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ABSTRACT 

The Late Mississippian and Woodland periods in the Catawba River valley of North 

Carolina have been characterized by a number of archaeological phases and pottery types 

believed to represent two primary ancestral groups; the Siouan people believed to be ancestral to 

the Cherokee and the Catawba people, ancestral to the modern Catawba nation. The Catawba 

were initially believed to be a subgroup, probably Siouan, that migrated from the north in the 

sixteenth century. More recent research through the 1970s to today has more firmly established 

them as a northern extension of the Lamar people who lived further south of the Catawba River 

valley.  

Pottery samples recovered from this area and representing five different types (Burke, 

�3�L�V�J�D�K�����&�R�Q�Q�H�V�W�H�H�����&�R�Z�D�Q�¶�V���)�R�U�G�����D�Q�G���+�\�E�U�L�G���3�L�V�J�D�K-Burke) were analyzed using pXRF data to 

examine the potential geochemical subgroups among these pottery types. Principal Components 

Analysis was used as the primary method to explore geochemical groupings and their 

characteristics. Five separate geochemical group were defined that generally correspond to the 

sherd types included and regions in which the sherds are likely to have been constructed. The 

inclusion of a high number of Burke sherds in two of these groups points toward close 

association of these sites. Sherds showing both Pisgah and Burke characteristics found at the 

Berry site appear to have been constructed using paste similar to the Burke sherds at this site 

indicating they are likely to have been constructed by Pisgah people residing at this site. 

Connestee and Pisgah sherds, which are from a separate river valley and thought to be culturally 

related, are very similar in paste. Pisgah/Burke sherds from the McDowell site show unique 

characteristics from all others in the dataset.  
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1 INTRODUCTION  

This is a geochemical analysis. The ultimate goal of this thesis is to analyze the elemental 

characteristics of a set of pottery sherds and separate them into groups of similar pottery sherds 

and separate groups of more dissimilar sherds from which tentative conclusions can be drawn 

about their origins and techniques used in their manufacture. For instance, sherds that have very 

similar geochemical characteristics are more likely to have been made from clay that was 

harvested from the same or similar locations. This interpretation will centrally depend on the 

nature of the similarities or dissimilarities of the sherds in terms of the elements they contain. 

Some elements are reflective of geographical changes in the landscape while others may be more 

reflective of steps that were taken in the manufacture. Some changes may have then occurred 

while the pottery was being manufactures and others may have occurred after the pottery was 

discarded and deposited into the soil. The study and definition of these differences will allow us 

to make interpretations about cultural and/or organizational practices of their potters and possible 

actions that occurred after their manufacture, like trade, transport, and discard. Still other 

characteristics may reflect changes post deposition. 

The set of sherds being analyzed comes from the Catawba River valley and areas close to 

it as shown in Figure 1.1. There is an interesting and unique history to this area that includes the 

arrival and varied relationships between groups during the late Woodland and Mississippian 

periods, their contact with Spanish conquistadors in the sixteenth century, and the establishment 

of the first fort in the interior of the United States. Analysis of the pottery created by these 

groups and during these periods can provide useful information about the interactions between 

these groups and the effects on indigenous people of the area as a result of European contact.  
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Figure 1.1 Overview of Western North Carolina and the Sites Included in the Study 

1.1 The Brief Colonial Expedition by Conquistadors in the Catawba River valley 

The first historical account of people living in the Catawba River valley emerged from 

Spanish reports during the middle of the sixteenth century involving Juan Pardo and Hernando 

de Soto. There are four eyewitness accounts and one history written from interviews of people 

who joined the De Soto expedition (1539-1542) and five eyewitness accounts from the Pardo 

expeditions (1565 and 1566) (Moore 1999: 22).  

In 1566, Spain was at the height of its colonial power and hungry for more though not 

without vast expenditures of capital and soldiers in the far-flung reaches of the world. In 1492, 

Christopher Columbus made the first visit to the Americas with the intent of establishing it as a 

European colonial outpost. Since then, Cortes had subjugated the Aztecs in 1521, capturing 

enormous wealth for the Spanish crown and establishing a new capital city on top of one of their 

largest religious temples. Pizarro conquered the Inka in 1532 and captured additional enormous 
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riches for Spain.  Along with the Americas, the Spanish held territory in Africa and Asia giving 

it strongholds on five continents (Beck et al. 2016). 

Spanish possessions in the American Southeast along the coasts and into the Appalachian 

Mountains were far less successful than those in Mexico and South America. What little success 

had been gained in the Southeast came in the form of two colonies established by Pedro 

Menendez de Aviles; Saint Augustine and Santa Helena, now Parris Island, South Carolina. 

Hernando de Soto conducted a famous entrada to the interior of the Southeast beginning in 1539 

and discovered little in the way of riches while losing most of his soldiers and his own life in the 

effort. Additional expeditions launching from the east coast of North America by Juan Ponce de 

Leon (1521), Lucas Vasquez de Ayllon (1526), Panfilo de Narvaez (1528) and Tristan de Luna 

Y Arellano (1559-1560) were similarly disastrous (Beck et al. 2016: 5).  

So, it must �K�D�Y�H���E�H�H�Q���Z�L�W�K���V�R�P�H���W�U�H�S�L�G�D�W�L�R�Q���W�K�D�W���-�X�D�Q���3�D�U�G�R�����D���P�H�P�E�H�U���R�I���W�K�H���N�L�Q�J�¶�V��

royal guard, set out from Santa Helena in 1566 with 125 of his 250 soldiers under orders to 

establish a road from Santa Helena south to Spanish silver mines in Mexico (Beck et al. 2016: 5). 

The Spanish mistakenly believed the Appalachians to be the same mountain range as the Rockies 

and therefore believed they could pass over these and head due south to reach Mexico. This 

became a moot point as Pardo never passed beyond the Appalachians (Beck et al. 2016: 7). He 

made his way north through the important villages of Canos (Cofitachequi) and Ysa to Joara, a 

major town in what is now the North Carolina piedmont and the Catawba River valley near 

Morganton (Figure 1.2). Pardo arrived in Joara (also called Xualla) in December of 1566 and 

saw that there was already snow on the peaks of the mountains he could see from there. He 

decided to stop there and establish a more permanent outpost for future expeditions (Beck et al. 

2016: 5).  



PIFER-NORTH CAROLINA POTTERY  
4 

 

Figure 1.2 Overview of the Route Travelled by Juan Pardo (Beck et al. 2016: 32) 

Pardo lingered in Joara for only around 15 days. He then received word that the French 

were maneuvering toward Santa Helena and took half his soldiers and left to return to the aid of 

th�H���6�S�D�Q�L�V�K���F�R�O�R�Q�\�����,�Q���K�L�V���D�E�V�H�Q�F�H�����3�D�U�G�R�¶�V���V�R�O�G�L�H�U�V���U�H�P�D�L�Q�H�G���E�X�V�\�����7�K�H�\���F�R�Q�Y�L�Q�F�H�G���W�K�H���O�R�F�D�O��

�L�Q�K�D�E�L�W�D�Q�W�V���W�R���K�H�O�S���W�K�H�P���L�Q���H�V�W�D�E�O�L�V�K�L�Q�J���D���V�P�D�O�O���Y�L�O�O�D�J�H���W�K�H�\���F�D�O�O�H�G���&�X�H�Q�F�D���D�I�W�H�U���3�D�U�G�R�¶�V��

hometown in Spain. Then, they built the first fort in the interior of North America, which they 

�G�X�E�E�H�G���6�D�Q���-�X�D�Q�����$���V�H�U�J�H�D�Q�W���R�I���3�D�U�G�R�¶�V���D�U�P�\�����+�H�U�Q�D�Q�G�R���0�R�\�D�Q�R���X�V�H�G���K�L�V���P�L�O�L�W�D�U�\���V�N�L�O�O���W�R��

strengthen the Spanish relationship with the cacique and other leaders of Joara by venturing out 

to fight their conflicts with them in 1567. He led two devastating raids on villages east of Joara 

called Guapere and Maniatique. Thirty days after Pardo had left to return to Santa Elena, 

Moyano sent word that he had conquered a cacique named Chisca killing more than a thousand 
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(according to him but the count is very unlikely) native inhabitants and burning more than fifty 

of their structures and requested permission to proceed further (Beck et al. 2016: 9; Hudson 

1976: 320).  

�:�R�U�G���W�K�H�Q���F�D�P�H���W�R���0�R�\�D�Q�R���W�K�D�W���D�Q�R�W�K�H�U���³�F�D�F�L�T�X�H���R�I���W�K�H���P�R�X�Q�W�D�L�Q�V�´���K�D�G���D�V�V�H�P�E�O�H�G��his 

own warriors and was out on the trails in pursuit of the army with plans to eat his soldiers and his 

dog (Beck et al. 2016: 9). True to form, Moyano responded with aggression, seeking out this 

cacique with 19 soldiers and a number of warriors from Joara. They found the cacique after four 

days of marching behind a fortified and palisaded town. They tore down the palisade and killed 

another 1,500 (according to Moyano) and burned the village to the ground (Beck et al. 2016: 9).  

Returning to Joara, Moyano and his soldiers and warriors brought back several native 

women from the towns conquered to the east. One of these was Luisa Mendez who married one 

of the soldiers used frequently as a translator, Juan de Ribas. Ribas later testified that Luisa 

Mendez was a cacique from Maniatique, one of the two towns destroyed by Moyano. This town 

is now believed to have been located along the north fork of the Holston River near present day 

Saltville, Virginia. Moyano then proceeded from Guapere to a town called Chiaha where they 

were greeted on friendly terms before returning to Joara (Beck et al. 2016: 10-12).  

Pardo returned to Joara on orders from Menendez on September 1, 1567 with 120 

soldiers. He reached Canos/Cofitachequi once again on September 10 and then Joara again on 

�6�H�S�W�H�P�E�H�U�����������%�\���W�K�L�V���S�R�L�Q�W�����0�R�\�D�Q�R�¶�V���Y�L�R�O�H�Q�F�H��along with the impolite conduct of some of the 

Spanish soldiers �K�D�G���Z�R�U�Q���K�L�V���Z�H�O�F�R�P�H���W�K�L�Q���L�Q���-�R�D�U�D�����+�H���Z�D�V���Q�R�W���S�U�H�V�H�Q�W���D�W���3�D�U�G�R�¶�V���D�U�U�L�Y�D�O���D�Q�G��

�O�H�D�U�Q�H�G���W�K�D�W���W�K�H���L�Q�G�L�J�H�Q�R�X�V���S�H�R�S�O�H���³�K�D�G���K�L�P���X�Q�G�H�U���V�L�H�J�H�´���L�Q some other town to the east (Beck et 

al. 2016: 13). Pardo set out to aid Moyano and visited several more towns in the north including 

the proto-Cherokee towns of Cauchi, Chiaha and Tocae. They located Moyano who was no 
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longer in danger. Pardo established two new forts in Olomico (Fort San Pedro) and Cauchi (Fort 

San Pablo). However, word was travelling throughout the mountains that the indigenous people 

were organizing to expel the Spanish. They returned to Joara and spent twenty days there to 

recover from their ventures north and east as the soldiers were now exhausted and ill equipped 

(Beck et al. 2016: 10-14).  

Evidently Pardo was cognizant that Moyano had damaged the likelihood of success in his 

mission to establish relationships with the local people of the present-day Carolinas outside of 

(or perhaps including) those he had supported in Joara. After returning with Pardo to Joara, 

Moyano was demoted and Pardo attempted to smooth over damaged relationships by accepting 

diplomatic visits from more than 25 caciques and oratas from towns such as Quinahaqui, 

Guaquiri, Catape, Ysa Chiquito and Cherokee towns along the Broad, Saluda and Savannah 

�5�L�Y�H�U�V���D�Q�G���P�R�U�H���O�R�F�D�O���W�R�Z�Q�V���W�K�D�W���Z�H�U�H���S�U�R�E�D�E�O�\���X�Q�G�H�U���W�K�H���X�P�E�U�H�O�O�D���R�I���-�R�D�U�D�¶�V���S�R�O�L�W�\�����%�H�F�N���H�W���D�O����

2016: 14). Pardo must have underestimated the ability of the native people to organize in the face 

of aggression or the severity of the animosity Moyano had inspired. Moyano was later killed 

during native resistance in Santa Elena emanating from outrages in Orista and Guale in 1576 

(Beck et al. 2016: 63). 

Pardo set out once more to look for treasure among the Appalachians beginning in 

December of 1567. He arrived once again in Guatari, a rival polity to Joara, on December 15. 

Like Luisa Mendez of Maniatique, the town of Guatari and its subordinate towns was led by a 

woman. Passing through Canos/Cofitachequi in 1540, Hernando de Soto had reported this town 

being led by a woman as well, making three major towns led by women during this period. 

Passing through a handful of other towns (Figure 1.2, Pardo returned to Canos on January 23 and 

stayed 18 days and built Fort Santo Tomas, which he garrisoned with thirty men. He left Canos, 
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passing through the Coastal Plain town of Orista and returned to Santa Elena with a dozen men 

on March 2, 1568.  

In addition to Moya�Q�R�¶�V���L�Q�G�H�S�H�Q�G�H�Q�W���H�[�S�H�G�L�W�L�R�Q�V���D�V���D���Z�D�U�O�R�U�G�����U�H�O�D�W�L�R�Q�V�K�L�S�V���E�H�W�Z�H�H�Q���W�K�H��

Spanish and the indigenous people living around the various forts Pardo had established were 

severely strained by poor planning and the imperious and undisciplined conduct of the soldiers. 

First, the Spanish made what the native people saw to be unreasonable demands for food and 

probably disrupted the delicate balance in the supply of food available to the residents, especially 

during winter when most of this action had occurred. When the Spanish had first arrived, they 

were able to gain supplies from the local people without the threat of force by engaging in trade. 

However, especially in the smaller and more far-flung areas where Pardo had established forts, 

no trade goods were apparently left behind for this purpose. Yet, the Spanish soldiers continued 

to demand food and supplies from the local residents as they considered them now subjects of 

the Spanish crown (Beck et al. 2016: 15).  

In addition, the soldiers began to take native women into the forts at night and this 

outraged the other native villagers. Pardo had left strict instructions that no women should be 

allowed to enter the forts at night, but this edict was soon ignored after his departure. This 

mistreatment of women and the outrage it caused was confirmed by a Jesuit priest by the name 

of Juan Rogel. The fact that these outrages were reported to Rogel by the women themselves 

rather than channeling their complaints through someone else could provide some limited 

evidence that women of polity had more freedom over their lives and conduct than might have 

otherwise been assumed (Beck et al. 2016: 16). Native women were very important partners for 

some of the soldiers who made greater efforts than others of the Spanish to foster amicable 

relationships. Domingo de Leon, who may have lived among the native people of the region 
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longer than any of the other soldiers and was the first of the Spanish to learn their language, 

�I�R�U�P�H�G���D�S�S�D�U�H�Q�W�O�\���F�O�R�V�H���U�H�O�D�W�L�R�Q�V�K�L�S�V���Z�L�W�K���V�R�P�H���R�I���W�K�H�P�����:�L�W�K�R�X�W���K�L�V���D�F�F�R�X�Q�W���R�I���3�D�U�G�R�¶�V���V�H�F�R�Q�G��

expedition, we would not know that the cacique of Guatari was a woman. He also took the time 

�W�R���J�L�Y�H���K�L�V���R�S�L�Q�L�R�Q���W�K�D�W���W�K�H���Z�R�P�H�Q���Z�D�U�Q�H�G���W�K�H���V�R�O�G�L�H�U�V���R�I���G�D�Q�J�H�U�R�X�V���J�U�R�X�S�V���W�R���W�K�H���Q�R�U�W�K�����³�D�Q�G��

the women tell us this feeling pity for us, because they are very pious and loving, and if it were 

not for them and their advice, we would have received much d�D�P�D�J�H�´�����%�H�F�N���H�W���D�O������������: 70).  

These were the major factors believed to have precipitated the end of Spanish ventures 

into the present-day Carolinas and the dismantling of any progress they had achieved there. 

Word reached Santa Elena in May of 1568 that �Q�H�D�U�O�\���D�O�O���R�I���3�D�U�G�R�¶�V���V�R�O�G�L�H�U�V���O�H�I�W���W�R���J�D�U�U�L�V�R�Q���K�L�V��

forts were dead and all of the forts he had established destroyed. The Spanish never returned to 

the interior of the Appalachians and the indigenous people were again left in relative peace until 

the English made contact in the area some 30 or so years later. Ajacan, another fledgling Spanish 

colony in what is now Virginia, was abandoned in 1571. Santa Elena itself was finally 

abandoned in 1587 (Beck et al. 2016: 16). 

Archaeologically, there are several results we might hope to see in geochemical analysis 

as a result of these incidents. The presence of the Spanish in the Catawba River valley was short 

lived but believed to have had significant effects on local communities. The profile of the Joara 

as a political power in the region was already significant when the Spanish arrived and probably 

increased as a result of conflicts with Pisgah people in the region and the notoriety of the local 

cacique. This might manifest in the differentiation of pottery from Berry and its affiliated towns 

as their household practices became more insulated. It might also increase the likelihood of trade 

between the Burke sites in the Catawba River valley and other villages in Piedmont. We might 

expect to see more pottery from further away in these sites as a result. The presence of Pisgah 
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pottery at the Berry site is also an indication of the interactions they had (both for good and ill) 

with these groups. Overall, this is the lens through which differences in pottery can be 

interpreted.  

1.2 Archaeological Evidence from Western North Carolina 

Using these accounts as a basis, the Catawba people encountered by the Spanish have 

often been cited as likely to have been part of the chiefdom of Cofitachequi through which 

Hernando de Soto and Juan Pardo both passed on their way up to the mountains (Merrell 1989: 

14-18). Oral tradition pointed to the Catawba having been part of a northern tribe that came to 

the Catawba River valley during the sixteenth century where they met and had a brief conflict 

with the Siouan people (i.e., Pisgah) in this valley. According to oral tradition, the Siouans 

agreed or may have been forced to move further west and agree on a boundary between them and 

the Catawba with a neutral zone existing along the Broad River. This boundary area was 

unoccupied and used as a hunting ground between the two groups into the eighteenth century. 

The period of migration of the Catawba into their historic territory in the Catawba River valley is 

uncertain. The fact that guns are said to have been involved in the inter-tribal battle suggests it 

occurred no earlier than the sixteenth century. This boundary was seemingly unoccupied in the 

eighteenth century (Moore 1999: 50). 

Interest in the Catawba River valley and in the Berry site particularly, escalated during 

the 1980s when Charles Hudson (1990) and colleagues began to propose the route taken by the 

Hernando de Soto and Juan Pardo expedition passed directly through this valley and established 

fortifications there. The previously theorized route was defined by John Swanton in 1939 but had 

been constructed without the benefit of archaeological research into the locations of larger 

Mississippian towns present in the valley at the time. Joara was a major Mississippian town 
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where the conquistadors stayed for 18 months and established Fort San Juan. The accumulation 

�R�I���+�X�G�V�R�Q�¶�V���Z�R�U�N���Z�L�W�K���I�X�U�W�K�H�U���D�U�F�K�D�H�R�O�R�J�L�F�D�O���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�I���W�K�H���D�U�H�D���K�D�V���O�H�G���W�R���W�K�H���J�H�Q�H�U�D�O��

acceptance of the Berry Site (31BK22) as the location of Joara (Depratter et al. 1983; Hudson 

1990). The Michaux Farm Site (31BK17) located near Joara probably represents one of its 

subordinate towns. Burke pottery was also recovered from the Catawba Meadows site located 

just south and east of the Berry site by David Moore in 2003 (Beck et al. 2016).  

Magnetometer and auger evidence gathered in 1997 pointed to the presence of three to 

five large, burned structures also at the Berry site (Beck et al. 2016). Further excavations 

confirmed four burned buildings located north of the mound (Beck et al. 2006). These are 

believed to be structures that housed the Spanish during their sojourn in Joara during the 

expeditions of 1567 to 1568 and the construction of Fort San Juan (Beck 2002; Beck et al. 2006). 

Sixteenth-century Spanish artifacts have also been recovered from the site further supporting the 

belief it is the Mississippian town of Joara. These included several fragments of sixteenth-

century Spanish Olive Jars and an assortment of other sixteenth-century Spanish artifacts that 

tended to cluster on the north side of the mound (Moore and Beck 1994). 

The first archaeological investigations of the Catawba River valley were done in the late 

nineteenth century by John P. Rogan working for the Bureau of Ethnology and reported by Cyrus 

Thomas (Thomas 1894). These investigations identified a high density of mound construction 

throughout the area. Several of these mounds were excavated but not extensively described in the 

nineteenth century. Thomas (1894) reported the discovery of complex mortuary facilities, 

multiple burials and large quantities of artifacts along with iron items that reflected trade with 

Europeans. The Berry site is the only site from the surveys conducted by Cyrus Thomas (1894) 

has been definitively identified. Others (31BK3, 31BK4, and 31BK17) have been tentatively 
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named but uncertainty still surrounds whether these are the exact sites originally identified (see 

Figure 1.1). 

After this period of early study in the Catawba River valley, there was a period of 

relatively little archaeological investigation in the area. A good deal of information was lost 

(Beck et al. 2016: 33). In 1971, a survey was conducted by Robert Keeler that identified the 

Burke series of pottery as the most ubiquitous to the region. �.�H�H�O�H�U�¶�V���V�X�U�Y�H�\���L�G�H�Q�W�Lfied 50 

archaeological sites in McDowell and Burke counties. He observed Pisgah (prehistoric 

Cherokee) pottery in McDowell County and defined the Burke ceramic series from sites in Burke 

County. Based on the similarity of Burke pottery to historic Catawba pottery, Keeler suggested 

that protohistoric Catawba peoples had occupied the upper valley (Moore 1999). Kenneth 

Robinson (1996) and Robin Beck (1997) conducted additional surveys in McDowell County and 

along Upper Creek in Burke County. Larger excavations were conducted by Tyler Loughbridge 

at the Tyler Loughbridge Site (31MC139) and others at the McDowell site (31MC41) (Moore 

1999, 2002; Robinson 1996; Ward 1977) and the Berry Site (Moore 1999, 2002). In the nearby 

Yadkin River valley, Richard Polhemus excavated the Broyhill-Dillard site (31CW8), another 

Burke site, in 1964 and teams from Wake Forest and Appalachian State University have 

conducted site surveys and multiple additional excavations in the area.  

The other, now generally more accepted, theory of the origins of the Catawba people is 

that they represent a northern border of the Lamar people who occupied much of the territory 

further South along the Santee River in now South Carolina and Georgia. This idea was initially 

proposed by Hudson (1976). Moore (1999) proposed that the Burke-type ceramics from the 

Catawba River valley are not merely similar to Lamar ceramics (Coe 1952) but represent a 

Lamar tradition (Fairbanks 1952). The definition of the Burke Phase corresponds to subdivisions 
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of the Lamar culture through the system created by Phillips (1970) based on its pottery. The 

culture of the Catawba people is probably connected with Lamar traditions along the middle 

Savannah River after 1350 (Beck et al. 2016; 41). This northern unit persisted until about the 

decade of the 1670s when the pressures of disease, English and Spanish contact and trade, and 

aggression from other native groups to the north forced the Catawba to take on an existence 

based more on colonial commerce and negotiations (Moore 1999: 53). 

The Catawba River valley may have contained more than one independent chiefdom and 

possibly several ranked societies (Anderson et al. 1996). Levy and colleagues (1990) have also 

suggested that the Catawba Valley region reflects a number of small chiefdoms. These may have 

been loosely affiliated to Cofitachequi but also had a large degree of independence.  There may 

be ways to connect this political organization with what would be expected from geochemical 

analysis of pottery from Western North Carolina. If the area represents multiple disintegrated 

chiefdoms, it may follow that pottery techniques are exceptionally different between these 

differing communities. This might be reflected in geochemical differences. Potential for trade 

between these chiefdoms may also be reflected in their geochemical fingerprints. At times when 

the influence of Cofitachequi was waxing (as seems to have been the case when visited by Juan 

Pardo), it could demand tribute and labor from other villages. At other times, these subordinate 

villages operated with limited influence (Levy et al. 1990: 164). Coe (1952: 3) also first 

described the presence of "Catawba trade sherds" on Dan River sites as a mark of Lamar 

influence on the Piedmont in the Historic Period (Moore 1999: 16). Evidence also supports inter- 

and intra-regional interaction among the Catawba Valley Mississippians and other late 

prehistoric and protohistoric Southeastern polities (Moore 1999: 5). This subdivision of Catawba 

and Siouan people and the separation from Cofitachequi was taken a step further by suggesting 
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there was a separate chiefdom centered in the Catawba River valley that was much larger than 

�S�U�H�Y�L�R�X�V�O�\���W�K�R�X�J�K�W���D�Q�G���K�H�D�G�H�G���E�\���D���³�S�D�U�D�P�R�X�Q�W���R�I�I�L�F�L�D�O�´����This was probably an ambitious 

chiefdom that expanded its influence through coercive absorption of surrounding groups (Moore 

1999).  

A dearth of Late Woodland or early Mississippian sites in the region seems to indicate 

that the arrival of Catawban people and the Burke Phase came about rather rapidly in the 

Catawba River valley. The Catawba people probably entered a sparsely populated area in the 

fifteenth century to establish a sustaining presence. It is interesting to note that Burke Phase 

pottery is more similar to Lamar pottery found along the Savannah River than to pottery found 

along the Wateree River directly downstream of the Catawba River. Levy et al. (1990) has also 

suggested that the Catawba Valley region reflects a number of small chiefdoms. These may have 

been loosely affiliated to Cofitachequi but also had a large degree of independence. At times 

when the influence of Cofitachequi was waxing (as seems to have been the case when visited by 

Juan Pardo), it could demand tribute and labor from other villages. At other times, these 

subordinate villages operated with limited influence Levy et al. 1990: 164). Coe (1952: 3) also 

first described the presence of "Catawba trade sherds" on Dan River sites as a mark of Lamar 

influence on the Piedmont in the Historic Period (Moore 1999: 16). By 1605, Joara still existed 

but many of the smaller towns between them had disappeared (Hann 1986: 43 from the account 

of Ecija 1609). Late seventeenth to early eighteenth-century accounts describe the Catawba 

people as having largely vacated the upper valley and living along the Lower Catawba/Wateree 

River (Moore 1999: 18).  
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1.3 Overview of the Research and the Thesis 

The Catawba River valley of Western North Carolina has garnered interest from 

archaeologists in increasing degrees of intensity over the past 50 years. In earlier decades, this 

was because the initial interpretation of its pre-contact inhabitants was reinterpreted from a likely 

northern origin group connected to Siouan and proto-Cherokee groups and part of the chiefdom 

of Cofitachequi, to a now generally accepted southern origin connected to the Lamar people who 

were much more independent from Cofitachequi than previously thought. The area then received 

progressively more focus beginning in 1970s as it became increasingly believed to have been 

part of the route taken in Spanish entradas conducted by Hernando de Soto and later by Juan 

Pardo during the mid-sixteenth century. The town of Joara/Xualla that was occupied by Spanish 

troops for a period of eighteen months during which a small fort was built, is probably located at 

the Berry site near Morganton, NC.  

This period, that includes Spanish interaction with Catawba people, has been defined as 

the Burke Phase archaeologically (A.D. 1400 �± 1600) and is well defined by the presence of 

Burke type pottery. During this period, the neighboring areas to the west in the French Broad 

watershed are believed to have been occupied by Siouan groups that probably vacated the 

Catawba River valley toward the beginning of the Burke Phase and who are associated with 

Pisgah type pottery. Other phases and pottery types are also represented in these areas with the 

�&�R�Z�D�Q�¶�V���)�R�U�G��type characterizing sites further South along the Catawba River and earlier 

Connestee sites to the west in the French Broad watershed.  

Through pottery analysis, the research here addresses both the similarities and the 

differences reflected by sources of raw material and pottery practices. Practices carried out by 

people thought to be culturally connected (e.g., makers of Pisgah and Connestee types) are more 
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likely to be similar as traditions pass between these groups. We would also expect practices in 

constructing pottery among people thought to be independent but connected (e.g., Burke type 

pottery among the villages thought to be part of the same polity) to be similar but discernible as 

well. For example, we might expect geochemical fingerprints between the Berry site and the 

Michaux Farm site (both Burke sites are believed to be part of the Joara polity) to be very similar 

but also distinct because pottery manufactured at the Michaux Farm site was performed by 

different people from the same cultural traditions. If these differences do not appear, this is also 

informative and may imply more centralized practices in pottery manufacture. It may even be 

that pottery in this polity was normally manufactured in one place (e.g., Joara) and then 

distributed among other sites in the polity. This would be reflected in the strong geochemical 

similarities of pottery found at these sites. I do not expect this to be the case, but these are the 

kinds of interpretations that can be valuable in an analysis like this. 

1.3.1 The Chapters that Follow 

Chapter 2 contains an overview of the sample sherds included in the analysis and the 

basic characteristics to be examined geochemically and provides an overview of the sites 

included in the analysis. In Chapter 3, the overall methods for this study are described. The 

development of the data set for testing and the specific steps to creating it are discussed. I then 

describe the methods followed for the development and preparation of the data set and the 

statistical methods I used to explore the geochemical characteristics of the pot sherds analyzed. 

Chapter 4 displays and reviews the results of statistical analyses in detail. The strengths and 

weaknesses of each technique and what it can tell us about the people who made these pottery 

samples are discussed individually for each type of analysis used in this research. Finally, in 

Chapter 5, the implications of these statistical results are discussed. As the sherds in this analysis 
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begin to clearly separate into geochemical groups, the implications of this organization of groups 

are interpreted and discussed in terms of cultural or geographical differences. Each geochemical 

group is evaluated and connected back to the hypothetical expectations that were defined at the 

beginning of the analysis.  
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1.4 Overview of Study Samples 

The current study examines pottery sherds, which are divided into five different types, 

from 10 different sites.  These sites are found in three different physiographic regions in Western 

North Carolina (Table 2.1).  

Table 2.1 Overview of Samples and Basic Characteristics 

 

 

1.4.1 Geographical Contexts of Western North Carolina  

The Catawba and French Broad River valleys were already a unique and interesting part 

of the world long before the arrival of people who occupied it during the Woodland period and 

left behind Connestee pottery. The geology of the area is quite varied. It has passed through 

several orogeny that have left behind highly metamorphosed and volcanic bedrock injected with 

numerous plutons. The headwaters of the Catawba River emanate from the eastern slope of 

Chestnut Ridge in the Swannanoa Mountains near Old Fort, North Carolina and flow roughly 

northeast toward Asheville and then east to the Atlantic Ocean. 

All of the sites included in this analysis are located within the Tugaloo terrane (Figure 

2.1). This terrane is composed of metamorphosed sedimentary and volcanic rocks deposited on 

rifted continental and newly created oceanic crust off the coast of the ancient North American 

continent from about 480 to 570 million years ago. It is intensely deformed and metamorphosed.  

Site Name Site Code Pottery Type
Sample 
Count

Watershed Nearest Alluvial Channel Time Period Provenience

1 Berry Site - 1 31BK22 Burke 10 Catawba Upper Cr/Irish Cr Late Mississippian Surface Finds

2 Berry Site - 2 31BK22 Hybrid Pisgah/Burke 2 Catawba Upper Cr/Irish Cr Late Mississippian FEA112

3 Catawba Meadows 31BK18 Burke 10 Catawba Catawba River Late Mississippian Plowzone

4 Ensley 31BK468 Burke 10 Catawba
Catawba River/John's 

River
Late Mississippian Trench 7, Zone 2, Lvl 1

5 McDowell - 1 31MC41 Burke 20 Catawba Catawba River Late Mississippian Plowzone

6 McDowell - 2 31MC41 Hybrid Pisgah/Burke 20 Catawba Catawba River Late Mississippian Plowzone

7 Michaux Farm 31BK17 Burke 10 Catawba John's River Late Mississippian Surface Finds

8 Mills River 31HN70 Connestee 10 French Broad Mills River Woodland Plowzone

9 Pitts 31BK209 Burke 10 Catawba Upper Cr Late Mississippian Surface Finds

10 Rader Site 31CW434 Burke 10 Catawba Mulberry Cr. Late Mississippian Plowzone Shovel Test

11 Shuford - 1 31CT115 Burke 10 Catawba Clark Cr. Late Mississippian Surface Finds

12 Shuford - 2 31CT115 Cowan's Ford 10 Catawba Clark Cr. Late Mississippian Surface Finds

13 Warren Wilson 31BN29 Pisgah 10 French Broad Swannanoa River Late Mississippian Surface Finds

Total Sherds 142
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Figure 2.3 Geologic Units of the Study Area (USGS Interactive Map of North Carolina)) 

This area is roughly bisected by a fault where two tectonic plates collide. This provides a 

somewhat rare opportunity in this study to test the power and limitations of pXRF because the 

samples to be analyzed come from opposite sides of the Brevard Fault, the main fault running 

through the Appalachian Mountains. The Mills River site (the Connestee sample) and the Warren 

Wilson site (the Pisgah sample) are both located on the western side of the fault. The McDowell 

site (one of the Burke samples and one of the Hybrid Pisgah/Burke samples) is located just east 

but almost directly on top of the fault. The rest of the sites (all of the Burke samples apart from 

McDowell, the other of the h�\�E�U�L�G���3�L�V�J�D�K���%�X�U�N�H���V�D�P�S�O�H�V�����D�Q�G���W�K�H���&�R�Z�D�Q�¶�V���)�R�U�G���V�D�P�S�O�H�����D�U�H���D�O�O��

on the eastern side of the fault. The variety of mineralogy in the study area bodes well for the 

potential success of differentiating pottery types through geochemical evaluation (USGS 

Interactive Map of North Carolina). 
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The Brevard fault zone is a zone of strongly deformed rocks and is one of the major 

structural features in the southern Appalachians (Figure 2.1). Crushed stone for road aggregate 

and building construction is the principal commodity currently produced. Marble is mined for 

crushed stone and pharmaceutical products. Previously, massive sulfide deposits in the thick 

piles of sediments were mined for copper and making sulfuric acid. Olivine was produced for use 

as refractory material and foundry molding sand. Vermiculite, asbestos minerals, and corundum 

have also been mined in this region. The eastern Tugaloo terrane was also well known for its 

gold deposits, mined mostly from sand and gravel deposits along streams (Figure 2.1). 

Table 2.2 Geological Units of Western North Carolina  

 

Locally, Paleozoic igneous bodies called plutons intrude these metamorphic terranes. 

Some of these plutons are important sources of high-purity quartz, feldspar, mica, kaolin (Spruce 

Pine region) and granite dimension stone (Mount Airy). Gemstones and semi-precious stones 

such as emerald, aquamarine, kyanite, and tourmaline are also present within these plutons. 

Changes to the Catawba River and its watershed between the Mississippian period and 

today may make geochemical comparison of historical clays and modern clay very difficult to 

Site Name Site Code Geologic Unit Common Minerals that May Be Found in Local Clay

1 Berry 31BK22 Biotite Gneiss and Schist
Potassic Feldspar, Garnet; Calcium Silicate Muscovite, 

Amphibolite, Granite.

2 Catawba Meadows 31BK18 Migmatitic Granitic Gneiss
Plagioclase, Quartz, Microcline, Muscovite, Biotite, 

Garnet, Sillimanite.

3 Ensley 31BK468 Biotite Gneiss and Schist
Potassic feldspar, Garnet; Calcium Silicate Muscovite, 

Amphibolite, Granite.

4 McDowell 31MC41 Alligator Back Formation; Gneiss; Quartz, Feldspar, Muscovite, Chlorite, Talc

5 Michaux Farm 31BK17 Biotite Gneiss and Schist
Potassic feldspar, Garnet; Calcium Silicate Muscovite, 

Amphibolite, Granite.

6 Mills River 31HN70
Ashe Metamorphic Suite and Tallulah Falls 

Formation; Muscovite-biotite Gneiss
Quartz, Plagioclase, Muscovite, Biotite, Microcline

7 Pitts 31BK209 Henderson Gneiss Quartz, Plagioclase, Muscovite, Biotite, Microcline

8 Rader Site 31CW434 Henderson Gneiss Quartz, Plagioclase, Muscovite, Biotite, Microcline

9 Shuford 31CT115 Metmorphosed Quartz Diorite, 
Plagioclase, Feldspar, Amphibole, Pyroxine, 

Muscovite, Magnetite, Zircon

10 Warren Wilson 31BN29
Ashe Metamorphic Suite and Tallulah Falls 

Formation; Muscovite-biotite Gneiss
Hornblende, Quartz, Plagioclase Garnet, Biotite, 

Epidote-zoisite, Magnetite Muscovite, Biotite
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assess (Figure 2.2). Primarily due to explosive residential growth in the region, the Catawba 

�5�L�Y�H�U���Z�D�V���G�H�V�L�J�Q�D�W�H�G���³�W�K�H���P�R�V�W���H�Q�G�D�Q�J�H�U�H�G���U�L�Y�H�U���L�Q���$�P�H�U�L�F�D�´���E�\���W�K�H���$�P�H�U�L�F�D�Q���5�L�Y�H�U�V��

Conservation Organization in 2008 (Hutchins 2008). This development has also brought tons of 

silt through the watershed changing and perhaps burying many of the clay resources once used 

during the Mississippian period.  

1.4.2 Watersheds of Western North Carolina 

In addition to this fault separation, sites included in the study come from two separate 

watersheds (which I �K�D�Y�H���V�R�P�H�W�L�P�H�V���F�D�O�O�H�G���D���³�9�D�O�O�H�\�´���L�Q���W�K�H���F�R�Q�W�H�[�W���R�I���W�K�L�V���V�W�X�G�\�� (Figure 2.2). 

The Mills River (Connestee sample) and the Warren Wilson (Pisgah sample) are both located in 

the watershed of the French Broad River while all other sites and their samples are located in the 

Catawba River valley (North Carolina: Department of Natural Resources and Community 

Development, USGS Interactive Map of North Carolina). 
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Figure 2.4 Overview of Watersheds Included in the Study 
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1.5 Selected Pottery Types of Catawba River valley and Appalachian Summit 

1.5.1 Burke Pottery and the Burke Phase 

Figure 2.5 Core Range of Burke Sites and Burke Sites Included in the Study (purple sites 

contain both Burke and Other Pottery Types) 

 

The period and cultural traditions encountered by the Spanish in Joara during the mid-

sixteenth century has been defined archaeologically as the Burke Phase (AD 1400 �± 1600) by 

Moore (2002: 8). This phase was identified largely through the study of its pottery in order to 

differentiate from Pisgah type pottery and other Lamar types. Though pottery characteristics are 

inadequate to define a culture, the distribution of pottery types has been accepted as the primary 

diagnostic criteria for the distribution of Lamar culture (Hally 1994: 144). The first description 
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of Burke pottery came to us from William H. Holmes (Moore 1999). Examples were recovered 

from a site excavated on the upper part of the Yadkin River as part of excavations conducted by 

the Bureau of Ethnology. Holmes noticed that pottery recovered at this site showed differing 

characteristics from pottery types found to the north, west, and south. These differing 

characteristics were representative of what archaeologists would now refer to as Lamar pottery 

�Z�K�L�F�K���+�R�O�P�H�V���F�D�O�O�H�G���³�6�R�X�W�K�H�U�Q�´���F�H�U�D�P�L�F�V���� 

The Burke series has been found from the North Carolina Piedmont to the mountains of 

upper eastern Tennessee (Moore 2002: 93-96). However, it is found as the dominant pottery type 

in a concentrated area of Western North Carolina. More than 100 sites have been identified 

containing Burke type pottery within a relatively small area centered in Burke County and the 

Upper Catawba River valley with the greatest concentration in sites along Upper Creek and 

Johns River and another area of high concentration in the uppermost portions of the Yadkin 

River valley. Sites in this area have ranged from 50% to 90% Burke series which may reflect the 

amount of time each site was occupied. (Beck et al. 2016: 33, 349). Outside of these areas, Burke 

series pottery has been found in lower concentrations (10% to 50%) west of the Catawba River 

in McDowell County and to the northeast along the Yadkin River in Wilkes County. Lower 

concentrations of Burke series ceramics have been found in sites along the Watauga River (Boyd 

1986: 60-68) and Nolichucky River in East Tennessee.  

Burke pottery assemblages include curvilinear stamping in a third to a little over half of 

its samples in one of three common designs (Moore 2002). Moving down the Catawba River 

valley, there is less soapstone tempering, less burnishing, and more of the later, rectilinear 

complicated stamping. Cazuela bowls with incising are common (Figure 2.3). The designs of 

these bowls closely resemble Lamar Incised. 
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Burke potsherds from carinated bowls with Lamar incising, curvilinear complicated 

stamping and medium-to-wide thickened and punctuated jar rims are the most commonly found 

form at the Berry site. Their designs are most similar to Tugaloo Phase (1450-1600) pottery from 

the Upper Savannah River (Beck and Moore 2002; Hally 1990, 1994; Williams and Shapiro 

1990). The most complete vessel retrieved from the Berry Site is a restricted bowl from Feature 

38, measuring 15 centimeters in diameter with broad and flat strap handles typical of pottery of 

the Late Mississippian period of east Tennessee (Beck et al. 2016: 349).  
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Figure 2.6 Burke Ceramic Vessels form the Davenport Jones Mound (Moore 1999: 193) 
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There are three stamped decoration motifs common to Burke series: The earliest 

examples of Burke pottery include Figure 9s, keyholes, and some filfot. These designs generally 

date to the 14th and 15th centuries. A second style includes concentric circles or portions of 

circles with larger, less uniform patterns. The least common of the three styles, Rectilinear 

stamped, includes much sloppier patterns with more rectilinear designs. These designs data to the 

16th and 17th centuries (Anderson 1996: 18). 

Figure 2.7 Burke Ceramic Vessels form the Davenport Jones Mound (Moore 1999:75) 

 

Burke pottery is very similar to late prehistoric Pee Dee pottery in design in the south-

central Piedmont of North Carolina (Boudreaux 2007) and to Qualla pottery of the historic 

period found further into the mountains (Beck et al. 2016). Burke ceramics must be carefully 
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distinguished from Pee Dee River designs. Filfot and rim rosettes are common in Pee Dee, but 

uncommon in Burke. Burke pottery shares rim form and vessel form with the Qualla and Pee 

Dee types. The main distinguishing difference between them is the presence of soapstone temper 

commonly used in the Burke series. Rays and arcs are common in Burke, but uncommon in Pee 

Dee; Cazuela bowls are more common in the Burke series than Pee Dee. Folded rims with 

punctations on the bottom of the fold are noted in the Burke series, something also noted on 

down into South Carolina on the Wateree (Anderson 1996: 18). There are no identified Late 

Woodland predecessors for the soapstone temper in the Catawba River area. The distribution of 

soapstone-tempered pottery is from northeastern Tennessee down the Catawba during this later 

period (Anderson 1996: 19). 

 

Figure 2.8 Burke Sherd Samples from the Berry Site  
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1.5.1.1 Pisgah Pottery and the Pisgah Phase 

Figure 2.9 Core Range and Connestee (brown) and Pisgah (blue) Sites Included in the 

Study  

Like the Burke phase, the Pisgah phase has been largely defined through its pottery 

(Figure 2.9). The Pisgah pottery series was defined in 1966 by Holden (Holden 1966: 72-77) and 

�W�K�H���3�L�V�J�D�K���3�K�D�V�H���O�D�W�H�U���G�H�I�L�Q�H�G���E�\���5�R�\���'�L�F�N�H�Q�V���L�Q�������������D�V���D�Q���³�L�Q���V�L�W�X�´���F�X�O�W�X�U�D�O���S�U�H�G�H�F�H�V�V�R�U���W�R���W�K�H��

Cherokee. Pisgah pottery is most often associated with the late prehistoric phase which was 

initially dated to between 1000 and 1450 but has more recently been dated into the late sixteenth 

century (Anderson 1996: 19). Pisgah pottery that contained crushed quartz tempering has been 

found in  McDowell County. 
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Pisgah pottery is most common in the Blue Ridge Mountains in or close to North 

Carolina and down into the Piedmont. The core usage of Pisgah pottery was just west of the 

Catawba River valley in the French Broad River valley. Most Pisgah sites are located along the 

headwaters of the Little Tennessee River, Tuckasegee, Pigeon, French Broad, Nolichucky, 

Holston, Catawba, Saluda and Keowee Rivers. Grit, crushed quartz and very rarely, soapstone 

were each used as a temper for Pisgah pottery (Dickens 1970). The Warren Wilson site in the 

�F�X�U�U�H�Q�W���V�W�X�G�\���Z�D�V���G�H�I�L�Q�H�G���E�\���'�L�F�N�H�Q�V���L�Q���������������+�H���Z�U�R�W�H���W�K�D�W���W�K�H���V�L�W�H���L�V���³�F�K�D�U�D�F�W�H�U�L�V�W�L�F���R�I���D��

medium-�V�L�]�H�G���3�L�V�J�D�K���Y�L�O�O�D�J�H���´���8�Q�O�L�N�H���P�D�Q�\���R�I���W�K�H���V�L�W�H�V���G�L�V�F�X�V�V�H�G���L�Q���W�K�L�V���V�W�X�G�\�����W�K�H���:�D�U�U�H�Q��

Wilson site contains only artifacts indicating it to be part of the Pisgah culture (Dickens 1976; 

Moore 1981, 2002; Simpkins 1984; Wing 1976; Yarnell 1976).  

Figure 2.10 Pisgah Sherds from the Warren Wilson Site  
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Pisgah designs were applied using a wooden paddle beginning at the bottom of the vessel 

and around the body to the rim (Dickens 1976). Pisgah ceramics are easily distinguishable from 

Burke in terms of vessel form, complicated stamped design, and rim treatment. In particular, 

collared rims, which are not seen in Burke pottery, are common to Pisgah type pottery. Pisgah 

pottery is most characterized by rectilinear, complicated stamping and thick rims decorated with 

punctuations and incisions. There are four major types of Pisgah pottery: Pisgah Rectilinear 

Complicated Stamped (Figure 2.10), Pisgah Curvilinear Complicated Stamped, Pisgah Check 

Stamped, and Pisgah Plain (Beck et al. 2016: 358). 

Pisgah Pottery is typified by rectilinear complicated stamping but also occasionally 

includes curvilinear complicated stamping similar to Burke pottery. The curvilinear type has two 

typical designs. The more common curvilinear design typically includes four circular designs 

arranged in a squared pattern with the upper and lower pairs each attached by a horizontal line. 

The other less common Pisgah Curvilinear Stamping includes two spiraling designs joined 

together diagonally (Beck et al. 2016). 

In addition to its stamped designs, Pisgah pottery is identifiable by its rims. Pisgah rims 

are created with a collared or thickened design to the rim. The collared rims are formed when a 

separate piece of clay is added to the top of the vessel. There are many designs used on the rims 

of Pisgah pottery but most commonly, it involves two or three rows of small, diagonal 

punctuations with the diagonal leanings of each row changing direction from the one above. 

Designs may also include horizontal rows of punctations, incised lines, oblique incisions or just a 

plain surface (Dickens 1976). Thickened rims include similar designs but are usually less 

complicated as there is less space on a thickened rim for such designs. Finally, some Pisgah rims 

are left as is - neither thickened nor collared. These are normally less extravagant with perhaps a 
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line or two of punctuations similar to a collared rim or with an applique applied and pinched 

along the top of the rim (Dickens 1976). 

Figure 2.11 Pisgah Rectilinear Stamped (Dickens 1976) 
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1.5.2 �&�R�Z�D�Q�¶�V���)�R�U�G���3�R�W�W�H�U�\ 

Figure 2.12 �&�R�U�H���5�D�Q�J�H���D�Q�G���&�R�Z�D�Q�¶�V���)�R�U�G�����S�L�Q�N�����6�L�W�H�V��Included in the Study  

In the opposite direction to French Broad River valley, east and south of the sites where 

Burke pottery us typical�����&�R�Z�D�Q�¶�V���)�R�U�G���S�R�W�W�H�U�\��is most common (Figure 2.6). Most of the 

ceramics in the middle Catawba River valley �D�U�H���&�R�Z�D�Q�¶�V Ford while most in the upper valley 

�D�U�H���%�X�U�N�H���6�H�U�L�H�V�����7�K�H���&�R�Z�D�Q�¶�V���)�R�U�G���F�H�U�D�P�L�F�V���D�U�H���W�K�R�X�J�K�W���W�R���K�D�Y�H���E�H�H�Q���F�U�H�D�W�H�G���E�\���D�Q��

independent but connected expansion of the Lamar into the Catawba River valley along with the 

Burke series (Moore 1999: 235). More than 300 sites have been identified in the Catawba River 

valley area that have �&�R�Z�D�Q�¶�V���)�R�U�G���F�H�U�D�P�L�F�V�����1�H�D�U�O�\���D�O�O���R�I���W�K�H�V�H���D�U�H���O�R�F�D�W�H�G���L�Q���D�Q�G���D�U�R�X�Q�G���W�K�H��

�&�R�Z�D�Q�¶�V Ford Reservoir including the Shuford site (31CT115) which is included in this study 

���0�R�R�U�H�����������������7�K�H���R�Q�O�\���R�E�Y�L�R�X�V���G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���%�X�U�N�H���V�H�U�L�H�V���S�R�W�W�H�U�\���D�Q�G���&�R�Z�D�Q�¶�V���)�R�U�G���L�V��

the use of soapstone temper in the Burke series pottery (Moore 1999: 252). This may be further 
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evidence of contact between the people who were living at the Shuford site and the Burke Phase 

people of the upper Catawba River valley (Moore 1999: 235) 

Figure 2.13 �&�R�Z�D�Q�¶�V���)�R�U�G���3�O�D�L�Q���&�D�]�X�H�O�D���F�X�S���I�U�R�P���W�K�H���/�R�Z���V�Lte (Moore 1999: 5) 
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Figure 2.14 �&�R�Z�D�Q�¶�V���)�R�U�G���%�X�U�Q�L�V�K�H�G���-�D�U���I�U�R�P���W�K�H���/�R�Z���6�L�W�H (Moore 1999: 206)  

1.5.3 Hybrid Pisgah / Burke Pottery from Berry and McDowell 

The current study includes two interesting samples from separate and very different 

contexts that display characteristics of both Pisgah and Burke pottery (Figure 2.16). The sherds 

that have been categorized as hybrids are being called so because they have rectilinear, 

complicated stamping and collared rims typical of Pisgah pottery but also include steatite temper 

and rim punctations typical of Burke phase pottery (Beck et al. 2016: 356). Two sites in the 

current study have yielded this type of blended pottery; the Berry site (31BK22) and the 

McDowell site (31MC41). It was initially suggested that the McDowell site might be the location 

of Joara (Beck et al. 2016: 18). The ceramics recovered from the McDowell site have been 

carbon dated to the fifteenth century and are made of rectilinear complicated-stamped motifs 
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(Ward and Davis 1999: 190-191; Moore 1981, 2002). As discussed previously, Pisgah pottery is 

very rare to be found in a Burke dominated site though they were contemporary groups in close 

proximity to one another, indicating limited interactions between these two groups. (Beck et al. 

2016: 356).  

At the Berry site, hybrid Pisgah/Burke sherds were found in contexts believed to be 

associated with the Spanish soldiers who stayed there. Specifically, they were recovered from 

Feature 112, a midden within the Spanish compound. As a feature containing a large number of 

sherds deposited within a single lens and containing sherds from several large vessels, Feature 

112 has some of the characteristics of having been associated with feasting (Beck et al., 2016: 

356). The buildings of the Spanish compound were destroyed in AD 1568. We can conclude that 

the Hybrid Pisgah/Burke sherds of Feature 112 were deposited at a time before the buildings 

were burned and this may indicate that the people who used and/or deposited them were present 

with the Spanish before the destruction of the Spanish compound. The deeper zone of Feature 

112 below the areas where hybrid pottery was found also contained highly organic, greasy fill 

that may be the result of animal bones also found in this context or could also be the result of 

hickory nut oil production. An unidentified copper alloy fragment was also found in Zone 2 of 

Feature 112 (Beck et al. 2016: 127-129). One potential explanation for the presence of this 

unusual Pisgah pottery and in this unusual context may be explained by an incident documented 

�G�X�U�L�Q�J���3�D�U�G�R�¶�V���R�F�F�X�S�D�W�L�R�Q�����$�V���S�U�H�Y�L�R�X�V�O�\���G�L�V�F�X�V�V�H�G�����6�L�R�X�D�Q���Z�R�P�H�Q���D�U�H���N�Q�R�Z�Q���W�R���K�D�Y�H���E�H�H�Q��

brought to Joara under duress. These hybrid pieces of pottery are hypothesized to have been the 

work of these women. 
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Figure 2.15 Hybrid Pisgah/Burke Sherds from the McDowell Site (exterior surfaces) 

The hybrid Pisgah/Burke sherds of Feature 112 of the Berry site are unlike any pottery 

found elsewhere on the site and unique to the Berry site. Over 90% of all sherds found at the 

Berry site are steatite-tempered Burke pottery. Virtually no other potsherds resembling Pisgah 

pottery in any characteristic were found in any other location of the Berry site (31BK22). Of the 

3,316 sherds found outside the Spanish compound analyzed by David Moore in 2002, less than 

�������Z�H�U�H���E�H�O�L�H�Y�H�G���W�R���E�H���3�L�V�J�D�K�����7�U�H�Y�R�U���0�D�U�W�L�Q���I�R�O�O�R�Z�H�G���X�S���0�R�R�U�H�¶�V���D�Q�D�O�\�V�L�V���L�Q�������������Z�L�W�K���V�L�P�L�O�D�U��

results. Of 2,216 sherds from 38 different features found inside the Spanish compound, less than 

0.2% were Pisgah (Moore 1999).  
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1.5.3.1 Connestee Pottery 

The earliest pottery type recovered from this region is the Connestee type, which dates to 

between A.D. 200 and 800. Connestee pottery was first defined by Holden (1966) and later by 

Keel (Keel 1976: 247-255) in western North Carolina. It is almost identical to Middle Woodland 

ceramics found in Northern Georgia (Cartersville Simple Stamped) (Franklin College of Arts and 

Sciences 2024). Artifacts from other Middle Woodland groups are frequently found alongside 

Connestee artifacts indicating Swift Creek and Napier types and clearly indicate participation 

with other Hopewell groups both to the North and to the South. Mica was highly valued by 

Hopewell peoples, so interaction between Ohio Hopewell and Connestee peoples may have been 

driven by the abundant mica resources of the western North Carolina mountains (Anderson 

1996: 195). 

Recent dating indicates Connestee pottery extends through the Late Woodland period in 

western North Carolina, to ca. A.D. 1000. Along the upper Savannah River, Connestee and 

Cartersville-like plain, brushed, and simple stamped assemblages have been dated to between 

A.D. 400 and 1100. Late Woodland groups in the western Carolinas appear to have employed 

ceramics characterized by plain, simple stamped, and brushed patterns traditionally subsumed 

within the Cartersville and Connestee series. Some overlap of Swift Creek materials with these 

series is also indicated, both in the upper Savannah River and elsewhere in north Georgia 

(Anderson 1996: 195; Dickens 1976). Examples of Connestee pottery have been recovered in 

southern North Carolina and westward into the Ohio River Valleys with similar carbon dates.  
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Figure 2.16 Connestee Sherds from the Shuford Site 

 

Connestee ceramics are older but show similarities to Pisgah ceramics in their 

complicated stamping suggesting it may be an ancestral type of the Pisgah type (Dickens 1976: 

198). Connestee type pottery is often fine-sand tempered with simple-stamped, cord-marked, 

brushed, plain, and checked-stamped surface treatments, and occasional flat-based tetrapodal 

supports. Conoidal jars, hemispherical bowls, and flat-based jars with tetrapodal supports are 

common forms. These conoidal jars have rounded, flattened and chamfered lips that are often 

flaring or sometimes straight and incurved rims are present. Connestee bases are conical, 

rounded, and flat. Flat-based jars had appliqued or modeled tetrapodal supports (Moore 1999). 
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Figure 2.17 (left) Hybrid Sherd #1 from FEA112 of the Berry Site (exterior surface) 

Figure 2.18 (right) Hybrid Sherd #1 from FEA112 of the Berry Site (interior surface) 

 

Figure 2.19 (left) Hybrid Sherd #2 from FEA112 of the Berry Site (exterior surface) 

Figure 2.20 (right) Hybrid Sherd #2 from FEA112 of the Berry Site (interior surface) 
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1.6 Sites Included in the Current Study 

1.6.1 Burke Sites in the Catawba River valley 

The highest concentration of sites and types are Burke sites from the Catawba River 

valley. Most of these sites are thought to be connected to the polity led by Joara. Others like the 

Shuford site may be from a different polity. These sites are located along the Catawba River or 

one of the streams that feeds it.  

1.6.1.1 Berry Site (31BK22) 

The Berry site (31BK22) is located on Upper Creek, a tributary of the Catawba River, 

about eight miles north of Morganton in Burke County (see Figure 1.1). The site is situated on 

the extreme northeast margin of a 200-acre alluvial bottomland formed by the confluence of 

Upper Creek and Irish Creek. It is named for the Berry family, property owners of the site and its 

surroundings for four generations. 

Pottery recovered from the Berry site is dominated by the Burke type. However, two 

�V�D�P�S�O�H�V���I�U�R�P���W�K�L�V���V�L�W�H���D�U�H���D���³�K�\�E�U�L�G�´���R�I���E�R�W�K���W�K�H���%�X�U�N�H���W�\�S�H���D�Q�G���W�K�H���3�L�V�J�D�K���W�\�S�H (see Figures 

2.12 - 2.15). They are decorated in Pisgah types but appear to be made from paste that is more 

like Burke pottery. Particularly, these samples include soapstone tempering that is more typical 

of the Burke type than the Pisgah type. As discussed above, the historical context of the Berry 

site as the location of Joara also makes these hybrid sherds and interesting target for analysis.  

The Burke sherds taken from the Berry site for this analysis are surface finds. The hybrid 

sherds from this site were recovered from a very specific context in Feature 112 of the Berry site 

(see discussion in section 2.2.3) (also see Table 2.1). 
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1.6.1.2 Catawba Meadows (31BK18) 

In the 1960s, local artifact collectors often found Native American artifacts at the Ralph 

Edwards Tree Nursery in Morganton (now the property known as the Catawba Meadows 

Recreation Park). Charles Carey, a Morganton resident and president of the North Carolina 

Archaeological Society, recognized the potential significance of the site and recorded its location 

for the North Carolina State Archaeology Site Files. Since federal grant funds were used to plan 

and construct the park, the City of Morganton was required to identify and evaluate any 

archaeological resources that might be damaged or destroyed by construction. 

In 2003, the city contracted with David Moore and Warren Wilson College to conduct the 

first professional archaeological studies of the site. Over the next two years, a number of 

archaeological investigations were conducted across the park, resulting in the discovery of a few 

intact postholes and pit features dating from the 16th-century Native occupation. Unfortunately, 

the study revealed that most of the site had been destroyed by earlier nursery activities and 

flooding. A very significant feature was located during the course of the 2003 excavations. A 

burned Native American building was uncovered that was nearly identical to the burned 

buildings at the Berry archaeological site. The Burke sherds found at the Catawba Meadows site 

are sherds that were recovered from the plowzone of this area (see Table 2.1).  

1.6.1.3 Ensley Site (31BK468) 

�(�Q�V�O�H�\���L�V���D���V�L�[�W�H�H�Q�W�K���F�H�Q�W�X�U�\���%�X�U�N�H���V�L�W�H���O�R�F�D�W�L�Q�J���R�Q���W�K�H���-�R�K�Q�¶�V���5�L�Y�H�U���Q�R�U�W�K���R�I���0�R�U�J�D�Q�W�R�Q����

NC. A major salvage excavation was conducted here by Dr. David Moore in 2005. It is 

hypothesized as one of the villages that were part of the Joaran polity. It is located about 2 miles 

downriver from the Berry site/Joara. The most common sherds found at this site are Burke type.  

The Burke sherds found at the Ensley site were found in a context with good provenience 
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information. Specifically, they are from Trench 7, Zone 2, Level 1 of the Ensely site (see Table 

2.1).  

1.6.1.4 The McDowell Site (31MC41) 

There are two types of sherds included in this analysis from the McDowell site, a set of 

Burke sherds and a set of hybrid sherds that show both characteristics of Pisgah and Burke types. 

These sherds were all recovered from the plow zone (see Table 3.1.1). The McDowell site 

(31MC41) is located on the floodplain of the Catawba River west of Marion in McDowell 

County. It covers an area of three to four acres and includes a low rise about 100 feet in diameter 

and less than 2 feet in height that has generally been interpreted as the remnant of an earthen 

substructure mound (Ward 1977: 5). Pisgah ceramics from the McDowell site may represent a 

late Pisgah assemblage, probably dating to c. A.D. 1450-1550. They occur at the site with 

similarly late Burke, McDowell, and sand-tempered Cowans Ford types. Ward (1977) also 

judged the ceramic assemblage to be significant due to the presence of attributes of both the 

Burke and Pisgah series (Moore 1999: 69). Dickens (1976) also mentioned Pisgah and Pisgah-

like ceramics from the McDowell site (31MC41).  

During excavations in 1977 and 1986, the plow zone was removed from a total of 30 10 

ft2 excavation units, divided between five blocks. Block A (750 square feet), excavated in 1977, 

contained 28 postholes and four features. The postholes included portions of a possible house 

structure and a palisade running east-west across the trench (Ward 1977: 6-8). Excavations of the 

McDowell site have revealed seven features along with numerous postholes. One row of 

postholes appeared to be a possible extension of the palisade running east-west and a second 

posthole pattern represents a probable domestic structure.  
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The McDowell site ceramics exhibit three major temper classes. Most of the sherds are 

tempered with grit (n=674; 45.0%) and with few exceptions the remainder are tempered with 

sand (n=408; 27.2%) or soapstone (n=386; 25.8%). A very few (n=28; 1.9%) are tempered with 

crushed quartz. Radiocarbon dates from the McDowell site yielded calibrated dates of A.D. 

1441±X (Gx 11057; Boyd 1986a: 67) and a calibrated date of AD 1158±X.  

1.6.1.5 Michaux Farm (31BK17)  

This analysis includes 10 Burke sherds from the Michaux Farm site which, are all surface 

finds (see Table 2.1.). The Michaux Farm site is located on a large bend of John's River about 

four miles north of the Berry site. It is described as one of the largest sites in the region. Larry 

Clark (1976: 56) reports it as 50 acres. It may also be the location of one of the mounds 

described in a report by J. Mason Spainhour (1873) to the Board of Regents of the Smithsonian 

Institution. During the planning for the 1986 UCAP excavations, the landowner first allowed and 

then denied permission to conduct test excavations here. It is likely that this site and the Berry 

site represent the two largest sites in the Upper Creek/Johns River drainage area (Moore 1999: 

74). 

The excavation by Spainhour in 1871 reported several mounds were plowed at this site 

were plowed over. The farmer who had done this plowing said there were no artifacts of interest 

revealed by this plowing. Spainhour unearthed several large stones that marked the remains of 

human skeletons interred in a sitting posture.  

The size of the Michaux Farm site might imply that the village grew in size as the power 

of the Joara polity also increased. The village represented at the Michaux Farm site certainly had 

significance among the villages in the area. 
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1.6.1.6 Pitts Site (31BK209)  

The Pitts site is located on Upper Creek about one mile north of the Berry site in the first 

large opening of bottoms above the Berry site. The floodplain is more constricted here, being 

less than 100 acres in extent. The site is situated immediately adjacent to the creek and covers 

about one to two acres based on the surface scatter of artifacts. Wayne Pitts gathered the surface 

collection analyzed here. The collection included a wide range of materials including flakes, 

projectile points, and other lithic tools. The Pitts site ceramics showed interesting patterns of 

Burke and Pisgah attributes. However, the collection was obtained after the completion of the 

ceramic analysis; therefore, the ceramics were sorted by exterior surface treatment only. 

Unfortunately, before this site could be further investigated, the property changed ownership and 

has since been destroyed by the construction of a small golf course. 

1.6.1.7 Shuford Site (31CT115) 

The Shuford site is located in a large alluvial bottom where Jacob Fork and Henry Fork 

join to form the South Fork of the Catawba River. The site was identified during the survey for 

the construction of U.S. Highway 321 in Catawba County (McCabe et al. 1978). Shovel tests 

revealed a midden that contained large potsherds as well as abundant charcoal (McCabe et al. 

1978: 74-76). It was recorded in the establishment of a new location for U.S. Highway 321 in 

Gaston, Lincoln, and Catawba counties (McCabe et al. 1978).  

Scheitlin and colleagues (1979: 15) described the pottery as representative of the Burke 

type of pottery defined in the upper Catawba valley. The sherds included with the current study 

were obtained by Dr. Moore from Tommy Stine who surface collected the site over a several 

year period. In general, this assemblage can be characterized as a combination of Burke and 

Cowans Ford series ceramics. It is uncertain why the frequency of Burke ceramics is so great. It 
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is possible that the presence of such large quantities of Burke ceramics here argues for some type 

of closer direct contact between this site and the upper Catawba sites in Burke County. The 

Shuford site (31CT115) ceramics are in a pattern unlike any of the other middle valley sites. Its 

ceramics are much more like an upper valley Burke assemblage. The assemblage is 59.8% Burke 

ceramics and 31. 7% Cowans Ford ceramics. Complicated stamped exterior surfaces 

predominate within both series, followed by plain, burnished, and cord-marked that may be from 

an earlier time period. Fabric impressed, brushed, net impressed, and cob impressed are also 

represented.  

1.6.1.8 Rader Site (31CW434) 

Artifacts from the Rader site are surface finds that were recovered by Travis Williams. It 

is located on Mulberry Creek in Caldwell County, NC. The Rader site is hypothesized as one of 

the villages that were part of the Joaran polity. It is located upriver from the Ensley site on the 

next creek north of the Berry site. The most common sherds found at this site are Burke type. 

The sherds included with this study are taken from shovel tests performed at the site.   

1.6.2 Connestee and Pisgah Sites in the Appalachian Summit Region 

1.6.2.1 Mills River (31HN70) 

The Mills River site is located on the Mills River in Henderson County, NC. Limited 

excavation and processing was conducted here by Dr. David Moore and Dr. Linda Hall. It is 

located in the French Broad River valley along Queen Creek. It is the only site in the dataset that 

includes Connestee samples in this study. The sherds included in this analysis were taken from 

the plowzone. 
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1.6.2.2 Warren Wilson Site (31BN29) 

Warren Wilson (31BN29) is a late prehistoric Pisgah village (probably ancestral to the 

Cherokee), located along the Swannanoa River on the Warren Wilson College campus. 

Importantly, the site is stratified and largely undisturbed by post-depositional processes (i.e., has 

stratigraphic integrity). The main occupation of the site happened during the Pisgah phase (A.D. 

1000-1450) of the South Appalachian Mississippian tradition. Warren Wilson was excavated 

continuously every summer between 1966 and 1985, except for 1977 and 1983 (Dickens 1976).  

Excavations by the University of North Carolina began at Warren Wilson in 1966, led by 

Roy Dickens, and were completed in 1985. Later excavations were directed by Dr. David Moore. 

Warren Wilson seems to be a typical, middle-sized Pisgah village. It covers roughly 3 acres and 

is surrounded by at least seven palisade lines. The inner series of palisades may have separated 

the central plaza from the habitation area outside. Pit hearths have also been uncovered. These 

were smaller than the roasting pits and may have been used to heat sweat lodges, since they were 

usually found inside small structures. In addition to houses and food facilities, 61 burials were 

excavated at Warren Wilson (Dickens 1976).  To be extremely clear so that no misunderstanding 

will occur, there is no pottery in this analysis that was recovered from a burial context. The 

sherds from this site included in the analysis are surface finds from the Warren Wilson site. 
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1.7 Research Questions 

The first goal of this research is to determine if there are geochemical differences in the 

paste recipes used by people in this region in North Carolina.  If there are differences, then I will 

attempt to determine how those differences correspond to a geophysical region, a particular site, 

or a pottery type. This interpretation can yield important information about the interactions, trade 

relationships and craft practices of the people of this region. If confirmed, these two hypotheses 

are then necessary steps toward making deeper archaeological interpretations about this set of 

sherds and the potential relationships between the people who made this pottery. 

Hypothesis 1: If there are geochemical differences in the paste recipes based on 

geophysical location, then the sherds in the groups identified by the elemental analysis will come 

from the same region/location.  Based on the geologic differences in the region discussed above, 

there is a strong potential for the clay and tempering agents to vary geochemically between the 

French Broad River drainage and that of the Catawba River. 

Hypothesis 2: If there are geochemical differences based on sherd type, then the sherds 

in the groups identified by the elemental analysis will mirror those in the pottery types identified. 

For example, Burke pottery was made with the same paste recipe and therefore will group 

geochemically and be distinct from other ceramic types.  The inclusion of Connestee, Pisgah, 

�D�Q�G���&�R�Z�D�Q�¶�V���)�R�U�G samples allows me to investigate the continuity (or lack thereof) of paste 

recipes in this region of North Carolina. 
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2 METHODS  

There are many ways to examine a set of sherds geochemically and the choice of method 

will significantly affect the results. Most importantly, the methods for (1) data collection and (2) 

statistical analysis of the material are crucial to guiding a geochemical study toward reasonable 

and sound conclusions.  

The methods used in this analysis follow the standard practices across many studies of 

this kind. However, when in doubt about the most proper ways to proceed, two particular sources 

have been used more frequently because they each address general methodology more than one 

particular approach or individual data set. First, data collection and selection of geochemical 

variables to be analyzed closely follow the guidance provided by Hunt and Speakman (2015). 

Second, the treatment of the data and the statistical methods used closely follow the guidance 

provided by Quinn (2022) in addition to consulting several of the more recent and prominent 

geochemical studies of pottery as well as any that used pXRF data. Luckily for a study 

conducted at GSU, Dr. Sharratt is one of best researchers in this specific area and gave 

significant input to this study (e.g., Aimers et al. 2012; Ashkanani and Tykot, 2013; Bezur and 

Casadio, 2012; Frankel and Webb, 2012; McCormick and Wells, 2014; Mitchell et al. 2012; 

Mecking et al. 2013; Meanwell et al. 2013; Sharratt et al. 2015; Sharratt et al. 2023; Tykot et al. 

2013). These studies referenced are not all entirely comparable to the current study. For example, 

Sharratt and colleagues (2023) and Sharratt and colleagues (2015) both do not use pXRF; 

however, Sharratt 2019 does use pXRF as a data collection method. The work of Sharratt (one of 

the committee members for this piece of research) generally uses LAICPMS as the preferred 

(and much more powerful) method for the collection of geochemical information over pXRF. 

However, other parts of these studies like the methods used by Sharratt and others for statistical 
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analysis of the data set and separation of geochemical groups are essentially the same as those 

used in the current study. The methods used by all of these studies are generally the same as that 

used here. All of these studies followed the same general principles utilized here and provided 

good, useful guidance to the analysis. 

2.1 Data Set Development 

Table 3.1 Overview of Selected Pottery Sherds 

2.1.1 Sample Selection  

One hundred forty-two sherds were selected from the Warren Wilson archaeological lab 

representing a selection of sites in close proximity in the Catawba River valley and two sites 

from the neighboring French Broad watershed. The sample set was curated to include other types 

of pottery in addition to the Burke pottery commonly found in the Catawba River valley (i.e., 

�&�R�Q�Q�H�V�W�H�H�����&�R�Z�D�Q�¶�V���)�R�U�G, and Pisgah types and another group of hybrid Pisgah/Burke sherds). 

They may also differ geochemically due to differing pottery-making methods and/or differing 

locations for collection of raw materials as shown below. 
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2.1.2 Cleaning of Sherds 

All sherds were cleaned using water, a soft brush and a soft cotton towel in order to 

reasonably remove context material or other external material that might obscure their 

geochemical makeup. None of the sherds are slipped or glazed. The paste is exposed at the 

surface. 

2.1.3 Labelling and Sherd Codes 

All samples were numbered using titanium-based acryloid. Effort was made to avoid 

scans that include the label. Each sherd was labeled first by site code and then by sherd number 

(one through the total number of sherds in each set) to ensure that pXRF scans could be 

accurately matched to each sherd. White acryloid lacquer was used with a fine brush to add these 

labels to each sherd on the inside surface. This lacquer is a 25% solution of paraloid (acryloid) 

B-72 in acetone, the opaque being tinted white with titanium dioxide.  

Each sherd is identified in the dataset by a sherd-code often used for reference in the 

analysis. These codes consist first of a short phrase or three letter symbol for the site followed by 

a number only in cases where there were two groups from the same site (e.g., Shf2 or Mcd1). 

There is then a dot and then a number to indicate the sherd number that can be matched back to 

the particular sherd in the sample set. All sherd groups were numbered beginning with the 

number 1 except for the McDowell two (McD2) group which is numbered beginning with the 

number 21, the next number to follow after the 20 sherds in the sample from the McDowell 1 

sample set (a.k.a., the McDowell Burke set) set to better track this larger sample of sherds. 

Photographs of each sherd and their painted sherd codes are shown in the appendices. 
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2.1.4 Data Collection and the Use of pXRF 

There are three common methods for collecting geochemical data in archaeological 

studies. These are Instrumental Neutron Activation Analysis (INAA), Inductively Coupled 

Plasma Spectrometry (ICPMS) and X-Ray Fluorescence (XRF). Each has its own distinct 

advantages and disadvantages. The following paragraphs contain a discussion of these methods 

for collecting geochemical information. This comparison is important when thinking about future 

directions for this research, but the current study only had access to a Bruker Tracer 5 pXRF 

device housed in the GSU Archaeological Lab. While the other methods can gather much more 

precise geochemical information, pXRF has the advantage of being completely non-destructive 

to the analyzed material and extremely easy to use.  

INAA works when a neutron from the fission of uranium-235 strikes a nucleus of an 

atom in the sample turning it into an unstable radioactive isotope. This isotope then emits gamma 

rays that are characteristic of the element and can be accurately measured and matched to certain 

elements. INAA is able to measure a wide number of elements and has an extremely low limit 

for detection. However, a major disadvantage of INAA is that it requires the use of a nuclear 

reactor. It also is not effective in detecting silicon, an important element in the current study 

(Quinn 2022: 335, 337). INAA has been the most commonly used method for geochemical 

analysis of pottery but due to its difficulties and the fact it leaves studied samples radioactive, 

ICPMS and XRF have become more popular in recent years. 

If there is a currently preferred method for conducting geochemical analysis of pottery it 

is laser ablation inductively coupled plasma mass spectrometry (LAICPMS) (Sharratt et al. 2015; 

Sharratt et al. 2009). LAICPMS involves passing a sample through a plasma torch at several 

thousand degrees centigrade, which breaks it down into its component atoms and ionizes them 
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by the loss of an electron. It differs from INAA and XRF in that it is direct measurement of 

elements included in the sample. LAICPMS is also a preferable method for data collection in 

geochemical analysis because it is more precise. It can be directed at areas of paste with less 

concern of getting scans confused with a piece of temper that may have been added. The actual 

atoms (or ions) are measured rather than gamma rays or X-rays given off by them. (Quinn 2022: 

341). It is also extremely accurate. This method can detect a wide array of elements down to the 

parts per trillion (Quinn 2022: 341). 

X ray fluorescence works when x-rays are used to remove a shell electron (K or L) and 

the vacancy is filled by an electron from one of the shells above. This results in the generation of 

secondary X-rays that have the energy and wavelength characteristic of the element and the 

�S�D�U�W�L�F�X�O�D�U���H�O�H�F�W�U�R�Q���V�K�H�O�O���W�U�D�Q�V�L�W�L�R�Q�����³�7�K�H���K�H�L�J�K�W���R�I���W�K�H���S�H�D�N�V���L�Q���U�H�V�X�O�W�L�Q�J���Z�D�Y�H�O�H�Q�J�W�K�V���L�V���G�L�U�H�F�W�O�\��

related to the concentration of the element in the sample. (Quinn 2022: 337). These wavelengths 

can be measured and matched to elements included in the sample. XRF is less accurate than 

INAA or ICPMS.  Measurement is complicated by various effects including scattering, peak 

overlap and inter-element absorption and enhancement. Steps must be taken including the 

application of various coefficients and careful calibration to achieve accurate results (Quinn 

2022: 337). XRF is a surface technique. It gathers data from the most exposed areas of a sample. 

It is also sensitive to the topography of the sample. Rough, small, or oddly shaped samples are 

prone to errors in measurement (Quinn 2022: 337).  

There are two forms of XRF: ED-XRF and WD-XRF. These are Energy Dispersive XRF 

(ED-XRF) and Wavelength Dispersive XRF (WD-XRF). ED-XRF measures the energy of the 

X-rays, while simultaneously counting the number of photons of each energy level to plot a 

spectrum of energy versus counts. WD-XRF measures the wavelength of the secondary X-rays, 
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which is characteristic of the elements that emitted them and the electron transitions (Quinn 

2022: 337). 

PXRF is a form of ED-XRF which can be smaller and has fewer parts than WD-XRF and 

�F�D�Q���W�K�H�U�H�I�R�U�H���E�H���P�D�G�H���S�R�U�W�D�E�O�H�����³�+�D�Q�G-held or portable ED-XRF has revolutionized ceramic 

geochemistry in terms of its affordability, relative ease and speed of analysis, and the ability to 

record geochemical data without sampling or even touching an arti�I�D�F�W���´����Quinn 2022: 339). The 

portability of pXRF has expanded the use of XRF in geochemical analysis. In particular, it is the 

only completely non-destructive method of XRF. Rare and valuable artifacts can be evaluated 

using pXRF without concern for the preservation of the artifacts. However, many feel the ease 

and simplicity of this methods has also led to misuse or overuse while there are other more 

accurate methods (Quinn 2022: 338).  

2.1.5 Scan Applications 

Three applications were used to gather data using pXRF: (1) Mudrock40 Application, a 

standard scanning type in all pXRF; (2) 900F4390 40Kv mr Calibration, a special calibration for 

archaeological ceramics developed by Bruce Kaiser for GSU and (3) 900F4390 15Kv mr: 

Calibration, another special calibration for archaeological ceramics developed by Bruce Kaiser 

for GSU. The unit used for this analysis is a Bruker Tracer 5. It can measure a range of 48 

elements. A more detailed overview of the technical specifications for this device is included in 

Appendix C.   

2.1.6 Choice of Elements to be Measured Using pXRF 

�(�D�U�W�K�¶�V���P�D�M�R�U���H�O�H�P�H�Q�W�V�����W�K�R�V�H���W�K�D�W��make up ���������R�I���W�K�H���(�D�U�W�K�¶�V���F�U�X�V�W, and the ones most 

common in sediment or clay that one would expect to drive much of geochemical analysis, 

include silicon, aluminum, calcium, magnesium, sodium, potassium, titanium, iron, manganese 
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�D�Q�G���S�K�R�V�S�K�R�U�R�X�V�����2�[�\�J�H�Q���L�V���W�K�H���P�R�V�W���D�E�X�Q�G�D�Q�W���H�O�H�P�H�Q�W���L�Q���(�D�U�W�K�¶�V���F�U�X�V�W�����:�K�H�Q���L�W���L�V���F�R�P�E�L�Q�H�G��

with other elements like silicon, aluminum, and iron, it forms oxides. Silica (SiO2) (60%) and 

alu�P�L�Q�D�����$�L���2�������������������D�U�H���W�K�H���P�R�V�W���D�E�X�Q�G�D�Q�W���R�[�L�G�H�V���L�Q���W�K�H���(�D�U�W�K�¶�V���F�U�X�V�W����Quinn 2022: 332). 

Common trace elements that can also be very helpful in characterizing pottery sherds include 

boron, cobalt, copper, iodine, iron, manganese, molybdenum, and zinc (NIH.gov). The choice of 

elements to be examined in a geochemical study has enormous variability based on the materials 

used in the paste recipe of the pottery and therefore must be assessed on a case-by-case basis. 

Each of the elements examined must be selected in accordance with the questions being asked by 

the study and the potential causes of geochemical differences reflected in the results. The 

primary differences in results stem from the geology associated with the clay sources from which 

clay was excavated. The chemistry of naturally occurring clay varies from place to place and the 

chemical composition of ceramic sherds reflects that of their raw material sources.  

The geochemistry of ancient ceramics is also be affected by its manufacturing 

technology, including processes such as tempering and clay mixing and firing. It may also be 

altered at various stages in the life history of artifacts, including use and deposition, which can 

pose problems for the archaeological interpretation of geochemical data. For example, Potassium 

(K) may be elevated by the use of wood as fuel. (Quinn 2022: 354), or Calcium (Ca) can be 

altered in highly fired ceramics due to the transformation of calcite and other carbonate minerals. 

(Quinn 2022: 355). Firing can also make elements susceptible to alteration during burial. For 

example, alkali elements, such as cesium (Cs), potassium (K), rubidium (Rb), and sodium (Na) 

can be leached from ceramics after deposition (Quinn 2022: 356).  

The choice of elements for analysis is especially important for a geochemical analysis 

that uses pXRF as the method for data collection. The general literature on the topic depicts 
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pXRF as one of the less accurate methods for collection of variables for use in archaeology. 

pXRF is also prone to unexpected variability caused by sherd positioning, size of sherds, external 

material contained in sherds, air quality (e.g., dust) of the room in which scans occur, overlap in 

the sensitivity of pXRF to distinguish elements from one another (Hunt and Speakman 2015). 

Hunt and Speakman (2015) recommend that Potassium (K), Calcium (Ca), Titanium (Ti), 

Zirconium (Zr), Zinc (Zn), Strontium (Sr), Rubidium (Rb), Yttrium(Y), Niobium (Nb), Lead 

(Pb), Thorium (Th), Copper (Cu), Magnesium (Mg) and Silicon (Si) can be reliably detected 

using pXRF (Hunt and Speakman 2015).  

It is also extremely important to try to differentiate geochemical characteristics in pottery 

from changes that may have occurred after the deposition of the artifacts. The primary source of 

alteration from the geochemical makeup of pottery at its time of manufacture in most 

archaeological ceramics is the enrichment, removal, or redistribution of soluble minerals after 

use and discard. This is especially true for Calcium (Ca), barium (Ba), magnesium (Mg), 

strontium (Sr) and sulfur (S). Chromium (Cr), scandium (Sc), thorium (Th), and yttrium (Y) have 

low solubility and can be relied upon more confidently as a reflection of the original material 

used in the manufacture of ceramics (Quinn 2022: 355).  

The choice of elements to be examined in this study closely follows the recommendation 

made by Hunt and Speakman 2015. This source suggests pXRF can reliably measure potassium, 

calcium, titanium, manganese, zinc, rubidium, yttrium, zirconium and lead. These elements were 

all also measured in consistently adequate quantities (i.e., above the lower limit of detection by 

pXRF) and all had low error rates. They were therefore included in the study. Iron measured well 

and had low errors and was included. Strontium, copper and thorium had too many errors in 

measurement and were discarded in this study. Silicon was not measured by the 40KV 
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calibration. It was, however, reliably measured by the 15KV calibration and then manually added 

to the dataset. Chromium, cobalt, and nickel are considered less reliable elements when 

measured using pXRF. However, these elements were present in measurable quantities in the 

�G�D�W�D�V�H�W���D�Q�G���G�H�O�L�Y�H�U�H�G���Z�L�W�K���D�F�F�H�S�W�D�E�O�H���O�H�Y�H�O�V���R�I���H�U�U�R�U���X�V�L�Q�J���W�K�H���V�S�H�F�L�D�O���F�D�O�L�E�U�D�W�L�R�Q�V���L�Q���*�6�8�¶�V��

pXRF device and were therefore included with the dataset. The final dataset includes 15 

geochemical variables: Potassium (K), Silicon (Si), Calcium (Ca), Titanium (Ti), Chromium 

(Cr), Manganese (Mn), Iron (Fe), Cobalt (Co), Nickel (Ni), Zinc (Zn), Rubidium (Rb), Yttrium 

(Y), Zirconium (Zr), Niobium (Nb), and Lead (Pb).  

2.1.7 Case Selection for the Final Data Set 

Data from two calibrations were used for this analysis (the 40kv and the 15kv 

calibrations). There were two sessions of scanning that used the 40kv calibration. In cases where 

two 40kv scans were conducted on the same sherd, preference was given to the scans from the 

second session when scans were conducted mainly on the external surfaces of sherd samples. 

This preference was selected in order to be certain to avoid any scans that could have touched a 

label. None of the sherds in the dataset had paint or glaze. Due to this and the convex shape of 

most sherds, these external scans were deemed the most consistent and accurate scans of the 

internal paste of each sherd. Notes were taken about the circumstances of each scan in the 

�D�Q�D�O�\�V�L�V�����H���J�������³�V�K�H�U�G���V�O�L�S�S�H�G���R�I�I���R�I���W�K�H���V�F�D�Q�Q�H�U�´�����D�Q�G���X�V�H�G���D�S�S�U�R�S�U�L�D�W�H�O�\���W�R���V�X�S�S�R�U�W��the 

consistency and validity of the dataset (i.e., a scan where the sherd slipped off the scanner would 

have been discarded).  

2.1.8 Assessment of Precision and Accuracy of Data Collected 

To assess the accuracy of measurement using pXRF, several readings can be taken of the 

same sherds and compared. If accurate, elements detected in the same sherds and under the same 
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conditions should be tightly grouped. Ideally, multiple recordings should be taken per sherd to 

account for the inherent heterogeneity of ceramic paste compared to the small beam size (c. 0.3�±

1 cm diameter) of most pXRF devices (Quinn 2022: 338). 

 
Table 3.2: Results of All Ca, K and Pb Scans for Sherd Bry1.1 and Sherd Bry2.1 

 
Note: Rather than show the results above in parts-per-million, the most common scale for 

reporting geochemical information, the results above include raw results directly from the pXRF 

device to show direct output of the divide and avoid any potential confusion about how the 

output may have been treated.  

The table above shows the raw results from pXRF scans for three of the elements used in 

this study for all scans that were done on sherd 1 of the Burke sherds from the Berry site and 

sherd 1 of the hybrid sherds from the Berry site. These scans were conducted on multiple 

occasions between 2/1/2024 and 2/5/2024.  Overall results are adequately consistent across all 

three methods that can be employed using the GSU pXRF device and very consistent between 

different scans of the same sherds using the same calibration. The Mud40kv calibration is the 

�V�W�D�Q�G�D�U�G���³�R�X�W���R�I���W�K�H���E�R�[�´���P�H�W�K�R�G���I�R�U���W�K�H���%�U�X�N�H�U��Tracer 5 pXRF. It is not recommended for use 

by Hunt and Speakman (2015). However, the results here for these three elements are consistent 
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between methods and generally at acceptable levels of error. There is some wide variability in 

results for some elements. For example, the results for Ca in sherd Bry2.1 range from 0.546 up to 

3.16. These large differences primarily reflect differences in either the way the sherd was placed 

on the scanner and/or the portion of the sherd that was scanned. Results can obviously differ 

drastically depending on these two factors as is discussed in Hunt and Speakman (2015) and 

Quinn (2022). Selection of the results used in the study was done to promote the maximum level 

of accuracy and consistency in data collection. All results used in the study were done on the 

same day, using the same method for placing sherds on the scanner and all using the 40kv 

calibration with the exception of the inclusion of silicon using the 15kv calibration because this 

element is important to the group of sherds analyzed and it is not collected using the 40kv 

calibration.  

2.1.9 Calibration and Certified Reference Materials 

Table 3.3 Scan Results for Ohio Red and Red Brick 

XRF instrumentation requires calibration and maintenance in order to verify its accuracy. 

The pXRF device owned by the GSU archaeology lab has two calibrations developed and 

certified by Bruker for the assessment of archaeological materials. The custom calibrations 

focused on analysis of archaeological materials for the GSU pXRF were developed and certified 

by Bruker and Bruce Kaiser on March 24, 2017 (Bruker 2017).  

Scans were made of Ohio Red and Red Brick clay in order to check the calibration of the 

pXRF used. These scans had variations as would be expected but were relatively consistent 

except in the detection of iron. The Mud40KV application was not able to detect iron for 

Sample Application Date of Scan K Ca Ti Cr Mn Fe Ni Zn Rb Y Zr Nb Pb
O Red MUD 40kv 2/1/2024 3.02 0.53 0.67 0.02 0.03 < LOD 0.01 0.01 0.02 0.00 0.03 0.00 0.00
O Red 900F4390 40Kv mr 2/2/2024 3.15 0.62 0.68 0.01 0.02 5.25 0.00 0.00 < LOD 0.00 0.00 0.02 0.02
O Red 900F4390 15Kv mr 2/5/2024 2.68

red brick MUD 40kv 2/1/2024 2.08 0.31 0.43 < LOD 0.20 < LOD 0.01 0.02 0.02 0.00 0.02 0.00 0.00
red brick 900F4390 40Kv mr 2/2/2024 3.13 0.88 0.76 0.01 0.33 11.37 0.00 0.00 < LOD 0.00 0.01 0.02 < LOD
red brick 900F4390 15Kv mr 2/5/2024 1.97
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unknown reasons. Scans using the MUD 40KV calibration were not used in the analysis. All data 

were taken from the recommended 40KV calibration with the exception of silicon which, was 

only measured using the 15KV calibration. Unfortunately, a full set of before-and-after 

measurements was not taken of the Ohio Red and Red Brick samples. However, more 

comprehensive measurements were taken for many of the sherds in the analysis (Table 3.2). The 

consistency of responses for Ohio Red and Red Brick clay using different calibrations of the 

pXRF devices used lends credibility to its ability to accurately measure geochemical results. The 

consistency of the measurement of specific sherds using the same calibration is a more 

informative diagnosis of the device's consistency as is discussed in Section 3.1.8 and displayed 

in Table 3.2. The consistency of measurement by this device seems acceptable. 

2.1.10 Error Assessment and Removal 

Assessment of errors is a standard step to developing a geochemical dataset. 

Measurements using pXRF are prone to error and not able to detect some trace elements to an 

adequate degree. These errors and imprecision in measurement should be identified and dealt 

with accordingly. Steps taken in this analysis generally follow the methods recommended by 

Hunt and Speakman (2015), Quinn (2022), and others.  

All scans too low to detect by pXRF (i.e., returned as <LOD or less than the level of 

detection) were removed from the data set. All data points scanned that contained error rates of 

20% or more were also removed from the data set. The previous stages to developing the data 

set, selection of elements and removal of errors, resulted in a data set including one scan for each 

sherd using elements validly detectable by pXRF according to Hunt and Speakman (2015).  
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2.1.11 Data Normalization 

In order to be assessed for archaeological information, the data collected should fit a 

normal, Gaussian distribution curve (Quinn 2022: 349). This would be necessary in order to 

assess the results gathered from pXRF. One way to ensure normal distribution in the data is to 

convert results to Z-scores or a logarithmic distribution. This step is particularly important when 

pXRF is used for data collection. pXRF analysis of small sherds, where some specimens do not 

cover the window of the device or contain significant variation in their porosity will result in 

lower total X-ray counts in addition to the real and measurable differences in the presence of 

geochemical elements. Therefore, these measurements are best converted to normal distribution 

curves (Quinn 2022: 359).  

All data used in this analysis was converted to log10 in order to normalize the variance of 

included elements in the most appropriate way for the analysis of elemental data. Log10 was 

chosen over the application of Z-scores as a more common standardization technique for 

geological data and in order to align SPSS with methodologies developed by the University of 

Missouri and the MURR Archaeometry Lab procedures allowing comparison of methods 

between this and other standard approaches to geochemical analysis of pottery (Glasscock 2021; 

Quinn 2022).  

2.2 Statistical Methods Used 

In addition to the device used to collect geochemical data, the treatment of the data 

through the statistical analysis method chosen must be carefully considered. This study closely 

follows the steps and methods for statistical analysis of geochemical information from ceramics 

recommended by Quinn 2022 and widely used in the public literature on this topic (Sharratt et al. 

2015; Sharratt et al. 2023).  



PIFER-NORTH CAROLINA POTTERY  
61 

2.2.1 Examination of Descriptive Statistics of Data Collected 

The first step in the statistical examination of the data collected is to examine the 

standard descriptive statistics (i.e., means, minimums, maximums, modes, and overall variance. 

Overall variance and standard deviations can be very useful to provide a means of assessing how 

variable the individual values for a specific element are within a dataset. (Quinn 2022: 348). The 

greater the overall variance of data collected for a particular element, the more likely the element 

is to provide diagnostic information in studying the sherds of interest. A useful, standard 

approach is to peruse the data table and examine the chemical characteristics of samples from 

different sites and periods, and of different types (Quinn 2022: 366). This can be done by 

coloring or labelling samples according to these variables to look for unique characteristics 

among these groups.  

2.2.2 Examination of Scatterplots  

Observations were then made by looking at how the sherds in this dataset present 

themselves when the results are compared for specific elements being analyzed. This is the most 

standard procedure in working with data of this kind and recommended by both Quinn (2022) 

and Sharratt and colleagues (2019, 2015, 2023) in multiple studies as an important step before 

proceeding to more complicated analyses of the multivariate relationships of elements together. 

The goal in this step is to identify the most illustrative elements of differences in sherds. 

Scatterplots can also be used along with descriptive variables (e.g., sherd type) to look for 

differences in elements that might align to these. For example, the use of a certain temper in a 

sherd type that is not used in the manufacture of another sherd type might be evident in the 

differences between these groups in the elements contained in that temper. This is one reason it 

was deemed important that silicon be included in this study though it was collected using a 
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different pXRF calibration from all of the other elements in the study. Silicon is the dominant 

element in various tempers used in sherd types included in this study such as sand and crushed 

quartz. Therefore, I included it in order to increase my chances of detecting distinct groups of 

sherds within the dataset. Strong separation is less likely using pXRF but still possible (Hunt and 

Speakman 2015).  

2.2.3 Principal Components Analysis 

After the examination of descriptive statistics and elemental scatterplots, the most 

common methods for evaluating geochecmical data are through principal components analysis 

(PCA) and hierarchical cluster analysis (HCA) (Quinn 2022; Sharratt et al. 2015; Sharratt et al. 

2009). PCA is a data reduction technique by which the grid of either variance or covariance of 

the independent variables (the geochemical data in this instance) is analyzed to reduce the data to 

its primary components (Aimers et al. 2012; Ashkanani and Tykot 2013; Bezur and Casadio 

2012; Frankel and Webb 2012; McCormick and Wells 2014; Meanwell et al. 2013; Mecking et 

al. 2013; Mitchell et al. 2012; Sharratt et al. 2019; Sharratt et al. 2015; Sharratt et al. 2009; 

Sharratt et al. 2023; Tykot et al. 2013).  

The result is then a set of factors that represent the principal components reflected in the 

data set using much fewer variables. The first two components of factor analysis typically 

contain 50% or more of the variance in the dataset. This makes plotting of these factors in 

scatterplots very illustrative, particularly when they are examined along with other information 

like types or sites. Not all datasets yield clear concentrations of samples within PCA plots or 

elemental scatterplots. The visual identification of groups must often therefore be somewhat 

subjective though done using specifically measured data. A single dataset can be grouped in 

different ways. These examinations must be made carefully. Too much focus on finding matches 
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within the data can make the process less of an exploration of the data and more of an exercise in 

massaging it into a desired outcome (Quinn 2022). Factors emerging from PCA can also be put 

through additional procedures such as cluster analysis or discriminant function analysis to look 

for the presence of definable groups (Sharratt et al. 2015; Sharratt et al. 2009; Sharratt et al. 

2023; Tykot et al. 2013). 

2.2.4 Hierarchical Cluster Analysis   

Hierarchical cluster can then be conducted on both the regression scores from factor 

analysis and directly applied to geochemical variables included in the study. HCA creates an 

algorithm that groups similar objects into groups (i.e., clusters). The outcome is a set of clusters, 

where each cluster is distinct from each other cluster, and the objects within each cluster are 

broadly similar to each other. This procedure was conducted in the current study using between 

group linkages using squared Euclidean distance as a measure. Other studies consulted to 

examine clustering methods used in pottery analysis include Agha-Aligol and colleagues (2009), 

Ikeoka and colleagues (2012), and Pop and colleagues (1995). 

2.2.5 Treatment of Outliers 

Overall, the methods used in this analysis left outliers in with the dataset. In general, 

outliers (i.e., results containing extraordinarily high or low amounts of one or more elements) are 

more likely to be the result of a choice made by the manufacturer rather than an error or a result 

that disguises the true nature of the sherd or group of sherds. Unusual differences in particular 

sherds or sherd groups could point to useful diagnostic and archaeologically useful information. 

However, strong outliers can also distort results. If a sherd is exceptionally high or low in one or 

more elements, it might skew the results of statistical analyses, such as when developing the 
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PCA and trying to ascertain the elements that most contribute to the loading of Principal 

Component #1 or Principal Component #2.  

Exceptionally high or low results can also overshadow more subtle differences that may 

be otherwise illustrative of the geochemical nature of the sherds and sherd groups (Quinn 2022: 

349). Outliers and extreme outliers may be the result of alteration or errors during measurement 

and can therefore be removed before pattern recognition and classification. Therefore. it was 

deemed important to also examine the results of scatterplots and PCA when outliers were 

removed as well as when they were included. A short paragraph discussing and identifying 

outliers is included in the following results section when examining scatterplots of each element 

measured by the analysis. PCA was performed both including and excluding outliers and the 

results examined and discussed accordingly. 
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3 RESULTS OF STATISTICAL ANALYSES  

3.1 Evaluation of Individual Elements 

Table 4.1 Table: Descriptive Statistics in Parts per Million 

Iron, silicon, calcium and potassium are the most common major elements in the dataset 

and have the highest variance as variables. Chromium, zinc, zirconium and nickel are the most 

common trace elements with the highest variances in the dataset (Table 4.1).  

The presence of high amounts of iron can indicate contamination during deposition 

(Quinn 2022: 360). High amounts of calcium and silicon can be indicative of larger amounts of 

temper added, though it is difficult to discern as these are also common elements to be found in 

local clays of Western North Carolina.  

High amounts of potassium (K) may be elevated by the use of wood as fuel as a firing 

agent (Quinn 2022: 354). Potassium and rubidium are also susceptible to leaching while 

deposited in soil. Chromium (Cr) and yttrium (Y) can be more relied upon as original elements 

Descriptive Statistics
N Minimum Maximum Mean Std. Deviation Variance

Fe 142 16,009           95,461           39,040           13,408           179,785,942      

Si 142 14,274           55,511           42,032           7,929             62,870,188        

Ca 142 5,017             55,814           11,172           6,356             40,400,024        

K 142 5,285             30,830           13,810           4,420             19,537,934        

Ti 142 4,825             24,144           10,147           3,019             9,111,360          

Mn 142 142                3,012             696                463                214,437             

Cr 142 74                  1,218             373                192                36,965               

Zn 142 65                  1,575             153                160                25,756               

Zr 142 48                  430                247                67                  4,474                 

Ni 142 22                  313                87                  45                  2,031                 

Rb 142 12                  151                51                  26                  658                    

Y 142 5                    70                  28                  10                  93                      

Nb 142 6                    39                  15                  5                    25                      

Co 142 2                    22                  16                  3                    7                        

Pb 142 9                    32                  13                  2                    5                        

Valid N (listwise) 142

Major Elements Trace Elements
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to paste because they have low solubility and are therefore less likely to be leached from pottery 

sherds and replaced by other elements like silicon (Quinn 2022: 355). 

Table 4.2: Correlation Matrix of Geochemical Variables Used in the Analysis 

Many of the elements in the analysis are highly correlated. It is interesting to note that 

while silicon is the most common element in the dataset, it is less correlated to other elements in 

the dataset than others and in many cases is negatively correlated (i.e., less silicon is associated 

with higher amounts of other elements unlike most elements measured) (Table 4.2).  

  

Correlations
Si.log K.log Ca.log Ti.log Cr.log Mn.log Fe.log Co.log Ni.log Zn.log Rb.log Y.log Zr.log Nb.log Pb.log

Si.log 1

K.log 0.028 1

Ca.log -0.115 0.103 1

Ti.log -.180* 0.066 .316** 1

Cr.log -0.059 0.035 .241** .376** 1

Mn.log -.230** .262** .565** .308** .464** 1

Fe.log -0.075 0.006 .482** .437** .461** .443** 1

Co.log -0.090 0.066 -0.046 .190* .338** 0.133 .257** 1

Ni.log 0.027 0.020 .282** 0.076 .757** .415** .626** .175* 1

Zn.log -.177* .271** .258** 0.016 0.064 .322** 0.148 0.056 0.077 1

Rb.log 0.006 .805** -0.149 -0.158 -0.112 0.044 -.334** 0.015 -.204* .165* 1

Y.log -0.047 .408** .242** .407** .194* .306** -0.010 .166* -0.104 .182* .329** 1

Zr.log -0.080 .415** -0.011 .416** 0.014 0.049 -0.055 .280** -.225** 0.162 .310** .356** 1

Nb.log 0.093 .538** -.246** .357** -0.002 -0.162 -0.087 .202* -.200* 0.047 .544** .408** .580** 1

Pb.log -.228** .273** .194* .265** 0.143 .247** .261** -0.089 0.110 .571** .185* .257** .233** 0.103 1

*. Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed).
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3.1.1 Scatterplots of Sherds by Element 

In the following sections, the overall variance and distribution of sherds in the amounts of 

elements they contain are observed using scatterplots. Most of these scatterplots are being shown 

in their standardized (log 10) form. This method was deemed preferable to showing scatterplots 

using parts-per-million because the associated plots more distinctly show variation and potential 

geochemical groups. Appendix A includes an overview of each of the resulting defined groups 

by element using parts-per-million to more clearly highlight the real differences between groups. 

 

Figure 4.1 Log 10 Silicon by Log 10 Potassium 

 

3.1.1.1 Observations of Silicon by Potassium 

One sherd from the Warren Wilson site is exceptionally low in silicon. Four sherds from 

the Shuford sites are exceptionally low in potassium. 

Outliers: The silicon result for sherd WW.9 will be removed as low in silicon. Sherd 

Shuford 2.3 is low in potassium and this result will be removed and compared to the result with 

no outliers removed. 
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Figure 4.2 Log 10 Calcium by Log 10 Titanium 

 

3.1.1.2 Observations of Calcium and Titanium 

�)�R�X�U���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���I�U�R�P���W�K�H���6�K�X�I�R�U�G���V�L�W�H���D�U�H���F�O�H�D�U�O�\���V�H�S�D�U�D�W�H���D�V���K�D�Y�L�Q�J���D���O�D�U�J�H��

amount of titanium. One sherd from Catawba Meadows is remarkably low in titanium. A sherd 

from the Berry site and another from the Mills River site are quite high in calcium. 

Outliers: The result for sherd Cat.5 will be removed as low in titanium and The result for 

Shuford2.8, 2.4, 2.6, and 2.10 will be removed for high titanium. Calcium for Mills.10 and 

Bry1.4. 
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Figure 4.3 Log 10 Chromium by Log 10 Manganese 

 

3.1.1.3 Observations of Chromium by Manganese 

Manganese and chromium show a positive correlation to each other. No clear groups are 

separated from the main cloud results though many of the sherds that are particularly low in 

manganese are Burke sherds from the McDowell site (i.e., s�K�H�U�G���F�R�G�H���E�H�J�L�Q�V���Z�L�W�K���³�P�F�G���´������

There are no clear outliers among the sherds in terms of chromium or m�D�Q�J�D�Q�H�V�H�����7�K�H���&�R�Z�D�Q�¶�V��

Ford sherds cluster closely together in the amounts of chromium and manganese they contain.  

Outliers: Mills  9, Bry 1.9, McDowell 4, and Mills 5 are outliers in Mn. McDowell 19 is 

an outlier in high Cr. These will be removed from analyses directed toward results without 

outliers. 
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Figure 4.4 Log 10 Iron by Log 10 Cobalt 

 

3.1.1.4 Observations of Iron by Cobalt 

The distribution of cobalt is narrow and contains one distinct outlier. Two diverging 

groups of sherds can be perceived with differing characteristics in the relationship of cobalt and 

iron.  

Outliers:  Shuford 2.1 is a drastic outlier in its lack of Cobalt and this result will be 

removed. The Cat 5 results for iron will also be removed as an outlier.  

  



PIFER-NORTH CAROLINA POTTERY  
71 

 

 
Figure 4.5 Log 10 Nickel by Log 10 Zinc 

 

3.1.1.5 Observations of Nickel by Zinc 

There are four outliers containing high amounts of zinc. Two of them are from the 

Shuford site but each is a different sherd type. A sherd from the Mills River site and another 

from the McDowell site (a hybrid) are also exceptionally high in Zinc. Three Burke sherds from 

the McDowell site are quite high in Nickel. 

Outliers: Results in zinc for Shuford 1.5, Mills 3 and Shuford 2.4 will be removed. 

McDowell 1.17 and McDowell 1.11 are outliers in nickel.  
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Figure 4.6 Log 10 Rubidium by Log 10 Yttrium 

 

3.1.1.6 Observations of Rubidium by Yttrium 

One sherd from the McDowell site is exceptionally low in Yttrium. Otherwise, there are 

no immediately obvious, remarkable differences in the dataset in terms of rubidium or Yttrium.  

Outliers: Yttrium results for Shuford 1.6 will be removed as an outlier. No results are 

being removed as outliers in rubidium. 
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Figure 4.7 Log 10 Zirconium by Log 10 Niobium 

 

3.1.1.7 Observations of Zirconium by Niobium 

A sherd from the Catawba Meadows site is exceptionally low in zirconium. One from the 

Pitts site contains unusually high niobium. Many of the sherds that are low in niobium are from 

the Shuford site. Otherwise, results are fairly typical of a distribution of geochemical readings of 

a set of sherds. 

Outliers: The result for Cat 5 will be removed as an outlier in zirconium. The result for 

Pitts 2 will be removed as an outlier in niobium.  
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Figure 4.8 Log 10 Niobium by Log 10 Lead 

 

3.1.1.8 Observations of Niobium by Lead 

�7�Z�R���V�K�H�U�G�V���I�U�R�P���W�K�H���6�K�X�I�R�U�G���V�L�W�H�����R�Q�H���R�I���W�K�H�P���%�X�U�N�H���W�\�S�H���D�Q�G���W�K�H���R�W�K�H�U���&�R�Z�D�Q�¶�V���)�R�U�G����

contain high amounts of lead. Lead shows a lack of variance as indicated by the stacked 

appearance of results.  

Outli ers: Shuford 1.5 and Shuford 2.1 are outliers for their high amounts of lead.  
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3.1.2 Scatterplots of Elemental Results by Sherd Type and with Outliers Removed 

As previously discussed in the methods section, the inclusion of descriptive variables into 

a scatterplot or PCA can help to define geochemical groups as recommended by most studies of 

this type (Aimers et al. 2012; Ashkanani and Tykot 2013; Bezur and Casadio 2012; Frankel and 

Webb 2012; McCormick and Wells 2014; Meanwell et al. 2013; Mecking et al. 2013; Mitchell et 

al. 2012; Quinn 2022: 349; Sharratt et al. 2019; Sharratt et al. 2015; Sharratt et al. 2009; Sharratt 

et al. 2023; Tykot et al. 2013). In the following sections, the results of elemental scatterplots both 

with and without outliers are displayed and discussed.  In many of the results displayed In the 

following sections, the ellipses used to highlight a particular group match the coloring used in the 

scatterplot (e.g., the yellow ellipse below encloses all of the Connestee sherds in the scatterplot).  

Figure 4.9 Scatterplot of Potassium vs. Silicon  
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3.1.2.1 Silicon Observations 

Connestee sherds and Pisgah sherds have less silicon than other sherd types in the 

analysis. Most sherds of this type are located to the right in the previous figure. Burke sherds are 

generally higher in silicon than all other types. This may reflect the addition of temper to Burke 

sherds or possibly changes that occurred during deposition as silicon infiltrated voids or replaced 

other elements removed by leaching. 

3.1.2.2 Potassium Observations 

Burke sherds are lower in potassium than other types in general. As a group, hybrid 

sherds are higher in potassium than other types. The three sherds lowest in potassium of the 

�H�Q�W�L�U�H���G�D�W�D�V�H�W���D�U�H���D�O�O���&�R�Z�D�Q�¶�V���)�R�U�G���� 
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Figure 4.10 Log 10 Silicon by Log 10 Potassium�± Outliers Removed 

 

3.1.2.3 Observations of Silicon and Potassium with Outliers Removed 

The coloration of ellipses in the observations above matches the sherd type that is being 

highlighted by that ellipse. For example, the Pisgah sherds in the results above are enclosed 

within the orange ellipse above and the Connestee sherds are highlighted in the yellow ellipse. 

Removal of outliers reveals interesting and significant differences between sherd types in 

potassium and calcium. The Connestee sherds and some of the Pisgah sherds seem lower in 

silicon than other types (yellow ellipse) as well as some of the hybrid sherds. Hybrid sherds seem 

generally higher in potassium than Burke sherds.  
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Figure 4.11 Scatterplot of Calcium vs. Titanium 

3.1.2.4 Calcium Observations 

Connestee sherds are tightly grouped in their amount of calcium as are Pisgah. Burke 

sherds have wide variability. There are two groups above that seem to highlight a concentration 

�R�I���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V�����L���H�������W�K�H���W�Z�R���H�O�O�L�S�V�H�V���L�Q���J�U�H�H�Q�������7�K�H�V�H���H�O�O�L�S�V�H�V���R�E�Y�L�R�X�V�O�\���D�O�V�R���F�R�Q�W�D�L�Q��

sherds of other types. This could imply these sherd types might belong to the same geochemical 

group but is highlighted here (and in other scatterplots) only as an observation. 

3.1.2.5 Titanium Observations 

�)�R�X�U���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���I�R�U�P���D���G�L�V�W�L�Q�F�W���R�X�W�O�L�H�U���J�U�R�X�S���L�Q���W�H�U�P�V���R�I���W�K�H�L�U���W�L�W�D�Q�Lum. These 

�I�R�X�U���D�U�H���Y�H�U�\���V�H�S�D�U�D�W�H���I�U�R�P���W�K�H���R�W�K�H�U���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���W�K�D�W���F�R�Q�W�D�L�Q���O�H�V�V���W�L�W�D�Q�L�X�P���W�K�D�Q���P�R�V�W���R�I��

the sherds in the analysis. Pisgah sherds are also higher in titanium than the average sherds.  
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Figure 4.12 Log 10 Calcium by Log 10 Titanium �± Outliers Removed 

 

3.1.2.6 Observations of Calcium and Titanium with Outliers Removed 

Pisgah sherds seem different from most in the amount of titanium they contain. The 

Connestee sherds are very similar but noticeably lower in titanium compared to most of the 

�3�L�V�J�D�K���V�K�H�U�G�V�����&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���D�U�H���F�R�P�S�D�U�D�W�L�Y�H�O�\���O�R�Z���L�Q��titanium. No clear differences 

exist in calcium between the sherd groups. 

  



PIFER-NORTH CAROLINA POTTERY  
80 

 

Figure 4.13 Scatterplot of Chromium vs. Manganese 

 

Chromium and manganese show positive correlation (blue arrow). 

3.1.2.7 Chromium Observations 

Connestee and Pisgah sherds are higher in Chromium than other types. Most of the 

hybrid sherds are lower in chromium than other types.  

3.1.2.8 Manganese Observations 

Manganese is a good differentiator of sherd types with Connestee sherds being the 

highest and Cow�D�Q�¶�V���)�R�U�G��being the lowest. Hybrid and Burke sherds do not appear to differ in 

their relative amounts of manganese. 
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Figure 4.14 Log 10 Chromium by Log 10 Manganese �± Outliers Removed 

 

3.1.2.9 Observations of Chromium and Manganese after Outliers Removed 

Chromium and manganese are noticeably positively correlated (as indicated by the blue 

arrow and diagonal, upwardly rising grouping in the above scatterplot). Each of the elements 

seems fairly distinguishable from the Burke and hybrid sherds by sherd type in the amount of 

�0�D�Q�J�D�Q�H�V�H���W�K�H�\���F�R�Q�W�D�L�Q�����7�K�H�U�H���D�U�H���W�Z�R���Y�H�U�\���G�L�V�W�L�Q�F�W���J�U�R�X�S�V���D�P�R�Q�J���W�K�H���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V��

(green ellipses) in the amounts of manganese they contain. While the difference between these 

two subsets of sherds is very interesting and repeats in several places in the analysis, there is no 

�G�L�V�F�H�U�Q�L�E�O�H���I�D�F�W�R�U���W�K�D�W���G�L�V�W�L�Q�J�X�L�V�K�H�V���W�K�H�V�H���W�Z�R���J�U�R�X�S�V���D�W���W�K�L�V���W�L�P�H�����7�K�H�\���D�U�H���D�O�O���&�R�Z�D�Q�¶�V���)�R�U�G��

type pottery that was found at the Shuford site. It is possible these are two sets of sherds that 

reflect differing practices in pottery manufacture. However, the specific difference this 
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represents (e.g., a different source of clay or temper or some other practice or potentially a 

change that occurred post depostion) remains elusive. It is a point worthy of further study.  
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Figure 4.15 Scatterplot of Iron vs. Cobalt 

3.1.2.10 Iron Observations 

Connestee sherds appear lower in iron. Otherwise, there are no discernible observations 

to be made from this figure regarding iron results. Two distinct groups emerge here, one that is 

positively correlated in cobalt and iron and another that is negatively correlated are observed 

here and discussed in the following section.  

3.1.2.11 Cobalt Observations 

As a trace element, results for cobalt lack variance (at least when outliers are included) 

and no discernible observations can be made.  
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*

 

Figure 4.16 Log 10 Cobalt by Log 10 Iron�± Outliers Removed 

 

3.1.2.12 Observations of Cobalt and Iron after Outliers Removed 

Cobalt is a trace element that appears in far smaller amounts than iron. The stacked 

presentation of cobalt is partially a reflection of this difference. The variance of cobalt 

measurements after normalization has a limited range at very low levels. Therefore, the amount 

of cobalt showing from each sherd appears stepped as the results are graphed.  

Despite this lack of great variability in cobalt, a very interesting relationship emerges 

when these two elements are compared. There are two very distinct groups among these sherds 

that can be seen in the groups circled by the ellipses above. In the lower group, these two 

elements are highly positively correlated. In the other group, toward the top, they are clearly 
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negatively correlated (more cobalt tends to occur with less iron unlike the first group). The 

second group seems dominated by Burke sherds from the McDowell site and hybrid sherds from 

the Shuford site. It is intriguing to speculate on the reasons this could be but beyond the scope of 

the current study. It is unclear if this is an archaeological result or the result of some other factor 

in measurement or a change that occurred during deposition. Let us hope it is the former but be 

aware it may be the latter. 

  
Figure 4.17 Cobalt by Iron in PPM �± Outliers Included  

3.1.2.13 Observations of Cobalt and Iron after Outliers Removed 

On a PPM scale rather than showing logged variables, the stacking of result for trace 

elements is less pronounced but generally shows the same results.   
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Figure 4.18 Scatterplot of Nickel vs. Zinc 

3.1.2.14 Nickel Observations 

Connestee sherds are higher in nickel than many others. The Pisgah sherds are very 

tightly grouped in their amount of nickel. This is a characteristic worthy of additional 

examination. 

3.1.2.15 Zinc Observations 

A small number of sherds are highly differentiated in the amount of zinc they contain.  
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Figure 4.19 Log 10 Nickel by Log 10 Zinc�± Outliers Removed 

 

3.1.2.16 Observations of Nickel and Zinc after Outliers Removed 

Removal of outliers made the results for some sherds more distinct in their high amounts 

of zinc (in the black ellipse above). The other colored ellipses reflect grouping by color coded 

sherd type. 
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Figure 4.20 Scatterplot of Rubidium vs. Yttrium 

3.1.2.17 Rubidium Observations 

Hybrid and Connestee sherds appear higher in rubidium than other types. Pisgah sherds 

�D�U�H���W�L�J�K�W�O�\���J�U�R�X�S�H�G���W�R�Z�D�U�G���W�K�H���P�L�G�G�O�H���R�I���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q�����&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���D�U�H���F�O�H�D�U�O�\��

differentiated in the amount of rubidium they contain.  

3.1.2.18 Yttrium Observations 

There are generally no significant discernible differences that can be observed in the 

amount of yttrium in sherds in this dataset. 
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Figure 4.21 Log 10 Rubidium by Log 10 Yttrium�± Outliers Removed 

3.1.2.19 Observations of Rubidium and Yttrium after Outliers Removed 

Removal of outliers made the results more varied in yttrium and rubidium but did not 

significantly change any of the results comparing these elements.  
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Figure 4.22 Scatterplot of Zirconium vs. Niobium 

3.1.2.20 Zirconium Observations 

There are generally no significant discernible differences that can be observed in the 

amount of zirconium in sherds in this dataset. 

3.1.2.21 Niobium Observations 

There are generally no significant discernible differences that can be observed in the 

amount of niobium in sherds in this dataset 
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Figure 4.23 Log 10 Zirconium by Log 10 Niobium�± Outliers Removed 

 

3.1.2.22 Observations of Zirconium and Niobium after Outliers Removed 

There is a lack of variance showing in the results for niobium as discussed previously in 

association with cobalt results. Pisgah and Connestee sherds are generally high in zirconium 

compared to other types (orange ellipse). These two elements are highly correlated (blue arrow).    
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Figure 4.24 Scatterplot of Silicon vs. Lead 

3.1.2.23 Lead Observations 

One Burke sherd is an outlier in the high amount of lead it contains. This could be the 

result of leaching (Quinn 2022). Otherwise, there are no discernible differences that can be 

observed using the eye. 
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Figure 4.25 Scatterplot of Silicon vs. Lead �± Outliers Included 

3.1.2.24 Lead and Silicon Observations 

Adding back outliers and replacing silicon and lead with their raw PPM values rather 

than logged values does not significantly change the results observed.  
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Figure 4.26 Log 10 Niobium by Log 10 Lead �± Outliers Removed 

 

3.1.2.25 Observations of Niobium and Lead after Outliers Removed 

The reason for the stacking of values for lead is because the element is at the lower limits 

of detection for pXRF and because of this lack of variance that other elements have, the results 

have fewer values in their results�����&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���I�D�O�O���L�Q���W�Zo very distinct groups separated 

by the among of lead they each contain (green ellipses).  
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Figure 4.27 Niobium by Lead �± Outliers Included 

 

3.1.2.26 Observations of Niobium and Lead after Outliers Included 

Adding back outliers and replacing niobium and lead with their raw PPM values rather 

than logged values does not significantly change the results observed.  
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3.2 Results of Principal Components Analysis 

Principal component analysis was conducted on all of the variables in the analysis. The 

covariance matrix was used as the basis for analysis. Factors with an Eigenvalue greater than 1 

were extracted. Cases were excluded pairwise though none were removed from the analysis (see 

sections on error removal). Regression coefficients for each principal factor were retained for 

each sample case in the analysis. Twenty-five iterations were included to reach convergence. 

Five significant components (eigenvalues greater than 1.0) were extracted from the analysis 

representing 81% of its overall variance (69% when rescaled).   

Table 4.3: Overview of Results from Principal Components Analysis 
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Table 4.4 Coefficients from PCA 

 

3.2.1 Observations from Variable Loadings in Principal Components Analysis 

The first component from PCA represents about a third of the overall variance in the 

dataset. The highest rescaled component values for component 1 were for manganese (.829), 

chromium (.803), nickel (.772) and iron (.697). Component two, representing 22% of the 

variance in the dataset had the highest loadings for potassium (.855), rubidium (.887), niobium 

(.660), and yttrium (.599). 
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3.2.2 Visual Analysis of Principal Components 

Figure 4.28 PCA Factor 1 by PCA Factor 2 

3.2.3 Observations from Principal Components 1 & 2  

It is difficult to define geochemical groups accurately using only geochemical variables. 

Further analysis that divides these results into sherd types and sites is more illustrative potential 

archaeological differences in sherds. 
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Figure 4.29 PCA Factor 1 by PCA Factor 3 

3.2.4 Observations from Principal Components 1 & 3  

It is difficult to define geochemical groups accurately using only geochemical variables. 

As in the case of the plotting of Factor 1 and Factor 2 previously discussed, further analysis that 

divides these results into sherd types and sites is more illustrative potential archaeological 

differences in sherds. 
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3.2.5 Visual Analysis of PCA by Sherd Types 

Figure 4.30 PCA of Geochemical Groups: Function 1 and Function 2 (by sherd type) 

3.2.6 Observations from Principal Components 1 & 2 by Sherd Type 

A common method for drawing observations out of a PCA is to define the groups by 

sherd type and color code them accordingly as in the chart above (Quinn 2022; Sharratt et al. 

2019; Sharratt et al. 2015; Sharratt et al. 2009; Sharratt et al. 2023). Above is an analysis on this 

basis. It is difficult to define geochemical groups accurately using only geochemical variables. 

The ellipses circled below are discernible but more information would be helpful to verify them 

as true geochemical groups.  
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Figure 4.31 PCA of Geochemical Groups: Function 1 and Function 3 (by sherd type) 

 

3.2.7 Observations from Principal Components 1 & 3 by Sherd Type 

Component 3 shows no discernible differentiation in sherd groups. Connestee and Pisgah 

�V�K�H�U�G�V���D�U�H���O�R�F�D�W�H�G���R�Q���W�K�H���U�L�J�K�W���V�L�G�H���R�I���W�K�H���V�F�D�W�W�H�U�S�O�R�W���D�Q�G���K�\�E�U�L�G���D�Q�G���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���D�U�H��

mostly located �W�R���W�K�H���O�H�I�W���R�I���W�K�H���V�F�D�W�W�H�U�S�O�R�W���Z�L�W�K���R�Q�H���D�O�W�H�U�Q�D�W�L�Y�H���J�U�R�X�S���R�I���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V��

located to the right. �&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���D�Q�G���&�R�Q�Q�H�V�W�H�H���V�K�H�U�G�V���D�U�H���D�O�V�R���H�D�F�K���S�U�H�G�R�P�L�Q�D�Q�W�O�\��

negatively loaded in Function 3. 
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3.2.8 Visual Analysis of PCA by Site 

Figure 4.32 PCA of Geochemical Groups: Function 1 and Function 2 (by site) 

3.2.9 Observations from Principal Components 1 & 2 by Site 

Following standard practice for observation of PCA by comparing sherds from different 

sites as a descriptive characteristic and as a method for determining geochemical patterning, the 

scatterplot of regression values from PCA above shows some clear distinctions where sherds 

from the same sites or the same site and sherd type fall into recognizable patterns. Some of these 

are outlined using the color-coded ellipses above. A method in an initial draft of this thesis used 

discriminant function analysis to separate this dataset into 13 separate groups defined by the site 

where each sherd was found and the type of sherd in cases where two sherd types were collected 

from the same site. This analysis provided results that were highly statistically significant. 
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However, the strength of pXRF as a method for measuring geochemical differences or the direct 

comparison of sherds from the same site and sherd type as geochemical groups in and of 

themselves is not considered an advisable method for separating sherds into geochemical groups 

at this time. The groups produced by such an analysis would be considered a presupposition that 

invalidates conclusions that could be drawn from such a comparison. The identification of 

differences in these groups is an a priori assumption not based on factual geochemical 

differences.  
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3.2.10 Visual Analysis of Principal Components with Outliers Removed 

Figure 4.33 PCA Factor 1 by PCA Factor 2 �± Outliers Removed 

3.2.11 Observations from Principal Components 1 & 2  

Differences in the principal components from an analysis of geochemical variables and 

differentiated by sherd types and sites with outliers removed continues to provide interesting 

�R�E�V�H�U�Y�D�E�O�H���G�L�I�I�H�U�H�Q�F�H�V���L�Q���V�K�H�U�G�V�����&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���I�U�R�P���W�K�H���6�K�X�I�R�U�G���V�L�W�H���O�R�D�G���D�W���O�R�Z���O�H�Y�H�O�V��

significant for both factor 1 and factor 2. Connestee and Pisgah sherds load highly on factor 1. 

Hybrid sherds from the McDowell site load high on Factor 2. 
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3.3 Results of Hierarchical Cluster Analysis 

*  

Figure 4.34 Dendrogram 

Results from Hierarchical Cluster Analysis 
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3.3.1 Observations from Hierarchical Cluster Analysis 

Hierarchical cluster analysis of the dataset created 12 levels of clustering of sherd 

samples. Observations of which sherds cluster together are not diagnostic of sherd groupings, 

partially because cluster analysis does not provide coefficients to evaluate the basis on which 

they cluster.  Great caution is also commonly recommended when using hierarchical cluster 

analysis on geochemical information (e.g., Quinn 2022). There are two primary difficulties with 

the use of cluster analysis to evaluate geochecmical data. First, the data are compositional 

making analysis with standardized methods difficult. Second, the datasets can easily become 

large and complicated for accurate use of HCA (Ellefsen and Smith 2016: 202).  However, like 

scatterplots and descriptive statistics, when used with caution, this method can divulge clues that 

lead to the definition of meaningful groups. Sharratt and colleagues (2015) uses cluster analysis 

in a similar study to this one but interpret these results as less than diagnostic as with the current 

study. Not all of the clusters that were derived from HCA are listed among those for which 

observations are being made. Clusters not listed have no discernible observations.  

Group A clusters at level 9 of the cluster analysis. There are 9 sherds in this cluster. Four 

of them (44%) are Connestee sherds from the Mills River site and 5 (55%) are Pisgah sherds 

from the Warren Wilson site. Together, 99% of these sherds are from the French Broad 

watershed.  

Group B clusters at level 9 of the cluster analysis. There are 6 sherds in this cluster. 

Three of them (50%) are from the Michaux Farm site. 

Group C clusters at level 9 of the cluster analysis. There are 4 sherds in this cluster. All 

(100%) of them are Burke sherds from the McDowell site. 
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Group D clusters at level 9 of the cluster analysis. There are 4 sherds (44%) in this 

cluster. Three of them are from the McDowell site. 

Group E clusters at level 9 of the cluster analysis. There are 3 sherds in this cluster. All 

(100%) of them are Burke sherds from the Berry site. 

Group F clusters at level 9 of the cluster analysis. There are 4 sherds in this cluster. 

Three (75%) of them are Burke sherds from the Rader site. 

Group G clusters at level 6 of the cluster analysis. There are 15 sherds in this cluster. 

Eight of them (53%) are from the McDowell site. Three (20%) are from the Michaux Farm site.  

Group H clusters at level 6 of the cluster analysis. There are 15 sherds in this cluster. 

Nine (60%) of them are hybrid sherds from the McDowell site.  

Group I  clusters at level 7 of the cluster analysis. There are 6 sherds in this cluster. Five 

(83%) of them are Burke sherds from the Berry site.  

Group J clusters at level 5 of the cluster analysis. There are 5 sherds in this cluster. Four 

�R�I���W�K�H�P���������������D�U�H���&�R�Z�D�Q�¶�V���)�R�U�G��sherds from the Shuford site.  

Group K  clusters at level 5 of the cluster analysis. There are 4 sherds in this cluster. All 

���������������R�I���W�K�H�P���D�U�H���I�U�R�P���W�K�H���6�K�X�I�R�U�G���V�L�W�H�����+�D�O�I���R�I���W�K�H�P���D�U�H���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���D�Q�G���W�K�H���R�W�K�H�U������

are Burke sherds. 
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3.4 Final Defined Geochemical Groups in PCA (Factor 1 x 2, Outliers Removed) 

Five groups were defined using all previous analyses in the study. These groups and the 

sherds that belong to each are shown on the following pages.  

 

Figure 4.35 Final Groups Defined in PCA (Factor 1 x 2, Outliers Removed)  
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Figure 4.36 Final Groups Defined in PCA (Factor 1 x 2, Outliers Included)  
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3.4.1 Elemental Comparisons by Defined Geochemical Groups 

 

Figure 4.37 Silicon by Geochemical Group 
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Figure 4.38 Potassium by Geochemical Group 

Figure 4.39 Calcium by Geochemical Group 
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Figure 4.40 Titanium by Geochemical Group 

 

Figure 4.41 Chromium by Geochemical Group 
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Figure 4.42 Manganese by Geochemical Group  
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Figure 4.43 Iron by Geochemical Group 

Figure 4.44 Cobalt by Geochemical Group  
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Figure 4.45 Nickel by Geochemical Group 

 

Figure 4.46 Zinc by Geochemical Group  
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Figure 4.47 Rubidium by Geochemical Group 

Figure 4.48 Yttrium by Geochemical Group  
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Figure 4.49 Zirconium by Geochemical Group 

 

Figure 4.50 Niobium by Geochemical Group  
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Figure 4.51 Lead by Geochemical Group 
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4 DISCUSSION OF GEOCHEMICAL GROUPS  

 
Figure 5.1 Final Groups Defined in PCA (Factor 1 x 2, Outliers Included, color-coded 

ellipses added for clarity) 

  

Group 1: Shuford 
Group 

Group 2: McDowell 
Hybrid  Group 

Group 3: 
Pisgah/Connestee/French 

Broad Group 

Group 4: Burke/ 
McDowell Group 

Group 5: Burke / 
Berry  Group 
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4.1.1 Final Discussion of Defined Geochemical Groups 

Five groups were defined using all previous analyses in the study (see Figure 5.1 and 

Tables 5.1 �± 5.5). The two hypotheses defined in this analysis were confirmed. Geochemical 

differences in sherd groups reflect differences in the locations from which sherds were recovered 

and also reflect differences in sherd types. Group 1 was almost entirely characterized by sherds 

from the Shuford site, the only site located in the Middle Catawba River valley. Group 2 was 

almost entirely hybrid sherds from the McDowell site. Like their other characteristics, having 

both Burke and Pisgah traits, these sherds appear unique from the main sherd-type groups. Group 

3 was defined by a large number of Pisgah and Connestee sherds, the only two sherd types that 

were from a differing watershed to the Catawba River valley. Groups 4 and 5 were mainly Burke 

sherds. Group 4 was especially focused on the McDowell site and Group 5 was mainly focused 

on sherds from sites close to the Berry site.  

Table 5.1 Final Results by Sherd for Group 1 (Shuford Group) 

 

In addition to a confirmation that these groups are definable using geochemical 

information, there are various interesting and specific observations that can be drawn from these 

results that may tell us something about the practices that were followed during the late 

Mississippian time period for making and using pottery in and around the Catawba River valley. 

Group 1 ���W�L�W�O�H�G���W�K�H���³�6�K�X�I�R�U�G��Group�´����(Table 5.1) is almost entirely sherds from the Shuford site. 

�,�W���L�Q�F�O�X�G�H�V���E�R�W�K���%�X�U�N�H���D�Q�G���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���I�U�R�P���W�K�D�W���V�L�W�H���O�H�D�G�L�Q�J���W�R���D���W�H�Q�W�D�W�L�Y�H���F�R�Q�F�O�X�V�L�R�Q��

that these two sherd types found at the Shuford site were constructed in the same manner and/or 
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use raw materials taken from a close, similar location. �7�K�H���&�R�Z�D�Q�¶�V Ford ceramics are thought to 

have been created by an independent but connected expansion of the Lamar into the Catawba 

River valley along with the Burke series (Moore 1999: 235). The only obvious difference to the 

eye between Burke series pottery and Cowa�Q�¶�V���)�R�U�G��pottery is the use of soapstone temper in the 

Burke series pottery (Moore 1999: 252). One potential explanation for the similarity of Burke 

�D�Q�G���&�R�Z�D�Q�¶�V���)�R�U�G���S�R�W�W�H�U�\���I�U�R�P���W�K�L�V���V�L�W�H is that it was first occupied by people who created the 

Burke pottery found at this site and then occupied later by another group who created the 

�&�R�Z�D�Q�¶�V���)�R�U�G���S�R�W�W�H�U�\���I�R�X�Q�G���D�W���W�K�L�V���V�L�W�H, both using local clay. It could also be that the more 

common explanation like this one occurred where one of these sherd types was imported to this 

site from another place through trade or friendship. If this is true though, the Burke pottery found 

at the Shuford site probably did not come from the more central group of Burke sites around the 

Berry site. Their geochemical fingerprints are different. Alternatively, it could be possible that 

both pottery types were created concurrently at this site and the same people were making 

different types of pottery at this location, �&�R�Z�D�Q�¶�V���)�R�U�G���D�Q�G���%�X�U�N�H�����7�K�L�V���Z�R�X�O�G���E�H���D���Y�H�U�\��

interesting and unusual scenario. The hybrid Pisgah/Burke pottery from the Berry site is another 

unusual case where I believe two different styles were being created at one site during the same 

time period but under very different circumstances and not by the same people.  

Group 1 also includes two sherds from the Catawba Meadows site. Most of the other 

sherds from Catawba Meadows are plotted in Group 5 where the most typical Burke sherds from 

sites around the Berry site seem to cluster and none of those are plotted close to other sherds 

from the Shuford site. Sherd Cat.10 is closer to the border of these two groups but, I believe 

sherd Cat.5 found at the Catawba Meadows site is actually a sherd made by people who were 

making sherds more typical of those at the Shuford site and this sherd travelled at some point 
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from the Shuford site to the Catawba Meadows site. Elementally, Group 1 is the lowest group of 

all five in the majority of elements included in the study. It is the lowest group in its mean 

presence of lead, niobium, zirconium, yttrium, rubidium, zinc, manganese, titanium, calcium and 

potassium (Figure 5.1 and Table 5.1 �± 5.3). 

Table 5.2 Final Results by Sherd for Group 2 (McDowell Hybrid Group) 

 

Group 2 (titled the McDowell Hybrid Group) (Table 5.2) includes predominantly hybrid 

sherds from the McDowell site. It includes only one of the Burke sherds from the McDowell site. 

This is a very different and interesting result from Group 1 which included pottery of two 

different types that were geochemically the same. In this case, we have two types (or at least two 

categories of the study since hybrid is not a type) that are similar and were found in the same 

place but are definitely not part of the same geochemical group. Because of its similarity to 

Pisgah pottery, I have contemplated that the hybrid pottery found at McDowell could have come 

from further to the west in the French Broad watershed where Connestee and Pisgah pottery is 

more commonly found. The McDowell site is more west of most sites in the study and very close 

to the border that existed between the people of the Burke Phase and the Pisgah Phase during the 

latter part of the Mississippian Period. However, other results discovered here do not support this 
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notion. The hybrid pottery from the McDowell site is geochemically different from both Burke 

pottery found nearby and different from Pisgah pottery found nearby. These hybrid sherds from 

the McDowell site are unique among those included in this study. They may be from a place not 

represented in the study.  

In addition to sherds from the McDowell site, this group includes sherds from several 

other Burke sites located in the upper Catawba River valley: two from Catawba Meadows, 2 

from Pitts, 1 from Rader and 1 from the Michaux Farm site. There is also one Connestee sherd in 

this group from the Mills River site. Given how unique the hybrid sherds from the McDowell 

site seem to be, unlike other Burke sherds a�Q�G���X�Q�O�L�N�H���R�W�K�H�U���3�L�V�J�D�K���V�K�H�U�G�V�����,���F�D�Q�¶�W���P�D�N�H���D�Q�\���N�L�Q�G��

of conclusion about these sherds being plotted among the hybrid sherds from McDowell. They 

have a very similar geochemical fingerprint that does not match most Pisgah sherds but have 

decorative patterns that are not like the rest in this group. It may also indicate that the 

geochemical differentiation of these sherds cannot be distinguished well enough using pXRF 

data to show their true character to a point that can be differentiated this finely (i.e., the inclusion 

of these sherds with this group is more of an inaccuracy than interpretable archaeological data). 

This group has the highest mean potassium, zinc, rubidium, yttrium, zirconium and niobium. It is 

lowest of the five groups in calcium, chromium, iron, cobalt, nickel. It is also very low in 

manganese (Figure 5.1 and Table 5.3). 
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Table 5.3 Final Results by Sherd for Group 3 (Pisgah/Connestee/French Broad Group) 

 

Group 3 (titled the Pisgah/Connestee/French Broad Group) (Table 5.3) contains sherds 

from a large number of sites. Virtually all of the Pisgah and Connestee sherds included in the 

study were plotted in this group. In general, if there are geological differences in clay from the 

Catawba River watershed and the French Broad watershed, then this is the group defined by the 

French Broad watershed. If this is the case, it is very interesting to see that this group also 

i�Q�F�O�X�G�H�V���W�K�H���X�Q�X�V�X�D�O���J�U�R�X�S���R�I���I�R�X�U���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���W�K�D�W���D�U�H���Y�H�U�\���G�L�I�I�H�U�H�Q�W���I�U�R�P���W�K�H���U�H�V�W���R�I��

this type and different from any Burke sherds. 
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Instead, these f�R�X�U���V�S�H�F�L�I�L�F���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���K�D�Y�H���Q�H�D�U�O�\���W�K�H���V�D�P�H���J�H�R�F�K�H�P�L�F�D�O��

signature as a typical Pisgah or Connestee sherd. Specifically, sherds Shf2.4, Shf2.6, Shf2.8 and 

Shf2.10 are very different from the others. This difference is very obvious in PCA results in 

Figure 4.27. These sherds appear to the right along with Connestee sherds and separate from the 

�U�H�V�W���R�I���W�K�H���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V����The most obvious difference between these sherds and other 

�&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���L�V���W�K�D�W���W�K�H�V�H���D�U�H���Y�H�U�\���K�L�J�K���L�Q���W�L�W�D�Q�L�X�P�����,���P�L�J�K�W���E�H�J�L�Q���W�R���V�X�V�S�H�F�W���W�K�D�W���W�K�H��

label on these sherds (which contains titanium) was being picked up in these scans. This is 

extremely unlikely though. It is very unlikely this would have happened for these four sherds of 

the same type from the same site and not for any others despite great efforts to avoid such a 

mistake. The most obvious conclusion is th�D�W���W�K�H�V�H���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���Z�H�U�H���P�D�G�H���I�U�R�P���F�O�D�\��

that came from the French Broad watershed. However, this also seems unlikely given the 

�O�R�F�D�W�L�R�Q�V���L�Q���Z�K�L�F�K���P�R�V�W���R�W�K�H�U���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���K�D�Y�H���E�H�H�Q���I�R�X�Q�G���D�Q�G���W�K�H���G�L�I�I�H�U�L�Q�J���W�L�P�H��

�S�H�U�L�R�G�V���L�Q���Z�K�L�F�K���&�R�Z�D�Q�¶�V���)�R�U�G���Dnd Connestee sherds to which they are very similar, were made. 

�%�H�\�R�Q�G���W�K�D�W�����,���F�D�Q�¶�W���P�D�N�H���D�Q�\���F�R�Q�F�O�X�V�L�R�Q���D�E�R�X�W���W�K�H�V�H���I�R�X�U���X�Q�X�V�X�D�O���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V��without 

further study. 

The similarity of the sherds in this group might be largely explained by a difference in 

temper. In addition to being the group most characterized by the sherds from the French Broad 

watershed, this group contains all of the sherds that are exceptionally low in silicon compared to 

most sherds in the study. It is the lowest group in its mean silicon by a significant margin. Most 

Burke sherds contain additional tempers such as crushed quartz, sand and especially soapstone, 

all minerals that are high in silicon. This practice seems to have not been followed by the people 

who made the Pisgah and Connestee pottery. It is a practice that is normally also followed by the 

�P�D�N�H�U�V���R�I���&�R�Z�D�Q�¶�V���)�R�U�G���S�R�W�W�H�U�\���E�X�W���Z�D�V��apparently not followed for these four unusual sherds. 
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Given the known history of the Berry site and the presence of Pisgah people at this site in the 

context in which hybrid sherds from the Berry site were found, it is intriguing to note the 

presence of sherds from the Berry site in this group. Could it be possible that Pisgah people who 

were making pottery at the Berry site made pottery that is similar to Burke pottery but did not 

follow the traditional practice of adding quartz and/or sand to their paste in addition to 

soapstone? 

Table 5.4 Final Results by Sherd for Group 4 (Burke / McDowell Group) 

 

Group 4 (titled the Burke / McDowell Group) (Table 5.4) is more inconsistent in terms of 

sites and types. It contains mainly Burke sherds from a variety of sites. McDowell Burke sherds 

are most common in this group followed by Burke sherds from the Michaux Farm site and then 

Burke sherds from the Ensley site. However, it also includes one of the hybrid sherds from the 

Berry site and one of the hybrid sherds from the McDowell site (see Figure 5.1). The hybrid 

sherd from the Berry site (Bry2.1) is plotted close enough to Group 5 that I would not point out a 

significant difference between that sherd and Group 5. Further discussion of the implications 

from the hybrid sherds from the Berry site is discussed below in the review of Group 5. The 

other hybrid in this group, Shf2.1 is close enough to Group 1 containing almost entirely sherds 
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from the Shuford site. I would also not draw any significant conclusion from its presence in 

Group 4.  

Overall, if there is a defining characteristic of Group 4, it surrounds the presence of 

Burke sherds from the McDowell site. This group also has the highest silicon of all the groups 

defined. For several reasons, the sherds from the McDowell site are different from those that 

came from most of the Burke sites in the study. It is further west than most, in what was most 

often considered border-land between Catawba and Pisgah territory during the late Mississippian 

time-period. It also sits directly on top of the main fault running through the Appalachian 

Mountains where local geology is especially varied and unique. It also contains hybrid pottery 

that appears outwardly to be more similar to Pisgah type than Burke but is not geochemically 

similar to Pisgah. Any or all of these factors would be reason enough to conclude that Burke 

pottery from McDowell is different from Burke pottery found at any other site in the study and 

obviously is. What may be more intriguing about Group 4 is the presence of other Burke sherds 

from Catawba Meadows (Cat.7), Ensley (Ens.2) and particularly, the presence of several sherds 

from the Michaux Farm site (Mch.2, Mch.7, Mch.4, Mch.6 and Mch.10). With this many sherds 

from the Michaux Farm site being a match to the unusual geochemical fingerprint of many of the 

Burke sherds from the McDowell site, I would conclude that people living in these two places 

may have at least sourced their clay from the same location and/or brought pottery back and forth 

between these two places. Group 4 is the highest of all of the groups in the amount of silicon it 

contains. This group has by far the highest nickel, iron and calcium among the five groups. This 

group has very similar amounts of silicon, cobalt and lead but very differing amounts of 

potassium, chromium, manganese, iron, nickel from typical Burke sherds.  
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Table 5.5 Final Results by Sherd for Group 5 (Burke / Berry Group) 

 

Group 5 (titled the Burke / Berry Group) (Table 5.5) is the most central and largest of the 

defined groups (Figure 5.1). If there is a group defined in this dataset that could represent a 

common method for making Burke pottery among a group of culturally connected villages (e.g., 

potentially representing the Joara polity), then it is this one. The most common sherds in this 

group are Burke type from the McDowell site, the Catawba Meadows site, the Ensley site, the 

Berry site, the Rader site and the Pitts site in descending order of their number of included 
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sherds. These sherds are also the most tightly plotted of all of the groups showing a higher 

degree of similarity between sherds  

One of the two hybrid sherds from the Berry site is included in this group. The other was 

plotted close by and could have easily been included with this group but is included in Group 4. I 

would conclude from both of these results that the hybrid sherds from the Berry site contain clay 

and were constructed in a fashion more similar to that of Burke sherds than Pisgah sherds. This is 

consistent with the presence of soapstone in these sherds. They were constructed using paste that 

is more like a Burke sherd but then decorated with Pisgah styles. This is further evidence that 

these sherds may have been constructed by Pisgah people using local paste from the Berry site. 

Overall, this group is in the middle for most of the elements measured in comparison to the other 

groups except that it is the highest (along with Group 4, another group characterized by mainly 

Burke sherds) in silicon lending additional support to the notion that Burke sherds from the 

Upper Catawba River valley contain tempers that are high in silicon.  

�7�K�H�U�H���D�U�H���W�Z�R���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���I�U�R�P���W�K�H���6�K�X�I�R�U�G���V�L�W�H���L�Q���W�K�L�V���J�U�R�X�S�����2�Q�H���R�I���W�K�H�P��

(Shf2.2) is far out to the left of the group almost as an outlier but also relatively near Group 1 

which, contains almost entirely other sherds from the Shuford site. The other is very centrally 

located close to the center point of the scatter plot. Sherd Shf2.7 is plotted among the most 

tightly grouped sherds in the scatterplot and directly alongside sherds from McDowell, Ensley, 

Catawba Meadows and Berry. I think this makes it reasonable to conclude that sherd Shf2.7 has 

the geochemical fingerprint of a Burke sherd from the upper Catawba River valley though it 

�D�S�S�H�D�U�V���W�R���W�K�H���H�\�H���W�R���E�H���P�R�U�H���V�L�P�L�O�D�U���W�R���D���&�R�Z�D�Q�¶�V���)�R�U�G���W�\�S�H���V�K�H�U�G�����5�H�F�D�O�O���W�K�D�W���W�K�H�U�H��is really no 

difference to the eye �E�H�W�Z�H�H�Q���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���D�Q�G���%�X�U�N�H���V�K�H�U�G�V���R�W�K�H�U���W�K�D�Q���W�K�H���X�V�H���R�I��



PIFER-NORTH CAROLINA POTTERY  
130 

soapstone temper in Burke sherds. This sherd found at the Shuford site, is probably a Burke 

sherd from a village near the Berry site. 

�7�K�H���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���L�Q�F�O�X�G�H�G���L�Q���W�K�H���D�Q�D�O�\�V�L�V���I�D�O�O���L�Q�W�R���W�Z�R���Y�H�U�\���G�L�V�W�L�Q�F�W���J�U�R�X�S�V����

Shf2.4, Shf2.4, Shf2.6 and Shf2.10 are much higher in titanium calcium t�K�D�Q���R�W�K�H�U���&�R�Z�D�Q�¶�V���)�R�U�G��

sherds. Figures 4.15 and 4.16 highlight that one of these groups, Shf2.6, Shf2.8, Shf2.4 and 

Shf2.10 are also among those that show negative correlations between iron and cobalt unlike 

most of the sherds in the analysis. This difference could imply the addition of titanium. The 

�R�Y�H�U�D�O�O���J�H�R�F�K�H�P�L�F�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�K�H���&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���L�Q���W�K�L�V���D�O�W�H�U�Q�D�W�L�Y�H���J�U�R�X�S���S�X�W���W�K�H�P��

into Group 3, the group most defined by Connestee and Pisgah sherds.  

The most variability among sherd types occurs for the Burke sherds. Unlike the other 

sherd types in the analysis, the Burke sherds do not tend to fall into one particular geochemical 

group but three groups (Groups 3, 4 and 5). This could imply a lack of uniform approaches to 

making Burke pottery or could actually imply more specific approaches between specific places 

of manufacture. McDowell Burke sherds tend to fall into Group 5.   

The outliers that were removed from the study (Table 5.1 - 5.5) and then added back into 

the final results did not lead to substantially different results. If they changed the result in any 

significant manner, they bolstered the final five groups defined. The only exception to this might 

be the amount of titanium in the four very unusual sherds from the Shuford site. As previously 

discussed, it seems unlikely that all four of these sherds were contaminated by an accidental scan 

of the titanium labels painted on each sherd. However, the outlying level of titanium observed 

makes this an important point worthy of discussion and further examination. At this time, I have 

no answer to this question other than it seems unlikely but not impossible. That result would not 
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call the other conclusions from this study into question as these were the only sherds that 

contained unusual amounts of titanium.  

Further geochemical study of pottery from North Carolina also seems warranted. 

Previous geochemical studies have primarily been done in Europe and South America. I believe 

the terrain of North America might be a much better subject for geochemical study because of 

the combination of its temperate climate which erodes more slowly than many climates and the 

high degree geological variation of its mountainous regions. The more specific a geochemical 

fingerprint can be, the greater its likelihood to be matched to a specific location. On the other 

hand, it may vary to a degree that wide trends in differentiation cannot be defined. The 

geochemical fingerprints of any particular spot may vary in such a short distance that comparison 

of groups within a certain region is not possible. Were this the case, it would only help to bolster 

the differentiation of specific geochemical fingerprints localized to particular locations. More 

investigation of this question is certainly warranted.  

In conclusion, there is evidence here of close relationships between the villages near the 

Berry site. This probably included the people making pottery that was found at the McDowell 

site but not at the Shuford site. Hybrid pottery from the McDowell site is different and largely 

unlike any other pottery in the study. A larger number of sherds from the Michaux Farm site had 

geochemical signatures indistinguishable from Burke sherds from the McDowell site, implying 

some type of close relationship between the two. 

�&�R�Z�D�Q�¶�V���)�R�U�G���V�K�H�U�G�V���D�Q�G���%�X�U�N�H���V�K�H�U�G�V���I�U�R�P���W�K�H���6�K�X�I�R�U�G���V�L�W�H���D�U�H���W�R�J�H�W�K�H�U���G�L�I�I�H�U�H�Q�W���I�U�R�P��

any other sites but mostly indistinguishable from one another geochemically. It is tempting to 

conclude from this that the people making pottery found at the Shuford site were making both 

�&�R�Z�D�Q�¶�V���)�R�U�G���D�Q�G���%�X�U�N�H���S�R�W�W�H�U�\���E�X�W�����W�K�H�U�H���D�U�H���R�W�K�H�U���S�O�D�X�V�L�E�O�H���H�[�S�O�D�Q�D�W�L�R�Q�V�����2�Q�H���V�H�W��for 



PIFER-NORTH CAROLINA POTTERY  
132 

comparison, Pisgah and Connestee pottery are very similar to one another, very different from 

other pottery and very consistent in their geochemical fingerprints. Connestee and Pisgah sherds 

included in the study are virtually all included in Group 3. 

The results from this study are intriguing in the degree to which they differentiate sherds 

from different sites and different sherd types. The geological and methodological differences of 

manufacture of pottery from this area are quite distinct. Otherwise, it is unlikely the conclusion 

of this study could be derived using pXRF data, one of the more imprecise methods for 

geochemical study. On the contrary, these results from pXRF seem to have adequate precision 

for archaeological conclusions. With a larger and more curated data set it might be possible to 

differentiate more precise differences between sherd types and sites using only pXRF.  
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APPENDICES 

Appendix A: Comparison of Elemental Means by Sherd Type 

 
Figure A.1 Mean Silicon in PPM by Sherd Type 

 

 
Figure A.2 Mean Potassium in PPM by Sherd Type 
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Figure A.3 Mean Calcium in PPM by Sherd Type 

 

 
Figure A.4 Mean Titanium in PPM by Sherd Type 
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Figure A.5 Mean Chromium in PPM by Sherd Type 

 

Figure A.6 Mean Manganese in PPM by Sherd Type 
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Figure A.7 Mean Iron in PPM by Sherd Type 

Figure A.8 Mean Cobalt in PPM by Sherd Type 
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Figure A.9 Mean Nickel in PPM by Sherd Type 

 

Figure A.10 Mean Zinc in PPM by Sherd Type 
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Figure A.11 Mean Rubidium in PPM by Sherd Type 

 

Figure A.12 Mean Yttrium in PPM by Sherd Type 
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Figure A.13 Mean Zirconium in PPM by Sherd Type 

  

Figure A.14 Mean Niobium in PPM by Sherd Type 
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Figure A.15 Mean Lead in PPM by Sherd Type 
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Appendix B: Photographs of All Sherd Samples 

 

Figure B.16 Berry Site (31BK22) Burke Sherds (exterior) 
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Figure B.17 Berry Site (31BK22) Burke Sherds (interior) 
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Figure B.18 Berry Site (31BK22) Hybrid Sherd #1(exterior) 
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Figure B.19 Berry Site (31BK22) Hybrid Sherd #2(interior) 
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Figure B.20 Berry Site (31BK22) Hybrid Sherd #2(exterior) 
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Figure B.21 Berry Site (31BK22) Hybrid Sherd #2(interior) 
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Figure B.22 Catawba Meadows (31BK18) Site Burke Sherds (exterior) 
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Figure B.23 Catawba Meadows Site (31BK18)Burke Sherds (interior) 
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Figure B.24 Ensley Site (31BK468) Burke Sherds (exterior) 
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Figure B.25 Ensley Site (31BK468) Burke Sherds (interior) 
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Figure B.26 Pitts Site (31BK29) Burke Sherds (exterior) 
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Figure B.27 Pitts Site (31BK29) Burke Sherds (interior) 
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Figure B.28 Michaux Farm Site (31BK17) Burke Sherds (exterior) 
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Figure B.29 Michaux Farm Site (31BK17) Burke Sherds (interior) 
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Figure B.30 Rader Site (31CW434) Hybrid Sherds (exterior) 
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Figure B.31 Rader (31CW434) Site Hybrid Sherds (interior) 
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Figure B.32 McDowell Site (31MC41) Burke Sherds (exterior) 
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Figure B.33 McDowell Site (31MC41) Burke Sherds (interior) 
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Figure B.34 McDowell Site (31MC41) Hybrid Sherds (exterior) 
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Figure B.35 McDowell Site (31MC41) Hybrid Sherds (interior) 

 

 



PIFER-NORTH CAROLINA POTTERY  
170 

 

Figure B.36 Shuford Site (31CT115) Burke Sherds (exterior) 
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Figure B.37 Shuford Site (31CT115) Burke Sherds (interior) 
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Figure B.38 �6�K�X�I�R�U�G���6�L�W�H���������&�7�����������&�R�Z�D�Q�¶s Ford Sherds (exterior) 
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Figure B.39 �6�K�X�I�R�U�G���6�L�W�H���������&�7�����������&�R�Z�D�Q�¶�V���)�R�U�G���6�K�H�U�G�V�����L�Q�W�H�U�L�R�U�� 
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Figure B.40 Warren Wilson Site (31BN29) Pisgah Sherds (exterior) 
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Figure B.41 Warren Wilson Site (31BN29) Pisgah Sherds (interior) 
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Figure B.42 Mills River Site (31HN70) Connestee Sherds (exterior) 
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Figure B.43 Mills River Site (31HN70) Connestee Sherds (interior) 
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Appendix C: Technical Specifications of Bruker Tracer 5 

 


