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Abstract

This thesis explores the aboriginal exploitation of Cuesta quartzite in southern New
Jersey. The stone is an orthoquartzite, a silica-cemented quartzite that was formed at or
near the earth’s surface. The geological distribution of this material coincides with the
Cuesta, the geomorphological ridge that separates the Inner and Outer Coastal Plains of
New Jersey. Cuesta quartzite takes its name from this association. Although the material
is very difficult to knap, it was extensively used in prehistory, principally for stemmed
and notched bifaces, but also for hammerstones. Repetitive heat-treatment improves its
flaking qualities and enabled ancient knappers to work the stone according to a staged
sequence of bifacial reduction. When used as hammerstones, Cuesta quartzite was also
repeatedly heated, with the apparent goal of modifying its toughness so as to customize
the hammers to the stone being worked. In addition to affecting its toughness, heating the
stone tends to redden it, to add luster, and to cause the entrapped quartz grains to sparkle,
all of which had probable symbolic significance. The research employed experiments to
gauge the effects of heat on the stone. Four skilled experimental knappers also flaked
matched pairs of bifaces—consisting of one heated and one unheated specimen—to
evaluate the knapping characteristics before and after thermal alteration. In all cases, the
knappers reported improvement in the ease of flaking after heating. X-ray fluorescence
analysis and laser ablation microprobe-inductively coupled plasma mass-spectrometry
establish the geochemical composition of the material. The quartzite consists chiefly of
silica with a host of other minerals and trace elements. The petrological analysis does not

permit linking archaeological specimens to particular geological deposits. A battery of



radiocarbon dates places the utilization of Cuesta quartzite between 6600 and 1600 B.P.
Using the chaine opératoire approach as its theoretical basis, this thesis integrates
archaeological data and experimental results to reconstruct the aboriginal technology
associated with the use of Cuesta quartzite during the period of its efflorescence. The

analysis leads to the conclusion that both the ascendancy and decline of Cuesta quartzite as a

lithic resource were fundamentally economic adaptations to a changing landscape. This
thesis further highlights the benefits of collections research, archacological
investigations in the field of cultural resource management, and replicative
experimentation. The work marks an advance in knowledge respecting a widely used but

heretofore little studied lithic material.
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Introduction

This research investigates the aboriginal exploitation of Cuesta quartzite in
southern New Jersey in the interval between 6600 and 1600 B.P., spanning much of the
Archaic period and extending well into Woodland times. Present indications are that both
the earliest and latest uses were more sporadic than in the period of efflorescence, dating
roughly from 3000-5000 years ago. The material was used extensively for the
manufacture of bifaces, generally typical of the associated periods. Hammerstone
manufacture in Cuesta quartzite—and use, of course—appears to be more common in the

transitional episode between Late Archaic/Early Woodland times.

Technically an orthoquartzite, this material occurs in cobble fields along the
Cuesta, the ridge that separates the Inner and Outer Coastal Plains in New Jersey.
Although quartzite of this sort has been recognized in the region by geologists for well
over a century, it has received scant formal geological investigation (W yckoff and
Newell 1988). Until work began on this study, Cuesta quartzite had inspired only local
archaeological interest, beginning with loosely structured investigations by Jack Cresson
(1975, 1995a, 2004). Later, my work in the field of cultural resource management (CRM)
led me to increased interest in the material as a lithic resource in prehistory (see Chapters 4
and 5 for detailed references to my own research). Thus, responding to Ebright’s (1987:42)
admonition for research into “commonly used, but academically ignored, lithic
material[s],” this thesis presents for the first time a detailed archaeological interpretation

of Cuesta quartzite.



Archaeological evidence clearly shows that most artifacts produced in Cuesta
quartzite were heated before being worked. Thermal alteration, which affects both the
appearance and the knapping qualities of the stone, attended virtually all aspects of its use
in prehistoric times. Aboriginal populations very likely viewed these changes in symbolic

terms.

To understand the manner of its use in antiquity, this study casts Cuesta quartzite
into a theoretical framework based upon the sequential modification of materials from
their natural states to finished products, use, and on to discard, all within the contexts of
the artisan’s cultural and social milieu (Audouze 2002; Lemonnier 1992; Leroi-Gourhan
1993). By this device, coupled with extensive experimentation, this thesis develops a

clear understanding of the ancient utilization of Cuesta quartzite.

Data for this analysis of Cuesta quartzite derive from the largely unpublished
work of Jack Cresson (1975, 1995a, 2004) as well as from my own research, some of it
extending back to the late 1960s. In this body of work, there are many sites that have
yielded at least a smattering of Cuesta quartzite. Twenty of these sites have produced

sufficient data to warrant fairly detailed treatment in this thesis.

Supplementary and complementary data come from experiments that concern the
techniques and effects of thermal alteration on the rock and knapping in both heat-treated
and unheated conditions. Experimentation is critical to learning. In the Diary of Adam
and Eve, Mark Twain (1893) has Eve saying: “It is best to prove things by actual

experiment; then you know; whereas if you depend on guessing and supposing and



conjecturing, you will never get educated.” This statement still rings true, especially for

archaeological investigations that deal with unrecorded and long- forgotten technologies.

Each of the seven chapters comprising this work has been written as a free-
standing document, which nevertheless links closely with the content of the others. I have
attempted to divide the presentation so as to avoid pointless duplication. Cross-references
between and within chapters provide readers with easy access to pertinent sections with

respectively general or detailed content.

Chapter 1 puts the subject into a meaningful context by providing basic
information about Cuesta quartzite in its natural and archaeological expressions. Then a
description of methodology follows. That discussion deals with theoretical considerations
as well as the techniques employed to measure and record data. Loosely based on chaine
opératoire (Audouze 2002; Lemonnier 1992; Leroi-Gourhan 1993), the technological
sequences involved in working Cuesta quartzite provide the theoretical framework and
couples the data with their interpretation. The role of symbolism as it relates to color and

the use of fires in heat-treating the artifacts is also discussed.

Chapter 2 describes the culture history and environmental characteristics of relevant
portions of New Jersey. The discussion then turns to the geology and the use of lithic
resources by aboriginal populations, with a particular emphasis on the use of Cuesta
quartzite. A series of 13 radiocarbon dates establishes the chronological framework,
covering a span of more than five millennia. The chapter ends with a geochemical

description of Cuesta quartzite as seen through petrological analysis.



Chapter 3 details the archacological expressions of Cuesta quartzite in aboriginal
material culture. Bifaces, debitage, and hammerstones are the principal artifact classes. |
describe the artifacts in summary fashion and follow with a detailed presentation of linear
dimensions, relational measures (such as length-to-width ratios), weights, and color.
Statistical indices describe central tendencies and correlations in an attempt to evaluate

relationships and associations.

The bifacial specimens share strong similarities in form and reduction trajectories
demonstrating that they are the products of a single cultural tradition. I comment briefly
on the geographic distribution of bifaces. The analysis of debitage indicates the character
of knapping and gives insights into the nature of reduction strategies. Hammerstones
show a transition from a tabular or cubical form to a nearly spherical shape. Like bifaces,
hammers in Cuesta quartzite were often heat-treated to modify their physical properties.
By this means ancient knappers could have a variety of hard and soft stone hammers in
their knapping kits, while using only one raw material. Because of very extensive wear,
accompanied by a reduction in size, I conclude that some hammerstones may have been
maintained as heirlooms. The presentation of each artifact category leads to an

interpretative discussion.

Chapters 4 and 5 provide archaeological data from my own research dealing with
Cuesta quartzite in southern New Jersey. In particular, Chapter 4 details 11 sites in
Burlington County, while Chapter 5 follows suit by presenting information on seven sites

in Gloucester County. That chapter also makes mention of two other sites, whose



contents do not warrant presentation in a separate chapter. Altogether, 20 sites are

discussed.

The counties are geographically separated and contain suites of sites that appear
to be more closely related within than across county boundaries, possibly because of
physical proximity or occupation by related people. For this reason, I treat the remains in
each county separately. Each of these chapters has a similar organization, which presents
basic information concerning location, topography, edaphic conditions, drainage, as well
as the character of the archacological investigations and the nature of the finds. Artifacts
are described and enumerated. Features, if present, receive similar treatment. The data are

then interpreted in light of radiocarbon age determinations, if available.

Chapter 6 presents new, critically important data arising from experimentation
concerning the thermal alteration and knapping of Cuesta quartzite. Several experiments
with fire tested the conditions required to achieve effective thermal alteration of this
material. Raising the temperature of the stone to as little as 200°C for a short time can
redden the surface, increase reflectivity, and reduce fracture toughness. This chapter also
relates changes in color and weight that result from exposing Cuesta quartzite to heat.
The visible changes—principally a reddening of the stone and increased luster— provide
clues to enhanced flakability and strongly suggest the symbolic role of fire in the

manipulation of this material

Four accomplished knappers experimentally flaked paired bifaces—one heat-

treated and one not. All four knappers reported that the thermally altered stone was easier



to flake than the quartzite in its natural state. Quantitative data coming directly from the

experimentally produced debitage and bifaces substantiates this conclusion.

Chapter 7 offers a synthesis of archaeological and experimental findings,
beginning with a discussion of the congruencies between archaeological and
experimental data. Data gaps and inconsistencies between the two are also explored. The
technological sequence for Cuesta quartzite utilization is reconstructed, with reference to
the principal artifact classes found on archaeological sites, viz., bifaces and
hammerstones. Dealing with these classes independently, the interpretation examines the
aboriginal technology of working Cuesta quartzite in terms of the stages involved and the
decisions likely to have directed the steps taken. The interpretation leads to the
conclusion that a relationship based on mutual agency prevailed between the ancient
knappers and the lithic material. This relationship was imbued with symbolic meaning,

especially regarding the importance of color and fire.

A rationale for the initial exploitation of Cuesta quartzite is followed by an
interpretation of the decline in its use. Both the ascendancy and descent are seen in
economic terms. In the face of competition for valuable resources, Cuesta quartzite was
recognized as a suitable complement to long-used materials that could only be obtained at
a distance, and at some social and economic cost. The knapping of Cuesta quartzite
followed a long-standing tradition of making large bifaces through a staged process of
sequential biface reduction. With the realization that the ubiquitous cryptocrystalline
pebbles—which comprise a major component of the regional geology—could serve as an

alternate source of raw material, the exploitation of Cuesta quartzite diminished and



eventually ceased. This change witnessed a shift away from a technology based upon
staged biface reduction to one founded on the far simpler process of pebble-splitting. A
final section provides an overview of the archaeological and experimental data and

presents concluding remarks.

This work integrates traditional archaeology with experimentation, collections
research, and investigations undertaken in the field of CRM. Experimentation has
provided invaluable clues concerning the physical properties of Cuesta quartzite, the
importance of heat-treatment, and knapping techniques, not to mention the intimate and

often subtle interplay between knappers and stone.

This investigation further demonstrates the usefulness of collections research,
which despite inherent limitations—chiefly involving weak or absent provenience data—
provides complementary data concerning the geographic spread of specimens, as well as

the range of variation in their size and form.

This work further underscores the validity of CRM as a vehicle for scientific
research. Archaeology in that context provides access to data from frequently small or
unspectacular sites that might not otherwise receive much notice. The integration of these

varied data sources has been important to the success of this undertaking.

Throughout this work, I have tried to provide detailed references to the pertinent

work of others, as well as to my own research. Appropriate citations appear throughout

the text, and a comprehensive list of the works cited appears at the end of the document.



Chapter 1: General Background

This research investigates the aboriginal exploitation of Cuesta quartzite in
southern New Jersey. Like many lithic materials, other than fine-grained or
cryptocrystalline stone, Cuesta quartzite has been largely overlooked by archaeologists
and geologists. This thesis provides for the first time a comprehensive description and

analysis of this material as it was employed in antiquity.

In order to put the subject into a meaningful context, it will be necessary to
provide some introductory information on the material itself, its natural and
archaeological expressions. No archaeological account can be complete without a
discussion of methodology. Methodology involves theoretical considerations as well as
the techniques employed to measure and record data. A consideration of technological
reduction sequences, inspired by the chaine opératoire approach, provides the theoretical
focal point, and forms a link between data and their interpretation. The techniques,
instruments, and standards employed in this study are, for the most part, simple and

straightforward. Each of these categories will be treated in turn below.

1.1) Cuesta Quartzite

Cuesta quartzite is a peculiar type of pale grayish brown, pink, or reddish
quartzite. Its natural distribution follows the divide between the Inner and Outer Coastal
Plains in New Jersey (Mounier 2003a: 157, see also Wyckoff and Newell 1988). That

divide consists of a Cuesta, an asymmetrical ridge having one steep scarp and a gently



inclined counter-slope (Hunt 1967:50, 137; Thombury 1954:133). The material derives its
name from this distribution. Jack Cresson, an archacologist and highly skilled knapper,

coined the term in the early 1970s.

Figure L.1: Map of New Jersey in Geographic Context
{Adapted from Stephenscn and Ferguson 1963 Figare 300



10

The Cuoesta

Monmouth County

Ocean County
I

Camden County

Ciloucester County

salem County .
Burhngton County

I |
i af el B Rl

Figure 1.1: Map of New Jersey, Showing the Cuests
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The geological origin of this matenial is not well understood for want of detailed
investigation. The most current interpretation is that Cuesta quartzite formed as a silerete
or an orthoguartzite within a broad valley on low-gradient surfaces durning warm, tropical

conditions. Subsequent geological events have left the silerete in elevated positions on
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the landscape. Geologists believe that this material dates to Pliocene times, from two to
five million years ago (Wyckoff and Newell 1988). Chapter 2 delves into the geological

aspects of this material in more detail.

Unlike flint, chert, obsidian and other fine-grained stones, which have been
extensively studied in terms of their composition, distribution, physical properties, and
flakability (Mercer 1893,1894; Hatch and Miller 1985; Jarvis 1988, 1990; Lavin 1983;
Lavin and Prothero 1987, 1992; Loring 2002; Luedtke 1976, 1978, 1979, 1985, 1992;
Mason and Aigner 1987; Prothero and Lavin 1990), quartzite has less frequently been the
focus of sustained, systematic archaeological inquiry (Holmes 1893, 1919; O’Connell
1977; Dunning 1964; Saul 1964; Bottoms 1968; Ebright 1987; Bamforth 2006. The same
is true of the examination of quartzite artifacts in collections (Lacaille 1939; Knowles
1941a, 1941b; Richards 1941), and in laboratory settings (Goodman 1944; Domanski and

Webb 1992; Domanski, Webb and Boland 1994).

So far as I am aware, only Jack Cresson (1975, 1995a, 2004), Errett Callahan
(1979), and Scott Silsby have undertaken sustained replicative work in quartzite, but
others have engaged in short-term or ephemeral knapping experiments (Behm and

Faulkner 1974; Ebright 1987; Hurst and Rebnegger 1999; Julig 2002; Hanson 2007).

Cuesta quartzite, itself, has been all but entirely ignored by archaeologists, Jack
Cresson and I being the only exceptions. Working closely together, we have examined
dozens of sites that contain artifacts in this unusual material. If others have done so, they

have—with few exceptions (Liebeknecht et al. 1997)—failed to make note of it. Carol
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Ebright’s (1987) treatise on archaeological uses of quartzite in the Middle Atlantic region
gives a good general summary, yet it too, makes no mention of Cuesta quartzite. Because
others have ignored this material, data concerning its archaeological expressions are
limited to my CRM studies and the personal researches of Jack Cresson. This thesis

conflates those data into a single document.

In its archaeological expressions Cuesta quartzite first appears as isolated
examples of very early biface forms. One fluted point of this material is housed in the
Cumberland County Prehistorical [sic] Museum. Some stemmed bifaces of Early Archaic
forrﬁs appear in collections, but they are quite rare. Beginning in mid- to Late Archaic
times, Cuesta quartzite witnessed an efflorescence for a period of approximately four
millennia (ca. 6000 — 2000 B.P.), after which it fell virtually into total disuse so far as the
manufacture of formalized implements is concerned. The discontinuous use of Cuesta

quartzite through time is intriguing,

At the height of its popularity, Cuesta quartzite was worked by a staged reduction
strategy, proceeding from quarry cores to a series of refined bifaces, and eventually to
discard. Another use emphasizes the production of hammerstones. As previously noted,

none of this has ever been previously explicated. This thesis sets forth the explication.

In order for archaeological data to make sense, they must be understood in a
unifying theoretical context. In this thesis, the concept of technological sequence,

inspired by the chaine opératoire approach, provides a solid theoretical anchor.
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1.2) Theoretical Considerations

I explore the technological sequence of Cuesta quartzite reduction in antiquity as
the theoretical basis for this thesis. This approach is influenced by chaine opératoire, but I
have not attempted to apply that device in a nuanced way. Generally attributed to Andre
Leroi-Gourhan (1911-1986), the chaine opératoire approach involves consideration of the
sequences of choices, actions, and processes that lead to the transformation of a substance
from raw material to a finished product. It is understood that the artisans and their operant
technology function within a social setting and that their technological behavior can
validate or change the social milieu (Audouze 2002; Lemonnier 1992; Leroi-Gourhan
1993). The study of technological systems permits working backward from the product to
the procedures, and ideally to the intentions and decisions of the artisans involved in a

production sequence.

Because the concept of chaine opératoire has evolved over time and is applied
differently in the Old and New Worlds, I focus on the technological manipulation of
Cuesta quartzite. In so doing I make inferences concerning the steps in the reduction
process as well as the choices and decisions that artisans made at each point in the

sequence of operations.

Although it has been employed for other purposes (Sidoroff 2005), this approach
is particularly suited to subtractive (or reductive) processes, such as knapping, in which
each operation results in discrete and (often recognizable) residues: cores, bifaces, flaking

debris, fragments, and so forth (Bleed 2001:118). Because Cuesta quartzite shows
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sequential processing, leading to a number of distinct products, its manipulation and use

are amenable to this sort of analysis.

The analysis of lithic technology lends itself to integration with other theoretical
concepts, such as economics, cultural ecology, agency, and actor-network theory. If one
defines economics as the choices that people make in acquiring and disposing of
resources (Friedman and Friedman 1980), then economic theory underpins a
technological analysis solidly. Similarly, certain tenets of optimal foraging theory also
apply (Byrne 1980:114-118; Cooper 1998). This appears to be a potentially fruitful
approach for interpreting the periods of activity and quiescence in the ancient exploitation

of Cuesta quartzite.

The question of choice plays into cognitive theory (Leroi-Gourhan 1993;
Schlanger 1994), agency theory, and intentionality (Ahearn 2001; Dobres and Robb
2005; Sackett 1977; Sinclair 2000:200; Wobst 2000). Knowledge of the physical and
social landscape is required to identify resources, to gain access to them, and to deploy
them to satisfying ends. In this respect, a technological analysis relates to interpretation
of mobility patterns and site function. The potential of an “agency approach” will be

explored.

The roles of agents played by knapper and stone in an actor-network (Law 2003)
can be seen in the behavior of modern knappers, expressed in gestures and speech
(Bradley 2005). Knappers of my acquaintance frequently talk to the stone, coax it, and

listen to it. For them, stones have personalities that differ within and between lithic types.
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Evidence from modern knappers suggests that prehistoric artisans made a
connection between the sounds emitted by rocks and their flaking qualities. While
prospecting, contemporary knappers will strike a stone with a hammer. The rocks with
more or less uniform internal structure produce clear musical tones and are selected,

whereas those with flaws yield only a dull thud and are left in the field.

Upon finding specimens that ring true, Jack Cresson frequently performs a little
ritual—a sort of celebratory dance, complete with skyward glances, body tremors, and
orgasmic utterances (my personal observation). Cresson clearly has a meaningful,
intimate relationship with those rocks, based on their “responses” to his exploratory
percussions. For him, they are alive and willing to answer his call to service. [ have
observed other knappers talking to the stone as they work, coaxing it to give up flakes,
and cursing it when it breaks. To generalize from these admittedly limited examples, I
believe that ancient knappers must have experienced similar personal relationships with

stone.

Some living people still use stone tools as elements of their traditional
technology. For such people the relationship with stone assumes metaphysical
significance that is intimately tied to its possession, manipulation, and an appreciation of
its properties (McBryde 1997; Paton 1994). There is no reason to believe that earlier

populations did not also embrace stone in spiritual terms (Moulton and Abler 1991).

I further believe that the enhanced color, luster, and reflectivity of Cuesta

quartzite when heated played an important role among ancient knappers, with both
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symbolic and pragmatic considerations—symbolic because of the imagery evoked by
redness and brilliance (Hamell 1983, 1992; Hall 1997; Miller and Hamell 1986; Mooney
1891; Morphy 1999; Tagon 1999; Kraft 2001; Loring 2002; Turner 1967), and pragmatic

because of the enhanced knappability obtained by annealing the stone (see Chapter 6).

The role of individuals and groups as agents interacting with each other and with
the resources themselves can only be understood within a theoretical framework (Dobres
and Robb 2000). Sinclair (2000:200) has equated technological operations with the
concept of agency, and Dibble (1995:304) has pointed out that sequential production
leans heavily on the idea of intentionality. This focus raises the hopes that the biface
reduction process that applies to Cuesta quartzite can be unraveled as has been done with
other materials (Callahan 1979; Cresson 1982, 1984). Having discussed the general

theoretical thrust of my research, I now turn to a discussion of methods.

1.3) Research Goals

The research was directed toward the completion of several tasks. For instance, |
sought to explore the relationships between the natural and cultural distributions of
Cuesta quartzite. By means of petrographic analysis I hoped to determine whether
artifacts could be traced to particular geological deposits. I was also concerned with

learning about the physical properties that made the stone attractive to human use. These
properties include such things as mineral composition and the sizes of rock available for

reduction. These characteristics must have influenced the range of artifacts that could be
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produced as well as their form and functions, not to mention the mechanisms involved in

production.

It was important to ascertain how the stone was rendered into implements.
Examination of archaeological specimens strongly indicated the importance of thermal
alteration in the production of both bifaces and hammerstones. Accordingly, the role of
heat-treatment was explored experimentally and the results compared against
archaeological specimens. The same holds true for the characteristics of reduction by
knapping. I employed the services of four accomplished knappers to attempt replications
of formalized specimens recovered from archacological sites. My observations of

knappers in the process of gathering and working stone helped me to cast my interpretations

of ancient human behavior in theoretical terms.

I was concerned with understanding the economic decisions that affected the use
of Cuesta quartzite in terms of its initial exploitation, its transformation into tools and
weapons, and its eventual abandonment as a raw material. This concern required that I
place Cuesta quartzite into a regional archacological context with regard to culture history,
trends in settlement patterns, and inferred demographic conditions. Finally, I attempted to

tie all of the foregoing elements into a plausible interpretive synthesis.

1.4) Methods
The following pages will discuss the methods employed in the investigation. The
presentation begins with a word about official site-naming, followed in turn by a

description of field methods, laboratory procedures, and collections research. The
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discussion then moves on to a description of the instrumentation used for taking

measurements. Chapter 6 details the design and implementation of experimental work.

The classification and analysis of lithic remains is based upon current techniques
and information in the fields of experimental stone-working and functional interpretation.
Jack Cresson did all of the lithic analysis for the excavations herein described, thus
eliminating the liabilities sometimes posed by employing multiple analysts (Gnaden and

Holdaway 2000).

1.4.1) Collections Research

Beyond my field experience, research for this thesis took me to collections, both
private and public. The principal private collections examined in this work include the
Alan Carman collection and the George Woodruff collection, both huge assemblages,
mostly gathered from sites in Gloucester, Salem, and Cumberland Counties, New Jersey.

In addition, the collections of the New Jersey State Museum were examined for items

made of Cuesta quartzite.

Gregory Lattanzi, Registrar for the New Jersey State Museum, generously
arranged for me to examine the collection of relics gathered by the Indian Site Survey in
the Depression Era (1936-1941), and summarized in two volumes by Dorothy Cross

(1941, 1956). The requested items were selected after a review of the accession

catalogues for all sites that included quartzite or sandstone bifaces.
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In addition to the Indian Site Survey collections the State Museum also houses
many donated collections. One particularly helpful collection was amassed by Ernest
Stahl, formerly of Palmyra, New Jersey. Mr. Stahl was uncommon among collectors in
his willingness to gather artifacts regardless of their condition. He also kept good records
as to the location of his discoveries, which all derived from surficial contexts. His
collection adds critically important information concerning bifaces as well as

hammerstones in Cuesta quartzite.

Milan Savich kindly brought a few Cuesta quartzite bifaces from Marlton, New
Jersey to my office for examination. Data concerning a few other samples came from the
collection of Lawrence Ledrich, of Palmyra, New Jersey. The Gloucester County Chapter
of the Archaeological Society of New Jersey generously provided information about

lithic artifacts from the Ware site (28-SA-3), in Salem County, New Jersey.

Several items come from my own research in various parts of southern New
Jersey over the last 40 years. Although the formalized specimens are not numerous, these
specimens have the value of known provenience, recorded under controlled
circumstances. In addition, the research was directed toward data acquisition rather than
toward relic collecting for its own sake, in consequence of which the assemblages include
not only finished specimens, but also items in various stages of reduction, as well as

fragmentary examples, copious quantities of flaking debris, and several hammerstones.

Because of collector bias in favor of “perfect pieces” many assemblages in

private hands do not display the range of forms that are known from controlled
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excavations to have been present anciently. Except for the artifacts in the Ernest Stahl

collection, the private holdings contain few broken pieces, no hammerstones, and no

flakes.

Many specimens in private collections have very weak provenience information.
This lack prevents a full understanding of the geographic range of Cuesta quartzite in

archaeological contexts. As presented in Chapters 4 and 5, the distribution of sites at
which Cuesta quartzite was employed is as completely portrayed as presently available

data permit.

The composite assemblage examined for this thesis comprises a representative
sample of Cuesta quartzite bifaces from no fewer than 36 sites in Camden, Burlington,
Gloucester, and Salem Counties. The range of forms includes early- and mid-stage
bifaces and flake blanks, as well as formalized specimens that represent pristine, broken,
and exhausted items in stemmed and notched varieties, each of which will be described in

detail below (see Chapter 3).

1.4.2) Measurement Techniques

The following pages describe the particulars concerning the measurement of

dimensions, the units used, and the instruments employed.

1.4.2.1) Linear Measures: All of the specimens that I examined directly were

measured for length, width, and thickness, which later were used to compute important

index ratios, such as width to thickness and length to width. I used digital calipers to
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measure the linear dimensions of the artifacts to 0.0lmm. These dimensions were then

rounded to the nearest 0.1 mm. Measurements previously made by others were recorded

to the nearest millimeter.

1.4.2.2) Angular Measurements: Angles were recorded using an accurately
inscribed steel protractor or goniometer of double-beam design. This instrument was used
to measure tip-, blade-, and edge angles on bifaces and the facet angles on hammerstones.

Measurements were recorded to the nearest degree.

1.4.2.3) Temperature: Three thermometers were used for measuring temperature
in connection with heat-treating experiments. A minimum-maximum recording
thermometer, graduated only in the Fahrenheit scale, was employed to measure ambient

air temperature.

For direct readings of fire and heated rock I employed an electronic K-type,
contact-thermocouple thermometer, having a capability of reading up to 1093° C
(2000° F). I protected the plastic portions of the thermocouple from heat damage by
inserting the probe through a hole in a refractory brick. Ordinary red clay bricks were

used to build a tunnel to protect the instrument from flying embers.

For reading the temperatures of rock and earth at the hearth site, an electronic,

non-contact thermometer was also employed. This instrument is calibrated only in
degrees Fahrenheit and has an upper limit of 500° F (equivalent to 260° C). It is equipped

with a laser pointing beam to identify the point of heat emanation. The contact- and non-
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contact thermometers were tested to ensure their compatibility and the reliability of test
results. The dedicated calibration of some of the thermometers in the Fahrenheit scale

required a conversion to degrees Celsius

1.4.2.4) Weight: 1 used a Hanson Model 9920 hanging scale, graduated in one
kilogram increments, to record gross measurements of rock samples. An Ohaus Dial-O-
Gram® beam balance with a capacity of 2,610g was used to measure artifact weights to
the nearest 0.1g. The New Jersey State Museum had a traditional Ohaus triple beam
balance, without a dial, with similar capacity. Specimen weights measured at the
Archaeology Unit at Memorial University of Newfoundland were taken on an Ohaus
Scout Pro digital scale. Reference samples previously weighed on other devices were

found to have the same weights (within 0.05g) thus ensuring compatibility of results.

1.4.2.5) Soil Moisture: Because the amount of water present in the soil can affect
its thermal and mechanical properties, it was necessary to record soil moisture in
connection with experiments involving outdoor fires. A Kelway Soil Tester was used to
measure soil moisture at the hearth site during heat-treatment experiments. This device
gives a measure of available moisture, expressed as a percentage of the total if the earth

were saturated. It is not a measure of saturation per se.

Measuring soil moisture is important because damp soil has much higher thermal
conductivity than the same soil when dry. Damp soil has a larger capacity to store heat as
well, so it takes more heat to raise the temperature to a certain level at a given depth in

the soil.
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1.4.2.6) Colors: Munsell Soil Colors are a recognized standard for recording the
colors of artifacts (Munsell Soil Color Company 1975, 1988, 1992). Because of the
complexity of recording colors, a brief description of the Munsell system will be
presented. The Munsell scheme divides colors according to Hue, Value, and Chroma,
wherein Hue represents the relation of a color to Red, Yellow, Green, Blue, and Purple.
Value indicates the lightness of a color, and Chroma indicates departure from neutral for

colors of the same lightness.

Although it provides a standard for judging colors, the Munsell system is not
without its difficulties. For one thing, it is very unusual to find artifacts with colors that
actually match any of the sample chips, so the investigator needs to develop some facility
in interpolating colors. No two people see colors the same way, and specimens will
radiate different colors depending upon the nature of the light source, whether the
specimen is wet or dry, glossy or matte in texture, and so on. Accordingly, the principal
problem with the Munsell system is arranging to record colors under circumstances that

permit some degree of uniformity.

1.4.2.7) Fracture Toughness: Short of extensive physical testing, the mechanical

properties of the stone can only be determined in an off-handed way. Based on extensive
experience in knapping a broad variety of materials, Callahan (1979:16 [Table 3])
devised a scale for grading the ease of knappability. The scale ranges from 0.5 to 5.5,
varying respectively from elastic to tough. Examples of very elastic materials include

opal, some cold asphalts, and hard candy. On the opposite end of the scale are coarse
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quartzites, coarse rhyolites, felsites, and basalts. Most lithics rate about 3.5 on this scale.
Cuesta quartzite would rank among the toughest materials. Cresson (pers. comm. 4 April
2007) ranks it as the toughest material likely to be encountered in prehistoric lithic

assemblages.

Cuesta quartzite is amenable to heat-treatment, which renders it much more
tractable. In this research, I have relied upon the experience of accomplished knappers to
gauge the toughness of the stone in its heated and natural conditions. The consensus is
that in its raw state, the material can be worked but only with great difficulty, whereas
after successful thermal alteration, the knapping qualities are very much improved.
Details of testimony from four knappers are presented in Chapter 6, which deals with

experimentation.

The improved workability is accompanied by some loss in physical strength,
which can be demonstrated simply by attempting to break heated vs. unheated flakes, as
suggested by Callahan (1979:166). The former snap readily in the hands, whereas the
latter cannot be broken this way. It is scarcely necessary to quantify the physical strength
of Cuesta quartzite in engineering terms so long as the testimony of accomplished

knappers can be trusted, for it is, after all, the question of knappability that is at issue.

There is good reason to believe that ancient knappers recognized the relationship

between heating and loss of toughness. Biface designs offered substantial mass to

compensate for the loss in material strength associated with heat-treatment. In addition,
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heat was evidently used to regulate the percussive qualities of hammerstones. Such

behaviors cannot be dismissed as simple coincidences.

1.5) Analytical Framework

In order to produce a cogent interpretation of the prehistoric exploitation of
Cuesta quartzite, [ established a regime of quantification and testing. Artifacts from
archaeological as well as experimental assemblages were counted and measured. The
specimens were sorted into classes by form or inferred use (e.g., bifaces vs.
hammerstones vs. flaking debris). I then recorded the linear dimensions (i.e., length,
width, thickness or diameter) for formalized artifacts and calculated relational measures,

such as the ratios of length to width and width to thickness.

All of the experimental pieces, including debitage, were weighed so that the loss
of mass from early-stage bifaces to finished artifacts could be calculated. This procedure
permitted the comparison of the economy of working Cuesta quartzite with respect to

other materials, such as cryptocrystalline pebbles.

The experimental work also involved time studies to gauge the effectiveness of
heat-treatment on Cuesta quartzite as well as a comparison of the time required to fashion

artifacts from the quartzite in relation to cryptocrystalline pebbles.

I calculated simple statistics—such as Chi-Square and measures of central

tendency—using the various dimensions of both archaeological and experimental
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specimens. When it seemed appropriate to do so, I also performed an analysis of

correlations and regressions. The results are presented in tables and graphs.

1.5.1) Proportional Indices

I employed two proportional indices in the analysis of archaeological
assemblages. Seventeen sites yielded suitable data. The first index is the proportion of
unbroken or identifiable flakes by types, which compares flakes presumably derived from
earlier stages of bifacial reduction to those of later stage processing. The second relates
the number of flakes to the number of bifaces of a given material. I attempted to
determine pertinent threshold values for each index so that simple ratios would provide
some basis for determining the characteristics of knapping at the sites under

consideration.

1.5.1.1) Proportional Flake Analysis: Proportional flake analysis attempts to
assess the character of knapping at a site by calculating the ratio of earlier to later stage
flakes. Earlier stage flakes include early-stage, decortication and primary flakes, which
reflect the massive removal of stone in the initial stages of tool production (see Chapter
3). The later stage flakes—thinning and late-stage flakes—derive from biface thinning,
finishing, or resharpening. When the proportions or earlier to later stage flakes are

approximately the same, a full range of multi-stage processing can be assumed, all else

being equal.

If the proportion of one stage rises sharply in relation to the other, then the

predominance of the more strongly represented member may be tentatively inferred. For
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example, experimental knapping undertaken for this thesis shows a ratio of
approximately 6.3:1 for later to earlier stage flakes as a result of the reduction of mid-
stage bifaces to formalized specimens. Assuming an unbiased archaeological sample, the
greater the difference between the calculated ratio and its inverse, the more likely the
index is to read true. In sites with fewer than 200-300 flakes, I would regard ratios of less
than 3.0:1 as being weak indicators of specific flaking activity. As the flake count

increases, smaller indices may assume greater interpretive value.

For each site with sufficient data, I also plotted the percentages of primary,
thinning, and late-stage flakes, which respectively represent the early, middle, and late
stages of bifacial reduction. A simple ternary diagram, using only four sites for clarity,
appears in Figure 1.3. Each corner represents 100% of the designated flake types, and the
opposite boundary represents a value of zero. In this graph, the flakes at 28-BU-473 (A)
show an emphasis on early-stage processing, while those at 28-BU-403 (B) indicate a
more balanced range of bifacial reduction. The flakes at 28-GL-344 (C) exhibit a slight
emphasis on thinning and then on late-stage work. Finally, the debitage at 28-BU-492 (D)
displays an emphasis on late-stage reduction; A similar graph, depicting the arrangement
of flakes at all sites with suitable data, appears in Chapter 7 in support of my

interpretations of the ancient technological sequence of Cuesta quartzite knapping.
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1.3: Flakes as Interpretive Aids
mﬂhmmmhs-:

I.5.1.2) Flake-to-biface Analysis: The second index relates the number of flakes
to the number of bifaces of the same matenal on a given site. A high proportion of flakes

to bifaces indicates the manufacture and, possibly, the maintenance of wols. This
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statement holds true because knapping—especially production work—creates a great
number of flakes. A low flake-to-biface ratio more likely indicates maintenance only. In
this case, the tools subject to maintenance may have been manufactured off-site and
imported as finished or nearly finished pieces. A disproportionately small flake-to-biface

ratio may also indicate sampling errors.

Experimental knapping yielded from 959 to 2,943 flakes of all types for each
successfully produced biface (Chapter 6). For bifaces made experimentally from large
flakes rather than from cores, the ratio is approximately 60:1. Generally, the
archaeological data yielded much lower flake-to-biface ratios than those obtained by
replicative knapping. The range in archaeological sites varies from 7.9:1 to 458:1. 1
discuss the reasons for, and the implications of, this discrepancy in Chapter 7. In light of
experimental work, I would consider values of less than 60:1 to be weak indicators of
biface knapping on any given site, especially if the assemblage otherwise indicates the

production of bifaces from cobble cores.

1.5.1.3) Assessment of Proportional Indices: Both proportional flake analysis and
flake-to-biface analysis work best in sites that have not been subjected to heavy
collecting pressure or undue disturbance by natural and cultural agencies. Both are

susceptible to sampling errors, which may be difficult to identify or quantify.

These indices must be employed with caution and interpreted in relation to each
other and with respect to the general composition of the assemblage. For instance, site

28-GL-33 lies adjacent to a natural deposit of Cuesta quartzite and yielded a relatively
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high number of early-stage bifaces. Accordingly, one would expect that the knapping
debris would show an emphasis on early-stage production. However, if considered alone,
the proportional flake analysis would indicate a predominance of late-stage knapping.
The flake-to-biface ratio was 46:1, which is not an especially strong measure of biface
manufacture from cobble cores. I suspect that the removal of finished bifaces from this
site (by ancient artisans and modern collectors) masks the formalization of bifaces at this
site. On sites where the composition of the assemblage and the proportional indices are in
accord, these measures help to define the nature of knapping more clearly than would be

possible without them; otherwise, the results must be cast in more tentative terms.

1.6) Summary
This chapter has reviewed the archaeological desiderata concerning the study of
Cuesta quartzite. It has given general information about the material in its natural and

cultural contexts. The various methods employed in this research have also been
considered along with a review of the theoretical basis of the study. Finally I identified

pertinent research questions and analytical approaches.
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Chapter 2: Cultural and Geophysical Background

This chapter sets forth descriptions of the culture history and environmental
characteristics of New Jersey. The chapter begins with a summary of pertinent
archaeological cultures in New Jersey. A description of the physiography, climate,
vegetation, and wildlife is then offered. These topics are followed by a presentation of facts
relating to geology and the use of geological resources by aboriginal populations, with a
particular focus on the ancient use of Cuesta quartzite in archaeological context. A brief
section summarizes the chronometric framework established on the basis of radiocarbon
dating. The chapter ends with a description of Cuesta quartzite as seen through geochemical

analysis.

2.1) Archaeological Cultures in Time

The prehistoric archaeology of New Jersey has been ordered within a general
cultural-historical framework that has been applied over the years to the entire eastern
United States. The basic outlines of this framework have remained unchanged since the
1952 publication of Griffin's Archaeology of the Eastern United States (Griffin 1952), in
which sub-regional summaries of the development of aboriginal culture were divided into

the following categories: Paleoindian, Archaic, and Woodland.

The primary use of Cuesta quartzite pertains to the transitional era between the Late
Archaic and Early Woodland periods; hence the following summaries will highlight only

that segment of the culture history in New Jersey. Further, the importance of knapping—
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and to a lesser extent, the manufacture of stone hammers—in Cuesta quartzite justifies the

highly abbreviated treatment of cultural historical development that follows.

2.1.1) The Archaic Period (ca. 8,000 - 3,000 years ago)

Emerging out of the Paleoindian tradition, the Archaic period was first described by
William A. Ritchie in New York State. Ritchie (1932) defined the Archaic period as “an
early level of culture based on hunting, fishing, and the gathering of wild vegetable foods,
and lacking pottery, the smoking pipe, and agriculture” (also see Ritchie 1965:31). Among
archaeologists, the term “Archaic” is now generally taken to mean a period of time or a
stage of cultural development characterized by a hunting and gathering economy based

upon the seasonal exploitation of natural resources by relatively small, mobile bands.

Typical toolkits included a broad range of weapons and implements, fabricated by
knapping and grinding. Archaeological assemblages include but are not limited to projectile
points and knives, scrapers, flake tools, as well as axes, adzes, grinding tools, and
expedient, rough-service implements. The foremost in this list are of particular interest here

because of their similarities and contrasts to bifacial implements of Cuesta quartzite.

The archaeological expressions of the Archaic period reflect the continual cultural
adaptation to new environments emerging in post-Pleistocene times, particularly in riverine
settings. These adaptations led to expanding populations that extended into the most remote
headwaters by Late Archaic times, although the hinterlands remained sparsely settled

throughout prehistory (Figure 2.1; cf. Figure 2.2).
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Archaeological sites of this period show increasingly extensive and intensive
exploitation of predictable resources, especially nuts and acorns. Net fishing is
archaeologically evident along the Delaware River, particularly above the head of tide, but
elsewhere is rather poorly represented (Cross 1956: 70, 104; Kraft 1975:112; Mounier
2003:138-141). Where preservation is good, there is abundant organic evidence for hunting,
particularly of whitetail deer. A plethora of projectile points and atlatl weights denotes the

same practice.

Figure 2.1: Settlement at Archaic Maximum (5000 — 3000 B.P.)

The earlier Archaic cultural expressions are mostly broad-bladed bifaces, some of
which are stemmed, or notched near the base. Others have bifurcated bases (Coe 1964;
Broyles 1966, 1971; Dincauze 1971; Ritchie and Funk 1971). Many bear serrated blades.

The Palmer, Kirk-Stemmed and Corner-Notched are among the best known Early Archaic
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bifaces. The bifurcate-base LeCroy points are examples of Middle Archaic bifaces. The

distribution of the cultures at the early end of the time scale is somewhat spotty.

Also appearing in Middle Archaic times are long, contracting-stemmed bifaces in
the Morrow Mountain-Poplar Island-Rossville continuum (Coe 1964: 37-43; Ritchie 1961:
44-46), which transcends the Middle, and Late Archaic periods and endures into Woodland
times. Bifaces of this form appear at sites across the region about five or six thousand years
ago. It is about this time that Cuesta quartzite came to be used extensively in the southern

portions of the state.

Very late in the Archaic period, broad-bladed bifaces—sometimes called
“broadspears’—make their appearance (Ritchie 1961: 42-43, 53-54; Witthoft 1953). These
are forms that appear to have originated in the Southeast about 4,000 years ago (Coe 1964).
There are a number of varieties, which seem to overlap in time. In New Jersey, broadspears
often were made from argillite, chert, or rhyolite, imported from distant quarries.
Broadspears are principally interesting in the present work because of the staged nature of
their reduction, which offers certain parallels with the technology employed in knapping

bifaces of Cuesta quartzite.

An abundance of ground stone tools, particularly grooved axes, demonstrates a
focus on land-clearing, along with the performance of simple maintenance tasks, such as
gathering firewood. Axes, adzes, and gouges indicate the importance of woodworking in a
forest environment. They signify the production of watercraft, principally dugout canoes,

which facilitated access to varied points on the landscape, well up into the headwaters of the
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drainage basins (Mounier 2003:113). Moreover, woodworking gear also implies the
construction of structures and facilities, which, in turn, suggests increasing residential

stability.

The largest and most complex settlements occur along the tidal stretches of the
streams, in locations that afforded both an abundance and diversity of natural resources.
Sites at the river mouths and in the headwaters are generally smaller in size, technological

complexity, and inferred population density.

As the landscape filled up over time, the human populations must have witnessed
increased competition for resources of all sorts. Taking recourse to marginal lithics, such as
Cuesta quartzite, may be viewed as a response to the increasing social and economic costs
associated with using the more tractable materials, such as quarried jaspers and argillite,

which were very widely exploited, but quite distant and localized in their natural

distribution.

2.1.2) The Woodland Period (ca. 3,000-500 years ago)

The advent of pottery making about 3,000 years ago ushers in the Woodland period,
which endured through successive stages of development (identified as Early, Middle, and
Late Woodland) into the sixteenth century. Archaeology says little about the period between
A.D. 1500 and the arrival of Europeans in the early decades of the seventeenth century,

possibly because of a decline in the native population as a result of exotic diseases (Witthoft

1963:64; Ramenofsky 1987).
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In general terms the Early Woodland is represented by material survivals of the
preceding Late Archaic period to which was added the fabrication of ceramic vessels. Along
with pottery and woodworking tools, there existed a variety of stemmed and notched
projectile points and other lithic implements (Kinsey 1959; Ritchie 1961; Hummer 1994).

Many Cuesta quartzite bifaces are typical of these forms.

Additions and refinements in material culture continued apace through the Middle
Woodland period, which remains nebulous across most of the state and the region as a
whole (Cross, 1941, 1956; Ritchie 1961, 1965; Ritchie and Funk 1973; Thomas and Warren
1970; Williams and Thomas 1982; Hotchkin and Staats 1983; Mounier 1991; Mounier and
Martin 1992; Stewart 1998). Some patterns of Late Woodland life developed as an out-

growth of earlier cultural adaptations.

There is an apparent increase in the size and number of occupied settlements, but the
range of intensively exploited habitats shrinks from the peak witnessed in Archaic times
(Figure 2.2). Sites in the extreme headwaters are no longer occupied, or were visited so
infrequently as to leave little detectable trace (Mounier and Martin 1992). Some of the
larger sites contain pits for food storage, as well as house patterns, which indicate residential

stability or even sedentism (Kraft 1975:85; Stewart, Hummer, and Custer 1986:83).

Ceramics tend to become more refined and recognizable as local products, with
designs that suggest technological traditions based on kinship (McCann 1950:315; Mounier

1991:VI:6-11; Morris et al. 1996:25-31; Stewart 1998:75-77, 98, 111-112; Kraft 1974:33-
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46, 1975:59-61). These changes suggest a trend towards settlement in permanently occupied
territories by a number of distinet bands. The hinterlands remain thinly settled.

Figure 2.2: Late Prehistoric Settlement (1500-500 B.P.)

While the ceramic arts became more refined, stonework in general declined. The
earlier knapping traditions—based on carefully prepared quarry- or cobble-preforms and
flake blanks—were supplanted by a simple technology based on the expedient, almost
haphazard, flaking of common pebbles.

The appearance of small tiangular arrowheads is generally taken to mark the

introduction of bow hunting (Kraft 2001: 30; Ritchie 1965:passim, but see Odell 1988;
Shott 1993; Nassaney and Pyle 1999 for different points of view). As shown experimentally
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(Chapter 6), these arrowheads could be fashioned quickly from cryptocrystalline pebbles

that are ubiquitous on the coastal plains.

Downscaling in the size of bifaces is matched with concomitant size reductions in
other implements, such as woodworking tools, which could also be made from locally
gathered materials. Small celts and adzes—rarely more than a few centimeters long—
replaced the cumbersome tools of earlier epochs. By Middle Woodland times, the
widespread acceptance of smaller bifacial types—and of lithic technology in general—
correlates with the sharp decline in the use of Cuesta quartzite. These changes appear to be

tied to the recognition of locally available pebbles as acceptable raw materials.

2.2) Physiographic Provinces

New Jersey has five major physiographic provinces, all of which are part of larger
regions with similar geological structures and histories (Figure 2.3). These regions extend
well beyond the borders of New Jersey in a northeast to southwest trend along the eastern
seaboard (Kiimmel 1941; Widmer 1964; Robichaud and Buell 1973; Wolfe 1977). These
provinces include the Ridge and Valley, the Highlands, the Piedmont, and the Inner and
Outer Coastal Plains. The last two have critical importance with respect to the study at

hand, and are the only ones treated in detail below.

2.2.1) The Coastal Plains
The coastal plains cover about 3/5 of the land area of New Jersey, including all of

Cape May, Cumberland, Salem, Gloucester, Camden, Atlantic, Burlington, Ocean, and
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Monmouth Counties. The combined total size of the coastal plains is 19,210km? (7,417
square miles). This expansive region consists of geological formations that include large
deposits of clay, silt, sand, and gravel. The surficial geological formations are of Quaternary
or Tertiary age. The most important from the standpoint of the present research is the

Bridgeton Formation, which is described in more detail elsewhere in this document.

The region is commonly divided into two districts—the Inner and Outer Coastal
Plains—because of differences in geological history, soil development, associated
biological communities, and human settlement (Widmer 1964:90-91; Wolfe 1977:207-

208).

Not more than 24km (15 miles) wide, the Inner Coastal Plain is a relatively narrow
band that skirts the southeastern edge of the Piedmont from the Raritan Bay to Trenton,
thence along the Delaware River into Salem County. The Outer Coastal Plain is a much
broader district. The geological boundary between the two is marked by a band of hills or
cuesta caps, which are crowned with relatively hard, consolidated limonitic sandstones and
gravels (Cook 1868:286). North of this line of cuesta caps, the land drains into New York
Bay and the Raritan River, while to the west the drainage runs to the Delaware River. The
Outer Coastal Plain, on the other hand, drains southward and eastward respectively into the

Delaware Bay and the Atlantic Ocean. Elevations across the coastal plains range from sea

level to somewhat more than 61m (200 feet) above sea level. Much to the mirth of
highlanders everywhere, the highest peaks are known locally as mounts (e.g., Mount Laurel)

or mountains (e.g., Forked River Mountains).
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Figure 1.3: Physlographic Provinces of New Jersey
i Sowirce: Mew Jeney Bureau of Topography and Geology)

The Inner Coastal Plain contains unconsolidated deposits of clay, sand, and gravel
of Pleistocene age (up to 1 million years old) superimposed upon beds of Cretaceous marl

and related strata (dating between 135 and 70 milhon years ago), whereas the Outer Coastal
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Plain is composed of deep deposits of quartz sand, gravel, and clay of Tertiary (70-1 million

years ago) and Quaternary age (1 million to 100,000 years ago).

As compared to the soils on the Outer Coastal Plain, the Inner Coastal Plain soils
possess generally finer textures, and owing to higher clay fractions, tend to retain moisture
for longer periods of time following precipitation. Largely because of the presence of marly
deposits, the Inner Coastal Plain soils also have a greater natural fertility than those on the

Outer Coastal Plain.

2.3) Geological Framework

The geology of New Jersey is quite complex and still incompletely understood.
Because Cuesta quartzite occurs solely upon the coastal plains, the recounting of geology
will focus on that portion of the state. Historically, geologists have identified four principal
post-Cretaceous formations that comprise the coastal plains of New Jersey. From most
ancient to most recent, these formations include the Beacon Hill, Bridgeton, Pensauken or
Pennsauken, and the Cape May Formations (Salisbury and Knapp 1917; Widmer 1964:133-
134). All of these formations consist principally of quartz sand, with variable amounts of
other cryptocrystalline rocks, sandstones, quartzites, and conglomerates. Dissolved iron is a
major constituent, which gives the formations a yellow cast. Consequently, these four
formations are often called the “yellow gravel formations” (Widmer 1964:133). Of the four,
the Bridgeton Formation is of particular interest to the present study, because it contains the

principal deposits of Cuesta quartzite.
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2.3.1) The Bridgeton Formation

The Bridgeton Formation consists of an unconsolidated mantle of highly weathered
sand, clay, and gravel, up to 18.3m (60 feet) in thickness. This formation covers much of the
surface of the coastal plains of New Jersey, particularly on the uplands overlooking the

lower ground along the Delaware River (Salisbury and Knapp 1917:12). More sporadic

exposures occur in diverse locations upon the Outer Coastal Plain (Lutz 1934:404;

Salisbury and Knapp 1917:31, 40; Wolfe 1977:286-287).

Like all formations on the coastal plains of New Jersey, the Bridgeton Formation
has a southeasterly dip, and strikes to the northeast-southwest. It outcrops along its strike in
an eroded asymmetrical ridge that stretches from Salem to Monmouth Counties. A
relatively steep scarp faces the Delaware River, while the long, gentle slope overlooks the
Atlantic Ocean. Geologists refer to ridges of this form as cuestas (Hunt 1967:50, 137,
Thornbury 1954:133; Figure 2.4). Denotatively, cuestas are ridges having ridges that face
up-dip and long, gentle slopes in the down-dip direction. Cuestas are characteristic of the
Atlantic Coastal Plain physiographic province from the Gulf Coast to New England (Hunt
1967:50; Thornbury 1954:133). Erosion of cuesta scarps led to the formation of isolated
remnants or outliers (Thormmbury 1954:137). Representative examples in New Jersey include
Arney’s Mount, Mount Holly, Mount Laurel, Woodbury Heights, and Mullica Hill (Widmer
1964:91). In New Jersey, less prominent cuesta caps remain unnamed or have only local

appellations (e.g., Signal Hill, Red Man’s Hill, Stone Mountain [see Figure 4.5]).
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Within the Bridgeton Formation are found boulders of shale and quartzite, the latter
comprising what archaeologists now call Cuesta quartzite. These boulders were known
among the country folk as “bullsheads,” presumably because their size approximated that of
a bull’s head (Salisbury and Knapp 1917:13, 31). Often about 0.5m (1% feet) in diameter,
some of the boulders can measure up to 1.5-1.8m (five or six feet ) in greatest dimension
(Salisbury and Knapp 1917:20, 40; Wyckoff and Newell 1988:40). Salisbury and Knapp
(1917: 31) and Friedman (1954:236-237) identified a concentration of quartzite boulders
between Oldmans and Raccoon Creeks, particularly in the locale to the south of
Swedesboro in Gloucester County. Wycoff and Newell (1988) reported a distribution from
somewhat north of Swedesboro, southward to Mannington, in Salem County, a distance of

some 13 miles (20.9km).

Schematic Cross-Section through the New Jersey Coastal Plains
Looking Northeast. Adapted from Hunt (1967: Fig. 3.7)
Distance from Camden to Atlantic City is 85km (53 miles)

Camden Atlantic City

Cuesta Belt

Delaware River
Atlantic Ocean

:wuel - Cretaceous -] - Tertiary

- Quaternary

& - Cretaceous

Figure 2.4: Schematic Cross-Section Showing the Cuesta
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However, the distribution of quartzite boulders is far more extensive, reaching well
into the center of the coastal plains, and in isolated locations within a few miles of the
Atlantic Ocean (Salisbury and Knapp 1917:31, 40). To the north, the boulders extend well
into Burlington County. Many geological outcrops are known from archaeological research
in the vicinity of Evesboro, Medford, and Mount Laurel. At least sporadic distribution to the
north and east into parts of Monmouth County has been observed in both geological and

archaeological materials (Jack Cresson 1975, 1995a; Mounier 1990a).

Many quartzite boulders occur at or near the surface and erode out of exposed
hillsides. As a consequence of farming and erosion, the boulders continually crop up in
agricultural ground. Stone walls, fence lines, and building foundations attest to the removal

of the rocks from farm fields.

Geologists have disparate views as to the processes that led to the formation of the
quartzite boulders. Salisbury and Knapp (1917:31) thought that the quartzite had been
formed by extensive weathering and erosion of indurated Miocene sediments. In order to
explain the transportation of the largest of the quartzite boulders, Salisbury and Knapp
(1917:13, 20) concluded that the rocks had been rafted on floating ice, a conclusion with

which Wolfe (1977:137) concurred.

Wyckoff and Newell (1988:42) advanced the idea that the quartzite boulders

previously attributed to the Bridgeton formation consist of orthoquartzite or silcrete (cf.

Lamplugh 1902; Dixon 1994:93; Milnes and Twidale 1983). Orthoquartzites may be
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formed by cementation of sand or sandstone by the deposition of dissolved silica or other
minerals under conditions of low temperature and pressure. If silica forms the cement,
quartzites with relatively weak bonds between sand grains and cement are also sometimes

called silicified sandstones (Skolnick 1965; Ebright 1978; Carozzi 1993; Howard 2005).

Wyckoff and Newell (1988:42) stated that the silcrete from New Jersey formed

“within the shallow subsurface of a broad, vegetated valley bottom... with fluvial
deposition during the late Miocene and early Pliocene.” They further relate that “the silcrete
probably formed during subtropical to warm-temperate climatic conditions, characterized
by ample precipitation and leaching. . . [T]he silcrete was cemented during the Pliocene”
(Wyckoff and Newell 1988:42). Through a series of erosional events over time, the
landscape has experienced an inversion of topography so that the gravels and boulders

deposited in the former valleys now cap the ridges (Widmer 1964:135; Wyckoff and Newell

1988:43).

2.4) Aboriginal Use of Lithic Materials

Aboriginal populations made extensive use of the cobbles, pebbles, boulders, and
imbedded rocks that exist throughout the region (Didier 1975; Ebright 1987; Knowles
1941a; Richards 1941; Lavin 1983; Lavin and Prothero 1987, 1992; LaPorta 1989, 1994;
Prothero and Lavin 1990; Lenik 1990, 1991). I am concerned principally with the lithic
resources of the coastal plains—and especially with Cuesta quartzite—but will make
passing reference here to the aboriginal exploitation of other rocks from more distant

localities. As earlier noted, deposits of gravel, cobbles, and boulders cap the higher



46

elevations upon the uplands. In some cases—and this is particularly true of Cuesta
quartzite—the deposits consist of sizeable boulders. The deposition apparently occurred
anciently, in Tertiary or Quaternary times (depending on locality). The position of the gravel
caps on hilltops reflects an erosional history that has left a variety of refractory materials at

high elevations.

Here and there, similar material from deeper deposits is exposed in valley slopes by
fluvial cutting and on valley floors as a result of outwash. These beds contain lithic
materials in a wide range of compositions and stone sizes. Quartz, quartzite, sandstone,

cherts, and jaspers occur as pebbles, cobbles, and boulders.

Other cobble materials, traditionally associated with glacial outwash from sources in
the Upper Delaware Valley, represent a portion of the stone procured for cultural purposes
in prehistory. These materials include; granite, diabase, gneiss, felsite, siltstone, shale,
argillite, hornfels, conglomerate, arkose, greywacke, and schist. This complement would

also be expected to contain additional cryptocrystalline pebbles.

Certain of the distant primary sources are represented by the occurrence of argillite
artifacts, along with argillaceous shale, derived from Triassic deposits in the Upper
Delaware Valley (Mercer 1893; Schrabisch 1915:25-26, 1917; Richards 1941; Didier
1975). Evidence of distant argillite procurement and processing is reflected not only in the
relative abundance of argillite tools but also in a relatively high incidence of flakes in this

material. This association is usually attributed to quarry products.
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Other primary source materials, also extensively utilized, are the so-called jaspers
from the Reading Prong in Pennsylvania (Mercer 1894; Schindler et al. 1982; Hatch and
Miller 1985). In numerous lithic assemblages across the region, a significant portion of the
artifacts seems to pertain to the procurement of jaspers from the Pennsylvania sources, as

well as possibly other sources. Flake samples often reveal distinctive colors, textures, or

mineral arrangements, suggesting derivation from exotic sources.

Coarse-grained jaspers or chalcedonies from isolated locations in Delaware and
Pennsylvania sometimes appear as raw material in archaeological deposits. Most notable of
these are Newark Jasper from the vicinity of Iron Hill near Newark, Delaware (Custer,
Ward, and Watson 1986), and Broad Run Chalcedony, which occurs in the vicinity of
Landenberg, Pennsylvania and adjoining parts of Delaware and Maryland (Catts et al.

1988).

Certain orthoquartzites—notably, Cohansey and Cuesta quartzites—appear
archaeologically at many sites. Both will be mentioned here briefly, with more details about
Cuesta quartZite to be presented later on. Cohansey quartzite is a distinctive rock whose
matrix is composed of fine sand and the fossilized remains of Miocene shellfish, cemented
together by silica (Friedman 1954:238). In this respect it resembles Tallahatta quartzite from

the southeastern United States (Dunning 1964; Ebright 1987).

A tabular orthoquartzite, Cohansey quartzite, occurs in very localized deposits in the
valley of Cohansey Creek, in Cumberland County (Friedman 1954; Salisbury and Knapp

1917; Wyckoff and Newell 1986; Figure 2.5). Some pieces of Cohansey quartzite have been



dredged from the niver bottom while others have been exposed by digging for construction
projects. Similar matenial, not well studied, has been reported conversationally from parts of
Delaware—near Bombay Hook and Smyrma Beach—across the Delaware Bay from the

mouith of Cohansey Creek.

Figure 2.5%: Distribution of Cohansey Quartzite

Because of very limited geological investigation, the sources of Cohansey quartzite,
though apparently limited in locale, have not been determined to comprise either pnmary or
secondary deposits. According to previous rescarch, the quartzite derives from the
cementation of sediments and the fossilization of calcareous remains in an ancient

beach/shore environment { Richards 1935, 1941:211; Friedman 1954).

Near the source, the human use of Cohansey quartzite seems to span the broad range
of prehistonic cultures; farther away, the material 1s consistently found with several cultural
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manifestations that are widely separated in time. The earliest general occurrence for the use
of this material corresponds to the late Early Archaic or early Middle Archaic periods, with
the appearance of bifaces having bifurcated hafting elements. The next extensive expression
occurs in the Late Archaic and Early Woodland periods when broadspear and fishtail
bifaces were introduced. The last major exploitation of Cohansey quartzite correlates with
the Late Woodland period during which time the stone was rendered into the predominant

triangular biface forms and related implements.

The second variety of quartzite that seems to be a sensitive indicator of cultural-
temporal association is Cuesta quartzite, the subject of this thesis. This material appears to
occur as deposits of cobbles in spot concentrations along the cuesta that separate the Inner
and Outer Coastal Plains in New Jersey. These deposits frequently mantle the upland rises
and the adjacent outwash fans and terraces associated with the cuesta. Such settings are
known to contain very extensive local accumulations of cobbles and boulders and have been

exploited in prehistory (and in more recent times for building material).

Although Cuesta quartzite does not have the highly restricted natural distribution
associated with Cohansey quartzite, it is a fairly sensitive indicator of shifting patterns of
lithic exploitation in the dimensions of culture and time. Until now, its spatial distribution in

archaeological settings has not been well studied. Previously, the unpublished work of Jack

Cresson (1975, 1995a, 2004) and my various reports in the field of cultural resource
management (see Chapters 4 and 5) provide the most comprehensive view of the aboriginal

use of this material.
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While superficially similar, especially in very small samples, Cohansey and Cuesta
quartzites are quite distinctive. In addition to its tabular form, Cohansey quartzite differs
from Cuesta quartzite by reason of the inclusion of numerous fossils of ancient species of
oysters, barnacles, gastropods, and scallops (Friedman 1954:238). Cohansey quartzite is
generally lighter in color than Cuesta quartzite and usually has less polished surface
textures. Like Cuesta quartzite, Cohansey quartzite was extensively exploited by aboriginal
populations (Skinner and Schrabisch 1913:57; Kiimmel 1941:154; Richards 1941:21; Kier
1949). A large depression along Molly Wheaton Run, near Greenwich, is said to have been
an aboriginal quarry for Cohansey quartzite. So far as is known, aboriginal peoples never

pursued Cuesta quartzite in open mine pits.

“Not all orthoquartzites are created equal.” So says Jack Cresson (pers. comm., 04
April 2007), relating that Cohansey quartzite knaps as easily as cryptocrystalline materials,
or more so. It also sustains “some very sharp, durable cutting and sawing edges” (Jack
Cresson, pers. comm., 6 June 2007). This characteristic doubtless explains its popularity as
tool-stone in antiquity. By contrast, modern knappers find Cuesta quartzite to be fractious—
one of the most intractable materials known to prehistoric populations (Jack Cresson, pers.
comm., 04 April 2007; William Schindler, pers. comm., 01 January 2007; Are Tsirk, notes
of 11 January 2007; Scott Silsby, notes dated only June, 2007). Both Schindler and Silsby
remarked that working untreated Cuesta quartzite was highly destructive of their percussors,
especially antler billets. The flaking properties of this material—and, 1 would suggest, its

appearance—improves with heat-treatment, which permitted extensive use by aboriginal
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knappers. I now turn to a more thorough description of Cuesta quartzite, its use by native

populations in the region in space and time, and its natural distribution.

2.5) Cuesta Quartzite in Archaeological Context

Ancient people living in what is now New Jersey used quartzites of various
compositions for the manufacture of flaked stone tools and rough service implements at
least from Early Archaic times. The parent sources included pebbles and cobbles gathered
from widespread gravel deposits and boulders from the flanks of the cuesta (Cross 1941;
Knowles 1941; Mounier 2003a:157). By the early 1970s, recognition of the patterned
exploitation of the quartzite cobbles that occur along the cuesta belt spurred the
archaeologist, Jack Cresson, to coin the term, “Cuesta quartzite,” for this suite of materials
(Cresson 1975). Since then, the name has gained currency among archaeologists in the
region (Clark and Halsall 1999). Cuesta quartzite, or something closely resembling it, has
been reported at the Hickory Bluffs site (7K-C-411) in Kent County Delaware (Liebeknecht
et al. 1997). Artifacts attributed to this material include flakes, thermally altered rock, and
“points” (i.e., bifaces) in a variety of typical stemmed forms. The descriptions sometimes
note “Cuesta quartzite-like,” indicating that the material has not been geologically linked to

outcrops in New Jersey.

Reference to Cuesta quartzite or similar materials in archaeological contexts beyond
the borders of New Jersey suggests that the material may have a wider natural or cultural

distribution than is currently known or that it has cognates of similar lithology in other
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regions (Liebeknecht et al. 1997). The following pages discuss the aboriginal use of Cuesta

quartzite in New Jersey in a detailed cultural-historical perspective.

Although Cuesta quartzite was occasionally rendered into bifacial forms that are
typical of Paleoindian and earlier Archaic contexts, the material first saw sustained use
during Middle and Late Archaic times (Cresson 1975, 1995a). Contracting stemmed
bifaces—reminiscent of the Morrow Mountain I and II types (Coe 1964:37-43)—seem to be
the most common styles. Evidently, some small points, roughly bifurcated, appear in private
collections without good provenience (Jack Cresson, pers. comm.). According to Cresson,
these specimens resemble Early or Middle Archaic points similar to the Kanawha or LeCroy
styles described by Broyles (1966, 1971) in the Middle South and dated in New Jersey to
6,560 B.P. (Mounier 2003a:202). I have seen none in any of the collections that I have

personally surveyed.

Narrow stemmed bifaces become common in Cuesta quartzite and other materials
by Late Archaic/Early Woodland times (Cresson 1975, 1995a; Chapters 4 and 5, this
thesis). These bifaces appear with a variety of stem forms, including contracting, straight,
and moderately expanded styles (Plate 3.4). These points resemble the Morrow Mountain II
(Coe 1964:37-43), Poplar Island, Rossville (Ritchie 1961:44-46), and Lackawaxen (Kinsey

1972:337, 408-411) types. Evidence from experimental archaeology indicates that the broad

and narrow forms are very likely to be contemporaneous in most archacological situations
(see Chapters 3 and 6). A similar range of stemmed styles occurs in Delaware in Cuesta

quartzite or a physically similar quartzite (Liebeknecht et al. 1997).
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Some artifact collections from southwestern New Jersey contain Cuesta quartzite in
generalized side-notched styles of uncertain date and cultural association. The longer, more
slender varieties resemble the Fishtail points, generally associated with Late Archaic or
Transitional cultures (Ritchie 1959, 1961). When found under controlled circumstances,
generalized side-notched bifaces in a variety of materials most often appear in Late Archaic
and Early Woodland assemblages (Kinsey 1972: 443-444; Mounier 1974a, 2003a:214-215).
In the absence of definitive data, one can only suppose that this temporal association holds

true for generalized side-notched specimens in Cuesta quartzite.

A triangular specimen (C-2388) from the Carman collection, now housed in
Greenwich, N.J., probably relates to Archaic biface technology, either as a finished piece, or
possibly, as a preform for a notched or stemmed point. Less likely is its origin in a later
prehistoric context. A convex-based “Teardrop point” of Cuesta quartzite (NJSM-24656)
was found during the Indian Site Survey. Such forms, never before seen in this material,
seem to have either Late Archaic/Early Woodland or Middle Woodland associations (Cross
1956; Kraft and Blenk 1974; Mounier 2003a:158-159, Mounier and Cresson 1988, Mounier

and Martin 1994).

The use of Cuesta quartzite is linked to a remarkable degree in time and cultural

associations with the exploitation of argillaceous shale. Argillaceous shale, sometimes

called “indurated shale” (Cook 1868:384-386), is a form of metamorphosed sediment of
Triassic age, occurring in deposits in the piedmont of New Jersey (Richards 1941:19).

Typical bifacial products in argillaceous shale include the longer stemmed forms—Poplar
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Island, Morrow Mountain, Lackawaxen, and Rossville styles—that often form parts of

Cuesta quartzite assemblages.

Experimentation by Cresson has shown that argillaceous materials, such as argillite
and argillaceous shale, respond nicely to knapping with hammers formed from Cuesta
quartzite (Cresson 1995a.). This observation helps to explain why knapping stations that
contain substantial amounts of argillaceous shale are often accompanied with specialized,

faceted flaking hammers of Cuesta quartzite.

Cuesta quartzite is often found as mundane hearth rock and in other expedient forms
as choppers, cutting tools, anvils, and so forth in later Woodland episodes, especially in
locations that contain an abundant natural supply of the material. For example, unpublished
excavations by Jack Cresson and Anthony J. Bonfiglio at the Gruno Farm, a Middle
Woodland site in Mount Laurel Township, Burlington County, N.J., revealed numerous
hearths and pit features that were lined with Cuesta quartzite (Jack Cresson, pers. comm.,

30 April 2006).

Biface production started with the reduction of boulders, using direct percussion
when possible, or heat from open fires, when the boulders were too large to penetrate
otherwise. The thermally spalled pieces were subsequently flaked into manageable blocks
or ideal flake blanks. Cresson (1995c) further noted that “the production of specialized
hammerstones is attributed to this stage of [the] production process. The heat-shattered

cobble residues leave abundant sub-spherical or blocky pieces [that are] ideal for
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hammerstone blanks. Evidence of this production was uncovered at Damell Farm thirty

years ago.”

Opportunistic processing also employed smaller, more manageable pieces, which
naturally existed in a range of round, tabular and lenticular forms, at any number of sites
(e.g., the Riding Run site in Evesham Township, Burlington County, N.J.). At extensive and
dense deposits, both flake blanks and blocky cores were prepared to make bifacial products.
Heat processing and multiple episodes of thermal alteration were part and parcel of the

processing trajectory.

Early-stage production proceeded by a reduction sequence, using hammerstones
followed by billets of wood or antler (see Chapter 6). The process involves removing
cortical residues along with naturally rounded or square edges, then proceeding to remove
prominent ridges or humps. This knapping is akin to “edging” and “primary thinning” in
Callahan’s (1979, 1989) terminology. The resulting early-stage bifaces are typically ovate
sub-triangular forms that superficially resemble first Abbevillian and then Acheulean hand
axes. This grouping shows a high frequency of manufacturing failures. These inchoate
bifaces often served as choppers and heavy-duty cutting implements. With additional
percussion thinning, the early-stage bifaces would be reduced to semi-finished forms, akin

to the biconvex pieces that Callahan (1979, 1989) referred to as Stage 3 bifaces. The intent

is to produce a regularized form upon which flakes extend from the biface margin to a point
beyond center of each face. The circumferential edge is relatively straight, rather than

scalloped, and lies centered between the two faces.
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The subsequent bifacial form is a much thinner, more refined biface with higher
width-to-thickness ratios in elongated ovate and lanceolate configurations in what may be
considered “preforms”. Generally the width to thickness ratio approximates 4:1, but
sometimes ratios of nearly 5:1 are achieved. Secondary thinning flakes are diagnostic
artifacts from this level of work. The formalized bifaces for the most part are contracting
stemmed forms, with a minority representation in generalized side-notched pieces, as noted

earlier.

The reduction of Cuesta quartzite by knapping is closely associated with thermal
processing Research has shown that heat-treating was conducted repeatedly at different
stages of cobble reduction in the process of biface manufacture (Mounier 1990b).
Experimental knapping indicates the value of repetitious heating to bifacial knapping of

Cuesta quartzite (see Chapter 6).

In addition to bifaces, hammerstones were also produced from Cuesta quartzite.
Cresson (2004) has noted that hammerstone production was also related to thermal
processing: “Data from a quarry workshop in Mt. Laurel, N.J. has revealed evidence of
heat-spalling and percussion activities in a sequence of manufacturing processes that
reduced large blocks and boulders to smaller, blocky, cubic forms of varying sizes, which

served as hammerstone blanks.”

In the historic era, quartzite boulders served various functions. Near sources of
supply, they were used often for building foundations and for making stone walls, which

sometimes served as boundary markers. More often, the latter constructions merely reflect
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the removal of boulders from farm fields, where they posed hazards to cultivation. In certain
Quaker cemeteries, small boulders or cobbles of Cuesta quartzite served without engraving

or other ornamentation as grave markers.

2.6) Cuesta Quartzite in Radiometric Context

This section conflates data from a variety of carbon-dated contexts (also see
entries for the indicated sites in Chapters 4 and 5). Generally, the presentation proceeds in
chronological order, but some sites have yielded divergent data, which will be presented
together. After considering the validity of the assays, the presentation ends with an
interpretive summary. The accompanying table and graph show the data schematically

(Table 2.1, Figure 2.6). When present, calendrical calibrations follow the INTCAL 98

Radiocarbon Age Calibration technique.

2.6.1) Site 28-GL-45 (Mounier 1975a, 2000b)

Wood charcoal associated with Cuesta quartzite debitage in a feature was dated to
1600+60 B.P. by the Beta Analytic Laboratory in Miami, Florida (Beta-139737). The 2-
sigma calibration of the radiocarbon age coincides with the calendrical range of A.D. 340 to
A.D. 600 (1610 1350 B.P.) Another nearby feature contained a dense accumulation of
Cuesta quartzite debitage (over 900 flakes and fragments), 20 unfinished or broken bifaces
in the same material as well as a Fishtail variant biface in argillite. This association makes
the otherwise late date sensible in terms of traditional culture-history. Evidently, the use of
Cuesta quartzite persisted beyond the limits suggested by its more common cultural

diagnostics.
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Baseman Site: 28-BU-475 (Mounier 1998b)
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Two charcoal samples were submitted to the Beta Analytic Laboratory in Miami,

Florida for radiocarbon age determination. Both samples were composites of wood

charcoal and carbonized nut shells (probably, hickory). The apparently associated cultural

diagnostics included bifaces and debitage of Morrow Mountain, Poplar Island, and

Lackawaxen typology. The inferred age, based on typological considerations, is

approximately 6000 to 4500 years (4000 - 2500 B.C.).

Table 2.1: Radiocarbon Age Assessments

Site Years B.P. Sample # Associated Remains

28-GL-45 1600+60 Beta-139737 | Debitage (Cuesta quartzite )
28-BU-475 (Baseman) 1670+80 Beta-125252 | Debitage (Cuesta quartzite)

28-GL-33 1890460 Beta-104884 { Bifaces (Cuesta quartzite)

28-MO-134 (Abature Site) 3010480 Beta -24154 | Debitage (Cuesta quartzite )
28-BU-129 (Geni-Koppenhaver) 3030+80 Dicarb-2947 | Early Pottery in Cuesta quartzite hearth
28-BU-90 (Evesham Corp. Ctr.) 3840+60 Beta-154402 § Debitage (Cuesta quartzite )
28-BU-475 (Baseman) 3990+60 Beta-125251 | Bifaces, debitage (mixed materials)
28-BU-226 (Highbridge) 4010+60 Beta-143127 | Bifaces (Cuesta quartzite)

28-BU-403 (Kings Grant) 4240+70 Beta-40164 Biface (Cuesta quartzite)

28-BU-407 (Troth Farm) 4380+70 Beta-116126 || Biface and debitage (mixed materials)
28-BU-456 (Northside School) 4520+50 Beta-203253 § Argillaceous bifaces w/ Cuesta quartzite hammers
28-BU-403 (Kings Grant) 5980+70 Beta-40163 | Biface (argillaceous shale)

28-GL-344 (Grande at Elk) 6640+50 Beta-222524 || Biface (Cuesta quartzite)

Nominal Span: 5040 years. Mean Deviation (): 65 years. Median Deviation (): 60 years.
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The first sample returned an age estimate of 3990+60 radiocarbon years (Beta-
125251). The data from this sample intercept the calendrical calibration curve at 2480
B.C. The calibrated results indicate a date between 2575 and 2455 B.C. (within 1o, or
68% probability), or between 2610 and 2325 B.C. (within 26, or 95% probability). This
assay has yielded an age determination that overlaps slightly with the recent end of the

expected range and is considered to be valid.

Radiocarbon Age Assessments for Cuesta Quartzite
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Figure 2.6: Graph of Radiocarbon Age Assessments
The ovals highlight loosely clustered dates.

The second sample yielded an age estimate of 1670+80 radiocarbon years (Beta-

125252). The data from this sample intercept the calendrical calibration curve at A.D.
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405. The calibrated results within 1o, or 68% probability, indicate a date in two possible
intervals: 1) between A.D. 265 and 290; and, 2) between A.D. 320 and 450. The
calibrated results within 26, or 95% probability, indicate a date between A.D. 220 and
575. This assay has yiclded an age determination that is far more recent than the expected

range.

The discrepancy between expected and actual results can be addressed in one of
four ways. First, the diagnostic artifacts may actually have a broader time span than
previously recognized. Second, the sample may reflect more recent cultures, whose
material remains are poorly represented in the site, possibly as a result of generations of
artifact hunting on the property. Third, the sample inadvertently may have contained
some carbonized matter of modern age (e.g., charcoal from brush fires). Finally, the

results may simply be anomalous.

Considering the rather tight measures of error for this sample, this last
interpretation is unlikely to be correct. Due caution was exercised in collecting
carbonaceous materials for analysis. If error resulted from mixing of more recent
materials, the contamination probably occurred by the tumbling of modern charcoal
granules through worm tubes, root channels and the like. The notion that the diagnostic

types have a broader than expected chronology cannot be dismissed out of hand, given the

cultural conservatism that is manifested in the region generally, but confirmation must
await further corroboration. It is entirely possible that the assessment accurately dates a

more recent component, whose diagnostic artifacts remain indeterminate at this site. A
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similar date (1600+60 B.P.) applies at 28-GL-45, where Cuesta quartzite debitage was

associated with stemmed points of the Transitional or Terminal Archaic phase.

2.6.3) Site 28-GL-33 (Mounier 1975a, 1997b)

Charred organic matter was submitted to the Beta Analytic laboratory for assay.
Sample No.104884 returned an age assessment of 1890+60 B.P. The computed radiocarbon
age of this sample coincides with the calibrated calendrical date of A.D. 120. The dates
within one standard deviation range from A.D. 70 to A.D. 220. Within two standard
deviations, the range is A.D. 5 to A.D. 250. The former range has a probability of 68% and
the latter a probability of 95%. The reported date would be appropriate for a cultural setting
between late Early Woodland and early Middle Woodland times. The expected age, based
on cultural associations (particularly, the apparently simultaneous utilization of Cuesta
quartzite and argillaceous shale), would have been a few hundred to a couple of thousand
years earlier than reported. In other words, a date more consistent with the presently
understood temporal limits of the Late Archaic/Early Woodland period was anticipated.
Nevertheless, the date falls within the range associated with Cuesta quartzite usage on other

sites within the region. Given the low calculated error, the date is assumed to be accurate.

2.6.4) Abature Site: 28-MO-134 (Mounier 1990a)

A feature that appeared to be a weathered pit at site 28-MO-134 contained a small
piece of limonite and a small, but datable amount of wood charcoal. A core fragment of
Cuesta quartzite and a fragmentary end-tool of chert were found nearby. Also found in

adjacent parts of the excavation were stemmed bifaces in argillaceous materials and faceted
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hammers in Cuesta quartzite. An assay of this charcoal returned date of 1060 B.C.
(3010+80 B.P. [Beta 24154]), which is consistent with the inferred Late Archaic/Early

Woodland ongin of the feature.

2.6.5) Geni-Koppenhaver Site: 28-BU-129 (Jack Cresson, pers. comm., 4 June 2007)

The Geni-Koppenhaver site lies near the Fairview neighborhood of Medford
Township, Burlington County, N.J. A brief excavation in 1984 by the Southern New Jersey
Chapter of the Archaeological Society of New Jersey led to the discovery of a hearth of
Cuesta quartzite, which contained charcoal, along with early ceramics and contracting-
stemmed bifaces of the Rossville type (Ritchie 1961:44-46) and other Late Archaic/Early
Woodland forms (Fishtail, Susquehanna Broad, and Lackawaxen types). Analysis of the
charcoal by the Dicarb Radioisotopes Corporation in Chagrin Falls, Ohio (Dicarb-2947),
returned a date of 3030+80 B.P. (1060+80B.C.). A statistical evaluation of dates run by the
Dicarb facility with respect to those of other laboratories suggests that the actual age of the
sample may be somewhat earlier than indicated, but the degree of possible error cannot be
ascertained (Reuther and Gerlach 2005). As a formal report of the excavation was not

produced, I am indebted to Jack Cresson for the information provided.

2.6.6) Evesham Corporate Center: 28-BU-90 (Mounier 2001)

A composite sample of charred nut shells, associated with Cuesta quartzite
artifacts from Locus A-2 was submitted to the Beta Analytic Laboratory in Miami,
Florida for an assessment of age by radiometric dating. The sample (Beta-154402)

returned an age of 3840+60 radiocarbon years ago. The result intercepts a calendrical
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calibration curve at 4240 B.P., equivalent to a date of 2290 B.C. There is a 68%
probability that the actual date falls between 2200 and 2430 B.C. (4380 to 4150 B.P.) and
a 95% probability of falling between 2470 and 2130 B.C. (4420 to 4080 B.P.). This
chronology is entirely in keeping with expectations based upon typological considerations

involving the use of Cuesta quartzite for tool manufacture.

2.6.7) Highbridge Site: 28-BU-226 (Mounier 2000¢)

The site yielded charcoal and charred nut fragments in association with a broad-
bladed, contracting stemmed biface in argillaceous shale. A flaking hammer of Cuesta
quartzite was found nearby. The Beta Analytic Laboratory in Miami, Florida performed the
determination of radiocarbon age (Sample No.143127). The results of analysis accord well
with expectations concerning the chronology of the associated cultural material: 401060
B.P. Within two sigma (95% probability), this sample intercepts the calendrical calibration
curve at two locations, respectively relating to the following periods: 2845-2820 B.C. and

2670-2395 B.C.

2.6.8) Kings Grant: 28-BU-403 (Mounier 1990b)

Wood and nut charcoal from 28-BU-403 was submitted to the Beta Analytic
Laboratory, in Miami Florida, for radiocarbon age determination. The samples returned
two dates as follows: For Sample No. 40163, the laboratory found the age of charcoal
associated with a stemmed biface in Cuesta quartzite to be 4240170 B.P. The age of the
charcoal associated with a stemmed biface in argillaceous shale was determined to be

5980+70 B.P (Beta 40164).
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2.6.9) Troth Farm: 28-BU-407 (Mounier 1998d)

A carbon sample was submitted to the Beta Analytic Laboratory in Miami, Florida
for age determination. The sample consisted of charred organic material: wood charcoal and
charred nut fragments from Activity Area 1 (Locus A, Units 3, 5, 6, and 8). The sample was
deemed too small for confident standard radiometric analysis and was subjected to extended
counting, The results of analysis satisfy expectations concerning the chronology of the
activity area, which contained a variety of stemmed bifaces (including Rossville, Teardrop,
Lackawaxen, Fishtail variants, and Koens-Crispin types); debitage in argillite and cuesta
quartzite, and petrified wood. The sample, No. 116126, returned an age assessment of
4380+70 B.P. This sample intercepts the calendrical calibration curve at 2930 B.C. Within
1 sigma (68% probability), the calibrated results place the sample between 3085 and 2905

B.C.

2.6.10) Northside School: 28-BU-456 (Mounier 2005)

A sample of wood charcoal and carbonized nut fragments was submitted to the
Beta Analytic Laboratory in Miami, Florida for determination of radiocarbon age. The
laboratory reported a measured radiocarbon age of 4470+50 B.P., and a conventional
radiocarbon age of 4520+50 B.P. (Beta-203253). Calendrical calibration places the date
of the specimen between 3370 and 3030 B.C. (or from 5320 to 4980 B.P.). The result
accords with expectations given the cultural content of the site. That is, the occurrence of
narrow-bladed and stemmed bifaces in argillite and argillaceous shale, along with faceted

hammers of Cuesta quartzite is definitive for Late Archaic/Early Woodland occupations.
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2.6.11) Site 28-GI.-344 (Mounier 2006b)

A Cuesta quartzite knapping feature at site 28-GL-344 (Locus B2) yielded a small
amount of charcoal, which could be evaluated by the accelerator mass spectrometry
technique. Beta Analytic Laboratory in Miami, Florida reported an assessed age of 6640+50
B.P. (Beta-222524). This date is particularly interesting because it applies to a diagnostic
form—a broad-bladed, contracting stemmed biface—and represents the earliest benchmark

for the type in the region.

2.6.12) Evaluation of Carbon Dates

The C'* dates have a nominal spread of 5040 radiocarbon years from the most
ancient to the most recent assessed ages (from 6640 to 1600 radiocarbon years B.P.). If the
calculations of error are taken into consideration then the span is 5150 years (6690 to 1540
radiocarbon years B.P.). All of the assays carry relatively minor error intervals. Of the
battery of 13 dates, none has a calculated error greater than 80+ years. The average

deviation is 65 years, while the median is 60 years. None of the assessments appears to be

aberrant (Table 2.1).

As graphed, the data points show a fairly linear arrangement between the extremes.
The assessments form four clusters; or to put it the other way around, there are three gaps in
the plot (Figure 2.6). The four clusters occur: 1) between 1600 and 1890 B.P. (a range of
290 years); 2) between 3010 and 3030 B.P. (a range of 20 years); 3) between 3840 and 4520
B.P. (a range of 680 years); and 4) between 5980 and 6640 B.P. (a range of 660 years). The

three apparent gaps in the sequence occur: 1) between 1980 and 3010 B.P. (a range of 1120
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years); 2) between 3030 and 3840 B.P. (a range of 810 years); and 3) between 4520 and
5980 B.P. (a range of 1460 years). The general sense of linearity from the graph suggests

that the gaps represent unsampled potential as much as errors in age assessment.

The first clustering series includes three assays, two from nearly adjacent sites, 28-

GL-33 and -45. These sites would seem to be closely related in time as well as in space. The

second cluster happens to have two nearly identical age determinations, but the sites are
widely separated, and there is some question concerning the accuracy of the date evaluated
by the Dicarb laboratory for site 28-BU-129. If the date for this site should prove to be
earlier than indicated (see Reuther and Gerlach 2005; and page 62 above), the gap between
3030 and 3840 B.P. would be reduced. The third cluster consists of six determinations from
as many Burlington County sites, each within a day’s travel of the others by foot or canoe.
This series appears to have a high degree of internal consistency. The last cluster represents
widely spaced sites in Gloucester and Burlington Counties. The dates indicate an early

origin for the use of Cuesta quartzite in noncontiguous territories.

The persistence of Cuesta quartzite use into relatively recent times was surprising,
mostly because it did not square with expectations based on the known strong association of
the material with bifaces of earlier form. There is no reason to suppose that, once having

accommodated to this difficult material, knappers would soon reject its use, especially on

sites where it is readily available. Indeed, the lack of continued use in the face of an
established cultural tradition would be the harder argument to make. The augmentation of

the demonstrated period of use is in itself a contribution to knowledge.



67

2.7) Cuesta Quartzite in Geological Context

Many geologists have noted the presence of quartzite boulders on the coastal plains
of New Jersey. Among them are Cook (1868), Salisbury and Knapp (1917), Friedman
(1954), Minard (1965), as well as Wyckoff and Newell (1988). Popular geological accounts
make only passing reference to these boulders (Widmer 1964; Wolfe 1977). Until recently,
the geologists have only categorized the quartzite deposits in general terms, the principal

distinctions being the presence or absence of index fossils.

Cuesta quartzite occasionally occurs in slabs or tablets, but more commonly as
cobbles and boulders, mostly about 30cm in diameter. Examples up to a meter in major
dimension are not uncommon (Plate 2.1 and 2.2). However, much larger boulders have
been observed (Salisbury and Knapp 1917: 20, 40; Wyckoff and Newell 1988:40). Cresson
(1995b, 1995c¢) has stated that some Cuesta quartzite boulders are “as large as small
automobiles,” meaning up to the size of a Volkswagen Beetle (Cresson, pers. comm.) The
external surfaces of these rocks are mostly smooth, often bearing a polished appearance as
though tumbled in water or burnished by aeolian abrasives. Often the surface is knobby,
faceted, and perforated with irregular pits, tubes, or vugs (Friedman 1954:236). When
examined closely, some silcrete boulders exhibit soil-like structures (Wyckoff and Newell

1988:40).

Cuesta quartzite consists of several varieties of silica cemented sandstones or
conglomerates. The major constituent is weathered quartz sand of variable sizes, usually

cemented with gray, tan, brown, or pink silica. There can be rather extreme variability in
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particle size within individual samples. Microscopic examination distinctly shows quartz
grains well under 0.25mm in greatest dimension, while grains of Jmm or more are
sometimes scen in flaked bifaces, and even larger pebbles can be found in the ficld as

constituents of larger masses (Plate 2.3).

The colors show a range of variation, which Salisbury and Knapp (1917:13)
identified as “pink and purplish.” WyckofT and Newell (1988:40) reported that the
constituent quartz grains ranged from yellowish gray (5Y 7/2 on the Munsell Soil Color
Charts of 1975) to grayish orange (10YR 7/4) with pinkish-gray (SYR /1) and hght gray

(NT) mottles

Plate 2. 1: Coesia Quartzite Boulder in site
i Darmell Fare, Mount Lassel Townshap, Burbngion Coanty, ™ 1)
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Plate 1.2: Jack Cresson with Cuesta Quartelic Boulder
{Sieg TR-HL-90, Fvesham Townshp, Borimguon { ounty, ML

Flate 1.3: Variable Teviwre of Cuoesia Quartzite
{Pamicle sires range from spharitic o more tham | 3mm 0 greatest dmenawn.

Cresson (pers. comm., 30 April 2006) has noted that color “varies from location 1o

location. But on the whole, the lower cuesta reaches exhibit colorations m the tannish, light
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yellowish red [to] pale greyish brown [range]. As the formation trends north, cooler, darker
colors prevail. These are dark, greyish blues, light greyish mauves, and even dark brownish
greys. When some of these are heat treated, they turn dramatically to a deep purple, liver-
colored appearance that is quite stunning.” The ordinary color shift is “from grey and bluish
brown to dark red and maroon” (Cresson 2004). Upon heating, the entrained quartz grains
become highly reflective, giving the thermally altered pieces an attractive, sparkly
appearance. The effects of thermal exposure must have been well known to aboriginal

people.

In samples that I recently gathered from nine locations in Burlington, Gloucester,
and Salem Counties, the following range of colors was noted by reference to the Munsell
Soil Color Charts (Munsell Color 1988, 1992): 1) Swedesboro vicinity, Gloucester County:
Very pale brown (10YR 7/3-7/4), pale brown (10YR 6/3) to brownish yellow (10YR 6/6);
2) Woodstown vicinity, Salem County: Very pale brown (10YR 7/3) , pale brown (10YR
6/3), light brown (7.5YR 6/4) and reddish yellow (7.5YR 6/6); 3) McCann Farm, South
Harrison Township, Gloucester County: Pale brown (10YR 6/3) to light gray (10YR 7/2),
some with strong brown iron (7.5YR 5/6-5/8) accumulations; 4) Site 28-BU-407, Evesham
Township, Burlington County: Light brownish gray (10YR 6/2), pale brown (10YR 6/3),
gray brown (2.5Y 5/2), dark gray (2.5Y 4/1) and grayish brown (2.5Y 5/2); 5) Site 28-BU-
90, Evesham Township, Burlington County: Pale brown (10YR 6/3) to brown (7.5YR 5/2)
and pinkish gray (7.5YR 6/2); 6) Site 28-BU-475, Evesham Township, Burlington County:
Pale brown (10YR 6/3) to grayish brown (10YR 5/2), brown (10YR 5/3) and light grayish

brown (10YR 6/2); 7) Evesboro vicinity, Evesham Township, Burlington County: Light
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gray (10YR 7/2) to very pale brown (10YR 7/3); 8) Medford vicinity, Evesham Township,
Burlington County: Brown (10YR 5/3); 9) Darnell Farm, Mt. Laurel Township, Burlington
County: Brown (10YR 5/3 and 7.5YR 5/2) to grayish brown (10YR 5/2) and pinkish gray
(7.5YR 6/2); Finally, from additional, miscellaneous samples of uncertain provenience:

Gray brown (10YR 5/2), pale brown (10YR 6/2) and brown 7.5YR 5/2).

I determined the density of Cuesta quartzite, using both geological and
archaeological specimens. In each case the weight of the sample was determined by direct
measurement in grams or kilograms. Then, the volume of the sample was measured by the
displacement of water, and finally the density was determined by calculating the weight per
unit of volume. For geological specimens, the density ranged from 2.6kg/1 (162.3 1bs/ft3) to
3.1kg/1 (193.5 Ibs/ ft3). The mean density for the geological samples was 2.8kg/1 (174.8
1bs/ft3). These findings accord well with Goodman’s (1944:432) calculations, based on
quartzite samples of unspecified composition. Her data returned densities in the range of

(2.63 — 2.69kg/1), with a mean value of 2.66km/1.

For artifacts, the density ranged from 1.7kg/1 (106.1 lbs/ft’) to 2.7kg/l (168.6 Ibs/ft?).
On average the density for the archaeological samples was 2.3kg/1 (142.2 lbs/ft3). Because
of the relatively small size of the artifacts and the simplicity of the measuring devices, the

associated calculations are likely to be somewhat less accurate for the artifacts than for the

geological samples. Still, both samples have statistically significant Pearson’s correlation
coefficients (r) for weight arrayed against volume. For artifacts,  (7) =0.989232, p <

0.001); for rocks, r (8) = 0.99797, p< 0.001.
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2.8) Results of Petrological Analysis

I presented samples of Cuesta quartzite for petrological analysis to Pamela King of
the Earth Sciences Department at Memorial University of Newfoundland. [ am indebted to
Ms. King for her guidance and assistance in this phase of the research. The samples
included both archaeological and geological specimens, some from the same sites. The
study had two principal goals, first to determine the mineral and trace element content and,
second, to ascertain whether archaeological and geological samples from the same site

could be closely matched.

Geological samples included specimens from the following sites: 28-BU-475
(Baseman site); the Darnell Farm; 28-BU-90 (Evesham Corporate Center site); 28-BU-437
(Riding Run); the vicinity of Swedesboro; and the vicinity of Woodbury Heights. Several
flaked artifacts were provided from the following archaeological sites: 28-BU-475
(Baseman site: 2 flake blanks); 28-BU-277 (Elmwood Estates site: one early-stage biface
and one large flake fragment); 28-BU-403 (Kings Grant site: one large flake); 28-BU-407
(Troth Farm site: one early-stage biface); 28-BU437 (Riding Run site: one flake blank); 28-

BU-104 (Sagemore site: one core); 28-GL-33 and 28-GL-45 (one core each).

The following description of analytical procedures and results has been abstracted
from information provided by Pamela King (pers. comm., 26 April and 14 May 2007). The
staff of the Earth Sciences Department prepared thin sections for purposes of quickly

determining the mineralogy and structure of the quartzite samples. As expected, this effort
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demonstrated a very high proportion of silica, both as quartz grains and as a cementing

agent.

Then, the samples were prepared for X-ray Fluorescence Analysis (XRF). This
technique is based on the principle that minerals bombarded with X-rays will emit
characteristic secondary X-radiation fluorescence, which can be detected, measured, and
associated with particular elements (Barclay 2001:20-21). X-ray fluorescence yields very
detailed information about elements that are present. The test is generally non-destructive,
so long as the surface layer is considered to be representative of the sample as a whole.
Since fluorescence occurs only at the surface of the sample, to a depth of less than 0.01 mm,
the technique cannot interpret the core without destructively clearing away patination or

weathered layers or crushing the sample.

In order to analyze the Cuesta quartzite specimens, the samples were crushed to a
fine powder and pressed into pellets. Technicians prepared four samples, two from
geological specimens (from 28-BU-475 and Damell Farm), and two from archaeological
objects (from 28-BU-475 and 28-GL-45). For unknown reasons, the sample from 28-GL-45
would not form a usable pellet. The remaining samples were pelletized and run on the XRF,
using trace element software. The results showed no significant differences between the

geological samples—all were predominately composed of silica—but not enough similarity
in substances other than silica to link the geological and archaeological samples from 28-

BU-475.
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Samples were then dissolved in hydrofluoric acid (HF[H,O],) and nitric acid
(HNO;). The resultant solution was analyzed by means of laser ablation microprobe-
inductively coupled plasma mass-spectrometry (LAM-ICP-MS). The procedures for LAM-
ICP-MS are as follows: Samples are positioned in a gas-tight chamber, where they can be
viewed through a UV-transparent quartz glass window. Using a microscope, the sample is
placed under a laser, which delivers light energy (normally 1 to 2.5 mJ) in pulses (1 to 20
Hz) at a wavelength of 266 nm. The laser pulses ablate a small amount of the sample into a
very fine powder or aerosol, which is transported in a stream of inert gas (helium and/or
argon) into the ICP-MS. The device then interprets elemental data with respect to
background signals and external calibration standards. For reasons already cited, this effort
also demonstrated no significant correlation between the geological and archaeological

samples.

The composition of the Cuesta quartzite samples, as determined by XRF testing, is
shown in Table 2.1, which contains a transcription of the data presented by the Earth
Sciences Department. As an aid to interpretation, Pamela King (pers. comm., 14 May 2007)
has stated the following: “Standard reporting for chemical composition of geological
materials has major elements—those that compose the bulk of the sample, as % oxides of
the elements such as Na, Mg etc., all the elements in the top half of the XRF data. Trace
elements are reported as ppm (parts per million). For comparison’s sake, 10,000 ppm = 1%.
When we get a negative percent, that means the value is less than the detection limit of the
instrument for that particular element. You would report it as <LD [below the level of

detection].”
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Further, she added that “The SiO; is high because, for the light major elements (Na,
Mg, Al Si, P, K), the pressed pellets are considered to be semi-quantitative. With quartzite
samples, we are so close to the high end of the calibration range that you can expect some
error. The error is <10% which is the best we can do using pressed pellet for the SiO,”

(Pamela King, pers. comm., 15 May 2007).

If normalized to 100%, the samples are found to be composed on average of 97.0%
silica (Si0y), 2.1% titanium (Ti02), 0.76% iron (Fe203), and small amounts of other
elements and compounds (Table 2.2, Figure 2.7). There is a very high correspondence with
the composition of related stones from various parts of the Inner Coastal Plain of New
Jersey. Wyckoff and Newell (1988:42) reported that, “Preliminary chemical analysis using
X-ray fluorescence spectrometry . . . shows that the silcrete [from the Woodstown vicinity]
contains about 97% silica, 2.5% titanium, and less than 0.5% iron, aluminum, and other
elements. Previous studies have shown similar values for silica and titanium [in silcrete

from South Africa] (Summerfield 1983).”

Thus, our data on Cuesta quartzite compare closely to the sample reported by
Wyckoff and Newell (1988), varying principally in the concentrations of titanium, iron, and
other elements. As many as 50km (31 miles) separate our sample locations from those

reported by the authors just cited.



Table 2.2: XRF Values Normalized to 100%

Constitaent | M23492M (G) | M28494F (4) M284931(G)
28-BU-475 28-BU-475 Darnell Farm
Na,0 <LD <LD <LD
MgO 0.0284% 0.0000% 0.0716%
ALO, <LD <LD <LD
si0, | 97.9464% | 96.6237% 96.5172%
P,0; 0.0000% 0.0000% 0.0000%
s 0.0405% 0.0128% 0.0225%
a 0.0018% 0.0010% 0.0015%
K:0 0.0190% 0.0182% 0.0179%
Ca0 0.0190% 0.0182% 0.3489%
Se 0.0006% 0.0008% 0.0001%
TiO, | 16121% | 2.5616% 2.1560%
v 0.0027% 0.0045% 0.0039%
Cr 0.0653% 0.0576% 0.0560%
MnO 0.0057% 0.0145% 0.0089%
 Fe,0, 05405% | 0.8539% 0.8946%
Ni 0.0185% 0.0141% 0.0142%
Cu 0.0019% 0.0011% 0.0012%
Zn <LD <LD <LD
Ga 0.0002% 0.0005% 0.0003%
As 0.0012% 0.0015% 0.0011%
Rb 0.0001% 0.0000% 0.0001%
Sr 0.0011% 0.0014% 0.0027%
Y 0.0005% 0.0008% 0.0012%
Zr 0.0340% 0.0739% 0.0752%
Nb 0.0031% 0.0043% 0.0040%
Ba 0.0035% 0.0033% 0.0098%
Cce 0.0042% 0.0034% 0.0048%
Pb 0.0006% 0.0011% 0.0008%
Th 0.0003% 0.0004% 0.0003%
U 0.0004% 0.0003% 0.0004%
Total 100.0000% | 100.0000% 100.0000%

Notes: Appended letters indicate geological (G)

or archaeological (A) specimens.

<LD denotes, “below the level of detection.”
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Figure 2.7; Graph of XEF Values

The measured values indicate a general similarity between archacological and
geological specimens from the same site. However, there is insufficient similarity to warrant
a claim of identity between archaeological and geological specimens, even when both
occurred on the same site. Pamela King summarized the situation as follows: “We could not
see any clear differences between the geological samples, and no clear relationship between
the geological sample and archeological sample from the same site” (Pamela King, pers.

comm., 26 April 2007).



Table 2.3: Results of ICP-MS Analysis of Cuesta Quartzite Samples

(All values are stated as ppm)

Elements | M28492M (G) | M28404F (A) | M284931(G) | M28495B(A)
28-BU-475 28-BU-475 | Darnell Farm 28-GL-45
Li 7.558 9.160 7.276 23.964
Rb 0.495 0.554 0.988 0.415
Sr 11.140 15.430 27.680 18.020
Y 3.726 5.545 8.578 5.767
Zr 95.876 147.012 127.350 155.526
Nb 17.616 33.115 37.333 46.138
Mo 15.757 15.315 17.340 24.438
Cs 0.176 0.167 0.115 0.123
Ba 56.540 55.100 144.540 72.540
La 7.715 11.850 16.304 14.455
Ce 15.291 22.045 35.929 26211
Pr 1,943 2.675 4.241 3.051
Nd 6.742 0.105 16.056 10.494
Sm 1.413 1.760 2.758 1.809
Eu 0.201 0.262 0.542 0.300
Gd 0.422 0.654 1.386 0.699
Tb 0.087 0.114 0.230 0.149
Dy 0.732 0.938 1.615 1.108
Ho 0.156 0.225 0.324 0.245
Er 0.700 0.804 1.018 0.936
Tm 0.265 0.312 0.167 0.246
Yb 0.847 1.004 1.138 1.146
Lu 0.119 0.173 0.205 0.175
Hf 3.085 4773 4.406 3.694
Ta 2.236 2.030 5.629 2751
Tl 0.171 0.207 0.670 0.122
Pb 4.204 10.001 9.309 5.774
Bi 0.248 0.327 0.196 0.293
Th 2422 3.447 3341 3.891
U 1.512 2.022 2.525 3.205

78



Trace Element Values for Cuests Quartrite from 1CP-M5S Analysis
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Figure 1.8: Graph of ICP-MS Values

The LAM-ICP-MS analysis of trace elemenis shows the same situation: All of the
samples show similar mineralogy, but the diserepant values for suites of elements do not
allow matching archaeological and geological specimens to single sources. Table 2.3 and
Figure 2.8 present the LAM-ICP-MS data.

In addition to the article cited by WyvckofT and Newell, other rescarch by
Summerfield ( 1981:20, 26) in Africa generally has demonstrated a very high concentration
of silica, as would be expected, as well as oxides of titanium, iron, and other elements,

comparable 1o the New Jersey samples. The latter associations would not be miuitively
obvious. This is not to say that the composition of silcretes or orthoguartzites can be said to
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be uniform, but there is a remarkably good fit among the analyses of the silcretes from

widely divergent places.

The results lead to the conclusion that exhaustive testing for the purpose of
matching archaeological remains with geological sources would be unprofitable for the
purposes of the present research. Following the general tenets of optimal foraging or “mini-
max” economic constructions (Becker 1976; Schelling 1978; Byrne 1980; Orlove 1980;

Cooper 1998) one is left to assume that archaeological populations made use of materials

that were near at hand. This interpretation makes sense considering that all known
archaeological examples of Cuesta quartzite occur within easy travel distance of the natural

sources.
2.9) Summary

This chapter has summarized the physiographic and geological framework in which
archaeological cultures operated. The paleogeographic contexts have been presented, along
with information concerning the aboriginal use of Cuesta quartzite and other lithic
materials. I have explored the cultural and geological contexts of Cuesta quartzite and
presented data concerning its geochemical composition. The limited sampling conducted so
far suggests that Cuesta quartzite is very similar in composition to other orthoquartzites or
silcretes from various places in New Jersey, and, indeed, from around the world. With
respect to samples gathered from geological sources in southern New Jersey and from
nearby archaeological sites, its mineralogy shows no major differences from place to place,
yet its composition is too varied to permit linking archaeological remains with geological

sources.
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Chapter 3: Artifact Descriptions

This chapter will deal with the description and analysis of Cuesta quartzite
artifacts. The classes of artifacts to be considered are bifaces, debitage (flaking debris),
and hammerstones. In each case, as appropriate, the presentation will include a general
description, along with a listing of linear dimensions, relational measures (such as length-
to-width ratios), mass, and color. Statistical indices will be noted along with commentary
concerning their implications. Specimen identification numbers are provided when
reference is made to particular items. The following prefixes indicate specimens from
collections: C- for Carman collection, W- for Woodruff collection, and NJSM- for New
Jersey State Museum. Individual artifacts from my own research are identified by site
number. A brief comment concerning the known geographic distribution of bifaces will
be offered. The treatment of each artifact category will end with an interpretative

discussion. The chapter concludes with a general summary.

3.1) Bifaces

As a general class, bifaces frequently show a reduction trajectory from cores, or

flake blanks to early-stage bifaces; thence, to more refined pieces—mid-stage or late-
stage bifaces—and finally to formalized specimens. As used here, formalized bifaces are

finished items that appear to satisfy a conscious design intended to serve a particular

purpose or a set of functions.



82

A biface core represents the nucleus of a lithic mass that has been bifacially
reduced from a cobble or a bedrock source. As Cuesta quartzite does not occur in bedrock
per se, all cores in this material derive from cobble fields. These cores denote either

initial tool fabrication or flake procurement activities, or both.

Incompletely formed bifaces, lacking refinements in edge-finish, hafting
elements, or other details, are called early-stage bifaces (Plate 3.1). The general stages of
reduction employed here follow those established by Sharrock (1966:43ff) and refined by
Callahan (1979:9-13; 1989:6). Bifaces that have been completed to some conceptual
design are known as formal bifaces. Formal bifaces may include objects of specialized or
unspecialized function, whether or not intended for use in a haft. Items representing this
class are projectile points, knives, and cleavers. Forms that are intermediate to early-stage

and formalized bifaces may be called mid-stage bifaces.

In order to produce a formal biface the knapper must thin the work piece to
appropriate proportions by the systematic removal of flakes. Usually, thinning is intended
to reduce the thickness of the mass being worked, while maintaining as much length and
breadth as possible. Biface preforms are bifacially reduced artifacts that have been
successfully thinned or exhibit manufacturing failure during the process of thinning.
Preforms usually possess regular, fairly refined shapes and may only need to have the
hafting elements completed to be classified as formal bifaces. Flake blanks are derived
from initial flake removals from a core, usually representing either decortication or

primary flake types. The parent cores may or may not be specially prepared by
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preliminary knapping to control the size and rough shape of the flake blanks, These
blanks are potentinlly useful as tools, given reshaping, but as blanks usually only show
minimal reduction or evidence of use. In Cuesta quartzite, flake blanks often serve as the

starting forms for bifaces, small untnmmed flakes, rarely so.

e
é

=

3 cm

Upper row shows carly-stape fragments in plan and section. Bodtom mow,
et b nght cartv-stage biface, mad-stage haface, flake blank. preform

Plate 3.1: Unformalized Bifaces

Formal bifaces were subject to breakage, use-wear, and reshaping, all of which
could materially change the form and appearance of the pieces. The blades became

shorter and often asymmetnical, while the basal portions generally retmned their ongmal
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formal configurations. Many worn specimens evidently were reworked into smaller
functional implements (such as reamers or drills) until they reached a point of
technological exhaustion and were discarded. However, some non-functional pieces

might have been held subsequently for reasons having nothing to do with practicality.

The present sample of Cuesta quartzite bifaces numbers 170 formalized bifaces,
of which 116 are stemmed, and 27 notched. A final, miscellaneous category includes
another 27 specimens, which comprise early-and mid-stage bifaces, biface fragments, and
tools, as well as two formalized bifaces that do not conform to the stemmed or notched
categories. The sample is a composite that derives from a variety of sources, including

museum and personal collections, and my own research.

Virtually all Cuesta quartzite bifaces exhibit evidence of thermal alteration, which
is usually expressed in two ways. First, most of the pieces show a distinct reddening or
darkening of the stone in relation to the colors of the unmodified rock. Second, the
surfaces of heated artifacts have a glossy, almost waxy appearance and feel, which is not
found on broken surfaces of the material as it occurs in nature. In addition, the imbedded
quartz grains become very clear and reflective upon exposure to heat. In these respects
the thermal treatment of Cuesta quartzite is similar to that observed in other materials
(Crabtree and Butler 1964; Crabtree 1972; Griffiths et al. 1987; Hester 1972; Luedtke

1992:91-92; Purdy 1984:122-123; Schindler et al. 1982; Silsby 1994:323-326).

Shifts in color and luster have been replicated in multiple thermal alteration

experiments, which are treated in detail elsewhere in this document (Chapter 6). The
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effects of heat appear to be essentially surficial, and renewed exposures to fire seem to
accompany each stage in the reduction sequence. In its native contexts, this continual
repetition of the heating and knapping cycle was certainly intentional and may well have

carried symbolic meaning in addition to practical implications.

The distribution of color within individual specimens can be recorded with
respect to the extent of expression, either as background colors or highlights. Background
or base colors are the predominant colors of the biface, whereas highlights are streaks or
zones of color that contrast with the background. Colors were recorded for 24 stemmed
bifaces, representing a judgmentally representative sample. The Munsell Soil Color
charts (Munsell Soil Color Company 1988, 1992) provide the standard color
classification scheme. In the text and illustrations, the Munsell soil color names, rather
than their technical designations, are used, because the names are the more intuitively
evocative. Also, multiple designations are classified under a single descriptive name. For
example, an even dozen color notations qualify as "weak red," another nine for "dusky

red," and so forth. It is far simpler to use the names.

The background colors are mostly shades of brown, red, and gray. Predominant
tones of gray come from the presence of many split, clear quartz crystals which reflect,
but do not transmit, much light by reason of being surrounded by generally opaque silica
cement in tones of gray, yellow, or pink. The finer and more numerous the crystals, the
grayer the sample appears. Items that are composed of more widely dispersed quartz

grains have a browner or redder appearance, depending upon the color of the cement. The



cement evidently contains traces of iron compounds which take on a red or yellow cast
when heated. Apparently, the zones of ron concentration are mechanically weaker than
the silica matrix, since conjoining specimens occasionally have fractures that correspond

with reddened iron-oxide bands ( Plate 3.5, left).

All of the bifaces were formed by a combination of percussion and pressure
flaking Artifacts in an unfinished state show relatively bold, deep flake scars, which are
remnants of percussion flaking (Plate 3.2). The fimshed reduction of these pieces would
proceed by the creation of a hafting element and tnmming of the flake scar ndges to

produce a less rugose surface texture,

C-3454 C-175
—_—

Jcm

Unfinmhed bfsce, showing deep flake scan from
peeliminary thiming. Hafting clements have paot
been created at this sage

Plate 3.2: Bold Flaking on Unfinished Bifaces
Experimentation shows that creating the haft might hkely occur earher rather than

Iater in the reduction process, because knapping on the ends of bifaces poses a high nisk
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for biface fracture (Cresson, pers. comm. and experimental observations). Most of the
later stage reduction (i.e., from mid-stage and preform bifaces to formal items) is
accomplished by pressure flaking, as suggested by the quality of the flaked surface, the
corroborative ratios of flake type, and the known behavior of the stone with respect to

knapping techniques.

In this study, the bifaces have been divided into four categories, according to
form. The groupings are: 1) early- and mid-stage bifaces and flake blanks; 2) stemmed
bifaces; 3) notched bifaces; and 4) miscellaneous bifaces. Each group will be described in
turn. The presentation will then turn to a discussion of the relationships between the

various classes of bifaces.

3.1.1) Early- and Mid-Stage Bifaces and Flake Blanks

Flake blanks in Cuesta quartzite are generally large primary flakes, which have
been tentatively reduced by preliminary trimming. They are inchoate forms, which have

not advanced to the point of being classifiable as true bifaces.

Whether starting from cobbles or flake blanks, early-stage bifaces have been
reduced to rough, but true, bifacial forms by a technique that experimental knappers call
“edging.” This technique, most often accomplished with hammerstones, removes cobble
cortex and the natural or rough broken edges of the core. When knapping with a stone
percussor results in very thin or weak edges, they are removed with soft hammer

techniques, which may involve soft stone or organic percussors. Irregular surface masses
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behind the edges, often called stacks, can be (and evidently were) detached with strikes of
an organic billet. Each face contains multiple flake scars and a relatively rough, irregular
edge, which appears crenellated (or even somewhat notched) in plan and sinuous in an
edge-on view. Some flake scars may not reach to the midline of the broad face. Because
of the thickness of the detached flakes, the surface topography is very uneven. Early-
stage bifaces are intermediate between Callahan’s (1979:9-10, 30-31, 1989:6) Stage 2

and Stage 3 bifaces. In Cuesta quartzite, typical examples have a width-to-thickness ratio
of approximately 2.00:1 to slightly less than 3.00:1. These specimens are relatively thick
in comparison to Callahan’s framework, because of the refractory nature of the stone.
Callahan (1979:9-10, 30-31, 1989:6) likens bifaces in this level of reduction to

Abbevillian handaxes.

Mid-stage bifaces are more refined, having a straightened edge and a thinner
cross-section, with a less pronounced surface topography produced by primary thinning,
which involves the removal of ridges and humps from the faces of the work piece. The
broad thinning flakes necessary to achieve this level of reduction are often removed by
knapping with organic billets, as shown by experimentation and by the geometry of the
flakes (Cresson 1990, 1994; Callahan 1989:6). Bifaces at this level of reduction resemble
Acheulean handaxes; they are equivalent to the products of Stage 3 in Callahan’s
(1979:9-10, 30-31 1989:6) scheme. In Cuesta quartzite, the ordinary width-to-thickness

ratio is in the range 0f 2.00:1 to 3:00:1.
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With additional thinning, sometimes called secondary thinning, these forms
become more refined and take on the general appearance of formalized bifaces prior to
the creation of the hafting elements, achieved by removing the comers of the blank
(Plate 3.3). Bifaces at this level of reduction—Stage 4 in Callahan’s terms—assume what

Callahan (1979:9-10, 30-31, 1989:6) calls “trade blank character.”

Icm

Plate 3.3: Hypothetical Reduction of Preform

Few early- and mid-stage forms have been recovered from archacological sites in
unbroken or mendable condition, in consequence of which, the metric data are skimpy.
Nevertheless, the maximum recorded dimensions are as follows: length, 87.9mm, width,
40.5mm, thickness, 23.5mm. The width-to-thickness ratios compute to a range of 2,14:1
to 2.70:1. A single example of a “trade blank” or preform (Specimen No., C-170)

measures 67.1mm in length, 33 4mm in width, and 11.9mm in thickness. It is a leaf-
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shaped, stemless blank having a width-to-thickness ratio of 2.81:1. (Plate 3.1, lower right;

Plate 3.3, background).

3.1.2) Formalized Bifaces

Formalized bifaces occur in stemmed and notched varieties, which will be
discussed separately. Topics to be covered include dimensions, overall form, blade and
stem elements, angular measurements, color expressions, and knapping techniques. These
basic descriptors provide a basis for comparing artifacts of different form, for assessing
their functions, and for relating them to a single cultural tradition. The sections that deal
respectively with stemmed and notched bifaces will be followed by a general discussion

that compares and contrasts the two forms.

3.1.2.1) Stemmed Bifaces: The stemmed bifaces are formed by removing the
basal corners from preforms, thus resulting in the creation of stems or tangs. These
bifaces vary with respect to basic dimensions, such as overall length, width, and
thickness, as well as the form of the blade and stem (Plate 3.4). Many could be roughly
classified within the morphological continuum defined by the Morrow Mountain (Coe
1964:37-43), Poplar Island, Rossville (Ritchie 1961:44-46), and Lackawaxen (Kinsey
1972:337, 408-411) types. The elemental forms are most reminiscent of the contracting
stemmed bifaces that Joffre Coe (1964:37-43) called the Morrow Mountain I and II types.
In Coe’s typology the Type I form has a broad blade, while the Type Il bifaces have a
narrower blade in relation to overall length. One can select individual Cuesta quartzite

specimens that satisfy the general configuration of both Morrow Mountain I and II
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bifaces. However, 1t appears that the quartzite bifaces really form a continuum which
contains items of somewhat diverse form, resulting from vicissitudes of use, fracture, or
accidents of manufacture. For now, the discussion will center on more elemental
consaderations, such as basic linear and angular dimensions, as well as the dimensional

relanons that define biface morphology. Table 3.1 hsts these basic parameters and their

related values.

XX

GL344-96  C-1976 W-374  NISM-26759  W-T086
s W-1936
C-2733 C-1080 C-43
S
Jem

Plate 3.4: Typical Stemmed Bifsces

Excluding fragments, 109 specimens could be measured for length. All could be

measured for width and thickness. The mimimum length is 26.5mm. the maximum is



92

93.2mm, and the mean 1s 50.8mm. Widths range from 15.7mm to 32.6mm, with a mean

of 23.5mm. Thicknesses vary from 5.0mm to 16.0mm. The mean thickness is 9.7mm.

These values, plus those for the median, mode, and standard deviation appear in Table

3.1. That table also relates variability about the mean (within one standard deviation) and

dimensional ratios, as well as angular measurements.

Table 3.1: Dimensions of Stemmed Bifaces

(N=116)

— L | w | T {wr|Luw Mz‘l'lgEl‘:ge M‘X‘l;gl?:ge gl:gdlz Tip Angle
Minimum | 265 | 157 | 50 | 1.35 | 1.26 27 40 28 2
Maximum | 932 | 326 | 160 | 420 | 3.56 73 108 7 144
Mean(u) | 508 | 235 | 97 | 249 | 2.8 45 67 44 67
Median | 502 | 234 | 95 | 238 | 2.14 46 68 43 66
Mode 440 | 240 | 110 | 291 | 1.96 38 56 4 78
Std.Dev.(c) | 102 | 36 | 20 | 050 | 039 8 12 8 21
p- o 406 | 200 | 78 | 199 | 1.79 37 55 35 46
pto 610 | 269 | 115 | 288 | 2.53 53 79 51 87
o/p 020 | 0.15 | 021 | 020 | 0.18 0.18 0.18 0.18 0.31

For the population of stemmed bifaces as a whole, the coefficient of variability

(standard deviation divided by mean) indicates that width is the least variable dimension

(0.15), followed by length (0.20), and finally by thickness (0.21). However, replicative

knapping shows that thickness, which is established early in manufacture, is the least
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variable dimension in individual bifaces, while both length and width can witness much

greater changes as a result of reworking during maintenance or repairs.

The stemmed forms vary from 1.26 to 3.56 times as long as broad. The mean
length-to-width ratio is 2.18:1. Among these bifaces, length and width have a moderate
positive correlation, which is statistically significant. The correlation coefficient is:
r(107) = 0.5502, p < 0.01." Figure 3.1 graphs the relationship of lengths to widths
among stemmed bifaces, with a linear trend line. In this and other scatter plots, the trend

line charts the linear regression between the subject variables.

The ratios of width to thickness range from a minimum of 1.35:1 to a maximum
0f 4.20:1. The mean value is 2.49:1. Width and thickness in stemmed bifaces have a
moderate positive correlation, which is statistically significant. The correlation
coefficient is: r (123) = 0.4229, p < 0.01. Figure 3.2 shows a scatter plot of width and
thickness in stemmed bifaces with a linear trend line. Figure 3.3 illustrates both the
length-width and width-thickness relationships in stemmed bifaces. Both indices show

similar reduction patterns.

Edge angles vary along the length of a biface blade because the cross-sectional
configurations vary with respect to micro-topography. Lower edge angles usually exist

where one or both of the broad surfaces of a biface are concave, as, for example, in the

"Here, and elsewhere in this document, r represents the Pearson’s correlation coefficient. The number in
parenthesis denotes the corresponding degrees of freedom, and p is the associated probability of random
occurrence.
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bottom of flake scars. In such situations the relative thickness of the biface at the point of
measurement is less than it would be if measured along flake scar ridges, and the angular
relationship between the opposite faces is correspondingly reduced. Higher angles
usually exist if the measurement follows a flake scar ridge or occurs at a stack (i.e., a

stone mass not removed during reduction), in which case, the biface thickness is greater,

and the resulting angle more obtuse.

Stemmed Bifaces: Distribution by Length and Width
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Figure 3.1: Stemmed Bifaces by Length and Width

In stemmed bifaces, the mean edge angles range from 33° to 90.6°, with a mean
value of 56°. As would be expected, edge angles have a fairly strong inverse correlation

to width-to-thickness ratios. As width-to-thickness ratios increase, the corresponding
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edge angles decrease as shown in the cross-sections of the bifaces in Plate 3.5. The
correlation coefficient for this relationship in stemmed bifaces is: r (123) =-0.9730, p <
0.01. Conversely, as thickness increases, the corresponding edge angles also increase.
The correlation coefficient for this relationship in stemmed bifaces is: r (123) = 0.7041, p

< 0.01. Both of the foregoing correlations are statistically significant.

St d Bifaces: Distribution by Width and Thickness
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Figure 3.2: Stemmed Bifaces by Width and Thickness

Naturally, the higher width-to-thickness ratios also correspond to thin, generally
lenticular cross-sections, while the lower ratios are characterized by round, nearly round,
or rthombic cross-sections. Plate 3.5 illustrates two typical examples, showing composite

views of bifaces in plan as well as in cross-section.
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Figure 1.3: Dimensional Ratios for Stemmed Bilaces
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Plate 1.5 Outline and Cross-Section of Bifaces




97

Generally, the blades have slightly excurvate sides. The blade form can be
characterized in simple terms by the “best-fit” blade angle. This angle gives a measure of
the extent of blade attrition (see Plate 3.6). It describes the distal end of the blade, from
the tip to the first major departure, if any, from a linear configuration along the blade
edges. If the blade outline is basically linear from the tip to the shoulders, the angle
simply follows the blade edges. The apex of the angle lies along the centerline of the
biface, and the arms of the angle follow the blade so that as much of the blade edge lies
upon one side of the line as the other. This procedure takes into account the fact that the
biface edges are irregular or wavy. Bisecting the high points and hollows generates lines

that are “best-fit” with the biface edge configuration.

=

3 cm

Relationship between Blade Form and Best-fit Blade Angle.

The angles have been separated from the bifaces for clarity.

Loft (W-7086): Angle = 36°, Right (W-2331): Angle = 63°

Plate 3.6: Best-Fit Blade Angle for Bifaces
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Blade angles that are acute describe blades that have relatively straight edges and
relatively high length-to-width ratios, a common attribute among bifaces without
extensive wear (Plate 3.6, left). More obtuse blade angles correlate with blades that have
markedly curved edges or short lengths relative to width. Often a low length-to-width
ratio marks a heavily worn or reworked biface (Plate 3.6, right). As length and blade
curvature increase, the blade angle tends to decrease. The correlation coefficient for the
ratio of length and width to blade angle 1s: r (107) = 0.5654, p < 0.01, indicating

statistical significance.

A sample of 92 bifaces was available for examination of blade angles. Artifacts
from the Ware site, recorded by others, could not be used for want of pertinent data.
Although the researchers recorded tip angles, the blade angles, as such, were not

recorded. The best-fit blade angles range from 28° to 72°, with a mean value of 43.6°.

Tip angles vary from 22° to 144° with a mean of 67°. In almost all cases the tip
angles are more obtuse than the
corresponding blade angles, although on severely reworked implements (drills, etc.) the
reverse is true. The difference between the two gives a rough measure of wear or fracture
at the distal end of the biface, which is more particularly shown by comparing tip angle
and actual tip form (Figure 3.4). However, blade angle and tip angles are very weakly
correlated: r (90) =0.0983, p >0.01). Evidently, the relationship is not statistically

significant.
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Figure 3.4: Tip Angles and Proximal Details in Bifaces

The 84 stemmed bifaces with complete hafting elements show a variety of basal
configurations. Forty-two (50. 0% of the total) have rounded tangs, another five (6.0%)
terminate in rounded, but somewhat pointed, bases, while 12 (14.3%) have rounded tangs
with squarish corners. Twenty-four (28.6%) have square or predominantly squarish tangs.
One biface (1.2%) has a stem that is irregular in form. Plate 3.4 illustrates typical stem
terminations, and Table 3.2 shows the dimensions. A chi-square test of the distribution of
stem forms shows it to be not significant in a statistical sense (X*= 0). From this

evidence I infer that variability in terminal stem form was not highly patterned.

The overall length of any given biface consists of the blade length plus the stem
length. The blade length may be defined as the measure of the biface from the tip (if

present) to a line drawn between the widest points, at the shoulders (Plate 3.7). The stem

consists of the element between the line just noted and the basal element (if present). The
distinction between blade and stem length is important because blade length tends to

change more over the use-life of an artifact than the basal element, which is often held in
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a haft and, therefore, not subject to as much reduction as the blade. Table 3.2 enumerates

the values associated with blade and stem lengths in stemmed bifaces.

Table 3.2: Blade and Hafting Elements for Stemmed Bifaces

N=84 Iig'fg“t‘h I];l:g:h Lsetneg“t‘h \?/tiedTh B/L Ratio! | S/L Ratio> | B/S Ratio® | S/B Ratio *
Minimum 33.4 21.2 74 8.9 0.57 0.15 130 0.18
Maximum 93.2 714 218 232 0.85 0.43 5.65 0.77
Mean (jt ) 51.5 38.5 12.8 15.5 0.75 0.25 3.13 0.35

Median 50.3 37.6 12.5 15.3 0.74 026 291 034

Mode 35.7 316 12.2 15.7 0.72 028 3.96 039

Std. Dev. (0) 10.0 9.1 28 29 0.06 0.06 0.94 0.11

- 412 29.3 10.0 12.6 0.69 0.20 2.19 0.24

p+o 613 47.6 15.6 18.4 0.80 031 407 0.46
— Notes —

! Blade Length / Total Length
* Stem Length / Total Length

*Blade Length / Stem Length
*Stem Length / Blade Length

The indicated ratios do not necessary compute across the table
because the minimum and maximum values are spread across
muttiple specimens

In the present sample, blade lengths vary from a minimum of 21.2mm to a

maximum of 71.4mm. The mean blade length is 38.5mm. Blade lengths variably

comprise between 57% and 85% of overall biface length (Table 3.2 and Figure 3.5). The

proportion of blade length to biface length is 0.75, on average.
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Plate 3.7: Blade and Stem Lengths in Bifaces
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Stem lengths range from a minimum of 7.4mm to a maximum of 21.8mm. The

mean stem length is 12.8mm. Stem lengths constitute between 15% and 43% of overall

biface length. The ratio of stem length to overall length is 0.25, on average.

Stem widths were measured immediately beneath the shoulders or at a point

midway along the stem-to-shoulder curvature, if the shoulders did not terminate in

distinct tangs or barbs. The minimum stem width was 8.9mm, the maximum 23.2mm.

The mean value computes to 15.5mm.

The blade length-to-stem length ratios vary from a low of 1.30:1 to a high of

5.65:1. In other words, the longest blades are almost six times longer than their stem

elements; whereas the shortest are about 30% longer than the stem. The mean value is

3.13:1 (Table 3.2).
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Figure 3.5: Blade and Stem Proportions for Stemmed Bifaces
Photographs illustrate extreme and median examples of blade and stem proportions.

Another descriptive index is the stem length-to-stem width ratio, which defines
the proportions of the tang. Among stemmed bifaces, this ratio ranges from 0.55:1 to
1.41:1. That is, the shortest tangs are only about one-half as long as wide, while the
longest are not quite 1% times as long as wide. The mean is 0.83:1, or about 20% greater

in width than in length.

In stemmed bifaces, the principal or base colors occur in shades of brown, gray,

and red. In terms of the Munsell Soil Color charts, brown is represented by five shades,

gray by seven, and red by one. The numerical and proportional expressions of these
colors appear in the accompanying graph (Figure 3.6). Note that the graph presents the

full range of colors observed on all bifaces, whether or not those colors find expression in
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the stemmed bifaces. This approach shows the manifestations as part of the color

continuum for the entire biface assemblage.

Of the background colors, gray predominates. Gray is expressed in seven shades,
which in the aggregate, account for two-thirds of the stemmed bifaces (N = 16). There are
five variations of brown, which together comprise 20.8% of the specimens (N = 5). A

weak shade of red finds expression in one specimen, representing 12.5% of the total.

Base Colors: Stemmed Bifaces
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Figure 3.6: Principal Colors of Stemmed Bifaces
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The highlight colors—the streaks or blotches of color that contrast with the
background—are fewer than the base colors and usually reflect deeper shades or stronger

colors of brown or red, and sometimes yellow (Figure 3.7). Gray does not appear as a
highlight on any specimen. As already noted, the appearance of strong reddish or yellow

highlights is an indication of thermal alteration of the bifaces.

Highlight Colors: Stemmed Bifaces
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Figure 3.7: Highlight Colors for Stemmed Bifaces
Almost all of the finished stemmed bifaces show edge polish or dulling,
especially on the shoulders and stems. This dulling is more pronounced than on the blade

edges, indicating intentional blunting. Evidently, this action was taken to protect binding
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materials whose acquisition and preparation doubtless represented a significant economic

investment. It probably also served to prevent the blade from loosening in the haft.

Rounding is visible under low-power magnification but is easily detected by
touch. Running a finger tip along and across the edges readily distinguishes smoothed
edges from sharp ones. Wear on the blade and flake ridges may be a function of use, but

abrasion from contact with the soil after burial is certainly a contributing factor.

3.1.2.2) Notched Bifaces: Notched bifaces are formed by the removal of flakes
above the basal corners of the preform, resulting in the creation of shoulders and an
expanding tang (Plate 3.8). Similar bifaces occur on many sites in Late Archaic/Early
Woodland contexts, but rarely in Cuesta quartzite (Kinsey 1972: 159-179; Mounier

1974a,2003a:213-215).

The following paragraphs describe these bifaces with respect to overall length,
width, and thickness. The ratios of length to width and width to thickness will be

disclosed, along with angular dimensions respecting blade form, biface edges, and tips.

The notched forms vary from 1.63 to 2.74 times as long as broad. The mean
length-to-width ratio is 2.04:1. Among notched bifaces, length and width have a
moderate positive correlation, which is statistically significant. The correlation
coefficient is: r (25) = 0.5821, p < 0.01. Figure 3.8 graphs the relationship of lengths to
widths among notched bifaces, with a linear regression line. The plot points are more

scattered than among stemmed bifaces, possibly because of the small sample size.
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The maximum recorded length 15 58.0mm, while the minimum i1s 33 4mm. The
mean length 15 45.9mm, The maximum recorded width i1s 30.6mm, the mmnimum 15
17.0mm, and the mean is 22 7mm. The bifaces vary in thickness from 7.9mm to 12.6mm,

with a mean of 10.3mm.
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Plate 1.85: Typical Moiched Bifaces

From the information presented in Table 3.3, it can be seen that among the

notched bifaces thickness is the least vanable dimension (o = 0.12), followed by width
fo/p =0.13), and finally, by length (a/p = 0.15). In this instance, the biface population
mirrors the vanability expected among individual bifaces from an experimental

perspective
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Table 3.3: Dimensions of Notched Bifaces

N=127

L w T wiT | LW Min. Edge | Max. Edge Blade Angle | Tip Angle
Parameter Angle Angle
Minimum 334 | 170 | 79 173 | 1.63 37 55 38 51
Maximum 580 | 306 | 126 | 297 | 274 60 89 56 100
Mean () 459 | 227 | 103 | 222 | 204 49 73 44 69
Median 479 | 226 | 105 | 219 | 198 49 73 44 68
Mode 479 | 249 | 108 | 201 | 204 49 66 66 60
Std. Dev. (o) 7.1 3.0 12 033 | 029 6 9 4 10
p-o 388 | 197 | 91 189 | 175 43.1 638 40.2 588
p+o 530 | 256 | 115 | 254 | 233 55.4 82.0 48.7 792
o/p 015 | 013 | 012 | 015 | 0.14 0.12 0.12 0.09 0.14

The ratios of width to thickness range from a minimum of 1.73:1 to a maximum

of 2.97:1. The mean value is 2.22:1. Width and thickness in notched bifaces have a weak

positive correlation, which is not statistically significant. The correlation coefficient is:

r(25)=0.2911, p > 0.01. Figure 3.9 shows a scatter plot of width and thickness in

notched bifaces with a linear trend line. Figure 3.10 graphs both the length-width and

width-thickness relationships in notched bifaces. Both indices show similar reduction

patterns, which approximate normal distributions.




In notched bifaces, the mean edge angles range from 49° to 101°, with a mean
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value of 72°. The edge angles on notched bifaces have a moderate inverse correlation to

width-to-thickness ratios. The correlation coefficient for this relationship in notched

bifaces is: r (25) =-0.6576, p <0.01. Conversely, the correlation to thickness is positive;

the correlation coefficient for the relationship between edge angles and thickness in

notched bifaces is: r (25) = 0.5541, p <0.01. These are statistically significant

correlations.
Notched Bifaces: Distribution by Length and Width
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Figure 3.8: Notched Bifaces by Length and Width
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As with the stemmed bifaces, the higher width-to-thickness ratios also correspond
to relatively thin, generally lenticular cross-sections, while the lower ratios are

characterized by round, nearly round, or rhomboidal cross-sections.

Notched Bifaces: Distribution by Width and Thickness
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Figure 3.9: Notched Bifaces by Width and Thickness

Generally, the blades have slightly excurvate sides (Plate 3.8). One measure of
blade form is the “best-fit” blade angle, whose characteristics have been previously
noted. A sample of 27 notched bifaces was available for examination. As length increases
and blade curvature decreases, the blade angle tends to diminish, and vice versa.
However, in a statistical sense, this relationship may be more apparent than real. The

correlation coefficient for the ratio of length and width to blade angle is: r (25) =-0.0790,
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p > 0.01, indicating a very weak, statistically insignificant correlation. The best-fit blade

angles range from 38° to 56°, with a mean value of 44°.

Length/Width and Width/Thickness Ratios for Notched Bifaces

14 1 |

Number of Bifaces

Ratio Intervals

—-—L/W Ratio — O~ - W/T Ratio

Figure 3.10: Dimensional Ratios for Notched Bifaces

Tip angles vary from 51° to 100° with a mean of 69°. In all cases the tip angles are
more obtuse than the corresponding blade angles. As already noted, the difference
between these angles gives a rough measure of wear or fracture at the distal end of the
biface (Figure 3.4). The correlation coefficient for the relationship between blade angles
and tip angles is stronger than in stemmed bifaces: r (25) = 0.4792, 0.02 > p > 0.01. Still,

the one is not a particularly good measure of the other.



111

The 27 notched bifaces with complete hafting elements show a variety of basal
configurations. Fourteen (51.9% of the total) have rounded tangs, and six (22.2%) have
rounded tangs with squarish corners. Another six (22.2%) have square or predominantly
squarish tangs with straight basal lines. One biface has a stem that is irregular in form
(3.7%). Plate 3.8 illustrates typical stem terminations. A chi-square test of this
distribution shows it to be not statistically significant (x* = 0); consequently, it seems

likely that variability in terminal stem form was not highly patterned.

The hafting elements were formed by the selective removal of flakes from the
sides of the stem, between the shoulders and the stem base. Though they vary somewhat
in configuration, all of the notches are fairly shallow and more or less rounded. Mostly
the opposing notches are comparable with respect to depth and width. Table 3.3 provides

summary statistics for the dimensions of notched bifaces.

A visual scanning of artifacts indicates a general similarity in the form of the
notches (Plate 3.8). However, the correlations range only from weak to moderate. The
correlation coefficient of notch-depths is: r (25) = 0.3625, 0.05 > p > 0.01 (not
significant). The coefficient for notch-widths is: r (25) = 0.6209, p < 0.01. This value is
statistically significant. The breadth of notching is more similar from one side of the

sample bifaces to the other than the corresponding depth of notching.

The minimum stem width, measured at the full depth of the notches, ranges from

a low of 10.9mm to a high of 17.1mm. The mean is 14.0mm. The maximum stem width,
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measured at the fullest extent of the tang, ranges from 12.4mm to 20.5mm, with a mean

value of 16.8mm.

Table 3.3: Hafting Elements on Notched Bifaces

Parameters Blade Stem Max. Stem | Min. Stem Notch Notch Notch Notch
Length Length Width Width Depth (1) Depth (2) Width (1) Width (2)

Minimum 20.6 10.9 124 33 13 1.1 6.2 6.2
Maximum 42.2 18.1 20.5 17.1 43 8.8 153 15.4
Mean (u) 313 14.6 16.8 14.0 25 26 10.3 10.3
Median 31.7 144 17.0 14.4 2.6 24 9.6 10.2
Mode N/A 15.2 17 14.1 2.8 25 9.6 11.4
Std. Dev. (o) 6.76 2.08 2.21 271 0.89 1.48 231 241
p-c 24.5 12.5 14.6 11.3 1.6 1.1 8.0 79
pto 38.1 16.7 19.0 16.8 34 4.0 12.6 12.7

As would be expected, the minimum and maximum dimensions of the stem have

a strong positive correlation, which is statistically significant. The correlation coefficient

of these dimensions for the sample of 27 bifaces is: r (25) =0.7257, p < 0.01.

mean blade length is 31.3mm. As shown in Table 3.4 and Figure 3.11, blade lengths
variably comprise between 57% and 79% of overall biface length. The proportion of

blade length to overall length is 0.68, on average.

Blade lengths vary from a minimum of 20.6mm to a maximum of 42.2mm. The

Stem lengths range from a minimum of 10.9mm to a maximum of 18.1mm. The

mean stem length is 14.6mm. The blade length-to-stem length ratios vary from a low of
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1.32:1 to a high of 3.66:1. That is, the longest blades are almost four times longer than
their stem elements; whereas the shortest are about 30% longer than the stem. The mean

value is 2.19:1.

Table 3.4: Blade and Stem Ratios for Notched Bifaces

Parameters | S/B Ratio | B/S Ratio | B/L Ratio | S/L Ratio | SW/SL Ratio | SL/SW Ratio
Minimum 0.27 1.32 0.57 0.21 0.87 0.65
Maximum 0.76 3.66 0.79 0.43 1.53 1.15
Mean (p) 0.49 2.19 0.68 0.32 1.16 0.87
Median 0.46 2.15 0.68 0.32 1.14 0.88
Mode 0.39 3.32 0.72 0.28 1.07 1.07
Std. Dev.(c) | 0.13 0.60 0.06 0.06 0.16 0.12
pR-c 0.4 1.6 0.6 0.3 1.0 0.75
p+o 0.6 2.8 0.7 0.4 1.3 0.99

The stems themselves tend to be wider than long. Almost 90% (N = 24; 89%) are
relatively short and wide. Only three stems are longer than wide, with lengths exceeding
widths by factors that range from 1.35 to 1.53. The summary statistics for the stem width
to length ratio are as follows: The minimum is 0.87:1; the maximum is 1.53:1, and the

mean is 1.16:1.

Colors were recorded for nine of the 27 notched bifaces, representing a

judgmentally representative sample, using the Munsell Soil Color charts (Munsell Soil

Color Company 1988, 1992). In notched bifaces, as with the stemmed, the principal or

base colors are shades of brown, gray, and red (Figure 3.12). In terms of the Munsell Soil
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 Reddish brown appears on one specimen (11.1% of the notched bifaces); gray, dark gray,
‘dark reddish gray, and light brownish gray are represented by one example each
(cumulatively accounting for 44.4%), while reddish gray OCCUrsS 0N WO Specimens
(22.2%). Only one shade of red, known as “weak red,” is present, being represented by
two specimens (22.2%).

o P T e .
LT e DR . i
4 .

! o | o,
o | conoennas fade

l “1‘1 ........ o,
o [ %
1o W
o Eisituinn . 5 : 100%

| 2 03 4 % & T B9 10N 1203 L4 08 06 1T 1N 1900 22 2 M B WD
Individas] Bifnces

Figure 3.11: Blade and Stem Proportions for Notched Bifaces
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specimens ( 11.1%) and another showed faint zones of dusky red. More than B5% of the
bifaces presented generally uniform colors (Figure 3.13).
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Figure 3.12 Principal Colors on Notched Bifsces
All of the notched specimens, like their stemmed counterparts, were formed by a
combination of percussion and pressure flaking. Artifacts in an unfinished state show
relatively bold, deep flake scars, separated by distinct ridges, which are usually remnants
of percussion flaking (Plate 3.2). The finished reduction of these pieces would proceed by
refining the hafting element and trnimming the flake scar ridges to produce a smooth
surface texture, and to even the lateral edges.

Almost all of the notched bifaces that are fimshed show some degree of edge
rounding, which is especially prominent on the hafting element. As with stemmed
‘specimens, intentional smoothing was undertaken to protect expensive binding materials



and to stabilize the implement in the haft. The dulling of blade edges and flake ridges
may be a function of use, but soil abrasion after burial cannot be ruled out as a

contributing factor. Rounding is visible under low-power magnification but can be

detected readily by touch, as previously noted.
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Figure 3.13: Highlight Colors on Notched Bifaces
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3.1.2.3) Miscellaneous Bifaces: In addition to stemmed and notched forms, there

is a small number of miscellaneous bifacial specimens. Three of these bifaces conform to

styles that more commonly appear in cryptocrystalline materials (Plate 3.9). One fluted

point, one triangular biface (C-2388) and one convex-based specimen (NJSM-24656)

appear in collections. The fluted point is a version of the Clovis style (C-90), found by

Alan Carman on the Harris Farm, near Salem, Salem County, N.J. The triangular biface,

perhaps unfinished, has an isosceles form that could relate either to Archaic or late
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prehistone expressions (Ritchie 1961, Moumer 2003a: 27-28). It was found by Alan
Carman on the Ghck Farm m the headwaters of the Maunce River, near Elmer, Salem
County, N.J. Based solely on the setting, an earlier rather than a later ongin 18 suspected,
because by lale prehistonc tmes, the headwaters of most coastal streams saw very
sporadic occupation. Triangular bifaces ordinarily occur in jasper, chert, and other

cryplocrystalline matenals, and rarely in guartzite and angillite.
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Plate 3.9: Fluted, Teardrop, and Triangular Bifaces

The convex-base biface comes from the Salisbury site, along the Delaware River
in Gloucester County, where it was found durning excavations by the Indian Site Survey
{Cross 1941). This specimen conforms to a style locally known as the “Teardrop point™
because of its mnemonic form. Like triangular bifaces, this siyle also seems to have
multiple expressions in time. When they occur in good contexts in New Jersey, Teardrop
bifaces either relate to the Late Archaic/Early Woodland pened (Kraft and Blenk 1974;

Mounier 2003a:158-159, Mounier and Cresson 1988, Moumer and Martin 1994} or to the
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Middle Woodland period (Cross 1956). This form, like the triangular style, generally

occurs in fine-grained stones.

Other bifaces in the miscellaneous assemblage do not conform to any recognized
types. Several are neither stemmed nor notched and may be unfinished specimens. Two
of these items can be classed as early- to mid-stage bifaces. Six are late-stage bifaces,
whose trajectory towards formalization remains unrealized. One of these specimens—
possibly a knife—has a thick stem, round in cross-section, and an asymmetrical blade.
There is one well made preform (Plate 3.1, lower right; Plate 3.3, background), five small
fragments, and nine miscellaneous specimens that cannot be classified more closely.
Finally, two bifaces have blade configurations and wear patterns indicative of use as

drills or reamers.

3.1.3) Discussion

The previous pages have dealt with the descriptive characteristics of various
biface forms. This section will explore some of the relationships that exist within and

between the biface types.

In most instances, the enumerations for formalized bifaces show a strong central
tendency; that is, the means, medians, and modes tend to have very similar values, and
standard deviations tend to be relatively small. For width, thickness, and their ratios, the
differences between the mean and modal values are negligible. Lengths and angular

measurements vary more strongly, because these dimensions are most heavily affected by
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events in the use-life of the artifacts. In general, departures from otherwise closely
clustered central tendencies reflect the conditions of individual artifacts. Some are nearly
pristine, while others have reached the point of exhaustion. Despite limitations in sample
size, the linear dimensions for both stemmed and notched bifaces seem to approximate
normal distributions. Usually, the distributions are well balanced around the mean. The
graphs for distributions in length, and width share this similarity, as do the graphs for the

ratios of length to width and width to thickness (Figure 3.14 —3.19).

In scanning the assemblage of stemmed bifaces, one can envision two different
groups or types, one following a broad-bladed template and the other a narrow-bladed
pattern. Based on existing typologies, particularly Coe’s (1964:37-43) Morrow Mountain
I and II types, the discovery of two types was, in fact, expected. However, the data do not
support this interpretation, particularly as there is a virtually complete absence of

bimodality in the sample.

Irregularities in the curves can be explained by the relatively small sample sizes.
For example, a “bump” in the curve for width-to-thickness ratios in the interval between
2.50 to 3.50 might represent the frequency sum of two overlapping normal distributions
(Figure 3.17). However, the addition of only two specimens in the interval between 2.51
and 1.75 would normalize the curve. Accordingly, the data seem to represent a single,
slightly ragged, frequency distribution. In other words, the data do not support the
identification or creation of two discrete types; rather, it seems likely that the broad-

bladed and narrow-bladed “types” represent nothing more than points on a continuum of
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related forms, as they are transformed from pristine to worn conditions. This is scarcely a

new idea, as the venerable William Henry Holmes pointed out at the turn of the twentieth

century (Holmes 1892, 1919).
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Figure 3.14: Formalized Bifaces, Frequency by Length

This view is consistent with both archaeological and experimental observations.

One can see that the narrow-bladed form could derive from a process of reshaping the

broad-bladed form, and there are numerous examples of reworked bifaces that might

satisfy this scenario. Experimental knapping also shows that premature failure of broad,

carly-stage bifaces often creates an opportunity to salvage the blank by rendering it into a

formalized, narrow-bladed biface (see Chapter 6). The stemmed forms, whether broad or

narrow, are closely related.
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In addition, the data strongly suggest that the notched specimens comprise a
subset of the same population that contains the stemmed bifaces. Whether for linear or
relational measures, all of the graphs show that the notched bifaces shadow the more
numerous stemmed forms. This evidence indicates that the pattern of reduction in the
principal linear dimensions was similar between the stemmed and notched varieties, and
that the bifaces followed similar trajectories respecting the reduction in one dimension

relative to reduction in another, as shown in the graphs that relate length to width and

width to thickness (Figure 3.16 and 3.19).
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Figure 3.15: Formalized Bifaces, Frequency by Width

Chi-square (X?) tests of stemmed and notched bifaces—arrayed with respect to

lengths, widths, and thicknesses—result in an inability to reject the hypothesis that both
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sets were drawn from the same population; that is, that there is no difference between
them with regard to the measured variables. In all cases, the values of X’ were too small

to have confidence in an alternate hypothesis at the 0.05 level.

35

30

N
=3

Number of Bifaces

> s
~
~
)
/s
’
7

¥

(4
.
2

L/W Ratio Intervals

— 0~ -Notched Bifaces —&— Stemmed Bifaces

Figure 3.16: Length/Width Ratios for Formalized Bifaces

Furthermore, arraying randomly drawn samples of 27 stemmed bifaces (from a
set of 116) against all 27 notched specimens with regard to length, width, thickness, and
ratios of width to thickness as well as length to width, resulted in strong positive

correlations in each category, as shown in Table 3.5. The table presents the results of

three trials, each employing different random selections from the pool of stemmed

bifaces. The degree of correlation indicates a close relationship between the two groups
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in all critical measures. One can conclude that the notched and stemmed bifaces derive

from a single cultural-technological tradition.

Among individual specimens, blade length—and, with it, the length-to-width
ratio—tend to vary more than the other measures. This variability results from repeated
episodes of sharpening or reworking of the blade after fracture. In most cases, reshaping
affects length more than width, while thickness is the least changed of all. Hafting
elements tend not to be reworked unless necessitated by failure. In extreme cases, both
with regard to stemmed and notched bifaces, the blade length has been reduced to

approximately 130% of stem length from a maximum of 565% among the former and

366% among the latter.
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In stemmed bifaces, the maximum reduction in blade width is about 49%; that is,
the smallest recorded width is approximately 51% of the greatest. In notched bifaces, the
loss in width amounts to 64% of the maximum or a residual width of 44% of the largest
specimen. In stemmed bifaces, the maximum reduction in blade thickness is about 31%;

in other words, the smallest recorded thickness is approximately 69% of that exhibited by
the thickest specimen. In notched bifaces, the loss in thickness amounts to 63% of the

maximum or a residual width of 37% of the thickest specimen.

Table 3.5: Correlations of Stemmed and Notched Bifaces
Measure Trial A Trial B Trial C Mean
Length 0.9445 0.8708 0.9275 0.9143
Width 0.9795 0.9827 0.9857 0.9826
Thickness 0.9507 0.9436 0.9259 0.9400
W/T Ratio 0.9644 0.9788 0.9512 0.9648
L/W Ratio 0.8671 0.9402 0.8985 0.9019
Mean 0.9412 0.9432 0.9378
Note: In all cases, df = 25, p <0.01

It is understood that comparative inferences about the whole assemblage based on
individual artifacts are subject to error. However, there is no reliable method for
reconstructing changes to specific bifaces between manufacture and discard. Those
changes are subtractive and occurred anciently with no means of tracing individual

reduction trajectories. Thus, [ take recourse to an obviously flawed device.
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One might argue that the linear and relational data used to show an association
between stemmed and notched forms in Cuesta quartzite might yield similar results if
compared to more diverse biface types, such as broadspears (Ritchie 1961:42-43, 53-54;
Witthoft 1953), which are characteristically rendered in other materials. To the extent that
such similarities could be said to exist, they can be attributed to technological modalities,
which focus on staged biface reduction strategies, rather than to linked cultural traditions.
The reduction trajectories of the stemmed and ﬂotched varieties of Cuesta quartzite
bifaces cannot be said to be distinct on grounds of their physical dimensions, which are

the only objective measures available for analysis.

The manner of hafting as well as the variability in the relative dimensions of
blades and stems were almost certainly based upon technological imperatives. Notched
hafting provides a very secure mount, which would be necessary for rough-service work,
such as sawing and whittling. Notching implies the use of split- or composite fixtures.
Stemmed hafting elements, particularly contracting stems, suggests the use of socketed
hafts, which are secure against forces that are collinear with the long axis of the
implement, especially if applied against the distal end. Such applications include

piercing, planing, and unidirectional slicing.

Eighteen bifaces show terminal alterations that indicate either tip-wear or
intentional reshaping for use as graving tools, perforators, and the like (Plate 3.10).

Fifteen have distal spurs and three have the long, tapered outlines typical of perforators,
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drills, or reamers. Many more show aitriion of blade length and an increase in tip angle

as a result of repeated sharpening or reshaping.

NISM-27104 C-2976 NISM-26756 C-1347 C-43
bty
Jem

The throe biface: al lefi have distnl spurs, possibly used for praving (amrows), The o sl
righi have bilsicral tip-wesr suggeshing use ss perforsiors (Lines show extent of wear)

Plaie 3. 10: Bifnces with Specially Shaped or Worn Tips

Impact-fractured tips are relatively uncommon. Of the bifaces available for direct
examination, six stemmed bifaces show transverse fractures at the tp, another three
exhibit ip-crushing, and yet another three display burmated (step-fractured ) tips
(Plate 3.11). Cresson reported that the stemmed bifaces from the Ware site in the Howard
Unon collection had 14 specimens with distal impact fractures of unspecified sorts {Jack
Cresson, pers. comm., |8 February 2007} Thus, 26 bifaces (22.6% of all stemmed

specimens) showed evidence of impact damage to their distal ends.

Tip burination is the most obvious, though not the only rehable sign, of damage

from end-on impact ( Truncer 1990:28). Other tip-fracture markers include transverse
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lateral edge clipping (edge burination) and certain kinds of hinge-fractures, as well as
rebound fractures 1o the hafting element (Jack Cresson, pers. comm., 22 February 2007).
These types of breakage do not exist in the sample available for study, However likely it
may be, onc cannol assume that tip damage reflects the practice of projectile hunting, as

untoward contact of diverse sorts can lead to tip failure.
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Left: distal impact fracture (burinated tip)
Right: tramsverse fracture at mld -blade

Plate X.11: Bifsce Fracture Types

Eight bifaces show snap-fractures in the mid-blade region (Plate 3.11, right).
Ordinarily transverse fractures are attributable to non-projectile uses { Ahler 1971; Dunn
1984; Truncer 1990). Obviously, only those with proximal elements can be linked to
hafting technique. In the present sample, four siemmed specimens show mesial transverse

breakage. Four others are distal fragments.
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None of the notched bifaces shows transverse fractures or severe distal end
damage. On average, notched bifaces are about 90% as long as stemmed bifaces. The
relative shortness of the notched blades would tend to protect them against untoward
leverage that might otherwise lead to fracture. Nevertheless, because of sample bias,
resulting from differential collecting by relic hunters, one cannot assess the significance
of negative evidence respecting notched bifaces. That is, one cannot assert beyond cavil
that notched implements were not used as projectiles or for tasks that could result in
snapped blades; indeed, quite the reverse would seem to be true intuitively. Nevertheless,

the lack of data prohibits definitive pronouncements.

In some Cuesta quartzite bifaces, material flaws rather than usage are clearly the
most likely causes of failure. For example, the broad-bladed biface from 28-GL-344
illustrated in Plate 3.5 (left) broke along a transverse ferruginous vein, evidently
weakened by thermal alteration. Another specimen (NJSM-26974), not pictured,
fractured across the mid-section of the blade because of a crystal-filled void, which is
visible only in the broken cross-section. Material flaws were a source of failure in

replicative knapping experiments (see Chapter 6).

The edge angles for both stemmed and notched bifaces fall in the range that can
best be attributed to general functions—such as cutting, scraping, shredding, and
fleshing—on the basis of archaeological and experimental data (Wilmsen 1970:70-71;
Keely1980; Cresson 1990). Compared to notched bifaces, the stemmed forms have a

slightly greater range of variation in edge angles (40° - 106°) and somewhat more
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clustered measures of central tendency (with mean, median, and modal values separated
by no more than five degrees). The range of variation for notched bifaces is 49° - 101°,
and while the mean and median values are very close (72° and 71°, respectively), the

mode, at 64°, lies eight units away from the mean.

The similarities in these distributions would seem to outweigh the differences.
There appears to be no functional variation between the two, at least as expressed in edge
angles. Both have edge angles appropriate to general cutting tasks, with the possible
exception of fine incision or slicing, for which flakes were likely employed. Almost all
archaeological bifaces show slight rounding or polish on the edges and on flake scar
ridges. This polish appears not to be distinctive as to function. As already suggested, one
might suppose that the size differential and hafting modes are more informative

indicators of artifact function than edge angles.

Not seen either in archaeological samples or in collections are broken bifaces that
have been rendered into dedicated end- or side-tools. Several examples show severe
attrition to the blade, but in all cases, the tips of the blades remain somewhat pointed, and
the bifacial character of the cross section has been preserved. The reworking of broken
bifaces into beveled-edge scraping tools, often seen in other materials (Kraft 1990), has
not been observed thus far in Cuesta quartzite, probably because finer-grained stones are

better suited to this task.

Unifacial tools are almost entirely limited to simple, utilized flakes, which

ordinarily exhibit little wear beyond minor edge polish or micro-flaking; that is, slightly
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chattered edges. Although three were found at site 28-GL-45, very few edge-retouched
unifaces are known (Chapter 5). I have never seen any formalized, bevel-edged uniface
tools (e.g., end-tools and side-scrapers) in Cuesta quartzite. Similarly, all perforators are
derived from reworked bifaces. When present, unifacial tools generally occur in

cryptocrystalline materials, probably because those stones can produce a sharper edge.

Table 3.6 shows the distribution of both stemmed and notched bifaces by
drainage basin. Discounting specimens of unknown provenience, the data appear to show
a clustering of stemmed bifaces at sites along the Salem and Maurice Rivers (N = 28 and
20, respectively) and along Cohansey Creek (N = 12). Other basins show only minor
representations. The notched forms are most common at sites along the Salem River
(N =10) and the Cohansey Creek (N = 11). Sites along other streams produce few or no

notched bifaces in Cuesta quartzite.

A chi-square test of this distribution shows it to be statistically significant. The
computed value of X2 is 27.99, with df = 8, and a probability of random occurrence of
less than 0.001. However, because notched bifaces have no apparent representation in
several stream basins, the Chi-square statistic yields weak results. Thus, one cannot
vigorously reject the hypothesis that there is no difference in the distribution of the
stemmed and notched bifaces between river systems. This hypothesis should receive

additional scrutiny if future research provides additional data.
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Table 3.6: Bifaces by River Basin
Stemmed Notched Total
Drainage Basin
N | % of Group | % of Total | N | % of Group | % of Total | N %
Cohansey Creek 12 10.3% 8% 11 40.7% 7.7% 23 | 16.1%
Delaware River 3 2.6% 2% 0 0.0% 0.0% 3 2.1%
Great Egg Harbor River | 2 1.7% 1% 0 0.0% 0.0% 2 1.4%
Maurice River 20 17.2% 14% 2 7.4% 1.4% 22 | 15.4%
Oldmans Creek 3 2.6% 2% 0 0.0% 0.0% 3 2.1%
Raccoon Creek 4 3.4% 3% 3 11.1% 2.1% 7 4.9%
Rancocas Creek 7 6.0% 5% 0 0.0% 0.0% 7 4.9%
Salem River 28 24.1% 20% 10 37.0% 7.0% 38 | 26.6%
Unknown 37 31.9% 26% 1 3.7% 0.7% 38 | 26.6%
Total 116 100.0% 81% 27 100.0% 18.9% 143 | 100.0%
3.2) Debitage

Debitage refers to all of the waste created in the manufacture and maintenance of

stone tools. Often, some of this debris was selected for expedient usage, but the majority

was simply trash, which gives the archacologist opportunities to study prehistoric

manufacturing technologies. Experimental studies enhance the insights that

archaeologists gain by the study of flaking debris.

Flakes comprise the single most numerous artifacts on most prehistoric sites

(Bradbury and Carr 1999, 2004; Shott 1994), which is reason enough to consider them

analytically. Sites that yield Cuesta quartzite are no exception. In the many investigations
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that I have directed, flakes of Cuesta quartzite cumulatively number in the tens of
thousands. Moreover, interpretations of knapping processes cannot be accomplished
without a consideration of debitage (Andrefsky 2001; Patterson 1990). The following is a
brief categorization of the recognized flake types, which relate to the bifacial reduction of

Cuesta quartzite from relatively large masses of stone.

The following characterizations follow from the method of flake identification
and analysis that has been practiced in the Middle Atlantic Region for the past thirty
years or so, largely as an outgrowth of the results of experimental knapping (Callahan
1974, 1976; Cresson 1997, 2000). This approach to debitage analysis is used here

because it pervades all of my archaeological research in the field of CRM.

As to procedure, the analyst divides the flakes into types that are recognizable by
size and form as they relate to different stages of bifacial reduction. After sorting, the
flakes are counted by type. This method accords with “mass analysis” in that the flakes
decline in size but increase in number as one works through the various stages of the
knapping process (Ahler 1989; Ahler and Christensen 1983). It differs from that
technique in that the flakes are visually sorted by size and attributes without physical
screening or direct measurement of linear dimensions or weight. In this respect, the
approach taken here is more like “individual flake analysis” in which the attributes of
individual flakes—platform remnants, dorsal flake scars, and so forth—determine their

position in the reduction sequence (Bradbury and Carr 2006:69: Magne 1985).
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Jack Cresson performed the flake identifications with respect to all of the
excavated and experimental assemblages of Cuesta quartzite debitage reported in this
document. Cresson’s long experience with Cuesta quartzite suits him to the task. As there
were no other analysts, any biases are idiosyncratic and presumably minimal (Gnaden
and Holdaway 2000). The flake types employed in this study are described in detail

below.

3.2.1) Early-Stage Flakes

Early-stage flakes, sometimes called “edging flakes,” are used to trim the square
edges from blocky lithic masses. They tend to be short but wide, and carry remnants of
the angular edge from the parent material (Plate 3.12, right). Flakes of this kind are most

common when tabular stones rather than rounded cobbles constitute the starting forms.

3.2.2) Decortication Flakes

Decortication flakes are the first ones removed in the reduction of a cobble or
pebble. By definition, they exhibit one or more remnants of the original cortical surface
and relatively few scars, if any, from the removal of other adjacent decortication flakes.
These flakes usually have a bulky form with irregular geometry characterized by thick
margins adjacent to the bulb, markedly thin distal margins, and a lack of platform
preparation. Flake curvature, following the convexity of the parent material, is
pronounced. The size varies greatly depending on the dimensions of the parent rock, its
form, and the energy involved in flake detachment. Some decortication flakes are larger

than a large human hand, others no bigger than a thumbnail.
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3.2.3) Primary Flakes

Primary flakes are removed early in the reduction of a lithic mass. In the case of
reduction from cobbles, primary flakes are those removed after decortication has taken
place (Plate 3.12, left). They result from preliminary shaping of the stone mass. Primary
flakes represent the principal source of many chipped stone implements and expedient
edged tools. With subsequent trimming, primary flakes may become flake blanks from
which many bifaces are manufactured. Primary flakes are robust, with a rather irregular
geometry. Flake curvature and bulbar pronouncement are less severe than in decortication
flakes. There is little evidence on these flakes of specially prepared platforms. As with
decortication flakes, the sizes vary with the nature of the stone being worked and the

manner in which it is manipulated.

3.2.4) Thinning Flakes

As the name implies, thinning flakes result from the process of biface thinning
(Plate 3.13, left). Generally, a fairly large, flat form is characteristic. Thinning flakes
commonly exhibit a fairly regularized shape, which approximates the shape of a
truncated triangle or trapezoid, usually measuring from 13mm to Scm in greatest
dimension. Because thinning ordinarily follows other flake removals, thinning flakes
show multiple remnant flake scars on their dorsal faces. These flakes often possess
evidence of specially prepared striking platforms, which may be isolated by discrete
chipping and at least light abrasion to ensure good purchase by the percussor. These

operations also serve “to pre-crack the location of intended flake detachment” (Jack
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Cresson, pers. comm., |8 February 2007). In addition to their association with biface ool

manufacture, thinning flakes are another source of expedient flake tools.

Plaie 3.12; Primary and Edging Flakes
{Pramary lokes at left; l;dy_InF flakes m l'lglu |

Experimental knappers visualize biface thinning as a multi-stage endeavor. Many
recognize two principal stages of thinning, which they call, “primary thinning™ and
“secondary thinmng™ (Callahan 1979: 90-153, 1989:6). The associated flakes are called
“primary thinning flakes” and “secondary thinning flakes.” Because “primary flakes™
already exists as a discrete category, a slightly different nomenclature will be followed

here and elsewhere in this document. To avowd confusion, the earlier thinming flakes,
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when recognized, will be termed “imtial thinming flakes,” while all others will simply be

called “thinming flakes.”

Imitial thinning flakes are generally much larger than those removed as a result of
secondary thinning. The latter are shorter but proportionally longer in relation to width

when compared with initial thinming flakes (Plate 3.13, left)
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Plate 3.13: Thinning and Late-Stage Flakes
{Initial thinning fMlakes at top-left; thinning Nokes ot bonom-lef; late-stage flakes ot nght)

Late-stage flakes are so called because they ordinanly occur fairly late in the
reduction sequence ( Plate 3,13, nght). However, similar flakes can be produced at any
stage of knapping, particularly for platform preparation. This duplication of form can be

difficult to discern archacologically. Still, this sort of flake is far more common in late-



137

stage flaking than earlier in the reduction process. Late-stage flakes are produced by edge
shaping, functional edge preparation, and rejuvenation. They also result from general
edge modification in the process of defining blade margins or surfaces, as well as from

notching.

These flakes can be produced either by gentle percussion, including indirect
percussion, or by pressure. Late-stage flakes are generally regular in form, having very
thin concavo-convex sections, which superficially appear to be flat. Often resembling fish

scales, most are small, with a maximum dimension of 15mm or less.

3.2.6) Flake Fragments

Fragmented stone pieces that can be identified as having been derived from any
kind of flake are simply termed flake fragments. Hence, fragmentary flakes of

9% &<

recognizable form may be catalogued as, “primary flake fragments,” “thinning flake

fragments,” and so on, as the case may be. Some are very small, grading from 15mm

down to sandy or gritty particles, that nonetheless retain flake-like geometry (Plate 3.14).

3.2.7) Reduction Fragments

All pieces of knapping debris that cannot be assigned to specific flake types, or to
the flake fragments category, are referred to as reduction fragments. Reduction fragments

can be of virtually any size, including sandy, gritty, or dusty residues (Plate 3.14, right.)
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Plate 3.14: Small Flake Fragmenis and Particles

3.2.8) Discussion

The ability to recognize flakes according to their form and position in a flaking
hierarchy is critical to the identification of bifacial reduction strategies. Were it not for
experimental archaeologists, it is likely that the “language of the flakes™ would have
remained unknown, as in former times, when archaeologists routinely treated flakes as
inconsequential trash. It tums out that, as evidence of discrete stages of manufactunng
processes, flakes in the aggregate are far more informative about production techmiques
than any finished implement. Finished artifacts only reveal the most recent events that
gave rise to their final condition, whereas a good assortment of flakes can reveal the
entire sequence of events in the production process (Crabtree 1972:3; Flenniken and

Raymond 1986:604; Fnison 1968, Ritchie and Gould 1986:35).



139

Replicative knapping by Jack Cresson shows that flake detachment by percussion
leaves distinctive “signature” traces on the flakes themselves (Mounier 1998a). Analysis
of these signatures can reveal the means and methods of tool production as well as

indications of the technological sophistication and skill of individual knappers.

For example, hard stone hammers generally leave robust bulbs and flake scars
that differ from the more subtle, often lipped, flake geometry resulting from the use of
soft hammers or batons of bone, antler, or wood. The greater the incidence of hard-
hammer processing, the more generalized and rudimentary the technique and process;
conversely, the greater the incidence of soft-hammer percussion, the more specialized or
sophisticated the technological process. Softhammer battery is associated with refined
bifacial thinning that required the preparation of well planned striking platforms together

with the use of specialized hammers.

The knowledge that flakes of different forms represent different stages ina
production sequence permits the careful archaeologist to characterize, at least broadly,
the sorts of knapping activities that transpired at any site that contains more than a
handful of flakes. As previously indicated (Chapter 1), the calculated ratio of earlier vs.
later stage flaking debris in an unbiased assemblage is a valuable indicator of knapping
behavior. Comparing the percentages of primary, thinning, and late-stage flakes can yield

nuanced insights concerning the nature of lithic reduction within and between sites.

In addition, when flakes and implements occur in the same materials on a site, the

proportions of flakes to implements can give some indication of relative productivity, the
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nature of intended production, and the functions of the sites. For example, at site 28-GL-
45, an extensive excavation yielded 4,445 flakes of Cuesta quartzite and 65 bifaces.
Hence, the flake to biface ratio is 68.4:1, which indicates at least limited biface
manufacture at this site (Mounier 2000b). Other examples of this sort of analysis occur

elsewhere in this document.

3.3) Hammerstones

Cuesta quartzite finds expression in hammerstones as well as in bifaces. It was an
important base material for knapping involving not only Cuesta quartzite itself, but also
argillaceous materials, particularly, argillaceous shale. Examination of Cuesta quartzite
hammerstones from archaeological excavations and from collections reveals two basic
forms: tabular and spheroidal forms. Present evidence is that the tabular forms were used
initially for rough service work. With continued exposure, and probably with deliberate

shaping, the tabular hammers assume a spheroidal shape.

Hammers used for bifacial knapping can be distinguished from general-purpose
percussors by the presence of discrete facets. The placement of the facets can occur on
the poles, diameters, or (in elongated specimens) along the lateral margins. Specialized
flaking hammers were formed by intentional chipping and abrading as well as by long

term use. Such implements are not well known archaeologically. Indeed, they have been

recognized almost exclusively on the Inner Coastal Plain of New Jersey in sites

investigated by Cresson and myself, in individual and collaborative research.
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Jack Cresson coined the term, “faceted hammerstones,” for these specialized
flaking hammers because of their characteristic shape. They represent a distinct cultural
specialization and link the procurement and processing of Cuesta quartzite to certain Late
Archaic/Early Woodland cultures that specialized in the use of argillite, and especially
argillaceous shale, for flaked implements. Experimentation by Cresson shows that Cuesta

quartzite is ideally suited to knapping these materials.

Cresson’s (2004) research suggested to him that these hammerstones were
probably first shaped into blanks by breaking cobbles of Cuesta quartzite by heat: “Data
from a quarry workshop in Mt. Laurel, N.J. has revealed evidence of heat-spalling and
percussion activities in a sequence of manufacturing processes that reduced large blocks
and boulders to smaller, blocky, cubic forms of varying sizes, which served as
hammerstone blanks.” Some hammers show little or no evidence of thermal processing
and may have been formed from large, percussion-derived spalls. Each of the blocky
blanks was then trimmed to a somewhat rounded shape, which then progressively

assumed the form of a multi-faceted spheroid by prolonged use in flaking.

The present study included a sample of 55 hammerstones from the collections of
Jack Cresson, Milan Savich, and Emest Stahl. The New Jersey State Museum acquired
most of Mr. Stahl’s collection after his death. The Museum collection had very few
examples collected by others. Evidently, since the dawn of North American archaeology,

hammerstones have attracted very little attention either from archaeologists or relic
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hunters (however, see M’Guire 1891 for an early treatise on hammerstones; also Sanger

and Newsom 2000:6-7; Figure 4).

The examination of the presently available sample suggests that hammers of
Cuesta quartzite take two distinct forms—tabular (meaning flat-sided) and spheroidal-—
which are related in form and function. Starting forms can be large spalls or blocky,
cube-like fragments, derived from the fragmentation of large Cuesta quartzite blocks and
boulders by fire. Some hammers clearly originated from flakes or chunks that were
struck-off rather than thermally detached. The presence of residual patches of both
natural and fractured or flaked surfaces on hammerstones vindicates these assertions

(Plate 3.15).

In any case, blocky, angular blanks may have been roughly trimmed to facilitate
their use as hammers. The incompletely formed hammers would have had an essentially
tabular or cubical form, which eventually evolved into more refined shapes as angles
wore to rounded edges and finally to facets. Thus, by stages, tabular hammers became

spheroids, and the spheroids—at least sometimes—became virtual spheres (Plate 3.16).

I have no controlled data on this point, but on the basis of extensive knapping
experience, Jack Cresson indicated that the facets can form quite rapidly. He further

noted:

Based on my observations, facets develop from the use of particular
knapping techniques (e.g., sliding, brushing, or swiping) to more
efficiently detach flakes, for the most part thinning flakes... The
flatter the facets, the more advantageous [the] surfaces become for
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flaking, [because the facets present] larger areas with toothy,
grabby surfaces. A broader area of contact 1s analogous to organic
hammers that can disperse [the| striking load more evenly across
the platform edge, resulting in larger, more controlled, [and)
efficient flake detachments, Apex ridges between facets indeed are
useful for certain, more precise, flake-removal tasks (Jack Cresson,
pers. comm., 14 February 2007).

MNatural Surfice < /

Fractured or — ———
Flaked Surfoee
Jcm

Tabular Hammerstone

Seen in plan (wop) and profile (botiom). Nete neiuesl
surface of top, fractured or flaked sorface af bottom; also,
| faoets and ridge angles, as well 25 large quanz prains

Plate 1.1%: Faceted Hammer, Tabular Form
As angles form between facets, they progress from relatively acute to increasingly
obtuse configurations. In a sample of 20 hammerstones, the smallest measured facet
angle is T0F, the largest, 145°. The mean angle 15 121.6° and the median and mode both

stund at 125°. The standard deviation for this series is 15.72. Eventually, the facets
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become increasingly rounded and the angles between them so obtuse that accurate

measurement is no longer possible.

The classification into tabular and spheroidal forms is strictly arbitrary, and
perhaps not very imaginative, but it does seem to capture virtually the full range of
shapes. On all pieces, the largest dimensions were measured and listed (in descending
order) as length, width, and thickness. On slabs and more or less angular specimens, these
dimensions are conventional, just as in measuring a board or a brick, because the planes
of measurement have a more or less rectilinear arrangement. On the spheroids, the three
largest dimensions were also recorded and arbitrarily called the major, intermediate, and
minor diameters. The dimensions were logged into a spreadsheet, listing the largest under
length, the intermediate under width, and smallest under thickness. This shorthand,
though denotatively inaccurate, eliminated having to use three more categories,

corresponding to the diameters just noted.

If the ratios of length to thickness and width to thickness both computed to 0.75
or greater, the specimens were classified as “spheroids.” In other words, as length and
width approach thickness, the piece becomes cubical, and with rounded corners,
spheroidal (Plate 3.16). If either or both of these ratios computed to 0.74 or less, the piece
was said to be “tabular.” This classification resulted in two groupings, which visually

correspond to their names. The tabular pieces numbered 35 specimens, the spheroids, 18.

As in most classifications, some things did not fit neatly in this scheme. One

piece was discoidal; that is, it was tabular in section, but circular in plan, and another
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hammer was a squat cyhinder, with a shallow groove pecked around its circumference.

These two specimens were discounted from the ensuing analysis,

f————
3 cm

Spherosdal Hammerstone: Three Views
Nobe broad, round facets, generally smooth surfece. and large quarts grains

-

Plate 1.16: Faceted Hammer, Spheroidal Form

Table 3.7 shows the weights and cubes of Cuesta quartzite hammers. When
plotted, these data form two closely aligned groups, with nearly parallel rend lines,
which tend to close near the small ends of their respective distributions (Figure 3.18).
From the graph, they could casily be considered 10 comprise a single group. Naturally,
the relationship between the cube and weight is linear, because the parent material,

though vanable, has similar composition and density.

The tabular hammers exceed their spherical counterpans in both the minimum

and maxmmum weights and cubes; however, 