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Abstract: This article presents the results of a combined neutron activation analysis (NAA) and
laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) analysis of 243
locally-made ceramic vessels from the northern Shenandoah Valley region of Virginia (USA).
The goal of this study was to determine if the geochemical composition of lead glazes on locally-
made coarse earthenwares could be combined with an analysis of these vessels’ paste
composition to create a robust, multi-method approach for determining the provenance of
ceramics made within a single region. Our results show that 57 out of 120 vessels whose glazes
we analyzed by LA-ICP-MS had geochemical characteristics that allowed us to determine which
town(s) they were likely made in. This is a lower success rate than our NAA study, which
suggested the provenance of 90 out of 99 locally-made samples, but we argue that this is due to
common knowledge, widespread materials, and itinerate potters circulating throughout the small
(25 km) portion of a single region we focused on, and that a larger study should be more
successful. Regardless, our research demonstrates that when combined with paste
characterization by NAA, the composition of lead glazes can be used to create stronger
arguments about the provenance of ceramic pots made within a single region.
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Introduction

Studies of ceramic provenance often focus on the movement of vessels across vast swaths
of land and sea, providing important data on large-scale political economies that connected
disparate people. But they often do so by downplaying the movement of ceramics across shorter
distances within the regions we study, lumping locally-made pots into an under-theorized
analytical category that only gets used as a backdrop for narratives about long-distance trade
(Druc, 2013). This elides the movement of locally-made pots, which were also part of the
political economies we seek to learn about. Intra-regional provenance studies that address local
trade and the important ways it structured everyday life are becoming more popular (e.g., Eckert
and James, 2011; Monette et al., 2007; Pezzarossi, 2015; Stark et al., 2007), but these often rely
on a single analytical technique to determine the provenance of locally-made pots (but see Minc
et al., 2016; Stoner, 2016). To produce more robust studies, we need multi-method approaches
(Neff, 2012; contra Mommsen, 2004). Using multiple analytical techniques to produce
independent lines of evidence creates better results for inter-regional studies (e.g., Beck and
Neff, 2007; Druc et al., 2017; Stahl et al., 2008), and are critically important for intra-regional
analyses where there is less geochemical variation, making provenance determinations
(potentially) less reliable. By combining the results from multiple analytical techniques, we can
create stronger arguments about where local pots were made, the trade networks they traveled
through, and how these networks shaped life in the past.

This article discusses the results of a combined neutron activation analysis (NAA) of
ceramic bodies and laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS)
analysis of lead glazes from 18™- and 19™-century coarse earthenwares made in the northern
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from Quarter Site B (QSB) at Belle Grove Plantation. Results of the NAA are published
elsewhere (Greer and MacDonald, 2020), but in summary, we determined which town(s) 90
locally-made vessels were likely made in. This article 1) presents the results of the LA-ICP-MS
analysis of 189 lead glazes from QSB and four historic pottery workshops in surrounding towns,
2) compares these results to the NAA data, and 3) provides preliminary observations on the
future use of glaze composition to determine the provenance of vessels made within a single
region.

By assessing the composition of glazes made in different towns, we identified primary
glaze components, lead sources/forms/mixtures, colorants, and trace elements that can be used to
determine the provenance of locally-made lead-glazed earthenwares in the Shenandoah Valley.
Comparing these results with the NAA data gives us two independent lines of evidence that
together strongly suggest enslaved people at Belle Grove acquired most of their earthenwares
from the town of Newtown, even though this was not the closest ceramic producing town to the
plantation. Archaeologists have used LA-ICP-MS and other analytical techniques like lead
isotope analysis to study the compositions of ceramic glazes (e.g., Klesner et al., 2019;
Niculescu, 2017; VanValkenburgh et al., 2015) and determine the provenance of glaze
components (e.g., Klesner et al., 2021; Schurr et al., 2018; Tite et al., 2016), but these data have
not been used to identify where individual pots were made. Our results show that when
considering lead-glazed earthenware from a single region, glaze composition can be used in
conjunction with NAA data to create stronger arguments about ceramic provenance.
Shenandoah Valley Lead-Glazed Earthenwares

The Shenandoah Valley, located in western Virginia between the Blue Ridge and
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the 1760s (Comstock, 1994) (Figure 1). By 1800, potters operated in most major towns in the
northern Valley, making vessels used by almost every household in the region. These ceramics
fall into two categories: salt-glazed stonewares and lead-glazed coarse earthenwares (often called
redwares). This article focuses on the earthenwares, but the NAA study assessed both ceramic
types.

[Insert Figure 1]

Valley potters jealously guarded their glaze recipes, as quality glazes were critical to
making marketable vessels. H.E. Comstock (1994: 52—60) has compiled sketches of these
recipes from the few available written sources. Lead, used as a fluxing agent, was the primary
ingredient. Early potters used lead carbonate (PbCO3) but most used red lead (Pb3;O4) or litharge
(PbO) by the early-19™ century (Comstock, 1994: 52). No major lead sources have been
identified in the northern Shenandoah Valley, leading most potters to acquire lead imported by
local merchants (e.g., Comstock, 1994: 451; Park, 2001: 12). Raw clay was added to the glaze as
a source of silicon (Si) and as a source of aluminum (Al) which stabilized the glaze and made it
less likely to melt in the kiln (e.g., Comstock, 1994: 53; Molera et al., 2001: 1124).The third
component was another source of Si, typically sand, crushed chert, and/or crushed quartz
(Comstock, 1994: 53). The final ingredient was “pap,” a slurry of flour and water that kept
glazes from pooling at vessels’ bases before firing (Comstock, 1994: 54). Mixed with water,
these ingredients created a clear glaze. Many potters added mineral colorants to produce black,
brown, green, red, tan, and yellow glazes. Comstock (1994: 55—60) notes five primary colorants.
Manganese (MnO) and iron oxides (Fe>O3) both produced black, brown, and tan glazes. Copper
oxides (CuQ) were fired in oxidized environments to create green glazes and in reduced

environments (generally achieved by placing a vessel within a larger, upturned vessel) to create



red glazes. Antimony oxide (Sb20s) and Fe>O3 both produced yellow glazes. And a combination
of Fe203, CuO, and cobalt oxide (CoO) produced brown and black glazes.
Materials

Because each potter, theoretically, made their own unique glazes, we should be able to
identify discrete compositional groups that correspond with individual recipes. And, if we know
which towns these recipes are associated with, we should be able to use this to determine the
provenance of locally-made earthenwares. To test these assumptions, we analyzed 184 lead-
glazed vessels from the northern Shenandoah Valley using LA-ICP-MS (Table 1). Sixty-four
vessels were wasters (vessels that broke during production) from four early 19'"-century
potteries. This included samples from the Peter Lauck (1780-1839) and Anthony Bacher (1862-
1889) Potteries in Winchester (39° 10’ 54” N, 78° 9’ 54” W) and the Andrew Pitman (1782-
1838) and John Pitman (1794-1820s) Potteries in Newtown (39° 4> 59” N, 78° 13° 6” W, now
called Stephens City) (Greer and MacDonald, 2020: 141). All coordinates are rounded to the
nearest second and indicate the location of Winchester and Newtown (respectively).

[Insert Table 1]

The remaining 120 vessels came from Quarter Site B (QSB), a large early-to-mid-19'
century quartering site for enslaved Africans at Belle Grove Plantation (39° 1’ 15” N, 78° 18’
14” W, location of the plantation not QSB, rounded to the nearest second). During this time the
plantation owners enslaved between 36 and 102 people at four properties, and we believe that
30-50 people were enslaved at Belle Grove while QSB was inhabited (Greer and MacDonald,
2020: 140). The site was extensively excavated between 2015 and 2019 to study the lives of
enslaved people in the Shenandoah Valley (Greer, Forth.). The analyzed ceramics come from

four middens and two root cellars. In total, the LA-ICP-MS dataset includes most (85.71%) of



the locally-made lead-glazed earthenwares from QSB. Three vessels were not analyzed because
the only available specimen was used for the NAA analysis and the remaining 17 were left intact
to preserve them for the project’s study collection and/or a forthcoming museum display. Five of
the QSB vessels had different interior and exterior glazes and we sampled each side separately,
bringing the total number of sampled glazes from QSB to 125 and the total for this analysis to
189.

The Lauck and Pitman Potteries were within 20 km of Belle Grove and all three operated
while QSB was inhabited, so vessels from these workshops could be present in the QSB
collection. The Bacher Pottery postdates QSB, so Bacher vessels should not be at the site. We
included these samples as a control group because if glazes only associated with Bacher were
identified at QSB, this would indicate that the glaze compositions may not be as diagnostic as
hypothesized. Potteries also operated in Strasburg and Woodstock, but lead-glazed earthenware
samples from these towns were not available for our study. Glaze recipes not associated with the
Lauck, Bacher, or Pitman Potteries may be from these towns or other potteries in Winchester or

Newtown.

Paste Characterization by NAA

We prepared and analyzed the 189 ceramic samples at the Missouri University Research
Reactor (MURR) using the laboratory’s standard procedures (Glascock, 1992; Glascock and
Neff, 2003), and preliminary interpretations were reported in (Greer and MacDonald, 2020).
While this is the same number of samples as the LA-ICP-MS analysis (see above) it did not
include the exact same specimens. Eighty-nine wasters were analyzed by NAA, including all 64
samples used in the LA-ICP-MS analysis and 25 additional samples without lead glazes. Among

these are 20 samples from the Strasburg Steam Pottery (1890-1897) in Strasburg (38 © 15” 18” N,



78 ©21° 32” W, coordinates are rounded to the nearest second and indicate the location of
Strasburg). One hundred vessels from QSB were sampled, including 66 vessels used in the LA-
ICP-MS analysis, one lead-glazed earthenware (SYUO085) determined by NAA not to be locally-
made (and therefore excluded from the LA-ICP-MS dataset), and 33 salt-glazed stonewares. Six
paste groups were identified in the NAA dataset (Greer and MacDonald, 2020: 144—158) (Figure
2, Table 2, Online Resource 1). Each was statistically validated using Mahalanobis distance
group membership probabilities (MD-GMP) (Online Resources 2 and 3). We used the first seven
principal components for the MD-GMP calculations, which explained 85.4% of the variance
within the dataset. The results indicated strong positive group assignments (>20%) for 88% of
the samples, validating the identified groups.

[Insert Figure 2 / Table 2]

The NAA results were especially helpful in determining which town vessels did not come
from, as only Paste Group 1 contains wasters from Winchester, Newtown, and Strasburg.
However, the Winchester and Strasburg samples had low membership probabilities, strongly
suggesting that Paste Group 1 is associated with Newtown. While this provides important
information, it fails to provide definitive evidence about the provenance of 82 of the 99 locally-
made vessels from QSB. Furthermore, of the two groups only associated with one town, Paste
Group 5 only contains two wasters, making arguments about its association with Strasburg
somewhat tenuous. To make stronger arguments about where the QSB vessels were made, we
needed additional lines of evidence. For this, we turned to a LA-ICP-MS analysis of lead-glazed

earthenwares.

LA-ICP-MS Methods



We conducted the LA-ICP-MS analysis at MURR using the laboratory’s standard
procedures. Squares of < 1 cm? were broken off from each sample using tile nippers, washed in
deionized water, air dried, and mounted on thin-section slides. We also mounted samples of
standard reference materials from NIST SRM-610, SRM-612, and Corning glasses Brill-B, Brill-
C, and Brill-D. The data were acquired using a PerkinElmer SCIEX NexION 300 Quadrupole
ICP-MS coupled with a Teledyne Instruments Inc. Analyte Excite HelEx 193 nm laser ablation
system. We selected five 40 x 80 um ablation pass lines on each standard and unknown sample.
A 110 pm-wide pre-ablation pass was done on each line to remove surface contamination. The
laser moved at a rate of 5 um/s firing 110 bursts per second at 42.6 % of the maximum power
output. We paused the laser for 25 seconds after each ablation while the ICP-MS continued to
collect data. We monitored instrument stability and drift by “bracketing” five glaze samples with
a set of standards. The ablated sample vapor was transported by He carrier gas to the ICP-MP
torch where it was ionized and passed through two detectors that measured the signal intensity in
counts per second. The experiment collected data for 59 isotopes: 'Li, °Be, !'B, »*Na, 2Mg, ?’Al,
g, 31p, #3, 35CI, PK, “Ca, “5Sc, 4'Ti, 5'V, 2Cr, SSMn, 5'Fe, %Co, N, ©Cu, Zn, 'Ga, "*As,
$5Rb, $¥Sr, $7Y, %Zr, ©Nb, Mo, '"7Ag, '5In, '8Sn, 12'Sb, 133Cs, 13Ba, 1¥La, '4%Ce, 4'Pr, 16Nd,
1478m, 153Ey, 157Gd, 19Tb, ' Dy, '%Ho, '®Er, '“Tm, 172Yb, 5Ly, '*Hf, 18'Ta, W, 17 Au,
2057, 208pp, 2098 232Th, and 23U,

Switching the laser on and off for a pause of 25 seconds between scans formed a series of
plateaus representing signal intensity measured by the ICP-MS for each isotope. Each plateau
represents a single ablation pass, whereas the baseline between them serves as the sample blank.
An Excel-based macro script subtracted the sample blank (the average of 5 baseline replicates

both before and after the sample peak) from each replicate. The blank-subtracted replicates for



each measured isotope were summed and averaged. Anomalous spikes were identified and
eliminated. The averaged signal intensity data for each isotope in counts per second were
corrected to a total elemental signal by comparing the signal intensity measured for each element
in the sample for the same element measured in the standards. We used isotope Si*’ as our
internal standard. For NIST SRM glasses and Corning glasses we used values published by
Pearce et al (1997) and Brill and Rising (1999), respectively, to calculate the Ky:

Standardized signal forY

= * [internal standard]in the reference material
y [Y]in the reference material [ ] f

Where K is the conversion factor for element y. The standard signal was then divided by the Ky
and the sum of all elements normalized to 100 percent oxide, as proposed by Gratuze et al.
(2001). The resultant data is presented in Online Resource 4. Online Resource 5 lists the average
elemental concentrations and percent deviations of replicates of NIST SRM-610 and SRM-612.
The relative standard deviation for most elements in SRM-610 is < 5%.

Postdepositional processes can contaminate lead glazes, impacting the resulting data from
surface analyses. In a previous study of imported British refined earthenwares from QSB (Greer
et al., 2021) we screened samples for contamination using scanning electron microscopy (SEM)
and found no evidence of contamination (see Online Resource 6). This is likely because glazes
high in Al (like those on refined earthenwares and the locally-made earthenwares discussed
below) are relatively stable (Molera et al., 2001: 1127). As a result, while we did not screen our
samples for contamination, we are reasonably confident that our samples are not contaminated.
Glaze Characterization by LA-ICP-MS

To characterize the glazes, we analyzed the data in four ways to identify primary glaze
components, lead sources/forms/mixtures used in the glazes, coloring agents, and trace elements.

Each analysis is presented below in its own subsection.



Glaze Types

Lead (PbO) and silica (Si0z) oxides are ubiquitous in the dataset (2.05-62.27 wt% and
25.40-61.44 wt%, respectively), confirming that all 189 samples are lead-glazed. Fourteen
samples have low to moderate aluminum oxide (Al203) (2.25-7.12 wt%), tin oxide (14.2-1008.3
ppm), and alkali oxides (see Table 3), indicating lead-silica glazes (35-65 wt% PbO and 25-55
wt% Si02). The remaining samples have additional components and can be divided into eight
glaze types. The most common are lead-silica-aluminum glazes (n=102), defined by 30-65 wt%
PbO, 25-50% SiO2, and ~6-20 wt% Al,Os3 and a lack of elevated concentrations of other glaze
components. Thirteen samples are tin-opacified, defined as 0.5-5 wt% SnO». Ten of these have
PbO, Si0O2, and Al,0O3 concentrations in the same range as the lead-silica-aluminum glazes,
making them lead-tin-silica-aluminum- glazes, while one sample has an AlO3 concentration that
corresponds with the lead-silica glazes, making it a lead-silica-aluminum glaze. The final two-tin
opacified samples have elevated potassium (K>O) and calcium oxides (CaO), indicating the
presence of alkali fluxes and making these lead-tin-silica-aluminum-alkali glazes. We identified
alkali fluxes in 60 other samples, with the most common oxides being K>O (n=48, 0.5-7 wt%),
CaO (n=5, 1-2 wt%), or a mixture of various alkali oxides (n=7, notably 1.51-7.39 wt% K,O and
0.13-1.82 wt% CaO). Each of these was determined to be its own glaze type, along with a
separate group with low Al,O3 (<6 wt%). Despite the presence of SnO; and alkali oxides, most
tin-opacified and alkali-fluxed samples have similar PbO concentrations to the lead-silica and
lead-silica-aluminum groups, indicating these glaze components were not substitutes for PbO
(Figure 3). Eight alkali-fluxed samples, however, have lower PbO concentrations (< ~20 wt%),
suggesting that in these cases alkali elements may have been added as a substitute for PbO.

[Insert Table 3 / Figure 3]
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Except for the lead-silica group, our samples have unusually high Al,O3 concentrations
(6.45-24.49 wt%). By comparison, lead glazes on imported British refined earthenwares from
QSB have Al;0O3 concentrations ranging from 3.72-10.03 wt% (Greer et al., 2021), which is
below the Al,O3 concentration in 61.37% (n=116) of the locally-made glazes. Adding clay to
glaze recipes, as was common in the Valley (see above), increases Al,O3; concentrations in glazes
but even this cannot fully explain the abnormally elevated Al,O3. Al contamination from the
ceramic paste could explain this, although the lack of Al contamination in the QSB refined
earthenwares analyzed by SEM make Al contamination in other samples from QSB unlikely
(Greer et al., 2021: 4-6). However, as noted earlier, Valley potters often used crushed chert as
the major source of Si in their glazes. Cherts that form in marine environments can have elevated
Al (e.g., Abrajevitch, 2020: 9), and bedrocks in the Valley consist of formerly submerged
limestones and shales, suggesting that local cherts may have elevated Al (Greer and MacDonald,
2020: 142). Potters using high Al-cherts in their glazes could help explain the elevated Al>O;
concentrations, although a mineralogical study of the glazes is needed to test this hypothesis.
Lead Sources/Forms/Mixtures

With PbO being ubiquitous in the dataset, we performed a principal component analysis
(PCA) to identify possible lead sources, forms, and/or mixtures, using trace elements that
correlate positively with Pb as variables: arsenic (As), bismuth (Bi), Co, indium (In), manganese
(Mn), molybdenum (Mo), and silver (Ag). Here, lead sources refer to the provenance of the lead
used in the glazes, lead forms refer to different mineralogical forms (lead carbonate, red lead,
litharge, etc.), and lead mixtures refers to lead mixed with other metals, possibly from extracting
lead from scavenged pewter. We discuss these together because while our PCA can identify

discrete groupings, our dataset cannot determine if these groups are the result of potters getting
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their lead from different sources, using different forms of lead, or some potters using scavenged
lead. In short, the groups identified using these trace elements reveal information about the lead
component of different glazes, although additional spectrographic and isotopic analysis will be
needed to determine what exactly these groups represent. We identified five lead groups in the
dataset shown in Figure 4. Each was validated using MD-GMP. For this we used the first four
principal components, which explain 89.6% of the variance in the dataset (Table 4, Online
Resources 7 and 8). Lead Groups A and C separate from Lead Groups B, D, and E on Figure 4’s
X-axis, while Lead Groups A, B, and E separate from Lead Groups C and D on the Y-axis. Lead
Group E clusters with Lead Group B in Figure 4, but the MD-GMP shows that this is a separate
group. Finally, 18 samples could not be assigned to a group.
[Insert Figure 4 and Table 4]
Colorants

Four colorants were identified in the LA-ICP-MS data, MnO, Fe,O3, stibnite (Sb2S3), and
CoO (Table 5). When assessing colorants, we used a threshold of ~1.0-2.0 wt% for most oxides
except Fe2O3, (>~2.5 wt%), CoO (> 40 ppm), and chromium (Cr203, >300 ppm). MnO is the
most common colorant (n=42) and was identified in both relatively high (0.5561-4.883 wt%)
and low (0.1474-0.4861 wt%) concentrations. While the low MnO group has MnO
concentrations that are under our established threshold, these samples have significantly more
MnO than other samples, leading us to include them as a separate group. The high MnO samples
are black (n=14), brown (n=13), and tan (n=2), and the low MnO glazes are black (n=1), brown
(n=7), and tan (n=3), along with three glazes of indeterminate color. Fe>Os3 is the second most
common colorant (n=23) (2.52-6.26 wt%) and is present in brown (n=1), tan (n=21), and red

(n=1) glazes. One sample combined Fe>O3 (5.48 wt%) with Sb,S3 (3.47 wt%) to produce a red
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glaze. Forty-five samples contained both Fe;O3 (2.49-19.40 wt%) and MnO, with the latter
present in both high (0.5155-5.34 wt%) and low (0.1434-0.4984 wt%) concentrations. The high
MnO samples include black (n=15) and brown (n=14) glazes and two samples whose color could
not be determined due to extensive burning. The low MnO samples include black (n=2), brown
(n=11), and tan (n=1) glazes. CoO (42.44-211.86 ppm) was the third most common colorant
(n=13) and was combined with MnO (0.7485-3.932 wt%) to produce brown (n=9) and green
(n=1) glazes, and with both MnO and Fe>O3 (1.05-1.98 wt% and 2.59—-14.41 wt%, respectively)
to produce brown glazes (n=3). Two samples were identified as outliers in the dataset and the
remaining 63 samples lacked colorants, indicating clear glazes. Forty-nine of the glazes without
colorants appear colored, including brown (n=22), green (n=6), red (n=14), tan (n=1), or yellow
(n=6). Further observation of these samples under low-level magnification (60-100x) show the
presence of a colored slip underlying the glaze. LA-ICP-MS and/or SEM analysis of the
underlying slips is needed to determine the colorants used in these samples.
[Insert Table 5]
Trace Elements

We assessed trace elements in the glazes to determine any groupings these might reveal.
This analysis indicated that antimony (Sb), barium (Ba), copper (Cu), phosphorus (P), Sn,
titanium (T1), and zinc (Zn) were the most useful trace elements for our purposes. Several of
these elements were included in our discussions of major glaze components (Sn), colorants (Sb)
or lead sources/forms/mixtures (Cu). Elevated concentrations of Sn were important in our earlier
analysis, so we excluded tin-opacified samples from any groups defined by high Sn
concentrations. We also removed the one sample with stibnite (Sb2S3) from this analysis, from

any groups with high Sb concentrations. Cu concentrations did not play a large role in the PC
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loadings scores for our lead analysis (see Online Resource 8), so including it here should not be
replicating the lead groupings we identified earlier. By assessing the distribution of trace
elements in the glazes, we identified 12 groups containing a total of 92 samples. These groups
and their trace element concentrations are presented in Table 6. Five groups are relatively small
(n=<3). Of the larger groups, one is defined by elevated barium (Ba) (n=15), one by elevated
copper (Cu) (n=5), and one by elevated zinc (Zn) (n=4). We also identified three groups defined
in part by elevated antimony (Sb), two partially defined by elevated Sn, and one by elevated Sb
and Sn. Several of the trace elements are colorants (Cu, Ti, Sb, and Zn), but none are present in
high enough concentrations to affect the color of these glazes.

[Insert Table 6]

Discussion

Using the data presented above, we can use the geochemical composition of lead glazes
to determine the provenance of earthenwares made in the Shenandoah Valley, especially when
we pair these with the NAA results (Table 7). We identified nine groups in our analysis of
primary glaze components. The most common, lead-silica-aluminum glazes, were present among
wasters from every pottery and in QSB samples from every paste group. Because they are so
widespread, they do not provide any insight into provenance. Alkali-fluxed samples were present
at the Andrew and John Pitman (Newtown) and Lauck (Winchester) Potteries, and in Paste
Groups 1-4 (Newtown, Strasburg, and/or Winchester) from QSB. This suggests that even though
historic records do not indicate the use of alkali fluxes (e.g., Comstock, 1994), they were
relatively common in the Valley. As a result, these cannot be used to determine provenance, nor
were different alkali oxides used in different towns. Tin-opacified glazes were only identified

among the John Pitman wasters and QSB samples from Paste Group 1 (Newtown). This strongly
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suggests that the use of tin-opacifiers was limited to Newtown, and possibly to John Pitman’s
workshop. Finally, low Al>O3 glazes were identified among the Lauck and Bacher wasters
(Winchester), and QSB samples from Paste Group 2 (Newtown or Winchester), suggesting these
glazes are associated with Winchester.

[Insert Table 7]

The five identified Lead Groups also show promise for determining the provenance of
Valley ceramics. Lead Group A contains wasters from the Andrew Pitman, John Pitman, and
Lauck Potteries, and QSB samples from Paste Groups 1-5, while Lead Group B contains wasters
from the Andrew Pitman, John Pitman, Lauck, and Bacher Potteries, and QSB samples from
every paste group except Paste Group 5. As a result, the distributions of Lead Groups A and B
are too widespread to be used to make provenance determinations. Lead Group C contains
wasters from the Andrew and John Pitman Potteries, both in Newtown, and QSB samples from
Paste Group 1 which is associated with Newtown, giving Lead Group C an association with
Newtown. Lead Group D contains no wasters, but all of its NAA samples belong to Paste Group
1, suggesting an association with Newtown. Finally, Lead Group E contains wasters from all
four Newtown and Winchester potteries, and QSB samples from Paste Groups 2 and 3, which are
associated with both Newtown and Winchester. This gives Lead Group E an association with
Newtown and Winchester, but not Strasburg.

We identified four colorants in the dataset. Two, MnO and Fe>O3, were found in wasters
from all four potteries and in QSB samples from every paste group except Paste Group 5. There
are also no geographically discrete clusters based on the concentration of MnO or the
combination of MnO and Fe;0s3, indicating that these colorants cannot be used to determine the

provenance of locally-made vessels. We identified CoO in 12 wasters from the Lauck and
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Bacher Potteries and one waster from the John Pitman Pottery. While the Pitman sample
prevents us from suggesting a strong association between CoO and Winchester, the Pitman
sample was also colored with Fe2O3 and MnO while most (83.33%) of the Winchester samples
use MnO but not Fe>Os. This suggests that the MnO-CoO combination may be unique to
Winchester. Furthermore, the Pitman sample (SYUO020) has more Fe>O3 than the other MnO-
Co0-Fex03 glazes (12.41 wt% versus 2.59-4.10 wt%), suggesting that we can distinguish
between Newtown and Winchester samples. Finally, one sample from the Andrew Pitman
Pottery used stibnite (Sb2S3), which was not found in any other sample, tentatively suggesting
that antimony-colored vessels are associated with Newtown.

Of the 12 groups we identified based on trace element concentration, seven were either
widespread (high Ba and high Cu) or contained too few samples (n=<5) to adequately assess
their distribution. Four groups are defined by elevated Sb. These were identified in wasters from
the Andrew and John Pitman Potteries, 11 QSB samples from Paste Group 1, one from Paste
Group 2, and two from Paste Group 4 (Strasburg or Winchester). The preponderance of QSB
samples from Paste Group 1 suggests that high Sb glazes are associated with Newtown.
However, the two samples from Paste Group 4 suggest that high Sb glazes were also made in
Strasburg, preventing us from associating these glazes with Newtown, although we can argue
that high Sb glazes are not associated with Winchester. Three groups are defined by elevated Sn.
These include five wasters from the Andrew and John Pitman Potteries, one from the Lauck
Pottery, and QSB samples from Paste Groups 1 and 2. As with the high Sb glazes, most high Sn
glazes are from Newtown but the one Lauck sample prevents us from making this association,
although we can argue that low Sn glazes are not associated with Strasburg.

Newtown Over Strasburg
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We have demonstrated elsewhere (Greer and MacDonald, 2020: 138—139) that enslaved
people predominantly acquired locally-made ceramics in the towns where they were made.
Therefore, the relatively large percentage of QSB samples from Paste Groups associated solely
with Newtown (44.44%) or with Newtown or Winchester (24.24%), and the relatively low
percentage of vessels from Paste Groups associated with Strasburg (21.21%) indicate that before
the late 1830s people enslaved at Belle Grove routinely bought locally-made ceramics from
Newtown even though Strasburg was closer to QSB (8 km versus 11 km) (Greer and
MacDonald, 2020: 158-161). (A shift from Newtown to Strasburg seems to have occurred in the
1840s.) The LA-ICP-MS dataset provides independent verification of this preference for buying
ceramics in Newtown. Of the QSB vessels whose provenance could be determined by their glaze
composition, 13 are associated with Newtown and four with Winchester. An additional 20 are
associated with either Newtown or Winchester and 20 with either Newtown or Strasburg,
although 78.26% (n=18) of these belong to Paste Group 1, suggesting that they are from
Newtown (15 were not analyzed by NAA). With the preponderance of NAA and LA-ICP-MS
data pointing to enslaved people from Belle Grove acquiring locally-made ceramics in Newtown,
we should ask why they chose to travel the extra 3 km to do so instead of going to Strasburg.

In 1810, Strasburg was a sizable town with 75 households while Newtown was slightly
larger at 89 households (US Bureau of the Census, 1810a, 1810b). Newtown had more active
potteries (n=3) than Strasburg (n=1), but this alone cannot explain why enslaved people routinely
traveled to Newtown. The answer, however, might lie in the number of people enslaved in these
towns. Five households in Strasburg enslaved 35 people, while in Newtown 28 households
(including Andrew and John Pitman’s), enslaved 78 people. Market towns like Newtown and

Strasburg were important places for enslaved people to gather and form bonds that transcended
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the boundaries of individual plantations (Heath, 2004: 28; Hill Edwards, 2021: 28). A survey of
12 merchants ledgers from the Shenandoah Valley (Greer, Forth.) suggests that enslaved people
preferred going to larger towns and cities to buy commodities, likely because there were more
enslaved people to socialize with. Therefore, women and men enslaved at Belle Grove may have
traveled to Newtown to buy ceramics because more enslaved people were in this town than
Strasburg.! Making arguments about where enslaved people preferred to buy ceramics only using
NAA or LA-ICP-MS data might be tenuous, as it relies on our ability to accurately determine the
provenance of vessels made within 20 km of one another. However, combining these two lines
of evidence allows us to make a stronger argument about which market towns enslaved women
and men frequented, and to propose a rationale for these choices that stands on a more robust
empirical foundation.
Common Knowledge, Widespread Materials, and Itinerant Potters

Based on our results, the composition of lead glazes can be used to determine the
provenance of locally-made earthenwares in the northern Shenandoah Valley, allowing us to
pinpoint individual towns where vessels were made. However, the results were not as successful
as we had hoped, as we could only determine the provenance of 47.5% of the QSB vessels
(n=57), and most of these (n=40) could not be associated with a single town. By comparison,
52.52% of the locally-made NAA samples from QSB could be associated with a single town and

we were able to make provenance determinations for 90.90% of the samples. Unfortunately, the

! More people were enslaved in Frederick County (where Newtown was located) than Shenandoah County (where
Strasburg was located). This raises the possibility that more people were enslaved within a few kilometers of
Newtown than Strasburg, increasing the number of enslaved women and men that gathered and socialized in
Newtown. However, we do not currently have accurate data on where, exactly, within the two counties these people
were enslaved, so this remains speculation for now.
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historical realities of pottery production in an area as small as the northern Valley make the high
number of undiagnostic glazes unavoidable.

When mixing raw materials to produce their glazes, Valley potters drew from lessons
they learned during apprenticeships and/or knowledge they acquired while working as
journeymen in the workshops of various master potters. Most of these master potters were
trained in Hagerstown, Maryland, or by artisans who had learned their craft in Hagerstown
(Comstock, 1994). As a result, most Valley potters shared a common knowledge base which the
LA-ICP-MS data suggest included how to incorporate alkali oxides into their glazes, and how to
produce black, brown, and tan glazes using MnO and/or Fe>O3. This forced us to focus our
analysis on ways of making glazes that were, by definition, uncommon, like low-Al>O3, tin-
opacified, and Sb2S3 and CoO-colored glazes. Because of this, many identified groups could not
be used to determine provenance.

Similarly, clays were widespread throughout the Valley, allowing paste composition to
easily differentiate between Newtown, Strasburg, and Winchester. Some glaze components,
however, are not distributed as widely, limiting potters' choices about which ingredients to use in
their glazes. As a case in point, we are not aware of any sources of lead in the northern Valley,
and archival records show potters buying large quantities of lead from local merchants
(Comstock, 1994: 451; Park, 2001: 12), suggesting that they relied on lead imported into the
region. Looking at the Newtown potteries, the same four lead groups are present at the Andrew
Pitman and John Pitman Potteries (Lead Groups A, B, C, and E), although Lead Group A
accounts for 83.33% of the Andrew Pitman samples while Lead Group B accounts for 66.66% of
the John Pitman samples. If our lead groups are indicative of different sources of lead imported

into the Valley, it would seem that the Pitmans predominantly used different lead sources (Lead
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Groups A and B), possibly because they purchased lead from different merchants. However, the
presence of Lead Groups A and B at the Lack and Bacher Potteries and in QSB samples from
Paste Groups 4 and 5 would indicate that potters in Strasburg and Winchester also bought from
these merchants, or from other selling lead from similar sources. Therefore, it should come as no
surprise that 74.07% of our samples (n=140) appear to be from two widespread lead groups,
preventing us from using them to make provenance determinations.

While common knowledge and widespread materials indicate how communities of
practice and trade networks shape our ability to use lead glazes to determine provenance, we also
need to address the movement of individual artisans throughout the region. So far, we have
focused on the master potters associated with each workshop. But they did not work in isolation,
instead employing apprentices and journeymen who moved from workshop to workshop
building the skillsets and financial means to become more established potters. While working for
master potters, journeymen made and sold their own vessels using materials available to them at
the workshop (Comstock, 1994). The vessels they made could have easily broken during
production, gotten tossed into waster piles alongside vessels made by/for their employers, and
sampled as part of our research without us knowing who made the vessel in question. In other
words, a vessel could be made by a journeyman potter in John Pitman’s workshop using a clay
source and lead group predominantly associated with Newtown (Paste Group 1 and Lead Group
C) but using the technique of adding CoO to the glaze that the journeyman learned while
apprenticing at the Lauck Pottery in Winchester. This makes the somewhat fuzzy boundaries of
the CoO-colored glazes or the presence of three samples associated with Strasburg or Winchester

among the low Sb or Sn glazes, not outliers to be cursed at or explained away but potential traces
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(sensu Joyce, 2006; Trouillot, 1995) of journeymen potters’ itinerate movements throughout the
Valley.

These issues do not mean that we should not use LA-ICP-MS analysis of lead glazes to
determine where ceramics were made. Instead, we argue that large sample sizes are needed when
working in a small region to increase the number of uncommon samples we can identify and that
studies of glaze composition should be paired with studies of paste composition to provide
multiple lines of evidence to determine when glazes made by journeymen potters are blurring
what might otherwise be geographically discrete clusters of glaze compositions. Part of the
limitations of this study may be due to the small study area we focused on. If we had worked at a
scale where discrete communities of practice or trade networks could be reasonably separated —
such as a comparison between potters on opposite ends of the Valley — differences in primary
glaze components, lead sources/forms/mixtures, colorants, and/or trace elements could provide
provenance determinations for more samples.

Conclusion

As noted in the introduction, previous studies have not used the geochemical composition
of lead glazes to determine the provenance of lead-glazed earthenwares. In this article, we
demonstrated that the composition of lead glazes can be used to make provenance determinations
for lead-glazed earthenwares made within a single region and that at times glaze composition can
let us identify the individual towns vessels were made in. While our analysis was limited by the
movement of common knowledge, widespread materials, and itinerate potters throughout our
study area, we argue that this analytical technique can be successfully applied to other regions,

especially when combined with paste characterization by NAA.
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Figure 1. Location of Belle Grove Plantation, the city of Winchester, and the towns of Newtown
(now called Stephens City), Strasburg, and Woodstock. Map by Erica Moses.
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Figure 2. Scatterplot of PC1 (29.3%) versus PC2 (21.2%), showing the distribution of NAA
Paste Groups 1-6. Ellipses are drawn at 90% confidence. Originally published in (Greer and
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Table 1. Samples analyzed by NAA and LA-ICP-MS.

Site NAA LA-ICP-MS
Site Number Location Date Range Samples Samples
Belle Grove

Quarter Site B (QSB) 44FK520 Plantation, VA c. 1800 — 1850s 100 125
Peter Lauck Pottery 44FK552 Winchester, VA 1780 to 1839 20 20
Anthony Bacher Pottery ~ 44FKS550 Winchester, VA 1862 to 1889 13 10
Andrew Pitman Pottery 44FK528 Stephens City, VA c¢. 1782 to 1838 16 16
John Pitman Pottery 44FK547 Stephens City, VA 1794 to 1820s 20 18
Strasburg Steam Pottery ~ 44SH482 Strasburg, VA 1890 to 1897 20 0
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Table 2. Paste groups organized by site. Table from (Greer and MacDonald, 2020: 152)

29

Site Location Groupl Group2 Group3 Group4 Group5 Group6 Outlier
Peter Lauck Pottery Winchester 2 3 4 8 3
Anthony Bacher Pottery =~ Winchester 4 5 1 3
Andrew Pitman Pottery Stephens City 13 1 1 1
John Pitman Pottery Stephens City 9 4 2 5
Strasburg Steam Pottery ~ Strasburg 1 13 4
Quarter Site B Belle Grove 44 6 18 14 7 10
Total 73 19 22 31 9 26
Table 3. Oxides associated with primary glaze components. All averages and Standard
Deviations (STD) are presented in ppm unless indicated in weight percent.
ALO; (Wt%) Si0; (Wt%) K;O (wt%) CaO (Wt%) SnO; PbO (Wt%)
Glaze Group Mean STD | Mean  STD Mean STD Mean STD Mean STD | Mean  STD
Pb-Si (n=14) 4.901 1.397 | 3835 7.201 | .03170 0.1848 | 0.3480 0.1861 208.8 3014 | 50.74 8.642
Pb-Si-Al (n=102) 11.38 2.601 | 3732 5.134 | 04351 0.1974 | 0.2765 0.1859 | 4114 6489 | 4587 6.973
Pb-Sn-Al (n=10) 11.19 2361 | 3847 6.114 | 0.5266 0.2421 | 0.3993  0.2157 | 22327 8983 | 42.37 8.404
Pb-Sn (n=1) 5.592 n/a 30.46 n/a 04176 n/a 0.8139 n/a 42388 n/a 55.10  0.000
Pb-Sn-Al-Alkali
(n=2) 7.897 1.501 | 39.16  2.705 1.905 1.405 | 0.7130 0.4825 | 27916 10473 | 40.62 2.597
Pb-Si-Al-K (n=48) 12.94 3331 | 43.85 5.804 1.691 1.096 | 03728 0.2140 | 284.7 501.3 | 3526 7.407
Pb-Si-Al-Ca (n=5) 11.72 3.099 | 44.72  7.608 | 03605 0.1069 1.459  0.1447 345.2 5458 | 37.44 6.061
Pb-Si-Al-Mixed
Alkali (n=7) 16.70 6.257 | 5429 5.831 4.812 1.890 | 0.8265 0.5797 3499 345.3 12.32  11.05
Pb-Si-K (n=8) 5.889 n/a 49.64 n/a 0.5419 n/a 0.1326 n/a 37.5 n/a | 38.84 0.0
Table 4. Lead groups by site. The MD-GMP calculation show that over 80% of the samples in
each group have strong membership probabilities (>20%) (see Online Resource 7).
Site Location  Lead Group A | Lead Group B | Lead Group C | Lead Group D | Lead Group E | Unassigned
Lauck | Winchester 8 10 1 1
Bacher | Winchester 3 6 1
A.
Pitman | Newtown 10 1 1 1 3
Pit;]l.lan Newtown 1 8 1 2 6
Belle
QSB Grove 50 54 6 2 7
Total 69 76 8 12 18




Table 5. Mean concentrations of colorants. All averages are presented in ppm unless indicated in

weight percent.

Colorant Group MnO (Wt%)  Fe,O; (wt%)  CoO Sb,0s SO; CuO MgO TiO; Cr;0; ZnO  AsO;
High Mn (n=29) 1.496 2.096 14.34 576.0 7492 2450 4817 5899  79.87 157.6 41.14
Low Mn (n=13) 0.3060 2.373 10.17 460.5 652.5 4463 3711 5057 9449 1694 5433

Fe (n=23) 0.0180 3.176 7.60 599.1 6694 2453 4064 6167 5536 2412  79.10

Fe & High Mn (n=31) 1.376 3.372 15.91 315.1 672.1 2576 5397 6482 86.76 199.5  84.79

Fe & Low Mn (n=14) 0.3090 4.247 12.18 203.1 9104 3302 5269 6248 8847 2458  23.37
Co & Mn (n=10) 2.173 2.142 115.9 263.1 5212 192.1 3327 2783 39.03 5131  59.50
Co, Mn, & Fe (n=23 1.462 6.369 73.07 175.2 609.7 920.6 4838 5685 101.2  500.0 19.46
Fe & Stibnite (n=1) 0.0584 5.485 11.81 140962 20635 76.62 5561 7700 8526 4522 15.56
Clear (n=23) 0.0219 2.646 8.43 490.6 7743 2353 4418 6410 57.14 1774  22.42

Table 6. Mean concentrations of selected trace elements in trace element groups.

All averages

are presented in ppm.
Trace Group P Ti Cu Zn Sb Ba

Mean STD | Mean STD | Mean STD | Mean STD Mean STD Mean STD
High Ti (n=2) 177.1 36.36 7430 2697 | 72.84 1.715 | 53.01 4990 | 292.98 172.1 277.4 196.6

High Ti & High Ba
(n=1) 2342 n/a 7726 n/a | 31.12 n/a | 1442 n/a 5.283 n/a 1771 n/a

High Ba & High P
(n=1) 3564 n/a 3094 n/a 11.04 n/a | 54.41 n/a 277.0 n/a 1007 n/a
High Zn (n=4) 170.9 266.2 2768 2902 170.2 61.63 | 889.2 1008 240.6  218.9 380.6 127.6
High Ba (n=14) 454.6 4429 3650 1581 107.2 154.2 168.2 242.3 210.3 177.6 1853  675.5
High Cu (n=5) 188.1 102.8 3596 2041 1576 584.1 219.9 182.5 1435 7270 328.0 2442
High Sb (n=29) 626.4 253.0 3551 1313 18.96 133.6 | 81.39 60.07 7673  308.3 184.3 142.4

High Sb & High Ba
(n=5) 2184 83.12 3786 1065 | 76.80 158.4 | 74.20 161.6 1359 4789 1021  492.7

High Sb & High Cu
(n=3) 291.4 207.9 3408 594.8 1117 189.8 134.8 66.31 904.4 2514 148.9 12.64

High Sb & High Sn
(n=1) 148.2 n/a 2910 n/a | 242.5 n/a | 41.15 n/a 2820 n/a 2124 n/a
High Sn (n=24) 236.4 189.2 4016 1021 281.9 2849 | 4349 182.0 300.2 142.7 218.2 1514

High Sn & High Ba
(n=6) 268.3 182.1 4801 1213 154.1 151.9 155.0 75.34 227.7  99.09 1779 462.2
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Table 7. Proposed provenance of groups identified in glaze characterization. Samples are sorted into glaze types, lead
source/form/mixture, colorant, and trace element group, and summarized by potter location (left column) and paste group (right
column). As indicated by their headings, the right columns only contain samples from QSB. The paste and glaze groups are described
above. QSB outliers are NAA outliers and LA-ICP-MS only samples were not analyzed by NAA. Provenance determinations were
only made in cases where the NAA and LA-ICP-MS data aligned with one another.

Glaze Type Lauck Bacher APit. JPit. | QSBG1 OQOSBG2 OQOSBG3 QSBG4 OSBG5 OQSBG6 QSB Outlier QSB LA-ICP-MS Only | Provenance
Pb-Si-Al 6 2 7 1 27 3 1 7 1 1 7 39 Widespread
Pb-Si-Al-K 9 8 14 9 1 1 5 Widespread
Pb-Si-Al-Ca 1 2 2 Widespread
Pb-Mixed Alkali 2 1 2 1 1 Widespread
Pb-Sn 1 4 6 Newtown
Pb-Sn-Mixed
Alkali 2 Newtown
Pb-Si 2 8 1 3 Winchester
Pb-Si-K 1 Winchester
Lead
Source/Mixture Lauck Bacher APit. JPit. | QSBG1 QSBG2 QOSBG3 QSBG4 OSBGS5 OQSBG6 QSB Outlier QSB LA-ICP-MS Only Provenance
Lead Group A 8 10 1 10 2 1 6 1 3 27 Widespread
Lead Group B 10 3 1 8 22 2 1 5 1 3 20 Widespread
Lead Group C 1 1 3 3 Newtown
Lead Group D 3 3 Newtown
Newtown /
Lead Group E 1 5 1 2 1 1 Winchester
Colorant Lauck Bacher APit. JPit. | QSBGl1 QSBG2 QSBG3 QSBG4 QSBG5 QSBG6  QSB Outlier QSB LA-ICP-MS Only | Provenance
High Mn 1 1 12 2 1 1 11 Widespread
Low Mn 1 1 2 2 1 6 Widespread
Fe 3 3 2 4 1 1 9 Widespread
High Mn & Fe 6 1 4 11 1 2 6 Widespread
Low Mn & Fe 1 1 6 1 1 1 3 Widespread
Mn & Co 3 7 Winchester
Newtown or
Mn, Co, & Fe 2 1 Winchester
Fe & Stibnite 1 Newtown
Underglaze 6 12 11 2 1 5 1 4 21 Widespread




Trace Group Lauck Bacher APit. JPit. | QSBGl1 QSBG2 QSBG3 QSBG4 OQOSBGS5 QSBG6  QSB Outlier QSB LA-ICP-MS Only Provenance
High Ba 3 1 1 1 3 1 1 3 Widespread
High Cu 1 1 1 1 1 Widespread
High Ba & High
P 1 Ind.
High Ti 2 fnd.
High Ti & High Ind.
Ba 1
High Zn 1 1 1 1 Ind.
Newtown or
High Sb 2 3 9 1 3 11 Strasburg
High Sb & High Newtown or
Ba 1 1 1 2 Strasburg
High Sb & High Newtown or
Cu 1 1 1 Strasburg
High Sn & High
Sb 1 Widespread
Newtown or
High Sn 1 3 1 11 1 1 6 Winchester
High Sn & High Newtown or
Ba 2 1 3 Winchester




