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ABSTRACT 
Recent research has demonstrated that Catawba ceramic practices changed abruptly and 
dramatically after 1759 following a devastating epidemic. Pottery from historically documented 
Catawba towns indicate potters adopted new techniques and styles as they adjusted to new 
economic and social conditions, including copying European vessel forms, experimenting with 
new ceramic paste recipes, and utilizing new decorative motifs. The discovery of a lead-glazed 
sherd on otherwise Catawba-looking paste suggests Catawba potters may have also 
experimented with wholly new ceramic technologies. This paper investigates whether this glazed 
sherd is of Catawba manufacture through mineralogical and elemental analysis using pEDXRF 
and multivariate statistical techniques. 
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INTRODUCTION 
 

Following a severe small pox epidemic in 1759, the remnants of the Catawba Nation 
abandoned their towns around Nation Ford in South Carolina and established new communities 
several miles away near the confluence of Twelvemile Creek and the Catawba River.  Recent 
archaeological investigations have identified sites associated with this move and documented the 
rapid and profound changes in material culture that coincided with this period of upheaval (Davis 
and Riggs 2004; Riggs, Davis, and Plane 2006). Pottery production provides one of the clearest 
examples of the abrupt stylistic and technological shifts that took place as Catawbas negotiated 
new social landscapes and economic niches (Riggs 2010).   

 
In the decades leading up to and following the American Revolution, Catawba potters 

experimented with a variety of new vessel forms, paste recipes, firing conditions and decorative 
modes, even producing a distinctive type of fine textured, pale-bodied ware that resembled 
English slipwares and creamwares. Many of these changes are interpreted as the result of a shift 
from household production and consumption to the production and sale of earthenwares for an 
emerging frontier market (Plane 2011). The discovery of a crudely glazed rim fragment (Figure 
1) in 2009 from a Catawba sub-floor cellar pit with virtually indistinguishable paste to other 
Catawba-made pottery begs the question: Did Catawba potters also experiment with earthenware 
glazing?  The idea seems far-fetched because glazed pottery is typically assumed to be the 
product of European or Euro-American sources.  In this paper, I set out to determine who likely 
produced this glazed sherd. I address this question through an elemental analysis of the glazed 
pottery fragment and an assemblage of Catawba and non-Catawba pottery using portable Energy 
Dispersive X-ray Fluorescence (pEDXRF). This is not a sourcing study per se; the focus of this 
analysis is not to identify specific geologic sources of various clay bodies, but rather to 
determine how similar or dissimilar assemblages are to one another.  In other words, I seek to 
identify compositional groupings that reflect shared geological sources.  While more work is 
needed, based on these pEDXRF data, I argue that the glazed rim section is entirely consistent 
with Catawba pale-bodied wares from the Twelvemile Creek Locality and distinct from other 
selected 18th century earthenwares.   

 
 The use of pEDXRF technology as an analytical tool for determining elemental and 
chemical composition of archaeological materials has become increasingly popular over the past 
two decades as commercially available, handheld XRF analyzers have become more common 
and accurate. Generally speaking, XRF techniques work by emitting a high-energy beam of X-
rays at a given target. When X-rays hit the sample, inner orbital electrons are energized and some 
are ejected causing electrical instability. As outer orbital electrons are pulled in to fill inner 
orbital levels, energy is released in the form of secondary fluorescent rays that are characteristic 
of the atoms present. These fluorescent rays are then detected by the instrument and measured, 
producing a spectrum of intensity peaks that is used for either qualitative or quantitative 
assessments of elemental composition.   
 
 Numerous scholars have noted shortcomings with the use pEDXRF, especially by novice 
analysts (Glascock, Neff, and Vaughn 2004; Speakman et al. 2011). One main critique has been 
lack of quantitative controls and the need for the use of existing international standards to 
calibrate results (Speakman and Shackley 2013). They make clear that internally consistent 
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results are not adequate since they cannot be compared to other data.  Heeding this advice, I 
incorporated standard samples available through the National Institute of Standards and 
Technology in order to produce quantifiable and comparable data.  Another modest downside to 
pEDXRF is its more limited detection range.  Studies have shown that other techniques, such as 
instrumental neutron activation analysis (INAA), laser ablation inductively coupled plasma-mass 
spectrometry (LA-ICP-MS), and even lab-based XRF are more sensitive and capable of 
detecting a wider range of rare-earth elements than pEDXRF. Unlike these other techniques 
however, pEDXRF has several major advantages that I feel outweigh the slight reduction in 
detection range, namely it is non-destructive, usually less cost prohibitive, and can be easily 
transported to repositories or museums where removal of samples is not permitted or practical. 
 
  
EMERGENCE OF CATAWBA COLONOWARES 

 
Throughout the 18th century, Catawba households gradually began to rely less heavily on 

traditional subsistence horticulture and the community’s dependence on European goods and the 
cash economy increased, in turn necessitating new sources of income. A growing demand for 
inexpensive alternatives to imported English ceramics by the growing population of Scots-Irish 
and German settlers living on or near Catawba lands provided an economic niche. This came at a 
time when the lucrative deer-skin trade and the Catawba’s once powerful military influence had 
already waned. Catawba potters, probably mostly women, began to produce copies or 
interpretations of common English forms such as tea cups and mugs, milk pans, and soup plates, 
as well as new decorative techniques like painted designs using colored sealing wax (Riggs 
2010; Riggs et al. 2006).  While the adoption of these new forms and styles appears to have 
happened extremely quickly among Catawba potters, the reliance on pottery production as an 
economic strategy was probably far more gradual.  By the 1800’s, however, Catawba potters had 
emerged as well-known itinerant craftsmen traveling as far away as Charleston to sell their 
distinctive wares (Plane 2011).   

 
 

DESCRIPTION OF SAMPLES 
 

This study incorporates pottery samples from two late 18th century Catawba sites from 
the Twelevemile Creek Locality, Old Town and Ayers Town (Figure 2), near Rock Hill, SC, as 
well as a sample of colonoware from southeastern Virginia known as the Courtland series. 
Between 1760 and 1800, Catawba potters typically produced vessels that either fired red or very 
pale to buff, though some heavily reduced black wares also were made.  The presence of hand-
built, pale-bodied pottery on Catawba sites only after 1760 suggests that in addition to simply 
adopting English vessel forms, potters made an effort to produce wares that resembled light-
colored Staffordshire slipwares, creamwares and pearlwares.  This effort likely required Catawba 
potters to develop new clay recipes and control firing conditions in order to generate these very 
light colors. Catawba pale-bodied wares (Figure 3) are typically restricted to plate or bowl forms 
and are fine textured with little to no temper. Though the apparent goal was a highly oxidized, 
pale-colored vessel, these pale-bodied vessels often exhibit fire clouding due to uneven firing 
and contact with fuel, a common feature of open firings. Current archaeological and 
documentary evidence from Old Town indicate the site contains two phases of occupation, 
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designated Old Town I and Old Town II, spanning between the early 1760s and the 1790s, 
separated by a brief period of abandonment during the Revolutionary War in 1780-81 (Riggs 
2010). Pale wares recovered from Old Town are primarily from the pre-Revolutionary Old Town 
I contexts, suggesting that it was a relatively short-lived ceramic phenomenon at the site. Though 
pale wares seem to drop out of the Catawba assemblage at Old Town after 1780, these pale 
wares are represented at the post-Revolutionary Ayers Town, indicating potentially important 
variation within this community of potters.  I selected 15 pale-ware sherds from both Ayers 
Town and Old Town to be included in this analysis. (One outlying sample from Old Town was 
omitted from the analysis). 

 
Catawba red-bodied wares (Figure 4) are by far the most common paste type at Ayers 

Town and Old Town, and they tend to be associated with jar, pan, and bowl forms. Red wares 
exhibit a larger range of temper size, from coarse sand to almost temperless. The pastes of red-
bodied wares recovered from Old Town and Ayers Town share a lot of characteristics with 
earlier pre-1760 Catawba pottery.  Nearly all red-bodied vessels were intentionally smudged, 
leaving the interiors with a dark carbon residue.  Despite obvious differences in appearance 
between the two types, I selected 14 red ware sherds from Old Town for the analysis to provide a 
comparison to the pale wares in order to see if these wares are simply products of different firing 
regimes or are composed of distinctive clays. 

 
 The glazed rim fragment in question (Figure 1) was recovered from a flat-bottomed 
storage pit, presumably associated with a cribbed log cabin at the Old Town site. It is a rim 
section consisting of three refitting fragments from a small bowl. The interior surface is covered 
with a thin green glaze that overlays a dark, reduced clay body.  The glazed surface is mostly 
smooth and uniform though it contains some irregular surface bubbling. Based on its color and 
texture, the glaze was initially identified as lead-based. The exterior side is unglazed, except for a 
small area at the lip where the glaze spilled over.  The exterior surface is smooth, possibly 
burnished, and pale gray in color with some fire clouding evident. The paste appears to be 
temperless and contains a small amount of mica flecking.  There is no indication this vessel was 
produced on a potter’s wheel, and no evidence of molding or pressing is present. That said, while 
probably hand-built, due to the relatively small size of the fragment, the method of manufacture 
cannot be confidently concluded without further analysis. 
 
 In order to provide a control group for the Catawba ceramic assemblage, I included a 
sample of 15 Courtland series sherds from southeastern Virginia (Figures 5 and 6).  Courtland 
pottery, originally defined by Lewis Binford (1964), is described as being made from very 
compact, fine-textured clays that are well oxidized, light cream to buff in color, and either 
burnished (Figure 7) or plain (Figure 8). According to Binford, the most distinctive characteristic 
of the Courtland series is its range of vessel forms (e.g., shallow bowls, plates, and mugs), which 
combine aboriginal and European ceramic traits. Attributed to the Nottoway Indians of the early 
to mid-18th century, Courtland series pottery predates Catawba colonoware by several decades 
though they are remarkably similar in terms of color, texture, and range of vessel types, 
especially the presence of faceted plate rims. While the Courtland paste is macroscopically very 
similar to Catawba pale-bodied wares, it should be geologically distinctive and thus stand out in 
pEDXRF analysis. 
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SAMPLE PREPARATION AND METHODS 

 
 For this study, a total of 59 sherds were selected.  All samples were visually inspected to 
ensure they were clean and free of surface contamination such as paints or residues. For each 
sample, flat exterior surfaces were selected for analysis to provide the most consistent results 
possible. Despite the suggestion of some analysts (Shackley 2011; Speakman et al. 2011), 
surfaces were not abraded or ground as this would have effectively negated the non-destructive 
benefits of pEDXRF.  
 

The pEDXRF analyses were conducted using a Bruker Tracer III-SD handheld XRF 
spectrometer.  This device is equipped with a rhodium X-ray tube and a 10 mm2 XFlash Silicon 
Drift Detector (SDD) which has a typical resolution of 145 eV at 100,000 counts per second. 
Since the application of pEDXRF on archaeological ceramics is extremely limited in the 
Catawba area, good discriminating elements for the Catawba Valley have not yet been identified. 
Each sample was thus subjected to three methods utilizing different voltage, current, and filter 
settings in order to measure the fullest possible range of elements.  

 
For the first analytical method, the pEDXRF was set to a general analysis, or “Labrat” 

mode in which samples were exposed to X-rays at 40 keV, 30 µA, using a vacuum for a 120-
second timed assay.  This general mode measures a broad spectrum of elements from 
Magnesium to Plutonium but is not ideal for detecting certain ranges, especially lighter elements.  
The second method specifically focuses on these lighter elements, including Magnesium, 
Aluminum, Silicon, and Phosphorus to Copper.  In this mode, each sample was analyzed at 15 
keV, 45 µA, utilizing the vacuum and a 120-second time assay.  The last method is optimized to 
measure higher Z elements, namely those between Iron and Molybdenum, and other trace 
elements.  For this analysis, the pEDXRF was fitted with a 12 mil Al, 1 mil Ti, 6 mil Cu filter 
and run at 40 keV, 30 µA, with no vacuum for the normal 120-second timed live count per 
sample. Because archaeological ceramics tend to be relatively heterogeneous due to the presence 
of tempering agents and the use of unrefined clays, each sample was measured three times per 
method, moving the sample after each assay.  The results were then averaged to produce 
composite values for each sample. Standard deviation and the coefficient of variation were 
calculated to evaluate the quality of the data.  

 
The output from the pEDXRF is a spectrum of photon counts. Peak intensities for each 

sample were identified using the software package Artax 7.0 and subjected to Baysian 
deconvolution which corrects for inter-elemental effects.  This step yielded net photon intensities 
for each element. These photon counts were then converted to parts-per-million using a 
calibration model based on the Standard Reference Material (SRM) 612 “Trace Elements in 
Glass”.  I used the statistical package STATA 12 to produce biplots derived from principal 
components analysis (PCA).  PCA is a multivariate, quantitative technique used to reduce the 
dimensionality of real numeric data based on variance/co-variance matrices (Shennan 1997).  As 
Glascock, Neff, and Vaughn (2004:100) note, “Pottery compositional data almost always contain 
a mixture of elements measured at high concentrations (i.e., Al, K, and Fe) and at low 
concentrations (i.e., the rare earth elements). Due to the fact that PCA is scale dependent, high 
concentration elements will dominate the analysis unless the data are standardized in some way 
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to give all measured elements approximately equal weight.” To account for this, I transformed 
the data using a base-10 logarithmic scale prior to performing the PCA. The PCA presented here 
is based on concentrations of 13 elements (Al, Ca, Fe, K, Mn, Nb, Rb, Si, Sr, Th, Ti, Y, Zr) 
known to be useful in discriminating compositional groups of ceramics (Speakman 2011). 

 
 

RESULTS 
 

The first thing I was interested in addressing was the composition of the glaze.  After the 
first pEDXRF assay of the glazed rim fragment, it was clear that our initial identification of the 
lead glaze was correct.  Figure 9 shows a pEDXRF spectra overlay that includes the glazed sherd 
(green) and an unglazed, pale-bodied sherd (red), both from Old Town.  The lead peaks are 
clearly visible in the glazed sample and absent in the other.  

 
Figure 10 is a biplot derived from a PCA of all samples from the Old Town site, 

including red and pale-bodied wares, and the glazed vessel fragment. The biplot shows a clear 
division between the red and pale wares with the glazed rim falling within the pale ware cluster.  
This pattern is heavily dependent on abundance of Iron and Thorium, which in the case of Iron 
no doubt contributes to the obvious differences in color between the red and wares. This is 
significant because it indicates that the distinction between these two wares is related to 
differences in clay recipes, not simply atmosphere conditions during firing. The next biplot 
(Figure 11) is a comparison of all the pale-bodied wares, which includes the samples from Ayers 
Town and the Courtland pottery.  As expected, the Courtland pottery forms a relatively tight 
cluster distinct from the Catawba pale wares.  The Catawba pale wares exhibit slightly more 
variability (i.e., they cluster less tightly) but still overlap with each other.  Again, the glazed rim 
fragment, represented by the red point, is well within the cluster of Catawba pale wares.  Figure 
12 is a PCA biplot combining all samples selected for this analysis.  Though some overlap exists 
between the Old Town red wares and the Courtland pottery, compositional groups are still 
clearly discernable.  When 95% confidence ellipses are applied to the data (Figure 13), it is 
possible to see how the various compositional groups relate to one another.   

 
 
CONCLUSION 

 
This paper set out to address the origin of a single glazed bowl fragment.  Using 

pEDXRF, I have shown that the clay body of this intriguing artifact is most similar to the pale-
bodied wares from Ayers Town and Old Town.  Based on this analysis, Catawba pale ware 
pastes were probably derived from common clay sources, a finding that is supported by a pilot 
study by Rosanna Crow (2011) that used standard XRF and X-Ray Diffraction to compare 
Catawba ceramics and raw clay samples collected from local clay pits still used by modern 
Catawba potters.  Additionally, it is clear from this study that Catawba potters had specific clay 
recipes they used to produce either red or pale-bodied vessels.  

 
While the pEDXRF analysis presented here indicates that the glazed sherd’s clay body 

appears to be made using the Catawba’s pale-ware recipe and local clays, this paper does not 
directly address who was responsible for glazing this vessel. It is entirely possible that the lead 
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glaze was applied during a separate firing from the initial vessel firing.  This means that Catawba 
potters could have made and sold vessels to local Euro-American potters who then glazed and 
refired them.  Alternatively, Catawbas may have been employed directly by Euro-American 
potters to produce bisque-fired vessels. We know that the well-known American potter, John 
Bartlam, utilized African Americans in his factory near Charleston and even sought to take on 6 
apprentices before moving his operation to the Catawba’s backdoor in Camden by 1774 (South 
2004).  Since Catawbas often traveled through Camden, it is not unreasonable to assume that 
Catawba potters were aware of Bartlam and his factory and vice versa. An economic relationship 
of this type has not been previously described for the Catawba and if true, would constitute a 
wholly new way Catawba potters were engaged with the South Carolina backcountry market 
economy.  Additional work would be needed to investigate the possibility of this kind of 
relationship though additional samples from contexts near Camden would no doubt go a long 
way to addressing the issue.  

 
But could Catawba potters have actually glazed the bowl on their own? Was it at least 

technologically possible for Catawba potters to have successfully lead glazed in open firing 
conditions? In short, yes, it is possible. Temperatures of 850 degrees Celsius or more, which are 
needed to render a lead glaze, are not uncommon in open firing conditions (Rice 1987:156-7).  
Also, ethnographic examples exist of two communities in Guatemala of traditional potters that 
successfully and consistently produced open fired lead glazed earthenware (Reina and Hill 1978). 
Lead suitable for ceramic glazes was readily available on late 18th century sites in the form of 
balls, shot, sheets, and sprue. I argue that we need to consider the possibility that 
experimentation by late 18th century Catawba potters may have also included attempts at lead 
glazing. 

 
Even if a Catawba potter was responsible for this particular lead glazed vessel, it is clear 

that glazing did not become an enduring element of the Catawba ceramic repertoire. No other 
example of this type of ware has been identified or reported from other late 18th century Catawba 
sites.  In either case, whether Catawbas built and glazed the vessel themselves or simply 
produced the bisque-fired pale ware body, the production of this vessel represents a significant 
contribution to our understanding of the role Catawbas played in the emerging frontier market. 
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Figure 1. Interior and exterior views of lead-glazed sherd recovered from Old Town. Note the 

fireclouding on the unglazed surface. 
 

 
Figure 2.  Map of the Old Catawba Nation showing the location of archaeologically identified 

Catawba towns. 
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Figure 3. Example of a Catawba pale-bodied plate with edge facets and painted designs. 

 

 
Figure 4.  Examples of Catawba red-bodied ceramics 
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Figure 5.  Map showing the sites associated with the Courtland series (Binford 1964, Fig 15.) 
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Figure 6.  Map showing the location of samples used in the pEDXRF analysis. 
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Figure 7.  Examples of Courtland series pottery: Courtland Burnished. 

 

 
Figure 8.  Examples of Courtland series pottery: Courtland Plain 
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Figure 9. PEDXRF spectrum overlay showing the peak intensities for various elements. The red 

spectrum is an example of a non-glazed Catawba pottery; the green spectrum represents the 
glazed rim fragment (Note the peaks for “Pb” indicating the presence of lead in the glaze). 

 
Figure 10. PCA biplot of all the samples from Catawba Old Town.  Principal components are 
based on log transformed values of elemental concentrations (ppm) derived from pEDXRF. 

2 4 6 8 10 12 14
- keV -

0

20

40

60

x 1E3 Pulses

 Al  Si  Si  K  K  Ca 
 Ca 

 Ti 

 Ti 

 Fe  Fe  Mn 
 Mn 

 Pb  Pb  Pb 



 David Cranford 
SEAC 2013, Tampa, FL 

 15 

 
Figure 11.  A PCA biplot of all pale-bodied sherds in the sample assemblage including 

colonoware samples from Virginia (Courtland).  
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Figure 12.  A PCA biplot of pEDXRF data (log-base 10 ppm) showing compositional groupings 
based on site.  Note that the glazed sherd (red) falls within the cluster of points associated with 

the Old Town and Ayers Town pale wares. 
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Figure 13.  Compositional groups as defined by 95% confidence ellipses based on the PCA of 

pEDXRF data (log-base 10 ppm). 
 

 
 


