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ABSTRACT 

 

Trade and exchange of Steatite in the Susquehanna and Delaware river watersheds becomes 

more visible in the archaeological record approximately 3000 BC.  This study will examine 

procurement and consumption of steatite bowls within the above watersheds of Pennsylvania 

between 3000 BC to 750 BC.  Looking at the distribution of steatite sites in comparison to the 

distance from the quarry locations has enabled us to examine the trade and exchange model 

being utilized to acquire this material.  The two models that are applicable to this region are 

direct procurement and down-the-line.  Direct-procurement and down-the-line trade have distinct 

distribution drop-off patterns from the source.  Using spatial analysis the distribution drop-off 

patterns from preferred steatite sources were examined.  The data shows that steatite, a valued 

resource, was directly procured by a small number of groups within the watersheds examined.  
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CHAPTER 1  

INTRODUCTION 

 

This study will be examining trade and exchange in the Middle Atlantic Region of the 

Eastern Woodlands and more specifically the Susquehanna and Delaware river drainages of 

Pennsylvania.  The Middle Atlantic Region covers portions of New York, New Jersey, 

Pennsylvania, West Virginia, Maryland, Delaware, Virginia, and into North Carolina (Figure 

1.1).  In this region, very little of the archaeological record remains intact because of climate. 

Therefore, the lack of organic material preservation makes developing a cultural construction 

difficult as stone objects, being some of the only surviving cultural material, limits researchers’ 

ability to wholly describe a culture.  Cultural items produced by early precontact inhabitants 

were easily affected by temperature and precipitation, for example: clothing, bags, and other 

organic materials.  Of course, non-material culture has also been lost with time and the forced 

exile of local Native Americans.  It is largely artifacts made of stone that have been 

archaeologists’ guidepost to lifeways of the Middle Atlantic Region peoples.  

Preferred toolstones’ shapes and use-wear have been able to tell us a lot about activities of the 

Native Americans of the Middle Atlantic Region.  Also, by looking at where preferred stone was 

quarried we get insight into the movements of these native groups across the landscape.  

Tracking distributions of artifacts from their source can show relationships between groups or 

settlements and socio-cultural groupings can also be identified through burial practices.  By 

overlaying artifact locations and other aspects, such as tool type, one can begin to see spatial 

organization at the group level (Hodder 1972). 
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Figure 1.1 - Middle Atlantic (US EPA 2016). 
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One of the toolstones which is well suited for this spatial evaluation is steatite, often 

called soapstone.  Steatite, in multiple forms, was in use by Native Americans for approximately 

2200 years in the Middle Atlantic Region.  The height of steatite bowl production and use was 

about 1500 BC.  Steatite occurs in mountain building regions throughout the world.  Within this 

study area it is found in particular locations within the Piedmont Region of the East Coast.  The 

fact that steatite bowls were used for a short period and that this lithic material can only be found 

in certain areas allows researchers to readily track its distribution.  The lack of other cultural 

material has made it difficult to ascertain how people in the Delaware and Susquehanna 

watersheds of Pennsylvania procured scarce goods or traded.  Using spatial analysis this thesis 

will identify trade and exchange interactions involving steatite within these watersheds between 

3000 BC to 750 BC.  

People of Study Period 

 

Groups in the early portion of this study period, 3,000 BC– 750 BC, appear to have 

gathered their materials while on their seasonal round (Kraft 2001).  These small clan/band 

groups would move by the season and their material acquisition needs.  Early trade may have 

been small in scale and seasonal.  As this period progressed, cultural changes and presumably 

increased utilization of their environments with new technologies allow for an increase in 

resource procurement.  According to the Demographic Transition Model developed by American 

Demographer Warren Thompson (2003), with an increase in food supplies a natural increase in 

birth rates with a decrease in death rates would contribute to population increases especially in 

hunter gatherer societies.  The environmental stability that these groups encountered during this 

period could have led to population increases.  With population increases one tends to see 

limitations in groups’ movements either because of group size or the presence of other groups in 
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the neighboring territory.  Limiting a group’s mobility can then place some resources out of 

reach for some others.  Living within close proximity to other groups creates the need to develop 

communication lines in order to maintain a peaceful coexistence and guarantees resource 

availability during times of scarcity.  Trade and exchange can supply structure that allows for 

strong links between groups. 

Trade and Exchange Networks Within the Eastern Woodlands 

 

The Eastern Woodlands had multiple expansive trading networks throughout this study 

period (3000 BC – 750 BC). Stone and other materials traded over the broad northern region of 

the Eastern Woodlands include: Pennsylvania jasper, Onondaga chert, steatite, Canadian and 

Indiana cherts, marine shell, and Great Lakes copper (Stewart 1994; Lattanzi 2013, Custer 1989).  

One such network was Poverty Point. 

Poverty Point Culture, 2200 BC – 700 BC, was actively trading in the deep south during 

this study period.  Being situated in an area with little native rock these people relied on trade of 

desired rocks and minerals.  Some of these items were from as far away as 800 miles (Poverty 

Point World Heritage Site 2017).  There is evidence of steatite usage in Poverty Point’s trading 

network and some of these pots are even decorated (Whittoft 1953; Shaffer 2008).  During this 

study period, there were trade complexes that stretched into the study region. 

The Adena Complex (1000 BC – 200 BC) of the western portion of the Woodlands 

Region traded many of the items listed above.  These people were also mound builders where 

they often buried their dead.  Later emergence of the Fort Ancient Complex during the Late 

Woodland Period (1000AD – 1650 AD) which expanded trade network well into the Midwest 

and southeastern portion of the Eastern Woodlands had extensive trade and social complexity 

(Ohio History Central).  This social complexity aided in the Adena/Hopewell groups, and later 
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the Fort Ancient people, ability to organize labor forces to build major earthworks.  This building 

phenomenon was all but absent within this study time frame of the Middle Atlantic but later 

developed on a smaller scale in the Delmarva Peninsula and eastern New York (Custer 1989, 

Stewart 1994).  Lack of monumental architecture does not preclude the complexity of the social 

relationships in the Middle Atlantic who may have expressed their social complexity differently.   

Discussion of Tool Kits 

 

Many of the specialty items being traded during this study period were often crafted into 

points.  Since many point types are used from the Middle Archaic through to the Middle 

Woodland it is difficult to use them as a chronological marker but there appears to be variability 

in assemblages based on geographic locations (Custer 1996).  The main types seen after 3000 BC 

are Piney Island, Lackawaxen, Brewerton, Broadspears, and lastly Fishtails.  Variations in 

Broadspears are evident when the two drainages, Delaware and Susquehanna, are examined 

(Witthoft 1958).  Other varieties of stone tools begin to be crafted after 3000 BC. 

Ground-stone tool’s number and types increase during this period.  Axes, celts, and adzes 

increase across sites and there are additions to the tool kit such as net weights, and other food 

processing tools like pestles, mortars, pitted stones (Custer 1996 and Kraft 2001).  Atlatl 

numbers increase although they may well have been in use from early Paleoindian times (Kraft 

2001).  There is also an introduction of the first non-organic food storage and processing vessels, 

steatite bowls and a short time later pottery.   

These new steatite containers could be placed directly on the fire which may have 

extracted more nutrients from foods being cooked; these bowls may have even contributed 

essential nutrients (Quintaes et al 2011).  Both stone and clay vessels could have also been used 

for food storage.  There were undoubtedly other storage or processing vessels that have not 
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survived time such as bark baskets and fiber bags.  With an abundance of resources available at 

these riverine base camps a larder would have been able to be stored and with this new container 

technology the items would be able to be held for longer periods of time which would lead to 

better or more varied food sources during lean winter and early spring months.  

Steatite, in the form of bowls, bannerstones, and ornaments, reaches its height of usage 

between 3000 BC-750 BC.  In this thesis, I will use steatite as a proxy for material movement 

and attempt to identify the type of trade and exchange activities evident within the Delaware and 

Susquehanna watersheds.  This study will specifically be working with stone bowls and bowl 

fragments.  Trade interactions will be investigated by studying the distribution of steatite 

outcrops and sites with recorded steatite artifacts in the study area. 

People Using Steatite 

 

Witthoft’s (1953) evaluation of settlement patterns of these in the Susquehanna Drainage 

were found to be directly affected by the proximity of water.  His review specifically looked at 

the settlement patterns during the Transitional Period in Pennsylvania.  This period is typically 

thought to begin around 2300 BC and end approximately 1400 BC (PHMC).  Stewart (1989) 

observes that steatite bowls are most often found along higher order streams and rivers and he 

associates this with transportation requirements rather than as a result of trade patterning.  The 

canoe-navigable waterways would certainly help with trade, food supply, and communications 

between groups.  We cannot discount that people using this material had a cultural adaptation to 

riverine environments and steatite use was tied to that adaptation. 

Theoretical Discussion 

 

Trade and exchange are often interchangeable.  Both refer to the activity of using 

resources to gain access to other resources.  Oka and Kusimba (2008) further define the 
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anthropological application of these terms as exchange being a process or interaction between 

people while trade is the exchange of desired or needed material.  This study looks at steatite as 

the material being traded revealing a trend in the process of exchange.  Spatial distribution of 

steatite in relation to preferred quarry choices will define whether groups are accessing quarries 

directly or participating in trade and exchange with other groups to obtain the material.   

One of the main purposes of participating in trade, besides material gain, is maintaining 

cooperative ties with neighboring groups.  Exchange becomes a symbol of relationships built 

between these groups.  The relationships are built on trust and community rather than economic 

dependence or need.  Aspects of trade that are hard to define, at least in the archaeological 

record, are the exchange of ideas and other perishable materials.  These materials do not survive 

the passage of time like stone. 

Exchange systems, using materials like steatite, can be part of a larger connectivity – one 

based on exchange of information, marriage arrangements, feasts, alliances, diffusing conflicts, 

and expression of rank (Maus 1967; Stewart 2004; Sahlins1972; Levi-Strauss 1969; 

Spielmann1986).  Shaffer (2003) believes that decorated stone bowls, regionally found in the 

Susquehanna Drainage, may have been a way to communicate with visiting non-local groups.  

These transactions, at least in the early part of this study time period, would guarantee access to 

materials in unpredictable circumstances (Hirth 1978, Odell 1996).  Other functions of exchange 

are more utilitarian, including: lack of needed material, acquisition costs, and wealth building.  

Economic trade, for the purpose of wealth building, does not necessarily apply to this region at 

this time.  Inhabitants of the Susquehanna and Delaware drainages during this period appear to 

primarily lead foraging lifestyles.  There are no known fortified villages or elaborate burials with 
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monumental structures. With no emerging power present in archaeological investigations of this 

period, trade and exchange seem to have other purposes. 

Trade and Exchange Models 

There are three basic modes of exchange: reciprocity, redistribution, and market.  

Reciprocity has players that exchange goods as equals.  Gifts are given and may not be 

reciprocated immediately but will be at some time.  This form of exchange builds obligations and 

relationships between people.  Redistribution works on the premise that there is some central 

organization that collects goods from surrounding areas and then disperses the materials within 

their home area.   

Finally, market exchange involves individual persons or groups bringing goods to a 

central location for exchange (Renfrew1993).  In the time period discussed for this project 

neither redistribution nor market exchange will be examined as the presence of centrally 

controlled territories are not evident.   

Reciprocity requires interpersonal communication, individuals interacting in trade and 

exchange are building or maintaining relationships (Lattanzi 2013).  Reciprocity can be seen in 

two types of exchange, broad-based and focused.  In broad based exchange systems people are 

connected by a web where individuals have access to resources through relationship building 

(Mouer 1991; Snethcamp 1981; Sahlins 1972; Stewart 1989).  Materials are being moved down-

the-line with players meeting to trade both material and non-material resources.  In this sort of 

system, one tends to see a gradual drop off in both amount and frequency of materials, the 

further one gets from the source, and less valued materials tend not to move great distances 

(Figure 1.2).  Resources collected by focused exchange (direct procurement) could be found at 

great distances from their sources with little or no evidence of the material found inbetween 
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(Stewart 1994) (Figure 1.2).  This results from a few specialists in the group traveling to either 

procure the resource themselves or entering trade relations with a nearby network (Stewart 

1994,1989).  This action could also result in valued items being held within a group or territory.  

These two systems need not be independent of each other.  Stewart (1994) discusses that these 

systems more than likely were occurring concurrently and could in fact be occurring seasonally.  

Shaffer (2008) also discusses seasonality, specifically that of soapstone vessels. He theorizes that 

steatite vessels are brought to specific sites during fish runs or other communal events for the 

specific purpose of trade and interaction with outside groups. 

In both systems, areas well away from sources can hold desired materials such as steatite 

within a territory.  This “hoarding” of materials can be a sign of rank or status or a desire to hold 

a rare material because of the effort exerted to acquire it (Stewart 1998).  Groups living at a 

distance to outcrops would have to conserve their stone resources as the cost of returning to 

procurement location and carrying it back is expensive.  These valued items would be conserved.  

Mending holes are visible on sherds in many collections showing that users would try to repair 

vessels rather than discard them.  Also use-wear is apparent on tools even after a break happens, 

as pieces continue to be utilized (Odell 1996). 

Given that groups travel great distances to obtain preferred resources and then would 

later conserve it by mending and hoarding implies that this material had significant value.   

Steatite is one of those preferred materials.  Tracing steatite’s movement within the study area 

using their spatial distribution will identify how groups are acquiring their steatite  
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Organization 

This thesis is examining trade and exchange in the Susquehanna and Delaware river 

watersheds in the Middle Atlantic Region.  Since stone tools are the clear majority of artifacts in 

assemblages we will be using steatite bowl fragments as a proxy showing movement of materials 

over the landscape from the Middle Archaic through the Middle Woodland periods (3000 BC-

750 BC).  Steatite is an excellent choice for trade studies as it has a short temporal usage and is 

only found in limited source locations.  This thesis guides readers through a brief history and 

environmental overview into a review of techniques used to examine trade and exchange ending 

with an identification of the methods used to gather steatite.   
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Figure 1.2 Drop-off Patterns. (Stewart 1989) 

Chapter 2 examines the historical background of the study region.  This area has been 

inhabited for upwards of 13,000 years.  The chapter includes a general environmental summary 

which reviews environmental changes through this time.  Steatite, the material being used to 

examine the trade and exchange methods, will be introduced and its distribution and formation 

will be explored. 

Chapter 3 discusses methods used to trace materials, in this case steatite, over the 

landscape.  These methods include: chemical tests for analyzing elemental fingerprints; data 

gathering and manipulation; and measurement.  Earlier studies, which developed protocols for 

performing this evaluation, are discussed. 

The current study is introduced in Chapter 4.  Gathered data sets from the PHMC 

database are presented and a spatial analysis methodology applied.  Distribution of steatite sites 
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will be used to determine the mode of trade and exchange in the Susquehanna and Delaware 

watersheds.  Sites with an extraordinary amount of steatite present were also identified.  

Information, revealed by the study shown in Chapter 5, indicates that there are multiple 

clusters of steatite sites spread throughout this region.  Data sets also show that the steatite was 

being more intensively used in the Susquehanna Watershed.  The people using steatite, in both 

watersheds, were a minority group with only 7% of sites showing steatite in their assemblages.  

Spatial analysis revealed that these groups directly procured their steatite by either quarrying or 

inserting themselves into a trade network or location.  Interestingly, 4 locations were found 

within the 2 watersheds that have a large quantity of steatite, over 50 pieces.  These sites also 

have large or multiple hearths with an abundance of a secondary resource. Suggestions for future 

research is also presented including investigating the 4 locations with large quantities of steatite 

as possible rendezvous locations where trade may have occurred.    
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CHAPTER 2 

BACKGROUND TO STUDY 

 

Introduction 

This chapter will discuss the history, environment, and culture of the Delaware and 

Susquehanna watersheds of Pennsylvania and New Jersey.   Historic periods will be discussed 

from the present today backwards through the first peoples’ arrival in this region after the glacial 

retreat. Lastly, a general overview of environmental settings of the study region will be presented 

and it will end with a discussion of steatite and its availability.   

Culture-History 

 

The prehistory of Pennsylvania and the greater Middle Atlantic Region is typically 

divided into four time periods:  Paleo-Indian, Archaic, Woodland, and Contact.  The first period 

dates to approximately 13,000 BC and the last begins at approximately 1600 AD.  There are 

sites, such as Cactus Hill in Virginia and Meadowcroft Rock Shelter, Pennsylvania, that push 

occupation in this region even earlier, 13,000 BC (Adavasio 2010).  The story of habitation does 

not end at the Contact Period.  The study region is teeming with people today including Native 

Americans.   

After contact and into the 21st Century there remains descendent communities of the 

Delaware Tribe, or Lenape, in pockets throughout this region and in other parts of the continent.  

They were displaced from their homes as European peoples settled to the East Coast.  Since their 

forced exile, the Delaware Tribe has lived in a diaspora with most of its members in Oklahoma 

(Obermeyer 2009).   
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A few parcels held by the Lenape after contact include: villages at Brotherton in New Jersey; and 

Conestoga Town; and Jacob’s Plains in Pennsylvania.  They persisted until the middle to late 

18th century.   

The Brotherton Reservation in New Jersey was deeded to the last Delaware’s to occupy 

the state.  With this deed, they relinquished their rights to any other lands within New Jersey.  At 

one time, this parcel was three thousand two hundred and eighty four acres.  By 1802, the lands 

were sold to white settlers with most of the remaining tribal members leaving New Jersey 

(Becker 2014).  Those Delaware Indians who did stay assimilated into white culture.  The 

demise of this reservation was rather peaceful compared to that of Conestoga Town and Jacob 

Plains, Pennsylvania. 

A mixture of different tribes lived together in Conestoga Town until 1763.  Some of these 

members were killed and their village burned by a group of settlers called the Paxtang Gang or 

Paxton Boys.  Those Native Americans who escaped the burning took refuge in a jail in 

Lancaster.  Their refuge didn’t last long as the Paxton Boys stormed the jail and massacred the 

remaining individuals (Vaughan 1984; Kenny 2009; Merrell 1999).  Earlier the same year saw 

the destruction of Jacob Plains and the lands named after him.  Teedyuscing, otherwise known as 

Jacob Plains, was a Delaware Chief, who settled his people near the Susquehanna River near 

present day Wilkes-Barre.    Accounts differ as to who and why, but Jacob’s house was burned 

with him inside.  The Delaware retaliated against local white settlers (Orlandini 1996). Jacob’s 

settlement was abandoned by the Delaware and the European settlers soon claimed the land.   

This area is now called Plains Township, Pennsylvania.          

Prior to European invasion many Native American groups were living in villages.  Long-

term settlements mark the Woodland Period, these often-bordered major waterways (Custer 
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1989, 1996).  It is assumed that these locations were beneficial for resource gathering and 

transportation.  The Abbott Farm Site, along the Delaware River in New Jersey, is one of these 

locations.   

Occupation at Abbott Farm is thought to span one thousand years beginning around 500 

AD (Delawaretribe.org) but could have been used for much longer.  Archaeological finds at this 

site show the Woodland Period is marked by an intensification in agriculture and an increase in 

the occurrence of pottery.  These two innovations point to increased sedentism or village life.  

These innovations are also what sets the Woodland apart from the Archaic.            

The Archaic Period, 8,000 BC– 6,000 BC, marks a transition between the itinerant 

Paleoindian bands hunting in this area and groups fully utilizing resources available in this 

region.  Settlement patterns are beginning to change.  Archaic groups seem to be roaming 

smaller areas and repeatedly returning to the same location at certain times of year.  The use of 

local toolstone is one of the major shifts in this period.   An increase in quartzite and rhyolite 

usage instead of more exotic stone points to the need to adapt to what local environments can 

provide (Stewart 1994, Wholey 2009).  Long distance trade of stone was either not happening 

frequently or was interrupted.  Wholey (2009) suggests one reason for this interruption could be 

an increase in population that would cause pressure on territories.  Large populations create 

environmental pressures by depleting available food resources, environmental degradation 

through production of waste, and limited space available to accommodate the fusion and fission 

of groups. Individual groups would have become too large to move far and wide; territories 

would begin to become more defined and predictable.  Delineating territories could essentially 

cut groups off from sources of materials and trading networks at least temporarily.   In contrast to 
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this shrinking of territories the Paleoindian Period had bands of individuals roaming this area 

freely. 

The Paleoindian Period, 10,000 BC – 8,000 BC, is generally identified by its stone tool 

technology (Gardener 1974, 1977; Raber 1985; Kraft 1986; Ritchie 1969).  Retreat of the 

Wisconsin Glacier marks the beginning of this period of approximately 12,000 years ago.  Much 

of this area was under peri-glacial conditions.  The Middle Atlantic Region was dominated by 

evergreens with temperatures much cooler than today.   Inhabitants of the region were primarily 

hunters.  Literature available suggests that these individuals relied heavily on big game and 

supplemented their diets with fish and limited plant foods (Dent 1995; McNett 1985). Their tool 

kit, which has survived, consisted of finely crafted microcrystalline stone points which reflected 

the necessities for familial life.  Some of the most identifiable Paleoindian tools are fluted points, 

thumb scrapers and bifacial knives.  These tools were used and reshaped until they could no 

longer be utilized (Ellis 1989). The distance of the materials from their sources is an indicator on 

how material was moved during the Paleoindian Period.  These roaming bands moved across the 

landscape chasing herds of animals.  Craftsmen, in search of toolstone, would often pass over 

certain outcrops of similar material in order to gather stone from a choice location.  This 

preference for a particular stone leads to the determination that materials were gained by direct 

procurement or there were extensive trade networks that would specialize in toolstone.  The Pre-

Clovis Culture also had the same preferences for distinctive toolstone. 

The Pre-Clovis people, prior to 10,000 BC, are considered the first humans to live in the 

Americas.  These people were originally believed to be big game hunters following herds.  

Researchers have found that these people also utilized local flora, fish, and other small game 

(Dent and Kauffman 1985). Much of the discussion and research on these people revolve around 
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how and when they arrived here.  Meadowcroft Rockshelter, in Pennsylvania, is one site 

expanding our knowledge of early occupation.  Just like early Archaic people, the Pre-Clovis 

seemed to prefer chert and jasper as their main stone of choice for toolmaking (McAvoy and 

McAvoy 1997).  This site along with others in the Americas are surrounded by controversy over 

accepted dates. 

In this thesis, I specifically focus on the time period defined as 3000 BC to 750 BC 

(Middle Archaic through a portion of the Woodland).   Many changes in lifeways became 

apparent in the archaeological record around 3000 BC including settlement patterns, lithic 

choices, increases in population densities and the use of steatite bowls and early pottery vessels. 

These vessels were a significant change in technology and were the first non-organic storage 

containers in the Middle Atlantic (Custer 1996).   

Kraft (2001) and Custer (1996), in particular, seem to have different views regarding the 

temporal divisions outlined above, i.e. Middle Archaic through Middle Woodalnd.  Custer 

(1996) places this transitional period to approximately 3000 BC-1000 AD.  Kraft (2001) places it 

approximately to 2000 BC to 1000 BC.  Classically, the division of prehistoric time periods has 

been determined by artifact typology, projectile points, and technologies that seem to emerge or 

become dominant.  Most recently Stewart et al (2015) argue for an expansion of dates included 

in the classic term Transitional Archaic.  Since many point types are used from the Middle 

Archaic straight through to the Middle Woodland, it is difficult to use them as a chronological 

marker, but there appears to be variability in assemblages based on geographic locations (Custer 

1996).  The adopted period for the present study is 3000 BC until 750 BC.  It is being defined by 

more than artifact types; it synthesizes years of work by many contributors that define 

environmental, socio-cultural, and technological traits expanding the definition of the period 
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(Stewart 2004, Raber 2015; Wholey 2013).  My goal is not to debate these time frames and 

create a conundrum for strict time delineations, I simply use a chronology that adopts both 

Custer’s and Kraft’s timeline while accounting for such anomalies as triangle points in the Late 

Archaic, pottery found contemporaneously with stone bowls, and the use of fishtails well outside 

their “normal” periods.   

During this time ground stone tool usage increases as does their varied types.    Axe, celt, 

and adze utilization increases as subsistence materials begin to vary.  Hunting tools, such as net 

weights and broadspears, appear in the archaeological record along with atlatls although these 

may have been in use since early Paleoindian times (Kraft 2001).  The appearance of pestles, 

mortars, and pitted stones for food processing also shows an expanded diet of the Archaic Period 

people (Custer 1996; Kraft 2001).  Steatite bowls and later pottery were technological 

innovations that allowed for food storage and processing of foods.  These containers had the 

ability to be heated and placed directly over flame which would presumably speed up the 

cooking process.  

According to Custer (1996) there are two main culture complexes present or developing.  

Those are the Delaware Valley Archaic Complex and the Popular Island Complex of the Lower 

Susquehanna Valley.  The main distinction is, of course, their geographical location but Custer 

has found other differences, such as lithic choice (Table 2.1). Lithic choices by complex show a 

preference for local resources more often than acquiring outside and more distant lithics.  As 

shown in Table 2.1, it does not mean that lithics outside their range were unavailable, they could 

have been obtained by exchange, but groups were utilizing local resources more intensively.   
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Table 2.1 

Lithic Use of Susquehanna and Delaware Valleys (Adapted from Custer 1996) 
Collection Quartz Quartzt Siltstone Rhyolite Argillite Chert Jasper Chal. Other 

Sus.      # 

Valley   

           % 

1641 

 

20% 

1349 

 

17% 

404 

 

5% 

2936 

 

36% 

1208 

 

15% 

306 

 

4% 

126 

 

2% 

57 

 

1% 

15 

 

<1% 

Del.      # 

Valley 

           % 

657 

 

7% 

2648 

 

29% 

103 

 

1% 

176 

 

2% 

2705 

 

30% 

1824 

 

20% 

783 

 

9% 

148 

 

9% 

0 

 

0 

 

 

Table 2.2 

 

Comparisons of Broadspears between Drainages. Adapted from Witthoft 1953 

  Susquehanna Perkiomen 

Form Semi-lozenge, breadth half the 

length 

Very Broad, semi-

lozenge, very 

assymetrical 

Tip Acutely to Obtusely pointed Obtusely Pointed with 

straight edges 

Blade Triangular, convex, not 

symmetrical, rounded in cross 

section, retouching from one side, 

concave near base  

Equilateral Tringle 

Concave or convex near 

base 

Ears Not barbed, make obtuse angle 

sometimes rounded 

Barbed at 1 or both 

corners 

Tang Constricted with concave base, 

ground edges 

Always constricted with 

convex base sometimes 

straight, small in 

comparison to blade, 

rounded corners - ground 

Size 1.5”- 4” 2”-4” 

Cache Blades 2- stages rough flaking of form 

and shaping of base and ears 

2- rounded pentagonal 

shape and rounded shape 

Lithic Material Purplish Rhyolite, Jasper, Black 

Flint,  Argillite, Chert, Chalcedony 

Pennsylvania jasper, 

Rhyolite 

 

Another difference between the drainages is the preferred broadspear types (Table 2.2).  

The Perkiomen style discussed by Custer (1996) is found more frequently in the Delaware River 

Drainage but can be found throughout the area.  One of the most interesting differences at least 
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for this thesis is the utilization of steatite bowls which will be discussed in depth later.  The 

Susquehanna River Valley has a higher frequency of steatite bowls than the Delaware River 

Valley.    

Appearance of Foraging and Collecting Adaptations 

 

  At about 2500 BC, people living in eastern Pennsylvania seem to have achieved optimal 

foraging (Caldwell 1958; Wholey 2009) and with that development groups were spending 

extended periods of time at base camps (Custer 1996).  This becomes apparent when looking at 

sites in estuarine and riverine environments. Optimal foraging refers to the ability of a group to 

adapt to their surrounding environment and utilize all known resources of the time-period.    This 

rich environment allowed groups to stay for longer durations and, in the case of riverine settings, 

come back to these locations on a predictable schedule following fish runs at certain times of 

year.   

Custer (1996) performed flora analysis at camp sites in the region and noted an increased 

presence of nuts and seeds showing a more extensive exploitation of natural resources.  He also 

(1996) notes the presence of hickory nuts, amaranth seeds, and chenopodium seeds at camp sites 

in the newly redesigned forests.  Kraft (2001) adds to the list of food sources that are now being 

utilized such as sunflower seeds, may grass, ground nut, knotweed, along with small game and 

shellfish.  Forests were also producing chestnut and beech and of course acorns (Kraft 2001).   

Site sizes in general are larger because of either larger groups using these locations or 

repeated use by the same smaller group.  Repeated use of productive areas implies that groups 

became more focused in their seasonal movements, maybe because of population increases or 

simply because their needs were being met in a smaller home range.  For the first-time 

archaeologists studying camps are seeing pit features and large rock hearths.  Both of these 
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cultural features support the idea that groups were using base camps longer allowing for 

processing and storing of resources (Custer 1996). 

There is support for this in the archaeological record.  Sites like Hoffman, Oberly Island, 

Haldeman, P-11, Abbott Farm, Wilbur Isley, and the Octorara Complex are used and reused as 

procurement and perhaps gathering locations.  This repeated use of productive areas implies that 

groups became more focused in their seasonal movements maybe because of population 

increases or simply because their needs were being met in a smaller home range.   

Participation In Exchange Networks 

 

  Trade in the Middle Atlantic becomes more visible in the archaeological record 

approximately 3000 BC. There are a few materials that begin to move across the landscape.  

Metarhyolite, argillite, jasper, and steatite are a few of the items moving great distances from 

their sources.  These materials are found in locations quite distant from their sources hinting at 

trade and exchange between groups.  Trade may have occurred through down-the-line methods, 

direct procurement, or at rendezvous sites during abundant resource periods like spring fish runs.  

This gathering would also be a time of intermingling between groups.  With very little evidence 

of wealth building during this period, gathering would serve more as a sociocultural event with 

groups exchanging information along with goods found along their travels. 

Environment 

 

The Susquehanna and Delaware river watersheds have been continually carrying 

populations since Paleoindian times and perhaps earlier (Figure 2-1).  These wet conditions 

along with temperature variations do not allow for organic material preservation.  This region is 

rich in natural resources and a variety of physiographic regions made sustenance attainable 

throughout the year. 
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The Susquehanna River Basin drains half of the land area in Pennsylvania while also 

draining portions of New York and Maryland.  This basin has over 49,000 miles of waterways 

combining their water to eventually meet up with the Susquehanna River.  The latter is 444 miles 

long (PACD 2009).  The four seasons experience cold snowy winters, hot and humid summers, 

and mild falls and springs.  On average, this area receives between 35-40 inches of rain a year 

(National Gardening Association 2017).  Moderate temperatures with ample rainfall allows the 

farmer in the basin not to use irrigation.  Most of the rainfall occurs between prime growing 

months, May through September.     

The Delaware River Basin encompasses 13,539 square miles of land in Pennsylvania, 

New Jersey, New York, Delaware, and Maryland.  This region experiences a humid continental 

climate, one that lacks the influence of an ocean and tends to have hot summers and cold winters 

(PA DCNR 2010).  The Delaware River itself is of major importance to this region.  This river 

supplies drinking water for nearly 15 million people along with supporting industrial water use  

(Bureau of State Parks).  It also acts as a major trade route up to a point today just as in the past.   

Physical Environment 

 

The Northern portions of both the Susquehanna and Delaware river watersheds were glaciated 

when the first people arrived in the Middle Atlantic.  With moderation of temperatures and the 

disappearance of the glaciers water levels stabilized.  This stabilization allowed estuaries, 

wetlands, floodplains, and coastal environments to develop.  According to Delcourt and Delcourt 

(2004) after 8900 BC a shift in tree species through the watersheds affected territories and 

movements of native populations because the forests were becoming more productive.  Nut 

bearing trees were replacing evergreen species.  They (ibid) hold that nut collection became a 

major source of nutrition.  There were significant changes in pollen distributions in Eastern 
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North America around 2500 BC.  Previously forests were dominated by hemlock and oak.  By 

2500 BC, however, a 10-20% drop in oak pollen was noted by Bernarbo and Webb (1977) and 

hemlock lost its dominance to hickory. This could be attributed to a warm and dry environment 

(Custer 1996).    Hickory is believed to make the forest more productive as its nuts are easily 

processed for food for humans and the combination of oak and hickory would give prey animals 

better fodder.   

This new environment would cause inland groups, who were now experiencing “dry seasons”, to 

settle near more predictable water sources and with that more predictable food sources.  As food 

sources became more reliable settlement patterns appear to vary from those prior to 2500 BC.  

The largest or most used sites are situated in riverine or wetland/marsh environments.  It is 

important to note that sites dating to this period were also found on kame terraces, outwash 

plains, and even ridge tops and overlooks.  

A simple calculation based on the total number of sites found in the Pennsylvania Cultural 

Resources Geographic Information System [CRGIS]) shows that 78% of the 4578 archaeological 

sites were found in riverine settings as opposed to 18% found in upland or non-riverine locations.  

There were 167 sites of unknown topography.  The main consideration for a camp location was 

that potable water is consistently available (Kraft 2001). Prior to this time, the Paleoindians 

preferred to camp in the uplands away from unpredictable river valleys.  The need to be close to 

streams was not as important because the melting glaciers and snow thaw would create small 

glacial lakes, bogs, and marshes (McNett 1985). 
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Figure 2.1 – Susquehanna and Delaware Watersheds of Pennsylvania 
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Steatite Formations 

 

  Steatite, commonly known as soapstone, is a metamorphic rock that is found in the 

Piedmont Region of the United States.  It has distinguishing characteristics which include a 

greenish-grey color, soapy feel, and prolonged heat retention.  Most often steatite was formed by 

the metamorphosis of either serpentine or gneiss.  The region where this material is found runs 

from Massachusetts south to Alabama (Rand 1894; Truncer and Glascock 1998; Bachor 2011).  

It is not a continuous outcrop but rather strictly localized.  Formations of steatite seen in 

southeastern Pennsylvania were formed during the Taconic Orogeny, approximately 440 million 

years ago (Rodgers 1971).  This was a period of repeated impacts to the eastern seaboard by an 

island arc off the coast of prehistoric North America.  These impacts caused an upthrust of the 

sea’s crust which is made up of mostly olivine, garnet, pyroxene, and magnesium oxide.  This 

thrusting placed stress onto the parent rock present.  This stress included pressure from the 

squeezing of plates which sparked moderately high temperatures within the rock.  These 

pressures, along with the presence of water, caused the rock to undergo the steatization process 

which produces steatite that was later utilized by Native People (Rapp 2009).     

Serpentine outcrops, which encompass many steatite formations, would have been 

significant features on the landscape.  Sediments created from the breakdown of the ultra-mafic 

rock are very low in necessary nutrients and high in metals like nickel and chromium leading to 

soil that is inhospitable to most plants (Nature Conservancy 2009).  As the rock has mineral 

compositions that are toxic to a variety of plants these outcrops and surrounding soils would 

have been marked by distinctive plant life in comparison to the dominant landscape of mixed 

deciduous forests.  The vegetation would have contained tall grasses and scrubby pines species 

that are adapted to this environment.  
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The quarries producing steatite, as mentioned earlier, are scattered from Maine to 

Alabama.  It is easily carved and was utilized by aboriginal peoples to craft stone bowls, atlatl 

weights, pipes, and other ornaments.  Steatite vessels are the first nonorganic vessel type found 

in the archaeological record of the Middle Atlantic, preceding the introduction of pottery (Custer 

1996).  

My chemical analysis performed on known and accessible aboriginal steatite quarries 

shows that this steatization process was uneven.  The parent material being metamorphosed 

would often take on characteristics of the surrounding rock so differences in steatite is 

identifiable both visually and chemically (Bachor 2011).  Also, much of the ultra-mafic material 

found in this swath along the Eastern Seaboard never went through the metamorphic change into 

steatite.     

The observation that “soapstone” comes in different forms was recorded as far back as 1894.  

Theodore Rand, who worked for the Academy of Natural Sciences, observed differences in 

steatite outcrops (1894).  In his article, he visited outcrop locations throughout southeastern 

Pennsylvania.  He observed differences in texture and hardness along with association of the 

outcrop with serpentine and /or gneiss.  These differences were also observed while I was 

collecting samples for an earlier study (Bachor 2011).  For example, stone collected from one 

quarry may appear more “schisty” with its color leaning heavily towards green with a luster, 

whereas the stone collected from another tended to be greyer with no luster and with pock marks 

characteristic of weathering.  These differences in texture, color, and hardness cannot reliably 

distinguish locations, but they may point to a fundamental difference between the locations.  

Truncer (1998) has noted that all steatite is formed from metamorphosis of a parent material and 
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that the differences lie in the amount of metamorphism and the chemical make-up of the parent 

material. My studies also support this observation.  

Steatite Distribution 

 

Steatite is an ideal material to use for spatial distribution studies.  The material is located in 

limited locations within the study area (Figure 2-2).   A majority of the quarries are situated in 

the southeastern portion of Pennsylvania.  Use of this material for bowls also appears to have 

relatively tight temporal usage. The height of production and use of steatite is shown by AMS 

dating (Sassaman 2006); it is approximately 2,000-1,000 BC with a peak at 1500 BC (Withoft 

1953, Truncer 1998).  Querying the Pennsylvania Historical and Museum Commission’s 

(PHMC) Cultural Resources Geographic Information System(CRGIS) for all sites containing 

steatite from the Middle Archaic through Middle Woodland generated 47 sites in the Delaware 

Valley and 205 sites in the Susquehanna Valley.  

Ecological Distribution of Steatite Sites 

Most of the sites in Pennsylvania that contain steatite were in the floodplains or within terraces 

of higher order rivers.  Seventy-eight percent of the total number of sites during the research 

period occur in riverine environments which include terraces.  Steatite is found more often in the 

Susquehanna rather than in the Delaware drainage. 
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Figure 2.2 – Steatite Quarries and Geologic Formations (Bachor 2014) 

Known utilized quarry locations for steatite are clustered in southeastern Pennsylvania 

within the counties of Lancaster and Chester.  Sites include: Christiana, Georgetown, Soapstone 

Hill, Boyce Farm, Black Barren, and Embreeville Quarries (Table 2.3).  During my first study 

(2011a), other possible steatite locations were identified but none have evidence of indigenous 

people using them for quarrying activities.  These steatite sources include: Rose’s, Prince’s, 

Easton, and Phillipsburg (Table 2.3).  Shaded Quarries lie within either the Soapstone Hill or 
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Christiana complexes. Although. evidence could have been destroyed by colonists and later 

peoples quarrying steatite for their purposes. 

Prince’s Quarry, that operated into the mid-1800s, is a prime example of data missing in 

this archaeological investigation.  Early mineralogist, Edgar Wherry, stated that Native 

Americans utilized this location but all traces had been destroyed by mining practices of 

Europeans (Chamberlain 1905; Gordon 1922; Lininger 2007).   

Table 2.3  

Quarry Locations and Their Watersheds.  

 

Name of Quarry 

Susquehanna Drainage Delaware River Drainage 

Black Barren x  

Boyce Farm x  

Christiana x  

Easton  x 

Embreeville  x 

Georgetown x  

Phillipsburg  x 

Prince’s  x 

Rose’s  x 

Soapstone Hill x  

 

This quarry, along with Rose’s, Easton, and Phillipsburg appear to be heavy in asbestos in 

comparison to the Chester and Lancaster County quarries.  Unfortunately, Prince’s, Rose’s, 

Easton, and Phillipsburg have all been extensively quarried leaving material that is not desirable. 

Asbestos forms would be less desirable because of its fibrous tendencies which could inhibit 

carvability although not functionality.  This fibrous quality of the available steatite could cause 

native peoples to overlook some locations in favor of others.   
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My opinion is that native people would overlook Prince’s, Rose’s, Easton, and 

Phillipsburg in favor of the Chester and Lancaster Counties’ quarries.  As witnessed by Turner et 

al (1998), at the Blue Rock Quarry in North Carolina, there was substantial evidence of heavy 

quarrying in locations that did not contain anthophyllite and tremolite, both asbestos forms.    

There are large swaths of serpentine, the West Chester Formation for example, that have 

been completely obliterated by urbanization (Figure 2-2).  I have been to many of these 

extirpated locations hoping to find materials in waste piles or in stream/creek channels to no 

avail.  This leaves gaps in my study that cannot be tested.  In another of my studies (2011b), I 

examined steatite artifacts found at the Nesquehoning Creek Site.  One lone item, a bead, was 

not identified as belonging to any of the chemically tested quarry locations.  This bead could 

have been from one of the destroyed quarries or perhaps been traded in from steatite outcrops in 

northern New Jersey or southeastern New York.   

Steatite used for bowls was likely carved from bedrock rather than cobbles or other 

weathered forms.  Documented quarry locations have remnants of bowl production.  One can see 

where bowl preforms are rough cut into a boulder of steatite (Custer 1989).  Harlan Mills in 

Maryland is a good example.  Archaeologists have found all stages of production from preform 

to failed attempts to finished bowls.  This material is not a good candidate for reduction to cobble 

because of its massive form, it has no real lines of fracture, and it weathers quickly (Gemdat.Org 

2017).  Also, most quarry locations are well away from higher order rivers.  The limitation of 

only being able to acquire the steatite at a quarry adds to the traceability of the material’s 

movement through this study region.        

Once quarried and reduced in size, pre-form bowls were brought to the collectors’ camps, 

some of which might have been a significant distance from the quarry (Ward and Custer 1988).  
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My own studies show that sites with steatite are usually 10 or more miles from quarries.  The 

bowls function in these early communities is still under investigation.  Truncer (2004) discusses 

the idea that steatite vessels were specialized for mast processing while others discuss their ritual 

use.  One of the proposed purposes of steatite vessels is food processing but as Shaffer (2008) 

discusses these objects could also have played a role in the interactions between groups during 

larger seasonal communal meetings.  Wholey (personal communication), in an unpublished 

experimental archaeology test, found that residues left within a bowl tested positive for water 

fowl and nuts.  After the pre-form bowl’s refinement, the question remains whether the material 

or finished vessels were moved as part of an exchange network or were gathered in procurement 

expeditions by individual communities.  Currently we have only a limited understanding of 

steatite vessels’ function, raw material procurement technologies, or even vessel distribution 

methods.   

Wholey (2014) discusses that not every Transitional Archaic site has steatite.  This could 

be because: the means of acquiring items or the cost of imported items may be too high for the 

average group (Renfrew 1975, 1977); or there are other groups who do not use steatite because 

they choose not to incorporate it into their tool kit; or that they simply do not know that the 

material exists.  There are approximately 252 listed sites, in Pennsylvania, that have this material 

for the chosen time frame.  A majority of the sites with steatite are found alongside major 

waterways.  Of the approximately 3582 archaeological sites in this study period 2697 (75%) are 

within riverine environments (PA CRIS 6.17.2017).  As stated in Witthoft's (1953) early work, 

the Broadspear Tradition cultures were highly adapted to riverine and estuary environments.  He 

places the people who utilized steatite bowls in what he termed as the Transitional Period.  

Sassaman (2006) places the height of this period at 1500 BC. 
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Kinsey (1977) sees distinctions, as did Witthoft (1953), in other tool stone preferences in 

the Archaic.  In the western and southern portions of the Susquehanna Drainage meta-rhyolite 

was preferred whereas the Delaware and Lehigh regions preferred jasper.  There are also slight 

structural differences between the regions.  The Perkiomen Broadspear (Figure 3.5) was usually 

made out of jasper, occasionally meta-rhyolite.  This point has a straight base with nearly 

horizontal to upward turning shoulders.  The Susquehanna Broadspear (Figure 3.6) was usually 

made out of meta-rhyolite, occasionally jasper. In contrast, this point has a slightly convex base 

sometimes with downward turned corners to almost flat with upturning shoulders.  The Lehigh 

Broadspears (Figure 3.7) were made from jasper with a base like a tab whose corners are almost 

horizontal (Kinsey 1977; Witthoft 1953).  

Steatite bowls are another common denominator between these groups (Figure 3.8).  The 

archaeological record seems to show that this period of technological change and settlement 

patterning reflects travel and trade amongst river-dwelling people.  Many of the river settlements 

had large platform hearths, like Abbott Farm (Stewart and Cavallo 1983), that could have been 

used for processing food supplies or as large cooking areas to accommodate many people.  As 

already stated, not every datable site during the study period had steatite.  This makes the locales 

where there is a high density of steatite bowl fragments present especially interesting and not 

every site that had steatite had large platform hearths.  During my search, I located four sites that 

have large quantities of steatite fragments, large hearths, and a secondary high-density tool or 

resource. Each of the locations identified are found at a great distance from the Soapstone Hill 

and Christiana complexes. They are located near a major river confluence or other natural 

obstacle that made the site the opportune area for gathering.   
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Figure 2.3 - Perkiomen Broadspear. 

 

 

Figure 2.4 - Susquehanna Broadspear. 

 

 

Figure 2.5 - Lehigh Broadspear. 
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Figure 2.6 - Steatite Bowl. (Courtesy of D. Manning) 

 

Two of the locations being studied occur on one side of a ridgeline that has been cut by a river.  

The steeply sloped sides of the ridgeline create natural barriers. Were these locations rendezvous 

or gathering locations for the people who shared the common cultural feature of steatite bowl 

usage?   

The Delaware and Susquehanna watersheds within Pennsylvania have approximately 

12,000 years of habitation.  Flora and fauna studies demonstrate that the region had abundant 

resources including edible plants and animals.  Another resource utilized was toolstone. 

Throughout precolonial history, and after, technologies change as demonstrated in the shape and 

preferred lithic resource choices.  Steatite is one of the lithic resources available and utilized 

during the study period.  Steatite is only found in certain quarry locations and is only in use in 

the bowl form for a short temporal span, it is an ideal choice for trade and exchange studies.  To 

determine the method of trade and exchange being utilized within the Susquehanna and 

Delaware watersheds spatial analysis of steatite distribution will be applied (See Chapter 3).    
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   CHAPTER 3 

METHODOLOGY 

 

Spatial Analysis 

 

To investigate the trade patterns that are visible in the Delaware and Susquehanna 

watersheds a spatial analysis of steatite distribution was conducted.  Renfrew (1975, 1977) used 

drop off rates from origin to final deposition to look at exchange models.  Hoffman (2006) used a 

simplistic approach in his study in eastern Massachusetts.  He used the premise that the quantity 

of lithic material will be inversely related to the distance from the quarry.  Stewart (1989) also 

used the frequency of an exotic material, rhyolite, and its fall-off from quarry locations to 

investigate trade.  His results showed distinct patterns of distribution for direct procurement with 

conservation or holding of the rhyolite (Figure 1.2). Rhyolite was found at great distances to 

their original source with very little found inbetween source and archaeological site.  These 

methods work best when investigators are sure about procurement sites which is the case with 

steatite.           

We know the preferred source locations for steatite because of previous chemical studies 

(Bachor 2011a).   Materials that can be found as cobbles along rivers increases the error when 

researching quarry locations as these cobbles could have traveled a great distance due to flooding 

and in many cases in the upper Middle Atlantic cobbles are deposited by glacial drops but 

steatite does not occur in cobble form.  This material is extremely soft, it can be scratched by a 

finger nail.  This softness means that steatite weathers to powder and would never survive 

tumbling through glacial outflows or swift moving rivers.  Steatite needs to be acquired at its 

source.  
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Chemical testing for source locations has been successfully used for other materials in the 

study area. In one such test, Lattanzi (2013) used laser ablation multi-collector inductively 

coupled plasma-mass spectrometry to determine the origins of copper found at Early and Middle 

Woodland sites in the Middle Atlantic Region.  His chemical testing revealed a complex 

interplay between direct procurement and down-the-line trade.  In the past other methods were 

used to distinguish source locations.  One such method was visually examining characteristics of 

a sample.  Researchers would look at color and texture to determine source locations. 

There have been multiple studies of steatite in Southeastern Pennsylvania.  Theodore 

Rand (1892) was one of the earliest to scientifically categorize steatite outcrops in Pennsylvania.   

He used physical descriptions to distinguish between quarries.  His methods may have been 

crude but his observations were fairly accurate.  For example, Rand (1894) describes the steatite 

coming out of the Christiana quarries as being “pocked” or riddled with crevices.  Many of the 

pieces one sees today from Christiana have these distinctive “pock” marks.  Since his time 

science has developed more reliable tests to distinguish rocks chemically.  Previous studies 

(Holland et al. 1981, Luckenbach et al. 1975; Allen et al. 1975; Ward and Custer 1988; 

Sassaman 2006; Truncer 1998) tested a limited number of steatite outcrops in Pennsylvania for 

chemical signatures using varying techniques including thermoluminescence and instrumental 

neutron activation analysis (INAA).   All of these researchers examined select steatite outcrops 

in Chester and Lancaster counties in Pennsylvania along with some from other states.  The 

quarry locations most usually tested are Christiana and Soapstone Hill quarries.  No one since 

Rand (1894) has attempted to complete a survey that included chemical and physical 

characteristics of all the available and known steatite quarries in Southeastern Pennsylvania.     
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Bachor has built upon Rand’s work and furthered the modern chemical studies by chemically 

testing ten quarries within the Piedmont of Pennsylvania in her 2011 publication and in two later 

pilot studies.  

My first study (2011a) examined X-Ray Fluorescence as a viable method for the 

chemical identification of quarries and two separate studies (2011b, 2016) matched 

archaeological steatite finds to known quarries.  With the means to identify which quarries were 

being utilized for steatite procurement we are now able to turn to how steatite was moving across 

the landscape.  The testing shows certain steatite quarries being utilized preferentially by steatite 

using groups.  These quarries will be used as the current studies preferred source locations. 

Chemical Analysis 

 

Testing methods typically used for chemical analysis of rock include: XRD, Instrumental 

Neutron Activation Analysis (INAA) which will completely destroy the sample and laser 

ablation multi-collector inductively coupled plasma-mass spectrometry which destroys a portion 

of the sample by removing a small piece for testing (Lattanzi 2013).  Modal Mineralogy is 

considered highly accurate in determining mineral composition but this requires a cross section 

of the material being studied to be cut and polished for microscopic evaluation.  This test was not 

suitable because it also destroys the sample.  Another method, X-ray fluorescence (XRF), is a 

tool that has many benefits such as: non-destructive testing, affordability, ease of use, speed, and 

accuracy.  The most important benefit for this research is the non-destructive nature of the test.  

Testing leaves no visible damage to the artifact. The size of the field being tested is less than an 

inch in diameter and the beam penetrates between 2 - 3 mm into the sample (Innova Tech 

Support, personal communication, 2010).  Museums and collectors alike do not appreciate 

damaging an irreplaceable object.   
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Other benefits of XRF testing include its low cost and flexibility in testing locations.  

This instrument can be moved to different testing facilities including outdoor locations.  The data 

is read immediately and is available for use by the researcher in minutes.  The XRF can reliably 

test most of the transitional metals and software can be adjusted to read elements that are lighter 

or heavier.   

The machines that have been used in my pilot studies and ongoing research are calibrated 

for light elements; reading from Silicon (Si) to Lead (Pb). Studies, including Truncer et al. 

(1998), have shown that transitional metals are the best elements to be used for the fingerprinting 

of steatite sources in the Middle Atlantic.  Although both XRF instruments that I have used had 

the capability to examine rare earth elements (REE) with an additional software package, REE’s 

were not used in my previous studies.  I looked for differences in both the major and trace 

elements instead.     

The hand- held XRF instrument employed in my experiments had the capability of 

reading 81 elements from magnesium to uranium.  The stone artifact was calibrated to a light 

elements software package that specifically reads magnesium to bismuth. The information 

gained was plotted to see average parts per million (ppm) per element present in each location 

and collection.  Graphs were generated and a basic pattern that represented each location and 

collection created.  These patterns were the fingerprints I used to determine each artifact’s 

provenience.   

Since different XRF instruments were used I needed to compare the results from both 

instruments.  Trying to compare data between machines, especially when you have variations 

within the rock itself, is a difficult task.  As each test is performed, the XRF software calculates 

the ppms for each element.  To check the accuracy, the ppm for each element is added to the 
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ppm of untested elements.  This number should equal one million or within 3%.  The untested 

material in the sample is made up of elements lighter or heavier than the light element software 

can detect.  The ppms of the untested material is determined by proprietary logarithms existing 

within the software.  My comparison was rooted in using the ppm percentage.  This percentage 

of elements present within each sample was obtained by taking the average of the XRF results 

for an element (Appendix A).  This average was then divided by one million and multiplied by 

100.  No outliers were removed.  The elemental percentage for each sample, both quarry and 

artifact, were then compared to find quarry matches for each artifact studied.   

Previous Studies 

 

My first study used differences in chemical composition to determine the quarry locations 

for artifacts.  The source identification enabled me to look at the distances that the finished 

products traveled to their final resting place.  Eight steatite locations in southeastern 

Pennsylvania and northeastern Maryland were investigated.  Four of the locations were in 

Lancaster County: Christiana, Soapstone Hill, Boyce Farm, and Black Barren.  There were three 

locations in Chester County: Kauffman Quarry, Mason Farm, and Nottingham Park. There was 

also one location in Maryland: Harlan Mills.  I visited all of the above locations except the 

Harlan Mills Site.  Jay Custer graciously allowed access to the Harlan Mills artifacts/samples 

which were examined at the Center for Archaeological Research at the University of Delaware.  

Along with the quarry locations, two steatite artifact collections were tested.  They were the 

Wilson Collection held at West Chester University and the Philhower Collection currently held 

at the New Jersey State Museum.  These two collections were generated by amateur 

archaeologists Harry Wilson from southern Chester County, Pennsylvania and Charles 

Philhower from southern New Jersey.  Wilson’s steatite collection is from Lancaster County, 
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Pennsylvania and Philhower’s Collection is from Bricksboro, New Jersey which is outside my 

study area.  There were ninety-five samples tested from the assorted locations and fifty-two 

samples from the two artifact collections.  The Wilson Collection’s pattern aligned with the 

Christiana Quarry almost exclusively while the Philhower Collection’s fingerprint showed more 

variety but most closely aligned with the Soapstone Hill Quarry.   

Table 3.1 represents the trace and transitional elements that help to distinguish between 

steatite outcrops.  The Black Barren samples were the only ones to contain Iodine (I).  The 

Boyce Farm and Soapstone Hill quarries are chemically similar with one striking difference.  

Boyce Farm’s Potassium (K) median ppms are extremely high in comparison to the other 

quarries.  The Christiana and Harlan Mills quarries are chemically similar with the exception that 

Harlan Mills has calcium. This successful test showed that XRF is an effective tool for 

determining source locations.   

My second study (2011b) examined steatite found from excavations at the Nesquehoning 

Creek Site in Carbon County, Pennsylvania.  It sits at the confluence of Nesquehoning Creek and 

the Lehigh River.  The site fell victim to looters and a concerned collector brought the damage to 

the attention of Dr. Michael Stewart of Temple University.  Steatite bowl fragments and a bead 

were found both in context and in spoil piles left from the looters (Koch 2017; Stewart 2011, 

2012; Stewart et al. 2011).  Five bowl fragments and a steatite bead were tested.   

Using the quarry data from the previous study with the addition of four more possible 

quarry locations and XRF results of the Nesquehoning Site materials, I was able to identify the 

quarry locations of all the artifacts except the bead.  All stone bowl fragments from 

Nesquehoning Creek Site were quarried at either the Christiana or Boyce Farm complex.  The 

bead however was different.    
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Table 3.1 

Trace and Transitional Elements from Five Known Quarry Sites. (Bachor 2011a) 
 Black Barren Boyce Farm Christiana Soapstone 

Hill 

Harlan Mills 

Barium  5^ 214.79^  295.11^ 

Calcium 2793.50^    18091* 

Iodine 52030*     

Tron  80757+ 54674.42* 113739+ 66944+ 

Potassium  80263.50+  8452^  

Rubidium  178^  41.33^  

Strontium  78.5^  28.7^  

Titanium  9693^  3466^  

Zinc  175^ 80^ 66^ 107.54^ 

Zirconium  182^ 39.74^ 66^ 17^ 

^Trace>1%ppm     *Minor 1-6%ppm     +Major>6% 

 

The bead is of great interest; its source location was not able to be determined.  The 

bead’s chemical composition was compared to the quarries’ chemical composition.  The steatite 

bead’s signature did not match any of the chemical signatures determined for source locations 

previously studied (Figure 3.1).  In the graphic below one can see the comparison of the bead’s 

Barium, Zinc, and Iron concentrations to that of the closest quarry locations, Easton and 

Phillipsburg quarries.  The bead from Nesquehoning is referenced as NesSite (yellow) on Figure 

3.1. These closer sites were ignored for steatite procurement by the early occupants (Figure 3.2) 

as none of the tested pieces (n=66) matched.   Ignoring the closer quarries for ones at a great 

distance shows a source material preference for the people visiting Nesquehoning.   

Figure 3.2 demonstrates that the closest steatite quarry to the Nesquehoning Site is over 

25 miles away as the crow flies or geodesic measurement.  The concentric rings surrounding the 

Nesquehoning Creek Site represent 25-mile increments.  The steatite bowl fragments found at 

the site show their quarry locations as being in southeastern Pennsylvania which are greater than 

50 miles away.  There are steatite quarry locations dotted throughout the piedmont of New Jersey 
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and the formation responsible for the creation of steatite even runs through Staten Island, New 

York.  The bead illustrates that the people visiting Nesquehoning knew of additional steatite 

locations and/or had possible interactions with individuals with access to different quarries.   

The third study (Bachor in progress) entails the examination of the Hoffman Site 

(28GL228) which is situated on the Inner Coastal Plain of New Jersey within the Delaware River 

Drainage but outside of my research area.  This site is located on the opposite bank of the 

confluence between the Schuylkill and Delaware rivers (Figure 3.9).  Hoffman sits on a bluff 

made from an aeolian sand dune approximately 11 meters above the present high tide mark.  

This bluff would be protected from flooding and commanded a panoramic view of the Delaware 

along with a view of the confluence with the Schuylkill River.      

The excavations at Hoffman have yielded over 94,000 artifacts; 354 of those were steatite 

(Walker and DiGiugno 2012).  This site has one of the highest concentrations of soapstone 

artifacts in the current study area.  Approximately 65 of those steatite samples are being tested.  

The pieces chosen were picked because of their size, relatively smooth surfaces, and context.   
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Figure 3.1- Bead vs. Nearest Quarry Locations 
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Figure 3.2 - Distance to Utilized Quarries from Nesquehoning Creek Site 

 

C
h

ri
st

ia
n

a 
an

d
 B

o
yc

e 
Fa

rm
 C

o
m

p
le

xe
s 

Ea
st

o
n

 a
n

d
 P

h
ill

ip
sb

u
rg

 Q
u

ar
ri

es
 



 
 

45 
 

A visual inspection of these materials shows that most of the pieces originated from the 

Christiana Complex.  The pieces show the greyish color with excessive pock marks from the iron 

inclusions being either “popped” out during heating or from natural deterioration (Figure 3.3).  

 

 

After comparing the ppm % for each of the samples and possible sources, the preliminary 

results show that much of the steatite is coming from the Christiana and the Boyce Farm 

complexes. There were no anomalies with any of the pieces to infer procurement from an 

untested source quarry.  This location is of great interest to my future research.     

My first pilot study enabled me to determine that XRF is an appropriate testing tool for 

chemical studies of steatite.  The two others allowed me to use and expand the chemical data of 

source locations while also determining which steatite quarries were being utilized.  In the case 

of the Nesquehoning Creek Site study, five of the pieces were found to be from quarries in 

southeastern Pennsylvania.  The Hoffman Site’s steatite was also shown to come from the same 

Figure 3.3 - Steatite Fragment. (Courtesy of Jesse Walker). 
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quarries which were named Christiana and Boyce Farm complexes.  I determined these two as 

preferred quarrying locations despite the fact that closer sources of steatite were found to each 

archaeological site but do not seem to be used.  Using these preferential locations will enable me 

to measure the distance from quarry locations to sites with steatite.     
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CHAPTER 4  

CURRENT STUDY AND RESULTS 

 

Current Study 

 

  The XRF used for this study is mounted and uses Helium in a closed chamber to help 

control contamination. Each piece needed to be able to fit on a stage and, for examination, must 

sit flush against the lens, covering it entirely.  Consistent results have been collected from the 

XRF studies and it appears from the three studies performed by Bachor (2011a) and two other 

unpublished studies (2011b, 2016) that the procurement focus for the Native Americans, who 

utilized steatite, in the Susquehanna and Delaware river drainages of Pennsylvania relied 

intensely on only a few stone outcrops in the region.  The division of the sites within the above-

mentioned complexes and reiterated below were delineated by geographic location and chemical 

differences based on the work done by Truncer et al. (1998) and Bachor (2011a, 2016); those 

complexes being Christiana and Boyce Farm.    

This reliance by Middle Atlantic Native Americans on a few specific quarries follows the 

trends of material procurement seen earlier in the Archaic Period.  As discussed by Ellis (1989) 

in his chapter within “Eastern Paleoindian Lithic Resource Use”, peoples of the early Holocene 

seemed to be particular about their lithic sources, preferring to gather their materials from 

bedrock rather than from cobbles or other secondary sources.  This means that groups would 

travel many miles to obtain a certain grade or distinct material or would trade with other groups 

who specifically mined rock from these choice locations.  This preference of source material 

appears to apply to steatite in the present study area. Using the Boyce Farm and Christiana 

complexes as the locale where most of the steatite in the Delaware and Susquehanna is being 
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quarried, one can measure the distance the material was moved and distribution of habitation 

locations where steatite was found (Figure 3.2).  

Methodology 

 

Archaeological site information was gathered from the Pennsylvania Historical 

Commission (PHMC) state files.  The PHMC has a geographical information system called 

CRGIS that is accessible to qualified researchers, some government employees, and special 

project managers.  It is a map based inventory of all the historical and archaeological resources 

filed within the state.  The system is continually being updated so fresh data is imperative.  My 

final search for information was on August 5, 2017.  My search parameters were: 

• All Sites 

• In Susquehanna and Delaware river watersheds including Juniata 

• During the Middle Archaic through the Middle Woodland 

• That have steatite bowls/fragments 

 

This was queried in the CRGIS program and the supporting excel file was downloaded 

for further data manipulation.    Sites having 50 or more steatite bowls or fragments were 

recorded.  Fifty pieces of steatite were chosen as a criterion for sorting because this material is 

not ubiquitous.  The majority of sites within the PHMC site files from this period have no steatite 

present.  Of those that do most show presence or one piece.  Sites with 50 or more pieces are 

significant anomalies.     

Clusters of steatite sites were identified. Clusters were determined by proximity to 

another site.  If a site is within a half mile of its neighbor it is part of the cluster.  This method 

would allow for both linear and a web like clustering of sites.  A central point of each cluster was 

then determined by measuring either the midpoint of the diameter of an artificial circle drawn 
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around the cluster or, if a riverine cluster, the distance between the first and last site was 

measured and the midpoint was recorded.  The size of cluster (site #s) and distance (miles) to the 

quarry locations were recorded using the shortest path on a curved surface between two points. 

The distances from the quarries and size of the cluster was then used to examine the steatite site 

frequency versus the distance from the quarry. The site data acquired also enabled me to 

compare the characteristics of each site which includes both geographic and temporal data.  GIS 

was utilized, in the form of Google Earth Pro and the PHMC’s CRGIS system, to map where 

steatite vessels have been found and for measuring distances from their source quarries.   

Looking at the geological availability of the resource within the Delaware and Susquehanna 

watersheds and the spatial distribution of those sites where steatite artifacts are found will enable 

me to evaluate the trade/exchange patterns of steatite within the research area. 

Results 

 
Using the data collected from my previous studies, I have chosen the shaded quarries in 

Table 2.1 and using their chemical signatures and geographic location grouped them within one 

of the two complexes – Boyce Farm and Christiana.  The data acquired from Pennsylvania’s 

CRGIS system was then used to determine distance of the steatite bearing sites from the 

preferred quarries.  Having identified 252 sites within the drainages having steatite as part of 

their assemblage enabled me to investigate steatite site clusters and the few sites that have an 

extraordinary amount of steatite fragments.   

There are approximately 25,051 recorded archaeological sites in Pennsylvania.  Using the 

site file list from the PHMC I applied my criteria.  The total number of sites that fall within the 

study time period and drainages is 3,582.  This is my “All Sites” data set. The All Sites data set 

was then searched for steatite.  There were only 252 sites that have steatite.  This number does 
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include quarries.  I call this the “With Steatite” data set.  The charted data shows that only 7% of 

the CRGIS inventoried sites for the study time period (3000 BC to 750 BC) have steatite (Figure 

4.1). 

 

Figure 4.1 – Total Number of Sites With or Without Steatite. 

According to a map generated by Wholey (2011), there are 5 site clusters: Lower 

Susquehanna, Lower West Branch of the Susquehanna, Northern Branch of the Susquehanna, 

Upper Delaware, and a grouping off the Eastern Branch of the Schuylkill River.   Some of the 

sites with steatite artifacts are over 75 miles or more from their possible sources.  The research I 

have performed showed 13 site clusters (Figure 4.2 and Table 4.1).  
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Total Sites

Total Sites W/Steatite
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Figure 4.2 – Steatite Sites in Pennsylvania.  Red dots are steatite sites and lines are river 

drainages. 
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Table 4.1  

Distances from Complexes 

Mileage 

Bracket 

Cluster Name Distance to  

Christiana 

Complex 

Distance to  

Boyce Farm 

Complex 

Cluster Size 

0-30 Octorara**  21.22 05.99 04 

Muddy Run 17.92 08.23 04  

Chickies Creek 19.507 22.031 02 

31-60 Elizabethtown 33.958 36.920 10 

Cordorus Creek* 37.173 34.691 04 

Conewago Creek* 44.624 43.970 15 

Quittapahilla 

Creek* 

38.220 45.763 10 

Yellow Breeches* 

Creek 

48.226 51.273 02 

Bucks Cluster*** 48.83 61.28 09 

61-90 P-11 Cluster 64.330 71.370 11 

Sherman Creek 70.696 73.095 02 

Manhantango Creek 67.69 73.34 03 

151-180 West Branch 

Susquehanna 

151.050 154.870 ~60 

NY Border 169.150 172.490 15 

*Creeks that drain into the Elizabethtown Cluster. Elizabethtown Cluster is confluence of 8 

drainages, **Not in study area (Maryland), ***In Delaware Watershed 

 

 

 

My next calculation was to divide the All Sites data set into topographic settings (Table 

4.2).  Through this study area and time period groups are utilizing both riverine and upland 

settings almost evenly (Figure 4.3). 
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Figure 4.3 - Topographic Settings for All Sites 

The sites that contained steatite (n=252) were then sorted by Topographical Setting 

(Table 4.2).  This data clearly shows that of the people that utilize steatite 93% of them preferred 

3%

53%

44%

Topographic Setting for All Sites

Unknon Other Riverine

Table 4.2  

Topographical Settings.   

Riverine Upland 

Beach Hill Ridge/Toe 

Floodlplain Hillslope 

Island Hilltop 

Rise in Floodplain Lower Slopes 

Stream Bench Middle Slopes 

Terrace Ridgetop 

 Saddle 

 Upland Flat 

 Upper Slopes 

Note: Non-shaded are Riverine.  Shaded are upland categories 
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living in a riverine environment (Figure 4.3). The 3% represents site descriptions that were not 

fully filled out in the database, so lacked the topographic setting description. 

When comparing the settlement patterns of the steatite using people in both the Delaware 

and Susquehanna watersheds (Figure 4.4), people in both drainages overwhelmingly preferred 

riverine environments.  The Delaware Watershed had nearly 10% of their steatite in Upland 

landforms.  That is nearly double to that of the Susquehanna Watershed (Tables 4.3 and 4.4). 

 
Figure 4.4 – Topographical Settings for Sites with Steatite 
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Conclusions 

 

After examining over thirty-five hundred sites in the Delaware and Susquehanna 

watersheds of Pennsylvania only 252 sites had steatite in their archaeological collections.  

Realizing that plotting the distance to each of the 252 steatite sites would be daunting, I decided 

to look at places where steatite sites are densely concentrated.  Thirteen Clusters were identified 

and measured, (Table 4.5). The geodesic distance measurement was taken in miles. 

Environmentally, the similarities between the locations begin with the site locations.  All are 

camps that are situated on river terraces or within floodplains near major waterways.  All 

locations also have a tributary close by that feeds into the major river.   

At each cluster, a central point was chosen from which to measure.  The distance and size 

of cluster are recorded in Table 4.3.  The distances show that in the Susquehanna Drainage there 

are 3 mileage brackets that have the highest concentration of steatite: 31-60 miles – 42 sites, 61-

Table 4.4 

 

Delaware and Susquehanna With Steatite 

Topography 

 

Delaware Data Set 

n=48 

Susquehanna Data Set 

n=205 

Riverine 90% (n=43) 93% (n-191) 

Upland  10% (n=5) 5.4% (n=11) 

Unknown 0 1.5% (n=3) 

Table 4.3 

 

All Data Collected. 

Topography All Site Data Set With Steatite Data Set 

Riverine 44% (n=1639) 93% (n=233) 

Upland  53% (n=1943) 6% (n=16) 

Unknown 3% (n=122) 1% (n=3) 
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90 miles - 16 sites, 151-180 miles – 75 sites.  Two mileage brackets had no steatite sites, 91-120 

and 121-150.    

Table 4.5 

 

Number of Sites and Their Mileage Brackets 

Mileage Brackets From (miles)  To (miles) # of Sites 

1 0 30 10 

2 31 60 42 

3 61 90 16 

4 91- 120 0 

5 121 150 0 

6 151 180 75 

 

The closest sites are in a cluster near the confluence of the Muddy Run and the 

Susquehanna River (Figure 4.1).  This first cluster has four sites identified with steatite.  The 

order in both Table 4.1 and Figure 4.5 was determined by distance from the quarries.  In the 

Delaware Drainage, there are sites along the Delaware River intermittently, with only one cluster 

in Bucks County.  The Bucks Cluster is where the Perkiomen River and Tohikon Creek meet.  

The Perkiomen River is part of the Schuylkill Drainage that eventually flows into the Delaware 

near Philadelphia.  

The highest concentration of steatite sites is in the West Branch Cluster.  There are over 

60 sites that line the river for miles.  Overall the data shows that there are more groups using 

steatite in the Susquehanna Watershed than in the Delaware Watershed.  It was also found that 

the furthest mileage bracket, from the preferred source quarries, has the highest frequency of 

steatite sites.   

The closest site clusters with steatite are the Octorara Complex and Muddy Run Cluster.  

These are between 6-21 miles away from either steatite source complex.  In Stewart’s (1989) 
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rhyolite study there were high quantities of meta-rhyolite and argillite near the quarry location. 

Here we have less frequency closer to the quarry.  It appears that steatite is being directly 

procured through travel to a quarry.   

Figure 4.5 – Cluster Distance and Sites per Cluster 
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A discussion of the results will follow the clusters distance in ascending order by 

distance.  Thirteen clusters were found throughout the study area (Table 4.1).  The Muddy Run 

Cluster lies at the confluence of Muddy Run and the Susquehanna River.  On modern maps, it 

shows as four independent sites.  This area has been through extensive ground works projects 

including the building of a dam for a resevoir.  The Chickies Creek Cluster lies about 20 +/- 

miles from the quarries.  It has 2 sites along the Susquehanna that have steatite.  Further upriver 

the next cluster is about 35 +/- miles, the Elizabethtown Cluster that sits at the point where 7 

drainages come into the Susquehanna River.     

 There are 10 sites in the Elizabethtown Cluster.  None of these sites has an abundance 

(over 50 pieces) of steatite noted in their site files, but of the eight tributaries that converge here, 

four of them have steatite sites present and two, the Quittapahilla (10 sites) and the Conewago 

(15 sites), have a higher concentration.  These two drainages are between 40-45 miles away from 

the sources.  This is the first significant increase in site count number.   

  The Juniata Cluster is small in number, only three sites, but one of the sites on the 

Susquehanna River has an abundance of steatite.  The Haldeman Site has between 51-100 

steatite pieces.  This site, sitting at the Juniata River’s mouth, could have been a thoroughfare to 

the meta-rhyolite quarries.  The most abundant lithic type at this site is, of course, meta-rhyolite 

(61-70%).  No hearth feature has been found but it appears that the site has been informally 

surveyed, most likely by collectors.  Often, these individuals would not record fire pits or fire-

altered rock.  Given the number of other tools, including netsinkers, grinding stones, etc., it 

seems that it is a high traffic habitation site that would have cooking as part of their activity; the 

areas just haven’t been identified yet. 
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The P-11 cluster has eleven sites in its cluster.  The P-11 Site, whose name this cluster 

shares, is one of the sites being considered as a gathering location.  All the sites in this cluster are 

along the Susquehanna.  Two hundred and one steatite pieces were found at this site alone.  

Evidence of intensive hearth usage is also present.  There were 134 Susquehanna Broadspears 

also found.   

As I was doing my search, I was expecting to have either a site with a significant steatite 

count or a cluster of sites with steatite at the fork of the Susquehanna River.  There is one site at 

the fork that has steatite (nine pieces) and hearths but the area has been disturbed so information 

is limited.  There are no other high quantity steatite sites for miles up either branch of the 

Susquehanna River.  There are, however, two steatite site clusters miles away from the fork, 

West Branch Cluster and the NY Cluster.  

The west branch of the Susquehanna, which is 150 miles from the quarry complexes, has 

the highest concentration of steatite sites.  An interesting point is that none of these sites has an 

abundance of the material.  Unfortunately, many of the site records are lacking full descriptions 

of the assemblages. 

Both the NY Border and Bucks County Clusters (170-230 miles or more) are the furthest 

from the quarry sources chosen for this project.  Neither of these site clusters show an abundance 

of steatite in their assemblages.  The NY Border Cluster has 15 sites with steatite and the Bucks 

Cluster has 9.  The Bucks Cluster is not located on the Delaware River but rather inland where 

the headwaters of two tributaries abut; those tributaries being the Tohikon Creek and Perkiomen 

River.  The Perkiomen eventually connects with the Delaware through the Schuylkill River, 

while the Tohikon Creek drains into the Delaware directly.   
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Applying the drop-off pattern spatial analysis, I could determine the trade and exchange 

method being used for steatite in the Susquehanna and Delaware watersheds.  Interestingly, the 

distribution of steatite between drainages is biased.  The Susquehanna has significantly more 

sites than the Delaware drainage.  The same holds for the number of clusters found.   Each 

cluster evaluated has their own distinguishing characteristics.  One, Bucks Cluster, is found 

inland well off the Delaware River where 2 minor drainages meet while others were along the 

Susquehanna and still others within the minor drainages feeding into the Susquehanna.       
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CHAPTER  5 

DISCUSSION 

 

Steatite is not being used ubiquitously throughout the study region and time period.  Only 

seven percent of the sites use steatite but over ninety percent of those groups are in a riverine 

environment.  The results of the drop-off rates show that as steatite moves further from the 

source frequency of steatite increases in clusters.  There are clusters of sites concentrated within 

the watersheds and occasionally sites that have an abundance of this material. 

Using Stewart’s (1998) drop-off patterns it can be said that this steatite-using people 

seems to be directly procuring their steatite from the sources.  If steatite was moving in a hand-

to-hand trading system the models predict that there would be less frequency of steatite the 

further from the source and an abundance closer to the quarry.  There is a caveat to this trading 

model, if an item were of significant value it will move farther but you would see habitation 

locations close to the quarries with steatite being used.  That does not seem to be the case.  

Steatite appears to have been a valued material as shown by the mend holes that many bowl 

fragments possess, showing curation of this material.  However, there are no habitation locations 

within 8 miles to the preferred source locations.  People were not using steatite near the quarries 

even though there are habitation sites closer to the quarries.   

There is evidence of multiple resource procurement methods being utilized in this region.  

The type of trade and exchange may differ with material or group affiliation.  Other studies have 

shown down-the-line-trade for other commodities such as rhyolite and copper (Stewart 1989; 

Lattanzi 2013).  Steatite is being directly procured either through quarrying or at some 

rendezvous location. 
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Rendezvous Locations 

 

An additional trade and exchange model could also be present during this time period.  

Rendezvous or gathering places could act as trade and exchange hotspots like markets.  The idea 

supported by Renfrew (1975, 1977) and Hirth (1978) is that markets would have a larger reach 

of items as compared to reciprocal and redistribution exchanges.  These market spaces could be 

seasonal or more permanent.  Their patterning would look much like Stewart’s (1989) direct 

procurement with hoarding model and Hirth’s (1978) dendritic market network.  The interaction 

sphere of the market places is further than down-the-line trade and would look much like direct 

procurement. 

Hirth’s work is focused on Mesoamerica.  He discusses long distance trade in 

Mesoamerica at the inception of chiefdom societies.  His research found that high prestige item 

use would increase in stratified societies (Hirth 1978).  Since trade among partners in different 

regions would be unpredictable, leaders would need to guarantee access to these valued items in 

order to remain leaders.  The demand for these items would trigger the intensification of trade 

which would then start changing the socioeconomic structure of participating groups.  Certain 

areas would prosper and be used as trade locations between regions.  Hirth (1978) calls these 

prosperous areas "Gateway" communities.  Since wealth building does not seem to be a driving 

factor in the societies in my study region prosperity would have to be judged differently.    

These “Gateway” communities or gathering places are often set on major rivers or 

confluences and often serve as market places where hinterland groups can gather to do business 

and mingle with others (Hirth 1998).  Trade and exchange can be occurring at these rendezvous 

or gathering places.  These places could mark the beginning of market exchange in this area.  

These interactions can be single events or occur on a larger scale where multiple events occur at 
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the same time.  Hirth (1998) postulates that the number of transaction events that happen in a 

given location through time creates an institution that effects resource demand, number of items 

exchanged, and the efficiency in their movement.  Strong markets places, ones that provide 

materials for everyday living, will often outlive their governing groups and be reused through 

time.  These market places themselves become institutions within the culture and aren't usually 

affected by change, although they can be moved for political reasons.  The distribution patterns 

for these gathering places would look similar to the diagrams proposed by Hirth (1978) with the 

adaptation for riverine settlement patterns (Mouer 1991) (Figure 5.1).  More research is needed 

but it appears we have similar distribution patterns developing in the Susquehanna Drainage with 

one cluster in the Delaware.  

Hirth (1998) discusses how to recognize market exchange on the landscape.  Market 

exchange can be bartering or involve currency. Market exchange is an interaction where the 

transaction can be balanced or reciprocal.  Reciprocity requires items to be given and may not be 

reciprocated immediately but will be at some time.  This form of exchange builds obligations and 

relationships between people.  These interactions can be single events or occur on a larger scale 

where multiple events occur at the same time.  The number of transaction events that happen in a 

given location creates an institution that effects resource demand, number of items exchanged, 

the efficiency in their movement.  These market places themselves become institutions within the 

culture itself and aren't usually effected by change, although they can be moved for political 

reasons.    
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Figure 5.1 – Riverine and Non-Riverine Distribution Patterns from a Rendezvous Location 

The Haldeman Site has a long history of usage.  Fluted points and pottery were found showing 

an occupation from Paleoindian times through the Woodland Period.   Markets are most often 

place in areas that are central to main traveling arteries, like river confluences, which would 

make them also accessible to the hinterlands.  

In my study of the Hoffman Site and sifting through the data for this study I became 

intrigued with the idea of rendezvous or gathering locations.  The Hoffman Site, discussed earlier 

as an ongoing project, sits in the Inner Coastal Plain of New Jersey.  It had all of the criteria you 

would think would be present at such a site.  It has one of the highest concentration of steatite 

artifacts, large hearths, and a large quantity of mica.  There could be two reasons why this site 

has such a large quantity of steatite.  The first is that it was a gathering location where steatite is 

being used more intensely.  The second is that it could be a locale where steatite is procured 

Riverine 

Non-Riverine 
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through trade and exchange.  Traveling to get this material would require good relationships with 

the neighboring groups as they would have to pass near or through neighboring territories.  A 

central location on the main river for trade and exchange would cut travel costs and may serve to 

maintain relationships (Hirth 1978).  I have identified four sites in or around the study area that 

could fit the description of a rendezvous or gathering location.   

All are camps that are situated on river terraces or within floodplains near major 

waterways.  All locations also have a tributary close that feeds into the major river.  The sites are 

called Haldeman Island, P-11(which is also a cluster of steatite sites), Oberly Island, and the 

Hoffman Site. 

Haldeman Island 

 

The Haldeman Island Site (36DA0005) is classified as an open habitation location (Figure 5.2).  

The occupation periods are dated between the Archaic through Late Woodland.  The relative 

dating method used is based on point classification.  This location is on the floodplain of the 

Susquehanna River at its confluence with the Juniata River.   The landform is also situated where 

three watersheds converge: Juniata, Lower Susquehanna, and Lower Central Susquehanna 

watersheds.  The Juniata River’s Drainage is where the majority of the rhyolite quarries are 

located.   

The site has not been thoroughly excavated but rather the data found on the CRGIS 

system was reported by a collector.  Its collection is currently held in a repository at the 

Pennsylvania State Museum.  The site was revealed because of strip mining.  Inventories 

recorded a variety of stone materials.  The highest percentage of toolstone found was Rhyolite 

(61-70%) and Chert/Flint (21-30%) (CRGIS accessed 7/25/2017).  These stone types were  
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Figure 5.2 - Rendezvous Locations and Quarry Complexes 

crafted into a variety of point types.  The highest percentage of point types are the Piedmont 

Tradition (31-40%) and Perkiomen (11-20%).  As seen in Table 5.1, it is not unusual for the 

Susquehanna Watershed groups to use rhyolite as their primary stone choice.  The Haldeman 

Site has double the regional percentage of rhyolite.  These stone choices and point types solidly 

place this location within the study period along with the presence of steatite. The number of 

steatite pieces is recorded as being between 51-100 fragments.  Most sites record no steatite 

present (n=3,330).  This makes these high concentrations of steatite a telling detail.  This 

indicates that many people, who use steatite, are gathering at this location at certain times. 
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This site is remaining in the study even though it lacks recorded hearths.  The reasoning 

being the artifact collection does show a variety of tools that would imply a habitation location 

was not professionally excavated.  As mentioned earlier, amateur archaeologists don’t often 

record or collect FCR.  The collection includes netsinkers, hammerstones, hoes, grinding stones, 

etc.  Any group staying here for resource procurement would likely light a fire to cook for 

themselves.  In this island environment, with very sandy soils, hearth features which are usually 

denoted by discolored soil would experience leaching of color (USDA Web Soil Survey 2017).  

Such leaching makes it difficult to identify soil features.   

This site sits on the Susquehanna River, traveling South, just before a ridgeline with the 

height that reaches over 1200 ft.  Geographically the ridgeline would be a significant obstacle to 

cross and could even be a territory marker as this is very near the contact areas between the 

Juniata, Lower Susquehanna, and Lower Central Susquehanna watersheds (CRGIS accessed 

7/25/2017).  This site and P-11 just North over the next ridgeline could serve as a rendezvous 

location that would serve the hinterlands.   

 

Table 5.1  

 

Lithic Use of Susquehanna and Delaware Valleys. Adaptation from Custer (1996:191, 

Table 19)   

Collection  Qrtz Qrtzt Siltst. Rhyo Argill. Chert Jasp. Chal Other 

Sus. 

Valley 

# 

% 

1641 

20% 

1349 

17% 

404 

5% 

2936 

36% 

1208 

15% 

306 

4% 

126 

2% 

57 

1% 

15 

<1% 

Del. 

Valley 

# 

% 

657 

7% 

2648 

29% 

103 

1% 

176 

2% 

2705 

30% 

1824 

20% 

783 

9% 

148 

9% 

0 

0 
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Figure 5.3 – Haldeman and P-11 Sites 

P-11 

 

P-11 (36PE0060) is an open habitation site on the floodplain of the Susquehanna River 

just eleven miles north of the Haldeman Site (Figure 5.3).  If traveling the river while rowing 

upstream you would pass through two ridgelines.  Geographically the ridgeline could denote a 

separate territory who uses P-11 as a gathering location.  The artifacts found support this idea.  

The site was radiocarbon dated within this study period (CRGIS accessed 7/25/2015)[See Table 

5.2].  
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This site was systematically tested.  During excavations 201 steatite fragments were 

found, a large concentration.  No other site along the Susquehanna Watershed of Pennsylvania 

has more steatite.  The preferred lithic material was rhyolite (71-80%) followed by chert/flint 

(21-30%).  One hundred and thirty-four Susquehanna Points were excavated.  This point type 

relatively dates the site to the Transitional Period.  We know that rhyolite is an exotic material 

preferred during the study period and is only found in isolated areas well away from this 

location.  The carbon attained for dating was found in the three hearths and 13 FCR features.  

The radiocarbon dates in Table 5.2 show that many of the carbon dates overlap or are 

contemporary.  These dates span the study’s entire time frame.   

P-11 sits in an interesting topographic situation.  The Susquehanna River takes a short 

quick bend as it cuts through a ridgeline.  Natural barriers can serve as divisional markers.  This 

is the most northern gathering site on the Susquehanna according to current data.  This area  

Table 5.2 

 

Radiocarbon Dates for P-11. CRGIS accessed 7/25/2015.  

Radiocarbon Dates 

120 (+/-80) 2750 (+/-140) 

270 (+/-40) 3180 (+/-140) 

1090 (+/-40) 3200 (+/-40) 

1600 (+/-40) 3270 (+/-40) 

1720 (+/-40) 3330 (+/-40) 

1750 (+/-70) 3440 (+/-40) 

1760 (+/-60) 3570 (+/-40) 

1760 (+/-110) 3880 (+/-110) 

1990 (+/-60) 4630 (+/-40) 

2420 (+/-70) 4740 (+/-40) 

2280 (+/-110) 4750 (+/-40) 

2730 (+/-130) 5010 (+/-100) 
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would serve as an outpost for hinterland groups, as there is still small-scale steatite use dotted 

along the northern branch of the Susquehanna up to the next large cluster, the NY Cluster, near 

the New York border with Pennsylvania. 

Oberly Island 

 

The first site to be discussed in the Delaware Watershed is Oberly Island (36NM0140).  

The site is in the floodplain of the Lehigh River near its confluence with the Delaware River 

(Figure 5.4).  The Lehigh is one of the larger tributaries draining into the Delaware River and 

winds through the Ridge and Valley Physiographic Region up the Pocono Mountains to its origin 

on the Pocono Plateau.  

 

Figure 5.4 - Oberly Site and Jasper Quarries 
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The piece of land on which the site sits became an artificial island after the Lehigh Canal 

was built in the 1820s.  Oberly Island was excavated as part of a highway compliance survey.  

The soil study performed relatively dated occupations from the Middle Archaic through to Late 

Woodland (URS 1999).   

  

 

Table 5.3  

 

Radiocarbon Dates Obtained from the Oberly Island Site.   

Adapted from Oberly Island Report ER 88-0224-095.   

LabSample No. Context Conventional 

Radiocarbon Age 

(BP) 

Calibrated 

Results(2 sigmas) 

Beta-105799 Feature 22, small 

stain with pebbles 

and cobbles (60.65-

60.44m AMSL) 

 

1680±70  

 

AD 225-550 

Beta-105331 Feature 24,cobble 

concentration 

(60.31-60.28 m 

AMSL) 

 

2010±70 180 BC- 135 AD 

 

Beta-105803 EU 217 (60.39 m 

AMSL) 

4460±60 3350-2915 BC 

 

Beta-105802 EU 171 (60.05 m 

AMSL) 

6340±70 5425-5095 BC 

 

Beta-105328 EU 131 (60.72 m 

AMSL) 

900±60 1015-1265 AD 

 

Beta-105330 EU 188 (60.64 m 

AMSL) 

1920±100 150 BC- 350 AD 

 

Beta-108183 Feature 20, pavement 

of firecracked 

rocks (60.68 m 

AMSL) 

 

2950±100 1295-1000 BC 

 

All radiocarbon dates are based on charcoal samples. 
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There were seven C14 dates collected from the site.  Three of the dates place the site in 

the time period under investigation (Table 5.3).  Their dates range from 5425 BC to 1000 BC. 

The features found throughout the varied time periods included hearths, rock pavements, and 

diffuse hearths.  The hearths were identified by dense concentrations of fire-cracked rock with 

fragments of charcoal and reddened soils.  “Scattered diffuse hearths” are areas where smaller 

stones used in cooking were discarded (URS Greiner Woodward Clyde 1999; Cavallo 1987).   

Systematic testing also uncovered one-hundred and one (101) steatite fragments.  There 

are no signs of that material being utilized up the Lehigh River until Nesquehoning Creek which 

is over thirty miles upriver from the Oberly Site. In total, 26 features were identified in the 

Oberly Island Site (Table 5; Figure 62) (URS Greiner Woodward Clyde 1999).  The features 

described below are along the length of the levee and were mostly hearths or cooking areas.  

Hearths and diffuse hearths were found in the E/BE- Late Woodland, upper Bt- Early to Late 

Woodland, and lower Bt-horizons (Middle to Late Archaic).  Pavements were found in the E/BE- 

and upper Bt-horizons (URS 1999). These distributions indicate that the use of hot rocks and 

stone boiling activities were conducted throughout much if not all of the occupations at Oberly 

Island. This site not only sits very close to the confluence of the Lehigh and Delaware rivers but 

it also sits at an access point to the jasper quarrying complex (Figure 5.4).  Chert and jasper 

dominate the debitage. They are the predominant raw material represented in the chipped stone 

assemblage (Table 5.4).  

It is no wonder, given Oberly’s proximity to the jasper and chert quarries in Lehigh, 

Northampton, and Bucks counties, that the assemblage found is skewed with heavy 

concentrations of these toolstones.  As seen on Figure 6.4 the Lehigh River could act as a water 
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passage inland giving access to the quarry complexes well off of the main river.  Witthoft (1952) 

discusses the reliance in the Delaware Valley on different stone materials than the Susquehanna 

Valley.  Table 5.4 shows a very small quantity of rhyolite being utilized at this site.  In other 

areas, namely the Susquehanna Watershed, heavy use of rhyolite is marked in the archaeological 

record.  

Hoffman Site 

 

The Hoffman Site, discussed earlier as an ongoing project, sits in the Inner Coastal Plain 

of New Jersey.  Walker and DiGiugno (2012) note that many of the identified features do not 

intersect each other which is in their words relatively uncommon for heavily used sites (Custer 

2013).  The nature of the sands on this bluff make investigation of the stratigraphy difficult and it 

seems that areas of the landform had limited deposition but that would have made previous uses 

of the site visible to either transient groups or groups gathering in the same location overtime. 

Table 5.4 

Chipped Stone Assemblage. (URS 1999) 

Material Percentage # of chipped stone artifacts 

Jasper 57% n=19,191 

Chert 37% n=12,485 

Quartzite 2.7% n=919 

Chalcedony 25% n=851 

Quartz >1% n=160 

Argillite >1% n=27 

Rhyolite >1% n=6 
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Most of the artifacts found are from the Pre-contact Period and have been relatively 

dated.  The site saw intense usage from the Late Archaic through the Early Woodland (Walker 

and DiGiugno 2012).  There is evidence for the site being used through the Late Woodland but 

site usage seems to have changed with more of a focus on lithic reduction than on utilizing large 

hearths no longer visualy present (Walker and DiGiugno 2012).   

Table 5.5  

 

Table 4 Prehistoric Artifact Quantities from 28GL228. 

(Walker and DiGiugno 2012) 

Artifact Type Total Percentage 

Argillite Debitage 34,508 36.35% 

Quartz Debitage 4,792 5.05% 

Chert Debitage 6,682 7.04% 

Jasper Debitage 19,691 20.74% 

Mica 516 0.54% 

Other Lithics 24 0.03% 

Pottery 5,314 5.60% 

Soapstone 354 0.37% 

Tools/Biface Fragments 749 0.79% 

FCR* 22,290 23.48% 

Total 94,920 100.00% 

 

 

Mica, steatite, and Cohansey Quartzite are all non-local materials found on 28GL228 

(Table5.5).  These three materials suggest groups using this site either had interactions with non-

local groups or that this location was a connection point where diverse groups would come for 

resource procurement especially during the height of site utilization.  Artifact evidence from the 

Hoffman Site shows that fish were processed, soapstone was used, and Marcey Creek pottery 

was present.   

Fifty-nine features were denoted during excavations, many of these were large hearth 

features. Of the 25 features described as hearths six were not dated.  The rest of the hearths were 

attributed to the study period by relative dating.  The remaining features are designated as pits or 
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post molds. Walker and DiGiugno (2012) note that many of the identified features do not 

intersect each other which is relatively uncommon for heavily used sites (Custer 2013).  The 

nature of the sands on this bluff make investigation of the stratification difficult and it seems that 

areas of the landform had limited deposition but that would have made previous uses of the site 

visible to either transient groups or groups gathering in the same location overtime.  

Another interesting aspect of this site is the discovery of red and yellow ochre in some of 

the features.  No burials have been found but the presence of this material in some features could 

reflect a form of ceremony or ritual (Kraft 2001).   Red ochre, to this day, has special 

significance to Native American groups.  When women are visiting or handling human remains 

red ochre is often applied to their cheeks or a little more discreetly to the mastoid region of the 

skull (personal communication, Cece Biggoose, Delaware Tribe).  This marking is said to give 

protection and to also mark oneself so to be recognized by the dead as a friend or family.     

While the Hoffman Site is not in Pennsylvania it was the springboard for the 

investigation into gathering locations being utilized in trade.  This property has an outstanding 

number of steatite fragments.   To date over 330 steatite fragments have been found along with 

features such as large hearths and the abundance of mica clearly indicates that this site was used 

for activities other as well as subsistence.  The Hoffman Site sits on a sandy bluff high above the 

Delaware River across from a high order stream that gives access to the lands along the borders 

of the Susquehanna and Delaware rivers’ watersheds. 

Summary 

The above sites are special because of the quantity of steatite found.  Most sites 

containing steatite are recorded as having less than 10 bowls/fragments.  The drop off models 

show that individuals are quarrying this material directly or using these select sites as rendezvous 
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locations to acquire steatite.  This material comes at a substantial price.  The material is at a great 

distance, requires extensive labor quarrying and shaping into bowls, and the materials weight 

would make transporting a chore.  As there are no long-term habitation locations found within 10 

miles of the quarries subsistence activities were most likely limited at the quarry which means it 

was more than likely not a large group activity.      

There are a few other sites in the Middle Atlantic Region, but outside this study, that also 

have steatite, large hearths, and an abundance of a secondary resource.  They include: the Abbott 

Farm Complex in New Jersey, the Wilbur Isley Site and the Octorara Complex in Maryland.  

Abbott Farm is a remarkable place that was utilized for a very long time on the Delaware River 

just below Trenton.  This site also has the criteria I set for evaluating a gathering location.  

Abbott Farm has many steatite pieces with large platform hearths and an abundance of argillite; 

many of these tools were in caches (Volk 1911).  The Delaware Watershed sites, including 

Abbott Farm, have steatite along with direct evidence of other cultural significant activities.  

Abbott Farm and Oberly Island have burials and the Hoffman Site has evidence of red and 

yellow ochre being used.  All  three sites have evidence of ritual use which to this point is not 

seen in the Susquehanna River gathering locations 

The Wilbur Isley sites and the Octorara Complex are along the Susquehanna River south 

of the Conowingo Dam.  Shaffer (2008) holds these two sites as examples of seasonal 

rendezvous locations where groups could gather as they are just upriver to the confluence with 

the Chesapeake Bay.  One of the sites he notes had an abundance of broken bannerstones.   The 

Wilbur Isley and the Octorara Complex sites could have gotten their steatite goods from either 

the Soapstone Hill Complex or a quarry North of US Route 1 crossing the Susquehanna River in 

Maryland.  An unusual feature to the steatite bowls/fragments found at these sites is that some 
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are decorated (Shaffer 2008). Shaffer (2008) postulates that the decoration could act as a form of 

communication between differing groups. 

I began this discussion by examining the results from the trade and exchange study.  

Steatite appears to be directly procured from its source location.  The drop-off rates show an 

increase in frequency of steatite the further one moves away from the source.  This research has a 

few biases.  First, the study hinges on data entered into a computer system sometimes well after 

the site discovery and often the data is entered by someone other than the excavator.  My choice 

to extend the research time period well beyond the standard for the Transitional Period could 

also skew the sample, although, when looking at only the Transitional sites only 14% of those 

had steatite.  This number is still small and could reflect that the steatite using groups are a 

minority.  An intriguing result of this study was learning of other sites, like Hoffman Site, within 

the two drainages.   

These sites demonstrate characteristics that could be markers of a gathering or 

rendezvous location for steatite and/or other culturally significant reasons for example, the 

Hoffman Site has fish remains found within its assemblage along with evidence of red ochre.  

The Oberly site and Abbott Farm also have evidence of ochre use.  More intensive study of the 

other named sites should be performed.  The P-11 Site, within the cluster by the same name, 

would be one of the locations that should be further studied.  The sites within the cluster should 

be examined for affiliation.  The Elizabethtown Cluster should also be examined more closely 

for the same.  This cluster sits strategically along the Susquehanna where many drainages meet 

the river.  Of course, the New Jersey portion of the Delaware Watershed should be examined for 

steatite site distribution and affiliation to the Oberly, Abbott Farm, and Hoffman sites.  These 



 
 

78 
 

future investigations could reveal the beginnings of rendezvous locations that could be used for 

trade and exchange.     

Conclusion 

 
The drop off models utilized show that the site frequency for steatite increases with 

distance.  The distances for frequency seem to peak at the 31- 60 mile bracket, 61-90 mile 

bracket, 151-180 mile bracket.  The West Branch of the Susquehanna has the highest 

concentration of steatite sites and sits in the 151-180 mile bracket. Steatite, in the form of bowls, 

from both the Delaware and Susquehanna drainages seems to have been directly procured from 

their sources but this material is not used ubiquitously throughout the region.  It appears only 

certain groups are using steatite. 

There could be evidence of rendezvous locations and some examples were given in this 

paper but the idea requires further investigation. There were locations that according to their 

archaeological collections point to the possibility for trade and exchange.  If their steatite was 

counted, especially the Elizabethtown and P-11 Clusters, the data could indicate a pattern of 

higher concentration of steatite in or near these high-density steatite clusters.  This paper has left 

many questions.  Could Susquehanna River people be running a market, trading with the 

hinterlands of their drainages?  Gathering locations can be so integral to a community that it can 

outlast the originators and become culturally engrained within a group such as Abbott Farm or 

any of the other sites identified.  Future work will need to be done to determine if the people in 

these drainages were walking towards a more hierarchical society.  I would like to see future 

research that requires updating the steatite counts within the PHMC’s database for each location.  

This would help to further discuss high density loci for steatite usage.  In places like the P-11 and 

Elizabethtown clusters, analyses to compare assemblages should be conducted to see if these 
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groups were interrelated in some way.  Detailed studies of these clusters could also examine the 

social complexity exhibited by these steatite people.  One trade and exchange system does not 

preclude another.  People living within the Susquehanna and Delaware drainages could have 

been using both direct procurement alongside trade and exchange rendezvous locations.   
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APPENDIX A 

 

SAMPLE XRF RUN WITH AVERAGES 

Reading 
No Duration Units SAMPLE Zr Rb As Zn Ni Fe 

4486 180 ppm hb2c 8.84 0 9.34 25.42 878.79 25696.8 

4520 180 ppm hb2c2 19.14 0 11.21 35.09 989.1 28963.8 

4521 180 ppm hb2c3 10.68 0 10.59 49.49 986.82 37944.16 

   

average ppm 12.887 0 10.38 36.667 951.57 30868.25 

          4487 180 ppm hb5c 11.72 0 13.67 41.87 1218.88 43065.64 

4522 180 ppm hb5c2 14.32 0 13.73 62.46 1298.12 48816.85 

4518 180 ppm hb5c2 10.76 0 18.57 50.03 1162.67 40803.48 

4523 180 ppm hb5c3 20.69 0 14.03 42.6 1377.36 42174.85 

4519 180 ppm hb5c3 10.13 0 13.58 51.79 1336.62 48481.38 

          4485 180 ppm hc5b 4.45 0 16.71 50.8 433.33 37409.55 

4507 180 ppm hc5b2 23.5 3.31 23.49 63.91 534.2 66792.5 

4508 180 ppm hc5b3 6.67 0 14.73 51.61 479.25 48837.45 

   

average ppm 11.54 1.103 18.31 55.44 482.26 51013.17 

          4477 180 ppm he2b 110.66 0 0 39.8 1275.75 31590.13 

4532 180 ppm he2b2 5.11 0 11.92 26.32 1249.2 31392.94 

4533 180 ppm he2b3 75.5 0 18.17 41.56 1355.62 42654.79 

   

average ppm 63.757 0 10.03 35.893 1293.52 35212.62 

          4478 180 ppm he5c 13.91 0 11.81 40.53 1243.86 40954.55 

4528 180 ppm he5c1-2 21.77 4.14 18.59 43.96 1891.28 55480.55 

4529 180 ppm he5c1-3 65.42 3.29 18.37 42.94 1590.01 43530.06 

   

average ppm 33.7 2.477 16.26 42.477 1575.05 46655.05 
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Mn Cr V Ti Sc Ca K Mn Cr V Ti 

232.63 364.53 97.01 1358.66 41.58 0 2065.2 1267.5 1436 1604.2 1773 

305.78 404.88 85.83 935.36 39.14 0 1863.46 1064.4 1201 1337 1473 

585.63 2150.86 167.02 1416.19 0 0 2320.15 1053.5 1080 1106 1132 

374.68 973.423 116.62 1236.74 26.91 0 2082.94 1128.5 1239 1349.1 1459 

           1251.71 648.46 118.05 1008.8 40.69 1453.53 2163.46 1564.7 1717 1869.5 2022 

1511.98 1058.87 130.95 1085.25 0 3428.93 2082.11 2231.1 2457 2682.5 2908 

1091.49 669.54 95.15 1032.85 42.46 1286.17 1992.21 1441.8 1580 1719.1 1858 

1065.79 720.72 115.36 1178.58 29.1 728.83 2155.17 1313.1 1427 1541.5 1656 

1305.88 1060.14 160.36 1174.08 0 3526.11 1769.63 2165.6 2386 2605.8 2826 

           463.98 1712.93 124.06 706.68 47.66 0 1365.81 517.76 489.3 460.85 432.4 

1908.56 528.58 198.42 2607.69 0 603.93 3458.96 1987.1 2151 2315.9 2480 

749.07 1684.97 118.34 674.23 0 0 859.04 132.47 19.67 -93.13 -206 

1040.54 1308.83 146.94 1329.53 15.89 201.31 1894.6 879.11 886.8 894.54 902.3 

           396.35 368.71 84.19 1579.72 39.21 738.19 2951.5 2073.9 2372 2671 2970 

210.12 1053.43 78.2 814.53 21.1 684.8 2126.23 1420.3 1597 1774.2 1951 

675.83 494.72 76.58 1251.97 38.23 0 2773.25 1510.7 1699 1886.8 2075 

427.433 638.953 79.657 1215.41 32.85 474.33 2616.99 1668.3 1889 2110.7 2332 

           576.35 1100.02 110.23 1701.26 0 953.28 2214.29 1595.1 1756 1917.2 2078 

288.53 957.58 102.65 2292.67 0 0 4318.47 2576 2936 3295.4 3655 

235.08 968.44 104.22 2895.99 51.81 0 5537.63 3387.4 3884 4381.5 4879 

366.653 1008.68 105.7 2296.64 17.27 317.76 4023.46 2519.5 2859 3198.1 3537 

           659.55 506.84 115.11 740.31 0 911.69 1328.04 994.51 1091 1187.4 1284 

1168.77 491.58 142.68 780.36 97.09 1590.27 1236.78 1123.3 1207 1291.6 1376 

236.71 886.59 59.86 1134.22 0 0 1687.43 931.99 1022 1111.9 1202 

688.343 628.337 105.88 884.963 32.36 833.987 1417.42 1016.6 1107 1197 1287 
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Sc Ca K Mn Cr V 

1941 2109.194 2277.52 2445.8521 2614.18 2782.5107 

1610 1745.968 1882.28 2018.5818 2154.89 2291.1954 

1158 1184.742 1210.99 1237.2293 1263.47 1289.7164 

1570 1679.968 1790.26 1900.5544 2010.85 2121.1408 

      2174 2326.824 2479.25 2631.6832 2784.11 2936.5425 

3134 3359.586 3585.28 3810.9829 4036.68 4262.38 

1996 2135.145 2273.81 2412.4825 2551.15 2689.8204 

1770 1884.182 1998.4 2112.6179 2226.84 2341.0536 

3046 3266.081 3486.18 3706.2832 3926.38 4146.4854 

      403.9 375.4839 347.028 318.57179 290.116 261.65964 

2645 2809.139 2973.55 3137.9586 3302.37 3466.7786 

-319 -431.526 -544.32 -657.1239 -769.92 -882.7218 

910 917.6988 925.417 933.13548 940.854 948.57214 

      3268 3566.655 3865.21 4163.7575 4462.31 4760.8596 

2128 2304.978 2481.91 2658.8325 2835.76 3012.6875 

2263 2450.805 2638.82 2826.8389 3014.86 3202.8725 

2553 2774.146 2995.31 3216.4763 3437.64 3658.8065 

      2239 2400.454 2561.53 2722.6046 2883.68 3044.7554 

4015 4374.56 4734.28 5093.9896 5453.7 5813.4189 

5376 5872.783 6369.87 6866.9514 7364.04 7861.12 

3877 4215.932 4555.22 4894.5152 5233.81 5573.0981 

      1380 1476.668 1573.1 1669.5293 1765.96 1862.3907 

1460 1544.018 1628.15 1712.2907 1796.43 1880.5636 

1292 1381.833 1471.8 1561.77 1651.74 1741.7071 

1377 1467.506 1557.68 1647.8633 1738.04 1828.2205 

 


