, within the
Lower Delmarva region, the coastline along Tangier Sound is one of the two main areas from
which Paleoindian points have been reported, the other being the interior drainage of the middle
Pocomoke River (Davidson 1981:11).
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2.3.2. Archaic Period

The Archaic period is characterized by the gradual development of more-or-less modern
environmental conditions. Humans adapted to the abundant resources provided by interior
woodlands, ponds, and rivers, as well as coastal estuaries by exploiting a broad range of food
(nuts, large and small game, seed-bearing plants, fish, etc.) and industrial products (stone for
making tools and weapons, plants for baskets and textiles, bark for house construction, etc.). By
6000 B.P. the region was heavily settled, with populations on the coast and offshore islands
likely numbering in the thousands. Archaeological evidence of this apparent population
—explsion” is reflected in the large number of terrestrial archaeological sites dating to the Late
Archaic period, and by the large size of some individual settlements (Mounier 2003; Ritchie
1980). However, the Late Archaic period is roughly coincident with slowing sea level rise rates
and the establishment of the modern coastline. Late Archaic period lifeways in the Mid-Atlantic
region have a significant coastal component, characterized by the presence of shell middens,
especially towards the latter part of the period when sea levels were closest to current positions
(Braun 1974). The model of lower population during the Early and Middle Archaic periods,
followed by population growth during the Late Archaic, is based upon the terrestrial
archaeological record, and may not adequately consider the fact that numerous earlier sites
presumably are now submerged on the formerly subaerial portions of the continental shelf.

To illustrate this point, Lowery (2009) plotted Late Woodland-age sites within the Choptank
River watershed. Included in this analysis were numerous coastal Late Woodland sites that
included large shellfish refuse middens. To understand the impact that marine transgression has
on the interpretation of the archaeological record, he induced a hypothetical 20-m sea level rise
event. As a result, all of the coastal Late Woodland midden sites in the Choptank watershed
would be drowned and the surviving interior upland sites would not provide any clues that
prehistoric human societies were interested in coastal or estuarine resources. Since the early
prehistoric archaeological record has been impacted greatly by marine transgression, previous
interpretations about this record are probably inaccurate. Some syntheses have suggested that
early prehistoric societies in the Middle Atlantic may have been only marginally interested in
coastal resources with their subsistence patterns primarily focused around interior upland
resources (Custer 1988). Thus, the early prehistoric archaeological record is biased by the fact
that these upland settings are the only landscapes that have survived marine transgression.

Regardless of the likelihood that people were living on the now-submerged coast, major
shifts in social organization and mobility strategies are not suggested by the archaeological
record at several regional sites, including Meadowcroft and Shawnee Minisink, which contain
substantial Early Archaic components underlain by Paleoindian material. At Shawnee Minisink
in particular, the archaeological record is indicative of continuity in human adaptations, with
gradual intensification of local resource use and broadening of diet breadth over time (McNett
1985). No decline in Early Holocene population size is indicated by a recent inventory of
prehistoric sites on the outer coastal plain of New Jersey (Grossman-Bailey 2001), where 16
Paleoindian, 19 Early Archaic, 43 Middle Archaic, and 199 Late Archaic components were
identified. Archaic toolkits expand in diversity, including the introduction of more plant-
processing tools (e.g., mortars and pestles) on the Delmarva Peninsula, but the types of locations
chosen for occupation were essentially the same between the Paleoindian and Archaic periods
(Custer 1986). Similarly, in the Chesapeake region, there does not appear to be a marked division

34



between the Paleoindian and Early Archaic periods. Instead, settlement and subsistence patterns
may reflect settling into an expanding mixed hardwood forest made possible by emerging
modern environmental conditions. The Early Archaic in the southern part of the region is
characterized by an increase in the number and diversity of archaeological sites (Anderson and
Sassaman 1996; Custer 1990).

Just as the fluted projectile point is regarded as representative of Paleoindian activity, a
variety of side-notched, corner-notched, and points with bifurcated bases represent the Archaic
period in the region. Stratigraphic data used as a basis for a local sequence of projectile point
styles has been derived from a variety of stratified and single component sites in the Middle
Atlantic and surrounding region (e.g., Broyles 1971; Coe 1964; Gardner 1974; Kinsey 1972;
McNett 1985; Michels and Smith 1967). Diagnostic artifacts representing Early Archaic
occupations in the region include primarily Palmer corner-notched, Kirk corner-notched and
stemmed, MacCorkle, Kanawha, Thebes, Charleston, and a variety of lesser known types. Some
researchers (e.g., Carr 1998; Custer 1996; Gardner 1987, 1989) consider the early side- and
corner-notched projectile point types, such as Palmer, Amos, and Kirk, as diagnostic of late
Paleoindian period occupations, suggesting continuity in both technology, including very
selective raw material choice, and settlement patterns.

Several sites on Staten Island have yielded Early Archaic bifurcated points, including the
large multi-component site at Ward‘s Point, which yielded 21 bifurcated base points, 16 other
projectile points, and other stone tools. Charcoal from a hearth feature was radiocarbon dated to
8300+140 B.P. (Ritchie and Funk 1971). The West Creek site, on the mainland behind Little Egg
Harbor in southern Ocean County, New Jersey, had three loci of prehistoric activity likely dating
to the Early Archaic period. Jasper and chert tools included Kirk and Palmer projectile points and
scrapers. Features of calcined bone at the West Creek site, radiocarbon dated to approximately
9850 B.P., probably represent human cremation burials (Mounier 2003:198). Elsewhere in the
region, a suite of radiocarbon dates clustered around 7950 B.P. from a hearth feature at the
Turkey Swamp site on the outer coastal plain in northeastern New Jersey (near Freehold,
Monmouth County) places it within the Early Archaic period, despite the presence of several
basally-thinned triangular projectile points that are —aminiscent” of Paleoindian forms (Cavallo
1981). Early Archaic bifurcate base projectile points are found thinly scattered across the region,
perhaps representative of hunting losses or small camp sites.

Early Archaic settlements tend to be located on well-drained surfaces adjacent to rivers,
ponds, and wetland terrain. For example, the Chance site (18SO5) is an Early Archaic site on the
lower Delmarva Peninsula that has produced hundreds of serrated notched and bifurcate
projectile points, all from the surface in a large swamp setting (Cresthull 1971, 1972; Dent
1995:171). When the site was occupied, this location may have been the headwaters of a series
of drainages overlooking the ancestral Susquehanna River (Custer 1989:107).

Hughes® (1980:117) comprehensive study of artifact collections from Maryland‘s lower
eastern shore indicates that Early Archaic sites in the region are commonly situated on well-
drained ridges adjacent to freshwater streams and wetlands. Lowery (1995:23) found that in the
low coastal plain resource zone, Early Archaic sites are also found adjacent to springheads. One
Early Archaic site (18D0O382) is located on a hilltop on Opossum Island, just east of Barren
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Island. Lowery (2001, 2003) has continued to focus on these drowned shoreline areas further
south in Accomack and Northampton counties, Virginia.

The Middle Archaic is the least well-represented period in the region. During this period
(roughly 8000—-6000 B.P.), continued climatic warming and increased precipitation led to a near-
modern landscape. Technologically, the transition from the Early Archaic to the Middle Archaic
is characterized by the appearance of bifurcate based and stemmed rather than notched projectile
points (Custer 1989). Stanly (ca. 8000—7500 B.P.), Morrow Mountain I and II (ca. 7500-5500
B.P.), Guilford (ca. 5500-5000 B.P.), and Halifax/Vernon(ca. 5000-4000 B.P.) projectile points
mark the Middle Archaic period in the general region, following the classic Archaic sequence
first identified by Coe (1964). Most Middle Archaic sites are known through projectile point
finds on Holocene terraces and upland surfaces as well as along estuaries, swamp margins, and
near springheads. Interior streams fringed by wetlands were also common site locations, as can
be seen in the case of 18D0220 and 18D0O139, located respectively at the mouth of Slaughter
Creek and on a bank of the Chicamacomico River on Maryland‘s eastern shore (Lowery
1995:23, 2001, 2003).

As with earlier Holocene sites, numerous Middle Archaic manifestations are probably
located in drowned valleys and estuaries on the outer coastal plain. Lowery and Martin (2009)
recorded an inundated Middle Archaic burial site in the Chester River, Maryland, which implies
there may be large numbers of sites along much of the submerged terrain near the present
shorelines of Chesapeake Bay as well as Atlantic shelf areas of the Middle Atlantic region. The
Middle Archaic sites may not be as far from shore, as evidenced by Lowery‘s Chester River find,
indicating rising sea levels may have already inundated much of the broad, open Late Pleistocene
coastal plain.

Middle Archaic occupations represent significant changes in Early Holocene adaptations in
the region that involve exploitation of a wider range of environments and new additions to tool
kits such as drills and, later, groundstone items. The use of netsinkers indicates the more
intensive use of riverine environments for fishing (Kraft 1986). Subsistence economies became
increasingly diversified as new resources were being exploited seasonally (Custer 1989).

The earliest well-dated evidence for shellfish utilization in the region is the Middle Archaic
midden at Dogan Point, adjacent to the lower Hudson River (Claassen 1995). The site‘s
radiocarbon date of 5650 + 200 B.P. makes it the one of the oldest shell middens on the Atlantic
coast of the United States. One of the site‘s excavators noted that the early shell-bearing levels at
Dogan Point suggest —Hat the use of marine resources occurred prior to the stabilization of sea
level ca. 5000 years ago and that inundation of earlier coastal sites, not cultural retardation,
accounted for the lack of shell matrix sites before sea level stabilization” (Claassen 1995:3).

The trend toward an increased reliance on local lithic sources noticed during the Early
Archaic continued into the Middle Archaic. Raw materials commonly utilized during this time
include chert, argillite, jasper, quartz and rhyolite. Evidence from the Higgins site suggests that a
rhyolite trade system was becoming established with the import of rhyolite blanks from the north
(Ebright 1992).
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During the Late Archaic period (ca. 6000-3000 B.P.), regional populations appear to have
grown markedly and, with the culture associated with broad blade technology in particular, to
have concentrated in larger base camps in riverine and estuarine settings. The proliferation of
archaeological sites dating to the Late Archaic may overplay population growth from earlier
periods when proportionately more sites are now submerged. By 5000 B.P. sea level appears to
have been relatively stable, with only minor fluctuations, but between 0.5-2 m below present-
day level (Blanton 1996; Carbone 1976; Tanner 1993).

The main projectile point types believed to be diagnostic of the Late Archaic period in the
northern part of the region consist of stemmed types, such as Bare Island, Lackawaxen, Lamoka,
Poplar Island, and Rossville (Ritchie 1971). In the Chesapeake Bay area, diagnostic projectile
point types for the Late Archaic include a narrow blade series, with Vernon, Claggett, and
Piscataway types. Orient Fishtail and Dry Brook projectile types as well as the broad blade types
including Savannah River, Susquehanna, and Perkiomen and steatite pottery are commonly
associated with the later portion of the Late Archaic. In northern Virginia near the end of the
Late Archaic period, there appears a set of broad-bladed lithic tools, called the Susquehanna
Complex, frequently made from rhyolite similar to that found in Maryland and Pennsylvania
(McLearen 1991). A combination of narrow-bladed stemmed points (e.g., Bare Island,
Lackawaxen) and broadspears, together with steatite (soapstone) vessels, characterizes the Late
Archaic Clyde Farm-Barkers Landing Complex on the Delmarva Peninsula (Custer 1989).

Carved soapstone bowls are fairly common in Late Archaic assemblages, as are ground and
chipped axes, choppers, net-sinkers, and pestles. The proliferation of grinding implements and
cooking vessels may suggest increased use of plant resources and possibly changes in
subsistence strategies and cooking technologies. Net-sinkers could suggest greater commitment
to fishing in the subsistence economy. Alternatively, all of these more specialized implements
may indicate a more sedentary existence where people were willing to invest in the creation of a
more elaborate toolkit that would not have to be transported from place to place. Although
evidence is minimal, the first experiments with horticulture probably occurred at this time, with
the cultivation of plants such as squash, sunflower, and chenopodium (Cowan 1985; Ford 1981).
Evidence from the Higgins site and other Late Archaic sites in the region show that among the
exploited resources were deer, turkey, beaver, raccoon, opossum, berries, wild legumes, fish,
oyster, and clam (Ebright 1992).

Settlements appear to have shifted from swampy upper reaches of inland streams to the
mouths of major streams and rivers, perhaps in response to the establishment of more stable
estuarine environments relatively close to present-day shorelines (Davidson 1981:14). On the
other hand, comparable settings in earlier periods would now be submerged in most cases.
Lowery (1995:23) notes that Late Archaic settlement patterns in riverine settings (e.g., the Little
Choptank River) show a preference for points of land. Sites are typically found on points of well-
drained lands surrounded by broad tidal rivers, creeks, or estuaries. This type of landform is
common in the Chesapeake Bay region (as evidenced by the numerous regional locational names
that include the word —pint” (e.g., Hooper Point, Poverty Point, and Holland Point), as well as
along other major drainages such as the Delaware and Potomac. During the Early-Middle
Holocene these —paits” were low terraces adjacent to streams and fringed by wetlands or broad
tidal marshes, and sites at these locations were primarily established for marine resource
exploitation, probably anadromous fish.
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Late Archaic sites seem to have been occupied longer than in earlier periods; as the climate
became more temperate and sea level more stable, resources became more predictably
established across the landscape. The existence of formal residential base camps occupied
seasonally or longer is inferred for riverine and estuarine locations, together with a range of
smaller, resource exploitation sites such as hunting, fishing, or plant-collecting stations (Gardner
1987). The smaller sites are scattered broadly over the landscape on every habitable surface that
is well-drained and is associated with nearby surface water. In addition to the numerous upland
and riverine terrestrial sites dating to the Late Archaic, there are likely additional long-term
camps, perhaps in great numbers, just offshore where rising sea levels have inundated sites over
the last few thousand years.

By the end of the Archaic period, sea levels had risen to such an extent that later Woodland
period sites are generally not expected on the continental shelf, although sites of all ages that are
located on the modern coastline are currently witnessing submergence as sea levels continue to
rise. Human activities of the relatively recent past, notably damming streams to form mill ponds
and reservoirs, have also resulted in the creation of underwater archaeological sites.

24  SOUTHEAST
24.1. Paleoindian Period

The Paleoindian occupation of the Southeast is known predominantly from deflated surface
sites (e.g., Anderson 1990a:173; Anderson et al. 1990:44—45; McCary 1947, 1948; Perkinson
1971, 1973), and due to a general lack of radiometric dates the timing of the initial colonization
of the region is inferred from dates in the Northeast (Levine 1990) and Southwest (Haynes
1992). The most readily identifiable and accepted diagnostic Paleoindian projectile point is the
classic Clovis, which occurs ubiquitously throughout North America. Unidirectional cores used
to manufacture prismatic blades, as well as artifacts related to blade core maintenance and the
blades themselves have been increasingly seen as potentially diagnostic of the early Paleoindian
period due to their association with Clovis points in the Southwest (Collins 1999) and the
Southeast (Broster and Norton 1993; Sain 2008). Formally hafted end scrapers also constitute an
identifiable part of the Paleoindian toolkit, and these appear related to the working of hides
(Daniel 1998).

Formal variation in projectile point morphology began to emerge in regions of the Southeast
by about 11,000 B.P., probably due to restricted movement and the formation of loosely defined
social networks and habitual use areas (Anderson 1995; Anderson et al. 1992). These later forms
include the Dalton, Cumberland, San Patrice, Suwannee, Simpson, Beaver Lake, and Quad
types, to name some (Anderson 1990a:67-69; Anderson et al. 1990; Coe 1964; Daniel 1997;
Justice 1987:17-43; Milanich and Fairbanks 1980). Morse et al. (1996:327) point out that the
designation of multiple subdivisions of the Paleoindian period is somewhat arbitrary at present,
and at least in the Mississippi River valley there is evidence that Dalton points may overlap
Clovis temporally. These are, however, regarded generally as a terminal or transitional
Paleoindian sub-period point type (Culpepper et al. 2000).

Paleoindian tools are often manufactured of high-quality lithic materials that are recovered
archaeologically at a great distance from their source areas, suggesting a high degree of mobility
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(or possibly trade) among populations. In accordance with this inference, the Paleoindian toolkit
has been interpreted as an intensively curated technology, with cores that are ideally shaped to
maximize both portability and efficiency with regard to use and potential tool manufacture
(Goodyear 1979).

A significant wood, bone, and antler technology was used as well. Organic materials such as
these do not preserve in the acidic soils that cover much of the Southeast, and they are very
rarely found. At sites where they have been preserved, primarily at wet sites in Florida, it is clear
that organic media such as wood, bone, and antler were very important. These materials were
manufactured into projectile points, foreshafts, leisters, awls, and needles, to name just a few tool
categories (Milanich and Fairbanks 1980).

Kelly and Todd (1988) have suggested that the low level of regional variation among Clovis
points and associated toolkits indicates that populations exhibited a relatively generalized
adaptation that would have been advantageous in colonizing new and unfamiliar terrain. They
conclude that Paleoindian populations entering -anmapped” terrain would have benefited from a
highly curated lithic technology since quarry locations would have been unknown, and hunting
terrestrial fauna would have required less region-specific knowledge for processing than plant
foods (Kelly and Todd 1988). While this is a cogent argument in consideration of colonizing
populations, recent analyses have challenged the traditional view of Paleoindians as highly
mobile with a subsistence strategy based on migratory (and now-extinct) large animals, such as
mastodons (e.g., Mason 1962). This characterization may have overemphasized the role of
hunting large animals due to better preservation of bones and artifacts associated with hunting
(i.e. lithics), and an early interest in kill sites found in the southwestern United States (Kornfeld
2007). Archaeologists working in the Carolinas and Georgia have yet to document a clear
association between Paleoindian tools and the remains of displaced and extinct animal species
known to have been present as late as 11,000—10,200 B.p.—mastodon, bison, giant ground sloth,
and giant armadillo, for example (Holman 1985:569-570). More recent archaeological evidence
suggests a greater dependence on plant and large and small animal food resources in the
Southeast (Hollenbach 2005, 2009; Meltzer and Smith 1986). There is very little evidence for
resource exploitation in the littoral by Paleoindian peoples living in the Southeast. This fact is
probably due to site obfuscation and destruction caused by coastal submergence during the
Holocene, and not because the resources these ecozones contained were not used (e.g., Dunbar et
al. 1988, 1992).

As modeled differences between Paleoindian and Archaic subsistence strategies become less
pronounced, the distinction between these broad cultural periods relies on technological
differences. Settlement models include small temporary camps and perhaps less frequent base
camps occupied by loosely organized bands. Paleoindian groups relied on high-quality
cryptocrystalline stone for tool manufacture, and many sites are associated with source areas for
rhyolite, jasper, chert, and even quartz (see Daniel 1994; Gardner 1974; Goodyear 1979).

Known Paleoindian sites in the Southeast in general represented by Clovis and closely
related variants are few in relation to other periods, and may be under-represented in the
archaeological record (eroded from upland surface sites or eroded from or deeply buried in
floodplains or offshore). Based on the relative numbers of fluted to later unfluted point styles, if
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environmental conditions were a principal factor in determining tool design, then the use of
Clovis points (and their particular suitable environment) may have been relatively brief.

Solid excavation evidence for Clovis-period sites in North Carolina, South Carolina, and
Georgia is rare. The majority of Paleoindian sites in the region consist largely of diffuse lithic
scatters at open locations, with more concentrated deposits in rockshelter or cave settings. No
conclusive evidence of permanent structures or long-term encampments has been located for this
time period in the Southeast, however, limited data have been recovered from intact contexts
(Anderson and Schuldenrein 1985; Elliott and Doyon 1981; Gresham et al. 1985; O‘Steen et al.
1986). Excavations at the Topper Site, on the South Carolina side of the Savannah River,
exposed a Clovis level (Goodyear and Steffy 2003). While sufficient carbon samples to date the
Clovis level were unavailable, optically stimulated luminescence (OSL) dating at the base of the
level produced a date of 13,500 £ 1000 calendar years before present (Forman 2003). The site
also offers tantalizing evidence of a pre-Clovis occupation. Here, in stratigraphic position below
the Clovis levels, researchers uncovered a distinct lithic assemblage characterized by spatially
clustered concentrations of multifaceted flakes and chunks of chert along with several flake tools
(Goodyear 2005). These tools, referred to as —bendbreak tools,” are essentially thin flakes
broken to provide a chisel-like working edge, some of which exhibit use wear patterns
suggesting use as a burin or graver. This apparent pre-Clovis occupation is also distinguished by
exploitation of a separate chert source than that of later occupations. Research at the Topper site
is on-going and is subject to intense scrutiny.

Several models of early Paleoindian settlement patterning have been advanced in the past
quarter century (see Anderson et al. [1992] for an overview). Some are concerned with
Paleoindians in general (Anderson 1990b; Kelly and Todd 1988; Martin 1973), and others with
regional trends (Anderson 1995; Gardner 1983; Morse and Morse 1983). Most are mechanistic
models that portray specific economic strategies as primary reasons for how Paleoindians settled
on and utilized the landscape. Each is slightly different in its focus, with primacy placed on one
of three major influences: (1) the need to maintain access to prominent, high-quality raw material
sources (e.g., Gardner 1983); (2) a preference for exploiting specific habitual use zones and
staging areas (e.g., Anderson 1995); or (3) a nomadic or semi-nomadic existence dictated to a
large degree by the movements and availability of large game (e.g., Kelly and Todd 1988).

2.4.2. Archaic Period

The Archaic period began around 10,000 B.P., and almost certainly was precipitated by
Holocene climatic conditions. Warmer global temperatures generally defined warmer and wetter
conditions in the Southeast. As a result of changing environmental conditions that led to shifts in
botanical communities, Pleistocene megafauna had given way to deer and smaller mammals by
the onset of the Holocene epoch. Because these changes are temporally coincident with emergent
traditions in stone tool technology they are believed to have precipitated cultural changes among
the populations.

Overall, this period is characterized by a reliance on game animals and wild plant resources,
increasing use of local lithic materials, and subsistence settlement strategies contingent on
specific environments. In much of the southeastern United States, the Archaic period is
represented predominately by stone tools and debitage due to the acidity of southeastern soils in
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open sites. Subsistence data of any kind is scanty, and is generally inferred based on evidence in
other regions, especially from cave or rock shelter sites in the midcontinent. Such evidence
points to use of a wide variety of nuts, seeds, fruits, and other plant foods, with documented plant
domestication by the Late Archaic (e.g., Chapman and Watson 1993; Fritz 1990; Hollenbach
2009; Watson 1989). As early as the Middle Archaic, there appears to have been increased use of
riverine and coastal resources, as shell middens appeared along many interior rivers and shell
rings appeared along the coast (e.g., Claassen 1991, 1992; Marquardt and Watson 1983;
Parmalee and Klippel 1974; Russo 2006). Notwithstanding the substantial shell midden base
camps in the major interior river valleys and architecturally complex shell rings of the coast,
Archaic sites tend to reflect small, short-term occupations. Group organization is presumed to
have been highly mobile (as is expected for hunter-gatherers), as what were thought to be
egalitarian groups made use of seasonally available resources in different environmental settings.
However, some evidence exists for more permanent occupations, development of trade networks,
and even inter-group or interpersonal violence (Daniel 1998; Gibson 2001; Sassaman 1991,
1993; Sassaman and Anderson 1996; Smith 1991). Even mound building had its origins in the
Middle and Late Archaic in the Lower Mississippi Valley (Gibson 1994; Russo 1994; Saunders
et al. 1994; Saunders et al. 1997; Saunders 1994).

The Archaic period is noted for populations with more regionally distinct tool kits (compared
with those of the preceding Paleoindian period), with greater diversity in projectile point forms
and site sizes. Although there are broad similarities in artifact styles throughout the Southeast,
there is also sub-regional variation in biface attributes and sequences. There are no clear
boundaries between Archaic cultural periods, although each can be characterized in ways that
differ from other Archaic subperiods. It is likely that there was a great deal of cultural as well as
technological continuity between the subperiods.

The Early Archaic period is marked by the end of the glacial climate and extinction of
numerous large animals. Regional population densities on the Atlantic Slope were concentrated
along major river systems, especially the Pee Dee, but also the Savannah, Neuse, and Roanoke
rivers (Sassaman and Anderson 1994:171-175); the greatest concentrations were generally at or
near the Fall Line, rather than the coastal plain. Again in this period, low regional population
densities with a high degree of group mobility are inferred (Claggett and Cable 1982). There are
several distinct characteristics that have been noted for Archaic period sites throughout the
Southeast. These include a notable increase in site size and frequency; similar lithic artifact
assemblages; and tremendous variations in site size, content, and function. Ward (1983:65) has
interpreted this diversity as evidence of an ever-increasing adaptive radiation and specialization
in a varied post-Pleistocene environment. Very few Early Archaic sites have been recorded in the
Coastal Plain, which may be a result of the inundation of coastal and riverine sites during the
onset of the Holocene period (Phelps 1983).

The Early Archaic in the Coastal Plain is subdivided into the corner-notched and bifurcate
traditions, and closely follows the Piedmont sequence defined by Coe (1964). Diagnostic
artifacts of the first phase of the Early Archaic period (ca. 10,000-9000 B.P.) include Palmer,
Kirk corner notched and later stemmed points, and hafted endscrapers (Coe 1964). Kirk phase
settlement is characterized by numerous small sites in all environmental zones and suggests an
extremely mobile population and a broad spectrum adaptive strategy (Purrington 1983:113). The
later tradition (ca. 9000-8000 B.P.) includes bifurcate forms such as LeCroy, St. Albans, and
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Kanawha types (Broyles 1971; Chapman 1975; Claggett and Cable 1982; Oliver 1985). Other
Early Archaic period side-notched point forms recognized in the region include Big Sandy (Tuck
1974:75) and Taylor points (Michie 1966), the latter more numerous in South Carolina and
Georgia than in North Carolina.

There are contrasting models of Early Archaic settlement, with general agreement that small
and highly mobile populations are represented (Griffin 1952:354-355). These models differ in
regard to the nature of Early Archaic group mobility and settlement pattern, depending on
theoretical perspective. The most inclusive Early Archaic settlement model is commonly referred
to as the Band-Macroband model (Anderson and Hanson 1988). Developed from the Savannah
River valley data, the model postulates drainage-wide movements in response to seasonal
changes in food resources, the need to procure mates, information exchange, and demographic
structure. Populations practice a mixed collector/forager strategy depending on the season, and
Anderson and Hanson (1988) find evidence for these patterns in the archaeological record. The
model focuses on intra-drainage adaptations, and social groups are believed to have crossed into
other major drainage valleys only on special occasions for macroband gatherings or aggregations
(Anderson and Hanson 1988:270).

Most researchers agree that Early Archaic subsistence focused on white-tailed deer, hickory
nuts, and acorns, and utilized both floodplain and inter-riverine upland locations (Gardner
1974:24; Goodyear et al. 1979:28). Subsistence is believed to have focused on more specific
resources than in later periods (Cable 1982:687; Caldwell 1958), but this argument is based
largely on Caldwell‘s primary forest efficiency model, which no longer appears to adequately
characterize Archaic period developments. Ground cobbles and manos have been found in Early
Archaic contexts (Claggett and Cable 1982:37), suggesting processing of plant foods with items
that would be more difficult to transport than a biface, but such finds in Early Archaic contexts
remain rare (Daniel 1994).

The Middle Archaic, ca. 8000—5000 B.P., can be distinguished from the Early Archaic by the
more frequent recovery of groundstone artifacts and a less diverse chipped stone tool Kkit.
Diagnostic bifaces that were made during this period include Stanly, Morrow Mountain, and
Guilford types (Coe 1964; Blanton and Sassaman 1989; Phelps 1983). It is assumed that
population density increased during the Middle Archaic, but small hunting and gathering bands
probably still formed the primary social and economic units. Larger sites tend to occur near
major drainages (Coe 1964), but occupations also appear near upland watercourses (Gunn and
Foss 1992), and numerous small, dispersed upland scatters are also characteristic of this time
period. Utilizing Morrow Mountain point frequencies as a population indicator, Sassaman and
Anderson (1994:176) found that the greatest Middle Archaic concentration of population was in
the Piedmont region, while the Coastal Plain was virtually abandoned. Other researchers have
found that Middle Archaic points, and Morrow Mountain points in particular, outnumber other
Archaic types in the northern and southern parts of the coastal region (Daniel and Davis 1996;
Davis and Daniel 1990).

The Middle Archaic period is poorly understood in the Coastal Plain. Some researchers

interpret this as evidence of a general depopulation of the area. Others argue that Middle Archaic
projectile points have yet to be identified in the region (Elliott and Sassaman 1995:26-38).

42



It is likely that patterns of social relationships changed even in areas not characterized by
intensive occupations, especially if Middle Archaic settlement expanded into new areas. The
period is characterized by increasing territorial circumscription, even as evidence for continued
high mobility remains. It is likely that while Middle Archaic groups were moving as frequently
as or more frequently than earlier groups, their movements probably covered shorter distances
(Custer 1990:36), a trend that likely became more pronounced in the subsequent Late Archaic
period.

As 1is true of other cultural periods, the Late Archaic (ca. 50003000 B.P.) cannot be
described by a single pan-Southeast set of traits. The Late Archaic is usually summarized in
terms of its most elaborate material manifestations, but these appear to characterize only portions
of the Southeast social landscape. Despite abundant local variation, there are some broad themes
that serve to differentiate it from preceding periods. The end of the Archaic period in eastern
North America is traditionally defined by the development of mineral-tempered ceramic pottery,
in contrast to the fiber-tempered ceramics manufactured during the Late Archaic period in the
Georgia and South Carolina Coastal Plain (Sassaman 1993).

Late Archaic sites in North Carolina are as abundant in the uplands as in floodplain locations
(Spielmann 1976:85), although upland sites may be more visible archaeologically due to erosion
and plowing. Some evidence suggests that upland sites do not possess the range of artifact
classes present in river floodplain sites, meaning that activities that occurred in upland locations
were but a subset of activities that occurred in floodplain locations (this may be true of other
periods as well). There are certainly large Late Archaic sites in river floodplains, such as the
Gaston, Doerschuk, and Lowder*s Ferry sites, and some of these have characteristics of intensive
occupations, in the form of occupational middens, high feature density, and circular pit hearths
(Coe 1964:119).

In certain major river valleys, including the Savannah, Green, and middle and western
Tennessee, there is evidence for intensive shellfish exploitation at shoal areas, accompanied by
exchange of non-utilitarian objects, such as engraved bone pins, which perhaps functioned as
trade regulators facilitating exchange among culturally circumscribed groups (Ford 1974). These
large-scale trade networks appear to be an elaboration of trading networks established during the
preceding period (Bender 1985; Marquardt 1985; Sassaman 1995). The Late Archaic period is
often linked to higher population densities and increased sedentism (Ford 1974; Steponaitis
1986). In such a situation, mobility became less of a viable economic or social strategy, and one
would expect to see increased use of local resources, greater use of storage, and development of
formal alliances (Sassaman et al. 1988:81).

Broad, square-stemmed Savannah River points are representative of this period (Claflin
1931; Coe 1964). House and Wogaman (1978) attribute the presence of Savannah River
stemmed points in upland locations to hunting-related activities. Some suggest that Savannah
River points were more like portable cores from which tools with a variety of functional uses
could be manufactured, including spear points (Sassaman et al. 1990:320). This accompanies the
viewpoint that Late Archaic populations, being less mobile and more circumscribed by
surrounding groups, needed to extend the use lives of stone tools (Parry and Kelly 1987). These
points appear to have shown up earlier in the southern portion of the Atlantic coast and were
progressively adopted northward (Tuck 1978:38).

43



Other Late Archaic varieties are known by various names, such as Appalachian Stemmed,
Elora, Kiokee Creek, Ledbetter, Limestone, Otarre, and Paris Island (Bullen and Greene 1970;
Cambron and Hulse 1983; Chapman 1981; Coe 1964; Elliott et al. 1994; Harwood 1973; Keel
1976; Sassaman 1985; Whatley 1985). Except for the Ledbetter hafted biface, which appears to
have had a specialized function—it exhibits a heavily reworked, asymmetrical blade—these
latter type names are more a product of parochial terminology than actual morphological
differences; they all are characterized by triangular blades, straight or slightly contracting stems,
and straight bases.

Steatite vessels, occurring in the form of bowls or crude, shallow pans and a number of other
artifact types are also unique to this period, and began to be widely used sometime between 4000
and 3500 B.P. In the central Savannah River valley, use of steatite slabs and ceramic pottery
preceded steatite vessel use (Stanyard 2003:54). Steatite vessels were apparently used for slowly
cooking plant or animal foods over a direct heat source (McLearen 1991:108).

The most intensively occupied Late Archaic site yet discovered in Georgia is on Stallings
Island, located in the Savannah River in Columbia County (Bullen and Greene 1970; Claflin
1931; Crusoe and DePratter 1976; Fairbanks 1942; Jones 1873). One type of bone tool found at
Stallings Island is the bone —pi,” an artifact found at certain contemporary sites in the Southeast,
and representing formalized exchange networks for high-status items. These objects are
intricately decorated and highly prized by artifact collectors. Unfortunately, they were —nmed”
at the site until recent measures were taken to prevent unauthorized access to the site. The
mining has devastated the site; large —pdtoles” and mining trenches have destroyed much of its
integrity.

The Late Archaic lithic tool kit was diverse, and included scrapers, drills, atlatl weights,
netsinkers, and grooved groundstone axes. Feature types associated with Late Archaic
occupations in North Carolina and Virginia include rock hearths (or heated rock dumps) and
small pits (Coe 1964; Idol 2009; McLearen 1991). Stallings Island ceramics were manufactured
as early as ca. 4500 B.P. in South Carolina (Anderson et al. 1982).

Reliance on local lithic sources continued, although small frequencies of exotic material,
such as chert, demonstrate the extensive economic and social ties of this period. Presumably,
steatite for bowl manufacture (or the finished bowls themselves) had to be obtained through trade
or direct procurement from the North or South Carolina Piedmont or mountains.

Coastal groups during the Late Archaic are thought to have been fairly sedentary (DePratter
1979; Trinkley 1980). They maintained permanent residences in the littoral zone and made
forays into estuarine and interior settings for specific needs. The permanent settlements are
recognized as shell rings, while amorphous shell mounds are thought to represent base camps.
Interior sites do not have a defining characteristic (Marrinan 1975; Simpkins 1975; Trinkley
1980; Waring and Larson 1968). Interior sites on the Coastal Plain near the project region that
are attributable to coastal groups likely served a short-term specialized function. These
occupations were generally small and ephemeral; the cultural deposits reflect the specific nature
of the occupation, such as a hunting camp.
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2.5. FLORIDA
25.1. Paleoindian Period

Regardless of the precise timing of the first occupations of North and South America, the
current evidence suggests that Florida was not intensively inhabited by humans prior to about
12,000 B.P. Claims for an earlier occupation (e.g., Purdy 1981, 2008) are controversial. The best
evidence comes from the Sloth Hole and Page-Ladson sites in Jefferson County, Florida, where
radiocarbon dates predating 12,000 C'* years B.P. have been obtained from levels containing
lithic waste flakes, but no diagnostic tool forms (Dunbar 2002, 2006a; Hemmings 1999, 2004).
Both sites are inundated river sites, and although the contexts are thought to be intact, there is a
possibility of the downward movement of artifacts from the overlying artifact-bearing levels.
While archaeologists continue to grapple over routes to the New World, entry points, and the
timing of such events, debate also looms over the manner with which the continent was
colonized. The use of Geographic Information System (GIS) data has been employed to examine
interior routes that would have been preferred based on the ease with which people could have
passed (Anderson and Gillam 2000), while others have looked at the distribution of early sites
and lithic assemblage variability to advance hypotheses on the peopling of the New World
(Faught 2008).

Paleoindian activity is most readily recognized by the presence of the uniquely-shaped
lanceolate projectile points that were crafted during the period. Significant work has gone into
tracking the location of where these stone tools were recovered, and the PIDBA is an outstanding
source for garnering county-by-county data on these specimens (PIDBA 2009). The locational
database on this website reveals only nine Paleoindian projectile points recovered from the 13
Florida counties that abut the Atlantic Coast, including four in Brevard, three in Volusia, and one
each in Duval and St. John‘s counties. It is inferred that the Atlantic Coast of Florida did not
support significant Paleoindian activity, and this is in part due to the dearth of raw material for
stone tool production in this part of the state. Counties that have yielded higher counts of
Paleoindian projectile points are within or around Florida‘s karstic area, such as Gilchrist
County, along the Suwannee River, which has yielded the most with 148 specimens reported
with PIDBA.

The earliest radiocarbon dates firmly associated with human artifacts in unquestioned
contexts indicate people were living in north Florida by at least 11,050 B.P. (Hemmings 2004),
during the Clovis phase of the Early Paleoindian subperiod. While distinctive, fluted Clovis
lanceolate bifaces have been recovered from several north Florida rivers, only two sites have
yielded Clovis points from excavated contexts: the Silver Springs site in Marion County (Neill
1958) and the aforementioned Sloth Hole site in Jefferson County (Hemmings 1999). It is from
this latter site that the 11,050 B.P. date was obtained from a Clovis level.

Evidence for occupation of Florida during the subsequent Middle Paleoindian subperiod is
much more secure. The diagnostic Suwannee and Simpson lanceolate bifaces are relatively
common in north and central Florida, and although no radiocarbon dates have been obtained in
association with these artifacts, they are believed to date sometime around 11,000-10,500 B.P.
(Goodyear 1999). Two sites have yielded these point types in stratigraphic context: the Harney
Flats site in Hillsborough County (Daniel and Wisenbaker 1987) and the Wakulla Springs Lodge
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site in Wakulla County (Tesar and Jones 2004). The final subperiod, the Late Paleoindian
(10,500-10,000 B.P.), saw the production of both fluted and unfluted forms of Dalton projectile
points elsewhere in the Southeast (Goodyear 1982), but evidence for a true Dalton phase in
Florida is limited. Dalton points appear to be transitional between the lanceolate forms of the
Early and Middle Paleoindian periods and the notched shapes of the Early Archaic period
(Ledbetter et al. 1996). Shallow-notched forms such as the Greenbriar point may represent a Late
Paleoindian manifestation in Florida.

The climate and landscape during the Paleoindian period were much different from those of
today. Not only was it cooler and drier than the present, but coastal sea levels and the inland
water table were much lower (Carbone 1983; Dunbar 2002, 2006b; Watts and Hansen 1988).
The scarcity of potable surface water sources is thought by some archaeologists to have played a
crucial role in the distribution of Paleoindian bands across the landscape (Dunbar 2006b; Dunbar
et al. 1992; Faught 2004; Milanich 1994; Neill 1964). They hypothesize that human groups
frequented sinkholes and springs to collect water and exploit the flora and fauna that were also
attracted to these —oass.” As an added bonus, many of these fresh water sources were located in
areas of exposed Tertiary-age limestone that had become silicified, providing Paleoindians with
a raw material source (chert) for tool manufacture. Thus, it is thought that permanent fresh water
sources (sinkholes, springs), along with locations of high quality chert, were primary factors
influencing Paleoindian settlement patterns in Florida.

The conventional view of Paleoindian existence in Florida has been that nomadic hunters and
gatherers wandered into an environment quite different from that of the present. Excavations at
the Harney Flats site in Hillsborough County (Daniel and Wisenbaker 1987) have altered this
view and many archaeologists now believe that Paleoindian people lived part of the year in
habitation sites that were located near critical resources such as fresh water.

2.5.2. Post-Paleoindian Period

Around 10,000 B.P., the environment and physiography of Florida underwent pronounced
changes due to climatic amelioration. These changes were interconnected and included a gradual
warming trend, a rise in sea levels, a reduction in the width of peninsular Florida, and the spread
of oak-dominated forests and hammocks throughout much of the state (Milanich 1994; Smith
1986).

Although sea levels rose significantly by the close of the Pleistocene, Early Archaic deposits
have been encountered in Florida waters. Some of the better known freshwater sites of this
period include Little Salt Springs, Warm Mineral Springs, and Page/Ladson (Milanich 1994;
Faught 1996). Assemblages from these sites demonstrate technological change with the
introduction of notched, concave-based points (Bolen, Greenbriar or Hardaway) that suggest an
adaptation in resource procurement strategy (Faught 1996; Anderson and Hanson 1988). Sport
divers have also recovered Early Archaic artifacts in the Santa Fe, Ichetucknee and Wacissa,
Aucilla, Steinhatchee, Withlacoochee, and Oklawaha rivers (Milanich 1994).

In the marine environment, Early Archaic Dalton points have been reported in Tampa Bay

(Goodyear et al. 1983) and a Bolen point was recovered within 2—-6 m of water, approximately
200 m east of the present shoreline at the Douglas Beach Midden site in St. Lucie County
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(Cockrell and Murphy 1978; Pepe 2000). Later Early Archaic point types found in the Southeast,
such as Hamilton and the Kirk varieties, are surprisingly rare in Florida.

The Windover Pond site in Brevard County is a semi-permanent habitation site that has
produced a suite of radiocarbon dates indicating a minimum age of 6,980 B.P. and a maximum
age of 8,120 B.P. for burial activities (Doran 2002). Windover Pond has proven to be a crucial
site for interpreting Early Archaic lifeways, as its saturated nature and prolonged physical
stability have resulted in excellent preservation. There have been 168 human burials excavated
from the pond, 91 of which have contained human brain matter, and thus some of the oldest
DNA ever examined. These burials were generally flexed and oriented in comparable positions
to each other, signifying possible spiritual or religious significance. The ratio of interred males to
females and adults (over 20 years old) to subadults were comparable, indicating that all
community members were treated in a similar fashion. Preserved stomach contents offered
insight into diet. Wood and bone tools were preserved, and most of the burials were staked to the
base of the pond and covered with elaborately produced woven fabrics. Environmental
reconstruction was achieved through floral, faunal, palynological, and petrographic analysis, and
the dates of the semi-domesticated bottle gourd (Lagenaria siceraria) were pushed back 3,000
years earlier than what was previously accepted (Doran 2002; Rachel Wentz, personal
communication 2009). As the shoreline of 8,000 B.P. was lower than that of modern times, sites
comparable to Windover might exist in the shallow waters of the Atlantic Ocean.

The Early to Middle Archaic transition (8,000—7,000 B.P.) is marked by a shift in population
from the western side of the state to the eastern, and an increase in site size and frequency
(Milanich 1994). At this time, the tool assemblage also changed and projectile points are
characterized by convex-based, stemmed point varieties, known as Florida Archaic Stemmed
points. Recorded submerged sites with Middle Archaic components are concentrated along
Florida‘s eastern coast and in the St. Johns River area (Faught 1996), in particular, but also are
present at Little Salt Spring in Sarasota County and in Tampa Bay (Goodyear el al. 1983; Faught
and Ambrosino 2007). Numerous submerged Middle Archaic deposits have also been
documented in the Big Bend region north of Apalachee Bay. Sites like the Ecofina Channel, J&J
Hunt, and Ontolo illustrate the potential for submerged Middle Archaic remains, which are
generally found at depths of approximately 3.5 to 5 m (Faught 2002; Marks and Faught 2003).

Transgression of shorelines generally stopped between 4,000 and 5,000 B.P. As a result,
most Late Archaic sites, which post-date this period, were formed after sea levels stabilized.
However, coastal Late Archaic sites have been and continue to be susceptible to shoreline
erosion and are frequently redeposited from terrestrial to underwater contexts. Minor sea level
fluctuations are believed to have occurred around the terminal Late Archaic. Cultural materials
could have been deposited at this time when it is believed sea levels temporarily lowered. Late
Archaic components have been identified at the Douglas Beach Midden, where in addition to its
Early Archaic component, the site yielded a Newnan point and sharpened wooden stakes that
dated to Late Archaic (4,630 + 100 years) at about 7 m depth (Cockrell and Murphy 1978; Pepe
2000). Moreover, the Apollo Beach (Warren 1968) and Venice Beach sites (Koski 1989) both
yielded water worn ceramics, in addition to shell tools and chipped stone artifacts.

The close of the Late Archaic, approximately 3,000-2,000 B.P., has also been inferred as a
period of lower sea levels. This assertion is based primarily on site distribution and the nature of
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sites dating to this period (Ashley 2008; Russo 1992). Ashley (2008:126) points out that only one
site dating to this time period is documented in Duval County in the northeastern part of Florida,
attributing this minimal site occurrence to —ewironmental conditions related to sea level
fluctuations.” Russo‘s (1992:113—114) analysis of the St. Marys region of northeast Florida and
southeast Georgia has led him to assert the potential for retreating sea levels during this interval,
noting that if this was the case, then sites of the time period might be situated in tidal flat settings
whose vegetation and drainage characteristics would have made them more hospitable to
habitation at that time. Further to the north, DePratter and Howard (1980) have recognized that
many of the Refuge phase sites (3,000-2,650 B.P.) (Thomas 2008:423) of the Georgia coast are
in tidal marshes, further substantiating this as a period of low water stand. As such, this interval
might represent a period of increased likelihood for encountering submerged pre-Columbian
cultural resources. However, this period of lower water levels was likely ephemeral, thus it is
suspected that any sites submerged during this interval would likely be close to the present
shoreline.
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3. GULF OF MAINE

This chapter reviews the Maine portion of the Atlantic OCS (Figure 3.1), which is within the
Gulf of Maine.

3.1. REGIONAL GEOLOGY

The Gulf of Maine represents the outer edge of the passive continental margin of
northeastern North America. In this region, a thick sedimentary sequence is underlain by a series
of fault-bounded basins. This series of rift basins, separated by horsts, was formed by the
extension and rifting of the Earth’s crust in the middle Triassic, creating the proto-Atlantic
Ocean. Some of the basins of the Gulf of Maine (Jordan, Crowell, Georges, and Wilkinson)
represent surficial expressions of this rift zone (Klitgord et al. 1988). These basins are filled with
early Mesozoic terrestrial clastic sediments and volcanic material, and are overlain in places by a
thick section of Cretaceous and Cenozoic sediments (Austin et al. 1980; Ballard and Uchupi
1975). The clastic sediments were derived from the weathering of the Appalachian Mountains to
the west, and represent both fluvial and shallow marine environments (Austin et al. 1980). In a
few locations near Stellwagen Bank, early Cenozoic sediments also crop out on the seafloor
(Uchupi 2004).

As the ice sheet retreated, till and glacial-marine sediment blanketed the deeper areas of the
Gulf of Maine (Schnitker et al. 2001). These deposits were later re-worked in depths less than
about 50 m and covered by Holocene mud in deep areas. Retreating ice reached the Maine coast
by about 15,000 calendar years ago (Borns et al. 2004). Near the coast and into the interior of
Maine, stratified moraines (moraine banks) were deposited in a general northeast-southwest
orientation (Hunter et al. 1996). Glacial-marine muddy sediment covers and is interfingered with
the moraines and is an abundant material in the coastal region inland to an elevation just over
100 m (Borns et al. 2004).

The inner continental shelf of the Western Gulf of Maine is divided into six different
physiographic regions based on bathymetry, relief and surficial sediments (Barnhardt et al. 2006;
Kelley et al. 1998; Kelley and Belknap 1991). The two physiographic zones most relevant to the
OCS are the Rocky Zone and Outer Basin. The Rocky Zone is the most spatially extensive area
of the Maine inner shelf, and probably the most diverse. It is a region of great bathymetric relief,
and is floored by bedrock with subordinate sand and gravel deposits. The Outer Basin is a flat,
muddy region that continues from near shore into the deeper Gulf of Maine. Rock outcrops occur
within this region, but are relatively small in area (Kelley et al. 1998). The surficial sediment of
the seafloor from the Maine coast to the 100 m isobath was mapped by Barnhardt et al. (1996a—
1996g). Most of the observational data for the maps was collected within Maine state waters
(inside the 3-mile limit). Work that extended into federal waters included the unpublished theses
by Lee (2006), Barnhardt (1994), and Shipp (1989).

3.2. RELATIVE SEA LEVEL CHANGES

North of Boston and west of Nova Scotia, the ocean accompanied the retreating glaciers
inland. Isostatic depression of the land by the weight of the ice allowed a progressively deeper
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Figure 3.2.  Maine relative sea level curve modified from Kelley et al. (2010).

drowning north of Boston, reaching more than 100 m in central Maine (Thompson and Borns
1985). As the ice retreated from Maine, rebound of the land led to uplift of the region and local,
relative sea level fell rapidly to a lowstand of about 60 m depth at about 12,500 B.P. (Kelley et
al. 2010). The depth of the lowstand was estimated on the basis of drowned shorelines and a
drowned delta of the Kennebec River (Barnhardt et al. 1997; Kelley et al. 2003; Schnitker 1974;
Shipp et al. 1991). Dates establishing the time of the lowstand were obtained from wood
fragments and barnacle plates in cores of Kennebec River delta sediments (Barnhardt et al. 1997)
and cores containing Mya arenaria and Mytilus edulis, intertidal-shallow subtidal organisms,
from the lowstand shoreline complex off Saco Bay, Maine (Lee 2006). Figure 3.2 depicts the
relative sea level curve for the Maine coast based on these recent data.

To the south of Maine, the Merrimack River paleodelta was graded to a lowstand of about
43 m depth (Oldale et al. 1983). A date from wood fragments in a core here yielded a
12,200 B.P. radiocarbon age, which, if calibrated, was probably slightly older than the Maine
lowstand. Another lowstand shoreline was recognized on Jeffreys Ledge at about 50 m depth
(Oldale 1985a), and dated to 11,900 B.P. (Oldale et al. 1993). It should be noted that work on sea
level to the south of Maine in the Gulf of Maine contains few dated sea-level indicators.

Sea level rose rapidly from lowstand across the Maine continental shelf until about
11,500 B.P., when the rate of rise slowed dramatically (see Figure 3.2). The time between
11,500-7500 B.P. is informally termed —te slowstand” period in the western Gulf of Maine
because sea level rose only about 5 m, between 23 m and 18 m depth. Forebulge migration has
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been invoked to explain the slowstand (Barnhardt et al. 1995), but part of this time coincided
with the catastrophic draining of a glacial lake in Canada at 8200 B.P. This release of water is
modeled to have led to uplift in coastal Maine (Kendall et al. 2008), which may have contributed
to the length of the slowstand.

Because of the slow rate of sea level rise between 11,500-7500 B.P., coastal processes had
time to cause considerable erosion of older, glacial landforms, but the eroded sand and gravel
formed numerous beaches and spits (Kelley et al. 2003). These, in turn, provided sheltered
environments in which fine-grained sediment accumulated in intertidal and shallow subtidal
settings. Many samples of Mya arenaria, Mytilus edulis, Crassostrea virginica as well as
Spartina sp. and Zostera marina, intertidal to shallow subtidal organisms, have been collected by
coring from the depth interval and radiocarbon dated to firmly establish the time and depth of
this period (Barnhardt et al. 1997; Kelley et al. 1992; Kelley et al. 2003).

It is important to note that the large quantity of datable objects from the slowstand interval
resulted from the greater amount of time available when local, relative sea level remained at
nearly the same elevation. Coastal storms also had more time to operate at nearly the same
elevation during this time, and glacial landforms (moraines, bluffs of glacial-marine mud) were
significantly eroded. It was this erosion that provided sand and gravel to build beaches and mud
to fill in estuaries and bays. Although the land surface from this time interval must be gone in
almost all locations, along with associated archaeological materials, deposits formed below mean
high water had an opportunity for preservation. Thus, lake and estuarine bottoms might have
been buried as they were drowned. Beaches would have been washed over with increasing
frequency as sea level rose across them. Beach migration must have occurred, but the paucity of
sediment and abundance of bedrock outcrops doomed the beaches of this period. Only off major
river mouths such as the Kennebec and Saco rivers is it likely that beaches migrated into their
contemporary positions. In the process of experiencing overwash, beaches may have comingled
human artifacts with washover sediments during their drowning.

After 7500 B.P., sea level initially rose very rapidly. This rapid rise may have prevented
complete destruction of constructional coastal features formed during the slowstand period and
abetted their preservation. The rise in sea level progressively slowed between 6500 B.P. and the
present. Many dates from the base of salt marshes across the State of Maine established the
progressive slowing of sea level rise and the uniform behavior of this slowing along Maine‘s
coast (Gehrels et al. 1996).

3.3. MARINE TRANSGRESSION AND SITE PRESERVATION

The OCS off the coast of Maine extends seaward from the state‘s 3-mile limit to the 100 m
isobath along the entire 3,478-mile long shoreline of Maine. The region is a natural continuation
of the inner continental shelf of Maine, and much of the material in Kelley et al. (1998) applies
here as well. The surficial geological maps of this region (Barnhardt et al. 1996a—g) depict this
area, although geophysical data are scarce for portions of the shelf deeper than the 60 m isobath.

Most of the seafloor seaward of the 3-mile limit is contained in the Rocky Zone and Outer
Basin physiographic zones (Kelley et al. 1998). Little research has occurred in the Outer Basin
because it generally lies beneath the late Quaternary lowstand of sea level (about 60 m). These
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areas have remained continuously below sea level since deglaciation (Kelley et al. 1998), so
therefore are of little interest for archaeological site preservation insofar as no occupation could
have taken place.

In water depths less than the sea level lowstand depth, outcrops in the Rocky Zone were
submerged during deglaciation, emerged during the lowstand and were drowned during the on-
going transgression. The majority of any sediment covering the bedrock was eroded by waves in
exposed areas (Kelley et al. 2010). Some exceptions to that pattern may exist, however, where
outer shelf regions that were once terrestrial (shallower than 65 m) may be preserved. Such areas
may include regions seaward of the Saco and Kennebec River mouths, as well as areas within the
Wells Embayment where, because of the large volume of sediment derived from rivers during
the lowstand of sea level, some former terrestrial habitats may still remain (Figure 3.3).
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Figure 3.3.  Inner Continental Shelf map of southern Maine (Barnhardt et al. 1996a—1996c¢).
The dark blue line marks the state 3-mile boundary. Bathymetry shown by black
lines. Yellow represents sand deposits; blue, mud; red, rock; and green, gravel.
Darker shades of the colors show areas with geophysical data, while lighter
shades represent inferred bottom type. Location A points to the paleodelta of the
Kennebec River. A seismic line near point A is shown in Figure 3.4. B points to
a seismic line off Saco Bay and is shown in Figures 3.5 and 3.6. Location C
points to the Wells Embayment.
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Figure 3.4.  Seismic reflection profile located near Point A in Figure 3.3 (from Barnhardt et
al. 1997:Figure 8). BR indicates bedrock; TGL represents Thin Gravel Layer; D
indicates Delta; SG indicates Sand and Gravel. VC93-02 and V(C93-03 are
vibracores that contained all sand and gravel.

Off the modern Kennebec River, a vast sand and gravel plain extends into federal waters (see
Figure 3.3). This landform is a paleodelta that was deposited as sea level fell to the lowstand
(Barnhardt et al. 1997). The most seaward parts of the delta were riverine environments that may
well have hosted early human immigrants. The rising level of the ocean eroded much of the area
(Figure 3.4), however, and acoustic reflectors interpreted as deltaic clinoforms are truncated by a
condensed Holocene section. There has been no research in this region since Barnhardt‘s 1990s
work (Barnhardt et al. 1997), and there may be preserved sites that were sheltered near bedrock
outcrops that protected them from the brunt of marine transgression.

In outer Saco Bay, some sandy deposits from the depth/time of the lowstand also occur in
federal waters (Lee 2006). Early work supported by the Minerals Management Service (Kelley et
al. 2007) identified sand deposits surrounding rock outcrops in 50-70 m water depth (Figure
3.5). More detailed seismic reflection observations coupled with vibracores found Holocene sand
unconformably overlying Pleistocene glacial-marine muddy sediment (Figure 3.6). Dates from
intertidal fauna (such as Mya arenari and Mytilus edulis) in 60 m depth led to a recognition that
the lowstand of sea level occurred about 12,500 B.P. (Lee 2006). Again, alluvial deposition may
have sealed archaeological deposits and protected them from subsequent erosion during
transgression.
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Figure 3.5.  Inner Continental Shelf map off Saco Bay in southern Maine (Barnhardt et al.
1996b). Location B is the same location represented as B in Figure 3.3. The red
line beside B is the location of a seismic line shown in Figure 3.6. Colors are the
same as in Figure 3.3.

Likewise, off Wells Embayment, sand deposits are also associated with possible lowstand
shoreline positions (see Area C in Figure 3.3) (Shipp 1989; Shipp et al. 1989, 1991; Kelley et al.
2003). These features have never been studied in detail and no cores exist from this area.

In other areas near the Wells Embayment where the lowstand position of sea level lies in
federal waters, there are no observations available to evaluate the seafloor. No work has occurred
in these areas because the highly exposed nature of the region and likely paucity of sediment.
Archaeological sites are unlikely to be preserved in such settings because of this lack of
sediment.

Drowned terrestrial prehistoric sites with archaeological potential are probably focused
between the 15-25 m depth range, the depth range encompassed by the slowstand of sea level,
and the 55-60 m range, the sea level lowstand position. Because of the relatively steep, bedrock-
controlled bathymetric gradient, there are few locations along Maine‘s OCS coast in the 15-25 m
range. Because of the irregularity of the bathymetric relief associated with bedrock, there are not
long, continuous stretches of OCS land at the lowstand depth.

There are particular exceptions to the model for site potential based on bathymetry.
Specifically, locations where unique landform configurations enclosed and protected areas from
wave action so that inundation took place by water spilling into the enclosed setting. The
existence of such protected environments came to light after scallop draggers discovered Middle
Archaic stone tools from off Mt. Desert Island, Maine, from about 20 m depth (Price and Spiess
2007), prompting a geophysical and coring study of the site (Kelley et al. 2010). The shoal from
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which the artifacts were recovered is a partially eroded morainal complex with spits attached at
the ends and connecting the moraines (Figure 3.7). Seismic reflection profiles revealed multiple
acoustic reflectors within the spits that were correlated with lithologic changes in cores. The spits
unconformably overlie glacial-marine mud in seismic profiles, but cores could not penetrate past
a sandy, muddy gravel with abundant Crassostrea virginica and Mya arenaria shells. This unit
was abruptly overlain by a mud deposit with abundant Zostera marina stems lying on bedding
planes. Graded beds of sand and gravel with fragments of peat containing freshwater diatoms
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Figure 3.6.  Seismic line indicated near B in Figure 3.5 (from Lee 2006).
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Figure 3.7.  Multibeam image of submerged Bass Harbor morainal spit complex. Middle
Archaic artifacts have been recovered by draggers in this area. Modified from
Kelley et al. (2010).

capped the section through the spit. This overall stratigraphic section reflects medium energy
marine conditions (sandy gravel with oysters) that became suddenly very low energy (mud with
Zostera) probably as a consequence of increased shelter from waves by spit growth. Rising sea
level finally began washing gravel, shells, and freshwater peat blocks onto an accreting tidal flat
before the entire area drowned. All of the calibrated dates from the shells, peat fragments, and
Zostera fell within the slowstand interval (11,500-7500 B.P.). Where similar protected settings
exist, intact archaeological deposits are possible.
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In the case of bedrock-sheltered embayments like Bass Harbor, various environmental
settings would have existed prior to inundation, and when more detailed data is available from
coring, it can be possible to further refine predictions about where archaeological sites might be
found. Areas that consist of mud sea floors—representing likely mud/tidal flats when subaerial,
with the mud likely the result of bluff retreat or re-suspended sediment from the erosion of tidal
flats as sea level rose—have no potential for having contained archaeological sites when the area
was subaerial. However, associated higher areas may have hosted sites because they provided
occupation areas close to a food source. Thus, what would have been higher elevations in
locations now above the 60 m isobath have some potential as site locations prior to inundation.

In other areas, extensive muddy bottoms lie near the lowstand depth and in federal waters,
but represent the retreat path of bluffs of glacial-marine sediment and tidal flats. As such, these
locations would not hold much promise for preserving drowned terrestrial sites in situ. Similarly,
off the Kennebec River paleodelta, sandy former deltaic areas are common (Barnhardt et al.
1997). However, these areas were transgressed by migrating barrier islands and spits, which
would have eroded any former archaeological sites.

It is important to note that existing bathymetry is not always capable of resolving potential
sites. The Bass Harbor site was a minor shoal on the nautical chart (Kelley et al. 2010). In other
locations, detailed surveys have revealed locations with great archaeological potential that the
nautical chart did not even hint at (Figure 3.8). The dark areas in Figure 3.8 are moraines that
were barrier islands on two occasions: once before the lowstand, around 13,000 B.P., and prior to
drowning about 8000 years ago. During those times, they may have been occupied and when
drowned, materials may have been buried and preserved. Features like this may be common in
the offshore area in water less than 60 m deep, but they cannot be recognized on nautical charts
or old bathymetric charts based on lead soundings.

All areas off the coast of Maine do not hold out equal probabilities of preserving terrestrial
environments and/or archaeological sites. The lowstand of sea level is well established at about
60 m depth, but is not as well constrained chronologically. Only a few Mya arenaria dates from
outer Saco Bay are reliable sea level indicators (Lee 2006); none of the wood fragments and
other shell dates from the Kennebec River paleodelta are related to tidal elevations. Thus, the
lowstand, a time when isostatically emerging land coincided with eustatic sea level rise, may
have lasted for hundreds of years. Such a long period of sea-level stability, as during the
slowstand, could have led to beach formation and the creation of wetland habitats attractive to
humans. No such localities have been found, however, possibly because most research in the
slowstand area has been off large river mouths (e.g., the Kennebec and Saco rivers) where
sediment deposits bury basins formed by bedrock or glacial deposits.

3.4. ARCHAEOLOGICAL SENSITIVITY AND PRESERVATION POTENTIAL

Based on the most current sea level curves for this region, archaeological sensitivity is
defined as follows:

e No Sensitivity. Areas 60 m and greater in depth are considered to be areas
with No Sensitivity for prehistoric sites, since these areas were not subaerial
during the LGM.
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Figure 3.8.

Side scan sonar image of moraine complex approximately 5 km offshore of
Wells, Maine. Dark areas show highly reflective bottom types (till, gravel).
Similar features are likely to exist beyond Maine‘s 3-mile limit in federal
waters. Modified from Kelley and Belknap (2003).
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e Low Sensitivity. This designation intends to cover areas exposed between the
time of the LGM and the earliest Clovis occupation. Given that the lowstand
occurred at approximately 12,500 B.P., which marks the beginning of the
Paleoindian period, there are no areas that fall in the Low Sensitivity
designation for this region.

e High Sensitivity. High Sensitivity areas include all areas within the OCS that
are shallower than 60 m.

As discussed in the previous section, submerged prehistoric archaeological sites on the
Maine OCS will be from the current coastline to a depth of 60 m, and may be found in either
inundated terrestrial or coastal environments (Figure 3.9). In the Late Pleistocene, terrestrial
environments extended to the 60 m isobath. As sea-level began to rise, coastal environments
moved landward across the previously subaerial landscape. Thus, rising sea levels created a
landward-moving mosaic of terrestrial and coastal settings. High potential terrestrial sites will be
those that offered living space associated with resource-rich environments: wetland edges (fresh
and salt), river and stream courses, and lake margins. Coastal sites will be areas that offer
protection from wind and waves (bedrock sheltered embayments) and occupation sites with
access to floral and faunal resources (beaches on spits, moraine crests, or beaches fringing
islands).

As is illustrated in Figures 3.10-3.13, site preservation potential is most likely to be best at
55-60 m depth (lowstand) and between 15-25 m (associated with a regional —slowstand” of sea
level). Although slow sea level rise is likely to erode sites, the lowstand and slowstand periods
represent times when beach formation and wetland development would have attracted people
(e.g., Almquist-Jacobson and Sanger 1995; Nicholas 1998), and some of these lower-situated
sites may have been preserved when spits formed below the surface and helped protect the sites
from marine transgression. During the lowstand, for example, there was possibly sufficient time
to allow burial of material to a great enough depth (thickness of deposit) that a site may have
survived transgression. Such would only have been true in areas of rapid sediment accumulation,
such as a delta, and/or moderate sediment accumulation but with shelter from large, erosive
waves.

Areas with High Preservation Potential for this region likely include regions seaward of the
Saco and Kennebec River mouths, as well as areas within the Wells Embayment where, because
of the large volume of sediment derived from rivers during the lowstand of sea level, some
former terrestrial habitats may still remain. In such areas, sites near the ocean or in deltaic
wetlands may have attracted people, and sites may have been buried deep enough to survive
transgression.
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4. SOUTHERN NEW ENGLAND AND THE GEORGES BANK

The study area for this chapter includes the geographic region called Southern New England
and the Georges Bank. It is located within the North Atlantic Planning Area, south of the coast of
Maine (Figure 4.1).

Environmental settings, environmental conditions, and natural resources are important
factors to consider when assessing the potential for the presence of archaeological deposits that
are associated with human habitation sites inundated by eustatic or glacially-related sea level
rise. As Renfrew (1976) notes, —becausearchaeology recovers almost all of its basic data by
excavation, every archaeological problem starts as a problem in geoarchaeology.” The
complexity and variability of geological processes in general make every region or site unique,
and sediments comprising the massive expanse of seafloor within the Southern New England—
Georges Bank (SNE-GB) study area are no exception. Having a basic understanding of the
varied, evolving and dynamic geomorphology of the submerged landscape within this area,
approximately 40 percent of which was once shallow enough to be exposed land available for
human occupation prior to its inundation and transformation into part of the North Atlantic
continental shelf, is essential for assessing the SNE-GB study area‘s pre-contact period
archaeological sensitivity.

4.1. REGIONAL GEOLOGY

The geological history most relevant to the discussion and assessment of the pre-contact
period archaeological sensitivity of the SNE-GB study area is that of the Late Quaternary period
spanning the last 20,000 years and encompassing the Late Pleistocene and Early Holocene
epochs and southern New England‘s nearly 12,000 years of archaeologically documented human
history. This period in time is marked by three major geological events: glaciation; ice retreat;
and sea level rise. While the basic structure of the southern New England coastline and the
adjacent continental shelf were created by glacial scouring and transport and the subsequent
erosion of sediments during glacial melting and retreat, secondary processes of relative sea level
rise, wave and tidal erosion, and subaqueous sorting and transport of sediments have further
transformed the geomorphology of the land-sea interface and the sea floor within the SNE-GB
study area.

This region is closely tied to the geological development of the Gulf of Maine to the north.
West of the Great South Channel, the shelf materials extend onto land as the Coastal Plain
(Thornbury 1965). The Georges Bank is an extension of these Coastal Plain sediments, but is
separated from the Appalachian Mountains by the almost 400-m deep waters of the Gulf of
Maine (Uchupi 1968). The removal of Coastal Plain materials from the Gulf of Maine is
presumed to be a consequence of a series of Pleistocene glaciations (Uchupi 2004).

The terminal moraine of the Laurentide Ice Sheet (LIS) formed as the most recent ice
advance reached its southernmost extent approximately 23,000 years ago (Balco et al. 2002;
Denton and Hughes 1981). The moraine is located approximately 400 km to the south of Maine
at Long Island, New York, and roughly coincides with the southernmost area of bedrock
exposure (Uchupi 1970; Uchupi et al. 2001). While still a prominent portion of the Long Island,
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Nantucket, and Martha‘s Vineyard landscape (Balco et al. 2002; Hartshorn et al. 1991), the
moraine no longer has a significant bathymetric expression as it extends east across Georges
Bank. Reworked by waves and tides, the Georges Bank portion of the moraine is recognized
largely by the distribution of gravel (Schlee and Pratt 1970).

Charted water depth within the SNE-GB study area today ranges from a minimum of about
5.5-10 m to a maximum of approximately 2,012 m. Average depth across the entire study area is
calculated at approximately 120 m. Approximately 20,000—18,000 years ago, however, sea level
was estimated to have been approximately 90 m lower than present, and the vast majority of the
OCS was subaerial (Oldale 1985b; 1985c; Pirazzoli 1991; Uchupi et al. 2001). This was a time
when the LIS associated with the Wisconsin glaciation had advanced southward to its terminal
position, corresponding with the terminal and recessional moraine formations of poorly and well-
sorted glacial till (i.e., boulders, rocks, gravel, sand, silt, and clay).

The LIS that spread across the SNE-GB study area was characterized by bulges or “lobes” in
the ice front that filled in the large basins of the existing, pre-glacial, topographic surface. The
four lobes that occupied the SNE-GB study area (from west to east) along the LIS front were the
Connecticut Valley Lobe, the Narragansett-Buzzards Bay Lobe, the Cape Cod Bay Lobe, and the
Great South Channel Lobe. The advance and retreat of these lobes led to the formation of
morainal deposits of glacial till consisting of soil, sediments, decomposed rock, and fragmentary
bedrock collected by the ice as it flowed southward across the region and formed Long Island,
Block Island, Cape Cod, Martha‘s Vineyard, and Nantucket Island. Sloping away, south and east
of these morainal structures was an extensive outwash plain formed by deposits of finer materials
carried away from the ice sheet lobes in meltwater flows. North of these morainal structures and
Cape Cod, banks, basins and deep troughs cut by ice streams left the shelf more topographically
irregular and created Stellwagen and Tillies banks, Jeffreys Ledge, Race Point Channel,
Stellwagen and Scantum basins and the Massachusetts Shelf. East and south of Cape Cod,
outwash from the melting Cape Cod Bay and South Channel lobes deposited vast plains of sand
and gravel which today comprise Nantucket Shoals and Georges Bank (Oldale 2001a, 2001b).
Sloping of these sediments led to a gradation in sediment sorting and a decrease in elevation of
the plain moving away from the moraines‘ topographic highs.

After reaching its apex ca. 18,000 B.P., the Wisconsin glaciation began receding because of a
climatic shift towards a cycle of global warming. Meltwater from the shrinking ice sheets was
funneled into rivers and returned to the world‘s ocean basins.

Runoff from the melting ice sheet was also trapped behind the region‘s terminal and
recessional moraines that acted like earthen dams, thus producing a series of proglacial lakes
covering an area 21,235 square miles in size with a combined volume of 132 cubic miles of
water, assuming an average lake depth of 10 m (Uchupi et al. 2001). Uchupi et al. (2001) have
argued that some of the depositional and erosional features on the OCS, including within the
SNE-GB area, were produced by catastrophic discharges of large volumes of water from these
proglacial lakes over about a 5,000 year period, which in some cases transported course debris
via gravity flows across hundreds of miles of the shelf and into the deep sea. They also have
argued that the visibility of these catastrophic morphologies suggests that much of the surface of
the OCS was little modified by the late Pleistocene—early Holocene marine transgression,
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possibly because a rapid rise in sea level allowed for preservation of relict features (Uchupi et al.
2001).

By 14,000 B.P., southern New England was free of glacial ice and by 12,000 B.P. nearly all
of New England had become open to plant colonization (Jones 1998). Deglaciation heavily
reworked the landscape of New England. Moraine and other ice-contact and outwash features
left old land surfaces covered in sand and rock. Glacial meltwater deeply scoured and rapidly
filled other locations. Ice and sediment dams produced extensive proglacial lakes throughout the
region, such as Lake Hitchcock that filled the Connecticut River Valley. When these lakes
drained, extensive sandy plains and wetland systems evolved in their places.

Vegetative colonization occurred fairly rapidly depending on local soils, hydrologic and
topographic constraints. Colder and drier conditions prevailed 12,000 years ago. Overall, the
pattern was one of warm summers and severe winters in a relatively arid climate (Jones 1998).

The sequence of sub-regional plant succession at around 11,000 years ago was diverse,
reflecting local temperature gradients, soil conditions, precipitation, topography, and changes
associated with fires, floods and storm patterns. Human adaptations to the resources of a given
environment occurred at a local rather than regional level. By this time, a true forest canopy
blanketed most of southern New York and New England. This forest was unlike any currently
existing in North America, as it contained an admixture of warm-weather deciduous tree species
within an otherwise boreal forest. This situation was particularly evident along the coast in
southern New England where a pine-oak forest had established itself (Jones 1998).

An important climactic shift occurred abruptly in the Northeast, associated with the Younger
Dryas event. However, the precise timing of this event recently has been called into question. For
decades, researchers have worked under the understanding that the Younger Dryas lasted from
approximately 11,000-10,000 B.P. (e.g., Fairbanks 1989:639; Mayewski and Bender 1995;
Taylor et al. 1993). However, recent research indicates a likely range of 12,900-11,700 B.P.
(e.g., Bard et al. 2010; Carlson 2010:383; Meltzer and Holliday 2010:8). The Younger Dryas
event resulted in a shift to cooler, moister conditions and stormier weather in much of the region,
and its end appears to have been very abrupt, with climate patterns shifting to one of increased
warming over as little as three years. The onset of the Holocene is marked by an interval of rapid
global climatic warming and reduction in the ice sheets. The transition from the Younger Dryas
to the Holocene represents a period of rapid vegetation change as plant communities shifted their
ranges in response to milder growing conditions. The rapidity with which the plant community
changed indicates expansion of individual species occurred from scattered refugia where species
such as white pine, oak, and hemlock had maintained relict populations throughout the Younger
Dryas event. Estimated temperatures in southern New England ca. 9000 B.P. were comparable to
those of today. In southern New England, white pine established itself as the dominant species.
Pine forests were mixed with significant populations of oak and some birch at this time, while
spruce was all but gone. Generally speaking, vegetation change between 10,000—6000 B.P. was
more gradual and predictable than in the previous millennia (Jones 1998).

The distribution of late Pleistocene fauna in the Northeast is poorly recorded. Southern New
England‘s coastal pine-oak forest probably supported most of the boreal forest animals and some
of the temperate forest animals such as mastodon, stag-moose, woodland muskox, giant ground
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sloth, caribou, elk, moose, giant beaver, long-nosed peccary, flat-headed peccary, white-tailed
deer, flying squirrel, snow-shoe hare, beaver, muskrat, red squirrel, porcupine, woodchuck, otter,
fisher, long-tailed weasel, raccoon, gray squirrel, striped skunk, and others. Long Island Sound
and Narragansett Bay must have supported rich marine resources as well. Sea level change was
less dramatic and rapid along the southern New England coastline than it was to the north. This
meant that more productive estuarine habitats could form behind barrier beaches and along
protected stretches of the coastline (Jones 1998).

Early Holocene faunal communities in the Northeast are somewhat better understood than
those of the terminal Pleistocene. Unfortunately, it is difficult to separate out which animal types
belong to the early, middle, or late Holocene. Estuarine habitats appear to have been established
along protected shorelines in southern New England during the early Holocene (Gayes and
Bokuniewicz 1991). Such settings would have supported an abundance of shellfish, as well as
sea mammals, which fed upon them. The early Holocene forests of southern New England would
have contained a limited diversity of large game mammals, but an abundance of small game
mammals. Between 10,000-6000 B.P., increasing numbers of oak, especially in southern New
England, provided an important seasonal food resource for humans as well as animals, such as
white-tailed deer, turkey, and bear. Archaeological evidence suggests that anadromous fish
species established themselves in the Northeast by this time as well. Species such as shad and
salmon would have provided rich, seasonally predictable food resources to humans in southern
New England at this time (Jones 1998).

4.2. RELATIVE SEA LEVEL CHANGES

The retreat, thinning, breakup, and final disappearance of the LIS from southern New
England by about 14,000 B.P. did not mark an end to the ice-driven morphological alterations of
the southern New England land-surface or the adjacent and exposed continental shelf within the
SNE-GB study area (Uchupi et al. 1996). Worldwide melting of the continental ice sheets led to
the return of water to the ocean basins and a concomitant rise in global sea level; however, the
sea level curves and the complex interplay between isostatic and eustatic forces was markedly
different north and south of Cape Cod.

Although it is difficult, if not impossible, to construct a model of global sea level rise,
because of local neotectonism, a sea level rise curve from Barbados has been identified by
Uchupi et al. (1996) as a close approximation of the response of sea level to Wisconsin glacial
decay. The net rate of sea level rise varied locally as differences in the landscape‘s materials,
morphology, and degree of crustal depression affected the interplay between isostatic and
eustatic conditions. Local rates of sea level rise are determined through radiocarbon dating of
salt-marsh peat deposits, which are considered accurate indicators of relative sea level (Oldale
1992; Redfield and Rubin 1962). The general trend of rapid sea level rise during this period,
however, did not follow a smooth curve, but instead fluctuated and was punctuated by episodes
of still-stand and negative sea level oscillations during times of climatic cooling and glacial
advance (Rampino and Sanders 1980). At the glacial maximum, sea level was about 100 m
below its present level. From this point it rose at a rate of about 11 m per 1,000 years as the
eustatic increase in sea level outpaced the generally slower isostatic rebound of the Earth‘s crust,
formerly depressed by the weight of glacial loading. By 12,000 B.P., sea level was
approximately 70 m below present sea level, and was at 40 m below present by ca. 10,000 B.P.,
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20 m below present by ca. 8000 B.P., and about 10 m below present by 6000 B.P. (Oldale 1992).
After about 6000 B.P., the net rate of sea level rise began to slow significantly and gradually
approached its present rate. Sea level approached its present level at about 1,000 years ago, and
continues to rise at around a 2-3 mm per year (Uchupi et al. 1996:23).

Glacio-isostatic adjustment in the Cape Cod region, however, complicates the local relative
sea level rise history of southern New England, so global isostatic curves are of limited use there.
Curves developed for New England depart significantly from the Barbados curve. As a result of
crustal depression by glacial loading, relative sea level in northeastern Massachusetts was about
30 m higher than its present level at about 14,000 B.P. This high-level stand, documented by
emerged glaciomarine sediments, raised paleoshorelines and ice-contact deltas. The waters south
of Cape Cod were not inundated during the marine transgression, as isostatic rise in the
peripheral bulge resulting from glacial unloading in adjacent areas exceeded the rate of eustatic
rise in sea level prior to about 16,000 B.P.

The high-level stand north of the Cape was short-lived, as the crust rebounded rapidly when
its glacial ice load was removed. As the crust rose, sea level dropped and by 12,000 B.P.,
reached a post-glacial low-stand -43 m below present sea level off the coast of northeastern
Massachusetts within the southwestern Gulf of Maine. Features associated with this sea-level
regression include the paleodelta off the Merrimack River, a submerged barrier beach and lagoon
on Jeffrey‘s Ledge, the seaward limit of shelf valleys off of New Hampshire, submerged terraces
off of Maine, and a regressive unconformity in Penobscot Bay, Maine (Uchupi et al. 1996). A
slowing of crustal uplift, coupled with an increase in eustatic sea level rise shortly after
12,000 B.P., caused sea level to begin rising again along the coast of northeastern Massachusetts
and throughout the rest of southern New England. Between ca. 9500 and 6000 B.P., Stellwagen
Bank, most of the Billingsgate Shoal moraine, Cape Cod Bay, Nantucket Shoals, and Nantucket
Sound were all drowned (Uchupi et al. 1996).

4.3. MARINE TRANSGRESSION AND SITE PRESERVATION

Generally speaking, episodes of marine transgression are essentially periods of erosion, a
destructive process that creates less than ideal depositional sequences from an archaeological
perspective (Belknap and Kraft 1985; Goff et al. 2005; Kraft 1971, 1985; Kraft et al. 1983,
1987). Marine transgression proceeds in one of two ways: by —shoreface” retreat, when the
coastline slowly regresses inland, or by —stpwise” retreat, when in-place drowning of coastal
features occurs (Waters 1992).

Shore-face retreat describes the erosion of previously deposited sediments by wave and
current processes as the shoreline transgresses and is the dominant inundation regime during the
marine transgression process (Waters 1992). As the glaciers melted and sea level rose, beach-
face and shore-face erosional zones, offshore of the present southern New England coastline
within the SNE-GB study area, sequentially passed across the subaerially exposed portions of the
continental shelf outwash plain. Older sediments that had been deposited in coastal and terrestrial
environments inland of the shoreline were reworked, first by the swash and backwash processes
upon the beach face and then by the waves and currents associated with the upper shore-face
breaker and surf zones. The erosion associated with the continuous transgression of the sea
reworked these deposits into a thin unconformable geological unit of transgressive lag (i.e.,
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gravel and coarse sand deposits) forming the top of a time-transgressive geological unit known
as a —rmrine unconformity” (i.e., the surface defined by the top of the buried paleosol and the
base of the overlying marine deposit). Reworked terrestrial and coastal sediments are referred to
as —palimpsest sediments” (Swift et al. 1971), and the erosional surface, marked by the depth of
the maximum disturbance by transgression, is called the —rainement” surface. This surface often
shows up quite clearly in sub-bottom profiler data and can be a useful indicator for the presence
of relict paleolandforms (Belknap and Kraft 1985; Kraft 1971; Waters 1992). Shore-face retreat
would have probably been the prevailing marine transgressive regime in the unprotected portions
of paleoshorelines within the SNE-GB study area, especially during still-stand episodes and after
ca. 6000 B.P., when the regional rate of sea level rise appears to have slowed considerably.

Alternatively, and to a lesser extent, marine transgression also occurs by the process of
stepwise retreat, which is the sudden inundation or in-place drowning of coastal landforms and
sediments (Rampino and Sanders 1980; Sanders and Kumar 1975a, 1975b). Stepwise retreat
most commonly occurs at times and in areas of rapidly rising sea level, where the coast is
quickly subsiding and the gradient of the transgressed surface is shallow. In this case, instead of
the waves and currents of the shore-face and beach face sequentially reworking older sediments
during transgression, the breaker and surf zones jump from the active shoreline to a point farther
inland, submerging the older coastal landforms and sediments in an area seaward of the more
destructive breaker and surf zones. The surf and breaker zones then stabilize and develop a new
shoreline farther inland. Instances of in-place drowning during stepwise retreat, preserving
forested uplands, barrier-island and lagoonal sequences, and other relict shoreline features, have
been documented in a variety of places along the Atlantic coast (Rampino and Sanders 1980;
Robinson et al. 2004; Sanders and Kumar 1975a, 1975b).

Evidence of intact paleosol deposits from unprotected waters in excess of 1-2 miles from
shore in the Northeast has thus far proven exceedingly rare (John King, personal communication
2004). One documented instance of a contextually intact, stratified paleosol deposit has been
identified in a high-energy environment 8—10 miles offshore in Nantucket Sound using existing
environmental data, sub-bottom profiles, and vibracoring (Robinson et al. 2004). Sub-bottom
profiler reflectors recorded in this area were tested with coring and found to be produced by a
distinct layer of intact paleosols (i.e., a thin ravinement horizon consisting of marine sediments
with shell hash intermixed with a partially reworked organic-rich AO-horizon of duff, overlying
organic A-horizon soils, oxidized B-horizon soils, and C-horizon sub-soils) buried under
approximately 2 m of reworking marine sediments.

Subsequent macro-fossil analyses of cores from several different loci within Nantucket
Sound identified several terrestrial ecozones (an upland deciduous forest floor, a shallow fresh or
brackish water marsh, and a shallow freshwater pond or swamp). Organic material (i.e., a large
piece of birch wood and a plant seed) contained in two of these cores was AMS-radiocarbon
dated by the Woods Hole Oceanographic Institution to approximately 4500 B.P. and 10,100 B.P.
(John King, personal communication 2004). The results of the coring and dating corresponded
well with the modeled general locations of these ecozones at these approximate times based on
currently available local sea level rise models that had been applied to existing bathymetry.
Utilizing this method of paleosol presence/absence detection has proven effective during other
investigations conducted throughout the Northeast (Herbster et al. 2004; Leveillee et al. 2002;
PAL 2002, 2003a, 2003b, 2004, 2005a, 2005b, 2005¢; Robinson and Ford 2003; Robinson and
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Waller 2002; Robinson et al. 2004, 2005). Similar approaches have also been applied by Fehr et
al. (1996), Maymon et al. (2000), Klein et al. (1986), and Riess et al. (2003).

Although shore-face retreat is the dominant transgressive regime, it is anticipated that there
were numerous isolated occurrences of stepwise retreat also within locally favorable conditions
throughout much of the SNE-GB study area.

4.4, ARCHAEOLOGICAL SENSITIVITY AND PRESERVATION POTENTIAL

A review of the available literature revealed that although there is an extensive inventory of
ancient Native American archaeological sites spanning the entire pre-contact period on land in
Connecticut, Massachusetts, and Rhode Island, no pre-contact period archaeological deposits
have been identified to date within federally-controlled waters in the SNE-GB area. However, all
of Nantucket Sound, which includes the portion of the SNE-GB that is encompassed by the
Sound, has been determined by the Keeper of the National Register of Historic Places to be
eligible for inclusion in the National Register under all four criteria for evaluation and as a
traditional cultural property that has:

...yielded and has the potential to yield important information about the Native
American exploration and settlement of Cape Cod and the Islands, and as an
integral, contributing feature of a larger, culturally significant landscape treasured
by the Wampanoag tribes and inseparably associated with their history and
traditional cultural practices and beliefs (Advisory Council on Historic
Preservation [ACHP] 2010).

The Keeper also acknowledged the importance of the Nantucket Sound seabed as —famner
aboriginal lands of the Wampanoags and the potential location for intact archaeological sites”
(ACHP 2010), based on the identification of deposits of archaeologically sensitive organic
sediments deposited in a terrestrial environment discovered in what is today a high energy
marine environment 8—11 miles offshore (Robinson et al. 2004).

The three buried terrestrial deposits were identified by a marine archaeological
reconnaissance survey conducted for the Cape Wind Offshore Energy project (Cape Wind).
These deposits were interpreted to be an intact forest floor and quiet shallow aquatic areas (e.g.,
a freshwater pond, headwaters of an estuary, or a relatively close coastal pond), with AMS
radiocarbon dates for the different samples ranging from 5490-10,100 B.P. (Robinson et al.
2004). The identification of inundated terrestrial sediments, described by the Massachusetts State
Historic Preservation Officer (SHPO) as a —major scientific discovery,” was significant as the
first recorded instance in southern New England of contextually intact paleosols systematically
located by archaeologists in a high energy marine environment so far offshore (Massachussetts
SHPO 2009).

Equally important was the fact that the inundated terrestrial deposits were identified through
a phased, systematic and scientific archaeological investigative approach. This approach
involved conducting an archaeological sensitivity assessment followed by a marine remote
sensing reconnaissance survey and geotechnical sampling program. The general area where the
paleosols were found was identified by Robinson et al. (2004) as archaeologically sensitive and
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likely to contain intact inundated landforms during their 2003 archaeological sensitivity
assessment of the Cape Wind project area. The specific areas containing paleosols were
identified through a systematic survey process that involved using sub-bottom profiler data
collected during the marine archaeological reconnaissance survey to identify buried acoustic
reflectors with potential to represent relict terrestrial landforms. A select number of these
reflectors were then chosen for —grund-truthing” via a program of geotechnical sampling (i.e.,
vibracoring) to determine whether the source of the reflector was a stratified relict landform with
sensitivity for containing contextually intact ancient Native American archaeological deposits.
The implications of the discovery of intact buried paleosols representing different elements of a
partially preserved terrestrial paleolandscape are that:

1. The locations of such deposits are predictable and may be identified fairly easily
and at a comparatively low cost within a cultural resource management context
(by combining the archaeological data needs with those of the project engineers)
using existing technologies and long-available marine archaeological survey
techniques;

2. Intact elements of the archaeologically sensitive paleolandscape did survive the
early Holocene marine transgression on a very localized level and can exist in
high-energy marine environments a significant distance offshore; and

3. Study area-specific background research and geophysical survey and geotechnical
testing are required to identify archaeologically sensitive submerged paleosols—
broad sensitivity statements about large areas of sea floor absent of locally
collected geophysical and geotechnical data (except for characterizing areas of the
sea floor that were once exposed as having sensitivity and those that never were
exposed as having low sensitivity) is an unadvisable management strategy.

Robinson et al.‘s (2004) efforts to identify archaeologically sensitive elements of the
submerged paleolandscape were comparatively unique. Up until the last 10 years, significant
efforts to identify submerged paleosols and ancient Native American archaeological deposits
were not a regular element of compliance-related marine archaeological investigations. As a
result, the absence of any identified sites within the SNE-GB study area must be considered more
a function of the negligible amount of underwater archaeological research that has been
conducted thus far in the region to identify pre-contact period submerged sites than a reliable
indicator of the potential for such sites to exist within the SNE-GB study area.

Numerous predictive models have been developed to assess archaeological sensitivity and
assist in locating pre-contact archaeological deposits on shore with great success. However, it is
not clear that such terrestrial models would logically be equally applicable to the offshore
environment. While it is easy to assume that existing bathymetry of the seafloor is a direct
correlate to the topography onshore, it is unlikely for such to be the case. Instead, bathymetry
should only be considered a wvague, highly disturbed and reworked shadow of the
paleolandscape‘s formerly exposed geomorphology, and survey efforts should focus on
identifying the intact relict elements of the pre-inundation paleolandscape that are preserved
buried beneath the overlying protective layer of marine sediments. Marine archaeological
surveys in a wide variety of offshore environments throughout southern New England in the past
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10 years have repeatedly shown that the surface of nearly all of the formerly exposed
paleolandscapes have been either disturbed significantly or removed altogether and reworked by
the erosive forces associated with the marine transgression and modern wave and tidal current
regimes. These surveys have also shown that the preservation of intact paleolandsurfaces appears
to be an exceedingly rare occurrence, as the discoveries of paleosols within the Cape Wind
project area is the only example recorded to date of such deposits preserved so far offshore.
When paleosols are preserved, they are preserved on a very localized level as a result of a unique
combination of environmental circumstances that protected them from destruction.

Submerged paleolandforms potentially containing archaeological deposits found in the
originally proposed offshore Cape Wind project area were found in areas that were relatively low
on the more protected eastern flank of the Horseshoe Shoal. This is an area that was rapidly
inundated and buried, and consequently survived the erosional effects of marine transgression
and subsequent modern impacts from waves, tidal currents, and human activities. Generally
speaking, the prerequisite for preservation of inundated sites is burial in terrestrial or low-energy
marine sediments prior to the transgression of the ocean‘s rising waters (Waters 1992). In these
cases, sites will be preserved if the sediments they are in remain below the depth of shore-face
erosion that occurs during and after the marine transgression process, and have not undergone
substantial sediment reworking following inundation.

Based on published rates of sea level rise above and below the Cape, the study area could
have been available for human occupation from ca. 12,000-10,000 B.P. (i.e., during the
Paleoindian and Archaic cultural periods). Progressively smaller portions of the area would have
been available thereafter up until about 1000 B.P., when local sea level had reached a point
within approximately 1 m of its current level. Prior marine archaeological survey coverage is
lacking within the study area; however, the relatively protected, shallow nature of this area
suggests that it is likely to possess conditions that would favor preservation of intact buried
paleosols.

Thus, the archaeological sensitivity of the SNE-GB study area can characterized as one of
three categories representing each area‘s potential for containing pre-contact period
archaeological deposits: No Sensitivity; Low Sensitivity; or High Sensitivity (Figure 4.2).

The area designated as having No Sensitivity lies below the projected -107 m sea level
lowstand corresponding with the glacial maximum of ca. 20,000-18,000 B.P. This area
encompasses an estimated 11,857 square miles of sea floor or 46.7 percent of the overall SNE-
GB study area. It is presumed to have always been under water and was never subaerially
exposed in the history of a human presence in the Northeast; hence, it has no potential for
containing ancient Native American habitation sites.

The Low Sensitivity area lies between the -107 m and -70 m sea levels, the latter of which
corresponds to ca. 12,000 B.P. and the time around which archaeological evidence indicates the
first human colonists began arriving in the region. While it is unlikely that this portion of the
study area contains any archaeological sites, it cannot be ruled out entirely. The Low Sensitivity
area encompasses an estimated 3,214 square miles of sea floor or 12.7 percent of the overall
SNE-GB study area.
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The area designated as having High Sensitivity includes the portion of the SNE-GB study
area that extends between the -70-m sea level of ca. 12,000 B.P. and the 3-mile nearshore limit
of federal waters and the SNE-GB study area. This 3-mile line also corresponds closely with sea
level at around 6000 B.P. Thus, it is within this portion of the SNE-GB study area that there was
exposed land available for habitation ca. 12,000-6000 B.P. by ancient Native Americans
associated with the Paleoindian, Early Archaic, and the early part of the Middle Archaic periods.
The High Sensitivity area encompasses an estimated 10,316 square miles of sea floor or 40.6
percent of the overall SNE-GB study area.

Archaeological research on land has repeatedly demonstrated that ancient native peoples in
the Northeast and elsewhere sought the most productive ecological zones within their cultural
landscapes, especially in those areas that offered diverse resources consistently on either
seasonal or year-round bases. Some of the richest habitats of diverse flora, fish, and wildlife are
found near the junction of land and water, both fresh and salt. Riparian corridors consisting of
rivers, streams, and estuaries, their beds, banks, and floodplains, along with the soils, plants, and
animals that exist there are among the most productive biological systems in the world. Areas
where such elements of the formerly exposed paleolandscape were preserved intact would be
most likely to contain archaeological deposits.

Archaeological site types that could be present within the High Sensitivity area would
include the full range of site types described in Chapter 2 above, as well as Paleoindian and Early
Archaic coastal site types that have yet to be encountered and identified and have no corollary in
the present terrestrial archaeological record (e.g., large, long-term coastal base camps, medium
and small special-purpose activity areas, coastal fishing sites, transportation corridors, semi-
permanent habitations, and burial sites distributed along formerly exposed, inundated relict river
margins, floodplains, and terraces).

Further delineation of the High Sensitivity area‘s archaeological potential is not possible
without conducting area-specific geophysical survey and geotechnical sampling directed at
locating archaeologically sensitive paleosols, given the presumed discontinuous and localized
nature of their preservation throughout this offshore area (based on the experiences from the
Cape Wind project-related discoveries in Nantucket Sound and other archaeological surveys
conducted throughout southern New England waters).
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5. NEW YORKAND NEW JERSEY

This chapter addresses the OCS off the coast of New York (principally Long Island) and
New Jersey, which includes the curve in the shoreline in this region referred to as the New York
Bight (Figure 5.1).

5.1. REGIONAL GEOLOGY

To understand where on the OCS archaeological sites might be preserved intact, it is
necessary to understand the geomorphology of the region and the events of the Late Quaternary
period that shaped the landscape now submerged offshore. Beyond the dramatic changes taking
place at the end of the Pleistocene when the continental ice sheet was in retreat, it is also critical
to understand subsequent processes in the Holocene during the course of marine transgression
and afterward that affected the potential for site preservation. The Late Pleistocene was a time in
which the landscape of the region surrounding the New York Bight was transformed by a variety
of geological events and processes, the most important of which were associated with glacial
retreat and subsequent sea level rise. The evolving landscape over the 12,000 or more years of
human presence in the region has been reconstructed through studies of the current sea floor and
dry land connected to it. A picture of the changing conditions characterizing the OCS in the New
York Bight is presented in this section.

Around 20,000 B.P., when the Wisconsin glacier had reached its maximum southern extent,
sea level was estimated to have been approximately 120 m lower than present, and the vast
majority of the OCS was subaerial (Dillon and Oldale 1978; Wright et al. 2009). It was at this
time that terminal and recessional moraine formations were created from poorly and well-sorted
glacial till (i.e., boulders, rocks, gravel, sand, silt, and clay) on Long Island and contiguous areas.

The ice front in the vicinity of Long Island created terminal and recessional moraines that in
turn created other major features in the geography of the region. The two major moraines include
the Ronkonkoma, which extends along the length of Long Island, and the northeast trending
Harbor Hill Moraine, which extends offshore from Long Island at Orient Point and continues
past Plum Island and Fishers Island to the south coast of Connecticut—Rhode Island near Point
Judith (Uchupi et al. 2001:133). The morainal deposits along these features consist of soil,
sediments, decomposed rock, and fragmentary bedrock scoured over the landscape as the ice
flowed southward across the region. Sloping away from the ridges of glacial till was an extensive
outwash plain of finer materials carried away from the ice sheet in meltwater flows. The
sediment flowing away from the ice front became size sorted with distance, resulting in a
decrease in elevation across the plain, seaward from the moraine (Oldale 2001a, 2001b).

Immediately south of the ice front, the massive weight of the glacier compressed the land
surface, creating a foredeep, or elongated depression, thought to have had relief of 200-300 m
depth and beyond that a peripheral bulge with relief of about 70 m (Peltier 1982; Uchupi et al.
2001:127). The seaward edge of the foredeep south of Long Island probably was located in the
vicinity of the present 40—50 m contours. Dillon and Oldale (1978) inferred that the peripheral
bulge covered the rest of the shelf ending southwestward of an inflection zone trending
northwestward to the coast from the shelf's edge. Despite model predictions concerning the
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position and relief of the peripheral bulge and foredeep (Peltier 1982), it is difficult to define its
location based on the drainage patterns observed across the shelf (Uchupi et al. 2001:127).
Quantifying the relief of the foredeep and peripheral bulge and the character of rebound during
the course of marine transgression is not a straightforward matter. For example, comparison of a
peat off Long Island to the Fairbanks (1989) sea-level curve indicates that the former foredeep
has only rebounded isostatically 27 m during the last 10,000 years such that the foredeep may
not have been as deep as Peltier (1982) suggested or else much of the rebound occurred before
the marine invasion (Uchupi et al. 2001:127).

The foredeep and peripheral bulge were not the only topographic features occupying the
exposed continental shelf of the New York Bight. This land area was also dissected with
drainages that have been observed on the current seafloor. The preservation of the drainage
patterns after transgression is not completely understood, and may be attributed to sedimentation
rates, rapid submergence (e.g., from forebulge collapse), stream capture, headland protection,
and/or bedrock controlling stream channels. The most prominent drainage channel preserved in
the New York continental shelf is the Hudson Shelf Valley (known as the Hudson Canyon),
which extends 130 km southeast from the current Hudson estuary to the outer continental shelf,
and is incised up to 100 m below the adjacent shelf surface. The central portion of the Hudson
Shelf Valley is deeper than the valley head or river mouth, as a result of being incised into the
glacial forebulge that later subsided. The mouth of the Hudson Shelf Valley is 9.5 km wide and
is adjacent to the Tiger Scarp on the southwest, a landform displaying 18 km of relief which was
the shoreline at roughly 10,000 B.P., and the Fortune Scarp to the east, a contemporary feature
that displays 10 m of relief (Freeland et al. 1981:399—402). Various buried channels have been
identified through seismic data, reflecting smaller drainages that have filled completely with
Holocene sediment (Freeland et al. 1981:406—407). More recent work has seen channels on the
New Jersey shelf that are identifiable, but affected by erosion (Goff et al. 2005:288). It is
important to note that the configuration of shelf valleys observed today represent the product of
estuary mouth scour as transgression moved the river mouths landward, rather than the
morphology of the valley prior to transgression (Freeland et al. 1981:422).

Because the OCS off New Jersey is a sediment starved environment, the seafloor bedforms
and shallow subsurface sediments preserve the effects of Pleistocene—Holocene regression and
transgression, although sand ridges and swales oriented northeast—southwest have subsequently
been formed through erosion due to bottom flow and tidal currents. Up to 10 m of sediment have
been removed from the transgressive sand sheet in some areas, and ridges in the OCS have been
winnowed, with smaller grains removed to leave consolidated sand ridges that have become
resistant to further erosion (Duncan et al. 2000; Goff et al. 1999; Goff et al. 2005:291).

Much of the New York Bight has been mapped using side scan radar (e.g., Lathrop et al.
2006; Schwab et al. 2000) and the Hudson Shelf Valley has been examined in detail (e.g.,
Butman et al. 2003). Some aspects of the Hudson Shelf Valley morphology reflect events in the
Late Pleistocene with far-reaching implications for the regional landscape and potential for site
preservation. The Hudson Shelf Valley has rectilinear sides and is oriented north-south at its
head, then northwest-southeast for its remaining length. The morphology of the wvalley
(particularly near its southeastern outlet) reveals a braided channel or anastomosing channels and
fluvial bars. Part of the valley floor resembles a straight channel with alternating bars and
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sinuous thalweg and straight channel banks. At the mouth of the Hudson Shelf Valley is a delta-
like feature whose surface is marked by a southwest trending distributary system draining in the
direction of Hudson Apron on the OCS southwest of Hudson Canyon (Bloom 1998; Uchupi et al.
2001:119). The Hudson Apron is one of a number of lobes on the OCS at the outlets of
paleochannels in the New York Bight as well as to the east off the coast of New England. The
lobate shelf morphology along with the wavy terrain near the mouth of the Hudson Shelf Valley,
the presence of coarse clasts on the mid-shelf and abundance of land mammal remains associated
with them, have been interpreted as evidence of episodic massive flooding of the shelf by the
draining of glacial lakes formed behind the Wisconsin terminal moraine and subsequent
flashfloods after the lakes drained. Two major episodes of catastrophic draining occurred, one at
17,000—15,000 years ago creating the features in the shelf east of the Hudson Shelf Valley and
the Hudson Apron, and another at 14,000-12,000 years ago creating the sediment lobes,
including the mid-shelf wedge, on either side of the Hudson Shelf Valley (Uchupi et al.
2001:126-127).

After ca. 20,000 B.P., when the LGM reached its southernmost extent, the ice began melting
back as the climate shifted into a cycle of global warming. Meltwater from the shrinking ice
sheets was funneled into lakes and rivers that ultimately returned it to the world‘s ocean basins.
Thus the maximum exposure of the continental shelf in the New York Bight was at ca. 20,000
B.P. and the Atlantic Ocean began reclaiming that land thereafter.

Runoff from the melting ice was trapped behind the region‘s terminal and recessional
moraines creating an extensive geography of proglacial lakes in eastern New Jersey, New York,
New England, and adjoining areas of Canada as the ice retreated (Figure 5.2). Seepage through
the moraine allowed the formation of small channels through what was then the exposed shelf—
channels that have been documented in mapping of the ocean floor. But more striking are aprons
of sediment and rocks forming large wedges at the mouths of paleochannels, which derive from
catastrophic floods, which took place over a 5,000 year period ending by 11,000 B.P. (Uchupi et
al. 2001). Major flooding events are hypothesized as each glacial lake was drained when erosion
weakened points along the moraine, glaciers calved off large icebergs that suddenly raised lake
levels and created high-energy waves, and/or tectonic uplift to the north and subsidence to the
south from ice unloading stressed the landform holding back the water. The sudden release of
large volumes of water, debris, and sediment is responsible for moving rocks and sediment
hundreds of miles across what was then the exposed shelf and creating episodes of extreme
turbidity at the river mouths, such that large rocks were transported well off shore into what are
now deep sea contexts. Additional splays along the paleochannels document subsequent flash
floods that originated in the drained lake beds (Uchupi et al. 2001:139-140).

A number of glacial lakes existed in the region at points in the terminal Pleistocene (see Figure
5.2). In some cases, their geologic histories are connected. For example, Lake Passaic, which
extended across the terminal moraine, was blocked at its southwest end by till that filled gaps at
Moggy Hollow and Short Hills. As the ice retreated northward, the lake drained via the Short
Hills gap in the Watchung Mountains and the Little Falls-Paterson outlet into the region of the
future Lake Hackensack. Lake Hackensack breached its dam at Raritan Bay as a result of rapid
isostatic uplift and drained onto the shelf. Lake Hudson occupied the valley south of the
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Figure 5.2.  Glacial lakes in the region, ca. 18,000-12,000 B.P.
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Hudson Highlands and was dammed by the terminal moraine at the Narrows. After Lake
Hackensack drained, Hudson Lake overflowed onto the empty Lake Hackensack basin, eroded
the exposed Hackensack lake clays and drained onto the shelf via the gap previously eroded
through the terminal moraine in Raritan Bay. It was probably this drainage and the drainage of
Lake Hackensack that were responsible for the erosion of the north-south trending ancestral
Hudson River channel defined by the Reflector R unconformity on the New Jersey shelf (Dineen
et al. 1988; Newman et al. 1969; Peet 1904; Reeds 1933; Uchupi et al. 2001:134—135). Varve
counts suggest that Lake Hudson existed for approximately 3,000 years before it drained (Uchupi
et al. 2001:134). The largest catastrophic flood events occurred as a result of the ice retreat north
of the Adirondack Mountains, precipitating the draining of Lake Iroquois (in the Ontario basin)
and Lakes Vermont and Albany through the Hudson Valley (Uchupi et al. 2001). After the
draining of Lake Hudson, ca. 12,000 B.P., saltwater species are seen in dated deposits, reflecting
the establishment of estuary settings far inland (Weiss 1974; Weiss et al. 1976).

On the east side of the New York Bight, a number of features on the shelf derive from the
—SoundRiver,” which drained Late Wisconsin glacial meltwaters impounded in three lakes:
Lake Flushing on the west end of Long Island Sound, Lake Connecticut which was separated
from Lake Flushing by a north-south moraine, and Lake Block Island Sound. The Sound River
created a series of deltas where it breached the moraine between Long Island and Block Island,
and it ceased to flow once its channel was filled with morainal deposits (Frankel and Thomas
1966; Grim et al. 1970; Uchupi et al. 2001:128—-134).

Before the draining of the proglacial lakes for a period several thousands of years, the shelf
was sediment starved. It was a vast plain swept by strong winds, dissected by a few peripheral
streams fed by waters draining through porous sections of the terminal moraine. It was only with
the catastrophic drainage of meltwater lakes and subsequent erosion of the former lakebeds by
flash floods that sediments in any significant amounts reached what is now the continental shelf.
Initially the glacial outbursts probably exceeded the capacity of what few valleys were present on
the shelf and the waters spread out over the shelf's surface. With time, however, as the flows
dissipated they became channeled and incised the sediments of the Hudson Shelf and Block
Island valleys. These channels then served as passageways for later flows. Wetlands developed
on what had been a stark landscape. The now submerged shelf bears the imprint of these
catastrophic late Pleistocene events. Only the morphology of the inner shelf south of central
Long Island and off New Jersey appear to be have been formed by nearshore processes
associated with the last transgression (Uchupi et al. 2001:117).

In the case of the Hudson River, a series of more southerly channels once existed on the
continental shelf off New Jersey (Carey et al. 2005). The migration of the Hudson channel is
attributed to the glacier‘s advancing peripheral bulge: as the ice sheet depressed the crust
immediately in front of it and created a peripheral bulge to the south, the reduction in gradient of
the Hudson may have allowed it to be captured by a smaller drainage system located within the
foredeep. The new channel, the Hudson Shelf Valley, was further incised by the drainage of
various glacial lakes by the Raritan and Hudson rivers from 17,000 to 14,000 years ago which
deepened the wvalley, which was subsequently reworked by marine processes during
transgression, becoming the modern Hudson Shelf Valley (Carey et al. 2005:169; Uchupi et al.
2001).
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The Hudson River has been the principal source of sediment for the New Jersey portion of
the OCS throughout the Pleistocene (Carey et al. 2005:157; Poag and Sevon 1989). Little
sedimentation of the New Jersey portion of the OCS has taken place during the Holocene, as
sediments are trapped in lagoons and estuaries (Carey et al. 2005:158; Clarke et al. 1983; Swift
et al. 1972b). The low rates of sedimentation of the New York Bight during the Holocene have
allowed Late Pleistocene features on the shelf to remain visible. The visibility of these features
also suggests that much of the surface of the OCS was little modified by the late Pleistocene—
early Holocene marine transgression, possibly because a rapid rise in sea level allowed for
preservation of relict features (Uchupi et al. 2001:139). Such features have, however, been
reworked by bottom flow, tidal currents, and other processes (Goff et al. 2005).

The sediment starved continental shelf extends approximately 85 miles to the shelf edge, at
about the 150 m isobath, with a 0.068 gradient. The Hudson Apron, a seaward bulge marked by
later iceberg scours, dominates the modern New Jersey shelf edge along with the heads of
numerous submarine canyons (Ewing et al. 1963; Goff et al. 1999:322, 334; Pratson et al. 1994;
Pratson and Haxby 1996). In general, storm-generated, southwestward-directed currents
characterize the modern oceanographic regime on the middle and outer shelf (Butman et al.
1979; Duncan et al. 2000:398; Hopkins and Dieterle 1987).

Three seaward-stepping terraces, each bounded by a 10—15 m high scarp, have long been
interpreted as relict Quaternary stillstand shores (Dillon and Oldale 1978; Emery and Uchupi
1972; Swift et al. 1980; Veatch and Smith 1939). The seaward edge of the mid-shelf wedge
forms a prominent topographic feature on the New Jersey shelf: the Mid-Shelf Scarp or —shor¢,
sometimes referred to as the Tiger Scarp or Fortune “shore” (Dillon and Oldale 1978; Knebel et
al. 1979; Milliman et al. 1990; Swift et al. 1980). Thought for decades to represent a fossil
shoreface associated with a sea-level stillstand, high-resolution seismic data has since shown it to
be depositional in origin (Duncan et al. 2000; Knebel et al. 1979; Milliman et al. 1990). Uchupi
et al. (2001) have speculated that the mid-shelf wedge could be a subaerial deposit associated
with massive outflows from breached glacial lakes along the Hudson Valley between
approximately 19,000 and 12,000 years ago during glacial retreat. However, it has been found
that the sediments forming the mid-shelf wedge date to 9,000-10,000 B.P. (based on eustatic
curves) and derive from a transgressive marine environment after the lake collapses (Goff et al.
2005:284). The outer shelf seaward of the Franklin Shore contains deltaic sediments at the mouth
of the Hudson River (Goff et al. 1999:322, 334).

5.2. RELATIVE SEA LEVEL CHANGES

Since the retreat of the late Pleistocene glaciers after approximately 20,000 B.P., the New
York and New Jersey coastline has been progressively inundated. Although sea level continues
to rise today, most shorelines attained their approximate modern positions by 1000 B.P.
(Pirazzoli 1996:102).

There has been a significant amount of work researching sea level rise for the New York
Bight. Three sea level curves for New York Harbor (summarized in Pirazzoli 1991:192-193)
suggest that water levels were approximately 28 m lower 10,000 years ago, 22 m lower 8,000
years ago, from 12—17 m lower 6,000 years ago, 8 m lower 4,000 years ago, and 3 m lower 2,000
years ago. More recently, Donnelly (1998), Stanley et al. (2004), Miller at al. (2009), and Wright
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et al. (2009) have examined various datasets to refine a sea level curve for the region. Miller et
al. (2009) indicate that water levels may have been shallower at 10,000 B.P., suggesting a depth
of 18 m lower than today, with a depth of 13 m at 6,000 B.P. and 10 m at 4,000 B.P. Wright et
al. (2009), who focus on Late Pleistocene sea level rise, recalculated dates from Dillon and
Oldale (1978) and Duncan et al. (2000) to conclude that sea level was 120 m below present at
21,000 B.P, and 78 m lower at 14,400 B.P.

Local sea level research typically derives from core samples near shore, and may have little
relevance in reconstructing sea level rise during the late Pleistocene and early Holocene.
Recently published research by McHugh et al. (2010), however, has helped to fill in this gap for
the region. They examined 28 vibracores collected at 38—145 m depths on the New York—New
Jersey continental shelf and radiocarbon dated the shells of mollusks that characteristically lived
near the paleoshoreline and intertidal settings to document the timing and position of the
paleoshoreline as eustatic rise progressed across the shelf. Their research, which takes into
account the effects of glacio-isostatic forces, concludes that sea levels were at 120 m below
present during the LGM, confirming previous studies such as Dillon and Oldale (1978).

Currently, it appears that Wright et al.‘s (2009) assessment of sea level rise for the region is
the most up-to-date and comprehensive, at least in terms of the Late Pleistocene and Early
Holocene (encompassing the LGM and Paleoindian period), and has been used most recently by
other researchers (e.g., McHugh et al. 2010; Nordfjord et al. 2009). For these earlier points in
time, it is the sea level curve adopted in this report. For the more recent Holocene, Miller et al.‘s
(2009) research is used. In both cases, the sea level curves developed have taken into account the
effects of eustasy as well as glacial isostacy (Miller et al. 2009:16; Wright et al. 2009:96).

5.3.  MARINE TRANSGRESSION AND SITE PRESERVATION

Recent research in the New York Bight has provided a better understanding of the process of
marine transgression. Examining data from high-resolution subbottom profiling and vibracores,
McHugh et al. (2010) have observed that the advancing paleoshoreline reworked barrier and
lagoon sediments during the period 15,000-11,000 B.P. Only a relic morphology of these
features remains on the sea floor of the OCS from 120 to 60 m of present water depth, which
they correlate with this time frame (McHugh et al. 2010:45), due to shoreface erosion and
deposition of reworked sediments both seaward and as part of the transgressive sand sheets
(Swift 1975; Swift et al. 1973). The remaining topography is characterized by ridges and swales.
They also document evidence for a slowstand occurring between 12,000—-11,000 B.P., which also
disfavors preservation of what likely would have been the earliest potential prehistoric settlement
period of the subaerial OCS (McHugh et al. 2010:44). Their research also documents
dramatically decreasing sedimentation rates from ca. 11,000 B.P. to the present along the
continental margin, with little sediment having been deposited on the outer shelf during the
Holocene eustatic rise (McHugh et al. 2010:45).

The implications of these findings are that the seafloor in the region generally would have
been exposed directly to the forces associated with transgression during most of the Holocene.
These processes likely have erased most geologic evidence of subaerial exposure of the seafloor
developed during the last recessional sea-level cycle (Nordfjord et al. 2009:235), and the seafloor
in this area is constantly being eroded by bottom currents (Goff et al. 2005), although the sand
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swales at depths greater than 50 m are considered to be generally inactive, subject to only some
localized erosion (Goff et al. 1999). The geomorphology of the New York Bight holds out little
potential for intact archaeological deposits, except in unique settings.

There are some localized exceptions to the model of an eroded seafloor across much of the
New York Bight. Sanders and Kumar (1975a) argue that evidence from the Long Island Shelf
points to in-place drowning around 7500 B.P. of a previous barrier approximately 7 km offshore
from the current position of Fire Island. They observe sediment sequences and paleontological
specimens from cores that reflect the presence of a lagoon through at least 4390 B.P. They
interpret these findings as evidence that the barrier remained in place from the point when sea
level was -24 m until it reached the top of the dunes at -16 m. During that time, the barrier
island‘s dunes, thought to be 8—10 m tall like the contemporary Fire Island dunes, remained in
place, while the lagoon on the landward side widened and deepened, effectively delaying the
effects of sea level rise on the barrier. When sea level finally jumped the barrier, a new barrier
was formed in the surf zone 2 km off the modern shoreline position. The barrier that formed 2
km from the current Fire Island subsequently migrated landward as sea level continued to rise,
ultimately forming the contemporary barrier island. Previous views on transgression posited
inevitable migration of barriers when sand supply could no longer keep pace with sea level rise;
Sanders and Kumar (1975a:72), however, argue that the relationship between the rate of sea level
rise and the rate of sediment supply determines whether the barrier retreats or is drowned in
place. Bottom topography off the coast of Rhode Island suggests that barriers were drowned in
place there as well (Dillon 1970; Garrison and McMaster 1966). Although the high ground of the
submerged barrier island off Fire Island has been smoothed down with sediments deposited in
the lagoon and other low spots both seaward and landward, some relict landforms may be
preserved, in some cases buried beneath those very dune deposits that were displaced when sea
level jumped the barrier island. The lee side of the dunes at a certain elevation may have been
spared the effects of erosion, and instead could have been buried with a protective layer of
sediment from the destruction of the dunes during transgression. Some of that sediment may
have been winnowed away over time by bottom currents, storm events, and other forces, but
artifacts could remain intact in roughly the locations where they were deposited.

Looking beyond localized examples of how transgression affected the OCS in the New York
Bight, Nordfjord et al. (2009:241-242) have developed a model of the impacts of marine
transgression for the region overall, tying it to the sea level curve developed by Wright et al.
(2009). Their model is summarized as follows. During the LGM around 18,000 B.P., dendritic
patterns of drainages incised the exposed shelf (Davies et al. 1992; Duncan et al. 2000;
Nordfjord et al. 2005). During late lowstand/early transgression, shoreface retreat began and the
base of the shoreface migrated landward (Swift 1968). Given their lower elevation, the drainages
were flooded first, with the channels and valley floors scoured by wave action, creating the
ravinement surface. No archaeological sites along these drainages would have survived
transgression except where they had already been buried in deep sediments. As transgression
proceeded, erosion of nearby portions of the exposed shelf resulted in sedimentation of the now
submerged drainage channels (Duncan et al. 2000; Goff et al. 2005; Nordfjord et al. 2005, 2006;
Nummedal and Swift 1987). When sea level had risen to around -70 m and all known fluvial
networks on the mid- and outer shelf had been converted into estuaries, back-barrier tidal
incisions were preserved either due to (1) pauses in shoreface retreat, which allowed formation
of a substantive estuarine/back-barrier system that could not be completely destroyed by
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subsequent transgressive ravinement; or (2) antecedent topography, for example preexisting
depressions that allowed the shoreline to retreat rapidly once the barrier was breached so that the
back-barrier morphology was preserved (Nordfjord et al. 2006). Due to remnant physiography of
the latest Pleistocene part of the mid-shelf wedge, landward shoreface retreat slowed down
during formation of the mid-shelf scarp around 11,400 B.P., when sea level was at approximately
-50 m. This prolonged period of shoreface effects may have focused ravinement erosion along
the seaward edge of the mid-shelf wedge, which in turn steepened its slope where that slope is
coincident with the mid-shelf scarp. Ravinement of the Pleistocene mid-shelf wedge forms the
foundation for the mid-shelf scarp. When sea level finally rose across the mid-shelf scarp, the
Holocene part of the transgressive, onlapping mid-shelf wedge was constructed from coarse-
grained sediment supplied by the Hudson River and/or eroded, winnowed shoreface sediments
deposited in the near-shore zone. Powerful storm flows subsequently swept southward across
this depositional lobe, which removed sediments from parts of the mid-shelf wedge and
truncated its base (Swift and Freeland 1978). As the water column continued to deepen and the
shoreline continued to recede, shelf sand ridges evolved (Swift and Thorne 1991; Goff et al.
1999; Snedden et al. 1999). Successive erosion of outer shelf sediments and modification of the
seafloor has continued to take place through bottom current-driven erosion, perhaps undercutting
surface armored seabeds (Goff et al. 2005) or differentially eroding preexisting topographic
lows. The transgressive ravinement surface dominates New Jersey seafloor bathymetry today,
but its morphology is complex and includes ridge and swale features which have been modified
by deeper water erosion (Goff et al. 2005).

Nordfjord et al.‘s (2009) scenario for the process and effects of marine transgression in the
New York Bight has implications for the potential for archaeological site preservation. The
process of transgression has worked to scour away landforms and any archaeological deposits
they may have contained, but in some cases, it preserved particular features of the subaerial
landscape. From cases of stepwise retreat such as that documented off the south shore of Long
Island (Sanders and Kumar 1975a), and cases where existing topography allowed rapid filling
and possible sedimentation of landforms that may have supported human habitation, it is clear
that archaeological sites could be preserved in particular settings. Identifying such
microlandforms on a shelf that has been subjected to bottom currents and other forces for
thousands of years requires detailed coring studies.

5.4. ARCHAEOLOGICAL SENSITIVITY AND PRESERVATION POTENTIAL

As presented elsewhere in this study, the OCS can be divided into three general categories of
site potential (Figure 5.3). One category is No Sensitivity, applied to areas 120 m and deeper that
were subaerial prior to LGM, and are not expected to have supported human habitation. The next
category is Low Sensitivity, mapped between the 120 and 70 m isobaths based on Wright et al.‘s
(2009) sea level curve, representing the exposed coastline from the LGM through the beginning
of the Paleoindian period. The remaining High Sensitivity category represents areas exposed
during the Paleoindian and later periods, from -70 m to more shallow areas. Within areas defined
as Low or High Sensitivity, specific landforms will have potential for intact sites, while other
areas can be ruled out due to the effects of transgression.
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During the last three to five thousand years of the prehistoric era (and possibly earlier), the
mouths of estuaries (including the Hudson River) were particularly attractive to hunter-gatherer-
fishers, and many of the larger sites dating to the Late Holocene have been identified in these
settings. Likewise, well-drained landforms overlooking the streams that emptied into the
estuaries would also have been resource-rich, prime site settings. The question is whether such
site settings on the OCS would have survived transgression such that any archaeological remains
once present would remain intact.

Significant paleochannels of major streams which are now delineated as bathymetric features
in sonar datasets and digital elevation models include the drowned Hudson River, the Raritan
River (roughly west-east through New York Harbor into the New York Bight), a major channel
running south across the Long Island Platform (originating between the east end of Long Island
and Block Island), and numerous smaller streams. Among the landforms adjacent to the
paleochannels with higher sensitivity are terraces and places where smaller streams join the
larger channels. Similarly, irregularities along open paleoshorelines may have been more
attractive to prehistoric hunter-gatherer groups than straight and broad coasts, because such
irregular landforms could have offered better protection from the elements as well as potentially
more dense and/or diverse resources such as wetland fauna and flora adjacent to fishing grounds
(Perlman 1980). Such irregular coast features include narrow inlets, headlands, and stream
mouths (Benjamin 2010; Fischer 1995), along with protected areas like backbays and lagoons.
Unfortunately, it is difficult to identify particular small-scale landforms, some of which may be
obscured by later sediments.

Based on Nordfjord et al.‘s (2009) model, only specific site settings might have been
preserved in the region. They include rapidly submerged features protected from subsequent
erosion by initial sedimentation. Candidate landforms include portions of drainage valleys that
were covered in sediment prior to transgression, the margins of sheltered tidal estuaries and
coastal ponds far enough landward to avoid the brunt of coastal shoreface erosion, and the
protected side of barrier islands that were inundated through stepwise shoreline retreat. Whereas
research in Nantucket Sound has produced evidence of an intact paleosol (see Chapter 4 above),
no such evidence has been found in the New York Bight region. However, a coring study for
dredged material placement in the New York Bight concluded —that the potential for submerged
archaeological sites is actually greater than previously recognized” based on samples that yielded
sediments indicative of a paleoshoreline environment (LaPorta et al. 1999:26). However, the
location of the paleoshoreline deposits on the continental shelf was determined to have been
susceptible to erosion during sea level rise, such that the chance of encountering an intact
prehistoric archaeological site was considered moderate rather than high (LaPorta et al. 1999:29).

Some localized settings would have been less affected by erosion, and should be prioritized
for study. For example, the flood deposits along the paleochannels such as the Hudson Shelf
Valley may very well seal archaeological deposits along river valleys dating after the period of
glacial lake draining (see Uchupi et al. 2001). The deltas created at the mouths of the
paleochannels from catastrophic flood events are probably not likely locations to find
archaeological remains for a number of reasons, however. The low-lying areas at a river mouth
would not have been a likely location for human settlement due to tidal inundation and restricted
access to fresh water. Even if archaeological remains were present where the delta was
subsequently formed, the high-energy flooding and turbidity from the water‘s entry into the
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ocean would likely displace artifacts, and compromise any site integrity. Furthermore, the large
boulders and rocks deposited during the catastrophic flooding would make identification and
investigation of any archaeological site exceedingly difficult. However, locations upstream along
paleochannels may have supported human habitation in what would have been floodplains and
terraces overlooking riverine and estuary settings. Such sites would likely only be preserved after
the catastrophic meltwater lake floods, which would have impacted any earlier sites present in
their paths. These settings could very well be preserved beneath sediment accumulated in later
flash floods, from estuarine muds deposited as marine transgression advanced upstream,
gradually inundating the valley, and from subaerial deposition governed by currents
perpendicular to the channel, which became a sediment trap (Freeland et al. 1981).

Because the seafloor has not been studied and mapped in sufficient detail to locate all the
specific landforms that existed prior to transgression, it is not possible to precisely delineate
potential site settings within high preservation potential. However, geophysical studies carried
out as part of an applicant‘s feasibility and planning studies for proposed undertakings in the
OCS could support a more refined characterization of geomorphology within a lease block, and
suggest areas to target for archaeological survey. Certainly areas along relict stream channels,
estuaries, rock outcrops, and the back sides of drowned barrier islands should receive attention,
as should any other areas where paleosols may be identified. In the New York Bight, low
sedimentation rates through the Holocene have preserved a submerged landscape in which
drainage patterns have been mapped and dated, and subjected to only minimal reworking due to
bottom flow and tidal currents (Goff et al. 2005). Thus, landscape features are relatively
straightforward to identify, and if archaeological deposits were protected from transgression by
prior sedimentation or landform configurations that diverted direct shoreface impacts, they
should be recoverable from the seafloor.
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6. MIDDLE ATLANTIC

This chapter examines the portion of the Atlantic OCS from Delaware to Myrtle Beach,
South Carolina (Figure 6.1). This region is referred to as the Middle Atlantic, and falls mainly
within the southern portion of the Middle Atlantic Bight (which runs from Cape Cod,
Massachusetts to Cape Hatteras, North Carolina), although it includes the very northern portion
of the South Atlantic Bight (between Cape Hatteras and the Myrtle Beach, South Carolina).
Prominent geologic or geomorphic features within this region include the Delaware River,
Chesapeake Bay, Albemarle Embayment, and Cape Fear Arch.

6.1. REGIONAL GEOLOGY

In the Middle Atlantic study area, the OCS is generally characterized as sloping gradually
east to the continental slope. As a consequence of the gradual OCS slope in the study area, rivers,
sounds, and bays characterized the environment during much of the Holocene (Browder and
McNinch 2006). In conjunction with Holocene sea level rise, sediments associated with those
terrestrial features were environmentally resorted, as have the many barrier islands that once
existed off earlier coastlines (Heron et al. 1984). In the most general terms, the Middle Atlantic
OCS has been described as a “broad sand plain, characterized by a subdued ridge and swale
topography” (Shephard 1963). As the shoreline migrated westward, the wave-dominated
environment of the region produced a relative equilibrium consisting of subbottom relict sounds,
bays, and channels overlain by varying depths of Holocene sand (Riggs et al. 1996; Swift et al.
1972b).

According to Belknap and Kraft (1985:238), coastal Delaware is located on a gently sloping,
low-relief coastal plain—continental shelf province that begins inland at the Fall Line and extends
seaward to the southeast to the continental shelf break, and consists of a wedge of Mesozoic and
Cenozoic sediments that stretches from New York to Virginia (Belknap and Kraft 1985:238).
Delaware is on its northwest flank in an arcing trend known as the Salisbury Embayment, which
includes parts of Virginia, Maryland, Delaware, and southern New Jersey and is bordered on the
north by the South New Jersey arch and on the south by the Norfolk arch (Ward and Powars
2004:263). A major offshore feature of this portion of the region includes the ancestral Delaware
River and its tributaries (Belknap and Kraft 1985; Swift 1973; Swift et al. 1972a; Swift and Sears
1974; Twitchell et al. 1977).

Off the coast of Maryland, researchers have used seismic profiles and vibracores to identify
likely portions of the ancestral St. Martin River and tributary system (Toscano et al. 1989; Wells
1994), and four significant paleochannels also have been documented offshore of the Delmarva
Peninsula. Those channels may have been associated with the relict channels of the
Susquehanna, Potomac, Rappahannock, and York rivers, according to a revised model for the
geologic evolution of the southern Delmarva Peninsula (Niedoroda et al. 1984). Near the edge of
the OCS, bathymetry suggestive of a broad coastal zone similar to the current coastline of the
southern Delmarva Peninsula has been identified.

Significant ridge and swale topographic characteristics have been identified south of Cape Henry
in the False Cape vicinity of Virginia (Swift et al. 1972a). Additional concentrations of ridges
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and swales are associated with each of the North Carolina capes (Heron et al. 1984; Hunt et al.
1977; Matteucci and Hine 1987). Bunn and McGregor (1980) have identified a regional variation
in morphology to the south and offshore of the Albemarle region of North Carolina. There, a
smooth, gently dipping, mid-slope morphology is flanked both seaward and landward by steep
dissected scarps. On the seaward scarp, associated valleys have cut into the smooth mid-slope
region. Well-stratified sediments 500 m thick suggest an association with a significant terrestrial
drainage system, possibly associated with paleochannels of the James River (Bunn and
McGregor 1980). Additional investigation carried out in the Atlantic between Oregon Inlet and
Duck, North Carolina, identified a complex series of relict channels potentially associated with
the ancestral Roanoke/Albemarle River and likely formed during the Holocene post-glacial
transgression (Boss et al. 2002).

Exceptions to that ridge and swale model can be found to the south in Onslow Bay and south
of Cape Fear in Long Bay. Both bays are characterized as high-energy, sediment-starved shelves
with extensive exposed hard bottoms. Those hard bottoms consist of outcropping Tertiary and
Pleistocene-age stratigraphy (Gayes et al. 2002; Riggs et al. 1996). Research in Onslow Bay
indicates that the Holocene coastal lithosomes are virtually non-existent on the inner and middle
portions of that area of the OCS. Tertiary-age stratigraphy is exposed on much of the sea floor,
but a 1-3 m Pleistocene-age sequence uncomformably overlies those sequences on the inner
shelf offshore of Bogue Banks. Relict channels in the area, for the most part, represent streams
on the lower Coastal Plain that filled with fluvial and estuarine sediments during the mid-
Pleistocene. No evidence of Holocene-age barrier-related material was found within the channels
(Hine and Snyder 1985).

Near the extremity of the OCS, east-southeast of Cape Lookout and southeast of Cape Fear,
submerged terraces have been found (Matteucci and Hine 1987). Investigation of the OCS near
Cape Fear identified the remains of several large river channels and numerous smaller river
channels. The location and orientation of those relict channels suggest that the Cape Fear Terrace
represents the remains of a paleo shelf-edge delta. Although not as complex, the Cape Lookout
terrace could be a similar feature.

6.2. RELATIVE SEA LEVEL RISE

Early summaries of the Holocene marine transgression rates for the Middle Atlantic are
presented by Belknap and Kraft (1977), Edwards and Merrill (1977), and Edwards and Emery
(1977), with more recent work by Ramsey and Baxter (1996) and Nikitina et al. (2000) for the
Delaware area, Van de Plassche (1990) for Virginia, and Mallinson et al. (2005) and Horton et
al. (2009) for North Carolina.

While the more recent work employs additional samples and more refined dating methods,
there remains difficulty in assessing sea levels ca. 12,000 B.P. and earlier because of a lack of
data points. Given a lack of relative sea level data for the region at the LGM, it is assumed to
correspond to the eustatic curve for the Atlantic based on the Barbados data, placing sea level at
approximately 120 m lower at the LGM (Bard et al. 1990b; Fairbanks 1989). Assigning a
corresponding relative sea level for the period from the LGM to ca. 11,000 B.P., however, is
problematic for the region. The oldest index reported by Horton et al. (2009:1728) for North
Carolina, for example, is dated to approximately 10,800 B.P. and places relative sea level at
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36 m below current sea level. Nikitina et al. (2000:Figure 4) have suggested that by 12,000 B.P.
sea levels were only 30 m below present. Unfortunately, there is a lack of index points for start
of the Paleoindian period (ca. 13,000-12,500 B.P.), when human occupation was certain in
North America.

Lowery (2009) has suggested that isostatic depression of the former glacial forebulge likely
played a role in sea levels ca. 13,000 B.P. in the Middle Atlantic region, with the effects being
more prevalent in Delaware and tapering off to the south. This assumption is supported by
Reusser et al. (2004), who suggest that the observed rapid bedrock incision rates associated with
isostatic uplift during the LGM ceased along the Susquehanna and Potomac rivers ca. 14,000
B.P. By 14,000 B.P., the Laurentide forebulge that had previously impacted the unglaciated areas
south of the ice sheet‘s terminus had fully collapsed, and the bulge seems to have been followed
by an isostatic trough or depression. Precisely how this depression impacted sea levels ca. 13,000
B.P. remains unclear, however.

To resolve the lack of data on sea levels ca. 13,000 B.P., the curves developed for New
Jersey are employed here. Wright et al. (2009), as developed by Nordfjord et al. (2009), indicate
that sea levels were approximately 70 m lower ca. 13,000 B.P. Sea levels likely would have been
more shallow due to isostatic depression ca. 13,000 B.P., and but until additional