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ABSTRACT

 Native Americans in the Eastern Woodlands participated in extensive trade 

networks with their surrounding neighbors, beginning over 4,500 years ago.  Lithics, 

perishable goods, exotics, and knowledge have crisscrossed the landscape throughout 

prehistory.  By determining a general region from which copper artifacts originated and 

linking it with the location of their use and eventual discard, this research reveals “trade” 

patterns and thus advances our understanding of culture change in the Eastern 

Woodlands.  This project focuses on evaluating the nature and extent of this interaction 

using copper artifacts from Early to Middle Woodland period sites within the Middle 

Atlantic region.  These sites include Abbott Farm and Rosenkrans Ferry in New Jersey 

and Nassawango in Maryland.  This study uses laser ablation multi-collector inductively 

coupled plasma-mass spectrometry to examine trace-element concentrations of copper in 

artifacts and thus tests existing regional models of prehistoric exchange. 

 By examining the elemental composition of copper this study was able to 

determine whether the artifacts from these sites were made on raw material from single or 

multiple geological sources, and where those sources might be located.  The elemental 

study showed that geologic sources of copper represented by the artifacts found on a site 

could have come from Pennsylvania, New Jersey, North Carolina and Canada.  These 

geological sources are all located within the eastern United States.  This helped to clarify 

how native peoples in the Middle Atlantic Region acquired copper and whether current 

reconstructions of ancient patterns of trade could account for the regional distribution of 

copper artifacts. 
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 A series of expectations based on interpretations of the chemical data were 

constructed to evaluate existing exchange models.  Certain aspects of the exchange 

models did hold up in light of this study.  A broad-based (down the line) exchange 

network was identified for the Early Woodland site examined in this study.  Similarly, 

broad-based exchange networks were seen at Middle Woodland sites; with the addition of 

a more complex focused exchange network with copper coming from within the region. 

This means that prehistoric groups in this region, while they appear to exhibit signs of 

increased socio-cultural complexity, provide stronger evidence of a reciprocally shared 

ideology based on probable kin relations.  Similarly, these results agree with previous 

copper sourcing studies carried out in the mid-continent.

 Identifying the provenance of artifacts used in exchange networks is important for 

understanding interactions among prehistoric groups and the impact of these networks on 

social organization.  Furthermore, by combining geological, archaeological, and 

anthropological data this research elucidates processes of material resource acquisition 

and determines if they change through time.  Research into the identification of raw 

material sources, the archaeological context of exotic artifacts, the movement of those 

artifacts between groups, and the significance or value attached to those artifacts through 

the act of exchange all contribute to an understanding of prehistoric behavioral and social 

processes. 
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CHAPTER 1: INTRODUCTION AND PROBLEM STATEMENT

For this reason they preserve these pieces of copper, wrapped up, among their 
most precious possessions. Some have kept them for more than fifty years; 
others have had them in their families from time immemorial, and cherish them 
as household gods.

     Allouez (1959:265, 267)

1.1 Introduction

 The above quote accurately describes the fascination Native Americans had for 

copper at the time of first European contact.  For prehistoric groups as well as 

archaeologists, this metal holds a deep fascination that transcends time and space.  And 

why not?  Copper in its purest form is a bright, reddish color that can be magical, 

spiritual, and as such possesses mystical power for the individual who wears or holds it 

(Hall 1997; Hayden 1995, 1998).  Numerous historical accounts like the above quote 

attest to the magical draw these objects had on native peoples (Cook 1993; Thwaites 

1901).  This connection was felt among numerous native groups not only in the Northeast 

but also throughout the Midwest and Southeast.  Because of its great importance, copper 

was traded between native peoples both far and wide.  

 Native peoples in the Eastern Woodlands participated in extensive trade networks 

with their surrounding neighbors beginning over 4,500 years ago.  The exchange of 

lithics, perishable goods, exotics and knowledge has crisscrossed the landscape 

throughout prehistory (Brose 1979; Griffin 1965; Hantman and Gold 2002; Stewart 1989; 

Wallace 1952).  Nowhere is this trade more evident than in the disposition of copper 

artifacts in numerous archaeological sites throughout the Midwest, Southeast and the 

Northeast United States.  
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 Previous theories for the presence of copper artifacts at archaeological sites in the 

Middle Atlantic region center on the presumption that all copper artifacts come from 

Michigan or other Midwest sources (i.e., Levine 1996:15, for background and discussion 

of predominant model), although there have been numerous references noting potential 

sources in existence indicating local origins for Middle Atlantic copper artifacts from the 

Late Archaic up through to the Late Woodland periods (Abbott 1881:413; 1885:774; 

Britton 1967:40; Stewart 1989:175; Williams et al. 1981:148).  Abbott (1885:774) 

appeared to be the first person swayed by the local evidence that “that the use of copper, 

as implements and ornaments, was much more common than I supposed, and that among 

our Delaware Indians were many coppersmiths.”  

 The first of these theories concerning prehistoric trade and exchange of copper 

artifacts assumed that there was an influx of groups into this region carrying finished 

copper artifacts with them (Dragoo 1976; Ritchie and Dragoo 1959).  The second is that 

ceremonial leaders brought copper artifacts with them into the region (Dragoo 1976).  

The third theory presents the notion of resource-foray trips made out of the Delaware 

Valley by individuals or groups specifically for trade (on trading missions), as well as 

broad-based networks where exotic goods (resources) were obtained through down the 

line exchange (Custer 1984; Griffin 1952; Stewart 1989).  Thomas (1969, 1971) and 

Weslager (1968) also entered into this discussion, explaining that it was intensive trade 

into the Middle Atlantic region that accounted for the copper objects seen in the region 

(italics mine).  Each of these theories have implications for the chemical composition of 

the copper artifacts that were placed within burials and other contexts.
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 In order to better test between the above theories related to copper exchange, the 

origins of this metal must be elucidated.  This will allow archaeologists to accurately 

describe the type of interaction among native groups, the supply and demand of this 

material, and how it became socially and culturally significant to native peoples over 

thousands of geographical miles and years.  The provenance and provenience of artifacts 

used in trading networks is important for understanding interactions among prehistoric 

groups and relationships between trade and sociopolitical organization (Earle 1977; 

Renfrew 1969; Wilmsen 1972).  The identification of raw material sources, the 

archaeological context of exotic artifacts, the movement of those artifacts between 

groups, and the significance or value attached to those artifacts are all important research 

topics pertaining to the behavioral and social processes of any prehistoric society.  

However, artifact chemical “characterization alone is not enough” (Harbottle 1976:32); it 

is a starting point from which social and economic questions can be addressed.  

Surprisingly, with all the focus on exchange and its social and economic impacts on 

prehistoric society (Earle 1977; Ericson and Baugh 1994), research in the Middle Atlantic 

region has not employed enough laboratory-based analysis of artifact raw material 

provenance to adequately address questions concerning patterns and processes of 

exchange and their relationship to prehistoric social organization in the greater Eastern 

Woodlands.  

 This study, the first of its kind for the Middle Atlantic region (Figure 1), uses 

trace-element characteristics of copper artifacts and their change over time as a way to 

interpret patterns of exchange in the Middle Atlantic region and elucidate the role copper 
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played in prehistoric social organization here and within the greater Eastern Woodlands.  

Specifically, this research 1) identifies Early and Middle Woodland Middle Atlantic sites 

that have yielded copper objects specifically from caches eligible for examination; 2) 

uses trace elements to characterize artifacts within a single cache; 3) to establish whether 

a single cache of copper artifacts can be chemically characterized as arising from either 

single or multiple geological sources; 4) examines Middle Atlantic native geological 

copper samples to exclude or include them as potential geological sources for artifacts; 

and finally 5) uses these data to determine and evaluate which existing models of 

prehistoric exchange for the Middle Atlantic Region best explains the patterning seen in 
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the chemical and archaeological data for copper artifacts, and revise them if necessary.  

 Additional questions addressed as part of this dissertation are as follows: 

• Where are potential sources of native copper within the Middle Atlantic region?  
• Does each source have a unique geochemical fingerprint?   
• What is the geochemical signature of copper artifacts from the archaeological contexts/

caches selected for use in this study?  
• Can the geochemical links demonstrated for copper artifacts, their spatial, 

chronological, archaeological contexts and geologic sources, be explained with 
recourse to existing models of exchange and aboriginal social organization?  

Using the Abbott Farm National Historic Landmark near Trenton, New Jersey, as the 

epicenter for this study, exchange processes from the Early to Middle Woodland periods 

(1200 BC - AD 600/400) within the Middle Atlantic region and their influence within the 

broader Northeastern Woodlands will be examined.  The Abbott Farm National Historic 

Landmark is a logical choice for the focal point of this study for a number of reasons: 1) 

sites within the Landmark contain copper with no local exposed bedrock sources; 2) sites 

were occupied over relevant time periods; 3) the entire Landmark area has been 

intensively investigated; and 4) the presence of many other artifact types in addition to 

copper indicate occupants of the area were active participants in exchange networks.

 Copper deposits occur all along the Eastern seaboard, in many locations well 

outside the Lake Superior basin (Espenshade 1963; Kinkel et al. 1968).  While many of 

the eastern copper deposits may not have been prehistorically accessible, others were, and 

the knowledge of the location of these deposits as well as the potential extent of drift 

copper (i.e., glacially moved copper placer nuggets, Halsey 2004; Hill 2009) is vitally 

important in determining and identifying source areas.  The distribution of copper 

deposits that are part of this study will be the Middle Atlantic, Southeastern and 
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Midwestern regions.

 The approach to characterization taken in this study follows the existing formats 

for the study of prehistoric copper artifacts (Hill 2009; Levine 1996; McKnight 2007; 

Rapp et al. 2000; Wellman 1994) and other metal sourcing studies (Dussubieux et al. 

2007; Dussubieux et al. 2008).  Copper artifacts and geologic copper samples were 
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analyzed, along with a number of standards (external and one internal) to construct a 

chemical database of elements were then used to generate attributes of similarities and 

differences.  The purpose of these comparisons is to find patterns both in the artifacts 

themselves and between the artifacts and geological samples.  At the present time, the 

technique of choice for this kind of work — providing the most accurate and reliable data 

with the least adverse side effects — is Laser Ablation Inductively Coupled Plasma Mass 

Spectrometry (LA-ICP-MS).

 The basic unit of study in this dissertation is the copper cache.  A copper cache is 

defined as “any spatially discrete group of copper objects buried as a collection in a 

single purposeful deposition event” (McKnight 2007:130).  These and other objects (e.g., 

lithics, pottery) are also considered burial or grave goods.  However, the use of the term 

cache is for the specific grouping of copper and other copper objects.  These groups of 

artifacts would have been deposited in the ground at a single time; are assumed to have 

been either collected and/or made shortly before their deposition; and should be reflective 

of both human acquisition and consumption behaviors.  The implication that all the 

copper artifacts from a single cache are elementally similar is that all the copper in that 

cache came from the same geologic source; versus dissimilar elemental signatures within 

the cache indicating multiple geological sources.  Therefore, the knowledge of whether 

copper within a cache came from single or multiple sources implies or alludes to the 

kinds of exchange mechanisms at work leading to the procurement and eventual 

deposition of that copper cache.  The interpretations of the kind of exchange and hence, 

social behaviors that would involved in such exchange, are directly gleaned from the 
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chemical characterization of these copper artifacts.

 The Early and Middle Woodland periods were chosen for study because it is 

during these times that significant changes in the social and economic organization are 

observed in the archaeological record (Custer 1996; Gardner 1982; Stewart 2003).  

During these periods the most common form of copper deposition are as grave goods.  

Since burials have also been used cautiously as a proxy for social status even as far back 

as Late Archaic times (Binford 1971; Hill 2009; Saxe 1970; Winters 1968) they can also 

be used as a proxy for exchange systems in operation at the time of a cache’s deposition 

(McKnight 2007).  These social organizational changes are manifest in the expression of 

exotic goods within individual burials and mortuary sites across the Middle Atlantic 

region (Stewart 2003; Thomas 1987). While these changes did occur in the Middle 

Atlantic region, they were more prominent in the Southeast and Midwest.  Many 

researchers have presented and discussed reasons why it occurred this way, such as the 

kind of trade and exchange systems that existed during these periods, but little attempt 

has been made to test those models.

 The sites included in this study (Rosenkrans Ferry, Abbott Farm and Nassawango) 

were chosen because they best exemplify the height of Early and Middle Woodland 

prehistoric society.  In addition, they benefit from containing a number of radiometric and 

AMS dates.  Furthermore, all of these sites have numerous and varied artifacts, including 

copper; when combined there are over 2,000 copper objects to examine and compare.

 Both geologic copper and prehistoric copper artifacts from Middle Atlantic sites 

were analyzed using a Perkin Elmer NexION 300X quadrupole inductively coupled 
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plasma mass spectrometer (LA-ICP-MS) with universal cell technology (Waltham, MA) 

on an Analyte 193 Excimer laser-ablation system (Redmond, WA) at the University of 

Missouri Research Reactor Laboratory (Columbia, Missouri) to characterize their trace-

elemental concentrations and isotopic comparisons.  Resulting data allow us to determine 

the likelihood of assigning a particular artifact to a raw material source location, 

determine the chemical makeup of all artifacts within a single cache, and even more 

significantly, to rule out geological sources that cannot be assigned to particular artifacts.  

Conclusions reached as part of this study improve our ability to interpret prehistoric 

social interaction in the Middle Atlantic region and relationships with native peoples in 

the greater Eastern Woodlands.

1.2 Organization of Dissertation

 This dissertation is organized in the following manner.  Chapter 2 (Ethnographic 

and Archaeological Models of Exchange) explores the vast literature dealing with trade 

and exchange, finding parallel examples that can be applied to the situation observed in 

the Middle Atlantic region.  Ethnographic examples of reciprocity and communal 

exchange, operating within band and tribal societies, are described which are then applied 

to the current study.

 In Chapter 3 (Interaction and Exchange in Regional Prehistory), a general 

prehistory of the Northeastern region is given.  It focuses specifically on evidence of 

prehistoric interaction and trade’s systemic relationship with prehistoric social 

organization.  Where appropriate, examples taken from the Middle Atlantic and greater 
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Northeastern Woodland region are provided.

 The following chapter (Chapter 4: Archaeological Sites and Copper Artifacts) 

highlights the archaeological sites and the copper artifacts that are the subject of this 

dissertation.  The various sites are described in detail, along with their environmental 

settings, history of excavation and any previous interpretations as to their chronology.

 The next chapter (Chapter 5: Geologic Copper Deposits of the Eastern 

Woodlands) presents the geological background and reviews previous characterization 

studies for copper.  Copper deposits occur along the Eastern seaboard in a variety of 

forms; however, only a few were available to native populations.  

 Chapter 6 (Chemical Characterization and Compositional Studies) discusses in 

detail characterization and compositional studies as they apply to various types of 

archaeological artifacts, and then a comparison of these various techniques is provided.  

Numerous analytical techniques used in characterization studies are evaluated in favor of 

LA-ICP-MS.  An in-depth description of LA-ICP-MS is given, as well as details of its 

benefits to the current study.  Lastly, previous prehistoric copper characterization studies 

as they pertain to the Middle Atlantic region are presented and evaluated considering the 

current study.

 Chapter 7 lays out the testing methodology and analytical protocol.  LA-ICP-MS 

is used as the method to collect elemental data.  The sample design is presented.  The 

specimen and data preparation, as well as collection methodologies, are described in 

detail, including the reasons for their particular application as part of this study.  The 

protocol used for the laser ablation inductively coupled mass-spectrometry and 
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subsequent data conversion and statistical manipulation is also described.

 Chapter 8 presents the results of the current chemical characterization study and 

the subsequent analysis of the data obtained.  The artifacts were subjected to laser 

ablation, and a number of elements and their isotopes were analyzed.  

 Chapter 9 (Rethinking the Role of Copper in Middle Atlantic Regional Prehistory) 

outlines how, through the results of this study, a clearer picture of the type and scale of 

trading system in operation emerges.  Previous Early and Middle Woodland trade and 

exchange theories set forth by various authors are evaluated against the new data 

obtained as part of this study, thereby potentially contributing to the understanding of the 

social organization of the region.  The results of these analyses open the door to a wider 

array of characterization methods on artifacts from other archaeological sites.  They also 

provide an alternative methodology in examining copper artifacts using LA-ICP-MS, 

which makes it possible to replicate the results at other facilities.  Future research into 

copper artifacts and their potential value as indicators of trade across wider regions is also 

discussed.  

 The Middle Atlantic region has seen intensive archaeological research (Custer 

1986; Kent 1993; Kent et al. 1971; Gunn 1997; Moeller 1982; Stewart 2003; Wall et al. 

1996).  Regional prehistories and site-specific research have provided a plethora of 

information, but many gaps remain.  This dissertation fills one of those gaps — the nature 

and extent of exchange and interaction among native groups, their material culture and 

the overall significance of social organization in the Middle Atlantic region during the 

Early to Middle Woodland periods.  This significance of this research is in the valuable 
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and quantifiable information about trade networks, social organization and cultural 

change.  Additionally, this research provides further validity of LA-ICP-MS for future 

prehistoric copper provenance studies.  The results of this dissertation have shown that 

Early to Middle Woodland copper artifacts are not only unique in their chemical makeup, 

but also in their ability to convey social, cultural and spiritual meaning.  This uniqueness 

is a reflection of the different interpersonal relationships forged among a number of 

prehistoric groups within the Middle Atlantic region.
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CHAPTER 2: ETHNOGRAPHIC AND ARCHAEOLOGICAL MODELS OF 
EXCHANGE

Prestations which are in theory voluntary, disinterested and spontaneous, but 
are in fact obligatory and interested. The form usually taken is that of the gift 
generously offered; but the accompanying behaviour is formal pretence and 
social deception, while the transaction itself is based on obligation and 
economic self-interest. We seek a set of more or less archaeological conclusions 
on the nature of human transactions in the societies...which immediately 
preceded ours.  

    Mauss (1966:2)

2.1 Introduction

 In the anthropological and archaeological literature, the terms “trade” and 

“exchange” have been used interchangeably.  Following Renfrew (1969:152), trade and 

exchange are used in their broadest senses as the reciprocal traffic or movement of 

material goods through peaceful human agency, thereby making the terms synonymous.  

Trade and exchange are “but one component of a system for regulating interactions 

between groups” (Wilmsen 1972:1).  As a result, individuals are involved in social 

communication on local, regional and even global scales (Nassaney and Sassaman 1995), 

and it is this regulation of interactions that helps to sustain social equilibrium both among 

and between groups.  Within band and tribal societies, exchange takes on meaning both 

for those involved in the exchange, as well as for the society as a whole.  It shapes how 

native peoples define themselves and their relationships with others.  Both the context 

and the meaning of exchange are socially specified (Wilmsen 1972:2).  Trade is an agent 

of communication (Renfrew 1969:152) and as such, can have more cultural than 

economic significance.  

 To examine prehistoric evidence of exchange, archaeologists typically find and 
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apply examples from the ethnographic literature to make educated guesses on the 

mechanisms and purpose of the exchange, the material being exchanged, the principals 

involved, and the meanings or behavior of the exchange acts.  The exchange of objects, 

gifts and other such perishable or non-perishable items among and between groups has 

been a basic part of the cultural framework since prehistoric times.  Additionally, these 

networks and materials being exchanged do not remain static but evolve over time.  

 Within the Middle Atlantic region, most authors agree that the trade and exchange 

networks of the Archaic period were elaborated upon during the Early to Middle 

Woodland periods (Custer et al. 1987; Ericson and Baugh 1994:5; Stewart 1994).  A 

variety of raw materials and artifact types that are both perishable and non-perishable can 

be involved in trade and exchange (e.g., Jefferies 1996:74; Griffin 1965; Stewart 1989).  

It is important to appreciate both perishable and non-perishable artifact types, since in 

order for archaeologists to make inferences about past human behavior, we must consider 

not only the artifacts that are recovered, but also what might have been used but not 

preserved in the archaeological record.  In either case, in order to examine concepts like 

exchange, it is helpful to refer to ethnographic accounts to understand potential behaviors 

we may see archaeologically.

 A number of factors influence and control types of exchange (Brumfiel and Earle 

1987).  Comparisons with the ethnographic literature help our interpretations concerning 

the prehistoric past to examine what strategies are used for exchange, especially 

involving aspects of economy, social status and social relations.  In this way, knowledge 

of the ethnographic record is applied to archaeological contexts and permits us to 
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distinguish different exchange networks operating in the past (Raber et al. 1985:130).  

 For this study, it is important to focus on exchange as it applies to band and tribal 

(or segmentary) societies (Sahlins 1972).  Exchange among and between these types of 

groups can be easily adapted to the prehistoric cultures described in this study, as most 

scholars have described prehistoric cultures of the Early to Middle Woodland periods as 

being composed of band and tribal societies (Custer 1996:240; Stewart 2003:6-20).  

Following the review of ethnographic perspectives on trade and exchange, a review of 

archaeological models currently in use is presented, some of which will then be used to 

evaluate the chemical compositional data obtained as part of the study.

2.2 The Roles of Exchange

 The roles of exchange are influenced by a number of factors, that include 

geography, the environment and the availability of resources, among others.  Therefore 

patterns of exchange can be expected to vary from area to area within a larger region.  

The role of exchange within small-scale societies can help communities keep their 

identity, give them cultural flexibility and create reciprocal relationships (Ericson and 

Baugh 1994).  Exchange helps geographically dispersed groups maintain distinctiveness 

as well as obtaining needed resources.  It can be used as a mediator or stress reliever to 

balance those times of insecurity and resource unpredictability.  Examining exchange 

helps us to understand why cultural patterns of development occur in one region and not 

in another (Earle 1994:429).  It is widespread, highly variable in the kinds of goods, the 

volume of goods and social contexts in which exchange occurs.  Exchange plays a role in 
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many aspects of small-scale societies from differential access to resources to social 

ranking of individuals.  Proper methodologies applied to the study of exchange are 

needed if we are to identify and define patterns in the development of cultures.  

 In any society, exchange is extremely important for maintaining social cohesion 

as well as advancing cultural development.  Exchange is important for all aspects of 

society — political, ideological and social (Mann 1986).  Exchange also is seen as not 

increasing uniformly over time but rather meshed with both political and social 

conditions of prehistoric societies (Earle 1994:420).  However, the main and sometimes 

overlooked purposeful intent of trade has been social in nature (Oka and Kusimba 2008).  

In fact, the act of giving is inherent in exchange and has been an element of human 

behavior and evolution since Paleolithic times (Oka and Kusimba 2008:341).   Exchange 

is something that binds scattered groups across the landscape into a collective unit, which 

in turn will be able to survive better than the individual groups alone (Wilmsen 1972:3).  

One does not simply engage in exchange — one establishes trading relationships or 

partnerships.  These relationships typically begin with kin and relatives and later 

neighboring groups.  Extension of trust, especially in kinship ties, is vital to maintaining 

social relations among and between other groups.  To maintain social solidarity, these 

relationships must have extensive trust that lasts many generations.  Through the 

mechanism of exchange, within band and tribal societies, kinship relations can help an 

individuals ally themselves through marriage to a neighboring group (Friedman 1975).  

Sharing and gift-giving, the altruistic movement of goods (Snethkamp 1981:62), 

generally leads to reciprocal obligations within band and tribal societies (Sahlins 
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1972:205).  In fact, kinship relations are often patterned on trading relations (Healey 

1984:50), so that kinship is sometimes not truly based on actual kin-relations.  

Constructed kin, usually from neighboring or far distant territories, are used to extend the 

trading territory, so that what is important is the exchange “by invoking kinship relations 

a person is making a moral and claim to hospitality and compliance in trade” (Healey 

1984:53).  Through this very loose usage of kinship terminology, exchange then becomes 

a strategy for social and ideological reproduction (Yengoyan 1979).

 In these exchanges, the objects involved in trade are often relatively incidental, as 

it is the act of trading, or the trading partnerships or relationships, that is the important 

variable in these transactions.  Archaeologists must also not lose sight of the fact that 

within these types of societies, exchange systems can be manipulated by individuals or 

groups seeking status or specific alliances (Stewart 1994:89).  Thus manipulation of the 

exchange systems can be carried out under the guise of ideology or social stability, i.e., 

burial ceremonialism and tribute, such that exchange is then controlled by one or a few 

individuals (e.g., prestige goods theory).  It is with the control of the act of exchange, and 

control of objects of exchange where we see indications of social stratification and 

cultural complexity.  Within band and tribal societies, ideological and social power are 

behind most implications involved with trade and exchange. 

2.3 Ethnographic Perspectives and Models of Exchange

 This section draws from ethnographic examples of different types of societies to 

examine different kinds of trade and exchange that can exist, why they exist and how 

17



they might be operationalized within this study.  Using ethnographic examples of band 

and tribal societies engaging in different types of exchange will help to provide some 

inferences concerning the archaeological evidence of exchange throughout the Middle 

Atlantic region.  Within this dissertation I am using ethnographic examples as a general 

analogy for prehistoric societies.  

 Trade and exchange networks are constructed through “intentionality” within 

particular and individual events (e.g., feasting and burial ceremonialism).  Through an 

examination of these individual events we can start to say a great deal about the 

individual(s), the social group and how they lived their lives and the potential meaning 

behind the exchange (Gillespie 2001:100).  Social system stability, then, presumably 

depends in part on the mutually contingent exchange of gratifications, that is, on 

reciprocal exchanges (Gouldner 1960:168), which are social in nature.

 Gouldner (1960:168) states social system stability depends on the “mutually 

contingent” exchange of gratifications where reciprocity equals exchange.  Here both 

parties are gratified at the outcome of the exchange (if both gifts are of equal value), and 

both parties are then locked together into mutual status duties owing each other.  Social 

interaction is therefore initiated and continued because of reciprocity.  Only when there is 

an unequal distribution of goods between partners is there a question concerning the type 

and kind of relationship that exists between parties.  If gifts are not of equal value, then it 

is possible that the more prestigious gift giver is “racking” up points not only within his 

or her own group, but also with neighboring groups (Hantman and Gold 2002:288).  

Allen (1984:24), in citing Healey (1978), states that ceremonial exchange “not only 
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provides a context in which group boundaries may be defined but also, and perhaps what 

is more important, provides extensive networks of exchange relations that cut across 

territorial, cultural, and sometimes even linguistic boundaries.”  

 Hunting and gathering, horticulturalists and agriculturalists are selected for 

ethnographic review.  These examples are provided to understand better the complex 

nature of trade and exchange within different types of societies and their potential 

application to the archaeological record.  Particular attention is paid to the role of the 

group(s) involved in the exchange as well as the item(s) involved in the exchange as they 

are not the same for all groups discussed here.

 The first example is the Kula exchange of the Trobriand Islands, which was 

described by Malinowski (1922) in his seminal work Argonauts of the Western Pacific. 

The Trobriand Islands, now called the Kiriwina Islands, are a 450 km² archipelago of 

coral atolls off the eastern coast of New Guinea.  Here exchange of objects is a 

mechanism used by groups to reduce or minimize social risks and maintain social 

relations through ceremonial exchange of shell armbands and necklaces (Brunton 1975; 

Hage et al. 1986; Healy 1978; Persson 1983).  The Trobriand Islands consist of a number 

of islands on which many groups live.  These groups are not all similar in their social 

organization and hence their participation within the exchange network is not all the 

same; however, they all still participate within the exchange network.  Some islands 

contain groups where there is a chief in control of the circulation of the Kula, while other 

islands have no chiefs, but are run by local leaders (e.g., Big Men).  These differences in 

leadership (i.e., different levels of socio-cultural complexity) within the different islands 

19



affects the way they interact with each other and possibly the object(s) involved in the 

exchange.  All interactions of trade and exchange will not be the same, nor will they be at 

the same socio-cultural level for all groups.

 The Kula is a ceremonial exchange of items (shell armbands and necklaces) 

which operate apart from the economic exchange of other perishable and non-perishable 

items, but parallel to it (Hage et al. 1986:108).  These shell objects are considered 

valuables and are not held permanently by individuals but must travel around the Kula 

ring in alternating directions.  Possession of the valuables is then seen as an individual 

prestige, even if it is only for a short time.  What is critical to understanding exchange in 

the Kula ring is its connection to the amount of valuables being put out into circulation.  

If all communities were to start with an equal amount of valuables, then nothing would 

change in successive rounds of exchange.  However, this is never the case.  One group 

always delays the transfer of valuables to the next stop along the chain thereby creating a 

backlog of exchange items.  If there is an unequal amount of valuables in circulation then 

the relationship between scarcity and abundance will be cyclical.  Local leadership 

operates according to different principles when these valuables are scarce or abundant 

(Persson 1988:157).  Brunton (1975:553) states that "participation in the Kula became the 

basis of social differentiation with political success based largely on success in the Kula" 

or the success of the leader to be able to maintain equilibrium in the exchange network; 

however, not all islands have leaders.  This leads to their eventual release into the local 

network through feasting or mortuary rituals allowing for equal distribution among all 

communities participating within the ring of exchange (Persson 1983:157).
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 The environmental and social conditions, especially in the north-western part of 

the islands (Kiriwana), enable individuals or groups to gain and control power in the 

trade.  It is the trade, and who can successfully carries it out or controls it, that decides 

who becomes a “chief” or not, making sure there is no break in the system, or back log of 

valuables at one particular place along the network.  This is one of the few places where 

the environment and other factors combine whereby it is possible for the exchange 

system to be so closed off, thereby limiting the range of people who can effectively 

compete for leadership, and facilitate the development of ranking and chiefs (Allen 

1984:36).  This tightly controlled closed trading system thus “enables” the Kula exchange 

system (Brunton 1975).  While everyone may participate in the exchange, the Kula is 

used differently among all the islands.  Those on the island of Kiriwana have a major 

disadvantage within the Kula exchange.  The environment is such that they do not have 

direct access to areas where the Kula (shells) is found, therefore they apply political 

strategies to their role in the exchange, halting its movement thereby enabling a higher 

level of socio-cultural complexity than that which can occur on other islands (Brunton 

1975:554).  The Kiriwina monopolize the Kula internally for political gain, selectively 

distributing it internally (within the island) against “food, labor, and women, which 

constitute the basis of political hierarchy” (Persson 1988:157). 

 The groups on Dobu Island also start out with an even distribution of valuables.  

The Dobu occupy one of the smaller islands within the Trobriand.  When they initially 

obtain the shells (valuables), they hold off on sending them back into circulation, giving 

them to family members temporarily as part of an internal trade.  In this sense, there are 
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breaks in the normal distribution of the exchange network (from Dobu out to the next 

group), whereby alternate routes of Kula exchange have to be made.  Partnerships among 

leaders become more stable than among minor connections, finding those alternative 

routes (new partnerships) thereby continuing the circulation of valuables to continue the 

exchange (Persson 1983).  So one who holds a central position in the Kula does not imply  

growth of local hierarchies, and a marginal position is not tantamount to political 

disintegration (Persson 1983:32).  The value of goods diminishes due to their generalized 

availability (e.g., flooding the market).  Hierarchy is stimulated when there is a limited 

supply and leaders emerge to control the flow and distribution.  When there is an 

abundance or overflow of valuables, this will in turn frustrate the system (Persson 1983).  

Persson (1983:33) described the Kula exchange this way:

An egalitarian tribal organization coincides with high propensity for 
accumulation or, what amounts to the same thing, low speed of 
internal circulation, whereas a stratified social organization, 
conversely, is accompanied by low propensity for accumulation and 
hence high speed of internal circulation. The most probable 
development in the first case is towards a peripheral position in the 
exchange system due to excessive accumulation. In the second case, 
a reentrance into the central path of circulation is to be expected.

 In this example, there is a hierarchy in some groups that are surrounded by 

egalitarian groups, all of whom are participating in both internal and external exchange 

networks operating over all the islands at the same time.  The Tubetube are an egalitarian 

group living within the Trobriand Islands.  They are a pottery producing society and like 

the Dobu, constantly contain an overabundance of Kula goods.  They use the Kula in a 

nonpolitical sense as a regular means of payment for food items, etc., for ceremonies.

 The people of the Trobriand Islands have complex, multiple exchange networks in 
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operation.  Both utilitarian and prestige objects are circulating among all the group’s; 

Prestige items may be used for obtaining utilitarian goods.  The role of these goods and 

their abundance or scarcity is a factor in the development of the groups social structure.  

So the exchange of prestige items also enhances the circulation of subsistence items 

(Greenfield 1991).  Alternative mechanisms to mediate the lack or abundance of 

valuables comes as feasting or rituals (burials) for some societies; or the development of 

local leaders, who to maintain exchange partnerships, make sure that those valuables are 

thrown back into the network immediately.  Objects could be taken out of circulation, 

thus reducing the abundance — and increasing the value — of those objects still involved 

in the trade.  The central importance of the exchange of goods both material and social 

are vested in those partnerships established and maintained by the mediation of the 

valuables.  Those relations facilitate the circulation of all goods over the entire network 

(Persson 1983:44-45).  Depending on whether valuables are scarce or abundant, local 

leadership will operate the exchange network according to different principles.

 Another ethnographic example of exchange comes from the Tsembaga in the New 

Guinea highlands.  They provide a very good example of different kinds of exchange 

networks in operation, like we saw above for the Trobriands.  While the Tsembaga are 

slash-and-burn agriculturalists, they also participated in exchange networks involving 

objects like “bird of paradise plumes, axes, bushknives, European salt, shells, furs, and 

pigs” (Rappaport 1968:105), so there are both utilitarian and ceremonial objects moving 

around in the exchange networks.  These items, both utilitarian goods and non-utilitarian 

valuables, were being exchanged in a single sphere (Rappaport 1968:106).  When the 
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relationships between individuals involved in the exchange is important (e.g., kinship), 

then they are more likely to immediately fulfill the exchange obligations, producing 

goods to be traded.  However, if there are a number of intermediaries between those 

involved in the exchange, being able to obtain those needed goods is less likely.  So the 

ideal exchange system would exist where each trader or local group is at the center of a 

web-like network where they would adequately distribute needed exotic materials 

through trading partnerships.  These types of web-like exchange networks focus on 

personalized trading partnerships where relationships are based on kin or fictive-kin 

relations. 

 Those trading partnerships may break down if each trader or local group is a link 

in a chain-like exchange network; those partnerships by themselves may not be sufficient 

to maintain an adequate supply of a particular material (Rappaport 1968:107).  A chain-

like network develops when there is great distance between the raw material and the 

consumers, with several other exchange participants in between.  Certain mechanisms for 

dealing with a chain-like exchange involve obtaining trade objects through personal 

interactions with groups whose members and size varied over the year, as they participate 

in a seasonal round of different activities across the landscape and their settlement size 

fluctuates.  The second type of mechanism would occur through ritualization of 

exchange, i.e., ritualized partnerships, where moral persuasion (e.g., kin relations) is not 

good enough to seal exchange transactions.  If an exotic good is needed for whatever 

reason, it appears that a web-like exchange network is the best for not only producing 

such goods but also being able to exchange them to a partner.  When there are too many 
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links in the chain between the consumers and producers, exchange relationships become 

strained and break apart on the one hand, or relationships are solidified, leaders emerge 

and the organization becomes more complex.  

 Spielmann’s (1986) ethnographic study of the !Kung examined the process by 

which mechanisms involving food resource sharing and exchange develop among 

egalitarian societies.  Her point is that when looking at egalitarian societies we should 

take into account that they may be composed of separate networks of “more or less 

articulated, interdependent systems” (Spielmann 1986:279).  Her study involves 

situations where food resources are pooled by one groupwhich are then exchanged with 

other groups who have experienced a food shortage..  The intersocietal acquisition of 

food resources is an important strategy for band and tribal societies (Spielmann 1986).  

Two distinct types of interdependence are defined: buffering, which alleviates periodic 

food shortages, and mutualism, in which complementary foods (carbohydrates, fats, and 

proteins) are exchanged on a regular basis.  The more a group was sedentary, the more 

the flow of social and environmental information had to be maintained through 

establishing ties (Spielmann 1986).  

 In these examples, the trade itself acts on the one hand as subsistence insurance 

during lean times and on the other provides an avenue for sharing information.  So 

exchange is seen as an adaptive strategy or mechanism whose material consequences are 

secondary to the issue of helping another group who is experiencing food shortages and 

insuring that they are reciprocated when needed.  Considering Spielmann’s work (1986: 

279-280), the nature and degree of societal interdependence varies predictably with 
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specific environmental conditions, food resource attributes, and with food procurement 

and production techniques as we saw earlier with “intensification.”

 For Spielmann (1986: 290), buffering (without exchange) occurs when the 

probability that subsistence resources will fail is moderate to high.  So as a result, social 

ties allowing groups to move elsewhere are maintained.  Most of the group strategies 

Spielmann cites (1986) involve movement toward kin or kinship ties, where groups 

coalesce to relieve stresses by engaging in a generalized form of exchange.  The !Kung 

would be an example of this where interdependence involving the sharing of food 

resources develops.  Buffering that leads to exchange (food redistribution) is a result of 

periods of prolonged famine (e.g., horticulturists of Africa and North American and 

Northwest Coast).  In these cases, one of the main mechanisms for relieving stress among 

groups is through the exchange for food.

 Under Spielmann’s (1986: 293) mutualism, exchange can only take place where 

the relationship involves exchange of distinctly different resources or services.  She 

discusses pastoralist, hunter gatherers and horticulturalists in her study and all types of 

exchange that could occur between any of the groups, both within and across different 

environmental settings (i.e., ecozones).  She describes two types of mutualistic 

exchanges; one that occurs on a regular basis where the production of particular 

subsistence resources are highlighted (e.g., anadromous fish); and those in which 

exchange occurs on a sporadic basis.  The goal of each exchange is to achieve beneficial 

outcomes so mutualism can continue.  Power differences in mutualism can be 

exacerbated when intersocietal interactions involve an egalitarian and more complex 
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group, as opposed to two egalitarian societies.  Furthermore, Spielmann (1986: 289) sees 

both buffering and mutualism occurring simultaneously in certain environments.  She 

states “that local resource fluctuations within a particular eco-zone may be offset among 

populations by buffering mechanisms in order to maintain specialized mutualistic 

exchange with other groups across ecozones” (Spielmann 1986: 289).

 In the next ethnographic and archaeological example, Junker (1993, 1996) 

analyzes the notion of interdependent or isolated hunter-gatherers by examining the 

settlement systems and artifacts of the people from pre-Hispanic Philippines.  Junker 

(1996: 391) notes that ethnohistoric, linguistic and historic data accounts show that there 

was both direct trade between two groups (highland and coastal) and indirect exchange 

with adjacent groups, with certain groups acting as intermediaries.  Archaeological 

evidence backs up the considerable time depth of both types of trade in this region.

 There were three groups in the region all engaging in some form of interaction — 

the coastal lowland agricultural rice farmers, the upland swidden agriculturalists and the 

hunter gatherers.  Junker (1996:394) sees a seasonal movement of hunter gatherers to the 

lowlands “to collect wild resources...and to engage in trade interactions with lowland 

agriculturalists.”  She cites the archaeological evidence to support this in the amount of 

hunter gatherer sites in the lowland as evident of clustering settlement patterning.  She 

states that in these settlements of the interior lowland, hunter gatherers functioned as 

secondary and tertiary centers with a dendritic riverine trade oriented settlement system 

(Junker 1993).  It was these economic interactions of both subsistence and status products 

that drew the hunter gatherers to these localities on a seasonal or periodic basis.  These 
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coastal groups, socially described as chiefdoms, engage in “extensive intra-regional 

exchange” between hunter-gatherer groups to maintain a stable supply of interior forest 

products (Junker 1996:400).  Junker also notes the interaction of upland and lowland 

groups by the archaeological evidence of marine resources on sites away from the coast.  

These types of trade partnerships were solidified through ceremonialism and gift 

exchange.  Chiefs in coastal areas may have used periodic and larger ceremonial gift 

exchanges (e.g., prestige goods) to further solidify trade relations with interior tribal 

leaders (Junker 1996:401).  Different types of exchanges appear to be based on group 

type and personal interests, where each group perceived differences of social value of 

objects.  

 Hunter gatherers were more interested in food stuffs and mundane manufactured 

commodities, whereas the incipient ranked interior swidden agriculturalists were 

concerned with more prestigious items that they received from the chiefly coastal 

agriculturalists.  It is assumed that most of the products exchanged by interior hunter 

gatherers to lowland agriculturalists did not survive archaeologically.  However, noting 

the difference between the density of heavily utilized flakes on upland sites and the more 

formalized tools and retouched artifacts in lowland sites, Junker (1996:404) suggested 

that the lowland assemblages represented the “more rare production activities associated 

with seasonal exchange relations with lowland agriculturalists.” One interesting point is 

that Junker fails to address where those sources of stone used for both upland and 

lowland sites are located.

 Interestingly, exchange relations between lowland agriculturalists and hunter 
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gatherers were probably mutualistic, involving foodstuffs without control of a central 

political authority; however, once this exchange became tied into the lowland group’s 

need for status items controlled by elites, relations between the two became increasingly 

coercive (Junker 1996:404).  The relationship became one of quasimututalism, where 

both dispersal and exchange of prestige and utilitarian goods were common for all groups 

to achieve their desired results.

 When examining these ethnographic accounts of trade and exchange, a common 

thread can be found among all groups.  Additionally, the way groups interact can be 

advantageous or disproportionate and unequal.  The existence of trading partnerships, 

whether they involve real kin or fictive kin, are necessary for groups when times of 

resource acquisition are good or bad.  If there is a backlog or overabundance of resources, 

intensification of various aspects of exchange are developed to help alleviate those 

stresses.  Those strategies can take the form of redistribution, ritual ceremonialism, or 

feasting.  There are underlying messages or meanings behind the act of trade and 

exchange, i.e., control, maintain relationships, redistribution, or continuation of shared 

ideological system.  Another theme found in all of these examples is that there is just not 

one type of exchange system in operation at the any one time.  These groups all have 

multiple types and scales of networks in operation — direct or indirect types of networks.  

Each of these types of networks is not set to a specific cultural group (i.e., hunting and 

gathering, swidden agriculturalists, horticulturalists) and therefore power struggles can 

ensue.  Finally, the geography and environment play a larger part in the success and type 

of exchange network that can operate within a given region.
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2.4 Potential Effect of any Disparities on Archaeological Research

 Archaeologists, in reading these ethnographic examples, may have difficulty 

inferring behavior from the archaeological record.  And why not, there are many 

complexities to take into account when examining exchange.  Archaeologists have also 

suffered from approaching ethnographic data with older evolutionary perspectives and 

insensitivity to behavioral variability borne out in ethnographic theory (Sassaman 2004; 

Wobst 1978).  Ethnographic analogy can help in some respects in providing potential 

behavioral correlates (e.g. Bettinger 1991; Shrire 1984; Spielmann 1986; Sassaman 

2004).  

 Sassaman (2004) presents an interesting look at the overall ethnographic analogy 

literature and how problems of archaeologically documenting variation among hunter-

gatherers are still pervasive.  He applauds new research in hunter-gatherer studies and the 

fact that it shows how complex hunting and gathering groups were and that our previous 

explanations of their society can no longer stand.  The archaeologist, Sassaman 

(2004:265) states, has an obligation “to seek more and better data on hunter–gatherer 

organizational variation and not presuppose its outcome by being overly typological.”  A 

disparity exists between the ethnographic record and its uses in archaeological 

interpretations.  Sassaman (1995:177) put it correctly when he said archaeologists must 

take away from ethnographic studies that “variation in the organization of hunter-

gatherers can be understood as the product of cultural encounters and interactions.”  It is 

these variations, whether it is in the type of exchange network, the kind of social 

organization or the variation in the types of artifacts, that archaeologists must understand 
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both the micro and macro scale of what the record is telling us.  However, if we are to do 

right by our ethnographic to archaeological inference, we should take heed of Wobst 

(1978:303), who stated: “if archaeologists consume ethnographically derived theory 

without prior testing, there is a great danger that they merely reproduce the form and 

structure of the ethnographically perceived reality in the archaeological record.”  Since 

archaeological data contain the necessary behavioral aspects, it is our responsibility that 

our theories, once tested, are able to predict the “variability of behavior in all of its spatial 

and temporal dimensions” (Wobst 1978:307).  

2.5 Archaeological Models of Trade and Exchange in the Middle Atlantic Region

 Previous assumptions of the presence of copper in the region focus on an influx of 

groups, namely ceremonial leaders, who carried finished copper artifacts with them into 

the region from outside (Dragoo 1963, 1976; Kraft 1976; Mounier 2003; Ritchie 1944, 

1980; Ritchie and Dragoo 1959).  This implies that native peoples within the Eastern 

Woodlands relied on outside prehistoric groups to bring in their copper and/or culture into 

the region.  Other scholars have indicated that large trade networks existed in the region, 

while other scholars provide models of exchange that can be tested against the 

archaeological data as a way of assessing exchange processes in the Eastern Woodlands.

 Weslager (1968:194) was the first to suggest that an extensive trade network 

existed in the region.  In an addendum to his publication, Weslager posed a number of 

interesting questions regarding the nature of Adena cultural traits in the Middle Atlantic.  

Did Adena peoples actually migrate and settle in Delaware or where they incorporated 
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into the local Woodland populations? Did they move up the Delaware River, or was the 

migration just a myth and the Adena and Hopewell artifacts just imported from Ohio by 

local Delaware groups?  These questions were at the time unanswerable based on the 

current knowledge and technological abilities.  Thomas (1969) after a careful and 

exhaustive review of the many Adena traits on sites both in the Middle Atlantic and Ohio 

Valley suggested that there is evidence for the involvement of more than one cultural 

manifestation on these Middle Atlantic sites.  While there were some differences in traits 

(e.g., burial mounds, certain types of artifacts) he does suggest similarities in mortuary 

customs along the Atlantic coast occurring in earlier and later periods (Thomas 

1969:14-15, 1987).  His interpretation based on the evidence was that an intensive trading 

system existed between the Middle Atlantic coast and the Ohio Valley among other areas 

(Thomas 1969:15) that was not only in existence during the Adena manifestation, but also 

to some extent before and after its influence.  He further suggested that a single 

explanation would account for the presence of the Adena influenced sites as well as the 

Riverton, the Island Field, and, probably at New Jersey sites like Savich Farm.  Later, 

Thomas (1971:80) suggested that the acquisition of lithic (and maybe other) objects from 

outside the region, “could not only have been accomplished through Adena 

intermediaries, but could also have taken place directly.”  Interestingly, if we take 

Weslager’s questions and combine them with Thomas’ thorough analysis of both 

mortuary complexes and cultural traits, we can formulate some testable expectations 

based on their assumptions.  A dozen or so years later, Custer (1984) and Stewart (1989) 

propose models for prehistoric exchange for the Middle Atlantic and the far greater 
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Northeastern region.  These models, along with Weslager and Thomas can be tested 

through chemical characterization not only for copper but for other artifact materials (i.e., 

ceramics, lithics) as well.  Both Custer (1984) and Stewart (1994) begin their models in 

the Late Archaic Period.  Custer starts with a web-like kinship-based network consisting 

of localized relationships between individuals who have personal ties.  Stewart (1989) 

describes a similar exchange network in the Delaware Valley and Middle Atlantic region 

as a whole as broad-based.  Broad-based networks are informal, nondirectional and 

maintained by opportunistic individuals.  These types of networks are a down the line, 

hand-to-hand type of exchange as described by Griffin (1952:360).  Broad-based 

networks continue well into the Woodland period, alongside but independent from other 

networks.  Custer describes changes in the patterns of lithic resource procurement as 

being part of this kinship-based exchange network, in which cultural adaptations to 

environmental changes resulted in changing settlement patterns and population increases 

(Custer 1984:39; 1987:33).  The next type of exchange suggested by Custer relies on a 

long-range, chain-like network, similar to Junker’s ethnographic example above.  This 

network is based on ritualized trade partnerships in areas where resource distribution 

favored fusion-fission settlement cycles and placed a high adaptive value on symbolic 

status communication, similar to Binford’s (1962:217-219) change from technomic to 

socio-technic, where trading evolves into objects as status symbols.  This chain would 

have consumers separated from producers by a number of other intermediate groups, like 

those mentioned above for the Tsembaga, so that the intensity of the use of socio-technic 

objects of status will largely be a function of groups size and intensity of interpersonal 
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relationships within a given society (Binford 1962:222).  Stewart’s (1989) other exchange 

network is described as focused.  Focused networks are defined as individuals or small-

groups of entrepreneurs from the Middle Atlantic traveling outside on sporadic trading 

missions, insinuating themselves into the broad-based networks of other areas, bringing 

back goods (Stewart 1989:56).  Stewart (2003:342) also states that items gained in trade, 

generally from sources outside the Middle Atlantic region, end up in burials or other 

special contexts like caches.  Custer (1984:43) alludes to the idea that both his web-like 

and chain-like networks can operate together.  Stewart (1994) sees a combination of 

focused and down the line exchanges in operation in the Middle Atlantic region.  

Interestingly, Custer’s chain-like network could, over time, evolve into Stewart’s focused 

network as an almost natural progression of the trade and exchange of specific exotic or 

ritualistic items.  These items would be traded and exchanged at specific environmental 

settings where large gatherings would periodically occur to maintain social equilibrium.

 Economic modes of exchange, especially among band and tribal societies, such as 

gift-giving, reciprocity and mutual interpersonal obligations (cooperations), help to create 

and sustain social, political and economic ties (Brose 1979; Gouldner 1960; Greenfield 

1991; Jackson 1991; Molm et al. 2007; Sahlins 1972).  In this sense, some of the 

ethnographic models presented here appear to follow those seen in the archaeological 

record.  Exchange itself may be a cultural response to external or internal changes, i.e., 

fluctuation in subsistence resource acquisition that have been identified during the Early 

Woodland period (Carbone 1976; Funk and Rippeteau 1977; Gunn 1997; Hantman and 

Gold 2002; Wendland and Bryson 1974) or a possible reduction in the abundance of trade 
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items.  In this sense, raw material sources, the artifacts produced and the exchange act are 

used as a proxy in establishing and maintaining inter-societal (group) relationships, and 

therefore, the artifacts involved in this exchange will directly reflect those relationships.  

Some of these ethnographic models can help to flush out or revise the archaeological 

models.  We need to see how exchange may have been used based on the nature of 

archaeological deposits, their potential significance and the role they may have served 

both while being a part of the exchange network and being removed from it.

2.6 Archaeological Uses of Ethnographic Insights

 For years archaeologists have used ethnographic data to help infer behavior from 

artifacts on prehistoric sites and especially those in burial contexts.  The Northeastern 

Woodlands has been divided into core cultural areas (Wissler 1927; Kroeber 1939:383) of 

great time depth (Kowalewski 1995:149) and with many distinct environmental zones.  

As such, each native group within their territory must maintain the same set of 

institutions, i.e., trading partnerships, as their surrounding neighbors; otherwise there 

would be disequilibrium (Kowalewski 1995).  Therefore, to maintain stability and 

minimize social risks within your defined area, you have exchanges of food surplus, lithic 

materials or other perishable or non-perishable goods.  Additionally, ideological or 

mortuary ceremonialism can also be used in the same manner.

 Both Kowalewski (1995) and Stewart (2004) examine trade and exchange from a 

World Systems approach; to account for the variability that trade within egalitarian 

societies manifests itself in the archaeological record.  Trade operates within these world 
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systems, or “inter-societal networks”, maintaining equilibrium within the social, political 

and cultural structures through interactions (Chase-Dunn and Hall 1998; Stewart 2004).  

Just as there are a variety of different kinds and scales of society, so too are there different 

scales and kinds of trade and exchange, all depending on the nature of the relationships 

between native groups (Sassaman 1995:174; Testart et al. 1982).  Stewart (1989:66) 

stated that "higher frequencies of trade good can be expected to occur in territories where 

social differentiation and ritual expression are greatest.”  Earle (1994) provides some 

future research goals regarding the changing relationships of the value or use-value of the 

objects involved in trade within the social or political structure.  “...Is there a change in 

status-defining wealth from naturally rare objects to objects rare because of the amount or 

quality of labor in their manufacture?” (Earle 1994:434).  Evidence of rare ceramic 

styles, like Abbott Zoned incised over a wide landscape maybe evidence of trade lineages 

between known or affiliated groups.  Hantman and Gold (2002:280), in their analysis of 

Middle Atlantic exchange, see the limited and bounded distribution of Abbott Zoned 

Incised ceramics as evidence of these cosmopolitan styles, selective trade between certain 

groups who have controlled access to this “special-use” pottery.  More specifically, the 

distribution in a particular type of ceramic, according to Stewart (1998:266-274), and 

Lattanzi (2011) may represent something that was used in public ceremonies or feasting, 

whereby exchange is seen as a strategy to relieve overabundance of surplus resources, 

rather than controlled access to special pottery.  

 It is clear by these and other studies that exchange does not follow an upward 

trajectory through time but is “critically responsive to, and intertwined with, broader 
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social and political conditions” (Earle 1994:420).  In the Middle Atlantic region, Stewart 

(1995:196) states that trade during the Late Woodland period declines, perhaps because 

items being traded are more perishable, transactions were left in the hands of high-status 

individuals, and that exchange involved fewer but more symbolically powerful items 

(Stewart 2003).  Copper artifacts in burials during the Late Woodland period is 

nonexistent within the Middle Atlantic region.  It could be that the conditions for its use 

in have changed.  This is true as seen in the case of Powhatan in Virginia where the influx 

of European copper in turn reduced its value as a cultural mediator between two 

antagonistic native groups and formed alliances between the Powhatan nation and the 

Europeans (Potter 1993).  The trade of copper appears to have shifted focus from being a 

symbol of social and ideological cohesion to one of political necessity.
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CHAPTER 3: INTERACTION AND EXCHANGE IN REGIONAL PREHISTORY

There is much room for conjecture on the economic and social nature of the 
exchange mechanisms.
   

Fogel (1963:171)

3.1 Geography and Resources within the Middle Atlantic Region

 The Middle Atlantic region, as defined in this dissertation, includes the following 

states: New York, New Jersey, Pennsylvania, Delaware, Maryland, Virginia and parts of 

West Virginia (see Chapter 1, Figure 1.1).  Numerous authors have discussed the Middle 

Atlantic region as a culture area and a province (Custer 1994; Custer and Wallace 1982; 

Gardner 1982, 1987; Hantman and Gold 2002; Kinsey 1971; Kroeber 1939:383; 

Stephenson et al. 1963:200-205; Stewart 1989, 2004; Willey 1966).  Prehistoric groups 

moved freely across the landscape (Phelps 1983; Stewart 1987; Thurman 1985) to trade, 

exchange and obtain raw and/or finished objects.  While some of the raw materials 

involved in trade networks exist outside the Middle Atlantic region, many of them can be 

found within the different physiographic provinces of the region.  To freely move 

between one region and another, native groups needed to be fully aware of and 

understand the geography and physical terrain around them.  It was through many trails 

and waterway connections that different native groups had the ability to meet, interact 

and trade with each other.

 Physiography within the Middle Atlantic region consists of a number of different 

provinces, including the Coastal Plain, the Piedmont, the Blue Ridge Mountains, the 

Appalachian Plateaus and the Ridge and Valley (Figure 3.1).  Crosscutting these 
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provinces historically were paths and trails from one valley to the next.  Waterways and 

drainages that existed within the region may also have been regarded as highways of 

transportation on which prehistoric peoples travelled to obtain raw materials or trade 

objects which would later find themselves on sites in the Middle Atlantic.  These 

waterways connect the Middle Atlantic region to the Southeast, New England and the 

Midwest.  

 Major drainages within the Middle Atlantic Region are the Delaware, 
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Figure 3.1 Map showing physiographic provinces of the study area (used with permission of the 
Eastern States Archaeological Federation from Stewart 1998:49).



Susquehanna, Hudson, Potomac and Ohio River Basins and their proximity in places to 

the stream systems that flow into adjacent regions — potential travel routes along which 

interaction could take place.  It has been noted that the Ohio and Potomac drainages were 

the likely major trade routes for Adena-like exotics reaching the Delmarva Peninsula as 

well as Southeastern Pennsylvania and New Jersey (Dragoo 1976:137; Ford 1974; 

Granger 1986; MacCord 1985; Ritchie 1965:200-201).  Furthermore, interior New York 

river systems and those connecting the Susquehanna, Delaware and Hudson River 

drainages were presumably the major routes by which Meadowood, Adena and 

Hopewell-like artifacts made their way into the region (Granger 1978; Ritchie 1955).  

The upper end of the Delaware River where it crosses into New York State is virtually 

within miles of the West branch of the Susquehanna River.  Additionally the Potomac 

River can bring a traveller into central Ohio by way of the Monongahela and Ohio 

Rivers.  These and many more tributaries cut through major physiographic provinces.  

Native paths developed alongside these waterways, making traveling from one region to 

the next by way of natural breaks within physiographic provinces.  Interestingly, 

MacConaughy (2012:20-21) notes that the Allegheny Front, a dividing line between 

eastern and western Pennsylvania, affected the extent to which cultural groups interacted 

with each other during the Middle Woodland period.  In Granger’s (1978:116-119, Figure 

6) discussion of the movement of exotic artifacts into New York (and visa versa) he 

illustrates these trade routes along the major waterways mention in this chapter.

 Historically known Indian trails crosscut physiographic provinces while others 

took advantage of the many waterways in the region.  One of the most important trails 
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during Colonial times the Great Warriors Path (Wallace 1952), also known historically as 

the Great Valley Road, the Great Wagon Road, Valley Pike, Carolina Road and the 

Trading Path.  This path, which existed long before Europeans landed on the continent, 

was one of many ways prehistoric peoples moved, traded and communicated with others 

across the landscape.  The Great Valley Road was a path that started in Philadelphia and 

made its way westward through Pennsylvania and then to western North Carolina.  

Wallace (1968) called it “a product of history and geography.”  The Great Warriors Path 

was a path that started at the border between New York and Pennsylvania where the 

Chemong and Susquehanna rivers split, down to the town of Shamokin, Pennsylvania, 

and then went further south to pick up the Great Valley Road.  Figure 3.2 show how these 

paths skirted physiographic provinces, allowing native peoples to take advantage of the 

landscape to reach their destinations.  Many other paths crosscut physiographic provinces 

to get to and from their destinations.  The Great Path was another one that started in 

Pittsburgh and ended up in Detroit (Wallace 1968).  Many native trails and paths existed 

throughout the Middle Atlantic region and these connected with others in neighboring 

regions.  Interestingly, the Lenape path in New Jersey starts in Elizabeth makes its way to 

Bound Brook, where historically the presence of native drift copper (Beck 1839).  It then 

travels the Raritan River breaking off heading towards Lambertville, New Hope, 

Pennsylvania, and then down to Philadelphia.  All of these paths used the local 

topography — level well-drained ground and cutting through natural passes so as to 

avoid climbing over mountains.  Native groups used these many paths and trails as a 

means of interacting and trading with other groups, taking advantage of the natural 
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landscape where they could and adapting where they had to.  Even into the 16th century, 

native groups continued to use these and other ancient paths for the exchange of 

European goods with other native groups who were unaware of their origin (Kraft 

2001:422; Stothers and Abel 1991).

 Previous authors have discussed the environmental diversity existing within each 

of the physiographic provinces within the Middle Atlantic region as they pertain to 

natural resources used in archaeological contexts (Gardner 1987; Fleming and Swann 

2000).  Stewart (1989) described the many kinds of materials useful to prehistoric 

technologies, including rock, shell, fossils, crystals, mica and native ores (Table 3.1).  
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Figure 3.2 Map showing a portion of the Great Valley/Great Warrior’s Path.



Many of these resources are located within and around the physiographic provinces 

mentioned, and as such had a direct effect on prehistoric peoples, their interaction with 

others, and their social, settlement and economic systems as a whole.   

 Mica, a very important resource during both the Early and Middle Woodland 

periods, exists in great quantities in both southeastern Pennsylvania and in western North 
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Resources within 
Region

outside 
Region References for resources within the Region

argillite X  Custer 1987; Didier 1974; McCann 1972; Pagoulatos 1992; 
Turnbaugh 1970

ceramics X X Pevarnik et al. 2008; Pevarnik and Stewart 2007; Steadman 
2008

copper X X
French 1968, Table 113; Kinkel et al. 1968: 377; Lattanzi 
2008; MacCord 1973; MacCord and Buchanan 1980: 118; 
Stephenson et al. 2008 Williams and Thomas 1982: Figure 4; 
Williams et al. 1981

fire clay/flint clay X X Hosterman et al.1968: 175-177; Mayer-Oakes 1955: 60

galena X X Goad 1978; French 1968, Table 113

jasper X
Blackman 1974; Fanale 1974; Hatch and Miller 1985; King et 
al. 1997; Luedtke 1984, 1987; Lavin 1983; Lavin and 
Prothero 1981; Miller 1982; Stevenson et al. 2008

marine shell X X
Gosner 1979: 133-134; Klein and Sanford 2004; MacCord 
and Buchanan 1980: 58; Morris 1973; Valliere and MacCord 
1986: 58

mica X X Ferguson 1974; Lattanzi and Boulanger 2013; French 1968; 
Leasure and Shirley 1968: 314;  Parris and Williams 1986

(meta)rhyolite X Stewart 1984;Bondar 2001; Ayers 1972; Clark 1977; Fauth 
1978; Stose and Stose 1946

sharks teeth X X Ransom 1964

slate X X Newman et al. 1968: 204-205

steatite (soapstone) X X
Wholey 2011; Brown 1980; Holland et al. 1981; Luckenbach 
Allen and Holland 1975; Luckenbach, Holland, and Allen 
1975; Shaffer 2003; Stose and Stose 1946; Truncer 1998, 
1999, 2004; Turnbaugh and Keifer 1979; Custer 1984

ironstone X Ward and Doms 1984; Stewart 1989, 1994

Onondaga and West 
Virginia chert X Didier 1974; Kuhn and Lanford 1987; LaPorta 1986; Lavin 

1983; Lavin and Prothero 1981, 1987
Flints/cherts (Ohio 

Valley and Midwest) X Didier 1974; Fanale 1974; Stewart 1980: 143-160

Table 3.1 Table showing resources within and outside the Middle Atlantic region that were used 
for trade (adapted from Stewart 1989: 51, Table 1).



Carolina (Ferguson 1974; Parris and Williams 1986; Williams et al. 1981:147).  Copper, 

in both drift nugget form and outcrops (as will be shown in Chapter 4), exist from 

Connecticut down to Georgia (Goad 1978; Levine 1996; Ross 1935; Williams, Parris and 

Albright 1981:148), mostly following the Appalachian Mountain range, with many 

deposits occuring within the Middle Atlantic.  Lithic raw materials like jasper, cherts, 

argillite and (meta) rhyolite (Coppock 2008; Custer 1996:240; Hatch 1994; Hatch et al. 

1985; LaPorta 1994; Stewart 1984; Stevenson et al. 2008) are located in deposits 

throughout the Middle Atlantic physiographic provinces.  Within the Piedmont province, 

soapstone quarries exist in Lancaster and Delaware counties in Pennsylvania and in 

Hartford, Baltimore and Carroll counties in Maryland (Ward and Custer 1988; Truncer 

1998), while steatite outcrops of sedimentary origin are found in New Jersey, 

Pennsylvania and Maryland (Bachor 2011:104; Truncer 2004:498).  Another resource of 

interest found within the Middle Atlantic region is shell.  Many different types of shell — 

Marginella, Olivella, quahog and whelk to name a few — have been found on 

archaeological sites not only on the Atlantic coast but far inland as well (Trubitt 2003).  

There are pockets along the Atlantic coast where certain shell can be found and exploited.  

All of these resources, whether they were located within or transported across the 

physiographic provinces of the Middle Atlantic region, played an important part and 

influenced not only the settlement systems of the Early to Middle Woodland periods, but 

also the trading of those materials within and outside the region (Stewart 1989).

 Given the fact that materials found in archaeological contexts can be from 

geographical locations near and far, being able to chemically characterize materials is 
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absolutely necessary if one is to understand the “suite of materials or artifacts moved 

through trade and exchange networks” (Stewart 1989:48).  Within the Middle Atlantic 

region, however, attempts at sourcing these material resources were described as spotty 

(Stewart 1989).  What is more important is the fact that, while some of these raw 

materials are found locally, they did not move about within the same networks during the 

same time periods (Custer 1996; Gardner 1982; Stewart 1989).  As will be discussed in 

Chapter 5, native copper occurs on the Eastern seaboard in two ways: within secondarily 

deposited rock and drift copper.  It is possible to find native copper in areas where other 

trade items originate; however, copper in its finished-artifact form moves about through 

different networks or geographic tracks than other trade items, such as toolstone (Custer 

1986; Dent 1995; Gardner 1977, 1982; Klein and Sanford 2004; Stewart 1981).  

Therefore it is important to understand not only the source location, but the eventual 

depositional location for all types of artifacts involved in exchange networks both within 

and outside the boundaries of the Middle Atlantic region.

3.2 Nature and Extent of Interaction in Middle Atlantic Regional Prehistory

 There are a distinctive number of raw materials from within the Middle Atlantic 

region that were potentially exploited through trade by prehistoric peoples.  The 

importance given to traded items not only changed through time (i.e., ceremonial versus 

utilitarian) but the networks in which they moved also changed or were specific in their 

nature.  The rest of the chapter will present a summary of the size and nature of 

settlement/subsistence systems and social organization as a background for understanding 
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interaction and exchange within Middle Atlantic prehistory.

 Significant changes in ecological environments, namely effects of the glacial 

retreat, had severe impacts on cultural adaptations during the Late Archaic Period and 

forward.  A result of the melting pack ice was the inundating of rivers and streams.  

Climatic amelioration across most of North America led to rising water levels throughout 

the Middle Atlantic, which delivered changes to flora and fauna of the region.  As 

Caldwell (1959) described it, the Archaic period was marked by broad economically 

based patterns crosscut by regional traditions — interaction between different native 

groups in both local and regional exchange networks (Dent 1995; Funk and Rippeteau 

1977; Gardner 1982; Kraft 2001; Kraft and Mounier 1982; Moeller 1990; Starbuck and 

Bolian 1980; Stewart and Cavallo 1991; Raber et al. 1998; Tuck 1978).  

 The arrival of the Late Archaic in the Middle Atlantic region was marked by much 

more than a change in the environmental landscape (Andrefsky 1983; Caldwell 1959; 

Carbone 1976; Custer 1996; Merwin 2010; Raber et al. 1998; Stewart 1994; Wendland 

and Bryson 1974).  Culturally, this period is marked by broad sweeping changes in 

technology, social structure and interaction.  During the Late Archaic there is evidence of 

intensive subsistence strategies with longer site occupations and in turn, changing social 

relations as native populations stay longer at a wider variety of sites.  It is with the onset 

of the Late Archaic period, with a focus on a wider range of locally available lithic 

materials, which may be an indicator of repeated interactions with other groups (Custer 

1983, 1984, 1986; Stewart 1980).  One now sees a shift from more specialized individual 

use of lithic resources to a more general free-for-all grab bag of resources and production 
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and manufacture (Stewart and Cavallo 1991:35).  

 In Wholey's (2009:16) analysis of archaeological survey data for this period, she 

postulates that the “spatial and material evidence suggests continued population growth, 

as well as decreased residential mobility and increased sedentism either facilitated by or 

facilitator to population growth.”  This would lead increased settlements based on more 

intensive resource exploitation, such as that postulated by Custer (1984:67) and Gardner 

(1982) and seen in the archaeological record, especially at the Abbott Farm NHL (Wall et 

al. 1996).  In light of considerably longer and repeated site occupations, Custer (1984) 

sees group interaction consisting of localized relationships between individuals and 

describes this period as exhibiting intensification of technology with new stone tool types 

in a greater variety (Custer 1996:149).  The fact that more Late Archaic sites have been 

identified, relative to Middle Archaic sites, corroborates Custer's statements.  Late 

Archaic groups were able to obtain the exotic lithic raw material through trade and 

exchange (Custer 1984:43).  When archaeologists discuss the “evidence of territoriality, 

population growth, the cyclical reuse of resources and locations, and consistent and 

patterned trade,” it is interesting that this evidence occurs first in the Ohio Valley, 

Midwest and Southeast and about 2,500 years later is seen in the Middle Atlantic region 

(Stewart 2004:342).  The archaeological evidence of this interaction, namely Midwestern 

artifacts on sites in the Middle Atlantic, led Stewart (1989) to suggest opportunistic 

individuals participating in ‘down the line’ exchanges based on real and fictive kinship 

alliances, alliances which need to be continually maintained and reaffirmed. 

 The archaeological evidence during this period suggests that newer tools relating 
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to plant processing are produced, and that procurement sites are located nearer to lithic 

raw materials.  These changes in tool use result in new technologies and increased 

exploitation of more diverse plant and aquatic resources.  Possible surpluses (storage) of 

food items would result, which would then lead to the need to relieve the potential social 

risk factors inherent in the larger population groups that a surplus would encourage.  

Exchange (of food, objects, alliances, marriage partnerships) is thus seen as a potential 

mechanism to relieve such stress and maintain balance.  It appears that native groups 

were producing objects not only for their technological use but also for their “use-

value” (Baudrillard 1975:21).  The exchange of these objects then, extends 

communication of local face-to-face individuals beyond the core group into larger 

networks (Bender 1985).  As seen in the Late Archaic and then continuing into the 

Middle Woodland, there is an increase in social gatherings (e.g., feasting, marriage and 

alliances), while still maintaining, at least archaeologically, the appearance of group 

autonomy.  As a result, native groups do not appear to be closed off from other 

neighboring groups (Bender 1985; Custer 1996; Kent 1970; Stewart 1989), thus 

extending that communication to surrounding areas.  As a potential result of these factors, 

there appears to be an increase in reciprocal long-term relations, increased exchange and 

regional stylistic variation (Bender 1985:56) occurring within the Middle Atlantic and 

Northeast region.

 Wholey (2009) described changes in the lithic technology in Virginia during the 

Archaic, from bifurcates to contracting stems and finally to Savannah River as evidence 

of inter-societal variability and exchange.  Additionally, there is evidence of highly prized 
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materials that circulate over large, extensive areas.  Finished artifacts of different raw 

materials, such as jasper, argillite, rhyolite, steatite, cherts, shells and copper, find 

themselves scattered all over the eastern United States — evidence of a large trading 

playing field.  Klein (1997) sees exchange and ritual importance given to soapstone 

bowls during the Late Archaic to Early Woodland periods as extremely influential in their 

use and eventual decline in the Middle Atlantic.  It is the distribution of steatite bowls and 

the predominance of Savannah River over northern Broadspear point types that shows, as 

Klein (1997:150) states, interaction between those of the Middle Atlantic and the 

Southeast.  Stewart’s (2011:154) research into stone bowls and early pottery notes on the 

ideological aspect of steatite vessels and their connection in mortuary contexts.  

Interestingly, in the Late Archaic, artifacts with value were placed in burials (cremation 

or otherwise) as if to single out particular individuals or the potential importance of the 

individuals that place such valuable items with the dead.  Consideration of this high 

investment of time and labor into the mortuary components will be discussed later as we 

try to identify potential economic components (Stewart 2003:12).  Other Late Archaic 

sites that stand out as potentially exhibiting interactions with other regions include, the 

Maritime Archaic in the Northeast (Rutherford 1989, 1990; Tuck 1991:56), the Glacial 

Kame in the Midwest, Poverty Point (Smith 1991) and the cremation burials in New 

Jersey (Burrow 1997; Regensberg 1971) and Connecticut (Pfeiffer 1990).  Savich Farm 

deserves further mention as it relates to topics brought up in this dissertation.  This Late 

Archaic site, located in Burlington County, New Jersey consisted of 50 archaeological 

burial units, which had been cremated before actual burial (Burrow 1997:39).  Within 
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these burials and the site were distinctive type of stone point.  The broadspear found at 

the Savich Farm were particularly numerous and have been suggested to derive from 

Savannah River points from the Carolinas (Burrow 1997:41; Kraft 1986:80-86; Kraft and 

Mounier 1982:82; Mounier 1974a, 1974b).  Also found within the burials were finely 

made atlatle weights of imported stone.  The use of these materials both local and exotic 

in an elaborate burial ritual alludes to shared symbolic communication of status and their 

ideotechnic functions within a number of kin or fictive-kin related groups (Custer 

1989:267).  Furthermore, these new points at the Savich Farm agree with Wholey’s 

assertion of inter-societal variability and exchange occurring during this period.

 Within the Middle Atlantic region, Dent (1995:200) suggests that during second 

part of the Archaic people changed their traditional way of life.  This transformation, 

which is observed in the archaeological record, that involves what Dent (1995:16) terms 

an intensification effort on the part of Late Archaic groups.  Intensification, according to 

Dent (1995:18) is driven by a set of social relations and new ideas that sustained those 

relations.  Custer (1996:163) also notes that during this Intensive Gathering-Formative 

Cultural Period (ca. 3,000 B.C. to 1,000 A.D.) in southeastern Pennsylvania and adjacent 

regions, there are “spectacular artifacts manufactured from exotic materials, extensive 

trade and exchange networks, and intensively-used riverine sites [which] hint at some 

degree of developing social complexity.”  The end of the Late Archaic period saw an 

more intensified production and control over the domestic economy, shifting control of 

resources from the group to the individual (Bender 1985; Dent 1995:205).  During the 

later parts of the Late Archaic, evidence starts to mount of a wide range of environmental 
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settings in which settlements are found.  There appears to be a heightened reuse of 

specific locations.  We also start to see geographically isolated examples of burial 

ceremonialism, as well as evidence of hoarding, caching and focused exchange (Stewart 

2004:343).  All of this evidence provides a “hint” of social complexity, as Custer (1996) 

puts it, which then flourishes during the Woodland Period.

 Clearly, environmental changes occurred during the Late Archaic–Early 

Woodland transition (Carbone 1976; Curry and Custer 1982; Gunn 1997; Wendland and 

Bryson 1974) and some authors state that these changes resulted in major episodes of 

culture change (Brose 1979; Custer 1984; Funk and Rippeteau 1977).  There was a 

intense adaptation (Custer 1987) to the restricted but highly rich and productive estuarine 

environments, resulting in changes in settlement patterns, population increases and the 

need for additional resources.  The start of the Woodland period is given as somewhere 

between 1,200 BC and 1,000 BC (Custer 1989; Hantman and Gold 2002; Stewart 2003), 

and the establishment of this early date also encompasses a bit of what is typically called 

the Transitional or Terminal Archaic Period (Mouer 1991; Ritchie 1959, 1965; Wittoft 

1949, 1953).  During the Terminal Archaic period, one finds the exploitation of more 

resources and numerous and diverse settlements.  Sites such as stations and transient 

camps exploited a broader range of micro-environments.  The change was more a matter 

of degree than kind (Wall et al. 1996:157).  Different tool types, which increase during 

this period, are more reflective of the types of resources being exploited.  Fishing and 

increased fish resource procurement sites, as well as soapstone vessels, are evidence of 

adaptation to a variety of resources (Ritchie 1965; Wittoft 1953).  Evidence from the 

51



Early Woodland period and the development of trade and exchange models can provide 

evidence of discernible patterns through time.

 The Early Woodland, according to Brose (1979), had opportunistic people who 

controlled subsistence and exchange of goods to maintain inter- and intra-group balance.  

Stewart (1989:56) describes focused networks of interaction, which are defined as 

individuals or small groups of entrepreneurs from the Middle Atlantic traveling outside 

on sporadic trading missions, insinuating themselves into the broad-based networks of 

other areas and bringing back goods.  Typically, both broad-based and focused networks 

are operating within different geographical and circumscribed areas.  Stewart states that 

this model matched the archaeological patterning of exotic artifacts across the landscape.  

He (Stewart 2004:342) also says that items gained in trade, generally from sources 

outside the Middle Atlantic region, end up in burials or other special contexts like caches 

within the Middle Atlantic region (italics mine).  This may be why there is a decline of 

imperishable artifacts (lithics) as noted by Stewart (1995:185), but this might also 

indicate the possibility of perishable objects being widely traded during this early period.  

Custer (1984) describes interaction during this period in the Middle Atlantic as a long-

range, chain-like network based on ritualized trade partnerships in areas where resource 

distribution favored fusion-fission settlement cycles (Gardner 1982) and placed a high 

adaptive value on symbolic status communication.  For archaeological correlates, Custer 

(1987:33) describes the presence of Adena artifacts in the Delmarva as evidence of this 

larger exchange network, and sees both the exchange network and environmental changes 

happening together to cause this blossoming of Adena cultural traits in the Delmarva and 
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the rest of the Middle Atlantic region.  Interestingly, McKnight (2007 234-235) in his 

study of Adena and Copena copper artifacts, show Middle Atlantic copper being found in 

midwest sites; however, this participation in westward trade ended by the beginning of 

the Middle Woodland. 

 It is clear from the discussion above that from the Middle Archaic through to the 

Early Woodland period there are observable patterns of interaction from both within the 

Middle Atlantic and Northeast region and with far distant groups.  Furthermore, it is 

during the Early to Middle Woodland that these patterns take on new meaning, where 

forms of interaction become clearly linked to changes in ceramics and mortuary patterns 

(Custer 1987:40; Hantman and Gold 2002:288; Stewart 2004).

 During the Early Woodland Period, some of the cultural responses or adaptations 

to environmental changes may have included inter-group relationships/competition due to 

scarcity of resources, or changes in control of raw material resources (Carbone 1976; 

Custer 1987; Lattanzi 2008:309).  Native populations were still increasing during this 

time (Custer 1987:35; Wholey 2009), which may have led to more interaction between 

neighboring groups, fostering trade to obtain items or gain access to hunting territories as 

environmental circumscription became an ever observable problem (Carneiro 1988).  

This is proven by the increased number and further distribution of trade items in the 

Middle Atlantic region after about 600/500 B.C. (Stewart 2003:13).  In turn, these led to 

the creation of mechanisms to foster group cohesion, control over access to resources, 

alliances with other resource-rich groups, technological change and subsistence survival.  

This feedback loop, in which changes in the environment affect native groups, which in 
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turn react with a cultural response, is a complex circle of cultural adaptation and change.  

Response mechanisms, such as mutual interpersonal obligations, help to create and 

sustain social, political and economic ties.  

 Considering the evidence for the Delmarva Adena-Hopewell developments in the 

Delmarva Peninsula, Custer (1983, 1987) presented a description of society where 

mortuary ceremonialism is seen as a mechanism for group cohesion, which is more in 

evidence in the Delmarva than the rest of the Middle Atlantic region.  Most all other 

criteria for incipient rank societies are present throughout the Middle Atlantic (Custer 

1983:3), yet this region fails to develop the level of socio-cultural complexity we see 

elsewhere during this time.  The “Delmarva Adena-Hopewell” complex is the closest 

example indicating long-distance interaction with a much larger interaction sphere 

(Stewart 2003:17), possibly with the Midwest.  Differential mortuary sites may reflect 

differential attitudes towards social status (Custer 1987).  Mortuary sites, especially 

specialized sites, are seen as an extension and replacement of Late Archaic symbols 

(Custer 1987:42).  However, as social systems became more differentiated, more 

distinctive symbols, i.e., exotic artifacts, of status were needed.  These mortuary rituals, 

as Custer states, could have been the “event” or social context within which exchange, 

feasting, alliances, marriage, etc. could have taken place (Custer 1987:42).  Currently 

most radiocarbon dates for these “Delmarva Adena-Hopewell” sites crosscut the 

chronological boundaries for Early and Middle Woodland that are currently in use.

 Authors have previously presented major Middle Woodland interaction spheres 

and the extent of their reach (Goad 1978; Silver 1991; Struever and Houart 1972).  
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Considering this study, it appears that native groups in the Middle Atlantic and 

Northeastern regions were interacting with their southeastern and midwestern 

counterparts, although not along the same trajectory.  Hantman and Gold (2002:273) ask 

whether the paths that led to ranking and hierarchy in the Middle Atlantic “are divergent 

or parallel, related or independent.”  Artifacts and aspects of mortuary behavior are 

evidently displayed in some areas of the Middle Atlantic region; however, most of the 

contexts in which these objects or behaviors are shown to be more generalized (Stewart 

1995, 2003).  Further discussion of cultural signatures among those in the Middle 

Atlantic is warranted because it helps to understand how and why some of these social 

changes occurred while others did not.  The apparent rise and fall of steatite bowl 

production and trade may be extricably linked to the delay in ceramic technology 

adoption in the Middle Atlantic as well as the rise and fall of complex systems in the 

Southeast (Hantman and Gold 2002:278, citing Klein 1987).  Also during this time, there 

is a decline in the volume of lithics found on sites, but not the geographic distribution of 

them (Stewart 1989).  It may be surmised that those in the Middle Atlantic region, upon 

realizing the decline of their exchange partners to the Southeast, then shifted focus for 

other attainable items from another region, like the Ohio Valley (Stewart 1989:65).

 In the later Middle Woodland period, changes are seen in the ceramic data from 

the Abbott Farm National Historic Landmark, which indicate a very restricted distribution 

(Stewart 1992).  The designs on these types of “zoned-incised” ceramics suggest the 

transmission of some form of message from one party to another (Braun and Plog 1982).  

Stylistic as well as artistic variability are purposefully created outward modes of 
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expression.  What is being expressed can be anything from social group identity (distant-

kin) (Dietler et al. 1998:234; Stewart 1994) to an indicator of patterns of social 

interaction (Friedrich 1970:333).  The designs, coupled with the fact that most of these 

ceramics have the same diameter, shape and height, tend to indicate some form of ritual 

activity, such as feasting (Drucker 1963; Hayden 2011; Lattanzi 2011), that may represent 

gatherings for reciprocal interactions could take place.  

 Besides the ceramic data, Hantman and Gold (2002) also present mortuary data to 

further show that from the Early to Late Woodland, there exists another cyclical pattern 

of mortuary ceremonialism that is directly reflective of Middle Atlantic interaction 

spheres.  This is directly relevant to the study here in that mortuary ceremonialism and 

the use of copper are directly tied into some sort of existing shared status or ideological 

system by groups in the Middle Atlantic region (Custer 1987).  In the Early Woodland, 

there are stone and earthen mounds, potentially indicating ranking (Stewart 1981, 1992, 

2004).  Then there are the Delmarva Adena and Adena/Middlesex burials with certain 

individuals laid with grave goods.  The fact that burials in this region are scarce, the mere 

presence of mounds and cemeteries are significant; however, while certain stone and 

earth burial mounds in Virginia, West Virginia, western Pennsylvania and Maryland are 

evidence of social interaction with more western cultures during the Middle Woodland, it 

appears that these are only experiments as they do not exhibit continuity over time and 

may also be limited geographically (Cowin 2003; McConaughy 2012; McConaughy and 

Johnson 2003; Stewart 1995, 2003).  During the Middle Woodland, trade is evident, 

especially in the larger cemeteries or multiple burials at Island Field and Abbott Farm, 
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where trade is “less restricted in access, but in which certain individuals received special 

treatment” (Custer et al. 1990; Hantman and Gold 2002:287).  

 It appears from the data that within the Middle Atlantic region objects are moving 

around in exchange spheres that may be controlled by elites (Klein 1997; Seeman 1977).  

It is probable that these spheres operated in a reciprocal fashion.  Native groups from the 

Middle Atlantic region were in contact with more than one larger interaction sphere 

throughout prehistory, and their involvement within those spheres may have been 

tangential.  As many scholars have noted, initial contact was probably from within the 

local region, which then in the Late Archaic began to increase.  Once a decline in certain 

goods started in one region (southeast), emphasis quickly changed to another region 

(Midwest), where the exchange could continue (Stewart 1989).  The production and 

distribution of resources (e.g., steatite bowls, argillite, rhyolite and jasper) show a pattern 

of rise, sporadic distribution and then eventual decline.  This is seen in the time the 

artifacts present themselves in the archaeological record within the region.  Considering 

these lines of evidence, one can see patterns of interaction similar to those of the 

Southeast and the Midwest in operation in the Middle Atlantic region, although they are 

not in sync.  Like the Late Archaic, Stewart (2004) notes similar cycles of trade visible in 

the archaeological record are not following the same trajectory with what is going on 

throughout the Ohio Valley and elsewhere, as mentioned above.  This may result in a 

wider chronological gap of Adena and Hopewell artifacts making their way into the 

region (Custer, personal communication 2012) because of the limitations presented by 

geographical boundaries.  It also appears very likely that while the Middle Atlantic did 

57



not have the appearance of a “Hopewell” or a “Mississippian” interaction sphere, it was 

not devoid of intensive interaction both between and among other native groups.

 Native populations in the Middle Atlantic and Northeast regions appeared 

environmentally buffered from other groups (Mouer 1991), but they did not exist in a 

vacuum.  Adaptions to newer environments (e.g., riverine) allowed for a cross linking of 

social groups who would engage in trade and exchange (Mouer 1991:9, Figure 3b).  

Group interactions did occur on both an informal and formal basis.  As increased 

demands on populations coincided with environmental changes, native populations 

effectively adapted to newer resource zones during the Late Archaic-Early Woodland 

transition and as such changed the patterns of interactions.  Sites of the Transitional 

period are relatively larger, with many more located along rivers and streams.  The 

intensification of fish and aquatic resources is exemplified in the large platform hearths of 

the Transitional period, especially in the middle and upper Delaware Valley (Mouer 

1991:23).  Furthermore, this reliance on water relates to heightened level of social 

intereactions with other groups located along these pathways.  This can be seen 

archaeologically in the increase in inter-group interaction, reciprocal exchange of non-

local exotic objects, control over certain resources used in trade and differential treatment 

of the dead.  This newly organized settlement system has the advantage of both allowing 

the seasonally larger sites to restrict mobility, while allowing those to leave to go on 

resource procurement missions (Dent 1995:205).
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3.3 Copper Artifacts in Regional Prehistory

 There are numerous sites containing copper artifacts within the Middle Atlantic 

region.  Copper artifacts are found in almost every state in the Middle Atlantic region, 

beginning in the Late Archaic and continue well into the Late Woodland period.  While 

this is not a comprehensive list by any means, the available published literature was 

examined to compile this list.  For the periods under study in this dissertation, Table 3.2 

lists sites that have been dated to either the Early or Middle Woodland periods.  There are 

a few sites in Virginia where copper has been identified, however those are Late 

Woodland-Contact Period sites and are not included here (MacCord and Buchanan 1980)

 The majority of the sites listed here are burials in which copper was part of the 

burial and where the site was published in a professional forum.  There are a couple of 

additional sites or artifact locations with copper that could have been included within this 

study; however, either they are no longer available or the provenience information could 

not be verified.  Examples of this are the Ferry site in Synder County, Pennsylvania, and 

the child burial at Tottenville, Staten Island, New York. 

 Cache 8 from Excavation 2 at the Abbott Farm National Historic Landmark 

contained 127 purple argillite Fox Creek blades.  Among those blades was a copper 

needle complete with eye hole, approximately 14 inches (35.56 cm) in length.  The blades 

themselves are described as being stacked neatly in eight layers (Cross 1956:68).  The 

copper pin was found between the fifth and sixth layer of blades.  The only other artifacts 

found in this cache was a water-rolled quartzite pebble near the center of the fourth layer.  

The cache itself, or at least the blades, is interpreted as being used for processing of fish.  
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The presence of a copper needle suggests that this is a “very special” cache.

 The Ferry Site (Gramley and Kunkle 2003) is a cremation burial site located 

along the west side of the Susquehanna River, below the village of Liverpool in Snyder 
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State Site Cultural Designation Reference

Delaware Frederica Site
St. Jones River Site

Delmarva Adena Thomas 1970, 1976

Maryland
Sandy Hill Site
Nassawango
West River Site

Delmarva Adena
Middle Woodland
Delmarva Adena

Wise 1974 Bastian 
1975

Thomas 1969, 1970

New Jersey

Canton Site
Rosenkrans Ferry Site 
Scott Site
Abbott Farm 

Middlesex Adena
Middlesex Adena
Middlesex Adena
Middle Woodland

Mounier 2003
Carpenter 1950 

Kraft 1976
NJSM files
Cross 1956

New York

Cuylerville Site - Burial 19 
Geneseo Mound
Killbuck Mound
Long Sault Island
Oberlander 2 Site
Palatine Bridge
Pickins Site
Sea Breeze - Burial 1 & 5
Squawkie Hill - Destroyed Mounds
Toll-Clute
Vandalia Mounds - Mound 1 & 2
Vine Valley
Vinette Site
Walsh Site
Wheatland Mound
Wray Site - Burial 5
Bluff Point Mound
Kipp Island
Muskalonge Lake
Rene Menard Bridge 1 & 2

Middlesex Adena
New York Hopewell
New York Hopewell

Middlesex Adena
Middle Woodland
Middlesex Adena
Middle Woodland
Middle Woodland

New York Hopewell
Middlesex Adena
Middle Woodland
Middlesex Adena
Middle Woodland
Middlesex Adena
Middle Woodland
Middle Woodland
Middle Woodland

Mid/Late Woodland
Middle Woodland
Middle Woodland

Ritchie 1965

Pennsylvania

Ferry site cache
Irvine Site - Mound 2
McConnell Site (36Lr5)
McKees Rocks Mound - Burial 26
Peters Creek Mound - Central Burial 
Area
Pollock's Hill Mound
Crall Mound, Greenman 56 - Burial 3
Sugar Run Mound - Mound Unit 3

Meadowood
New York Hopewell
New York Hopewell

Adena
Adena
Adena
Adena

New York Hopewell

Gramley and 
Kunkle 2003

Carpenter 1950b

MacConaughy 2012

Table 3.2 List of Early and Middle Woodland sites in Middle Atlantic region with copper artifacts.



County, Pennsylvania.  This cremation burial contained 250 Meadowood cache blades 

and 81 copper beads placed in what looked like a bark container.  Based on the diagnostic 

cache blades, this would put the site and the copper in the earlier part of the Early 

Woodland period (1200 BC - 700/600 BC) (Granger 1978a).  The site was originally 

identified by Mr. Les Knuckle, who then sold it to an unknown individual, whereby the 

copper and cache blades were dispersed and sold off.  Interestingly, another cache of 25 

Meadowood blades was found in 1956 not far from the location of the Ferry site (Staats 

1984:59).

 The last site is Tottenville, or Burial Ridge, located in Tottenville, Staten Island, 

New York.  This site was excavated by George Pepper, of Pepper and Heye fame, in 1895 

(Pepper 1893; Skinner 1909).  The artifacts and burial were examined by the author in the 

hopes of using some of the copper from this burial as part of the dissertation. 

Unfortunately, none of the copper was able to be located by myself or the AMNH 

collections manager.  The description of the artifacts and burial are worth noting in any 

case because they related to chronological placement and interaction among native 

groups in the region.  The site consists of a well-preserved single child burial (in-flesh), 

which is rare in the Middle Atlantic.  Second, this burial was highly adorned with many 

exotic goods, including a stone gorget, copper beads, a worked mica ornament, 

marginella shell beads, a quartz crystal, a lynx lower jaw bone and caches of lithics.  

 Previous researchers have suggested that this child burial dates to the mid-Middle 

Woodland or late-Middle Woodland based on the kinds of artifacts found with it 

(Jacobson 1960:53; 1980).  Furthermore, the artifact collection includes diagnostic 
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artifacts that actually may date this site to the Early Woodland Period.  Ritchie 

(1944:119-120) re-examined this collection and indicated that the assemblage has a 

number of attributes that put it in the Early Woodland Period, including a platform pipe, 

broad corner-notched point, large antler flaking tool and an extended burial.  He dated the 

site to the Point Peninsula phase, which he later included in the Transitional or Early 

Woodland times (Ritchie 1944:119; 1951; 1958:Figure 5).  In contrast, additional artifacts 

such as a rectangular gorget, a worked mica ornament around the neck, marginella and 

olivella shells and a smoky quartz crystal suggest ties to the Hopewell culture, therefore 

placing this site within the Middle Woodland period (Jacobson 1961).  It is interesting to 

note that the current author has obtained an AMS date on a section of the child’s femur, 

which clearly puts it in the late Middle Woodland period.  The sample came back 1400 + 

40 BP measured age, and Cal AD 420 to 600 (Beta 244537).  It is surprising that some of 

the artifacts placed with this child burial are similar to those mentioned for the Abbott 

Farm Burial 12 and artifacts found at Nassawango.  These two sites show the importance 

of not only conducting thorough background research but also, when possible obtaining 

many radiometric dates.

 Important to the current study is the geographical location of these other Early 

and Middle Woodland sites (Figure 3.3).  Most of the sites in the table align themselves 

along certain geographical areas or regions.  There are sites in New Jersey, Maryland and 

Delaware, and additionally, there are sites in Pennsylvania and New York.  Almost no 

sites are located within the central part of the Middle Atlantic region because there is a 

major obstacle — the Appalachian Mountains.  While the sites depicted on this map do 
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not comprise an exhaustive list of Early to Middle Woodland sites with copper artifacts, it 

does provide an understanding of site selection and importance of location, as well as 

trade and exchange routes in prehistory.  Considering this examination, it is possible to 

see the influx of Adena and Hopewell objects or ideas into the Middle Atlantic region — 

either through the Ohio Valley and into Pennsylvania and New York, then skirting down 

through New Jersey and the Chesapeake region, or up along the Piedmont and Coastal 

regions north toward New Jersey and beyond.
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Figure 3.3 Map of Middle Atlantic region showing locations of some Early and Middle Woodland 
sites with copper artifacts.



3.4 Summary

 There are a couple key points in this chapter that need to be emphasized.  First, 

within the Middle Atlantic region there exists adequate material resources for the 

manufacture of most artifacts, including lithic for stone tools and clays for ceramics.  

Second is that a number of different environmental zones and physiographic provinces 

exist within the Middle Atlantic region.  These aspects of the region create both natural 

barriers of isolation, as well as open areas of travel, which effect the kinds and types of 

interaction that can occur.  The nature and extent of interaction between groups in the 

Middle Atlantic region among themselves and within those outside changed over time.  

Beginning in the Transitional period, with an increased number of settlements and 

changes in their movement across the landscape, native groups within the region engaged 

in a higher level of interaction and exchange for a whole host of reasons (Custer 1983).  

As a result, there existed within this region a visual pattern of social communication 

based on ceramic data and mortuary ceremonialism, whereby different types and scales of 

exchange networks affected aspects of Middle Atlantic prehistoric society.
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CHAPTER 4: ARCHAEOLOGICAL SITES AND COPPER ARTIFACTS

A careful re-survey of many localities where ordinary Indian stone 
implements occur in abundance; and correspondence with collectors in 
various portions of New Jersey and Eastern Pennsylvanian ow convince 
me that the use of copper, as implements and ornaments,was much more 
common than I supposed, and that among our Delaware Indians were 
many coppersmiths.

     Abbott (1885:774)

4.1 Introduction

 The current chapter presents the archaeological sites and copper artifacts included 

as part of this study.  Sites are presented and described chronologically, beginning with 

the Early Woodland period and continuing through to the Middle Woodland period.  For 

purposes of this dissertation the dates for the Early and Middle Woodland periods follow 

Stewart’s (2003:6, 12) chronological framework (Table 4.1).  Other authors have issues 

establishing distinctive dates for certain periods because of the lack of radiocarbon dates, 

or periods not overlapping and a real problem defining a distinctive Middle Woodland 

period, which is why Stewart’s framework was chosen.  Each site, its history of 

excavation, type and kinds of copper artifacts, artifact analysis and radiocarbon dates 

associated with significant features are discussed (Table 4.2).  Finally, interpretations 

originally given for these sites are presented and discussed.

 Sites were chosen based of a number of factors.  Each of the sites contained a 

large number of copper artifacts to analyze, and the sites are situated in areas where no 

copper deposits have been identified as being used prehistorically.  They also contain 

many other non-local artifacts besides copper, which is an indication that the occupants 

of areas were active participants in exchange networks.  The sites also cover the time 
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periods of the Early and Middle Woodland, during which in the Middle Atlantic region 

sites exhibit both exotic and local artifacts, burial ceremonialism and nascent social 

complexity (Tables 4.1 and 4.2). 

4.2 The Rosenkrans Ferry Site

 The Rosenkrans Ferry site (28-Sx-21) is located in Wallpack Township, Sussex 

County New Jersey (UTM 501395.28m E, 4550076.70m N) (Figure 4.1).  The site is 

located in the Appalachian Highlands section of the Ridge and Valley Physiographic 

Province.  Geographically the site lies on a bend on the east side of the Delaware River, 

on a 50-foot bluff.  This bend in the river occurs about 900 feet to the south the site where 

the land takes a sharp dip to low flat ground with a series of knolls and ridges.  The soils 

on which the site are situated are part of the Chenango-Atherton-Braceville association, 

which are described as nearly level to very steep, well-drained to very poorly drained 

loamy soils on terraces (Fletcher 1975: General Soils Map).  The general soils that make 

up the site are Delaware fine sandy loam, 0 to 3% slopes, rarely flooded; Hazen-Hoosic 

complex, 3 to 8% slopes, very stony; Nassau-Rock outcrop complex, 35 to 60% slopes; 

and finally Udifluvents, 0 to 3% slopes, occasionally flooded.

 The Rosenkrans Ferry site has seen a number of excavations, beginning with Dr. 

Dorothy Cross (1941:132-143) working for the New Jersey State Museum (NJSM); she 

conducted excavations at the site in 1938 in two separate locations.  During the NJSM 

excavations, attention was given to depth of artifacts, features and other aspects of soil 
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deposition (e.g., red veins).  Cross’ “red veins” most likely relate to lamellae which are 

iron deposits in the soil that look like thin red veins, that accumulate over time.  Notes 

taken in daily field journals indicate that overall the site had a high degree of integrity.  

Significant portions of the site were examined during the excavations of amateur 

archaeologist Dr. Lewis M. Haggerty, a dentist from Hackensack, New Jersey, who 

excavated a single burial with copper beads (Cross 1945:4-5).   Dr. Haggerty returned to 

the site in 1947, excavating an additional 11 burials (Figure 4.2).  Of the 13 burials, four 

were cremated, one was not determined and the remaining were in flesh burials (Kraft 

1976:41, Table 1).  Herbert Kraft (1976) produced a detailed publication of all the 

previous archaeological work conducted at this site.  Kraft (1976:11) indicated that 
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Figure 4.1 Aerial view of the Rosenkrans Ferry site in Sussex County.



Haggerty took detailed notes of his excavation, indicating depth of artifacts and soil type 

as they were encountered. Of the total 12 burials, nine contained copper beads either in 

tube or round form (Figure 4.3), and one burial had a large copper boatstone.    Most of 

the artifacts recovered during the New Jersey State Museum excavations at Rosenkrans 

Ferry from non-burial contexts included steatite gorgets, fragments of steatite bowls or 

pots, an atlatl fragment, and steatite tempered sherds (New Jersey State Museum files).  

Kinsey (1972:450, Figure 122) reports a platform pipe made from non-local Virginia or 

Ohio Valley anhydrous gypsum recovered from the site now in a private collection, 

attributing it to the late Point Peninsular or Middle Woodland (ca. 700/600 BC - AD 200) 

occupation.  
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Figure 4.2 Site map showing location of excavated burials at Rosenkrans Ferry site (used with 
permission of the Eastern States Archaeological Federation from Kraft 1976: 13).



 There have been two radiocarbon dates associated with the Rosenkrans Ferry site.  

The first radiocarbon date came from Burial #5.  A sample was submitted to the DICAR 

Radioisotopes Laboratory, Cleveland, Ohio, and yielded a radiocarbon date of 2400 ± 60 

years BP (DIC-407).  The second sample came from charcoal from Burial #9 and was 

submitted for radiocarbon testing at the Yale Radiocarbon Laboratory (Carpenter 1950a:

298-303; Kraft 1976:31).  That sample yielded a date of 2560+120 years BP (Y-1384) 

(Ritchie 1965:203).  Because of when these samples were originally submitted, both of 

these dates were subjected to the IntCal 9 program for calibration of uncalibrated dates 

because of the fluctuation of the level of atmospheric radiocarbon.  These dates were 

reanalyzed by Beta Analytic, Inc. and are included in Appendix B of this dissertation.  

The date obtained by Ritchie (1965:203) was calibrated using IntCal 9 returning a date of 
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Figure 4.3 Copper beads from Rosenkrans Ferry, Burial 12.



Cal BC 760-380, and the date obtained by Kraft (1976:23) returned a calibrated date of 

Cal BC 970-390.  

 Copper beads from these and other burials were examined as part of this study.  

More specific interpretations of burial grave goods are given, as they have implications 

for the age of the burials and for the exchange of distant objects.  Copper beads from 

Burials 2, 3, 4, 5, 9, 10 and 12 were tested as part of this analysis.  Further work is being 

carried out on a comparison of the burials with copper and the goods from non-copper 

burials and will be presented in a forthcoming publication.

 Burial 2 contained a copper boatstone with a bead made of the columella of a 

snail shell wedged inside.  There were also four Cresap-like points of Onondoga flint 

included with the burial (Kraft 1976:18) (Figure 4.4).  Also included with this burial were 

both tube and round “ring” beads.  Burial 3 contained no artifacts except for copper 

beads.  Interestingly, this burial had a slate slab placed over the top of the burial.  It 

consisted of an adult male and an infant, whose bones were heavily stained with copper.  

Considering the analysis of the human remains which were not cremated and missing 

certain bones, Kraft (1976:21) was led to believe that these represent “prior reburial or 

exposure, followed by reburial with grave goods.”  Burial 4 contained a young adult and 

child uncremated.  Copper tube beads, a copper boatstone with shell embedded inside and 

a blocked-end tube pipes were recovered from this burial.  No diagnostic lithic artifacts 

were identified from this burial.  At the top of Burial 5, a mass of charcoal, ash and 

burned earth similar to that in Burial 4.  Within this mass was contained the majority of 

the copper beads, possibly covered with bark.  This burial also contained an atlatl 
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fragment, fabric, and conch columella beads.  A large copper celt was also included 

within this burial as well as a banded slate gorget.  Both a non-cremated adult and an 

infant were identified as being within this burial.  No lithic artifacts were associated with 

this burial.  

 Burial 9 contained the cremated remains of a young adult.  This burial also 

contained a keeled boatstone, a steatite cone and 9 corner-notched projectile points of 

Onondoga chert which Kraft (1976:32) didn’t identify but did state they were 

contemporaneous with the Cresap-like points from Burials 1, 2, and 10 (Figure 4.5).  

Kraft had nothing to base this on except the very early date at which he attributed the 

points to be “heirloom” associated with the burial as a holdover from an earlier time.  

Considering point typology and comparisons with other corner-notched points, they have 

some affiliation with Susquehanna Broadspear points (Ritchie 1961:111, Plate 31; Wall et 
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Figure 4.4 Cresap-like projectile points found with Rosenkrans Ferry, Burial 2.



al. 1996:123, Plate 25).  This association then would tentatively date this burial to the 

Transitional Archaic period, which would fit the earliest radiocarbon date.  

 The last two burials associated with the Rosenkrans Ferry site, and from which 

copper beads were tested, are Burials 10 and 12.  Burial 10 had an uncremated adult and 

an infant burial along with cremated blocked-end tube pipes, covered in red ochre.  A 

weasel skull was situated on top of the mass of tube pipes and human bones from this 

burial.  Also from within this burial feature was a greenish-grey banded slate boatstone 

likely derived from western New York or Ohio.  Two drills and one blade were recovered 

from this burial.  The blade is the third from the left on the bottom in Figure 7.6 and 
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Figure 4.5 Untyped corner notched points found with Rosenkrans Ferry, Burial #9. 



resembles a Meadowood blade (Granger 1978a), which would put this burial in the early 

part of the Early Woodland period (ca. 1200 BC).  Very close to Burial 10, in a possible 

separate pit, was a slate gorget and a cache of projectile points that Kraft (1976:36, Figure 

15) referred to as Cresap-like.  So it is not definitive that these points came from Burial 

10 (Figure 4.7).  Burial 12 contains a charcoal mass on top of the uncremated remains of 

a young child.  Copper ring and tube beads similar to those found in Burials 2 and 4 were 

identified (Figure 4.8).  The only other artifacts recovered within this burial were around 

90 Olivella shell beads.  

 On a side note, some of the more interesting burials found at the site were Burials 

3, 4, 5, 10 and 12 which contained Olivella shell beads.  These burials were the only ones 

that contained shell beads, both Olivella and Marginella (Figure 4.9) and Columella 

(whelk) (Table 4.3).  Shell beads like these have been seen as exotic trading items at both 

Adena and Hopewell sites (Kozuch 2002; Trubitt 2003).  Kraft (1976:38) notes that the 

Olivella shells from child Burial #12 were examined by Shirley Albright of the New 

Jersey State Museum, Bureau of Natural History, who determined them as Minute Dwarf 

Olive variety (Olivella minuta), a shallow water gastropod whose range is typically 

confined to Florida and the West Indies.  All of these burials contain infants or middle to 

young adults, and there are numerous archaeological and ethnohistoric references to the 

significance of lavish goods, including shell being placed with infants or children (Hall 

1997; Hayden 1995) and especially with children in the Delaware Valley (Cushman 

2007:153). 

 Many have offered up their interpretations of the this site.  Early on, Carpenter 
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Figure 4.7 Cresap-like projectile points from pit near Rosenkrans Ferry, Burial 10.

Figure 4.6 Points found with Rosenkrans Ferry, Burial #9.  Red circle is around 
Meadowood-like point. 



(1950a:313) stated that “the artifacts reveal a comparatively ‘pure’ Middlesex station, 

although it should be noted that well over half of the objects would be equally at home on 

Point Peninsula or Hopewellian sites.”  This means that stylistically these artifacts could 

be Middle to Late Middle Woodland.  Originally defined by William Ritchie (1937, 1944, 

1980:201-204), and then by Ritchie and Dragoo (1959, 1960) the Middlesex focus (not 

Phase) is an infusion of Early Woodland Ohio Adena groups bringing cultural elements 

(i.e., blocked-end tube pipes) that are assigned to mostly burials that lack habitation 

areas.  The Point Peninsular culture was also defined and further refined by Ritchie 

(1980:205-208) as he removed Meadowood from his earlier definition.  This new culture, 

he states, consists of “pseudo-scallop-shell, dentate, complex-dentate, and rocker-
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Figure 4.8 Large copper ring beads from Rosenkrans Ferry, Burial #12.



stamped (pottery) styles” (Ritchie 1980: 206).  This marks the beginning of the Point 

Peninsula culture of the Middle Woodland period.

 Later in his article, Carpenter believed that it was part of the Middlesex tradition 

being “introduced by an actual migration stemming out of the northern Mississippi Valley 

and sweeping northeast via the Ohio and Allegheny Rivers” (Carpenter 1950a:313).  

William Ritchie (1965:204) described the Rosenkrans site as being within the Middlesex 

‘focus’ of the Early Woodland period based on a number of Adena-like attributes 

(Carpenter 1950a:298-303; Ritchie 1965:210-214; Ritchie and Dragoo 1959:46), 

including blocked-end tubular pipes, the leaf-shaped discoidal shell bead, copper beads, 

copper awl with rectangular cross section and boatstones.  

 Similar to Carpenter, Kraft (2001:172-176) had much to say about the Rosenkrans 

Ferry site.  Kraft believed that the site was an Adena-related Middlesex site and the burial 

of these individuals was initially done elsewhere.  Kraft’s (2001:175) interpretation about 

the people of Rosenkrans was that they were lavished with gifts that are a “testimony to 

the far-flung trade networks in existence in Early Woodland times.”  Custer (1996:242) 
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Burial # Kind of Burial age shell # of Copper beads

3 Middle adult
infant

40/50
6mo. 9 Columella 19

4 Young adult 15/30 1 Columella 20 including boatstone

5 Infant 6mo. 5 Columella 349, +1 copper celt

10 Middle adult

Infant

35/45

6mo.

Necklace
Columella

21

12 Child 9 90 Olivella 106

Table 4.3 Rosenkrans Ferry burials with shell (adapted from Kraft 1976).



attributes the Rosenkrans site as an isolated and specialized local mortuary ritual of the 

Middlesex phase.  Mounier (2003:175) also notes the solitary nature of these mortuary 

sites along with the absence of any habitation site that may be associated with it.  

Considering analysis of the Rosenkrans Ferry materials and its relationship to other 

Meadowood and Middlesex related sites, Custer (1996:243) noted that this area could be 

peripheral to the core area of specialized exchange systems of the Delmarva Peninsula.  

Rosenkrans Ferry and other sites are located along major river systems, which provided 

easy communication paths from which to exchange exotic goods, and which may have 

been held in tight control limiting their disposal only to burials (Mounier 2003).  This is 

completely believable considering the location of Rosenkrans and most Adena-
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Figure 4.9 Olivella shell beads from Rosenkrans Ferry, Burial #12.



Middlesex, Delmarva-Adena mortuary ritual sites (Custer 1987; Grossman-Bailey 

2001:270; Mounier 1981; Thomas 1971), which are located on high ground with well 

drained soils overlooking major river or waterways.  However, there is still a major 

habitation component to the site as evidenced by the Cross (1941) excavations, which 

could be related to the mortuary site.

4.3 Abbott Farm National Historic Landmark

 The Abbott Farm National Historic Landmark site (28-Me-1) is located in 

Hamilton Township, Mercer County, New Jersey (UTM 523338.76m E, 4448989.87m N) 

(Figure 4.10).  This site was made famous during the later half of the 19th-century when 

the debate over Early Man in North America was raging.  At the center of that debate was 

Dr. Charles Conrad Abbott (1881), who lived at the Abbott Farm and collected prehistoric 

artifacts dating from the Paleoindian to Contact Periods.  The site complex is located 

within the Inner Coastal Plain both on a high bluff and lowlands overlooking tidal marsh 

created by a number of tributaries of Crosswicks Creek as it enters into the Delaware 

River.  The main soils on the site are described as sandy and silty land steep; Udorthents, 

gravelly substratum, 0 to 8% slopes; Urban land-Galestown complex, 0 to 5% slopes; and 

Urban land-Sassafras complex, 0 to 5% slopes.  

 The focus of this study incorporates two separate set of excavations one carried 

out by Dr. Dorothy Cross, and the other by amateur archaeologist Norman Lister (Figure 

4.11).  Initial investigations at Abbott Farm Excavation #2 were carried out by 

avocational collector Mr. Norman Lister, who lived within 500 feet of the Abbott Farm.  
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In 1934, Mr. Lister began digging out a burial containing one adult and two infants, with 

a refuse pit above the burial and a surrounding fire pit (New Jersey State Museum files 

1968).  The burials exhumed by Lister were not cremated but in-flesh.  During an 

examination of the Lister collection by the author only one infant tooth was identified.  

From within the burial itself, a 50-inch long string of native copper beads along with five 

drilled shell beads was recovered (Figure 4.12).  While Lister does not indicate the 

location of the “fire pits” that are nearby the burial, they are probably related to the larger 

burial itself, and the refuse pit above.  According to the New Jersey State Museum files, 

as there were no excavation notes in the file, Lister’s general excavation (burial and 

refuse pit above) contained traces of red ochre, fragments of mica, one jasper, one jasper 

80

Figure 4.10 Map showing location of Abbott Farm site where burials were identified.



retouched flake scraper, one pitted hammerstone, two argillite blades, five fragments of 

split animal bones and 39 net-impressed and paddle-corded potsherds (Cross 1956:2).  It 

appears that Cross re-excavated a portion of Lister’s pit and found additional material or 

found another burial pit with these listed remains (Figure 4.13).  Documentation in the 

Lister file at the New Jersey State Museum indicates that Dr. Dorothy Cross, excavated a 

multiple burial, nearby the one which had been reported by Norman Lister.  

 Dorothy Cross, State Archaeologist at the New Jersey State Museum, indicated 

the Lister burial during her own excavations as part of the larger Excavation 2 (Cross 
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Figure 4.11 Excavation map of Abbott Farm complex, showing Lister dig and Cross’ excavation 
locations (used with permission of the New Jersey State Museum).



1956:13).  At about 57 inches below ground surface on a hard clay bottom, cremated 

human bone was encountered, which was labeled Skeletons 12a-d, Pit 55.  Additionally, a 

number of copper objects and beads, as well as three copper boatstones, were all covered 

in red ochre in the soil around the feature.  Cross (1956:63) describes the burial in the 

following manner

Cremation burial of at least four individuals. Bones broken in 
small pieces, scattered over a 1’2” thick layer of hard, burned 
earth with brown soil mixed with charcoal particles above. 
Bottom of layer was 5’11” from surface and it extended over a 
17’ x 9’ area. A thin layer of powered red ochre covered the 
bones and this was overlain by a 1” layer of charcoal.  A ‘red 
vein’ extended over part of the burial. Animal bones and 
artifacts were scattered except for a concentration of copper 
beads in a 3” band below the burned earth and four strands 
encircling a disarticulated wrist. Points. A:arg-2; B-chal-4, 
qu-2. Other artifacts. 1 slate pendant; 3 copper boatstones; 
1000+ copper beads; two copper problematicals.

 A copper disc-like object was also found as part of this burial, and was later tested 

by Ms. Britton (1967) as part of her Master’s thesis.  One very intriguing copper artifact 

is a hemispherical piece of native copper (Cross 1956:121).  “Copper ‘skull’ is the name 
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Figure 4.12 Photograph of copper beads from Abbott Farm, Burial #12.



given to rare geological specimens formed when copper was deposited around pebbles 

and cobbles.  When the pebbles/cobbles were removed, a bowl-like copper specimen was 

left somewhat resembling an incomplete human calvarium" (Hruska 2000; Neiburger 

2002).  Additional artifacts include a one-holed gorget made out of gneiss, a Hornblende-

Orthoclase-Quartz-based stone that was identified during the excavation trench wall 

cleanup (Figure 4.14).  This kind of material could have come from any metamorphic 

terrain, including the Wissahickon Formation of the Trenton area as well as Pochuck 

Formation in the Lake Hopatcong region (David C. Parris, personal communication 

2012).  There was only one biface blade excavated from this feature.  This is a clear 

example of what appears to be Mistassini quartzite knife blade.  This lithic material lacks 

the minute black flecking that is typical of Ramah chert and has more affiliation with the 

material of the Mistassini quartzite from the Lac Albanel quarry site in north central 

Quebec, Canada (Dr. Stephen Loring, personal communication 2007), over 1,700 

kilometers from Trenton, New Jersey! 
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Figure 4.13 Profile drawing showing Excavation #2, Burial 12, Pit 55 (used with permission of the 
New Jersey State Museum).  Also shown is the area of Norman Lister’s excavation.



 There were three copper gorgets also recovered from Burial #12 (two pictured 

here Figures 4.15, 4.16).  All three were differing sizes and shapes.  Interestingly, 

throughout the excavations conducted at the Abbott Farm during the 1930s, over 30 

caches of artifacts were identified.  These caches included objects like blades, scrapers, 

rejects, blanks, flakes, raw materials and miscellaneous materials (Cross 1956:68-71).  

Most of the miscellaneous objects consisted of axes, hoes, and netsinkers.  One cache, 

mentioned above, was Cache 8, recovered from Excavation 9, consisted of 127 Petalas 

blades of purple argillite.  These Middle Woodland Fox Creek like implements were in a 

nicely stacked pile with a 14-inch (35.56 cm) long copper needle inserted in the middle of 
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Figure 4.14 Photograph of pendant from wall of 
Burial #12 at Abbott Farm.



the cache (Cross 1956:Plate 14a).  

 Radiocarbon dates were obtained on charcoal (radiometric) from this feature.  The 

two radiometric dates from the charcoal were Cal BC 380-200 (Beta-326785) and Cal BC 

350-110 (Beta-326786) (Appendix B).  These dates help secure the time that this burial 
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Figure 4.15 Photograph of one of the copper gorgets from Burial #12 at Abbott Farm.

Figure 4.16 Photograph of second copper gorget from Burial #12 at Abbott Farm.



was deposited thereby clearly associated it with the Middle Woodland period (Stewart 

2003:12). 

 Chronological/cultural relationships between the remains that Lister excavated 

and Cross’ burial 12 are quite interesting.  No diagnostic lithics, except the biface blade 

of Mistassini quartzite, were recovered from Cross’ excavation, although a small pottery 

fragment was recovered.  A number of pottery sherds were identified within the Lister pit 

above the burial (Figure 4.17).  These sherds have Abbott Zoned Incised and Abbott 

Zoned Dentate designs which have been dated to the early part of the Middle Woodland 

period.  The diagnostic lithics from Lister’s excavation can be chronologically placed 

within the Early to Middle Woodland (Figure 4.18).  There are lithics that can be typed as 

Fox Creek Lanceolate (C) and Fox Creek blade remade into a drill (A) and some that 

could be holdovers like Poplar Island (G).  Considering these were placed in a pit nearby 

the cremation burial, it affirms a chronological separation between the two features.  

Because of this relationship between the Lister and Cross excavations, it was decided that 

copper from each excavation would be tested and treated separately.  In treating copper 

from each excavation separately, we can analyze the artifacts to see if the elemental 

composition is different or if there are similarities between the two.  Therefore, an 

examination of this relationship, if it exists, can be quantified.

 Most of the interpretations of this feature have been that it dates to the Early 

Woodland Period as part of the Middlesex phase.  Cross, in her 1956 publication of the 

Abbott Farm excavations, indicated that, based on the artifacts, an Early Woodland 

designation was probably correct.  However, Dr. Janet Pollak (1971:115-116) has 
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Figure 4.17 Abbott Zoned Incised and Abbott Zoned Dentate ceramics found in refuse pit above 
Abbott Farm, Burial #12.



described this burial as relating to the Middle Woodland, period closely associated within 

a Hopewellian context.  Kraft (2001:177) glanced over this site in his writings, 

mentioning that it contained burials of the Middlesex period, like those at Rosenkrans 

Ferry.  Mounier (2003) as well discusses it as part of the Middlesex focus of the Early 

Woodland period.  He states that the evidence of these exotic artifacts, especially 

Mistassini quartzite and copper, attest to the Early Woodland trade networks.  At the time 

of those earlier writings, no 14C or conventional dates were run to provide an any dates, 

especially on the Abbott Farm complex.  Presently, this burial is likely related to 

Middlesex/Delmarva Adena phenomena of the Middle Woodland period context as 

suggested by Stewart (1982:27) and others (Cross 1956:62; Kraft 1976; Pollak 1971; 

Thurman 1978; Williams and Thomas 1982:113-114).  
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Figure 4.18 Lithic artifacts found with the Lister excavation burial.
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4.4 Nassawango Creek

 The Nassawango Creek site (18WO23) is located in Worcester County, Maryland, 

along Nassawango Creek, the largest tributary of the Pocomoke River and southeast of 

the town of Salisbury (Figure 4.19).  The site, discovered in March of 1973 by two 

amateur archaeologists, is located on a sand dune 15 meters from Nassawango Creek.   

The site is located within the Delmarva Peninsular region of the Atlantic Continental 

Shelf Province, in the Salisbury Plain District.  This district is described as broad lowland 

plain, little modified by erosion, with widespread aeolian sand sheets and low-amplitude 

sand dunes, fluvial sands, and marine back-barrier and lagoon muds (NRCS 2012).  The 

site is situated on Galestown soils, which are rather coarse in texture and very well 

drained.  This sandy soil suggests an age of stability at about 2,000 before present, which 

would allow for consistent prehistoric occupation (McCarthy 2007:9).  

 Of particular importance to this study is the large feature pit where a number of 

the burials were located.  These burials contained the cremated and partially cremated 

and interred remains of about four individuals.  Most of the burials were from an area that 

contained a number of other burial features identified by the archaeologists (Figure 4.20 

and 4.21).  The burials were identified by Owsley (1991) at the Smithsonian, who 

indicated that the first burial was an adult female approximately 13-24 years old; the 

second was a small child about 2.5 to 4 years old; the third was an infant 6 months to 1 

year; and the final and fourth burial was identified as a child 4 to 6 years old.  It is 

assumed, based on the examination of the artifacts and field notes, that this was one large 

feature that included a multiple burial.  The main reason for this interpretation is the fact 

89



that all the levels of each separate feature seem to overlap at some point and blend into 

each other, indicating that the feature was either dug at the same time or redug a number 

of times throughout a set period.  

 Associated material from the Nassawango site include 1,987 tubular and round 

copper beads found both individually and within strands (Figure 4.22).  Other artifacts 

include 388 red ochre fragments, five drills and one broken banded slate pendant very 

similar in shape and form to the one from Abbott Farm.  Feature 6, which is the larger pit 

within which Feature 1 was located, contained fabric preserved by copper salts, a banded 

slate pendant, a large copper pendant, a copper paint cup, copper beads, and crushed-

quartz tempered pottery.  It is interesting that, like Rosenkrans Ferry and Abbott Farm, 
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Figure 4.19 Map showing location of the Nassawango site.
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Figure 4.20 Field drawing of burial features at the Nassawango site (Maryland Archaeology 
Laboratory files).

Figure 4.21 Field drawing site plan showing multiple features and artifact locations (Maryland 
Archaeology Laboratory files).



the majority of these burials are children with some infants.  The copper pendant 

measured 11.6 cm in length, 6.2 cm wide at the base and 4.3 cm wide at the top.   This 

pendant was also very thin with an overall thickness of 0.2 cm.   A close examination by 

the author of this object revealed that it was constructed of thin sheets of copper folded 

over on itself and hammered thin.  The slate gorget measured 9.8 cm in length and 4.8 cm 

wide at the base and 4.45 cm wide at the top.  Its overall thickness was 1.3 cm.  This 

pendant is identical to the one found at the Abbott Farm Burial #12 except for lithic type.  

The copper paint cup was also a very interesting object.  It was 2.3 cm in height, 5.7 cm 

in diameter and 0.2 cm thick all the way around the rim.  Upon examination, this artifact 

appeared to also be constructed of folded-over thin sheets of copper.  To create the shape 

of this object, it must have been molded over a piece of carved wood or some other hard 
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Figure 4.22 Copper beads from Nassawango site.



surface and then hammered into shape.  (Photographic permission has not been granted at 

this time so images of these objects are not included in this dissertation.)

 Tyler Bastian and Cara Wise submitted wood charcoal samples from this burial 

feature to the Radiocarbon Laboratories at the Smithsonian Institution in Washington 

D.C. (Bastian 1975) (Appendix B).  Sample SI-2188 was wood charcoal from Feature 1, 

taken from 75 cm below surface.  This feature was a burial pit containing charcoal, red 

ochre, burned bone, cord-marked pottery of crushed-quartz temper, stone flakes and 

copper beads.  This sample was from same depth as top of Burial 3 and immediately 

above Burial 2.  The second sample submitted to the Smithsonian for testing was SI-2189 

charcoal also from Feature 1 but at about 50 cm below surface.  The third sample SI-2190 

came from charcoal from Feature 6, which surrounded Feature 1.  The sample was taken 

from a depth of 90-100 cm below surface.  Feature 6 is described as a bowl-shaped pit 

containing burned bone and an in-flesh burial partially preserved by copper salts, 

associated with banded slate pendant, copper paint cup, fabric, copper beads and cord-

marked pottery of crushed-quartz temper.  The original radiocarbon submission sheets 

were sent to Beta Analytic, Inc. (Miami, Florida) for recalibration using the IntaCal9 

program that uses up to date calibration curves (Appendix B).  Table 4.4 shows all the 

dates including Nassawango and their more modern equivalent.  Pottery similar to 

“exterior corded/interior smoothed, generalized side-notched points, and/or contracting 

stemmed Rossville points” were found in two of the four burials (Wise 1974).  Additional 

points were identified from this burial feature and some are typologically from a time 

earlier than the radiocarbon dates (Figure 4.23A-E).  While Figure 4.23A looks Rossville 
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or Poplar Island-like, 4.23B and D are similar to Bare Island or Lamoka (Ritchie 1961).  

Figure 7.20C is a metarhyolite point similar in shape to Piney Island or Custer’s 

Woodland I type points. Lastly, Figure 4.23E could be considered a Teardrop point.  

These points clearly represent the extreme variability in point assemblages which may 

have been used contemporaneously which both Custer (1996:227-228) and Stewart 

(1984:19) mention occur from the Late Archaic to the Middle Woodland.  Stewart 

(1984:35) even notes the rarity of metarhyolite on coastal sites, which Figure 4.23C 

above refutes.  Clearly point typologies have their issues and shouldn’t be used as the 

definitive answer in dating occupations.  The author is currently working on submitting a 

grant to obtain permission to date additional charcoal samples from the Nassawango 

feature.

 Thomas (1971, 1973) interpreted the site and its copper and other exotic artifacts 

as being the result of intense social interactions with midwest groups through trade.  He 

(Thomas 1973) stated that there are intricate sets of trade routes based on the fact that if 

the Adena influence in the Chesapeake region originated from midland Adena peoples 

who had migrated there, sites in the Chesapeake Bay area would be much more 

consistent with those sites in the midlands, which they were not.  He therefore suggested, 

instead, that the cultural influence from the midland Adena culture came through 
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Site Feature Sample Conventional 
(BP)

Calibrated 
2 sigma

Nassawango Feature 1
Feature 1a
Feature 6

SI-2188
SI-2189
SI-2190

2440 + 100
2190 + 70
2190 + 100

Cal BC 800 to 260 
Cal BC 400 to 50

Cal BC 400 to Cal AD 20
Recalibration conducted by Beta Analytic, Inc.  See Appendix B for additional information on radiocarbon dates.Recalibration conducted by Beta Analytic, Inc.  See Appendix B for additional information on radiocarbon dates.Recalibration conducted by Beta Analytic, Inc.  See Appendix B for additional information on radiocarbon dates.Recalibration conducted by Beta Analytic, Inc.  See Appendix B for additional information on radiocarbon dates.Recalibration conducted by Beta Analytic, Inc.  See Appendix B for additional information on radiocarbon dates.

Table 4.4 Nassawango radiocarbon dates. 



interactions of the different cultures, which would have allowed the spread of some of the 

Adena artifacts.  It is worth noting that Nassawango must have been involved in the 

exchange networks within a larger region as the point in Figure 4.23C is made of 

metarhyolite which originates at a distance of about 200 miles away from the site.  The 

Nassawango burial feature based on the radiocarbon dates represents the Delmarva 

Adena cultural complex similar to that stated for the Adena/Hopewell Middle Woodland 

of the Abbott Farm Complex.
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4.5 Summary

 These three sites under discussion have a number of things in common.  All have 

multiple burials associated with them.  All have copper in some form or another, along 

with other exotic items, i.e., shell, exotic lithics, buried with the individuals.  

Interestingly, the Early Woodland burials had a wide range of ages from infant to older 

adult; while all the Middle Woodland burials appear to range in age from infant to middle 

aged adult.  Since it was an important part of this study to examine the copper associated 

with these burials, this study examined a combined total of 485 individual copper 

artifacts from these sites.  There were a total of 87 copper artifacts tested from the Early 

Woodland site of Rosenkrans Ferry.  There were a total of 116 from the Middle Woodland 

site of Abbott Farm NHL and 90 from the Lister excavation that were also tested.  

Finally, a total of 192 copper artifacts from the Middle Woodland site of Nassawango 

were tested.  All these artifacts ranged from small round beads to tube beads and large 

ring beads, and then a copper skull and copper boatstones.  The time frame within which 

the copper was recovered spans the Early Woodland (1,200 BC - 700/600 BC) to the 

Middle Woodland periods (600/400 BC - AD 200) (Stewart 2003:6, 12).  The cultural 

complexes that have been identified with these burials are the Middlesex/Adena to Fox 

Creek.  

 It may be worth noting at this point that our notions, especially in the Middle 

Atlantic, of Adena chronology may be a bit off base.  McKnight (2007:15) places Adena 

in Ohio at BC 500 to cal AD 1 in Ohio (Seeman 1986:566-567) and ending within the 

first couple of centuries AD, in Kentucky well into the Middle Woodland (Clay 1998:1; 
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Dragoo 1976:2; Milner 2004:54).  Additionally, there have been many Adena-like 

artifacts reported from the Delmarva Peninsula, New Jersey, New York, Pennsylvania and 

even the Maritimes of Canada (Bourque 1994; Carpenter 1950b; Clermont 1978; Custer 

1996; Farnsworth and Emerson 1986; Heckenberger et al. 1990; Kraft 1976; Lowery 

2012; Mounier 1981; Perkins 1873; Ritchie 1937; Ritchie and Dragoo 1959; Rutherford 

1990; Turnbull 1976; Wintemberg 1928).  Thus, the traditional correlation of Early 

Woodland with Adena, and Middle Woodland with Hopewell that many Middle Atlantic 

archaeologists, may be inaccurate and need to be refined, as they apply to the Middle 

Atlantic region as seen in Custer’s culture complexes (Table 4.5).  Custer (1996:254) 

states that Rosenkrans Ferry appears as an anomaly or isolated occurrence in the Upper 

Delaware region.  The site exhibits complex burial ceremonialism during the Early 

Bushkill Complex along with similar artifacts at Adena sites in Ohio (Custer 1996:253; 

Maxwell 1952), the Delmarva Peninsular (Custer 1987; Thomas 1969, 1970) and New 

York State (Ritchie 1965:201-205).  Custer notes that the Rosenkrans Ferry assemblage is 

smaller than those seen in the Delmarva (Custer 1987, 1996) but larger than those in 

southern New Jersey (New Jersey State Museum files; Mounier 1981, 2003) and the 

Susquehanna drainage (Smith 1972, 1979).  This may be a result of geography and 

existing trade and exchange paths.  The Rosenkrans Ferry site had a couple of burials that 

appeared directly associated with some “typical’ Adena artifacts, i.e, blocked-end-tube 

pipes and panpipes (Turff 1997).  Other burials at the site lack these types of artifacts and 

might be misinterpreted as Middle Woodland burials.  The variety of burial types and 

goods at the Rosenkrans Ferry site may be a result of continual burying activities at the 
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site, giving it an extended occupation.  Considering the extensive excavations at the site, 

recovering artifacts such as soapstone bowls, steatite tempered pottery and other Early 

Woodland artifacts (Cross 1941:132), it is possible that the site was not so isolated at all.  

It is very intriguing to hypothesize this mixture of exotic Adena and more local artifacts 

as indicative of exotic goods obtained through different exchange networks in operation, 

which are then combined into one assemblage for burial ceremonialism purposes (Custer 

1996).

 Similar circumstances surrounded Burial 12 at the Abbott Farm NHL.  Most 

scholars have interpreted this burial to be of the Middlesex complex (Cross 1956; Custer 

1996; Kraft 1976, 2001; Mounier 2003); however, as seen by the radiocarbon dates, this 

98

DATES &
PERIODS

CHRONOLOGY OF 
TRADITIONAL PHASES

UPPER DELAWARE
VALLEY

MIDDLE 
DELAWARE

VALLEY
E

ar
ly

W
oo

dl
an

d
M

id
dl

e
W

oo
dl

an
d Abbott  Complex

Late Bushkill
Complex

Early Bushkill
Complex

Williamson
Complex

1000 AD

0 AD

1000 BC

Hunter’s
Home Phase
(Late Point
Peninsula)

Early Kipp
Island

(Middle Point
Peninsula)

Kipp
Island

Early Point
Peninsula

Orient

Meadowood
Bushkill

Middlesex

Table 4.5 Early and Middle Woodland Culture Complexes (taken from Custer 1996: 253).



feature is clearly in the Middle Woodland Period, associated with the Abbott Farm 

Cultural Complex.  This burial typifies a minor mortuary site (Custer 1987a:37) with 

distinctive Adena artifacts, including a large Mistassini quartzite blade.  Large Middle 

Woodland occupations have been identified throughout the Abbott Farm complex (Wall 

et al. 1996), including numerous caches of bifaces and pits with remains of riverine 

resources (Cavallo 1984; Volk 1911).  Stewart (1985) has suggested, based on the 

ceramic evidence, that extensive camps were used both on bluff and riverine settings.  

The Abbott Farm complex may have been an area where both Stewart’s (1994:87) 

focused and broad-based exchange were simultaneously operating, as we have evidence 

of both exotics and local materials.  These types of exchange may have been taking place 

on a more regular basis and on a higher scale than previously thought.

 The Nassawango site is considered a minor mortuary site, like the burial at Abbott 

Farm, based on the number and type of individuals (Custer 1987a:37).  The site included 

typical Adena artifacts like copper beads as well as a copper paint cup and banded-slate 

gorgets (Bastian 1975; Wise 1974), which would put this site in the Delmarva Adena 

(Early Woodland) complex.  The assemblage at this site is extremely variable in 

comparison to Thomas’ (1970:84-85) artifact inventory.  This mortuary site contains 

mostly copper beads, a copper pendant, one stone gorget and a copper paint cup, along 

with some potsherds and a number of “early” projectile points.  As mentioned above, the 

one stone gorget from Nassawango is extremely similar to the one from the Abbott Farm 

burial.  As part of his thorough analysis of a number of Delmarva Adena sites, Thomas 

(1969) notes a couple of points worth mentioning.  He thought that more than one 
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cultural manifestation was involved in the creation of these sites, or that there were 

different cultural separations, which could indicate repeated visits to the site for future 

offerings of grave goods.  Additionally, Thomas (1969:13-14) noted differences in artifact 

treatment, which does not occur at Nassawango, nor Abbott Farm, and the differences in 

individual burial treatment, as in the case of juveniles and infants at both sites.  Given the 

assemblage and site similarities between Nassawango and Abbott Farm, along with the 

radiocarbon dates, it appears that these sites would be better suited to the early to middle 

part of the Middle Woodland period.  Table 4.6 shows the sites included in this study, 

their radiocarbon dates and cultural period designation.

 To summarize, the sites included as part of this study all have their variety of 

interpretive problems.  Whether it involves limited contextual information, variability in 

typological lithics, inadequate or differential radiocarbon dates, or differences in total 

artifact assemblages from other culturally affiliated sites, what is of importance to this 

study is the copper artifacts.  These copper artifacts are considered a proxy for the kind 

and scale of exchange system in operation by those individuals.  These copper artifacts 

may represent a connection to neighboring groups, such that they all have this one 

activity in common, or that they represent something for the deceased.  Granger (1978:6), 

when talking about the Meadowood phase, stated that “it would seem quite likely that the 

mortuary activity site represents a unifying factor in a region binding the various local 

bands into a cohesive regional band through performance of ritual activity over the dead 

on some territorially neutral ground.”  This is something that Stewart (2003:14, Figure 3) 

also noted as well as illustrated.  It is this unifying factor that is being analyzed and 
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interpreted here through the examination of the chemical composition of copper artifacts 

that play a direct part in the binding of various local bands into a cohesive cultural 

collective throughout the Middle Atlantic region.

 An analysis of the chemical composition of each individual copper artifact to 

examine similarities or differences can then be used to examine the different scenarios 

postulated for the type of exchange that would be representative of the chemical makeup.  

Finally, comparing the chemical data of those artifact caches with the chemical 

compositional data generated for geological copper from different regions will provide 

answers as to potential geographical source locations of these copper artifacts.
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Sites Feature Sample Conventional 
(BP)

Calibrated
2 Sigma

Period

Rosenkrans 
Ferry

Burial 5
Burial 9

DIC-407
Y-1384

2400 + 60
2560 + 100

Cal BC 760-380
Cal BC 970-390

Early 
Woodland

Nassawango Feature 1
Feature 1a
Feature 6

SI-2188
SI-2189
SI-2190

2440 + 100
2190 + 70
2190 + 100

Cal BC 800 to 260 
Cal BC 400 to 50

Cal BC 400 to Cal AD 20

Middle 
Woodland

Abbott Farm Pit 55 Beta-326786
Beta-326785

2150+30
 2220 +30 

Cal BC 350 to 110
Cal BC 380 to 200

Middle 
Woodland

*See Appendix B for additional details on radiocarbon dates.*See Appendix B for additional details on radiocarbon dates.*See Appendix B for additional details on radiocarbon dates.*See Appendix B for additional details on radiocarbon dates.*See Appendix B for additional details on radiocarbon dates.*See Appendix B for additional details on radiocarbon dates.

Table 4.6 Radiocarbon dates and cultural periods for all sites mentioned in text*.



CHAPTER 5: GEOLOGIC COPPER DEPOSITS OF THE EASTERN 
WOODLANDS

The Captain showed them some copper, which they called caigneldaze, and, 
pointing towards the said region, asked by signs if it came thence?  They shook 
their heads to say no, showing us that it cam from the Saguenay, which lies in 
the opposite direction.

   Jacques Cartier 
   Second Voyage 1536

5.1 Types of Copper Deposits and Definitions

 Native copper, one of the transition metals, is one of the few elements to occur 

naturally (a natural mineral) in both uncombined elemental form and combined forms 

within rock.  Copper occurs not only as a natural element or alloy, but also as a variety of 

sulfide, oxide, phosphate and carbonate minerals.  Native copper occurs rarely as 

isometric cubic and octahedral crystals, but more typically as irregular masses and 

fracture filling.  The economic importance of copper is of great antiquity (Martin 1999).  

Economically important elements are typically found across the globe in high 

concentrations otherwise known as ores.  As an ore, native copper is considered a dense 

concentration of rock, mineral or native element that exists in an economically 

exploitable and technologically extractible concentration (Allaby and Allaby 1999).  As a 

major element within minerals, copper can be found in chalcopyrite or peacock ore 

(bornite).  More rarely, copper may be found as an element (native copper) that is 98 – 

99% pure.  This characteristic helps to determine copper artifacts made from native 

copper as opposed to alloyed copper (Fields et al. 1971).  Being able to distinguish 

elemental impurities within native copper provides needed information to create a 
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fingerprint of that copper deposit to use in comparison with copper artifacts.  Native 

copper forms in a number of ways.  Rapp et al. (2000:7), and others, describe native 

copper as occurring within three basic geologic settings called primary, secondary and 

sedimentary.  

 Primary native copper occurs in mafic igneous rock, such as the basalt lava flows 

in Michigan (Cornwall 1956).  Primary deposits have been found in Lake Superior, 

Alaska, Appalachian region, Yukon Territory, British Colombia, Northwest Territories, 

Labrador and Nova Scotia (Rapp et al. 2000:7).  In such deposits, native copper occur in 

the large voids, cracks and fissures within the mafic and ultra-mafic lava flows (Rapp et 

al. 2000).  As lava flows cool, voids, cracks, and fissures form within which copper-

minerals precipitate, reflecting the unique chemistry of the infilling solution and the 

minerals from which the solution came.  In this way, each native copper deposit has a 

unique geologic history and therefore a unique chemical fingerprint (McKnight 2007; 

Ross 1935; Rapp et al. 1980; Rapp et al. 1990; Rapp et al. 2000).

 Secondary deposits of native copper are mostly located in the oxidized zone (i.e., 

near the surface).  Given the mining technologies in evidence in eastern North America, it 

seems certain that Native Americans were only using those native copper deposits that 

were at or very near the surface, within the first few meters or so.  The presence of native 

copper in secondary deposits is hard to document, given that many of these ores were 

mined heavily during the 19th century (Halsey 2008; McKnight 2007:67), however some 

are known from the southwestern (North and Lueth 2002) and the southeastern United 

States (Goad 1976).
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 Sediment hosted deposits, or the third formation of native copper, are formed 

through sedimentary alteration of primary and secondary ore deposits.  These deposits 

occur primarily as clastic sediments (sandstones and shales) associated with mafic 

igneous rocks.  Native copper is a minor mineral within these beds, probably because 

these deposits consist predominantly of copper sulfides (Cornwall 1956:5). The primary 

ore minerals of these sulfide deposits are pyrrhotite and pyrite, together with chalcopyrite 

(copper) (Kinkel et al. 1968:383).  These types of deposits were not exploited by 

prehistoric peoples (Rapp et al. 2000), but they do reflect trace element characteristics of 

their parent material (Cross 1993:62).

 Harbottle (1982) discusses problems archaeologists face when explaining and 

describing sourcing the raw material of an artifact.  Archaeologists cannot “source” an 

object; they can, however, characterize it (trace elements) through various means to look 

for similarities to generate attributions (Harbottle 1982:15).  The source is the actual mine 

or quarry from which the natural deposits of a material come.  Source, in the case of raw 

materials, can be identical to provenience (= provenance).  A production center is the 

craft workshop and not always generally geographically related to the source.  For the 

purposes of this dissertation, “local source” means the geographical region where the 

natural deposit (raw material) exists.  In the case of prehistoric copper artifacts from New 

Jersey, potential sources of the copper are located within New Jersey, throughout the 

Middle Atlantic region and the Northeast (Cox et al. 2003; Kinkle et al. 1968; Levine 

2000; Ross 1935; Singer et al. 2002).  These potential sources can be described as being 

“local” in the sense of consisting of pieces of drift copper found on the surface which 
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were deposited from glacial outwash.  These pieces of copper would originate from a 

source either close by or from a distance.

5.2 Drift Copper

 The most accessible and probably the most prevalent form of native copper to 

ancient Native Americans is drift copper.  This is the same type of copper Kalm describes 

above that occurred at the mouths of rivers.  This additional type of copper, although not 

heavily researched or cited (Halsey 2004), is composed of nuggets or lumps of native 

copper occurring on or just beneath the surface, having been transported from their 

natural place of origin by glacial activity (Knowlton 1946; Salisbury 1885).  Numerous 

examples of drift copper have been reported from New Jersey to Wisconsin, from the size 

of handheld nuggets to large boulders weighing tons (see Halsey 2004:16, for preliminary 

list of references).  

 The idea that drift copper, which was more easily obtained and in smaller pieces, 

was manipulated by Native Americans, has been in print for well over 150 years (Halsey 

2004).  Salisbury (1885), in what was a comprehensive report at the time on the 

dispersion of drift copper in the Midwest, notes that the area in which copper is scattered 

could be not less than 450,000 square miles.  His map displays drift copper occurring as 

far south as the confluence of the Ohio and Mississippi Rivers (Figure 5.1).  Reynolds 

(1888), includes not only copper sources in the Blue Ridge Mountains of Virginia for 

aboriginal use of copper, but also drift copper, which attests to drift coppers existence in 

the Middle Atlantic states.  In 1881, C.C. Abbott (1881) cites the possible use of local 
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drift copper for artifacts he identified from within New Jersey.  In citing copper artifacts 

found in New Jersey during their archaeological survey, Skinner and Schrabisch 

(1913:30) state that the copper may have been mined within the state or possibly from a 

drift boulder.

 If we thoroughly examine the historic literature, we find that numerous locations 

in the Middle Atlantic did contain various sizes of drift or float copper.  Jedidiah Morse’s 

American Universal Geography, published in 1805, noted that “lumps of virgin copper 

weighing from 5 to 30 pounds and totaling 200 pounds were plowed up in a field on 

Phillip French’s farm, now Rutgers College at New Brunswick” (Lewis and Kümmel 

1907:151).  In addition, in 1839, drift copper was recognized in the same area (Beck 
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1839).  In 1888, Edwin A. Reynolds stated, “many instances, also, are known of its 

discovery in the States of New Jersey and Connecticut” (Reynolds 1888:343) as well as 

in South Mountain region of Pennsylvania (Stose 1910).  These references are just a few 

of a larger bibliography on drift copper in the Northeast that exists (Knowlton 1946; 

Halsey 2004; Thayer 1950).

 Numerous authors have stated that glacial drift is likely to be the major source of 

placer nuggets (Brown et al. 1990:260).  Since glaciers covered the northern parts of New 

Jersey, Pennsylvania and parts of lower New York during the Wisconsin Ice Age 

(approximately 110,000 to 12,000 years ago), moraine deposits are common in those 

areas (Widmer 1964:19, 127-131; Wolfe 1977:263) and the presence of drift copper is 

worth considering.

 Recently, Halsey (2004, 2006) has been critical of scholars regarding their 

knowledge of drift copper sources and portrayal of the dominant copper model (that 

copper found in the East originated in Michigan in the Lake Superior basin) as the only 

reasonable model in existence.  Brown et al. (1990:260) stated, “at this stage in our 

knowledge the most that can be said about copper sources is the relative potential of 

certain districts to yield usable nuggets.”  This is true not just in Brown’s case of 

Mississippian trade copper but also in the Late Archaic and Early to Late Woodland 

Periods of the Northeast.  Halsey (2004:1-2) has stated that drift copper was likely 

available to native Middle Atlantic populations during prehistory, and he further 

suggested that the amount of copper found in post-Archaic contexts is small — too small 

“to support theories and constructs of trade networks and a high level of mining on Isle 
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Royale and Michigan’s Keweenaw Peninsula.”  It is disappointing then, with voluminous 

references to drift copper in the Midwest and Northeast, that some archaeologists (Levine 

1996, 1999, 2007a, 2007b, 2008) studying the use of prehistoric copper, continue to 

ignore this long-known body of data in their discussions of potential sources.  In one 

copper-sourcing study conducted by Rapp and Gifford (1985), they produce a plot with 

two groups of copper, one being float copper specimens from various locations in Illinois 

and the other group being native copper specimens from various mined locations in 

Snake River, Wisconsin.  Using cluster analysis the groups were separated by trace-

element composition clusters projected onto a plane through the centers of the clusters 

(Rapp and Gifford 1985:367, Figure 14.3).  While the results are impressive, showing a 

clear separation of these two copper samples, it does not provide clues as to the original 

source of the drift copper deposit.  

 Additional studies into the chemical composition and potential spatial frequency 

distribution of drift copper, while not part of this study, should be carried out; the 

potential role drift copper would play in chemical characterization is too important to be 

overlooked.  McKnight (2007:72) observes in his study of copper artifacts from 

Kentucky and Tennessee that “native groups well removed from the drift zone would 

have needed to acquire copper through trade or direct procurement regardless of whether 

it came from drift sources to the west and north, or mining locales in the Great Lakes.”  

One must understand that drift copper, while readily available on the surface during 

prehistoric times, was heavily collected by nineteenth-century Euro-American surveyors 

and miners.  Today it is found only by accident or in stream beds when panning for gold 
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(Lassiter 2006:48-49, 84-85).  Being able to identify and establish whether artifacts are 

made from drift or mined copper may be an elusive goal (Hill 2009:269); however it is a 

goal worth trying to reach.  Halsey (2004:16) has stated that while it is important to know 

whether the copper used in the Middle Atlantic came from a Great Lakes or a southern 

Appalachian source, the more pressing anthropological question, and one which this 

dissertation seeks to answer, is what is the avenue of cultural transmission of the 

material?  

5.3 Copper Deposits in the Middle Atlantic Region

 While the best examples of primary native copper exist in the Midwest, in 

particular Michigan, they are also found all along the eastern seaboard (Espenshade 1963; 

Kinkle et al. 1968; Ross 1935; Watson 1923; Weed 1903; Wherry 1908, 1908a, 1911).  

These examples are known only because of historical mining operations.  However, these 

examples attest to the prevalence of native copper sources within the region.  If there is a 

local source of copper used by native peoples in the Middle Atlantic or Northeast region, 

then identifying such a local source is vital in being able to understand available choices 

to prehistoric peoples.  Weed (1911:10) describes the different types of copper deposits 

that exist within the Appalachians — (1) crystalline schists; (2) altered basalts; (3) 

Triassic rocks close to trap intrusions; and (4) Devonian rocks.  Weed further grouped 

these types “geographically” rather than systematically.  His six types are 1) Ducktown; 

2) Copper quartz-vein type; 3) Carolinian type; 4) New Jersey type; 5) Pahaquarry type; 

and 6) Blue Ridge (Catoctin) type.
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 Copper deposits in the Appalachians occur from Anniston, Alabama, to Fredrick, 

Maryland (Table 5.1).  Copper from the Appalachian Plateau is usually associated with 

sedimentary deposits that were exposed by erosion and weathering (Goad 1978:53).  

“Much of the largest and most important region of altered basic lavas in which the native 

metal is found is the ‘Catoctin Belt,’ so named by Keith (1895), and its extension 

southward in middle northern Virginia” (Watson 1923:732-733).  Watson also notes that 

native copper occurs in near-surface deposits, embedded in basalt flows and in the upper 

oxidized zone of copper sulfide deposits (Hurst and Larson 1958:179; Ross 1935:69-70; 

Weed 1911:158).  These deposits are fairly well defined from the northern part of 
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Deposit County State

Ellenville Ulster County New York

Menisink (Minisink) Warren County New Jersey

Schuyler mine Hudson County New Jersey

Mines near Plainfield Somerset County New Jersey

American Mine Somerset County New Jersey

Griggstown mine Somerset County New Jersey

Flemington mines Hunterdon County New Jersey

Mine near New Hope Bucks County New Jersey

Carpenter mine Warren County New Jersey

Cornwall iron mine Lebanon County Pennsylvania

Copper prospects South Mountain region Pennsylvania and Maryland

copper belt Western or Fredrick County Maryland

Mineral Hill and Sykesville middle copper belt Maryland

Bare Hills Baltimore City Maryland

Blue Ridge copper region Virginia

Valzinco mine Spotsylvania County Virginia

Stony Point mine Albemarle County Virginia

Virginia district Virginia-North Carolina

Table 5.1 Copper deposits in the Middle Atlantic region (taken from Ross 1935).



Virginia through Maryland and into Pennsylvania (McKnight 2007:73, Figure 4.3).  It is 

not hard to imagine native groups collecting copper from more local and regional areas, 

given its prevalence throughout the Appalachians and Eastern Woodlands.  As we shall 

see below, there was another type of copper that was additionally available to native 

populations — one that did not require much labor to extract or to work produce.

 When looking at the Ross map (Figure 5.2) or the map of the Copper Deposits of 

the Appalachian by Kinkel et al. (1968:382, Figure 98), one can see an interesting 

relationship between those deposits and the Native American paths.  The copper deposits 

follow the edge of the Appalachian Mountains almost exactly.  Some of the different 

types of deposits are in separate geographical regions (Kinkel et al. 1968:381).  Native 

copper is restricted to the Blue Ridge province, but it also occurs in near-surface 

instances in the Virgilina district in Virginia and North Carolina.  The massive sulfide 

deposits lie in a few narrow belts within the Piedmont Province and the southern part of 

the Blue Ridge.  As seen in the geographical maps of both Kinkel et al. (1968) and Ross 

(1935), these copper belts follow geologic trends which are tangentially related to the 

Appalachian boundary.

 Within the Middle Atlantic region there exist a few historical references to early 

copper deposits and copper mining.  During the 1650s the Dutch were carrying out 

mining operations at a number of mines in New Jersey and New York (Wherry 1908a:

727, 1908b:309-314).  In 1683, William Penn wrote to his backers in England about 

‘divers places’ of copper and iron deposits near Schwenksville, Pennsylvania (Wherry 

1908a:727).  Then in 1703, Penn was granted that track of land and started extracting 
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copper out of it.  The earliest written account of drift copper comes from Peter Kalm who 

travelled throughout New Jersey, New York, Pennsylvania and Canada (Kalm 1937).  

Kalm (1937:524) when he was visiting Montreal, stated that 

Today I got a piece of native copper from Lake Superior. They find 
it there almost pure, so that it does not need melting over again, but 
is immediately fit for working. Father Charlevoix speaks of it in 
his History of New France. One of the Jesuits at Montreal who had 
been at the place where this metal is native told me that it is 
generally found near the mouths of rivers and that there are pieces 
of pure copper too heavy for a single man to lift up. The Indians 
there say they formerly found a piece about seven feet long and 
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nearly four feet thick, all pure copper. As it is always found in the 
ground near the mouths of rivers, it is probable that the ice or water 
carried it down from a mountain; but, notwithstanding the careful 
search that has been made, no place has been found where the 
metal lies in any great quantity but only in loose pieces.

He (Kalm 1937:202) also indicated that there were holes in the ground where the copper 

ore was extracted or mined, especially between Elizabethtown and New York (which may 

be the Schuyler mine).  In addition, he describes mines existing in Pennsylvania “below 

Newcastle, near the coast,” where Indians left their tools behind (Kalm 1937:202).  This 

statement about mines and tools is also repeated later in Raum (1877:354), however the 

county in which the mine is described is incorrect (Nelson 1883:183) and his description 

makes it seem as if the Dutch left the hammers and other tools.  Nelson (1883:183) 

believed however that Kalm may have interviewed individuals who may not be credible.  

What is interesting in these early descriptions is that unlike those found within the ancient 

mines identified in the Michigan region, no evidence of the large mining hammerstones 

(Halsey 2008:24; Martin 1999:100-103) have ever been identified in the Middle Atlantic 

region.

5.4 Copper Sources and Copper Caches

 The primary goal of this study is not to simply identify a geologic source for each 

artifact, but to understand the behavioral implications of internal copper cache 

composition.  Caches, as defined in this dissertation, are composed of many copper 

objects (i.e., copper beads, boatstones, etc.) deposited during a single event, within one or 

multiple burials (McKnight 2007:130).  This means that a copper cache is a direct 
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reflection of societal consumption and behavioral patterns at the time of deposition.  

These caches are made, produced and deposited within a short amount of time, the 

artifacts are taken out of circulation, and they are placed in the burial by living people, 

most likely relatives of the deceased.  So these caches are like a time capsule that 

symbolically represents the type of consumption and behavioral patterns that make up 

their exchange system.

 While it is the elemental analysis that is carried out on individual artifacts, it is the 

comparison of individuals within the cache that is significant to this study.  Additionally, 

given the fact that a cache represents an intentional depositional event, we are then able 

to say something about the type of exchange system in operation at the time of this event.  

If all the individual copper artifacts are chemically characterized as being from the same 

source this would provide evidence of a particular type of exchange in operation at the 

time of deposition.  Similarly, if the copper from a cache chemically characterizes as 

being from different sources, this would indicate that other types of exchange networks 

were operating at the time of deposition.  The success of this study does not hinge 

therefore on finding “the source” for one or many copper artifacts thought it would be 

useful to be able to do so.
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CHAPTER 6: CHEMICAL CHARACTERIZATION STUDIES
AND PREVIOUS COPPER RESEARCH

The archaeologists who "penetrate to the bottoms of ancient tombs" must 
invoke the aid of geologists, zoologists, and paleontologists to give meaning to 
their discoveries. Mineralogy and chemistry must ·make known the 
characteristics and composition of the artifacts unearthed. In this way one 
could cast new light on the migratory movements of peoples of prehistoric 
times. When one finds an object in an excavation, an artifact whose material is 
of a distant provenience, one must infer that either the object itself, or at least 
the raw material of which it is made, has been transported from there to 
here…”

Garbottle (1982), quoting Damour (1865)

6.1 Introduction

 Investigations into the chemical characterization of artifacts found at 

archaeological sites are significant for a number of reasons.  First, it is important to 

elucidate patterns of communication between local and distant groups of native 

populations in order to analyze group interaction, trade and exchange, and supply and 

demand.  Second, we can understand the technological aspects used in raw material 

procurement and associated artifacts.  Finally, such analyses can help us understand the 

technology of ore mining (Rapp and Gifford 1985:369), as well as its transportation, 

destinations and eventual deposition (utilitarian uses or ceremonial).  While provenance 

for artifacts means the “point of excavation,” in chemical characterization studies it is 

taken to mean the source of the material for that artifact (i.e., mine or quarry).  

 According to Harbottle (1982), provenance studies are essential to answering 

these complex archaeological questions.  Most provenance studies use trace-element 

concentrations within raw materials and artifacts to “assign” the artifact to the raw 

material.  De Bruin et al. (1976) and others (Ward 1974) mention the three basic steps in 
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characterization based on trace-element concentrations.  The first is the preparation of 

samples for unknown and reference objects; second is the analysis of the samples; third is 

the comparison of the characteristics of the unknown and referenced objects.  According 

to De Bruin et al. (1976), this is all that is needed to be able to assign particular artifacts 

to their potential point of origin.  However, before one can begin to conduct proper 

characterization studies on archaeological materials, a number of prerequisites must be 

met.  These include having an artifact one wants to characterize, geologic raw samples of 

the material that made the artifact, and a method by which to compare the two.  Ideally, 

one needs an adequate number of raw samples of the material to account for possible 

wide differences between source materials (Rapp 1984; Rapp et al. 2000; De Bruin et al. 

1976).  

 Characterization of trace elements within both the raw geologic sample and the 

artifact allows archaeologists to “look for similarities to generate attributions” (Harbottle 

1982:15).  It is with these attributes (trace elements) that archaeologists can claim to 

make sense out of the possible geologic source of an artifact.  Using appropriate 

statistical analyses, it is possible to determine whether an artifact has enough similar 

concentrations of particular elements as the source material (e.g., geologic sample) to be 

statistically likely to have derived from that source.

 Researchers conducting chemical characterization studies for artifact provenance 

have discussed the problem of potential variability inherent in the concentration of trace 

elements in native copper samples (Allert et al. 1991; Rapp et al. 1980, 2000).  This 

variability results from the heterogeneous elemental makeup of copper itself.  In actuality, 
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heterogeneity exists in other artifacts like pottery and glass, which have been extensively 

used in provenance studies (Dussubieux et al. 2010; Hancock 1983; Vitali and Franklin 

1986:163).  Like pottery, heterogeneity within one piece of copper, as well as within 

pieces of the same origin, “generates variations in elemental concentrations within an 

object and among objects in a group” (Vitali and Franklin 1986:163).  Copper’s 

heterogeneous nature can cause complications when trying to “assign” copper artifacts to 

a particular geologic source.  However, it has been shown that chemical differences 

between sites will be greater than those within a site (Hancock 1983; Vitali and Franklin 

1986:163).  Additionally, the geochemistry of each original flow system and the trace 

elemental chemical results of the fluid/rock interactions should provide relatively distinct 

trace-element patterns (Rapp et al. 2000:7).  Furthermore, each deposit can have a 

signature element (e.g., silver) that is unique to that region or locale.  That specific 

element can be used to further refine the fingerprint of a specific sample and artifact.

 To test the assumption that within one deposit there might be elemental 

differences, a number of authors have carried out specific tests.  To understand the trace-

element variability of primary native copper deposits, a large-scale project was 

undertaken on the Keweenaw Peninsula of Michigan (Allert et al. 1991).  A single mine, 

the Kingston Mine in Michigan, was sampled at one-meter intervals along both vertical 

and horizontal shafts within the ore body.  Researchers also sampled several additional 

near-surface mines in the same region.  Neutron activation analysis (NAA) was 

performed on all samples, and the degree of difference was examined both within the 

single ore-body, and among the other mines of the same geologic age.  They found that 
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within the Kingston mine there was no statistically significant difference horizontally.  

Vertically they did detect a small degree of difference, but not in any of the trace elements 

that have ever been considered useful for trace element fingerprinting.  When they 

compared this data to the other mines, they found that there was three times more 

difference between mines than within a single mine (Allert et al. 1991).  One would 

expect that mines further removed from one another geographically and geologically 

would exhibit even more differences.  Again, this difference is essentially due to the 

specific history surrounding how a particular deposit of native copper was formed, and 

the fact that a copper vein in one location could extend hundreds of feet.

 When considering the problem of the heterogeneous nature of all copper samples, 

and to characterize its variability with some degree of accuracy, this dissertation took 

steps to achieve favorable results.  The implementation of these methods allows us to 

collect data on potential trace element variations within individual geologic samples as 

well as within artifacts for the purposes of examining elemental variability.  In this way a 

proper assessment of a wider arrangement of trace elemental variability is attainable for 

the study proposed here.  One of the major ways that this variability in native and artifact 

samples of copper can be understood is with proper statistical procedures and rigorous 

data reduction before analysis.  However, even with those statistical processes, if 

individual elements within copper are to be compared, one needs to use productive 

elements.  By this I mean individual elements that occur in high amounts within native 

copper, the so-called chalcophile elements.  Interestingly, using chalcophile elements, as 

opposed to lithophile or siderophile, would prove most beneficial as the former elements 
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occur in much higher frequency than the latter.  Elements like iron (Fe), which is a 

siderophile, or aluminum (Al), which is a lithophile element, would not be useful in 

comparisons of artifact or geological copper.  Both these elements occur in very low 

frequencies in copper, and are probably not good elements to use in any sort of statistical 

analysis.  Chalcophile elements (e.g., Antimony, Arsenic, Bismuth, Lead, Silver, Tin, 

Zinc) are enriched in copper making it easier to analyze, and to use those elements in 

comparison within geologic copper to make source assignments.

6.2 Analytical Techniques used in Characterization Studies

 There are many different methods used to study raw materials used by prehistoric 

peoples, but only a few are useful for rendering the provenance of the materials.  These 

methods examine the artifact’s chemical characterization to pinpoint its origin by 

comparing the trace elements within a particular geologic/natural ore material and the 

artifact being studied.  Chemical characterization studies have concentrated on a variety 

of material types, including metals, glass, faience, stones, minerals, ceramics, clays and 

natural products (Harbottle 1982:31; Rapp and Hill 2006).  In discussing methodologies 

used for characterization, both the method of analysis itself and the statistical analysis of 

the results need to be considered.  With many statistical analyses to choose from, the one 

that best displays and, in turn, answers the researchers questions, is the one that should be 

used.

 Interestingly, a number of characterization methods have been used in North 

America to analyze prehistoric copper artifacts (Fenn 2001; Lattanzi 2008; McKnight 
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2007; Rapp et al. 2000; Wellman 1994; Veakis 1979).  Some of the methods are Neutron 

Activation Analysis (NAA), Instrumental Neutron Activation Analysis (INAA), Particle 

Induced X-Ray Emission (PIXE), X-Ray Fluorescence (XRF), Atomic Absorption 

Spectrophotometry (AAS), Atomic Emission Spectroscopy (AES), conventional solution 

Inductively Coupled Plasma Mass-Spectrometry (ICP-MS), and Laser Ablation 

Inductively Coupled Plasma Mass-Spectrometry (LA-ICP-MS).

  A review of all of these techniques follows, along with the one chosen for the 

current study, LA-ICP-MS, which is able to provide accurate and precise results, with 

multiple element capability, through the use of proper elemental standards and user-

defined protocols.  Issues of standardization and limitations of analytical techniques are 

presented and discussed.

Neutron Activation Analysis and Instrumental Neutron Activation Analysis

 Neutron Activation Analysis (NAA) is a process by which a sample is bombarded 

with neutrons, causing the elements to form radioactive isotopes.  The radioactive 

emissions and radioactive decay paths for each element are well known, making it 

possible to study spectra of the emissions of the radioactive sample and determine the 

concentrations of the elements within it (Rapp and Hill 2006).  If NAA is conducted 

directly on irradiated samples, it is termed Instrumental Neutron Activation Analysis 

(INAA) (Rapp and Hill 2006:236).  This technique has been used effectively for metals 

such as copper (Rapp et al. 2000), for a variety of lithic materials, including obsidian 

(Glascock 2002; Gratuze 1999), and for pottery (Speakman and Neff 2005; Diebold 
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2005).  While it does not destroy the sample, it does make it radioactive.  Therefore, a 

small portion (50 mgs) of the object is removed for testing (Rapp and Hill 2006).  The 

technique can produce a qualitative and quantitative analysis of many major, minor, trace 

and rare earth elements.  NAA has increased elemental sensitivity, so it can measure 

elements throughout the sample not just a portion of it (Rapp and Hill 2006:236).

 Depending on the kind of samples being tested, INAA suffers from sensitivities of 

the elemental composition within a sample (Rapp and Hill 2006:236).  NAA can achieve 

“high accuracy and precision for some elements but only moderate or poor results for 

others” (Rapp and Hill 1998:148).  One major problem in the use of NAA is that it uses a 

nuclear reactor, of which only a handful are available and usable for archaeological 

research.  Elemental drift while sampling can also be a problem, but the use of internal 

(usually one or two elements) and external standards for machine and sample calibration 

resolve this.  The technique also requires setting the counting routine within the 

laboratory and careful monitoring of the machine itself (Rapp and Hill 2006:236), which 

can lead to problems comparing results from different laboratories.  Another drawback of 

using NAA is that it takes time to analyze the sample’s material, because the radioactive 

decay paths for each element must be measured.

 For most INAA studies, data reduction consists of converting the raw data to base 

10-logarithms of concentrations that compensate for differences in magnitude between 

major elements.  Data reduction is performed on raw numbers to make a more 

manageable set of observations; then any correction factors are applied to the data based 

on instrumental drift or differing standardization (Levine 1996; Rapp et al. 2000).  Most 
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units that conduct the analysis now have built-in computers that carry out some, if not all, 

of the programming and data correction.  This is one of the major drawbacks with INAA 

— that whatever reduction technique is used, it is unique to the reactor being used (Rapp 

et al. 2000).  Once the data are retrieved from the machine, further equations are applied 

to obtain elemental concentrations, usually in parts per million (Rapp and Hill 2006:236).  

Statistical analysis on the ppm concentrations are still required.  For instance, Rapp et al. 

(2000) uses canonical discriminate function analysis for separating sources, then plots the 

functions of all the elements on an X-Y graph.

Particle Induced X-Ray Emission

 Proton/particle induced x-ray emission (PIXE) is a technique in which a sample is 

exposed to an ion beam, and atomic interactions occur that give off electromagnetic 

radiation of wavelengths in the X-ray part of the electromagnetic spectrum specific to an 

element within the sample (Johansson and Campbell 1988).  This non-destructive 

technique achieves high sensitivity of elements and is more precise than XRF, and it has 

been used on coins, glass and metals (Johansson and Campbell 1988).  Its main limitation 

is that it only detects trace elements.  PIXE (and XRF) can also potentially suffer from 

secondary fluorescence, which requires the need for a technician to monitor the computer.  

Additionally, PIXE is only able to obtain elemental information from the surface, which 

can vary considerably throughout an entire sample (Hall 1961).  As with the analysis 

using INAA, certain procedures must be carried out on data obtained from PIXE.  

Computer programs within the machine compensate for background X-rays.  Then, as 
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with most analyses, a program must convert the raw data into workable numbers.  

Additional statistical software is then applied to the data, which is researcher dependent. 

X-Ray Fluorescence 

 X-Ray Fluorescence (XRF) is a technique whereby a sample is excited by 

bombarding it with high-energy X-rays or gamma rays; the emissions of characteristic 

“secondary” (or fluorescent) X-rays from that sample are then measured (Rapp and Hill 

2006).  This is a great technique for obsidian studies in situations where elements whose 

atomic numbers are close together can be examined, and because of the homogeneous 

character of the material (Harbottle 1982:22).  This process is generally automated and 

nondestructive.  XRF can use both powdered and whole samples — the latter is a great 

advantage for archaeological objects (Harbottle 1982:22).  The machine must be adjusted 

using secondary filters to particular elements to achieve the best elemental sensitivity.  If 

one uses whole samples, the preparation time is minimal — unless the object has 

corrosion on the outside (see below).  This advantage is also one of the limitations of 

XRF, in that it only measures the elements on the surface of the object; one cannot get a 

truly accurate picture of the elemental concentrations through the entire artifact sample 

(Harbottle 1982:22).  XRF can also suffer from matrix and interference problems and a 

lack of sensitivity in the parts per billion range, unlike LA-ICP-MS and INAA. 

 The hand-held, or portable, XRF units were originally designed in Europe to 

detect hazardous substances but quickly gained importance in the field of characterization 

studies (Pollard et al. 2007).  The greatest advantage with this technique is the fact that it 
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is portable and artifacts do not have to leave their home institutions.  These hand-held 

units will measure all elements in their field of view, limited to millimeters in size but 

nothing sub-millimeter (Pollard et al. 2007).  

 XRF may also uselithium-borate fused into a glass disc, whereby elements are 

determined on the disc (Norrish and Hutton 1969:431).  This technique, which involves 

the preparation of glass discs to be used in the XRF process, takes considerable 

preparation time so that only about a dozen samples can be analyzed in one day.  The 

discs are made with pure chemicals for calibration.  As stated above, samples may be 

prepared through a pressed-pellet or fused glass technique and are therefore susceptible to 

particle-size variation and sample heterogeneity.  Although this type of technique suffers 

from a lack of precision, this can be controlled through counting errors (Norrish and 

Hutton 1969:441-442).  While XRF has shown promising results for sedimentary 

samples, it does suffer from limited detection of certain elements (e.g., sulfur), though 

this has been corrected through later studies (Awwiller 1994).  Early on, most XRF data 

had to be transferred to another computer for reduction.  Presently this is done on the 

same computer.  Most software features for initial data capture are standard.  The data 

reduction is applied mostly to subtract background from peaks and to identify elements 

and calculate concentrates based on standards. The use of multiple standards with this 

technique helps to minimize the calibration time, but this may increase elemental 

concentration errors.
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Conventional Solution Inductively Coupled Plasma Mass-Spectrometry

 Conventional solution ICP-MS uses a plasma (usually Argon) to generate ions 

which are then measured using a mass spectrometer (Pollard et al. 2007).  The sample is 

dissolved and is exposed to a plasma mass spectrometer where trace element ions are 

produced (Pollard et al. 2007).  ICP-MS is also capable of monitoring isotopic speciation 

for the ions of choice.  It has very low detection limits (Pollard et al. 2007).  There is 

increased labor and time consumed in the preparation of material (dissolving samples) to 

be used with ICP-MS.  Quadruple ICP-MS does suffer from isobaric (isotopic), 

background and matrix-induced interferences, less so than sector ICP-MS (Falkner et al. 

1995:414).  In working with ICP-MS, one must take instrument response into account, 

and must therefore “flush” out the system after every sample.  Flushing the system also 

helps to re-calibrate the instrument along with internal or external standards (McKnight 

2007).  When all interferences are accounted for, ICP-MS has shown to be “equal to or 

superior” to other methods, such as XRF and INAA (Falkner et al. 1995:418).  Data 

reduction for conventional ICP-MS is also done by computer program on the machine, 

but most labs calculate values based on the standard being used.  Additional data 

reduction techniques for both ICP-MS and LA-ICP-MS are discussed below.

Laser Ablation Inductively Coupled Plasma Mass-Spectrometry

 Laser Ablation Inductively Coupled Plasma-Mass Spectrometry (LA-ICP-MS) 

works on the same principle as conventional ICP-MS, but it has one major difference: a 

laser attached to the ICP-MS vaporizes the sample and argon gas is used to flush the 
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ablated material, into the plasma torch (Jackson 2001; McKnight 2007).  The use of a 

laser with ICP-MS has allowed the geochemical analysis of small, solid samples.  This 

technique is fast, requires little to no preparation, minimal sample consumption and the 

specificity afforded by microscale sampling. 

 One great advantage of LA-ICP-MS is that it can determine distinct patterns of 

minor, trace and rare earth elements in solid samples with very high resolution. Since the 

goal is to achieve accuracy, precision and wide elemental coverage, control of the 

sampling event is necessary.  Therefore, the laser sampling pattern, duration and laser 

pattern are controlled.  Depending on the elements and rastor pattern, elemental 

concentrations can be to a few tenths of ppb (parts per billion) (Gratuze 1999), offering 

comparable, if not greater, sensitivity than other methods.  Strnad et al. (2005) compared 

conventional solution ICP-MS and LA-ICP-MS in a study of geological glass reference 

materials.  This study showed that in examining rare earth elements, both analytical 

techniques were comparable for most elements, with minimal differences for certain 

elements (Strnad 2005:312).

 Laser ablation ICP-MS sampling is also far less destructive than INAA, and the 

pieces may still be handled or displayed after testing (Gondonneau et al. 1996; Gratuze et 

al. 1993, Levine 1996, Rapp et al. 2000).  Laser ablation creates a scar (Figure 6.1) that 

can range from 10 to 100 microns in diameter, depending on user requirements and 

elements measured (Gratuze 1999:870).  Damage to objects is minimal and areas 

analyzed can be chosen to minimize visual effects; therefore, museum specimens can be 

tested with hardly any noticeable change to exposed areas.  LA-ICP-MS requires less 
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preparation time than conventional ICP-MS because the sample is not dissolved.  The 

detection limits of this technique are comparable or better than other non-laser 

techniques, including XRF and AES (Arrowsmith 1987:1443).  LA-ICP-MS can process 

about 10 to 20 samples in eight hours and the results are received immediately at the end 

of the testing.  The involvement of a qualified technician increases the efficiency and 

performance of both the testing and application of statistical techniques.  Problems 

resulting from inaccuracy or data error can be easily fixed on site and analysis can 

continue.  Issues with possible sample heterogeneity using LA-ICP-MS will be discussed 

below as it pertains to the use of copper.  

 An internal standard is typically used in LA-ICP-MS as opposed to solution ICP-
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MS.  The raw data is presented in ions in a normal spreadsheet format.  The technician 

carefully watches to reduce any problems that may be caused by improper laser location, 

or errors associated with the transient nature of the signal.  If any problems arise, the 

technician can stop the machine and start again within a matter of seconds.  As noted 

above, the results, presented in counts, are converted to concentrations by the researcher 

using a regression calibration that considers the internal and external standard(s) in use.  

The precision is expressed by calculating the average and the standard deviation of the 

values for a given element (see Chapter 7, Methodology).  Then, as with most studies, a 

form of statistical analysis is performed on these values to present the results as best as 

the user will allow.  Increased precision and accuracy, easy manipulation, ability to use 

internal and external standards and semi- to non-destructive nature of the machine are 

just a few of the advantages to using LA-ICP-MS and the reasons for its use in this study.

6.3 Utilization of LA-ICP-MS for Copper Provenance Studies

 The following paragraphs will discuss LA-ICP-MS and its use with copper as a 

means of highlighting its advantages and disadvantages in comparison with the other 

techniques discussed above.  Over the past several years, LA-ICP-MS has been 

increasingly used to characterize geologic specimens in archaeology and related fields 

(Gratuze 1999; Neff 2003; Perkins et al. 1997; Robertson et al. 2002; Speakman and Neff 

2002).  While it has been used in Europe for geologic and other artifacts, the application 

of LA-ICP-MS to prehistoric copper artifacts in North America is fairly recent (Hill 

2009; Lattanzi 2008; McKnight 2007).  
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 Over the past several years, LA-ICP-MS has been increasingly used to 

characterize geologic specimens in archaeology and related fields (Gratuze 1999; Neff 

2003; Perkins et al. 1997; Robertson et al. 2002; Speakman and Neff 2002).  One 

particular advantage to LA-ICP-MS for metals is that you can measure both elemental 

concentrations and isotopic abundance ratios (Young et al. 1997:379-380).  This has the 

added benefit of being able to compare the isotopic ratios of individual elements.  Results 

using LA-ICP-MS appear to rival and even exceed those using other techniques.  Hager 

(1989) and Arrowsmith (1987) had better results with LA-ICP-MS than with other 

techniques, including INAA and XRF, when the machine contained a Q-switched laser 

for metals provides accurate semi-quantitative results (Hager 1989:1247).  Both Gratuze 

et al. (2001) and James et al. (2005) have shown very compatible results of data obtained 

from both INAA and ICP data (Pollard and Heron 2008:55-56).  Another great advantage 

of LA-ICP-MS is that it can determine distinct patterns of minor and trace elements in 

solid samples with very high resolution (Richner et al. 1994:237).  Results obtained by 

LA-ICP-MS have been shown to be better than ICP-ES, instrumental neutron activation 

analysis (INAA), and X-ray fluorescence (XRF), when all problems are accounted for 

(Faulkner et al. 1995:418-419).    

 As mentioned above, the laser scar damage to the artifact or sample is negligible, 

allowing the artifact to be put back on display or retained for future use.  One of the main 

reasons that LA-ICP-MS is extremely promising for native copper artifacts is that most 

other researchers have not used a standard that would be applicable to copper.  Rapp et al. 

(2000) and Levine (1996) used a gold and then a Canadian soil standard (placed on every 
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slide) for their work with copper.  Only Lattanzi (2008) and McKnight (2007) have used 

the same National Institute of Standards and Technology (NIST) copper standard (SRM 

495) for their work with prehistoric copper artifacts using LA-ICP-MS and were able to 

compare results.  The current study uses SRM 495 along with additional copper standards 

for better results (see Chapter 7: Methodology).

 Cooper et al. (2008) carried out a comparison of INAA, ICP-MS and LA-MC-

ICP-MS on copper artifacts from Alaska.  Although this study had a few differences, 

including inadequate sample size and the use of laser ablation in a helium atmosphere for 

collecting Pb isotopes (Cooper 2007:133), it did demonstrate that by using the copper 

standard both INAA and ICP-MS had a general level of corroboration (Cooper et al. 

2008:1742) and, what is more important, native copper sources could be discriminated.   

Dussubieux (2007) and Dussubieux et al. (2008) discuss the significance of LA-ICP-MS 

to the study of copper and copper-alloy artifacts.  While these studies deal with copper 

alloys, and problems of heterogeneity exist, the application of this technique using 

particular individual trace elements as markers in identifying Native American copper 

from European smelted copper is significant (Dussubieux et al. 2008).  Most of the 

common elements in copper are measurable using LA-ICP-MS and can serve as valuable 

tracer elements when attempting to determine ore composition, especially when 

multivariate analyses are performed, and with the use of correlation statistics of groups of 

elements (Artioli et al. 2008:144).

 As stated earlier, LA-ICP-MS can accurately detect many, if not all, trace 

elements.  Kuleff and Pernicka (1995) carried out a study where they tested the accuracy 
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of INAA as it applies to native copper.  Their results showed that INAA can truly detect 

only seven elements (Ag, As, Au, Fe, Ir, Ni, and Sb) (e.g., Levine 2007), while other 

elements, vital in characterizing copper, are problematic with this technique (Kuleff and 

Pernicka 1995:152).  They also examined the potential errors that some elements may 

cause in the use of INAA based on their amount in the native ore.  The main point in their 

article is they found that ”it is obvious that the detection limits achievable with neutron 

activation are below the minimal concentrations of the most useful elements for 

provenance discussion of native copper” (Kuleff and Pernicka 1995:155).  Baker et al. 

(2006), in analyzing lead isotopes using LA-MC-ICP-MS, found that both techniques are 

suitable for archaeological tracer studies with accuracy of < 0.1%.  There were 

differences between one high lead-silver sample, which may be attributed to error in 

sampling or heterogeneity in lead isotopic composition (Baker et al. 2006).

6.4 Issues of Standardization and Comparability in Analytical Techniques for 
Characterization 

 With all the analytical techniques described above, there has always been an issue 

with a lack of comparable standards used in chemical characterization studies.  Different 

scholars have used completely different standards (Duessibeaux 2007; Goad 1976; Rapp 

et al. 2001; Lattanzi 2008; Levine 1996).  Some standards are a composite of elements 

made into disc or pellet form, while others use internal standards or concentrations that 

are not comparable to the objects under study.  In addition, standards are not freely shared 

among researchers who are studying the same material types.  This would make results 
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only as good as the standard that was used in the particular laboratory that used it and 

limits comparability between samples and research groups.  For the study of copper using 

LA-ICP-MS, measuring the NIST copper standard between groups of samples increases 

precision of the analysis (Bastian 1961:168).  Furthermore, the addition of other 

standards can increase the number of elements with known values that can be analyzed 

and thus increase the precision and analysis of the artifact samples.  Using a copper 

standard and others, and running a gas blank (flushing the system) through the machine 

between slides, would correct any instrumental drift that sometimes occurs while running 

multiple slides (Gratuze 1999:873).  Additional accuracy and precision can be a result, 

depending on the protocol followed to obtain elemental data (see Chapter 7: 

Methodology).

 This leads to the other analytical problem of a lack of laboratory comparability.  

All the techniques discussed above have differing sensitivities, interferences for various 

elements and use different standards.  Therefore, results cannot be readily compared 

between laboratories.  Glascock (1999) sought to compare a number of different 

laboratories using different methods to test obsidian artifacts and raw samples using the 

same standard.  However, his study did show that a number of specific elements could be 

used as trace markers in provenance studies, which could then be replicated between 

different laboratories.  

6.5 Limitations of Analytical Techniques: Material Heterogeneity and Trace Element 
Variability

 Researchers conducting chemical characterization studies for artifact provenance 
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have discussed the problem of potential variability inherent in the concentration of trace 

elements in native copper samples (Allert et al. 1991; Rapp et al. 1980, 2000).  In 

actuality, elemental heterogeneity exists in other artifacts like pottery and glass, which 

have been extensively used in provenance studies (Dussubieux et al. 2010; Hancock 

1983; Vitali and Franklin 1986:163).  Like pottery, heterogeneity within one piece of 

copper, as well as within pieces of similar origin, “generates variations in elemental 

concentrations within an object and among objects in a group” (Vitali and Franklin 

1986:163).  Copper’s heterogeneous nature can cause complications when trying to 

“assign” copper artifacts to a particular geologic source.  However, it has been shown that 

heterogeneity within a copper sample is less than within some other materials and that by 

analyzing a larger number of samples, as well as analyzing more than one spot on the 

same piece, this heterogeneity can be compensated and evaluated (Hancock 1983; Vitali 

and Franklin 1986).  

 Because of this inherent variability, some geologic source deposits may be 

distinctive from others with respect to certain elements (e.g., lead), and Pernicka (1995) 

argues cogently that trace-element analysis of lead offers the potential to aid in the 

discrimination of ore sources, as seen in the studies by Cooper (2007); Hill (2009), 

Lattanzi (2008), Levine (1996), McKnight (2007) and Rapp et al. (2000).  Along those 

lines, artifacts made from either drift copper or the original source would exhibit similar 

elemental compositions (Allert et al. 1991; Rapp, personal communication, 2007; Rapp et 

al. 1984:281).  

 Furthermore, isotopic compositional analysis of specific elements, such as lead 
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(206Pb/207Pb) and copper (63Cu/65Cu), within individual artifacts and geological sources, 

potentially enhances geological provenance of artifacts (Artoli et al. 2008; Budd et al. 

1996; Cattin et al. 2011).  The application of trace element and isotopic analysis in 

combination enhances the ability of this research to discriminate between artifacts and 

sources.  In any characterization of copper, especially copper alloy, analytical difficulties 

owing to sample heterogeneity must be considered (Artioli et al. 2008:142).  Certain 

elements, such as lead, can be heterogeneously distributed within copper and may be 

undetectable by the LA-ICP-MS.  Fields et al. (1971) showed in their analysis of copper 

ores and artifacts that the same impurities found in the ores showed up in the artifacts.  

This can be useful in some instances, where certain elements, such as silver within 

copper, are traceable can be used as a marker for future studies (Baker 2006; Cooper et al. 

2008; Guerra et al. 1999).  The extent to which this heterogeneity can lead to problems is 

unclear.  Some authors (Mauk and Hancock 1998; Price 1977) found little variation in 

elemental distributions at various horizontal and vertical localities along the White Pine 

and Centennial Mine in Michigan, implying that provenance studies for copper artifacts 

may be extremely fruitful.  

 The choice of analytical technique can help mediate these problems.  INAA 

analysis on impurities in copper is limited, which may reduce the number of elements 

that can be detected at trace levels (Fields et al. 1971:133).  Therefore, LA-ICP-MS is a 

preferable technique for unalloyed copper analysis.  While most of the techniques are 

used for these reasons, it is required to use a standard along with samples when testing.
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6.6 Limitations of Analytical Techniques: Material Alteration

 Materials such as copper may be subjected to chemical or physical alteration prior 

to being excavated.  Corrosion of elements due to oxidation or burial can cause problems 

when carrying out provenance studies, especially on metals (Dussubieux et al. 2008; 

Fleming and Swann 2000; Hall 1961; Moreau and Hancock 1999; Reichel and Bleakley 

1974; Tylecote 1979).  Corrosion would produce copper oxide over the surface of the 

artifacts making most of the original material not viable for laser testing.  If such 

corrosion is present in an artifact, it may invalidate its comparison with the same material 

from known deposits and should be avoided (Rapp and Gifford 1985).    

 As early as 1961, Hall discussed the surface enrichment of buried metals and 

problems they may cause for chemical study.  This chemical change in the metallographic 

properties of artifacts may cause problems when trying to accurately determine artifact 

source locations.  Some methods of sourcing artifacts like, XRF, PIXE and PIGME are 

limited in this respect, as they have trouble collecting data on uneven surfaces of 

corroded artifacts.  Corrosion of metal artifacts is extremely common, and care must be 

taken to properly document and analyze the soil and surface treatments before any study 

is carried out.  In studies by Neff and Glascock (1995) and Moreau and Hancock (1999) 

on weathering and corrosion on metals, it was shown that as long as the surface layer is 

removed, there should be minimal difference in trace elemental data between the artifact 

and ore sample.  The laser device, when connected to the ICP-MS, can be used to “pre-

ablate” the corroded material off of the artifact, thereby exposing a clean fresh surface for 

testing (Lattanzi 2008; McKnight 2007).  Dussubieux et al. (2008) showed that artifact 
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corrosion doesn't really matter when testing certain trace elements using LA-ICP-MS, as 

long as the sample can be pre-ablated until a fresh area is exposed.  Tylecote (1979) 

sought to relate artifacts to the chemical condition of the soil in which they were buried.  

He found a relationship existing between the Ph of the soil and the state of the metal, 

depending on the type of metal (pure copper vs. bronze).  Effectively oxidizing metals 

(such as copper) are more toxic to organisms so the results (surface corrosion) would be 

less pronounced.  This is also contingent on the state of the soil.  When examining metals 

and ceramics that are heterogeneous with an application such as LA-ICP-MS, one needs 

to develop quantification procedures to get accurate readings of the elemental data 

(Robertson et al. 2002).  In addition, Guerra (1998) says a major problem in determining 

provenance and establishing trade routes is with the ore locality itself.  For provenance 

studies, especially in copper studies of an unknown mine locality, one must look at trace 

elements and/or lead isotope ratios to establish connections between artifact and copper 

source (Guerra 1998:78).  While she was specifically speaking about smelted ores, her 

discussion can be applied to non-smelted ores as well.  

 One major problem for conducting accurate analyses for copper artifacts is 

obtaining samples of ore deposits, which were exhaustively mined.  Halsey (2008:4-5) 

discusses modern miners identifying and opening up older mining pits originally dug by 

prehistoric peoples.  The historic “re-use” of prehistoric mines is extremely prevalent 

throughout the copper country, removing the ability to obtain adequate samples to 

analyze.  Given that some scholars (Rapp et al. 2000) have suggested the collection of 

multiple samples from the same source, this is easier said than done.
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6.7 Limitations of Analytical Techniques: Statistical Analysis Pitfalls 

 Any provenance study is also limited by statistical analytical techniques, 

including the improper use of statistical programs or not using the right statistical 

technique for the task (Rapp 1998; Ward 1974) to reduce the data into meaningful units 

for interpretation.  Problems with statistical studies focus on not having complete and 

accurate analytical data on all potential source deposits (Rapp 1985a; 1998).  Also, there 

is the problem of the applicability and power of known statistical methods: that is, the 

type of analysis that will be carried out on the data set that is produced.  What is truly 

sought after is the right statistical technique that would be able to assign artifacts to one 

other, as well as to sources to create a similarity of groups based on trace elemental data 

or attributes (Harbottle 1982; Rapp et al. 2000).  Ward (1974) discusses some of the 

problems he has seen with published data which suffer from inaccurate or improper 

statistical analysis and the interpretations based on those descriptions.  Regarding copper, 

the use of canonical discriminant function and principal components analysis have 

proven to be preferred methods (Hill 2009; Rapp et al. 2000).  With the analysis of 

multiple elements from a particular sample, along with multiple sources, one must choose 

between single versus multivariate analysis, and it has been shown that canonical 

discriminant analysis (multivariate technique) is far better (Rapp et al. 2000).

 In sum, characterization studies aim to pinpoint the source of the raw material 

(e.g., mine, deposit) from which an artifact was produced, not where that artifact was 

manufactured (Rapp 1985:353).  Identifying these sources is necessary to examine the 

role of exchange within the particular society being dealt with archaeologically.  
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However, “trace element and isotopic provenancing of metals are only as good as the ore 

sampling that it is based upon" (Ixer 1999:51).  In 1975, Ives laid out the problems still 

inherent in some published reports on analyses of trace element content of artifacts and 

raw materials.  Many studies lack raw data within their published articles or manuscripts.  

Also lacking are the analytical limits and quantitative results.  Many do not use 

comparable standards adequate for the task of identifying provenance of ores or artifacts.  

The variability in data is far too great not to take the time to obtain many ore samples 

from many different locales to narrow the statistical range.  His comments are still 

applicable today.  Finally, there is the problem of insufficient comparative analysis (De 

Bruin et al. 1976:75).  If an artifact is assigned to a particular locale, all other locales 

must first be ruled out, which may be easier said than done.  While there are still 

problems in the characterization of artifacts, the benefits far outweigh the deficiencies.  

The use of proper standards in conjunction with native raw samples and artifacts helps to 

resolve some of these limitations, and provides direct information on the chronology and 

the nature of interactions between ancient populations.

6.8 Previous Copper Characterization Studies

 Trace elemental studies into the analysis of copper artifacts from archaeological 

sites began in the 1950s and still continue today.  These studies have also been carried out 

on artifacts in many different regions of the country, using many different analytical 

methods.  Most chemical characterization studies of artifacts have the same goal in mind 

— to elucidate patterns of trade and exchange, examining these influences on social 
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organization.  

 Examining the provenance of copper artifacts from Middle Atlantic 

archaeological sites using chemical characterization while not extensive, has seen some 

attention (Britton 1967; Kraft 1976; MacCord and Buchanan 1980).  These authors are 

considered pioneers in not only asking, but carrying out metallurgical analysis on artifacts 

from the Middle Atlantic.  While the studies suffered from limited artifact and native 

samples, samples that did not include those from within the Middle Atlantic and were at 

the mercy and/or judgement of their analysts, their willingness to conduct the analysis to 

answer questions concerning trade and exchange are commendable.  They provide a 

starting off point for examining previous models put forth for copper’s presence in the 

Middle Atlantic.

 The earliest example of characterization studies for the Northeastern Woodlands 

comes from Linda Ann Britton (Britton 1967), a graduate student of Dorothy Cross at 

Hunter College in New York City, who studied a copper disc recovered from the Abbott 

Farm National Historic Landmark.  The Excavation 2 (Pit 55) Burial 12 consisted of a 

number of partially cremated individuals covered with red ochre and excavated from a 5-

foot wide (1.5 m) area.  This burial feature was initially placed within the Middlesex 

Phase of the Early Woodland period.  Exotic artifacts from the burial consisted of a large 

biface blade made of white-colored Mistassini quartzite found only in the Colline 

Blanche area of Quebec, over 1100 miles to the north (Dr. Stephen Loring, personal 

communication 2006).  Also included in the assemblage were 2 copper gorgets, 1 copper 

boatstone, 1 copper hemispherical object, 1 copper disc and over 1,000 copper beads 
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(Cross 1956:Plate 30).  Recovered during the unit cleanup was a typical Adena-like 

gorget.  Ms. Britton tested the copper disc from Burial 12, at the Dow Chemical 

Company in Midland, Michigan, using x-ray fluorescence, along with five samples of 

native copper from several source localities (Britton 1967:33).  The results showed that 

the Abbott Farm copper disc contained the same amount of silver (0.01), as did the 

Michigan sample.  The only other trace element Britton (1967:35) recorded for the disc 

was iron (0.06).  Based on the results, Britton (1967:40) stated that during the Early 

Woodland period native groups of the Abbott Farm area used copper “that had ultimately 

come from the Great Lakes region.”  She then noted that perhaps in later, during the 

Middle Woodland and Late Woodland, pressures of conflict caused by greater population 

density, and in turn, less freedom of movement in general and greater restriction of 

natural resources, found them to make use of locally derived native copper.

 The next example comes from the Crab Orchard Site, located in western Virginia, 

just south of the West Virginia border.  This Late Woodland palisaded village contained 

human and dog burials, marine shells and copper beads (MacCord and Buchanan 

1980:150).  Feature 49, Burial 9 (UGa-479) is dated to about AD 1570 + 120.  A second 

date obtained from charcoal from a pit (Feature 108) dated to AD 820 + 70 (no lab 

number reported in MacCord and Buchanan 1980:150).  Both sheet copper and tubular 

beads were recovered from storage pits and burials.  In 1971, MacCord and Buchanan 

(1980:118) sent copper to be tested by spectroscopic analysis by Mr. Swann at the 

Virginia Department of Agriculture and Commerce.  Only one piece of native Virginia 

copper ore was included for comparative purposes.  One triangular piece of sheet copper 
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with a hole punched near the apex of the triangle found in a storage pit, one scrap of sheet 

copper and one small tubular bead from an adult male burial were sent for analysis.  The 

result of this testing indicated that the triangle and sheet copper items were of “Indian 

manufacture and probably prehistoric in age” (MacCord and Buchanan 1980:118).  The 

bead from the adult male burial contained higher zinc levels than what would normally 

occur in native copper from Virginia; it was therefore concluded that the bead is probably 

not made from a Virginia source but from another unknown source of copper (MacCord 

and Buchanan 1980:118).

 In 1973, Ronald Thomas sent one copper bead from the site of Nassawango, 

Maryland to the Winterthur Museum to determine the beads origin.  At the time of 

discovery, the potential age of Nassawango material was somewhere in the Early 

Woodland, based on three radiocarbon dates from the same feature (see Appendix B).  

Victor Hansen at the Winterthur Museum subjected the bead to x-ray florescence along 

with one reference sample, whose source location is unknown.  Thomas stated, in a 

response to Hansen, that the bead was 99.62% copper by weight, was more pure than the 

reference sample and therefore the bead cannot be traced to a place of origin by this 

method (Maryland Archaeology Laboratory notes).  Then in 1983, Nelson Alexander also 

at the Winterthur Museum wrote Tyler Bastian with the results of his analysis on a 

different copper bead from the site.  Using three different scanning electron microscope 

systems the bead from Nasawango was compared to one sample from the Keewanaw 

Peninsular (MI), one sample from the White Pine mine (MI), one from Oscelola mine 

#18 (MI), two from Raver Rock, (PA), one from Greenstone (PA), and one from Mt. 
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Hope (PA).  The results, provided by Edward Seligmann, were essentially the same as 

those given to Ronald Thomas.  Additionally, Mr. Seligmann stated that the main problem 

with both sets of data were that copper is not homogeneous.  No other conclusions were 

mentioned regarding the results of the Nassawango copper bead analysis.

 Herbert C. Kraft (1976:16) arranged for the study of an unknown number of 

copper “ring” beads from Burials #2 and #5 from the Rosenkrans Ferry Site.  This site is 

located in Sussex County, New Jersey, along the Delaware River.  Radiocarbon dates for 

two of the 13 burials put the site to the early part of the Early Woodland Period (1200 - 

700/600 BC) (Kraft 1976:23).  Mr. Henry Wemple, a metallurgist at General Electric 

Company Materials and Processes Laboratory in Syracuse, New York, subjected the 

beads to “spectroscopic, x-ray diffraction, and other tests” (Kraft 1976:22), along with 

two control samples of native copper, one piece from Michigan and one from Tennessee 

and no samples from the Northeast.  The copper from Michigan contained 50ppt (5%) of 

silver (Ag) (Kraft 1976:23), the same amount (of silver) as in the beads from Rosenkrans.   

Therefore, the conclusion that was put forth by Mr. Wemple was that the Rosenkrans 

copper came from Michigan.  

 All of these studies were early pioneering efforts in the chemical characterization 

of prehistoric copper artifacts.  The authors of these studies had no real input into the 

selection of the number of geologic samples and their location.  Additionally, these 

studies were carried out during a time when the quality of metallurgical analysis was in 

its infancy and subject to many unknowns.

 A very comprehensive work examining Late Archaic to Early Woodland copper 
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artifacts in New England was carried out by Mary Ann Levine (1996).  This study looked 

at copper artifacts from 10 Late Archaic sites and 9 Early Woodland sites in eastern 

Canada and New England.  Levine (1996:82, 98, 121) used Instrumental Neutron 

Activation Analysis for her examination of a total of 64 copper artifacts together with 103 

geological samples.  Levine (1996:127; 2007:580) was able to define discrete geological 

sources based on trace elemental data, similar to the trace elemental studies carried out by 

Lattanzi (2008), McKnight (2007) and Rapp et al. (1990).  Levine was able to establish 

that native copper procurement was not a static enterprise.  Late Archaic and Early 

Woodland copper in New England differed in the percentages of certain elements (As, Cs 

and Eu).  Levine (2007:580-581) was able to identify 18 of the 23 Late Archaic samples 

as being traced to geological sources in the Lake Superior region, while her Early 

Woodland artifacts may have been made from Nova Scotia copper or other eastern 

sources, potentially indicating use of distinct copper deposits (Levine 1996:198).

 A smaller study undertaken by Howard Wellman (1994) focused on the Boucher 

site in northeastern Vermont, an Early Woodland burial site (Heckenberger et al. 

1990:109) of the Middlesex Phase (c. BC 900-100).  Wellman (1994:28) analyzed a total 

of 44 beads using atomic absorption spectrophotometry; 9 (nine) samples from this total 

were also analyzed by neutron activation analysis to compare both techniques.  The main 

tenet of his thesis was to “test whether or not copper from local sources was used with, or 

as a replacement for, ‘exotic’ Great Lakes copper (Wellman 1994:6).  His analysis 

showed that the two different techniques (AAS and NAA) could not be compared.  From 

his NAA study (sample of 9 artifacts), Wellman was able to assign seven to Great Lakes 
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sources, while the remaining two were assigned to New Jersey and Cap D’Or, Nova 

Scotia, Canada.  Wellman’s (1994:46) results do confirm a northern movement of copper 

materials from Appalachian sources through the Connecticut Valley.  His analysis seemed 

to support a copper trade where Early Woodland prehistoric peoples exploited a 

regionally wide supply of more local copper sources during this time.

 While not conducted within the Middle Atlantic region, McKnight’s study of 

copper artifacts from Kentucky and northern Alabama are worthy of mention.  He tested 

using LA-ICP-MS, 319 geologic copper samples and 83 artifacts which represented 16 

individual caches (McKnight 2007:iii).  McKnight (2007:234-235) in his study of Adena 

and Copena copper artifacts, show Middle Atlantic copper being found in some sites, 

however this participation in westward trade ended by the beginning of the Middle 

Woodland.  Interestingly, while direct procurement with intact consumption was 

operational during the Early Woodland period at southern Ohio sites, it was operating 

simultaneous to other behaviors during the Middle Woodland period (McKnight 

2007:222).

 The last study considered here was undertaken by the current author (Lattanzi 

2008).  This study was a pilot research project that examined 69 copper artifacts from 

Late Archaic to Late Woodland sites in the Middle Atlantic, including the Abbott Farm 

NHL and the Rosenkrans Ferry site. While this study incorporated a wider range of 

chronological periods, the results were still encouraging.  Lattanzi (2008) used one 

copper standard (SRM 495) and 178 geologic samples (representing 12 different 

localities) in his analysis. The Late Archaic (“Old Copper Culture”) artifacts showed 
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affinity with midwest, specifically Michigan, sources, while the Early and Middle 

Woodland artifacts were not associated with those sources (Lattanzi 2008:309).  These 

findings indicate that local participants were using copper deposits from the local region 

during the Early and Middle Woodland.  Besides the dated finds at the Rosenkrans site, 

other New Jersey artifacts from what are widely considered to be Early Woodland burials 

trace to Cornwall and other local sources (Lattanzi 2008).   

 There are three disadvantages I see with past and present copper-sourcing studies 

that should be addressed — use of comparable standards, elemental variability and 

number of study samples.  A standard is an object that is used both at the beginning and 

end of the run of a machine.  Some type of standard is also included on the slide with the 

artifacts.  A technical standard can also be a controlled artifact or similar formal means 

used for calibration.  Reference Standards and certified reference materials have an 

assigned value by direct comparison with a reference base.  George Rapp, who pioneered 

copper chemical characterization studies with neutron activation analysis, used an 

internal gold standard and a Canadian soil standard (SO-4) for his studies, which could 

produce as much as 20% error in the results.  Wellman (1994:48) also did not have a 

comparable standard when conducting his analysis.

 The second disadvantage is the inherent elemental variability within native copper 

sources.  Trace elements are geologically heterogeneous within particular copper flows, 

and the degree of trace element variability within individual samples or artifacts is 

unknown.  Some scholars have noted different readings within the same copper piece or 

vein; however, while there were problems with these data, they can be accounted for 
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using the current LA-ICP-MS technique.  The last disadvantage is the problem of small 

sample size for geological specimens used in these sourcing studies.  Most studies used a 

limited number of geologic samples, and sometimes only one sample from one mine.  

More samples from one mine are preferred, especially from a mine known to have been 

used prehistorically, however many samples many not be at all possible. 

 All the previous provenience studies discussed above provide additional data to 

the geochemical study of prehistoric copper artifacts in the Northeast.  While the Britton 

(1967), Kraft (1976), MacCord and Buchanan (1980) and Thomas (1973) studies were 

ahead of their time, they did little to provide real comparative data to answer questions 

concerning resource procurement, social interaction and cultural change.  These studies 

suffered from a number of problems that are easily fixed with today’s technology and 

available resources.  These studies lacked comparable standards to which both the 

geologic and artifactual copper objects could be compared.  Furthermore, they employed 

inadequate sample sizes of both artifacts and geologic samples, and as such it would be 

hard to replicate any of their results or use any of their data.  However, this is where 

copper geochemical studies found themselves at the end of the 1970s.  The newer studies 

mentioned above (Lattanzi 2008; Levine 1996; McKnight 2009; Wellman 1994) do 

provide valuable information and useable data.  The inclusion of additional samples of 

geologic specimens in their studies only helps expand the range of potential attributes 

from which to make assumptions linking an artifact to a particular source.  Different 

equipment and laboratories, as well as nonviable samples, are potential problems with 

some of these studies.  Using different analytical methods of chemical sourcing (e.g., 
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AAS, NAA, INAA, LA-ICP-MS) result in leaving artifact and geological samples in 

some state that may or may not be useful for future studies.  To conclude, one about to 

undertake copper characterization studies should review all the existing literature to 

decide what questions they want to answer, what technique will best help answer that 

question and whether that technique is comparable to others so that the results will not 

just stand alone.

6.9 Statistical Manipulation of data: Prospects and Pitfalls

 As with any type of data, one needs to provide results in a readable graphic 

format.  While there are many statistical analyses available only a few can work with 

certain types of data.  The data collected as part of this study are considered multivariate 

(more than one independent variable) in nature; therefore only certain types of statistical 

programs can be used on the data to provide meaningful results.  Multivariate statistics 

are composed of procedures that are developed to deal with various problems involving 

characterization and subsequent classification of groups of observations (Rapp et al. 

2000:61). 

 Problems with procedures for sourcing, especially the failure to adequately 

distinguish the degree of variation within each source as well as among sources (Ward 

1974:41) is prevalent.  Goad (1978), Hill (2009), Lattanzi (2008), Levine (1996), 

McKnight (2007), and Rapp et al. (2000), have all distinguished between different 

sources using a variety of different statistical methods.  One thing is certain, and it is that 

when a method is chosen, it must be one that is best used for multivariate data.  There are 
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complex processes where more than two or three factors play a role.  Procedures that 

consider a large number of individual factors to assess their relationships are necessary, 

and therefore multivariate statistics were developed to evaluate multiple sets of data 

(Rapp et al. 2000:60).

 With that said, there are a couple of multivariate techniques that can be used for 

the data which has been generated by the analysis of copper.  Authors have used both 

principal component and cluster analysis (Fenn 2001; Goad 1978; Hill 2009), as well as 

canonical discriminant analysis (McKnight 2007; Rapp et al. 2000), on their finalized 

copper data.  Hill (2009:250-251) has used component scores from PCA which were then 

subjected to discriminant functional analysis.  As most of these studies have used some 

form of discriminant analysis, this study uses the same statistical procedure for the data 

collected as Hill (2009), namely running a principal component analysis first then 

running a discriminant function analysis on the PCA scores.  The following describes the 

assumptions and results that discriminant analyses can provide when applied to 

multivariate copper chemical characterization data.

 Discriminant function analysis assumes data is already divided up into valid 

groups, whereby it discovers and emphasizes those attributes which discriminate between 

known groups and then assigns ungrouped units to one or another group using that prior 

knowledge (Doran and Hodson 1975:209).  These assumed prior units of existing groups 

relate to the trace-element concentrations in known copper deposits.  Canonical 

discriminant analysis is when there are more than two groups (geological or artifact 

deposits) being considered.  This is similar to principal components where the functions 
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are calculated, “so that each successive canonical variate accounts for the maximum 

possible separation between group centroids” (Doran and Hodson 1975:210).  The first 

couple (F1 and F2) of variants should account for most of the inter-group variance.  Rapp  

et al. (2000:62) has listed the information referred to using this/these procedures: 1) the 

likeliness of groups of observations belonging to defined groups; 2) a degree of 

separateness among the groups; 3) factors that characterize the differences among groups; 

4) assignment of unknown observations (trace-element analyses of copper artifacts) to 

previously defined groups, and 5) a level of similarity that exists between the group and 

the unknown assigned to that group.  
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CHAPTER 7: METHODOLOGY 

Most archaeological characterization problems are sufficiently complex that a 
certain amount of research on sampling, analytical procedures, and data 
processing must be performed before the actual artifact work is begun. There 
are almost never cut-and-dried projects, where the analysts can merely "turn 
the crank" to generate results the archaeologist desires. 

Harbottle (1982:20)

7.1 Copper Analysis Research Design

 To understand the role copper artifacts played in prehistoric societies in the 

Middle Atlantic region this project addressed four primary goals stated in Chapter 1.  To 

that end the following presents the collection of the artifact and geologic samples used to 

build a comparative database.  Furthermore, the laboratory and statistical analysis carried 

out on the samples to obtain trace elemental data is presented.  The data is then used to 

identify patterns within the copper caches from each site and then compare them to the 

geologic data to identify likely geologic source areas for the copper artifacts. Finally, 

those results are used to answer a set of proposed expectations regarding models of trade 

and exchange postulated for the region and revise them if necessary.

7.2 Data Collection

 The next step used for data collection, in answering questions concerning 

prehistoric copper exchange, consisted of collecting artifacts from excavated sites.  Three 

Middle Atlantic archaeological sites of the Early to Middle Woodland period were chosen 

as part of this study due to the presence of copper in specific contexts whereby chemical 

analysis would potentially answer questions of social organization and type of trade in 
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operation.  Sites date from the Early to the Middle Woodland period.  The volume of 

copper artifacts from all three of these sites is impressive with over two thousand 

artifacts.

 Table 7.1 lists the total number of copper artifacts collected and the total number 

(20%) of artifacts eventually tested as part of this research.  The rationalization behind a 

20% sample from each site was as follows.  There was no preference in size or shape of 

the beads, only that they have a good edge from which to test.  Samples used as part of 

this study consisted of small round beads, larger copper gorgets and small to large tubular 

beads.  Given the fact that in all there were a total of over 2,000 artifacts to sample, it was 

decided, due to the time taken on the machine for sampling as well as software and laser 

problems, that a 20% sample of copper artifacts from each site would be a sufficient 

sample size to produce enough data in which to test hypotheses concerning prehistoric 

exchange patterns.  This total number of artifacts tested is by far the largest number of 

copper artifacts to date that have been subjected to geochemical analysis.  Previous 

authors, such as Levine (1996) sampled 64 artifacts (24 Late Archaic sites, 31 Early 

Woodland sites, 9 both LA and EW), Wellman (1994:iv) sampled 44 artifacts (Early 

Woodland site) and Hill (2009:246) sampled a total of 91 copper artifacts from Late 

Archaic sites in Wisconsin and McKnight (2007:iii) sampled a total of 83 artifacts 
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Archaeological Site Cultural Historical Periods Total # of Objects 20% Sample
(rounded up)

Rosenkrans Ferry Early Woodland 422 87
Abbott Farm Middle Woodland 560 116

Lister * (Abbott Farm) Middle Woodland 413 90
Nassawango Middle Woodland 982 192

Totals 2,377 485

Table 7.1 Archaeological sites and number of copper artifacts included in this study.



representing 16 burial caches from Early and Middle Woodland sites in Kentucky and 

Alabama.  The samples from Abbott Farm and Lister, considering they were from the 

same site were treated as if it came from one burial; however, in the analysis they were 

separated to see if any patterns were visible.  In the case of Rosenkrans Ferry, many 

viable pieces of copper were taken from individual burials to provide an adequate sample 

from each.  Particular attention was paid to the burials for which radiocarbon dates were 

also taken.  Similarly, in the case of the copper from Nassawango, attention was paid to 

the burial features where dates were obtained as well as copper from the overall features.  

Nasawango copper artifacts from individual burial features were separated and marked 

like those for Rosenkrans so that during the analysis phase they could be separated out to 

show possible patterns.  

 At this point it is important to emphasize why this study is examining caches of 

copper artifacts.  One of the goals is to examine a cache of copper objects in order to see 

if its chemical composition is heterogeneous or homogeneous.  In this sense, the copper 

used and deposited as beads from within a single burial feature can be from a single 

(homogeneous) or multiple (heterogeneous) geologic sources.  A cache of copper artifacts 

would then be a reflection of the exchange system in operation at the time of the cache’s 

deposition within those burials.  Therefore, not only is it important to test as many copper 

beads as possible, but also to test beads found in individual burials from within the same 

site.  The importance of the Abbott Farm site during the Middle Woodland period puts 

this site at a significant advantage.  Given its location the was revisited many times 

throughout prehistory.  While the site has no geologic sources of native copper, copper 
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artifacts have been identified in deposits dating from the Late Archaic to Late Woodland 

periods.  Another significance to the Abbott Farm site is the contention that this site was a 

regional center or gateway community for trade and exchange based on the settlements 

and types of artifacts found at the site and across the region (Handsman and McNett 

1974; Pollak 1971 Williams and Thomas 1982:148).  While Stewart (1982; 1994) and 

others (Cavallo 1984) refute this, what it does suggest is “that during the Middle 

Woodland period there is an intensification of subsistence production in concert with the 

development of some type of ranked society” (Stewart 1994:63).  Being able to examine 

copper artifacts, from Early to Middle Woodland sites (Rosenkrans Ferry, Abbott Farm 

and Nassawango) can help in further developing and testing whether the Abbott Farm 

was one of these “gateway communities” or whether it underwent no change in social 

organization.  The trace elemental characterization of copper artifacts from all these sites 

can be applied to exchange models previously presented for the Middle Atlantic region to 

answer that question.

7.3 Laboratory and Statistical Analysis

 In order to carry out the present study Laser Ablation Inductively Coupled Plasma 

Mass Spectrometry (LA-ICP-MS) was used to build a comparative chemical 

characterization database for geologic copper deposits as well as copper artifacts from 

Middle Atlantic sites.  LA-ICP-MS was justified for use in this study based on the criteria 

of its application in other successful copper studies; improvements that this technique has 

over previously used methods; and its rapid, minimally destructive and quantitative (with 
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standards) analysis of geological samples.

 Copper artifacts, geological samples and certified reference materials were placed 

inside the chamber of an Analyte 193 Excimer laser-ablation system.  Photon Machines’ 

Chromium software package was used to control and focus the laser on the specimen of 

interest via a digital video camera mounted within the ablation chamber.  Ablated 

material was injected, with the aid of argon gas, into a Perkin Elmer NexION 300X 

quadrupole inductively coupled plasma mass spectrometer (ICP-MS) with universal cell 

technology.  Resultant data was displayed on the computer screen in graphic form and a 

Microsoft Excel file was immediately created based on that data.  This way the author 

was able to control the sampling and analysis in real time, fixing any problems that would 

arise.  The sample preparation and actual laser testing were conducted by the author 

under supervision of University of Missouri Research Reactor (MURR) ICP-MS 

technicians and staff.  Additionally, all statistical analyses were performed by the author.

 To achieve proper data correlation for the display of elemental parts per million 

(ppm), a number of standard reference materials (SRM) were included as part of this 

study.  SRM 495, which was used in the initial 2007 study (Lattanzi 2008), as well as 

SRM 400 copper, SRM 500 copper, SRM 1107 Red Brass, SRM 1110 copper, and SRM 

37e Sheet Brass were analyzed (see Appendix A).  All the standards used as part of this 

study were obtained through the National Institute of Standards and Technology, 

Washington, DC.  Each standard was adhered to a single slide and was tested at the 

beginning and at the end of each day.  Each standard on the slide was subjected to the 

same ablation protocol as the geologic and artifact specimens.  Gas blanks were run to 
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flush the system out at the end of every slide, including the standard slide.  Using these 

standards and running a gas blank through the machine between slides would correct any 

instrumental drift that may occur while running the slides (Bastian 1961:168; Gratuze 

1999:873).  

 To improve reproducibility of all measurements, SRM 400 copper (flakes) and 

then later SRM 500 copper (wafer) were used as an additional standard (placed on every 

slide) to correct any instrumental drift or changes in ablation efficiency as well as to act 

as internal control.  Both SRM 400 and 500 copper contain the same elemental 

concentrations and therefore would not present problems of uneven readings on the data 

being collected (see Appendix A).  In the initial collection, data on 31 isotopes and 21 

elements (Table 7.2) were generated, which consist of major trace elements along with 

isotopic values of some elements.  This total was not the final total included in the 

statistical analysis.  

 An examination of previous methods of study, along with the elements used, help 

to guide the current research.  What number of elements and which ones are the best to 
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Element Isotope Element Isotope
Aluminum 27Al Tin 118Sn
Chromium 52Cr Antimony 121Sb
Manganese 55Mn Xenon 129Xe

Iron 57Fe Lanthanum 139La
Cobalt 59Co Cerium 140Ce
Nickel 60Ni Tungsten 184W
Copper 65Cu Osmium 189Os

Zinc 66Zn, 68Zn Gold 197Au
Arsenic 75As Mercury 202Hg

Selenium 77Se Lead 206Pb, 207Pb
Silver 107Ag Bismuth 209Bi

Cadmium 111Cd Uranium 238U

Table 7.2 All elements detected as part of this study along with isotopes.



use when examining chemical characterization of copper?  Which methods would 

provide the most accurate data on elements selected for this study?  Which elements 

would prove beneficial when statistically analyzed in displaying the necessary 

information?  Many authors have used their own suite of elements to examine copper 

artifacts and related them to their geologic source.  Table 7.3 shows previous copper 

studies and the particular elements detected as part of their analysis of copper artifacts, as 

well as the type of statistical analysis performed on the data, and the different standard 

reference materials used.

Sample Collection

 While any sample design is never complete and final, it is the hope that this 

project was able to incorporate as many geologic and artifact specimens as possible to 

produce a complete elemental picture of copper.  A number of steps were taken as part of 

data collection, which were used to draw inferences pertaining to answering questions of 

chemical characterization.  The New Jersey State Museum Natural History Bureau, the 

North Carolina History Museum, the Michigan Technological Institute, and Bryn Mawr 

College were asked to lend geological specimens or samples of larger specimens.  A large 

number of geological samples were needed, as well as multiple samples from a single 

specimen, to provide a more comprehensive total of geological copper deposits (Rapp 

and Gifford 1985; Rapp et al. 2000).

 Earlier work carried out as part of this overall project on copper artifacts in the 

Middle Atlantic region deserves some mention.  An earlier pilot study (Lattanzi 2008) 
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was carried out at the same laboratory as the one used by McKnight for his dissertation 

research, utilizing the same LA-ICP-MS machine.  The same standard (NIST SRM 495) 

was used as well as the same geological copper samples, 319 samples from 12 different 

locations.  Copper artifacts from Early to Late Woodland artifacts were included in this 

study totaling 69 artifacts.  Not only were separate geographical regions identified based 

on the copper characterization, but also a distinction was noticed between Late Archaic 

and Early and Middle Woodland copper artifacts (Lattanzi 2008:308, 312-318).  At the 

time, this early pilot study was by far the most intensive chemical study of Middle 

Atlantic copper artifacts.

 It was decided for brevity that only samples from, or that could be found in, the 

Middle Atlantic region would be included in the current study.  However, to show that 

different locations of copper deposits can be distinguished, a few samples from other 

regions have also been included.  So along those lines, regions such as the Midwest and 

Southeast as well as far northern regions are included in this sample design due to the 

possibilities that copper from these regions could have been used by prehistoric peoples 

of the Middle Atlantic region.  Additionally, they are included to distinguish distinct 

clusters of geologic copper deposits.  Numerous authors have been able to show that 

geologic copper deposits are not all the same and most can be distinguished through the 

comparison of certain elemental characteristics (Lattanzi 2007:308; Levine 2007:508; 

McKnight 2009:182; Rapp et al. 2000:83).  Table 7.4 lists the institutions contacted, the 

regions from which the copper was collected and the number of samples included in the 

study.  These samples were picked because of their close geographical location to the 
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study area.   Most geological samples were examined for areas where small pieces can be 

removed without much effort.  Removal was accomplished with a pair of needle nosed 

plyers.  The sample was then put in an archival plastic bag which was numbered with the 

specimen number.  
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INSTITUTION LOCATION STATE/PROVINCE NUMBER
Bryn Mawr College Franklin New Jersey 1
Bryn Mawr College Cornwall Pennsylvania 1
Bryn Mawr College Boundbrook New Jersey 1
Michigan Institute of Technology Boundbrook New Jersey 1
Michigan Institute of Technology Chimney Rock New Jersey 1
Michigan Institute of Technology Trout River, Newfoundland Canada 4
Michigan Institute of Technology Michipicon Island Michigan 1
Michigan Institute of Technology Cap d'Or, Nova Scotia Canada 2
Michigan Institute of Technology Gold Hill North Carolina 1
Michigan Institute of Technology Cornwall Pennsylvania 2
Michigan Institute of Technology Greenstone Pennsylvania 2
Michigan Institute of Technology Adams County Pennsylvania 5
Michigan Institute of Technology Franklin New Jersey 5
North Carolina History Museum Ducktown North Carolina 4
New Jersey State Museum New Brunswick New Jersey 4
New Jersey State Museum Caledonia MI 6
New Jersey State Museum Calumet MI 1
New Jersey State Museum Lake Superior MI 1
New Jersey State Museum Lake Superior MI 2
New Jersey State Museum Franklin NJ 1
New Jersey State Museum Bellville NJ 1
New Jersey State Museum Franklin NJ 2
New Jersey State Museum Chimney Rock NJ 1
New Jersey State Museum Somerville NJ 6
New Jersey State Museum Franklin NJ 1
New Jersey State Museum Somerville NJ 1

Total 58

Table 7.4 Institutions, regions and number of geologic copper samples collected.



Sample Preparation

 A number of different steps were taken for the preparation of all samples.  

Standard Reference Materials SRM 495, SRM sheet brass 37e, SRM 400 copper, SRM 

1110 copper and SRM 1107 were placed on one standard (27 x 46 mm petrographic) 

glass slide.  Similarly all artifacts were adhered to individuals slides.   Material used to 

adhere the standards, geological specimens and artifacts was Museum Wax(TM), an inert, 

non-toxic microcrystalline wax (100%).  A small dab of this wax was rolled into a ball 

and placed on the slide.  The artifacts were then placed on top of the wax to secure them 

(Figure 7.1).  This material is typically used in professional museum settings because it 

does not off-gas, can be easily removed and does not leave stains or residues on the 

specimens.  Additionally, all the artifact slides also had a small sample of SRM 400 and 

later SRM 500 copper included to act as a control.  Finally, all geological samples were 

adhered to individual slides along with SRM 400 and then SRM 500.   

 Some authors have cleaned or prepped artifacts and/or geological samples before 

any testing is carried out (Lattanzi 2007; Levine 1996; McKnight 2007).  However, as 

part of the current study, no cleaning or preparing of any specimens was carried out.  

Because of the nature of the artifacts, i.e., round beads, it was determined that less 

corrosion and oxidation occurred on the ends of the beads where there is less surface 

material, than on the rounded more exposed metal surface.  Additionally, lasering a 

section of the rounded surface might skew the data, as the laser may hit a curved portion 

of the bead with more oxidation or may miss altogether and not hit a solid piece of the 

artifact.  In this way, sampling the upended edge section of the artifact would provide a 
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truer sense of the chemical makeup of the copper object.

 If feasible, each individual bead was placed on the slide sideways with the flat 

edge opening facing out.  This was done for a couple of reasons; first, in order to achieve 

optimum data collection during analysis, the laser will hit a straight, flat surface, unlike 

the rounded edge of the bead, which earlier studies have done; and second, there is less 

corrosion on this edge (less surface for which to oxidize) of the bead than the rounded 

surface, thereby obtaining better results because the laser will hit unaltered pure metal 

after a pre-ablation swath.  Corrosion on the surface of all artifacts was removed before 
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Figure 7.1. Sample artifact slide showing artifacts adhered to slide using Museum Wax.



any pre-ablation took place; this was accomplished with the laser, whereby a small 

amount of corrosion was removed until a shiny portion of the original metal was exposed 

as seen on the computer screen of the laser ablation machine.  Generally all the copper 

artifacts used as part of this study showed remarkably little corrosion overall, especially 

on the edge where data was collected.  Areas of corrosion were identified by examining 

the artifact on the computer screen as it was projected by the microscope camera.  Dark 

areas that contained many pockets and when hit with a pre-ablation flaked off easily were 

considered to be heavily oxidized areas.  Once those areas were eliminated and a reddish 

shiny area was observed, data collection could begin.

Analytical Protocol for Laser Ablation

 The methodology of testing was carried out on both the artifacts and the 

standards.  The current protocol used in this study was taken from Dussubieux (2007), 

with slight modifications.  The first step was to pre-ablate the surface of all the standards 

and artifacts.  A total of 5 individual spots on the standards, the artifacts and the 

geological samples were hit with the laser with a set protocol (Figure 7.2).  The LA-ICP-

MS machine had the following settings for its pre-ablation run: Energy @ 60 KeV, with a 

total ablation scar (spot size) that measured 120µm in length and 40µm in width, whereby 

there was no data collection.  This would create a wider swath, exposing more raw copper 

to test.  During the data collection stage, the settings for the machine were Energy @ 40 

KeV, with an ablation scar (spot size) that measured 65µm in length and 40µm in width.  

Figure 7.3 shows an image of the pre-ablation and ablation performed by the laser on a 
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sample.  During the data collection, a total of 380 seconds collecting data (replicants) 

were performed.  There was a break of 20 seconds between data collecting while the laser 

set up on the next ablation spot on the sample.  The remaining settings of the LA-ICP-MS 

had a Helium mass flow set at 0.95, a laser rep rate 10Hz and laser scan speed 10 µm/s.  

Because data were collected from five different spots, a more accurate and precise count 

of elements from the standards, geological samples and artifacts was achieved.  As 

mentioned above, data were collected on 31 isotopes and 24 elements.  Figure 7.4 shows 

the raster set up for the laser which was repeated five times on the edge of the artifact; the 

raster is the path the laser follows, which is set up by the operator.
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Figure 7.2 Ablation protocol for each laser hit on objects (not to scale).

B A

ablationpre-ablation

 A - 40µm C - 120µmB - 65µm
C



164

Figure 7.4. Image showing five ablation spots on artifacts within the pre-ablation swath.

Figure 7.3 Pre-Ablation scar on artifact.



Data Manipulation

 To obtain data useful for statistical analysis it has to be imported into a workable 

format.  The raw data generated by the laser ablation machine were output into a 

Microsoft Excel format as raw ion counts per second (CPS).  The data were then 

transferred to SPSS® statistical software programs for analysis.  However, before any 

statistical analysis could begin on the data, it had to be manipulated to produce numbers 

that can be statistically workable.  Ten worksheets were created in Microsoft Excel to 

carry out the manipulation.  Another worksheet that contains all the SRMs and their 

elemental values was also included.  All of these worksheets were saved to one file as 

formulas on one sheet sometimes referred to data in cells on other worksheets.

 The first worksheet displays the raw data of all SRMs, artifacts and geological 

specimens in counts per second (CPS).  The second sheet shows the trimmed raw data.  

This means that the very beginning and very end of every run were trimmed to isolate the 

data collection peaks.  The third sheet contains the peak isolations and background 

subtractions.  This was done in three steps.  The first would sum up CPS in each peak 

minus the number of rows containing each peak multiplied by the average background 

preceding peak.  The second step removed the negatives from background-corrected 

peaks.  The final and third step averaged the five background-corrected peaks of the 

second step.  These averages are listed on a separate Excel worksheet.

 The fourth worksheet contains all the elements included in each SRM used as part 

of the current study.  These values are used in formulas where the results are included in 

other sheets.  Worksheet five is a listing of all the results from the averages of the five 
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background-corrected peaks from on sheet 3.  Sheet six calculates the isotopic-

abundance-corrected counts per second for the raw data.  It takes the counts per second 

listed on the previous worksheet (raw data from the ICP-MS) and divides by the isotopic 

abundance as listed in the SRM values worksheet (Sheet 4).  

 Worksheet seven queries the isotopic abundance correlation of counts per second 

worksheet and removes any negative values, replacing them with zeroes.  The eighth 

worksheet contains calculations for the standardized signal Y (std signal Y).  The 

standardized signal Y is defined simply as the detector signal for a certain isotope 

standardized to another element, in this case copper (Cu), as it is the most abundant 

element in the specimen matrix. This is a ratio of one isotope’s signal to that of another 

isotope, which is calculated by dividing the values from the Worksheet seven (the blank- 

and isotopic-abundance-factor-corrected counts per second) by the most-abundant 

element in the sample matrix, again in this case, copper (Cu).  The value used for copper 

in this study came from SRM 400 and SRM 500 which was 99.7% by weight.

 Worksheet nine calculates Ky for the SRM run on slides containing artifact 

specimens -- not the SRMs run at the beginning, middle, and end of each run, which is 

typically just one or two SRMs.  Currently, Ky is calculated according to copper.  

Worksheet ten divides standard signal y by Ky for each element.  These values are then 

summed in a column.  The final worksheet takes the value of standard signal y/Ky for 

each element and divides this value by the sum of standard signal y/Ky for each 

specimen.  The resulting value is then multiplied by one million.  This results in the 

normalization of all the values.  While Rapp (1982), Rapp et al. (2000:64) and others 
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were the proponents of normalizing the data using the power (X1/5) transformation, this 

study achieves the same results using the procedure laid out above.  The data were 

normalized according to the concentrations of abundance of copper (Cu), and then the 

raw ppm values are then log normally distributed.  Use of log concentrations rather than 

raw data compensates for differences in magnitude between the major elements, such as 

sodium, and trace elements, such as the rare earth or lanthanide elements (REEs).  The 

idea is to compare elements whose concentrations vary by several orders of magnitude 

(e.g., Ni concentrations may range from 100-10000 ppm, whereas Sn values may range 

from 0.01-10 ppm) a power transformation like Rapp’s, Hill’s and Levine’s or a log 

transformation will put these different values on the same scale.  Because analyses of 

artifacts and geological samples were conducted at MURR, this study follows their 

statistical protocol for geological studies (Glascock 1992), where the treatment of 

compositional data as a lognormal distribution is preferable, which was carried out on 

data in this dissertation.  Glascock (1992:16) cites two reasons for the use of lognormal 

distribution; first that most researchers at MURR have observed that more often than not, 

especially for trace elements, the data appear to be more normally distributed when 

treated as logarithms of the measured concentrations; and the second reason is “that 

transformation of concentration data into logarithms compensates for the differences in 

the magnitudes between the major elements, such as Al, K, and Fe, on one hand, and the 

trace elements, such as the rare earth elements (REE), on the other.”  

 Once the data underwent manipulation the chosen method of statistical analysis, 

in this case discriminate analysis was applied to the data.  The type of discriminant 
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analysis used to achieve the goals of this study are descriptive in nature.  Descriptive 

discriminant analysis is applied to the data so that a clearer separation of groups is 

presented.  Additionally this technique is able to describe or elucidate the difference 

between two or more groups, which is what this study is trying to achieve — the 

description of copper both artifactual and geological in distinct groupings based on 

similar elemental characteristics (Rapp et al. 2000:62).  Rapp et al. (2000) also describes 

predictive discriminant analysis, which involves establishing classification rules based on 

two or more independent variables, i.e., trace-element concentrations.  These are then 

used to discriminate between those prior defined groups, i.e., geologic native copper 

sources.  The rules are then used to predict object group membership or to assign new 

objects from unknown sources (copper artifacts) into prior defined groups (Rapp et al. 

2000:62).  Considering that this study also looks at all copper artifacts deposited in a 

cache, the use of descriptive discriminant analysis will be extremely helpful in examining 

the entire chemical makeup of all artifacts that were deposited together.  This technique, 

along with predictive discriminant analysis, will help in elucidating observed similarities 

or differences within a defined group (e.g., cache); that is, whether artifacts from a cache 

or geologic specimens have similar or different chemical elemental makeups.  

 A number of different statistical scenarios were performed in order to achieve the 

best possible outcome with the data.  Before the statistical analysis was carried out two 

elements namely Chromium (Cr) and Manganese (Mn) were removed from the total 

number of elements for archaeological samples, because they showed somewhat high 

numbers.  One of the possible reasons for this is the elevated concentrations of 
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Chromium and Manganese naturally occurring in the soil surrounding the copper 

artifacts, detected during data collection (Matthew Boulanger, personal communication 

2011).  The removal of these two elements had no real effect on the overall data.  Like the 

archaeological samples, statistical analyses were preformed on geological samples with 

and without Cr and Mn.  Again, like with the archaeological samples, no significant 

difference was noted.  It was decided that Cr and Mn would be left into the total data set.  

Furthermore, a stepwise discriminate analysis was also performed on both the artifacts 

and geological samples.  Stepwise analysis would determine which are the best elements 

that contribute to the overall analysis, then those non-contributing elements can be 

removed from further analysis.  While the stepwise discriminate analysis did identify 

non-contributing elements, particularly Bi, its removal from the data set caused negligible 

results and it was therefore left in.  

7.4 Evaluating the Models of Interaction and Exchange

 In the process of examining aspects of prehistoric exchange in the Middle Atlantic 

region, authors have proposed varying models (Custer 1984; Ritchie and Dragoo 1959; 

Stewart 1989, 2004; Thomas 1969, 1970; Weslager 1972).  Only Custer and Stewart 

provide models that are quantitatively and qualitatively testable as part of this research.  

This study uses the models set forth by Custer (1984, 1986) and Stewart (1984, 1989, 

1994, 2004), examining both broad-based and focused exchange as they apply to the 

Middle Atlantic region.  While they could, these models are not meant to apply to the 

entire Northeast nor are they considered to be operating irrespective of each other.  They 
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are used here as a step in the process towards explaining cultural change and interaction 

within the Middle Atlantic region.

 Using the results from the study of the chemical composition of a copper cache, 

we can evaluate proposed models of interaction and exchange.  A cache of copper 

deposited in a burial is described as “any spatially discrete group of copper objects buried 

as part of a single purposeful event” (McKnight 2007:130).  The key term here being 

purposeful or, in other words, it was the explicit intention of prehistoric peoples to bury 

this group of artifacts.

 Using the models presented above, the following series of expectations based on 

them help to lay out how the results of this study will be used to evaluate these models.

1.) A cache representing a single intra-regional source (homogeneous) of copper meets 
the expectations of a focused exchange network. 

Under this scenario, the expectation would be a burial cache of homogeneous material 

(e.g., all buried copper tightly grouped together) sourced to one particular location inside 

(intra-regional) the Middle Atlantic region.  

2.) A cache representing a single extra-regional source (homogeneous) of copper meets 
the expectations of a focused exchange network. 

Under this scenario the expectation would be a burial cache of homogeneous material 

(e.g., all buried copper tightly grouped together) sourced to one particular location 

outside (extra-regional) the region.

 These two expectations are the same as Stewart’s (1989, 1994, 2004) focused 

exchange network.  Individuals or small groups, possibly ritual specialists, from the 
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Middle Atlantic insinuated themselves into broad-based networks inside or outside of the 

region to obtain specific goods from a single source (Stewart 1989).  Items gained 

through focused exchange are generally found in burial contexts and artifact caches.  Kin 

related groups through some sort of reciprocal exchange could obtain copper from a 

single source from within the region.  These types of artifacts would be part of 

ceremonial exchange and immediately consumed (buried) within a mortuary setting.  

This type of behavior would also be clarified as direct procurement with intact 

consumption as the copper would be immediately deposited in a burial context 

(McKnight 2007:44; Renfrew 1975:43).  Interestingly, focused exchange networks “do 

not appear to involve institutionalized or formalized relations between societies within 

the Middle Atlantic Region and those in adjacent regions” (Stewart 2004:342); however, 

they may involve formalized relations among individual groups within the Middle 

Atlantic region.  Stewart (2007:163) sees the exchange of copper beads and other burial 

goods acting as social mitigators, which would continue perpetuating the ideological 

system and keeping neighboring groups in equilibrium.  Additionally, Custer (1984) 

suggests that artifacts (i.e., copper) in this cases could be used in communicating some 

sort of status or symbolism upon the deceased individual(s).

3.) A cache representing multiple intra-regional sources (heterogeneous) of copper 
meets the expectations of a broad-based exchange network.  

4.) A cache representing multiple extra-regional sources (heterogeneous) of copper 
meets the expectations of broad-based exchange network.  

 These scenarios would be represented by copper objects from multiple sources 

within one deposited cache, the result of localized hand-to-hand interactions, obtaining 
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goods down the line.  All of these artifacts would then be “pooled” for their eventual 

deposition later in time, hence the multiple different sources making up the cache.  This 

could be a result of a number of different localized kin groups paying tribute or 

repayment of services provided, or where one group needs a particular resource in 

exchange for something else.  These goods would then be pooled to be consumed later, 

similar to McKnight’s (2007) direct procurement with delayed consumption.  This would 

be similar to Custer’s (1984) web-like, down the line exchange, and Stewart’s (2004:342) 

broad-based with hoarding network. 

 In looking at these four scenarios one must realize that both focused and broad-

based networks can exist at the same time, and the two do not seem independent (Stewart 

1989, 1994:79).  When focused exchange becomes more prevalent, because of whatever 

reasons — e.g., control of resources, resource depletion, population growth, power — 

this is when the social aspect of prehistoric groups changes.  Exchanges, and in turn 

group interactions, go from one of reciprocity and/or gift-giving to one of redistribution 

(exact payment or tribute), which in turn affects the socio-cultural organization of 

prehistoric groups (Ericson and Earle 1982; Williams and Thomas 1982:148; Sahlins 

1972).   
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CHAPTER 8: ANALYSIS AND DISCUSSION

With a handful of glass, porcelain, and amber beads were more than one 
hundred of copper; the former from Venice, the latter the handiwork of a 
Delaware Indian. 

     C.C. Abbott (1894:170)

 A result of the LA-ICP-MS analysis on both geologic and artifact specimens of 

copper was the production of an extremely large amount of data.  Data provided in 

Appendix C of this dissertation are there for future analysts and archaeologists to 

generate their own results using different or now-unknown techniques that may shed 

additional light on the subject of the chemical characterization of copper, the sourcing of 

artifacts made from raw materials and the movement of those materials in raw or finished 

form across the landscape.  All the original raw data is also available to scholars and 

researchers.

 One main assumption with this and all previous copper sourcing studies is that 

one has collected and tested all available geological sources.  Additionally the sources 

collected and tested may not have been available prehistorically and would therefore not 

be statistically relevant to the study (Halsey 2004; Hill 2007:258; Rapp et al. 2000).  

Furthermore, sources of drift copper were most likely exploited by prehistoric peoples 

because it does not have to be mined and comes in all sizes (Halsey 2006).  These are 

assumptions that this and other studies realize and accept — that our findings may not be 

representative of a totally complete sample, so we are left to analyze artifacts deposited in 

a cache at a site.
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 Examining copper artifacts from a single site as a single cache, we are left with is 

an accurate depiction of copper acquisition and deposition at a particular time and place.  

Any relationships identified within and between sites based on the trace-elemental 

characteristics of the copper will “represent the collective source utilization of a 

population, and that the chemical composition of each site will then reflect the geological 

source(s) used by that population through time” (Hill 2009:258).  So if there is 

overlapping of the elemental composition of copper from multiple sites, we would then 

argue for interaction between those communities, but this may not be the only 

explanation, as different native groups may have used the same geologic source over a 

long period of time.  If copper is seen in being distinct and separate clusters, we would 

further argue that those clusters represent different sources of native copper.

 Copper artifacts representing the Abbott Farm NHL, Rosenkrans Ferry and 

Nassawango sites were tested using LA-ICP-MS to identify 24 elements (31 isotopes) 

from a total of 485 copper artifacts.  Of the total of 24 elements a final 16 were used for 

the final analyses.  As laid out earlier, because of the overwhelming number of total 

copper artifacts, a strategy of taking a 20% sample from these three sites was 

implemented.  Samples of beads were taken from individual burials as in the case for 

Rosenkrans Ferry and Nassawango; however, since for Abbott Farm and Lister, 

individual burials were not distinguished, 20% of the total number of beads from each 

site were examined.

 Statistical analyses were performed on the raw data generated by the chemical 

characterization of copper artifacts.  It was determined that performing principal 
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components analysis and then running a canonical discriminant function analysis on the 

PCA scores (for both the artifacts and geologic samples) would produce the best results, 

enhancing the elemental makeup of each artifact to the whole (Hill 2009).  Other 

researchers used a power-transformed (X1/5) function of the normalized data then running 

statistical analysis, typically principal components analysis and/or discriminant function 

analysis (Hill 2009; Rapp et al. 2000; Levine 1996).  Others have argued whether 

chemical data for geological materials are distributed normally or lognormally (Glascock 

1992:16).  Concentrations of elements in geological and archaeological samples from 

various sites measured in this study do not follow a normal distribution (e.g., Figure 8.1), 

so this study supports the use of logarithms of concentrations (e.g., Figure 8.2) as 

indicated in the Methods section (Chapter 7).  The results obtained in this study showing 

lognormally distributed elements follow those obtained by Rapp et al. (2000:66-70).

 In this sense, transforming the data to logarithms makes it easy to apply statistical 

methods such as clustering and other multivariate methods.  Statistical analyses were 

performed on the results in two steps:

1.) Analysis of artifact copper to examine relationships within and between each cache 
regardless of geological source.

2.) Analysis of artifact and geologic samples together to determine the most likely 
geologic source of copper artifact for each site.

 A part of Discriminant Function Analysis, reclassification first identifies patterns 

in the elemental composition of copper by site, then assesses the probability that each 

copper artifact is best associated with the site where they were found or another site 

within the sample.  This reclassification assumes that copper artifacts are best affiliated 
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with the site where they were found (i.e., Abbott Farm with Abbott Farm, etc.).  It then 

builds a profile from the total elemental composition of artifacts from each site.  Lastly, it 

assigns a probability to the elemental composition of each artifact that best fits the profile 

of one site or another.  Initially all copper artifacts from the Abbott Farm and Lister were 

combined as if they were coming from one site.  Another run of the data was performed 

in which Lister artifacts were separated from the Abbott Farm artifacts to see if any 

significant patterns could be gleaned out of the data.  As with both of these 

reclassifications, all 485 copper artifacts were included as part of the statistical analysis.  
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Figure 8.1 Not normally distributed element (Fe) for all Lister artifacts.



The results from both of these classifications show some interesting results (Tables 8.1 

and 8.2).  

 By clumping Lister and Abbott Farm together, 58.3% of the total number of 

Abbott Farm (plus Lister) artifacts were reclassified to Abbott Farm plus Lister.  There 

was one Abbott Farm artifact reclassified to the Nassawango site, while 85 artifacts were 

reclassified to the Rosenkrans site.  There were no Rosenkrans Ferry artifacts reclassified 

with Nassawango and only one artifact reclassified with Abbott Farm.  Of the total 

number of artifacts (n=192) from Nassawango, 64 were reclassified to the Abbott Farm 

(plus Lister), while only 25 were reclassified back to Nassawango.  Surprisingly 103 

artifacts (53.6%) out of 192 were reclassified to Rosenkrans Ferry.  Of the artifacts from 

Rosenkrans Ferry (n=86) 98.9% were reclassified back to Rosenkrans Ferry.  This 

indicates that almost the total of the copper artifacts from the Rosenkrans Ferry site 

(n=86) came from one and possibly the same geologic source.  Only one artifact from 

Rosenkrans Ferry was reclassified to Abbott Farm.  While there appears to be interaction 

between Nassawango and Abbott Farm, based on 33.3% of the artifacts reclassified to 

Abbott Farm, there appears to be 53.6% of Nassawango copper reclassified to 

Rosenkrans Ferry.   This maybe a result of continual use of copper from the same source.  

The results of this analysis also indicate that there was no interaction taking place 

between Rosenkrans Ferry and Nassawango, based on no Rosenkrans Ferry artifacts 

reclassified to Nassawango, which is understandable given the time difference between 

the two.

 A slightly different picture develops when we extract the Lister copper artifacts 
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from the Abbott Farm.  Table 8.2 shows a higher reclassification rate than Table 8.1 at 

51.1%, with a number of patterns emerging.  None of the Abbott Farm artifacts reclassify 

to Lister.  This means that the artifacts from Lister are likely not geologically from the 

same source (as they appear graphically separate from Abbott Farm) and, therefore 

represent a different source.  In fact, Abbott Farm (excluding Lister) artifacts were 100% 

correctly classified back to Abbott Farm, meaning that copper from this site is from one 

source location.  However, 67.8% of Lister artifacts reclassify back to Lister, while 

31.1% (n=28) go to Rosenkrans Ferry, and 1.1% (n=1) go to Nassawango.  This may 

indicate a similar geological source and not interaction, given the sites’ chronological 

separation, but given the small number of artifacts it is difficult to say.  Interestingly, 

none of the Abbott Farm were reclassified to Rosenkrans Ferry or Nassawango, 

indicating a different geologic source between the two and/or potentially no interaction 

taking place between the three sites.  Nassawango has 17.2% (n=33) of artifacts 
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Classification Resultsa,cClassification Resultsa,cClassification Resultsa,cClassification Resultsa,cClassification Resultsa,cClassification Resultsa,cClassification Resultsa,c

Predicted Group MembershipPredicted Group MembershipPredicted Group Membership Total
Abbott Farm Nassawango Rosenkrans Ferry

Original Count 1 120 1 85 206Original Count
2 64 25 103 192

Original Count

3 1 0 86 87

Original

% 1 58.3 0.5 41.3 100.0

Original

%
2 33.3 13.0 53.6 100.0

Original

%

3 1.1 0.0 98.9 100.0
Cross-validatedb Count 1 120 1 85 206Cross-validatedb Count

2 65 24 103 192
Cross-validatedb Count

3 1 0 86 87

Cross-validatedb

% 1 58.3 0.5 41.3 100.0

Cross-validatedb

%
2 33.9 12.5 53.6 100.0

Cross-validatedb

%

3 1.1 0.0 98.9 100.0
a. 47.6% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 47.4% of cross-validated grouped cases correctly classified.

a. 47.6% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 47.4% of cross-validated grouped cases correctly classified.

a. 47.6% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 47.4% of cross-validated grouped cases correctly classified.

a. 47.6% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 47.4% of cross-validated grouped cases correctly classified.

a. 47.6% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 47.4% of cross-validated grouped cases correctly classified.

a. 47.6% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 47.4% of cross-validated grouped cases correctly classified.

a. 47.6% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 47.4% of cross-validated grouped cases correctly classified.

Table 8.1 Classification table of all copper artifacts (Abbott Farm and Lister combined).



reclassified to Lister, and 30.7% (n=59) reclassified to Abbott Farm and 49.5% (n=95) 

reclassified to Rosenkrans Ferry!  These numbers are pretty high given the fact that only 

5 Nassawango artifacts (2.6%) were reclassified back to Nassawango.  Given the fact that  

Nassawango and Rosenkrans Ferry are of different time periods, it is more than likely 

that the copper for these artifacts came from a similar source and no interaction took 

place.  This could indicate readily available sources of copper.  Conversely, since none of 

the copper from any of the other sites can be traced back to Nassawango, this may 

indicate that the copper used came from source locations nearer the other sites (e.g., 

Abbott Farm and Rosenkrans Ferry).  This means that Nassawango received its copper 

through some sort of trade and exchange.  When looking at how the data play out, it 

appears that some Middle Atlantic native peoples are using similar sources of copper over 
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Classification Resultsa,cClassification Resultsa,cClassification Resultsa,cClassification Resultsa,cClassification Resultsa,cClassification Resultsa,cClassification Resultsa,cClassification Resultsa,c

Predicted Group MembershipPredicted Group MembershipPredicted Group MembershipPredicted Group Membership Total
Lister Abbott Farm Nassawango Rosenkrans 

Ferry
Original Count 1 61 0 1 28 90Original Count

2 0 116 0 0 116
Original Count

3 33 59 5 95 192

Original Count

4 21 0 0 66 87

Original

% 1 67.8 0.0 1.1 31.1 100.0

Original

%
2 0.0 100.0 0.0 0.0 100.0

Original

%

3 17.2 30.7 2.6 49.5 100.0

Original

%

4 24.1 0.0 0.0 75.9 100.0
Cross-
validatedb

Count 1 61 0 1 28 90Cross-
validatedb

Count
2 0 116 0 0 116

Cross-
validatedb

Count

3 32 60 5 95 192

Cross-
validatedb

Count

4 21 0 0 66 87

Cross-
validatedb

% 1 67.8 0.0 1.1 31.1 100.0

Cross-
validatedb

%
2 0.0 100.0 0.0 0.0 100.0

Cross-
validatedb

%

3 16.7 31.3 2.6 49.5 100.0

Cross-
validatedb

%

4 24.1 0.0 0.0 75.9 100.0
a. 51.1% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 51.1% of cross-validated grouped cases correctly classified.

a. 51.1% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 51.1% of cross-validated grouped cases correctly classified.

a. 51.1% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 51.1% of cross-validated grouped cases correctly classified.

a. 51.1% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 51.1% of cross-validated grouped cases correctly classified.

a. 51.1% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 51.1% of cross-validated grouped cases correctly classified.

a. 51.1% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 51.1% of cross-validated grouped cases correctly classified.

a. 51.1% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 51.1% of cross-validated grouped cases correctly classified.

a. 51.1% of original grouped cases correctly classified.
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.
c. 51.1% of cross-validated grouped cases correctly classified.

Table 8.2 Reclassification table of all copper artifacts. Abbott Farm and Lister are separate.



the course of the Early and Middle Woodland periods, meaning that this source was 

readily available to all groups in the region.  Again, this would likely be the scenario if 

drift copper was used for the manufacture of artifacts.

 Another result of performing discriminant function analysis is the formation of 

eigenvalues produced (Table 8.3).  Eigenvalues are explained as the ratio of the between-

groups sum of squares to the within-groups sum of squares.  The larger the eigenvalue 

(<1), the greater that Function’s contribution to the maximum spread of the group means.  

In these results, Function 1 is 1.912.  Additionally, the canonical correlation provides a 

measure of the reliability of each function based on the association between the 

discriminant scores and the groups (or geological sources).  Values close to 1 indicate a 

strong correlation between the discriminant scores and the sources.  In this case, we are 

looking at principle components and which ones are useful in determining the appropriate 

number of components to interpret.  When we examine the eigenvalues, we see that the 

percentage of variance for Function 1 is high at 97.3%, and the canonical correlation for 

Component 1 (Function 1) is 0.810, a value close to 1.  These values were generated 

based on copper artifacts from Abbott Farm and Lister separated.  

 The results of the LA-ICP-MS and statistical analysis on all copper artifacts from 

the sites is presented in a scatterplot of Function 1 versus Function 2 (Figure 8.3).  All 
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Eigenvalues
Function Eigenvalue % of Variance Cumulative % Canonical 

Correlation
1 1.912a 97.3 97.3 0.810
2 .052a 2.7 100.0 0.223
a. First 2 canonical discriminant functions were used in the analysis.a. First 2 canonical discriminant functions were used in the analysis.a. First 2 canonical discriminant functions were used in the analysis.a. First 2 canonical discriminant functions were used in the analysis.a. First 2 canonical discriminant functions were used in the analysis.

Table 8.3 Eigenvalues for all copper artifacts. Abbott Farm and Lister are separate.



plots listed below show the results of Abbott Farm and Lister being separated.  The first 

thing one observes are three clusters or groups of the copper artifacts from these sites.  

There seems to be some association between Abbott Farm and one Nassawango cluster 

where portions completely overlap in their copper composition at one end.  This may 

indicate the use of some copper from the same geologic source, given the fact that 59 

181

-3

0

3

6

-4 -2 0 2 4

Fu
nc

tio
n 

2

Function 1
Figure 8.3 Scatterplot of all copper artifacts.
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Nassawango artifacts were classified to Abbott Farm, or may represent interaction 

between the two sites.  Also there appears to be no direct relationship between copper 

from Lister and Abbott Farm, which was noted in the reclassification in Table 8.2.  As 

stated above, the Lister copper is slightly different from the Abbott Farm material.  We 

may be able to understand this relationship if we further examine copper from these two 

(Figure 8.4).  One can see the Abbott Farm copper neatly clumped in one area and the 

Lister copper in another area.  Because the Lister copper was placed at the site later and 

potentially on top of the Abbott Farm copper, this copper is from a completely different 

geological source.  In either case, this would still indicate not only the special nature of 

this burial, but also the potential that this site was revisited and individuals may have 

been leaving ‘votive’ caches of copper (Cushman 2007:157-158).

 If we next look at the copper artifacts from Nassawango, we see a similar 

grouping of artifact clusters to both Abbott Farm and Lister (Figure 8.5).  In fact, there 

appears to be three distinct clusters of artifacts: one by itself, one overlapping Lister (and 

Rosenkrans Ferry) and the other overlapping slightly with Abbott Farm.  This would 

indicate three distinct copper sources being used for these artifacts.  The overlap between 

Nassawango and Lister is almost complete, indicating the same copper source was used 

for artifacts found at these two sites.  Given the fact that the dates for these two sites are 

similar, it may also point to potential interaction between these two sites.  On the other 

side of the plots there is slight overlap between Nassawango and Abbott Farm copper.  

This only occurs on a smaller portion on the negative side of the plot.  This is interpreted 

as similar copper source for some but not all the artifacts; similarly there may have been 
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interaction between the two sites, but at what time period is questionable and needs 

further evaluation.  It is also possible that the same copper source that was used for 

Rosenkrans Ferry was also used for the Lister and the one cluster of Nassawango 

artifacts.

 Because of the number of artifacts from Rosenkrans Ferry overlapping with the 
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Figure 8.4 Scatterplot of all copper artifacts from Abbott Farm and Lister.
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Lister and Nassawango copper artifacts, I wanted to see if any patterns emerged with 

individual burials from Rosenkrans Ferry.  Figure 8.6 displays the copper from each 

individual Rosenkrans Ferry burial.  While the scatterplot of Rosenkrans Ferry individual 

burials appears to show some overlap, some of the burials do seem distinct, suggesting 

different and potentially multiple geological sources.  This will be elaborated on in the 

discussion of the geological copper samples.

 Nassawango shows some very interesting patterns.  Each of these clusters can be 
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Figure 8.5 Scatterplot of all copper artifacts from Lister, Abbott Farm and Nassawango.
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further broken down into their individual burial designations.  One can see in Figure 8.7 

that there are four distinct clusters of artifacts each from its own distinct feature.  

Nassawango 1 was used for the group of copper artifacts found underneath the skull of an 

individual that also had a copper pendant.  Nassawango 1 was all part of Burial 2.  It 

appears that this cluster of artifacts, distinct from the others, came from its own different 

source, as did the cluster labeled here as Nassawango Feature.  In the excavation notes 
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Figure 8.6 Scatterplot of copper artifacts from individual burials at Rosenkrans Ferry. 
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this Feature is listed as 1C, which is part of Feature 1, listed as an artifact cache with 

Burial 2.  Interestingly, Feature 1 is subdivided into A, B and C.  This feature contained 

Burials 2 and 3, along with cremated bone in two separate pockets near and south of 

Burial 3 and the artifact cache with Burial 2.  While the notes are a bit sketchy on depth 

of burials and artifact concentrations, they do say that Burials 2 and 3, and associated 

artifacts, were all from different depths.
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Figure 8.7 Scatterplot of all copper artifacts from Nassawango.
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 The copper cluster Nassawango 2 is for Burial 2 as Nassawango 4 is for Burial 4.  

The copper artifacts for Nassawango 2 were recovered from Level 6 at a depth of 50-60 

cm.  They were found in the rib cage in the burial, the result of the necklace being worn 

around the neck laying on the chest.  Nassawango Burial 4 was recovered from Feature 6 

and possibly later renamed Burial 1.  Feature 6 was a continuation of Feature 1, and it 

contained a cremated burial with red staining (red ochre).  The copper artifacts from this 

burial were found underneath the cremated material at a depth of about 99 cm BD.  

 Considering the clustering of Nassawango and Rosenkrans Ferry, I wanted to see 

what if any patterns could be identified from the scatterplots.  These can be seen in 

Figures 8.8 thru 8.10.  Figure 8.8 shows the Rosenkrans Ferry burials that overlap with 

the Nassawango burials.  There does appear to be some similar copper sources used for 

both the Nassawango and Rosenkrans Ferry burials, as a number of points completely 

overlap.  When one removes one of the Nassawango burials, one can see a better picture 

of the closeness of some of the copper sources used (Figure 8.9).  While Nassawango 2 

displays points over the grid, it does show close connections with the copper from 

Rosenkrans Ferry burials.  That is not the case for Nassawango 4 plotted out with the 

Rosenkrans Ferry burials (Figure 8.10).  Nassawango 4 points clearly show a more 

negative tendency and do not appear to closely align themselves with most of the 

Rosenkrans Ferry points.  This is a likely result of many different geologic sources being 

used for the production of artifacts.

 Copper artifacts from all three sites (Rosenkrans Ferry, Abbott Farm and 

Nassawango) show some very interesting patterns.  First, there appears to be distinct 
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groupings of artifacts represented by Nassawango and Abbott Farm.  Nassawango shows 

three distinct clusters of artifacts, suggesting three different sources.  Abbott Farm and 

Lister are two distinct cluster groups also suggesting two distinct sources.  While there 

are different clusters represented, Abbott Farm, Lister and Nassawango have what 

appears to be single sources of copper within the burials identified.  The multiple burials 

at Rosenkrans Ferry on the other hand, shows no real affiliation towards individual 

multiple clusters like the other sites, however some of the burials do seem distinct 
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Figure 8.8 Scatterplot of copper artifacts from individual burials at Rosenkrans Ferry and 
Nassawango Burials 2 and 4.
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suggesting different sources.  This type of patterning may represent multiple deposits of 

caches of copper obtained from many different geological sources (heterogeneous).  

Further analysis of these statements will be made in the following chapter when we 

examine these and the geological results in light of the models and explanations we 

formulated in previous chapters.

189

Figure 8.9 Scatterplot of copper artifacts from individual burials at Rosenkrans Ferry and 
Nassawango Burial 2.
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8.1 Summary

 To summarize the results of data above, one can clearly observe how the chemical 

characterization of the copper artifacts from each site are graphically displayed.  The 

artifacts are displayed not only according by site but also by burial in distinct groupings.  

Each burial, and there is some overlapping between burials from different sites, was as 

the data implies, buried with a distinct group or cache of copper artifacts.  These caches 

and differences within and between them should reflect differences in where the origin of 
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Figure 8.10 Scatterplot of copper artifacts from individual burials at Rosenkrans Ferry and 
Nassawango Burial 4.

-1.50

-0.75

0

0.75

1.50

-2 -1 0

Fu
nc

tio
n 

2

Function 1

Burial 2
Burial 3
Burial 4
Burial 5
Burial 9
Burial 10
Burial 12
Nassawango 4



the native copper deposits.    So the individual clustering of data points (i.e., individual 

copper artifacts) indicates an individual and single burial of artifacts which will 

chemically reflect the type of procurement strategy used to compose the grouping of 

artifacts.  Furthermore, if we then analyze geologic samples of native copper in the same 

manner and compare them to the artifacts a picture will emerge of potential geologic 

sources of those artifacts.  This will in turn help us to determine whether the entire cache 

of copper artifacts is chemically similar or whether there are differences within it.  This 

analysis is carried out in the following section.

8.2 Geological Copper 

 A number of authors have previously shown that different geographic sources of 

native copper can be isolated based on their distinct geochemical compositions (Hill 

2009:265; Lattanzi 2007:308; Levine 2007:508; McKnight 2009:182; Rapp et al. 

2000:83).  Similarly, the results of this study identify distinct geologic signatures of 

geological copper sources.  This is one reason why chemical characterization of 

prehistoric copper and other metal studies are becoming commonplace.  Figure 8.11 

shows the plot of geological copper samples included in this study.  One can see different 

clusters relating to the distinct geographic regions. Certain groups like Michigan, 

Pennsylvania, North Carolina and Canada form clusters, while New Jersey appears 

somewhat scattered.  This may be a result of sampling where different groupings 

represent samples from specific locals.  Future studies are underway to include many 

more samples from individual localities.  Further analysis of not only geologic but also 
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artifact copper using individual elements should also provide statistically significant data.  

As Hill (2009:269) has previously stated, “finding exact sources for all the artifact copper 

will be an elusive goal,” so it appears that we need to look more locally if we are to get 

closer to reaching that goal.  The main issue is whether the choices of prehistoric people 

were ones of convenience (drift copper) or choice (copper controlled by other groups).  
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Figure 8.11 Scatterplot of all geologic copper specimens.
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So what this trace-element study has set out to do is “to define and work within a 

reasonable geographic framework of potential source deposits” (Rapp et al. 2000:96).  So 

in this way, examining a set of geologic copper samples from the Middle Atlantic region 

and somewhat beyond, and comparing them to the copper artifacts, probable source 

assignments may be elucidated.  Again, all geologic samples were subjected to principal 

components analysis, and then a discriminant function analysis was run on those PCA 

scores.  Additionally, a reclassification table was also generated for the geological 

samples (Table 8.4).  This table reclassifies the geologic samples back to their potential 

point of origin, giving an overall percentage of 52.7% of the geological samples (n=55) 

reclassified to their potential source.  The scatterplots of the geologic sources and Abbott 

Farm show a number of the New Jersey sources plot within the Abbott Farm cluster 

(Figure 8.12).  On the other hand, the scatterplot of the Lister artifacts show associations 

with Pennsylvania, North Carolina and a few New Jersey (Figure 8.13).  Interestingly, the 
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Classification ResultsaClassification ResultsaClassification ResultsaClassification ResultsaClassification ResultsaClassification ResultsaClassification ResultsaClassification Resultsa

Predicted Group MembershipPredicted Group MembershipPredicted Group MembershipPredicted Group MembershipPredicted Group Membership Total
Canada Pennsylvania North Carolina Michigan New Jersey

Count Canada 2 3 0 0 1 6Count
Pennsylvania 5 4 0 1 0 10

Count

North Carolina 0 1 1 2 1 5

Count

Michigan 0 1 0 8 1 10

Count

New Jersey 2 3 1 4 14 24

% 1 33.3 50.0 0.0 0.0 16.7 100.0%
2 50.0 40.0 0.0 10.0 0.0 100.0

%

3 0.0 20.0 20.0 40.0 20.0 100.0

%

4 0.0 10.0 0.0 80.0 10.0 100.0

%

5 8.3 12.5 4.2 16.7 58.3 100.0

a. 52.7% of original grouped cases correctly classified.a. 52.7% of original grouped cases correctly classified.a. 52.7% of original grouped cases correctly classified.a. 52.7% of original grouped cases correctly classified.a. 52.7% of original grouped cases correctly classified.a. 52.7% of original grouped cases correctly classified.a. 52.7% of original grouped cases correctly classified.a. 52.7% of original grouped cases correctly classified.

Table 8.4 Classification table of all copper geologic samples.



geological sources from the Pennsylvania, New Jersey and Canada regions cluster around 

the Early Woodland site of Rosenkrans Ferry (Figure 8.14).  For Nassawango, one cache 

of copper artifacts from Feature 6, Burial 4 and Burial 2 also shows close association to 

Pennsylvania, Canada and New Jersey (Figure 8.15).  Nassawango 1 and Nassawango 

Feature show close associations with New Jersey geological copper samples included in 

this study.  This indicates that the clusters of Nassawango Feature and Abbott Farm are 

probably using the same geological source and potentially interacting with each other.  

 This study has helped to elucidate copper artifacts of the Early to Middle 
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Figure 8.12 Scatterplot showing geological source samples and Abbott Farm copper.
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Woodland Periods in the Middle Atlantic region.  These results appear to indicate that 

during the Early Woodland Period (Rosenkrans Ferry site) copper was obtained from 

both local sources (i.e., New Jersey and Pennsylvania), and some non-local ones (e.g., 

Canada and North Carolina).  Similarly, Middle Woodland sites appear to have obtained 

their copper from a number of different local and non-local sources, most of which were 

identified by this study as being within the Middle Atlantic region.  However, the copper 

from Abbott Farm and two clusters from Nassawango suggest a more local source, 

namely New Jersey.
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Figure 8.13 Scatterplot showing geological source samples, Abbott Farm and Lister copper.

Canada
Pennsylvania
North Carolina
Michigan
New Jerey
Abbott Farm
Lister



 These results do not take into account the plausible notion that prehistoric peoples 

during the Middle Woodland found and made artifacts out of drift copper that they saw 

within their region.  The same goes for the Early Woodland populations.  However, the 

use of drift copper does not alter these or other findings, because other studies (Hill 

2009:270; Allert et al. 1991; Rapp et al. 2000) have stated that  the bedrock over which 

glaciers moved would be geologically similar to the drift copper and additional in depth 

testing of both types of copper would be necessary “if we expect to directly attribute 

artifact copper to geological sources” (Hill 2009:271).
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Figure 8.14 Scatterplot showing geological source samples and Rosenkrans Ferry copper.
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 What the results of this chapter have shown is that the Early Woodland 

communities at Rosenkrans Ferry obtained their copper from a number of distinct source 

localities, possibly from both intra- and extra-regional sources.  Furthermore, the copper 

caches from each individual Rosenkrans Ferry burial appear distinct, suggesting different 

sources.  This is the same conclusion Levine (2007a:581) came to with her Early 

Woodland copper artifacts especially from Boucher, where most of the samples were 

sourced to “Nova Scotia (Cumberland County and Cap D’Or) and it was also the most 

probable geological origin of the copper from seven of the nine samples from Boucher.”  
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While Wellman (1994:46) only examined 9 beads from the Early Woodland Boucher site, 

he did find that one of them was sourced to New Jersey and another one to Cap d’Or. It 

appears then that the Early Woodland period is another time of great change where native 

populations gradually shifted their copper exploitation to more local sources.  

 Additionally, the Abbott Farm and Nassawango communities possibly exchanged 

copper with each other, most likely from a few extra-regional but more intra-regional 

sources as evident from the chemical composition study.  It appears that based on this 

study both Early and Middle Woodland groups are likely taking advantage of the locally 

derived sources of copper, both in drift and native context, from within the Middle 

Atlantic region.  Further examination of whether those Canadian sources represent drift 

copper found in the Middle Atlantic or whether they were traded into the region is 

needed.

 The next chapter will further explore these scenarios, trying to examine what 

exchange model can best explain the chemical composition patterning shown at these 

three sites over time.  Given the fact that these copper caches were purposely deposited, 

they best represent the type of consumption behavior operating in the Middle Atlantic 

region at the time, and we can use these results to explore Early to Middle Woodland 

social interaction and exchange. 
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CHAPTER 9: RETHINKING THE ROLE OF COPPER IN MIDDLE ATLANTIC 
REGIONAL PREHISTORY

There have been few attempts to appreciate and justify the unique 
qualities of Northeastern prehistory

    Dincauze (1980:29)

 Archaeologists have been debating the origins of copper artifacts found in the 

Middle Atlantic region for well over a hundred years (Abbott 1881:411-422, 1885; Cross 

1956:121-122; Carpenter 1950a; Kraft 1996, 2001; Mounier 2003; Ritchie 1980; Thomas 

1969, 1971; Skinner and Schrabisch 1913:29-30; Schrabisch 1917:45; Stewart 1989, 

1994, 2004; Williams and Thomas 1982:148).  This debate centers on the key question of 

whether all prehistoric copper artifacts found in the region originate from the Midwest 

and whether that point of origin changes over time (Levine 1996; MacCord 2005; 

Williams et al. 1981; Abbott 1881, 1885; Decker 1942; Juet 1959a; Levine 2000; Nelson 

1893; Weld 1807).  Recently some scholars have answered this debate for the Midwest 

and northeast (Hill 2009; Lattanzi 2008; Levine 1996, 2007; McKnight 2007).  This 

chapter will discuss the goals of the current research project and whether they were met, 

which exchange models best explains the copper evidence and the potential social 

underpinnings of copper and its influence on Middle Atlantic prehistoric society.  A final 

section includes directions for future research into copper studies. 

 This research project set out a number of goals to understand the role copper 

artifacts played in Early to Middle Woodland prehistoric social structure within the 

Middle Atlantic region.  The first goal was to create a collection of geologic copper 
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samples from a number of regions.  This database consists of actual samples of geologic 

copper from known locations in the Midwest, Northeast and Southeast that have been 

adhered to glass slides.  The database also consists of the elemental chemical data derived 

from the samples being studied using LA-ICP-MS.  The second goal was to characterize 

the elemental composition of individual copper caches and determine whether copper 

artifacts from that cache were homogeneous or heterogeneous, in other words, did the 

artifacts derive from a single or multiple geological sources of copper.  The third goal 

was to identify the likely geological source area for the copper artifacts, which also 

relates to the project’s second goal.  The fourth goal was to determine which existing 

models of prehistoric exchange for the Middle Atlantic Region best explains the 

patterning seen in the chemical and archaeological data for copper artifacts, and revise 

them if necessary.

 Three sites were examined as part of this dissertation.  One site, Rosenkrans 

Ferry, was dated to Cal BC 760-380 and Cal BC 930-390 (Early Woodland), while Abbott 

Farm dated to Cal BC 350-110, Cal BC 380-200 and Cal BC 400-380 and Nassawango 

dated to Cal BC 800-260, Cal BC 400-50 and Cal BC 410 - AD 20 (Middle Woodland).  

Chemical analysis of the copper artifacts from these sites provide information concerning 

the collection, movement and disposition of this material.  A series of expectations were 

noted that could help narrow down and identify the type of exchange system operating 

within the Middle Atlantic region from the Early to Middle Woodland periods based on 

the chemical composition of copper caches from burials.  These expectations were as 

follows:
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1.) A cache representing a single intra-regional source (homogeneous) of copper meets 
the expectations of a focused exchange network.   

2.) A cache representing a single extra-regional source (homogeneous) of copper meets 
the expectations of a focused exchange network.

3.) A cache representing multiple intra-regional sources (heterogeneous) of copper 
meets the expectations of a broad-based exchange network.  

4.) A cache representing multiple extra-regional sources (heterogeneous) of copper 
meets the expectations of broad-based exchange network.  

 So how do these data reflect on existing models of exchange from a strictly 

spatial perspective (i.e., artifacts found at site "A" and their raw material originated at 

point "B")?   Table 9.1 lists the types of exchange networks presumed to be in operation 

at each of the sites based on this current study.  It appears that the Rosenkrans Ferry 

burials, which date to the Early Woodland, are obtaining their copper from both inter- and 

extra-regional contexts (e.g., heterogeneous), which would indicate a broad-based 

exchange network.  Given the fact that Rosenkrans Ferry is a large cemetery with a 

number of multiple burials separated spatially and representing internments over a period 

of time, it is not surprising that the chemical makeup of artifacts varies if broad-based 

exchange networks are operative.  However, there are some burials that appear to have all 

their copper sourced to intra-regional localities.  This may be a fluke, or possibly 

represent a reorientation of the web-like networks that once provided access to extra-

regional sources.  Further research is needed, including obtaining dates on either bone 

fragments or charcoal to further refine the chronology of all the individual burials.  In the 

end, it appears to be a broad-based exchange network where both local and exotic objects 

find their way onto Middle Atlantic sites.  Furthermore, direct procurement with intact 
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consumption (McKnight 2007; Renfrew 1975) could not account for the heterogeneous 

makeup as copper would be immediately deposited in a burial context after being 

procured.  Hoarding of copper artifacts (Stewart 1989:54), where there is direct 

procurement with delayed consumption, would likely account for heterogeneous copper 

makeup, as artifacts would be pooled and then deposited as grave goods.  However, in the 

Middle Atlantic region, during the Early Woodland period, there is little evidence of 

artifact caches where more than just a couple of copper artifacts are included.  For the 

Middle Woodland sites of Abbott Farm and Nassawango there appear to be two types of 

exchange networks in operation — broad-based and focused exchange.  Both these sites 

have multiple caches and the copper within those caches appear to have separate 

chemical signatures.  The Abbott Farm cache, as well as two caches from Nassawango, 

appears to contain homogeneous copper from within the Middle Atlantic region.  While 

the cache of Lister copper artifacts and the one cache from Nassawango appear to contain 

a heterogeneous makeup of copper.  This would indicate that at these Middle Woodland 

sites both a focused and broad-based exchange pattern are evident based on the chemical 

characterization data of the copper artifacts.

 Copper artifacts play a role within prehistoric economic, social and ideological 
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Archaeological Site Copper Source(s) Copper Cache Exchange Model

Rosenkrans Ferry PA, Canada, NJ, NC heterogeneous extra-regional broad-based

Abbott Farm
Lister

New Jersey only 
PA, Canada, NJ, NC

homogeneous intra-regional 
heterogeneous extra-regional

focused
broad-based

Nassawango New Jersey only 
PA, Canada, NJ, NC

homogeneous intra- regional
heterogeneous extra-regional

focused
broad-based

Table 9.1 List of sites and types of exchange identified based on copper sourcing.



systems (Binford 1962:222-223).  From the Late Archaic to the Late Woodland, copper 

artifacts have sporadically been identified on sites in the Middle Atlantic region, only 

occurring in great number within specific contexts.  The type of artifact (i.e., beads, 

pendants, awls, adzes) has specific meaning depending on the context.  Examining those 

contexts has implications on copper’s role within these prehistoric groups.  Copper 

artifacts find themselves in burial contexts, as personal ornaments/adornments, and initial 

observations of these goods are interpreted as evidence of social ranking and complexity. 

 For those copper artifacts found within the Middle Atlantic region, their context 

(i.e., burial) is critical to understanding their meaning.  Given the fact that copper artifacts 

are found within a burial context and not a general site context implies the importance of 

this material to the ideological system of the native peoples of the Middle Atlantic region.  

Considering the results of this study, these artifacts should be interpreted within an 

ideological context.  While there are a few utilitarian copper artifacts (i.e., copper needle 

and awl) found within the region, in both caches and general site contexts, dating to the 

Early and Middle Woodland periods, their scant number reflect the possible religious 

importance/connection of this material.  Copper artifacts are not widespread across the 

Middle Atlantic region.  Raw material in the process of being manufactured into copper 

objects has never been identified within the region.  Considering the lack of real evidence 

for copper workshops, prehistoric mines, copper hammerstones, copper artifacts, or 

ornate burial structures these objects may be a reflection more of religious symbolism, a 

shared ideological system that clearly play a role in some sort of communication (Custer 

1984).  This type of communication is vital to the establishment and survival of exchange 
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partnerships which involve ritualized exchange in areas where group interaction was 

common and the need for such high symbolic status communication was great (Custer 

1984:43).  

 Copper in this sense metaphorically represents the common bond that some 

Middle Atlantic groups have with each other, and not evidence that status distinctions or 

social ranking exists within these groups.  The geographically discontinuous use of 

copper in burials reveals that it is a practice, ideologically based, and not widely shared 

by all prehistoric groups in the region.  This may also indicate that the elevated status of 

individuals or family groups with a larger kin ship structural system; as it is occurs only 

on a small scale and is not widespread nor elaborate.  The nature of copper exchange 

changes during the Middle Woodland period, but not in the way one might imagine.  

Copper objects are still found within burial contexts; however, some individual artifact 

caches appear to originate from single sources within (intra-regional) the Middle Atlantic 

region, as well as multiple sources from outside (extra-regional).  This would indicate 

both a broad-based and focused exchange network operating in the Middle Atlantic 

region.  This is similar to the findings of McKnight (2007:222), who found that while 

direct procurement with intact consumption was operational during the Early Woodland 

period at southern Ohio sites, it was operating simultaneous to other behaviors during the 

Middle Woodland period.  Further research on this topic is however warranted, as it does 

suggest the beginnings of some sort of complexity in this region (Custer 1986; Stewart 

1989, 1995, 2004), which ultimately does not flourish.
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  Are there places where the presence of copper artifacts continues through time? 

Interestingly, for the Middle Atlantic region the only place where copper artifacts are 

sporadically found from the Late Archaic through Middle Woodland Periods is the Abbott 

Farm complex.  At the Abbott Farm complex, copper appears during the Late Archaic and 

then abruptly stops at the Late Woodland period.  Up on the bluff of the Abbott Farm, 

near Cross’ excavations, advocational archaeologist, Andrew Stanzeski excavated a 

cremation burial which included a copper awl or possibly pressure flaker and lithics.  

Copper axes or adzes have also been identified at the Abbott Farm and at isolated 

locations in Pennsylvania and New York (Abbott 1881:411-422; files of the New Jersey 

State Museum).  These artifacts have been attributed to the Late Archaic period.  Early 

and Middle Woodland copper artifacts have also been found sporadically in New York 

(Ritchie 1965:184, 219), Maryland and Delaware (Thomas 1969; Lowery 2009).  It is 

interesting that the appearance of copper artifacts continue through time, stopping at the 

Late Woodland period at the Abbott Farm, while there are no deposits of copper at the 

site.  This could be a reflection of the importance of the location of Abbott Farm to other 

native groups in the region.  Maybe the location of the Abbott Farm itself is significant to 

the perpetuation of this symbolic communication between Middle Atlantic groups, or its 

proximity to extensive drift copper sources.  This site appears to be central in the 

exchange and trade of a number of different artifacts, both within and outside the region 

(Stewart 1982).

 As other archaeologists have noted (Custer 1987:42; Stewart 1984), continued 

directional exchange networks between the Middle Atlantic region and those of Ohio 
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became untenable, and therefore exchange becomes more internalized geographically and 

hence occurring solely within the Middle Atlantic region.  Other objects, possibly more 

utilitarian, may operate the same way as copper does.  Ceramics have a way of being the 

conduit of social communication the way no other material can.  Visible signs of 

communication on pots highlight connections between neighboring groups as well as 

facilitate beneficial and long-lasting exchange.  Abbott Farm possibly served as that site, 

a potential ‘gateway community’ if you will, due to its location with abundant resources 

and placement along major trading routes.  Given the fact that Abbott Zoned ceramics, 

which were a Middle Woodland phenomenon during this period, and found as far north as 

New York City and as far south as the Delmarva and Virginia, attest to the reach of shared 

ritualized communication among native groups within the Middle Atlantic region.  

Considering this evidence we see in the Middle Woodland period, formal cultural 

linkages were seasonally occurring at large habitation sites, e.g., Abbott Farm, which may 

have served as the locus of these exchange activities (Custer 1986; Stewart 1982).  These 

linkages are based on kin or distant-kin relations, whereby artifacts are exchanged, and 

marriages and burials occur.  These relationships manifest in a reciprocal exchange 

network where copper helps to reinforce or redefine “interaction in a politically-, 

economically-, socially-, and symbolically-charged world” (Cross 1993:62).  Copper in 

this sense metaphorically represents the common bond that Middle Atlantic groups have 

with each other (Healey 1984:47).  This appears to be the case for the Middle Atlantic 

region (Stewart 1992, 2003, 2004), where we know drift copper could be found locally 

throughout the region, but is rare in its use within burials, only occurring during the Early 
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and Middle Woodland periods.  The distribution of these “extraordinary” objects, 

possibly within selective kin related burials, helps to clarify the relationships between 

ritual obligation and communication among small-scale societies (Spielmann 2002:202).  

This communication manifests itself as a shared ideology, limited in geography and 

significant in its context.

9.1 Directions for Future Research

 This section outlines areas to be considered in future prehistoric copper research 

which can be applied not just in the Middle Atlantic region but across the country.  

Recommendations for specific aspects of prehistoric copper research focus on geological 

and artifact samples, standard reference materials, analytical methodology, the role of 

drift copper and conducting pilot projects.

 For geological samples, many more samples from as many source locations must 

be obtained.  This has been a mantra initially stated by Rapp (1985).  Most locations were 

never known prehistorically and therefore may not have been used; however, copper from 

those areas should still be analyzed as they may be related to larger copper deposits, parts 

of which may have been exposed in the past.  The vast amount of native copper in 

museums, local historical societies and private hands should be, at the minimum, 

inventoried so that an accurate picture of what is out there is known.  This wealth of 

information can help future copper studies.

 To seek out copper artifacts, there are a number of avenues that can be pursued.  

First, a thorough analysis of cultural resource management reports at state Historic 
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Preservation Offices needs to be completed.  These reports contain numerous artifact 

inventories unchecked for copper materials.  Second, many small local museums and 

historical societies house archaeological collections unseen by the majority of 

researchers.  Third, local artifact collectors throughout the region are a living resource 

that can be tapped for the knowledge and artifacts they possess.

 On the analytical side of the coin, there are new and improved methods popping 

up everyday.  In Chapter 5, one can see the various other techniques previously used in 

provenance studies and how each one has their own pros and cons.  Also, studies should 

be undertaken at different laboratories using the same protocol, machines and standards 

to replicate exact situations for comparable laboratory situations.  Along those lines, 

professional and agreed-upon standards used for copper studies need to be either 

developed or fabricated.  Too often, scholars use different standards or even standards 

that are no longer available, thereby making it harder for future students to conduct 

accurate and meaningful research.

  To examine the role that drift copper played in Early to Middle and even Late 

Woodland society, a pilot study should be undertaken.  This study of drift copper should 

examine the premise that trace elements are more or less homogeneously distributed 

throughout a single piece of drift copper.  Additionally, if you know that the piece of drift 

copper you are working with is from a known major source of copper, you can then 

compare the two chemical signatures to see how well they match up.  This way of 

identifying drift copper’s signature and matching it to a geological source deposit is one 

of the more important questions needing to be answered.
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 Finally, the benefit of conducting a small pilot project that produces significant 

results is beyond measure.  Pilot projects help in determining if your hypothesis is right, 

wrong or needs improvement.  These projects can be conducted not only on raw 

geological samples, but also on artifacts from all time periods.  Many Contact Period sites 

exist in the Middle Atlantic region, most of which have never been examined for copper 

artifacts.  There are plenty of future opportunities for furthering the advancement of the 

chemical characterization of copper artifacts.

9.2 Conclusions

 Recent chemical characterization studies, including this one, have tried to move 

beyond the old statements and discussions of where does the copper come from, to start 

answering questions about cultural change.  Increased regional diversity (Versaggi 1999) 

and interaction, greater than previously thought, appears to have started as early as the 

Late Archaic in the Middle Atlantic region (Stewart 1994).  Why did the Middle Atlantic 

region not hierarchically develop like adjacent regions?  Whether this was a human 

response to regional environmental changes, inter-group relationships/competition 

(Fiedel 2001:130), a response mechanism to environmental or technological changes, or 

merely a case of “resource entitlement” (Ericson and Baugh 1994:6) between distant kin 

(Healey 1984), the answer remains unclear.  Considering this and previous analyses 

(Lattanzi 2008; Levine 1996, 2007; Wellman 1994), Early Woodland copper artifacts 

appear to originate from multiple (e.g., heterogeneous) copper sources from both within 

and outside the region, indicating a broad-based exchange network.  Furthermore, Middle 
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Woodland copper artifacts originate from both single (homogeneous) sources within the 

region and multiple (heterogeneous) copper sources from within and outside the region.  

This suggests both a broad-based and focused pattern of procurement and exchange 

within the Middle Atlantic region, partially agreeing with Stewart’s (1989, 2004) and 

Custer’s (1984) notions of exchange networks for the region.

 For copper, however, it is the social context in which this material played a role 

that is key, not only for those living within the exchange system, but also for those who 

end up with it.  Copper scholars must recognize “the importance of native copper and its 

producers varied among indigenous groups over time and space” (Childs 1994:233), 

especially for those in the Middle Atlantic.  The fact that traveling over the Alleghenies 

was difficult and time consuming, and sources of copper (drift) were plentiful throughout 

the Middle Atlantic region, may be reason enough for Early and Middle Woodland 

groups to “blow off” Hopewell.  Additional sourcing studies need to be performed 

throughout the Northeast to examine this dynamic of native group interactions both over 

the landscape and through time.  The results of this study improve our understanding of 

ancient exchange networks, territoriality and social organization in the Middle Atlantic, 

thereby elucidating, if just a little bit, our present notions of cultural change in the region.
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CALIBRATION OF RADIOCARBON  AGE TO CALENDAR YEARS
(Variables:  est. C13/C12=-25:lab. mult=1)

Laboratory number: DIC-407-Kraft-1976

Conventional radiocarbon ageπ: 2400±60 BP

2 Sigma calibrated results:
(95% probability)

Cal BC 760 to 680 (Cal BP 2710 to 2630) and
Cal BC 670 to 380 (Cal BP 2620 to 2340)

π C13/C12 ratio estimated

Intercept data

Intercept of radiocarbon age
with calibration curve: Cal BC 410 (Cal BP 2360)

1 Sigma calibrated results:
(68% probability)

Cal BC 730 to 690 (Cal BP 2680 to 2640) and
Cal BC 660 to 650 (Cal BP 2610 to 2600) and
Cal BC 540 to 400 (Cal BP 2490 to 2350)

4985 S.W. 74th Court, Miami, Florida 33155 ï Tel: (305)667-5167 ï Fax: (305)663-0964 ï E-Mail: beta@radiocarbon.com

Beta Analytic Radiocarbon Dating Laboratory
Talma, A. S., Vogel, J. C., 1993, Radiocarbon 35(2):317-322
A Simplified Approach to Calibrating C14 Dates

Mathematics used for calibration scenario
Stuiver,et.al,1993, Radiocarbon 35(1):137-189, Oeschger,et.al.,1975,Tellus 27:168-192
Heaton,et.al.,2009, Radiocarbon 51(4):1151-1164, Reimer,et.al, 2009, Radiocarbon 51(4):1111-1150,

References to INTCAL09 database
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CALIBRATION OF RADIOCARBON  AGE TO CALENDAR YEARS
(Variables:  est. C13/C12=-25:lab. mult=1)

Laboratory number: Y-1384-Ritchie-1965

Conventional radiocarbon ageπ: 2560±120 BP

2 Sigma calibrated results:
(95% probability)

Cal BC 970 to 960 (Cal BP 2920 to 2910) and
Cal BC 930 to 390 (Cal BP 2880 to 2340)

π C13/C12 ratio estimated

Intercept data

Intercept of radiocarbon age
with calibration curve: Cal BC 780 (Cal BP 2730)

1 Sigma calibrated result:
(68% probability)

Cal BC 820 to 520 (Cal BP 2770 to 2470)

4985 S.W. 74th Court, Miami, Florida 33155 ï Tel: (305)667-5167 ï Fax: (305)663-0964 ï E-Mail: beta@radiocarbon.com

Beta Analytic Radiocarbon Dating Laboratory
Talma, A. S., Vogel, J. C., 1993, Radiocarbon 35(2):317-322
A Simplified Approach to Calibrating C14 Dates

Mathematics used for calibration scenario
Stuiver,et.al,1993, Radiocarbon 35(1):137-189, Oeschger,et.al.,1975,Tellus 27:168-192
Heaton,et.al.,2009, Radiocarbon 51(4):1151-1164, Reimer,et.al, 2009, Radiocarbon 51(4):1111-1150,
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APPENDIX 
C. GEOLOGIC CHEMICAL CHARACTERIZATION
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL001

GDL002

GDL003

GDL004

GDL005

GDL006

GDL007

GDL008

GDL009

GDL010

GDL011

GDL012

GDL013

GDL014

GDL015

GDL016

GDL017

GDL018

GDL019

GDL021

GDL022

GDL023

GDL024

GDL025

GDL026

Lister 12.0682 0 25.1603 0.0385673 0.202703 999698 1.34272 0.489401
0 262.043 0.0115632 0.0461149 0 0.574025 0.0411912

Lister 35.7442 0 393.468 0.170943 1.1406 999478 5.36554 22.3726
4.64394 53.4880 0.0962457 0.230051 0.00133478 3.90839 1.22858

Lister 43.1427 0 1219.03 0.378246 2.23 998696 5.21933 7.91035
1.25479 22.4168 0.0391231 0.109676 0 2.37598 0.0494657

Lister 336.281 0 2111.19 0.440908 4.40955 997489 4.30790 32.6758
4.79120 11.8016 0.0661345 0.248599 0.00452479 4.54057 0.0117915

Lister 5.72284 0 75.0979 0.0451526 0.209395 999872 0.869652 6.34274
1.47919 37.4751 0.028733 0.0323105 0.00238502 0.282574 0.0559378

Lister 19.3854 0 95.5163 0.0559744 0.444875 999880 0.573952 2.38083
1.48355 0.195403 0.034099 0.0811944 0 0.172380 0.0029818

Lister 7.0650 0 8.02397 0.0345837 0.325265 999952 0.345725 7.78787
0.89008 20.8152 0.0275091 0.0664277 0 2.75152 0.0164696

Lister 130.145 0 2229.47 0.405094 3.19365 997396 17.8081 13.5495
22.6652 180.528 0.335268 0.479106 0 4.7247 0.20388

Lister 173.444 0 3146.9 1.20865 6.42025 996573 29.5066 12.592
0 53.645 0.0533731 0.174414 0 3.22336 0.0697854

Lister 0.0481876 0.141345 72.1034 0.0148893 0.475814 999922 2.7553 0.764388
0.0463718 1.76946 0.007603330.00554095 0.00247202 0.0671008 0.00076970

Lister 0.0207249 0.00677707 5.92696 0.00357149 0.475384 999961 0.547591 0.291039
0.309749 31.704 0.00537327 0.0133110 0.00858978 0.00465173 0.00335738

Lister 0.134730 0.764232 423.61 0.0689128 1.46142 999327 27.7738 1.632
0.314601 217.018 0.00682054 0.0116822 0.0324983 0.176965 0.00133690

Lister 0.0292516 0.10147 49.5937 0.0143547 0.744530 999854 1.45149 1.98176
0.0812871 92.1927 0.004877550.00632323 0.0102941 0.195818 0.00489384

Lister 0.0898747 0.298727 126.653 0.0174006 0.61301 999849 5.17504 1.35205
0.283173 16.5738 0.008804730.00277899 0.0252263 0.0269364 0.00142055

Lister 0.153850 0.133285 56.0534 0.0359880 0.600400 999846 2.40590 2.68112
0.467510 91.0485 0.033767 0.0137124 0.0202168 0.133833 0.00451028

Lister 0.426176 2.66496 2748.20 0.877838 30.181 997172 31.8132 9.08815
0.303487 2.98876 0.0660104 0.0617540 0.00806672 1.21424 0.0150560

Lister 0.660219 0.121782 37.5509 0.119700 2.16701 999941 4.83428 2.66658
2.06837 6.4203 0.0992303 0.0422059 1.5225 0.51332 0.0684542

Lister 0.0592991 2.84514 389.462 0.0756515 1.60405 999568 9.71324 1.51559
0.0890452 26.1906 0.0200297 0.00634491 0.0533952 0.321127 0.00102547

Lister 0.412761 2.42734 668.601 0.154415 5.43042 998966 13.018 2.42211
0.313191 341.007 0.0375979 0.0195509 0 0.393068 0.00110189

Lister 0.423971 3.54755 443.754 0.130454 5.49589 999406 57.157 0.912885
0.582298 80.5007 0.048498 0.0230716 1.11406 0.129366 0.00678787

Lister 0.998803 8.15089 1975.98 0.193788 8.62547 997967 24.0162 5.21789
2.44071 7.02087 0.0759930 0.0749461 0.215536 0.469748 0.00186198

Lister 0.0210156 0.0136465 7.51227 0.00318871 0.0745919 999986 0.599426 0.211171
0.0348039 5.6145 0.0103746 0.00887037 0.0581046 0.0610680 0.00359865

Lister 0.116849 1.07445 516.756 0.182703 7.27028 999236 13.2991 6.8492
7.67166 207.56 0.139978 0.140508 2.15001 0.565706 0.0116987

Lister 0.119497 0 12.8177 0.0423574 0.34250 999959 0.352159 3.95870
1.54903 20.4676 0.0072569 0.0726670 0.00438870 1.24182 0.00965778

Lister 24.9937 0 79.2401 0.239514 3.33179 999819 13.8133 5.76839
1.32474 3.88887 0.0474584 0.71243 0.0257575 47.2780 0.00357992

280



ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL027

GDL028

GDL029

GDL030

GDL031

GDL032

GDL033

GDL034

GDL035

GDL036

GDL037

GDL038

GDL039

GDL040

GDL041

GDL042

GDL043

GDL044

GDL045

GDL046

GDL047

GDL048

GDL049

GDL050

GDL051

GDL052

GDL053

Lister 42.4752 0 91.0460 0.191513 2.86177 999830 5.47618 19.0756
0.612089 4.51623 0.033753 0.233481 0 3.80191 0.0181605

Lister 4.25846 0 78.7134 0.0517187 0.943388 999647 4.08601 0.908137
0.330594 262.80 0.02105 0.0709341 0.00136593 0.645553 0.00284766

Lister 9.89587 0 39.4048 0.0600308 1.41980 999808 4.66343 13.2432
3.87324 117.060 0.027457 0.0874804 0 1.84230 0.00234127

Lister 0.787698 0 6.34189 0.0441829 0 999681 0.395022 15.4834
3.50088 291.384 0.00937190 0.121929 0 1.2053 0.00919032

Lister 17.1111 0 6.21588 0.070166 0.406926 999227 0.669144 4.19403
0 743.723 0.0284834 0.0735827 0.00217262 0.758084 0.00301963

Lister 2.52713 0 7.61192 0.309558 1.1793 999950 0.112274 0.826891
4.17662 30.7382 0.0267717 0.0505471 0.00186559 2.04758 0.00194467

Lister 3.99657 77.8915 884.491 0.29728 1.74062 998964 10.4512 3.90499
1.53195 49.2603 0.111672 0.338273 0.0125501 1.50229 0.00453857

Lister 7.18821 374.17 9839.04 3.13281 5.88936 989623 59.7040 8.55243
12.1743 61.096 0.279846 0.240950 0 5.20021 0.0472994

Lister 1.13114 28.0839 97.1681 0.237952 0.569197 999580 3.0811 0.352619
2.61590 286.113 0.107024 0.0778328 0 0.18259 0.00786493

Lister 1.78114 10.0044 187.703 0.115744 0.695168 999637 1.84659 0.790452
1.93750 157.630 0.0808749 0.0621979 0.0106971 0.391701 0.0057310

Lister 4.97886 27.1614 75.8672 0.164409 0.582992 999831 21.9869 4.77171
1.85505 30.1745 0.0586280 0.12311 0.00646211 1.45577 0.00657805

Lister 2.73160 11.3293 98.2732 0.112374 0.93764 999796 39.2898 13.8283
1.92791 30.4825 0.182589 0.23365 0 4.5753 0.208503

Lister 8.67495 373.746 5639.59 2.07317 3.01191 993794 100.981 25.083
3.04000 45.6758 0.166732 0.323858 0 3.2528 0.0368787

Lister 4.00782 1.38412 99.0103 0.129172 1.06539 999696 2.57615 8.46571
3.4773 164.049 0.194501 0.562063 0.0157754 19.4164 0.017749

Lister 8.17733 927.220 5184.41 2.03525 3.93909 993721 133.787 5.41755
2.64108 7.5601 0.221044 0.1672 0.0506770 2.98073 0.123988

Lister 1.74876 1.74436 17.8874 0.0842591 0 999861 0.515709 0.650206
3.96942 111.450 0.0963518 0.0802014 0.0180080 0.449163 0.0168839

Lister 1.98466 1.99349 104.463 0.0944371 1.20877 999735 4.54517 12.3887
2.89696 132.898 0.0669072 0.287979 0.0269110 1.68521 0.260242

Lister 1.59171 2.21109 16.9242 0.0780744 0.811243 999822 0.494212 0.181744
1.89496 153.71 0.0376228 0.031335 0.00684562 0.277009 0.010636

Lister 4.02925 120.468 358.685 0.696654 3.52663 999341 10.0249 5.22399
2.46929 152.766 0.0929579 0.186002 0.0291942 0.470601 0.0594359

Lister 2.37801 3.34041 412.467 1.31557 0.155773 999077 3.67781 6.08712
2.92439 487.324 0.0838927 0.413373 0.0162995 2.90207 0.0189206

Lister 2.35240 62.478 253.503 0.341544 0.389364 999505 3.47651 1.47374
1.98406 168.529 0.0595321 0.0642633 0 0.159456 0.00545693

Lister 2.56232 139.788 17260.3 0.678744 2.45451 982169 12.7569 2.97998
1.4358 407.149 0.0802157 0.0500136 0 0.757212 0.0131654

Lister 0.386127 33.0631 47.0634 2.4329 6.66581 999777 50.3135 4.97466
2.41373 74.1758 0.276500 0.0904005 0.00489141 0.809592 0.00687750

Lister 0.899909 54.6446 1987.91 1.71298 2.64059 997830 81.0115 4.42909
1.72307 30.3041 0.655599 0.145852 0.0153476 3.59747 0.0156650

Lister 0.368408 18.5248 819.120 0.849717 1.9244 999121 14.7491 2.75611
1.58198 17.5466 0.270568 0.0843496 0.00721323 1.25296 0.0156864

Lister 0.254140 0.700564 168.592 0.0924089 0.266457 999759 2.48733 2.35561
1.04837 63.2055 0.16369 0.169545 0.0052833 1.31055 0.00374179

Lister 0.446962 11.6284 606.786 0.555209 1.61814 999252 14.9809 2.03417

281



ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL054

GDL055

GDL056

GDL057

GDL058

GDL059

GDL060

GDL061

GDL062

GDL063

GDL064

GDL065

GDL066

GDL067

GDL068

GDL069

GDL070

GDL071

GDL072

GDL073

GDL074

GDL075

GDL076

GDL077a

GDL077b

GDL078

0.712934 107.214 0.402489 0.117447 0.0054612 1.18253 0.0156416
Lister 0.241182 0.194960 17.951 0.154875 0.274816 999887 0.870266 3.84419

2.20045 86.0165 0.194804 0.180051 0 0.373501 0.0104425
Lister 0.505666 17.3568 51.708 1.25367 4.73565 999847 23.0811 1.55283

2.86829 47.9713 0.31129 0.181458 0 1.76193 0.00927710
Lister 0.23542 1.41526 74.9971 0.0621365 0.58016 999694 9.49497 4.50548

0.593625 213.033 0.17566 0.115964 0.0162402 0.660890 0.0162377
Lister 0.330507 11.2461 9786.47 0.477265 1.27504 990036 15.934 5.31441

1.28351 137.096 0.224526 0.148005 0 4.49561 0.034730
Lister 0.578759 0.0981734 8.9532 0.0903504 0.719536 999866 1.08 3.58217

2.08085 115.772 0.120408 0.126961 0.00885536 0.72774 0.0430404
Lister 0.781612 0.0383431 91.8053 0.126897 0.661917 999788 2.37125 3.1506

2.1949 109.350 0.714446 0.112459 0 0.248342 0.00779217
Lister 1.84516 763.230 1546.80 0.277531 1.29768 997613 3.52495 1.97903

0.482816 66.5056 0.00665875 0.0569456 0 0.578692 0.0150969
Lister 7.72930 7400.55 12508.5 1.23093 8.38602 978254 86.5412 5.38497

4.08773 1722.53 0.01559 0.098367 0 1.10183 0.0626995
Lister 0 19.6170 3.55504 0.116610 0.513290 999930 1.66465 4.95251

0.339935 38.4698 0.0100306 0.125784 0.00594502 0.0993628 0.0327381
Lister 6.90113 0 7.67623 0.103733 0.478676 999789 0.378947 1.30912

0 193.738 0.00837331 0.0603758 0.0020383 0.0807774 0.00174926
Lister 12.1414 1258.56 372.862 0.221450 1.34648 998204 17.7423 1.02573

3.18475 128.304 0.0149813 0.100658 0 0.164747 0.0185887
Lister 4.64204 268.769 284.335 0.258598 1.77032 999285 7.82148 5.63849

3.52416 137.377 0.0106139 0.13120 0 0.586931 0.0490771
Lister 6.15429 46.9074 0 0.110647 0.810923 999930 0 2.22970

0 13.2225 0.00940988 0.0943000 0 0.230014 0.089561
Lister 1.17498 0 1.42259 0 1.13574 999969 0.372803 2.96383

0 24.1389 0.0050661 0.107848 0 0.0736632 0.000940758
Lister 0.304494 19.9877 10.2922 0.151802 1.13727 999839 0 1.35957

5.3586 122.376 0.0105029 0.0567986 0 0.0493394 0.019455
Lister 9.06267 93.4426 374.350 0.868530 0.752402 999107 55.5871 18.1323

6.65253 330.511 0.236792 0.120858 0.00187853 2.78350 0.242654
Lister 8.89381 44.6886 1002.85 1.42145 1.32565 998549 80.7129 6.88863

6.4085 294.061 0.162768 0.165919 0.00201272 3.29473 0.00854930
Lister 26.2005 51.9586 1137.9 0.346440 0.389821 998707 38.821 4.72205

7.4667 23.1886 0.291418 0.0399003 0 1.54846 0.00266924
Lister 24.6905 8.52532 45.4362 0.143134 0.0941089 999862 2.13824 5.75424

3.81125 46.6627 0.220637 0.0732511 0 0.853451 0.0099648
Lister 3.81447 3.64394 179.037 0.126932 0.885267 999739 2.5834 1.62880

11.4383 54.7803 0.217025 0.134245 0.00264060 2.68398 0.0103741
Lister 57.8767 4.11225 80.7496 0.457613 0.385096 999810 5.55957 5.20840

7.07887 25.248 0.398049 0.0670936 0.00453687 2.99603 0.0253549
Lister 80.9683 571.075 3122.59 5.14515 6.90430 996033 113.927 23.1817

6.10888 0.377785 1.04958 0.25588 0 35.8009 0.0428760
Lister 69.7446 147.070 2143.7 3.0005 5.10172 997049 46.514 34.6055

9.10460 484.742 1.38483 0.218664 0.00207612 5.2943 0.148789
Lister 1.38874 49.6161 1455.54 0.707742 1.11419 998442 36.5418 3.31886

0 7.7463 0.306064 0.106118 0.00341727 1.09947 0.0195701
Lister 2.02388 2.54098 183.293 0.175075 1.12363 999699 8.92607 3.30394

10.6794 85.7251 0.527795 0.223059 0.00917783 2.15319 0.0191743
Lister 0.728922 16.043 2675.1 0.574274 1.71698 997010 31.2100 1.89349

5.27169 257.273 0.112982 0.0210318 0.00248719 0.256680 0.00715145

282



ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL079

GDL080

GDL081

GDL082

GDL083

GDL085

GDL086

GDL087

GDL090

GDL091

GDL092

GDL093

GDL094

GDL095

GDL096

GDL097

GDL098

GDL099

GDL100

GDL101

GDL101a

GDL102

GDL102a

GDL103

GDL104

GDL105

GDL106

Lister 3.07337 47.4637 3213.78 1.0467 5.47130 996618 38.8466 8.61921
2.34697 57.1792 0.496116 0.345652 0.00435619 3.26603 0.0288173

Lister 3.0266 99.9537 330.800 1.24505 4.36117 999248 96.5214 3.57684
3.05502 204.66 0.162133 0.533342 0.00191075 3.93481 0.020420

Lister 5.19753 23.8955 1635.55 0.460209 2.36850 998233 56.8412 16.8352
13.7498 2.76852 0.187369 0.378880 0.00175090 8.71892 0.0182358

Lister 2.31681 50.7526 8452.01 0.920331 3.45956 991335 42.8778 6.63628
11.7049 92.1022 0.229046 0.174280 0 1.68588 0.0165145

Lister 3.9894 8.0609 538.722 0.235539 0.973109 999247 47.5277 20.6719
7.48219 123.345 0.497151 0.201057 0 1.35240 0.168223

Lister 7.24181 112.26 2931.04 3.23762 5.62935 996655 201.978 12.2576
7.89040 59.4306 0.498010 0.42138 0 3.1772 0.0143152

Lister 14.3812 371.298 6376.21 1.87568 3.08426 992495 133.550 16.1921
20.3481 560.300 0.33703 0.472985 0.00290332 6.948 0.0705403

Lister 10.403 96.6617 2307.62 1.76827 3.92237 997468 74.7667 8.23367
15.0206 11.0559 0.332787 0.38942 0 1.62892 0.00407843

Lister 3.74432 14.7024 49.2723 42.0773 64880.1 923130 0.421383 42.0623
141.343 134.951 0.30341 0.146680 0.00237149 11561.0 0

Lister 7.56158 12.2904 2719.30 0.713898 2.07318 997193 36.2709 17.2263
1.49521 6.93934 0.551551 0.438671 0 2.37020 0.103603

Lister 16.9956 363.240 5818.63 5.57435 10.1608 993391 291.34 19.0127
0.980239 77.0492 0.732488 0.584399 0 4.1962 0.0407374

Lister 3.10362 8.1968 520.638 0.855632 2.42566 999394 18.7545 6.6482
1.10042 41.8042 0.678876 0.149796 0 1.30784 0.0234715

Rosenkrans 0.52773 2.52979 30.4205 0.018239 0.452521 999770 1.38733 0.68240
0.573073 191.066 0.105105 0.0266410 0 2.15731 0.00640412

Rosenkrans 1.72531 46.1862 1649.79 0.175570 1.68222 997709 2.04367 82.9287
1.60005 503.98 0.032980 0.0248731 0.0267234 0.495662 0.010283

Rosenkrans 1.32939 69.6140 51.3582 0.21465 2.27864 999685 3.892 3.81079
0.909757 181.289 0.0505025 0.0294986 0.00105293 0.323064 0.00142458

Rosenkrans 1.63356 26.7555 769.853 0.129961 0.939219 997799 3.74951 9.21657
1.1398 1387.31 0.047590 0.0357208 0.00470123 0.594528 0.0530347

Rosenkrans 1.91281 100.198 103.712 0.206785 3.16504 999680 7.46520 3.86851
0.891014 98.3959 0.0382051 0.0177927 0.00220367 0.358709 0.000861569

Rosenkrans 2.22816 122.618 539.135 2.29439 1.74036 999145 9.98397 8.52375
2.33549 145.393 0.46631 0.0634659 0.00179418 20.2264 0.0231712

Rosenkrans 1.88754 51.6015 408.352 0.54509 0.531923 998582 1.97481 0.219259
1.49177 951.759 0.0798618 0.00545759 0.00363116 0.00744055 0.000544756

Rosenkrans 0 4.09786 30.5572 0.057123 0.0994513 999902 0.723099 0.633828
0.696675 60.9805 0.114709 0.0003915280.000738032 0.019205 0.00709461

Rosenkrans 1.48328 63.0232 93.7684 0.203936 1.88978 999699 9.78362 0.969429
1.13959 127.775 0.559787 0.0117102 0.000174477 0.0323672 0.123310

Rosenkrans 0.270918 3.81131 7.67938 0.0404130 0.0380178 999858 1.47899 0.230647
0.960566 126.95 0.0880151 0.0130251 0.00117424 0.00328356 0.000825335

Rosenkrans 1.20335 22.458 93.4081 0.105863 0.187683 999700 3.51732 1.32527
1.25299 175.989 0.128699 0.0128457 0.00584954 0.0757345 0.000316799

Rosenkrans 3.36286 25.8795 85.5432 0.249330 0.781671 999671 3.15995 3.05886
0.989978 203.722 2.14905 0.0238784 0.00182269 0.147532 0.00578725

Rosenkrans 0.237340 5.71585 43.0894 0.0907697 0.0704783 999381 2.29942 1.09505
1.07081 565.350 0.199084 0.0103474 0.000197762 0.011551 0.000175312

Rosenkrans 0.216332 1.56394 5.55040 0.0101922 0.0847086 999745 1.18601 0.0643692
0.655402 245.658 0.108123 0.0117373 0.0286569 0.0366326 0.00308380

Rosenkrans 2.29614 9.75378 44.1130 0.0909276 0.191011 999779 1.66918 0.193876

283



ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL107

GDL108

GDL109

GDL110

GDL111

GDL112

GDL113

GDL114

GDL115

GDL116

GDL117

GDL118

GDL119

GDL120A

GDL122

GDL123

GDL124

GDL125

GDL126

GDL127

GDL128

GDL129

GDL130

GDL131

GDL132

GDL133

0.200117 162.064 0.183440 0.0392936 0.0217197 0.0393941 0.00806466
Rosenkrans 1.01583 1.85480 6.53656 0.00663438 0.120489 999558 0.644599 0.455546

0.886762 430.613 0.185901 0.00241815 0.0176420 0.0526268 0.0106106
Rosenkrans 1.41743 4.94163 25.0247 0.10469 0.0728267 999734 1.52374 19.2143

0.557863 212.197 0.793182 0.0277349 0 0.0917422 0.00174286
Rosenkrans 0.105659 16.530 30.4507 0.0527491 0.156440 999860 1.59354 1.18193

1.41537 83.1435 5.28527 0.0175294 0.0075564 0.0509916 0.0216604
Rosenkrans 0.504330 67.0863 330.114 0.100258 0.318859 999408 4.07152 0.275311

1.5917 187.468 0.248796 0.0294410 0.00159964 0.0260157 0.000428323
Rosenkrans 0.62893 8.22420 28.3978 0.0564761 0.172797 999877 2.55320 1.22836

0.466239 80.7962 0.315729 0.0116072 0.021564 0.11861 0.00321103
Rosenkrans 2.69919 171.436 219.877 0.234095 0.829312 999407 2.55684 1.04472

1.26441 192.791 0.0366362 0.00442698 0.00282839 0.0330573 0.00373137
Rosenkrans 1.239 26.2476 83.3840 0.135441 0.143922 999391 2.08112 1.13170

0.454352 494.21 0.119768 0.037753 0.000920148 0.0284189 0.000586426
Rosenkrans 1.17773 15.3257 100.624 0.506184 0.260186 999776 1.1932 15.0077

0.655067 89.1678 0.245370 0.0165753 0 0.0276082 0.00346272
Rosenkrans 6.25869 100.082 96.6478 0.424829 1.76646 999659 18.4336 3.98868

1.64451 111.493 0.323472 0.00666920 0.00464073 0.248943 0.00248008
Rosenkrans 0.834730 16.0644 12.7646 0.034249 0.113855 999397 1.0675 17.8170

0.867614 553.218 0.114400 0.0082340 0.0143446 0.0141472 0.000140824
Rosenkrans 0.310378 21.226 717.216 0.701732 0.485774 998967 9.03867 0.942458

0.264246 281.758 1.20714 0.0356862 0.0205960 0.110070 0.00286990
Rosenkrans 1.1305 234.266 2661.10 2.394 2.44644 996765 189.626 1.86808

1.88228 139.451 0.698700 0.0264782 0.00182625 0.240457 0.0063468
Rosenkrans 1.19212 19.3943 417.503 0.331231 0.280598 999474 55.239 8.80450

1.80306 18.621 1.34094 0.0181927 0.000836695 1.40775 0.0031899
Rosenkrans 2.53818 631.906 22071.9 10.964 9.52592 977042 130.489 69.3216

1.31287 22.8317 4.01376 0.109090 0.00206457 2.77149 0.0840725
Rosenkrans 0.877309 5.26017 300.966 0.524074 1.4481 999128 39.0830 22.017

3.23777 497.42 0.336512 0.147743 0.00225264 0.799317 0.00299796
Rosenkrans 3.91455 81.6646 2458.70 5.97311 25.5677 996670 362.135 289.659

5.92126 92.4310 0.916075 0.661932 0 2.74562 0.00951846
Rosenkrans 1.76457 2.21209 161.573 0.417558 1.031 999122 22.57 20.5820

4.13877 662.163 0.149060 0.0724076 0.0169784 1.51461 0.0131938
Rosenkrans 3.74638 5.66442 765.033 0.538704 1.8967 999087 51.1970 16.7210

2.87568 63.7074 0.699871 0.120344 0.0029586 1.07798 0.00648726
Rosenkrans 4.88400 6.90959 902.255 0.596126 3.30660 998955 38.5534 26.1061

1.77298 60.0749 0.37830 0.0103997 0 0.236414 0.00239475
Rosenkrans 1.95760 1.62928 12.5025 0.0248727 0.0248224 999744 1.16321 0.318407

0.484269 238.027 0.0258651 0 0.000934798 0.026547 0.000240890
Rosenkrans 6.74196 578.659 255.968 0.595002 3.65786 998946 36.47 3.80059

1.73932 166.657 0.00994210 0.0182347 0.00143492 0.112140 0.00145510
Rosenkrans 0.897914 3.3801 30.926 0.00572324 0.252930 999759 2.10388 0.451098

1.26422 200.349 0.007995790.00839549 0 1.46191 0.0116031
Rosenkrans 1.02330 11.4288 32.7120 0.0223256 0.234140 999790 3.83785 0.574043

0.842815 159.183 0.0073659 0.00302672 0 0.358844 0.000754688
Rosenkrans 10.4014 124.00 283.798 0.554068 2.22922 999463 51.8621 4.70074

1.33117 57.9053 0.0186059 0.025202 0.00320938 0.273300 0.00077825
Rosenkrans 7.61782 198.457 67.2414 0.397239 3.59489 999686 13.7646 0.595422

0.765062 21.9660 0.007367510.00451797 0.013691 0.063561 0.00104982
Rosenkrans 0.67793 3.46074 1.70454 0.0580514 0.321792 999946 0.983985 0.24065

0.858076 45.3300 0.006670680.00355333 0 0.00889174 0.0062467
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL134

GDL135

GDL136

GDL137

GDL138

GDL139

GDL140

GDL141

GDL142

GDL143

GDL144

GDL145

GDL146

GDL147

GDL148

GDL149

GDL150

GDL151

GDL152

GDL153

GDL154

GDL155

GDL156

GDL157

GDL158

GDL159

GDL160

Rosenkrans 6.24145 0.582996 40.1164 0.0617073 0.239581 999926 2.41299 1.36304
0.534689 22.3408 0.0143956 0.0132627 0.00210657 0.0447736 0.000834672

Rosenkrans 6.50070 447.560 88.0726 0.897707 6.17979 999238 6.72315 1.73927
0.945919 202.867 0.0125373 0.02858 0.00740340 0.0852935 0.0203739

Rosenkrans 8.10031 314.557 431.686 0.863889 5.80420 999074 19.849 0.973263
1.09757 142.949 0.0168389 0.0184176 0 0.0490030 0.00073431

Rosenkrans 3.80386 220.314 513.148 0.433605 0.960314 998846 4.63808 0.577780
0.569166 409.304 0.0127021 0.00371481 0.0007725 0.0496639 0.00277414

Rosenkrans 0.832979 41.8155 1235.51 0.721127 0.614132 998012 28.7815 2.93853
1.24007 674.817 0.648014 0.00595936 0.000698470 0.493919 0.00423095

Rosenkrans 18.5160 0.798087 19.3316 0.341230 1.71318 999759 44.3349 2.82507
5.96004 144.735 1.16721 0.0542634 0.00487233 1.64001 0.0211423

Rosenkrans 58.6394 4.37787 371.14 0.655995 1.99880 999280 57.1836 0.921395
2.19824 221.055 0.742616 0.0540166 0 1.12135 0.0127790

Rosenkrans 38.7405 1.91838 107.49 0.463943 1.19402 999729 68.9679 5.04227
1.96848 40.9372 0.936146 0.0501297 0.000242487 3.12028 0.00822611

Rosenkrans 14.0376 0.831980 51.1897 0.19460 0.588535 998817 15.6696 1.41733
4.47767 1093.97 0.352813 0.0275431 0.00520623 0.563968 0.000942555

Rosenkrans 75.5117 6.91903 68.2438 0.771736 2.12756 999745 62.8987 2.74926
4.26027 29.8262 0.735200 0.0319687 0.000389384 0.82201 0.0320272

Rosenkrans 16.9231 0.844974 18.3892 0.0939613 0.461088 999568 49.5253 3.24218
2.05033 339.414 0.431328 0.0348400 0.00107689 0.451003 0.00618134

Rosenkrans 69.1745 10.9008 178.497 1.67827 4.81611 999255 341.998 54.7335
6.12525 64.8954 1.79917 0.157736 0.0151609 9.59123 1.07568

Rosenkrans 15.1207 8.00944 96.3286 0.747847 1.32512 999576 197.397 22.3200
6.06620 71.4952 2.4135 0.0366307 0.00135223 1.67742 0.696141

Rosenkrans 1.64146 0.146692 179.551 0.309417 0.405427 999742 6.1703 3.57615
2.73183 61.1677 0.648388 0.0302283 0.000913371 2.01412 0.0342672

Rosenkrans 7.908 0.254522 107.687 0.162645 0.257968 999831 11.9587 3.22515
2.61634 32.2803 1.35822 0.00422356 0.00155630 0.730349 0.0738106

Rosenkrans 17.5953 0.290728 30.7053 0.405563 0.186563 999750 14.489 0.787684
6.51274 176.510 1.54925 0.0910204 0.00231272 0.836178 0.00410898

Rosenkrans 63.026 7.41450 88.2022 0.682592 1.56790 999124 201.935 6.93773
3.33972 499.531 1.45370 0.0526869 0.00126103 1.52337 0.00103032

Rosenkrans 0 1.48218 28.7371 0.221038 0.285284 999886 14.1365 0.746790
2.03738 65.2865 0.507784 0.023892 0.00551808 0.248993 0

Rosenkrans 16.6273 0.624830 85.7197 0.615145 1.81168 999349 30.2340 10.6582
1.70134 500.448 0.769817 0.054400 0.00165170 1.47882 0.00274645

Rosenkrans 43.9740 4.14093 101.848 0.773718 2.14692 999644 94.4237 13.9997
3.57797 88.2264 0.935538 0.0713531 0.000137903 1.83758 0.0115814

Rosenkrans 152.6 29.0448 3797.30 5.4539 4.28328 995882 73.2973 4.22063
4.55239 40.5481 1.21228 0.106239 0.00183750 5.16126 0.28653

Rosenkrans 14.990 0.184624 81.7207 0.807168 2.85565 999753 10.9230 1.31386
1.25757 130.247 0.902415 0.0312053 0 1.32397 0.100802

Rosenkrans 48.215 0.172778 138.370 0.11101 0.296839 999536 10.7154 0.597020
2.19948 249.245 1.23959 0.0237824 0.00772606 13.0966 0.00067128

Rosenkrans 11.9412 2.77693 138.342 0.208429 0.403158 999615 15.0695 0.488906
3.41004 211.424 1.00224 0.0106456 0.0161106 0.357946 0.0197724

Rosenkrans 2.2819 0.0524653 3.10846 0.0479733 0.10160 999727 4.08962 0.159738
1.75929 260.063 0.885065 0.0145744 0 0.134985 0

Rosenkrans 10.6494 0.102182 4.07404 0.0630309 0.108722 999900 0.952863 0.29575
1.54456 81.3851 0.897860 0.0395633 0.00590423 0.230629 0.00425681

Rosenkrans 31.1116 0.0182417 2.85797 0.11268 0.0613788 999756 2.02139 0.550615
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL161

GDL162

GDL163

GDL164

GDL165

GDL166

GDL167

GDL168

GDL169

GDL170

GDL171

GDL172

GDL174

GDL175

GDL176

GDL177

GDL178

GDL179

GDL180

GDL191

GDL192

GDL193

GDL194

GDL195

GDL196

GDL197

2.61434 202.090 1.40566 0.0895606 0.0264699 0.681319 0.0205381
Rosenkrans 82.2521 5.09894 283.815 1.32652 4.01219 999408 51.705 27.1245

5.98512 128.427 0.97802 0.0650891 0.000350061 1.48451 0.0033273
Rosenkrans 85.0961 0.099487 25.8262 0.843390 4.59765 999725 21.8813 1.55967

3.15519 130.824 0.667095 0.0503395 0 0.719013 0.00412487
Rosenkrans 176.13 37.5793 691.971 3.05118 5.93334 998128 158.044 4.98624

8.68201 770.090 7.34284 0.257651 0 7.86744 0.0644813
Rosenkrans 0.00870426 0.351423 2.37777 0.0160950 0.132872 999774 0.703816 2.35246

1.07933 219.099 0.0470652 0.00996985 0.00190879 0.165817 0.00242004
Rosenkrans 0.0241176 0.209190 4.77339 0.0468898 0.746746 999875 6.11906 3.19171

1.89590 106.956 0.0476986 0.0255585 0.00657345 0.54276 0.000858183
Rosenkrans 0.0233062 0.211196 19.2834 0.0811152 0.185371 999771 0.942528 5.2871

2.50559 196.482 0.0387080 0.021272 0.0173412 4.21919 0.000300412
Rosenkrans 0.0380934 1.14073 6.14859 0.0325822 0.595522 999757 10.1791 3.13674

6.78765 214.296 0.0616551 0.0155624 0.00789563 0.104161 0.00321155
Rosenkrans 0.0458677 0.464200 98.3071 0.0788521 0.268068 999771 1.29835 9.47959

2.25953 116.384 0.0459146 0.12231 0.00201692 0.473479 0.0033738
Rosenkrans 0.0963245 1.67730 17.5560 0.117009 0.993380 999899 10.6699 4.07980

2.47234 62.7131 0.0761105 0.0956705 0.0019310 0.403481 0.000998205
Rosenkrans 0.0914582 8.87349 56.6042 0.33071 2.59166 999808 67.0899 13.1755

6.94399 35.184 0.092265 0.0799854 0.0107121 0.722013 0.0137944
Rosenkrans 0.140020 1.80762 11.9900 0.0866345 0.350050 999515 58.4986 5.00720

5.08383 391.547 1.13521 0.0663975 0.0294481 8.90933 0.00699134
Rosenkrans 0.196050 5.68474 24.7055 0.42549 0.250569 999713 4.47973 4.61550

1.79040 241.554 0.439180 0.0290690 0.00114360 3.039 0.0252608
Rosenkrans 0.36777 3.59970 57.7106 1.23218 0.590251 999387 16.7731 17.210

9.88392 497.884 1.25398 0.144950 0.00395287 6.18525 0.0406862
Rosenkrans 0.332753 24.1474 67.4497 0.647957 2.10600 999748 62.7846 5.77876

4.45906 79.5982 0.847220 0.0440812 0 3.30362 0.0764691
Rosenkrans 0.629513 30.9311 31.2514 0.990522 2.60112 999738 68.1412 5.49821

6.5161 108.63 4.65013 0.0479740 0.00330554 1.64157 0.00674077
Rosenkrans 0.871732 16.594 314.764 0.549714 2.24054 999274 103.796 21.5126

10.088 244.518 0.807486 0.191282 0.0117860 9.45823 0.145430
Rosenkrans 0.266620 5.20633 37.6448 0.193213 0.302064 999803 13.716 4.18545

2.35464 130.55 0.77670 0.162736 0.00190404 1.18362 0.0270018
Rosenkrans 2.15425 11.71 111.150 0.820213 1.20538 999567 15.3219 117.856

25.9182 138.336 0.836646 0.333794 0.0193331 7.72409 0.0593579
Rosenkrans 1.61389 2.99423 39.2747 0.300789 0.20155 999820 4.32692 38.3058

6.97831 80.6735 1.06803 0.135568 0.00217592 3.71466 0.023616
Nassawango 23.5225 290.941 911.549 3.24137 3.36999 998079 531.549 3.92934

21.9044 127.738 0.326103 0.163512 0.0164409 3.17463 0.00417761
Nassawango 38.1075 271.721 1373.61 2.31164 3.8272 997560 173.220 8.87184

3.61315 562.831 0.85485 0.0797554 0.00189413 0.923042 0.196006
Nassawango 16.9886 86.3282 552.232 0.331605 0.937228 999227 55.1765 1.32159

0.701281 56.818 0.489974 0.0416345 0.00217861 1.3661 0.00205032
Nassawango 21.8056 135.214 2694.48 0.992561 1.30430 997113 16.6149 3.50645

5.08725 5.6312 1.03465 0.0376317 0.00114843 1.38547 0.127871
Nassawango 33.9067 286.467 2584.08 2.0683 4.76949 997030 19.7649 7.13210

2.68420 21.8708 4.28371 0.0857517 0 2.75191 0.159880
Nassawango 3870.4 6440.3 180041 299.822 2334.86 803637 2183.95 172.999

345.597 90.6140 184.666 21.7061 7.97143 367.599 1.24736
Nassawango 27.8608 269.050 7236.2 2.1769 5.67257 988624 27.7561 11.7701

6.15479 3786.16 0.672467 0.132393 0.0553480 2.55526 0.0188074
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL198

GDL199

GDL200

GDL201

GDL202

GDL203

GDL204

GDL205

GDL206

GDL207

GDL208

GDL209

GDL210

GDL211

GDL212

GDL213

GDL214

GDL215

GDL216

GDL217

GDL218

GDL219

GDL220

GDL221

GDL222

GDL223

GDL224

Nassawango 5.06483 19.6064 689.276 0.517550 0.290873 999253 4.13919 1.68624
0.74104 24.7172 0.632444 0.0436063 0 0.359524 0.0231499

Nassawango 4.98870 8.84106 103.584 0.355994 0.304106 999708 1.39043 1.38510
0.755306 169.226 0.312846 0.0169696 0.00665157 0.707201 0.0024697

Nassawango 20.6905 39.767 1545.97 0.442848 1.4643 998317 62.3758 3.68710
2.80706 0.61352 0.70613 0.197895 0.00194859 4.25689 0.00484519

Nassawango 2.53974 0.588125 16.3972 0.0262373 0.139895 999952 1.11969 1.84935
1.33501 23.1032 0.24128 0.0101140 0.00111862 0.0581299 0.0915396

Nassawango 21.7309 255.005 2414.07 3.88509 13.2075 996841 435.409 5.13793
3.46771 3.61438 0.763730 0.0593333 0.00478967 2.28140 0.0425237

Nassawango 24.1949 74.8436 1114.30 1.18884 1.05402 998740 11.6743 2.91051
1.69848 26.8815 0.773877 0.0617141 0.00163722 0.408640 0.121827

Nassawango 3.76241 3.39879 95.7984 0.211018 0.406289 999838 2.08100 1.87485
0.12678 53.6055 0.51877 0.0182327 0.0098534 0.368103 0.0214771

Nassawango 10.5918 4.09894 124.464 0.0679550 0.395463 999742 5.1007 2.63213
5.92699 103.810 0.516347 0.026398 0.00112808 0.222632 0.0234773

Nassawango 20.0264 186.372 1906.44 1.29912 1.69735 997837 20.7337 7.83807
2.06726 13.2141 0.541421 0.072500 0.00317233 2.6211 0.0323330

Nassawango 19.0408 349.803 4107.10 2.59975 7.63106 995339 16.9885 5.73478
1.95069 146.474 0.671344 0.055407 0.00261860 2.72474 0.0282213

Nassawango 20.5993 139.11 1217.30 1.08511 1.28787 998543 12.9678 3.68351
1.86957 56.7324 0.613689 0.0553540 0.00725788 1.53213 0.0207676

Nassawango 25.9240 226.569 1929.98 4.24265 3.73859 997463 330.988 3.82004
4.3862 4.14468 0.924970 0.0377801 0.0183445 1.80929 0.0560035

Nassawango 4.42196 159.143 406.105 0.281334 0.759110 999361 3.17606 3.6991
3.64664 56.8775 0.158215 0.121097 0.00217876 0.455343 0.149724

Nassawango 3.2441 2.75032 47.7122 0.00966395 0.237228 999877 0.510458 0.997306
1.09699 64.5786 0.0661177 0.00707852 0.005569 1.67840 0.147362

Nassawango 15.0215 540.686 703.817 0.275928 2.52249 998679 49.5125 4.99041
1.77825 0.417819 0.128581 0.0559938 0.00691556 1.4069 0.00923592

Nassawango 14.4473 460.563 421.212 0.503042 1.00927 998681 4.98576 2.7282
12.3223 400.918 0.091177 0.00810653 0.00126958 0.304374 0.128564

Nassawango 11.2101 48.7594 315.168 0.134445 0.498153 999544 1.74389 4.12580
2.79923 71.3265 0.130298 0.022969 0.00559019 0.331561 0.0159830

Nassawango 8.2635 87.8673 483.378 0.164530 2.86921 999343 4.15341 15.6191
7.49626 43.530 0.107594 0.109102 0 1.76664 1.77137

Nassawango 3.00150 1.20979 5.74646 0.032340 0.158021 999976 0.658027 0.247819
0.743448 12.3 0.12121 0.016710 0.00948477 0.0435457 0.00912020

Nassawango 5.83596 20.8759 145.764 0.0896106 0.399299 999804 1.1195 3.03684
1.40226 17.1840 0.0729003 0.0471453 0.000530501 0.336114 0.011239

Nassawango 5.99829 2.80443 75.8879 0.0449349 0.219322 999784 0.816725 4.70323
2.20141 122.389 0.0907625 0.035164 0.000358427 0.380647 0.00713783

Nassawango 2.87291 19.6532 176.369 0.0270271 0.546684 999777 0.559807 1.99919
0.480577 20.021 0.106200 0.0421456 0.0042730 0.446993 0.0186576

Nassawango 50.0281 704.109 747.697 1.75392 10.540 998347 24.4409 3.10925
1.06374 107.112 0.136983 0.0612625 0.00276497 2.50153 0.00402747

Nassawango 2.40406 2.35483 62.7795 0.0449877 0.234503 999827 3.23449 0.69055
0 100.939 0.0669705 0.0646369 0.000045215 0.289694 0.108714

Nassawango 1.97035 16.2015 287.011 0.0903260 0.716013 999522 2.55076 4.6788
0.104382 164.251 0.205175 0.0591322 0.000258928 0.552835 0.0191519

Nassawango 2.72560 0.71353 10.2890 0.0413670 0.790426 999760 0.999399 0.225939
0.0847581 223.784 0.105622 0.016629 0 0.213395 0.00167268

Nassawango 1.20862 17.2264 32.7985 0.0406622 0.190701 999842 1.6195 0.361441
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL225

GDL226

GDL227

GDL228

GDL229

GDL230

GDL231

GDL232

GDL233

GDL234

GDL235

GDL236

GDL237

GDL238

GDL239

GDL240

GDL241

GDL242

GDL243

GDL244

GDL245

GDL246

GDL247

GDL248

GDL249

GDL250

1.14881 102.772 0.0495532 0.0163385 0.00163389 0.0684806 0.00392011
Nassawango 8.76915 609.475 146.599 0.570882 2.4600 998584 66.3149 6.42836

1.32072 572.473 0.230747 0.0384608 0 0.795305 0.354479
Nassawango 1.48803 73.0630 376.836 0.171961 0.363631 999475 4.71182 1.02447

0.541633 67.0534 0.0492177 0.0225549 0.000576970 0.0862256 0.0078469
Nassawango 2.69979 81.2250 71.6958 0.102799 0.283657 999791 2.01670 0.521902

0.712270 49.3201 0.0768822 0.00497779 0.0273514 0.0774896 0.0036507
Nassawango 13.8537 1011.87 879.676 1.20932 4.63322 998029 37.9856 4.81605

1.93200 11.6988 1.83306 0.0799634 0.00437228 1.01595 0.0615343
Nassawango 21.8667 126.778 3213.90 3.65140 8.4621 995666 38.1260 6.68664

8.76557 903.107 0.261876 0.0564642 0.0140359 2.67677 0.0333118
Nassawango 1.05628 0.579731 273.18 0.0256967 0.335427 999593 0.685307 1.73963

6.36287 122.577 0.0801497 0.0223690 0 0.303180 0.0109149
Nassawango 2.92064 5.54858 410.778 0.93686 2.03476 999121 10.8451 3.06757

4.21741 438.670 0.138210 0.0200440 0.000918614 0.302112 0.00975752
Nassawango 1.73474 2.67304 1045.07 0.410339 0.986061 998748 2.80838 6.26458

1.36889 189.637 0.159303 0.0852503 0 0.951922 0.0253205
Nassawango 0.475251 1.13799 218.023 0.099489 0.366230 999740 1.78307 1.91633

1.01683 35.0089 0.0926819 0.00452397 0.00115152 0.392420 0.00567053
Nassawango 4.00032 0.232679 638.506 0.0431887 0.173659 999334 1.49957 8.97785

6.21883 4.39160 0.161885 0.0517380 0.000694309 1.00842 0.416729
Nassawango 1.89004 2.8002 542.549 0.202606 0.75660 999378 4.48684 4.48139

6.16028 57.927 0.0907565 0.093618 0.0074416 0.413768 0.0157720
Nassawango 1.61739 2.41319 916.241 0.230591 0.689889 999011 3.82816 3.48250

1.35901 58.1173 0.162321 0.0349552 0 0.570935 0.014468
Nassawango 1.32875 2.53598 327.201 0.253300 0.488516 999541 1.44222 4.12224

3.65781 117.735 0.0935444 0.00560277 0.00560213 0.351740 0.013932
Nassawango 1.08986 0.55829 122.431 0.0571547 0.212404 999828 5.40615 3.50384

1.14203 36.7933 0.198231 0.0268865 0.0104756 0.31194 0.00605660
Nassawango 2.83282 3.36871 1194.83 1.07773 1.50896 998714 4.79144 2.7892

3.05322 71.0407 0.23555 0.0763983 0.0017664 0.607695 0.143278
Nassawango 1.85663 1.99908 254.19 0.191148 0.833446 999721 2.36038 3.94814

0.614902 12.0864 0.160287 0.0307752 0.000909941 0.545458 0.0446901
Nassawango 0.543378 0.402870 81.0785 0.0231244 0.224387 999889 1.10129 0.828619

0.858540 25.7698 0.0712767 0.0557096 0.00112451 0.0850018 0.0070614
Nassawango 1.29656 0.630649 65.2144 0.0612768 0.114167 999753 1.16412 5.22146

4.03827 169.062 0.0922709 0.0232224 0 0.127071 0.0678628
Nassawango 1.26329 0.583813 254.85 0.180333 0.110483 999674 2.24080 3.66900

3.23784 58.6856 0.215917 0.0366731 0 0.5227 0.0330114
Nassawango 0.0946227 3.30120 21.6827 0.0643122 0.117457 999941 0.998359 0.594217

0.538033 31.1323 0.04607 0.0149425 0.00131200 0.0708819 0.00302706
Nassawango 0.310530 15.5027 307.984 0.0993744 0.223298 999330 1.90526 0.804512

1.14829 341.65 0.040970 0.0297423 0 0.0521855 0.00131424
Nassawango 0.267535 0.516630 373.556 0.142664 0.0999936 999533 0.88754 0.628396

0.607803 90.1364 0.0403483 0.00317540 0 0.107204 0.000378972
Nassawango 0.457076 9.02910 81.6229 0.0982051 0.154055 999864 1.14157 2.00403

1.29042 39.7049 0.0649508 0.00192068 0.00558908 0.0464351 0.0100012
Nassawango 0.372807 5.81722 253.221 0.0983216 0.0151997 999220 4.88186 0.235055

1.46958 513.552 0.281958 0.0274177 0.0124436 0.0564937 0.000772672
Nassawango 0.365431 8.24570 134.28 0.121796 0.119886 999830 3.54532 0.575885

0.697331 22.0252 0.0805683 0.0226314 0 0.0989520 0.00421472
Nassawango 0.365518 12.2750 1968.84 0.287372 0.273702 997925 2.32757 1.54522

0.925801 87.8294 0.0606391 0.0552646 0 0.186224 0.000366430
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL251

GDL252

GDL253

GDL254

GDL255

GDL256

GDL257

GDL258

GDL259

GDL260

GDL261

GDL262

GDL263

GDL264

GDL265

GDL266

GDL267

GDL268a

GDL268b

GDL269

GDL270

GDL271

GDL272

GDL273

GDL274

GDL275

GDL276

Nassawango 0.564804 27.3473 16324.7 0.584197 0.848358 983503 5.10124 2.29688
0.953054 133.834 0.0169462 0.0727843 0.00249976 0.227274 0.00313221

Nassawango 0.296677 1.87268 229.165 0.0622599 0.16046 999650 0.977158 0.863041
0.89416 115.228 0.0381237 0.00523288 0 0.0360584 0.00230651

Nassawango 0.28774 14.4243 668.240 0.17669 0.079911 999038 2.4203 1.59698
0.521060 273.550 0.0392199 0.0219290 0.00290760 0.456933 0.0373659

Nassawango 0.340988 1.5463 282.460 0.0764439 0.134294 999695 0.706949 0.313274
1.25626 18.3293 0.0679004 0.0404452 0 0.0410161 0.0028648

Nassawango 0.245802 2.43893 567.896 0.159946 0.279686 999255 2.51498 3.78048
0.279091 166.908 0.0709108 0.016099 0.00294624 0.180049 0.0104250

Nassawango 0.421564 0.574549 332.735 0.0510775 0.0579211 999464 1.42619 0.686877
0.183444 199.952 0.0522286 0.00219277 0.00937346 0.0592568 0.0021395

Nassawango 0.230213 1.30396 138.542 0.0742157 0.097748 999496 1.06115 0.454106
1.08048 361.324 0.0633587 0.0325750 0.00501350 0.0143719 0.00460587

Nassawango 0.585181 18.9767 6004.59 0.929520 0.823954 993813 5.22503 2.1653
1.20045 152.662 0.064574 0.0118517 0 0.173881 0.00290242

Nassawango 0.22510 9.34730 806.534 0.0772443 0.169420 999154 2.23379 0.370985
1.0551 25.9923 0.0308423 0.0485884 0.00811754 0.084459 0.00223091

Nassawango 0.1490 2.75525 628.806 0.213578 0.158401 999323 7.97708 0.248548
0.50142 36.2154 0.0484483 0.00329525 0.00095436 0.0979192 0.0416320

Nassawango 0.433406 1.16991 261.590 0.125651 1.85867 999493 1.62619 0.476679
1.44305 238.19 0.111979 0.0148742 0.00487423 0.0349412 0.00263303

Nassawango 0.950683 4.09440 429.970 0.145739 0.624993 999512 1.67081 0.34772
3.72540 45.5813 0.112439 0.318633 0.0235135 0.229278 0.00729363

Nassawango 0.752384 11.8664 1387.66 0.293785 0.607023 998575 2.26806 1.17145
0.418694 19.8532 0.136482 0.109765 0.00424382 0.100066 0.00613377

Nassawango 0.703734 13.1064 312.513 0.0369940 0.0759835 999549 2.33136 0.904693
1.57884 119.608 0.143996 0.0098099 0 0.0234218 0.0186150

Nassawango 0.781298 1.25797 165.625 0.017078 0.19157 999703 1.70037 0.359879
1.2730 125.745 0.137710 0.0429656 0.0264328 0.200952 0.0142682

Nassawango 0.353818 1.79335 452.743 0.0960011 0.333700 999379 2.36942 0.392153
1.61669 160.315 1.13081 0.0061585 0.0153266 0.0710585 0.00532628

Nassawango 0.253914 0.802498 101.452 0.0745651 0.127472 999816 0.533618 0.256720
1.11432 79.5834 0.0986783 0.0041546 0.00862762 0.0270378 0.0243441

Nassawango 0.610003 2.36023 376.374 0.0470126 0.140788 999548 0.30280 0.554624
0.592489 71.3214 0.0709793 0.0218468 0.00163558 0.029102 0.000885526

Nassawango 0.426442 3.07863 354.682 0.0311934 0.106245 999618 0.560081 0.5568
0.180600 21.9 0.202576 0.0181235 0.00805615 0.116068 0.0049762

Nassawango 1.3074 2.51454 154.573 0.0583461 0.151051 999633 0.509385 0.312483
0.232815 201.83 0.278415 0.00510007 0.00923976 5.1893 0.0142430

Nassawango 0.399384 7.03123 1091.4 0.143061 0.147694 998859 1.01881 0.448790
1.89676 38.6421 0.0870402 0.023559 0.000497232 0.0288739 0.00879897

Nassawango 0.375080 0.185944 70.9174 0.0252733 0.221212 999599 2.02673 0.72053
1.17735 324.975 0.0985811 0.014232 0.00793580 0.217889 0.00435549

Nassawango 1.17786 1.74911 118.994 0.0246925 0.273565 999814 1.32447 0.204495
0.827350 61.3549 0.0817946 0.0264495 0.00556548 0.348870 0.0061550

Nassawango 1.50690 15.5635 1244.70 0.513322 2.81709 998605 1.39163 0.0914328
0.00275877 127.706 0.149708 0.0137193 0.0025324 0.0685604 0.030224

Nassawango 0.578163 3.20343 128.139 0.0131495 0.127890 999711 0.613974 0.34392
0.358270 155.004 0.246771 0.038670 0.00212794 0.0279209 0.00325688

Nassawango 0.251321 0.466821 42.0779 0.015460 0.307535 999771 1.70047 0.193511
0.826808 183.111 0.232160 0.00966544 0.000374767 0.073237 0.02204

Nassawango 0.391895 8.52164 150.423 0.0575013 0.180501 999612 1.47803 0.29180
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL277

GDL278

GDL279

GDL280

GDL281

GDL282

GDL283

GDL284

GDL285

GDL286

GDL287

GDL288

GDL289

GDL290

GDL291

GDL292

GDL293

GDL294

GDL295

GDL296

GDL297

GDL298

GDL299

GDL300

GDL301

GDL302

0.772205 226.000 0.218058 0.0190846 0.0463787 0.0797770 0.00222989
Nassawango 0.0236501 3.19030 23.5725 0.0472749 0.216331 999934 0.596051 0.688241

1.05946 36.3128 0.135938 0.0466787 0.000179681 0.15058 0.0205337
Nassawango 1.00031 4.43060 754.062 0.0386420 0.0983107 999125 1.30169 0.892921

1.01011 60.3656 0.222878 0.105293 0.00738973 0.32776 0.0125348
Nassawango 2.56397 28.9915 5565.10 0.268308 0.972790 994334 3.64863 2.24244

1.01011 60.3656 0.222878 0.105293 0.00738973 0.32776 0.0125348
Nassawango 0.965391 6.61807 1000.34 0.0846088 0.210661 998891 1.36398 2.39631

2.04470 94.472 0.204722 0.0698203 0.0111390 0.286604 0.00909263
Nassawango 0.236439 5.95180 196.639 0.0230663 0.198464 999227 0.371607 0.560920

0.363993 568.917 0.0173126 0.0245849 0.00102725 0.0548300 0.00152760
Nassawango 0.392412 7.18957 103.044 0.0383187 0.324818 999666 0.456946 0.851186

0.409635 221.397 0.0171269 0.0381269 0.0026021 0.240324 0.000967607
Nassawango 0.193859 0.799030 34.1505 0.00544965 0.0648268 999786 0.123819 0.382584

0.174360 177.561 0.0121346 0.0202728 0.00255145 0.260983 0.00115763
Nassawango 0.0760469 0.910438 2.15551 0.00562408 0.0412603 999946 0.0964736 0.181735

0.149878 50.4793 0.008263970.00405724 0.0135567 0.0373945 0.0156824
Nassawango 0.284243 2.3788 13.6160 0.00672149 0.105525 999844 0.0425444 0.356964

0.619379 138.289 0.0282516 0.0235045 0.0282158 0.0405490 0.011687
Nassawango 0.809261 25.2900 370.084 0.168504 0.731452 999560 1.15113 5.61230

0.342562 34.8369 0.0283233 0.0244469 0.00435346 0.575652 0.00577700
Nassawango 1.14911 0.721000 8.51858 0.013987 0.0194598 999808 0.191110 0.323609

0.731724 180.382 0.0196809 0.0531853 0.00664516 0.0826048 0.0138643
Nassawango 0.117228 1.42554 22.661 0.0321809 0.114250 999889 0.13120 0.21575

0.607884 85.8513 0.010365 0.0183775 0.00223139 0.0279463 0.0230141
Nassawango 0.787159 2.41324 29.390 0.0436371 0.249599 999837 0.149403 0.326212

0.288817 128.972 0.0222711 0.021171 0.0110141 0.027812 0.00831428
Nassawango 0.195801 0.0930378 2.2060 0.0131645 0.0810943 999922 0.144886 0.196018

0.528696 74.4899 0.018246 0.018371 0 0.0401488 0.0206440
Nassawango 0.173108 0.220716 6.12740 0.0143335 0.0150524 999853 0.0775668 0.208683

0.326468 139.19 0.0177388 0.0240980 0.00407003 0.189568 0.00455224
Nassawango 0.109437 0.131304 5.15034 0.0107668 0.0333013 999949 0.0389100 0.188027

0.246896 44.8510 0.0256718 0.00422098 0 0.0285847 0.00580909
Nassawango 0.228888 1.57700 5.91320 0.0337175 0.130170 999859 0.323707 0.158489

0.510448 131.978 0.0190223 0.00464285 0 0.0503720 0.0110450
Nassawango 0.0880329 1.88273 148.38 0.0155783 0.0841801 999759 0.111071 0.556112

0.596322 89.1606 0.0163254 0.0111501 0.0121440 0.0199472 0.0227681
Nassawango 0.227606 2.89203 40.5196 0.00460602 0.0859355 999828 0.148250 0.290294

0.343283 126.918 0.0201975 0.0241541 0.00438751 0.187496 0
Nassawango 0.143961 0.0152748 4.11384 0.0227222 0.00551044 999969 0.0582311 0.127787

0.361149 26.3063 0.0201684 0.00583011 0.0114941 0.0702806 0.0162746
Nassawango 0.859395 48.0452 314.472 0.114973 1.12161 999608 1.35296 1.08306

0.0165014 24.5656 0.0210871 0.0307401 0 0.382744 0.0702315
Nassawango 0.14647 2.52291 16.7148 0.0320213 0.220654 999826 0.220655 0.367112

0.342879 153.569 0.0679369 0.00733164 0.00141466 0.0372213 0.00145518
Nassawango 0.347481 1.35576 20.1645 0.0264497 0.190423 999946 0.171743 0.305722

0.615017 30.7965 0.0391724 0.0350229 0 0.193216 0.0994193
Nassawango 0.0336077 0.058614 6.56418 0.00950936 0.183180 999941 0.282316 0.520962

0.153259 51.2372 0.00756612 0.0137097 0.0366651 0.0437724 0.00629185
Nassawango 0.0138966 0.0445072 7.17782 0.00491644 0.101389 999960 0.0621480 0.0917075

0.0763207 32.0454 0.008581080.00507746 0.0136677 0.00423386 0.000589033
Nassawango 0.011578 0.00739979 0.187865 0.00432610 0.0895491 999975 0.0421693 0.243428

0.109260 24.6436 0.006313450.00183061 0.00395127 0.00187605 0.00335447
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL303

GDL304

GDL305

GDL306

GDL307

GDL308

GDL309

GDL310

GDL311

GDL312

GDL313

GDL314

GDL315

GDL316

GDL317

GDL318

GDL319

GDL320

GDL321

GDL322

GDL323

GDL324

GDL325

GDL326

GDL327

GDL328

GDL329

Nassawango 0.00793504 0.034468 4.25639 0.00316362 0.171381 999863 0.03560 0.0554102
0.174813 132.085 0.0132572 0.00337516 0.00472010 0.00335036 0.000777713

Nassawango 0.0203604 0.103965 8.40748 0.00868003 0.167143 999912 0.323081 0.246573
0.178899 78.109 0.0103148 0.00425095 0.0149990 0.0681853 0.00024493

Nassawango 0.0173899 0.0464886 0.748940 0.00099306 0.14891 999964 0.146323 0.150686
0.116223 35.0949 0.0075288 0.00400799 0 0.000642669 0.00227224

Nassawango 0.0281667 1.21606 563.397 0.0266246 0.406490 999348 0.81304 1.48205
0.162086 84.8847 0.0176002 0.00330741 0.00371921 0.0142853 0.00591617

Nassawango 0.0168263 0.0415139 3.78506 0.00940427 0.0841604 999945 1.24094 0.16734
0.288681 48.8351 0.0171687 0.00709115 0.00822909 0.00579363 0.00431549

Nassawango 0.0130534 0.0655132 19.1418 0.00498675 0.0801661 999954 0.169094 0.205632
0.111936 25.7697 0.0114229 0.00695648 0.00969677 0.00321815 0.000737028

Nassawango 0.00824258 0.00520993 2.97435 0.00283622 0.0373013 999973 0.0954502 0.22665
0.165323 23.4390 0.0060428 0.00177002 0.00697974 0.0105247 0.0611013

Nassawango 0.0184999 0.427107 26.1232 0.0187099 0.255891 999897 0.70789 0.351717
0.175598 75.1257 0.008280460.00471818 0.00633337 0.0178465 0.0245336

Nassawango 0.0586928 1.72741 48.4984 0.0502014 0.97179 999907 1.57552 2.00783
0.143645 38.2182 0.0279359 0.0128407 0.0203566 0.0425708 0.000496886

Nassawango 0.0142890 0.0701186 1.09564 0.00815241 0.086080 999950 0.90693 0.388481
0.150640 47.1765 0.0106960 0.00381020 0.000272544 0.0129971 0.00199678

Nassawango 0.0107046 0.176199 19.4926 0.0129225 0.139019 999866 0.199899 0.406759
0.202528 113.273 0.0102720 0.0100862 0.00101802 0.0157375 0.00244006

Nassawango 0.0153351 0.261494 14.9829 0.0180334 0.261124 999837 0.366000 0.693334
0.00594619 145.887 0.0137986 0.00894545 0.00332218 0.0226955 0.00119238

Nassawango 0.00286660 0.0378922 0.132749 0.0045895 0.105784 999882 0.098884 0.104220
0.055271 117.325 0.006706150.00105701 0.00264126 0.00410979 0.000740710

Nassawango 0.0104062 0.00809288 3.1429 0.00311009 0.0741840 999944 0.0492778 0.142838
0.0737690 52.2937 0.0112039 0.00395945 0.0300997 0.0132551 0.0111230

Nassawango 0.012877 0.0732172 22.602 0.00760308 0.03144 999798 0.0373712 0.159983
0.168277 178.671 0.009155420.00657715 0.0101288 0.00219381 0.0000960376

Nassawango 0.0135943 0.0137296 0.0293586 0.00258436 0.0263665 999964 0.0866453 0.11382
0.110728 35.3692 0.0101858 0.00268243 0.0108891 0.00429831 0.000560913

Nassawango 1.23261 0 65.2130 0.162484 0.257730 999730 23.8629 0.840404
1.51285 176.368 0.0448756 0.024850 0.0100285 0.0893640 0.0159135

Nassawango 2.0283 0 3837.55 0.961134 3.33073 996050 87.4635 1.03127
2.00589 15.6233 0.0773528 0.00684842 0.0122200 0.199996 0.0126056

Nassawango 0.997143 0 213.47 0.25329 0.341062 999728 13.6358 0.211252
0.407927 42.6003 0.048572 0.00332950 0.0318933 0.0211547 0.00372004

Nassawango 0.461598 0 86.706 0.0542009 0.163243 999795 16.2968 0.418069
1.31302 99.6534 0.042318 0.00382038 0.0168137 0.0201118 0.0008479

Nassawango 1.09808 0 105.201 0.179543 0.39700 999456 81.465 0.455378
1.00500 354.250 0.0723740 0.0128963 0.000923558 0.0225265 0.00210721

Nassawango 0.524371 0 158.280 0.0129359 0.33859 999639 3.20710 0.28250
1.47081 196.640 0.0791642 0.008126 0.0349768 0.026224 0.00449969

Nassawango 0.168895 0 420.791 0.0537936 0.0820272 999522 0.730814 0.528897
0.606240 54.9008 0.0668548 0.0054826 0.0179900 0.00631922 0.00183978

Nassawango 0.0753939 0 72.8225 0.0450080 0.0228532 999721 1.08067 1.81408
1.69120 201.182 0.0290570 0.00828954 0.0300651 0.0108706 0.00301412

Nassawango 0.140721 0 12.0130 0.00876791 0.132199 999831 1.62989 0.0592845
1.13685 153.770 0.0593180 0.0129649 0.00139927 0.0123021 0.00153627

Nassawango 0.458087 0 1278.2 0.105045 0.235301 998469 46.1573 1.3283
0.543245 203.781 0.0565762 0.00224251 0.018042 0.0371859 0.0121826

Nassawango 0.372599 0 1030.00 0.122996 0.193820 998809 15.7323 0.76239

291



ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL330

GDL331

GDL332

GDL333

GDL334

GDL335

GDL336

GDL337

GDL338

GDL339

GDL340

GDL341

GDL342

GDL343

GDL344

GDL345

GDL346

GDL347

GDL348

GDL349

GDL350

GDL351

GDL352

GDL353

GDL354

GDL355

1.68542 142.278 0.0416561 0.0121515 0.0171326 0.0470252 0.00295106
Nassawango 0.667298 0 3885.17 0.211944 0.65609 995853 70.0197 1.85665

0.570250 187.647 0.10638 0.0112071 0.00206122 0.488891 0.00221933
Nassawango 0.137879 0 519.053 0.16427 0.913040 999344 10.162 3.46365

0.183690 121.810 0.0520086 0.00519155 0.00183289 0.0200783 0.0232539
Nassawango 0.313090 0 550.760 0.0142226 0.061082 999365 41.7061 0.981741

1.9234 38.4600 0.12008 0.0223796 0.00257519 0.285223 0.000395842
Nassawango 0.378388 0 208.853 0.0310097 0.0847855 999757 3.4161 0.290147

0.9453 29.2715 0.0304362 0.00175760 0.0158123 0.0419914 0.00154641
Nassawango 0.335660 0 1039.39 0.0071869 0.018031 998663 1.4248 2.06018

1.00118 292.776 0.0584033 0.0234312 0.00731162 0.0187441 0.0157945
Nassawango 0.742515 0 81.8702 0.030892 0.0856480 999799 3.71912 0.475944

0.735591 113.548 0.0560834 0.016468 0.0395613 0.02059 0.00166604
Nassawango 13.5881 0.454977 227.513 0.031652 0.103718 999570 1.2231 0.274389

1.07849 185.395 0.0226913 0.0171902 0.000490994 0.0193768 0.00301076
Nassawango 12.2928 0.121831 203.496 0.150752 0.0878457 999632 0.903021 0.196548

0.443860 150.582 0.0141532 0.00432744 0.0295524 0.034501 0.000752104
Nassawango 13.4764 0.034937 19.840 0.045892 0.119402 999884 0.824582 0.0428119

0.537226 81.2849 0.060939 0.00578437 0.0106088 0.00726230 0.000464402
Nassawango 12.1711 0.282702 196.09 0.122303 0.0314700 999709 0.611978 0.280560

0.870691 80.0095 0.0187793 0.0185957 0.00908809 0.0674973 0.0441082
Nassawango 22.0786 1.81793 1131.31 1.17991 0.733881 998730 12.2667 0.977067

0.654069 98.5535 0.0182155 0.0109002 0.0195935 0.21931 0.0281049
Nassawango 11.5658 0.168462 44.192 0.126656 0.171660 999786 0.917918 0.159407

0.294995 156.203 0.0255591 0.00702419 0.0140232 0.05800 0.066350
Nassawango 12.755 0.110459 3.10269 0.175345 0.178307 999837 7.99207 0.275740

0.565732 137.54 0.0503610 0.0191568 0.00638848 0.0258857 0.00165574
Nassawango 9.92283 0.0786811 55.3357 0.149422 0.0701890 999914 1.143 0.267214

0.458815 18.5578 0.0256716 0.00404143 0.00448881 0.0339101 0.00779909
Nassawango 8.64483 0.173458 28.6890 0.0681705 0.0745280 999925 0.621581 0.467024

0.548363 35.1341 0.0187386 0.00720787 0.0014155 0.194582 0.00692536
Nassawango 7.9516 0.132638 46.1602 0.056604 0.123127 999916 0.718578 0.200695

0.381865 27.7288 0.0119517 0.00299667 0 0.148980 0.333231
Nassawango 9.28665 0.241915 134.150 0.158066 0.0184031 999770 3.06558 0.495858

0.981496 81.6802 0.0240023 0.0118602 0.0094720 0.0876449 0.00929451
Nassawango 16.4154 0.627101 274.058 0.344466 0.27958 999663 2.53827 0.550117

0.879468 41.4585 0.0291425 0.0057094 0.00625160 0.0541078 0.0130224
Nassawango 10.5190 0.457452 190.131 0.212216 0.119 999205 0.888221 0.37949

0.783267 591.917 0.0194599 0.00877768 0.00501517 0.0523720 0.000887843
Nassawango 10.2041 0.104837 94.3036 0.121895 0.312977 999770 0.762654 0.144484

0.692457 123.048 0.0362335 0.00655403 0.00377788 0.37758 0.00580193
Nassawango 5.43020 0.643231 100.27 0.0645160 0.209907 999553 1.02035 0.153632

0.447285 338.975 0.015564 0.0122480 0.0212529 0.0366892 0.0341660
Nassawango 8.91148 0.123954 134.046 0.132455 0.0422918 999807 1.83538 0.117004

0.780937 46.8767 0.0405681 0.002920 0.00352439 0.134905 0.105868
Nassawango 8.5956 0.0121341 31.6313 0.144708 0.0522959 999899 0.969050 0.204388

0.411247 59.0228 0.0217527 0.00328277 0.020213 0.0284929 0.00307665
Nassawango 8.81710 0.223685 138.933 0.355618 0.211237 999809 4.37800 0.263105

0.682169 34.477 0.0128689 2.05101 0.00979320 0.276150 0.00661294
Nassawango 10.5281 0.208262 4.03370 0.520545 0.340500 999862 2.81065 0.185235

0.164483 119.564 0.0255734 0.00231911 0.00964596 0.018922 0.0025420
Nassawango 0.2377 0.28180 91.8716 0.0786504 0.0839672 999874 1.06955 0.438825

3.82567 28.062 0.364733 0.0270439 0.0183384 0.0214452 0.00537733
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL356

GDL357

GDL358

GDL359

GDL360

GDL361

GDL362

GDL363

GDL364

GDL365

GDL366

GDL367

GDL368

GDL369

GDL370

GDL371

GDL372

GDL373

GDL381

GDL387

GDL388

GDL389

GDL390

GDL391

GDL392

GDL393

GDL394a

Nassawango 0.244703 0.0500039 17.2616 0.033592 0.238397 999951 0.827893 0.579814
2.01337 27.5423 0.374977 0.0103509 0.00621532 0.0231112 0.00310611

Nassawango 0.245450 0.0610218 38.7270 0.0200120 0.130373 999926 0.818483 0.00609520
3.8275 29.3495 0.469296 0.00422247 0.0175873 0.130887 0.0124381

Nassawango 0.297980 0.17132 62.524 0.141251 0.035724 999597 0.513159 0.483081
2.21102 336.609 0.325963 0.00164103 0.00731662 0.0142328 0.0172809

Nassawango 0.0808176 0.45755 202.611 0.0175360 0.398377 999658 6.29625 0.203626
5.27876 126.636 0.0477230 0.00999561 0.00728054 0.0376490 0.000133305

Nassawango 0.166476 0.0658287 32.0699 0.0488439 0.117544 999911 0.655704 0.930497
1.1480 53.7816 0.329563 0.0073502 0.000709120 0.0264357 0.0014600

Nassawango 0.212353 0.119399 0.632857 0.0229823 0.0650659 999958 1.15233 0.160691
1.1994 37.7890 0.448011 0.00862239 0.00405420 0.0261560 0.00266475

Nassawango 0.231094 0.959344 13.6767 0.0128725 0.0922400 999884 3.37792 0.232814
0.363466 96.557 0.235206 0 0.000870143 0.0344795 0.00555147

Nassawango 0.147405 0.0793071 12.7359 0.0539489 0.0801975 999863 0.837791 0.211218
3.02049 119.473 0.415547 0.000100913 0 0.0267826 0.00810399

Nassawango 0.321832 2.90667 684.714 0.482116 0.463 999140 4.89648 0.888257
1.83459 163.189 0.34057 0.00618888 0 0.108758 0.00858837

Nassawango 0.103473 0.577794 9.73294 0.112493 0.0783178 999764 1.15862 0.534168
2.8665 220.175 0.274498 0.00824818 0.000671905 0.0178422 0.00491497

Nassawango 0.163635 0.224179 195.587 0.0920101 0.124867 999758 1.1281 0.599862
1.52459 42.4226 0.368154 0.00936264 0.000629805 0.0302082 0.0338024

Nassawango 0.177184 0.3164 40.8802 0.0632160 0.100367 999757 1.30356 0.618727
4.71620 194.409 0.415239 0.00797105 0.00239082 0.0323432 0.00118069

Nassawango 0.291563 0.232729 78.2201 0.0965177 0.0567265 999898 1.08826 0.30973
2.25766 18.5760 0.677897 0.0193861 0.0018552 0.0873659 0.330464

Nassawango 0.12518 1.1304 103.617 0.107272 0.254616 999711 2.08889 0.353922
0.450779 179.664 0.685390 0.000369783 0 0.0562817 0.00123982

Nassawango 0.169234 0.250791 3.39842 0.109901 0.190103 999632 0.831518 0.214459
3.45021 359.046 0.148953 0.0117726 0.00184655 0 0.00274481

Nassawango 0.273083 0.142586 32.1663 0.012576 0.0414439 999905 0.510469 0.463074
4.04874 57.0851 0.520644 0.00471243 0.0073502 0.155712 0.0035264

Nassawango 0.397705 5.60685 3275.84 0.440693 0.359802 996689 4.42423 0.802194
5.25675 17.6234 0.373112 0.017470 0.00100563 0.2632 0.0210050

Nassawango 0.200518 0.0664486 17.6881 0.0656900 0.0568364 999831 0.319551 0.589339
3.81251 145.423 0.678751 0.00973248 0.00396943 0.0442640 0.000431924

Nassawango 0.00499226 0 30.9458 0.0120536 0.130432 999842 8.69829 2.87100
1.16766 113.668 0.0707980 0.0192850 0.00276066 0.342482 0.011285

Nassawango 0.00640334 0 9.42095 0.0624176 0.656083 999961 13.7344 3.19574
4.61130 6.63627 0.0849004 0.0284215 0 0.210977 0.00868345

Nassawango 0.00168182 0 11.4159 0.0317078 0.267766 999902 5.8335 1.15037
0.853166 77.9359 0.0452082 0.00795658 0 0.0361299 0.00193790

Nassawango 0.0045462 0 26.9278 0.303811 4.04122 999872 22.590 1.71659
1.17417 70.6104 0.0769565 0.0130896 0.000467631 0.157448 0.0337775

Nassawango 0.0224613 0 350.011 0.345487 3.33441 999580 26.9834 3.74718
4.18872 29.2025 0.117493 0.036386 0.0014442 1.60985 0.0272292

Nassawango 0.00248703 0 16.5737 0.0299404 0.13129 999911 11.0051 3.76000
1.46930 56.1267 0.0786596 0.0315838 0.00127093 0.223875 0.0461275

Nassawango 0.00760834 0 9.78937 0.16087 1.59716 999961 13.2354 1.93309
11.5769 0.696485 0.0659192 0.00196874 0.00180609 0.0980103 0.00161229

Nassawango 0.00382777 0 5.33862 0.023023 0.117027 999954 12.3959 2.15509
3.06969 22.3816 0.0921624 0.0186377 0.000718799 0.0360682 0.00106585

Abbott Farm 1.65812 8.34685 898.069 0.121999 0.04223 998875 1.46249 6.17617
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL394b

GDL395

GDL396

GDL397

GDL398

GDL399

GDL400

GDL401

GDL402

GDL403

GDL404

GDL405

GDL406

GDL407

GDL408

GDL409

GDL410

GDL411

GDL412

GDL413

GDL414

GDL415

GDL416

GDL417

GDL418

GDL419

2.4620 205.957 0.0751805 0.015623 0 0.123158 0.05533
Abbott Farm 0.372550 4.09598 138.000 0.0842594 0.185451 999832 2.59784 1.98978

4.79148 15.6337 0.117824 0.0317926 0 0.533715 0.00441971
Abbott Farm 0.526973 0.463943 3.72738 0 0.091849 999838 0.801588 0.219661

2.77803 153.508 0.0578543 0.00735501 0.00421070 0.0263885 0.00122031
Abbott Farm 1.13639 16.1469 1862.84 0.162240 0.259778 997929 2.74228 1.169

2.08063 183.684 0.0586405 0.0351312 0.00165945 0.220200 0.005309
Abbott Farm 2.46205 125.25 663.238 1.31567 0.833918 999035 26.5176 5.98404

0.821282 138.221 0.160956 0.066360 0 0.493147 0.0144789
Abbott Farm 0.33190 2.58218 23.3164 0.243856 0.0755397 999796 0.681174 0.572835

4.9962 170.647 0.124984 0.0185664 0.00150972 0.897467 0.000159104
Abbott Farm 1.50116 2.09409 234.549 0.115702 0.411098 999576 1.78153 3.94549

1.72420 176.519 0.0503389 0.0580109 0.00143938 0.72939 0.0321196
Abbott Farm 2.23727 0.9058 46.948 0.092072 0.149739 999856 2.68103 4.1172

2.53859 82.6548 0.1083 0.0304968 0.00150008 1.56414 0.0254705
Abbott Farm 4.64347 23.9035 1313.1 0.492494 2.23692 998590 34.6121 3.24621

2.28836 19.4177 0.534724 0.0736591 0.00361697 5.87555 0.0104824
Abbott Farm 1.67751 2.15570 74.7203 0.103228 0.0775038 999854 3.76660 0.745410

2.47884 60.2487 0.0589095 0.0319416 0.0016801 0.327067 0.0177409
Abbott Farm 2.79599 0.256604 67.0684 0.116055 0.36687 999684 2.27372 8.83318

2.36372 231.249 0.114294 0.0839193 0 0.676621 0.0188750
Abbott Farm 1.12353 1.22759 13.8513 0.0746607 0.179980 999012 0.594448 2.9582

6.79347 960.762 0.169261 0.0339165 0.0024409 0.534524 0.0148892
Abbott Farm 3.64480 50.8489 1103.15 0.305867 0.640313 998790 5.26752 1.96878

2.38535 41.9457 0.0891311 0.0278914 0.00319766 0.130794 0.00851425
Abbott Farm 1.68365 1.39884 18.476 0.152272 0.0416716 999903 0.48762 2.08012

1.84703 70.1199 0.130570 0.0156262 0.00174426 0.0659205 0.0142810
Abbott Farm 1.86752 12.6495 82.5960 0.126036 0.295887 999806 4.70950 8.98791

2.66650 76.5530 0.179272 0.138888 0.0093646 3.21562 0.460042
Abbott Farm 3.29188 2138.42 1948.32 3.32809 1.97509 995605 256.912 7.6385

6.93524 27.4785 0.109093 0.0541991 0.00317486 0.796175 0.0022929
Abbott Farm 2.24070 19.120 256.782 0.453919 0.155046 999683 10.8104 0.897995

4.89736 20.9397 0.181632 0.0650529 0.00241086 0.521466 0.0125766
Abbott Farm 5.38110 11.4096 336.048 0.356083 2.94868 999346 26.0085 3.23950

2.08573 252.222 1.10663 1.5840 0.0130150 11.2045 0.0479268
Abbott Farm 4.55605 13.0627 29.8660 0.274938 0.596737 999915 1.71433 1.30167

2.21147 30.9398 0.224287 0.0392013 0.00887895 0.41969 0.0145252
Abbott Farm 2.82358 0.885358 10.6374 0.321215 0.398344 999886 1.30365 4.2917

0.868059 91.5121 0.165962 0.036084 0 0.884584 0.0113291
Abbott Farm 4.92929 1.66152 25.1244 0.140627 0.0430981 999818 1.16771 1.01758

1.47905 145.678 0.066806 0.0164824 0.00164648 0.038275 0.153502
Abbott Farm 3.94657 0.199397 13.477 0.0462051 0.322458 999937 0.682595 1.19278

7.98779 33.8015 0.0720950 0.0402193 0 1.59069 0.0114089
Abbott Farm 2.32387 3.82855 666.809 0.161225 0.997981 999235 4.04640 3.62576

3.09744 78.8125 0.0311217 0.0248040 0 1.11422 0.0632367
Abbott Farm 3.40231 0.522903 331.108 0.0555191 0.305937 999540 1.09996 2.25554

3.76910 111.797 0.0561206 0.0687288 0.0020513 5.38233 0.004297
Abbott Farm 6.22100 0.814000 121.630 0.117613 0.751166 999814 3.57394 5.17846

5.38938 33.6556 0.312178 0.122720 0.00229632 7.89503 0.0157564
Abbott Farm 9.39999 0.738887 33.293 0.0157905 0.157427 999930 1.0287 1.19823

1.40196 16.2695 0.109107 0.0772813 0.013921 6.5473 0.00455207
Abbott Farm 5.27717 6.01991 547.492 0.239622 2.55132 999388 12.4458 2.76912

3.44048 18.4948 0.210764 0.131219 0.0161419 12.5080 0.0158865
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL420

GDL421

GDL422

GDL423

GDL424

GDL425

GDL426

GDL427

GDL428

GDL429

GDL430

GDL431

GDL432

GDL434

GDL435

GDL436

GDL437

GDL438

GDL439

GDL440

GDL441

GDL442

GDL443

GDL444

GDL445

GDL446

GDL447

Abbott Farm 1.82749 2.57764 247.42 0.1118 0.524802 999638 4.30249 5.61357
5.17790 92.632 0.18866 0.0788210 0 1.84415 0.0164303

Abbott Farm 4.74127 3.29245 845.32 0.14387 1.31363 999046 5.42321 8.03405
5.26989 59.8987 0.10246 0.199074 0.00325969 19.7732 0.0126841

Abbott Farm 10.6036 3.20439 577.528 0.172133 1.11054 999258 13.2267 1.67984
4.2593 124.79 0.0753080 0.171138 0 5.50441 0.0326677

Abbott Farm 2.83940 0.0707571 22.7789 0.0502950 0.346950 999851 0.286580 7.11902
2.43961 93.1069 0.0302539 0.0328736 0.00396614 19.7418 0.0046550

Abbott Farm 4.61097 0.14268 9.28935 0.00611725 1.26884 999778 1.20058 2.63582
4.70892 191.668 1.43207 0.0813646 0 4.61011 0.00911554

Abbott Farm 4.73248 0.830703 157.322 0.0282954 0.495322 999781 1.16382 2.94330
2.70088 36.6175 0.0709867 0.20224 0.00048295 11.8971 0.0255558

Abbott Farm 3.78503 1.36906 154.330 0.0553975 0.369861 999536 2.45181 5.02861
4.54525 286.622 0.143866 0.105914 0.0020593 4.79574 0.0284208

Abbott Farm 0.747561 0.341800 77.1219 0.224008 0.936442 999899 0.913758 2.26931
3.31046 9.84929 0.0518133 0.222560 0 5.31579 0.0469299

Abbott Farm 11.2312 0.405138 61.5629 0.0706593 0.787475 999863 2.04188 10.4579
6.61438 24.7250 0.119139 0.511830 0.00518453 18.2650 0.0705941

Abbott Farm 6.30041 0.172556 26.2414 0.080791 0.616041 999654 5.78449 6.96875
3.3646 215.781 0.26373 1.7444 0.00366658 78.8814 0.235593

Abbott Farm 17.6086 44.0095 1152.24 0.616362 5.59392 998554 130.420 13.5755
6.17664 10.9401 0.161666 0.551777 0.00215067 63.7472 0.137771

Abbott Farm 5.22620 0.540802 79.6435 0.0292903 0.520048 999840 1.73715 5.51919
4.34292 52.5180 0.128711 0.353767 0.00311895 9.0973 0.0904369

Abbott Farm 2.7422 0.168161 17.133 0.0251575 0.171210 999928 1.23882 7.1986
3.68843 32.5456 0.119229 0.0673927 0 7.09011 0.039949

Abbott Farm 9.19836 5.20418 1706.53 0.645265 4.43374 998180 37.2896 22.8875
10.7619 13.9181 0.32958 0.558065 0 7.70675 0.0386165

Abbott Farm 24.1631 17.6427 8332.68 3.46004 12.8571 990817 85.677 16.6194
16.9245 670.550 0.143795 0.353092 0.00335077 2.17098 0.0818422

Abbott Farm 4.93561 0.0479026 69.7875 0.168949 1.03439 999898 4.03914 4.93593
6.57047 10.3107 0.237933 0.0865756 0.00198674 0.159501 0.0765216

Abbott Farm 8.259 0.526735 248.389 0.337666 1.22296 999702 15.0705 2.72123
7.05956 13.8295 0.184642 0.0630049 0.00119439 0.6382 0.053369

Abbott Farm 69.1248 343.744 13710.5 5.52592 91.1428 983492 485.45 18.9094
34.8109 1740.95 0.962811 0.249001 0.00827038 6.20902 0.0497238

Abbott Farm 2.79048 0.140910 61.9379 0.17943 1.1529 999837 11.0628 2.79056
6.25800 76.5252 0.17315 0.0333342 0.00221435 0.244079 0.0278747

Abbott Farm 1.93852 0.0998534 61.7560 0.21716 0.605330 999844 2.56827 5.80843
4.85001 77.6096 0.0985984 0.052507 0.0017440 0.295158 0.0616007

Abbott Farm 5.32327 0.122450 43.5651 0.36083 1.17717 999929 2.97760 2.98215
10.077 3.83246 0.182417 0.0615480 0.00685433 0.668275 0.0296198

Abbott Farm 1.61333 0.297651 181.219 0.15399 0.980365 999775 6.26297 1.38905
7.95324 24.053 0.165004 0.0401717 0.00220445 0.507024 0.00745525

Abbott Farm 5.42016 0.112795 56.7485 0.308967 0.862082 999694 4.98470 5.70551
5.97376 225.188 0.218127 0.047228 0 0.308688 0.00634634

Abbott Farm 11.0732 8.61830 3829.16 0.741188 6.93160 996035 37.4805 25.4715
10.1204 31.7193 0.268754 0.133351 0.00631153 2.94439 0.0027669

Abbott Farm 3.90468 0.437072 142.532 0.31604 0.671859 999801 4.80302 7.62744
10.7265 26.855 0.276073 0.121708 0.00495524 0.746183 0.0260682

Abbott Farm 7.7655 8.28452 22431.2 0.834229 2.71224 977445 49.5376 24.9608
6.73231 20.0484 0.165746 0.340048 0.00186604 2.2439 0.00210359

Abbott Farm 7.51086 15.7449 45216 1.22198 2.6068 954561 65.3457 9.57025
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL448

GDL449

GDL450

GDL451

GDL452

GDL453

GDL454

GDL455

GDL456

GDL457

GDL458

GDL459

GDL460

GDL461

GDL462

GDL463

GDL464

GDL465

GDL466

GDL467

GDL468

GDL469

GDL470

GDL471

GDL472

GDL473

7.46475 109.597 0.158840 0.0827226 0.00254653 3.71202 0.00789445
Abbott Farm 2.02711 0.366858 99.4808 0.2363 0.722406 999826 9.65174 1.24698

6.16724 53.4790 0.0775675 0.022162 0.00133201 0.128325 0.011512
Abbott Farm 6.96002 5.4180 3062.71 0.551372 3.41496 996789 90.5661 12.2876

14.5092 12.552 0.208705 0.100142 0 1.62056 0.0038859
Abbott Farm 3.11909 1.16910 2266.73 0.411601 1.34722 997463 19.7425 3.79764

4.7357 235.647 0.113796 0.0296835 0.00162891 0.176721 0.0220352
Abbott Farm 4.07009 131.759 1077.39 0.710805 5.07733 998134 631.208 2.53395

2.78147 5.27558 0.388355 0.0876572 0 4.59371 0.013666
Abbott Farm 6.6389 78.5992 4485.54 0.431279 5.27369 994051 130.75 19.3653

8.57327 1174.52 1.86735 0.967433 0.00154035 36.4686 0.0315921
Abbott Farm 2.7443 31.8652 3632.43 0.54008 3.97434 996247 43.4191 7.05364

3.82034 23.4121 0.339191 0.0836504 0.00316800 2.84074 0.035375
Abbott Farm 2.1605 22.7232 5059.99 0.822292 3.69936 994677 21.2467 5.50779

5.76921 197.990 0.397385 0.0909074 0 2.3030 0.0333062
Abbott Farm 0.750914 1.32460 84.9585 0.216160 1.13537 999878 3.02440 3.45377

6.77319 16.815 0.593851 0.0621929 0 2.95431 0.00536751
Abbott Farm 3.48823 3.32088 30.7023 0.372088 2.77182 999811 46.4105 1.86536

9.63295 88.2567 1.21346 0.131590 0.00249178 1.21217 0.0590552
Abbott Farm 3.03625 0.318078 15.0649 0.234217 1.60793 999963 5.38735 1.58932

4.92981 2.62530 1.12806 0.075175 0 1.36259 0.0978953
Abbott Farm 49.6505 334.302 4723.51 4.47094 18.2185 992195 831.101 11.1388

27.9163 1778.9 3.90304 2.4129 0.0104409 19.119 0.0559840
Abbott Farm 4.98918 0.240029 22.4447 0.368873 2.1067 999934 7.4123 2.90541

11.8584 12.2490 0.908631 0.106226 0 0.634927 0.0202656
Abbott Farm 58.0323 314.882 5365.60 3.13714 18.0561 990248 3006.28 13.6581

37.4406 909.108 4.41990 0.566801 0.0166956 21.1836 0.0684842
Abbott Farm 2.04315 5.55428 91.3488 0.331593 2.61336 999810 20.51 1.87769

6.17966 56.2917 0.670247 0.113627 0.00231714 1.96001 0.0274582
Abbott Farm 3.3674 47.2451 1251.02 0.48129 6.8491 998476 198.844 4.84107

6.6864 2.03654 1.21440 0.111411 0 1.5216 0.00384610
Abbott Farm 4.56504 3.16507 345.183 0.438067 2.33378 999486 8.68590 9.32627

9.26237 123.910 0.486344 0.26558 0.00256025 5.22824 0.820322
Abbott Farm 1.22522 2.61282 14.0787 0.171791 1.3087 999956 2.86053 1.32115

4.61023 14.2986 0.524489 0.0364527 0 0.466100 0.0163593
Abbott Farm 2.54107 0.40844 5.73567 0.326180 1.68675 999959 6.91711 3.69911

8.95414 8.74494 0.747244 0.138112 0 0.525643 0.13957
Abbott Farm 4.617 1.50939 133.760 0.322815 1.89467 999838 7.72993 2.77561

5.64964 0.521925 1.30324 0.102303 0.00235834 2.205 0.085989
Abbott Farm 15.2933 230.179 3627.06 0.862603 13.7085 994898 89.5094 15.3718

11.7889 1029.90 1.27689 1.53403 0 65.9336 0.0484438
Abbott Farm 2.438 3.58161 882.666 0.167762 1.60859 998999 23.4586 26.7783

8.57727 25.2184 0.149186 0.355898 0.00250283 26.2588 0.00921386
Abbott Farm 2.65392 3.59955 1176.05 0.0332405 1.43622 998665 34.4564 23.3280

12.360 67.1874 0.0945918 0.250186 0.00297548 14.0180 0.0019916
Abbott Farm 1.90585 0.32173 77.1643 0.221110 0.90298 999861 4.26252 5.96700

10.4261 35.4209 0.136151 0.109953 0.00430269 1.86366 0.0211198
Abbott Farm 3.88018 10.743 1027.98 0.194816 3.3334 998707 122.117 5.29642

8.12864 14.6547 0.453066 0.74507 0.0026583 94.99 0.0160140
Abbott Farm 4.05568 12.9089 1358.76 0.276551 1.47854 998287 114.918 5.57871

13.7721 146.201 0.387925 0.437283 0.00294703 54.6353 0.0157806
Abbott Farm 3.10610 10.9391 93.3517 0.0836178 1.6363 999749 47.1526 4.54131

6.85989 61.8363 0.21803 0.676997 0.0051979 20.9559 0.0330519
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ID #
ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT

SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As
Se Ag Sn Sb Au Pb Bi

GDL474

GDL475

GDL476

GDL478

GDL479

GDL480

GDL481

GDL482

GDL483

GDL484

GDL485

GDL486

GDL487

GDL488

GDL489

GDL490

GDL491

GDL492

GDL493

GDL494

GDL495

GDL496

GDL497

GDL498

GDL499

GDL500

Abbott Farm 5.57694 14.8601 830.616 0.113543 2.1231 998997 102.950 7.552
0 12.6280 0.245156 0.2358 0.00125477 26.4824 0.014278

Abbott Farm 0.474508 0.548148 9.89088 0.0568558 0.66755 999915 1.35421 1.34599
5.30786 64.3786 0.0842672 0.0258175 0.000652482 0.601812 0.00960813

Abbott Farm 1.883 3.09106 42.0927 3.17095 1316.88 972499 0.186202 417.002
17.3817 150.622 1.62446 42.6839 0 25503.9 0

Abbott Farm 3.61175 3.68506 49.4067 4.08104 2150.93 975961 0.321277 372.184
14.5694 28.749 0.868281 33.1676 0.0038826 21377.4 0

Abbott Farm 3.26113 9.87345 15.8156 0.233712 1.70986 999542 6.65066 1.39399
7.54364 408.436 0.0676135 0.147596 0.00078530 3.07408 0.00367943

Abbott Farm 0.197850 0.204618 4.93182 0.116925 1.23935 999926 0.874763 0.725739
5.66105 58.5462 0.00481379 0.035949 0 1.75877 0.0165409

Abbott Farm 4.12413 14.2270 514.532 0.211407 2.42572 999308 115.931 2.71714
14.8881 3.14199 0.102861 0.472715 0.00358405 18.9820 0.0319860

Abbott Farm 3.55058 12.7548 186.382 0.2962 1.27936 999758 13.6740 1.83823
9.09036 11.2046 0.207050 0.0680343 0.00125049 1.08553 0.122202

Abbott Farm 47.2982 178.473 87.0596 8.3687 22597.2 928773 0.476718 369.926
112.10 110.465 1.95702 258.264 0.00875106 47455.9 0

Abbott Farm 2.4395 1.33200 72.1527 0.203933 1.19719 999647 4.23463 0.984506
5.79257 263.533 0.188069 0.0601925 0.00202831 1.0179 0.00678817

Abbott Farm 1.66249 1.16150 246.295 0.209333 0.814326 999697 5.74843 1.56543
5.27514 38.1609 0.12460 0.0697886 0.00188134 1.87304 0.00881480

Abbott Farm 0.906379 0.438226 18.2354 0.0468190 0.652774 999899 1.39537 0.581202
4.11047 74.0866 0.0828843 0.0359870 0.000582075 0.435814 0.0510385

Abbott Farm 2.1150 6.50548 269.914 0.0954069 2.24035 999659 16.6937 5.79844
14.0887 22.3205 0.341728 0.0748002 0.00533763 1.2911 0.0142908

Abbott Farm 4.19851 39.1438 23297.0 1.17088 4.68659 976530 42.7521 13.8036
16.197 40.5765 0.220679 0.280514 0.00283575 10.3237 0.05410

Abbott Farm 1.71094 6.19554 1243.3 0.283102 1.52346 998626 6.7915 3.24103
4.38616 101.613 0.212127 0.135785 0.00422358 4.46465 0.0131928

Abbott Farm 4.13613 26.593 2237.70 0.848014 3.6972 997661 21.0828 5.30034
12.0589 24.0746 0.285650 0.144403 0.00265415 3.13925 0.038195

Abbott Farm 1.42783 3.00867 528.764 0.281291 0.932512 999313 4.42618 12.0093
6.83623 127.144 0.137334 0.124538 0.00296227 1.80542 0.0845983

Abbott Farm 1.21649 1.05529 402.564 0.025433 1.39349 999416 14.2774 4.55157
10.097 146.387 0.19350 0.0750664 0.000948569 2.22072 0.0393648

Abbott Farm 2.63491 0.752025 51.6416 0.0988682 0.37561 999831 0.245076 0.909897
5.57731 106.479 0.0262256 0.0408399 0 0.2194 0

Abbott Farm 5.4124 0.174322 11.3883 0.15982 0.475412 999895 0.370064 3.11306
10.2308 72.6624 0.00541207 0.102458 0.00350118 0.49975 0

Abbott Farm 22.6817 22.8167 3396.66 0.533089 5.34382 996099 20.1708 30.0798
14.8193 315.537 0.0636741 0.621151 0.00320977 72.1661 0

Abbott Farm 2.8055 1.1871 2786.03 0.159895 0.509554 996972 0.369414 1.45123
5.2154 230.161 0.01977 0.0301764 0.00159834 0.429179 0

Abbott Farm 3.17132 2.78500 113.235 0.278896 0.994562 999763 3.06575 7.63709
7.16024 97.4120 0.0599725 0.0693938 0 1.16875 0

Abbott Farm 13.6490 12.8664 574.759 0.485050 1.94434 999274 10.1451 19.6085
15.1192 74.0373 0.123517 0.122319 0.00269951 2.68580 0

Abbott Farm 6.96947 9.9330 13174.7 1.00282 2.38342 986396 2.97174 12.1855
8.00380 378.972 0.0441807 0.185492 0.00357267 6.12197 0

Abbott Farm 11.1028 84.9625 2845.84 1.12147 6.28179 997005 16.1363 8.64590
5.60305 3.17169 0.0655188 0.264430 0.00268726 11.3263 0
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GDL501

GDL502

GDL503

GDL504

GDL505

GDL506

GDL507

GDL508

GDL509

GDL510

GDL517

GDL518

GDL519

GDL520

GDL521

GDL523

GDL524

GDL525

GDL526

GDL527

GDL528

GDL529

GDL530

GDL531

GDL532

GDL533

GDL534

ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT
SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As

Se Ag Sn Sb Au Pb Bi
Abbott Farm 19.1809 1.91001 60.9444 0.661525 2.41266 999829 1.72226 5.62526

3.3171 72.4943 0 0.214321 0 2.97328 0
Abbott Farm 17.9907 30.6660 5041.99 0.937971 16.0160 994251 39.4500 7.26927

8.97908 584.796 0.0339278 0.0828773 0.00438972 1.16630 0
Abbott Farm 10.1464 24.5606 89.7085 0.485095 2.9832 999838 9.6356 3.06560

4.56083 2.37397 0.0261372 0.243108 0.00585299 13.9158 0
Abbott Farm 14.5422 10.1491 462.027 0.420956 3.68045 999454 2.296 4.31543

3.46985 41.2005 0.0789281 0.168141 0.0207803 3.9478 0
Abbott Farm 4.37859 49.6616 257.124 0.277959 0.955948 999663 7.46618 4.55284

2.9710 8.71151 0.0562682 0.0675398 0 0.96590 0
Abbott Farm 7.94243 1.63901 69.5012 0.13629 0.462630 999806 0.566443 4.50099

2.26320 106.114 0.015024 0.0361264 0.00182237 0.777786 0
Abbott Farm 7.35740 6.98613 230.773 0.253232 0.930460 999705 1.71717 5.50136

2.84283 36.4304 0.0394342 0.0734705 0 1.86161 0
Abbott Farm 4.74025 0.256142 37.3793 0.0790119 0.480276 999700 0.234115 2.43075

1.28495 252.859 0.0215250 0.0394351 0 0.621451 0
Abbott Farm 3.84857 0.918765 14.2200 0.147049 0.49202 999828 0.18162 1.5291

0.487063 149.937 0.0286282 0.0826069 0 0.418122 0
Abbott Farm 4.86624 6.84807 101.120 0.220780 1.0611 999801 3.013 13.4795

5.14917 61.6841 0.0266942 0.177157 0.00264321 0.870371 0
BMC475 5.24300 1.31255 28.0777 1.80539 269.601 999453 8.90229 2.63196

5.6622 215.090 0.701211 0.0745725 0.0136781 7.50719 0.334008
BMC476 7.53638 71.479 6064.37 148.278 191.173 901955 78756.5 1743.42

24.9948 1100.39 5357.67 271.915 5.96576 4280.7 20.5402
BMC 376 5.04540 7.91292 163.930 116.25 290.206 930876 56.6995 4245.21

61.2073 2250.15 680.034 6264.00 11.9418 54580.0 391.868
Boundbrook, NJ 16.6635 3.4785 84.6558 0.32919 10.7646 999587 28.406 0.272050

6.75066 147.450 5.83726 1.48774 0.0693119 102.936 4.39731
Chimney rk, NJ 5.87958 0.47192 2.76783 0.180458 0.139380 999895 1.96330 0.455614

1.15395 90.5868 0.236406 0.0438948 0.00246412 1.04635 0.0220184
Newfoundland, CA 2.89096 1.31566 326.49 6.13566 2586.23 993348 0.420245 387.579

17.5662 35.1371 2.43015 10.0024 0 3275.42 0
Newfoundland, CA 4.55489 8.10015 4093.61 1.99615 40.75 995480 4.22645 9.20833

15.1530 143.754 192.660 1.10887 0.0500884 4.9104 0.159955
Cap d'Or, CA 1.79696 1.19975 125.984 159.064 1134.29 997029 0.632134 417.453

9.54977 12.7480 3.53887 29.5446 0.0296560 1075.64 0
Newfoundland, CA 2.60158 0.236044 16.3915 2.54964 761.059 997724 0.209901 102.619

16.4207 10.9342 2.97479 25.636 0.00689839 1334.11 0
Newfoundland, CA 4.46057 0.511885 32.4852 1.2167 214.427 999001 0.37715 359.088

3.72457 11.958 4.18009 271.747 0.0228099 95.2903 0
Mich. IS. MI 0 0.324397 59.5055 5941.93 87866.0 900506 0.652985 3.76944

2660.67 1802.69 0.739525 0.386368 0.00225387 1157.14 0
Cap d'Or, CA 1.85481 0.392848 86.8832 1.00957 349.573 998665 0.45503 376.184

9.78245 31.5066 5.04337 25.8056 0.0203911 446.353 0
Gold Hill, NC 1.3354 0.76401 123.02 33.9693 510.568 998660 0.52244 155.365

51.3974 38.9252 1.38579 69.6706 0.0180888 352.696 0
Cornwall, PA 4.88311 1.40985 593.006 13.9757 12754.1 985694 0.482308 378.738

7.89700 98.4289 15.6317 299.468 0.013548 138.412 0
Adams Co. PA 0.939424 0.820840 116.927 1.61136 1134.72 998346 0.316864 180.944

28.0718 71.436 3.26243 72.1662 0.0405140 42.4815 0
Adams Co. PA 0.468462 0.634933 64.2372 32.4186 23915.8 974777 0.368530 138.074

292.598 444.441 5.12862 96.717 0.0066612 231.890 0
Adams Co. PA 0.942904 0.364082 19.695 0.222012 1367.11 998374 0.181542 45.3835
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GDL535

GDL536

GDL537

GDL538

GDL539

GDL540

GDL541

GDL542

GDL543

GDL544

GDL545

GDL546

GDL547

GDL548

GDL549

GDL550

GDL551

GDL552

GDL553

GDL554

GDL555

GDL556

GDL557

GDL558

GDL559

GDL560

ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT
SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As

Se Ag Sn Sb Au Pb Bi
7.21185 29.5467 2.4409 1.07641 0.0126407 151.876 0

Adams Co. PA 1.63333 0.564046 252.394 2.4475 2526.14 996465 0.275458 153.470
105.818 85.5469 2.82917 205.039 0.0145217 198.603 0

Greenstone, PA 2.46022 0.525487 132.75 6.74097 1781.96 997689 0.519513 152.993
20.5200 18.6559 9.01851 73.1248 0.0190486 112.077 0

Greenstone, PA 2.50256 0.630269 88.8165 0.864992 1566.95 997855 0.391567 203.067
14.4400 63.1172 5.40913 171.226 0.0236785 27.1748 0

Adams Co. PA 0.00622915 0.00479032 0.81062 7.88166 19084.0 980900 0.15894 0.448484
3.34981 3.42620 0.0120629 0.00488270 0.0000886374 0.219101 0

Adams Co. PA 3.26048 0.778363 199.568 1.00164 618.876 998451 0.554587 306.634
10.33 26.1475 4.91740 196.981 0.0392017 179.824 0

Adams Co. PA 27.4075 72.2808 45.195 81.1643 28073 970912 103.82 181.515
202.098 227.83 15.1340 16.7496 0.0340175 41.6115 0

Franklin, NJ 0.226673 0.906336 198.146 39.9497 1288.01 806614 0.223139 41.0615
3.66930 6.95197 3.01228 19.6874 0.00421414 191784 0

Franklin, NJ 3.02729 1.03090 62.9009 0.76219 444.899 999229 0.519767 77.6533
6.90702 23.0000 11.6599 23.2250 0.0581698 114.99 0

Franklin, NJ 5.01405 5.49402 153.009 22.2749 798.810 997130 0.596875 302.515
64.7608 56.409 9.68570 18.2869 0.0229869 1433.02 0

Franklin, NJ 0.0503873 0.146942 4.69353 3561.42 11737.1 976447 0.291646 1.2643
4840.5 3315.32 0.17327 0.115509 0.000266530 91.9717 0

Franklin, NJ 2.44918 3.72394 355.551 2995.3 780.672 990884 0.775342 177.433
2629.47 1828.04 8.02086 23.0708 0.0116329 311.535 0

NC 9.03247 3.54078 1157.75 0.405257 34.0254 998569 51.8096 20.2126
69.1983 24.5651 1.40243 0.787620 0.468109 57.7948 0.117230

NC 7.25439 0.645934 89.8056 0.399019 3.00508 999831 8.76995 6.68811
34.0967 7.17704 0.337472 0.103797 0 10.3008 0.0574632

NC 29.403 5.45856 1231.33 0.991842 6.43045 998110 13.845 366.398
177.684 47.4075 1.52372 2.90096 0 6.93213 0.0950363

NC 7.67680 0.752837 126.701 0.409159 3.79593 999807 3.93613 2.97198
32.6913 1.18199 0.462250 0.21323 0 11.5386 0.690857

New Brunswick, NJ 5.11427 0.302771 2.88671 0.0530308 0.149232 999645 0.962131 130.468
9.25192 205.704 0.0614433 0.0583599 0 0.166044 0.00387928

Caledonia, MI 3.50869 0.721953 49.152 0.0809699 0.827194 999872 0.971612 0.489047
6.6898 64.5176 0.097708 0.0470806 0 0.7892 0.00271937

Caledonia, MI 7.49830 29.5404 1855.53 3.82276 37.7210 997707 4.92908 45.1963
3.9724 280.672 0.213787 0.179988 0 23.6591 0.0153283

Caledonia, MI 3.56577 0.203029 2.71014 0.0304039 0.504715 999918 0.717513 7.90257
4.71434 55.8844 0.0406814 0.0496914 0 5.65156 0.00364148

Caledonia, MI 3.71254 0.330582 10.2285 0.060195 0.554938 999840 0.47448 62.6727
3.14543 77.2770 0.0235849 0.073597 0 1.10169 0.0019838

Caledonia, MI 7.4222 0.579656 11.6687 0.140660 1.40506 999909 1.52815 10.1483
15.2580 36.2690 0.0724359 0.11684 0.023025 6.72958 0.009105

Caledonia, MI 6.52332 2.56962 220.656 0.182387 2.8529 999450 1.7678 44.0134
9.11418 261.103 0.112089 0.058786 0 1.15808 0.00228989

Calumet, MI 7.70257 1.83993 161.906 0.115031 3.43164 999765 1.61832 15.4176
9.9875 30.1113 0.164270 0.104260 0 2.19923 0.0186269

Lake Superior, MI 9.23639 1.28 47.9066 0.204233 1.07432 999344 2.58317 9.6605
33.5829 547.639 0.134119 0.0651745 0.0250507 2.80095 0.0190613

Lake Superior, MI 4.13024 0.481805 17.8398 0.122698 1.05116 999796 1.19495 33.0192
4.94159 135.433 0.0575817 0.339615 0.0158456 5.3929 0.00435958

Unknown, NJ 3.04015 8.06106 2205.07 0.321495 0.725456 997233 6.72275 335.65
5.66469 193.472 0.509772 0.15102 0.00836731 7.89326 0.0257978
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GDL561

GDL562

GDL563

GDL564

GDL565

GDL567

GDL568

GDL569

GDL570

GDL571

GDL572

GDL573

ELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENTELEMENT
SITE/SOURCE Cr Mn Fe Co Ni Cu Zn As

Se Ag Sn Sb Au Pb Bi
Bellville, NJ 0.551675 7.17010 41.2520 0.0951435 0.104581 997666 1.04716 1670.43

6.74039 604.818 0.0956843 0.278369 0.00391041 1.06970 0.172419
Somerville, NJ 2.8586 540.947 655.470 0.388495 0.207025 998202 275.668 13.2125

4.10862 108.215 0.771954 1.03464 0.00718505 195.419 0.0188204
Franklin, NJ 4.95262 2410.11 2979.16 1.54825 1.80574 993634 698.026 5.22446

17.3009 189.3 1.3683 1.97779 0.01374 55.2630 0.0145208
Unk, NJ 4.83408 3.46151 161.010 0.0513193 0.11499 999337 10.5616 85.6625

2.55818 287.889 0.562697 20.7578 0 85.0661 0.128005
Somerville, NJ 16.0406 41.9132 8837.05 3.2408 5.92927 981718 16.4330 9066.76

4.28022 277.964 0.401607 0.143529 0.00187093 3.88633 8.30702
Chimney rk, NJ 57.2670 38.7895 15110.4 4.11299 14.5753 967538 118.51 11998

8.92940 5072.11 1.74700 0.256260 0.00166702 6.88173 29.9582
Somerville, NJ 21.6550 363.813 41565 17.9689 27.4961 944075 44.5742 13748.7

6.327 121.993 1.17625 0.35981 0 5.90032 0.547067
Somerville, NJ 82.8576 230.670 55860.9 26.8805 45.5140 931757 70.0258 11815.3

15.2741 78.3870 1.44409 0.278424 0 1.91896 13.8285
Somerville, NJ 17.7076 2.29582 1005.1 0.149031 0.303565 997785 2.21340 1001.37

6.90914 174.671 0.21106 0.11033 0 3.34285 0.467986
Sommerville, NJ 6.60938 94.6929 11697.3 26.2147 37.8543 962651 99.9380 23247.0

9.04104 2119.66 2.14846 0.125531 0 2.64724 5.39945
NJ 8.37559 226.940 16807.7 21.9011 52.6068 979019 1087.24 1677.6

11.1477 685.832 11.5174 18.3284 0.0581048 371.179 0.730807
NJ 9.81707 146.933 84586 31.6313 91.6833 898181 172.975 15544.3

39.0058 231.292 88.2634 572.993 0.00841174 270.477 33.9339
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