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Figure 44: Bivariate plot for Scandium and Cesium.
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Figure 45: Bivariate plot for Chromium and Thorium.
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The complete data results from this research is included in Appendix 1. It

is hoped that this data will be useful to others researching Northwest redware.

6.2 Instrumental Neutron Activation Analysis References

An article entitled “Neutron Activation Analysis,” was recently published
by Dr. Leah Minc in the Encyclopedia of Archaeology. In this article, Dr. Minc
provided simply stated educational material. A glossary of terms that might not be
known to the average archaeologist was included. A history section and one on a
basic principles of how the analysis works were helpful. Of particular interest was
the discussion on the complexity of distinguishing provenience for ceramics
(Pearsall, 2007).

Once Instrumental Neutron Activation Analysis was established as the
principle method for finding the source of the Champoeg flowerpots, other such
studies were reviewed. Articles by Blaine Schmeer, Richard Pugh and Harvey
Steele were consulted first. These were valuable for information The Northwest
Pottery Research Center had already obtained through archival research, and
archaeological work they had conducted with Dr. Dan Scheans. A careful check of
their primary resources was conducted however, and several more were located in
the process.

Unfortunately, articles written by Pugh on Instrumental Neutron Activation

Analysis conducted by Scheans and The Northwest Pottery Research Center could
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not be used. They are valuable for a basic understanding of their results, but all
primary data was lost when Dr. Scheans died. Neither was there information on
what standards had been used, length of time the samples were irradiated or for
that matter, number of samples in the study. This is unfortunate since the work
would be very valuable for comparison with other ceramics projects in Oregon and
Washington, if they could be successfully compared with the Pottery Center’s
data. Such data could not be used, however without standardization between
studies.

Also useful was an article, recently published in Historical Archaeology.
The article concerns a study conducted by the Utah Pottery Project. Scarlett,
James, Speakman and Glasock provide a recent example of the use of Instrumental
Neuclear Activation Analysis in historic pottery research. This group was fortunate
enough to have obtained ledgers and church documents identifying vessel type,
amounts produced, monthly and yearly production and location of the pottery sites.
Excavations of many of the potteries had already been conducted. Funding was
also available for Instrumental Neutron Activation Analysis on a large quantity of
samples.

The Utah Pottery Project research “revealed some fabric, decorative, or
glaze characteristics that may be unique to specific potters in specific locations”
(Scarlett, et.al. 2007: 83). Sample preparation, similar to the Oregon State

University pottery study, was conducted. Reference standards and control samples
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were similar (they were not from the National Institute of Standards and
Technology, however). Irradiations were for different time lengths as were cooling
periods. Bivariate plots were used to obtain groupings of like samples. The quality
and quantity of the Utah research is enviable. Similar studies should be the goal for
Oregon pioneer pottery sites and collections.

Other articles using Instrumental Neutron Activation Analysis for pottery
sherds were also evaluated. These included, G. Harbottle’s “Neutron Activation
Analysis of Potsherds from Knossos and Mycenae,” an early study published in
1970. In this older study samples were not pulverized but were cleaned and
wrapped in aluminum foil. The standard was a piece of glass with known chemical
content. Irradiation was for 5 hours and the cooling period was ten weeks. Shorter
half-life elements were not counted. Groupings were based on evaluation of one
chemical at a time not bivariate plots. Knossos and Mycenaean samples did
separate from each other when ten elements were considered.

Two articles taken from Chemical Characterization of Ceramic Pastes in
Archaeology edited by Neff, were used. “Characterization of Archaeological
Ceramics at MURR by Neutron Activation Analysis and Multivariate Statistics”
by Michael D. Glascock, was helpful for understanding the Instrumental Neutron
Activation Analysis process. “Scale and Paste: Investigating the Production of
Godin 111 Painted Buff Ware” by Hendrickson and Blackman served as another

example of how INAA has been used in the past. This study was based on the
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hypothesis that relatively few potters produced Godin Il Painted Buff Ware. The
discovery of a number of vessels still located on the workshop floor led to INAA
and petrographic thin sectioning. Instrumental Neutron Activation Analysis data
successfully supported the research hypothesis. Also of interest for this study was
Hendrickson and Blackman’s discussion on potter’s techniques which included a
statement that,

“products of individual potters tend to be slightly different in absolute size
and proportions. . .Measurements are usually taken from the hand. . .such
measurements become unconsciously incorporated onto the potters mental

template. Consequently, if two potters with slightly different hand sizes are
producing ‘identical’ forms, the dimensions. . .will vary proportionately to the

relative size of their hands” (Neff 1992: 131-132).
6.3 Inclusion Evaluation
The pottery sherds chosen for Instrumental Neutron Activation

Analysis samples had been previously broken to provide a quantity of material for
processing. Fragments of all but one of the samples remained. It was a simple
procedure to view the remaining sherds through a microscope. Some destruction of
an artifact is usually necessary to examine inclusions. The fresh breaks from
removing INAA samples provided a clear view of the inclusions without further
destruction or interference from post-depositional debris.

Under the microscope, color, size, sphericity and roundness, as well as
percentage of inclusions to clay ratios were recorded (See Appendix 2 for Charts).

Comparisons to Willamette Valley clay samples were also made. The Wentworth
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scale was used to determine particle sizes. The samples were then photographed
(Figure 46).

All of the samples contain inclusions derived from decomposed basalt.
Inclusions include rust colored hematite, coral colored potassium feldspar, black
intact basalt granules, white granules (either magnesium oxide or calcium oxide),
and white to nearly clear quartz crystals of various sizes (Minc personal
communication). Other inclusions are, small bits of granite, grog, (ground bits of
pottery retrieved from the waster dump for a second use) and, in one of the Harris
brothers’ sample, a small bit of oxidized copper.

All Champoeg samples, with the exception of Vessel E, contain inclusions

remarkably similar to the sample of Willamette Valley clay. Vessel A contains a
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much greater quantity of very coarse inclusions of all colors than other
Champoeg samples. Vessel A’s inclusions are the same color and shape as the
other samples, however. Samples from Vessels B, F and G contain quantities of
inclusions comparable to each other and have high quantities of very fine quartz
particles. The samples from Vessel B also have some very course inclusions,
perhaps from lack of processing the raw clay. Vessel D has coarse granite
inclusions in all samples examined. Vessel C has no coral or rust colored
inclusions. Vessel E contains only large quantities of very fine quartz particles,
and smaller quantities of fine black particles.

The inclusions in the samples from the pottery wasters are also very similar
to each other--with the exception of the over-fired sherds from the Harris brothers’
site, and the Eden Valley inclusions. Grove appears to have added small quantities
of grog to his paste mix, which is visible in four of the seven samples. Two of the
Harris brothers’ samples, obtained from the burned kiln site, contain spherical
particles of vitrified black inclusions. These two samples were glazed. Further
research might reveal the events that occurred in the overheated kiln to cause the
internal vitrification. Waster samples are not in any way similar to the Harris kiln
pieces. They are a somewhat coarser mirror of the samples from the
Richardson/Grove site. The Eden Valley quartz inclusions are very fine and more
abundant than any contained in the Willamette Valley samples. Black and coral

inclusions found in some of the Eden Valley samples are also fine to very fine.
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A Willamette Valley clay sample, gathered just south of Corvallis in the
mid-Willamette Valley, was used for comparison with the study samples. The
sample is fired example of unrefined hillside clay with no temper added. Since the
resemblance is so similar to the three sample sets from the Willamette Valley
potters, it is unlikely that Richardson, Grove, Pedigo or the Harris brothers
invested much labor in locating and adding temper from other sources. It appears
that the “blue muck . . .found at a depth of a foot or two all over the lower valleys.
..” (Steele 2004: 1) Amos Ramsay’s grandfather used at the Peoria Pottery had
sufficient natural temper (and was readily available enough) that little processing
was necessary to produce usable redware.

The conclusion drawn from the inclusion investigation was that the
similarity of the clay, despite different sources would be necessary to factor into

evaluation of INAA results.

6.4 Clay Sourcing

Although clay sourcing was not a necessary part of the Instrumental
Neutron Activation Analysis, Dr. Minc recommended that some effort be made to
locate general clay sources for each pottery site. Minc stated that the paste mix
each potter uses might include more than one clay source, making INAA on clay
sources incompatible with finished vessels. The temper each potter chooses will

also distort the finished product from the source clay data (Minc 2008, personal
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communication). It is unlikely that the Willamette Valley potters gathered clay
from several places since transportation was difficult and most of the clay in the
area is very similar. The sourcing process did however, give a window into the
type of elemental makeup of clay from each source and educate the researcher on
the local terrain for each area.

Gathering information on where the potters obtained their clay (and
temper) began with an archival search for eyewitness accounts, records kept by the
potters, and other historic documents. The information obtained by Lottie Maybee
(from Damascus area pioneers) was discussed in the history section. Since
Edward Pedigo did not keep records, or those records have been lost, Maybee’s
account of the location where his clay was being collected was useful.

Information from Haskins’ interview with Amos Ramsay on “the ‘Blue
Muck’ that is found at a depth of a foot or two all over the lower [Willamette]
valleys” (Milligan Vol 4. 1984: 61-62) gives credence to the idea that the potters
did not transport their raw materials any great distance. Some may even have dug
clay in the direct vicinity of their production site. Others, like Pedigo, used a
wagon to travel a short distance for digging clay to their liking. This information
was also helpful in discussions during the Instrumental Neutron Activation
Analysis phase of the study. One can state, with reasonable certainty, that the clay

used to produce the analyzed sherds, came from near the production site.
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The Willamette Valley clay sample, used for comparison studies of the
inclusions, further strengthens the idea that clay is readily available all over the
Willamette Valley. The clay used to make the sample was removed from a ditch
bank by Dr. Minc. It was minimally cleaned and fired. This sample is equal in
quality and inclusion quantity to the samples from each of the potteries that were
examined (with the exception of the Eden Valley samples).

Haskins, oral history documents were useful for reviewing USDA Soil
Conservation Service soils maps. These maps could be examined with confidence,
since it was likely that the clay used to produce pottery at the sites would have
been excavated within a relatively short distance of the pottery sites.

The soils map indicates the Pedigo site is located in an area with 3 to 8
percent slopes and soils of Cascade silt loam. Nearby is an area of Delena silt loam
with a 3 to 12 percent slope. This poorly drained soil, according to Gerig, is on
rolling uplands. This area contains a thirty-five inch layer of grayish brown silty
clay loam. The silty clay loam layer is located below only twelve inches of surface
soil and a thirteen inch layer of subsoil (Gerig1985: 30-31).

The Richardson and Grove sites, located on the west and east sides of
Richardson Creek, respectively, are in an area of Bornstedt silt loam. This area
was formed from mixed old alluvium. The surface layer of very dark brown silt
loam is about 8 inched deep. Below that is 20 inches of subsoil consisting of

reddish brown silty clay loam. Below that layer is a 60 inch deep layer of brittle
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reddish brown and reddish gray clay (Gerig1985: 23). This would have been the
clay used by both potters. Although there are places just above the banks of
Richardson Creek, that would be similar to the areas mentioned in the Pedigo
research, this would have been a deeper soil layer with more of the “blue muck”
available.

The village of Canemah was located next to the Willamette River. Gerig
does not indicate a clay layer below the deep dark brown silt loam. This area backs
up against very steep (20 to 60 percent) slopes of igneous rock (mostly basalt). No
clay is available in this area. Less than a mile away, on the bluff above the river,
there is a large area of Jory stony silt loam. The surface layer is about eight inches
deep. Below that is a deep layer of reddish brown stony silty clay (Gerig1985: 64)
that would have been ideal for stoneware. It is possible that the Harris brothers
made some use of the clay in this area. This would not have produced redware,
however.

To the south of the Jory stony silt loam area is a small deposit of
Bornstedt silt loam with the excellent layer of reddish gray clay located
approximately 28 inches below the surface layers (Gerig1985: 23). Since this area
is less than one-half mile above Canemah, on the bluff, it is highly likely this is the
place where the Harris brothers excavated their clay. The Oregon City/Canemah
area was fairly well populated, even before the wagon trains began to roll west in

1842. The road to the top of the bluff was already in place at the time Canemah
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was founded. It would have been feasable to obtain clay on the bluff using a
wagon for transportation.

The Eden Valley site, located in the small town of Farmington,
Washington, sits within the fork of Pine Creek, in Whitman County. A seven to
twenty-five percent sloping basalt outcropping lies to the north and east of the
town. The majority of the shallow valley is Latah Silt Loam. According to
Donaldson, the area consists predominantly of approximately 30 to 36 inches of
various silty loams. Below that level, a silty clay loam begins to appear. The most
common clay is a medium reddish yellow, (7.5YR 6/6) with light gray (2.5YR 7/2)
mottles. Donaldson reports that this layer is sticky and plastic (Donaldson 1980:
40-41). The light gray modeled areas are the probable source of Grove’s redware

clay at his factory in Farmington.
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Chapter 7 Discussion and Conclusions

7.1 Samuel Grove

Research conducted by the Northwest Pottery Research Center indicates
that pottery making (including kiln firing and production) was, at some point,
conducted on both the east and the west sides of Richardson Creek. It is hardly
likely that one potter went to the trouble of building two kilns and two production
centers. It was the decision of those involved in this research project, to tentatively
attribute the pottery site on the east side of Richardson to Samuel Grove. The
attribution decision was based on the Richardson/Grove wide rimmed sherd D,
which is signed S. Grove, and the similarity of some of the rim styles to those
found in Grove’s later work at the Pedigo site and the Eden Valley site in
Farmington, Washington. In the following discussion on style, attribution will be
limited to Grove.

The signed wide rim sherd D (Figure 27) has a peculiar style that is
somewhat tactile in nature and difficult to describe. It can most closely be labeled
a canted ogee rim. The important nuances of the piece are the smoothly curving
convex lip, (which is slightly elongated and canted downward and toward the
vessel body) the wide convex ridge below the rim and the lack of any angularity.
This sherd is very similar to Eden Valley rim sherd type F. None of these sherds

were glazed, which may indicate they were intended to be flowerpots. This type is
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also very similar to Champoeg vessels B, F and possibly, G. During this phase of
the project, these three Champoeg vessels were attributed to Grove—a bias that to
a certain extent, drove the research and the literature review.

The medium rim sherds, type F, found on the East side of Richardson
Creek (Figure 20) are the most decorative pieces in any of the collections. The
multiple attempts to produce this relatively decorative vessel, (there are two partial
rims as well as six rim, four body and six base fragment that are visually
incompatible with the nearly complete vessel) indicates that it was of some
importance to the maker. It is a tall, thin walled piece of ceramic with multiple thin
appendages that would have been somewhat difficult to produce from redware

The base of Grove’s wide rimmed vessel F is also unique. The undulating
convex ridges are reminiscent of the partial teapot lid found at Eden Valley.
Although they are not found on the same type of vessel, this form certainly is the
sort of visual evidence or clue, one would expect to find when employing the
Conjectural Paradigm to identify style characteristics.

Grove’s wide rimmed vessel F appears to have taken considerable effort
and time to produce. These vessels were probably not produced for daily
consumption. They may have been the maker’s ideal of a Victorian flowerpot. The
value to the original producer, and possibly to the eventual owner, (should the
vessel have been successfully completed) was probably considerable in the pioneer

Willamette Valley in the eighteen-fifties. The social significance of such a
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decorative piece would have been considerably more than pickling crocks,
flowerpots and milk pans.
7.1.1 Lids

One of the lid types found at the Richardson/Grove site on the east side of
the creek may also be a Grove signature. The two-step production of the convex
lid with cone shaped handle, (Figure 22) required more skill to produce than other
lids found in the waster. Five lid fragments with this cone shaped handle were also
found at the site of Grove’s kiln in Farmington, Washington. The signature piece
in the Damascus collection is the cross-mended vessel with unusual glaze (similar
in color to Munsell HUE 2.5YR 5/8 red). This vessel exemplifies the usefulness of
this lid with its basal flange for seating it on a jar. The cone shaped handle is
clearly visible.

Arguably, although it is much more ornate, the teapot lid from Eden Valley
could be compared to the convex lid with the cone handle. The tip of the handle is
missing so it is not possible to tell if it had the distinctive tip, but it certainly
echoes the shape of Grove’s other convex lids.

7.1.2 Handles

For the most part, Grove’s handles are the lug type used by all four of the
Northwest potters. Of the sixty-seven examined however, seventeen are ear
handles. Schmeer indicates this shape was not found in other sites (Schmeer,

personal communication 2005). Very few examples of handles are present in the



180

other collections so it is not possible to state definitively that this handle is unique
to Grove. None were found at the Pedigo or Eden Valley site. As previously
mentioned the Farmington site received only a surface collection and has yet to be
excavated, so it is impossible to know what might be there. The shape is common
in Euro/American forms of redware and stoneware pottery, but the scalloped
decoration on two of the handles may be unusual. More research will be required
to see if similar designs can be found in the Pacific northwest.
7.1.3 Glaze

One of the glazes mentioned in the Richardson/Grove section of
Observable Data is described as Munsell HUE 2.5YR 5/8 red colored (Figure 22).
As indicated, it is more orange than the Munsell color and has black flecks. There
are no colors in the Munsell chart that exactly match this glaze. There is a large
quantity of sherds with this glaze type from the site on the east side of Richardson
Creek. No similar glaze was found in any of the other sample collection.
According to Schmeer, there is no similar glaze in any of the excavated collections
the Pottery Research Center houses (Schmeer, personal communication 2005).
Schmeer indicates, however that some sherds of this color have recently been
observed in preliminary surface reconnaissance on the west side of Richardson
Creek (Schmeer, personal communication 2008)

This unusual glaze type leads to questions about who produced the Munsell

HUE 2.5YR 5/8 color glaze and why it was found only at the Richardson/Grove



181

sites. Grove may have taken his glaze recipes with him when he moved and began
assisting his father-in-law at the Pedigo site. It is not clear why no examples were
found in the Pedigo waster.

According to Prudence M. Rice, red or yellow glazes can be produced by
employing iron in the mix. Red requires a reducing atmosphere while, yellow
requires an oxidizing one. The red referred to by Rice is from the Munsell color
system (Rice 1987: 339). These reds nearly always are more orange than red.

If reduction, (or lack of oxygen) is employed, an iron-based glaze can
produce entirely different colors than when oxidization methods are used.
Reducing the oxygen in the kiln can produce gray, blue and green as well as red
colored glazes (Rice 1987: 337). Oxidizing a hot kiln can produce tan, brown,
yellow, and green (if copper is incorporated) from an iron-based glaze. Chromium
based glaze, if oxidized in the kiln, becomes green (Rice 1987: 337). Yellow can
also be produced from Chromium in a reducing atmosphere (Rice 1987: 337).

The absence of glaze color Munsell HUE 2.5YR 5/8 at the Pedigo site
could simply be due to events in the kiln or differences in how the kilns were
constructed. The small quantity of sherds evaluated from the Pedigo site is not
enough evidence for a definitive answer to this question. However, all glaze colors
found there, according to Rice, “indicate incomplete oxidization: either an
atmosphere with insufficient oxygen, or a short period and/or low temperatures of

firing” (Rice 1987: 343). The orange Munsell HUE 2.5YR 4/8 glaze color is
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unusual enough that it might be used, along with other clues, to identify the
possible source of ceramic artifacts found in archaeological sites. Grove, as well as
Richardson may have had a specific method of maintaining proper oxygen levels

in the kiln to produce the unusual color.

7.2 Edward Pedigo

As mentioned in the Observable Data section, most of the fragments from
the Pedigo waster were small and unidentifiable. There were five partial lids,
however, that were unlike those found at the Grove site. Since there were no
handles attached to any of the lid fragments, it is impossible to know whether
Pedigo or Grove produced them. It is possible that these were the type used by
Pedigo for his well-made bean pots. All glaze colors at the Pedigo site were similar
in color. This color could, possibly be used for identification of sherds at
archaeological sites, although sherds found in the burned kiln area would not be

useful.

7.3 Harris Brothers

The signed vessel fragment found in the waster at the Canemah site is an
important indicator of the Harris brothers’ style (Figure 35). Its rim finish is
different from all other fragments examined. The handle is also unusual. Its value

was evidently high enough that the maker felt comfortable signing it. It is also
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distinctive from other potter’s work. It therefore, becomes an important reference
should similar complete vessels, or sherds, of this type be found in archaeological
sites.

The identifying characteristic found at the Harris site that was of most
value to this research project was the distinctive pinch in many of the vessel
sherds’ exterior convex ridges. These are found on sherd type A and | (Figure 34).
These immediately correlate with Vessel A (Figure 9) from Champoeg. It was
evident at first glance that the styles are similar enough to safely, if tentatively,
attribute Vessel A to the Harris brothers visually. This is an example of what was
probably an unconscious production step becoming an important clue in style

identification.

7.4 Champoeg Vessels

Vessel A (discussed directly above) was confidently, attributed to the
Harris brothers early in the evaluation process. Later in the project, this style
attribution became much more important in the process of combining visual
evaluation of the potters’ idiosyncratic behaviors with scientific methods.

Vessels B, F and G were also tentatively attributed to one maker very early
in the evaluation process (with reservations for G). The attribution was never as
comfortable for these vessels as for Vessel A. However, Samuel Grove was chosen

as the tentative maker, because of similarities to the Richardson/Grove wide rim
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type D, as well as Eden Valley F (also made by Grove). It is evident from style
evaluation that the same maker probably produced them. Bias must be
acknowledged here. The effort to attribute these three vessels to Grove
overshadowed much of the project. Much more archival research was done on
Samuel Grove than other potters. More time was spent comparing
Richardson/Grove sherds and Eden Valley sherds to these three vessels than in
working with other collections. It will be important to eliminate similar biases on
future projects.

Vessels C and D from Champoeg are somewhat similar to each other in
style, as well as having thinner walls than the other Champoeg vessels. However,
they were not grouped together in the visual comparative process. Bias on the part
of the researcher must be acknowledged here as well. Due to the small quantity of
sherds, Vessel D was not evaluated with the same intense scrutiny other vessels
were afforded. Vessel C was not attributed to any potter but was scrutinized
thoroughly. It is one of the most complete vessels in any of the collections and
will, therefore be valuable to future research, particularly if it can be attributed to a
maker.

From the beginning of the project, Champoeg Vessel E stood alone. It has
considerably more temper than the others have. The clay was poorly worked and
may have come from a different area than the any of the other vessels. There were

no collections housed at the Northwest Pottery Research Center with similar rim
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finishes. It is much more angular and squared off than the cross section indicates.
It acquired the name “The Outlier” in the Observable Data, the inclusion and the
INAA evaluations. Future research may indicate who produced this vessel, making

it a valuable example of that individual’s work.

7.5 Inclusion Evaluation

Inclusion evaluation was conducted when it became necessary to discern
visual differences in the make-up of the paste mixes. The inclusion evaluation
clarified the results of the Instrumental Neutron Activation Analysis investigation.
The inclusion investigation process indicates that inclusions might be of some
value in determining the source of Northwest redware sherds, whether INAA will
be used or not. Although the same inclusions were found in each sample group,
size and amount of the inclusions differed for each pottery. Although Willamette
Valley clay is similar all over the northern end of the Valley, grog (possibly in the
form of river or creek sand) does differ, as do other forms of temper.

Grove appears to have added small quantities of grog to his paste mix,
which is visible in four of the seven samples. Two of the Harris brothers’ samples,
obtained from the burned kiln site, contain spherical particles of vitrified black
inclusions. These two samples were glazed. Further research might reveal the
events that occurred in the overheated kiln to cause the internal vitrification.

Inclusion samples from the Harris waster site are not in any way similar to the
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Harris Kkiln pieces. They are a somewhat coarser mirror of the samples from the
Richardson/Grove site. The Farmington/Eden Valley quartz inclusions are very
fine and more abundant than any contained in the Willamette Valley samples.
Black and coral inclusions found in some of the Eden Valley samples are also fine
to very fine.

The Willamette Valley clay sample, used for comparison, was a fired
example of unrefined hillside clay from the Corvallis area, with no temper added.
Since the resemblance is so similar to the three sample sets from the Willamette
Valley potters, it is unlikely that Richardson, Grove, Pedigo or the Harris brothers
invested a great deal of labor locating and adding temper from other sources. It
appears that the “blue muck . . .found at a depth of a foot or two all over the lower
valleys. . .” (Steele 2004: 1) Amos Ramsay’s grandfather used, was sufficient in
natural temper, (and readily available enough) that little processing was necessary
and minimal temper was added to produce usable redware. Size and content of
inclusion particles that were added as temper depend on whether the material is
found, for example, on the banks of the Willamette River or Richardson Creek.
This is due to various geological occurrences in each location. Photos and charts
of inclusions in this study may assist identification of pottery sherds found in

future site excavations.
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The conclusion drawn from the inclusion investigation is, that the
similarity of the clay, despite different sources is necessary to factor into

evaluation of Instrumental Neutron Activation Analysis results.

7.6 Instrumental Neutron Activation Analysis

As previously stated, the resulting data from Instrumental Neutron
Activation Analysis was initially somewhat inconclusive. Examination of the
inclusions clarified which elements in the analysis should be given less
importance, (because of the abundance of decomposed basalt found in all of the
samples) and which should be evaluated more closely. Cluster analysis and
bivariate plots were used to allocate individual specimens to statistically viable
groups. This is a standard INAA procedure for ceramics (Pearsall 2008: 1681).

Although the previous research by the Northwest Pottery Research Center
found a separation between the Pedigo and Richardson/Grove sites, this study did
not indicated that difference. Cluster analysis of the elements consistently created
a statistical group containing the samples from both sites. According to Dr. Minc,
given the proximity to each other, it is unlikely the two sites could be separated
using INAA. The twelve samples (six from each pottery site) are similar in
guantities of every element evaluated. These twelve samples are also low in

Cesium, compared with the other thirty-three samples.
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Unfortunately, none of the pottery site samples formed viable groupings
with Vessels B, F and G from Champoeg, as expected. Marked differences in
quantities of arsenic, cesium, chromium, cobalt, hafnium, rubidium, tantalum and
zinc prevent the possibility of tying the three vessels to Grove. Only in the
bivariate plot of scandium and cesium did they fall within the 90% confidence
range of the Pedigo samples. The three Champoeg vessels did group with each
other. However, the original attribution to Grove was an incorrect hypothesis. The
fact that the three vessel samples formed statistically viable groups probably
indicates they are from the same potter. According to Dr. Minc, the three vessels
are probably a product of a Willamette Valley potter (Minc, personal
communication 2008). This is indicated by their elemental make-up. It is similar
enough to all of the Willamette Valley samples that future evaluations could
probably establish the potter who produced them.

Although it is disappointing that only one of the Champoeg vessels could
be tentatively attributed to a known potter, it is gratifying to know all of them
(with the possible exception of Vessel E) were most likely produced in the
Willamette Valley. These results will prove valuable, when combined with future
INAA research, for finding who produced the other six Champoeg vessels, and for
providing data on the Pedigo, Richardson/Grove, Harris and Eden Valley potteries.

The stylistic evaluations, although not completely accurate, will also prove

valuable for future research. It is true that Vessels B, F and G are not Grove’s
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work. However, at some point, another potter’s work will also be evaluated, and
found to be similar to Grove’s. At that point, INAA may finally indicate a match
and the maker will have been found. This is also true of Vessels C and D as well as
E. This research, and that of the Northwest Pottery Research Center, is only the
beginning of the research needed to create both a stylistic and scientific reference

for Northwest archaeologists.

7.7 Conclusions

7.7.1 Hypothesis 1: The idiosyncratic behaviors exhibited by potters, as
evidenced by subtly detected differences in their pottery, can visually distinguish
the work of nineteenth century Oregon potters from each other.

Although this hypothesis could not be fully supported, the researcher
maintains this research provided enough evidence to partially support the idea of
idiosyncratic behavior. Certain identifying attributes were found at each pottery.
Visual attribution of the Champoeg vessels was only tentatively successful in one
instance. However, the Champoeg vessels were visually separated into four, and
possibly five, unknown potter groups. Later use of Instrumental Neutron
Activation Analysis did provide a statistical likelihood that Vessels B, F and G
were produced by the same maker as was originally hypothesized. Unfortunately,

chemical analysis did not indicate Samuel Grove was that maker. More thorough
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study of all of the collections housed at the Northwest Pottery Research Center
might eventually indicate who that maker was.
Samuel Grove

It has been comfortably established that the unusual cone shaped handles
found on lid fragments at both Damascus sites and the Eden Valley site are
probably a signature style attribute of Grove’s. According to Schmeer, an
antiquing trip through Palouse country will unearth numerous examples of this lid
type. Local collectors attribute the lid to Grove (Schmeer, personal communication
2005).

The partial teapot lid found at the Farmington site is also tentatively
identified as an example of Grove’s signature style. The lid is an exaggerated cone
shape with undulating sides reminiscent of the base of Grove’s medium rim type F
vessel.

The rolled rim variation of medium rim finish F at Damascus is also a
probable Grove signature. The researcher argues that the multiple curving lip
finishes, as well as the duplicate pseudo-lip in the body of the vessel, may be an
example of Grove’s best work. Certainly, a similarly shaped piece found in an
archeological site or an antique shop could cautiously be attributed to Grove. A
fragment similar to this, also unglazed was found at the Pedigo site, where Grove
is known to have worked. That piece, Pedigo rim type E, also appears to have

come from the body of a vessel rather than the rim. There is evidence that the body
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extended above this decorative “rim.” Although there are only six, base fragments
from the F type vessel, combined with the similar teapot lid found in Eden Valley,
it is the opinion of the researcher that these constitute enough evidence to
tentatively attribute them to Grove’s artistic endeavor.

The orange glaze Color closest to Munsell HUE 2.5 YR 5/8 red (found on
the tall lidded jar in Figures 22) is probably also unique to Grove (and possibly
Richardson) among nineteenth century northwest potters. Despite years of effort,
no other examples of glaze this color have been found in the Northwest by the
Northwest Pottery Research Center.

The numerals three and four (Figure 29 and 32) found on rim sherds at the
Richardson/Grove site are very similar to numerals found at the Eden Valley site.
The two examples shown in Figures 29 and 32, indicate that this too may give
subtle indication of Grove’s work. The numeral shapes may be as unique to Grove
as his handwriting would be. Future research may corroborate this hypothesis.

The canted ogee type rim finish discussed under wide rim finish type D
(Figure 26) must be mentioned since it is signed. Although the ogee curve rim
finish is a standard of American utilitarian ceramics, (Greer 2005) the canted
version that Grove signed is reminiscent of canted ogee finishes found at the
Pedigo site and the Eden Valley site. There is not enough obvious distinction
between the two potters at the Pedigo site to definitively describe the style of each.

It is the opinion of the researcher however, that a canted ogee curve rim
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(particularly if the lower ridge is not pinched) may point to Grove and should be

investigated.

Harris Brothers

The researcher argues that the ogee curve variation, (identified as ogee
curve variation rim type |, Figure 35) which is discussed in Chapter 5, points
directly to the Harris brothers’ Canemah pottery manufacturing site. As stated
above, the ogee curve is relatively common among U.S. potters. However, the
exagerated pinched lower ridge is not commonly found. This study indicates that
this particular idiosyncratic behavior, if found in an Oregon site, is most likely a
marker for the Harris pottery. The rim on Champoeg pot A, despite the elongated
lip, was almost immediately attributed to the Harris pottery, due to the pinched
ridge below the lip. This is an attribution supported by inclusion examination and
Instrumental Nuclear Activation Analysis. The pinched ridge appears to be a much
more definitive marker than the lip finishes for the Harris pottery. Since
Instrumental Neutron Activation Analysis indicated that Champoeg Vessel A can
be statistically attributed to the Harris’ pottery, it is possible that the vessels found
at Champoeg were shipped as freight up the Willamette River on stern-wheelers. It
is equally possible that the occupants of the Champoeg Creek cabin brought

flowerpots with them when they moved to Champoeg.
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7.7.2 Hypothesis 2: Instrumental Neutron Activation Analysis of trace elements
in sherd samples from four historic northwest production sites can distinguish the
fabric make-up of each potter’s paste recipe.

This hypothesis was statistically supported, with one notable exception.
The Pedigo and Richardson/Grove sites could not be chemically separated. A
larger number of samples might make this possible. However, since Grove worked
both sites, it is possible that the clay came from the same place. It is also possible
that the clay at both sites is simply from the same large vein, causing marked
similarities in the chemical content.

Another caveat to the statistical support of this hypothesis is the possibility
that Champoeg Vessel A was produced at the Harris brothers’ Barlow Sawmill
pottery site. Vessels produced at Barlow Sawmill would have a very similar, or
identical, chemical makeup to Canemah vessels if the same clay source was being
used.

Statistical grouping of the Champoeg vessels also provides possibilities for
them to eventually be grouped with chemically similar samples from their pottery
of origin. There appears to be four sites of origin for the Champoeg vessels. Future
research may successfully locate the sources of the remaining six Champoeg

vessels.



194

7.7.3 Hypothesis 3: The knowledge gained from visual and chemical comparisons
between samples from pottery and archaeological sites can be used to expand
knowledge about each site, provide evidence to assist in dating the site and
contribute to our understanding of economic distribution patterns in the mid-
nineteenth century Willamette Valley.

The researcher argues this hypothesis was supported when Champoeg
Vessel A samples formed successfully statistical grouping with the Harris
brother’s Canemah samples during both visual and Instrumental Neutron
Activation Analysis. Champoeg Vessel A is the first known example of extant
material goods in which the distribution pattern can be tentatively traced from the
Canemah producer to the Champoeg consumer. While there is no way to positively
ascertain whether the flowerpot was carried down the Willamette River by an
individual or as freight on the Canemah or the Franklin, it is certain that freight
was being hauled from Canemah to Champoeg on steamboats by 1854 (Mills
1947: 54). It is probable this freight was made available at either Robert Newell
and John Davis Crawford’s or Edward Dupuis’ general stores (Hussey 1967: 206).
Since Dupuis’ store was destroyed by fire in 1851 (Hussey 1967: 206) and the
Harris brothers did not arrive in Oregon until approximately 1855, it is not
possible that VVessel A was sold there.

The Harris Brothers moved into Canemah from their pottery site at the old

Barlow sawmill site, a half mile south of the village of Canemah (Steele 1996: 5)
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in early 1858. It is probable that they were hoping to take advantage of steamboats
to transport their freight. This is evidenced by their pottery site location on the
banks of the Willamette just upriver from the Willamette falls, and very near the
shipyard. The brothers may have been shipping stoneware and redware from their
site further south as well. They built their first pottery sometime after 1855, by
which time steamboats were already making the upriver (south) run two to three
times per week (Mills 1854: 54). By 1854 freight was carried by the Citizen’s
Accommodation Line, from Canemah to Champoeg two to three times a week.
The charge was ten dollars per ton (Mills 1854: 54).

While the date of manufacture for only one of the Champoeg vessels has
been tentatively identified, this information can be combined with other dated
artifacts found at the site to arrive at a general idea of the period the cabin was
occupied. The Harris brothers were in business for less than a year during 1858, at
the Canemah site before the kiln burned. Their previous pottery, south of
Canemabh, dates to post-eighteen-fifty five.

No post-1861 cultural material was found at ORMAZ27, and there is no
evidence of occupation past that time (Brauner personal communication 2008).
Dating of Vessel A, therefore, falls within a very tight time line. Manufacture of
the transfer printed ceramic sherds found at the site date from 1834 to 1854. It is,
therefore, safe to place the date of occupation as post-eighteen-fifty. The date of

deposition however, is a much more difficult discussion. South’s mean ceramic
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dating formula (Orser 2004: 131) was not used, due to the unpredictability of
dating the time of discard. Ceramics can be retained for many years by their
owner. They are often discarded only when broken. This does not lessen the
value of the manufacturing dates for determining approximate occupancy dates.
Taken as a unit, the ceramic assemblage points to a short occupation (due to the
small quantity of artifacts) in the late eighteen-fifties or early eighteen-sixties.

This approximate site date is a small sample of the information early
northwest pottery sites have to offer. An in-depth study and creation of a
chronological map, as well as chemical and inclusion charts could prove to be of
assistance in dating northwest historical sites.

Further, the data provided by this study can be made available for use in
the future, when redware sherds are unearthed in other sites. It is the hope of the
researcher that this work is just the beginning of research on, and identification of,
utilitarian redware in the Pacific Northwest. Despite the similarity of pottery styles
and of the chemical makeup of Willamette Valley “blue muck,” there are

identifying characteristics that separate both.
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Chapter 8 Future Research

Given endless amounts of funding, there are a vast selection of projects that
could build upon this study. Even with a limited amount of funding, graduate
student projects are abundant.

First, cleaning, cataloging and evaluating all of the Northwest Pottery
Research Center’s collection of artifacts would be adventageous. The Pottery
Center houses collections from all known pottery sites in Oregon, and some in
Washington. The information buried within these collections needs to be
discovered.

Secondly, Instrumental Neutron Activation Analysis of samples from all
known pottery production sites in Oregon and Washington would be
adventageous. Using National Institute of Standards and Technology controls for
standardization would give uniform results that could be entered into a data base.

If an easily accessable data base were created from the Pottery Center’s
catalogs and the Instrumental Neutron Activation Analysis results, along with
pictures of signature vessels from each pottery site, archaeologists could expedite
their research. Redware obtained from Oregon and Washington archaeological
sites could be compared to the data system. INAA could be done on site artifacts
and compared as well. This system would be one more tool archaeologists could
use as a site dating tool.

A project like the one suggested above would, of course, be prohibitive
without considerable funding. However, smaller projects available to graduate

students could include evaluating a smaller quantity of artifacts, perhaps from two
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or three pottery sites. Since the sources of Vessels B, C, D, E, and F, from
Champoeg were not found in this project, it is possible that further research would
reveal their producers. Of particular importance would be searching for potters
who had lived and worked near Champoeg, since the paste mix for Vessels C and
D was similar to that of the St. Paul Church bricks.

Blaine Schmeer reported local rumors of a pottery once located in
Newburg, which is near Champoeg on the opposite bank of the Willamette River.
Archival research might reveal the location of that pottery. After excavation,
Instrumental Nuclear Activation Analysis could be conducted on pottery sherds
from Newburg and added to the data contained in this paper.

More research on social and monetary values of utilitarian ceramics from
the eighteen hundreds could certainly be done. It is, however, beyond the scope of
this project to pursue.

Utilitarian redware ceramics are a largely ignored part of extant Northwest
material culture. This oversight is unfortunate because of the vast amount of
information available through study of these artifacts. Undertaking a project as
large as the Utah endeavor may be impossible, however smaller projects,
particularly those conducted by graduate students, are possible. It is hoped that, at
some point, someone will find Northwest redware as interesting and informative as

the researcher and the members of The Northwest Pottery Research Center.
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Appendix 1
Complete Table of Instrumental Nuclear Activation Analysis

For Champoeg Vessels and the Four Sample Potteries



INAA ID
CHA_001
CHA_002
CHA_003
CHB_001
CHB_002
CHB_003
CHC_001
CHC_002
CHC_003
CHD_001
CHD_002
CHD_003
CHE_001
CHE_002
CHE_003
CHF_001
CHF_002
CHF_003
CHG_001
CHG_002
CHG_003
EVA-001
EVA-002
EVA-003
EVA-004
EVA-005
EVA-006
HRC-001
HRC-002
HRC-003
HRC-004
HRC-005
HRC-006
PDG-001
PDG-002
PDG-003
PDG-004
PDG-005
PDG-006
SGD-001
SGD-002
SGD-003
SGD-004
SGD-005
SGD-006

Batch
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-1
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2
RC1825-2

Vessel

O OO T T T mmmMmMmOooOooOooOo0womw>» > >

Potter
Harris Bros., Canemah, OR #1
Harris Bros., Canemah, OR #1
Harris Bros., Canemah, OR #1
#2
#2
#2
#3
#3
#3
#3
#3
#3
Outlier #4
Outlier #4
Outlier #4
#2
#2
#2
#2
#2
#2
Eden Valley, WA
Eden Valley, WA
Eden Valley, WA
Eden Valley, WA
Eden Valley, WA
Eden Valley, WA
Harris Bros., Canemah, OR
Harris Bros., Canemah, OR
Harris Bros., Canemah, OR
Harris Bros., Canemah, OR
Harris Bros., Canemah, OR
Harris Bros., Canemah, OR
Pedigo, Damascus, OR
Pedigo, Damascus, OR
Pedigo, Damascus, OR
Pedigo, Damascus, OR
Pedigo, Damascus, OR
Pedigo, Damascus, OR
Richardson-Grove, Dasmascus, OR
Richardson-Grove, Dasmascus, OR
Richardson-Grove, Dasmascus, OR
Richardson-Grove, Dasmascus, OR
Richardson-Grove, Dasmascus, OR
Richardson-Grove, Dasmascus, OR
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Source
Oregon City, OR
Oregon City, OR
Oregon City, OR
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
ORMAZ27
Eden Valley, WA
Eden Valley, WA
Eden Valley, WA
Eden Valley, WA
Eden Valley, WA
Eden Valley, WA
Oregon City, OR
Oregon City, OR
Oregon City, OR
Oregon City, OR
Oregon City, OR
Oregon City, OR
Dasmascus, OR
Dasmascus, OR
Dasmascus, OR
Dasmascus, OR
Dasmascus, OR
Dasmascus, OR
Dasmascus, OR
Dasmascus, OR
Dasmascus, OR
Dasmascus, OR
Dasmascus, OR
Dasmascus, OR
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ARSENIC LANTHANUM  LUTETIUM POTASSIUM SAMARIUM  SODIUM  URANIUM YTTERBIUM

2.27 45.03 0.468 12348 7.70 3716 452 3.34
2.99 44.59 0.500 11403 7.72 3620 4.17 3.65
3.67 44.87 0.514 13502 7.69 3805 4.75 3.57
10.24 27.36 0.360 16348 5.30 8359 2.20 2.01
11.59 27.85 0.305 15587 5.42 8793 2.32 2.08
11.36 27.10 0.302 16002 5.25 8596 2.39 1.92
3.79 45.84 0.500 26600 8.82 10770 3.28 3.89
3.63 46.64 0.570 27153 9.02 10928 4.07 3.67
4.40 46.36 0.521 28958 8.88 10855 4.00 3.85
6.02 46.68 0.594 17721 8.31 4914 3.88 4.52
491 48.82 0.578 18411 8.62 5083 4.47 4.29
4.88 47.45 0.614 18268 8.28 4820 3.87 4.25
5.68 19.89 0.279 20554 3.89 21537 2.27 1.84
6.99 20.23 0.284 16531 3.82 20457 217 1.79
5.67 19.78 0.298 19774 3.88 21420 1.73 1.87
10.33 27.37 0.325 13398 5.25 8396 2.37 2.25
11.35 27.90 0.322 16763 5.40 8578 242 2.17
10.76 29.27 0.368 12496 5.72 9053 2.73 2.44
10.40 25.54 0.307 19872 5.07 8758 1.74 212
11.80 27.31 0.350 18810 5.34 8737 1.90 2.46
11.67 26.17 0.338 15317 5.22 8659 248 1.89
1.00 34.84 0.450 13461 591 14548 3.60 3.21
177 38.23 0.468 13302 6.35 12163 4.00 3.09
4.84 46.45 0.488 15179 8.08 7893 5.40 3.52
1.26 36.56 0.488 10718 6.11 7447 421 3.18
1.40 37.36 0.529 11521 6.04 9000 4.63 3.32
2.54 34.36 0.432 12689 5.70 13937 4.08 3.06
5.39 38.56 0.395 11718 6.64 5599 3.88 2.70
6.97 36.66 0.451 11837 6.30 6173 3.71 3.14
8.40 38.47 0.454 12685 7.42 8052 4.04 2.85
0.56 49.35 0.493 11658 7.46 1387 5.48 3.13
1.70 44.46 0.493 12721 7.99 5986 401 3.44
0.61 47.01 0.538 10974 7.59 1626 5.43 3.60
4.51 32.56 0.311 9064 591 8748 2.69 2.30
4.75 32.22 0.358 8170 6.02 8725 3.34 2.26
441 29.51 0.275 10067 423 6827 3.26 1.76
5.23 29.96 0.304 8099 5.26 8923 2.78 2.05
4.63 29.27 0.334 8030 5.32 8902 3.20 212
6.20 28.84 0.295 11004 4.49 7633 3.08 221
4.17 28.11 0.285 9134 451 8288 3.33 1.82
4.38 25.42 0.263 8462 3.92 7518 294 151
4.12 27.62 0.329 8836 4.78 8093 2.77 2.06

2.43 31.69 0.328 9287 5.01 9804 2.94 1.88
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4.20 28.38 0.318 6539 5.09 6793 3.04 1.94
4.59 29.85 0.317 7857 5.42 6743 2.58 2.00
CHROMIU EUROPIU
BARIUM  CERIUM CESIUM M COBALT M HAFNIUM IRON
677.58 88.99 6.18 84.65 14.35 1.65 12.69 38668
522.49 89.66 6.12 86.80 14.43 1.70 12.83 42424
507.93 85.55 6.52 87.49 14.12 1.68 12.06 40503
700.32 61.39 3.28 175.08 21.44 121 4.83 55685
782.61 60.25 3.64 176.22 24.57 1.21 4.95 57484
679.32 59.54 3.17 173.87 24.71 1.16 551 55050
515.70 99.32 6.21 75.53 15.26 1.85 8.59 40925
403.29 95.30 5.60 73.33 15.24 1.75 8.11 40467
475.92 96.22 5.67 71.56 15.10 1.74 8.48 39932
434.24 93.48 441 77.01 9.11 1.62 15.01 27385
461.20 100.74 4.28 80.49 9.36 1.56 15.92 28297
392.68 98.42 4.57 78.51 9.20 1.59 15.74 27524
420.72 41.88 3.56 295.26 16.00 0.90 6.56 35327
414.47 41.88 3.54 302.53 15.23 0.96 6.24 33950
463.47 4241 3.54 301.19 15.05 0.96 6.15 33768
627.83 55.50 3.13 170.47 20.14 1.20 5.43 51678
653.07 52.38 3.14 177.17 16.95 121 5.80 54077
674.76 64.13 3.77 177.58 24.74 1.35 5.59 53963
614.97 66.22 3.02 169.90 27.53 114 5.77 54501
462.39 62.63 3.21 167.92 21.98 1.22 5.52 55670
504.41 58.25 3.19 155.20 21.99 1.17 5.94 52250
547.48 67.36 4.93 47.97 14.32 1.24 10.01 23766
647.87 71.05 5.14 47.73 13.92 1.40 10.82 26038
615.03 108.10 5.12 65.04 17.28 1.59 10.32 30644
431.49 69.30 5.02 48.43 15.05 1.24 10.25 20615
542.50 65.30 5.06 43.92 14.41 1.24 9.91 19089
473.41 66.47 5.06 40.31 12.36 1.27 9.65 22634
564.50 80.60 5.67 88.03 17.21 1.61 11.16 45337
676.96 73.92 4.83 80.40 15.71 1.23 10.95 43882
725.96 79.99 4.86 77.29 16.45 1.58 10.28 48524
787.78 98.11 7.13 92.06 10.47 1.48 14.49 25168
623.56 83.53 591 92.47 15.83 1.59 11.14 44967
594.17 92.79 6.92 82.13 11.32 1.52 14.82 28448
441.25 71.94 3.06 95.92 15.02 1.32 8.22 49261
489.66 64.70 3.21 102.46 14.91 1.46 8.78 53262
413.05 58.17 2.83 108.63 15.26 0.96 9.26 52534

537.09 60.39 2.80 100.07 16.53 1.23 9.20 58393



637.75
659.47
485.82
552.47
550.16
604.55
394.37
494.87

NEODYMIUM
41.77
40.86
36.07
23.67
24.72
21.63
34.73
43.43
34.41
33.98
42.60
38.14
18.27
13.14
17.85
22.57
24.88
21.43
18.80
27.48
17.14
32.39
35.70
37.95
29.53
24.38
29.19
36.84
25.83
34.94
28.07
38.74

60.42
61.04
56.82
51.47
60.13
62.83
63.42
59.64

RUBIDIUM

80.65
95.66
81.28
74.80
80.97
67.37
12191
131.03
117.15
85.70
88.71
100.79
72.45
69.02
64.41
75.45
88.56
73.81
67.87
67.03
73.69
69.60
87.13
93.03
75.03
70.96
82.34
59.62
56.01
77.87
92.46
82.08

2.55
271
221
244
2.74
2.34
2.00
2.62

SCANDIUM

22.76
23.26
22.57
20.31
20.70
19.91
14.55
14.26
14.20
12.40
12.99
12.72
13.79
13.02
13.11
19.65
20.35
20.64
19.45
19.81
18.96
15.90
17.53
15.78
16.69
15.40
14.82
22.72
21.54
23.49
20.82
22.40

101.75 12.92
117.65 18.35
110.37 15.53
102.91 13.97
106.69 12.06
110.30 16.67
114.16 14.21
118.01 12.15

TANTALUM TERBIUM

1.97 0.95

2.05 0.93

1.84 1.16

0.87 0.49

1.08 0.66

0.90 0.51

1.34 1.28

1.30 1.24

1.32 1.10

1.44 119

1.63 1.27

151 1.26

0.81 0.52

0.77 0.61

0.85 0.70

0.78 0.72

0.96 0.93

0.89 0.78

0.83 0.73

0.87 0.53

0.83 0.62

1.38 0.90

1.72 131

2.05 0.94

1.69 0.81

1.60 1.01

1.59 0.79

1.84 0.87

1.55 0.81

1.65 1.04

2.16 0.92

1.78 0.96

1.21
0.95
1.00
0.93
1.09
1.14
1.16
1.16

THORIUM

16.01
16.15
15.45
10.62
11.02
10.77
13.00
12.58
12.91
12.77
13.83
13.20

7.69

7.45

7.57
10.25
10.55
11.06
10.72
10.70
10.80
12.61
13.74
15.18
13.65
12.35
11.27
13.23
13.37
13.87
18.51
14.18

8.81
10.17
9.43
8.25
9.82
10.73
9.36
9.55

ZINC
112.84
99.70
98.83
92.50
84.84
69.92
92.03
72.91
80.16
50.71
45.17
69.69
54.72
58.22
43.22
77.83
72.74
77.57
82.54
73.28
90.34
117.24
158.15
152.82
170.84
148.92
155.95
113.02
141.19
248.54
116.51
110.58
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48945
63105
45828
42309
42259
38007
40391
38512



37.36
35.38
24.17
23.64
26.63
28.48
18.98
24.69
18.87
26.28
26.39
22.77
21.45
5_Cluster 2_Cluster
1.00 1.00
1.00 1.00
1.00 1.00
2.00 2.00
2.00 2.00
2.00 2.00
4.00 1.00
4.00 1.00
4.00 1.00
4.00 1.00
4.00 1.00
4.00 1.00
5.00 2.00
5.00 2.00
5.00 2.00
2.00 2.00
2.00 2.00
2.00 2.00
2.00 2.00
2.00 2.00
2.00 2.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00

72.65
36.25
37.67
46.54
52.98
36.19
48.33
44.43
41.77
48.48
36.19
23.09
40.44

21.68
18.37
19.38
18.55
17.89
18.33
16.87
17.72
17.19
16.06
15.50
19.16
19.46

2.09
1.22
1.15
1.47
121
117
1.34
1.26
1.30
1.19
1.28
1.37
1.24

0.94
0.70
0.76
0.49
0.63
0.88
0.44
0.29
0.37
0.62
0.72
0.55
0.95

18.14
9.62
10.69
11.07
10.39
9.88
10.29
9.85
9.45
9.55
9.77
9.62
9.80

140.76
67.52
79.43
64.25
7172
67.94
78.55
44.17
65.94
69.49
62.61
75.28
57.53
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1.00
1.00
1.00
1.00
1.00
1.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

1.00
1.00
1.00
1.00
1.00
1.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
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Appendix 2

Inclusion Charts



Richardson/Grove Inclusion Chart
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Sample 001 002 003 004 005 006
Decorative
Vessel
Inclusions:
Percent 30% Sand 30% Sand 30% Sand 30% Sand 30% Sand 30% Sand
<5% Other <5% Other <5% Other <5% Other <5% Other <5% Other
Color
white X X X X X X
black X X X X X X
rust X X X X X X
red x (1) X Higher % X X
other Grog (3) grog grog grog
Sphericity
white 0-7to 0-9 0-7to 0-9 0-7to 0-9 0-7t0 0-9 0-7t0 0-9 0-7t0 0-9
black 0-7to 0-9 0-7to 0-9 0-7to 0-9 0-7t00-9 0-7t00-9 0-7t00-9
rust 0-3t00-5 0-3t00-5 0-3t00-5 0-3t0 0-5 0-3t0 0-5 0-3t0 0-5
red 0-9
other 0-7 to 0-9 0-7 to 0-9 0-7 to 0-9 0-7 to 0-9 0-7 to 0-9
Roundness
white 0-5t0 0-7 0-5t0 0-7 0-5t0 0-7 0-5t0 0-7 0-5t0 0-7 0-5t0 0-7
black 0-3t00-7 0-3t00-7 0-3t00-7 0-3t0 0-7 0-3t0 0-7 0-3t0 0-7
rust 0-5t00-7 0-5t00-7 0-5t00-7 0-5t0 0-7 0-5t0 0-7 0-5t0 0-7
red 0-5
other 0-3t0 0-5 0-3t00-5 0-3to 0-5 0-3to 0-5
Size Fine White Fine to Very Fine White Fine White Fine White Fine to Very
Sand Fine White Sand Sand Sand Fine White
Black, Rust, Sand Black, Rust, Black, Rust, Black, Rust, Sand
Red=Med. Black, Rust, Red=Med. Red=Med. Red=Med. Black, Rust,
Red, 1 mm or Red, 1 mm or
less less




Pedigo Site Inclusion Chart
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Sample 001 002 003 004 005 006
Gray exterior
layers/ Red
interior
Inclusions:
Percent 30% Fineto | 30% Fine to 30% Fineto 30% Fineto | 30% Fineto | 30 % Fineto
Very Fine Very Fine Very Fine Medium Sand Very Fine Medium Sand
Sand Sand Sand <5% Other Sand <5% Other
<5% Other <5% Other <5% Other <5% Other | Predominantly
Red
Color
white X X
black X X
rust X X
red X X
other 4mm
rust/black (1)
Sphericity
white 0-3t0 0-7 0-3t0 0-7 0-3t0 0-7 0-7t0 0-9 0-3t0 0-7 0-7t0 0-9
black 0-1to0 0-7 0-1to 0-7 0-1t0 0-7 0-7t0 0-9 0-1to0 0-7 0-7t0 0-9
rust 0-7t0 0-9 0-7t0 0-9 0-7t0 0-9 0-7t0 0-9 0-7 to 0-9 0-7t0 0-9
red 0-7 to 0-9 0-7t0 0-9
other
Roundness
white 0-5t00-9 0-5t00-9 0-5t00-9 0-5t0 0-7 0-5t00-9 0-5t0 0-7
black 0-1t0 0-5 0-1t0 0-5 0-1t0 0-5 0-1t00-3 0-1t0 0-5 0-1t00-3
rust 0-3t00-5 0-3t00-5 0-3t00-5 0-3t0 0-7 0-3t00-5 0-3t0 0-7
red 0-5t00-9 0-5t00-9
other
Size Fine to Very Fine to Very Fine to Very Medium to Fine to Very Medium to
Fine Fine Fine Fine Fine Fine




Harris Brothers Inclusion Chart
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Sample 001 002 003 004 | 005 | 006
From Waster Samples From Kiln Fire Samples
Inclusions:
Percent 30% Very 30% Very 30% Very 30% 30% 30%
Fine Sand Fine Sand Fine Sand
10% Coarse 10% Coarse 10% Coarse
Color
white X X X X
black X X X X
rust X X X X
red X X X X
other Yellow Granite Green
(quartz?)
Sphericity
white Sm0-5to 0- | Sm0-5to 0- | SmO0-7t0o0-9 | 0-7to0-9 0-5t0 0-9 0-5t0 0-9
9 9 Lg 0-1to 0-3
Lg 0-9 Lg 0-9
black 0-7t0 0-9 0-7t00-9 0-5t0 0-7 0-71t0 0-9 0-9 0-9
rust 0-7t0 0-9 0-7t00-9 0-7t0 0-9 0-3t0 0-9
red 0-7t0 0-9 0-7t00-9 0-7t0 0-9 0-5t0 0-9
other 0-7t00-9 Green
deposits in
voids
Roundness
white Sm 0-3 to Sm 0-3to SmO0-7t00-9 | 0-7t00-9 0-3t0 0-7 0-3to 0-7
0-5 0-5 Lg 0-1to0 0-3
Lg 0-7 to 0-9 Lg 0-7 to 0-9
black 0-3t0 0-5 0-3t0 0-5 0-1t00-3 0-3t0 0-9 0-9 0-9
rust 0-7to 0-9 0-7t0 0-9 0-3t0 0-7 0-5t0 0-7
red 0-3t0 0-7 0-3t00-7 0-1t0 0-5 0-5t0 0-7
other 0-3t00-5
Size Fine white Fine white Very Fine Medium to Medium Medium
sand sand White Sand Fine poorly white sand white sand
Coarse white, | Coarse white, Coarse white, | sorted Black to 2 Black to
black & red black & red black, rust red mm 2mm
& granite
Comments Looks like Looks like Or. | Looks like Or. HUE 10R 4/1 | HUE 10R
Or. Hill clay Hill clay with | Hill clay with Dark Reddish | 4/1 Dark
with Will. Will. Valley Will. Valley Gray Glaze Reddish
Valley coarse | coarse sand coarse sand BLACK Gray Glaze
sand appears BLACK
vitrified appears
vitrified




Eden Valley Inclusion Chart
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Sample 001 002 003 004 005 006
Inclusions:
Percent 30% Very 20% Very 30% Very 30% Very 30% Very 30% Very
fine quartz fine quartz fine quartz fine quartz fine quartz fine quartz
sand sand sand sand sand sand
<5% other <5% other <5% other <5% other <5% other <5% other
High in black
& red
Color
white
black
rust
red X X X
other
Sphericity
white 0-3t0 0-7 0-3t0 0-7 0-3t0 0-7 0-3t0 0-7 0-3t0 0-7 0-3t0 0-7
black 0-3t0 0-5 0-3t0 0-5 0-3t0 0-5 0-3t0 0-5 0-3t00-5 0-3t0 0-5
rust
red 0-3t0 0-5 0-3t0 0-5 0-3t0 0-5 0-3t0 0-5 0-3t00-5 0-3t0 0-5
other
Roundness
white 0-3t0 0-7 0-3t0 0-7 0-3t0 0-7 0-3t0 0-7 0-3t0 0-7 0-3t0 0-7
black 0-3t0 0-5 0-3t0 0-5 0-3t00-5 0-3t00-5 0-3t00-5 0-3t0 0-5
rust
red 0-3t0 0-5 0-3t0 0-5 0-3t00-5 0-3t00-5 0-3t00-5 0-3t0 0-5
Size Fine to very Fine to very Fine to very Fine to very Fine to very Fine to very
fine quartz fine quartz fine quartz fine quartz fine quartz fine quartz
sand sand sand sand sand sand
Fine red & Fine red & Fine black Fine red & Fine quarts, Fine red &
black black Red to 0.5 to black red & black black

1mm




